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L&i néi dau

Cong nghé sinh hoc 1a nganh khoa hoc tmg dung hiéu biét ciia con
ngudi vé& cac hé théng sdng dé sir dung cac hé thdng nay hoidc cac thanh
phan cua chiing cho cac muc dich cong nghiép. Pay 1a mot nganh miii nhon,
hién dang duoc ca thé gidi quan tdm do c6 tdc do phat trién nhanh chong va
dang tao ra mdt cudc cach mang sinh hoc trong nong nghi¢p, cong nghi¢p
thuc phém, y-duoc, bdo v€ moi trudng, vat ligu. ..

Tir cac san pham coéng nghé 1én men truyén théng dén cac san pham
cua cong nghé sinh hoc hién dai nhu: sinh vat bién doi gen, dong vat nhan
ban, nudi ciy té bao gbc, cong nghé sinh hoc nand... di cho thiy pham vi
nghién clru va rng dung cua cong nghé sinh hoc ngay cang mé rong va da
dang, huéng dén mot sy phat trién méi 1a nén cong nghiép cong nghé sinh
hoc. Piéu nay cho thay céng nghé sinh hoc chinh 1a sy phéi hop cua khoa
hoc va cong nghé dé khai thac nhitng kién thtrc vé cac hé théng sdng cho
cac ung dung thuc hanh.

Nhin chung, ddy 1a mot nganh khoa hoc déy trién vong; vi 1& dé ngay
nay cong nghé sinh dang tr¢ thanh mdt nganh hoc mai & cac truong dai hoc
trong nudc va trén thé gidi. Gido trinh Nhap mon cong nghé sinh hoc nay
cung cap nhitng kién thirc co ban cho sinh vién vé cong nghé DNA tai to
hop, cong nghé 1én men vi sinh vat, cong nghé sinh hoc thuc vat, cong nghé¢
sinh hoc dong vat, cong nghé protein cling nhu mét sb tmg dung cua ching
trong linh vuc néng nghiép, y hoc va méi truong.

Gi4o trinh ndy méi dugc xuit ban 1an dau tién nén kho tranh khoi
thiéu sot hodc chua dap ing duoc yéu cau ban doc. Vi thé, ching toi mong
nhan duoc nhiéu ¥ kién dong gop dé 1an xuit ban sau dugc hoan thién hon.

Chung t6i chan thanh cam on Quy Nang cao chit lugng-Duy 4n Gido
duc dai hoc da hd trg chiing toi bién soan gido trinh nay, PGS. TS. Lé Tran
Binh d3 doc ban thao va gop nhiéu ¥ kién quy bau.

Tac gia



Phén I

Cac khai niém va nguyén ly co ban
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Chwong 1
Mé& dau

I. Pinh nghia cong nghé¢ sinh hgc
1. Dinh nghia tong qudt

C6 nhiéu dinh nghia va cach dién dat khac nhau vé cong nghé sinh
hoc tiy theo ting tac gia, nhung tat ca déu théng nhat vé khai niém co ban
sau day:

Cong nghé sinh hoc 13 qué trinh san xuat cac san pham trén quy mo
cong nghiép, trong d6 nhan t6 tham gia tryc tiép va quyét dinh 1a cac té bao
song (vi sinh vat, thyc vat, dong vat). Mdi té bao sdng cua co thé sinh vat
hoat dong trong linh vuc san Xuét nay dugc xem nhu mdt 10 phan tng nho.

Pau nhitng nam 1980, da bét dau hinh thanh cong nghé sinh hoc hién
dai 1a linh vuc cong nghiép st dung hoat dong sinh hoc cua céc té bao da
duoc bién d6i di truyén. Cong nghé sinh hoc hién dai ra doi cing voi su
xudt hién k¥ thuat gen. Co s& sinh hoc duoc ap dung & ddy bao gdm sinh
hoc phan ttr, sinh hoc té bao, hoa sinh hoc, di truyén hoc, vi sinh vét hoc,
mién dich hoc, cing cac nguyén 1y k§ thuat may tinh...

C6 hai cach dinh nghia cong nghé sinh hoc mét cach tong quat nhat:

- Do UNESCO (1985) dinh nghia: Cong ngh¢ sinh hoc 1a cong nghé
stt dung mot bo phan hay té bao riéng 1& cta co thé sinh vét vao viéc khai
thac san pham ctia ching.

- Do Truong Luat Stanford (1995) dinh nghia: Cong nghé sinh hoc 1a
cong nghé chuyén mot hay nhiéu gen vao sinh vat cha nhim muc dich khai
thac san pham va chirc ning cta gen do.

Su khac biét rd rét nhat cua hai dinh nghia trén thuc vé d6i tuong tac
dong cua cong nghé sinh hoc: UNESCO xem co quan, bd phan, t& bao va
chirc ndng riéng ré€ cua sinh vat la ddi tuong, trong khi d6 Truong Luat
Stanford lai coi gen la ddi twong tac dong cua cong nghé.

Tur cac dinh nghia trén, co thé phan biét dugc hai nhém cong nghé
sinh hoc la:
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1.1. Cong nghé sinh hoc truyén thng (traditional biotechnology)

Bao gém:

+ Thyc pham 1én men truyén thong (food of traditional fermentations)

+ Cong nghé 1én men vi sinh vat (microbial fermentation technology)

+ San xuét phan bon va thubc trir sdu vi sinh vat (production of
microbial fertilizer and pesticide)

+ San xuét sinh khi giau protein (protein-rich biomass production)

+ Nhan giéng v6 tinh bang nudi ciy mé va té bao thuc vat (plant
micropropagation)

+ Thu tinh nhén tao (in vitro fertilization)

1.2. Cong ngh¢ sinh hoc hién dai (modern biotechnology)
Bao gém:
+ Nghién clru genome (genomics)
+ Nghién ctru proteome (proteomics)
+ Thyc vat va dong vat chuyén gen (transgenic animal and plant)
+ Dong vat nhan ban (animal cloning)
+ Chip DNA (DNA chip)
+ Liéu phap té bao va gen (gene and cell therapy)
+ Protein biét duoc (therapeutic protein)
+ Tin sinh hoc (bioinformatics)
+ Cdng nghé sinh hgc nano (nanobiotechnology)

+ Hoat chét sinh hoc (bioactive compounds)

2. Noi dung khoa hoc cua cong nghé sinh hoc

Cong nghé sinh hoc ciing c¢6 thé dugc phéan loai theo cac kiéu khac
nhau. Xét vé gbc do cac tac nhan sinh hoc tham gia vao qua trinh cong nghé
sinh hoc, c¢6 thé chia thanh cac nhom sau:

- Cong nghé sinh hoc thyc vat (plant biotechnology)

- Cong nghé sinh hoc dong vat (animal biotechnology)

- Cong nghé sinh hoc vi sinh vat (microbial biotechnology)
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- Cong nghé sinh hoc enzyme hay cong nghé enzyme (enzyme
biotechnology)

Gan ddy, d6i voi cac nhan t6 sinh hoc dudi té bao con hinh thanh khai
niém cong nghé protein (protein engineering) va cong nghé gen (gene
engineering). Cong nghé protein va cong nghé gen xuyén sudt va trd thanh
cong nghé chia khoa nam trong coéng nghé sinh hoc thuc vét, cong nghé sinh
hoc dong vat va cong ngh¢ sinh hoc vi sinh vat. Nho k¥ thuat doc trinh tu
gen va k¥ thuat DNA tai to hop, cong nghé gen da dat duoc nhimng thanh tyu
hét strc to 16n mang tinh quyét dinh, mo ra nhitng giai doan phat trién moi.
D6 1a nghién ctru vé toan bd genome cta nhiéu sinh vat, dang cha ¥ 1a viéc
giai ma genome cua con ngudi va cua cay laa. P6 1a viéc hinh thanh cd mdt
phuong huéng nghién ctu, img dung va kinh doanh céc sinh vat bién d6i
gen (gentically modified organism-GMO) va cac thuc pham bién d6i gen
(gentically modified food-GMF). Cong nghé protein c6 tiém ning tmg dung
rat 16n trong viéc san xudt ra cac protein tai to hop (recombinant protein)
dung lam dugc phém diéu tri cic bénh hiém nghéo nhu interferon,
interleukin, insulin...

Mit khéc, tiy vao dbi twong phuc vu cta cong nghé sinh hoc, c6 thé
chia ra céc linh vuc cong ngh¢ sinh hoc khac nhau nhu:

- Cong nghé sinh hoc nong nghiép (biotechnology in agriculture)

- Cong nghé sinh hoc ché bién thyc pham (biotechnology in food
processing)

- Cong nghé¢ sinh hoc y duogc (biotechnology in medicine-
pharmaceutics)

- Cong nghé sinh hoc moi truong (environmental biotechnology)

- Cong ngh¢ sinh hoc vat li¢u (material biotechnology)

- Cong ngh¢ sinh hoc hoa hoc (biotechnology in chemical production)

- Cong ngh¢ sinh hoc nang luong (biotechnology in energy
production)...

Mot sb tac gia cho rang loai ngudi di 4p dung cong nghé sinh hoc tir
rat 1au vao céc hoat dong san xuét, vi du: cong nghé san xuét d6 uéng (ruou,
bia...) hodc cong nghé san xuat thiuc pham (men banh mi, nuéc mim, tuong,
chao...). Do dd, viéc dinh nghia va phan loai cong nghé sinh hoc trong giai
doan phat trién ban dau c6 mot y nghia rat quan trong dé c6 nhiing chinh
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sach dau tu hop 1y va uu tién cho cong nghé sinh hoc. Dudi day 1a cac linh
vuc tmg dung cong nghé sinh hoc hién nay dang dugc quan tim hang dau.

3. Cac linh vuc ng dung cua cong nghé sinh hoc
3.1. Cong nghé sinh hoc trong nong nghiép

Linh vyc nong nghiép tuy khong phai 1a muyc tiéu phat trién hang dau
ctia cong nghé sinh hoc ¢ nhiéu nude cong nghiép trén thé gidi, nhung trén
thuc té nhimg hoat dong nghién ctru va phat trién, san xuit va thuong mai
hoa & linh vuc ndy ciing dwoc nhiéu tip doan 16n quan tim. C6 thé néu ba
linh vuc chinh la:

- Gidng cay trong va vat nudi nhan vo tinh va chuyén gen mang nhiing
dic diém nong-sinh quy gia ma cac phuong phép truyén thong khong tao ra
duoc, ddng thoi lai duge bao vé thong qua ban quyén tac gia.

- Céc ché pham sinh hoc dung trong bao vé cdy trong vét nudi, nhu:
vaccine, thudc trir sdu bénh va phan boén vi sinh.

- Cong nghé bao quan va ché bién néng-hai san bang cac ché pham vi
sinh va enzyme. Gia tri nong san dugc nang 1én nhiéu 1an va quy trinh cong
nghé di kém trang thiét bi 1a mot dang hang hoa trong kinh doanh chuyén
giao cong nghé.

Ngoai ra co thé liét ké thém mdt sb linh vuc khac:

- Cong nghé sinh hoc ché bién thyc phiam: Cac enzyme (amylase,
rennin, p-galactosidase, invertase, gluco-isomerase, pectinase), cic chat phu
gia thuc phém (cac chét tao ngot, huong vi, tao mau, bot nd va lam on dinh,
cac vitamin, cac amino acid, cac chat Chéng oxy hoa, cac chét bao quan, cac
chat hoat hoa bé mit...).

- Céc loai thirc an bd sung cho chan nuoi (khang sinh mdi...).

- Céc loai thudc trir sau, diét c6 voi tinh dic hiéu tang 1én (cac san
pham Bt, cac baculovirus, tuyén tring ky sinh...).

- Cac hormone sinh trudng thuc vat (cac cytokinin...).

- Céc héa chét chan doan bénh cho dong-thuc vat.
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3.2. Cong ngh¢ sinh hoc trong y dugc

C4 1€ thanh tyu cong nghé sinh hoc duoc thé hién rd nét nhat 1a ¢ linh
vuc y hoc. Hién nay, hau hét cac san phdm quan trong sau day déu duogc san
xuat trén co so cong nghé sinh hoc, bao gdm céc tng dung sau:

- Cac loai khang sinh va céc chét diét khuén, cac loai vitamin va chét
bd dudng, cac loai amino acid va hdn hop cia ching trong dich truyén, cac
loai vaccine va cac loai hormone chira bénh.

- Cac bo kit chuin dung trong chin doan bénh va chan doan hoa sinh
trong y dugc.

- Cay trong va vit nudi duoc cdy chuyén nhitng gen san sinh ra cac
loai protein tri liéu dang 13 muc tiéu dau tu cua kha nhiéu cong ty y dugc
hang dau trén thé gidi hién nay.

Cu thé 1a nghién ctru va san xuét cac dugc phém, cac khang thé don
dong, interferon, cac hormone (hormone sinh trudng, insulin, erythropoietin,
thrombopoietin...), cac enzyme (urokinase, heparinase, alcohol
dehydrogenase), cac protein khac (cac khang nguyén dac hiéu, albumin,
antithrombin, fibronectin...), cac khang sinh, thudc va vitamin méi, cac
dugc pham c6 ban chat protein, cc loai vaccine viém gan B, C, HIV, cam,
sOt rét, viém ndo, ta va cac tac nhan gdy bénh tiéu chay, cac kit chan doan
nhu: chan doan sy ¢6 mat HIV, virus viém gan B va C trong mau, mot s6
chan doan thai..., liéu phap gen: diéu tri cic gen gdy bénh di truyén.

Hién nay, cac cong ty cong nghé sinh hoc y duoc hang dau thé gidi
dang tip trung vao nghién ciru tao ra san pham chong lai cic cin bénh
nhu HIV/AIDS, cac loai bénh ung thur, tiéu duong, cac bénh tim mach, cac
bénh truyén nhiém...

3.3. Cong nghé sinh hoc cong nghiép va ché bién thyc pham

Cong nghé sinh hoc cong nghiép bao gdm cac linh vuc san xuét cac
loai enzyme nhu amylase, cellulase va protease dung trong cong nghié€p dét,
cong nghiép xa phong va my pham, céng nghiép banh keo, ruou bia va nudc
giai khat. ..

Sau day 1a cac loai san phim ctia cong nghé sinh hoc cong nghiép:

- Cong nghiép hoa chat: Cac hoa chat thong dung (vi du: acrylamide)
déu c6 thé san xuét bang cong nghé sinh hoc. Cong nghiép héa hoc s& cd
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hiéu qua hon néu ding cac chét xuc tac sinh hoc (enzyme), tai sinh va xur 1y
cac dung moi bang con duong sinh hoc.

- Qua trinh ché bién tinh bot: Diing cac enzyme do cong nghé sinh hoc
tao ra dé dich hoa va dudng hoa tinh bot thanh glucose va chuyén héa thanh
fructose.

- Cong nghiép 1am sach: Céac chat giit tdy hién dai duoc bd sung
protease va cac enzyme khac 1am sach cac vét ban protein, tinh bot va chit
béo.

- Cong nghiép bot gb va gidy: Nhu cau cua thi trudng va bao vé moi
truong ngdy cang 16n dbi voi gidy it chira cic hop chat chlorine gy 6
nhiém. Qu4 trinh san xuat bot gidy hién nay gy 6 nhiém rit ning. Cong
nghé sinh hoc dua ra giai phap sinh hoc dé san xuat bot gidy khong giy 6
nhim bang cach sir dung cic loai ndm phan huy lignin-cellulose dé tao
bot. Cac enzyme cling duoc dung nang cao chit luong soi va chat lugng
gidy.

- Cong nghiép khai khoang va phat hi¢n khoang san. C6 hai cong
nghé: loc sinh hoc/oxy hoda sinh hoc céc kim loai, xtr 1y 6 nhiém kim loai va
tai sinh. Cong nghé loc kim loai dung cac vi sinh vat co thé thu duoc cac
kim loai qui nhu déng, kém va cobalt. Cong nghé xir 1y sinh hoc 6 nhiém co6
thé ap dung ddi véi cac kim loai nang.

3.4. Cong ngh¢ sinh hoc moi truong

Tuy 1a linh vuc kha méi nhung sy phat trién va tng dung cua cong
nghé sinh hoc méi trudng rat dang ké. Moi qué trinh xr 1y chét thai néu
khong khép kin bang xir 1y sinh hoc thi khé c6 thé thanh cong tron ven.

Céc hoat dong chinh cua cong nghé sinh hoc mdi truong dang dugc
chu trong la:

- Cong nghé phéan hity sinh hoc: Dung céc co thé song phan huy cac
chét thai doc tao nén cac chat khong ddc nhu nudc, khi CO; va céc vat liéu
khac. Bao gom, cong nghé kich thich sinh hoc: bo sung chét dinh dudng dé
kich thich sy sinh truéng cua cac vi sinh vat phan huy cht thai c¢6 san trong
moi trudng, cong nghé bd sung vi sinh vat vao moi truong dé phan hiry chit
6 nhidém, cong nghé xtr 1y 6 nhiém kim loai va cac chat 6 nhiém khéac bang
thue vat va nam.
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- Dy phong moi truong: Phat trién cac thiét bi do va theo ddi 6 nhiém
moi truong, dac biét trong vi¢c do nudc va khi thai cong nghi¢p trude khi
giai phong ra moi truong.

I1. So' lwoc lich sir hinh thanh cong nghé sinh hoc

Cong nghé sinh hoc phat trién cho dén ngay nay, di qua ba giai doan
chinh:

- Cong nghé vi sinh.

- Cong nghé té bao (nudi ciy mo va té bao dong-thyc vat...).

- Cong nghé sinh hoc hién dai, tirc cong ngh¢ gen.

Ciing ¢6 tac gia gin qua trinh phat trién néu trén vdi ba cudc cach
mang sinh hoc.

- Cach mang sinh hoc 1an thir nhat (du thé ky 20): st dung qua trinh
1én men dé san xudt cac san phém nhu acetone, glycerine, citric acid,
riboflavin...

- Cach mang sinh hoc 1an thir hai (sau thé chién thar 2): san xuit khang
sinh, cic san pham 1én men cong nghiép nhu glutamic acid, cac
polysaccharide; trong d6 c6 cac thanh tyu vé dot bién, tao cac chung vi sinh
vat cho nang suét va hiéu qua cao, phat trién céc qué trinh 1én men lién tuc
va phat hién phuong phap méi vé bat dong enzyme dé st dung nhiéu lan...

- Cach mang sinh hoc 1an thir ba (bit dau tir giira thap nién 1970): véi
cac phat hién quan trong vé enzyme cat han ché, enzyme gin, st dung
plasmid lam vector tao dong, dit nén méng cho mot nén cong nghé sinh hoc
hoan toan méi d6 1a cong nghé DNA tai td hop.

Hai giai doan dau, cong nghé vi sinh va cong nghé té bao, sir dung
hoat dong sinh hoc cua cac té bao tach biét, nhung chua bién d6i dugc cdu
trac di truyén cta chiing, nén duoc xem 1a hai giai doan ctia cong nghé sinh
hoc truyén théng. Phai dén cudc cach mang sinh hoc lan thir ba nhu da néu
trén, thi méi ra doi nén cong nghé sinh hoc hién dai, giai doan phat trién cao
nhat ctia cong nghé sinh hoc, mé ra ky nguyén méi cua sinh hoc.

Ciing c6 thé chia lich sir hinh thanh va phat trién cong nghé sinh hoc
theo céc giai doan sau:
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1. Giai doan thir nhat

D3 hinh thanh tir rat lau trong viéc sir dung cac phwong phéap 1én men
vi sinh vat dé ché bién va bao quan thyc phém, vi du san xuét pho mat, ddm
an, lam banh mi, nuéc chdm, san xuét ruou bia. .. Trong do, nghé niu bia c6
vai tro rat dang ké. Ngay tir cudi thé ky 19, Pasteur d cho thay vi sinh vét
dong vai trd quyét dinh trong qua trinh 1én men. Két qua nghién ctru cua
Pasteur 13 co s& cho su phat trién ctia nganh céng nghiép 1én men san xuét
dung moi hitu co nhu aceton, ethanol, butanol, isopropanol... vao cudi thé
ky 19, dau thé ky 20.

2. Giai doan thir hai

Noi bat nhat ctia qua trinh phat trién cong nghé sinh hoc trong giai
doan nay 1a sy hinh thanh nén cong nghiép san xuat thudc khang sinh
penicillin, khoi déu gan lién véi tén tudi cua Fleming, Florey va Chain
(1940). Trong thoi ky nay di xuat hién mot s6 cai tién vé mat k¥ thuat va
thiét bi 1én men v tring cho phép ting dang ké hiéu suat 1én men. Céc thi
nghiém xir Iy chét thai bang bun hoat tinh va cong nghé 1én men yém khi tao
biogas chira chii yéu khi methane, CO, va tao ngudn phan bon hitu co ¢6 gia
tri cling da duoc tién hanh va hoan thién.

3. Giai doan thur ba

Bit dau tir nhitng ndm 50 cua thé ky 20, song song véi viéc hoan thién
cac quy trinh céng nghé sinh hoc truyén théng di co tir trude, mot s hudng
nghién ciru va phat trién cong nghé sinh hoc da hinh thanh va phat trién
manh m& nhd mdt loat nhitng phat minh quan trong trong nganh sinh hoc
n6i chung va sinh hoc phan tir néi riéng. D6 1a viéc lan dau tién xac dinh
duoc cu triic cta protein (insulin), xdy dung mé hinh ciu trac xoan kép cta
phan tr DNA (1953). Tiép theo 1a viéc téng hop thanh cong protein (1963-
1965), dac biét 1a viéc tong hop thanh cong gen va bude nod biéu hién trong
té bao vi sinh vat (1980). Chinh nhitng phat minh nay da tao tién dé cho su
phat trién nhanh chéng cua cac nghién ciru co ban va tng dung thuc té sau
do trong linh vuc cong nghé sinh hoc hién dai (Bang 1.1).
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Bang 1.1. Mt s6 hwéng phat trién ciia cong nghé sinh hoc hién dai

Linh vuc Ung dung

Nong nghiép Tao ching vi sinh vat méi, xay dung cac phuong phap chon

giong cay trong va vat nuéi moi.

Y té Dung enzyme tao cac bd cam bién sinh hoc trong cac thiét
bi phén tich y té. Str dung té bao vi sinh vat, té bao dong-
thuc vat trong san xuat thudc (vi du: steroid) va tong hop
cac loai khang sinh méi. St dung enzyme trong chiia tri
bénh.

Cong nghiép Xay dung va hoan thién cac phuong phap ché bién va bao
thuc pham quan thuc pham méi, san xuét chat bo sung vao thuc phdm
(vitamin, amino acid...), sit dung protein don bao va enzyme

trong cong nghé ché bién thuc pham.

Giam sadt mdi | Hoan thién cac phuong phap du doan va giam sat tinh trang
trudong mbi truong. Hoan thién cic phuong phap xir ly chat thai
(dic biét 1a chat thai cong nghiép).

San xuit hoa | San xudt cac acid hitu co (citric acid, itaconic acid, acetic
chét acid...), san xuit enzyme lam chat tay rira.

Nang lugng Gia tang pham vi st dung biogas, xday dung cac du an 16n

san xuat ethanol dung lam nhién ligu.

4. Giai doan thir tw

Bit dau tr nam 1973, khi nhitng thi nghiém khéi dau dan dén sy ra
doi cua ky thuat DNA tai to hop dugc thuc hién va sy xuét hién insulin-san
pham dau tién ciia n6 vao nim 1982, cung véi thi nghiém chuyén gen vao
cdy trong ciing thanh cong vao nim nay. Pén nay, cong nghé sinh hoc hién
dai da c6 nhimg budc tién khong 16 trong cac linh vuc ndéng nghiép (cai
thién giéng cay trong...), y duoc (liéu phap gen, liéu phap protein, chan doan
bénh...), cong nghiép thuc pham (cai thién cic ching vi sinh vat...)... Nhiing
thanh cong nay s& dugc trinh bay chi tiét hon trong Phan II-Céc tng dung
cua cong ngh¢ sinh hoc.
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III. Mt s khia canh vé khoa hoc va Kinh té ciia cong nghé sinh
hoc hién dai

Céc phuong tién thong tin dai chung da ding tai khong it cac ¥ kién
phan ddi tng dung mot sb thanh tyu cong nghé sinh hoc trong san xut,
tham chi déi v6i nhitng thanh tyu dwoc gidi khoa hoc danh gia 1a sang choi.
That vay, cong nghé sinh hoc cling nhu khoa hoc hat nhan, bén canh cac
g dung to 16n cho loi ich va phat trién cta loai nguoi, c6 thé con mang lai
nhiéu hiém hoa khong thé luong truée duge hau qua. Gan ddy, khi cac nha
khoa hoc x4c nhan k¥ thuat nhan ban ctru Dolly hoan toan c6 thé 4p dung
cho viéc nhan ban con ngudi, & khip cac nudc da ddy 1én mot 1an séng phan
dbi viéc nhan ban nguoi, c6 noi cdm hoan toan hudng nghién ciru nay. Sau
day chiing ta s& tim hiéu cac hiém hoa tiém tang ctia cong nghé sinh hoc.

1. Vé khoa hoc

Su dé dat trong st dung cac san pham chuyén gen lam thuc pham cho
ngudi va gia sic do nhiéu 1y do khac nhau, nhung tyu trung c6 thé chia
thanh hai nhom sau:

- B6 may di truyén cua sinh vat mang tinh hoan thién rat cao vi da tién
hoa qua hang trdm triéu nam, nhitng gen méi duge gin thém vao cho cay
trong va vat nudi dé ting ning suat hodc chat lugng ndng san, biét dau co
thé pha v& tinh hoan thién, tinh cin bang cua sy sdng & cac sinh vat ndy. Va
vi thé, con ngudi khong thé yén tam véi viée hang ngay nudt vao co thé mot
s6 lwong 16n cac san pham thiéu tinh hoan thién, can bang hay néi cach khac
1 ¢6 thé ¢6 di tat.

- Cho dén nay trong viéc tao ra cac GMO, cac gen khang khang sinh
nhu kanamycin, ampicillin hoac hygromycin thuong dugc st dung kém theo
dé 1am gen chi thi chon lgc. Ching ton tai trong san phém cua cac GMO va
c¢6 thé c6 anh hudng truc tiép hodc gian tiép thong qua day chuyén thirc in
ctia sinh quyén dén con nguoi. Mic di kha nang nay 1 vo cing thap, tham
chi khi mot gen khang sinh dugc phat tan sang mot sinh vat khac thi tac
dong cua viéc nay ciing khong dang ké do cac gen chi thi chon loc duoc sir
dung trong sinh vat chuyén gen c6 tng dung rat han ché trong tha y va y
hoc. Tuy nhién, dé 1am diu nhimng lo ling cta xa hoi, cic nha nghién ciru
duoc yéu cau tranh st dung cac gen khang khang sinh trong sinh vat chuyén
gen. Viéc sir dung gen chi thi thay thé khac dang dugc dénh gia va phat
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trién. Hién nay, nguoi ta dang tim cach thay thé cac gen chi thi chon loc cii
bang cic gen c6 vé it hai hon nhu gen mi hoa protein phat huynh quang
mau xanh luc (green fluorescence protein-GFP). Gen GFP duogc coi la mét
gen chi thi tét, vi nd 1am cho cac GMO phat sang xanh ruc r& khi dat dudi
tia tir ngoai. Nhung du sao su nghi ngai van con, vi gen GFP ¢6 ngudn gc
tir mot loai ca & Bic Bing Duong, chit khong tir mot dong vat c6 ngudn goc
gan voi ngudi.

2. Vé kinh té
2.1. Nhimng cong ty da qudc gia vé cong nghé sinh hoc

T6 chirc qudc té nong nghiép tién bd RAFI (Rural Advancement
Foundation International) 1a mét t6 chuc phi chinh phii & Canada hoat dong
nham han ché anh huong ciia cac cong ty da qudc gia vé giébng. Theo RAFI,
cac cong ty da qubc gia vé cong nghé sinh hoc s& hoat dong rat manh trong
thé ky 21, hién nay nhitng céng ty ndy dang phét trién nhanh chong nho
thau tom cac cong ty nhé hon va trude hét nho loi nhuan khong 16 thu duge
trong doc quyén ban cac san phdm GMO.

Ching han cach day hon 15 niam, cong ty Monsanto chi chuyén vé cac
san phdm hoa dau, thudc trir sdu va trir co. Tuy nhién, thoi gian gan day
Monsanto di dau tu rat 16n va trién khai cong nghé gen thuc vat dé tao ra
cac gidng GMO va dang tro thanh cong ty giéng 16n nhat thé gigi. RAFI goi
Monsanto 1a mot “Microsoft cong nghé sinh hoc” vi tir nim 1996 dén nay
Monsanto d3 mua lai nhiéu cong ty truéc day von 1a nguoi khong 16 trén thi
truong hat gidng.

2.2. Sy 1& thudc vao cac cong ty da qudc gia vé cong nghé sinh hoc

RAFI tién doan nguoi nong dan & hau hét cac nude trén thé gidi, ké ca
cac nudc cong nghiép phat trién, dan dan s& bi 1& thudc vao mot nhom nhod
cac cong ty cong nghé sinh hoc da qudc gia.

Véi quy ché ngat nghéo vé quyén tac gia IPR (Intellectual Property
Right) hién hanh trong quan hé kinh té thé gi¢i, nguoi nong dan sé& bi tudc
b6 hoan toan quyén tu do trong ciy gi trén manh dit cuia minh va ban cho ai
san pham ctia minh. Ly do dé cac cong ty nhu Monsanto c6 dugc nhiéu
quyén han nhu vay chinh 1a su tién bo cua cong nghé sinh hoc.
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Chang han, gen terminator dugc co quan diang ky ban quyén cia My
chinh thtrc cip bang phat minh cho céng ty Delta Pine (3/1998). Khi chuyén
gen vao bat cit mot gidng cdy nao, hat ban ra s& chi nay mam trong mot thé
hé duy nhat. Néu ngudi nong dan ldy hat dé trong vu sau, gen ndy s& tao ra
mot hop chit giét chét mam, vi thé hat hoan toan khong nay mam duogc. Véi
gen terminator trong tay, cac cong ty da qudc gia s& bit nong dan cac nude
hang nim phai mua hat giéng cta ho.

Mit khac, cac cong ty gidng dang thon tinh din cac cong ty ché bién
lwong thyc, thuc phdm 13 dau ra cta nong san. Vira doc quyén hat gidng
GMO lai vira ndm céc cong ty ché bién nong san, cac cong ty da qudc gia
cong nghé sinh hoc s& khong chira mot 16i thoat nao cho néng dan cac nude
dang phat trién.

IV. Cac van dé phap ly ciia cong nghé sinh hoc hién dai

Cong nghé DNA tai t6 hop da gitp cac nha khoa hoc thay d6i co ché
tién hoa ctia tu nhién, sang tao ra san pham cia gen, tao ra cac dang sinh vat
moi. Ngay cang c¢6 nhiéu bang ching hién nhién vé lgi ich ciia cong nghé
DNA tai to hop. Tuy nhién, ciing phai can nhic dén nhiing nguy co tiém
tang ctia n6, va thyc té ciing d ndy sinh mot s6 van dé phéap 1y quan trong
bugc chiing ta phai xem xét lai mot cach than trong.

Chang han, ching ta c6 thé tham khao hé théng quan 1y d6i voi cac
san pham cay trong ciia cong nghé sinh hoc hién dai & My, noi ma linh vuc
cong nghé sinh hoc dugc dau tu va phat trién t6t nhat trén thé gisi.

He¢ thong quan 1y ciia M¥ 1a mot bo phan quan trong nham dam bao an
toan luong thuc. Phdi hop voi Bo Nong nghiép My (USDA) va Cuc Bao vé
Mai truong (EPA), Cuc quan Iy Thyc pham va Duoc pham (FDA) dong vai
tro quan 1y céc loai lvong thuc co ngué)n géc thuc vat dugc tao ra nho cong
nghé sinh hoc. Theo Pao luat Luong thuc, Duogc phém va M§ phém
(FD&C), FDA c6 thim quyén bao dam do an toan cua tit ca cac luong thyc
trong nudc va nhap khau cho ngudi va dong vat trén thi truong My. Ngoai
trir thit gia sic-gia cdm va mot sd san pham trimg, nhitng hang muc nay
thudc pham vi diéu tiét cua USDA. Tuy nhién, do an toan cua du lugng
thudc thi y trong thit gia stc, gia cAm va thity san 1a do FDA quan 1y. Thudc
trir sau lai chu yéu do EPA diéu tiét. Co quan Kiém tra Stc khoé Thuc vat
va Bong vat cua USDA (APHIS) c6 chltc nang gidm sat an toan ndng
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nghiép va an toan moi trudng trong trong trot va thir nghiém tai hién trudng
cac gidng cay trong dugc tao ra nho cong nghé sinh hoc.

Céc loai luong thuc va thanh phﬁn lvong thyc duoc tao ra nho cong
nghé sinh hoc phai dap tng nhitng tiéu chudn an toan twong tu nhu céac tiéu
chuin ma Pao luit FD&C ap dung di véi cac ciy trong duge tao ra theo
phuong phép lai giéng thong thuong. Piéu nay co nghia 13 cic san phim
cong nghé sinh hoc ciing phai an toan gidng nhu cic san pham truyén théng
trén thi truong. FDA c6 quyén loai trir mot loai lwong thuc khéi thi trudong
hoic trimg phat nhiing ngudi budn ban loai luong thuc d6 néu n6 gy ra rui
ro ddi vé6i stc khoe cong ddong. Can luu ¥ rang Pao luat FD&C quy dinh
nhiing nguoi &p dung cong nghé sinh hoc phéi chiu trach nhiém phap ly
nham dam bao rang nhimng luong thyc ma ho ban cho ngudi tiéu dung phai
an toan va dap ung tat ca cac yéu cau vé phap 1y.

1. An toan sinh hoc
1.1. Sy chuyén gen bang hat phan

Cho t6i nay khong cé hat phin cia loai cdy trong bién ddi gen nao
dugc han ché kha nang phét tan. Cac phuong thirc quan ly nhu cach ly
khong gian va thoi gian c6 thé han ché sy luu chuyén gen (gene flow) giira
ciy trong, han ché hat sot lai trong dat va cay sot lai sau khi thu hoach. Viéc
str dung ving cach ly, rio can cdy trong va cac rao can thuc vat khac gitta
ngudn tao va noi nhan hat phan ciing c6 thé giam mic do phat tan hat phan.
Thoi gian hat phan & trong khong khi ciing kha dai, do d6 c6 thé phét tan
dén khoang cach kha xa. Tuy nhién, diéu kién thoi tiét va moi truong thay
d6i c6 thé gay ra sy phat tan ¢ nhiing khoang cach xa hon nita. Cac bién
phap cach ly sinh hoc dang dugc phat trién nham xac dinh liéu sy sinh san &
cdy trong co thé kiém soat dugc hay khong dé tranh sy giao luu gen qua hat
hodc hat phén.

bac biét ¢ cac giéng hodc dong cé cay bat duc duc, s& xdy ra hién
tuong lai xa v6i gidng bién ddi gen hitu thu & mot tin sd cao hon va khoang
cach xa hon so véi gidng truyén théng. Su tich liily gen (gene stacking) da
dugc quan sat & cdy trong va nguoi ta du doan 1a cdy trong mang gen da
khéng s& tré nén phd bién sau khi cy trong chuyén gen duoc phép dua vao
thi truong, va vi vy cdy moc hoang bién d6i gen s& phai can cac bién phap
diét 6 khac.
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Céc nghién ctru cho thdy phan 16n su thu phin chéo xay ra & khoang
cach ngin va kha niang thu phén thanh cong giam theo ham mi so véi
khoang cach tir ngudn phat ra hat phan. Nhung trén pham vi ndng trai van
co su luu chuyén gen, mac du mic d) xay ra rat thép 0 mot khoang cach
kha xa, vi vay su tach bi¢t hoan toan vé mat di truyén 1a rat kho duy tri.

Trong khi hat phn déng vai trd quan trong trong sy phat tan theo
khong gian thi hat gidng dong vai tro quan trong trong su phat tan theo thoi
gian. Do d6, khi cach ly cay trdng chuyén gen véi cy trong khong chuyén
gen phai tinh dén chuyén trudc d6 ciy trong chuyén gen c6 duge trong trén
cung manh dat d6 khong va tap quan canh tac co gay ra su di chuyén céc hat
gilta cdc manh rudng hay khong.

Ngoai ra, sy luu chuyén gen giita cdy bién d6i gen va ho hang cua né
con tiy thudc vao loai tinh trang gen chuyén quy dinh, dic diém sinh hoc
ctia cdy (thu phan chéo hodc ti thu phan) va bdi canh nong nghiép (hé théng
cdy trong, to chirc khong gian giita cac thira rudng).

1.2. Sy bén viing ciia DNA trong dét

DNA cua cay chuyén gen c6 thé dugce phong thich vao moéi truong tir
cac nguyén li€u thyc vat da gia hodac muc nat. Vén dé nay da dugc khdo sat
& mot sd cy chuyén gen nhu thudc 14 (aacCl), hoa di yén (NOS-nptll) va
ct cai duong (bar/TR1, TR2/nptll, 35S/BNYVV-cp). Su bén viing cia cdu
traic DNA trong dat duoc phat hién bang cach tach chiét DNA tryc tiép tir
dat, sau d6 khuéch dai cdu tric nay bang ky thuat PCR. Chon loc primer
thich hop cho phép phét hién rd rang cau tric chuyén gen bén canh cac gen
xuat hién ty nhién. Véi phuong phép nay sy hién dién ciia cau trac DNA ¢6
thé duoc phat hién nhung khong cé théng tin nao vé sy hién dién cua no
trong nguyén li¢u thuc vat muc nat, co thé do DNA tu do da duogc hép thu
vao bé miat dit. DNA cua ciy ci cai duong chuyén gen duoc phat hién trong
mau dat ¢ vi tri da khong sir dung 6, 12 va 18 thang sau khi cdy cu cai
duong bi cay lap trong dat. Nguoi ta cling da tim thdy DNA cay thudc 1a
chuyén gen & trong dat sau hon 1 nim thu hoach. Trong khi d6 DNA cua
hoa da yén chuyén gen chi co thé phat hién vao thoi diém 2 thang sau khi
cay duoc cay lap trong dat.
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Maic du chi c6 mdt vai khdo sat vé su bén viing cua DNA cay chuyén
gen ¢ trong dat, nhung sy bén virng cua cau truc trong mot thoi gian dai co
thé duoc chung minh rd rang.

1.3. Chuyén gen ngang tir thuc vat vao vi sinh vat dat

Chuyén gen ngang (horizontal gene transfer) 14 hién tuong chuyén cac
gen hodc nguyén liéu di truyén truc tiép tir mot ca thé riéng biét vao mot ca
thé khac bang cac qué trinh twong ty sy gdy nhiém. Phan biét voi mot qua
trinh binh thuong 13 chuyén gen doc (vertical gene transfer)-tir bd me vao
con cai-xuat hién trong qué trinh sinh san. Chuyén gen ngang trong phan
nay dé cap dén DNA ngoai lai ctia ciy chuyén gen hién dién ¢ trong dit, vi
khuan phat trién kha ning dé nhan gen nay va cudi cung, cac trinh ty nay
dugc hop nhét trong genome cua vi khuan.

Nguy co cta cong nghé di truyén d6 13 lam ting tiém ning cua sy
chuyén gen ngang qua céc loai khong ho hang. Cac co ché té bao cho phép
cac gen ngoai lai xen doan vao genome cua mot loai nao d6. Cac gen khang
thudc diét c6 hodc khang khang sinh cta vi khuan thuong dugc st dung nhu
1a cac chi thi chon loc dbi voi cay chuyén gen. Vi thé, chuyén ngang tir thuc
vét vao vi sinh vat clia cac gen khang nhu thé thudng duoc xem nhu 13 mot
hiéu tmg tiém tang khong mong mudn giira cdy chuyén gen va cac vi sinh
vat dat.

Tuy nhién, cho dén nay chua c6 bang chimg rd rang vé viéc chuyén
gen tu thuc vat vao céac vi sinh vat. Hién nay, cac nghién ctru an toan sinh
hoc (biosafety) vé chuyén gen ngang tir cay chuyén gen vao vi sinh vat (vi
khuén va nam) c6 hai hudng chinh 1a tim hiéu co ché chuyén gen tir thyc vat
vao vi sinh vat va danh gia cac hau qua sinh thai cua no.

Co ché chi1 yéu ciia viéc chuyén gen tir thyre vat vao vi sinh vat 1a qua
trinh bién nap tu nhién doi hoi sy hap thy DNA tu do. Vi khuan dét c6 thé
bién nap tu nhién va hop nhat DNA ngoai lai trong genome ciia minh. Dé
chuyén gen tir thyc vat vao vi sinh vat & diéu kién dong rudng, khong phai
chi ¢6 co ché cho phép hap thu va sao chép trong mot vat chii méi ma su
chon loc vat chu dé biéu hién mét tinh trang mai 1a quan trong nhét. Phat
hién chuyén gen ngang co thé thyc hién bang cach phan tich vi khuan dat
sau giai doan nudi cdy dau tién.
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1.4. Chuyén gen tir thyc vat vao virus

Két qua dau tién vé cdy chuyén gen biéu hién protein vo cua virus
kham thudc 14 (TMV) da ngan chan sy phat trién ctia bénh xuét hién trong
nam 1986. Phuong thirc nay sau d6 dd duoc st dung dé tao ra tinh khang
cho cdac loai virus khéc nhau, tuy nhién cac nha di truyén hoc da dat cau hoi
vé sy an toan cua cdy trong chuyén gen ngay tir nhimg ngay dau tién. Nguy
co rd rét nhét 1a tiém nang tao ra cac virus gdy nhiém moi bang sy tai to
hop, vi du: gen chuyén cua virus (viral transgene) lién két hodc trao ddi cac
phan voi nucleic acid cua cac virus khac. Do vé protein khong ngin dugc
virus xam nhép vao té bao thuc vat, gen chuyén (transgene) s& duoc tiép xuc
v6i cac nucleic acid ciia nhiéu virus dugc mang toi thuc vat boi cac vector
con trung (insect vector).

Mot s nghién ctru da chimg minh rang cac virus thuc vat c6 thé tin
cong mot loat cac gen virus khac nhau tir cdy chuyén gen. Chang han:

- Virus gdy bénh kham hoai tr & cay co ba 14 mau dé (red clover
necrotic mosaic virus-RCNMV) dang khiém khuyét da thiéu gen cho phép
n6 chuyén tir t& bao nay dén té bao khac (vi thé khong gay nhiém duoc) da
tai t6 hop véi mot ban sao ctia gen d6 trong ciy thubc 14 chuyén gen
Nicotiana benthamiana, va da sinh san cac virus gay nhiém.

- Cay cai Brassica napus chuyén gen VI, mot nhan t6 hoat dong dich
mé, cua virus kham sap-lo (cauliflower mosaic virus-CaMV), da tai to hop
v6i phan bd sung cta virus thiéu mat gen d6, va tao ra virus gdy nhiém
trong 100% cay chuyén gen.

- Su tai to hop gitta CaMV dang hoang dai va dang chuyén gen VI
dugc ching minh trong N. bigelovii. it nhit mot trong s6 cac virus tai to hop
6 doc tinh hon dang hoang dai.

- Cay N. benthamiana biéu hién mot doan gen protein vo cia virus
CCMV (cowpea chlorotic mottle virus) da tai to hop voi virus khiém khuyét
thiéu gen do.

Nhiéu khao sat cho thiy trong céc thi nghiém c6 CaMV tan sb tai to
hop cao hon nhiéu so véi cac virus khac. Trong khi CCMV tai t6 hop dugc
phuc hdi tir 3% cay chuyén gen N. benthamiana, thi CaMV tai t6 hop duogc
phuc hdi tir 36% cdy chuyén gen N. bigelovii. Nguoi ta nghi ngo rang su dut
gy DNA soi d6i c6 thé xay ra trong truong hop tai t6 hop & CaMV do thuc
té 1a DNA chuyén gen bao gém ca promoter CaMV 358S.
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2. An toan thyrc pham

Céc giéng cay trong chuyén gen ngay cang dugc phat trién nhd vao
cac cong cu cua cong ngh¢ sinh hoc hién dai. Cling chinh vi vady ma nhiéu
ngudi ban khodn rang liéu cac thyc phdm nay c6 an toan bang cac loai thuc
pham c6 duoc nho sir dung cac phuong phap noéng nghiép truyén théng hay
khong. Vay su khac biét giira lai gidng thong thuong va cong nghé sinh hoc
thuc vat 1a gi. Thuc ra ca hai déu c6 cung mdt mot muc ti€u la tao ra cac
gidng cay trong co chét luong cao véi nhiing dic tinh di duoc cai thién giup
chung phat trién tot hon va ngon hon. Sy khac biét 1a & chd muc dich nay
dat duoc béng cach nao.

Lai giéng truyén thong doi hoi su trao doi hang ngan gen giita hai cay
dé co duoc tinh trang mong mudn. Trong khi d6, nhd cong nghé sinh hoc
hién dai, chung ta c6 thé lya chon mot dic tinh mong mudn va chuyén riéng
no6 vao hat gidng. Su khac biét giira hai k¥ thuat nay 1a rat 16n. Phuong phap
cong nghé sinh hoc hop 1y hon, ¢ hiéu qua cao va dem lai két qua rat tot.

Céc k¥ thuat sir dung trong cong nghé sinh hoc hién dai cung cap cho
nhimg nha lai tao giéng nhitng cong cu chinh xac cho phép ho chuyén
nhing dic tinh mong muén vao ciy trong. Hon thé nira, ho c6 thé lam diéu
nay ma khong bi chuyén thém cac tinh trang khong mong mudn vao cay nhu
van thudng xay ra, néu sir dung lai giéng truyén thong.

Thyc phdm c6 ngudn gbc tir cdy trong chuyén gen phai trai qua nhiéu
thir nghiém hon bat ky loai thyc pham nao trong lich str. Trudce khi duoc
dua ra thi truong, chung phai dugc danh gid sao cho phu hgp véi cac quy
dinh do mot vai td chure khoa hoc quéc té dua ra nhu Td chuc Y té Thé gidi,
T chirc Nong Luong, T6 chirc Hop tic va Phat trién Kinh té... Nhimg quy
dinh nay nhu sau:

- Cac san pham chuyén gen can duoc danh gia gidng nhu cac loai thyuc
pham khac. Cac nguy co gdy ra do thuc pham c6 ngudn gbc tir cong nghé
sinh hoc ciing ¢6 ban chat gidng nhu céc loai thuc pham thong thuong.

- Cac san phém nay s& dugc xem xét dua trén d§ an toan, kha ning
gay di tng, doc tinh va dinh dudng cua chung hon la dua vao phuong phap
va k¥ thuat san xuét.

- Bat ky mot chat méi nao dugce dua thém vao thuc phdm thong qua
cong nghé sinh hoc déu phai duge cho phép trude khi dua ra thi truong,
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cing giéng viéc cac loai chat phu gia méi nhu chat bao quan hay mau thyc
pham can phai dugc cho phép trude khi thuong mai hoa.

Mot s6 nhan dinh trong véan dé an toan thuc phém hién nay nhu sau:

- Mirc d6 4n toan cua thuc pham chuyén gen it nhét cling twong duong
v6i cac thuc pham khéc boi vi qua trinh danh gia an toan dbi véi thuc pham
chuyén gen k¥ ludng hon nhiéu so véi viée danh gia cac thue pham khac.
Qué trinh danh gia an toan thyc pham dam bao rang thuc phim chuyén gen
mang lai tit ca cac loi ich nhu thuc pham thong thudng va khong c6 thém
mot tac hai nao.

- Chua c6 biang chimg nao cho thiy thuwe phidm chuyén gen hién dang
c6 trén thi trudng giy ra bit cir lo ngai nao vé sirc khoé con nguoi hay co
bat ky khia canh nao kém an toan hon so véi cdy trong tao dugc nho lai
gidng truyén thong.

- Mot diém dic trung cia ki thuat chuyén gen 1a né dua vao mot hay
nhiéu gen da dugc xac dinh ro. Diéu nay gitp cho viéc thir nghiém ddc tinh
clia cac cdy trong chuyén gen dé thuc hién hon so véi cac ciy trong binh
thuong.

2.1. Cac chét gy di ung

Mot trong nhimg mdi quan tim 16n nhét vé thyc pham chuyén gen 1a
chat gay di Gtmg (mot protein gy ra di ung) c6 thé dugc chuyén vao thuc
pham. Pén nay cac nha khoa hoc da biét rat nhiéu vé cac thyc pham gay ra
di ing & tré nho va nguoi truong thanh. Khoang 90% su di ung thire an la
¢6 lién quan toi tam thuc phim va nhém thyc phim-dong vat ¢ vo (tom,
cua, sO, hén), trimg, c4, sira, lac, dau twong, qua hach va lia my. Nhitng loai
thuc phdm ndy va rat nhiéu chét gay di tng khac da duoc xac dinh rat rd va
do vay kho tin rang chung c6 thé duoc dua vao thyc pham chuyén gen.

Tuy vay, viéc kiém tra tinh di ing van 1 mot khau quan trong trong
viéc kiém tra an toan trudc khi mot gidng cdy trong duge dua ra lam thuc
pham. Hang loat cac thir nghiém va cau hoi phai duoc xem xét k dé quyét
dinh liéu thuc pham nay c6 1am ting su di tng hay khong.

Céc chit gdy di Gmg c6 nhitng dic tinh chung nhu khéng bi phan huay
trong qua trinh tiéu héa, c6 xu hudng khong bi phan huy trong qué trinh ché
bién thyc pham, va thuong c6 rat nhiéu trong thuc pham. Cho dén nay,
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khong c6 loai protein nao dwgc chuyén vao thuc pham chuyén gen da duoc
thuong mai hoa lai mang nhitng dic tinh noéi trén. Chung khong c6 tién sir
va kha ning gay di tmg hay doc tinh, cling khong gidng véi cac chat gay di
g hay cac doc t6 da biét va noi chung chirc ning cua ching da duogc biét
rd. Nhitng protein nay c6 mot ham luong rat thip trong thuc phdm chuyén
gen, nhung nhanh chéng bi phan huy trong da day va da duoc kiém tra do
an toan trong cac nghién clru vé thuc phé‘im cho dong vat.

Céc gen ma hoa thong tin di truyén c6 mit trong tat ca cac loai thuc
pham va viéc an chung khong giy ra bat ky anh huong xau nao. Khong co
tac hai di truyén nao xay ra khi tiéu héa DNA ca. Trén thuc té, chung ta
luén nhan DNA mdi khi dn do né c6 mit & tit ca thuc vat va dong vat.

2.2. Banh gia d¢ an toan cia cac thuc phém

Bét ky mot san pham chuyén gen nao trude khi duoc dua ra thi truong
phai dugc thtr nghiém toan dién, dugc cac nha khoa hoc va cac gidm dinh
vién danh gia doc 1ap xem c6 an toan vé dinh dudng, doc tinh va kha ning
gy di tmg hay khong. Cac khia canh khoa hoc thyc phim nay dua trén
nhing quy dinh cta cac t6 chirc c6 tham quyén caa mdi nudc, bao gdm: mot
huéng dan sir dung san pham, thong tin chi tiét vé myc dich st dung san
phém, cac thong tin vé phan tu, hoa sinh, dgc tinh, dinh dudng va kha ning
giy di ung. Cac cau hoi dién hinh c¢6 thé duoc dat ra 1a: (1) Cac thyc pham
chuyén gen ¢ dugc tao ra tir thuc pham truyén thong da duoc cong nhan an
toan hay khong. (2) Nong do cac doc t6 hay chat giy di ung trong thuc
pham co thay ddi hay khong. (3) Ham lugng céc chat dinh dudng chinh c6
thay doi hay khong. (4) Cac chat méi trong thyc phdm chuyén gen c6 dam
bao tinh an toan hay khong. (5) Kha ning tiéu hoa thic dn c6 bi thay doi hay
khong. (6) Cac thuyc pham c6 duge tao ra nho cac quy trinh da dugc chip
nhan hay khong.

Ngay khi cac cau hoi ndy va cac cdu hoi khac vé thuc pham chuyén
gen dd dugc tra 10i, van con nhiéu viéc phai 1am trong qué trinh phé chuan
trude khi thuc phém chuyén gen duogc thuong mai héa. Thuc té, thuc phém
chuyén gen 13 loai san phim dugc nghién ciru nhidu nhit trong cac loai da
duoc san xuét.
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3. Pao duec sinh hoc

Pao dtic sinh hoc (bioethics) 1a mdt pham tru phtrc tap ma cach nhin
nhén tuy thudc vao dic diém dan toc va van hoa khac nhau. Cho nén, nhiing
van dé dugc coi la hop voi dao dic & noi nay co thé 1a trai dao dtc & noi
khac. Thuat ngit nay c6 18 bit ngudn & My vao nhimng nam 1970, khi cac ky
thudt thao tac gen (gene manipulation), con goi 1a k¥ thuét di truyén hay
cong nghé DNA tai to hop, duoc ap dung.

Pham tru dao dtrc sinh hoc bao ham cach danh gia loi ich va rui ro lién
quan to1 su can thiép ctia con nguoi, dac bi¢t 1a cong nghé madi, xem xét lam
can ddi sy theo dudi quyén ty do ca nhan véi trach nhiém phap 1y. Pao dic
sinh hoc doi hdi phai danh gia cong ngh¢ that k¥, trong d6 c6 danh gia anh
hudng dén xa hoi va ca nhan.

Cung voi thoi gian, van dé& nay ngay cang tré nén sau sic. Trudc
nhimg x40 tron do sy phat trién cua di truyén hoc, ngudi ta tu hoi minh dang
tién t6i loai xa hoi ndo va su can bang méi ndo trén hanh tinh s& dugc thiét
lap.

Pao dirc sinh hoc khong gidi han suy nghi vé mdi quan hé giita khoa
hoc va xa hoi. N6 gin lién quan hé giita con nguoi v6i ty nhién trong tinh da
dang sinh hoc ctia nd, ké ca ban chat cia chinh con nguoi. Mit khac, dao
duc sinh hoc 13 mot cach suy nghi vé tuong lai va gia tri ciia chung ta. N6
gitip cho giGi chuyén moén ddi thoai véi nhitng nguoi ra quyét dinh va ngudi
dan, cting quan tdm dén su ton tai cta x4 hoi loai ngudi.

Ngay 25/7/1978, bé gai duoc thu tinh trong 6ng nghiém (Louise
Brown) di ra doi & Anh. Tir d6 dén nay, k¥ thuat ndy da tao ra khong biét
bao nhiéu em bé nhu vay trén thé gidi, ké ca & Viét Nam. Muc dich dau tién
cua cong viéc nay la hoan toan lanh manh. Trong trudong hop cua Louise
Brown, ngudi me bi vo sinh do khuyét tat & voi trisng nén dé gitp ba co con,
nguoi ta da Iy té bao trimg cua ba thy tinh trong ng nghiém véi chinh tinh
tring cta chong ba, roi cay hop tir vao ngay tir cung ctia ba. V& mat sinh
hoc va phap 1y, em bé 1a con ctia ho va diéu nay ciing khong dit ra van dé gi
vé dao duc hay vi pham mdt diéu luat nao.

Nhung mdt van dé té nhi va phuec tap khac lai dugc dit ra néu mot phu
nit khong thé hodc khong mudn mang thai, dé nghi mot phu nit khiac nhan
trung dugc thu tinh cia minh va mang ho cai thai do, vay dtra con s€ 1a cua
ai. Cho dén nay, ¢ nhiing nuée c¢6 dich vu mang thai ho da phat sinh nhiéu
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vu kién, vi nguoi dugc thué nhiéu khi pha hop dong, khong mudn tra lai dira
con cho nguoi thué nira.

Mot biéu hién cta cht nghia wu sinh dudi dang méi, d6 1 nguoi ta hy
vong c6 dugc nhitng dua con thién tai bang cach xin hodc mua tinh tring
cua cac nha bac hoc dugc gidi thuong Nobel, cho thu tinh véi tring cua
nhimg phu nit tré dep va thong minh réi ciy phdi vao nhitng phu nir nay.
Nhung cach lam nay khong chdc chin tuyét d6i do quy luat phan ly di
truyén va dira con sinh ra van co thé thudc loai tim thuong. Sau thanh cong
nhan ban ciru Dolly, ngudi ta hy vong khic phuc dugc van dé trén bing
cach “nhan ban céc thién tai” nhd chinh té bao clia ho. Nhu ta da biét, nhan
ban ngudi 1a mot van dé rat khé va hién nay hau nhu bi cim trén thé gioi.
Va lai ¢ong nhat di truyén khong c6 nghia 1a ddng nhat ban sic ca nhan. Xét
vé mat luan 1y va dao dtrc viéc lam trén khong thé chép nhéan dugce, con vé
mit khoa hoc ciing khé hién thyc: thién tai chi biéu hién & mot do tudi nao
d6 va néu dinh cho ra thién tai theo cach nay ciing kho vi hinh dang va thé
chét cua nguoi me da khéc trude. Lai cang kho thyce hién néu thong qua mot
phu nit xa la khong phai 1a me minh, vi hé gen cta té bao chét trong trimg la
cling ¢6 anh huong va sé khong phat huy dugc nhu cua chinh me¢ minh.

Hién nay, su phat trién nhanh chong cua cong nghé sinh hoc da dat
cho céc ty ban dao durc va luat phap trén thé gidi nhimng van dé sau day:

- C6 nén cho phép thay dbi chuong trinh di truyén cta nguoi hay
khong; va néu cho phép thi & muc dJ nado, cho du viéc lam nay dugc bién
minh 13 dé chira cac bénh di truyén.

- Co nén chép nhén viéc chan doan trude khi sinh dé Iwa chon gidi
tinh cta dtra tré hay khong.

- C6 nén bt budc thuc hién cac chuong trinh phat hién di truyén phuc
vu loi ich sttc khoé ctia nguoi dan hay dé mdi ca nhan nhan xét co hoi dua
vao cac thir nghiém ma két qua c6 thé trai nguoc, anh huong téi ho va nguoi
than caa ho (vi du viéc sinh ra mot dira con c6 thé cé rui ro khuyét tat hay
khong).

- C6 nén cam liéu phap gen (gene therapy) nham vao cac té bao sinh
duc hay khong. Theo Suleiman, gido su nghién ctru cac van dé quéc té va
giam doc cua Uy ban nghién ctru chau Au (Pai hoc Princeton, M) thi “Nha
nude can xac dinh mac dd can thi¢p vao nghién cuu khoa hoc qua tranh
luan cong khai nham hop phap hoa hanh dong ciing nhu dé nguoi dan kiém
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so4t cac hanh dong nay. Tém lai, nha nuéc can hop tic v6i cong dong khoa
hoc dé dam bao tu do nghién ctru va tmg dung hop dao dirc cac két qua tir
do”.

4. Quyén tdc gid va sé hitu tri tué
4.1. Quyén téc gia

Mic du d3 c6 rat nhiéu cudc tranh ludn & cac dién dan quéc té vé
quyén tac gia cua cic nudc cd ngudn gen quy hiém duoc phuong Tay st
dung trong céng nghé tao giébng nhung dén nay van chua dem lai mot két
qua that sy ndo. 169 nuéc di dang ky vao cong uwéc Qudc té vé Pa dang
sinh hoc (Convention on Biological Diversity) va cong udc nay co6 hiéu luc
tir 12/1993, trong d6 quy dinh cung chia sé quyén loi giita cac nudc co
ngudn gen véi cac cong ty phuong Tay sir dung ngudn gen d6. Tuy nhién, tir
d6 dén nay cac nudc co ngudn gen quy hiém van tiép tuc bi mat dan tai san
qudc gia ctia minh ma quyén loi duoc chia sé thi khong dang ké.

Chang han, nim 1994 hing ArgEvo phan lap dugc gen PAT
(phosphinothricin  acetyltransferase) tr dong vi khuan Streptomyces
viridochromogens c6 trong mau dét lay tir Camerun. Gen PAT cho phép tao
ra cac giéng cdy trong khang thudc diét c6 nhém glufosinate, dong gop quan
trong vao doanh s6 2,3 ty USD ciia AgrEvo nam 1995. Tuy nhién, hing nay
da tir chdi khong tra cho Camerun mot khoan tién nao vé quyén tac gia.

Ngay 16/1/1996, Ban quyén sé hitu s6 5.484.889 ciia My duogc cap
cho Gido su Sylvia Lee-Huang (Pai hoc New York) dé bao vé quyén tac gia
clia 6ng vé mot loai protein chiét tir mot gidng mudp ding (Momordica
charantia) c6 ngudn goc tir mién Nam Trung Qudc. Giéng mudp ding nay
1a thanh phan chinh ctia mot bai thuc dan gian co truyén cua Trung Qudc
dé chdng nhiém tring. Lee-Huang da cho rang nhd cong nghé DNA tai t6
hop, tir nay 6ng khong can phai mua hat mudp dang tir Trung Qudc nira, vi
céc protein tai to hop san xuét trong phong thi nghiém ctia 6ng hoan toan
gidng nhu protein chiét tir qua mudp dang trudc day.

Céc truong hop trén cho thdy cac cong ty 16n & cac nude phat trién
nhd vao tiém nang khoa hoc va ngudn vén ddi dao ciia minh di thuong
luong vé ban quyén tac gia véi tu thé cta ké manh. Sy thua thiét cta cac
nude yéu vé cong nghé sinh hoc s& con kéo dai.
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4.2. S¢ hiru tri tu¢

Mot trong nhirng nét dac trung ctia cong nghé sinh hoc hién dai la sy
gia tang tinh s¢ hiru cua nd. Hién nay, nganh cong nghé sinh hoc dugc bao
vé boi cac bang sang ché va cac quyén vé so hitu tri tué (IPR).

Nhu ching ta biét, s& hitu tri tué dai dién cho céac san phém cua tri tué.
Chung 1a cac ¥ tuong dugce chuyén thanh dang hiru hinh. Vi du cta sé hiru
tri tué bao gdm: cac sang ché, phin mém may tinh, 4n phim, bing dia ca
nhac, giéng cay trong-vat nudi... Dé tao ra nhitng san phim nhu vy thuong
doi hoi mot khoang thoi gian dai va mot ngudn vén dau tu 16n. Do vy, cac
nha sang ché thuong tim cach thu hdi cac ngudn dau tu bang cach st dung
IPR. IPR cho phép céc sang ché gidi han quyén st dung sé hitu tri tué,
khong mot cé nhan hoac td chirc nao duoc phép sir dung dé san xuét, nuoi
trong, ban hay dé nghi dé sang ché ma khong dugc cho phép. Co mot sb
hinh thirc dé bao vé cac tac gia bao gdm: quyén tac gia, sang ché, bi mat
kinh doanh, nhén hiéu hang héa, quyén bao ho giéng ciy trong-vat nudi...

Céc bang sang ché, quyén bao ho gidng cdy trong-vat nudi va cac
nhan hiéu hang héa dugc ban hanh boi chinh phi cia timg qudc gia va su
bao hd chi c6 hi¢u luc trong cadc nude ma so hitu tri tu¢ (IP) dugc ban hanh.
Do viy, dé nhan dugc su bao hd & nhiéu nudce, cac quyén nay phai dugc ap
dung va thong qua & mdi nudc. Con quyén tic gia va bi mat kinh doanh
khong dic trung theo qudc gia. Hién nay, nhiéu cong nghé miii nhon dugc
sir dung d¢ tao ra cac san pham cong ngh¢ sinh hoc nong nghiép duong nhur
khong duoc bao ho ¢ cic nudc dang phat trién. Chang han, cac bang sang
ché dbi vai promoter CaMV 35S chi duogc cép va c6 hiéu lyc & Hoa ky va
Chau Au (va & Nhat Ban chi ¢6 mot don xin dang ky cap bang). Do d6, hién
nay chua c6 IP nghiém cdm cic nudc dang phat trién st dung cong cu niy
trong nghién ctru.

Hon nita, cac to chirc va ca nhan cé thé s dung cic cong nghé trong
tao gidng cdy trong bao gom trién khai, san xuét va tiéu thy ¢ cac nudc ma
cong nghé san xuit ndy chua c6 IP bao ho. Tuy nhién, cac van dé lién quan
dén IP s& phat sinh ¢ cac nudc co nhitng cong nghé duoc bao ho boi IPR.
Thoi gian phat trién san pham ciing can dugc can nhic ky ludng vi cac bang
sang ché c6 thé dugc cdp ¢ trong nudc cung thoi diém phat trién san pham.
Do vay, cac nha khoa hoc & cac nude dang phat trién can phai biét vé cac
van dé lién quan dén IP va c6 phuong an giai quyét thich hop.
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Cay trong dugc canh tic dé sir dung bén vimg & cac nudc dang phat
trién va cac cong nghé duoc 4p dung dé tao ra cac cdy trong nay dang nhan
duoc rat it sy quan tam thuong mai cua khu vuc kinh té tu nhan. Trén thuc
té, cac cong nghé nay di va dang dwoc chuyén giao nhim ting ning suét
mua vu. Tuy nhién, cidc nha khoa hoc ¢ cac nudc dang phat trién can than
trong vi chuyén giao cong nghé lién quan dén nhiéu van d¢, khong chi la ky
két cac hop dong chuyén giao nguyén liéu va cip gidy phép sir dung cho
mot san phdm. Ca bén chuyén giao va bén tiép nhin cong nghé phai than
trong v6i cac IPR lién quan dén cong nghé va diéu nay 1a can thiét cho cac
dbi tac dé tao sy tin twdng 13n nhau gitta cac bén tham gia.

Céc nudc dang phat trién ludn thiéu niang lyc va ngudn lyc quan Iy IP
dé tién hanh cac phan tich va danh gia vé su cho phép sir dung cong nghé
nham phat trién san phdm nhap khau, sir dung hodc xuét khau san phiam. Do
vay, dé gitip chuyén giao cic cong nghé tng dung trong noéng nghiép cho
cac nudc dang phat trién, viéc xay dung kha niang quan 1y IPR 14 rat quan
trong cho ca bén chuyén giao va bén tiép nhan cong nghé. Cay trong duoc
canh tac dé str dung bén viing & cac nudc dang phat trién va cac cong nghé
duoc ung dung dé tao ra cac ciy trong ndy rd rang nhan duoc it su quan tam
thuong mai ctia khu vyc kinh té tw nhan. Trén thuc t& cac cong nghé nay da
va dang duoc chuyén giao nham ting ning sut mua vuy.

Trong linh vuc cong nghé sinh hoc néng nghiép, sang ché co thé bao
gom: cic phuong phap chuyén gen & thuc vat, cac vector, Cac gen... Cac
sang ché giir vai tro quyét dinh nhat trong bao ho cong nghé sinh hoc ndng
nghiép va dugc dénh gia 1a cong cu manh nhét trong hé thong IP. Cac sang
ché tam thoi, thuong dugc bao hd trong khoang 20 nam va tuy thudc vao
mdi qubc gia.

NOi chung, cic co quan nghién ctru khoa hoc ctia chinh phil can xdy
dung nang lyc quan 1y s¢ hitu tri tu¢ ma ho nhan dugc hay tao ra. Kién thuc
vé IPR s& gitip cac nha khoa hoc cta cac nudc dang phat trién xac dinh duoc
céc thong tin vé mot cong nghé nhét dinh da thudc quyén s hitu cong cong
va ho ¢6 quyén str dung. Hon nita, IP do cac khu vuc kinh té nha nuéc tao ra
¢ thé duogc xem xét 13 tai san duoc trao d6i vai cac cong ty tu nhan hoac
duoc str dung 1am hang hoéa trong cac dam phan chuyén giao cong nghé. Su
hop tac giita cac khu vuc kinh té nha nuéc va tu nhan trong phat trién cong
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nghé nho chia sé bi quyét san xut va IP s& thuc ddy su chuyén giao cong
nghé cling nhu dem lai loi ich cho c4 hai bén.
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Chwong 2

Cong nghé DNA tai to hop

I. Mé dau

Cong nghé DNA téi t6 hop dugc hinh thanh tir nhitng nim 1970 nho
su phat trién cua cac phuong phap va k¥ thuat dung trong nghién ctru cac
qua trinh sinh hoc & muc do phan tir. Ttr do, cho phép phan lap, phan tich va
thao tac trén cac nucleic acid theo nhidu phwong thirc khac nhau, giup hiéu
biét sau sic cac linh vuc méi cua sinh hoc nhu cong ngh¢ sinh hoc, bao ché
cac loai thudec mdi, y hoc phan tir va liéu phép gen.

Su kham pha ra céc enzyme han ché (restriction endonuclease) trong
nhitng ndm dau 1970 1a sy phat trién then chét (key development) khong chi
cho kha ning phan tich DNA hiéu qua hon, ma con cung cip kha ning cat
cac phan tt DNA dé tao ra cac doan DNA tai to hop mdi, mdt qua trinh ma
ngay nay duoc goi la tao dong gen (gene cloning). Phuong thirc tao dong
nay da bao hiéu mot ky nguyén mdi trong thao tac, phan tich va khai thac
cac phan tir nucleic acid.

Tao dong gen dd cho ra nhiéu phat minh quan trong va cung cap
nhing hiéu biét gia tri trong ciu trac, chirc nang va sy diéu hoa hoat dong
ctia gen. Tir nhitng Gng dung dau tién cua ching, cac phuong phap xay dung
thu vién gen (gene library) dugc hinh thanh va phat trién, va hién nay duoc
xem nhur 1a nén tang co s& cho nhiéu thi nghiém héa sinh va sinh hoc phan
tr. Miac du phan tmg chudi polymerase (polymerase chain reaction-PCR) dé
khuéch dai gen cho phép phan tich gen nhanh hon nhung trong nhiéu trudng
hop k¥ thuat tao dong gen van con hitu ich va 1a mot yéu cau tuyét dbi.
Nhitng phan dudi day cung cip mot bire tranh tong quét vé cic qué trinh co
ban ctia cong nghé DNA téi t6 hop.

I1. Phan l1ap doan DNA/gen

Mot sd phuong phap phan 1ap gen dé thuc hién k§y thuat tai to hop
DNA da duogc su dung la:
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1. Tach cac doan DNA tir genome

Phuong phap nay dugc thuc hién nhu sau: DNA hé gen (genomic
DNA) ctia mét sinh vat dugc cit thanh cac doan nhé dai khoang 20 kb (kich
thude thich hop tiy thudc vao loai vector nhan chiing) bang enzyme han ché
r0i gin vao vector dé xay dung thu vién genome (genomic library).

Thu vién genome la mdt tap hop cac doan DNA cung dai dién cho
mot genome nguyén ven (hodc gén nguyén ven) cua ca thé ma DNA duoc
bét ngudn tir d6. Cac doan nay nam trong céc vector tu sao chép cho phép
chung duoc duy tri va sinh san ciing véi té bao cua co thé vi sinh vat, nhu vi
khuan Escherichia coli hodc ndm men Saccharomyces cerevisiae. Nhiing
thu vién nhu thé c6 thé bao quan nhu 1a mot ngué)n ¢ dinh cua cac doan
DNA dai dién cho mot co thé.

Théng thuong, DNA hé gen duogc cét biang enzyme han ché ¢6 trinh tu
nhén biét 4 bp, vi du nhu Mbol nhén biét trinh tuw 5°-GATC-3’. Tuy nhién,
khong phai d& dang thu dugc mot gen nguyén ven nam trén mot doan DNA.
Trong thue t&, mot gen thudng bi cét thanh nhiéu doan DNA do vi tri nhan
biét clia enzyme nam ngay trong gen.

Mot phan tng cét tirng phin DNA hé gen duogc tién hanh biang cach
dung mot luong tdi thiéu enzyme va 0 trong mét thoi gian di ngan sao cho
moi vi tri nhan biét khong bi cat dong thoi. Do céac vi tri cat duoc phan bd
ngau nhién nén mot gen van cé thé duoc bao toan nguyén ven ngay khi né
chtra vi tri nhan biét trong gen. DNA sau dé dugc phan doan va chi ¢6 céc
doan ¢6 kich thudc nam trong pham vi mong muén duoc chon loc. Cac
doan DNA duogc dua vao vector thich hop. Tap hop cac vector chira cac
doan DNA cua hé gen tao thanh thu vién genome. Mdi doan DNA chua
trong vector cua thu vién dugc goi la mot dong (clone).

C6 thé sir dung DNA téch tir cac loai mé khac nhau dé xay dung thu
vién genome. Céc thu vién genome cua mét co thé chira cac doan DNA dai
ngén khac nhau nhung thong tin di truyén khong thay ddi. Nguoc lai, thu
vién cDNA duogc xdy dung tir cic mRNA. Trong co thé ¢6 nhitng gen chi
hoat dong trong nhitng loai té bao nhat dinh, do d6 gitta cac mo khac nhau
6 thé thu duge céc phan tt mRNA khac nhau. Vi vay, mot co thé c6 nhiéu
thu vién cDNA khac nhau dic trung cho timg loai t6 chtic chuyén hoa.

Thu vién genome duoc dung chi yéu hoic dé sang loc theo cac
phuong phép khac nhau nhiam phan 14p mét (cac) trinh tu nucleotide (gen)
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quan tam dac biét, hodc dé xac dinh vi tri va tht tu cua céc gen trong
genome ma tir do thu vién dugc xay dung (physical mapping).

2. Sinh téng hop ¢DNA tir mRNA

DPoan DNA duoc tong hop dua trén khuon mau mRNA duogc goi 1a
cDNA (complementary DNA). Qua trinh tong hop ¢cDNA qua ba giai doan
nhu sau:

- Téng hop soi ¢cDNA thir nhit. Téng hop soi cDNA thir nht dua
trén khuoén mau mRNA nho phan tmg phién méi nguoc. Thanh phan chinh
ctia phan umg bao gdm enzyme phién ma nguoc (reverse transcriptase), cac
oligo(dT) primer s& lién két v&i dudi polyA cua mRNA,
deoxyribonucleoside-5’-triphosphate (ANTPs), cac cation hoéa tri 2 (Mgz+) la
yéu cau tuyét dbi cho hoat tinh clia enzyme phién ma nguoc.

- Tong hop soi ¢cDNA thié hai. Gay bién tinh (dun soi) thé lai
MRNA-cDNA (khi téng hop soi thir nhat) dé cat RNA bang RNase H ctia E.
coli. Thong thuong, dau tan cung 3’ cua cac cDNA soi don c6 kha nang tao
thanh cac ciu trac vong cip téc (hairpin loop) va vi thé c¢6 thé duoc str dung
dé lam primer (doan mdi) cho qué trinh tong hop soi cDNA thir hai bang
DNA polymerase I cua E. coli (Hinh 2.1). Phuong thirc tong hop soi cDNA
thir hai bang DNA polymerase I duoc sir dung rong rdi. Doan Klenow cua
DNA polymerase I thiéu hoat tinh exonuclease 53’ ciing dugc sir dung
thanh céng dé tong hop soi cDNA tht hai.

- Cit vong cip téc nho nuclease S1. Sau khi tong hop ¢cDNA hoan
toan, soi tht nhat va tht hai duoc lién két d@)ng hoa tri boi vong cap toéc va
vong cap toc d& bi cit boi nuclease S1. Két qua 1a dau tan cung thuong 1a
dau bang. Soi doi ¢cDNA sau d6 duoc tach thanh cac tiéu phan theo kich
thude va cac phan tir 1on nhat duoc gén vao céc plasmid cua vi khuan. Hoic
12 mot tap hop day du céac kich thude ciia cDNA soi d6i duoc tao dong trong
bacteriophage A dé xay dung thu vién cDNA (cDNA library).

3. Phdn ldp doan DNA bang phwong phdp PCR

Ngoai hai phuong phéap trén, hién nay ngudi ta sir dung rat phd bién
phuong phap PCR dé phan 1ap mot trinh tu nucleotide (gen) tir genome cia
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sinh vat dua trén cac primer dac hiéu cho trinh tu d6. Phuong phap PCR don
gian va it ton thoi gian hon hai phuong phap trén, ma hiéu qua van rét cao.

-—

=

B ——
Sinh tan t€ bao
va tinh sach mRNA

Gan oligo(dT) primer

(vi du: ndo)

AAAAAA 3 mRNA

\ 4
S AMAMAA 3
T8ng hap sgi cDNAthe | 11111

Reverse transcriptase | nhat trén khuén mau
v mRNA

AAAAAA 3’ mRNA
P OPOPOP WP

I ALy s 5 sgi cDNA th( nhat
Bién tinh nhiét va x ly

RNase H dé pha hly sgi
v MRNA

C;-D:_\_/\,_ o

Pau 3’ clia cDNA tao
thanh vong cdp toc

mMRNA

DNA polymerase I l T6ng hgp sdi cDNA th(? hai

AAAAAA 3’
C PO PUPUAPQU P ¥

Nuclease S1 l

’

, . AAAAAA 3’
3W%MW TTITTTT 5  cDNA sgi doi
Hinh 2.1. So' @6 tong hop cDNA tir khuén miu mRNA

PCR 1a mot k§y thuat dugc sir dung phd bién trong cong nghé sinh hoc
hién dai va da dong gbp rat 16n cho nhing tién bd vé sinh hoc phén tir, danh
dau mot bude tién vo cling quan trong tuong dwong voi viée khdm pha ra
cac enzyme han ché va k¥ thuat Southern blot (phan tich DNA).
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PCR dua trén co sé phan tng m¢ rong primer nhd enzyme Taq
polymerase dé khuéch dai in vitro cac doan DNA dac trung. PCR cho phép
khuéch dai (amplification) theo ham mii 1én dén hang triéu lan cac doan
DNA c¢6 chiéu dai tir 200-3.000 bp. Poan DNA duoc khuéch dai (DNA
dich) duoc nhan dang nho cdp primer (oligonucleotide) dac hiéu thuong co
chiéu dai khoang 20 nucleotide.

= Nguyén tic ciia PCR

Taq polymerase la mot loai enzyme DNA polymerase chiu nhi¢t (c6 ¢
vi khuan chiu nhiét d6 cao Thermus aquaticus) duoc ding dé tong hop cac
doan DNA méi trong mdi trudng c¢6 bdn loai deoxyribonucleotide (dATP,
dCTP, dGTP va dTTP) va hai primer, trén co s& khuén mau cia mot doan
DNA nhat dinh da biét hogc chua biét trinh tw. Cdc doan DNA méi hinh
thanh lai duoc sir dung 1am khuén mau. Sau nhiéu chu ky, $6 luong doan
DNA noi trén dugc nhan 1én gap nhiéu lan, nhd vay co thé du sd lugng dé
tach ra, phan tich trinh tu hodc tao dong. Primer ¢ bén trai tac dong trén soi
DNA 3’5’ dugc goi la primer thuan (forward primer-ky hi¢u la F). Primer
O bén phai tac dong trén sgi DNA 5°—3° dugc goi la primer ngugc (reverse
primer-ky hiéu 1a R).

Nguyén tic ciia PCR dugc trinh bay trong hinh 2.2. Theo dé, tir chu
ky thtr hai Taq polymerase bt dau tao ra cic doan DNA c6 chiéu dai xac
dinh. Néu biét trinh tu cua doan gen can khuéch dai thi co thé téng hop nhan
tao cac primer twong tng dé thuc hién PCR va tach ching ra bang k§y thuat
dién di. PCR thuong tién hanh khoang 25-35 chu ky, qua d6 tir 10° ng
DNA ban dau c6 thé khuéch dai 1én t6i trén 1 pg (khoang 2 kb). Mdi chu ky
PCR bao gém ba giai doan c6 nhi¢t do khac nhau:

- Gdy bién tinh (denaturation) ¢ 90-95°C. Trong giai doan bién tinh,
phan tir DNA khuén miu & dang xoan kép duoc tach thanh hai soi don
(single strands). Tét ca cac phan tng enzyme trong giai doan nay déu bi
dimg lai (vi du: phan tmg tong hop DNA tir chu ky trude do).

- Gdn primer (annealing) ¢ 40-65°C. Trong giai doan nay cac primer
gan vao cac vi tri c6 trinh tu trong ddng & DNA khuon miu. Cac primer bi
lic nhe chung quanh do chuyén dong Brown vi thé céc lién két ion dugc tao
thanh va bi dut giy lién tuc giita primer soi don va DNA khuén mau soi
don. Cac lién két ion 6n dinh hon tao thanh mét doan nho (cac primer da lap
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rap chinh xac) va trén cac doan nho DNA soi d6i d6 (khuon mau va primer)
enzyme Taq polymerase c6 thé bat ddu qua trinh sao chép khuén mau.

Gen dich — < — Khuéch dai theo ham mii

=<

----» Chuky 35

DNA khuén mau —

22=4 22=8 2'=16 2% = 68 ty ban sao
bansao bansao bansao

Hinh 2.2. So' dd phan ting chudi polymerase (PCR)

- Kéo dai phdn tir (extension) ¢ 70-72°C. Pay la khoang nhiét do tdi
thich cho Taq polymerase tién hanh tong hop DNA bét dau tir cac vi tri ¢6
primer theo chiéu 5°—3’. Cac primer c6 mot vai base gan vao khudn mau
c6 mdi lién két ion manh hon cac luc pha v& céac lién két nay s& khong bi
dut gay. Cac primer & cac vi tri khong bét cip chinh xac lai bi r0i ra (do
nhiét d6 cao) khoi khudén mau da khong téng hop duoc DNA. Enzyme Taq
polymerase bo sung cac ANTP tir 5°— 3.

I11. Tao dong (gin) doan DNA/gen vao vector
1. Enzyme han ché

Viéc phat hién ra cic enzyme han ché (restriction enzyme) cta vi
khudn cit DNA & nhing trinh ty dic trung, dd giup cho viéc thao tac gen dé
dang hon, vi nd c6 thé giam chiéu dai ctia cac phan tt DNA thanh mét tap
hop bao gdm cac doan ngin hon.

Céac enzyme han ché hién dién trong hau hét cic té bao vi khuan dé
ngan can DNA ngoai lai (ciia bacteriophage) tiép quan bd may tong hop
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protein cua té bao. DNA cua chinh chung s€ dugc bdo v¢ khdi tac dung cua
enzyme han ché, nho sy ¢6 mit cua cac enzyme ndi bao co thé methyl hoa
(methylation) cac nucleotide dic biét, vi thé cac nucleotide nay khong thé bi
nhan biét boi cac enzyme han ché.

M&i enzyme han ché nhan biét va cit mot trinh tu DNA dic trung
chira 4 hoac 6 cap nucleotide. Vi du: enzyme EcoRI chiét tr E. coli cit trinh
tur GAATTC, enzyme Tagl caa Thermus aquaticus cét trinh tw TCGA (Hinh
2.3). Hi¢n nay, c6 trén 900 enzyme han ché khac nhau d3 duoc tinh sach tur
hon 230 chung vi khuan. Cac enzyme han ché cét giy cac phan tir DNA soi
ddi theo hai cach khac nhau nhu trinh bay ¢ hinh 2.3:

Pvdll (Proteus vulgaris) EcoR1 (Escherichia coli)

s <

moon
| _Eab=d |
mEoon
moon
m>—n
moon

>

(A1) (A2)

RsAlL (Rhodopseudomonas sphaeroides) Taql ( Thermus aquaticus)

Y

| _[gln] |
m>>—
| Eabed |
moon

A

(B1) (B2)
Hinh 2.3. Cac kiéu cit va nhan biét trinh tw nucleotide ciia enzyme han ché.

(A1): tao ra du bang va (A2): tao ra dau so le voi trinh tu 6 nucleotide. (B1): tao
ra dau bang va (B2): tao ra dau so le vai trinh tu 4 nucleotide.

- Cit trén mot duong thang d6i xing dé tao ra cac phan tir dau bang
(Hinh 2.3, Al va B1).
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- Cit trén nhitng vi tri niam dbi xtng quanh mdt dudong thé“ing d6i xung
dé tao ra nhing phan tir dau so le (dau dinh) (Hinh 2.3, A2 va B2).

Vi mot enzyme han ché nhan biét mot trinh tu duy nhét, cho nén sb vi
tri cat trén mot phan tor DNA déc biét thuong la nhé. Cac doan DNA duoc
cit boi enzyme han ché c6 thé dugc phan tach theo kich thuéc bang dién di
agarose gel dé nghién ctru. Do su twong ty cia to chtc phan tir trong tit ca
cac co thé, cho nén DNA vi khuan, DNA thuc vat va DNA dong vét c6 va
tuong hop nhau vé ciu trac. Vi thé, mot doan DNA tir mot dang sdng nay c6
thé dé dang dugc pha tron voi DNA cua mot dang séng khéc. Sy tuong tu
nay cling phtt hop ddi voi plasmid, nhan té di truyén ngoai nhan dugc tim
thiy trong nhiéu loai vi khudn khac nhau. Chung 13 nhitng phan t DNA
mach vong d6ng-soi d6i dugc dung lam vector mang cac doan DNA ngoai
lai (foreign DNA) dung trong k¥ thuat tai t6 hop DNA.

2. Céc vector duroc diung dé tao dong cdc doan DNA

Céac doan DNA thu duoc tir phan tng cét han ché duoc gan dong hoa
tri in vitro vao vector tao dong bang cach ding enzyme gin DNA ligase.
Trude khi gan, vector duoc cit ra & mot vi tri don, thong thudng 1a cing véi
enzyme duoc ding dé cit DNA ngudn, nham tao cac dau két dinh b tro
(twong ddng) cho cac dau ciia doan DNA chén vao (DNA ngoai lai). Mot
d6i khi, vector va DNA ngudn duoc cit vé6i to hop hai enzyme khac nhau dé
ngan can mdi loai phan tir tu gan lai. Su tu tai tao lai vong cua vector ciing
c¢6 thé giam thiéu bang cach xir Iy véi enzyme alkaline phosphatase dé loai
nhom 5°-POy khéi cac dau cua vector.

Mot sb 16n céc vector tao dong dugc phat trién cho viéc xay dung cac
thu vién DNA, chon lua vector nao tuy thudc vao pham vi kich thude cua
cac doan DNA duoc tao dong, va cac tng dung tiép theo.

Trong thuc té, cac doan DNA dugc g'fm voi nhau dé tao ra phan tu
DNA tai t6 hop thudng khong phai 14 cac doan ngiu nhién cia DNA hé gen,
ma thay vao d6 la mét trong cac doan DNA mang mot gen tur sinh vat
eukaryote hodc vi khuin va mot doan DNA khac thuong la mot phan tr
vector (vector molecule) hoat dong nhu la mot vat truyén dé chuyén gen
quan tdm vao trong mot vi khuén hodc mét té bao eukaryote. Hai loai vector
duoc st dung phd bién nhat 13 mét loai c6 ngudn gde tir cac plasmid cia vi
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khuan va mot loai khac c6 ngudn goc virus xadm nhiém vao t€ bao vi khuan
(bacteriophage, viét tat 1a phage).

2.1. Plasmid vector

Plasmid 1a cac théng tin di truyén ngoai nhan, duoc tim thiy trong
nhiéu loai vi khuan khac nhau. Chung 12 nhiing phan tir DNA mach vong,
soi dbi, kich thude tir 1- > 200 kb, c6 kha nang tu sao chép dé ton tai doc lap
trong té bao.

Céac plasmid dung lam vector tao dong c¢6 cac dic diém sau: Kich
thudce tuong dbi nho, mang mot hodc nhiéu gen chi thi chon loc (selectable
marker) cho phép xéac dinh cac nhan t6 bién nap va duy tri plasmid trong
qua‘in thé vi khuén, chira cac vi tri nhan biét don cho mot hodc nhiéu enzyme
han ché.

Céc plasmid duoc sir dung phd bién nhat hién nay 1a cac plasmid da
nang (polycloning plasmid) va chuyén dung thudc thé hé thi ba. Dé tién cho
viéc sir dung nhiéu loai enzyme han ché khac nhau, nhiéu trinh tu nhan biét
ciia ching duoc xép ndi tiép nhau thanh moét doan dai goi 1a polylinker
(ving da ndi) hay multiple cloning sites (ving tao dong). Cac plasmid vi
khuan c6 thé chira doan DNA ngoai lai khoang 3-10 kb. Dué6i day 1a ba
nhém plasmid thong dung hién dang dugc st dung rong rai:

- Nhom cac plasmid pUC. Kich thude khoang 2.600 bp, mang gen
Amp' va gen lacZ’, xen vao giita gen lacZ’ 1a polylinker (Hinh 2.4). Cac
thanh vién cia nhom nay chi khac nhau do d6 dai va chiéu cta polylinker.
Nhom nay c6 wu diém kich thude nho, ving polylinker cho phép chén vao
gan nhu bat ky mot trinh tw DNA la nao, su ¢6 mit clia gen lacZ’ rat thuan
loi cho viéc phat hién vector tai to hop.

- Nhém cac plasmid pGEM. Kich thude khoang 3.000 bp, mang gen
Amp', gen lacZ, polylinker va promoter dic trung cho cac RNA polymerase
(SP6, T7) & hai bén ving polylinker cho phép phién ma doan DNA gin
trong vector thanh nhiéu RNA (Hinh 2.5). Cac RNA nay thuong dung lam
probe hay dung trong nghién ctru ciu tric va chirc ning ciia RNA.

- Nhom cac plasmid pBluescript. Kich thudc khoang 3.000 bp, cac
plasmid nay két hop duoc tit ca nhitng wu diém cua hai nhom vira ké va
dugc xem 1a nhém c6 tiém nang 16n nhét hién nay (Hinh 2.6).
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AGTGAATTCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCATAATCATGGTCAT
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EcoRl  Sacl KpnlL———BamHI Xbal Hincll  Pstl Sphl Hindlll
Smal Accl 1
Xmal sall lacZ’<+— ThrlleMetThr(Met)

Hinh 2.4. Plasmid vector pUC19. Viing tao dong (tir 396-447) duoc gin vao gen
lacZ’, nhung khong can thiép vao chirc nang cta gen.

Xmn 1 2009

17 1 1 start

Sca| 1890 e12707/ [ Apal | 14

; Aatll | 20

f1 ori Sphl | 26

BstZ || 31

Ncol | 37

A BstZ | jg
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Vector L EcoR || 52
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Hinh 2.5. Plasmid vector pGEM®-T Easy. Loai vector nay d4 dugc mé sin &
ving tao dong trén gen lacZ mang hai dau T, thich hop cho viéc gin cac san phdm
PCR do chling c6 mang hai dau A.
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pBluescript® Il SK (+/-) Phagemids

ompici\lin-_ (
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' 3.0kb Sacl
P lac
Apal
Eco01091
BssHII T7 Promoter Kpnl Drall Xhol Sall

TTGTAAAACGACGGCCAGTGAGCGCGCGTAATACGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGAC ..

M13-20 primer binding sne T7 primer binding site KS primer binding site...
Bsp1061 Notl
Clal Hindlll  EcoRV  EcoRI Pstl Smal BamHI Spel Xbal Eagl BstXI Sacll Sacl

...GGTATCGATAAGCTTGATATCGAATTCCTGCAGCCCGGGGGATCCACTAGTTCTAGAGCGGCCGCCACCGCGGTGGAGCTC...

...KS primer binding site... SK primer binding site

T3 Promoter BssHII B-gal a-fragment

11
. .CAGCTTTTGTTCCCTTTAGTGAGGG'I'I'AATTGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCC

T3 primer binding site M13 reverse primer binding site

Hinh 2.6. Plasmid vector pBluescript Il SK (+/-). Vector nay mang ving tao
dong (multiple cloning sites-MCS) & vi tri tir 598-826 trén gen lacZ’, va cac vi tri
gin primer khac nhau dung cho phan tich trinh tw doan DNA ngoai lai.

Vé nguyén tic, DNA cua plasmid dugc cit boi enzyme han ché va gin
in vitro véi doan DNA ngoai lai tao ra cac plasmid tai t6 hop, sau d6 chung
dugc dung dé bién nap vao vi khuan. Kho khan 16n nhat 1a phan biét giita
cac plasmid chira cac doan DNA ngoai lai-thé tai t& hop (recombinant) va
cac phan tu vector da tai tao lai vong (recircularization). Su tai tao lai vong
ctia plasmid c¢6 thé duoc han ché bang cach didu chinh ndong do6 DNA ngoai
lai va DNA cua plasmid trong phan tmg gén (ligation).

Nhdp mon Cong nghé sinh hoc 41



2.2. Bacteriophage A vector

Co hai loai bacteriophage thuong duoc st dung la A va M13, tuy
nhién chuong nay chi trinh bay loai phd bién hon 14 bacteriophage A.

Bacteriophage A 1la modt virus mang DNA soi d6i co6 kich thude
khoang 50 kb, DNA ctia n6 ¢ dang phan tir mach thang ¢ hai dau bo sung
soi don dai 12 nucleotide (dugc dung 1am hai dau cos). Sau khi xdm nhiém
vao vi khuan vat cha, DNA tao vong ngay lap ttc bang cach ghép hai dau
két dinh cos (R-cos va L-cos) nhor DNA ligase cta vat chi (Hinh 2.7). Cac
giai doan tiép theo c6 thé din dén viéc hodc 1am tan (lysis) t& bao vat chu
(bao gdm viéc san xudt va giai phong cac phage thé hé con) hoac la gay ra
hién tuong tiém tan (lysogeny) (trong giai doan nay A DNA hop nhat vao
trong chromosome cua vat chu).

Vlng diéu hoa
chifc néng mudn

Cac gen hinh

thanh dau, .

dudi va phét Viing hgp nhét va tai t8 Ving diéu hoava  Vung sao | Vung phan
sinh hinh thai ~ hdp (vung dém) mién dich chép DNA | giai vét chu
N > N 5 N P
A J b att int xis red gam «clII N c co cI O P Q S R

L-cos [N T R-cos
P Pr ori

(AWBCDEFIFII;)ZUVGTHMLKI,
f il 1
bau Dubi

Hinh 2.7. Ban d6 don gian ciia bacteriophage A genome. Cac gen lién quan dén
cac chirc nang khac nhau da dugc trinh bay trén so dd. clll, N, cl, cro va cll: cac
gen lién quan dén hoat dong diéu hoa, mién dich tién phage, siéu nhiém. O va P:
cac gen tong hgp DNA. Q: gen diu hoa chirc ning mudn. S va R: céc gen phan
giai té bao vat chii. P,: promoter bén tréi, Pg: promoter bén phai, L-cos: ddu dinh
bén tréi, R-cos: dau dinh bén phai.

Céc phage c6 kha niang thuc hién tai nap mang gen tir t& bao vi khuan
cho (donor) sang té bao nhan (recipient). Phage A vector duoc sir dung rong
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rai dé xay dung thu vién gen, vi né mang dugc doan DNA ngoai lai 16n hon
(15-23 kb) so voi plasmid, dé bao quan, dé tach ra dé phan tich. Uu diém
ndi bat cua cac phage A 13 chung c6 hé thdng tu dong xam nhdp va sinh san
trong té bao vi khuan voi mot hiéu qua cao hon nhiéu so véi viée dua
plasmid véo té bao vi khuan bang bién nap. Tuy nhién, cac thao tac ban dau
c6 phtc tap hon.

Trude ddy, ngudi ta nghi rang viée sir dung phage A lam vector 1a rat
bét tién do DNA cua n6 qua dai, mudn cit ra nhidu doan thi phai c6 nhiéu
trinh tu cat. Tuy nhién, vé sau nguoi ta di phat hién & gitta DNA ctia phage
A c6 vung dém (stuffer) hay con goi 1a ving trung tim c6 chiéu dai bang
khoang 1/3 chiéu dai caa phage A, ving nay khong quan trong va néu cét né
di thi van khong anh huéng dén kha nang sinh san ciia phage A trong té bao
vi khuan vat chu va kha ning lam tan t& bao vat chi ctia chung. Vi thé,
ngudi ta di cat bo doan stuffer dé ldp cac doan gen ngoai lai vao. Trén
phage A vector ngudi ta ciing dd chon dugc cac vi tri nhan biét cho céc
enzyme cit han ché, va xay dung phuong phap déng goi in vitro (in vitro
packing) dé dua doan DNA di duoc gin vao dau cia phage (Hinh 2.8).

5...GGATC TGGGT CGACG GATCC GGGGA ATTCC CAGAT CC...3
I /1

Sall BamHI EcoRlI

Hinh 2.8. Vector EMBL 3. Vector nay dugc thiét ké tir phage A mang céac vi tri
nhén biét cho ba enzyme Sall, BamHI va EcoRI.

3. Gan doan DNA vdo vector
3.1. Gin cac doan cDNA

C6 nhiéu phuong phéap khac nhau duoc dung dé lién két cDNA soi doi
véi cac plasmid vector, chang han nhu: bo sung cac dudi dong trung hop
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(homopolymetric tailing) cho ¢cDNA soi d6i va cho plasmid vector, bo sung
céc doan nbi nhan tao (linkers va adapter) cho du tan cing cua DNA soi
doi... O day chi trinh bay cac linker va adapter nhén tao.

3.1.1. Céc linker

Céc linker chira mot hodc nhiéu vi tri cat han ché cho phép gin cDNA
so1 do1 voi cac plasmid vector hodc bacteriophage A vector. Sgi doi cDNA
duoc xtr ly voi DNA polymerase (vi du: doan Klenow cua DNA polymerase
I ciia E. coli), enzyme nay loai bo dau tan ciing 3’ soi don so le bang hoat
tinh exonuclease 3°— 5’ va lap day cac dau tan cung 3°-OH bi khuyét bang
hoat tinh trung hop (polymerase 5°—3”). Su phdi hop cta cac hoat tinh nay
d3 tao ra cac phan tir DNA dau bang, sau d6 cac cDNA nay dugc U voi céc
phan tir linker ¢6 mit clia enzyme gin 1a DNA ligase.

Céc phan tir DNA soi d6i mang cac dau dinh nhén tao duoc cit han
ché & vi tri nhan biét trong linker, tinh sach va sau d6 gén voi vector ciling
duogc cit boi ciing mot loai enzyme han ché tao ra cac dau dinh tuong dong
v6i cac dau cua linker (Hinh 2.9). Co6 thé han ché su tai tao lai vong cua
plasmid vector (khong tai to hop) bang cach xir Iy cac vector duoc cit bang
alkaline phosphatase trudc khi thuc hién phan tng gin voi cDNA.

3.1.2. Cac adapter

St dung adapter c6 hi€u qua hon linker, cac adapter c¢6 kich thudc
ngén, 1a cac oligonucleotide soi d6i mang mot dau bang (dé gan véi cDNA
soi d6i) va mot dau tan cung két dinh (dé gin véi du tan clng tuong mg
trong vector). Khong gidng nhu linker, cac adapter khong doi hoi phai cét
bang cac enzyme han ché sau khi ching dwoc gén véi cDNA soi d6i. Tuy
nhién, cac phan tr cDNA mang cac adapter duoc phosphoryl hoa c¢é thé tao
thanh cac phan tir mach vong déng bang lién két cong hoa tri (dang khong
thé tao dong) hodc cac phan tir mach thing dang kham (dang hoan toan
khong mong mubn) trong subt phan (mg gan tuan tu véi su c6 mit cua
vector DNA da dugc dephosphoryl hoa.
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I cDNA soi doi
l Sta chiva béng céach x& ly v&i doan Klenow
(I
l B6 sung linker thtr nhat
I
l Céat bang nuclease S1
(CIRRRRRRRRRRRE |

Stra chiva béing cach xir Iy v&i doan Klenow hoac
bang DNA polymerase cla bacteriophage T4
I

l B sung linker thi hai
SOOI 6666
l Céat bang enzyme han ché
MM T

l Gén v6i plasmid vector

Hinh 2.9. Tao dong ¢cDNA bing cich b sung tudn ty cic linker nhan tao.
Poan Klenow tao diu bang cho cDNA soi ddi va enzyme nuclease S1 cit vong cip
toc. Céc linker thir nhét va thtr hai dwoc gin tudn ty vao hai dau caa cDNA, sau d6
doan cDNA nay s& duoc cit cung enzyme han ché voi vector tao dong cé vi tri
nhan biét trén hai linker nhan tao. Cudi cung doan cDNA c6 hai dau tuong dong
dugc gan véi vector va bién nap vao E. coli.
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3.2. Gin cac san pham PCR

Trong mot sd truong hop nhit dinh c6 thé thay thé phuong phap tao
dong truyén théng bang phuong phap PCR, vi PCR cho phép san xuit ra
mot luong 16n doan DNA mong mudn va sau dé c6 thé tao dong doan DNA
nay trong cac vector plasmid hoac phage thich hgp. Phuong thirc tao dong
cho cac san pham PCR hoan toan gidng tao dong cic doan DNA thu dugc tir
nhirng thao tic DNA truyén thong, va co thé duoc tao dong véi dau bang
hodc dau két dinh (so le). DNA polymerase 6n nhiét nhu Taq polymerase d&
khuéch dai cac san phém PCR co géc A 1di ra & dau 3°. Nhu vay, ¢ thé tao
dong san pham PCR vao trong cac dT vector (duoc goi 1a tao dong dA:dT).
Diéu nay cho thdy viéc bd sung cac goc A vao dau cudi co thé giup gin
thanh cong san pham PCR véi vector ¢4 duoc chuan bi cac goc T 16i ra
(Hinh 2.10). Phan tng dugc xtc tac bdi DNA ligase, nhu trong mdt phan
g gan truyén thong.

A

A
San phadm PCR dwoc khuéch dai bing Taq polymerase

T

T
Vector (dT)

Phan trng gén ‘ T4 DNA ligase

Vector (dT) + doan chén PCR

Hinh 2.10. Tao dong cic san phim PCR biang phuong thirc tao dong dA:dT

Nguoi ta cling c¢6 thé tao dong dau dinh vé6i cac san pham PCR. Trong
truong hop nay cac oligonucleotide primer duogc thiét ké voi mot vi tri cit
han ché duoc két hop chét ché trong chung. Do su bd trg cua céac primer cin
thiét 1a tuyét d6i & dau 3°, nén thong thuong dau 5’ cua primer 1 ving dinh
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vi clia vi tri cdt han ché. Diéu nay can phai duoc thiét ké v6i su cht y than
trong do hiéu sudt cit DNA bang mot enzyme han ché nhét dinh s& giam
néu cac nucleotide bd sung thém cho su nhan biét cua enzyme lai thiéu &
dau 5°. Trong truong hop ndy cac phan tmg cit va gan gidng nhu cac phan
{ig truyén thong.

4. Bién nap vector tdi t6 hop vao vi khuan/té bao vit chii

Sau khi tao duogc vector tai to hop mang gen ngoai lai, viée tiép theo la
bién nap no vao té bao vat chu. Trong trudng hop nay té bao vat chi thuong
duoc st dung 13 vi khuan E. coli dé khuéch dai mot luong 16n DNA cua
plasmid tai to hop dung cho céc phan tich vé sau.

Hai phuong phap dugc dung dé bién nap vector téi t hop vao E. coli
la dién bién nap (electroporation transformation) va hoa bién nap (chemical
transformation).

4.1. Pién bién nap

Pay 1a k¥ thuat hiéu qua nhit dé bién nap vi khuan. Hai thong sé quan
trong ctia phuong thirc nay 13 loai té bao vi khuan va tan s6 xung dién can
thiét. Thé tich cta dung dich té bao thuong dugc ding 13 30 pL (twong tmg
v6i ndng @6 10 té bao E. coli/mL) c¢6 bd sung 5 ng plasmid trong mot
cuvette c6 khoang tréng dién cuc (electrode gap) 0,1 cm. Hiéu suit bién nap
cta phuong thirc nay 16n hon 1x10° thé bién nap/pg plasmid siéu xodn va
khoéang 1x108 thé bién nap/ug plasmid dugc dung trong phan tng gan. Tan
s6 bién nap khoang 0,02 cho ca hai loai plasmid. Tan s6 bién nap thap da
ngan can dugc sy dong bién nap (co-transformation) vao vi khuan cta hai
hodc nhiéu phan tir plasmid.

Phuong phap dién bién nap c6 mot sé uu diém sau:

- Hiéu suét bién nap cao.

- Co6 thé dung mot thé tich dich té bao nho. Thé tich dich té bao
khoang 20 pL c6 thé cho hiéu suat khoang 10° thé bién nap.

- Phuong phap chuan bi té bao bién nap rat don gian, khong str dung
cac k¥ thuat phtrc tap va tén thoi gian. Hon nira, cac té bao ding dé bién nap
¢6 thé duoc chuén bi trude va bao quan vo han dinh ma khong mat tinh kha
bien.
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- Téan sb dién bién nap voi DNA siéu xo0an va DNA mach vong la
gidng nhau. Do d6, khong can thiét phai dung vector dugc tinh sach cao
trong cac phan tng gan.

- Hiéu sut bién nap phan tr cho DNA mach vong rat cao d6i véi cac
plasmid c6 kich thuéc 1én dén 50 kb.

Nhuoc diém ctia phuong phap nay 1a doi hoi thiét bi bién nap dt tién.

4.2. Hoa bién nap

DAy la phuong thire kinh dién dé bién nap plasmid vao té bao E. coli.
Céc té bao dugc u trong dung dich CaCl, dé tré thanh té bao kha bién giup
cho ching d& tiép nhan plasmid. Plasmid duoc dua vao bang cach shock
nhiét nhanh (40-50 gidy), cac té bao bién nap sau d6 duoc chon loc bang
phuong phap chon loc duong tinh trén dia agar chira moi truong LB vai
khéng sinh thich hop. M3i khuén lac trén dia khéng sinh dai di¢n cho mot
thé bién nap don. Cac té bao chira plasmid mang DNA ngoai lai c¢6 thé xéac
dinh bang mat trén dia moi trudong c6 bd sung thém co chét nhiém sic thé
cho B-galactosidase (X-gal) vi chiing 1a cac khuan lac khong mau do su khir
hoat tinh ctia enzyme bang cach chén doan DNA ngoai lai.

Phuong phap chuan bi va bao quan té bao kha bién trong hoa bién nap
cling rat don gian. Hiéu suét bién nap ciia phuong phap nay trong khoang
10*-10° thé bién nap/ug plasmid, tuy thudc vao kich thuée cia doan DNA
chén (DNA ngoai lai) va chiing vi khuan duoc st dung. Hiéu suat nay thich
hop cho cac phuong thirc tao dong truyén théng. Pi v6i cac phuong thirc
can hiéu suit bién nap cao hon (vi du: xay dung thu vién cDNA, xay dung
thu vién phan tich trinh ty DNA...) thi t6t hon hét 1a ding phwong phap dién
bién nap. Tuy nhién, néu khong c6 séan thiét bi bién nap bang dién thi van co
thé thu duoc hiéu suat bién nap cao bang cach ding cac ching vi khuan
thich hop hon cho muc dich nay va c6 thé thu dugc hiéu sudt 10° thé bién
nap/pg plasmid.

IV. Chon dong mang DNA tii t6 hop

Trong thi nghiém tao vector tai t6 hop, hdn hop vector va mot luong
16n phan tir DNA cit cing mot enzyme han ché duoc gan lai voi nhau bang
enzyme DNA ligase. Két qua, hdn hop nay c6 plasmid tai to hop 1an cac
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plasmid khong c6 gen ngoai lai chén vao va chiing dugc tron 1an véi cac té
bao vi khuan dé thyuc hién bién nap. Sau d6, nguoi ta chuyén tat ca 1én moi
truong dinh dudng chon loc dé ching phat trién thanh cac dong tic cac
khuén lac vi khuén. Do cach tién hanh thi nghiém trong mot hdn hop khong
ddng nhit nhu vay nén cac dong vi khuan moc 1én c6 ba loai nhu sau:

- Té bao vi khuan khong nhan plasmid.

- Té bao vi khuén nhan plasmid khong c6 gen ngoai lai chén vao.

- Té bao vi khuan nhan dung plasmid tai t6 hop.

Vi véy, viéc xac dinh dung cac dong vi khuan chira plasmid tai to hop
phai mét nhidu cong stc. C6 ba phuong thirc chinh dé xac dinh cac dong
DNA tai t6 hop 14 lai khudn lac va vét tan, khir hoat tinh bang chén doan, va
tao dong dinh hudng.

1. Lai khuan lac va vét tan

DNA dugc tao dong trong plasmid san xuét ra cac khuan lac khi cac
nudi cy bién nap dugc dan mong trén dia agar chira méi truong sinh truong
va nudi cay dudi nhitng didu kién thich hop. Céc bacteriophage sinh tan té
bao bi chiing xAm nhiém va san xuét ra cac plaque (vét tan) c6 dang hinh
tron chu vi khoang 2-3 mm c6 mau sang trén tham vi khuan (bacterial lawn)
ctia 16p agar dinh [trong truong hop nday ngudi ta chuan bi dia agar co hai
16p: 16p agar dinh (top agar) c6 nong do agar thap dé bacteriophage dé sinh
tan té bao vi khuan, va 16p agar ddy (bottom agar) c6 ndng do agar cao hon].

Céc vector, nhu mo ta ¢ trén, thuong chira gen chi thi cho phép chon
loc nhitng té bao vat chi mang vector (thé bién nap). Cac chi thi nay thuong
1a gen khang khang sinh va cac té bao bién nap sinh truéng trén moi truong
chtra khang sinh twong tng.

Ngoai ra, cac vector con chita cac gen chi thi bo sung dé phéan biét cac
té bao bién nap chira doan chén cia DNA ngoai lai véi cac té bao chura cac
vector ty tai tao lai vong. Vi du: gen lacZ ma hoa enzyme B-galactosidase.

Mot dong chira cac chudi DNA quan tdm dic biét co thé dugc xac
dinh boi lai khuan lac hodc vét tan. Mot lugng nho khuén lac bién nap hodc
vét tan duoc chuyén 1én mang nitrocellulose hoic nylon bang cach phu
(overlay) mang nay Ién trén dia agar. DNA dugc bién tinh va ¢ dinh trén
mang bang cach dun nong (baking) hodc chiéu tia tir ngoai (UV-
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crosslinking), va sau d6 dugc lai trong dém chira probe danh déu dong vi
phong xa co trinh ty bd trg mot phﬁn hodc toan bo cua chudi dugc xac dinh.
Vi du: ¢6 thé mot oligonucleotide tong hop nhan tao, c6 ngudn gbe tir DNA
hé gen tirng phan, cDNA hoic trinh ty protein hodc san phim PCR. Mot d6i
khi probe c6 thé duoc thiét ké dua trén trinh ty bit ngudn tir gen twong dong
ctia cac loai khac va thuong duoc lai v6i cuong luc thip. Cac probe thira
dugc rira khoi mang dé ¢ voi phim X-quang. Theo hudng cua phim (sau khi
rira) so sanh voi dia agar gdc, ching ta co thé dbi chiéu cac khuan lac/vét
tan thyuc t& voi cac khudn lac/vét tan lai duong tinh (positive clones) tuong
ung trén phim X-quang.

2. Khiwt hoat tinh bc%ng chen doan

Phuong phap nay dung cho cac plasmid mang hai hodc nhiéu marker
(vi du: Amp", lacZ). DNA ngoai lai va DNA cua plasmid duoc cét boi clng
mot loai enzyme han ché va tinh sach, sau d6 gin hai DNA véi nhau, hdn
hop gin duoc bién nap vao E. coli man cam Amp dé chon loc thé bién nap
nho tinh khang Amp cuia plasmid va hoat tinh B-galactosidase ctia gen lacZ.
Céc khuén lac chira cac plasmid tai t6 hop sinh truong trén méi trudng co
mit Amp va isopropyl-thiogalactoside (IPTG) cing véi co chat nhidm sic
thé X-gal s& c6 mau tring do doan DNA ngoai lai chén vao giita gen lacZ
lam gen nay mét hoat tinh. Trong khi d6, cac khuan lac chira plasmid téi tao
lai vong s& c6 mau xanh do gen lacZ khong bi mét hoat tinh (Hinh 2.11).

3. Tao dong dinh huéng

Hau hét cac plasmid vector mang hai hodc nhiéu vi tri nhan biét
enzyme han ché, vi du: vector pBR 322 chira cac vi tri nhan biét don
HindIII va BamHI sau khi cit bang hai enzyme han ché twong tng, doan
DNA 16n hon cua vector ¢6 thé duge tinh sach bang dién di agarose gel va
gan voi mot doan DNA ngoai lai mang cac dau dinh (cohesive ends) tuong
ddng véi n6 ciing duoc cat boi BamHI va HindIIL Két qua, thé tai td hop
dang vong mang tinh khang Amp sau dé duoc dung dé bién nap vao E. coli.
Do thiéu su bb tro gitta cac dau 16i (protruding ends) HindIII va BamHI nén
doan vector 16n hon khong thé tai tao lai vong mot cach hiéu qua duoc vi
thé no bién nap vao E. coli v6i hiéu suét rat thap (Hinh 2.12). Di nhién, cac
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t6 hop khac ciia enzyme ciing ¢6 thé duge st dung tiy thude vao cac vi tri
nhan biét (RS-recognition sites) trong vector va ciia doan DNA ngoai lai.

Amp"
BamH1
e BamH1 BamHl BamHl

lacz l l l

]
Plasmid vector DNA ngoai lai

!

Gen /acZ mat hoat tinh

Amp"

DNA ligase

Doan DNA

Amp" Amp'
ngoai lai
chen giira
lacZ gen /acZlam
gen /acZ mat

hoat tinh

Bi€én nap vao £ coli va cho
sinh truéng & 37°C trén moi
trudng c6 Amp va IPTG+X-gal

Vi khuan £. coli chita vector téi tao Vi khuan £. coli chifa vector téi to
vong phat trién thanh khuan lac c6  hgp phat trién thanh khuan lac cé
mau xanh mau trang

Hinh 2.11. Khir hoat tinh bing chén doan. Amp": gen khang ampicillin, lacZ: gen
lacZ ma hda enzyme B-galactosidase.

Vé mit 1y thuyét, k¥ thuat tai to hgp DNA cho phép dua bat ky mot
doan gen nao tir sinh vét ndy vao sinh vat khac. Van dé quan trong tiép theo
1a lam sao dé cac gen la do co su biéu hién.
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Amp"

HindlIl , ]
Hindlll BamHl Hindlll
Tet" l l l
\ BamH]1 |
Plasmid vector DNA ngoai lai
Amp" l
H
I Tet*
B H B B H
H B | |
A
Dién di agarose gel
T4 DNA ligase
Amp" Amp"
H _Céc thé bién nap dudc H s
Tet>dan moéng trén moi
B trudng c6 Amp B
Hiéu sudt bién nap thap Hiéu sudt bién nap cao

Hinh 2.12. Tao dong dinh hwéng. Tet ": gen khang tetracycline, Tet*: gen khang
tetracycline bi khuyét doan va mét hoat tinh.

V. Biéu hién ciia gen dwgc tao dong
Mudn gen tao dong c6 bi€u hién tong hop protein can cau tao vector
¢6 du cac yéu t6 phién ma va dich ma. Cac vector nay duoc goi 1a vector
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biéu hién. Néu gen khong nim giita promoter va terminator, no s& khong
dugc phién mi. Cac gen dugc tong hop hoa hoc hay tir cDNA khong c6
promoter nén phai gin chung canh promoter thi méi c6 thé biéu hién phién
ma. Dé sy dich ma duoc thuc hién, mRNA can phai mang & dau 5’ trinh ty
RBS (ribosome binding sites-viing lién két ribosome). Poan gen ngoai lai
thiéu diém bam cua ribosome (RBS), do d6 mudn duoc dich ma thi né phai
gin vao vi tri nam sau promoter va RBS.

O mot sb gen cua sinh vat eukaryote, sy dich ma doi hdi qua trinh
splicing tirc 14 cit bo cac doan intron khoi tién thdn mRNA thdng tin
(premature mRNA) va ndi cac exon lai véi nhau dé tao thanh mRNA hoan
chinh (mature mRNA).

Muc dich viéc tao dong céac gen ctuia dong vat c6 va, nhét 1a cua nguoi,
12 nham tao ra céc san pham ding nhu trong co thé véi sé luong 16n va ¢o
gia tri thuong mai. Sy biéu hién ciia cac gen eukaryote trong té bao vi khuan
nhiéu khi gdp tré ngai, do do can phai thiét ké cac vector biéu hién thich hop
cho phép gen ngoai lai biéu hién & mic do cao.

1. Vector biéu hién

Cac vector biéu hién 1a vector c¢6 thé mang cdc gen ngoai lai mong
mudn cho phép thuc hién sy phién ma cua cac ban sao duoc tao dong va su
dich ma cac mRNA cua chung trong E. coli. Nhitng vector nhu thé duoc
dung dé biéu hién cac gen clia eukaryote trong E. coli (néu san phim protein
clia cac gen nay khong can qua trinh hau dich m3) hodc ting hiéu suét cac
san pham ctia gen prokaryote. Dé biéu hién tit ca cic gen ngoai lai trong E.
coli phai bat ddu bang viéc gin doan gen ngoai lai vio trong vector biéu
hién (thudng 1a plasmid). Vector nay phai c6 du cac ciu tric can thiét sau:

- Céc trinh ty ma hoa gen chi thi chon loc (selectable marker) dé dam
bao duy tri vector trong té bao.

- M6t promoter kiém soat phién ma (vi dy: lac, trp hoic tac) cho phép
san xudt mot luong 16n mRNA tir cac gen dugce tao dong.

- Céc trinh tu kiém soat dich ma nhu vung lién két ribosome dugc bd
tri thich hop va codon khoi dau ATG.

- Mot polylinker dé dua gen ngoai lai vao trong mot hudng chinh xéac
v&i promoter.
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Chi khi duoc ciu triic ddy du nhu thé, cac vector biéu hién mang gen
ngoai lai mai dugce bién nap vao chung E. coli thich hop.

Tuy nhién, can luu ¥ 14 s6 lugng cac ban sao ciia vector phai hop 1y
dbi v6i mot té bao vat chu va né c6 sy On dinh 1au dai, déng thoi can tranh
su thily phan san phdm protein (proteolysis) do cic enzyme cua té bao. Hinh
2.13 mo ta mdt loai vector biéu hién & prokaryote.

=

Hinh 2.13. Vector biéu hién pRSET A & prokaryote (E. coli) dugc thiét ké dua
trén hé thong biéu hién promoter T7. Su biéu hién cia cic gen dich tao dong
trong vector duoc cam tng bang cach san xuat T7 RNA polymerase trong té bao
vat chu E. coli chung BL21(DE). Py7-promoter manh cua bacteriophage T7 cho
phép biéu hién gen & mic dd cao, RBS-vling lién két ribosome, ATG-ma khdi dau,
N-terminal polyhistidine (6xHis) tag-cho phép tinh sach nhanh protein bang nickel
resin va phat hién bang khang thé Anti-HisG, N-terminal Xpress™ epitope-cho
phép phat hién protein bang khang thé Anti-Xpress™, EK-enterokinase cat diém dé
loai bé dau dung hop, MCS-ving tao dong, Stop-gen két thuc phién mi terminator,
f1 ori ctia phage dang soi (filamentous phage)-san xuit DNA soi don dé cho phép
phan tich trinh ty va phét sinh dot bién d& dang, Ampicillin-gen chon loc khang
khang sinh. Nhém pRSET bao gom 3 vector A, B va C. Mdi loai vector c6 trinh tyr
ma hoa N-terminal tag ¢ trong mot khung doc khac nhau lién quan véi viing MCS
dé don gian héa su tao dong trong khung ctia gen quan tim.
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2. Xdc dinh mirc 6 biéu hién cua gen duoc tao dong

Néi chung c6 ba cach thudng dugc dung dé danh gia mirc d6 biéu hién
protein ngoai lai cua gen dugc tao dong:

- Pién di polyacrylamide gel dé xac dinh protein c6 kich thudc thich
hop dugc san xuat & mirc do cao trong cic té bao mang vector biéu hién.
Thong thudng, protein quan tim c6 thé quan sat bang cach nhudém gel voi
Coomassie Brilliant Blue hodc bang thuéc nhuém bac. Néu khong co bang
protein méi duoc thiy khi dung cac thuéc nhuom nay, thi danh diu su trao
dbi chét voi 100 UCi cua [*°S]Met hodc [*S]Cys trén 1 mL dich nuéi ciy
trong 5 phut. Ky thuat SDS-PAG E'va phong xa ty ghi c6 thé cho phép phat
hién protein quan tam.

- Phén tich Western blot bang cach dung cac khang thé dic hiéu lién
két véi protein quan tdm da duoc thim tich 1én mang nitrocellulose sau khi
thuc hién k¥ thuat SDS-PAGE.

- Néu murc d6 biéu hién thap thi nén dat gen lacZ cung huéng véi gen
duoc biéu hién. Nhu vay, néu su phién ma hodc dich ma han ché biéu hién
thi nhimg thay ddi trong hé thong biéu hién c6 thé dugc kiém soat bang
nhiing thay ddi trong hoat tinh cua p-galactosidase.

» Phan tich Western blot

- K§ thuat SDS-PAGE

bién di trén polyacrylamide gel vai su ¢6 mat caa SDS cho phép phéan
ly cac phan tir protein c6 khéi lwong khac nhau. SDS ¢6 dién tich &m rat Ién
va 6 kha nang lién két voi mach peptide. Nhu vay, s6 lugng SDS tuwong tac
vai protein ty I¢ vai kich thudc phén ti protein va dién tich cia SDS bam
vao c6 thé lam bat cr phan tir protein ndo ciing chuyén dong trong dién
truong tir cuc &m sang cuc duong. Do d6, bang phuong phap dién di, co thé
phan tach riéng biét cac protein c6 khdi luong phan tir khac nhau (Hinh
2.14). Ngoai ra, c6 thé dién di cac protein tiy theo diém dang dién
(isoelectric point-1EP) ctua chung. Phuong phap nay dugc goi la di¢n di tap
trung dang dién (isoelecric focusing-1EF). Trong dung dich dém c6 pH bién
thién lién tuc (gradient pH), cac protein s& phan ly dén vi tri twong thich véi

! SDS-PAGE: bién di SDS-polyacrylamide gel (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis).
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diém dang dién ciia chung. Hai phuong phap dién di theo khéi luong phan
tr va diém dang dién c6 thé két hop véi nhau tao nén ky thuat dién di 2
chiéu (2-D electrophoresis). Dién di protein trén polyacrylamide gel cho
phép phéan doan, xac dinh khéi luong phén tir va phan lap protein. Ngoai ra,
khéi luong phén tir ciia protein con dwgc xac dinh chinh xac bang phuong
phap sic ky khéi phd.

|
|
l

!
|

|

WM 1 2 3 4 5

Hinh 2.14. Hinh anh dién di SDS-PAGE. WM: chuan khéi luong phan tir cua
protein. Cac duong tir 1-5: mau protein dugc dién di.

- Phan g lién két khang nguyén-khang thé

Phan ung lién két khang nguyén-khang thé co tinh dac hiéu rat cao. Vi
vy, c6 thé ap dung phan ung nay dé phét hién sy c6 mat va tinh sach
protein. Khang thé (antibody) duoc san xuat khi dua khang nguyén vao tho
va duoc tinh sach tir méu tho sau khi gay nhiém. Nhitng khang thé tao ra
bang céch nay la nhiing khang thé da dong (polyclonal antibodies-do céc té
bao lympho khac nhau tiét ra), do d6 chung c6 kha ning nhan biét mot sé
khang nguyén. Nguoc lai, khang thé don dong (monoclonal antibodies) chi
tuong tac voi mot khang nguyén nhat dinh.

Khéang thé duoc danh diu bing enzyme (hoic bang chat phat huynh
quang) dé phat hién protein dic hiéu (thuong dwgc tham tich 1&n mang
nitrocellulose sau khi chay dién di SDS, va ¢ dinh ¢ d6) thong qua k¥ thuat
Western blot (hoac immunoblot) (Hinh 2.15). Nguyén ly cuaa phan ung lién
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két khang nguyén-khéang thé duoc trinh bay & hinh 2.16. Sau khi protein trén
mang nitrocellulose gan voi khang thé thir nhat dac hiéu va tiép dén la
khang thé thtr hai c6 danh ddu enzyme (vi du: alkaline phosphatase, horse-
radish peroxidase...) thi phirc hop nay s& duoc lién két véi co chat dé tao
mau. Sy hién dién cua protein ngoai lai (san phé‘im dich mé cua gen ngoai lai
duoc chuyén vao té bao vat chu) s& duoc phat hién nho sy xuit hién mau
cua phan tng lién két.

Sy phan bé cua protein dic hiéu trong té bao va té chirc mé ciing ¢
thé phat hién bang k§ thuat lai in situ (in situ hybridization) véi nguyén tic
tuong tu Western blot. Ngoai ra, khang thé ciing duoc sir dung dé tinh sach
protein dac hiéu bang két taia mién dich hoic sic ky & luc (affinity
chromatography). Khang thé danh dau con duoc dung dé dinh luong khang
nguyén trong k¥ thuat xét nghiém hip thu mién dich lién két enzyme
(enzyme-linked immunosorbent assay) goi tit 1a ELISA.

Hinh 2.15. So' d6 k¥ thuiat Western blot
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L Alkaline phosphatase

Khang thé th(r hai (tho)

oy Khang thé th(r nhét (thd)

\ +— Khang nguyén

Tham tich (blot)

Hinh 2.16. So' d6 phan ing lién két khang nguyén véi khang thé thir nhat dic
hi¢u va khang thé thir hai c6 danh dau enzyme trong Western blot
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Chwong 3
Céng nghé Ién men vi sinh vat

I. Mé& dau

Céc co thé vi sinh vat c6 kha nang sinh trudng trén nhiéu loai co chét
(moi trudong dinh dudng) khac nhau va céd thé san xuit nhiéu san phém
thuong mai. Gan day, viéc ap dung cac k¥ thuat di truyén in vitro da mo
rong pham vi cac san phém duoc san xuat bai vi sinh vat va da cung cép cac
phuong phap moi dé ting san lugng cua nhitng san pham d6. Khai thac
thuwong mai sy da dang hoéa sinh (biochemical diversity) cta céac vi sinh vt
da thuc déy phat trién cong nghi¢p lén men, va cac ky thuat di tmyén da
thiét 1ap mot nén cong nghiép uu thé tao co hoi phat trién cac qua trinh méi
va cai thién nhitng qua trinh dang c6.

Thuat ngit 1én men (fermentation) trong cong nghé vi sinh c6 nguon
géc tur dong tur Latin fervere nghia 1a dun so6i, mo ta sy hoat dong cua nam
men trén dich chiét cua trai cay hodc céac hat ngii cbc duge tao mach nha
(malt) trong san xuat do uéng c6 ethanol. Tuy nhién, sy 1én men dugc céc
nha vi sinh vat hoc va héa sinh hoc giai thich theo cac cach khac. Theo cac
nha vi sinh vat hoc thuat nglr 1én men c6 nghia la qué trinh san xuét mot san
pham bang nudi cdy sinh khdi vi sinh vat. Tuy nhién, cdc nha hoa sinh hoc
lai cho rang d6 1a qué trinh san sinh ra ning lugng trong d6 cac hop chat
hiru co hoat dong véi vai tro vua la chét cho 1an chét nhan dién tir, d6 1a qua
trinh yém khi ma & d6 niang lugng dugc san xuat khong can sy tham gia ctia
oxygen hodc céc chat nhan dién tir vo co khac.

Trong chuong nay thudt nglt 1én men dugc st dung theo nghia rong
cua nd, ¢ goc do vi sinh vat hoc.

I1. Sinh truwéng cia vi sinh vt

Sinh trudng cia vi sinh vat co thé tao ra su trao ddi chat, nhung dé san
xuat mot chit trao ddi nhu mong mudn thi co thé cua chung phai duoc sinh
truong dudi nhing diéu kién nuoi céy dic biét voi mot tbe do sinh trudng
dac trung.
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Néu vi sinh vat chi duoc dwa mot lan vao moi truong sinh trudng, thi
nudi cay ban dau (innoculated culture) s& trai qua mot s giai doan va hé
théng nay dugc goi 1a nudi cdy mé (batch culture). Dau tién, su sinh trudng
khong xuat hién va qua trinh nay dugc xem nhu 1a pha lag, co thé coi day 1a
thoi ky thich nghi. Tiép theo 1a khoang thoi gian ma & dé toc do sinh truong
cua té bao tang dan, cac té bao sinh trudng véi mot tdc dd cuc dai va khong
d6i, thoi ky nay duoc xem 1a pha log hodc pha sinh truéng theo ham mii va
duoc mb ta bang phuong trinh:

dx ®
=KX
a

Trong d6: X 1a ndng do té bao (mg/mL), t 12 thoi gian nudi cy (giod),
va u 1a toe @6 sinh truong dic trung (gio). T phuong trinh tich phéan (1) ta
co:

X, = X,e" (2

Trong dé: X, 12 ndng do té bao & thoi diém bat dau nudi cdy va x; 1a
nong do té bao sau mot khoang thoi gian t (gid).

Nhu vay, dudng cong logarithm ty nhién ctia ndng do té bao theo thoi
giant c¢6 do dbe béng tdc do sinh truong dac trung. Tbc do sinh truong dac
trung trong sudt pha log dat cuc dai & cac diéu kién nudi cdy thong thuong
va duoc mo ta nhu 13 téc do sinh trudng cuc dai dic trung (umax). Phuong
trinh (1) va (2) bo qua truong hop sy sinh trudng s& 1am tidu hao cac chat
dinh dudng va ting tich lily doc t6 cta san phdm. Tuy nhién, trong thuc té
khi chat dinh dudng bi hao hut va cac san pham doc duoc tich liy, thi téc do
sinh truong cua té bao s& khong dat cuc dai va cubi ciing lam nglmg qué
trinh sinh truéng, l4c ndy nudi cy di vao pha tinh va sau mot thoi gian sé& di
vao pha chét, dan dén giam s6 luong té bao séng sot (Hinh 3.1).

Nhu d3 trinh bay, hién tuong ngimg sinh trudng trong nudi cay mé 1a
do hao hut thanh phan dinh dudng hodc tich liiy san pham doc. Tuy nhién,
c6 thé khic phuc didu nay bing cach bd sung mot lwong tdi thiéu moi
truong sach (moi) vao binh nuéi. Khi méi trudng méi duoc bd sung lién tuc
& mot toc do thich hop (hé nudi cdy lién tuc-continuous culture), thi sinh
truong cia té bao trong hé nay duge diéu chinh bang sy sinh trudng gioi han
va thanh phan ctia méi trudng, vi vy hé thong nay dugc xem nhu 1a mot
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chemostat (thé 6n dinh hoa tinh). Hé thong nuéi cdy lién tuc cho phép dat
t6i trang thai on dinh (steady-state) va viéc hao hut sinh khéi t& bao qua
dong chay ra (output) s& dugc bu dip boi su sinh trudng té bao trong binh
nuoi.

Pha ! : Pha { ! Pha ! Pha
lag ! : log i ! finh | chét

Pha sinh trwdng cham

Néng do sinh khbi
Pha sinh trwdng nhanh

Théi gian

Hinh 3.1. Pudong cong sinh trwdémg dic trung cia cic co thé don bao trong
nudi ciy mé

Dong chay méi truong qua hé théng didu chinh dé vao binh nuéi duoc
mo ta boi thuat ngit te do pha loang (dilution rate), ky hiéu 1a D, bang tdc
d6 bd sung mdi truong trén thé tich lam viéc cua binh nudi. Su can bang
giita sinh truong cua té bao (growth) va sy hao hut ciia chung tir hé thdng
nay co6 thé duge mé ta nhu sau:

dx/dt = growth — output

hoac:
dx/dt = sx — Dx
Duéi cac diéu kién trang thai on dinh:
dx/dt=0

vavithé, u/x=Dx va u=D
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Ké tir day, tc do sinh trudng cua vi sinh vat duoc diéu chinh bang tdc
d6 pha lodng, va day 1a mot bién thuc nghiém. Piéu nay luu ¥ rang dudi cac
diéu kién nudi céy mé, mot co thé s& sinh truéng & tdc do sinh trudng cuc
dai déc trung cta nd. Vi thé, nudi céy lién tuc chi ¢6 thé hoat dong ¢ cac tde
d6 pha loang phia dudi téc d6 sinh trudng cuc dai dic trung. Nhu vy, trong
cac gidi han nhét dinh, toc do pha loang co thé duoc dung dé diéu chinh tdc
d6 sinh trudng ciia nudi cay chemostat.

Co ché vé hiéu qua diéu chinh téc d6 pha lodng 1a mbi quan hé gita u
(tbc d6 sinh truong dic trung) va s (ndng dd co chit giéi han trong
chemostat) dugc chirng minh bdi Monod vao nam 1942:

_ HmaS ®3)
a K +s

Trong d6: Ks 1 hang sd st dung hoic bdo hoa, bang gia tri cia nong
dd co chat khi v béng 1/2 cua Hmax- O trang thai on dinh, M =D, vi thé:
_ HuaS
K,+§
Trong d6: § 13 ndng d6 co chét & trang thai 6n dinh trong chemostat,
va:
s KD (4)
Hmax — D

Phuong trinh (4) cho thay ndng do co chat dugc xac dinh bang téc do
pha lodng. Trong thyc té, diéu nay xay ra do sinh trudng cua té bao da lam
tiéu hao co chat téi mot ndong do can thiét dé toc do sinh trudng bang toe do
pha lodng. Néu co chat bi hao hut dudi mirc can thiét thi tdc d¢ sinh truéng
phu thudc toc do pha lodng va mot loat cac kha ning ¢ thé xay ra nhu sau:

- Téc d6 sinh truong cia té bao kém hon tdc do pha lodng va chung sé&
bi rira troi khoi binh nudi & mot tée do 16n hon téc do ma chung dang duoc
san xuat, két qua 1a 1am giam ndng do sinh khdi té bao.

- Nong d6 co chit trong binh nudi s& ting 1én do cac té bao dugc dé lai
it hon trong binh nuéi dé tiéu thy no.

- Nong do co chat dugc tang 1én trong binh nudi s& cho két qua cac té
bao sinh truong & mot toc d6 1on hon tdc d6 pha lodng va ndng d6 sinh khi
s€ tang.
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- Trang thai on dinh s& duoc thiét 1ap tro lai.

Nhu vay, chemostat 12 hé thong nudi cay tu can bang duoc gisi han
chat dinh dudng, c6 thé duy tri trang thai 6n dinh trong mot pham vi rong
cta cac toc do sinh trudng cuc dai dac trung.

Nudi cdy mé c6 cung cdp dinh dudng (fed-batch culture) duoc xem la
hé thdng trung gian giita qua trinh nudi cdy mé (batch) va nudi cay lién tuc
(continuous). Thuét ngir nudi cdy mé ¢ cung cp dinh dudng duoc dung dé
mo ta cic nudi cdy mé duoc cung cap dinh dudng lién tuc (hodc ndi tiép
nhau) bang méi truong méi ma khong loai bo dich nudi cdy cii. Nhu vay,
thé tich ctia loai nudi cdy nay tang 1én theo thoi gian. Pirt (1975) da mé ta
dong hoc cua hé thong nay nhu sau: Néu sinh truéng ctia mot co thé bi gisi
han béi néng do cua co chét trong moi truong thi sinh khéi & pha tinh, Xmax,
s€ dugc mo ta boi phuong trinh:

Xmax = YOR

Trong d6: Y 1a yéu t6 hiéu suit, bang khdi lugng té bao duoc san xuat
trén mgt gram co chit duge st dung, va Sg 1a néng dd ban dau cua co chét
giéi han sy sinh trudng. Néu méi truong méi duge bo sung vao binh nudi &
tbc do pha loang kém hon gmax thi sau d6 hau nhu tit ca co chit s& duoc sir
dung khi n6 di vao hé thong:

X
FSgp = ,UV

Trong d6: F 1a toc do dong chay va X 1a sinh khéi tong s trong binh
nudi, vi du: nong do té bao duoc nhan 1én bai thé tich nudi cay.

Cho du khi sinh khéi tong s6 (X) trong binh nudi ting 1én theo thoi
gian thi nong do t€ bao (x) hau nhu van khong doi; vi vay dx/dt=0 va
4 =D. Mot hé thong nhu thé dugc xem la ¢ trang thai gan nhu 6n dinh
(quasi-steady-state). Khi thoi gian va thé tich nudi cdy ting lén, thi tbc do
pha loang lai gidm. Nhu vay, gid tri cia D dugc dua ra nhu sau:

_F
V,+F,

Trong d6: F 1a tbc d6 dong chay, V, 1a thé tich nudi ciy ban dau, va t
1a thoi gian. Pong hoc Monod du bao rang khi D ha xudng thi nong do co
chat con thira ciing s& giam va két qua 1 1am tang sinh khéi. Tuy nhién, trén
pham vi cac toc do sinh truong hoat dong thi sy ting sinh khdi s& khong c6
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y nghia. Sy khic nhau giita trang thai 6n dinh ciia chemostat va trang thai
gan nhu 6n dinh cta fed-batch ¢ chd trong chemostat thi D (ké tir ddy 1a )
13 hing sb con & fed-batch thi D (ké tir ddy 1a ) lai giam theo thoi gian. Toc
d6 pha lodng trong fed-batch co thé duoc giit khong ddi bang cach ting
(theo ham mii) tbc d6 dong chay nho sir dung mot hé thong diéu chinh théng
qua computer.

I11. Sinh khdi vi sinh vat va cong nghé 1én men
Su 1én men vi sinh vét ¢6 thé duge phan loai theo cac nhém chinh sau:
- San xuét cac té bao vi sinh vat (sinh khéi) nhu 12 san pham.
- San xuét cc chat trao doi cua vi sinh vat.
- San xudt cac enzyme vi sinh vat.

- Sén xuat cac san pham tai to6 hop.

1. Sinh khéi vi sinh vt

Cong nghé thu sinh khdi vi sinh vat 13 cac qua trinh nudi ciy céc
chung thuan khiét hodc hdn hop vai chung dé thu duoc khdi luong té bao
sau khi sinh truédng vi cac muc dich:

- Sinh khéi giau protein ding lam thuc pham cho ngudi va thirc an
cho gia stc 13 nhitng té bao vi sinh vét (ké ca sinh khi tao) da siy kho va
chét, giau protein, cac vitamin nhom B va chat khoang. Nguon sinh khoi
nay dugc goi la protein don bao.

- Sinh khéi nAm men 13 nhiing té bao sdng dé dung trong cong nghiép
banh mi-men banh mi, sinh khdi vi khuén lactic song c6 hoat tinh enzyme
tiéu hoa dé san xuat cac thude hd trg tiéu héa nhu biolactovin...

- Sinh khéi c6 dinh dam lam phan bén vi sinh, céc loai phan bén vi
sinh v6i vi khuan sdng ty do trong dat va song cong sinh v6i cdy ho dau.

- Sinh khéi vi khuan sinh doc t6 ddi v6i cac loai sau than mém pha
hoai rau mau, dé san xuét thude trir sau vi sinh.

- Sinh khéi vi sinh vat c6 hé enzyme phan giai cac chat hitu co ké ca
thudc trir sdu va hydrocarbon dé san xuét cac ché pham vi sinh xir Iy nudce
thai va 6 nhiém trong bao vé moi trudng.
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2. Qua trinh 1én men

Hinh 3.2 minh hoa cic phan ctia mot qua trinh 1én men téng quat.
Phan trung tam cua hé théng la h¢ Ién men, trong dé6 co thé dugc sinh
truong dudi cac didu kién tdi wu dé tao thanh san phdm. Trudc khi su 1én
men bt ddu, méi trudng phai dwoc pha ché va khir tring, hé 1én men di vo
trung, va nudi cay khoi dau phai c6 mot sb lugng vi sinh vat vira di & trong
mot trang thai sinh 1y phu hop dé cdy truyén vao hé 1én men san xuat. Két
thiic qua trinh 1én men cac san pham phai duoc tinh sach va xir 1y thém.

Phat trién nguyén liéu vi sinh vat

Sinh khéi
A
Dich Phan tach
E I B I nudi cay té bao
Nuoi cay Nubi cay !
mau goc trong binh 2z
tam gidc  Hg 1&n men két hat Thé noi
co lac v6 bao
A / Hé 1én men san xuét
\
Khtr trting méi trwong Tach chiét
san pham
I/ /\
Pha ché méi trwéng Tinhsach| X&ly
san pham | chat thai
/ /
A ia AL A bong goi
Nguyén liéu chuan bi méi trwdng san pham

Hinh 3.2. So' dd chung ciia mdt qua trinh 1én men

Céc co thé vi sinh vat ¢6 thé sinh trudng trong kiéu nudi cdy mé (Hinh
3.3), nudi cAy mé c6 cung cap dinh dudng va nudi ciy lién tuc. Uu diém cta
nudi ciy lién tuc dbi voi san xuét sinh khdi 1a qua 13 rét (co thé xem &
nhitng tinh toan sau) nhung ddi véi cac san pham vi sinh khac thi nhuoc
diém cta no lai 16n hon uu diém k§ thuat 1 ¢6 kha nang diéu chinh dé cai
thién qua trinh 1én men.
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Motor

Sensor nhiét
bién cuc O, ﬁ\ bién cuc pH

Truc khudy

¢}— 4 x vach ngan

A

N
><— Canh khudy
BO phan phun khi

Hinh 3.3. Céu hinh co ban ciia mt hé 1én men mé

Hiéu suat cia nu6i cay mé co6 thé dugec mo ta bdi phuong trinh:

X — X 5
Rbatch = tiax+ tii 0 ( )

Trong d6: Rpaecn 14 san luong nudi cdy trong gidi han noéng do sinh
khéi/ 210, Xmax 12 néng do té bao cuc dai dat duge & pha tinh, X, 1a né)ng do té
bao ban dau & luc gdy nhiém, t; 1a thoi gian co thé sinh truong & Pmax VA tii 12
thoi gian ma co thé khong sinh truéng & pmax bao gdm pha lag, pha giam tbc
do, va céc thoi ky cua ting mé, khur trung va thu hoach.

Hiéu suét cia nuodi céy lién tuc c6 thé duge biéu didn nhu sau:
= to 6
Rcont - DX 1_ 11 ( )
o

Trong d6: Reont 12 san lwong ctia nudi cdy trong gidi han nong do té
bao/gid, tii 1a thoi gian trude khi thiét 1ap trang thai 6n dinh bao gdm thoi
gian chuan bi binh nudi, khir tring va hoat dong trong nudi cay mé trudc khi
hoat dong lién tuc. T 1a thoi gian ma cac diéu kién trang thai 6n dinh chiém
wu thé, va X 1a néng do té bao & trang thai 6n dinh.
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San lugng cuc dai cua sinh khéi trén mot don vi thoi gian (vi du hi¢u
suat) trong mot chemostat co thé dat toi bang cach hoat dong & téc do pha
loang cao nhét cia DX, gia tri nay dugc xem nhu 1& Dya. Hiu suét lén
men mé, nhu da mo ta trong phuong trinh (5), & mot gid tri trung binh cho
thoi gian téng sé cia su 1én men. Do dx/dt = ux, nén hiéu suét cta nudi ciy
tang 1én theo thoi gian, va nhu vay, phan 16n sinh khdi trong qué trinh nudi
cdy mé duoc san xudt & gan phan két thuc cta pha log. Trong chemostat
trang thai 6n dinh, hoat dong ¢ (hodc gin) Dmax cho hiéu suat duy tri khong
ddi, va dat cuc dai cho su 1én men toan phﬁn. Cling nhu vay, mot qua trinh
lién tuc cé thé duoc hoat dong mot thoi gian rat 1au sao cho thoi ky khong
san xudt, tji trong phuong trinh (6), c6 thé khong c6 ¥ nghia. Tuy nhién, yéu
t6 thoi gian khong san xuit cho nudi cdy mé 1a rat co ¥ nghia, dic biét khi
hé 1én men dugc thiét 1ap lai nhiéu 1an trong subt thoi gian van hanh, va vi
thé t;j s& tai dién nhiéu lan.

Ban chit ctia qua trinh lién tuc ¢ trang thai 6n dinh ciing c¢6 thuan loi
do n6 dé dang diéu chinh hon hé 1én men mé. Trong sudt thoi gian 1én men
mé, san luong nhiét, sy san xuit kiém hodc acid, va sy tiéu thu oxygen sé&
bién thién tir cac tbc do rat thap ¢ luc bat dau téi cac téc do rat cao trong
subt pha log mudn. Vi vy, diéu chinh méi truong ctia mot hé théng nhu thé
kho hon nhiéu so v6i qua trinh lién tuc ma & trang thai on dinh cac téc do
san xudt va tiéu thy 1a hang sb.

Nhuoc diém thudng xuyén cta hé théng nudi cay lién tuc 1a sy min
cam cua ching v6i sy nhiém ban boi cac co thé bén ngoai. Ngin can su
nhiém bén 1a van dé hang dau khi thiét ké hé 1én men, xay dung va van
hanh, va phai dugc khéc phuc bd1 mot cong nghé tdt.

San xuét cac san pham phy duoc két hop véi su sinh truong (vi du
nhu ethanol) s& hiéu qua hon trong nudi cdy lién tuc. Nhung viéc tng dung
nudi cdy lién tuc dé san xuat cic san pham sinh tong hop cua vi sinh vat
(nguoc véi sy di héa) dd gip nhiéu han ché. Mic du, vé 1y thuyét co kha
nang tdi wu mot hé théng lién tuc dé co thé tang hi¢u suét cua sy trao doi
chat, tuy nhién kha ning on dinh trong mot thoi gian dai cia cac hé thong
nhu thé 13 rat kho khin do su thoai hoa cua chung vi sinh vét. Khao sat vé
dong hoc cua nuoi céy lién tuc cho théy r?mg hé théng nay la sy chon loc
cao va thich hogp cho viéc nhan gidng nhiing co thé thich nghi tét nhat trong
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nudi cay. Su thich nghi t6t nhat trong pham vi nay dugc xem 12 ai lyc ciia co
thé dbi véi co chat duoc gidi han & tée d6 pha lodng dang hoat dong.

Mic du cong nghiép 1én men da midn cudng chip nhan nudi ciy lién
tuc dé san xuét cac chit trao d6i cua vi sinh vat, nhung nhirng tién bo rét
dang ké lai thu dugc trong sy phét trién cac hé théng nudi cdy mé co cung
cip dinh dudng. Nudi cdy mé c6 cung cip dinh dudng c6 thé duoc st dung
dé dat t6i mot mac do rat dang ké cta su diéu chinh qua trinh va mo rong
thoi gian san xudt cta qua trinh nudi cdy mé truyén théng ma khéng c6 cac
nhuoc diém cd hitu cta nuodi céy lién tuc d3 duoc mo ta & trén. Uu diém
chinh cta cung cip thanh phan méi trudng vao nudi ciy 1a chit dinh dudng
¢6 thé dugc duy tri & ndng d6 rat thip trong sudt qua trinh 1én men. Nong do
chat dinh dudng thap c6 thé thuan loi trong mot sé mit sau:

- Duy tri cac diéu kién nudi cdy trong pham vi kha ning thong khi cua
hé 1én men.

- Loai bo cac anh huong khic nghiét ciia cac thanh phan méi trudng,
vi du nhu st dung nhanh cac ngudn nitrogen, carbon va phosphate.

- Tranh céc hiéu qua doc cia thanh phan mai truong.

- Cung cap mot muc d6 gidi han chat dinh dudng can thiét cho céac
chung di dudng.

IV. Cac sin phim 1én men vi sinh vit
1. Lén men ruou

Ruogu da dugc con nguoi san XUt va st dung rat lau, vao khoang
6.000 niam trudc cong nguyén. Do nhu cau va lgi ich cta san phim nay nén
dén nay viéc nghién clru va md rong san xuat ching ngay cang duoc quan
tam. Co rat nhiéu loai rugu va mdi loai déu c6 thanh phan va quy trinh san
xuat khac nhau, c6 thé tam chia thanh ba loai chu yéu sau: Rugu tring
(ethanol), rugu vang (wine) va rugu mui (liquor).

1.1. Ruou trfmg

Ruou tring duoc san xuit bang hai phuong phap chinh: phuong phap
I&én men vi sinh vat va phuong phap héa hoc. Tuy nhién, phuong phap 1én
men vi sinh vét 12 phuong phap chii yéu. Day 1a qua trinh 1én men ruou cua
ndm men va mot sb vi sinh vat khac, trong do ndm men la doi tuong chinh
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dugc sir dung dé san xuét rugu & quy md cong nghiép (Hinh 3.4). Lén men
ruou 1a mot qua trinh phirc tap chuyén duong thanh ruou, ¢ su tham gia
cia ndm men trong diéu kién yém khi. Phuong trinh tong quat cta 1én men
ruou nhu sau:

CeH1205 — 2C,Hs0OH + 2CO, + 27 kcal

Quy trinh san xuit rugu tring bang phuwong phap 1én men ruou boi
nam men dugc thuc hién qua cac budc sau: Ché bién nguyén liéu thanh dich
duong, 1én men bién dudng thanh ruou, chung cit va tinh ché ethanol.
Trong d6, 1én men bién duong thanh ruou 14 giai doan quan trong nhat trong
san xuét ruou, quyét dinh chét luong san phém tao thanh. Sau khi dich
dudng hoa di duge xtr Iy, nguoi ta bd sung thém mot sé thanh phan dé cung
cdp thém vitamin va amino acid nhu mudi ammonium, mudi phosphate,
dich thay phan ndm men. Mbi trudng c6 thanh phan nhu trén co thé sir dung
dé 1én men. Gidng duoc sir dung chu yéu trong 1én men rugu 1a cac ching
nam men Saccharomyces cerevisiae cé toc do phat trién manh va hoat luc
1én men cao, 1én men duoc nhiéu loai duong khac nhau va cé tdc do 1én
men nhanh, cé kha nang chiu dugc do ethanol cao tir 10-12%.

Hinh 3.4. Nha may san xuét ethanol quy md nhé
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Moi truong lén men sau khi dugc khir trung can ¢6 do duong dat 90-
120 g/L va pH trong khoang 4,5-4,8. Thoi gian 1én men tur 65-72 gio, trong
do 10 gio dau ¢6 suc khi dé nAm men sinh soi ndy nd, sau do cho 1én men
tinh (yém khi). Qua trinh 1én men ruou qua cac budc sau: dudng va cac chat
dinh dudng ctia mdi trudng 1én men dugc hap thu vao trong té bao nAm men
qua mang té bao va tham gia vao qua trinh trao d6i chét, rugu ethanol va
CO;, tao thanh lién thoat ra khoi té bao, rugu ethanol tan tt trong nude do
vay n6 khuéch tan rat nhanh vao méi truong chung quanh. Két thuc 1én men
ruou, sau khi da loai bo t& bao ndm men, mudn duge rugu tinh khiét can
chung cat dich 1én men dé loai bo tap chét. KV thuat chung cit ruou anh
hudéng rat 16n dén chat lugng rugu thu dugec.

1.2. Rugu vang
Danh tir rugu vang duoc ding dé chi loai ruou 1én men tir dich ép trai
cay (nho, dau, thom, tao, 18...) véi mot s6 ching ndm men. Rugu vang thu
duoc khong qua chung cét, c6 huong vi thom ngon cia trai cdy tu nhién, c6
d6 con nhe (10-15%) 1 loai nude giai khat thom ngon giau chit bd dudng.
Quy trinh san xuét ruou vang don gian hon 1én men ethanol va qua
Céc budc sau: ché bién nguyén liéu va 1én men tao ruou vang (Hinh 3.5).

Hinh 3.5. Mot diy chuyén san xuit rwgu vang
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Khi ché bién nguyén liéu thanh dich qua can bd sung SO, dé ngan can
cac phan Gmg oxy héa va tiéu diét cac vi khuan tap nhidm, bd sung thém
dudng dé ting qua trinh chuyén héa thanh ruou cua vi sinh vat, diéu chinh
d6 chua vi do chua c6 thé anh hudng dén chat lugng nude qua cling nhu lam
thay d6i pH cua dich nuéc qua s& anh huong bét loi dén hoat dong cua vi
sinh vat va cac enzyme. Qua trinh 1én men tao rugu vang dugc tién hanh
hodc bang cach ding nAm men dinh trén v6 qua (roi vao dich qua mot cach
tu nhién) hodc cho 1én men dich qua nhd cac chung ndm men nhu Sac.
ellipsoideus, Sac. cerevisiae, Sac. oviformis...

Lén men ruou vang bao gém ba giai doan: (1) Giai doan hinh thanh
ruou, bat dau tir lic cdy men gidng vao cho 1én men dén khi dich 1én men
hét sui bot manh. Trong thoi gian ndy nim men hoat dong manh nhét. (2)
Giai doan phat trién, gan dich lén men thu “rugu non” tiép tuc cho ruou non
1én men phu dé phan huy lugng dudng con trong dich 1én men. Qué trinh
gan loc va 1én men phu c6 thé ldp lai nhiéu lan dé c6 dung dich trong sudt.
O giai doan nay c6 qua trinh 1én men malolactic chuyén hoa malic acid
thanh lactic acid, 1am cho ruou dugc chuyén tir vi chua gét sang vi chua nhe
dé chiu. (3) Giai doan vang chin, ruou non di 6n dinh thanh phan nhung
ruou van con “séng”, do d6 cén ha thd ruou ¢ noi mat mot thoi gian lau dé
ruou dugc “chin” va c6 chét luong hoan hao.

2. San xudt enzyme

Ung dung thuwong mai chinh cia cic enzyme vi sinh vat 1a trong cong
nghiép thuc phdm va san xuét bia mic di enzyme da duoc thira nhan trong
cac tmg dung phén tich va chan doan bénh, ciing nhu trong san xuit bot
gidt. Hau hét cac loai enzyme duoc tong hop trong pha log clia nudi ciy mé
va c6 thé, vi thé, dugc xem nhu cac chét trao ddi so cdp. Tuy nhién, trong
mot sd trudng hop amylase (Bacillus stearothermophillus) duoc san xuat
boi nudi cdy idiophase vi thé co thé xem 14 tuong duong vdi cac chét trao
ddi thir cép. Céc enzyme co thé duoc san xuét tur dong-thyc vat cling nhu
cac ngudn vi sinh vat, nhung san xuit bang 1én men vi sinh vat 13 phuong
phap kinh té va thich hop nhat. Hon nita, hién nay nho cong nghé DNA tai
t6 hop ngudi ta c6 thé chuyén gen vao cac té bao vi sinh vat dé san xuat cac
enzyme cua dong-thuc vat (Hinh 3.6).
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Céc tién b cua cong nghé DNA tai to hop di mé rong pham vi cac
san pham 1én men tiém tang cua vi sinh vat. C6 kha ning dua cac gen tir cac
co thé bac cao vao céc té bao vi sinh vt nhu 1a cac té bao nhan dé téng hop
cac protein (bao gdm enzyme) ngoai lai. Cac t& bao vat chi dung trong
nhimg trudng hop nay 1a E. coli, Sac. cerevisiae va mot sd loai ndm men
khéac.

2.1. Céc loai enzyme vi sinh vat

Trong qué trinh sinh trudng, cic enzyme dugc hinh thanh trong té bao
va mot sd duoc tiét ra moi truong xung quanh. Trong san xuit chi yéu 1a
san phdm ciia enzyme ngoai bao, con néu mudn tach enzyme nodi bao thi
phai pha v& té bao. Cac vi sinh vat duoc ding trong san xuit enzyme gom
¢6 vi khuan, nAm médc, ndm men va xa khuén.

Céc ché phém enzyme dugc san xuét tir vi sinh vat da duogc ung dung
trong nhiéu nganh cong nghiép khac nhau, chu yéu 1a cic enzyme thuy
phan: amylase, protease, pectinase, cellulase...

Hinh 3.6. San xuit enzyme & quy mé cong nghi¢p

2.1.1. Amylase ndm moc
Nhiéu ching nam moc c6 kha nang san xuat enzyme amylase.
Amylase nam moc co6 cac loai sau:

- a-amylase c6 tac dung thuiy phan tinh bt thanh maltose, glucose va
cac dextrin c6 phan tu lugng khac nhau.
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- Glucoamylase c6 tac dung thuy phan tinh bot, glycogen va
polysaccharide. Enzyme nay duoc dung trong san xuét ruou, chuyén nhing
dextrin c6 phan tir lugng cao khong 1én men thanh nhimng hop chét 1én men
duoc va do d6 nang cao dugc hiéu suét niu rugu tir cac nguyén li¢u 1a tinh
bot.

- a-glucosidase thiy phan maltose thanh glucose.

- Dextrinase thuy phan isomaltose, panose va dextrin thanh nhiing loai
dudng ¢ thé 1én men dugc.

2.1.2. Amylase vi khuan

Mot s6 vi khuan c6 kha ning sinh ra nhiéu enzyme o-amylase.
Amylase vi khuan chi c¢6 kha ning phan huy tinh bot manh va tao thanh
nhiing o-dextrin phan tir lugng cao bit mau véi iodine. Enzyme o-amylase
vi khuan duoc dung trong san xuat duong mat ngd va chocolate, trong san
xudt bia, ché bién dextrin v6i dich dudng dé san xudt thirc an cho nguoi gia
va tré em, trong san xut nudc qua va trong y hoc.

Dextrinase nim mdc va amylase vi khuan con dugc sir dung rong rai
trong cong nghiép dét va gidy.

2.1.3. Protease

Protease 1a nhom enzyme thily phan cac lién két peptide trong phan tir
protein hodc cac polypeptide.

- Protease thuy phan protein thanh cac peptide c6 phan tu lugng nho
(peptone va polypeptide). Tiép theo d6 1a su phan hity cac peptide trén thanh
cac amino acid tu do dudi tdc dung cua peptidase.

- Protease dugc dung dé nang cao gia tri dinh dudng cua thit c4, thuy
phan protein ctia sita dé ché bién nhimng mén an kiéng dic biét, dugc ding
trong thudc da, san xuét bot gidt, phim anh, to soi, len da va trong y hoc.
Protease vi sinh vat c6 thé sir dung cung voi amylase trong ché bién thirc an
gia sUc.

2.1.4. Pectinase

La nhom enzyme thiy phan pectin tao thanh galacturonic acid,
glucose, galactose, arabinose, methanol... Pectinase co nhiéu loai, nhung co
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hai loai dugc nghién chu nhiéu hon ca la pectinesterase va
polygalacturonase.

- Pectinesterase co tac dung thuy phan cac lién két ester trong phén tir
pectin, tach nhém metocyl tao thanh methanol va polygalacturonic acid.

- Polygalacturonase thuy phéan pectinic acid va cac polygalacturonic
khac, tach cac gbe D-galacturonic acid ty do.

2.1.5. Cytolase

Vi sinh vt (dac biét 1a nam méc) san sinh ra hé enzyme co6 hoat tinh
cao c6 thé phan hiy hemicellulose, pentozan, lignin... Cac enzyme nay
duoc goi chung 1a cytolase (bao gdm cellulase, hemicelllulase, pentosinase).

Cellulase tac dung phéan hiy cellulose thanh cellobiose, rdi sau d6 tiép
tuc thiy phan t6i glucose. Viéc phan 1ap cac ching vi sinh vat san xut
cellulase c¢6 hoat tinh cao va tich enzyme niy ra dudi dang tinh khiét van
con gap nhiéu kho khan. Vi vy, hién nay chua san xuat duoc enzyme nay &
quy md coéng nghiép, song viéc st dung né trong cac nganh kinh té va cong
nghiép c6 nhiéu tiém ning. Vi du cytolase co thé dung trong cong nghiép
bia dé phan huy cac vo hat khong phai vo mach, trong san xuat nuéc qua,
trong ché bién banh mi, trong cic qua trinh gia cong thuc pham dé nang cao
gi4 tri dinh dudng, ciing nhu trong san xuét thirc 4n gia stc.

2.1.6. Invertase

Invertase cia nAm méc va nim men déu thuy phan saccharose, nhung
co ché tac dung cua ching hoan toan khac nhau. Invertase ctia nAm moc 1a
glucosidase, tac dung 1én dau glucose ciia saccharose. Con invertase cta
nam men 12 fructosidase, tac dung 1én dau fructose ctia saccharose.

Invertase 12 enzyme ndi bao va chi thoat ra méi truong khi té bao bi
phan hiy. Enzyme nay duoc dung rong rai trong san xuat banh keo, ruou
mui, kem, mat ong nhan tao. N6 lam tdng vi ngot khi thuy phan duong
saccharose thanh fructose va glucose, lam tang do hoa tan cua saccharose
trong san pham.

2.1.7. Enzyme oxy hoa glucosooxydase-catalase

Glucosooxydase la enzyme oxy hoa khir, chi tac dung 1én 3-D-glucose
khi c6 mat oxygen, né oxy hoa glucose thanh gluconic acid va H,0,. Duéi
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tac dung cua catalase (mot enzyme hay di cung véi glucosooxydase) H,0,
s€ bi khir thanh H,0 va O,.

Glucosooxydase-catalase c6 thé loai bo oxygen khong khi khoi moi
truong. Vi vay, ching dugc dung dé bao vé nhitng nguyén li¢u, vat li¢u
khac nhau dé tranh oxy hoa boi khong khi. Sir dung nhitng enzyme nay cho
phép kéo dai thoi gian bao quan thuc pham (cac dich c¢o dic, chit béo, bia,
ruou vang, nudc udng, sira...). Pong thoi chung ciing duoc sir dung rong rii
trong y hoc tir ndam 1950 dé chira bénh.

2.2. Sinh téng hop enzyme cam tng

Nhitng enzyme duoc tao thanh trong té bao vi sinh vat khéng phai chi
phu thudc vao hoat tinh riéng cua tung loai vi sinh vat, ma con phu thudc
vao thanh phan méi trudng nudi cdy va diéu kién nudi cay.

Khi nudi cdy ndm mbc Asper. oryzae trén méi truong cam mi theo
phuong phap bé mit c6 hang chuc enzyme tu do duge hinh thanh, trong d6
c6 amylase, protease, mantase, pectinase, invectase, ribonuclease... Néu
nudi ndm mdc nay trén moi truong Kzapek véi tinh bot va nitrate thi chi ¢6
o-amylase duoc tao thanh, con cac enzyme khac chi ¢6 & dang vét. Nhung
néu thay sodium nitrate bang casein ¢ dang sita da tach chat béo thi protease
duoc tao thanh cung vai a-amylase.

Tuong tu nhu vay khi nudi cdy bé mit nAm mdc Asper. awamori trén
cam s& thu duoc mét sb luong 16n glucoamylase, a-amylase, protease,
pectinase, cellulase; nhung khi nudi chim trén moi trudong chira tinh bot va
nitrate thi chi thu dugc phtrc hop amylase.

Hién twong nay c6 thé giai thich bang 1y thuyét sinh tong hop cam tng
enzyme, n6 chi xay ra trong khi nudi cdy vi sinh vat ma khong thay ¢ dong-
thuc vat. Nhitng enzyme thily phan cta vi sinh vat déu thudc hé enzyme
cam tng. Khi trong méi truong nudi cdy c6 mot chat khé dong héa, vi sinh
vat phai tiét vao moi trudong mot hodc nhitng enzyme twong ung dé phan
hty né thanh nhiing chit c6 thé dong hoa duoc.

Mot dinh nghia téng quat c¢6 thé néu 1én nhu sau: Mot qua trinh sinh
tbng hop duoc goi 1a cam tng, néu nhu né chi xay ra & mic do dang ké khi
trong mdi truong cd co chat dic hidu ctia enzyme nay hodc cac chat trao doi
¢6 cAu tric tuong tu co chat. Cac enzyme thudc loai nay goi 1a enzyme cam
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tmg. Cac co chét kich thich qua trinh tdng hop nay dugc goi la chit cam
ung.

Mubn téng hop duoc enzyme cam tng can phai ¢6 bén diéu kién:

- C6 gen tuong tng trong thé nhidm séc cua té bao.

- C6 day du cac nguyén lidu dé xdy dung cic phan tir enzyme d6 (cac
amino acid va cac hop chit coenzyme néu enzyme d6 gom hai cau tir).

- Ning lugng can thiét dung cho viéc téng hop enzyme.

- Chit cam tng, néu khong c6 chit cam tng thi du co di ba diéu kién
trén ciing khong thé téng hop duoc enzyme.

Nhu vay, c6 thé coi viée ¢6 chat cam ung la diéu kién rat can thiét dé
thu dugc nhimg enzyme mong mudn. Trong céng nghiép san xuat enzyme
can phai lya chon nhiing chit cam ung thich hop va xéac dinh néng do toi uu
ctia nd trong madi truong dé ¢ hiéu suét sinh tong hop cao nhat.

2.3. Nhitng phuong phap nudi cdy vi sinh vat dé san xuit enzyme

Cong nghé san xuat enzyme hién nay trén thé giéi ung dung hai
phuong phap: nudi cay bé mat va nudi cay chim.

Trong nuoi céy bé mat, vi sinh vat moc trén bé mit moi truong rin
(Hinh 3.7) hodc 1ong. Cac méi truong ran trude khi nudi cdy vi sinh vat can
dugc 1am am. Vi sinh vat phat trién s& ldy nhiing chat dinh dudng trong moi
truong va sir dung oxygen phan tir ciia khong khi dé ho hap. Pé dam bao
cho vi sinh vat moc déu trén bé mit méi truong va st dung duogc nhiéu chat
dinh dudng sinh ra enzyme, nhiing 16p méi truong ran can phai mong (chi
day khoang 2-5 cm). Diéu nay dan dén mot nhuoc diém co ban ciia phuong
phap nay can phai c6 mat bang san xuat 16n va chi phi lao dong chan tay
nhiéu.

Trong nudi ciy chim, vi sinh vat hiéu khi chi st dung duoc oxygen
hoa tan trong mdi truong, vi vdy trong qué trinh nudi ciy phai suc khi va
khudy lién tuc. Phuong phap nuéi cay chim hién dai hon, d& co khi héa va
tu dong hoa, viéc to chirc quy md 16n twong ddi d& dang va don gian. Véi
phuong phap nay co thé dung cac ching vi sinh vat dot bién c6 kha ning
sinh tong hop enzyme cao va lya chon cac thanh phan méi truong thich hop,
cac diéu kién nudi cdy tdi uu.
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Phuong phap nudi ciy bé mit trén moi truong rén ciing c6 mot s6 uu
diém so v6i phuong phap nudi cdy chim, d6 1a: ndng do enzyme tao thanh &
moi trudong ran cao hon nhiéu lan, khong can céc thiét bi phuc tap, chu yéu
nudi trén khay va budng nudi gitt & nhiét d6 va do am thich hop, qua trinh
san xuét tiéu tén it nang luong. Trong phuong phap nudi cdy bé mat vi sinh
vat duoc nudi cdy trong diéu kién khong vo tring tuyét ddi. Néu co vi sinh
vat tap nhidm thi chi cin loai bo phan d6. Con trong nudi cay chim can phai
giit vo trung tuyét ddi trong tit ca qua trinh, néu bi nhidm thi hu hong toan
bo va c6 thé phai bo di hoan toan. Khi nudi cdy chim khéng nhitng chi can
v0 tring & qua trinh nhan gidng, 1én men, ma con phai dam bao vo trung dbi
v6i khong khi thoi vao méi trudng.

Hinh 3.7. Lén men trén mdi truong rin. A: 1én men ky khi trong ndi bang dat
nung, B: 1én men hiéu khi.

2.3.1. Phuong phap nuéi ciy bé mat

Nudi cdy nim mdc va mot sé vi khuan theo phuong phap bé mit dé
san xuat enzyme thuong ding méi truong ran, mot sd truong hop co thé
dung moi truong 16ng.

MBoi truong rin thudng 1a cac nguyén liéu tu nhién nhu cam, doi khi
dung gao tAm, ngd, ba bia, ba cu cai dudng, khoai tay, 16i ngd... hodc hon
hop nhiing nguyén li¢u nay. Moi truong 16ng thuong 1a ri duong, dich thuy
phan tir thoc mam, nude bi ruou... cd pha thém mudi khoang.

Pé dam bao du cac chét dinh dudng trong méi trudng ngudi ta co thé
bd sung cac ngudn N, P, K hoidc cac chit sinh truong (nude khoai tdy, cao
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ngo...). D6 am 58-60% twong ddi thich hgp véi nhiéu ching nim mdc nudi
ciy bé mit trén khay hé. Tuy nhién, d6 4m 60% vi khuan dé phat trién, dé
gdy tap nhiém, khé thong khi. Trudng hop do am tir 45-50%, khi nudi cay
mdi trudng s& kho nhanh, sinh bao tir yéu va lam giam hoat tinh ciia enzyme
tao thanh. Trong thoi gian nudi cdy, nén giit d0 4m cua moi trudng & 50-
60%, mudn vay do am khong khi phong nudi cay phai khoang 90-100%.

Tuy rang, nudi cdy bé mit khong can diéu kién vo trung tuyét ddi
nhung méi trudng (ddc biét trong qué trinh nhan gidng) ciing can dugc vo
trung dé cho gidng phat trién binh thudng nhét 1a giai doan dau. Trong san
xuat can phai vo tring méi trudng rin & 1-1,5 atm bang hoi néng trong 45-
60 phiit. Néu méi trudng trude khi vo tring dugc tron voi chlohydric acid
hodc sulfuric acid dén pH thich hop, hay thém mét it formalin hodc mét s6
chat sat trung khac thi chi can vo trung duéi ¢ 0,2-0,3 atm. Thém acid va
gilt moi truong & pH nhat dinh s& giup cho mot vai enzyme tao thanh dugc
nhiéu hon.

Mbi truong dugc dan mong ra cac khay da vo trung day khoang 2-
2,5 cm, dé ngudi téi 30°C thi tién hanh cdy giéng. Gidng duge nhan ciing
theo phuong phap bé mat hodc bang bao tir thu dugc theo phuong phap tach
bao tir khoi mdi truong nhan gidng va chira vao cac binh nut kin hoic trong
cac ti polyethylene. Trong nudi cdy nhan giéng thudng dé mbc phat trién
dén gia sinh ra nhidu bao tir. Ty 1é nhan giéng khoang 0,2-2%. M&i gram
bao tir mbc cb thé cdy vao 10 kg mdi trudng. Cac khay c6 méi trudng da
cdy mbc dugc dat vao phong nudi ¢ san cac gia. Phong nudi co thé didu
chinh duoc nhiét 46, d6 4m va duoc thong gié. Nhiét do thich hop véi da sd
méc 1a 30-32°C, néu nhiét 46 xudng dudi 24°C nam phat trién cham, sinh
bao tir yéu, thoi gian nudi cdy dai dan dén giam kha ning sinh tong hop
enzyme. Thoi gian nudi ciy nam méc khoang 36-60 gio.

Qué trinh nudi ciy ndm méc trén bé mit moi trudng bao gdm ba thoi
ky:

- Khodng 10-14 gio' dau. Bao tir bat diu nay mam, thoi ky nay chua
hinh thanh enzyme khong doi hoi phai thong khi nhiéu, chi can lam thoang
khoang 2-3 thé tich khong khi/thé tich phong/gio. Giéng rat nhay cam véi
nhiét d6 & nhimng gid nay, nhiét d6 budng nudi can giir 29-31°C .

- Thoi ky giira khoang 14-18 gio. Mdc phat trién nhanh, ho hap
manh. Soi ndm c6 thé quan sat thdy bang mat thuong, lac dau 16p 16ng co

Nhdp mon Cong nghé sinh hoc 78



mau tring xam va ngdy cang rd, lam moi truong két banh lai. Co thé phai lat
moi truong, bé nho ra dé soi ndm moc tét hon. Cac chat dinh dudng trong
moi truong tiéu hao nhanh dé phuc vu cho qué trinh trao d6i chét trong té
bao va gidng hé hip manh toa ra mdi trudong chung quanh 80-90 kcal/gid,
1am nhiét do méi truong c6 thé ting 1én dén 37-40°C hodc hon. Thoi ky nay
can phai thong khi manh, t&i 60 thé tich khi/thé tich phong/gio dé cung cép
O, cho mdc va dudi CO; ra khoi moi truong, dong thoi lam giam nhiét do
budng nudi. Nhiét do budng nudi & giai doan nay can gitt ¢ 28-29°C va do
4m trong phong khoang 100%.

- Thoi ky cudi khoang 10-20 gid. Cac qua trinh trao ddi chét van tiép
tuc nhung yéu dén, nhi¢t d0 moi truong giam xuéng va viéc tao thanh
enzyme cua té bao van tiép tuyc. Nhiét lugng téoa ra khoang 15-30
kcal/kg/gid. Thong khi khong qua 20-25 thé tich khong khi/thé tich
phong/gio, giit nhiét d6 budng nudi & 30°C.

Tuy thudc vao dic tinh sinh 1y cia timg loai mdc, thoi gian nudi cy
c6 thé két thuc tai diém ma luong enzyme tao thanh téi da.

2.3.2. Phuwong phap nudi ciy chim

Nudi cdy vi sinh vat sinh enzyme theo phuwong phap chim dugc thuc
hién trong cac binh 1én men c¢6 canh khudy va suc khi lién tuc (Hinh 3.8 va
3.9). Qua trinh tuong ty nhu trong san xuat amino acid, khang sinh. ..

Khoéng thé c6 moi trudng nudi cay chung cho tat ca cac chung vi sinh
vat, vi vay can phai chon thianh phan mai truong, ty 1& cac chét dinh dudng
sao cho thich hop véi ting ching, dac biét phai cha ¥ ti chat cam tmg can
thiét dé cho vi sinh vét san sinh ra enzyme & muc t6i da. Trong nhiéu moi
trudng nuoi céy chim, ngu(‘”)n carbon thuong la tinh bt hodc cac loai bot
khéac nhau. C6 thé thém mot luong rat han ché céc carbohydrate dé tiéu nhu
glucose hodc saccharose. Trong san xuat ngudi ta con so bo dich hoé tinh
bot bang amylase trude khi hap vo tring mdi trudong. Doi voi cac mbe sinh
amylase thi duong maltose lai 1a cht cam tmg t6t hon tinh bot. Cac ngudn
nitrogen hitu co thuong ding 1a cao ngd, nude chiét tir mam ma... Khi cho
thém céc chét nay phai than trong, vi hdn hop cac amino acid s& ¢ tac dung
ning cao sinh tong hop amylase & Aspergillus, nhung lai ¢6 anh huéng x4u
d6i v6i cac enzyme khac.
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Hinh 3.8. Lén men bing phwong phap nudi ciy chim trong méi truwong long &
quy m6 phong thi nghiém (5 L)

Thanh phan khoang trong méi truong ciing rat c6 y nghia. Trong moi
truong nudi cdy mot sé chung Asper. oryzae ngoai tinh bot va nitrate con
can thém MnSO,. Néu thiéu MnSO, mbc van phat trién binh thuong, nhung
amylase khong dugc tao thanh (trong phan tir amylase cé chira nhitng amino
acid mang S va Mn). Mai truong dugc vo triung trong thiét bi riéng hodc
trong binh 1én men & 121-125°C/45-60 phut. Méi trudng trude khi vo tring
can duoc dich hoa so b dé tranh tinh trang tinh bot hd hoa lam moi truong
dac sét hoac c6 d6 dinh cao.

Sau khi 1am ngudi méi trudng dén nhiét d6 thich hop sé tién hanh tiép
gidng. Gidng dugc cdy tir 6ng nghiém qua cc binh tam giac, dit trén may
lic, rdi nudi & binh nhan gidng co thé tich bang 5-10% thé tich binh 1én men
tir 24-36 gio. Nhu vy, nudi cdy chim can tiép giéng ¢ hé soi khong dung
gidng bao tir nhu cdy cac xa khuén sinh chét khang sinh. Cy gidng médc bao
ttr theo phuong phap chim s& kéo dai thoi gian nay mam va ciing kéo dai
toan b qua trinh nudi cay. Méi truong nhan giéng c6 thé dung cac hop chat
nitrogen dé tiéu dbi véi vi sinh vat ma trong qua trinh nudi cdy van nang cao
dugc hoat tinh sinh tong hop. Ty 18 tiép gidong nam trong khoang 2-5%,
nhung & mot s6 chung ty 1é nay thip hon nhiéu (0,5-0,6%).

Nhdp mon Cong nghé sinh hoc 80



Sinh tong hop enzyme theo phwong phap nudi cdy chim thuong
khoang tir 2-4 ngay. Pa sb cac enzyme thuy phan do ndm méc, xa khuan tao
thanh duoc tiét ra méi trudong xung quanh, phan con lai trong hé soi sau ba
ngay nudi cdy khoang 10-15%. Do pH méi truong c6 mot y nghia rat 16n,
d6 pH thich hop cho sinh tong hop a-amylase 1a 7-8, glucoamylase 1a 4,5-5.
Khi ding cdc mudi ammonium 1am ngudn nitrogen, qua trinh phat trién vi
sinh vat s& acid hoa méi truong con khi dung nitrate 1am ngudn nitrogen
moi trudng sé bi kiém hoa.

Hinh 3.9. Lén men bang phwong phap nubi ciy chim trong méi truong léng &
quy mo pilot (200 L)

Su suc khi khong nhiing anh huong dén sinh trudng ctia vi sinh vat ma
con anh hudng dén su tao thanh enzyme. Tbc do sir dung oxygen cao nhét
ctia nAm mdc sau khoang 24 gid nudi cdy roi giam dan. Tang nong do tit ca
céc chat dinh dudng va oxygen hoa tan trong méi truong co thé nang cao
duoc kha nang sinh tong hop a-amylase.
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2.4. Tach va tinh sach ché phim enzyme
2.4.1. Ché pham enzyme tir mdi truong nudi ciy bé mat

Dé chiét rat enzyme tir moi trudng ran ngudi ta ding nudce, cic dung
dich mudi trung tinh, cic dung méi hitu co (ethanol, acetone). Nhiéu nghién
ctru cho thdy dung nudc c6 két qua tét va dé ap dung trong san xuat. C6 thé
chiét duoc luong enzyme trén 90-95% VA trong nude chiét khong chira cac
tap chat khong tan. Nudc thuong dung dé khuéch tan hoa tan ¢ nhiét do 25-
28°C. Pé tranh tap nhiém nén thém vao nudc mot it formalin hoic chét sat
trung khéc. Dich chiét thu dugc ¢6 mau nau sdm, kha trong, chira 10-15%
chat kho hoa tan va dugc 1am lanh kip thoi xudng 10-12°C.

Dich chiét duoc c¢6 dic chan khong toi 50-55% chat kho hoa tan. Dich
dam dic nay co thé bao quan 1au dai ma khong mat hoat tinh va rat dé hoa
tan. Dich chiét c6 thé khong can phai co dic ma dwa ngay vao mdy sy phun
va s& thu duoc san pham & dang bot.

Phuong phép tach chiét va lam sach enzyme dugc st dung rong rai
nhat hién nay 1a phuong phap két tia enzyme bang dung méi hitu co
(ethanol, isopropanol va acetone). Cac dung mdi hitu co nay 1am giam hang
sd dién moi cuia moi truong. Nhu ta di biét, lyc hut tinh dién ty 1& nghich
v6i hang s6 dién méi. Vi vdy, cic enzyme-protein ciing nhu cac chét c6
phan tir luong thap trong hé dung dich nudc-dung méi hitu co sé két tia va
ling xubng. P9 hoa tan ctia enzyme vao dung dich ethanol-nuéc phu thudc
vao néng do ethanol, nhiét do, pH, luc hit ion cua dung dich va tinh cht
protein ctia enzyme. Thong thuong, ngudi ta thém 3-4 thé tich ethanol vao
mot thé tich nudc chiét enzyme. Dé tranh mat hoat tinh clia enzyme tat ca
phai duoc 1am lanh xudng 3-5°C. Khi tron phai khudy manh, khi cac
enzyme két tia va lang xudng dudi can tach ly tim ngay. Enzyme duoc rira
2-3 14an bang ethanol cao d0, rdi dua vao binh hut 4m hodc may dong kho
chan khong, san pham thu duogc s& c¢6 dang bot. Dung isopropanol két tia
enzyme chi can 1,5-2 thé tich dung moi/1 thé tich dich chiét. Cic enzyme
tach ra s& & dang sita ddc quanh rat khé say. Dung acetone véi ty 1 nhu khi
dung isopropanol, nhung k¥ thuat phong tranh chay nd trong san xuat 1a rat
kho khan.

Phuong phap thtr hai dé tach enzyme 1a dung mubi trung tinh dé két
tua. Ché phém enzyme thu dugc c6 hoat luc cao hon so vdi viéc tach béng
dung moi. Mudi trung tinh thudng dung 1a (NH,),SO;, véi ty 1& 50-66% (co
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khi cao hon) so voi dich chiét enzyme. (NHy4),SO,4 pha thanh dung dich bao
hoa r6i cho vao dich 1én men. Dich 1én men c6 thé so bd cd dic trong thiét
bi chan khong va nhu vay sé cin dung mot luong (NHy4),SO, it hon. Ché
pham enzyme thu duoc c6 1dn (NHy),SO4, vi vy mudn st dung rong rii can
phai loai mudi bang cach tham tich qua mang ban tham.

2.4.2. Ché phdm enzyme tir dich nudi cdy chim

Dich nudi cay chim sau khi loc sinh khdi vi sinh vat va cic tap chat
ran khong tan con khoang 1-3% chat kho hoa tan, trong d6 co cic enzyme.
Vé nguyén tic tach enzyme tir dich loc nudi cdy chim ciing twong ty nhu
tach tir dich chiét trong moi trudng rin nudi cay bé mat. Dich loc can phai
¢ dé giam thé tich tir 4-10 1an trong diéu kién chan khong & 25-30°C, rdi
tién hanh tach enzyme.

Ngoai phuong phap c6 chan khong, co thé tién hanh theo phuong
phap hip phu qua nhya trao ddi ion hodc cac chat co hoat tinh bé mit, sau
d6 lai tién hanh phan hap phu. Tién hanh nhiéu lan va dich thu dugc chira a-
amylase cia ndm méc va vi khuan c6 thé dugc hap phu lai bang tinh bot
khoai tay hodc ngd da dugc xtr ly so bo béng nhiét. Trude khi cho hép phu
can cho thém 20% (NH4),SO4 dé nang cao kha niang hap phu cua tinh bot.
Tror amylase dugc hép phu con cac enzyme khac s€ ¢ lai trong dich. Tinh
bot c6 amylase dugc siy kho (khong can phan hap phu) va dem sir dung
trong k¥ thuat san xuét cac san pham chira tinh bot.

Hién nay, con mot s6 phuong phap twong dbi phuc tap khac dé két
tinh va tach enzyme nhu loc gel (gel filtration), dién di (electrophoresis),
siéu ly tam (ultracentrifuge)...

3. San xudt khéng sinh
3.1. Penicillin

Penicillin 1a khang sinh dugc tim ra dau tién va duoc san xuat som
nhét dung dé chita mot s6 bénh nhiém khuan vao nhitng nam dau cua Thé
chién thi 2.

Nhing vi sinh vét sinh penicillin thuc cac gibng nam méc Penicillum
va Aspergillus. Nhung cac chung cua Penicillum notatum va Pen.
chrysogenum c6 hoat lyc cao va dugc dung trong cong nghi€p khang sinh.
Tuy nhién, nhitng chung Penicillum co6 hoat lyc cao lai thuong kém on dinh.
Do d6, mot van dé kho khian duoc dit ra 13 tao duge kha niang sinh khang
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sinh cao nhat, gitr dugc 6n dinh trong qua trinh nghién ciru va san xuit.
Nhiém vu ndy c6 mot ¥ nghia rat 16n trong céng nghiép. Ngay nay, nho k§
thuat di truyén hoc nguoi ta da tao dugc nhirng giéng on dinh, it nhit sau
sau thé hé van khong giam hoat tinh khang sinh.

Quaé trinh Ién men penicillin thudc vao loai 1én men hai pha: pha sinh
truong va pha sinh penicillin. Ngudn carbon trong 1én men penicillin bang
nam Pen. chrysogenum cé thé 1a glucose, saccharose, lactose, tinh bot,
dextrin, cac acid htru co (lactic, acetic, formic), cac amino acid... Tuy nhién,
duong lactose cho hiéu suit penicillin cao nhat va thuong dugc dung trong
cong nghiép. Nhung do nim sir dung dudng lactose cham, vi vy trong thuc
té lactose dugc dung phdi hop cing v6i dudng khac (glucose, saccharose...)
trong moi trudng dinh dudng.

Trong pha 1én men thir nhat gidng phat trién manh, sir dung glucose
va lactic acid ciia cao ngd. Sau do, lactose méi dugc sir dung (cha yéu trong
pha thtr hai tao thanh penicillin). Khi trong mo6i truong can lactose va khong
bd sung cac chét dinh dudng, hé soi nam sé& bat dau tu phan, néu tiép tuc 1én
men nong do penicillin s& giam. Trong thyuc té san xuét can phai két thuc 1én
men trudc thoi diém nay.

= Phwong phap san xuit penicillin

San xuat penicillin ciing nhu cac ché pham sinh hoc khac, dua trén co
sO nudi cay vi sinh trén moi trudng ran hoic long. Trong qua trinh nudi cay,
gidng vi sinh vét phat trién s& tich tu cac san pham trao doi chét trong méi
truong hodc trong sinh khdi. Quy trinh céng nghiép san xuat penicillin dua
trén nAm méc Pen. chrysogenum co kha ning sinh penicillin cao, theo hai
phuong phép:

- Lén men bé mdt. Phuong phap nay dugc ap dung trong thoi gian dau
clia cong nghiép khang sinh. Mbi truong nudi cay bé mit co thé 1a cac co
chat ran hodc 1ong. (1) Co chat ran c¢6 thé 13 cam hodc cac loai hat, cam
dugc 1am u6t roi trai 1én khay mot 16p day khoang 2 cm, gidng ndm mdc
duoc tron vao moi trudng c6 do 4m 50-60% di vo trang dé ngudi t6i 30°C.
Thoi gian 1én men 6-7 ngay & 24-28°C trong cac budng duoc diéu chinh
nhiét d6, d6 am va thong gid. No6i chung, phuong phap ndy giébng nhu 1én
men cac enzyme bang nam mdc. (2) Mbi trudng 16ng ding ngudn carbon 1a
lactose, cao ngd va mot sd nguyén té khoang. Gidng dugc cdy vao moi
truong réi 1én men & 24°C khoang 6-7 ngay dat hiéu suat khoang
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193 unit/mL penicillin. Ngay nay, phuong phép 1én men chim di thay thé
phuong phap 1én men bé mit.

- Lén men chim. Thanh phan méi truong gdm cé cao ngd, glucose,
lactose va cac mudi khoang. Giéng dung trong cong nghiép thudng & dang
bao tir. Bao tir dugce nudi trén cac binh nhan giéng c6 canh khudy va suc khi
36-50 m®/gi¢r dé hé soi ndm phat trién, sau d6 chuyén vao cac binh 1én men.
Qua trinh 1én men penicillin bang nim mdc Pen. chrysogenum & 26+1°C
trong khoang 120-125 gio. Trong qua trinh 1én men & pha thtr nht ndm phat
trién hé soi manh, sinh khoi tang nhanh, cac nguén carbon dé déng hoa
(glucose, saccharose) cﬁng cac ngudn nitrogen dugce tiéu hao nhanh, cudng
d6 ho hip ting dan dén cuc dai, pH tang va penicillin dugc tao thanh it.
Sang pha thir hai hé soi nim phat trién cham, lactose duoc tiéu hao dan, pH
tang dén khoang 7-7,5 va penicillin duoc tao thanh chii yéu trong pha nay.
Néu nguon carbon trong moi truong can va sinh khdi ndm méc bat dau tu
phan thi pH co thé tang t61 8 hoac hon, lugng penicillin dugce tao thanh
trong moi truong sé giam. Vi vy, qua trinh 1én men can dugc két thic trude
thoi diém hé soi nAm mdc bat dau tyu phan. N4im méc sinh penicillin rt hiéu
khi, cho nén qua trinh nudi cay (nhan gidng va 1én men) can phai suc khi va
khudy méi trudng dé dam bao do hoa tan oxygen can bang v6i nhu cau sinh
1y ctia chiing. Néu khong du oxygen hiéu suat penicillin c6 thé giam t6i hai
lan.

3.2. Streptomycin

Streptomycin 1a mot khang sinh dung phd bién trong y hoc, thu y va
bao v¢ thuc vat. Schatz va cs (1944) da phat hién ra streptomycin tir dich
nudi cay mot chiing xa khuan Streptomyces griseus (con goi la Actinomyces
streptomycin).

Gidng xa khuan sinh streptomycin khi nudi cdy chim phat trién thanh
hai pha:

- Pha thir nhét (pha sinh trwéng manh). Cac bao tir nay chdi va moc
thanh soi sau 6-8 gid, mdi bao tir moc mot chdi, khuan ty thudong thang va
phan nhanh rat yéu, t€ bao chat wa kieém.

- Pha thir hai (khuén ty khong phat trién). Cudi ngay thr ba soi xa
khuan bi chia nho va bat dau tu phan.

Nhiing giéng sinh streptomycin rat khong on dinh. Do d6, trong twong
lai can c6 su can thiép cua k¥ thuat di truyén dé tao ra nhitng giong c6 hoat
luc cao va 6n dinh dé dua vao san xuét. Giit bao tir & dang dong kho trong
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khoang ndm nam co6 thé con 96-99% hoat luc, trong cat thach anh t6i ba
nim, trén moi truomg thach nude dau ¢ 5°C téi mot nam. Cac nguén carbon
ma gidng Streptomyces c6 thé dong hoa duoc va sinh khang sinh 14 glucose,
tinh bot, dextrin, maltose, fructose, galactose, manose. Trong thuc té,
glucose va tinh bot dugc dung lam ngudn nguyén lidu trong san xudt
streptomycin.

= Phwrong phap san xuit streptomycin

Lén men streptomycin dugc thuc hién theo phuong phap nudi ciy
chim. Qu4 trinh 1én men nay ciing gidng nhu 1én men cac loai khang sinh
khac, bao gdm céc giai doan: Nhan gidng va 1én men chinh.

- Nhain giong. Gidng xa khuan dugc bao quan & dang bao tir. Ciy bao
tr vao moi truong nhan gidng trong binh tam giac lic 180-220 vong/phat &
26-28°C/30-70 gio, sau d6 cho tiép vao cac binh nhan giéng (c6 suc khi va
khudy), nuéi tiép cho phat trién sinh khéi 20-40 gio. Nhiém vu chinh trong
giai doan nhan gidng 13 tao ra mot khéi lwong 16n khuan ty xa khudn wa
kiém c6 kha niang phét trién manh trong giai doan 1én men chinh va tao
thanh mot luong 16n khang sinh.

- L&n men. Lén men streptomycin 1a qua trinh 1én men hai pha dién
hinh. Nhiét do 1én men khoang 26-28°C, thoi gian 1én men 96 gid. Trong
thoi gian 1én men can phai thong khi va khudy tron méi truong. Luong
khong khi thoi qua mdi truong trung binh 13 1 thé tich khi/1 thé tich moi
truong. Khuay tron moi truong lién tuc trong sudt ca qua trinh 1én men (ké
ca khi nhan giéng) néu ngimg khudy chi trong mot thoi gian ngin s& 1am
giam hiéu suét streptomycin. Do pH trong nhing gid dau co giam chut it sau
d6 tang dan.

3.3. Tetracycline

Tetracycline 1 mot diy cac chat khang sinh c6 ciing mdt nhan chung
tetracycline (vi du: tetracycline, chlotetracycline, oxytetracycline,
dimethyltetracycline...) va mot sé6 nhom chung co trong phan tir (vi du
nhom dimethylamino -N(CHjs),, nhdm amide CONH,...). Tetracycline dugc
dung rong rai trong y hoc va thu y. Tetracycline ¢ thé dugc san xuit bing
1én men xa khuan Streptomyces aureofaciens. Tetracycline dugc tim thay
vao nim 1953 bang cach khtr halogen trong phan tir chlotetracycline. Liic
dau phuong phép nay dugc ding trong céng nghiép nhung gia thanh san
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pham rat dit, sau d6 nguoi ta tim thiy chit khang sinh nay c6 trong dich
nudi cay xa khuan sinh chlotetracycline 1a Strep. aureofaciens.

Gidng xa khuan c6 kha ning tong hop tetracycline va chlotetracycline
la Strep. aureofaciens, con gidng sinh oxytetracycline 1a Strep. rimosus.
Ngudn carbon dung trong nudi ciy Strep. aureofaciens 1a glucose (tich tu
nhiéu tetracycline), con Strep. rimosus cho nhiéu oxytetracycline trén moi
truong maltose.

Trong qua trinh 1én men, & pha tht nhit cac chit dinh dudng tiéu hao
nhanh. Trong khoang 24-48 gid nudi cdy khdi khuan ty da duoc 70-80%
mirc t6i da va 60-80% cac chat dinh dudng di duogc sir dung. Budc sang pha
Ién men thtr hai cac giéng xa khuén nay déu phat trién cham lai, toc do su
dung cac chat dinh dudng giam di rat nhiéu, phat trién khuan ty cham lai
dan, dat t6i mic do cuc dai va 6n dinh rdi budc vao giai doan tu phan.
Khang sinh tich tu toi da ¢ 110-120 gio.

= Phwong phap san xuit tetracycline

Lén men tetracycline (tetracycline, chlotetracycline, oxytetracycline,
dimethyltetracycline...) theo phuong phap nudi cdy chim. Quaé trinh 1én men
& day gidng nhu 1én men cac ché pham khac, bao gdm cac giai doan: nhan
gidng va 1én men.

- Xa khuan Strep. aureofaciens dung trong lén men tetracycline va
chlotetracycline hoic cac halogentetracycline khac. Cay bao tir vao moi
truong nhan giéng trong binh tam giac pH 6,8-7,0 lic 220-250 vong/phut
khoang 24-40 gio. Sau d6, dugc tiép tuc nhan gidng trong ndi nho roi
chuyén vao méi truong 1én men. Lén men tetracycline va chlotetracycline 1a
1én men hai pha dién hinh.

- Gidng Strep. rimosus duoc nhan gidng & binh tam giac lic 220-250
vong/phut & 27-28°C/48-72 gid, sau d6 nhan tiép tuc trong ndi c6 suc khi va
khudy rdi chuyén sang méi trudng 1én men c6 diéu kién twong tu nhung kéo
dai tr 5-7 ngay.

4. San xudt acid hitu co
4.1. Acetic acid

Acetic acid (CH3COOH) c6 thé thu dugc bang phuong phap 1én men
vi khuan acetic. Acid nay (con goi 1a dim #n) dugc dung trong ché bién
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thyc pham, u6p chua rau qua. Qua trinh 1én men nhd vi khuan acetic oxy
hoa rugu ethanol thanh acetic acid (Hinh 3.10).

Co6 trén 20 loai vi khudn c6 kha ning 1én men acetic, ching duoc goi
mot tén chung 13 vi khudn acetic. Trong méi trudng di rugu ethanol (5-
13%) thi san pham chi yéu 1a acetic acid, néu ndng do ruou thap hon cac vi
khuén acetic s& oxy hoa triét dé rugu thanh CO, va H.0.

Vi khuén acetic 12 bon wa 4m va rat hiéu khi, c6 tdc dd sinh trudng rat
nhanh tir mot t& bao sau 12 gid c6 thé phat trién thanh 12 triéu té bao. Trong
qué trinh sinh truong va phat trién chung tao thanh acetic acid va nong do
acid thap lai kich thich sy sinh trudong cua chang. Vi vay, trong san xudt
didm c6 thé dung ruou khong can v trung dugc bd sung mot it acetic dé
acid héa moi trudng, nhiét do 1én men khoang 25-32°C va suc khi manh.

Alcohol-dehydrogenase

\/:

CH3CH,OH CH;CHO + 2H
(Ethanol) (Acetaldehyde)
OH Aldehyde-dehydrogenase
| \/
CH3;—CH > CH3;COOH + 2H
| (Acetic acid)
OH
(Acetaldehyde)

Hinh 3.10. Qua trinh Ién men acetic acid

Cac loai vi khuan acetic co gia tri nhu: Acetobacter aceti, Ace.
pasteurianum, Ace. orleaneuse, Ace. xylium, Ace. schiitzenbachii, Ace.
curvum, Ace. suboxydans.

Ngudn co chit chu yéu trong 1én men acetic 13 ethanol c6 bd sung
thém mot it duong, ngudn nitrogen vo co hodc hitu co, va mot sd chét
khoang khac. Co ba phuong phdp 1én men acetic: (1) Phuong phép chim
con goi 1a phuong phéap Orlean hodc phuong phép Phap, dung nudc hoa qua
lam nguyén liéu v6i vi khuan Ace. orleaneuse. (2) Phuong phap nhanh con
goi 1a phuong phap Ptrc, phuong phap nay dugc 4p dung cha yéu trong
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cong nghiép san xudt ddm an trén thé gisi, vi khuan duoc sir dung 1a Ace.
schiitzenbachii hoac Ace. curvum. (3) Phuong phap 1én men chim, day la
kiéu 1én men ban lién tuc st dung cac ching vi khuan ctia loai Ace.
suboxydans.

4.2. Citric acid

Citric acid hay limonic acid (CgHgO7) c6 nhiéu trong thién nhién, dic
biét trong cac loai cdy dan qua c6 mui (ho cam chanh-Rutaceae) duoc diung
chu yé€u trong ché bién thyc pham va dugc pham. Citric acid ciing c6 thé
dugc san xuat & quy mé cong nghi€p bang phuong phap 1én men, nam moc
s€ chuyén hoa duong thanh citric acid.

Co ché sinh tong hop citric acid & vi sinh vét c6 thé biéu dién bang
phuong trinh tong quat nhu sau:

2CeH 1,06 + 30, — 2C¢H50O7 + 4H,0

Cac nAm méc sinh citric acid hiéu khi, nhiét do thich hop cho phat
trién va 1én men 1a 30-32°C. Ngudn carbon t6t nhat d6i véi Asper. niger la
saccharose, con d6i v6i Citromyces 13 maltose. Nong do duong trong moi
truong 10-20% 1a thich hop hon ca. Cac ngudn nitrogen vo co dung trong
1én men citric acid t&t nhét 14 nitrate con nitrogen hitu co 13 nudc chiét dau
nanh. Trong mdi trudng 1én men can chu ¥ cac nguyén td khoang P, Mg, K,
Fe va Zn.

C6 hai phuong phap duoc ding dé san xuét citric acid 13 1én men bé
mit (trén moi truong 1ong hodc ran) va 1én men chim.

- Phwong phap 1én men bé mit trén méi trudng léng. Phuong phap
nay dugc ding rong rii trong cong nghiép san xuét citric acid. Lop vang
nam phat trién trén cac khay 1én men chira méi truong dinh dudng 1a dich
duong s& chuyén hoa dudng thanh citric acid.

- Phwrong phap 1én men chim. Qua trinh 1én men gidng nhu sén xuat
khang sinh, dugc thuc hién trong cac binh 1én men chira méi truong dinh
dudng va gidng ndm mdc. Sau khi két thiic 1én men ding H,SO4 dé chuyén
calcium citrate thanh citric acid.

V. Cong nghé tai to hop vi sinh vt
Khoéng c6 mot linh vyuc nao cua cong nghé sinh hoc thuc nghiém lai

phat trién nhanh chong nhu cong nghé di truyén (genetic engineering) hay
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con goi 1a cong nghé DNA tai t6 hop (DNA recombinant technology), ciing
khong c6 mot Iinh vuc nao khac co thé dua ra nhiéu loai san phém madi va
hiru ich dén nhu vay. Nguyén 1y co ban cia cong nghé nay 1a thao tic c6
dinh huong va c6 chu y (dua vao hodc loai bo) DNA va cac loai nguyén liéu
di truyén khac nham 1am thay d6i dic tinh di truyén cua co thé sinh vat.

Hau hét cac ky thuat déu bat dau béng su lya chon mot gen mong
mudn, tiép theo 14 phan 14p nd va cit n6 bang cic enzyme han ché. Gen nay
duoc gén vao mat vector tao dong (plasmid) va sau d6 dua vao mét vat chu,
0 do6 no s€ dugc dich ma thanh mot protein dac biét.

1. Céc vi sinh vt tdi t6 hop

Mot trong nhitng tmg dung dau tién cua cong nghé di truyén 1a tao ra
mdt ching Pseudomonas syringae. Ching hoang dai (wild type) cua vi
khuan nay thong thudng chira mot gen tao bing, gen nay kich thich su tao
bang trén cac bé mat lanh va 4m. Su bién dbi gen nay tao ra mot thé tai to
hop c6 kha nang ngan ngura sy tao thanh bang gia (frost). Pugc tao ra dudi
tén goi 1a Frostban, vi khuan nay d mang lai mot thanh cong khiém ton
trong viéc chdng lai viéc tao thanh biang gia trén cac cdy diu tay va khoai
tdy ngoai dong rudng. Trong mot thi nghiém khac, mot ching virus c¢6 kha
nang diét sau do bap cai dugc tha vao mot thira rudng bap cai. N6 da duoc
thiét ké dé co thé ty pha huy sau mot thoi ky nhat dinh. Pseudomonas
fluorescens da duoc tai to hop v&i cac gen san sinh chat diét con trung sinh
hoc Bac. thuringiensis. Cac vi khuan nay dugc tha vao dat, ching s& bam
vao ré va giup tiéu diét cac con tring dang tin cong.

N6i chung, moi sy phong thich cac thé tai t6 hop vao moi truong déu
phai duge cic co quan bao vé méi truong chuan y va duge giam sat chat
ché&. Pén nay, nhiéu nghién ctru da cho thay cic vi sinh vat nay khong séng
sot hodc sinh s6i trong moi truong va chic chan khong gy ra nhiéu hiém
hoa. Cac virus duoc thiét ké di truyén dic biét co ich trong cac tmg dung y
hoc, chang han dé san xuat vaccine.

2. Cdc ung dung trong cong nghé vi sinh

Mot diéu 1am cong nghé di truyén tré nén dic biét hap dan la cac ky
thuat ctia nd c6 thé két hop voi cac ky thuat cia cong nghé 1én men dé san
xuat ra nhitng sé lwong 16n cac chét gidng khang sinh hodc steroid. Hau hét
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céc protein tai to hop dang ban trén thi truong hién nay déu rat hiru ich trong
y hoc. Duéi day 1a mot sd trong céc san pham nay:

- Insulin, chat thay thé hormone ding trong diéu tri bénh tiéu duong
type 1.

- Hormone sinh truéng ctia ngudi, dugc sit dung dé diéu trj nhirng tré
em bi bénh luin hodc bénh gia trudc tudi.

- Interferone, mot chat mién dich duoc sir dung dé diéu trj mot sd loai
ung thu, viém gan man tinh.

- Interleukin-2, mot chat hoat héa té bao T va B dugc dung trong diéu
tri ung thu.

- Erythropoietin (EPO), mot chét kich thich cac té bao tuy sdng sinh
hdng cau, ding dé diéu trj mot s6 bénh thiéu mau.

- Hoat t6 plasminogen ctia mo (tPA), mot enzyme tham gia vao qua
trinh 1am tan cac cuc mau dong (huyét khéi).

- Nhan t6 VIII, mot protein gy dong méau cho nhimg ngudi ua chay
mau.

- C4c vaccine tai to hop cho bénh viém gan, va bénh viém mang ndo
do Hemophilus influenza B gay ra.

- Octolon, mot chat e ché mién dich dung cho cac bénh nhan céy
ghép ndi tang.
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Chuong 4
Cong nghé sinh hoc thwc vat

I. Mé diu

Nuoi céy mo thuc vat 1a mdt trong nhirng linh vuc ing dung dat nhiéu
thanh cong ndi bat cta cong ngh¢ sinh hoc thyuc vat. Béng cac k¥ thuat nudi
ciy trong diéu kién vo trung cac bd phén tach roi cua co thé thuc vat, ngudi
ta da nhan gidéng in vitro thanh cong nhiéu loai cdy trong c6 gia tri ma trudc
day cac phuong thirc nhan giéng truyén théng gip nhiéu kho khin. Bén
canh d6, mot s6 k¥ thuat khac cling d4 dugc ung dung c6 két qua nhu: nudi
ciy don bdi (I1n) dé tao dong thuan chung phuc trang giéng cay trong, dung
hop protoplast gitip m& rong ngudn gen tao ra nhiéu loai thue vat mang tinh
trang méi hiru ich, chon dong bién di soma va bién di giao tir c6 kha nang
chéng chiu cac diéu kién bt lgi ctia ngoai canh nhu néng-lanh, phén-man,
kho han, sdu-bénh..., va cudi ciing san xuét cac cay trong sach bénh virus tir
nhiing c4 thé nhiém bénh virus.

Mot trong nhitng huéng phat trién gan day nhat cua céng nghé sinh
hoc thuc vat 1a bién nap va biéu hién céc gen ngoai lai trong té bao thuc vat.
Viéc bién déi di truyén & thuc vat bac cao béng cach dua DNA ngoai lai vao
trong céc té bao ctia chung 1a mot qué trinh phtc tap. Tuy nhién, nho sir
dung enzyme han ché dé cét phan tir DNA soi doi thanh nhitng doan nho
riéng ré&, phat trién k§ thuat lai phan tir va cac gen chi thi, thiét ké cac vector
biéu hién cao va xay dung cac k¥ thuat chuyén gen hién dai... da cho phép
chon loc cac té bao thuc vat bién nap c6 kha nang hop nhat DNA ngoai lai.
Nhitng nghién ctru gan day cho thiy thong tin di truyén méi duge bién nap
vao cac thuc vat bac cao khong chi biéu hién & mire do té bao va sau d6 mirc
dd co thé hoan chinh ma con ¢ thé truyén lai cho céc thé hé sau cua chung.
Thanh tuu ndi bat cua cong nghé gen ¢ thuc vat bac cao la tai sinh dugc cay
chuyén gen ddu tién vao dau thap nién 1980, dén nay da thanh cong & nhiéu
loai khac nhau. Lac dau ngudi ta str dung cac gen chi thi dé bién nap, nhung
nay da thay thé bang cac gen quan trong c6 gia tri kinh t& nham muc dich
céi thién pham chét cay trong.
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Bén canh cong nghé¢ hoa hoc va dugc hoc dang phat trién mot cach
nhanh chéng va hién dai, thuc vét bac cao van 1a mdt ngudn cung cap cac
hop chat héa hoc va duogc liéu rit quan trong. Tuy nhién, trong nhiing nim
gén day san luong céc thuc vat do rat kho dam bao & murc 6n dinh do diéu
kién tu nhién khong thuan loi, chi phi lao dong ngay cang tang, cac kho
khan vé k§ thuat va kinh té trong trdng trot... Phuong phap nudi cdy té bao
dich huyén phu thuc vat trong bioreactor c¢6 kha ning gbp phan giai quyét
nhitng kho khan néi trén va nhitng thanh cong cua cong nghé nay trong
nhiing nim gan day da duoc nhiéu cong trinh téng két. Hién nay, nhiéu hop
chét ty nhién dung lam dugc phém hodc phu gia thuc phé‘im da duoc san
xuat thanh céng bang phuong thirc nudi cy té bao trén quy md cong nghiép
cho hiéu suét rat cao. Pic biét, viéc san xuét cac protein ngoai lai dé diéu tri
bénh trong hé thng té bao thuc vat dang dugc chi ¥ do chung an toan cho
ngudi hon cic protein c6 ngudn gbe tir té bao dong vat, boi vi cac chét
nhiém ban va virus thuc vat khong phai 1a tac nhan gay bénh & nguoi.

I1. Nudi cAy mé va nhan giéng in vitro
1. Thuat ngir hoc (terminology)

Nudi cdy mo (tissue culture) 1a thuat ngit ding dé chi qua trinh nudi
cdy vo tring in vitro cic b phan tach roi khac nhau cia thyuc vat. K§ thuat
nudi cdy mo ding cho ca hai muc dich nhan giéng va cai thién di truyén (vi
du: gidng ciy trong), san xut sinh khbi cic san pham hoa sinh, bénh hoc
thuc vat, duy tri va bao quan cac ngudn gen quy... Cac hoat dong nay duoc
bao ham trong thuat ngtr cong nghé sinh hoc.

Thuat ngit nhan gidng in vitro (in vitro propagation) hay con goi 1a vi
nhan gidong (micropropagation) dugc s dung dac biét cho viéc ung dung
cac k¥ thuat nudi cdy mo dé nhan gidng thuc vat, bit dau bang nhiéu bo
phén khéc nhau cua thyuc vat c6 kich thudc nho, sinh truéng & diéu kién vo
tring trong cac dng nghiém hodc trong céc loai binh nudi ciy khac.

Trong thyc té, cac nha vi nhan gidng (micropropagators) dung thuat
ngit nhan gidng in vitro va nudi cdy mo thay doi cho nhau dé chi moi
phuong thirc nhan giéng thyc vat trong diéu kién vo tring. Thuat ngit dong
nghia 1 nudi cay in vitro (in vitro culture).

Nhan gidng in vitro va nudi cdy mo bat dau bang cac manh cat nho
cua thue vat, sach vi sinh vat, va dugc nuoi céy v trung. Thuat nglr dau tién
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ding trong qué trinh nhan gidng 1a explant (mau vat) twong duong vdi cac
phuong thirc nhan giéng khac 1a cutting (canh gidm), layer (canh chiét),
scion (canh ghép) hodc seed (hat).

Nam thuat ngir khac duoc dung dé chi cac loai tai sinh sinh dudng
(vegetative or somatic regeneration) co ban trong nhan giéng in vitro va
nudi cdy mo:

1.1. Nuoi cay dinh phan sinh (meristem-tip culture)

Phuong thirc nhan gidng bang cach dung cac phan rat nho cua dinh
chdi (shoot-tip) bao gdm moé phén sinh dinh riéng r& (single apical
meristem) va mam 14 non (young leaf primordia) dé kéo dai chdi (shoot
elongation) ngay sau d6. Kiéu nudi cdy nay duoc dung 1an dau tién dé lam
sach virus (virus-free) & thuc vat. Néu dung dinh phéan sinh khong thé séng
sot va tao ré mot cach doc lap, thi co thé thay thé béng phuong thire vi ghép
(micrografting).

Thanh cong dién hinh trong phuong thirc nay 1 nhan gidng cac ciy
mot 14 mam nhu hoa lan, dira, hué va chudi (protocorm hodc cum choi)...
hodc cay hai 14 mam nhu khoai tdy, ca chua va cuc (kéo dai chdi)...

1.2. Sinh san choi nach (axillary shoot proliferation)

Kiéu nudi cdy nay sir dung chdi ciia cac diém sinh truong bén va ngon
noi ma sy kéo dai ciia chdi tan cing (elongation of terminal shoot) bi kim
ham va su sinh san chdi nach duoc déy manh. Su diéu khién nay cho phép
nhan nhanh duoc cac chdi in vitro (microshoots), 13 cac chdi ¢ thé tach ra
va tao r& in vitro dé hinh thanh cay trong dng nghiém (microplants), hodc nd
c6 thé dugc cit ra riéng biét tao thanh cc canh giam in vitro (microcuttings)
dé tao ré bén ngoai in vitro.

Phuong thirc nay thuong duoc ap dung cho cac ddi tugng hai 14 mam
nhu cuc, ca chua, thudce 14...

1.3. Tao chdi bat dinh (adventitious shoot induction)

Loai nudi cdy cho phép hinh thanh cac chdi bat dinh hodc truc tiép
trén mau vat hoic gién tiép tir mo callus, mé mo callus nay hinh thanh trén
bé mat vét cat clia mau vat. Hé théng nudi ciy nay co nhu’ng yéu cau tuong
tu voi nudi cdy mo phan sinh dinh, n6 chi khac vé nguén miu vat va ngudn
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géc bat dinh cta cac chdi mdi. Mot sd loai mau vat duge dung nhu 1a doan
than (thudc 14, cam, chanh, ca chua, bap cai), manh 14 (thudc 14, ca chua, bap
ci, ca phé, ca cao), cubng 14 (thuy tién), cac bd phan cta hoa (stp lo, lua
my, thude 14), nhanh cu (ho hanh, ho lay on, ho thuy tién), doan mam (mang
tay)...

1.4. Phat sinh co quan (organogenesis)

Thuat ngit nay ding dé m6 ta qua trinh tai sinh cic chdi hodc/va r& bat
dinh tir cac khdi t& bao callus. Qua trinh ndy xay ra sau thoi diém ma mau
vat dugc dat vao moi trudong nuoi céy va bat diu cam ung tao callus. DPéi
v6i muc dich nhan gidng in vitro, néu tai sinh duoc cy hoan chinh truc tiép
tir mau vat nudi cdy ban dau thi khong nhitng nhanh chéng thu duoc cdy ma
céc cdy ciing kha déng nhat vé mit di truyén. Tuy nhién, trong nhiéu truong
hop md nudi cay khong ti sinh ciy ngay ma phat trién thanh khéi callus. Té
bao callus khi cdy chuyén nhiéu 1an s& khong 6n dinh vé mit di truyén. Dé
tranh tinh trang d6 nhét thiét phai st dung loai callus vira phat sinh, tic la
callus so cap dé tai sinh cy thi hy vong sé& thu dugc cay tai sinh dong nhat.

1.5. Phat sinh phdi v tinh (somatic embryogenesis)

Thuat ngit nay dung cho sy phat trién ciia cdc phoi hoan chinh tir cac
té bao sinh dudng dugc san xuat tir cdc ngudn miu vat khac nhau sinh
truong trong nudi cy in vitro. Thuat ngir tvong duwong ddi v6i su phat trién
phéi & thyc vt sinh truong trong diéu kién tu nhién 13 phat sinh phoi hiru
tinh (zygotic embryogenesis) va phat sinh ph6i vé tinh (apomitic
embryogenesis). Phoi vo tinh ¢ cau triic twong tuy phdi hiru tinh cta thuc
vat sinh truong trong diéu kién ty nhién. Diém khic nhau co ban giita phoi
httu tinh va phéi v tinh 1a phéi hitu tinh luén ludn di kém véi ndi nhil 1a co
quan du trit ning luong va chat dinh dudng phuc vu cho qua trinh nidy mam,
con ¢ phoi vo tinh hoan toan khong c6 ndi nhil. Phuong thirc tao phdi vo
tinh duoc tng dung rat hiéu qua trong san xuat hat nhan tao (synthetic seed).

2. Nhdn giéng in vitro va cdc hé thong nudi cdy mé

Phuong phap nhan gidng in vitro thuc chét 1a mot tién bo vuot bac cia
cac phuong phép nhan giéng vo tinh ¢ dién nhu gidm canh, gidm chdi,
chiét, ghép, tach dong... O day gid tri thyuc tidn cua cac tién bd khoa hoc k¥
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thuat 1a da bién nhitng phuong thirc ¢6 dién d6 thanh nhiing phuong thirc
hoan toan méi vé chat cho phép giai quyét nhirng kho khin ma phuong phap
b dién khong thé vuot qua. Vi du: k¥ thuét gidm canh chi c6 thé ing dung
thanh cong & mot s6 cdy trong nhat dinh, vi ring voi kich thude 5-20 cm
kha ning tao r& phu cta ving mé tuong tang gan vét cit hodc kha ning danh
thire chdi phu van bi cac ving té bao lan can va toan bd phﬁn con lai cua
doan gidm khdng ché. Néu tién hanh nudi cAdy miu mé véi kich thudce
5-10 mm, ttrc 1a 1am giam thé tich khéi mé xudng 10% 14n thi 1o rang moi
tuong tac gitta cac té bao va cac loai mé s& don gian di rat nhiéu, hiéu qua
tac dong cla cac bién phap nudi ciy s& phai cao hon. Sau dy 1a mot sb
phuong thirc nhan gidng in vitro:

2.1. Tai sinh cAy méi tir cac cau trac sinh dudng
2.1.1. Nudi cdy md phan sinh dinh hay dinh phan sinh

Phuong thirc nay sir dung cac bo phan nho nhat cua dinh chdi hay
dinh sinh truong (apex) 1am mau vat nudi cdy. N6 bao gdbm mo phan sinh
dinh va cac mam 14 non. Khai niém mo phan sinh dinh (ngon) chi dung khi
mau vat duoc tach tir dinh sinh truong cé kich thudc trong vong 0,1-
0,15 mm tinh tir chop sinh truéng. Trong thuc té mau vat dugc tach véi kich
thudc nhu vy chi khi nao ngudi ta tién hanh nuéi cdy voi muc dich lam
sach virus cho ciy trong. Thuong s& gip kho khan 16n trong viée nudi thanh
cong cac mo phan sinh dinh riéng r€ c6 kich thudc nhé nhu vay. Do do,
trong khuén khd nhan giéng in vitro nguoi ta thuong nudi cay ca dinh choi
hodc dinh sinh truéng. Pho bién nhat & cac ddi twong nhu phong lan, dia,
mia, chudi... dinh sinh truong dugc tach voi kich thude tir 5-10 mm, nghia
14 toan b mo phan sinh dinh va mot phan mé xung quanh.

Tuong quan gitra do 16n cta chdi nudi cdy, ty 1 sdng va muc do on
dinh vé& mat di truyén cua chdi duge biéu hién nhu sau: Néu do 1on tang thi
ty 1& sdng va tinh 6n dinh ting, néu do 16n giam thi ty 1¢ séng va tinh on
dinh giam. Nhung xét vé hiéu qua kinh t& nudi cdy (thé tich binh nuéi,
luong dung dich méi truong dinh dudng): Néu d6 16n ting thi hiéu qua kinh
té giam, néu d6 16n giam thi hiéu qua kinh té ting. Do d6, phai két hop hai
hoa duoc cac yéu té trén dé tim ra phuong thirc 14y mau tdi vu.
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Mot dinh sinh truong nudi cdy ¢ diéu kién thich hop s& tao mot hay
nhiéu chdi va mdi chdi s& phat trién thanh mot cdy hoan chinh. Xét vé
ngudn gde cua cac ciy do co ba kha ning:

- Cay phat trién tir chdi dinh (chdi ngon).

- Cay phat trién tir chdi nach pha ngu.

- Cay phat trién tir chdi méi phat sinh, vi du nudi cay doan tru dudi
mam (hypocotyl) cia cidy ming cau (Annona squamosa) s& cho xut hién rat
nhiéu mam (buds) trén mé nudi cdy, mot s6 mam sau d6 s& phat trién thanh
chdi (shoots) va tré thanh ciy in vitro hoan chinh (plantlet). Tuy nhién,
thuong kho phan biét duoc chdi pha ngu va chdi phat sinh méi. Cac phuong
thirc phat trién cdy hoan chinh tir dinh sinh truéng nudi ciy nhu sau:

- Phat trién cy truc tiép

Chua yéu & cac ddi tugng hai 14 mam (dicotyledon) nhu khoai tay,
thudc 14, cam chanh, hoa ctc... vi du khoai tay (Solanum tuberosum):

Mam (dinh sinh truéng) — Choi nach — Cay (Hinh 4.1)

mam -

Hinh 4.1. Sy phat trién ciy truc tiép. A: mam khoai tay. B: su kéo dai mam
khoai tdy trong nudi cdy va phat sinh chdi nach, cac doan than mang chdi nach

s€ dugc tach ra va cay chuyén trén cung moi truong dé nhan nhanh.

- Phat trién ciy thong qua giai doan protocorm

Chu yéu gip & cac dbi twong mot 14 mam (monocotyledon) nhu phong
lan, dua, hu¢... Cuing moét lac dinh sinh truong tao hang loat protocorm
(proembryo) va céc protocorm nay cé thé tiép tuc phan chia thanh cac
protocorm méi hodc phit trién thanh cdy hoan chinh. Bang phuong thiic nay
trong mat thoi gian ngén nguoi ta co thé thu dugc hang tri€u ca thé, vi du
Hoa lan (Orchidaceae):

Dinh sinh truong — Protocorm — Cay (Hinh 4.2)
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S \ \ M6 phan sinh dinh
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))))1
Dinh phan sinh duoc
tach ra dé& nuéi cay

A

Hinh 4.2. Phat trién ciy qua giai doan protocorm. A: dinh sinh truong. B:
Protocorm hinh thanh tir nuéi cay dinh sinh truong,

Céc dbi tugng hoa lan da mang lai hi¢u qua kinh té dic biét cao. Sau
nhitng két qua dau tién & chi Cymbidium cta Morel (1966), dén nay ngudi
ta da thu dugc két qua rat t6t & khoang 30 chi khac nhau ctia ho nay. S¢ di
nhan gidng vo tinh hoa lan dat duoc thanh cong 16n va duogc tmg dung rong
rai nhu vay la vi hoa lan c6 phuong thirc sinh sdn qua protocorm. Nho cé
phuong thirc nhan gidng nhanh va ré tién ma hoa lan von dat tré nén c6 gia
phai ching va dugc nhiéu ngudi ua chudng. Nhitng thanh céng ¢ ho lan
khong nhitng chi 13 bang chimg ma con md dudng cho viée tmg dung k¥
thuat nay ddi v6i cac loai cdy khac.

Linh vuc tmg dung méi dy nhat ciing da bat ddu co két qua 1a cac cay
an qua va cay lam nghiép, trong dé c6 cac cady quy nhu ca phé, tdo, 1€,
thong, bd dé... Tong s co trén 30 chi khac nhau dd duoc nudi cdy thanh
cong. Do céc cdy trong rimg va cic cdy an qua la nhiing cay trong lau nim
nén moi chi phi ban dau trong nhan gidng in vitro déu c6 thé chip nhan
duoc.

- Ghép dinh chdi (shoot apex grafting) hay vi ghép

V& nguyén tic, vi ghép 1a nudi cay dinh sinh trudng, nhung thong qua
dinh dudng tu nhién ciia gdc ghép. Dinh sinh truong ding lam méc ghép co
kich thudc khoang tir 0,2-0,5 mm dugc tach tir bup non dang sinh trudng
manh cﬁa cdy me truong thanh, gbc ghép 1a mam gia méi nay mam tir hat
ctia giéng hoang dai, toan bd ciy ghép duoc nudi dudng trong dleu kién 6ng
nghiém vo trung. Phuong thire nay thu’orng ding dé tao ra cac gidng cay an
qua sach bénh virus nhim cung cip mat ghép va canh chiét dau dong lam
nguyén liéu nhan gidng cho san xuat dai tra. Phuong thirc nay cho phép thu
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duoc cay hoan toan sach bénh va mang dac diém di truyén cua cay me cho
mat ghép.

C6 nhidu cach ghép khac nhau, ching han: (1) Ghép 1én mit cat: dat
mit ghép truc tiép 1én bé mat 1at cit, trén ving tuwong tang. (2) Ghép chir T-
nguoc: ding dau nhon cua ludi dao cét 16 ghép hinh chit T-ngugc, chan chit
T 12 mit cit dé dé boc 16 ving twong tang. (3) Ghép ham éch: khoét trén
than mam cach mat cit 5 mm mdt vét 1dm hinh ham éch, chiéu sau vét 16m
bang chiéu day 16p vo. Dit mét ghép vao day ham éch (Hinh 4.3).

1. Ghép 1én mét cit

Vo
Tugng tang

~—— LOi

— 2. Ghép vao vét T-ngugc

Q— 3. Ghép vao 18 trén than

Hinh 4.3. Vi tri mit ghép trong ba kiéu vi ghép khac nhau

2.1.2. Nudi cay chdi bat dinh (adventitious shoot culture)

He¢ thong nudi cdy nay c6 nhitng yéu cu tuong ty véi nudi cdy mod
phan sinh dinh, n6 chi khic vé nguon mau vat va ngudn gdc bat dinh cua
cac chdi méi. Pinh chdi bat dinh méi co thé phat trién hodc truc tiép trén
mau vat hodc gian tiép tir mo callus, ma mo callus nay hinh thanh trén bé
mit vét cit cia mau vat (Hinh 4.4). Mot s6 loai mau vat dugc dung nhu sau:

- Poan than: thudc 14, cam, chanh, ca chua, bép cai...

- Manh l4: thudc 14, ca chua, ba'ip cdi, ca phé, ca cao...

- Cudng 14: thuy tién. ..

- Cac bo phan cta hoa: stp lo, lta my, thudc 14. ..

- Nhénh cu: ho hanh, ho lay on, ho thuy tién...
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- Poan mam: mang tay...

Hinh 4.4. Tai sinh chdi bat dinh va nhan giéng in vitro cay Hylotelephium
sieboldii. A: Chdi bat dinh. B: Céy in vitro hoan chinh.

Su phat sinh chdi bat dinh truc tiép bat dau béng cac té bao nhu mod
(parenchyma cells) nam ¢ trong biéu bi hodc ngay phia dudi bé mat cta
than; mot s6 té bao nay trd thanh mo phan sinh va cac tai nhod goi 1a thé
phan sinh (meristemoids) phat trién. Cac thé phan sinh nay rd rang c6 ngudn
gdc tir cac té bao don. Tuy nhién, chiéu huéng phan tng cua thuc vat ciing
ty thudc vao nong dd phytohormone. Nghién ctru su tao chdi & mo nudi
cdy cua cdy linh sam Douglas cho thiy cytokinin (BAP 5 uM) can thiét cho
su phat sinh chdi bat dinh, nhung c6 ba kiéu phan tmg khac nhau c6 két qua
tiy thudc vao néng do cia auxin dugc cung cap. Nong do auxin thap (NAA
<5 uM) chi ¢6 chdi phat trién. Khi nong d6 auxin cao hon (NAA > 5 uM) 14
mam tao ra ca callus va nhiéu chdi. Khi cung cip chi riéng auxin (NAA =
5 uM) thi chi c6 callus dugc tao thanh.

Sy phat trién cac chdi bat dinh gian tiép dau tién qua giai doan hinh
thanh callus co s& (basal callus) tir cac chdi dugc tach trong nudi cdy. Cac
chdi sau d6 phat trién tir ngoai vi mo callus va khong co quan hé ban dau
v6i cac mo c6 mach dan (vascular tissue) cia mau vat.

2.2. Nhan gidng théng qua giai doan callus

Trong khudn kho ctia muc dich nhan gidng in vitro néu tai sinh dugc
cdy hoan chinh truc tiép tr miu vat nudi cdy ban dau thi khong nhimng
nhanh chong thu duoc cdy ma cac cy ciing kha dong nhat vé mat di truyén.
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Tuy nhién, trong nhiéu trudng hop mé nudi cdy khong tai sinh cay ngay ma
phat trién thanh khéi callus (Hinh 4.5).

Hinh 4.5. Callus (A) va tai sinh chdi tir callus (B) ciia chi Lilium

Té bao callus khi cdy chuyén nhiéu lan s& khong on dinh vé mit di
truyén. Dé tranh tinh trang d6 nhat thiét phai st dung loai callus vira phét
sinh, tic 14 callus so cip dé tai sinh cay thi hy vong s& thu dugc ciy tai sinh
ddng nhat. Thong qua giai doan callus con c6 thé thu dwoc nhing ca thé
sach virus nhu truong hgp cia Kehr va Sehaffer (1976) thu dugc ¢ toi.

2.3. Nhan gidng thong qua phat sinh phdi vo tinh-cong nghé hat nhan tao
2.3.1. Phoi v tinh

Mot phuong thirc nhan giéng vo tinh nira 1a tao phdi vo tinh tir té bao
callus. Nam 1958, Street va Reinert 13 hai tic gia dau tién mo ta sy hinh
thanh phéi vo tinh tir cac té bao don cua ca rét (Daucus carota). Dén nim
1977, Murashige cho rang phoi vo tinh c¢6 thé trd thanh mot bién phép nhan
gidng in vitro. O mot s loai, sy phat sinh phéi vo tinh hinh thanh truc tiép
tir nhitng phoi bat dinh (adventitious embryos) nam trong phoi tim (nucellar
embryos). Dén nay, cong nghé phoi vo tinh duogc coi 1a cong nghé rat co
trién vong cho nong nghiép trong thé ky 21.

Phoi vo tinh 13 cac ca thé nhan gidng (propagules) co cuc tinh bt
ngudn tir cac té bao soma (Hinh 4.6 va 4.7). Chung rat giéng phoi hiru tinh
(zygotic embryo) & hinh thi, qua trinh phat trién va sinh 1y, nhung do
khong phai 1a san pham ciia sy thy tinh giira giao tir duc va giao tir cai, va vi
vay khong c6 qua trinh tai to hop di truyén (genetic recombination), céac
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phéi vo tinh c6 ndi dung di truyén gidng hét véi cac té bao soma da sinh ra
chung.

O truong hop phéi hitu tinh, sy két hop giao tir duc va céi cho ra hop
tir (zygote). Hop tir phan chia nhiéu 1an tao nén phéi hitu tinh c¢6 céu trac hai
cuc: & va ngon. Khi hop tir phat trién, mién sinh truéng ré va mién sinh
truong ngon ciing phét trién va cubi cing tao thanh ciy hoan chinh, qua cac
giai doan phoi hoc nhu sau:

- Trudng hop cay hai 14 mam:

Dang cau — dang thuy 16i — dang c6 14 mam

- Truong hop cay mot 14 mam:

Dang ciu — dang scutellar — dang diép tiéu

Hinh 4.7. Phoi vo tinh ciia chudi (A) va nudi cAy phat trién phdi vo tinh (B)
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Bang 4.1. Mt sb cdy trdng c6 gia tri kinh té dwoc nhin gidng bing phwong
thire phat sinh ph6i v tinh in vitro

Stt Tén khoa hoc Tac gia
1 Citrus Stevenson (1966), Rangan et al.
(1968), Jumin et al. (1996)
2 Theobroma cacao Litz (1986), Alemanno et al. (1996)
3 Coffea arabica Sondahl and Sharp (1977), Boxtel et
al. (1996)
4 | Coffea canephora Berthouly et al. (1996), Boxtel et al.
(1996)
5 Hevea brasiliensis Carron and Enjalsic (1985)

6 C. cogiensis x C. canephora Boxtel et al. (1996)

7 Eugenia Litz (1984)

8 Camellia sinensis Ponsamuel et al. (1996)

9 Medicago suffructicosa Li et al. (1996)

10 | Saccharum officinarum Aftab et al. (1996)

11 | Docynia indica Litz (1985)

12 | Malus domestica Eichholtz (1979)

13 | Picea sitchensis Moorhouse et al. (1996)

14 | Mangifera indica Litz (1982), Pliego-Alfaro et al.
(1996)

O rat nhidu cdy, nguoi ta nhan thdy cac té bao dang phan chia vo t6
chirc di tao nén callus khi nudi cdy. Co thé thay d6i hudng phat trién ciia
chung dé tao ra cac phodi vo tinh vai cac budce phat sinh hinh thai rat gidng
v6i trudng hop phéi hitu tinh. Diém khac nhau co ban giita phoi hitu tinh va
phoi vo tinh 1a phoi hitu tinh ludén ludn di kem véi ndi nhil 1a co quan du trix
nang luong va chét dinh dudng phuc vu cho qué trinh nay mam, con & phoi
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vo tinh hoan toan khong c6 ndi nhii. Sy khac nhau nay khéng chi dang cha y
vé mat khoa hoc ma con 1a mot yéu tb rat quan trong trong cong nghé phoi
VO tinh.

Kha ning tao phoi vo tinh trong nudi cdy mé thuc vat, ngoai cac diéu
kién vat ly, hoa hoc thuan lgi cho sy tao phoi, con phu thudc rat 16n vao
loai, vao cac gidng (cultivars), dong (strains) trong ciing mot loai. Kha ning
nay dugc ching minh 1a do mgt hodc mot vai gen phu trach. Vi vay, béng
bién phap lai tao ¢ thé chuyén kha ning tao phdi vo tinh cao tir ciy ndy qua
cay khéc.

2.3.2. Cong ngh¢ hat nhan tao

Hat nhén tao (artificial seed hodc synthetic seed) 1a phdi v6 tinh boc
trong mot 16p vo polymer nhu agar, agarose, alginate... Trong cau tric ludi
ctia cac 16p vo do, nudc, chat dinh dudng va chét sinh truong dugc cung cap
thay cho noi nhil, gitip cho phdi vo tinh c6 thé nay mam trd thanh ciy hoan
chinh (Hinh 4.8).

Hinh 4.8. Hat nhén tao ciia gidng tio M.26

Trong viéc san xudt cic hat nhan tao thong qua phdi vo tinh tir nudi
cay dich 1ong, thi ndi phan tng sinh hoc (bioreactor) 14 thiét bi khong thé
thay thé duoc.

Do phéi vo tinh ciing co thé nay mam va phét trién thanh cdy hoan
chinh, nén k¥ thuédt hat nhan tao da dugc nghién ctru va ung dung thanh
cong & nhiéu nude. Hat nhan tao gdm c6 ba phan:

- Phoi vo tinh
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- Vo boc polymer (alginate)

- Mang ngoai (calcium alginate)

C6 nhiéu loai polymer tu nhién di dwgc thr nghiém dung cho cong
nghé phoi v tinh, trong do alginate dugc coi 1a tot nhat. Alginate 13 mot
polymer sinh hoc, dugc chiét tir rong bién ma chu yéu 1a cac loai thudc chi
Sargassum. Aliginate do cic phan tir manuronic acid gin véi nhau tao
thanh, gidng nhu cic phan tir glucose tao nén cellulose. Pic diém quan
trong nhat cua alginate 1a chiing & dang hoa tan trong nuéc khi két hop véi
céc ion héa tri mot (monovalent) nhu: Na*, K¥, NH} ... va lap tirc chuyén
sang dang khong tan trong nuéc khi két hop v6i cac ion hoa tri hai
(divalent) hodc da hoa tri (polyvalent) nhu: Ca®*, Mg®*, AI**,... Néu nho
mot giot dung dich sodium alginate vao dung dich CacCl, thi sodium alginate
& phan dién tich ngoai ctia giot s& chuyén hoa ngay thanh calcium alginate
va tao nén mot mang khong thadm nude hinh thanh cac vién alginate.

2.3.3. Nhan gidng trong cac ndi phan tng sinh hoc

Trude day, cac ndi phan ung sinh hoc hay con goi 1a binh 1én men
(fermenter) chu yéu dugc ding cho cong nghé vi sinh. Trén co s& cac thiét
bi d6, v6i mot s6 cai tién, nhidu tic gia da nhan giéng thanh cong nhiéu loai
phoi vo tinh va céac thé chdi, cum chdi hodc ca nho.

Phoi v6 tinh ca phé dugc san xuat thanh cong ¢ Brasil trén cac ndi
phan tmg sinh hoc dung tich tir 2-4 lit. N6i van hanh theo cic nguyén tic
ctia mot binh 1én men (c6 thé khong dung canh khudy ma chi ding bot khi
dé thuc hién viéc suc khi va truyén nhiét). Moi mé co thé thu dugc 4-5 tridu
phoi vo tinh ca phé. O Indonesia, cum chdi dira dugce dua vao san xuét thanh
cong vai binh 1én men 10 lit. Piém dang chu ¥ trong cong nghé nay 1a thay
vi bom khi vao ndi phan tmg, dich long nudi cdy (méi truong méi) duoc
bom vao ndi va hiit ra (mdi truong cii) theo chu ky ngin, nhd vdy mo va té
bao thuc vat c6 di oxy va chat dinh dudng dé phat trién manh. Phuong thirc
nudi cay nay duoc goi 1a nudi cdy thé 6n dinh hoa tinh (chemostat culture).

Cu siéu bi (microtuber) duoc thi truong qudc té cong nhan 13 dang
khoai tay giéng ciia thé ky 21. Cu khoai tdy siéu bi co kich thudc bang hodc
nhé hon hat ngd, hoan toan sach bénh virus dugc cong ty Microtuber Inc.
(M¥) san xut trong cac ndi phan tng 1a cic doan than khoai tdy nhan giéng
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bang nubi cdy mo theo phuong phap kinh dién. Trong ndi phan tng, cic
doan than duoc kich thich ra ré va tao ct nho. Hién nay, Microtuber Inc. ¢
thi truong & Bac My va Ha Lan. Nbi phan tng ¢ hing Microtuber Inc. 1a cac
éng nhya kin chiu nhiét, dudong kinh 15 cm, dai 50 cm, qué trinh tao cu hoan
toan khong can chiéu sang.

Hinh 4.9 mo ta cac phuong thirc phd bién dé phat trién cay hoan chinh
trong nhan giéng in vitro.

Nuéi céy . % %
phoi
Nudi cay % %
co quan @ -
Y
=

Nudi cay °
callus - | i
Cay trwdng ;» —_— e —_— _ Ca}/ trwo'pg
thanh . thanh méi

Nudi cay

e a8

Hinh 4.9. Cac phwong thire tao ciy hoan chinh in vitro

3. Cdc giai doan trong quy trinh nhdn giong vo tinh in Vitro

Quy trinh nhén gidng vo tinh in vitro duoc thuc hién theo ba (hoic
bon) giai doan tuy theo cach phén chia cua tung tac gia:

- Cay gay

- Nhéan nhanh

- Chuan bi va dua ra ngoai dat

3.1. Giai doan I-cay gay
DPua mau vt tir bén ngoai vao nudi cay vo trung phai dam bao nhiing
yéu cau sau:

- Ty 1é nhiém thap
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- Ty 1é sbéng cao

- Téc d6 sinh truong nhanh

Két qua budc ciy giy niy phu thudc rat nhiéu vao cach 1dy mau. Quan
trong nhat van 1a dinh sinh truéng, choi nach, sau dé la doan hoa tu, hoa,
doan than, manh 14, re€...

Chon dGng phuong phap khir tring s& cho ty 1& sdng cao va moi
truong dinh dudng thich hop s€ dat dugc tdéc do sinh truong nhanh.

Mot sb dang mai truong dinh dudng phd bién:

- Mubi khoang: Theo White (1943), Heller (1953), Murashige va
Skoog (1962) (Bang 4.2).

- Chét hitu co:
+ Puong saccharose 1-6 %.
+ Vitamin: B1, B6, myo-inositol, nicotinic acid.
+ Amino acid: Arg, Asp, Asp-NH,, Glu, Glu-NH,, Tyr.
+ Phytohormone:
= Nhom auxin: IAA, IBA, NAA, 2,4-D...
= Nhom cytokinin: BAP, kinetin, 2-iP, zeatin...
= Nhom gibberellin: GAs.
Tuy theo ting loai, timg bd phan nudi cay va timg muc dich nudi cay
ma bo sung cac ham lugng va thanh phan phytohormone khéc nhau.

3.2. Giai doan II-nhan nhanh

O giai doan nay ngudi ta méi kich thich tao co quan phu hodc cac cau
truc khac ma tir d6 cdy hoan chinh c6 thé phat sinh. Nhiing kha nang tao cay
do la:

- Phat trién chdi nach

- Tao phoi vo tinh

- Tao dinh sinh truéng méi

Trong giai doan nay can nghién ctru cac tic nhan kich thich phan hoa
co quan, dac biét 1a choi nhu:
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Bing 4.2. Thanh phin méi truomg Murashige va Skoog (1962)

Thanh phén Nong dd Thanh phén Nong dd

(mg/L) (mg/L)

1. Céc nguyén té da

luwong FeS0O,.7H,0O 27,8

MgS0,.7TH,0O 370 Na,EDTA.2H,0 37,3

KH,PO, 170

KNO, 1900 3. Nguan carbon

NH4NOs 1650 Sucrose 30000

CaCl,.2H,0 440

2. Céc nguyén t6 vi 4. Phy gia hitu co

luong - C4ac vitamin

H3BO3 6,2 Thiamine.HCI 0,5

MnSO,.4H,0 22,3 Pyridoxine.HCI 0,5

ZnS0,.7H,0 8,6 Nicotinic acid 0,5

Na;M00,.2H;0 0,25 myo-inositol 100

CuSQ4.5H,0 0,025

CoCl,.6H,0 0,025 - Cdc chat khdc

Kl 0,83 Glycine 2

- B6 sung t6 hop phytohormone mdi (ting cytokinin giam auxin).
Tang ty 1 auxin/cytokinin s& kich thich mé nudi cdy tao ré va nguoc lai sé
kich thich phét sinh choi.

- Tang cudng thoi gian chiéu sang 16 gid/ngay, tdi thiéu 1.000 lux.
Trong thyc té nghién ctru, ngudi ta nhan thdy kho tach biét anh hudng cua
chu ky chiéu sang khoi anh huong ciia cuong do chiéu sang. Anh sang tim
1a thanh phin quan trong kich thich phan héa manh. Anh sing d6 c6 anh
hudng gidng cytokinin (cytokinin-like effect), nd tao nén sy tich lity
cytokinin trong mé ctia mot sb loai, chinh lugng cytokinin nay da gop phan
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kich thich qué trinh phat sinh co quan va tao chdi tir nhitmg mé nudi cdy in
vitro.

- Bao dam ché d6 nhiét d6 trong khoang 20-30°C. Trudng hop nhitng
loai c6 ngudn gdc nhiét d6i, nhiét 46 nudi ciy thich hop vao khoang tir 32-
35°C. Nguoc lai, ddi voi nhiing loai hoa ¢ viung 6n doi nhiét do thich hop
cho qué trinh tao cum chdi phai < 30°C.

Muc tiéu quan trong nhét cua giai doan nay 1a x4ac dinh dugc phuong
thirc nhan nhanh nhat bang mdi trudong dinh dudng va diéu kién khi hau tdi
thich.

3.3. Giai doan III-chuan bj va dua ra ngoai dat

Pay 1a giai doan quan trong bao gdm viéc tao ré, huin luyén thich
nghi véi thay ddi nhiét do, do 4m, su mat nudc, sdu bénh va chuyén tur trang
thai di dudng sang ty dudng hoan toan. Giai doan nay thuong bi béd qua mét
cach thiéu can ct.

Céac nghién ctru vé cau tric cua la khoai tdy nudi cdy in vitro va so
sanh voi 14 cdy khoai tiy trong bén ngoai cho thay ching rat khac nhau.
Diéu d6 ching t6 phai tién hanh thich nghi din dan cdy nhan gidng in vitro
v6i diéu kién ty nhién. Qua trinh thich nghi ¢ day phai duoc hiéu 13 qua
trinh thay d6i nhitng dic diém sinh 1y va giai phiu cta ban than ciy non do.
Thoi gian t6i thiéu cho sy thich nghi 1a 2-3 tuan, trong thoi gian nay cay
phai dugc chim séc va bao bé trude nhimng yéu té bat loi sau:

- Mat nuéc nhanh 1am cho cay bi héo kho.

- Nhiém vi khuan va nim gay nén hién tuong théi nhiin.

- Chay 14 do ning.

4. Nhdn giong in Vitro va viéc sir dung giong wu thé lai

Trong chin nudi, viéc str dung giéng vat nudi mang uu thé lai ¢ thé hé
F; da tro thanh bién phép ting ning sut quan trong bac nhét.

O nganh trong trot, gidng wu thé lai méi chi duge tng dung & mot s6
ddi tugng nhu: ngo, ca chua, laa, cai dau, bép cai, hanh tay, mang tay, va
dic biét 1a cac gidng hoa...
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St dung uu thé lai khong nhiing 1am ting ning suét tir 20-40%, ma
gidng lai con c6 dic diém la rat dong déu so v6i gidng bd me. Tinh dong
déu cua giéng 1a tién dé& quan trong cho san xuét theo phuong thirc cong
nghiép. O sup-lo ching han, phuong thirc san xuat cong nghiép doi hoi phai
thu hoach toan bd dién tich béng co gidi vao mdt thoi diém. Piéu nay chi
duoc thyc hién khi st dung gidng wu thé lai F;. Néu dung gidng thuan
ching theo phuong thirc ti phdi thi khong dam bao, vi & cac gidng rau ho
cai (Brassicaceae) thudng xuat hién hién twong bt tu thu. Vi vay, phuong
phap nhan gidng va bao quan giéng trong éng nghiém dbi véi mot sé gidng
rau va gidng hoa c6 mot y nghia kinh té cao.

Van dé dit ra hién nay 1a phai nghién ctru cdc quy trinh nhan giéng in
vitro toi wu cho ting loai ciy trong va cai tién quy trinh d6 dé giam téi muc
dbi da cac ton kém vé nhéan cong lao dong trong cac cong doan nudi cdy va
dua cdy con ra ngoai dat.

5. Nhdn giong in Vitro va cdc ddc diém khéng di truyén

Bén canh nhitng déc diém di truyén ¢ thuc vat nguoi ta con phat hién
dugc hang loat ddc diém (hinh thai va sinh 1y) khong di truyén, d6 13 cac dic
diém epigenetic. Qua trinh nhan gidng in vitro c6 anh hudng téi cac dic
diém khong di truyén nay.

5.1. Hién tuong cac dic diém epigenetic duoc luu lai

Nghién ciru nhan gidng vo tinh vé cay Phyllanthus amarys (cay cho
dé) cho thay:

Phyllanthus 1a mot loai cdy co c6 than thing ding va canh ngang
gidng 1a kép nhung lai ¢ nach 14 va c6 hoa cho nén van tam coi nhu canh
ngang. L4 & than dimg xép theo kiéu xoan dc, nhung & canh ngang 13 twong
dbi so le.

O néch 14 c6 canh ngang, chdi nach phat trién manh thanh canh thang
dtng nhu than. Néu cit canh ngang dé wom thi s& thu duoc canh ngang dai
hang mét. Canh ngang phat trién vo han theo mot chwong trinh “ngang”
dinh truéc. Néu wom canh thang thi s& thu duoc cy thang dimg. Nhu vay,
mo phan sinh cta canh khiac mé phan sinh ctia than va khi nhan giéng vo
tinh cac bo phan khac nhau sé& thu duoc cic dang cay khac nhau. O ddy mo
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phan sinh dinh diéu khién mé phan sinh canh phat trién theo hudéng ngang.
Néu cit bo mé phan sinh dinh sém thi canh ngang s& phat trién thanh canh
dimng.

Té bao sinh trudng dinh (organisator) diéu khién sy hoat dong cua cac
té bao khac (twong tu nhu & dong vat). Hién twong diéu khién huéng phat
trién nay c6 mot y nghia thuc tién rat 1on.

Céc ciy ca phé va ca cao cung co dic diém xép canh twong tu nhu
vay, do d6 khi tién hanh nhan giéng vo tinh cac loai cay ndy phai chu y dén
hién twong diéu khién hudéng phat trién nhu & Phyllanthus.

5.2. Hién tuong cac dic diém epigenetic khong luu lai

Nhan giéng vo tinh in vitro gidng dira Cayen khong gai thong qua
phan chia protocorm ngudi ta thu dugc mot ty 1é dang ké cac ca thé c6 gai.

Binh thuong trong k¥ thuat trong dira nguoi ta st dung hom dta co
kich thudc kha 16n 15-30 cm. Pic diém khong gai da dugc chuong trinh hoa
trong cac dot c6 kich thuéc 16n nhu vdy va vuon dira trong nhu vdy déu
khong c6 gai. Vi sao khi tach dinh sinh truéng va nudi cay thanh protocorm
va cay dira non thi gai lai xudt hién.

C6 thé & giai doan sinh Iy sém ciia protocorm va qué trinh nudi cy
dinh sinh truéng phan 1dp, mo6 phén sinh cta nhiing cay dura non tuong lai
da dugc giai phong mot phan khoi anh huong cua to chire diéu khién va vi
thé chung phat trién tu do theo dic diém co gai clua thé hé xa xua. Hién
tugng tuong tu ching ta cling bat gip & trudng hop cdy cam khong gai. Khi
gieo hat hodc nudi cay phdi vo tinh tir mod phoi tAm sé& thu dugc nhimng ca
thé c6 gai.

Hién nay, vin dé nay dang dugc quan tim vi mot s6 ddc tinh chdng
chiu nhu chiu man, chiu bénh, chiu lanh van thudng 1a nhimg dic tinh
epigenetic va liéu thong qua nhan gidng in vitro cac dic tinh d6 c6 con dugc
gitr lai hay khong.

ITI. Cac k¥ thuit chuyén gen & thue vt

Chuyén gen 1a k¥ thuat sir dung DNA tinh khiét dé dua vao co thé hay
té bao khac va theo ddi biéu hién cua thong tin di truyén méi nay. Dé
chuyén gen vao té bao vat chi mot cach hiéu qua, cac cAu tric di truyén can
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duoc thiét ké thich hop cho su hop nhét va biéu hién cia cac gen ngoai lai.
Céu truc di truyén phai mang mot gen chi thi chon loc (selectable marker
gene: gen méd héa mot protein khir doc cta hoa chat bd sung trong moi
truong nudi cdy, cho phép sinh truéng wu tién cta cac té bao ¢ DNA ngoai
lai dwoc hop nhat) hoac sang loc (screenable marker gene: gen ma héa mot
protein cho két qua trong san phim séng s6t nhd d6 c6 thé xéac dinh té bao
bién nap thé hién gen) dé nhan biét hiéu qua chuyén gen.

Mot céu tric di truyén co ban bao gdm: trinh tu khoi dong (promoter),
gen mi hoa (coding gene hay con goi la gen cdu tric-structure gene) va
trinh tu két thuc (terminator). Cac gen ma hoa c6 thé duoc dua vao mo thuc
vét nho vao cac plasmid vector. Hai promoter chii yéu thuong duoc st dung
cho bién nap gen & thuc vat 1a: promoter CaMV 35S (cauliflower mosaic
virus) thich hop cho su biéu hién cia DNA ngoai lai & cdy hai 14 mam va
promoter ubiquitin ctua ngd thich hop cho su biéu hién manh cia DNA
ngoai lai & cAy mot 1a mam.

Cac mau vat (cac bd phan cia cdy hodc md) thich hop nhat cho
chuyén gen 13 nhitng mau vat doi hoi thoi gian nudi cy trude va sau khi
chuyén gen ngin nhit. Nhiéu nghién ctru cho thay thoi gian kéo dai cua mé
nudi cdy thudng tao ra cac dot bién di truyén lam mét kha nang tai sinh ctia
cac cdy duoc chuyén gen. Cac miu vét duoc st dung trong chuyén gen
thuong 1a: protoplast, phdi non hoic callus c6 ngudn gde tir hat (Iaa mi), cac
mo nudi cdy phat sinh cum chdi, tru phéi (c6 ngudn gde tir cac hat non hoic
hat gia), va mo phan sinh & cdy hai 14 mam (legumes, bong...). Trong mot sb
truong hop, chuyén gen thong qua nudi cdy phat sinh phdi (embryogenic
culture) cling c6 thé thuc hién duoc, chang han & cac loai tung bach, cac loai
cdy an qua va mot sd loai khac.

Céc phuong phap chuyén gen c6 thé bi hodc khong bi gi6i han boi cac
genotype khéc nhau cua thuc vat. Tuy thudc vao muc dich ung dung, c6 thé
thiét ké cac phuong thirc chuyén nap thich hop cho timg genotype. Trong
nhitng nghién ctru co ban, nguoi ta thuong tap trung tim hiéu vé cau tric va
chtrc ning ciia cdc gen chuyén nap, khao sat cac promoter va cic co ché
phan tr & thue vat dé c6 thé chuyén gen thanh cong vao céc loai khac nhau.
Céc thi nghiém chuyén gen dau tién da str dung Agrobacterium tumefaciens
dé dua vao cay thudc 14 cac gen khang khang sinh. Agrobacterium la vat
truyén hiru hiéu dé dua cac DNA ngoai lai vao trong cac loai thudc ho ca
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(Solanaceae), nhung & mot sb cay trong khac quan trong hon viée sir dung
n6 con gip nhidu han ché. Tré ngai 16n nhét 1a tinh dic trung vat cha cua
Agrobacterium, mic du nhitng tién bo gan day da cho phép tmg dung thanh
cong trén mot s gidng cdy trong. Su phét trién cua cac phuong phap tai
sinh cay hoan chinh tir callus va protoplast d@ m¢ ra mdt huéng maéi cho
cong nghé di truyén thuc vat thong qua cac phuong phép chuyén gen truc
tiép. Nho su phat trién ciia phuong phép ban gen-dua trén co sd ting gia tde
ctia cac hat kim loai ning mang nguyén liéu di truyén vao trong mé thuc
vét-viée chuyén gen & cac loai cdy trong dd gip nhiéu thuan loi hon. Cac
phuong phap chuyén nap khéc ciing c¢6 hiéu qua ddi véi timg truong hop
dic biét, nhung kha ning tng dung rong rai cua ching bi han ché. Chang
han, phuong phép chuyén gen vao té bao bang xung dién (electroporation),
phuong phap xtr 1y héa hoc bang PEG (polyethylene glycol), phuong phép
vi tiém (microinjection) dwa DNA ngoai lai truc tiép vao té bao, phuong
phap dung silicon carbide lic véi t& bao c6 tac dung nhu cac miii kim nho
gitip DNA bén ngoai xdm nhap vao bén trong té bao, phuong phap siéu am,
phuong phap chuyén gen qua éng phén...

Mic du hién nay viéc chuyén gen dd duoc tién hanh ¢ nhiéu loai
nhung van con gip nhiéu kho khin, cha yéu & cac qua trinh thao tac. Hai
nhan té then chét thuc day su phat trién ciia cong nghé gen & thuc vat bac
cao la: cac phuong phép tai sinh cy hoan chinh tir nhitng té bao chuyén nap
va cac phuong phap dua DNA ngoai lai vao cac loai thuc vat khac nhau.
Mudn chuyén mot gen thanh cong cin phai ching minh hiéu qua cua
phuong phap chuyén nap, nhung d6i khi cac loai dugc nghién ciru hodc
khong thé tai sinh duoc cdy tir cac mo khong phan hoéa, hodc ¢ thé tai sinh
nhung sau d6 kho phat trién thanh cay hoan chinh. Do d6, hai nhan té ndi
trén thuong duoc nghién ciru phat trién song song. Co nhiéu phwong phap
chuyén gen khac nhau & thyc vat, nhung ¢ day chi trinh bay mét vai phuong
phap chu yéu:

1. Chuyén gen gidn tiép théng qua Agrobacterium
1.1. Vi khuan Agrobacterium

Agrobacterium tumefaciens va Agrobacterium rhizogenes 1a hai loai
vi khuan gay bénh cho thuc vat dugc sir dung nhu céac vector tu nhién dé
mang cac gen ngoai lai vao mé va té bao thuc vat. A. tumefaciens c6 chira
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mot plasmid 16n kich thudéc khoang 200 kb goi la Ti-plasmid (tumor
inducing plasmid) chinh la tic nhan gay bénh cho cay. Khi cdy bi nhiém A.
tumefaciens qua cac vét thuong, biéu hién bénh 16 nhét 1a cac khdi u duoc
hinh thanh & ngay chd lay nhiém. Sy hinh thanh khéi u sau d6 c6 thé tiép
tuc ma khong can thiét phai c6 su hién dién cua vi khudn. Kha ning nay cé
duoc do A. tumefaciens da chuyén mot doan DNA cua Ti-plasmid (T-DNA)
xam nhdp vao hé gen cua cay bi bénh.

1.2. Ti-plasmid

Trong thé gii dong-thuc vat déu ton tai cac thé plasmid, do 1a cac
vong DNA tu sinh san doc lap. O vi khuan va dong-thuc vat, plasmid lién
quan t6i yéu t6 gidi tinh cta té bao, dén kha nang chdng chiu cac loai khang
sinh... Dac diém quan trong cta plasmid 1a ching c6 thé lién két vao nhiém
sac thé nhung ciing c6 thé ton tai bén ngoai nhiém sic thé mot cach doc lap.

Cac plasmid cua Agrobacterium dugc sir dung vao cong nghé gen
thuc vat ¢ hai dang vector cis va trans. Pay 1a hai dang vector rat thuan loi
dé tai to hop gen ngoai lai va chuyén vao té bao thyc vat. Dang cis chi st
dung Ti-plasmid va té bao vat chu la Agrobacterium tumefaciens ma khong
¢6 su tham gia cua cac plasmid va vi khuan khac. Ving T-DNA cua Ti-
plasmid duoc thiét ké lai dé gan nhiing gen ngoai lai mong mudn, cac phan
con lai ctia Ti-plasmid van dugc gilt nguyén. Agrobacterium tumefaciens
duoc dung 1am té bao vat chi dé nhan 1én nhiéu ban sao cua Ti-plasmid va
chuyén gen. Dang trans hay binary 1a dang st dung hai hay nhiéu loai
plasmid va vi khuan cung lc, vi du: vi khuan E. coli va Agrobacterium,
plasmid trong trudng hop nay thich ing véi ca E. coli va Agrobacterium.
Trudce tién, plasmid cia E. coli chira doan T-DNA dugc gidi han bdi bo phai
(right border-RB) va bo trai (left border-LB) mang gen ngoai lai dugc thiét
ké va nhan 1én trong vi khuan E. coli. Tiép dén plasmid mang gen ngoai lai
dugc chuyén nap vao vi khuan Agrobacterium nho mét helper plasmid thuc
hién sy tiép hop thong qua qua trinh giao phdi bo ba (triparental matting).
Vi khuan Agrobacterium da mang sin mot loai plasmid khac chaa ving vir
(virulence region) c6 chirc ning quan trong trong qua trinh chuyén gen
ngoai lai. Sy ton tai song song hai plasmid nay di twong tac 1an nhau trong
viéc chuyén gen vao té bao thuc vat. Nhu vay, gen ngoai lai va ving DNA
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gilip qua trinh chuyén gen (viing vir) khong nam trén cing mot plasmid nén
hé chuyén gen nay duoc goi la hé trans.

1.3. Vung T-DNA

Ving T-DNA duogc nghién ciru rat k§. Do 1a mot doan DNA ¢6 kich
thuge 25 kb trong d6 chita gen ma hoéa cho sinh tong hop auxin, cytokinin,
opine 1a cac gen gdy khdi u (oncogenes). Trong Ti-plasmid, vi tri cua T-
DNA duoc gi6i han bang RB va LB. Ngoai T-DNA, trén Ti-plasmid con c6
cac vung DNA ma hoa cho viée tai sinh plasmid (replication), cho kha néng
lay nhidm va tiép hop (vuing vir), cho viéc tiéu hoa opine (opine catabolism)
(Hinh 4.10).

Trong cac vung DNA cua Ti-plasmid, ngoai T-DNA, dugc nghién ctru
nhiéu hon ca la ving DNA phu trach kha nang 1y nhiém con goi la ving
vir. San phdm hoat déng ctia cac gen nam trong vung Vir dudi tac dong kich
thich cua cac hop chét phenol tiét ra tir vét thuong 12 mot loat cac protein
ddc hiéu nhu VirE2, virB, virD, virD2, virCl... Cac protein nay nhan biét cac
vét thuong & cac cdy chu thich hop (hdu hét 1a cay hai 14 mam), kich thich
san sinh ra cac doan T-DNA, bao boc che chd cac doan DNA nay va giup
chung tiép can v6i hé gen cua cdy chit mot cach an toan.

Khi cay nhiém A. tumefaciens, do T-DNA nap vao trong hé gen cua
cdy chu bat dau hoat dong va san sinh ra auxin, cytokinin va opine, toan bo
sinh trudng cua cay bi 161 loan, cac té bao phan chia vo td chure va tao ra céc
khéi u. Opine dugc vi khuan st dung nhu mot loai “thirc an” nhd gen
chuyén héa opine trén Ti-plasmid. Co ché lay nhidm cta A. rhizogenes ddi
v6i cdy hai 14 mam ciling twong tw, nhung trong ving T-DNA cua A.
rhizogenes chi c6 gen san sinh ra auxin, vi thé su thay d6i hinh thai chinh
ctia thuc vat 1a chung tao ra rat nhiéu ré to (hairy roots) khi bi nhiém bénh.

Trén thuc té bénh cdy, Agrobacterium chi gay hai & cdy hai 14 mam, vi
vy nguoi ta cho rang ching chi c6 thé dua T-DNA vao hé gen cdc cdy hai
14 mam. Gan day, nhiéu tac gia da chimg minh khi nhiém vi khuén, cac cay
mot 14 mam ciing c6 thé san xuét opine va c6 thé khai thac kha nang bién
nap gen cua Agrobacterium vao cdy mot 14 mam.
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T-DNA
A

cytokinin
auxin opine BS phai

chuyén héa opine

B T-DNA
yaisEEty
BG trai BY phai
vir
chuyén héa opine
ori

C T-DNA

Ty

BG trai BS phai

vir

Hinh 4.10. Ban dd cia cac dang Ti-plasmid. A: dang ty nhién ban dau, B: dang
cis, C: dang trans.

1.4. Chuyén DNA ngoai lai vao té bao va mé thuc vat nho Agrobacterium
tumefaciens

Co ché gay bénh cua cac Agrobacterium 1a sau khi xdm nhiém vao té
bao, chung gén doan T-DNA vao b may di truyén cta té bao thuc vat, dan
dén su rbi loan cac chét sinh truéng ndi sinh, tao ra khdi u (trudng hop A.
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tumefaciens) hodc ré to (truong hop A. rhizogenes). Kha niang chuyén gen
nay da duoc khai thac dé chuyén gen ngoai lai vao bd may di truyén cua té
bao thuc vat theo y mudn.

Dé gin T-DNA vao té bao thuc vat, dau tién vi khuan A. tumefaciens
phai tiép xtc voi thanh t& bao thuc vat bi ton thuong. Qua trinh nay duoc
thuc hién nho cac gen chvA va chvB. Gen chvB ma hoéa moét protein lién
quan dén hinh thanh B-1,2 glucan mach vong, trong khi d6 gen chvA xac
dinh moét protein véan chuyén, dinh vi & mang trong cua té bao vi khuan.
Protein van chuyén gitup van chuyén B-1,2 glucan vao khoang giira thanh té
bao va mang sinh chat. B-1,2 glucan giir vai trd quan trong dé vi khuan
Agrobacterium tiép xtic v6i thanh té bao thuc vat. Néu khong co su tiép xuc
nay, s& khong c6 sy dan truyén T-DNA.

Céc san pham protein ctia viing Vir ¢6 tac dung cho viéc dan truyén T-
DNA tir vi khuan vao té bao thuc vat. Cac loai protein do rt can thiét cho
qua trinh cat T-DNA khoi Ti-plasmid, cam tng thay d6i mang té bao thuc
vat ma chung tiép xuc, tham gia di chuyén phan T-DNA qua mang vi khuan
t&i té bao chat cua té bao thuc vat, van chuyén t6i nhan roi cudi cung xam
nhép vao genome cua cay chu.

Thuc chét chi riéng T-DNA cua Ti-plasmid duoc chuyén vao genome
té bao thyc vat, ma khong con phan nao khac. Qua trinh dan truyén chi do
san pham cua cac gen vir (ving vir) va gen chv quyét dinh ma khong lién
quan dén cac gen khac trén T-DNA. Tuy nhién, chudi DNA 25 bp (RB va
LB ciia T-DNA) c6 vai trd 1a vi tri cam tmg cho cac san pham cua to hop
cac gen vung vir, dic biét 1a protein tir gen VirE mang chung din truyén vao
té bao thuc vét. Chtng hoat dong nhu céac tin hi¢u nhan biét va khoi dong
qua trinh dan truyén. Trudc hét gen VirA trong to hop gen ving vir dugc
phosphoryl héa nho tac dong ciia cac hop chit phenol nhu acetosyringone
giai phong ra tir cac té bao thuc vat ton thwong. San pham cua qué trinh nay
lai tiép tuc phosphoryl hoa gen virG. San pham cua gen VirG lién tiép 1am
hoat hoa toan bd cac gen vir con lai, ma hai gen cudi cung dugc hoat hoa la
gen virB va virE. Trudc do, khi gen virD duoc hoat hoa, san pham cia né
cam tmg nhan biét RB va LB cta T-DNA va lam dit phan T-DNA ra khoi
DNA cta Ti-plasmid thanh céc soi don. Pong thdi qué trinh phosphoryl héa
nay ciing lam thay d6i thim xuat mang té bao thuc vat, mang té bao bi mém
ra va bi thing. Céc soi don T-DNA duoc gin vao protein do gen VirE tong
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hop va dich chuyén vé phia mang té bao vi khuan. Ngay sau d6, sgi T-DNA
dugc truot tir vi khudn vao té bao thuc vat. Cau ndi chinh 1a su tiép hop
(conjugation) giita hai t& bao do cam tng san pham gen virB ma thanh. Khi
T-DNA d3 dugc chuyén giao vao té bao thyc vét, ching nhanh chéng hop
nhat (integration) trong genome té bao thuc vat dugc on dinh va di truyén
nhu cac gen binh thuong khac (Hinh 4.11).

— Vang vir

‘\

T-DNA

Sy’ cam Ung
clia cac gen vir

Hgp nhat clia T-DNA

Soi T-DNA va
cac protein Vir

Nhiém séc thé

Nhan

[ Thanh t€ bao

Agrobacterium Té€ bao thuc vat

Hinh 4.11. Phwong thitc chuyén T-DNA vao genome ciia thye vat

2. Cdc gen chi thi chon loc va gen chi thi sang loc

Céc gen chi thi chon loc chung nhit ma hoa cac protein khir doc cac
nhan t6 ¢ ché trao ddi chat nhu cac khang sinh hodc chat diét co
(herbicide). Cac gen chi thi sang loc thuong duoc st dung 1a cac gen B-
glucuronidase (gusA), luciferase va gan ddy hon la gen ma hoa protein phat
huynh quang mau xanh luc (green fluorescent) cia stra.

Bing cac phuong phap sinh hoc phan tir c6 thé tao ra cic cau tric
DNA plasmid, trong d6 ngoai cac promoter, cac gen cta vi khuin
Agrobacterium gitip cho DNA plasmid gin duoc vao bd gen thuc vat, gen
ngoai lai can chuyén vao... con co cac gen giup phan lap ra té bao hoac mé
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thi nghiém. Cac gen duoc lap ghép vao DNA cua plasmid v6i muc dich nay
duogc goi la gen chi thi chon loc hay gen chi thi sang loc.

Gen chi thi chon loc thuong dung nhit 13 cac gen mé hoa cho mot sb
enzyme chi ¢o trong vi khudn ¢ diéu kién tu nhién ma khong c6 trong gidi
thuc vat. Sau khi chuyén gen, néu thiy enzyme vi khuan hoat dong thi c6
thé suy ra la toan bo DNA plasmid da dugc gin vao bo gen cua thuc vat va
gen ngoai lai ma ta cin chuyén dé tr& thanh mot bo phan cia bé may di
truyén thuc vat.

Céac gen chi thi thuong dung nhat 1a cac gen: gus A, npt 11, lux, cat,
nos va bar (Bang 4.3).

- Gen npt Il. Gen ma hda cho neomycin phosphotransferase, day 1a
mot enzyme vi sinh vat ¢6 khdi lugng phan tir khoang 25 kD, xuc tac cho
phan tng phosphoryl hoa mét sé khang sinh gbc aminoglycoside nhu
neomycin, kanamycin va G148. Trong phan ing nay, nhém y phosphate cua
ATP duoc gan vao phan tir chat khang sinh 1am né trd nén bét hoat do ngan
tré su lién két cua khang sinh v6i ribosome.

- Gen bar. Gen bar la tén goi cia gen mid hoa cho enzyme
phosphinothricin acetyltransferase (PAT), ¢6 tac dung lam mét doc tinh cta
phosphinothricin (PPT), 14 hoat chét chinh cua thude trir c6 nhu Bialaphos
va Basta. Gen bar duoc tao dong dau tién tr mot dong vi khuén
Streptomyces hygroscopicus. Phuong phap don gian nhét dé kiém tra su c6
mit cta gen bar 1a phuong phap truc tiép. M9, té bao hoac cay chuyén gen
duoc dit trén moi trudng cd cac ndng dd phosphinothricin khac nhau (hodc
cac thude trir ¢6 twong tmg) va so sanh sinh trudng ctua md, té bao hoic cay
d6i chimg dat trén cing moi truong.

- Gen gus A. Gen mi hoa cho sinh téng hop enzyme B-glucuronidase.
B-glucuronidase la mot hydrolase xtic tdc cho su phan giai cac f3-
glucuronide, san phdm phén giai c6 mau xanh cham dic trung, d& nhan biét.
B-glucuronide thuong ding nhat trong phan tmg dé nhan biét su ton tai ctia
gen gus A la X-Gluc (5-bromo-4-chloro-3-indolyl-f-D-glucuronide). Dung
dich X-Gluc khong mau dudi tac dong cia enzyme p-glucuronidase s€
chuyén sang mau xanh cham.

- Gen lacZ. Gen ma héa cho enzyme B-galactosidase c6 khéi lwong
phan tir 116 kD. Gen lacZ & E. coli duoc dung rat phd bién trong cong nghé
gen va dé c6 sin cac hé théng phuong phap kiém tra rat nhay véi thude thir
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X-Gal. Su ton tai hoat dong cua lacZ trong té bao thuc vat da duoc khéng
dinh. Vi vay trude khi kiém tra sy ¢6 mit cia gen lacZ ngoai lai, can phai
bét hoat gen lacZ noi sinh biang glutaraldehyde.

Bang 4.3. Hé thdng cac gen chi thi chon loc va cac gen chi thi sang loc

A. Mt s6 gen chi thi chon loc

Ky hiéu Enzyme tuong Ung Chat dung dé chon loc
gen

npt I Neomycin phosphotransferase Kanamycin

hyg Hygromycin phosphotransferase Hygromycin

gent Gentamycin acetyl transferase Gentamycin

aat Streptomycin phosphotransferase | Streptomycin

bleo Enzyme khang bleomycin Bleomycin

bar Phosphinothricin acetyltransferase | Phosphinothricin

bxn Bromoxynil nitrilase Bromoxynil

B. Mot s6 gen chi thi sang loc

Ky hiéu Enzyme tuong ung Chét dung dé phat hién
gen

gus A B-glucuronidase X-Gluc

lacZ [-galactosidase X-Gal

luc Luciferase dom dom Lumis Phos

lux Luciferase vi khuan Lumi Phos

cat Chloramphenicol acetyltransferase | Chloramphenicol danh du

nos Nopaline synthase Nopaline

- Gen cat. Pugc phan 1ap va tao dong tir dong vi khuan Tn9, 1a gen
gy kha ning khang chloramphenicol & vi khuan néi chung. Gen cat di
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duoc dung rong rai trong cong ngh¢ gen dong vat va thuc vat vi né ma hoa
cho enzyme chloramphenicol acetyltransferase (CAT). Enzyme nay xuc tac
phan Gng acetyl hoa hai vi tri trén phan tir chloramphenicol va 1am né bat
hoat.

3. Chuyén gen bang vi dan

Pay 1a phuong phéap hién dang duoc sir dung phd bién tai cac phong
thi nghiém coéng nghé sinh hoc thuc vat ¢ trong nudc va trén thé gidi.
Phuong phap nay duoc dé xuat lan dau tién vao nam 1987, nguyén 1y ciia nd
1a str dung céc vién dan c6 kich thudc hién vi, c6 ty trong cao dé dat gia tdc
cao xuyén qua vo va mang té bao, dua 16p DNA boc ngoai tiép can véi bo
may di truyén cua té bao.

Hat tungsten hodc vang c¢6 duong kinh 1-1,5 pm dugc dung lam vi dan
(microprojectile). Vi dan duogc tron voi DNA theo mot ty 1€ thich hop cung
v6i cac chit phu gia va sau khi két tia DNA bao quanh vi dan, hén hop
dugc lam kho trén trén mdt dia kim loai mong kich thuée 0,5-0,8 cm. Bia
kim loai duoc gén vao diu mot vién dan 16n (macroprojectile) vira khit véi
nong cua sung bin gen (gene gun) (Hinh 4.12) hodc hé théng ddéi bom
(bombardement) (Hinh 4.13). Thuong dan 16n 1am bing nhua hodc bong
nén hay cac vat liéu nhe. Khi bén, ap suét hoi déy vién dan 1on di voi toe do
cao. Ra khoi dau nong, mdt ludi thép min can vién dan 16n lai, nhung céac vi
dan van tiép tuc quy dao véi gia téc 1on dén dich va xuyén vao té bao. Mot
ty 1& nhat dinh DNA ngoai lai hdi nhap v6i DNA té bao va biéu hién, thuc
hién qua trinh bién nap gen.

Vi dan L8 thong hoi  Ludi chén vién dan 16n

Kim héa /\ /
=)
O

m|

M0 hodc t€ bao thuc vat

Budng nap thudc stng

Vién dan I6n

Hinh 4.12. So' dd sing bén gen
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Thubc sing

Cac vi dan duoc
boc DNA

Hinh 4.13. Thao tac chuyén gen biang phwong thirc ddi bom

4. Cdc tng dung cia cong nghé chuyén gen
4.1. Mot sb két qua bude dau

Ung dung ciia cac ky thudt chuyén gen trong cong nghé sinh hoc thuc
vét c6 mot tiém nang rat 10n, vuot qua céc tién bo k¥ thuat quan trong trong
cudc cach mang san xudt ndng nghiép truée day. N6 chi mat bon nim cho
su phat trién thuong mai cac cdy trong chuyén gen & Bic My va dat téi 52%
db6i véi dau twong, 30% véi ngd, va 9% cho ca hai loai bong va canola (nim
1999) cung véi viéc ting san luong trén nhiéu loai cdy trong chuyén gen
khéc nhu: lta, lta my, lua mach, lua mién, mia, ci cai duong, ca chua,
khoai tay, huéng duong, dau phung, du du, cac loai cAy gb va cac lodi cay
hoa nhu cam chuéng... Trong s6 27,8 tridu hecta cdy trong chuyén gen
dugc canh tac trong nim 1998, thi 74% dugc trong & My, 15% Argentina,
10% & Canada va 1% ¢ Uc. Céc tinh trang chuyén gen duoc tap trung chu
yéu la chdng chiu chat diét c¢o (71%), khang con tring (28%) va 1% cho cac
tinh trang khac.

Céc cay chuyén gen dang duoc thuong mai hoa hién nay 1a thé hé dau
tién ciia cac cy trong chuyén gen, va ba thé hé cdy trong chuyén gen c6 thé
duoc du doan trude la :

- Thé hé thi nhét. Céc tinh trang san xuét (vidu chéng chiu chét diét
co, khang bénh/con trung).
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- Thé hé thir hai. Cac gen xép thanh chong cho nhiéu tinh trang (vi du
t6 hop ctia cac gen khang bénh cong véi cac tinh trang chat lugng).

- Thé hé thir ba. Cac tinh trang khac nhau dugc dép ung cho viée sir
dung dic biét cudi cung (vi du thuc pham, soi, nhién liéu, dau nhon, nhuya,
duoc pham va cac nguyén liéu thd cho cac qua trinh cong nghiép).

Viéc san xuat cac cdy trong chuyén gen thé hé thar hai dang tién trién.
Tuy nhién, dé hudng t6i cac loi ich tiém tang cua cong nghé sinh hoc thuc
vat chuyén gen, c6 nhiéu nhin t6 bd sung can xem xét bao gdm: sy kiém
soat cong nghé sinh hoc, s¢ hitu tri tu¢, an toan thuc phém, sur chép nhan
cua cong déng, tinh chat gdy di ng, nhan hi¢u, sy chon lya, moi trudong, su
phan biét cua cac san phdm chuyén gen va mau dich qudc té. TAm quan
trong & day la viéc ung dung va cac loi ich tiém ting cia cac ky thuat
chuyén gen. Trong khi moi ky thuat dang phat trién, thi myc dich can dat
duoc 1a tbi da céc loi ich va giam thiéu cac rui ro.

4.2. Trién vong va huéng phat trién

Trong nhitng nam qua, cac phuong phap chuyén gen & thuc vat bac
cao di co rat nhiéu tién bd. Hién nay, cac phong thi nghiém cong nghé gen
dang bit tay vao viéc cai thién c6 y nghia cho mot sb loai cdy trong nho cac
cong cu cua sinh hoc té bao va sinh hoc phan tir. Trong mét vai trudng hop
dic biét (dau tuong, lua, ngd va bong) cac phuong phap chuyén gen bi gidi
han boi genotype. Mot sb cac cy trong quan trong can thiét cho nhu cau sir
dung ctia ngudi dan & cac nude dang phat trién hién it dugc chu y.

Cong nghé di truyén thuc vat l[a mot budc ngoat quyét dinh. Mot s
cay trong quan trong da duoc chuyén gen; mot vai van dé k§ thuat van dang
con ton tai, nhung ching dang dan dan duoc giai quyét. Bé c6 két qua can
phai thay d6i din sang mot pham vi khac, nhu 1a phat hién va tao dong cac
gen mang cac tinh trang da gen (multigenic traits). Mot diéu khong thé quén
1a van dé nhan thtc cua x3 hoi va du béo nguy co tac dong xau dén moi
truong do cdc san phidm c6 ngudn gbe tir cong nghé DNA tai td hop mang
lai. Hién nay, cong nghé chuyén gen dang duoc quan tdm hon théng qua cac
quy tai tro clia cic co quan qudc t& nhu 1a chuwong trinh Rockefeller
Foundation (M¥), va van d& dang duoc thao luan nhiéu 1a can thiét xac dinh
phuong thie tot nhat dé chuyén cac loi ich do cong nghé chuyén gen mang
lai dén cac nude dang phat trién.
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Cay chuyén gen dau tién thu dugc vao dau thap nién 1980. Pidu nay
cho phép nhéan xét ring mai chi hon hai thap nién, cac céng cu cua cong
nghé DNA tai t6 hop va sinh hoc t& bao da gitip ich rat nhiéu cho cic nha
tao giéng thuc vat. Viéc lua chon phuong thie st dung cac cay trﬁ‘)ng thu
duoc tir cdng nghé DNA tai t6 hop ¢ thé cung cdp thém ngudn tai nguyén
m6i cho cong nghiép va ngudi tiéu ding, nhu vay c¢6 thé mé rong co so kinh
té & ca cac nude cong nghiép 1an cac nude dang phat trién.

5. Cong nghé di truyén trong khdng chat diét cé

Udc tinh khoang 10% tong san luong luong thuc hang nam trén thé
gidi bi méat mat do ¢6 dai, mic do da tiéu ton khoang 10 ty USD va su dung
trén 100 loai hoa chit khic nhau dé diét trir. Hon nita, dung thudc diét co
dai van bi han ché vi nhiéu loai thudc khong phéan bi¢t dugce co dai va cay
trong. Glyphosate (phosphonomethyl glycine) 1 mot loai thubc diét dugc
nhiéu loai co dai nhung chiing ciing c¢6 thé lam chét cay trong. Vi vay, néu
tao dugc cac gidng cdy chuyén gen chdng chiu duoc glyphosate thi no sé
duge dung phd bién dé diét c6. Mot trong nhimg huéng nghién ctu 1a
chuyén gen san xuat du thira S5-enolopyruvyl-shikimate-3-phosphatase
(EPSP), mot enzyme bi (rc ché boi thude diét co glyphosate. Nghia 1a néu
cdy san xudt duoc nhiéu enzyme EPSP chung c6 thé chéng chiu duoc
glyphosate.

Chét diét co 1a phuong phap dugc chon Iya dé kiém soat co dai trong
hau hét cac hé thong nong nghiép quy mo 16n. Chiing dong mét vai trd quan
trong trong viéc ting san lugng cdy trong bang cach giam thiéu sy canh
tranh gitta cAy trong véi co dai vé khong gian, anh sang, nudc va chat dinh
dudng. Co dai ciing ¢ thé hoat dong nhu mot ngudn cung cip cac tic nhan
giy bénh cho cay trong.

Do cac gen khang chat diét co ciing 1a cac gen chi thi chon loc hiéu
qua trong trong trot, nén day Ia tinh trang chuyén gen dau tién duoc san xut
va thuong mai hoa, va cac thir (variety) chdng chiu chat diét co van dang 1a
c4c cay trong chuyén gen sinh trudng rong rdi nhat.

Dua trén co so hoac la su biéu hién cua gen khong man cam chat diét
cd, su thoai bién cua chat diét ¢6 hodc sy biéu hién manh cua san phérn gen
dich cua chat diét co, ma tinh khang duoc chuyén gen thich hop trong mot
pham vi rong cic chat diét co nhu 2.4-D, glyphosate, glufosinate,
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protoporphyrinogen oxidase inhibitors, imidazalonones, chlorsulfuron/
sulfonylureas, bromoxynil, triazines va isoxazoles.

Hién nay, c6 nhiing bang ching tt cho thay ching nhitng khong ting
stt dung cua cic chat diét co, ma sy diéu chinh cac ciy trong chuyén gen
khang chit diét c6 duoc cung cap cho ndng dan di cho két qua giam sir
dung glyphosate t6i 33% trén cac gidng dau twong Roundup Ready, va giam
sir dung glufosinate khoang 20% dbi voi giéng canola Liberty Link.

6. Cong nghé di truyén trong khang sau-bénh
6.1. Khang con trung

Str dung hoa chat dé phong trir sdu bo con tring vira dat tién vira tac
dong xau dén moi trudng. Cac cay trong nhu bong, ngd va khoai tiy chuyén
gen dang duoc sinh truong thuwong mai biéu hién doc td cua Bacillus
thuringiensis (Bt) dé tao ra tinh khang ddi véi cac con trung nhoém nhai-
nghién (chewing insects). B. thuringiensis tong hop céac protein 5-endotoxin
tinh thé dugc ma héa boi cac gen Cry. Khi con tring in vao bung, cac
prototoxins bi dut gdy trong da day kiém cua con trung dé tao thanh doc tb
hoat dong. Cac lién két nay tao ra cac receptor dic trung trong cic té bao
biéu mé rudt 1am thanh céc 16 chan 16ng va cudi cung 1a gdy chét con tring.
Mot sb wu diém cua doc td Bt nhu sau :

- Tinh dic hiéu, mdi protein Cry chi hoat dong chéng lai mot hoac
mot vai loai con trung.

- Su da dang, nhiéu protein Cry khac nhau da dugc nhan biét.

- Cac anh hudng khong bét loi hodc bi giam da dugc xéac nhan trén céac
con trung khong phai dich hodc cac dich thu tu nhién cta con trung.

- Poc tinh v&i dong vat co v 1a rat thap.

- C6 thé thoai bién dé dang.

Két qua nghién ctru cho thdy diém méu chdt 1a gen chiu trach nhiém
tong hop protein tinh thé trir sdu cua vi khuan B. thuringiensis chung
kurstaki, chua dic biét biéu hién rd & cdy trong. Pé nang cao hiéu qua cua
doc td, cac nha nghién ctru da cit bot gen chi dé tong hop phan protein c6
hoat tinh chira doc t6 ma khong can cac phan gen phu khac. Gen Cry duoc
cit b6t da biéu hién tong hop protein gap 500 1an so v&i gen ty nhién. Hién
nay, hon 40 gen khac nhau mang tinh khang con tring da duoc hop nhét
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trong cdy trong chuyén gen véi mot vai gidng da duoc thuong mai hoa & cac
nudc khac nhau nhu My va Uc.

Pua ra loi ich cua cac doc td cua Bt d6i vai su kiém soat con trung,
cac phuong thuc quan ly khac nhau phai dugc chap nhan dé lam cham sy
phat trién cua tinh khang con trung do6i véi Bt. Nhitng cai d6 bao gom :

- B4 tri cac ving bén canh trong ciy bong khong chuyén gen Bt lam
noi tra an dé giam ap lyc chon loc hudng tédi viéc khang con trung.

- Trién khai cdc gen khang con trung khac nhau (vi du: protease
inhibitors).

- Dung céc loai doc t6 Bt cho cac receptors dich khac nhau.

- Dung cac promoter khac nhau dé diéu chinh sy biéu hién cua cac gen
Bt.

- DUNng cac promoter dic trung mo (tissue-specific promoter) nhu thé
con trung cd thé an ma khong ton hai dén kinh t€ trén cac bo phén it quan
trong cua thyc vat.

C6 cac hudng khac dé phat trién tinh khang con tring cho cdy chuyén
gen dua trén co soO: protease inhibitors, o-amylase, lectins, chitinases,
cholesterol oxidase, cac virus cua con trung dugc tao dong, tryptophan
decarboxylase, anti-chymotrypsin, anti-elastace, nhan t6 ¢ ché trypsin
tuyén tuy cua bo va nhan to rc ché 14 lach.

6.2. Khang céc virus thyuc vat

Céc virus gy ra nhirng thiét hai ddng ké trong hau hét cac cay trong
lwong thyc va cdy cho soi trén pham vi thé giéi. Nhiéu phuong thirc duoc sir
dung dé kiém soat sy xdm nhiém virus bao gém cac xir Iy hoa hoc dé giét
cac vector virus, chuyén vao cdy trong cac gen khang ty nhién tir cac loai
lién quan, sir dung chan doan va chi din dé d¢am bao nhéan gidng cac vat liéu
khéi dau sach virus (vi du: hat, cu...). Tuy nhién, sy phat trién chinh da khai
thac tinh khang xuét phat tir cac tac nhan gdy bénh, vi du str dung cac trinh
tu xudt phat tir virus duoc biéu hién trong cac cdy chuyén gen dé cung cap
tinh khang d6i voi cac virus thuc vat. Huéng nay dua trén co s& cac nghién
clru vé su giy nhiém (inoculation) hay xdm nhiém (infection) ¢ thuc vat
khéi dau véi cac ching virus nhe cung cép su bao vé chéng lai sy giy
nhiém tiép theo véi cling loai chung virus hodc cac virus lién quan gan giii.
Tinh khang bat ngudn tir tic nhin gay bénh nhu vay doi hoi su chuyén nap
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gen thuc vat véi céc trinh ty xuét phat tur virus; tinh khang vat chu xuét hién
cho két qua tir hai co ché khac nhau: (1) su bao vé duoc dan xép boi su biéu
hién cuia cac protein virus ty nhién hoac bién d6i (vi du protein vo, replicase,
va replicase khiém khuyét), va (2) su bao vé¢ dugc dan xép o muc do phién
ma (“RNA-mediated resistance”), doi hoi su phién ma ciia RNA hodc tir cac
chudi hoan chinh hoic ting phén xuat phat tir virus dich (bao gé)m cac gen
cho protein vo, replicase, replicase khiém khuyét, protease, protein vén
dong...).

Trudong hop cic phan tir lam nén tang cho tinh khang xuat phat tir
virus 14 ddi trong cua nghién ctru chuyén sau. Co sé cua tinh khang virus
duoc sép dat béi RNA (RNA-mediated) va sy im lang ctua cac gen hau dich
mi c6 kha ning twong tu, phan anh cac hoat dong co ban trong trong cac té
bao thuc vat dé phat hién, bat hoat va dao thai cdc DNA hodc cac RNA
ngoai lai. Vi du: cac gen ndi sinh cua thyc vat dugc chén vao virus nhu
PVX c6 thé biéu hién im ling ctia gen ndi sinh ciia thyc vat.

Dé tao gidng cy trong chong chiu virus, hién nay c¢6 cic hudng:

- Bao vé chéo.

- Str dung RNA v¢ tinh.

- Sur dung enzyme replicase.

6.2.1. Bao vé chéo

La bién phap loi dung hién tuong 16p vo protein cta virus thir nhat da
can tré sy xam nhap cua virus thr hai, nghia la cho cay nhiém loai virus co
ddc luc vira phai s€ chéng duoc sy xam nhiém cia virus c¢6 doc luc cao hon.
Pé tang cuong kha ning biéu hién gen protein vo nguoi ta gan thém vao
dudi phan promoter 35S tir virus kham sup lo (CaMV) va dua vao genome
cdy trong nho hé thong Ti-plasmid ciia Agrobacterium. Thanh cong dau tién
theo huéng nay 1a khang bénh virus kham thudc 14 (TMV) & cay thudc 14,
nh¢ sy biéu hién gen cp. Thi nghiém dong rudng dau tién vé cdy ca chua
biéu hién gen cp khang bénh TMV tién hanh nam 1987 tai My va cho két
qua khang bénh cao. Sau d6 hang loat két qua chimg to gen cp co hiéu luc
dbi voi tat ca cac loai virus giy bénh ¢ 20 loai cdy khac nhau ké ca cac loai
cdy trong nhu ca chua (1987), dwa hiu (1987), laa (1990), khoai tay (1989,
1990), cu cai duong... Qua hang loat thi nghiém dong ruéng, Bo Néng
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nghiép My da cong nhan gidng qudc gia cho gidng bi xanh (Freedom II)
khang virus (1995). Cac gidng khoai tay, dua chudt, ca chua chéng bénh
virus di va dang duogc tiép tuc cong nhan.

6.2.2. Su dung RNA v¢ tinh

Trong mot s6 quan thé virus ¢ cac thuc thé gidng virus chira cac phan
tr RNA nhé hon goi 1a RNA v¢ tinh (sattelite RNA). RNA v¢ tinh duong
nhu khéng mi hoa cho bét cir protein nao nhung dugc nhan 1én nhd enzyme
ctia RNA tir virus binh thudng va hop thanh cac tiéu phan gidng virus c6 vo
protein. Mot s6 RNA vé tinh c6 thé e ché rit manh sy nhan ban cia virus
binh thuong. ¢cDNA tir RNA vé tinh duoc tong hop véi sy tham gia cua
promoter 35S CaMV rdi dua vao cdy thong qua hé théng Ti-plasmid cua
Agrobacterium. Cac cay dugc chuyén gen kiéu nay thé hién tinh khang virus
thudc 14 va virus kham dua chudt kha tét. Tuy nhién, so véi tinh khang theo
phuong phap bao vé chéo, tinh khang nay khé dat hon vi phai can néng do
virus rat cao. Bén canh do, nguoi ta van lo ngai dé xdy ra hién tugng dot
bién tir phan tir RNA vé tinh thanh mot loai giy doc cho chinh cay chi.

6.2.3. Sur dung enzyme replicase

Replicase 14 enzyme tham gia qua trinh tong hop nucleic acid cia
virus, hoat hoa cho sy nhan lén cia DNA hodc RNA theo co ché bd sung.
Cay trong chong virus ciing c6 thé dugc tao ra bang chuyén cic gen
replicase voi nhiéu doan bj bién d6i hodc bi cit bét, két qua cho théy khéang
virus rat cao. Vi du, thudc 14 theo phuong phép chuyén gen di biéu hién gen
replicase bi cit bot cho kha niang khang virus kham thudc 14 rat tot (1990).
Hién nay, van chua thanh cong vé6i enzyme replicase clia virus kham tir co
alfalfa d6i véi bénh virus kham thudc 14. Protoplast dai mach dugc chuyén
gen replicase tir virus kham brome cling chua khang dugc bénh nay & dai
mach. Tuy thé, tir khi tim thiy huéng tmg dung gen replicase, ngudi ta van
dang hy vong vao hudng nay.

6.3. Khang c4c bénh nam
Nam bénh gay hai cay trong rat ndng, nhat 1a & cac nudc nhiét doi cod

dd am cao. Cai tao giong chong nam hai dya trén nguyén 1y dua gen ma hoa
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mot loai enzyme nao d6 co tac dung tc ché tryc tiép hodc gian tiép dén sy
phat trién cia ndm hai. Enzyme 1am thoai héa cac thanh phan chinh cta vo
té bao nam chitin va B-1,3 glucan 1a loai dang duoc chu y. Khi c6 gen
chitinase chuyén vao, cdy thudc 1a chuyén gen da ting cudng hoat tinh
chéng ndm hai. Sy biéu hién dong thoi cuia ca hai gen chitinase va glucanase
trong thudc 14 1am cho cdy c6 tinh khang ndm hai cao hon cdy c6 mot gen
ddc lap. Cling tuong tu, ca chua cho tinh khang ndm Fusarium cao hon hin,
sau khi duoc chuyén giao ca hai gen ndi trén.

Protein trc ché ribosome (ribosome inhibitive protein, RIP) ciing biéu
hién tinh khang nim kha quan. Cay thudc 14 cho tinh khang ndm rat tbt, khi
cdy dugc chuyén giao dong thoi gen RIP va chitinase.

6.4. Khang cac bénh vi khuan

Pbi v6i vi khudn, hudéng nghién clu tao gidng cong nghé sinh hoc
moi bat dau. V& co ban c6 ba hudng :

- Dung gen ma hoa enzyme 1am thoai hoa thanh té bao vi khuan, vi du
gen lysozyme tir cac ngudn té bao dong vat hodc gen lysozyme tir thuc
khuan thé T4 dua vao cay thudc 14 va khoai tdy. Cac gen nay biéu hién rat
cao hoat tinh lysozyme va cic té bao c6 kha ning phong trir vi khuan
Erwina carotovora rat tét.

- Gen mi hda a-thionin-cystein dugc chuyén giao sang cay thude 14
cling phong ngira duoc vi khuan Pseudomonas syringae.

- Cay gen san xuét protein 1am giam doc t6 cua vi khuan, 1a huéng co
nhiéu hira hen. Cac gen nay chii yéu san xuét cac loai enzyme phéan huy doc
t6 cua vi khuan, do vay vO hi¢u hoa tac hai ctia chung.

IV. Sin xuit cic dwoc liéu sinh hoc
1. Céc hop chdt ti nhién

Thue vat 13 ngudn cung cap cac hop chat hoa hoc dung lam duoc liéu
rat c6 gia tri. Nhitng san pham nay, dugc biét nhu 13 cic chat trao doi thi
cép (secondary metabolites), thuong dugc san xuét voi mot luong rat nho
(dang vét) trong thuc vat va khong c6 chtic ning trao doi chat rd rang.
Ching dudng nhu 13 san phdm cta cac phan tmg hoa hoc cua thuc vat voi
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mdi truong chung quanh, 1a su thich nghi vdi stress cua moi trudong hodc la
su bao vé hoa hoc chéng lai vi sinh vat va dong vat.

Dé san xuét cc san phém thir cép tr thye vat, cdc moé thye vat ngoai
sinh tir cdy hoan chinh dugc nudi cdy dich huyén phu (suspension culture)
trong diéu kién vo trung (Hinh 4.14). Co sé cia k¥ thudt nudi ciy mé thuc
vat dua trén tinh toan thé hoa sinh (biochemical totipotency) duy nhét cua té
bao thuc vat. Nhidu san pham trao ddi chat co thé dugc san xudt tir nudi ciy
dich huyén phu c¢6 chét luong cao hon trong ciy hoan chinh. C6 nhiéu bing
ching cho thay c6 méi quan hé nguoc (feedback) gitta toc do sinh truong va
san xudt cac chat thir cap. Khi toc do sinh trudng cao, cac qué trinh so cip
ctia t& bao 1a phan chia té bao va san xudt sinh khdi té bao. Trong pha tinh,
khi sy sinh truéng giam dén mirc toi thiéu, sy san xuat va tich lily cac chat
thir cap sé tang Ién.

Hinh 4.14. Nuai ciy té bao dich huyén phu thye vét trong hé 1én men 100 L
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Céc chét trao di thir cip hay con goi 1a cac chat thir cip c6 thé xép
trong ba nhom chinh: alkaloid, tinh dau va glycoside.

Céc alkaloid c6 dang tinh thé 13 cac hop chit chira nitrogen, c6 thé
duoc tach chiét bang cach dung dung dich acid. Alkaloid c6 hoat tinh sinh 1y
trén tit ca dong vat va duogc sir dung trong cong nghiép duoc. Ho alkaloid
bao gom: codein, nicotine, caffeine va morphine. Céac tinh dau chtra hdn hop
terpenoid va dugc st dung nhu 13 chit mui, chit thom va dung moi.
Glycoside bao gdm cac phenolic, tanin va flavonoid, saponin va céc
cyanogenic glycoside, mot sé trong ching duoc sir dung 1am chit nhudm,
cac chat mui thuc pham va duoc pham.

1.1. Céc alkaloid

Nguoi ta cling ¢ thé thu dugc cac chat nhu caffein tir nudi cy té bao
cay Coffea arabica, betalain trong callus cu cai duong, berberin tir té bao
cay Coptis japonica (loai cdy nay phai trong tir 4-6 nim méi thu dugc ham
luong dang ké berberin trong ré, so véi ham luong nay c6 thé thu dugc sau 4
tuan bang phuong phap nudi cdy té bao)... Nhitng chit nay dugc s dung
rong rai trong cong nghié¢p huong li€u va trong y hoc.

Chat reserpine cé tac dung chira bénh cao huyét ap va cac bénh roi
loan tuan hoan ciing duoc san xudt bang phuong phap nudi ciy té bao ciy
Rauwolfia serpentina. Nudi cdy té bao cta cy ndy trong 30 ngay & hé 1én
men quy md 16n c6 thé san xuat duge 3.500 kg reserpine, tvong duwong véi
luong hang nam cia ca thé gidi thu duoc tir ré cay do.

Céc nha nghién ciru thude t6 hop duoc phdm Gibageigy (Based, Thuy
S7) da san xuat duoc loai alkaloid 1a scopolamine tir té bao cdy Hyoscyanus
aegypticus nudi cay trong hé 1én men khong c6 canh khudy. Bang cach chon
loc cac dong té bao cao san nho ky thuat dot bién té bao tran, bién di don
dong va k¥ thuat gen, nguoi ta di ting dugc san luong scopolamine 1én gip
hang ngan lan.

Nhiéu nghién ctru cho thiy nudi cdy callus va té bao cua cdy
Catharanthus roseus c6 ham lugng serpentin ngang voi cay dugc li¢u binh
thuong. Mot s6 nghién ctu di phan 1ap dugc cac dong té bao
Cantharanthus san xuat serpentin va ajmalacine tir nudi cdy in vitro. Bang
loai moéi trudng san XUAt dac biét nguoi ta da dua dugc san lugng alkaloid
ctia hai dong té bao tot nhat 1én mot mic cao hon nita, trong d6 mot dong
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tao dugc 162 mg/L serpentin, con dong kia tao dugc 72 mg/L serpentin
cung voi 264 mg/L ajmalacine. Mo61 day nguoi ta da hoan thién duoc cong
nghé nudi ciy té bao clia cdy Catharanthus roseus dé san xuét viblastine va
vincristine 1 hai chat khéng ung thu rat manh, hién dang c6 nhu cAu rat cao
vi chung duoc st dung dé chita ung thu méu.

Sikuli va cs (1997) sau khi gy nhiém cay Datura stramonium voi
Agrobacterium rhizogenes di nhan thdy ham luong hyoscyamine ¢ ré dat
cuc dai sau 6 tuan nudi ciy <100 mg/L.

1.2. Cac steroid

Trong linh vuc steroid va chuyén héa steroid, cac dong té bao co
nang suat cao di duoc Kaul va cs dé cap dén tir nam 1969. Ho d3 nuoi céy
thanh cong té bao cua cdy Dioscorea deltoidea dé san xuat diosgenin, 1a
nguyén liéu tho chu yéu dé san xuét cac steroid chong thu thai va cac
hormone tuyén thuong than.

Qua trinh chuyén hoa cac hop chat glycoside tim (cardiac) bang nudi
ciy té bao cua cay Digitalis lanata ciing da dugc nghién ciru. Ngudi ta
nhan thdy, mic du cac té bao Digitalis ngimg san xuét glycoside tim
nhung ching van c6 kha ning hydroxyd hoéa digitoxin & nguyén tir 2c ¢é
tao ra digoxin. Digoxin 1a mot hop chat c6 ¥ nghia y hoc 1én hon
digitoxin. Qua trinh hydroxyd hoa xay ra trong nudi ciy té bao rat nhanh
va rat hiéu qua khi dua vao moi trudng nudi ciy chat p-methyl-digitoxin.
Sau 12 ngay, nguoi ta da thu dugc 4 g B-methyl-digitoxin trong mot binh
nubi dung tich 20 L.

1.3. Mot s6 chat khac

Thi du dién hinh nhat 1a cong nghé san Xuét shikonin, mot loai sdc td
d6 c6 kha ning diét khuin, c6 trong ré cua cdy Lithospermum
erythrorhizon. Binh thuong shikonin tich lity khong nhiéu trong ré. Tuy
nhién, cidc nha khoa hoc Nhat da tao dugc dong té bao ré cay
Lithospermum c6 kha nang tich lity dén 15% shikonin va da hoan chinh
cong nghé nudi cdy té bao san xuat shikonin. Cong nghé nay cho phép
trong mot chu ky nudi cdy thu hoach t6i 5 kg hoat chéat va gitp giam réat
nhiéu gia thanh cua shikonin.
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Ham luong twong ddi cao cia ubiquinone-10 duoc tim thiy trong té
bao thudc 14 nudi cdy in vitro va cia L-dopa trong méi trudng nudi ciy té
bao Mucuma pruriens. Nudi cdy té bao cua cdy Panax pseudoginseng da
cho ham lwong saponin kha cao. Nudi cdy té bao cua ciy Glycyrrhiza
glabra da thu dugc ham luong glycyrrhizin tir 3-4% khdi lwong kho.

Ham luong chit thir cip cao nhét duoc tim thiy trong nudi cdy té bao
ctia cay Coleus blumei d6 1a chat rosmarinic acid chiém 13-15% khéi luong
khé trong chu ky nudi 13 ngdy, 16n gip 5 1an so voi ham luong trong cay
trdng & diéu kién ty nhién. Trong nhitng nim 1980, ngudi ta ciing d san
xuat rat c6 hiéu qua ginsengoside 1a hoat chét chu yéu cua nhan sam Panax
ginseng. Céc anthraquinone 1a mot nhom cac san pham ty nhién quan trong
¢6 & vi khuan, ndm, dia y va thyuc vat bac cao c¢6 cac hoat tinh sinh hoc nhu:
khang khuan, khang nam, giam huyét 4p, giam dau, chéng st rét, chong
oxy hoa, khang bénh bach ciu va cic chtrc ning dot bién. O thuc vat bac
cao, chung da dugc tim thiy & rat nhidu ho thuc vat khac nhau, chiang han
Rubiaceae, Rhamnaceae, Polygonaceae, Leguminosae... Nudi cy té bao cac
loai cua ho Rubiaceae da cho phép thu dugc mét lugng 16n anthraquinone
tham chi trong mot s6 trudng hop di vuot qua ham luong anthraquinone &
ciy bb me.

2. Cdc protein tdi t6 hop

Protein tai t6 hop (protein ngoai lai) 1a protein tuy nhién dugc bién doi
bang cong nghé DNA téi to hgp nham nang cao hoic thay doi hoat tinh cua
ching. Nudi cay té bao thyc vat da duogc sir dung dé san xuat cac san pham
tu nhién cach day hon 20 nim va gan day hon chung dugc dung dé san xudt
céc protein tai t6 hop. Cac té bao thyc vat rat thich hop cho cac nguyén liéu
tai to hop do chiing c6 thé sinh truong trén moi truong twong ddi don gian
khong can bd sung protein. Néu protein ngoai lai dugc san xuét trong nudi
cay té bao va duoc tiét ra trong moi truong, nhiéu hon phan duoc tich liy
trong té bao, thi viéc thu hodi va tinh sach san phém c6 thé duoc tién hanh
ma khéng c6 nhiéu protein nhidm ban. Cac protein c6 ngudn gde thuc vat an
toan cho ngudi hon cac protein c¢6 ngudn gdc tir t& bao dong vat boi vi cac
chat nhim ban va virus thuc vat khong phai 13 tac nhan gdy bénh & nguoi.
Ngoai ra, nudi cdy té bao thuc vét cling 1a mot cong cu thyc nghiém thuan
loi cho viée khao sat sy san xuét protein ngoai lai trong cay hoan chinh.
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Bing 4.4. San xuit cdc protein tai to hgp bang nudi cdy té bao thwe vat

Protein

Loai thue vat

Hormone sinh truéng & nguoi

Nicotiana tabacum

Albumin huyét thanh nguoi

N. tabacum, Solanum tuberosum

Nhan t6 sinh trudng biéu md ¢ nguodi

N. tabacum

Nhan t6 sinh truong & ca hoi

N. tabacum

a-interferon nguoi

Oryza sativa

Hirudin (chéng déng méau)

. tabacum

Erythorpoetin

. tabacum

a and B haemoglobin nguoi

. tabacum

Human muscarinic cholinergic receptors

. tabacum

GM-CSF chugt

. tabacum

Interleukin-2 va Interleukin-4

Alkalinephosphatase nhau thai nguoi

. tabacum

al-antitrypsin nguoi

. sativa

Hormone sinh truong nguoi

. tabacum

GM-CSF nguoi

N
N
N
N
N
N. tabacum
N
O
N
N

. tabacum, O. sativa

Thuc vat chuyén gen hién nay duoc xem la hé thong san xuét rat
kinh t& cho viéc san xuit cac protein ngoai lai nhu khang thé, enzyme va
hormone. San xuit thuong mai mot s6 protein ciia vi khuan va dong vat da
duoc tién hanh bang thuc vat. Yéu td quan trong anh hudng dén hiéu qua
kinh té cua san xuét protein dya trén co s& thuc vat l1a hiéu suét cua protein
ngoai lai hoac néng d0 cua san phém dugc tich Iy trong sinh khéi. Theo do,
ngudi ta da cha y cai thién su biéu hién gen ngoai lai trong cay chuyén gen
thong qua viéc phat trién cac promoter tot hon, chon loc cac dong chuyén
gen 6n dinh, va tc ché gen im ling (silence gene). Tuy nhién, mot yéu t6
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quan trong 1 sy dut gdy protein ngoai lai da lam giam ndng do ciia san
pham chtc ning trong mo thuc vat sau khi cac phan tir dugc tong hop va lap
rap. Su dut gdy protein ngoai lai d lam ban san phdm voi cac doan protein
mat hoat tinh, va ngudi ta ciing gip khé khan khi loai bo cac protein dirt gay
nay trong cic hoat dong thu hdi protein chirc ning & san xuit quy mé 1én.
Tim hiéu chi tiét vé vi tri va co ché cua sy dut gdy & ndi va ngoai bao la rat
can thiét dé co thé phat trién phwong phap sao cho giam thiéu duoc su ton
thit protein sau dich ma.

3. Vaccine thwc pham (edible vaccine)

Cho dén thoi gian gan ddy ngudi ta van sir dung vaccine séng nhuoc
doc 1am khang nguyén kich thich tao khang thé can thiét trong co thé nguoi
va vat nudi. Vaccine kiéu ndy c6 mot s6 han ché nhu: c¢6 kha ning quay tro
lai dang doc hodc hoat lwc cta né giam kha nhanh trong co thé ngudi va vat
nudi. Hién nay, nho cong nghé DNA tai to hop nguoi ta da san xuét duoc
protein vo cia mot s6 loai virus nhu virus bénh 16 mdm long moéng, bénh
dai va viém gan B. Tuy nhién, vaccine duoc san xuét theo cac phwong phap
trén c6 gia thanh cao, diéu kién bao quan va van chuyén nghiém ngit, can
¢6 k§ thuat vién dé tién hanh tiém ching.

Vaccine thyc pham 13 mot mé hinh 1y tudng cho cac nudc dang phat
trién, vi no gilp khic phuc dugc cac khé khan noi trén cia vaccine dugce san
xuat theo phuong phap truyén thong hoic DNA tai t6 hop. Nguyén 1y co
ban ciia qua trinh nay 1a chuyén mot loai gen dic biét vao té bao thuc vat.
Loai gen nay hoat dong trong co thé thuc vat, s& bién thanh noi sinh ra
protein khang nguyén. Khi nhiing khang nguyén nay di vao co thé ngudi
thong qua an udng (dudi dang tuoi séng khong nau chin, néu khong s& lam
mét hoat tinh khang nguyén), hé théng mién dich cta nguoi sé ty dong sinh
ra khang thé dé chdng lai khang nguyén. Nhu vay la di thay viéc tiém ching
vaccine bang viéc in nhiing hoa qua hodc rau xanh c6 khang nguyén.

Vaccine thuc ph'flm c6 mot sd wu diém sau: gia thanh ré, on dinh, dé
san xuét trén quy mo 16n, dé quan 1y, khong can tinh sach, bao quan lau, dé
véan chuyén...

Mot s6 két qua nghién ciru budc dau cua vaccine thyc pham:

- San xudt vaccine chdng bénh infectious bursan desease virus (IBDV)
& ga trong co Arabidopsis chuyén gen.
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- Chuyén gen orf2 cua virus gdy bénh viém gan E vao cdy ca chua, va
cay Pichia pastoris.

- San xuét vaccine viém gan B trong cdy chudi chuyén gen, cdy
Physalis ixocarpa, dau lupin vang, rau diép va ca chua.

- Chuyén gen Itb coa E. coli (B subunit of E. coli heat-labile
enterotoxin) gy bénh duong rudt vao khoai tay.

- Chuyén gen ctb (cholera toxin B subunit) gdy bénh ta cta vi khuan
Vibrio cholerae va gen Itb vao cay thudc 14. ..

RNA gay bénh séi

A: Chon khang nguyén lam
vaccine va xac dinh trinh t ma
héa

Virus s@i

\ Hemagglutinin (H) protein

Vector mang gen cua protein H

B: Chuyén trinh tw ma hoa vao
vector (plasmid) va bién nap vao
Agrobacterium

C: Boéng nudi cay Agrobacterium
va moé thuyc vat

D: Tai sinh cay hoan chinh tir cac
té bao dwoc chuyén gen va phan
tich sw biéu hién ctia khang
nguyén bang Western blot

Cay chuyén gen  Phan tich Western blot dé xac
* dinh sy hién dién cta protein H

E: Xac dinh kha nang sinh mién
dich khang nguyén trong déng vat
mé hinh

Tiém Choan  Nghién ctru & dong

vat linh trwdng

Hinh 4.15. M6 hinh phit trién vaccine thye phim
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Mot nghién ciru da duogc cong bd gin day trong linh vuc san xuat
vaccine tir thuc vat, d6 1a gdy mién dich trong co thé ngudi bang vaccine
thuc phém dé diéu trj bénh viém gan B. Loai cay tréng duogc st dung dé
chuyén gen viém gan B 1an nay 1a khoai tiy. Nguoi ta hy vong rang khi an
loai khoai tay nay, chat khang nguyén s& gdy ra mot phan tmg mién dich nhe
trong co thé ngudi. Tir d6, co thé ngudi s& tao ra chat mién dich ca thé dbi
v6i cin bénh 1y nhiém viém gan B. 42 nhan vién chim soc stc khoe & do
tudi 25-58 da tham gia vao cudc nghién ctru. Trong dé, 33 ngudi dugc chi
dinh in khoai tdy chuyén gen ma khong c6 ta dugc, mot chat 1am ting kha
ning phan tmg mién dich. Chuan d6 khang nguyén khang virus viém gan B
trong huyét thanh dugc do trong mot s6 1an nhit dinh mdi ngay. Két qua cho
thidy dbi v6i nhitng nguoi an khoai tdy khong chuyén gen cac chuan do
khong ting, trong khi d6 19 trong s6 33 nguoi an khoai ty chuyén gen thi
chuén do tang 57,6%, trong khi vaccine hién c6 trén thi truong cé tic dung
t6i 90% ddi twong, ké ca khi c6 chira cht ta dugc.
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Chwong 5
Coéng nghé sinh hoc dong vat

I. Mé dau

Té bao dong vat c6 thé sinh truong trén cac loai moéi truong dinh
dudng tong hop bén ngoai co thé, vi thé chung dd dugc nudi ciy cho céac
muc dich sau:

- Nghién ctru céac té bao ung thu, phan loai cac khdi u 4c tinh, xac dinh
su twong hop ctia mo trong cdy ghép, nghién ctru cac té bao dic biét cing su
tuong tac cta chung, san xuét té bao gbc...

- Ung dung dé san xuét cac hop chat hoa sinh quan trong dung trong
chan doan nhu c4c hormone sinh truéng cua nguoi, interferon, hoat td
plasminogen md, cic viral vaccine va cac khang thé don dong (monoclonal
antibodies). Theo phuong phép truyén thong cac hop chit hoa sinh nay duoc
san xuét béng cach su dung cac dong vat séng hodc duoc tach chiét tir xac
ngudi chét. Chang han, cac khang thé don dong c6 thé dugc san xuat bang
cich nudi cdy cac té bao hybridoma trong cac khoang mang bung
(peritoneal cavity) ctia chudt, hodc hormone sinh truéng dung dé chira bénh
coi (dwarfism) co thé duoc tach chiét tir xac nguoi chét. Tuy nhién, sb
luong thu duoc tir cic phuong phap nay rat han ché vi thé viéc Gmg dung
rong rii chung trong diéu trj con gap nhiéu kho khan.

Chuyén gen vao dong vat dé tao ra nguén thuc phém co gia tri 1a mot
trong nhiitng ing dung c6 y nghia cta cong nghé sinh hoc dong vat. Tuy
nhién, hudng nghién ctru nay van con mot vai han ché trén dong vat c6 va
16n do chung sinh san mdi 1an rat it tring, viéc cay phoi tré vao me mang
phuc tap, mdi me mang chi nhan dugc mot it phoi, tring cua da ) dong vat
nudi co té bao chat rat duc nén kho nhin thay tién nhan dé chuyén gen vao...
Muc tiéu ctia chuyén gen 1a nham dwa vao vat nudi nhing tinh trang c6 hiéu
qua kinh té cao nhu st dung triét dé thuc dn, nhiéu thit it m&, sinh truéng
nhanh, khang bénh... Mic du, con gip mot sd kho khin va that bai nhung
nguoi ta cling d4 c6 duoc mot vai thanh cong budce dau nhu tao ra loai ga
khang bénh do avian leukosis virus gay ra hay ctru cho nhiéu Iong... Cac két
qua nay cho phép hy vong s& dat dugc nhitng bude tién méi trong tuong lai.
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Nhan ban v6 tinh (tao dong) ddi véi cac vat nudi c6 ning suit cao
nhung cac thé hé con cua no lai khong dugc nhu vay ciing da c6 mdt vai
thanh cong nhat dinh, k¥ thuat nay cho phép tai tao cac vat nudi co day du
pham chit nhu ban dau bang phuong thirc vo tinh. Thanh cong vang doi
trong linh vuc nay 1a két qua cia Wilmut va cong su (1996) da cho ra doi
chu ctru Dolly. Ctru Dolly khong c6 bd me hiéu theo nghia thong thudng ma
dugc tao ra bang cach sao y mot con ciru truong thanh. Ngoai ra, ki thuat
nay ciing duoc 4p dung trong nhan gidng cic dong vat chuyén gen, cac dong
vat nay khi sinh san hiru tinh c6 thé thé hé con khéng nhan duogc gen dich,
do d6 sy can thiép cta nhan ban v6 tinh trong truong hop nay 1a rit can
thiét. Bén canh cac tng dung trong san xuat, hién nay viéc tng dung nhan
ban vo tinh dé bao tén cac ngudn gen va dong vat quy hiém ciing dang duogc
chu trong dac biét.

IL. Nudi cdy té bao dong vit ¢é vi
1. Céc wu diém va han ché ciia nuéi cdy té bao dong vit
1.1. Cac uu diém ciia nudi cy té bao dong vt

- Hé thdng té bao dong vat 1a cac “nha may té bao” thich hop cho viée
san xut cac phan tir phirc tap va cac khang thé ding 1am thude phong bénh,
diéu tri hodc chan doan (Béang 5.1).

- Céc té bao dong vat dap ung dugc qua trinh hau dich ma chinh xac
dbi véi cac san pham protein sinh-duoc (biopharmaceutical protein).
Chuyén gen cua dong vat ¢ vl ciing ¢ thé duoc san xudt boi hé thong vi
khuan bang cich ding cong nghé DNA tai to hop. Toéc do sinh truong
nhanh, thanh phan moéi truong don gian va ré tién cia nudi cay té bao vi
khuén khién ching ¢6 nhiéu uu diém hon so voi nudi cy té bao dong vat co
vli. Tuy nhién, vi khuén thiéu kha nang bién ddi hau dich ma (post-
translational modifications) bao gdm viéc phan giai protein, lién két tiéu don
vi (subunit), hodc nhiéu phan tmg két hop khic nhau nhu glycosylation,
methylation, carboxylation, amidation, hinh thanh cac cau nbi disulfide hodc
phosphorylation cac gdc amino acid. Nhimg stra ddi nay rat quan trong anh
huéng dén hoat tinh sinh hoc cta san pham. Vi du qua trinh glycosylation
c6 thé gitp bao vé protein chdng lai sy phan giai chiing, duy tri kha ning 6n
dinh céu trac va bién doi khang nguyén.
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Bang 5.1. Cac san phidm quan trong ciia nudi ciy té bao dong vat

Enzyme Urokinase, hoat t6 plasminogen mo
Nhom | Hormone Hormone sinh truong (GH)
Cac nhan t6 sinh | Cac cytokine khac
trudng
Nhém 11 Vaccine Bénh dai, bénh quai bi, bénh soi &
nguoi. ..
Veterinary-FMD vaccine, New Cattle’s
Disease ...
Nhém 111 | Khang thé don dong | Céc cong cu chin doan
Nhém IV | Virus con trung Thudc trir sdu sinh hoc cho Baculovirus
NhémV | Cac chat diéu hoa | Interferon va interleukin
mién dich
Nhém VI | Cac t& bao nguyén | Thir nghiém doc chit hoc

ven

- San xuét cac viral vector ding trong liéu phap gen (bién nap mot gen

binh thuong vio trong té bao soma mang gen tuong mg bi khiém khuyét dé
chita bénh do su khiém khuyét d6 gy ra). Cac muc dich chinh cta liéu phap

nay la cac bénh ung thu, HIV, chirng viém khdp, cac bénh tim mach va xo

hoa u nang.

- San xuat cic té bao dong vat dé dung nhu mot co chat in vitro trong
nghién ctru doc chat hoc va dugc hoc.

- Phat trién cong nghé mo hodc phat sinh co quan dé san xuat cc co
quan thay thé nhan tao-sinh hoc/céc dung cu trg giap, chéng han:

+ Da nhan tao dé chira bong.

+ M6 gan dé chita bénh viém gan.

+ Pao Langerhans dé chita bénh tiéu duong.
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1.2. Mot sb han ché cua nudi céy té bao dong vat

Mic du tiém ning tmg dung ciia nudi cay té bao dong vat 1a rat 16n,
nhung viéc nudi cdy mot sé lwong 16n té bao dong vat thudng gip cac kho
khan sau:

- Céc té bao dong vat c6 kich thudce 16n hon va cau tric phirc tap hon
céc té bao vi sinh vat.

- Téc do sinh trudng cua té bao dong vat rat cham so véi té bao vi sinh
vat. Vi thé, san luong cua chung khé thip va viéc duy tri didu kién nudi cay
vo tring trong mot thoi gian dai thuong gap nhiéu kho khan hon.

- Céc té bao dong vat dugc bao boc boi mang huyét twong, mong hon
nhiéu so voi thanh té bao day chic thuong thiy ¢ vi sinh vat hodc té bao
thuc vat, va két qua la ching rat d& bj vo.

- Nhu cau dinh dudng cua té bao dong vat chua dugc xac dinh mdt
cach day du, va moi trudong nudi cay thuong doi hoi bd sung huyét thanh
mau rat dat tién.

- Té bao dong vat 1a mot phan ctia mo di duoc to chire (phan hoa) hon
12 mot co thé don bao riéng bi¢t nhu vi sinh vét.

- Hau hét céc té bao dong vat chi sinh truong khi dugc gan trén mot bé
mat.

2. Cde dong té bao dong vt c6 vii va cdc déic diém ciia né

Cac té bao dong vat co vu 1a té bao eukaryote, ching dugc lién két véi
nhau boi cac nguyén lidu gian bao dé tao thanh mé. Mo dong vét thuong
dugc phan chia theo bén nhom: biéu mé (epithelium), mo lién két
(connective tissue), md co (muscle) va mo than kinh (nerve). Biéu mo tao
thanh 16p phu va 16p 16t trén cac bé mit ty do cia co thé, ca bén trong va
bén ngoai. O mé lién két, cac té bao thudng duoc bao boc trong thé gian bao
rong (kéo dai), d6 c6 thé 1a chat 16ng, hoi ran hodc ran. Cac té bao md co
thuong thon dai va dugc gén v61 nhau thanh mot phién hodc mot bo béi mo
lién két. M6 co chiu trach nhiém cho hau hét chuyén dong ¢ dong vat bac
cao. Cac té bao mé than kinh gém ¢6 than bao chira nhan va mot hodc nhiéu
phén mo rong dai va manh dugce goi 1a sgi. Cac té bao than kinh duge kich
thich d& dang va truyén xung dong rat nhanh.
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2.1. C4c té bao dich huyén phu

Té bao hdng cau (blood) va bach huyét (Ilymph) 1a cic mo lién két
khong dién hinh dang thé 1ong. Cac té bao mau hodc dich bach huyét 1a cac
té bao dich huyén phu (suspension cells), hodc khong dinh bam khi ching
sinh trudng trong nudi cdy in vitro. Cac té bao khong dinh bam khong doi
hoi bé mit dé sinh truong.

Chéng han, cac té bao bach huyét (lymphocytes) bit ngudn tir mé
bach huyét 1a cac té bao khong dinh bam va c6 hinh ciu duong kinh tir 10-
20 pm. Ching c6 thé dugc nudi cdy trong moi truong dich long theo
phuong thirc twong tu vi khuan.

2.2. Céc té bao dinh bam

Hau hét céc té bao dong vat binh thuong 1a cac té bao dinh bam, vi thé
chung can c6 bé mat dé gin vao va sinh trudng. Trong cic (mg dung, ngudi
ta str dung rong rai cac loai t& bao dinh bam Ia t& bao biéu mo va nguyén
bao sgi (fibroblast). Cac té bao dinh bam can c6 mot bé mat am dé sinh
truong nhu 1a thuy tinh hodc plastic. Pia petri hoac cac chai truc lan la céac
loai dugc st dung rong rdi nhat. Cac chai dugc dit nam trén mot truc lin
quay tron cham trong ti 4m. Chai c6 dung tich mét lit chtra khoang 100 mL
moi trudng 13 thich hop cho cac té bao vira sinh truong trén thanh chai vira
tiép xtc voi moi trudng va khong khi. Tuy nhién, chai truc lan chi dung cho
quy md phong thi nghiém vi dién tich bé mat trén mot don vi thé tich cua
chai nuéi ciy kha nhé (500 cm?/L).

Ty 18 dién tich/thé tich c6 thé duoc ting 1én khi cic té bao sinh trudng
trén cac gia thé 1a polymer bot bién (spongy), thé gém (ceramic), cac soi
rSng, microcapsule, hodc trén cic hat nho cé kich thude hién vi goi la
microcarrier.

3. Cdc san pham thirong mai ciia nudi cdy té bao dong vit cé vii

Cac san phém sinh hoc dugc san xuét bfmg té bao dong vat c6 va chu
yéu 1a cac glycoprotein. Bang 5.2 gi6i thiéu mot sé san pham tiéu biéu. Su
phtic tap va chi phi cao ctia cic qué trinh nudi cdy té bao dong vat cho thiy
san xuat protein béng té bao dong vat co vu chi that su kinh té d6i véi nhiing
san pham c6 gia trj cao (>USD 106/kg). Vi thé, cac san pham protein cua té
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bao dong vat co va 1a nhiing san pham chi yéu ding lam dwoc pham.
Khang thé don dong (monoclonal antibodies-Mabs) 1a san pham nudi cdy té
bao dong vat co va co gia tri nhat hién nay. Cac tinh chat lién két dic hiéu
cao cua Mabs co thé dugc ding trong chan doan (ca y hoc 1an thd y), phan
tich hinh anh (ung thu va bénh tim), tinh sach san pham (sic ky 4i luc) va
nhu 13 cdc nhéan td tri liéu. Céc protein c6 dac tinh dugc li¢u khac san xuét
bang nudi cay t& bao dong vat c6 vi duoc hudng téi sir dung trong diéu tri
ung thu, bénh tim, cac bénh vé mau va roi loan hormone.

- Quaé trinh glycosyl hoa mdt phan tir protein (hau dich ma) xay ra ¢
mang lu6i nodi sinh chét (endoplasmic reticulum-ER) va phitc hop Golgi cua
té bao eukaryote, va phu thudc vao sy hién dién cua cac enzyme dic hi¢u:
glycosyltransferase va glycosidase.

- Vi khuan hoic khong chira cac co quan tir nay hodc khong chua cac
enzyme vi thé khong thé thuc hién su bién d6i hau dich ma nay.

- Nam men va nim soi (eukaryote) c6 thé glycosyl hoa cac protein tir
cac té bao dong vat c6 v nhung thyc hién kho khan hon.

- Mot s6 protein ding 1am duoc phiam khong dugc glycosyl hoa hodc
khong can duoc glycosyl hoa cho chirc ning thich hop nhu insulin hodc
hormone sinh truéng & nguoi, albumin huyét thanh ngudi va haemoglobin,
¢ thé duoc san xuit vai gia thanh thép hon nhiéu hon nho vi khuén, ndm
men hodc nim soi.

4. Glycosyl hoa protein (glycosylation)

- Trong khi qua trinh téng hop protein duoc hudng dan bai cac khuon
mau DNA va RNA, thi viéc bo sung dudong vao protein 1a mot qua trinh
khong can khuon miu. Vi thé, c6 thé tim thiy nhiéu bién thé trong cac cu
tric oligosaccharide cua cac glycoprotein (cac protein dugc glycosyl hoa).

- Cac glycoprotein cé trinh tu amino acid gidng nhau, nhung cac cau
tric oligosaccharide khéc nhau dwoc goi 1a cac glycoform. Céc ciu trac
oligosaccharide duoc lién két ddng hoa tri véi protein hodc & nguyén tir
nitrogen (N-glycosylation) hodac ¢ nguyén tir oxygen (O-glycosylation). Hai
dang glycosylation nay khac nhau khéng chi & vi tri gin vao ctia duong ma
con & loai duong va sb luong duong dugc bd sung.
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Biang 5.2. Mt s6 protein dung lam duwgc phidm dwoc san xuit bing nudi ciy té

bao dong vat cé va

Protein dwgrc liéu

Chire nang

Loai
glycosylation

Hoat t6 plasminogen
mo (tPA)

Tac nhéan phan giai fibrino-gen
(chat tao to huyét)

Lién két N

Erythropoietin (EPO)

Tac nhan chong thiéu mau

Lién kétNva O

Nhan t6 VII, VI, 1X
va X

Céc tac nhan gay cuc mau, bénh
mau lodng kho dong

Lién kétNva O

dich, diéu tri HIV

Hormone kich thich | Diéu tri vo sinh Lién két Nva O
nang nodn (FSH), kich

duc t6 mang dém &

nguoi (hCG)

Interleukin-2 Chéng ung thu, diéu hoa mién | Lién két O

Interferon-alpha
(IFN-o)

Chéng ung thu, diéu hoa mién
dich

Lién kétNva O

Interferon-beta

Chéng ung thu, tic nhan chdng

Lién két N

(IFN-B) virus

Interferon-gamma Téac nhan chéng ung thu, diéu | Lién két N
(IFN-y) hoa mién dich

Nhan t6 kich thich | Chdng ung thu Lién két O
khuan lac bach cau hat

(G-CSF)

Khang thé don dong Tri liéu va chan doén Lién két N

- Hau hét cac protein hi¢n dién trén bé mat t€ bao, virus, va trong mau
cua cac dong vat dugc glycosyl hoa, va vi thé n6 dugc xem giong nhu mot
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s6 duoc phdm sinh hoc ciing s& dugc glycosyl hoa dé ¢ cing chirc ning
nhu cac ban sao tu nhién cta ching.

- Vi khudn khéng glycosyl hoa cac protein ctia chiing (hodc ding hon
13 ¢o céc loai lién két peptide-duong hoan toan khac véi dong vat), vi thé
cac k¥ thuat cia cong nghé di truyén duoc phat trién cho ndm men va céc té
bao eukaryote la nhitng loai c6 glycosyl héa. Di nhién, chiing khong luén
ludn glycosyl hoa trong mot phuong thirc chinh xac nhu cac té bao & nguoi
thyuc hién.

- Puong c6 thé dugc lién két véi protein thong qua c&c nhom amide
clia asparagine (Asn) trong chudi peptide ngin Asn-X-Ser/Thr (trong d6 X
dai dién cho moi amino acid ngoai trir proline), hodc hiém khi hon, théng
qua nhoém hydroxyl cia serine (Ser) va threonine (Thr).

- Glycosyl héa 1a mot dang cua sy bién d6i hau dich ma, tic 13 bién
ddi hoa hoc cua protein sau khi protein dugc dich ma tir RNA. Mot kiéu
glycosyl hoa protein khac 1a theo phuong thirc hoa hoc, n6 xay ra bat cir khi
nao mot protein nam trong cac dung dich dudng mot thoi gian 1au. Phuong
thirc nay ciing duogc goi la glycosylation.

- Mot té bao c6 thé thu duoc mot hdn hop céac glycoform khac nhau.
Céc glycoform khac nhau c6 céc tinh chat va chirc ning khac nhau trong
nhiéu truong hop, va dugc nhan biét béng hé théng mién dich. Cac té bao
ung thu thudng san xuat cic glycoform khac nhau tir nhiing té bao binh
thuong it khi glycosyl hoa cac protein bé mit ciia chiing. Nhiéu chi thi khoi
u trén thuc té 13 cac dau hiéu phan biét glycoprotein dic trung cho cac té
bao ung thu, va do d6 la phuong thirc ¢6 nhidu tiém ning trong chan doan
ung thu hodc san xut cac dugc pham dich cho no.

5. Mdi trieong nudi cay té bao dong vit cé vii

Nhu cau dinh dudng cua cac té bao dong vat c6 vl 16n hon vi sinh vat
do, khong giéng cac vi sinh vat, dong vat khong trao dbi chat nitrogen v
co. Vi thé, nhiéu amino acid va vitamin can phai duoc bd sung vao moi
truong. Moi trudng dic trung dung trong nudi cdy té bao dong vat bao gdm
cic amino acid, cac vitamin, cac hormone, cic nhan td sinh trudng, mubi
khoang va glucose. Ngoai ra, méi truong can dugc cung cip tir 2-20% (theo
thé tich) huyét thanh ctia dong vét c6 vi. Mic du huyét thanh c¢6 thanh phan
chua dugc xac dinh diy du, nhung nhiéu nghién ctru di cho thiy no rat can
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thiét cho su phat trién va ton tai ctia t& bao trong nudi cdy. Bang 5.3 trinh
bay thanh phan va ham luong cta cic chat trong mdi trudng Eagle (Eagle

1959), day 1a mot trong nhirg méi trudng dugce str dung phd bién.

Bang 5.3. Thanh phan méi truwomg Eagle (1959)

Thanh phan Nong dd Thanh phin Nong dd
(mg/L) (mg/L)
1. L-Amino acid 3. Vitamin
Arginine 105 Choline 1
Cystine 24 Folic acid 1
Glutamine 292 Inositol 2
Histidine 31 Nicotinamide 1
Isoleucine 52 Pantothenate 1
Leucine 52 Pyridoxal 1
Lysine 58 Riboflavin 0,1
Methionine 15 Thiamine 1
Phenylalanine 32
Threonine 48 4. Mudi
Tryptophan 10 NaCl 6800
Tyrosine 36 KCI 400
Valine 46 CaCl, 200
MgCl,.6H,0 200
2. Carbohydrate NaH,PO,. 2H,0 150
Glucose 1000 NaHCO; 2000
Serum 5-10%

Huyét thanh dung trong mdi truong nudi cdy khong chi dat tién ma
con 1a ngudn nhiém ban virus va mycoplasma. Do ban chat hoa hoc cia
huyét thanh chua dugc xac dinh day du nén trong mot sd trudng hop co thé
anh huong xau dén két qua nudi cdy. Sy hién dién cta nhiéu protein khac

Nhdp mon Cong nghé sinh hoc 148



nhau trong huyét thanh ciing c6 thé lam phtic tap cac qua trinh phan tach va
tinh sach dau ra (downstream processing). Vi 1y do d6, nhiéu nghién ctru da
duoc thyc hién dé xdy dung cong thitrc méi trudng khong cé huyét thanh.
Nhimng cong thirc nay chira cac hormone va cac nhan té sinh truong duogc
tinh sach dé thay thé cho huyét thanh.

6. Nuéi cdy té bao dong vit c6 vii trén quy mé Ién
6.1. Cac diéu kién chung

Hé thdéng 1én men (fermenter) da duoc st dung trong nudi ciy vi
khuén va ndm men tir rat lau. Pau tién, sy 1én men (fermentation) 1a thuat
ngir dung cho san xut ethanol. Sau d6, cic nha vi sinh vét hoc tmg dung
cac nguyén tic trén dé tach chiét cac vitamin, cac acid hitu co va cac khang
sinh... Két qua din dén su phat trién nhanh chong cac phuong phap va cac
hé théng 1én men khac nhau.

Cac nguyén 1y tuong tu sau d6 duoc Gmg dung cho nudi cay sinh khoi
té bao dong vat va thuc vat. Tuy nhién, nuoi céy céc té bao dong vat va thuc
vat khé khin hon nhiéu so véi vi sinh vat, cai chinh 1a do qu4 trinh trao doi
chat trong céc loai té bao nay dién ra cham, diéu nay ciing phan anh tc do
sinh truong cham cua té bao. Cac té bao dong vat c¢6 nhu cau dinh dudng
phtre tap hon so véi vi khuan va nAm men, chiung khong cé thanh té bao nhur
vi khuan vi thé ching rat dé bién dang va v&. Do d0, cac hé thong khudy va
suc khi dugc thiét ké khac véi nudi cdy vi khuan. Mat d6 té bao thap s& cho
ndéng do san pham thap. Mic du c6 mot sé diém khong thuan loi, nhung hé
thong 1én men da duogc sir dung dé nudi cay té bao dong vat it nhit cling da
vai chuc nam (Hinh 5.1). Cac dong té bao khac nhau nhu BHK-21, LS, cac
té bao Namalwa... dd duoc sinh trudng trong hé 1én men theo phuong thirc
nudi cay chim ngép trong mdi trudng dé san xuét cac viral vaccine va cac
san pham khac.

- bic diém dé bién dang va d& v cua té bao dong vat da duogc khéc
phuc bang cach:

+ Str dung hé 1én men c6 canh khudy hinh mai chéo.

+ Cung cép khi truc tiép c6 thé tao ra bot khi d& 1am v té bao, vi thé
can cung cip khi bang cach khuéch tan thong qua 6ng silicone.
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+ Mbi truong chira nhiéu protein huyét thanh c6 kha ning gay ra hién
tuong tao bot nén can khuéy cham va nhe. Ddi v4i nudi céy mat d6 cao, can
cung cip thém oxygen. Phuong phap dung 6ng silicone dé suc khi c6 nhiéu
vu diém do khong tao ra bot khi va toc do truyén oxygen 1a thoa dang. Tuy
nhién, khuc luon cua tube dé v, ddy 1a kho khin va han ché dbi v6i cac hé
lén men quy mo6 nhoé dung trong phong thi nghiém.

- Nhu vay, cac h¢ 1én men vi sinh vat duogc cai tién thich hop c6 thé
dung dé nudi cdy sinh khéi cac té bao dong vt sinh truong trong dich huyén
phu.

- Néu mudn nudi ciy mot dong té bao dinh bam thi nén dung mot hé
théng chat mang nhu 13 microcarrier.

Hinh 5.1. Nudi cdy té bao dong vat trong hé 1én men 50 L

6.2. Nuéi cay mé

Trong nudi cdy mé (batch culture), cac t& bao cdy giy (cac té bao
dugc tiép vao-inoculum cells) duge bd sung vao thé tich tong sb ctia moi
truong nudi cay (Hinh 5.2). Té bao s& sir dung hét chat dinh dudng trong
moi truong va tiét ra cac san pham phu (by-product) trong sudt qué trinh
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sinh trudng. Su sinh trudng chi dung lai khi co chét bi st dung hét hodc san
pham phu da dat dén mot ndng d6 c6 thé e ché té bao. Tuy nhién, trong
nhiéu tredng hop nguyén nhan lam nging sinh trudng té bao van chwa duoc
lam rd.

- Nudi cdy té bao dong vat & quy md phong thi nghiém. Cac té bao
dong vat c6 vii duoc duy tri bang cach cdy chuyén véi mot sb lugng 6n dinh
trong cac chai bet bang nhwa c6 day nong (dugc goi 1a T-flask hodc Roux-
bottle) chira tir 10-100 mL moi truong (Hinh 5.3):

+ Céc té bao dinh bam s& gin vao day chai, va nhimg lan cdy chuyén
sau phai dung trypsin (mét loai protease hoa tan duoc cac protein bic cau)
dé tach roi té bao.

+ Céc té bao dich huyén phu gan 1ong 180 hon té bao dinh bam va cé
thé iy ra bang cach lac binh nudi cay. Can luu y 13 lugng miu dua vao
khong dugc qua it, mat d6 thudng dugc st dung 1a khoang 2x10° té bao/mL
hodc hon cung véi mot it moi truong da gan hét chat dinh dudng cia lan
nudi cdy trude dd (spent medium), trong moi truong ndy co thé chira cac
nhan t6 chwa biét c6 tc dung kich thich sinh truong té bao. Trong mot sb
truong hop khac, méi truong da sir dung gan hét chat dinh dudng phai dugc
loai bo bang cach ly tim dé tranh cac san pham phy gy trc ché co mit trong
moi truong.

- Nudi cdy té bao dong vat c6 vi & quy md lén. Thé tich moi trudng
thuong st dung 1a khoang 200 L, thé tich nay dap tng duoc yéu cau san
xudt cho Cac protein tri liéu c6 gi4 tri cao. Nhung dui vy, qua trinh nudi cay
van doi hoi mot s6 bude trung gian, budc dau tién chuyén té bao tir nudi cay
tinh t&i binh nudi c¢6 lic hodc binh nudi xoay (spinner flask) (Hinh 5.3).
Binh nudi xoay, c6 trang bi canh khudy tir tinh treo xudng tir nip binh ma
khong tiép xuc voi day, dugc phat trién dau tién dé tao ra su khuéy tron nhe
cho nudi cdy microcarrier, nhung hién nay ciing dugc ding cho nudi ciy
dich huyén phu. Hé sé do chia (scale-up factor) tir nudi cy tinh, hodc cac
binh lic khong diéu chinh pH, thuong nho hon 5, nghia 1a mot thé tich cay
gdy it nhét 1a 20% phai dugc dung. Trong hé 1én men, noi c6 mat do té bao
cao hon, thi hé s6 d6 chia co thé 1én t6i 10 (nghia 13 cdy gy 10% v/v hodc it
hon).

Mot nudi cdy mé dic trung, chang han nudi cy té bao hybridoma
trong hé 1én men, kéo dai tir 3-5 ngay dat t6i mat do té bao 1a 2-5x10° té
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bao/mL. Tbc d6 sinh trudng cuc dai dic trung (W) cua cac té bao hybridoma
va myeloma khoang 0,05/gio. Luong khang thé don dong duoc san xuét
trong nudi cdy mé cua té bao hybridoma nim trong khoang tir 10-
100 mg /L. O quy mé 16n, san xuit mé cua khang thé don dong duoc tién
hanh ¢ hé lén men thung khuéy loai 1 m, trong d6 mat do té bao 1én tdi
5x10° té bao/mL thu dugc sau 3,5 ngdy. San xuat thwong mai dau tién voi
céc té bao dinh bam duoc thyc hién trong chai quay (Hinh 5.2). Cac chai
quay dugc giit trong mot chuyén dong khéng d6i bang cach quay tron va
céc té bao dinh bam sinh trudng trén bé mat chai. Mot bé mit dic trung tur
750-1.500 cm? vé6i 200-500 mL méi truong s& cho san luong 1-2x10° té
bao. Mot dién tich bé mit 16n hon c6 thé thu duoc bing cach dung
microcarrier trong cac hé 1én men thung khuay.

6.3. Nudi cdy mé ¢ cung cip dinh dudng

Nudi cdy mé co cung cép dinh dudng (fed-batch culture), trong mot
nghia chinh xéc, duoc diéu khién cing mot phuong thirc nhu nudi cdy thé
6n dinh hoa tinh (chemostat culture), nghia 1a toc do sinh trudong té bao bi
han ché bai tdc d6 pha lodng va co chat gidi han sy sinh truong. Ly do dé sir
dung k¥ thuat nudi cdy mé co cung cap dinh dudng (duoc giGi han co chét)
1a vi sy gi6i han O, va chuyén héa bai tiét qua mic bi ngin can trong qua
trinh nudi cay, két qua 1a mat do té bao cao hon nhiéu so véi nudi cay mé.
Mic di nudi cdy mé co cung cdp dinh dudng (dwoc gidi han glucose va
glutamine) ciing giai quyét duoc van dé chuyén hoa bai tiét qua muc trong
té bao dong vat c6 vi, nhung nd khong du dé lam ting mat do té bao 1én
mot cach dang ké. Bang cach cung cap mot hdn hop cin bang cac chat dinh
dudng, mat do té bao va ndng do san pham ciing dugc cai thién hon 10 lan
s0 v6i nudi cdy mé. Nudi cdy mé co cung cap dinh dudng c6 thé kéo dai it
nhét t6i mot thang, cic qué trinh nudi ciy & quy mo 15 m? da dugc khao sat
va mat do té bao trong khoang 1-1,4x10" té bao sinh trudng/mL ciing da
dugc thong béo.

6.4. Nudi cdy thé 6n dinh hoa tinh

Nudi cdy chemostat 13 kiéu nudi ciy cé su bd sung lién tuc moi truong
sach va su chay ra cua chat 1ong nudi cdy, dong thoi giit thé tich nudi ciy
khéng d6i (Hinh 5.2). Trong nudi cdy vi sinh vat ¢ trang thai 6n dinh
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(steady-state), mdi quan h¢ gitra tbe d6 pha loang (D) va tbc do sinh truong
dac trung (1) duoc biéu dien bang dang thirc 1 = D. Tuy nhién, trong nudi
céy té bao dong vat c6 va, sy sinh trudng cua nudi céy cin phai duoc tinh
toan. Su sinh san cia té bao khong chi thay thé sy hao hut cac té bao séng
s6t (dang sinh truong) bi cudn theo dong chay ra, ma con thay thé cho cac té
bao bi chét trong qua trinh nudi cdy. Do d0, co thé mo ta trang thai 6n dinh
cho tdc do sinh truéng nhu sau:
H= D (It X N\:l:

Trong d6: N; 1a ndng dd té bao tdng sd (t& bao chét cong véi té bao
song so6t) va Ny 1a ndng d6 té bao sdng sot. Tir quan hé nay cho thiy ring p
16n hon D khi hién tugng chét t& bao xuét hién trong hé thong.

Trong nudi cdy té bao dong vat co vii, mdi trudng chira nhiéu ngudn
carbon va nitrogen, do d6 dé thiét lap sy sinh truéng trang thai 6n dinh duoc
gidi han boi mot chét dinh dudng 14 kho khan. Mac du, mot trong cac ngué)n
nang lugng (glucose hodc glutamine) co thé gidi han hiéu suét sinh khi
trong nudi cy trang thai on dinh, nhung tdc do tiéu thu cac chat dinh dudng
khéc c6 thé phu thudc vao muc do cung cép ngué)n nang lugng, hodc vao
ndéng do ctia mot chat dinh dudng riéng ré.

Nhiéu hudng nghién ctru tap trung t6i wu méi truong va sinh 1y hoc
ctia té bao dong vat ¢ v, chang han nhu anh hudng cia u 1én sy tao thanh
san pham va anh hudng cta nong do O, hoa tan, pH, ndng do glucose va
glutamine, nong d6 cac vitamin va amino acid 1én sinh truéng va tao thanh
san pham, d4 duoc khao sat bang cach dung hé nudi cdy chemostat. Cac qua
trinh san xuat chemostat v4i reactor (binh nuéi) c6 thé tich 1én t6i 2 m® cling
da duoc khao sat.

Nu6i céy chemostat cho cac muc dich san Xuét ¢o modt vai nhuogc
diém. Thoi gian nudi ciy dai ngay (it nhat 1a nim tuan) d3 ting dang ké
nguy co nhiém ban, va thoi gian can thiét dé tai thiét 1ap mot nudi ciy trang
thai 6n dinh sau khi sy nhi®m bén xuét hién lau hon viéc tai khoi dong cac
qua trinh nudi cdy mé hoic mé co cung cip chét dinh dudng. Hon nita, gia
tri cia mot qua trinh san xuét dua trén nudi c?iy lién tuc mudn dugce thira
nhan phai chimg minh duoc rang dong té bao dang sir dung 1a 6n dinh trong
thoi gian nudi cay.
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~—N
Nubi cdy mé ﬁ

Hé 1én men Chai quay
(fermenter) (Roller bottle)

Nubi cdy mé co
cung cap dinh
duGng
Nudi cdy thé 6n
dinh héa tinh
e W W %’
perfusion
<4

Phan tach t& bao Phan tach t& bao Heé sdi rong
in situ bén ngoai

Hinh 5.2. C4c phwong phap nubi ciy té bao dong vit cé vii. Cac mili tén trong
chi dong chay mdi trudng, miii tén den day chi dong chay cua dich nudi ciy co
sinh khéi, miii tén xam nhat chi dich nudi cdy di tach sinh khéi ra.

6.5. Nuoi ciy perfusion

Trong nudi ciy perfusion, sinh khéi dugc tich lity khi té bao dugc giir
lai trong reactor nho bd phan thu hoi, trong khi méi trudong sach dugc dua
Vao va mdi truong di hao hyt chat dinh dudng bi loai bo. Theo cach nay,
mat d6 t& bao 1én t&i 3x107 t& bao/mL va c6 thé dat duge ndng d6 san phdm
cao hon trong nudi cdy mé. Cac bd phan phan tach té bao tir dich 1ong nudi
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céy 6 thé duge dat bén trong hoac bén ngoai reactor (Hinh 5.2). Mot vai hé
thdng perfusion ¢ thé dugc phan biét, dwa trén phuong phap phan tach té
bao va moi truong:

- Bo loc xoay (spin-filter) st dung budng quay c6 ludi kim loai
(dwong kinh 16 5-75 um). Nhuoc diém cua spin-filter 1a d& lam tic nghén,
dan dén giam tdc d6 dong chay moi trudng qua hé loc va cudi cung bit kin
tat ca mic ludi ciia mang loc.

\'\
—

Hinh 5.3. Cac loai binh nudi ciy té bao dong vat. (A) Binh T-flask. (B) Binh
spinner loai 0,5 L.

- M6t chon lwa khac 13 hé loc soi rdng (hollow fibre) c6 thé duoc ding
dé phan tach té bao tir dich 10ng nudi cdy. Viéc lam tic nghén hé loc ciling
c6 thé xuat hién nhung c6 thé khic phuc bang cach dung tia nudc nguoc.
Céc thiét bi lang dé thu sinh khdi cling ¢4 duoc phat trién trong trudng hop
phan tach té bao tir dich 16ng nudi cay c6 mat do cao.

- Mot thiét bi dic biét dung trong luc hép dan dé gitr té bao trong
reactor 12 hé loc 4m thanh (acoustic filter). Hé théng nay dung song am
thanh tinh dé tap trung cac té bao trong dong chay. Cac té bao tich liiy trong
cac giao diém (node) cuia song va ling nguoc xudng day chit 1ong trong
nudi cdy, nguoc lai voi dong chay 1én (up-flowing effluent stream). Sau
cung, str dung phuong phap ly tdm dé thu hdi t& bao cho cac qua trinh san
xuit & quy mo 16n.

Cac hé théng nudi céy so1 r5ng c6 thé duoc xem 1a mot loai dic biét
ctia nudi cdy perfusion trong dé té bao dugc phéan tach vat 1y khoi dong chay
moi trudng (Hinh 5.2). Cac té bao duogc sinh trudng trong mot khéi khong
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gian siéu mao dan (extra capillary space), trong d6 mdi truong sach dugc
cung cip thong qua mot sd luong 10n céc soi rong ctia mang (su chuyén
khéi). C6 thé dat t6i mat do 108 té bao/mL trong khong gian siéu mao dan
va moi truong dong chay trong khong gian nay chira mot nong do cao cta
san pham. Tuy nhién, khi nong do cac chat dinh dudng ting dan va san
phém duoc tao thanh trén khé.p cac so1 s€ gidi han kha nang cua cac khdi soi
rong duogc thiét ké cho cac binh nudi (reactor) quy mé san xuat 16n. Mic du
vay, cac khéi soi rong van d& dang st dung va duoc tng dung thanh cong
trong cac qua trinh san xuat thurong mai.

6.6. SO luong va chét luong san pham

Mot san pham duoc tinh sach tir nudi cay té bao dong vat c6 vi khong
thé c6 100% hoat tinh sinh hoc ma tiy thudc vao nhiing bién ddi trong kiéu
glycosylation hodc su phan giai protein. Hai thong s6 ndy chiu anh huong
boi cac diéu kién moi truong. Phuong thire glycosyl hoa trong phan tng phu
thudc vao nhiéu nhan t6 nhu kiéu nudi cdy, pha sinh trudng cua nudi ciy
mé, té bao dugc sinh trudng trong cac microcarrier hodc trong dich huyén
phu, ndng do glucose, nong d6 ammonium, hiéu qua ciia cic hormone trong
moi trudng, sy hién dién cua huyét thanh, ham lugng cua protein va lipid
trong mai truong, pH, va ndong d6 O, hoa tan. Vi vay, viéc chon lua cac diéu
kién sinh 1y thich hop trong mét qua trinh san xuat 1a rt quan trong dé co
dugc sy glycosyl héa chinh xac cia mot protein duge pham.

Khong nhiing chét lugng cua céc san pham ma higu suat toan phan
ctia nudi ciy té bao dong vat cé v cling chiu anh hudng ciia nhidu thong s6
nhu pH, nong do cac ion ammonia/ammonium va lactate, nong do huyét
thanh, phuong phap nudi cdy, tudi té bao nudi ciy, luong miu cdy giy va
thanh phan méi truong. Do sy phirc tap cua sinh 1y té bao dong vat c6 v,
nén su phdi hop giita cac moi truong va phuong phap nudi cay khac nhau
thuong phai duoc str dung, va néu tach riéng anh huéng cta timg nhan t6
dic trung s& gap nhiéu kho khan. Tuy nhién, tbc do sinh trudng van 1a thong
s6 chinh anh huéng rd rét 1én hiéu suit dic trung cua san phdm ¢ té bao
dong vat c6 vu.

Hiéu suit dic trung ciing ¢ thé dugc cai thién boi cac hop chat khong
phai 13 thanh phan binh thudng cia méi trudng nudi cy té bao. Nudi cay
mot sb dong té bao dong vat c6 va cho thdy chang ¢ hiéu suit dic trung
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cao hon trong moi trudng ma & d6 ap luc tham thau duoc ting 1én tir mirc
binh thuong 14 330 mosmol téi hon 400 mosmol. Mic du chua hiéu dugc
day du, nhung nguoi ta nhan thdy anh hudéng nay phu thudc vao dong té bao
va mOi truong co ban dugc st dung.

S6 luong san pham dugc san xuét trong qué trinh nudi ciy c6 thé biéu
dién bang phan tram cua luong protein tong sé duoc san xuat. Trong mot s6
truong hop, khi téc do sinh trudng ting 1én thi phan trim cua san pham s&
giam xudéng mot lwong dang ké (ty 1 nghich). Vi du: téc do san xuat dic
trung ctia protein trong dong té bao hybridoma dd dwoc théng bao la
1,5 mg/10° té baoxgid ¢ téc do sinh trudng dic trung 0,02/gid. Luong san
pham duoc san xuit twong Gmg véi 28% protein tong s6. Nhung & mot dong
té bao twong tu c6 tbe do san xuét dic trung thdp hon nhidu (0,2 mg/10° té
baoxgid) & toc do sinh trudng 0,058/gid, thi lugng san pham chi chiém 1%
ctia protein tong s6. Trong mot s6 truong hop khéac, & dong té bao myeloma
san xuat khang thé tai to hop thi phan trim cua protein san pham ting 1én tir
18%-29% quan séat dugc khi tdc do sinh trudng ting 1én tir 0,016/gid dén
0,042/gio (ty 1¢ thuan).

Nubi cdy té bao dong vat c6 v thanh cong nhat (ndng do va hiéu suét)
la d¢é san xuét khang thé don dong voéi cac té bao hybridoma hodc myeloma.
Nhu d3 trinh bay & trén, tiém nang san xudt cua cac té bao dong vat co via la
khong gidi han, nhung diéu dugc quan tdm hon ca d6 1a ndng do sinh khoi
c6 thé dat duoc. Pé dap tng yéu cau nay, nudi cdy mé co cung cp chat dinh
dudng va reactor sgi rong (hollow fibre reactor) da duoc sir dung dé hudng
t6i cac nudi cay co6 mat do té bao cao cua hybridoma va myeloma. Sy gidi
han glucose va glutamine duoc phdi hop véi viée cung cap amino acid va
huyét thanh, cho két qua 1a ndng do té bao tong s xép xi 5x10” t& bao/mL
(trong d6 it hon mot nira 1a sdng sot) sau hon 550 gio, va ndng d6 cudi cling
ctia khang thé 1a 2,4 g/L, véi san lugng 0,1 g/Lxngay. San xuat thuong mai
cac khang thé don dong trong cac reactor soi rong c6 thé cho san luong
khoang 700 g san pham/thdng (khoang 2 g/L). M&i lan nudi cdy kéo dai
khoang ba thang nhung 1an nudi cdy dau tién 1a khong san xuat do thoi gian
nay dugc yéu ciu cho viéc xay dyng sinh khéi trong khong gian siéu mao
dan. Hiéu sut trong hé thong nay 1a 0,3 g/Lxngay trong sudt thoi gian thu
hoach.
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II1. Cong nghé di truyén ciia cac té bao dong vt cé vi

Chuyén nap va biéu hién DNA ngoai lai trong té bao eukaryote nudi
cay in vitro duoc bat dau cach day hon 30 nam. Phuong phéap chuyén nhiém
d3 mé dau cho mot chudi da dang va phuc tap cua cac k¥ thuat chuyén gen.
Hau nhu ddng thdi voi sy phét trién cac quy trinh chuyén nap 1a viéc kham
phé ra enzyme phién ma nguoc (reverse transcriptase) tir d6 ¢ thé tao ra
cac ban sao DNA b sung (cDNA) ctia moi mRNA. Su phét hién enzyme
cit han ché dd mo ra k§ nguyén cta cong nghé DNA tai t6 hop. Nhin chung,
viéc phat trién cac k¥ thuat thao tic DNA dé tao ra cong nghé di truyén thuc
vat, dong vat va liéu phap gen & nguoi da trd thanh hi¢n thyc. Cac k¥ thuat
hién dai da cai thién hiéu qua chuyén DNA, ting su da dang ctia vector dé
diéu hoa va tao thuan lgi cho biéu hién cua gen trong mot pham vi rong cac
loai té bao dich (target cell).

Chuyén gen duoc dinh nghia nhu 1a viéc dua DNA bén ngoai vao
genome, sao cho né on dinh va duy tri cung voi di truyén cua vét chii. Hon
15 nam qua, viéc chuyén gen vao genome ctia dong vat co vi da trd thanh
mot cong cu thuc nghiém dugce lam déu din va dang tang tam quan trong
trong cong nghi¢p cong nghé sinh hoc. Thong thuong, DNA ngoai lai dugce
dua vao trong phoi mot té bao bang phuong phap vi tiém va cac phdi sdng
s6t sau d6 duoc cdy vao con cai thy tinh gia va cho phép phat trién t6i ky
han. Trong mét sb phoi duge cung cdp, DNA di hop nhat trong genome
trudc khi phan chia té bao lan thir nhat, thé chuyén gen sé dugc chuyén qua
nhiing 1an sinh san tiép theo thong qua phéi.

Céc k¥ thuat chuyén gen c6 tiém nang tmg dung rat 16n trong nghién
ctru. O mirc d6 phéan tir ching cho phép xac nhan céc trinh tu cis-acting
DNA quan trong trong sy biéu hién gen dic trung mo va/hodc phat trién
dinh hudng, va thao tac dic biét ciia sy biéu hién gen in vivo. Vi sy ra doi
ctia k¥ thuat t& bio mam phoi (embryo stem-ES), va sy phat trién céc
phuong phap gilp dat duoc su tai to hop twong dong, cac nghién ctru hién
nay c6 kha ning tim hiéu vé chirc ning ctia mot gen dic biét va xac dinh
chic chin cac anh huéng in vitro ctia nhimng bién d6i dic biét dén chirc nang
gen. Su d6i méi nay c6 nhidu goi ¥ quan trong cho nhiéu linh vuc nghién
ctru sinh-y bao gom thiét ké cac mé hinh bénh, st dung me nhu 13 cac hé 1én
men cho viéc san xuit cac protein tri liéu & nguoi va, cudi cung, suta chira
nhirng sai st bam sinh ctia su chuyén hoa bai gen dich.
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1. Cac phuwong phdp chuyén gen

C6 nhiéu phuong phép thich hop dé chuyén DNA ngoai lai vao trong
cac té bao eukaryote, chiang han nhu: chuyén nhiém (hoa bién nap) bing
calcium phostphate hoac diethylaminoethyl-dextran (DEAE-dextran), xung
dién, lipofection, liposome, viral vector (ké ca cac tiéu phan phage), vi tiém,
bén gen (vi dan)...

Chon phuong phap chuyén gen phu thudc vao mirc do biéu hién dugc
mong doi, biéu hién trong thoi gian ngén hodc biéu hién 6n dinh; loai té bao
dich, nhu t& bao dich huyén phu hodc té bao dinh bam, cac dong té bao da
thich nghi hodc phan héa. Mdi phuong phap déu doi hoi su tbi uu cao, bao
gém cac yéu td nhu: sd luong té bao, néng dd DNA, céc vector biéu hién.
Téng quan tom tit mot sé phuwong phap chuyén gen thong dung dudi day dé
mo ta k¥ thudt co ban, hiéu qua biéu hién gen, va céc cai tién gan diy minh
hoa cho cac ung dung lam sang.

1.1. Phuong phap chuyén nhiém (transfection)

Duing calcium phostphate két tia DNA, ¢6 pham vi hiéu qua tir 1-10*
khuén lac/10° té bao/ug DNA. Sy hop nhét cuia DNA ngoai lai trong DNA
té bao mang tinh ngiu nhién. DNA dugc chuyén nhiém thuong tai t6 hop
truée khi hop nhat 1am cho thé hoi nhap mang nhiéu ban sao DNA trong té
bao. Hiéu qua chuyén nap c6 thé ting & mot vai dong té bao duogc xir ly
dimethyl sulfoxide (DMSO) hoic glycerol trong mot thoi gian ngin (4-6
gid) sau khi chuyén nhiém. Xt 1y sdc sau chuyén nhiém bang
chloroquindiphosphate gdy doc cao. Mtrc do doc thay dodi gitta cac dong té
bao, dic biét cac té bao nudi céy dich huyén phu va céc té bao phén hoa ¢
giai doan cudi. Khi thay d6i calcium phosphate bang DEAE-dextran thi
chuyén nhiém DNA c¢6 thé it doc hon v6i moi xir 1y sdc sau chuyén nhiém &
té bao nudi cdy dich huyén phu va té bao phan hoa.

1.2. Phuong phap lipofection

Str dung céac lipid trung tinh hoic mang cation dé tao thanh cac
liposome. Phtrc lipid hop nhat véi mang huyét twong s& phong thich DNA
dinh bam vao trong phan bao tan (cytosol). Phuong phap nay cho hiéu suat
chuyén nap cao hon chuyén nhiém bang DEAE-dextran hodc calcium
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phostphate. Tinh dong nhét cta thanh phan lipid giita mang té bao vat chu
va lipofectant lam tang hi¢u qua dung hop va tang kha nang xam nhap cua
DNA gin kém. Céc liposome mang cation (lipofectin) thich hop cho chuyén
nap gen in vitro voi hiéu suét trén 90% ¢ mot sd loai t& bao nudi cdy.
Lipofectin dugc st dung dé boc cac virus. Viéc tao ra céc liposome chura
protein virus trong 16p lipid di cai thién hiéu qua cua vector voi cac té bao
dic biét nhu té bao gan (liver hepatocytes). Chi c6 mot sé phwong phap
thich hop dé chuyén DNA qua mang huyét twong bang thyc am bao
(endocytosis) va ddy manh cac qua trinh ndi thé gay thoai bién va sip xép
lai DNA. Liposome dugc dung dé phan phdi in vivo va ex vivo céc gen
ngudi toi té bao dich thich hop.

1.3. Phuong phap xung dién (electroporation)

- Phuong phép nay ciing duoc sir dung cho chuyén gen & thuc vat.
Tuy nhién, té bao thuc vat phai dugc pha bo thanh cellulose méi cho hiéu
sudt chuyén nap cao.

- Yéu cau nghiém ngit cac thong sd cia thiét bi tao xung dién (Hinh
5.4) lién quan dén hiéu suit xam nhdp cua DNA. Dong dién dugc su dung
dé tao ra céc té bao treo trong dung dich DNA céc 16 thung trén mang huyét
tuong va qua d6 DNA theo gradient mat d6 chui vao trong phan bao tan.
Phuong phéap nay duoc s dung rong rai trong nudi cay dich huyén phu
lymphocyte (lympho bao).

- Chuyén nap gen bang xung dién c6 khuynh hudng tao ra cac thé hoi
nhap mang ban sao DNA don va thuong dugc st dung dé chuyén gen vao
cac té bao mam phoi. Viéc chuyén nap gen thong qua dién trudng & cac té
bao mau (hematopoietic cells) va cac thé hé to tién cua ching 1a phuong
thire thich hop cho céc viral vector can hé thong dong gbi phirc tap.

- Céc té bao tuy xuong tién than (bone marrow progenitor cells) duoc
nudi trong moi truong co cytokine, interleukin-3 s& ting tin sd chuyén
nhidm va biéu hién gen & cac té bao tao bach ciu hat (granulopoietic) va té
bao hong cau tién than (erythroid). Cac gen chon loc trdi nhu 13 pSVNeo ghi
ma cho cac gen cua prokaryote, neomycin phosphatransferase (neo) mang
trinh tu khoi dong (promoter) va trinh ty tdng cuong (enhancer) cia Simian
Virus 40 (SV40), cho phép phan 1ap cac té bao khang neomycin bang cach
ding mot dang dong dang ciia neomycin, G418, trong méi truong bd sung.
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Chuyén nap gen pSVNeo bang xung dién vao trong t& bao mam tiy xuong
cho két qua t6t, va c6 thé tng dung dé chuyén nap cDNA cua yéu t6 dong
maéu (factor 1X) vao trong té bao dém (stromal cells) ngudn gbc tuy xuwong.
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Hinh 5.4. H¢ théng chuyén gen bang xung dién
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1.4. Phuong phap vi tiém (microinjection)

- Pay la phuong phéap chuyén DNA tryc tiép nhat va ¢ hiéu qua cao.
Tuy nhién, s6 lwong té bao thi nghiém gidi han chi trong vai trim. K§ thuat
tinh x40 va thiét bj dat tién cua vi tiém (Hinh 5.5 va 5.6) dd han ché viéc sir
dung rong rai phuong phap nay. Tién bo 16n nhat cua phuong phéap vi tiém
1a kha ning giam sat biéu hién cia DNA ngoai lai & cac té bao riéng ré.

- Hon nita, trong khi chuyén nhiém va chuyén gen bang xung dién c6
thé vo cung doc thi vi tiém phan phdi DNA truc tiép vao trong nhén té bao
ma khong gdy nguy hiém dén sy nguyén ven ctia mang té bao. Dé giam doc
tinh t6i muc tdi thiéu, thé tich DNA phai dugc han ché nho hon 10% thé
tich nhan.

- Pic trung cua vi tiém 1a cung cap phuong thirc dé tao ra cac dong
vat duogc chuyén gen, danh gia biéu hién gen dugc tao dong trong céac té bao
phoi, cung cip phuwong phép truc tiép dé tao cac dot bién thém doan
(insertional mutants), xac dinh cac nhan td diéu hoa biéu hién gen dac trung
mo va dic trung té bao, va phan lap cac dong provirus (cac virus DNA duoc
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hop nhét trong DNA nhiém sic thé cia té bao vat chi) nguyén ven cila cac
retrovirus (cac virus mang RNA s¢i don dugc tai ban thong qua DNA soi
d6i trung gian) dé tién hanh phan tich bénh 1y hoc.

e

~

V

Hinh 5.5. Thiét bi vi tiém

p

Hinh 5.6. Vi tiém DNA vao té bao

Xac dinh phuong phéap chuyén nap thich hop cho cic gen ngoai lai dic
trung la can thiét dé thuc hién liéu phap stra chira gen in vivo. Mot vai bénh
di truyén xuat hién do thiéu cac gen chirc ning hodc san pham gen, vi vay
thay thé mot gen khiém khuyét bang mot gen binh thuong co thé sira chira
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duogc khuyét tat va tranh cac dot bién tiém tang & cac locus ngu nhién. Gen
thay thé phai duoc thiét ké thich hop dé thuc hién tai t6 hop twong dong
gitta DNA ngoai lai vd DNA noi sinh. Tan sé tai t6 hop twong dong & locus
dich (target locus) trung binh 13 1/10° t& bao néu ding phwong phép vi tiém.
O chudt chuyén gen, gen dic trung da duoc nghién ciru dé cung cap mot hé
théng m6 hinh in vivo cho phép danh gia hiéu qua cta bién phéap thay thé
gen. M6 hinh dong vat cho hoi ching Lesch-Nyhan tao thuan loi dé danh
gid cac quy trinh chuyén nap gen in vivo, cho du bénh hoc cia dong vat
hiém khi tuvong tw nhu & nguoi.

1.5. Phuong phap ding sung bin gen (gene gun)

Str dung cac hat kim loai nhu tungsten hodc vang lam vi dan. Vi dan
duoc boc béng DNA va di v6i mét van tdc thich hop dé xam nhdp vao té
bao dich. Hi€u qua cua phuong phdp nay tuong duong véi phuong phap
chuyén nhiém. Su biéu hién thanh cong cia DNA ngoai lai trong té bao
chudt NIH 3T3, té bao khi COS 7 va mot dong dai thuc bao (macrophage)
da dugc thong bao. Stng bin gen va phuong phap tiém truc tiép DNA tran
ctia plasmid bi han ché d6i véi tim va céc té bao co xuong cia dong vat. Chi
c6 1-3% té bao nhan DNA va san xuat mot lugng nho protein dugc ghi ma.
Cac phuong thirc hién hanh hau hét déu thich hop cho cac muc dich phat
trién liéu phap DNA vaccine trong d6 v&i mot lugng nho protein 1 du dé
tao ra mot phan rng mién dich (xem thém chuong 4).

1.6. Phuong phap dung cac viral vector

Pay 1a cac cau trac tai to hop trong d6 mot hodc nhiéu gen cua virus
dugc thay thé boi DNA tao dong. Chuyén nap gen didc trung md hoic té bao
duoc thuc hién bﬁng cach chon loc cac diém thu cam cua té bao dic hiéu
virus. Virus mang DNA tai to hop xam nhiém vao té bao dich dic trung va
phan phdi tai trong di truyén vao trong ching. Mot dic diém hip dan cta
viral vector 1 diéu hoa biéu hién gen khi c6 mit promoter va enhancer cua
virus. Cac viral vector c6 ngudn goc tir hau hét cic virus DNA, bao gdm
SV40, cac virus tao u dang nhu (papilloma virus) ¢ ngudi va bo, nhom virus
DNA cua parvoviridae (adeno-associated virus, AAV), adenoviruses (cac
virus mang DNA soi do6i), cac virus gdy bénh mun gidp (herpes), va virus
bénh d4u mua (vaccinia). Kich thudc cua doan chén (insert DNA) thay d6i
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tir 2-3 kb & cac papovavirus toi > 50 kb & vaccinia. Cac viral vector c6 thé
cho phép biéu hién trong thoi gian ngin va gan nhu 100% & diéu kién in
vitro. DNA cua provirus dugc san xuit nho phién mi nguoc RNA cua
retrovirus hop nhét nhu 12 mot ban sao don trong nhiém sic thé vat cha,
giam to1 muc tdi thiéu su phién ma gen. Céc viral vector dac bi¢t dugc thiét
ké dé phan phdi DNA ngoai lai vao trong cac té bao phan hoa, cac t& bao
mam phdi, cac lymphocyte. Mic du cac retrovirus da dugc st dung dé
chuyén gen nhung ciing c6 mét vai kho khin do provirus cua né thiéu kha
nang hop nhét vao cac té bao thu dong, boi vi DNA chi hop nhat khi té bao
trai qua thoi ky phan bao. Diéu nay dan t6i that bai khi biéu hién & mirc do
cao cac gen chuyén nap. Dé c6 kha ning tai to hop, kich thudc tdi da cua
insert DNA chi khoang 7 kb.

Chon lva mdt phuong phap chuyén gen thich hop phu thugc vao muc
dich thi nghiém va loai té bao dich (dinh bam hay dich huyén phu), chung 14
nhimg té bao so cip hay di thich nghi, d phan hoa hay c6 nhiéu tiém ning.
Thir nghiém biéu hién cia DNA chuyén nhidm c6 thé 1a tam thoi (trong thoi
gian ngan) hodc bén vimng (0n dinh) v&i cac mirc d6 biéu hién co ban hodc
c6 thé suy dién. Cac dong té bao dinh bam dé thao tic bang cac phuong
phap chuyén gen khac nhau va cho biéu hién gen thanh cong sau d6. Khi
ddc tinh cta phuong phap chuyén nhiém loai trir kha nang biéu hién gen, thi
mot trong cac phuong phap khac c6 thé cho phép thiét ké thi nghiém thanh
cong. Khi phuong phap chuyén nhidm, xung dién va viral vector thit bai thi
phuong phap vi tiém c6 thé s& thich hgp. Chuyén gen vao céc té bao khong
dinh bam khé thuyc hi¢n nhung st dung viral vector va chuyén nhiém
DEAE, ciing nhu liposome c6 thé 1a giai phap hop ly. Déi véi cac té bao
khong dinh bam thi c6 thé st dung phuong phép vi tiém dé chuyén gen.

Noéng d6 DNA dung trong thi nghiém chuyén gen thay doi tir 1 ng dén
10 pg cho 10°-10° t& bao nhan. Trong vi tiém, mot vai trim té bao duoc tiém
tryc tiép DNA ndng d6 tir 1 pg dén 10 pg/uL tuong duong véi 1-10? ban
sa0 cua cdu tric tai t6 hop. S6 lugng ban sao dua vio trong cac té bio nhan
(té bao vat chir) ty 18 vai kich thude cua vector, doan chén va nong do DNA.
Céc chu triic mach thang hop nhit théng qua tai t6 hop cao hon khoang 10
lan cac ciu tric mach vong. Chuyén nhiém thong qua liposome tré thanh
mot k¥ thuat phd bién nhd doc tinh thip hon va hiéu qua chuyén nap cao.
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Trong khi phuong phap xung dién doi hoi mot sd lwong 1én DNA (10-
40 pg) va trung binh sé& giét chét mot nita té bao nhén.

2. CAC diéu kién can thiét cho biéu hién gen ngoaqi lai

Sau su van chuyén hiéu qua DNA vao trong nhan cua té bao nhan,
biéu hién cia DNA ngoai lai tuy thudc vao cac nhan td diéu hoa: enhancer
va promoter trinh tu cis 5’ va cac nhan t6 phién ma tac dong trans (trans-
acting) ctia t& bao vat chii. Promoter va enhancer 1a cac nhén t c6 thé dugc
chuyén vao trong vector dé diéu hoa biéu hién gen sau khi hop nhit vao
trong DNA té bao. Hiéu biét co ché diéu hoa cua gen chuyén nap s& chon
dugc té bao vat chii cho phép cac nhan t6 phién ma thich hop hién dién va
hoat dong. Cau tric mot vector chuyén nap gen thich hop bao gom cac nhan
t6 diéu hoa eukaryote va prokaryote can thiét dé thuc hién khuéch dai trong
moi trudng prokaryote va biéu hién san pham protein mong doi trong vat
chu eukaryote.

Sy diéu hoa cta prokaryote duoc két hop véi sy khuéch dai DNA tai
t6 hop trong E. coli hodc cac té bao vat chu prokaryote khac. Piéu kién t6i
thiéu 1a phai c6 ving khoi dau sao chép (ori) vi khuan, promoter vi khudn
va gen chi thi chon loc hodc sang loc dé phan 1ap DNA téi t6 hop duoc
khuéch dai. Cac gen chi thi duogc sir dung nhu gen neomycin transferase
(neo), thymidine kinase (tk), xanthineguanine phosphoribosyl transferase
(xgprt), khang methotrexate nho dihydofolate reductase (dhfr), khéng
hygromycin (hgr) va khang tetracycline (tet). Cac gen chi thi la cac gen
prokaryote dugc tao dong trong cac vector biéu hién & cic eukaryote cho
phép thir nghiém biéu hién tam thoi cia DNA ngoai lai nhung khong phy
thudc vao moi truong chon loc. Cac gen chi thi 1a B-galactosidase (5-gal),
luciferase (luc), chloramphenicol acetyl transferase (cat) va green
fluorescent protein (gfp). Céc san pham protein cia mdi gen twong tng 1a B-
GAL, LUC, CAT va GFT.

Noéi chung, cac promoter eukaryote rat phtrc tap, doi hoi hai hoic
nhiéu trinh ty cis ma nhan t6 phién ma lién két thanh hang RNA polymerase
IT dé phién ma. Cac nhén td promoter tdi thiéu bao gdm céc 16p protein lién
két DNA thuong gip AP-1 va SP-1 duoc xem 13 cac nhan t6 bao thi tim
thiy nhiéu trong promoter cia eukaryotic virus. Tao dong tr¢ lai
(subcloning) promoter 5’ ctia virus vao trong cac gen mi héa cac san pham
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protein chon loc s€ tao diéu kién cho mot sb vector biéu hién. Céc promoter
cua virus hoat dong manh trong mot s6 loai té bao nuoi céy dac biét nhung
lai hoat dong khong giéng nhau & cac t& bao phan hoa hoic cac té bao phoi.
Nhiéu gen eukaryote quan tdm bit ngudn tir mRNA théng qua phién ma
nguoc dé san xuit cDNA khong chira cac nhan té diéu hoa. Tao dong cDNA
Va0 trong cac vector mang promoter manh dé biéu hién trong té bao nhan.
Cac promoter SV40 va CMV (cytomegalovirus) cling chira c&c enhancer la
nhan t6 lam ting hiéu qua cua promoter virus trong hau hét cac t& bao
eukaryote. Cac enhancer c6 ngudn goc tir virus c6 tac dung ting hiéu qua
phién ma cua promoter.

Vung khéi ddu sao chép DNA cua eukaryote c6 thé dugc gin vao
vector dé ting su sao chép véi hang triéu DNA té bao. Trong thuc té, tit ca
cac ving khoi dau sao chép DNA ciia eukaryote c6 ngudn gdc tir hé gen cia
virus. Sy sao chép phu thudc vao DNA polymerase va accessory protein cua
cac té bao ciing nhu replicase dic trung cua virus. Dé duy tri 6n dinh DNA
ngoai lai doi hdi hodc 1a DNA dugc hop nhét trong nhiém sic thé cua té bao
vat chii hodc 14 t6n tai su bo trg ddc trung gitra episome va protein tic dong
tir ngoai (trans-acting protein).

Phién ma eukaryote khoi dau tai hudng ctia promoter nhung lai két
thic khong chinh xac. Phic nhdan RNA-hnRNA di hop (heterogenenous
nuclear RNA) 1a thé phién ma so cap (5°—3), mot ban sao chinh xac ctia
soi DNA khudn mau (3°—5°), va tuong duong voi sgi mi héa cia DNA
(5°>3’). Khi c6 mat intron, cac spliceosome s& loai intron ¢ ranh gidi dac
trung exon-intron gin cung véi chudi ma hoéa duoc biéu hién cia gen trong
mot khung doc mé dé dich ma. Céc bude cua qué trinh nay 1a ddc trung cta
té bao eukaryote va khong xuét hién trong cac té bao prokaryote. Su diéu
hoa biéu hién ciia gen de novo trong eukaryote phtrc tap hon sy diéu hoa
dich mi va cac budc cua qua trinh sau dich ma. Sy diéu hoa tiép theo c6 thé
bao g@)m kha ning on dinh cia mRNA, céac tin hiéu chi thi (maker signals)
trong ving khong dich ma 5° hoic 3’ (UTR) ctia mRNA, c4c chudi mang bd
ba ma hoa khoi dau t6i wu... Cac hiéu biét ban dau vé co ché phirc tap va
tinh vi cia sy diéu hoa gen 1a co s& dé chuyén nap gen thanh cong & diéu
kién in vitro va in vivo. Liéu phap gen ¢ ngudi doi hoi thong tin chi tiét vé
gen bam sinh va xac dinh cac nhén t6 diéu hoa dé biéu hién gen thich hop.
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3. Cac diéu kién thuc nghiém 16i wu

Céc nhan t6 can thiét dé ti wu thuc nghiém bao gém $6 lugng té bao,
né)ng dd DNA, diéu hoa biéu hién gen trong cac té bao nhan, va chon lya
cac hé thong phan tich. C6 thé xac dinh ddc trung diéu hoa cia gen trong
cac moi truong té bao khac nhau bang cach phan tich biéu hién tam thoi nhu
CAT, B-GAT, hodc GFP. D¢ phén tich biéu hién 6n dinh bén viing c6 thé st
dung cac gen chi thi nhu S-gal, hodc cac gen danh d4u chon loc nhu neo.
Chi tiét cia mdi thi nghiém phan tich duoc trinh bay trong cac bo kit chuan
va cac huéng dan cin ké trong do dé chon lua nhiing uu diém va nhuogc
diém cua ting phuong phép.

Céc plasmid mang gen chi thi khéng chon loc nhu biéu hién LUC
hodc GFP rét hiru ich khi 1am viéc trén méi truong khong co6 ap luc chon
loc. Gen ma hoa GFP (gfp) dugc tao dong tir loai stra phat sang sinh hoc
(Aequorea victoria). Pac tinh hap din nhét 14 su don gian ciia phwong phap
phat hién do chi can kinh hién vi huynh quang chuin va khong can co chét
hodc céac cofactor khac. Cac phén tich hoa mién dich va mién dich huynh
quang cho phep phat hlen c4c té bao nhan bang mat thuong va quan sat chat
ché sy hop nhit ctia cau tric té bao. GFP 1 gen duy nhat trong sO cac gen
chi thi c6 thé phat hién bang kinh hién vi huynh quang & cac té bao, c6 thé
theo ddi su sir dung va biéu hién cua céc protein chi thi trong phan chia té
bao & giai doan tiép theo va phan loai cac t& bao biéu hién bang cach sir
dung thiét bi sang loc cac té bao c6 hoat tinh phat huynh quang.

Gen gfp dugc tao dong tro lai trong cac retrovirus vector mang doan
lap lai tan cung dai (long terminal repeat-LTR) cua virus, cac vi tri tao dong,
va gen khang neo ngurge huéng cia LTR mang dau tan ciing 3°. Chuyén cac
vector GFP vao trong cac té bao COS-7 biéu hién mirc d6 huynh quang cta
protein c6 thé phat hién trong 24-48 gid ma khong can cb dinh. Céc
retrovirus vector mang GFP cho phép chuyén nhiém dong da dugc dong goi
va sau 24 gid cac té bao c6 thé duge phan 1ap bang thiét bi phan loai té bao
c¢6 phat huynh quang (fluorescence-activated cell sorter-FACS) va tién hanh
nudi cy. Thiét bi ¢ém bang phuong phap nhuém propidium iodide s& phat
hién cac té bao chét va tach chiing ra khoi té bao séng biéu hién GFP trong
qua trinh phan tich FACS.

4. Pong chuyén nap gen chi thi va gen thir nghiém
Chuyén nap gen bang cach dung hai plasmid, mot mang DNA quan
tam va mot mang gen chi thi, nhu neo, S-gal, luc hodc gfp, vao trong cac té
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bao dong vat c6 via thuong danh dau cac t& bao biéu hién DNA ngoai lai.
Thi nghiém dong chuyén nap dau tién bit dau nim 1979 voi cac gen P-
globin va tk cta herpes virus. Tiép d6, nhiéu qua trinh tai t6 hop gen chon
loc va khong chon loc di duoc st dung bang nhiéu phwong phap chuyén
gen va di thu dugc nhiéu thanh cong khac nhau. Néu gen chi thi hoic gen
chon loc duoc biéu hién trong té bao nhan, thi gen thtr hai (gen quan tim)
cling s& duogc biéu hién. Khi gen chon loc dugc st dung dé phan lap cac
quz:in thé té bao biéu hién gen danh dAu troi, thi cac té bao tuong tu sé duogc
theo doi cho kiéu hinh cua gen thu hai. Challng han, gen chi thi trdi pSVneo
cho phép chon loc cic té bao trén moi trudng G418 trong d6 gen quan tAm
thir hai c6 thé dugc theo ddi cho kiéu hinh dic trung. Vi tiém pSVneo vao té
bao NIH3T3 da san xuat 35% khuan lac khang neo. Vi tiém gen ras (mot
loai oncogene) dugc tao dong, c6 ngudn gdc tir ung thu bang quang nguoi,
thi c6 tir 10-20% té bao biéu hién kiéu hinh dugc chuyén nap. Vi tiém cac té
bao NIH3T3 véi ca hai gen ras va neo cho phép chon loc cac té bao khang
neo, trong d6 50% ctia chung c6 kiéu hinh oncogene.

Heé théng chon loc kép véi hai gen chon loc dugc st dung nhu
hygromycin va neomycin, doi héi xac dinh can than cic dicu kién thi
nghiém. Poc tinh két hop véi su chon loc trong G418 va hygromycin da
giéi han kha ning séng sot cia té bao, dic biét & cac dong té bao so cip va
phan héa. Phuong phap vi tiém man cam hon 100 1an so voéi phuong phap
chuyén nhiém khi chuyén gen ras vao cac nguyén bao soi di boi ciia ngudi
da duoc bat tir boi khang nguyén SV40T. Mot té bao, c-rasSVneo-HAL, da
dugc hinh thanh bang k¥ thuat vi tiém pSV2neoT24 sau khi khong thanh
cong voi cac ki thuat lipofection, chuyén nhidém va xung dién. Tan sé biéu
hién ras p21 kém hon 10% trong thir nghiém tam thoi va 1% cho biéu hién
6n dinh.

Vi tiém tryc tiép vao 100-200 té bao cho co hoi quan sat cac phan tng
ndi bao riéng r€ td1 cac dai phan tir. Antisense oligodeoxynucleotide (ODN)
va peptide nucleic acid (PNA) cung cap mot phuong thirc méi cho liéu phap
gen trong twong lai. Panh gia phan tng tra 16i soi d6i nghia (antisense) ciia
gen dich (target gene) duoc thuc hién bang cach dung phuong phap vi tiém
& hé théng mé hinh. M6 hinh x4y dung dé phan tich hiéu qua ODN va PNA
dugc thiét ké dic biét. Gen dich 1a don vi phién ma sém cia DNA & SV40
mi héa cho khang nguyén T 16n. Céc té bao chtra ban sao hop nhit don cta
DNA SV40 v6i khang nguyén T 16n méan cam nhiét d6 (tsA8) duoc ding dé
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danh gia sy kim ham cta khang nguyén SV40 sau khi vi tiém céc céu triic
PNA va ODN cua soi khong c6 nghia (missense) va soi d6i nghia. Dong vi
tiém voi S-gal cho phép phat hién cac té bao duogc vi tiém riéng r& nhd phan
tich mién dich huynh quang kép cho khang nguyén T va S-gal. Hai chrome
huynh quang (fluorochromes) riéng biét cho phép xac dinh s phan trim té
bao biéu hién S-gal c6 hodc khong biéu hién khang nguyén T nhu 1a két qua
cua su e ché soi dbi nghia. Vi tiém PNA c6 tir 15-20 b vao nhan da tc ché
hoan toan biéu hién co ban cua khang nguyén T & SV40. Su tic ché dic hiéu
da dugc ching minh trén co s¢ khong c6 su khir trong gen [-galactosidase
dugc dong vi tiém. PNA cua soi khong c6 nghia khong khir khang nguyén T
& SV40 ma ciing khong biéu hién B-gallactosidase.

Tiép dén cac té bao than thich nghi cta khi (CV-1) da duoc vi tiém
plasmid biéu hién khiang nguyén T ctia SV40 va mot plasmid phan chia
chia B-gal dugc diéu hoa boi promoter CMV. Phuong phap mién dich
huynh quang kép duoc dung dé xac dinh sé lugng biéu hién cua fS-gal nhu
mot nhan td chi thi cia mot té bao vi tiém va sy ¢6 mit hodc Véng mat
khang nguyén T dugce xem nhu mot don vi do s6 lugng ctia hiéu suét tc ché
gen bai soi d6i nghia ODN hozc PNA. Mot hé thong thi nghiém diéu khién
cao nhu thé cho phép so sanh truc tiép hiéu qua cua tinh dic hiéu chudi
oligonucleotide, sy bién ddi chiéu dai va nong d9, trong su so sanh véi
peptide nucleic acid nhu 1a cac 16p phan chia oligomer antisense.

5. Ky thudt té bao mam phéi, chuyén gen va tdi té hop tiwong dong

Mot phuong thirc khic rat hitu hiéu trong chuyén gen la dua DNA
ngoai lai vao cac t& bao mam phoi (embryonic stem-ES) con goi 1a té bao
gdc (Hinh 5.7a). Thiét 1ap mot dong té bao ES, cac té bao dugc cdy chuyén
tir khdi té bao bén trong clia tai phoi (blastocyt) dang phat trién 1én céc ting
nudi dudng hoic vao mdi truong cd hoat tinh Gc ché phan hoéa
(differentiation inhibiting activity-DIA), dé duy tri trang thai khong phan
hoa ctia chiing. DNA ngoai lai c6 thé dugc dua vao trong cac té bao ES
bang mot s6 phuong thirc sau: xung dién, chuyén nhiém hoic vi tiém. Sau
d6, cac té bao chon loc duoc dua trd lai vao trong tai phdi va dugc dinh vao
trong con cai mang thai gia cho phép phat trién t6i ky han sinh dé. Sy khac
biét quan trong giita cac con cua mot sé6 dong vat thu duoc theo phuong
thirc nay so voi nhiing con vét thu duoc bang k¥ thuat vi tiém vao phoi mot
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té bao (one-cell embryo) d6 1a ching tao ra cac thé kham vi cac té bao mang
gen duoc bién nap chi chiém mot ty 1€ nhét dinh cua sinh khdi té bao bén
trong cta tai phdi. Tuy nhién, phuong thirc nay cung cp cac té bao chuyén
gen dong gép vao dong té bao mam (germline), sau d6 mot phuwong thirc
chon gidng thich hop s& cho phép thiét 1ap mot dong chuyén gen.

Phan lap mot so té bao

ndi sinh tir tdi phdi

Cac dong t€ bao ES

|

@
(b)l Chuyén DNA dich

Chon loc va/hodc

Chuyén céc t€ bao ES sang loc PCR

vao trong tdi phoi nhan

|
\£ X )'Egb._/ Gay gitng thé kham
NV o AW 5V

Nhan dang cac con chuyén gen

Hinh 5.7. Chuyén gen ddng vit. (a) Sinh san cua cic dong vat chuyén gen bang
cac phuong thirc thao tac té bao ES. (b) Tiép theo viéc chuyén DNA, cac té bao ES
mang thé tai t& hop tuong ddng c6 thé duoc chon loc trude khi dua vao trong tdi
phoi.

Viéc dwa DNA ngoai lai vao trong té bao ES c6 ¥ nghia hon phuong
phap vi tiém vao phoi mot té bao nhd wu diém thyc té 1a DNA ngoai lai co
thé duoc thiét ké dé tai t6 hop twong déng véi ban sao ndi sinh ctia né (Hinh
5.7b). Su chon loc tiép theo, cac dong dich chinh xéac co thé duoc nhén dién,
hoac béng Southern blot hoac phan tich PCR, va dua tr¢ lai vao trong cac
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tai phoi vat chu dé sinh san cac thé kham chuyén gen mong mudn. Mot sd
phuong thirc d4 duoc phat minh cho chon loc dwong tinh céc thé tai t6 hop
tuong déng phdi hop véi chon loc am tinh dira theo sy hop nhit ngiu nhién.
Chon loc duong tinh c6 thé hudng t6i bang cach ngit quing cac chudi twong
ddng trong vector dich voi marker chon loc, nhu 14 gen neo khéang
neomycine cta vi khuan. Néu vector hop nhit trong genome & mét kiéu
turong dong, thi sau d6 gen neo” s& duoc két hop chit ché trong germline.
Moi chudi bd sung ciia vector ma khong c6 ving twong dong s& bi mat.
Bang cach dit gen HIV-1-tk trong ving khong tuong dong cua vector dich,
moi té bao duy tri gen nay thong qua cac trudng hop hop nhit ngau nhién s&
bi giét chét trong su hién dién cua cac nucleoside nhan tao thich hop.

IV. Nudi cdy té bao mam dé san xuit co quan ngudi

Kha ning st dung té bao ES trong nghién ctru y sinh hoc da hé mo
mot linh vuc tng dung méi d6 13 “y hoc tai tao” bat ngudn tir tinh da ning
cua cia ES do chiung c6 kha nang tu phan chia va ddi méi vo han, hodc
phan héa thanh nhiéu loai té bao, khong chi 13 loai bat ngudn tir ba quan thé
té bao sang lap (ngoai bi, trung bi va ndi bi) & phdi tir d6 s& sinh ra tat ca cac
té bao cua co thé, ma con ca cac loai md chuyén hoa hd tro phoi trong tir
cung.

Nam 1981, Martin va Evans cing luc phat hién thay rang cac té bao
ES ctia chudt duge nudi cay trong cac diéu kién dic biét, bat dau phan chia
va ¢6 thé nhan 1én vo han ma khong phan héa, c¢b dinh & giai doan phat trién
phoi sdm nay. Tuy nhién, ngay ca sau khi tao ra nhiéu thé hé trong nuéi ciy,
nhimg té bao ES nay van nhd chiing duoc chuong trinh hoa vi cai gi, va giit
kha niang phan hoa thanh bt cir loai té bao chuyén héa nao cia co thé.

Nam 1998, Thomson va cong su da phan 1ap duogc té bao ES tur phoi
ngudi va nhan thdy chung khac véi té bao gbc cua chudt ¢ nhiéu diém,
chang han nhu kh6 duy tri va nhan 1én trong nudi cdy. Nam 2000, Pera va
cong su da chimg minh céc t& bao ES nguoi ciing ¢ thé phan héa trong diéu
kién in vitro thanh céc loai té bao truong thanh khac nhau. Chéng han, ho da
phan 1ap duoc tir cac té bao ES nudi cdy in vitro mot quan thé tién té bao
than kinh thuan khiét, va trong mot sé diéu kién chung c6 thé phan hoa
thanh c4c té bao than kinh thanh thuc.
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Hinh 5.8. Nudi cdy té bao mam dé san xuit co quan nguoi

Hai tinh chét cia té bao ES ngudi da ning 1a kha ning sinh san v6 han
& trang thai phoi nguyén thuy trong didu kién in vitro, va kha nang phan hoa
that sy thanh bat ky loai té bao truong thanh ndo. Vi vdy, c6 rat nhiéu linh
vuc ung dung ching, nhung tuu trung cé cac hudng chinh sau:

1. Ung dung té bao mam phéi trong nghién civu co bdn

Trén thuc té, nhitng t& bao ES 1a mot cong cu quy gia dé hiéu rd hon
su phat trién ciia phoi nguoi va nhimng di dang khac nhau c6 thé 1am réi loan
su phét trién nay. Cac té bao ES cung cdp mot phuong tién nghién ctru cac
sy kién chu yéu nhu su tang sinh cac té bao da ning, sy tham gia ciia chiing
vao cac con duong phan hoa dic thu, ciing nhu cac nhan td diéu khién
chung. Viéc nghién ctru dong té bao ES mang ba nhiém sic thé nhu thé ba
21 s& gitp cac nha nghién ctru danh gia hau qua ciia nhiing tai bién di truyén
nay dén su phat trién. Ngoai ra, t& bao ES 13 niém hy vong trong cudc dau
tranh chéng lai nhiéu loai u & tré em, nhu u nguyén bao thin, bat ngudn tir
cac quan thé té bao phoi, nhung du hiéu sinh bénh khé nghién ctru. Té bao
ES s€ giup chung ta xac dinh tac dung cta cac gen giy ung thu va cac gen
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ngan chin ung thu & cac quan thé té bao dich sinh ra cac khdi u phat trién
nay.

Nhitng té bao ES va con chau phan hoa ciia chung, 13 tién than cta cac
loai té bao nhat dinh, s& duoc ding dé xac dinh tac dung cia cytokine va cac
nhan t6 sinh truong khac dén su ting sinh cac quan thé té bao phdi ma cho
dén nay van chua tiép can duoc dé nghién ctru. V& phuong dién diéu tri,
tuong tu nhu cac nhan t§ dwoc xac dinh vé tac dung kich thich sinh trudng,
cac té bao ES mau di c6 tmg dung ldm sang trong trudng hop ghép tuy,
nhirg nhan té sinh truéong va phan héa dugce xac dinh nho nuéi ciy té bao
ES c6 thé c6 tmg dung trong viéc ti tao cac mo khac.

2. Nghién ctru chirc nang gen

Véi thanh tyu da x4c dinh dugc bd gen ciia ngudi, ngudi ta co thé xét
nghiém nhanh trong dng nghiém dé xac dinh chirc ning ctia cic gen. Vi cac
té bao ES nudi cy co thé dé xir Iy di truyén, nhat 1 chiu nhiing bién d6i
dinh vi tai cac vi tri nhiém sic thé dic thu nhd cach tai to hop cing ngudn,
méi hodc da biét, trong cac té bao phoi hoac & cac té bao truong thanh da
phan hoa.

3. Nghién curu cac moé hinh bénh ly

Theo nguyén 1y, té bao ES 1a mot ngudn in vitro ddi véi bat ky loai té
bao nao cla co thé, vi thé chung c6 vai trd quan trong trong nghién ctru doc
chat hoc va qua trinh tim ra cac loai thuc. Kha ning san xuat voi sd lugng
16n mot loai té bao dic biét cua nguoi trong 6ng nghiém, tir nhiing té bao
tién than ma nguoi ta c6 thé bién ddi di truyén, s& giup tao ra cac mo hinh
bénh 1y do khuyét tat cia mot hodc nhiéu gen & mOt md dac bi¢t. Nhiing té
bao nguoi nay bat ngudn tir cac té bao ES duoc bién doi di truyén s& la
nguyén liu 1y tuong dé chon loc trong 6ng nghiém cic phan tir diéu tri.
Chung ta s& khong can dén mo hinh dong vét, ma nhirg mo hinh nay c6 thé
thiéu nhiing dic diém quyét dinh su phat trién bénh & nguoi.

4. Ung dung trong y hoc tdi tao

Mic du cic ing dung tuong lai ciia té bao ES trong nghién ctru 1a
quan trong, nhung tng dung hap din nhét 1a c6 thé ding céc té bao nay lam
ngudn mo dé ghép. Nhiéu bénh 1am ngudi suy yéu do hién tuong té bao
chét, hodc thoai hoa do cic qua trinh sinh ly-bénh 1y man tinh hodc ton
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thuong nghiém trong. Trong nhiing trudong hop nhu vay, viéc thay thé cac
mo t6n thuong bang mot mé lanh 13 hy vong chita khoi nhat. Tir nhiéu nim
nay, dich vu cdy ghép da phai dwong dau véi tinh trang khong d cac mo va
co quan cong hién. Cho nén vé nguyén tic, té bao ES cang duoc quan tam,
vi chung la nguén ddi mai vo han cho tat ca cac loai té bao cua co thé, bén
canh cac “té bao mam trudng thanh”. Trén thyc té, trong nhiéu tinh hudng
1am sang, viéc ghép té bao c6 kha ning tai tao mé c6 hiéu qua tét hon so voi
ghép co quan tron ven. Néu két hop cong nghé té bao ES voi cong nghé
nhan ban dong vat c6 vu, nguoi ta co thé xem xét viéc san xuét té bao ES
bét nguén tir chinh cac té bao cua nguoi bénh, nham vao mot loai “tu ghép”,
dé tranh hién tuong thai loai. Chi can dung hop mot té bao cua ngudi bénh
vao mdt noan bao da tdch nhan (nhu trong truong hop nhan ban cuu Dolly),
10i cho trimg thu dugc tir d6 phat trién téi giai doan phdi bao dé phan lap té
bao ES, kich thich cac té bao nay phan héa & md can ghép. Phuong phap
nay, dugc goi la 1a nhan ban diéu tri, co thé tao ra cdc mo lanh hoan toan
pht hop, vi co cung thanh phan di truyén nhu cta ngudi bénh, cing dau
chuén tuong hgp mé. Chang han, nguoi ta da thanh cong khi san xuat té bao
ES ¢ chudt tr mgt phoi bao dugce nhan ban, sau do nhiing té bao nay khi
duoc tiém lai vao mot phoi chudt, d& phan héa nhu mong doi, thanh rat
nhiéu loai mo.

Nhung phai nhdn manh rang, tit ca cac ung dung té bao ES nguoi,
trudc khi ra doi, sé can phai hiéu rd hon cac qué trinh sinh hoc ké cén, ciing
nhu cai tién cac hé théng nudi cay té bao. Hién nay, hiéu biét ciia chung ta
vé té bao ES da nang con khé han ché, ké ca & chudt, cho nén van con nhiéu
diéu phai biét vé té bao ES nguoi trude khi co thé nudi cdy ching véi quy
mo 16n va xir 1y chung vé mat di truyén. Ciing phai can hiéu cach diéu khién
sy phan héa ciia chung thanh cac té bao tién than cia cic mé khac nhau, va
cach nudi cdy cac té bao nay. Vi du: trong trudong hop tién than cua té bao
than kinh, c6 nhitng hé nudi ciy rat tot gitp ching ta nhan ching Ién, roi dé
ching bién d6i thanh té bao than kinh thanh thuc. Nguoi ta cling d4 phan
hoa dic trung cac t& bao ES chudt thanh cac t& bao than kinh c6 hoat tinh
dopamin, ma néu thoai hoa s& gay bénh Parkinson. Tiéc rang, ddi v6i nhiéu
dong té bao khac, ngudi ta van chua lam chii dugc cac giai doan nay. Cudi
cling, trudc khi nhan ban diéu tri dat t6i giai doan ing dung 1am sang, van
con nhiéu viéc phai lam dé cai tién hiéu qua cua giai doan nhan ban, va
ching minh ring cic phdi dugc nhan ban c6 thé sinh ra cic mé hoat dong
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binh thuong. Tuy c6 rat nhidu tré ngai nhung hiéu biét ciia con nguoi vé sy
phat trién phoi di tién bo rat nhanh trong nhimg nim gan day. Néu cong
ddng khoa hoc duoc tng ho dé cd gang nghién ctru dén cung, thi té bao gbe
ngudi da nang co thé s& dong gop chi yéu vao y hoc thé ky 21 nay.

V. Cong nghé¢ phoi dong vat cé vu
1. Cady truyén hop tir

Cong nghé cdy truyén hop tir hay con goi 14 cong nghé chuyén phdi
(embryo transfer technology) 1a nhitng két qua cia nhimg budc tién 16n
trong sinh hoc phét trién va sinh hoc phan tir. Cac vi thao tac trén phéi cta
cac loai vat nudi déu duoc tién hanh trong diéu kién in vitro, sau khi lay
phéi ra tir dong vat cho (donor) va trudc khi nudi cay phdi vao dong vat
nhan (recipient), bao gdm cac thao tac nhu:

- Tach phoi thanh hai hay nhiéu phan.

- Phdi hop hai hay nhiéu phoi thanh mot thé kham.

- Bién doi cac thanh phan trong té bao ciia phoi khi méi phat trién.

K¥ thuét vi thao tac phoi bt ngudn tir cac thao tac trén dong vat thi
nghiém, dua trén co s& cac phat hién vé co ché phan héa phoi sém, cac co
ché phat trién ca thé & dong vat khong xuong séng va sau d6 & dong vat co
xuong séng bac thip va cudi cing 1a dong vat co vu.

Céc thyc nghiém déu tién da chimg minh dugc nhimng té bao phoi tach
tir phoi hai té bao (two-cell embryo) c6 kha ning duoc phat trién thanh phoi
hoan chinh, dng thoi két hop hai hop tir & chudt ¢ thé hinh thanh nén mot
co thé dang kham. Thyc nghiém vi thao tic phdi dong vat c6 vii da duoc
tién hanh dau tién trén tho.

2. Bao quan phoi

Day 1a giai doan tién hanh trudc khi cdy truyén phdi vao dong vat
nhén, tao diéu kién dam bao c6 thé van chuyén phoi di xa, va khong can
phai gdy dong duc dong thoi cho con vét nhan ngay sau khi vi thao tac lay
phoi ra tir vat cho. Trong thuc tién cdy truyén phdi, bao quan lanh phdi &
nitrogen 16ng (-196°C) ddi véi tit ca cac loai vat nudi (trir lon). O bo, k¥
thuat dong lanh phoi c6 thé cho két qua thu thai khoang 80%, trong d6
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truong hop phodi nguyén cho két qua cao hon phéi thao tac do tic dong cua
cac yéu t6 thao tac khi tach phoi.

3. Nubi cdy tam thoi phéi trong co thé song

Nguoi ta da tién hanh nudi cdy tam thoi phoi gia suc, vat nudi trong
cac hé théng khac nhau: 6ng dan trimg cua ciru, chudt, tho; tir cung ciia bo
c4i; xoang mang bung (phuc mac, periton) ciia chudt; xoang 6i phoi ga.

Hau hét cac hé thdng néi trén déu dugc st dung cung véi cac vi thao
tac, va déu can dén k¥ thuat boc phoi trong mot loai chét bao vé (thuong la
agar) dé bao vé mang trong sut ciia phoi khong bi ton thuong.

4. K3 thudt boc phéi bang agar

Str dung dung dich agar trong 0,9% NaCl. Trudc khi thao tac, cho
néng chay agar, sau d6 lam ngudi agar & 39°C, vira khong qua nong doi véi
phoi, nhung con c6 thé nho giot. Viéc boc agar quanh phoi phai tién hanh
rat nhanh, dé agar chua kip dong lai.

Trude khi boc agar, cac phdi di mo 10p mang trong sudt phai duoc
nhing vao huyét thanh bé duoc dun 4m. Muc dich cia thao tac néu trén 1a
dé khong lam thuong ton té bao phoi.

5. Ky thudt nudi cdy tam thoi phéi trong ong dan trieng

Lay mot hodc hai khdi agar boc phéi, chuyén vao 6ng dan tring cua
ctru cai, kém mot lugng tdi thiéu méi truong. Ciru cai phai dugc tam ngimg
sinh duc, khong dong duc hodc khong chira trong thoi gian nudi cdy. Cac
diéu kién néu trén co thé dap tmg néu trude ngdy thao tac ciy phdi, nguoi ta
tiém vao tir cung progestagen. Cac phoi binh thuong s€ di vao tir cung ¢ giai
doan tdm dén mudi sau té bao.

Ong dan trimg cta tho da duoc sir dung rong rai dé ciy phoi dong vat,
cay cac hop tir dd dugc thy tinh trong 6ng nghiém. Dé cdy vao ong dan
trimg tho, cac phoi can boc boi mot 16p mong muxin, Thudng ngudi ta ding
dng dan trimg cua tho dé nudi cay tam thoi phdi lon.

Ngoai ra, k¥ thuat nudi cdy tam thoi phdi trong tir cung ctia bo dugc
sir dung dé nghién ciru cac pha sém trong qua trinh hinh thanh thé kham ¢
phéi bo. Xoang bi cua ga dugc str dung dé nudi ciy phoi cua chudt, dé va
meo. Phdi dugc boc trong cac khdi agarose sau d6 chuyén vao xoang di ciia
ga.
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VI. Nhan ban vo tinh dong vat co vi
1. Khai niém co bdn

Nhéan ban v6 tinh (hay con goi 1a tao dong vo tinh) 1a qua trinh tao ra
mot mot tip hop cac co thé giéng hét nhau vé mat di truyén va gidng bd
(hodc me) ban dau bang phuong thirc sinh san vé tinh. Nhan ban vo tinh dya
trén quan diém cho rang moi té bao ctia mot co thé da bao déu xuét phat tir
mot t& bao hop tir ban diu qua phan bao nguyén nhiém, do d6 nhan cua
chung hoan toan giéng hét nhau vé mit di truyén.

Sinh san vo tinh 13 su sinh san khong kém theo tai t6 hop di truyén,
duoc thue hién theo co ché phan bao mitose, trong d6 genome duoc tai ban
nguyén ven. Khac vdi sinh san vo tinh, sinh san hitu tinh (tién héa hon) c6
kém theo tai to hop di truyén va duoc thuc hién theo co ché phan bao mitose
va meiose. Tai to hop di truyén la nguyén nhan din dén su da dang sinh hoc
(biodiversity).

Sinh san hiru tinh 1a hinh thic sinh san phé bién & cac sinh vat bac
cao. Trong khi d6 sinh san vo tinh chi ton tai & nhimg co thé c6 ciu truc
tuong ddi don gian va gap nhiéu & thyuc vat (thuc vt ciing c6 hinh thtrc sinh
san hitu tinh). O dong vat bac cao sinh san vo tinh chi ton tai & giai doan
phat trién sém hodc dudi hinh thic bién dang ciia sinh san hiru tinh nhu
hinh thtre don tinh sinh.

2. Nhan ban vo tinh o dong vdt

C6 thé hicu mot cach don gidn day la k§ thuat nhan nhiéu ca thé tir
nhimg té bao vo tinh (somatic cell) (Hinh 5.9).

Nhén ban v tinh dong vat duoc dénh gia 13 mot phuong thire ting s6
luong cac dong vat thuong mai va khoa hoc quan trong. Dau tién, su phat
trién hoan chinh chu6t chi thu duoc khi tién nhan (pronucleus) hodc nhan
(nucleus) tir cac phoi chudt giai doan sdm hai té bao dugc chuyén vao nodn
bao da pha bo nhan (enucleated oocyte). Nhan tir cac giai doan sau dugc
xem nhu khéng da kha nang dé tai chuong trinh hoa hd tro sy phét sinh
phdi. Nguoi ta ciing thdy rang su hoat hoa nhan tao (bang cach kich thich
dién) cho phép nhan tir cac phoi chudt c6 tam té bao duge chuyén vao cac té
bao chét giai doan MII, va viéc chuyén theo ting chudi (sinh trudng cac
tring duoc khoi phuc lai trong méi truong chira cytochalasin B, san xuat
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“hai nhan gidng tién nhan”, va chuyén tudn tu nhimng cai nay vao cac phoi
mét té bao dugce thu tinh pha bo nhan trudc do) cai thién viéc san XUAt céac
dong chudt. Bang cach dung phuong thirc chuyén nhan, ciru da duoc tao
dong tir cac t& bao co ngudn gdc tir phdi va tir cac dong té bao soma co
ngudn gde tir thai va tuyén vi. Gan day hon, tao dong cac phoi bo bang cach
chuyén da nhan ciing 44 duoc thong bao.

Phoi éch hoac
ndng noc (Au trung) Té bao trirng éch

Té bao rudt
Nhan

-

Céy nhan Nhan bj iy

@°
Nong noc
Phai 8 té bao

~ o

Hinh 5.9. So' d6 nhan bén vo tinh éch

3. Nhdn ban vé tinh cuu Dolly

bay la cong trinh cua Wilmut, Campbell va cac cong su (Ecosse,
Anh). Bdi twong nghién ciru & ddy khong con 1a nhing té bao phdi nang, ma
13 nhitng té bao 13y tir tuyén vt mot ctru cai Finn Dorset, sdu nim tudi, 10ng
trang, & thoi ky ba thang cudi tir khi clru cai mang thai, 1a thoi ky té bao
tuyén va da dugc phan hoa (differentiation) cao d6 va phat trién.
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Hinh 5.10. Ciru Dolly va ciru me

DPem nudi cdy in vitro cac té bao tuyén va, dé 5 ngay trong mot moi
truong nudi cdy rat nghéo huyét thanh, voi muc dich 1am cho chu ky té bao
giam tur tr cho t61 khi ngirng hoan toan. Giai doan nay duoc goi 1a Go. Sau
d6, 1am lanh trude khi dua moi té bao tuyén vu vao mot noan chua thu tinh,
da rat nhan ciia mot ciru cai khac, dau den. Két qua, mot té bao mai di duoc
hinh thanh, phét trién va tao thanh phoi.

O day c6 su phdi hop ciia hai k¥ thuat, mot 1a hoat hoa trimg da lay
nhan ra cta ciru den, hai 1a 1am ngimg chu ky sdng cta té bao tuyén vii clru
trang, tirc 1 nhitng té bao soma da duoc biét hoa cao do, tach tir mot co thé
truong thanh va ngudi ta da thanh cong trong ky thuat dung hop té bao.
Thanh c6ng niy vuogt 1én cic cong trinh trude do, tir 1992 da that bai chi
yéu 1a do céc té bao phdi sir dung dé chuyén nhan khong dugc dinh vi & giai
doan G (nhu trudng hop tao ciru Dolly), ma di phat trién toi G (pha ting
truong) hodc S (pha tai ban, tong hgp DNA), da can trd sy dung hop té bao.

Ctru Dolly sinh ngay 5/7/1996, c6 trong luong binh thuong khong co
biéu hién di dang nhu cac thi nghiém trude d6. Sdng trong tir cung ciia “me
nudi ho” 1ong den, nhung ctru Dolly vin c6 16ng tring, cac phan tich kiém
tra di truyén dd xac nhan ciru Dolly 13 ban sao cua ctru Finn Dorset, ciru da
cung cap té bao tuyén vu.
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Ciru cho té bao
tuyén vu

Ctru cho
té bao trirng

Nudi cay té bao = Té bao trirng
tuyén vi. Chu \ ter noén

ky t& bao dwoc )

ngirng laid \ % ,

(phage Gg) W

) Loai bd nha
Dung hop té bao oai b nhan

Té bao sinh @— Nhan cda té bao
truwdng trong tuyén va

nudbi cay
v

e~

' j' Phoi sém

7

e
[
\

CAy truyén vao ttr
cung cla con clru

A 4
th&r ba
Clru me thay thé

Phat trién phoi 1

w Ctru non (Dolly) giéng hét
nhiém séc thé v&i ciru cho té
A bao tuyen vu
(TS

Hinh 5.11. So' @ nhan bén vé tinh ciru Dolly

Sau d¢6 Wilmut va Campbell con tao ra ba clru con tir nhitng t& bao
mot bao thai 26 ngay va bén clru con tir nhimng té bao mot phoi méi hinh
thanh dugc 9 ngay.

Thanh cong néu trén ching t6 mdt dong vat c6 vu lon cod thé duoc
nhéan ban tr té bao soma ma khong can ¢ tac dong gi cua té bao sinh duc,
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ngoai sinh chét cia mot nodn bao. Ngudi ta cling dd nhan ban thanh cong
khi va lon, va gan déy 1a trén ca ngudi diung cac phoi non (14 ngay) dé cung
cap nguyén liéu cay ghép chita bénh.

Vé chat lugng, ndi chung nhan ban tu té bao soma c6 thé tao duoc ca
thé duc hodc cai vu viét theo y mubn. Tuy nhién, van con mot van dé can
tiép tuc kiém tra, d6 1a vai tro cta té bao chat cua trimg (nodn) khi dung hop
v6i té bao soma (tuyén vii). Té bao chét cua tring tiép nhan nhan chuyén
vao di khoi dong cho su phat trién caa phoi. Tuy nhién, co ché ctia qué trinh
chuyén genome me vao genome phoi van chua duoc sang to va vai tro cia
té bao chat ciia nodn trong thi nghiém dung hop ciing chua duoc biét diy du.
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Chwong 6
Coéng nghé protein

I. Mé dau

Cong nghé protein la mot hudng nghién ctru quan trong cua cong nghé
sinh hoc, ¢ tiém ning tng dung rat 16n. Trén co s& cong nghé DNA tai to
hop hién nay nhiéu loai protein nguyén thé (protein thé hé thir nhat), protein
da duoc stra ddi hodc mai (protein thé hé tha hai) dang duoc san xuét nho
cac sinh vat prokaryote nhu vi khudn E. coli hoic eukaryote nhu nAm men
Sac. cerevisiae. Do toc do sinh san nhanh nén vi sinh vat c6 thé san xudt cac
protein v&i s6 lugng 16n trong mot thoi gian ngin, san pham duoc tinh sach
khong c6 nguy co nhiém ban virus nhu cac truong hop duoc tach chiét tir
ngudi. Pbi voi mot sé protein ¢ cdu trac phire tap khong thé biéu hién ¢ vi
khuan hodc biéu hién vé6i hiéu sudt thap ¢ nim men, nguoi ta dang ¢ xu
huéng chuyén gen mi hoa ctia nd vao thyuc vat. Ly do 12 vi hé thong thyc vat
¢6 nhidu wu diém nhu c6 thé trong trén quy mé 16n nho ning lugng mit troi
nén it tén kém hon, céc virus thuc vat khong phai 1a tic nhan gy bénh cho
ngudi, cac gen biéu hién & mé tao dau thuc vat nén rat dé tach chiét va thu
nhén protein.

Cong ngh¢ protein 1a qua trinh xdy dung cac phan tir protein moi,
bang cach thiét ké mot phan tir protein dya trén cac nguyén 1y co ban nhat,
hodc stra ddi céu triic cia mot protein dang co, nham muc dich:

- Nghién ctru qua trinh ldp rap cua cac protein va cic nhan t6 cua
chudi so cép tham gia vao sy cudn x0én, 6n dinh va thé hién chirc nang cua
ching. Cac dic diém nay c6 thé duge khao sat bang cach sira d6i mot hodc
nhiéu amino acid dic trung theo mot kiéu d& duoc dinh hudng trong protein
va quan sat két qua sau khi san xuit phién ban d4 duoc stra doi. Thong
thuong céc protein co trinh tu tuong ty khong gidng nhau hoan toan, ton tai
trong tu nhién s& c6 cac tinh chét hoi khac nhau va ngudi ta ¢6 thé dya vao
céc trinh ty khic nhau nay dé tién hanh nhing sira d6i sau do.

- San xuét cac phan tir protein 6n dinh cho mot muc dich cong nghé
dac biét, tuy nhién cac phién ban dugc tim théy trong tu nhién khong co6 cac
tinh chat tdi wu can thiét. Vi du: mot enzyme co thé dugc xem nhu mot phﬁn
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cia mdt qua trinh cong nghiép nhung mot diém dic trung cua enzyme,
chrfmg han d6 6n dinh nhiét hodc la do pH tdi wu cho hoat tinh xtc tac...
khong thé twong thich voi qua trinh d6. Cac thay ddi amino acid c6 thé bién
d6i enzyme nay sao cho n6 thyc hién chtrc nang tét hon trong mdi trudng
méi. C6 nhiéu minh hoa khac nhau vé protein dugc sira doi dé giup cho
chung phu hop tét hon voi cac hoat dong cong nghé va thuong mai, va mot
sd trong d6 duogc trinh bay & muc IV-Mot sé tng dung cua cong nghé
protein.

Mubn cong nghé hda mot protein can phai hiéu biét vé cac nguyén 1y
cAu trac cua protein d6 va dic diém cua nguyén liéu dé thiét ké hop 1y, hodc
sira d6i cac tinh chdt mong mudn. Hon nita, cong nghé nay phai co duogc cac
cong cu san xuat va phan tich protein mong mudn. Cac cong cu va nguyén
ly co ban hién nay dang duoc phat trién song song.

Céc phan duéi day cung cdp nhimg kién thirc co ban cila cong nghé
protein va tom tit mot vai phat trién cia linh vuc niy trong thoi gian gan

day.

I1. Cau trdc protein

Céc nghién ctru vé ciu tric cua protein da cho thdy c6 thé phan biét
cAu trac cta phan tir protein thanh bon bac nhu sau: Cau tric bac mot (ciu
tric so cap) 1a trinh tu sip xép cac amino acid trong chudi polypeptide. Cu
tric nay dugc giit vimg nho cac lién két peptide (lién két cong hoa tri). Cau
tric bac hai (cu trac thi cap) 13 tuong tac khong gian giita cac gbc amino
acid & gan nhau trong chudi polypeptide, hay noi cach khac d6 1a dang cudn
xoan cyc bd (local fold) cta ting phan trong chudi polypeptide. Cau triic
nay duogc giit vitng nho lién két hydrogen duoc tao thanh giita cac lién két
peptide & gan ké nhau, cach nhau nhitng khoang xac dinh. Cau trac bac ba 1a
tvong tac khong gian giita cac gdc amino acid ¢ xa nhau trong chudi
polypeptide, 13 dang cudn xoan trong khong gian cta toan chudi polypeptide
(overall fold), day 1a hinh dang chung cta chudi polypeptide. Cac lién két
nhu lién két Van der Waals, lién két tinh dién, lién két hydrogen giita cac
mach bén cia cac gdc amino acid déu tham gia gitr vitng ciu triic bac ba.
CAu truc bac bon xudt hién & nhimg phan tir protein bao gdm hai hay nhiéu
chudi polypeptide hinh cau (bac ba), trong tac khong gian (su sap xép) giita
cac chudi ndy trong phan tir goi 1a cdu triic bac bén. Mdi chudi polypeptide
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nay dugc goi la mot tiéu don vi (subunit). Chiing gén v61 nhau nho cac lién
két hydrogen, luc Van der Waals gitta cac nhom phan b trén bé mit cua
cac tiéu don vi (Hinh 6.1).

Tuy nhién, dén nay nhiéu vin dé co ban vé cac tinh chit cua protein
van chua duogc giai quyét, vi du co ché cudn xodn protein van con 1a chu dé
cta mot $6 cudc tranh luén.

Phén tiép theo dudi day s& mo ta cac cong cu co ban cia cong nghé
protein va mdt loat cac vi du thanh cong trong linh vuc nay.

Céutracbac1  Chu tric bac 2 CAu tric bac 3 CAu trac bac 4
(cau trac so cap) (cau trac thir cap)

Céc gbc amino acid ~ Xoén a Chubi polypeptide Céc tiéu don vi dwoc I&p rap

Hinh 6.1. Cc bic ciu triic ciia mdt phin tir protein

II1. Céc cong cu
1. Nhan dang trinh tw

Hién nay, nhan dang trinh ty (sequence identification), bﬁ“mg phan tich
trinh ty gen hodc protein 1a mot qué trinh twong ddi khong khé khan. Cac co
s& dit liéu 16n hién co chira nhiéu ngan trinh ty khac nhau. Hon nira, cac du
an phan tich trinh ty genome dang cung cép cac trinh ty méi va cac khung
doc m& (open reading frame) voi mot toc do ting 1én lién tuc. Cac chuc
nang cua nhiéu trinh tu nay da dugc biét, tir cac dit liu di truyén hoic hoa
sinh, hodc béng su tuong déng trinh tu d6i véi cac trinh tu chua biét khac.
Diéu nay da gitip cho cong nghé protein mot phuwong phép tiép can véi su
thiét ké hop 1y.
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2. Xdc dinh cau tric va mé hinh héa

Céc thong s6 vé cdu trac co do phéan giai cao, dugc xac dinh bang tia
X hoic tinh thé hoc dién tir (electron crystallography) hodc k¥ thuat cong
huong tir hat nhan (nuclear magnetic resonance-NMR), 1a diém cét 161 cua
su hiéu biét vé héa sinh protein. S6 lwong protein c6 ciu trac do phan giai
cao dang ngay cang nhiéu, nhung van con mot sb 1on cac trinh ty dd duoc
x4c dinh 1a chua biét. Trong lic chd doi 1am ddy chd tréng trong co s& dit
liéu céu truc, khi co s dit liéu vé cAu tric toan dién nay dang duogc lép rap,
thi nhitng ¢ gang khac van dang duoc tién hanh bang nhiéu phuong thirc dé
du béo cac cdu trac cta protein.

Dy béo cac cdu trac protein tir trinh tu so cip (cAu trac bac mot) co
mot lich str 1au dai va duoc thuc hién béng cach mo hinh hoéa cac trinh tu
m&i dua trén cac cau triic da biét ca cac trinh ty hodc cac tiéu trinh ty (sub-
sequence) twong dong hodc gan tuong dong bang k¥ thuat “x4u kim thanh
chudi” (threading), trong d6 mdt trinh tw méi dugc so sanh truc tiép V01 cac
kiéu cau trac da biét.

3. Bién doi trinh tu

Bién d6i mot protein dang tdn tai béng céch stra ddi trinh tu gen hién
nay la mot cong viéc binh thudng va linh vuc nay bay gio 1a phan it kho
khin nhit ctia qua trinh cong nghé. Tir dau 1980, cac phuong phéap bién d6i
truc tiép protein bfmg phéat sinh dot bién diém dinh hudng oligonucleotide
(oligonucleotide-directed site mutagenesis) theo phuong thirc tong hop gen
hoan chinh tir cac oligonucleotide primer hodc dung phan tng chudi
polymerase (PCR) da tr¢ nén thong dung.

Cac phuong phap noi trén chi gidi han cho cac amino acid dugc ma
hoéa boi gen. Tuy nhién, nhiéu trinh tu cling co thé dugc tao ra béng cach
tong hop protein theo phuwong phap hoa hoc trong diéu kién in vitro, phuong
thirc nay ciing cho phép hop nhit cic amino acid khong dugce ma hoa trong
chudi protein.

= Cac phwong phap phat sinh dt bién diém dinh hwéng
C6 hai phuong phap co ban dé sira d6i mot trinh tr mi héa dang ton

tai ctia protein & mirc 6 DNA. Ca hai phuong phap déu doi hoi gan (1) mot
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hodc nhiéu oligonucleotide (it nhit 1a tam thoi) trén DNA soi don (single
strand DNA, ssDNA), sau d6 hoat tinh DNA polymerase in vitro s€ xuc tac
dé ma rong cac oligonucleotide nay. Hai phuong phap d6 la:

- Phuong phap khéng dung PCR

O cac phuong phap khong dung PCR, trinh ty DNA dugc bién ddi
lién két v&i gbe tai ban (vi du plasmid, bacteriophage hodc phagemid), cho
phép khuéch dai in vivo kiéu gen bd me hoic kiéu gen da dugc sira dbi. Mot
oligonucleotide téng hop mang dot bién can thiét duoc gan v6i khuon mau
ssDNA mach vong (vi du genome cua phage c6 ssDNA nhu MI13, hoac
®X174 hodc dang ssDNA cua phagemid (Hinh 6.2a), hodc véi mdt khuon
mau dsDNA d4 duogc soi don hoa timg phan (Hinh 6.2b). St dung nhiéu
phuong phap enzyme khac nhau c6 thé tao ra khuén mau ssDNA ting phén.

Oligonucleotide primer
dot bien
/ Trinh tw duoc
/ bién doi
ssDNA vector

DNA mach vong dong.
Sei tai ban in vitro mang

\ / dot bién

a DNA polymerase

. —
+ DNA ligase f
Vat chi bién nap
/ thich hop, vd: E. coli.
c Phan biét in vivo cac

trinh tw ciia bé me
va cua dot bien
heteroduplex

Chon loc hoac sépg
loc trinh tw dot bién

Hinh 6.2. Phwong thirc phat sinh dét bién ssDNA khong ding PCR

Céc oligonuleotide dugc 1t hoat dong nhu mot primer cho su téng hop
in vitro DNA bang cach dung enzyme DNA polymerase, thuong dung 1a
DNA polymerase T4 hodc T7, cung voi sy hién dién cua enzyme DNA

Nhdp mon Cong nghé sinh hoc 186



ligase, cac phan tor DNA soi doi (dsDNA) mach vong dong s€ dugc tao ra
(Hinh 6.2c). DNA soi d6i dugc dua vao trong cac té bao vat chu thich hop
dé tai ban va phan chia. Sau do6, su bién d6i mong mudn dugc xac dinh bﬁng
mot trong $6 phuong thirc sang loc hodc chon lgc.

- Phuong phap dua trén PCR

Phuong phap khong diung PCR di biét k§ cang va duogc tdi wu hoa
trong nhiéu nim. Tuy nhién, gin day cac phuwong phap dua trén co s& PCR
duoc tng dung rong rai hon, dac biét dé tai sép xép nhanh cac vung protein
noi ma cac vi tri cit han ché phd bién thuong khong co san.

Phuong phap dua trén co s¢ PCR cho phép thuc hién sy bién d6i
mong mudn va khuéch dai in vitro bang cach u DNA dich (target DNA)
duoc bién tinh véi mot oligonucleotide mang dot bién can thiét c6 thé hoat
dong nhu mdt primer cho sy tai ban sgi DNA bd sung (Hinh 6.3).

C6 nhiéu cach thtrc khac nhau trong phuong phap dya trén PCR, mot
sd trong ching can céc vi tri cit han ché & cac oligonucleotide dot bién.
Diéu nay co thé 1am giam sd luong cac phan tng. Vi du: néu ¢ hinh 6.3, céc
primer A va D ¢6 cac vi tri cat han ché hitu ich trong cac trinh ty va & D vi
tri d6 13 tir 3° t&i trinh tu dot bién, thi cac san phém phan ing dAu tién co thé
duoc tao dong tryuc tiép ngay sau d6. Poan DNA duoc khuéch dai sé lién két
v6i gbe tai ban cua vi khuan trong plasmid hodc phage va dugc tao dong
bang cach xdm nhiém vao trong vi khuan.

Mot cach thirc khac ctia phuong phap dua trén PCR cho phép cac trinh
tu riéng biét ma hoa cho cac ving ciia cac protein khac nhau c6 thé lién két
v6i nhau, hodc téi to chirc lai cic ving trong mdt protein. Trong phuong
thirc nay (Hinh 6.4), cac primer C va D 1a cac thé lai chira cac trinh tu c6 thé
1 v6i ca hai ving (hai trinh ti nucleotide). Sau d6, cac phan Gmg dau tién sé
tao ra cic doan dsDNA chong 1én nhau theo trinh ty va san phim mong
mubn c6 thé duoc tao ra trong phan mg thir ba bang cach dung cac primer
A va B. Trong tét ca trudng hop, thiét ké cac trinh tu oligonucleotide va cac
diéu kién phan ung can phai duoc xem xét can than cung véi su chon lya
chinh x4c ciia DNA polymerase 6n nhiét. Tuy nhién, cac phuong thirc nay
cho phép tién hanh rat nhanh va c6 hiéu qua rét cao.
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PHAN UNG 1 Khudn mau + primer A+D
PHAN UNG 2 Khudn mau + primer B+C

C
A —/\_>
—
RV D
B
D

KHUECH BAI PCR

San pham AD

San pham BC

PHAN UNG 3
Phan 14p cac san phadm AD+BC
Trdn va bé sung du thira cac primer A va B
KHUECH DAI PCR

X CAT SAN PHAM AB O' CACVI TRIX VA Y Y
PHAN LAP VA GAN VAO VECTOR

Hinh 6.3. Phéat sinh ddt bién PCR bing su mé rong chong lip don

4. Phat trién phan tir (molecular evolution)

Trong nhiéu truong hop sy bién ddi ¢6 dinh hudng ctia mot trinh tyr
khong phai 1a phuong thtc thich hop dé thu dugc két qua mong mudn, boi
vi thuong khong xac dinh dugc cac amino acid dich nam & déu va bién doi
chung thanh cai gi. Vi thé, mot s6 phuong thirc khac da duoc phat trién dé
san xuit va thir nghiém cac thu vién 16n hodc cac tdp hop bién thé
(repertoires of variants) ctia mét trinh tu déc biét.

Céc phuong thirc nay thuong dwa vao ba dic diém chinh: Thir nhat, d6
1a nucleic acid ma hoa cho trinh tu protein quan tim duy tri lién két vat 1y
voi protein. Lién két nay c¢6 dugc nho sy hién dién cua protein trén bé mat
ctia bacteriophage hodc vi khuan hodc té bao eukaryote va trinh tw ma hoa
nam trong phage hodc t& bao, hodc trén polysome ma & d6 mRNA va
protein méi duoc dich mé van con dugce lién két nho ribosome.
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PHAN UNG 1 Khudn mau + primer A+D
PHAN UNG 2 Khuén mau + primer B+C

A
—_— &»

—
X D Y B

KHUECH BAI PCR

San pham AD

EENNNNNER  S3n phim BC
|

PHAN UNG 3
Phan 1ap cac san phdm AD + BC
Tron va b6 sung du thira cac primer A va B
KHUECH DBAI PCR

X CAT SAN PHAM AB O' CACVI TRIX VA Y Y
PHAN LAP VA GAN VAO VECTOR

Hinh 6.4. Dung hgp viing PCR

Thir hai, mot phuong phap duoc phét trién dé tao ra mot sb lugng 16n
cac bién thé bang cach dwa cac doan oligonucleotide thoai bién (degenerate
oligonucleotide) vao trong trinh ty ma hoa theo phuong thirc chén doan
cassette hodc ding ky thuat PCR, hodc bang phuong thirc phat sinh dot bién
in vitro. Tuy nhién, voi cac phuong thirc nhu thé thi mdi lan chi c6 mot
doan nho protein dugc stra d6i. Cac thu vién bi gidi han boi kha ning tiép
nhan céc thanh vién riéng r& cua té bao vat cha, va trong truong hop nay thi
10'2-10" dugc xem 1a mot sé luong 16m.

Thtr ba, cac phuong phap nay doi hoéi mot phuong thirc sang loc hoac
chon loc tir thu vién céc trinh tu protein méi c6 kiéu hinh quan tdm. Phuong
thirc sang loc bao gém viéc gan véi mot phdi tir ¢6 thé dé dang thyc hién.
Phuong thirc nay ciing doi hoi phai ¢6 su xtic tac va két qua 1a cac protein
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xuét hién duoc gilr lai trén mot gia thé ran. Céc hé théng chon loc thuong
bao gdm sy bo sung mot chirc ning can thiét trong co thé vat chu.

Nhiing protein hitu ich d@ dugc phan lap tir cac phuong thirc trén co
thé duoc khuéch dai bang cach nhéan (sinh san) phage hoic té bao vi khuan
mang trinh ty gen cta né, hodc bang cach khuéch dai tryc tiép cac trinh tu
ctia chinh gen nhd ky thuat PCR dé lam giau trinh ty mong mudn. Céc
phuong phap loai nay nhanh chong trd thanh k¥ thuat quan trong cho cong
nghé protein va dwgc goi bang thut ngit phat trién dinh hudng (directed
evolution).

5. Thiét ké trinh tw de novo

Thiét ké de novo protein 1a mgt cong viéc rat phtc tap. Vvé nguyén tic,
dbi voi mot protein bat ky co (n) gbc amino acid thi kha ning s& c¢6 2x10"
trinh tu khac nhau. Cac co s& dir liéu vé ciu trac va trinh tu protein cho théy
& nhiéu trinh tu sy cudn xodn ¢6 thé duge diéu chinh tuong tu nhau va nhu
vy ching c6 thé thuc hién cac chirc ning nhu nhau. Vi thé, phuong phép
tiép can nguoc lai dé chon lua sy cudn xoan thich hop va sau d6 xac dinh
trinh tu ndo can thiét dé tao ra sy cudn xodn va chirc nang mong mubn cd
thé 1a thich hop hon ca. Dahiyat va Mayo (1997) da mé ta cac phuong phép
may tinh dé thiét ké cac trinh ty cia ving peptide. Chi khi c6 trinh tu
peptide thi protein méi c6 thé dugc xay dung hodc bang téng hop peptide
(néu trinh tir ¢ kich thudc vira phai) hodc bang tong hop gen. Gan day, céc
phuong phap khuéch dai PCR dé tong hop gen thudng dugc sir dung dé lam
day va khuéch dai timg phan cac oligonucleotide chong 1én nhau (overlap
extension).

6. Biéu hién

Khi mot trinh ty méi duge xac dinh can phai cho né biéu hién dé
chtng minh chirc nang cta protein. Sy biéu hién cia cic protein tai to hop
12 mot cong viéc vo cung phirc tap va cac hé théng biéu hién vét chi o trong
pham vi tir vi khuan (E. coli duoc sir dung phd bién nhat), téi nAm men
(chang han Sac. cerevisiae va Pichia pastoris), toi cic té bao con trung va
cac nuoi céy té bao dong vat c6 va, va cudi cung t&1 dong-thuc vat chuyén
gen. Quy mo san xuét protein ciing thay d6i khac nhau. O cac giai doan dau
clia qua trinh phét trién mot protein méi, vi du mot phan tir protein dugc
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nhan dang trong moét thu vién thé hién, thi chi mot lugng nho (pg) cua
protein 12 du dé xac nhan mot dic tinh sinh hoc. Trong giai doan hai, can co
mot lwong nguyén liéu tinh sach 16n hon (tr 10 dén 100 mg) dé thu duoc
cac thong tin vé cAu tric dic trung va thuc hi¢n thém mot s6 thu nghiém in
Vitro va in vivo. Trong mdt vai truong hop, co thé can luong nguyén licu
duoc tinh sach 16n hon (tir vai g dén vai kg) bang cac phuong thirc nghiém
ngit (va thuong 1a ton kém) néu protein duoc san xuat dé sir dung cho cac
muc dich thuong mai (vi du cac enzyme cong nghiép).

Thong thuong, ngudi ta phai thir nghiém mot sé phuong phép khac
nhau dé tim kiém mot vat chi biéu hién thich hop, vi mét protein dugc sua
ddi s& khong thé biéu hién trong cung mot kiéu nhu trinh ty cta b me
(thinh thoang 1a tot hon, nhung thudng 1a khong). Cac yéu t6 nay tré nén
quan trong hon khi nhiéu phuong thirc dua vao cac hé théng thu vién thé
hién, trong d6 cac thanh vién cta thu vién c6 thé bj mat hodc khong duoc
miéu ta ding murc do biéu hién kém hoic do cudn xodn khong ding. DA co
rat nhiéu thir nghiém dé cai thién sy biéu hién va diéu chinh sy cudn xodn
protein cua céc hé thong vat chi, dic biét 1a E. coli. Pé khac phuc mot sb
van dé nay, cac hé thong phién ma-dich ma in vitro ciing da duoc sir dung
va dang duoc t6i uvu hoa cho san xudt & quy mod nhd mot cach hidu qua céc
protein m&i véi cac sd lwong thich hop cho phén tich.

7. Phan tich

Cén phai c6 nhiéu phuong phap khac nhau dé phan tich dic diém cta
cac protein duoc stra doi. Khi mot chirc ning duogc sira doi (dua vao, bién
d6i hodc loai bo) thi mot phuong phap thir nghiém sinh hoc thich hop ¢6 thé
dugc phat trién dé xac dinh kha ning ciia protein méi dugc san xuat. Trong
d6, phai dam bao rang phép thir nghiém c6 thé tién hanh véi mot lugng rat
nho cta nguyén liéu, chang han cic nguyén liéu thu dugc tir phuong thirc
khuéch dai thu vién.

Trong nhiéu trudng hop, viée dat duoc va chimg minh chirc ning moi
clia protein 1a quan trong nhat. Tuy nhién, thém vao cac phép thir nghiém
chtrc nang, dé giai thich cac két qua thuong doi hoi mot su hiéu biét day du
cAu tric duoc stra doi, dac biét dé co duoc sy hiéu biét sau sic sau nay vé su
cudn xodn cia protein. Viéc danh gia sé luong trung binh ciia protein méi
c¢6 thé duoc tién hanh, cac tinh chit thd co thé duoc phat hién bang kinh
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quang phé (spectroscope) hodc cac phép do quy mé 16n khéc, vi du: cac tinh
chat ludng hudng sic vong (circular dichroism), 6 duc (turbidity), ethalpy,
d6 liang dong (sedimentation) hodc sic ky (chromatography). Tuy nhién,
thong tin ciu trac chi tiét ciia san pham cudi ciing van con 1a bude han ché
trong thiét ké va trién khai cong nghé protein thich hop. Gan day, két qua
ctia Casimiro va cong su (1997) da cho thiy su tong hop gen dua trén co s&
PCR, biéu hién trong E. coli cia mot luong protein (mg) dugc danh diu
ddng vi phong xa va phd NMR c6 thé duoc thuc hién trong mot khoang thoi
gian ngan.

IV. Mot s6 rng dung ciia cong nghé protein
1. Cac dot bién diém

CAc dot bién diém riéng ré trong cac protein ¢ thé thu dugc chi khi ¢6
trinh ty gen thuan 191, bang cach dung cac k¥ thuat da dugc trinh bay ¢ trén.
Duéi day 1a mot vai vi du dién hinh:

1.1. Betaseron/Betaferon (Interferon -1b)

Mot trong nhitng két qua dau tién cia cong nghé dugc pham protein 1a
san xuit interferon B-1b. Protein méi nay dugc tao ra bdi sy thay thé cua
cysteine (Cys) cho serine (Ser) & gbc thir 17 cia phan tir interferon B dai 154
amino acid. Protein duoc tong hop biéu hién trong E. coli mot hoat tinh dic
trung gan voi interferon Bty nhién c6 ngudn gdc tir fibroblast. Phan tir nay
d4 duogc ding ky ban quyén tir 1993 dé st dung cho viéc 1am giam tan sb va
muc dd khdc liét cua sy tai phat & nhirng bénh nhan di lai dugc c6 sy tai
phat yéu bénh da xo cimg.

1.2. Humalog (Lispro Insulin)

Humalog 12 mot dang bién d6i gen cta insulin ngudi trong d6 hai gdc
& C-terminus cua chudi B, proline (Pro) va lysine (Lys) & cac vi tri 28 va 29,
tuong tng, dugc dao nguoc thir tyr ciia chung. Humalog 1a mot dang dong
déng hoat dong nhanh cua insulin, dugc thiét ké dé bat chude tée do dap
ung insulin tu nhién cua co thé dbi voi thuc phém. Su bién ddi C-terminus
duoc thiét ké dua trén co so céu triic va su twong déng trinh ty véi nhan td
sinh truong 1 gidng insulin (insulin-like growth factor 1, IGF-1) va viéc dao
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nguoc thur ty da gidm sy nhi trung hoa (dimerization) cua tiéu don vi B.
Humalog da duoc dang ky ban quyén sir dung trude 1996.

1.3. Céc ta dugc vaccine mai (adjuvants)

Gan day, cac phuong phap tiép can méi trong viée thiét ké vaccine da
gitp cho linh vuc y hoc nay c6 nhitng phat trién quan trong. Nhiéu loai
vaccine hién nay la san pham cong nghé sinh hoc rat co gia tri. Cong nghé
protein dang duogc sur dung dé xay dung cac phan tu protein mai cung cép su
hd trg mién dich (adjuvant) dé gay ra mot dap tmg mién dich dbi véi mot
khédng nguyén dong phan phdi (co-administered antigen). Cac ta duoc
protein méi ndy dang dugc quan tam déc biét nhim kich thich cac phéan Ung
mién dich mucosal sau khi chiing ngira br:ing cach uéng (oral immunization)
dé tranh viéc sur dung phuong phdp tiém phong vaccine (injection for
vaccination).

Nhiing vaccine dd dugc khao nghiém tét 1a doc té cua Vibrio cholerae
(CT) va doc t6 khong bén nhiét cia E. coli (LT). Cac ciu tric tinh thé cua
CT va LT d4 duoc 1am sang to. Cac thi nghiém phat sinh dot bién diém dinh
hudng dya trén ciu tric cuia LT di gitip co dugc sy hiéu biét day du vé mdi
quan hé cua tiéu don vi A ¢6 hoat tinh enzyme don voi 5 tiéu don vi B cta
c4c doc tb heterohexameric nay, cac vi tri lién két enzyme va cofactor trong
tiéu don vi A, clng cac diém cat hoat dong & trong ching. Cac nghién ciru
nay da cho phép giai thich tai sao cac doc td dot bién van 6n dinh dé lap rap
trong holotoxin, nhung doc tinh in vitro chi con & mirc tdi thiéu trong khi
van gitr lai cac dic tinh mién dich va ta dugc cua ching. Vi du: dot bién Ser
thanh Lys & gbc 63 trong tiéu don vi A ciia LT tc ché sy lién két voi doc
tinh cia NAD cofactor cho hoat tinh ADP ribosyltransferase. Dot bién
S63K nay cho thay cuong d6 doc tinh giam sau lan trong khi cac dic tinh
van duy tri kha nang mién dich va ta duoc. Mot trudng hop khac, dot bién &
gbc 192 (arginine-Arg thanh glycine-Gly) trong tiéu don vi A cta LT ciing
da duogc thuc hién. Dot bién nay xdy ra ¢ vi tri ma tai do tiéu vung Al bi
phan giai khoi tiéu ving A2 va day 1a budc dau tién trong hoat dong chirc
nang enzyme cua tiéu don vi A. Dot bién cling tao ra doc td bat hoat enzyme
dé duy tri cac dic tinh ta duoc. Cac doc td dot bién nay hién nay dang duoc
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thir nghiém trong cac nghién ciru 1y thuyét va 1am sang dé danh gia loi ich
cta ching.

2. Sép xép lai viing (lién két, trao doi va x6a bo)

Hau hét cac protein 16n do cac vung cudn xodn doc 1ap nho hon tao
thanh. Céc vung nay thuong duogc lién két cung véi cac chudi peptide ngin
va trong nhiéu trudng hop, nhung khong phai tat ca, cac ving nay co thé
Xac dinh nhu 1a cac exon phan chia trong trinh ty gen. Str dung cac k¥ thuat
sinh hoc phan tir, nguoi ta co thé bd sung, loai bo hodc trao ddi céac vung tur
mot protein ndy tdi protein khac dé xay dung lai cac phan tir protein.

2.1. Céc vung lién két
2.1.1. Cac dung hop ving cho té bao dich

Mot trong cac minh hoa dau tién ciia cong nghé protein 1a ving c6 vi
tri lién két cia khang thé duoc lién két di truyén voi enzyme. Pon vi khang
thé co ban 1a mdt cu trac co dang Y hoac T bao gém hai chudi nang co
khéi lwong phan tir 50 kDa va hai chudi nhe c6 khdi lugng phan tir 25 kDa,
vung lién két khang nguyén duoc goi 1a ving Fab (antigen binding), gom c6
cac dau tan cung N cua chubi nang va chudi nhe. Cac dau tan cung C cua
hai chudi ning ciing phdi hop dé tao thanh ving dé két tinh goi ving Fc
(crystallisable). Viing sau lién quan véi nhiing tuwong tac giita cac té bao
khéc nhau ctia hé mién dich va vai bd thé, ciing 1 yéu té quan trong trong
viéc xac dinh chu ky ban phan ri (half-life) huyét thanh ciia cdc khang thé,
it nhat 1a loai IgG.

Dung hop gen enzyme-khang thé duogc thuc hién bang cach dung trinh
tu DNA ma hoa cho thanh phan chudi ning cua Fab ciia khang thé dé lién
két n6 véi trinh ty ma hoa cho nuclease ciia khuan tu cau hodc trinh tu ma
héa cho DNA polymerase cua E. coli. Cac gen dung hop sau khi duogc
chuyén vao té bao san xuit chudi nhe cua khéng thé da biéu hién va khoi
phuc lai ca hai hoat tinh enzyme va lién két khang nguyén. Céac nghién ciru
dau tién theo hudng nay da cung cdp co s cho nhitng hudng nghién ciru
khéc, trong d6 mot chirc niang lién két (khang thé, cytokine, nhan t§ sinh
truong hodc ving lién két phdi tir ngoai bao (ECD) cua thu thé) duoc gin
v6i mot chire nang cua co quan phan ung lai kich thich (doc t, enzyme,
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cytokine). Mot ving lién két khong phai khang thé (non-antibody) c6 thé
duoc gin véi ving Fc ctia mot khang thé (tdn dung uu diém cua chu ky ban
phan rd dai huyét thanh cua cac khang thé) dé cai thién cac dic tinh dong
hoc duoc pham (pharmacokinetic) ciia mot phan tir dugc thiét ké.

Ching han, Enbrel™ (etanercept) gan day dd dugc dang ky ban quyén
str dung cho ngudi. Enbrel™ gdm c6 cac ving thu thé ngoai bao cho nhan
t6 o gy hoai tir khéi u (TNFa) duge dung hop di truyén véi cac ving Fe
cua IgG dé dung trong viéc ngan chin hoat tinh cua TNFa. Enbrel™ hién
nay d4 diang ky ban quyén dé sir dung cho diéu tri lam giam cac diu hiéu va
triéu chimg ctia bénh viém khép tir vira phai dén khoc 1iét & cac bénh nhan
¢6 cac phan ung khong day du ddi véi mot hodc nhibu loai thudc chéng
viém khop.

2.1.2. Cac cytokine dugc dung hop

Cac cytokine khac nhau thuong c6 cac chirc nang chong chéo nhau
(overlapping function), hoac co thé hoat dong hop luc trén cung té bao dé
gdy ra mot thay d6i sinh 1y ddi véi té bao do. Lién két cac cytokine bang
cach dung hop céc gen trong khung (in-frame) budc hai nhém chire nang lai
v6i nhau va co thé vé nguyén tic din dén hiéu qua sinh hoc mong mudn &
cac lidu thap hon néu dugc thyuc hién riéng r&. Cac dung hop kiéu nay d4
dugc thyc hién ¢ trudng hop interferon cach day hon mét thap ky. Gan day
hon PIXY321, mét dang dung hgp cia GM-CSF va IL-3 ciing da dugc khao
sat. Trong trudng hop nay, cac gen GM-CSF va IL-3 duoc stra d6i dé loai
b6 cac vi tri N-glycosylation ctia dong vét co via va sau d6 duoc lién két voi
nhau nhd bd sung mot doan ndi gdm 15 amino acid linh hoat giita C-
terminus cia GM-CSF va N-terminus ctia IL-3. Ndm men biéu hién
PIXY321 cho thiy ai luc thu thé da dugc ting cudng, hoat tinh sinh san va
hoat tinh kich thich tao khuan lac cling da dugc so sanh véi mot trong s6 cac
protein khéi ddu monomer.

2.2. Trao d6i cac ving protein

Mot phuong thire don gian khac dugce dung trong cong nghé proteln la
trao ddi cac ving hoan chinh, trong d6 céc ving tu’ong tu cua cac ngudn
khac nhau duoc trao ddi trong mot protein da ving dé cung cip mét chirc
nang moi.
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2.2.1. Céc khang thé kham nguoi-chudt

O day cac vung lién két khang nguyén ¢ khang thé don dong cta
chudt duoc gin voi cac vung khong thay dbi (noi cung cép cac chirc ning
phan tng lai kich thich mién dich va diéu khién chu ky ban phan ra sinh
hoc) cua mot khang thé nguoi. Su chuyén d6i (switching) nay c6 thé lam
giam 13 rét kha ning tao mién dich (immunogenicity) khéng mong mudn so
v6i khang thé gbc cua chudt. T6i nay dd c6 bdn san pham khang thé kham
d4 dugc ding ky ban quyén 1 cac duoc pham, ké ca phic hop chéng tiéu
huyét ciu (anti-platelet) ReoPro™.

2.2.2. Xoa cac vung

Hoat t6 plasminogen md (tPA) 1a mot serine protease tach chiét tir cac
té bao mang trong. Sau khi lién két voi fibrin, tPA hoat hoa plasminogen
thanh plasmin day 1a yéu t6 khoi dau phan giai huyét khéi cuc bo (local
thrombolysis). Reteplase 1a mot dang bién thé ma 3 trong 5 ving cua tPA d4
bi x6a. Mot trong cac vung c6 kha nang chon loc fibrin va vung xtc tac
duoc gitr lai. Reteplase duge ding ky ban quyén nhu 13 Retavase ding cho
viéc diéu tri chimg nhdi mau co tim cip tinh dé cai thién dong chay ciia mau
(blood flow) trong tim.

3. Sap xép lai toan bé protein

Nhiéu protein tdn tai nhu 1a cac thanh vién cia mot ho 16m, trong dé
nhiing protein tuong doéng thé hién cac hoat tinh sinh hoc hoi khac nhau. O
thoi ky du ctia cong nghé protein, cac gen lai duoc tao ra bang cach dung
hop cac trinh tu nucleotide thong qua cac vi tri cat han ché thong dung, hoic
nhd su tai to hop in vivo giita cac gen tuong dong trong mot kiéu ngau nhién
hon. Cac phuong phép nay san xuat mot sé luong nhod cic gen méi co the
duoc kiém tra riéng r&. Gan day hon, cac dang twong dong cua protein da
duoc sir dung dé tao ra cac thu vién bién thé mai rat 16n. Theo phuong thirc
nay, cac gen dai dién cho hai hodc nhiéu thanh vién cia ho duoc phéan doan
ngiu nhién biang enzyme DNase I. Cac doan nay sau d6 duoc ding nhu cac
PCR primer dé tao ra cac trinh tw gen méi bang cach lai ngau nhién giita cac
doan. Cac bién thé méi sau d6 c6 thé dugc nhan biét bang phuong thirc chon
loc hodc sang loc nhu da néu trudc day. Mot sd truong hop da duogc tao ra
theo phuong thirc nay 1a cac enzyme, cytokine va cac vi tri lién két khang
the.
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4. Cac twong tac protein-phoi tir
4.1. Bién d6i enzyme

Trong cong nghé protein, nhiéu nghién ctru da dwoc thuc hién theo
huéng thay doi enzyme dé kiém tra va bién doi cac tuong tac enzyme-co
chat. Céc loai thay ddi bao gé)m: tang hoat tinh xuc tac; bién dbi tinh dic
hiéu co chét, ké ca su phat sinh de novo cac chirc nang xtc tic mai; bién dbi
cac profile ciia pH dé mot enzyme c6 thé hoat dong trong cac diéu kién
khong sinh 1y (non-physiology); cai thién sy chdng oxy héa bang cach thay
thé cac amino acid nhay cam véi su oxy hoa nhu Cys, tryptophan (Trp) hoic
methionine (Met) bang cac amino acid khong thé oxy hoa c6 ciu trac khong
gian twong tu (sterically similar) nhu Ser, phenylalanine (Phe) hoac
glutamate (Glu), twong tmg; cai thién kha ning 6n dinh dbi véi cac kim loai
ning bang cach thay thé cac géc Cys va Met va cac nhom carboxyl bé mit;
loai bé cac kiéu phan cit cla protease; loai bo cac vi tri ma & do san phém
xuc tac co thé lién két theo mot kiéu khac dé cam tng su e ché nguoc khac
vi tri (allosteric).

4.2. Cac chét chu van hormone (hormone agonist)

Sy phat trién cac chit siéu chu van (super-agonist) ¢ hoat tinh sinh
hoc ting 18n rd rét c6 thé 1am ting ai luc lién két cua cac hormone véi céc
receptor cta chung. Grossmann va cong sy (1998) da mé ta su thiét ké cac
bién thé ctia TSH ngudi (human thyroid-stimulating hormone) c6 hoat tinh
tang 1én 1.300 lan. Cac bién thé duoc thiét ké dua trén sy twong dong voi
hCG (kich duc té mang dém cua ngudi-human chorionic gonadotrophin),
mot loai glycoprotein hormone khéc chia s¢ mot tiéu don vi o chung. Su
thay thé cdc nhom tich dién duong trong moét ving moc (loop region) cia
TSH da phdi hop ting hoat tinh cta chung.

4.3. Thay thé céc lién két dac hiéu

Thay thé cac lién két dac hiu duoc thyc hién bang cach chuyén ving
dac hiéu cho mot phéi tor tor mot protein nay dén mot protein khac. Mot )
truong hop doi hoi nhimng thay d6i nho, mot sé khac doi hoi viée chuyén dbi
& quy mé 16n ctia nhiéu gdc. Vi duy tinh dic hiéu cua hormone prolactin
duoc bién doi bang cach thay thé 8 amino acid ¢ receptor lién két bé mat sao
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cho hormone dugc bién ddi s& lién két voi receptor ctia hormone sinh
truéng.

Céc phan tir protein thuong cé cac vung loop ndi giita cac kiéu cu
trac th cdp khac nhau (a-helix, p-strand). Trong mot sd trudng hop chirc
ning ciia cac gdc protein trong cac loop nay ¢ thé 1a muc tiéu cho cac thi
nghiém thay thé twong ddi don gian. Vi du: ddc trung cta nhan té sinh
truong co tinh base cua fibroblast duoc bién d6i thanh loai c6 tinh acid bang
céch thay thé mot ving loop dic biét.

V. San xuét protein trén quy mé lé6n

Nubi cdy cac vi sinh vat trén quy mé 16n 1 phuong phap kinh té nhat
do ¢6 céc uu diém sau:

- St dung cac moi truong don gian, ré tien.
- Céc chu ky 1én men ngan ngay.

- C6 thé Kiém soat trang thai sinh 1y ctia vi sinh vt trong qua trinh lén
men va dam bao duoc tinh dong nhat cta cic mé 1én men.

- C6 thé ké hoach hoa viéc thu hoach protein mdt cach hop ly, phu
hop vé6i cac qua trinh phan tach va tinh sach dau ra.

- Hiéu suit protein c6 thé duoc tang 1én nhiéu 1an bang cach cai thién
cac ching truyén théng va phat trién qua trinh 1én men, cing véi viée st
dung thém cong nghé DNA tai to hop.

- Cac k¥ thuat tai to hop DNA ciing mé ra cac co hoi cho viéce san
xuit sinh khéi enzyme tir viéc nudi cdy nhiing loai vi sinh vat doi hoi diéu
kién sinh truong khic khe nhu: moi truong dinh dudng dét tién hodc phai bo
sung cac nhan t6 cam tng (inducers)...

- Cac enzyme cua cac dang vi sinh vat séng & diéu kién khéc nghiét
(sinh truong & cac diéu kién cuc doan cta nhiét d6, mudi, ap luc tham thu,
kiém) nho k¥ thuat tai to hop DNA nay c6 thé sinh truong thuan loi trong
cac nudi cay mesophilic (wa nhiét trung binh 20-40°C), va c6 thé san xuét
cac enzyme vdi cac dac diém chiu nhiét hoic chiu mudi & néng do cao.
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1. Lén men E. coli tdi t6 hop

Céc enzyme c6 ngudn gdc tir cac sinh vat prokaryote co thé duoc san
xuat d& dang trén quy mo 16n v6i hiéu suat cao trong cac vat chu E. coli tai
t6 hop. Céc qua trinh 1én men nay c6 thé duoc tién hanh & quy mo tir 3.000-
6.000 L, va khong doi hoi cac bude cdy giy (inoculum cuture) phtic tap.
Mot cdu trac vat chu thich hop cho qua trinh 1én men dic trung c6 thé nhu
Sau:

Vit chu E. coli mang (1) plasmid vector c6 gen mé hoa cho enzyme
can thiét, (2) cing v&i gen chi thi khang khang sinh thich hop nhu
ampicillin hodc neomycin, va (3) mot nhan t6 cam tng nhu 1a TAC (bd ba
dac trung cam ung lactose hodc isopropylthiogalactose).

Hi¢u qua san xuét cao nhu mong mubn c6 thé dat duge béng cach lén
men mé ¢ cung cap dinh dudng, trong d6 mai truong nudi cdy mé chira cac
thanh phén cho sy sinh truédng ban dau cta vi khuan, vi du: glucose 2%,
dich chiét nAm men (yeast extract) 1%, phosphate 1% va cac loai mudi khac
cung véi khang sinh dugc chon. Sau khi sy sinh trudng ban dau duoc thiét
1ap, cac chat dinh dudng bd sung duoc cung cip & cac ty 1& thich hop dam
bao du ngudn carbon va nitrogen.

Nguon carbon thuan loi 13 glucose, va nitrogen c6 thé 1a mot phtic hop
tu nhién (ch:flng han nhu dich chiét nAm men, dich thily phan casein), sird
ngd (corn sirup), mot loai mudi ammonium don hoic urea.

Nubi ciy E. coli trong méi truong cé bd sung cac hdén hop amino acid
cho kha nang sinh truéng va san xuét protein nhanh hon, tuy nhién viéc sir
dung céc ngudn dinh dudng don gian hon (chang han ngudn nitrogen), mic
du c6 thé doi hoi thoi gian 1én men 1au hon, van c6 thé tao ra su sinh truong
ctia té bao va hiéu suét protein cao tuong tu.

San xuit enzyme dugc cam ung thuan loi bang cich bd sung
isopropylthiogalactoside tir 30-300 mg/L, hoac lactose tir 1-10 g/L. Viéc
quyét dinh thoi gian va tan s bd sung chét cam tng 14 rat quan trong dé thu
duoc hiéu suét enzyme cuc dai.

Mat d6 t6i uu trén 200 ctua ODgoonm (50 g khéi luwong kho cua té
bao/L) va su biéu hién protein khoang 10 g/L (30% cua protein tong sd) 1a
mot két qua 1én men mong mudn. Qua trinh 1én men thudng thyc hién trong
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hai ngay ¢ nhiét do thip hon nhiét do sinh trudng toi wu ciia co thé, nghia la
tir 24-28°C.

2. Lén men nam

Céac loai nidm vat chi nhu Aspergillus va Fusarium, va ndm men
hudng methyl (Pichia) thich hop cho san xuét cac protein glycosyl hoa tir
cac ngudn dong vat hodc nim. DNA cua protein dugc hop nhat truc tiép
trong DNA nhiém sic thé cing v6i hé théng promoter diéu hoa biéu hién
gen.

Céc vat chu tai to hop c6 thé duoc 1én men trong mét kiéu twong tur
nhu cac nudi cdy khong tai t6 hop va 1én men mat do cao cua té bao cé thé
dé dang thu duogc bang cach dung cac phuong phap ciia k¥ thuat sinh hoc
truyén thong.

Cac vat cha Aspergillus hodc Fusarium cé thé dugc sinh trudng trén
cac nguyén lidu tho ré tién nhu bot ddu tuong c6 bd sung thém chat dinh
dudng 13 sird ngd. Ndm men, nhu Saccharomyces va Pichia, co thé sinh
truong trén dich chiét nAm men hodc céc dich thily phan protein va sird ngo.

Qua trinh nudi ciy co6 thé cho sinh khdi té bao cao bang cach sir dung
cac moi truong dd dugc xac dinh diy da c6 bo sung xen k& thém mot vai
chat dinh dudng khac. Lén men dic trung kéo dai tir 4-8 ngay. Su biéu hién
protein vuot qua 10 g/L da thu dugc & quy moé cong nghiép.

3. Cdc enzyme vi sinh vit thay thé cdc enzyme dong-thiee vit

Mot s6 enzyme cong nghiép van duoc tach chiét tir cic ngudn dong
vat nhu bo tiém an nguy co ctia sy nhiém ban bénh ndo dang xdp cua bo
(bovine spongiorm encephalopathy). Chang han renin, sau khi thu tir da day
clia bé con méi sinh s& dugc sir dung dé lam phomat. N6 van khong duoc
dam bao liéu c6 hién dién bt ky rai ro nao cho strc khoé cia nguoi ti€u
ding hay khong, tuy nhién renin tai to hop ciia bé con hién nay c6 thé duoc
san xudt nhd 1én men vi sinh vat 1a hoan toan an toan.

Mot cach khac, bang phuong thirc tich chiét enzyme truyén thong tir
cac ngudn vi sinh vat va viéc st dung k¥ thuat sang loc thich hop, nhiéu
enzyme moi gidng nhu enzyme dong-thuc vat hién nay da duoc san xuat. Vi
du:

Nhdp mon Cong nghé sinh hoc 200



- Enzyme protease ciia Mucor trong nhiéu truong hop d thay thé
renin tur da day cua bé.

- Protease cua Aspergillus va Bacillus da thay thé cac enzyme ding
trong thudc da.

- R4t nhiéu loai amylase vi sinh vat dugc phat trién dé thay thé hodc
b sung cho cac amylase thuc vat trong tao malt ctia Iaa mach hodc lua my.

- Hon nita, mot s6 enzyme co6 ngudn gbc dong vat (nhu hoat td
plasminogen ciia mo) ciing dugc san xuat trong cac vi sinh vat tai to hop va
c6 thé cung cip chudi protein dugc tai cudn xodan. Cac enzyme glycosyl hoa
cua dong vat cé vu cod thé duoc biéu hién trong cac co thé eukaryote nhu
Saccharomyces va Aspergillus. O ddy, vat chu s& glycosyl hoa enzyme dé
cung cip hoat tinh day du cho du cac dudng glycosyl hoa & day co thé khac
¢ dong vat c6 vu.

Céc enzyme c6 thé duoc san xuét truc tiép bang nudi ciy té bao dong
Vit co vu, tuy nhién gia thanh s& rit cao khoang tir 1.000-5.000 USD/gram,
mot mirc gia chi ¢6 thé chap nhan cho viéc san xuat cac enzyme trj liéu dic
biét nhu hoat t& plasminogen ctia mo hoac céc loai protein lién quan.

4. Cdc nguyén tic héa sinh co ban

Hiéu suét 1én men enzyme Vi sinh vat co thé duge cai thién br:ing cac
ky thuat kinh dién, tuong tu cac ky thuat ding dé cai thién higu suit trong
1én men khang sinh. Ca hai sy cai thién di truyén va qua trinh 1én men d3
dan dén sy phat trién kha nang 1én men trong san xudt enzyme lén tGi
20 kg/m®. Sy hiéu biét v& diéu hoa di truyén cua qua trinh tdng hop enzyme
1a rat quan trong trong viéc chon loc cac chung da duoc cai thién va tdi uu
cac qua trinh 1én men. C6 nhiéu nhan t6 quan trong c6 thé anh hudong dén
san xuat enzyme nhu sau:

4.1. Sy cam Uung

Su tong hop enzyme thuong bi e ché (didu kién dé giup bao ton ning
lwong tir su tong hop protein khong can thiét) tirc 1 enzyme sé& chi duoc san
xuat trong su hién dién ciia mot chat cam ung, thuong 1a co chit cta no.
Mirc 6 cam tng (induction level) co thé 1a rat manh (tang I&n hon 1.000 lan
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s0 v6i khong cam ung) va hoat dong bang cach gay can tré sy diéu hoa nhan
td (rc ché. Nhiéu enzyme di hoa co thé duoc cam ung, nhu:

- Sucrose can thiét cho san xuét invertase.

- Tinh bt cho san xuat amylase.

- Galactoside cho san xuit p-galactosidase.

Trong mot sd trudng hop, mot san phdm hodc mot san pham trung
gian ciing c6 thé hoat dong nhu mot chat cam ung, vi du:

- Phenylacetate cam rng penicillin G amidase.

- Céc acid béo cam trng lipase.

- Xylobiose cdm trng cac xylanase.

Su cam Ung san pham thuong xay ra trong qua trinh tong hop cac
enzyme ngoai bao can thiét cho viéc thity phan cac polymer c6 khdi luong
phan tir 16n dé ching c6 thé di vao té bao va tiép tuc gay ra sy cam (ng.

Cac coenzyme ciing c6 thé hoat dong nhu cac chit cam tmg, vi du
thiamine cam tng pyruvate decarboxylase. Hon nira, dé c6 hiéu qua trong
san xudt enzyme, su cam ung la diéu kién can thiét dé quyét dinh hop 1y
thoi gian san xuit enzyme trong hé 1én men dam bao thu dugc lugng san
pham cao nhét.

Tuy nhién, trong thuc té sy cam tng thudng duge tién hanh bang hdn
hop cac tic nhan cam ung dat tién, dugc khir tring va bo sung & cac thoi
gian dac biét dé thiét 1ap sy 1én men. Pé khic phuc céc van dé nay cac dot
bién diéu hoa co thé dugc san xuit dé khong phu thudc vao cac nhan td cam
ung va vi vay dugc goi 1a cac dot bién céu thanh.

4.2. Uc ché nguoc

- Uc ché nguoc (feedback repression) 1a tac dung trc ché bang cach ¢b
dinh tac dong di lap thé ciia mot chat 1én hoat tinh cua it nhat mot trong
nhiing enzyme xuc tic cic budc chuyén hoa dan dén sinh téng hop riéng
ctia chit do.

- Téng hop enzyme ciing duoc diéu chinh bdi su e ché ngugce xuit
hién & céc enzyme can thiét cho qua trinh sinh tong hop cac chit c6 phén tir
luong thép (chfmg han 1a mdt loai amino acid), trong d6 sy tich lily cta san
pham cubi cing c6 thé gdy tc ché su tong hop cac enzyme dic biét, thong
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thuong 1a enzyme dau tién trong con duong sinh tong hop. Co ché cia hién
tuong nay dugc trinh bay ¢ hinh 6.5.

Hinh 6.5. So' @0 chudi phan vng héa sinh tong hop chat (X)

- Ngudi ta nhan thdy san pham cudi cting ciia qua trinh sinh téng hop
mot chat c¢6 kha ning gay ra sy tc ché qua trinh tong hop ctia chinh n6. San
pham cudi cing du duoc t& bao tong hop hay thu nhan tir méi truong bén
ngoai, khi & nong do du thira so v6i nhu cau cua co thé vi sinh vat s& anh
hudng dén enzyme dau tién trong con dudng sinh tong hop.

Enzyme dau tién (a) 12 mot enzyme di 1ap thé. N6 co dic diém thay
d6i cau hinh khong gian khi c6 mat san pham cudi ciing nhdm giam bét hoat
tinh xtic tac ctia minh. O enzyme ndy, ngodi vi tri gin véi co chat A (trung
tam x1c tac), né con c6 mot hay nhiéu vi tri gan véi san pham cudi cing X
goi 1a trung tam di lap thé. Trung tam xuc tac va trung tdm di lap thé tach
biét nhau vé khong gian va khac nhau vé céu truc. Trang thai hoat dong ctuia
enzyme nay duogc dic trung & chd nd c¢6 kha ning gin voi co chat A va néu
bén canh co chat A con co su hién dién cua X & muc d6 du thira so véi nhu
cau cua co thé vi sinh vét, thi s& x4y ra sy bao vay cua trung tam di lap thé,
lam cho trung tAm xiic tac bi bién d6i cdu hinh khong gian dén mic khién
cho enzyme (a) khong thé gin dugc véi co chat A ma chi gan véi X. Nhu
vy, enzyme (a) s& khong c6 hiéu luc trong viéc chuyén hoa A thanh B.
Chudi téng hop X sé& bi gian doan do d6 X sé& bi giam sd luong. Vi du minh
hoa trc ché nguoc ddi voi tryptophan & hinh 6.6.

Céc dot bién uc ché nguoc co thé thu duoc béng cach chon loc cac
nudi cdy khang cac doc td 1a cac chit ddng ddng cia san pham. Cac dong té
bao song sot s& mat sy man cam ngugc dbi v6i san pham. Cac dot bién
tuong tu co thé thu dugc bang cach phan 1ap cac dot bién khuyét dudng
(nutritional auxotrophs), cac dot bién nay khong thé tao ra san pham cubi
cing, ma phu thudc vao su bd sung hop chét ndy tir moi truong bén ngoai dé
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sinh trudng binh thudng. Sy cung cip chat dinh dudng dugc diéu chinh nay
s& han ché céac néng do trong ndi bao to1 muc dé su tre ché nguoc xay ra it
hon.

HO

Q

HO
\j
Chorismate HO@ COOH
Anthranilate synthetase > HO
A
\j
Anthranilate COOH

{

NH,

v CH-CH-COOH

Tryptophan NH;

N

San pham (rc ché nguoc

o

Hinh 6.6. Co ché trc ché nguoc dbi véi tryptophan

4.3. Uc ché dinh dudng

Tong hop enzyme ciling c¢6 thé duoc diéu chinh bang sy tc ché dinh
dudng dic trung bdi carbon, nitrogen, phosphate hoac sulphate. Nhiing co
ché nay ton tai dé duy tri s san xuat ciia cac enzyme khong can thiét.

Dan chiung tdt nhét 1a sy diéu chinh nho hién dién cua glucose ma
trong d6 carbohydrate nay c6 thé 1am ngimg san xuét cac enzyme cin thiét
cho su chuyén hoa ciia cac hop chit lién quan va khong lién quan (hiéu tng
glucose). Uc ché glucose 1a mot khai niém chinh trong nudi cdy sinh khéi té
bao & quy mé 16n (nguyén liéu thd co gia tri kinh té nhit ciia qua trinh 1én
men). Sy uc ché di hoa glucose co thé 1a rit manh va thuong kim ham hiéu
qua cua chit cam ung. Cac ngudn carbon khac nhu lactate, pyruvate,
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succinate va citrate, ciing 1 cac chat trc ché hiéu qua trong mét s6 vi sinh
vat. Tham chi citrate cling c6 thé uc ché sy chuyén hoa cua glucose & mot sb
vi khuan.

Su trc ché di héa glucose ciing duoc giai quyét vé mit di truyén bang
cach chon loc cac thé dot bién chéng lai hién tugng nay. Cac dot bién c6 thé
chon loc d& dang tir méi trudng nudi cdy chira glucose va co chit cua
enzyme can thiét, vi du: hon hop glucose/aspartate cho phép chon loc cac
dong san xut aspartate khong bi trc ché glucose (aspartate dugc cung cp &
day chi 1a ngudn nitrogen). San xuét penicillin G amidase trong E. coli dwoc
tang 1én nhiéu lan bang cach chon loc cac dot bién c6 kha nang sinh truong
trén amide nhu la mot ngué)n nitrogen duy nhét trong sy hién dién cua
glucose. Két qua tao ra cac dong vi khuan c6 kha ning san xudt manh va
khong dé bi tic ché boi glucose. Sir dung dang dong dang cua glucose, 2-
deoxyglucose, ciing 1a mot phwong thirc hiéu qua dé chon loc cac dot bién
khong c6 tic ché glucose.

NH; la mot ngudn nitrogen rat co gia tri, cic mudi ammonium Ia
ngudn nitrogen rat ré so voi cac hdn hop amino acid, nhung sy hién dién caa
cac amino acid thuong cho phép vi sinh vat sinh truéng manh va nhanh.
Mot s6 dot bién khong bi trc ché boi nguén nitrogen cling c6 thé dugc chon
loc dua trén co s¢ dic diém chong chuyén héa ammonium (methyl hoa
ammonium, methylammonium).

5. Cong nghé di truyén

Kha ning tmg dung cta k¥ thuat tai to hop DNA hon 10 nam qua da
c6 mot hiéu qua rat 16n trong san xuét protein vi sinh vat. Vat cha E. coli
thich hop cho sy biéu hién cao ciia protein, cung cép protein khong co
glycosyl hoa. Cac loai Bacillus thich hop cho san xuat cac protein ngoai bao
khong cd glycosyl hoa. Cac loai Aspergillus ciing san xuat rat nhidu céc
protein ngoai bao va hon nita c6 thé san xuét cac protein dugc glycosyl hoa.

Mot s6 diém can luu y khi xay dung cac vi khuan va vi nam tai t6 hop
thich hop cho san xuét protein quy mé 16n. PO la:

- Chon lva vat chu la van dé then chét, trong d6 vat chu phai c6 kha
nang sinh truong manh, khong khuyét dudng va khong co cac hé théng
enzyme khong mong mudbn trong san pham protein cudi cing, chiang han
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khong co hoat tinh B-lactamase trong vat chu dwoc ding dé san xuét
penicillin G amidase.

- Céu triic vector biéu hién phai cang don gian cang tét. Vi du: Hinh
2.13. (Chuong 2) minh hoa vector biéu hién cho gen ngoai lai trong té bao
vat chu E. coli dudi sy kiém soat ctia promoter T7 cta bacteriophage.

Sau khi tong hop, protein tai to hop c6 thé hodc tich liy trong té bao
chat (cytoplasm) hodc dugc chuyén tdi chat gian bao (periplasm). San xuét
du thira protein ngoai lai nay trong cytoplasm mot d6i khi c¢6 thé tao ra cac
thé vui (thuong chira proteln tai t6 hop trong trang thai khong cudn xodn,
hodc xir 1y bi hong). Két qua nay thuong khong dugc mong mudn vi nd gay
nhiéu khé khan dé tach chiét va tai cudn xodn cac protein.

Qua trinh tach chiét tir cac thé vui chi c6 gia tri kinh té khi san xuét
cac protein co gia tri cao nhu insulin va hoat t6 plasminogen mé. Két qua
thuong duge mong mudn hon 1a protein duoc van chuyén vao trong chat
gian bao. D¢ hién tuong nay xuat hién can thiét phai co cac chudi tin hi¢u.
Nhimg chudi nay duoc dinh vi & dau tan cling amino cta protein (ving
nguoc hudng, upstream) va co thé dugc chuyén di dé dang nho céc
peptidase tin hiéu. O mot s6 trudng hop nhat dinh, sy tiét protein vao moi
truong ngoai bao trong nudi cdy E. coli bi han ché. Trong trudng hop san
Xut cac protein ngoai bao, thi Bacillus spp., nAm men va Aspergillus spp. la
cac vat chu thich hop duogc chon.

Cac plasmid phai hién dién mot ) lugng ban sao nhiéu trong vat chu
va, dé lam diéu nay, can phai c6 mot s6 ap luc chon loc vi mét té bao vat
cha khong c6 plasmid s& phat trién nhanh hon vat chu ¢6 plasmid. Phwong
thirc thich hop nhét dé chic chin co sy bién nap plasmid vao té bao vat chu
1a thiét k& mot gen khang khang sinh trén plasmid va bo sung khang sinh
tuong Ung trong mdi trudng sinh truong dé chon loc thé bién nap. Cac hé
thdng thudng duoc st dung 13 kanamycin phosphotransferase, ampicillin p-
lactamase, va chloramphenicol acetyltransferase. Nong d6 khang sinh trén
30 mg/L du dé duy tri sy hién dién cta plasmid. Néi chung, sy biéu hién cua
cac protein tai to hop trong ndm (nhu Asper. niger) doi hoi c6 sy hop nhat
clia gen va promoter clia ndm ciing véi mot co ché chon loc phdi hop truc
tiép (khang khang sinh hoic mot gen dang hoang dai khic phuc dugc nhan
t6 khuyét dudng cta vat cha) vao trong DNA nhiém sic thé.
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- Cé&c promoter co ban, nhu phosphoglycerate kinase va
glyceraldehyde phosphate dehydrogenase c6 tac dong rat manh va thuong
dugc chon lya. Cac promoter dugc chén vao ngugc hudng véi gen protein
mong mubn dé tdi wu hoa san pham. Ching han nhu: promoter tinh bot c6
thé dugc dung nhu 1a mot tin hi€u thich hop cho san Xuét a-amylase, hodc
promoter phenoxyacetic acid c¢6 thé dugc dung dé san xuit penicillin V
amidase. Thong thudng chat cam tng hoat héa promoter khong lién quan
dén protein, vi du: methanol duoc dung dé kich thich promoter alcohol
dehydrogenase trong Pichia, 1a loai c6 thé duoc két hop véi nhiéu gen
protein khac nhau.

- Chét cam ung duogc chon phai dugc duy tri trén mot néng d0 to1 han,
tuy nhién viéc quyét dinh thoi gian bo sung chat cam tng khong phai 1a van
dé then chét.

- Phat sinh d6t bién diém dinh hudng. Cac protein di biét trinh tu
amino acid va ciu tric ba chiéu c6 thé duoc bién ddi béng dot bién diém
dinh hudng. Vi tri hoat dong ctiia amino acid hodc cac vung quan trong khac
duoc coi 12 muyc tiéu dé thay ddi thanh cac amino acid khac. Piéu nay dugc
thuc hién dé dang béng cach thay ddi cac ma bo ba dic trung trong gen méa
héa protein va biéu hién cua protein dugc phan tich bang phuong phap tao
dong truyén thdng. Cac protein méi dé dang san xuét bang cach dung cac
phuong thirc san xuét giéng nhu d& duoc phat trién cho cac dang tu nhién,
vi thay d6i cac amino acid nay khong anh hudng 1én sinh trudng cia vat chu
hodc sy biéu hién cia protein. Nhing thay d6i amino acid nhu thé da duoc
tang lén mot cach on dinh.

VI. Céc qua trinh tach chiét va tinh sach protein

Qua nhiéu nam, viéc gia ting st dung vi sinh vat nhu 1 mot ngudn
cung cép protein, ddc biét 1a cac enzyme, da cai thién dang ké hiéu qua san
Xuat va san pham dugc tao ra nhiéu hon. Phan 16n enzyme sir dung trong
cong nghiép 13 cac protein ngoai bao tir cac co thé nhu Aspergillus sp. va
Bacillus sp., bao gdm: o-amylase, B-glucanase, cellulase, dextranase,
protease va glucoamylase. Nhiéu loai trong s6 nay van con dugc san xudt tir
cac ching gde tu nhién cua vi sinh vat. Tuy nhién, trong san xuét protein dé
su dung & céc linh vuc chan doan 1am sang va cho cac ung dung tri liéu,
cong nghé protein va cong nghé DNA tai t6 hop di thé hién mét vai trd
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ngdy cang quan trong. Cong nghé DNA tai t hop, ngoai viéc cho phép cai
thién hiéu suit cao, né ciing cho phép chuyén cac vat liéu di truyén tir dong
vat vao vi khuan vat chi. Theo phuong thirc nay, cac protein von chi c6 mot
lwong nho tir mé dong vat bay gid c6 thé dugc san xuit trong mot lwong gan
nhu vo han tir cac vi khuan sinh truong dé dang. Mot vi du dién hinh 1a
hormone sinh truéng nguoi, chit nay duoc san xuat mdi 1an v6i mot luong
rat nho tir tuyén yén cuia ngudi cho dén khi n6 duge thira nhan hién dién mot
rti ro tiém tang ddi voi bénh nhan tir sy nhidm ban prion 1a yéu té dugc am
chi trong héi ching Creutzfeld-Jacob. Hormone sinh trudng ngudi bay gio
dugc san xuat v6i mot lwong 16n hon rat nhidu tir vi khuan E. coli va nd
hoan toan sach khong bj nhiém prion khong mong mudn.

Céc protein hodc enzyme dugc san xuit bang vi sinh vat co thé & noi
bao, ¢ khoang gian bao hoic tiét vao méi truong nudi cay. Pbi véi cac
enzyme ngoai bao, muc do tinh sach can thiét thuong 1a tdi thicu, khi san
pham cudi cing dugc dung trong cong nghiép va khong can d¢ tinh sach
cao. Cac qua trinh quy mé 16n nhu thé ¢6 thé cho san luong protein 1én dén
hang tan.

Nhiéu loai protein khac duoc san xuét trong cac hdn hop ndi bao phirc
tap dd gay ra nhiéu kho khan trong qué trinh tinh sach chung. Nhimg protein
doi hoéi phai tinh sach nay thuong dugc san xuat dé su dung trong diéu tri,
do d6 phai cd gang hudng tdi cac tiéu chuan tinh sach rat cao, va dé co duoc
diéu nay nguoi ta can phai phat trién cic quy trinh tinh sach phirc tap. Mot
lan nita, cong nghé¢ DNA tai t6 hop d4 c6 dong gop hiéu qua trong linh vuc
nay. Trong truong hop céc protein tri liéu, thuong co nhing thuan lgi néu
protein quan tdm c6 thé dugc tiét hodc vao khoang gian bao hoic vao trong
moi truong. Diéu ndy gitp giam rat 1on do nhidém béan cia protein va cac dai
phan tir khac, san phdm tinh sach nhu thé thuong thu dugc chi trong hai
hodc ba budc tinh sach. Chon Iya hé théng biéu hién thich hop c6 thé cho
hiéu qua cao hon trong h¢ 1én men, c6 li€n quan téi viée cai thién hoat tinh
dic biét cia nguyén lidu khoi dau. Ciing c6 kha ning bd sung cic nhém
chtrc vao protein dé giup cho sy tinh sach, tao ra cho né céc tinh chat dic
biét va sau d6 loai bo cac nhoém chire nay khi chiing khong duoc yéu ciu lau
hon.

Trong thiét ké quy trinh tinh sach & quy md 16n thi s6 lugng cac budc,
va sy thu hoi san pham & mdi budc da anh hudng quan trong 1én san luong
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toan phan. Sy thu hdi dic trung ciia mot bude sic ky 1a trong khoang 80%
va 90%, vi su tinh sach phuc tap doi héi nhiéu bude do do san luong toan
phan nhiéu khi chi bang 10% cta nguyén liéu khoi dau. Piéu nay khong
thanh van dé¢ ¢ truong hop tinh sach quy mo phong thi nghiém, nhung néu
tinh sach & quy mo 16n thi d6 1a van dé rat quan trong can quan tdm dé tdi
wu toan bo qué trinh tir hé thdng biéu hién hodc su 1én men dén budc tinh
sach cudi ciing, dé giam thiéu sé budc tinh sach can thiét.

1. Thu héi protein

Su thu hdi va tinh sach cac protein va enzyme ciing quan trong nhu
cac giai doan 1én men xét theo goc do6 kinh té cua qua trinh san xuét. Thach
thire chinh trong cac budc thu hoi 1a giam thiéu sy mat hoat tinh cta protein.
Trong phan nay s& trinh bay cac budc thu hdi va tinh sach truyén thng cho
protein.

1.1. Thu hdi cac protein ngoai bao

Céc protein ngoai bao tuong ddi dé thu hoi va tinh sach. Té bao va
né)ng dd cua dung dich hoat dong dugc loai bd mdt cach don gian, va co thé
cung cép tryuc tiép protein tho thich hop cho mét s6 tmg dung.

Dung dich protein twong ddi sach c6 thé thu duoc bang cach cho céc
nudi cdy sinh trudng trén moi truong don gian c6 thanh phan xac dinh. Cac
budc thu hoi va tinh sach gidng nhu cac bude da dung cho protein ndi bao
sau khi pha v& té bao.

1.2. Thu hdi cac protein ndi bao
Dé tach chiét cac protein ndi bao tur cac nguén dong-thyc vat, mo phai
dugc pha v& dé giai phong chiing.

1.2.1. Pha v& té bao
a. Nguyén ly chung

Lam khd mo la phuong phap thuan loi dé 6n dinh va pha vo té bao
dong-thyc vat. Phuong phap dong kho khéng thich hop dé pha vé mé nhung
tranh dugc su dit giy protein, mic du né vo cung dit trong san xuat quy &
mo 16n. Mé co thé dugc lam kho trong diéu kién chan khong hodc trong
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khong khi, hodc két tia bang dung méi tron véi nude. Sau do, thu dich chiét
enzyme tir cic nguyén lidu kho bang cach hydrate hoa tré lai nguyén liéu
trong mot dung dich dém thich hop. Phuong phdp dong lanh don gian ciing
6 tac dung pha v mot it mo, mac du day la phuong phap khong thich hop
cho viéc ting quy mo san xut.

Mot sb nguyén liéu dong-thuc vat can ¢ qua trinh déng hoa trudc do,
sao cho md dugc pha thanh nhitng manh nhé va tron 1an véi nhau, sau d6 st
dung phwong phép co hoc dé pha v té bao. Mot khi protein dugc hoa tan,
cac vo té bao chét dugc loai bo dé dang bang phuong phap loc. Ly tim tdc
do thép cling co thé duoc su dung. O mot sé md ¢o sy hién dién cua chit
béo, viéc loai bo 16p chat béo bang ly tam gip nhiéu kho khan. Cac chat béo
chi duoc loai bé dé dang bang tach chiét dung moi; két tua acetone 1a
phuong thirc thich hop dé tach protein ra khoi cac nguyén liéu lipid. Mot
phuong thirc khac 1 cac dung méi trén nude nhu hexane, ciing c6 thé duoc
su dung.

Pha v& cac té bao vi sinh vat thuong gap nhiéu kho khan hon cac té
bao dong thuc vat. Cac té bao vi sinh vat thuong dai hon va c6 kich thudc
nho (khoang 0,2-10 pm) nén phai c6 phuong phap pha v dic biét. Nhiéu
enzyme tir nAm men va cac vi khuan Gram 4m c6 thé dugc chiét bang cach
dung cac dung méi khong tron nudc, nhu toluen hodc chloroform, ¢ thé
pha v& mang té bao va giai phong enzyme. Cac dung méi hoa tan nude, nhur
ethanol va 2-propanol, dugc dung dé tach chiét enzyme tir khoang gian bao,
nhung sir dung cac dung moi nay doi hoi mirc do an toan cao trong san xudt
& quy md 16n. Cac chat tay thich hop c6 thé duge dung dé tach chiét cac
phan tir enzyme nho (khdi lugng phan tir dudi 70.000 Da).

Trong mdt sb trudng hop enzyme on dinh & gia tri pH cao, co thé sir
dung dung dich kiém dé phéan giai cac té bao vi khuan. Thanh té bao vi
khuan duoc phan giai bang lysozyme, tuy nhién gia thanh cta enzyme nay
1a rat cao. Tuong ty, nAm men c6 thé duge phan giai bang B-glucanase. Hién
tuong tur phan giai c6 thé xuét hién trong nAm men, nhung can c6 thoi gian
dai vi thé s& gay kho khan khi diéu chinh hodc t6i wu qua trinh 1én men.

Cac té bao vi sinh vat co thé duoc pha v& dé dang hon bang cac
phuong thirc vat 1y. Siéu am 1a k¥ thuat thich hop va rat hiéu qua & quy mé
phong thi nghiém, nhung khé tng dung & quy md san xuat 16n. Pha v té
bao bang cach dung ap suat cao dé diy nguyén liéu (dich huyén phu té bao
dudi dang bot nhio duge 1am dong & -20°C) qua céc 16 hep clia may nén thi
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té bao s& bi pha v& do su thay doi pha va thay d6i thé tich ciing nhu do luc
cit cua cac tinh thé da. Phuong phap nay c6 thé st dung dé pha v& céac té
bao nudi ciy & quy mé 16n 100-1.000 L/gid. Nhiéu loai té bao c6 thé bi pha
v& bang khudy (rung) nhanh hodc tron 13n voi cac hat thuy tinh nhé hodc
cac hat gbm (ceramic). O quy mé phong thi nghiém, phuong thirc nay rat
thich hop. O quy mé san xuét 16n nguoi ta st dung phuong phap nghién
bang qua cau thép. Ty 1& va hiéu suit giai phong enzyme phu thudc vao van
tdc 13c va kich thude cua céc loai hat cling nhu duong kinh cua thiét bi. Vi
cung mot thé tich hat thi sir dung mdt luong 16n cac hat nho s€ hiéu qua hon
mot lugng tuong ddi nhoé cac hat 16n, vi nd 1lam tang su va cham gitra cac
hat va cac té bao.

C6 ba phuong phap chinh dé giai phong cac protein ndi bao khoi vi
sinh vat do la phuong phap enzyme, hoa hoc va vat ly. Tuy nhién, khong
phai tt ca cac k¥ thuat ¢ san 1a thich hop dé sir dung trén quy moé 16n. O
quy md 16n, ngudi ta thuong gip khé khan trong viée thiét ké cong sudt can
thiét cho thé tich 16n va loai bo nhiét duoc sinh ra trong qua trinh phé vo té
bao.

b. Céc phuong phap enzyme

Lysozyme, mdt enzyme duoc san xudt thuong mai tir 10ng trang trimg
ga, thity phan céc lién két B-1,4-glycosidic trong mucopeptide cia thanh té
bao vi khuan. Cac vi khuan Gram dwong c6 thanh té bao ran chic nho vao
mucopeptide 1a loai man cam voi lysozyme nhat. Khi phan giai vi khuan
Gram am, it khi nguoi ta sir dung mot minh lysozyme, ma thuong bo sung
thém EDTA d¢ tao chelate v6i cac ion kim loai s& dé dang lam tan € bao
(lysis). Méc du qua trinh thao tac don gian va nhe nhang, nhung k¥ thuat
nay khéng duoc str dung cho viée tach chiét & quy mo 16n cic enzyme cia
vi khuén, vi 1& do gia thanh tuong ddi cao cua lysozyme va kha niang dua
vao céc tac nhan gy nhiém ban. Chi c¢6 truong hop nguoi ta ding lysozyme
& quy md 1én 1a dé giai phong aryl acylamidase khoi Pseudomonas
fluorescens.

c. Cac phuong phép hoa hoc dé phan giai té bao

- Xtr Iy kiém. Xir 1y bang kiém di dugc s dung thanh cong trong tach
chiét & quy mo nhd va lén céac protein vi khuén. Vi du enzyme tri li€u, L-
asparaginase, c6 thé dugc giai phong khoi Erwinia chrysanthemi bang cach
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11 té bao & pH tir 11-12,5 trong 20 phat. Thanh cong ctia phuong phéap nay la
nhd vao kha ning 6n dinh ctia san pham mong mudn. Gia tri pH cao c6 thé
1am bat hoat protease.

- Chét tay rira. Cac chét tay, hodc 1a ion vi du nhu sodium lauryl
sulphate hay con goi la sodium dodecyl sulphate, sodium cholate (anion) va
cetyl trimethyl ammonium bromide (cation) hodc khong phai ion nhu
Trixton X-100, X-450 va Tween, dugc dung dé phan giai té bao, thudng co
phdi hop vdi lysozyme. Céc chét tay ion co hoat tinh manh hon cac chét tay
khong phai ion, va c¢6 thé din dén sy bién tinh cua nhiéu protein. Su hién
dién cta cac chat tiy ciing c6 thé anh huong dén cac bude tinh sach tiép
theo, dic biét két tia mudi. Didu nay c6 thé duoc khic phuc bing cach sir
dung phuong phap sic ky trao doi ion hodc siéu loc.

d. Cac phuong phap vat 1y dé phan giai té bao

- Shock tham thau. Shock tham thau ciing dugc dung dé giai phong
enzyme va protein khoi khoang gian bao ciia da sé vi khuan Gram am.
Phuong phap nay bao gém rira té bao trong dung dich dém dé lam sach
chung khoi méi trudng dinh dudng, va sau d6 tao dich huyén phu trong moi
truong uu truong sucrose 20%. Sau khi dat toi sy cin bang tham thau, té
bao duoc thu hdi va tai huyén phi nhanh trong nudc ¢ khoang 4°C. Trung
binh chi khoang 4-8% protein tong s ciia vi khuan duoc gidi phong boi
shock tham thau, nhung néu enzyme mong mudn hién dién trong khoang
gian bao thi c6 cho phép tach chiét mot lugng 16n hon tir 14-20 lan va rat
sach so vai cac ki thuat tach chiét khac.

K¥ thuat shock thdm thau rat nhe nhang va khong lam bién tinh cac
protein, nhung do c6 nhiéu vi sinh vat chéng chiu duge shock tham thau nén
ngudi ta chi sir dung né cho cac vi khuan Gram am (vi du nhu E. coli) dé
tach chiét cdc enzyme thiy phan c6 trong khoang gian bao. Tuy nhién, c6 ba
1y do da han ché 4p dung shock tham thdu & quy mo 16n, d6 1a: thé tich 1am
viée 16n (400 dm® cho 10 kg bot nhio t& bao), nhidu giai doan ly tdm, va
ludn phai duy tri & nhiét do thap.

- Nghién. Truéc diy k¥ thuat nay c6 nhidu han ché khi nghién hon
hop bot nhio cia té bao trong cbi vai bot gay xudt, nhu 1a bong thay tinh,
alumina hoic dét tao cat (kieselguhr). Sau d6, nguoi ta dd phat trién bang
cach sir dung cic may nghién am. Mot san pham dic trung 1a Dynomill
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(WA Bachofen, Switzerland) c6 thé duoc dung dé giai phong protein khoi
rat nhiéu loai vi sinh vat khac nhau. N6 bao gém mot buéng chira cac hat
thuy tinh va cac dia khudy quay tron. Dich huyén phu té bao dugc bom vao
budng, sau d6 khudy nhanh du dé pha v& tham chi ca cac té bao vi khudn dai
nhét. Buéng phan hay phai dugc lam lanh dé loai bo su sinh nhiét. Mot mé
hinh quy mé phong thi nghiém, véi budng 600 mL c6 thé thuc hién t6i 5 kg
vi khuan trén mot gio, va cic mo hinh & quy mé san xuét thich hop véi
budng co thé tich 1én t6i 250 L.

Mot s6 nhén t6 c6 thé anh huong dén ty 18 té bao bi pha v, nhu 1a
kich thudc va né)ng do cua cac hat thuy tinh, loai, né)ng do va tudi cua té
bao, tién xur 1y hoa chét, tbc do khuéy, tde do dong chay qua buéng, nhiét
d6, va sy sap xép cua cac dia khudy, va nhitng yéu t6 nay da dugc khao sat
& ndm men va vi khuén.

- Truot ran. Phuong phéap pha v té bao bang trugt ran da dugc ding
kha 1au & quy mé nho. Nguyén tic cia phuong phap nay 1a ddy nguyén liéu
té bao da dong lanh qua mot 16 hep & ap sudt cao va mot nhiét do thoat ra
ngoai khoang -20°C. Phuong phap nay it dugc su dung & quy méd cong
nghiép, do n6 khong thé ding mot lwong 16n nguyén liéu dé pha vd té bao.

- Truot long. Trugt 16ng 1a k¥ thuat dugc chon lua dé pha vo cac té
bao vi sinh vat & quy mé 16n, duoc Gmg dung rong rai trén thé gidi trong ca
hai: cac qua trinh cong nghiép va nghién ctru. Phuong phap nay dic biét
thuén loi cho phé v& té bao vi khuan va nAim men.

Twong ty nhu phuong phép trugt ran, cac té bao trong dich huyén phu
dugc chuyén qua mot 16 hep nén dudi ap suat cao. Truong hop & quy md
nho hon, ngudi ta st dung thiét bi French Press (Hinh 6.7). O quy mé 16n
thuong dung thiét bi dong hoa (homogenizer) 1a loai dwoc phat trién dé tao
thé sira trong cong nghiép bo sita. Nhiét d6 tang Ién it nhat 10°C trong mot
ranh don 1a thudng xay ra, vi thé can phai 1am lanh dich huyén phu té bao
trude khi dong hoa. Thiét bi ddng hoa truot 16ng thuong duoc hoat dong &
d6 am té bao khoang 20%.

Trong truong hop quy md 16n thi thiét bi dong héa Manton-Gaulin
(APV Ltd. Crawley, UK) duoc st dung rong rii nhat. N6 bao gdm mot may
bom kiéu piston c6 mdt van thoat hoi dugc han ché, co thé diéu chinh ap
suét hoat dong can thiét, t6i 95 MPa. Thiét bi déng hoa Manton-Gaulin
(Hinh 6.8) loai nho nhat, 15-8TA, c6 thé dua nguyén liéu vao khoang
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50 L/gid & ap suat 55 MPa. Mot phién ban 16n hon, loai MC-4, ¢6 thé dwa
nguyén liéu vao 300 L/gio ciing & ap suit 55 MPa.

T
Van
N ’
N 4
Van diéu %
Van diéu chinh Tr
kich thudc khe ,T\
Hinh 6.7. Thiét bi dong hoa Hinh 6.8. Mt cit ngang ciia thiét bi
French Press ddng héa Manto-Gaulin

Téc d6 pha v té bao va giai phong protein phu thudc vao mot sé nhan
t6 nhu: loai té bao, diéu kién 1én men, nong d6 va tién xu 1y (chang han
dong lanh, vi cac té bao vi sinh vat thuong d& v& hon nhiéu néu chiung duoc
1am lanh trudc)... Nguoi ta ciing nhan thiy rang su hién dién cia céac thé vui
gitip cho céc té bao E. coli dé dang bi pha v& hon.

Ty 1& protein giai phong khoi cac té bao ndm men c6 thé dugc mo ta
bang mot phuong trinh duge xay dung dua trén kinh nghiém nhu sau:

R
L n__|= KnP*
OQ[R —Rj " &)

m

Trong do: R,, 1a luong protein hoa tan cuc dai dugce giai phong theo ly
thuyét, R 1a lugng protein dugc giai phong thuc té, K 14 hang s6 phu thudc
nhiét do, n 1a s6 ranh (number of passes), P 1a 4p suat ngugc hoat dong va o
la hﬁng ) phu thudc vao co thé.

Gia tri cta sb mii a khac nhau tuy thudc vao co thé, d6i véi ndAm men
n6 khoang 2.9 va E. coli khoang 2,0. C6 nhiéu vi du vé viéc str dung thiét bi
d6ng nhat Manton-Gaulin dé phd v& té bao vi sinh vét & quy md 16n. Chang
han: B-galactosidase dugc giai phong khoi E. coli, va carboxypeptidase khoi
Pseudomonas spp. Mot sé 16n enzyme duoc phan lap tir vi khuan wa nhiét
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Bacillus stearothermophilus, bao gdm glycerokinase va mot hexokinase dic
trung glucose. Trong modt qua trinh nhat dinh, cac diéu kién dé pha v té bao
phai duoc thiét ké t6i uu mot cach can than, vi cac bién thién khac nhau
trong murc d6 pha v& té bao va giai phong protein c6 thé cé cac anh huong
mot cach ¥ nghia 1én cac bude tinh sach tiép theo.

1.2.2. Phan lap céc enzyme hoa tan

Phuong thirc quan trong dé phan tach enzyme hoa tan nhanh va hiéu
qua sau khi phd v& té bao 1a 1am lanh, ding dung dich dém thich hop, va c6
su hi¢n dién cua céac tac nhan bao vé enzyme nhu mercapthoethanol (cén
thiét dé on dinh mot s6 dung dich enzyme).

Thudng cac nhan té e ché protein phai duoc bd sung dé lam giam
anh huong phan huy cta protease. Cac enzyme hoa tan cé thé duoc thu thap
bang phuong phap loc qua mang hodc bang cach ly tam. Phuong phap sau
tuong ddi dé thyc hién & quy mo phong thi nghiém véi céc lyc ly tam tdc do
cao. Cac luc g cao nhu thé khong thé dat dugc & cac thiét bi quy mo san
xut 16n. Cac may ly tim 16n thudng dugc cau tao tir cac hop kim titanium
dét tién dé chiju dung cac lyc g cao, nhung mac du thé chi c6 thé thu duoc
cac luc g khong cao 1dm ma thdi. Dé khac phuc diéu nay, cic chat két tia
nucleoprotein va protein, nhu polyethyleneimine, duoc bd sung vao cac chat
dong hoa té bao dé két bong cac nguyén liéu khéng mong mudn va giam
thoi gian ling xuéng nhanh hon.

Str dung phuong phép loc nhu dung dat diatomit (diatomaceous earth),
c6 thé 1a bién phap thich hop dé thu dugc cac enzyme hoa tan va phat trién
dé dang & quy mé 16n. Cac phuong thire bd sung duoc ciing st dung dé tang
tdc do loc. Thong thuong mot vai tadc nhan két tha co thé duoc cung su dung
dé giam cac budc tiép theo clia qua trinh. Cac phuong tién trg loc co thé
dugc dung dé thu thap cac té bao hoan chinh va cung cdp mot ki thuat pha
v té bao ma khong dua vao céac thiét bi dong hoa co hoc. Vi du céc té bao
trong hon hop loc c¢6 thé dugc phéan giai héa hoc, enzyme hodc phuong thirc
vat 1y bang cach khudy nho kha ning gy xudc té bao cia diatomit. Cac
enzyme hoa tan duoc giai phong cé thé thu thap thuan loi bang phuong
phép loc don gian.

Siéu loc 13 cong nghé rit toan dién, dé dang cho quy mé 16n va, véi su
chon Iya chinh xac do xdp clia mang, cac enzyme c6 thé duoc thu thap mot
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cach chon loc theo khdi lugng phan tur cua chung. Pia va khung, va cac soi
rong (hollow fibres) dugc st dung trong mot thoi gian dai. Cac mang
ceramic hi¢n nay da duoc st dung phé bién hon do dic diém d& 1am sach va
d& khir trung cua chung, vi chiing c6 thé chiu duoc nhiét do cao dudi céc
diéu kién chat ty va do kiém cao.

Thuong thi dung dich enzyme hoa tan khong yéu cau xtr 1y thém nita
ngoai trir nong do, hodc dudi 4p suit giam hodc bang phwong phap loc
mang, dé san xuét mot dung dich protein dugc c6 dac (10-50% chét rén).
Céc chat 6n dinh nhu ammonium sulphate c6 thé duwoc bd sung néu can
thiét. Cac ta duoc nhu lactose, dextrin cling co thé duogc bd sung voi vai tro
1a cac chét 6n dinh enzyme.

2. Tinh sach so bo

Tinh sach protein 1a mdt budce rt can thiét, tuy nhién thuong chi thuc
hién ddi voi nhiing protein c6 gia tri ung dung cao. Quy md ciia qua trinh
tinh sach s& quyét dinh su chon lya k¥ thuat phan tach, vi mot sb ki thuat
gip nhiéu kho khan khi tién hanh trén quy mé 16n.

2.1. Loai bo cac manh v& cia té bao

Sau khi pha v& té bao, budc dau tién trong qué trinh tinh sach protein
ndi bao 1a loai bé cac manh v& té bao. Sy phan tach cac vat rin khoi chat
1ong 1a hoat dong co ban rat quan trong trong phéan 1ap protein, va thuong
duoc tién hanh bang phuong phép ly tim hodc loc. Nhiéu quy trinh c6 bd
sung mot luong nho DNase & giai doan nay, dé pha v& thém cac chudi DNA
¢6 thé 1am cho dich chiét tré thanh dang sét (gelatinous).

2.2. Ly tam mé

Ly tdm mé thich hop voi cac dung tich ly tdm trong khoang tir nho
hon 1 mL dén mét vai lit, va c6 kha nang st dung mot luc ly tm (rotational
centrifugal force, RCF) twong ddi 16n 1én t&i 100.000xg (hing sé hip dan).
Tuy nhién, dé loai bé cac té bao vi khuan, manh v t& bao va cac két tua
protein, thi lyc ly tdm chi can dat khoang 20.000xg. Nhiéu thiét bi ly tim
loai nay pht hop cho cac qua trinh tach chiét & quy mé trung binh.
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2.3. Ly tdm dong chay lién tuc

Ly tam dong chay lién tuc thuong dugc su dung cho qué trinh tinh
sach protein ¢ quy mo 16n dé loai bo cac chat dang hat. C6 ba kiéu ly tim
chinh thich hop hon c4 1a: ly tim thung rong (hollow bowl), ly tim thung c6
nhiéu budng (multi-chamber) hoic dia (dics), va ly tim thing (basket).

- Ly tdm thung rong. Bao gébm mét rotor hinh éng cung cip mot
duong chay dai cho dich chiét dwoc bom vao trong day va chay 1én qua
thung. Chét léng bi bén vao thanh cua thung, va dich chiét duogc gan s¢€
chuyén 1én dé ra khoi thung vao trong binh thu. Khi ly tdm bét dau, duong
kinh thyc té cia thung giam, vi thé da 1am giam dudng ling va lyc ly tam.
Téc do dong chay phai duoc xac dinh theo kinh nghiém vi né rat khac nhau
giita cac loai dich chiét, nhung toc do dong chay thich hop cho cac may 16n
la khoang 60 L/gio.

- Ly tdm dia. Thung ly tam chira mdt day dia xung quanh mot hinh
nén & gitta. Khi dich chiét di vao, chat hat bi ban ra ngoai, cham vao cac dia
hinh nén va chat liang tap trung trén thanh cua thung. Phuong phap nay cung
cip mot dudng chay khong doi, vi thé hiéu suit ly tdm it bi anh hudng.
Nhuoc diém cua kiéu ly tim nay 13 c¢6 hao hut mot lwong nho san pham
trong sudt qua trinh chay ra ngoai cua dich chiét. Phuong thirc nay cho phép
dat t6i mot luc ly tim khoang 8.000xg va c6 stc chira 1én dén 20 kg chat
lang.

- Ly tam thang. Puoc thiét ké dé hoat dong & cac lyc ly tam thap hon
nhiéu, ¢6 thé chi 1.000 rpm, vé co ban d6 1a céc bd loc ly tdm. Thung duogc
duc thung 18 va thuong dugc 16t bang vai loc. Ung dung chinh cua ly tim
nay la dé thu thap cac hat nguyén liéu 16n; trong pham vi tinh sach enzyme
d6 thuong 1a cac nguyén lidu trao d6i ion dugc dung cho hap phu theo mé
protein mong mudn.

2.4. Loc bang mang

Loc 1a mot phuong phap khac dé gan cac dich chiét té bao. Tuy nhién,
dich nuoi cdy vi sinh vat va cac dich chiét c6 khuynh huéng tro thanh dang
sét tu nhién thuong gip kho khan khi loc bang cic phuong phap truyén
théng, trur khi dién tich mang loc dugc st dung la rat 16m.
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C6 thé khic phuc diéu nay bang cach ding phuwong phap loc dong
chay ngang (cross-flow) hoic tiép tuyén (tangential). Trong phuwong phap
nay dich chiét chay & goc phai theo hudng loc, va sir dung toc d6 dong chay
cao s& c6 khuynh huéng giam su tic nghén bang cac hoat dong tu 1am sach.
Ching han: dé thu hdéi & quy md 16n L-asparaginase tir Erwinia
chrysanthemi nguoi ta sir dung mot mang loc ¢6 dién tich 1 m? ding dé thu
hoach té bao tir 100 L cua chat 16ng nudi cy trong 2,5 gior lac d6 ndng dod
cac chét ran ¢ phan duogc gitr lai trén mang ting 1én tr 0,55%-22% khbi
luong khé. Sau d6, mét mang giéng nhu thé duge dung dé gan loc dich chiét
thu dugc bang phéan giai kiém cac vi khuan nay. Cac sé liéu nay di cho thay
rang dé thu hoach té bao tir 500 L nudi cdy trong 2,5 gid doi héi mang phai
c6 dién tich 7,5 m? va chi phi cho qua trinh nay it hon so véi phuong phéap
ly tam.

Do céc han ché cta ly tAm quy m6 16n nén k¥ thuat loc mang thuong
duoc phdi hop sir dung dé dam béao rang dich chiét that su sach cho budc
sdc ky tiép theo.

3. Hé phan tdach hai pha nuoc

Mot phuong phap khac voi ly tam va loc 1a phuong phép phan tach
hai pha nuéc (aqueous two-phase separation), hay chat long-chat 1ong. Cac
hé hai pha nudc dac trung dugc tao ra bé“mg cach tron céc dung dich
polyethylene glycol (PEG) va dextran hoic PEG va cac loai mudi nhu
potassium phosphate hodc ammonium sulphate dé tao thanh hai pha riéng
biét. Cac protein va manh v& té bao c6 kha nang hoa tan khac nhau giita hai
pha, vi thé k¥ thuat nay c6 thé dugc dung cho ca hai truong hop: phan tach
protein khoi manh v& t& bao va phéan chia (partitioning) protein trong su6t
qua trinh tinh sach. Sy phéan chia chinh xac cua mdt protein tiy thudc vao
cac thong sb nhu khdi lugng phan tir va dién tich cua ching, nong do va
khéi lugng phan tir cua cac polymer, nhi¢t do, pH va luc ion cta hon hop va
su hién dién cua cac mudi da tri nhu phosphate hoéc sulphate. Cac diéu kién
tdi wu cho mot protein dac biét thuong duogc tim théy theo kinh nghiém.
Mic du, cac diéu kién cin thiét dé dat duoc su phan tach vira y c6 thé duoc
xédc dinh chinh xdc, nhung co ché ciia sy phan chia hai pha hién nay van
chua dugc hiéu day du.
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Céc pha c6 thé dugc phan tach trong mot thing lang, nhung dé phan
tach nhanh va hiéu qua hon c6 thé st dung phéi hop véi phuong phép ly
tam. Vi phén tach cac chét long c6 mat do khac nhau dé dang hon phén tach
céc chat rin ra khoi cac chét long trén quy mé 16n, nén phuong thic ndy c6
thé duoc dung dé hd tro cho qua trinh tinh sach enzyme & quy mé 16n. Mic
du gia thanh kha thap ctia hé théng PEG/mubi di khién cho né tré nén thich
hop hon cho viéc sir dung & quy md 16n, nhung hé théng PEG/dextran
(dextran c6 gia thanh kha cao) phéan tach hiéu qua hon cling la mot phuong
phap kinh té néu so sanh vé&i cac phuong phéap tinh sach khac. Str dung hé
phan tach hai pha nudc khong bi han ché d6i véi cac nguyén liéu c6 ngudn
gbc vi sinh vat, va phuong phap nay duoc dung thanh cong dé phan lap céac
nguyén li¢u khoi cd hai nguén thuc vat va dong vat, bao gém ca a-L-
antitrypsin ctia ngudi dugc biéu hién trong sita chuyén gen. Trong trudng
hop nay d¢ tinh sach so bd cua protein twong ddi cao, tirc 1a sau khi phan
tach hai pha don thi protein mong mudn dugc tinh sach t6i 73%.

Su phan tach hai pha nudc bang polyethylene glycol, dextran hodc
polyamines ¢ thé tao ra cic pha phan chia chat 16ng trong d6 cac protein va
enzyme mong mudn c6 thé duoc tap trung lai. Xir 1y kiéu nay cho phép thu
hoi lai cac polymers dé sir dung. Cac phuong phéap nay duoc ung dung dé
dang ddi véi toan bd dich nudi ciy co protein hodc enzyme hoa tan (enzyme
ngoai bao).

Sy phan tach hai pha nudc c6 thé duogc cai tién nham tao su phéan chia
dic trung sinh hoc bang cach gin cac phdi tir vao polymer dé thay ddi su
phan chia ctia protein. Tat ca cac polymer tao pha c6 thé co cac phdi tir duoc
gan dong hoéa tri vao chung, va mot pham vi nhiéu phdi tir nhu thé da duoc
khao sat. Do lién két hoa hoc don gian cia ching, cac chat nhuém phén tmg
dugc sir dung thuong xuyén nhu cac phdi tir. Ngoai cac thudc nhuém nay,
mot s6 phdi tir khac cling dd dugc nghién ctru. Nhitng phdi tir ndy bao gdm
cac cofactor, nhu pyridine nucleotide dugc s dung thanh cong trong phan
chia ai lyc cac dehydrogenase.

O quy moé 16n, phuong phap 4i lyc d3 duoc st dung cho tinh sach
formate dehydrogenase khéi 10 kg nim men Candida bodinii, bang cach
dung thudc nhudm triazine, Procion Red HE-3B, duoc bat dong trén PEG.

Mic du phan tach hai pha nudc & phuong phap co thé phat trién dé
dang & quy mé 1én dé san xuét, nhung duong nhu né khong duoc dung
thudng xuyén dé tinh sach & quy mé coéng nghiép.
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4. Céc phirong phap két tiia

Thong thudng can tién hanh giai doan két tia mé dau tién dé lam giam
thé tich téng s6 cua dung dich enzyme. Céac enzyme c6 thé duoc két tia don
gian, tuan ty hodc phdi hop v6i ammonium sulphate, sodium sulphate,
polyethyleneimine va polyallylamine, hoac véi cac dung méi hiru co nhu 1a
isopropanol, ethanol va acetone.

Streptomycin sulphate, polyethyleneimine va cac polyamine khac cé
thé két tia cac chat co tinh chat acid nhu nucleic acid va cac nucleoprotein.
Ammonium sulphate va cac dung méi hitu co c6 thé két tia mot cach chon
loc enzyme mong mudn véi hoat tinh thu hdi tir 80-90%.

Két tia don gian ciing c6 thé gitip loai bo protease. Loi ich chinh cua
budc nay 1 lam giam thé tich hoat dong tong s, thuong bang mot thira sd
ctia 20. Do d6 s& giam mot cach ¥ nghia thé tich ctia nhwa trao ddi ion. Thay
d6i pH va nhiét do ciing c6 thé tao ra két tia chon loc va loai bo cac protein
khong mong muén.

4.1. Két tia bang ammonium

Phuong phap xtr Iy mudi cac protein dd dugc sir dung trong nhiéu
nam, va dat dugc ca hai muc dich tinh sach va c¢6 dic. Loai mubi duogc st
dung phé bién nhit la ammonium sulphate, do kha nang hoa tan cta no,
khong c6 ddc tinh cho hau hét cac enzyme, va gia thanh thép.

Két tua protein bz‘ing mudi phu thudc vao nhiéu nhan td nhu: pH, nhiét
do, néng do protein, va loai mubi duge st dung. Néng do protein 1a thong
s6 dic biét quan trong khi ting quy mo, bai vi hau hét sy tinh sach & quy mo
16n dugc tién hanh & cac nong do protein cao hon sy tinh sach & quy mo
phong thi nghiém. Piéu nay co thé anh hudng siu sic 1én nong do ctia mudi
can thiét dé két tua protein mong muén.

4.2. Két tha bang cac dung méi hiru co

Viéc bd sung cac dung méi hitu co vao cac dung dich nuée 1am giam
kha ning hoa tan cua protein do giam hang sb dién moi ctia moi truong. Céc
dung méi hitu co khac nhau dugc ding dé két tia protein nhu ethanol,
acetone, va 2-propanol 1 quan trong nhat. Thuong cac protein bi bién tinh
boi cac dung méi hitu co nén can thiét lam viéc ¢ nhiét d6 dudi 0°C.
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Do ban chit dé chay ciia cic dung méi hitu co nén can phai sir dung
thiét bi chiu lira va gia thanh cao, vi thé cac dung méi hiru co thudng khong
dugc dung trong tinh sach enzyme ¢ quy moé 1on. Ngoai tru truong hop xur
1y méau (blood processing field), trong d6 két tua ethanol 1a phwong phap
chinh dé tinh sach albumin; va trén thue té phwong phép nay dang duoc phat
trién trong mot hé thdng duoc didu khién tr dong bang computer.

4.3. Két tua bang cac polymer khdi lugng phan tir cao

Céc chat két tua hitu co khac c¢6 thé duge dung dé phan doan céc
protein 1 cac polymer hoa tan trong nudc nhu PEG. Chit nay ¢ wu diém 1a
khong c6 doc tinh, khong d& chay va khong giy bién tinh cac protein. N6
duoc dung chu yéu trong linh vyc xir Iy méu.

4.4. Két tua bang nhiét

Khi protein du bén kho bi bién tinh, thi xt 1y nhiét c6 thé cung cép
mot mirc d6 tinh sach cao duoc xem nhu 1a bude dau tién. Vi du: O quy mé
16n, 55% protein khong mong mudn dugc loai bo trong mot bude riéng ré
bang cach lam noéng dich chiét E. coli mang protein A cua Staphylococcus
tai to hop & 80°C trong 10 phut. Néu protein tai to hop duoc tinh sach khoi
mét co thé wa nhiét thi két qua cua xu ly nhiét dau tién c6 thé 1a hiéu qua
hon nhiéu. Vi du: Khi dich chiét E. coli chira malate dehydrogenase tai to
hop cua Thermus aquaticus dugc 1am noéng téi 80°C trong 20 phdt, thi
enzyme thuan nhét c6 trong thé noi la khoang 90%.

5. Cdc phwong phap sdc ky

Thuat ngir sic ky dé chi cac k¥ thuat phan tach va diéu ché cho phép
tach biét cac hop phan khic nhau ctia mot hdn hop. Phép phén tach sic ky
dwa vao su di chuyén khac nhau trong mot pha dong clia cac chat hoa tan da
duoc gan trén mot pha tinh & trang thai ran. Ngudi ta thudng chon cac chét
c6 kha ning gin két duoc voi cac chat (hoa tan) dinh phan tach lam pha
tinh. Tuong tac gitra chat hoa tan va pha tinh c¢6 thé 1a twong tac hip phu,
tuong tac ion (trao d6i ion), trong tac ky nude, twong tac kiéu ray phan tir
hodc tuong tac dac hiéu sinh hoc.
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Tinh sach protein bang phuong phap sic ky 1a mot thuc hanh chuén &
phong thi nghiém trong nhiéu nim. Dé tinh sach céc san pham c6 thé tich
nhé va gia tri cao, cac protein tri liéu hoac chan doan dic hiéu, thi phuong
phap sic ky 1a phuwong phap dugc st dung rong rii nhit. Sic ky chi la
phuong phap, véi kha ning chon loc duoc yéu cau, dé tinh sach mét protein
riéng 1& khoi hdn hop phirc tap cua cac protein téi mot su tinh sach cudi
cung 16n hon 95%.

Céc k§y thuat phan tach bang sic ky dugc sit dung phd bién, bao gém
trao déi ion, tuong tac ky nudc, ngan chan kich thudc, ai luc va ai luc gia
(sic ky v6i phéi tir 1a thude nhudm).

Budc 1am sach thém c6 thé duoc thuc hién béng cach dung sdc ky
ngan chan kich thudc. Tuy nhién, k¥ thuat nay kho thyc hién & quy mo 16n,
va thuong khong can thiét phai tinh sach enzyme t&i 99%. Néu can mirc do
tinh sach 16n hon 95% c6 thé tién hanh sic ky hap phw/kha hip phu thém
mét lan nita sé gitp thu dugc enzyme tinh sach hon. Céc k¥ thuat tinh sach
nhu thé khong lam ting hoat tinh ctua enzyme, dy 1a mot yéu t6 phai dugc
xem xét khi két tiia enzyme c6 do tinh khiét cao.

Cac két tia enzyme tinh sach cao thudng dugc déng khd dé bao quan
va van chuyén. Cac tac nhan bao vé lanh déng polyhydroxy
(cryoprotectants), cac dung dich dém, cac chat khir va cac chat khang khuan
¢6 thé duoc bo sung néu can thiét.

5.1. Sac ky loc gel

Trong sic ky loc gel, sy phan tach protein duge dya trén co so kich
thudc phan tir (Hinh 6.9). Pha tinh chira cac hat gel (polymer) x6p c6 nhiing
16 nhé li ti dwgc bao quanh boi pha dung méi chuyén dong. Khi dung dich
chtta céc protein chay qua cot thi cac phan tir 16n cta hon hgp co duong
kinh 16n hon 18 cua hat gel nén khong thé khuéch tan vao bén trong hat (qua
cac 16 nhd) va vi thé chung di qua cac k& hé cua cdt va bi rira khoi cot trude
cling véi thé tich dich rira bang thé tich gitra cac hat gel V,. Cac phan tir nho
hon s& di qua cac 16 nho dé khuéch tan vao trong cac hat gel va duoc ria
khoi cot sau, thé tich dich rira ciia chung bang tong thé tich (pha dung méi)
cua cot Vi Téng thé tich ctia cot co thé biéu dién nhu sau:

V.=V, +V, +V, (2)
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Trong do: V; 1a téng thé tich cua cot, V, la thé tich cua dung méi ¢ bén
ngoai cac hat, V; la thé tich cua dung moi & bén trong céac hat, va V, la thé
tich bi chiém bai khuon.

Thé tich rira ciia protein vi vay c6 thé thay ddi giita Vo, va Vi, va c6 thé
tinh toan hé s6 phan chia hiéu qua (Kay) c6 gia trj giita 0 va 1:

_ V, -V, (3)
av Vt —VO

Trong do: Ve la thé tich rira cuia chit hoa tan.
Déi voi cac protein hinh cau, kinh nghiém cho thiy gia tri cia Kay ty
1¢ nghich véi logarithm cua khéi luong phan tir twong dbi.

Cac hat_polymer j
XOp ¢6 16 nhd

H&n hop protein dwoc bd 7
sung vao cot ch&a cac
polymer lién két chéo

é
Céac phan t&r protein phén tach theo kich thwée, |~ OC | ]
cac phan t lon hon di qua cét tw do hon va xuat |8 {';‘
hién trong cac phan doan dau tién 'J I:'J
123456

Hinh 6.9. So dd ciia sic ky loc gel
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Can luu y khong co sy tuong tac giita khudn va chat hoa tan, vi thé
moi trudng loc gel 1y tudng phai tro hoan toan. Dé c6 strc chira cuc dai hat
gel phai ran va c6 do x6p cao. Trudng hop & quy md 16n, do rin cé 18 1a
thong s6 quan trong nhit vi n6 quyét dinh tdc d6 dong chay cao nhét co thé
dat duoc.

Céc nguyén liéu loc gel truyén thong dua trén co s& dextran lién két
chéo (Sephadex), hodc polyacrylamide (BioGel P). Nhitng nguyén li€u nay
1a da tro nhung (& cac do xdp thich hop khac nhau dé phan doan hau hét cac
protein) lai qua mém nén kho st dung trén quy mé 16n.

Céc loai gel rin hon duya trén co so thay d6i nhitng vat liéu khac nhau
da dugc dua vao st dung, va thich hop hon cho img dung trén quy mo lon.
Vi du: Sephacryl (Amersham Pharmacia Biotech) trén co s& dextran va
polyacrylamide; Superdex (Amersham Pharmacia Biotech) trén co s&
dextran va agarose, Superose (Amersahm Pharmacia Biotech) trén co s&
agarose lién két chéo cao. Tat ca nhitng nguyén liéu nay thich hop cho cac
kich thudc cua hat sao cho su phan doan dugc duy tri & cac tbc do dong
chdy cao nho do ran duogc tang lén cua hat.

5.2. Sac ky trao d6i ion

Séc ky trao d6i ion duoc st dung rong rdi nhat, c6 thé bao gdom ca trao
ddi cation va anion manh va yéu. Céc protein va enzyme noi chung duoc
hap phu & lyc ion thap hodc & cac gia tri pH trong d6 dién tich ion tong s6
dt manh dé tuong tac véi dién tich ddi cua nhua trao doi ion. Su tach rua
protein duoc thyc hién dé dang bang cach thay d6i pH hodc ting luc ion cia
dung dich rira (Hinh 6.10). Nhimng nhya trao d6i ion nhu thé c6 thé duoc
dung hoic nhu mot phuong thirc dé hdp phu tich cuc va tach rira chon loc
enzyme mong mudn, hodc nhd vao sy hap phu don gian cta cac nguyén liéu
protein khong mong mudn.

Nhua trao ddi ion 1a mot khung vét liéu rdn khong hoa tan ¢ gin voéi
cac nhom ion hoa bang lién két dong hoa tri. Cac nhoém mang dién tich nay
lai duogc lién két véi cac ion ddi (opposite ions) va cac ion ddi lai c6 thé trao
d6i thuan nghich véi cac ion trai dau. Mot khung c6 mang cic nhém tich
dién duong va ion ddi tich dién am, duoc goi 1a nhya trao d6i anion (anion
exchange resin). Nguoc lai, mot nhya trao ddi cation s& mang di€n tich am.
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Ngoai ra, cac nhya trao d6i thuong khac nhau vé ban chat hoa hoc cia
gia khung (polysaccharide gel hay nhua tong hop) ciling nhu vé luc acid,
base ctia nhom ion hoa. Ba loai nhya trao d6i ion duoc trinh bay trong bang
6.1.

@ Dién tich dwong thyc I&n
@ Dién tich dwong thuc

@ Dién tich am thuc

® Dién tich am thyc I1&n

Cac hat polymer mang cac
nhém chire tich dién am

Hén hop protein guqc bd sung vao
c6t mang cac chét trao ddi cation

Céc phan t& protein chay qua cot véi cac tbc do xac
dinh b&i dién tich thiec ctia ching & d6 pH duoc st i
dung. Trwdng hop céc chat trao doi cation, cac

protein cé dién tich am thyc I&n hon sé chay qua cot ’
nhanh hon va dwgce dung ly trwvde. 1

Hinh 6.10. So' d6 sic ky trao doi ion

Céc protein ciia mot hdn hop can phan tich thudng co cac nhom bén
ion héa khac nhau, do d6 c6 pH khac nhau. O mét gia tri pH nhét dinh cac
protein s& c6 mot dién tich khong giéng nhau, do d6 chung dugc giit nhiéu
hay it bang twong tac ion trén mot nhuya trao doi ion da cho va voi mot pha
di dong da cho.

Trong thyc t& ngudi ta thuong dung cac dung dich dém phosphate,
acetate, borate va citrate dé chiét protein ra khoi cot. Cac protein khac nhau
s& duoc chiét ra khoi cot theo ting phan doan chiét khac nhau, trong do6
phan doan protein can thu c6 ndng do cao nhét.
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Bang 6.1. Ban chit héa hoc clia cac loai nhya trao ddi ion

Nhua trao Ban chit héa hoc ciia Nhém ion héa Kha néang
doi gia khung trao ddi
DEAE- Cac mach dextran duoc CoHs Chét trao ddi
Sephadex lién két chéo “OCH, CHZI:\IH+ anion yéu
C2H5
Ambelit E- Polystyren duoc lién két | -SO4° Chat trao doi
IR120 chéo bang divinylbenzen | sylfonate cation manh
CM- Agarose dugc lién két -CH,COO Chét trao ddi
Sepharose chéo bang 2,3- Carboxylmethyl | cation yéu
dipromopropanol

Mot s6 nhya trao doi ion tir cac dan xuat cua cellulose dang dugc sur
dung nhu sau:

Nhura trao doi cation Nhua trao doi anion
- Carboxyl methyl cellulose - Diethylaminoethyl cellulose
(CM-Cellulose) (DEAE-Cellulose)
- Phosphor cellulose - Triethylaminoethyl cellulose

- Sulfo ethyl cellulose

- Sulfo methyl cellulose

Qua trinh phén tach trén cot bao gdm hai giai doan:

- Hap phu thuan nghich protein can tinh sach (va cac protein c6 dién
tich gan giong) vao nhua trao doi ion.

- Khir hip phu cac protein bang cach: (1) thay d6i pH cua dich ria s&
dan dén thay doi do ion hoa va do do thay doi dién tich tong cua protein,
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hodc (2) tang luc ion va tang néng d6 ion dbi canh tranh. Céc protein nao cé
ai lyc voi nhua trao doi ion yéu nhét s& bi déy ra trudc tién va nguoc lai.
Khi st dung gradient lyc ion hodc/va gradient pH thuong lam ting chit
luong cua phép phan tach protein.

Vi cac enzyme co tinh acid, nguoi ta thuong sit dung cac anionic
cellulose dé tach va tinh sach. Cac nhua di tir cic din xuét cta cellulose ¢6
kich thudc 18 16n, sir dung rat thich hop dé tach, tinh sach enzyme & quy mé
cong nghiép. Tuy nhién, do hé s6 nén cao nén da phan nao gy kho khan khi
tién hanh sic ky. Dé khic phuc nhuoc diém trén, ngudi ta st dung cac dan
xuat ctia agarose lién két chéo nhu: Sepharose CL-6B hodc polymer tong
hop: trisacryl ¢6 hiéu sudt cao, hé sé nén khong dang ké, khong thay ddi thé
tich theo pH va cudng do ion, c6 thé tai tao lai nhira ma khong can tach khoi
cOt.

Trong sdc ky trao ddi ion, viée gén mot protein vao nhya trao ddi ion
s& phu thugc vao trang thai ion hoa cta no, cling nhu trang thai ion hda cia
nhya trao doi, pH, luc ion va nhiét d6. Pdi v6i nhiing protein khong bi bién
tinh & pH cao hon diém ding dién cua chung thi c6 thé dung DEAE-
cellulose (nhwa trao d6i anion) con ddi véi cac protein khong bi bién tinh ¢
pH thip hon diém dang dién cta chang thi c6 thé sir dung & CM-cellulose
(nhwa trao ddi cation).

5.3. Sdc ky 4i luc (affinity chromatography)

Phuong phap nay dua vao kha ning lién két dic hiéu va thuin nghich
clia mot protein v&i mot phan tir khac (phdi tir), da duoc gin bang lién két
dong héa tri vao mot chat mang khong hoa tan chira trong cot sic ky. Khi
cho mot hdn hop cé chira protein can 1am sach di qua thi chi c6 protein quan
tam bi giir lai, con tat ca cac protein khac khong tuong tac duoc véi phdi tir
(ligand) s& bi rira troi ra khoi cot (Hinh 6.11). Tiép d6, protein s& bi rira giai
ra bang cac phuong phéap khac nhau.

Phuong phap sic ky 4i lyc rit hiéu qua trong viéc tinh sach cac
enzyme, cho phép thu duoc enzyme c6 d6 sach cao (hon sic ky trao d6i ion
khoang 10 1an) chi bang mot giai doan va trong mot thoi gian ngan.

Cac nhéan t6 nhu chat mang, phdi tir, phuong phap gin két phdi tir
cling nhu cac diéu kién rira giai enzyme déu cé vai tro quan trong trong sic
ky ai luc.
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Protein quan tam

o
Phéi tir

fe¥

Phéi t&r dwoc gan
v&i hat polymer

Hén hop protein

Hbn hop protein

duoc bd sung vao

cot chira mot

polymer lién két voi

phdi t&r d&c hiéu cho ‘

protein quan tam Céc protein
khéng mong
mubn dwoc
rtra troi qua
cot

Céac protein
quan tam duoc
dung ly bang
céach hoa tan
phéi tcr

Hinh 6.11. So db sic ky &i luc

5.3.1. Chat mang (pha tinh)
Phai c6 mot s tinh chit sau:
- Hoan toan khong hoa tan trong pha di dong.
- C6 d6 bén vé héa hoc va sinh hoc.
- C6 @6 ctng co hoc, ¢6 tinh hio nude va tinh thim.

- Khong ¢6 céac tuong tac phi dac hi¢u.
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- C6 chira nhiéu nhém chirc ¢6 kha nang bién do6i khi hoat héa trong
cac diéu kién nhe nhang.

Céc chat mang thuong 13 dan xuét cua cellulose, cac dextran gel, thuy
tinh xdp... Tuy nhién, ngudi ta hay dung agarose hodc cac gel hdn hop
agarose va polyacrylamide vi ching c6 thém kha nang loc gel.

5.3.2. Phéi tir

Phdi ttr thudng 1 nhitng chit trong tu co chit ciia enzyme mudn tinh
sach, chat kim him hodc cofactor. Phdi tir noi chung phai dac hiéu voi
protein va phai c6 mét 4i lyc trung binh v6i nd. Nong do phéi tir ciing phai
duoc chon thich hop va néu thira phéi tir s& gdy ra nhitng an ngit khong gian
dang ké. Truong hop khi phdi tir 14 moét phan tir nho hodc khi phéan tir
enzyme qua 16n c6 thé gay ra sy “cong kénh khong gian” thi phéi tir s& duoc
ndi dai thém bﬁng mot doan “canh tay don” dé no d@ tiép can voi tam hoat
dong cua enzyme. Céanh tay don thuong la mot mach carbohydrate nhi chirc
dai tir 6-8 carbon.

5.3.3. Hoat hoa chit mang

Phéi tir (va canh tay don) phai duoc gin 1én chat mang. Chat mang
trude tién phai dugce hoat hoa véi cyanogen bromide (CNBr). CNBr s€ phan
tmg v&i cac nhom hydroxyl ctia agarose, ching han dé tao ra mot
imidocarbamate va imidocarbamate dé dang tdc dung v4i mot amine bac
nhat ctia canh tay don.

5.3.4. Rura giai

Sau khi loai bo cac protein khic, enzyme can tinh sach c6 thé duoc
rira giai ra khoi cot sac ky nho phirc hop ctia né véi phdi tir 6 ban chét phi
ddng hoa tri va thuan nghich. Dung dich rira giai thuong phai co: (1) hodc
c¢6 chira mot phdi tir ty do ciia enzyme c6 kha ning canh tranh véi phdi tir
dang & trang thai lién két v6i enzyme, (2) hodc do pH ctia minh c6 thé gay
bién tinh thuin nghich enzyme do d6 lam bién dang tam hoat dong cua
enzyme. C6 thé lam yéu tuong tac dic hiéu sinh hoc bang cach thay doi luc
ion. Phéi tir canh tranh (hoic dung dich dém lam bién tinh) sau d6 duoc loai
b6 bang phuong phap tham tich.
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5.4. Sic ky twong tac ky nudc

Sic ky twong tac ky nude st dung tinh chit ky nudc cta protein bé
mat nhu 1a mot dac diém dé chon loc. Loai phan tich nay thich hop khi
duoc tién hanh tiép theo budc két tia ammonium sulphate, va khong can
thiét phai loai bo mudi trudc khi thyc hién bude sic ky ndy. Bang cach ding
cac ky thuat hdp phu va khir hp phu bé mit s& 1am giam manh thé tich cua
cac dung dich protein va luong protein can tinh sach s& ting 1én tir 90-95%.
Chét luong nay da cho hau hét cac tmg dung cta protein dic biét.

Céc protein s& 1an luot dugc phan tach ra tiy theo twong tac ctia ching
v6i mot chit mang c6 chira cac nhom ky nude (wa béo). Cac protein chira
cac nhom ky nudc trén bé mat, chat mang ky nuée va dung moi wa nude tao
thanh mot hé ba thanh phﬁn va tuong tac dugc véi nhau. HE nay co thé bi
r0i loan khi thay d6i nhiét do, pH hodc lyc ion.

Noéi chung, cac tuong tac sé manh néu ta ting luc ion (vi du: dung
dich NaCl 4 M). Céc protein bi giir lai, tiép d6 c6 thé dugc rira giai mot cach
chon loc bfmg cach gidm lyc ion nay hoac béng cach giam do phan cuc cua
dung moi rira (thém ethylene glycol hoic mot chat tay rira hodc ting pH
dich rtra). Co thé gan cdc nhom khac nhau 1én chat mang. Vi du ¢
octylsepharose (R) CL-4B va phenylsepharose CL-4b, cd&c nhém octyl va
phenyl da dugc dinh 1én cac don vi monosaccharide cia agarose bang lién
két ester khong tich dién va bén hoa hoc. O nhimng chat mang khéc thi c6 thé
sir dung nhirng nhom ky nudc khéc.

5.5. Cac ky thuat sic ky léng hiéu sudt cao (high performance liquid
chromatographic techniques)-HPLC

Con duogc goi 1a sic ky 16ng cao ap (high pressure) hay sic ky long gia
thanh cao (high price). Pay la phuong phap phan tach cac chét bang cach
dung ap sudt dé day nhanh dung dich qua cot sic ky véi mot hiéu suét cao.
Dau tién, k¥ thuat nay dugc thiét ké dé phan tach cac phan tir hitu co nho
hoa tan trong cac dung moéi khong phai nudce, sau do k¥ thuat nay dd nhanh
chong phat trién thanh mét phuong thic thich hop dé phan tach cac protein
trong cac dung méi nudc. Tuy nhién, da sé cac tng dung di dugc cong bd
v6i k¥ thuat sic ky nay déu chi gidi han & quy mo phong thi nghiém.

HPLC st dung mdt loai cdt chira cac hat nhd rat déng nhét, co tac
dung cai thién sy 6n dinh vat 1y va hoa hoc va phan tach nhanh hon céc gel
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mém truyén théng. Cot sic ky chtra cac vat liéu dém kin c6 do phan giai cao
(8, 15 hodc 40 pm) cho phép san xuét cac phan doan cb dic hon. Cac hat
nho c6 strc bén cao dbi v6i dong chay cua chit 1ong dé thiét bi duoc thiét ké
hoat déng & 4p suit trong ddi cao. Dung méi duge phan phdi vao cot bang
bom vé6i dong khong c6 xung, khong thay ddi & ap suat nguoc cao. Cot co
kha ning chiu dung su tang 4p sut. Pau do (detector) co thoi gian phan tng
nhanh vi c&c dinh protein c6 thé trai qua trong mot vai gidy. Uu diém chinh
ctia hé thong HPLC 1a c6 thoi gian chay nhanh hon nhiéu so vé6i cac phuwong
phap sic ky khac nhung nhugc diém cta hé thong nay 1a dat tién nén kho ap
dung ¢ quy mo lon.

Hinh 6.12. H¢ thong HPLC

6. Siéu loc

Siéu loc da trg thanh mot k¥ thuat tiéu chuan ciia phong thi nghiém dé
cd dic cac dung dich protein dudi cac diéu kién rat 6n hoa. Phuong phép
nay duoc st dung trong trudong hop tham tach hoic loc gel dé khir mudi
hodc trao d6i dém. Bang cach dung cac chat két tia i luc dé ting khdi
luong phan tir ctia protein mong mudn, phuong phap nay ciing ¢6 thé duoc
dung nhu mdt k¥ thuat tinh sach.
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H¢ siéu loc thuong st dung mang loc ¢o bé mit nhin hodc mang loc
hé soi réng. Cac soi nay c6 dic diém tuong tu véi cac bé mit nhin, nhung
ddi voi céac qué trinh & quy mo 16n thi n6 tao ra mot dién tich bé mat 16n
hon thé tich da cho. O truong hop hoat dong ¢ quy mé pilot, h¢ si€u loc
thich hop véi dién tich mang 1én téi 6,4 mz, cho tdc do siéu loc 1én tdi
200 L/gio, tuy thude vao ndng do cua protein. Cac hé 16n hon thich hop véi
cac tde do siéu loc cua hang tram lit/gio. Stir dung phuwong phéap nay co thé
mg dung cho hau hét moi quy mé hoat dong.

7. Thiét ké cdc protein dé tinh sach

Céc nhan t6 ¢ qua trinh chudn bi co chit va nguyén liéu san xuét
(upstream processing) ¢ thé anh huong dén su phat trién phuong thiic tinh
sach protein sau nay, cong nghé DNA tai to hop ciing c6 mot anh hudng
quan trong 1én sy tinh sach protein. Bang cach dung hop mot gen quan tdm
v6i mot trinh tu promoter hidu qua, thi mot protein ngoai lai ¢6 thé duoc
biéu hién trong co thé vat chu tir 10 téi 40% protein tong sd hoa tan cuia té
bao. Piéu ndy c6 thé so sanh vé6i sy biéu hién cua nhiéu protein nguyén thé
(chi chiém khoang 0,01 t6i 4% protein tong s6 hoa tan cua té bao). Vi vay,
qua trinh tinh sach tiép theo cua protein duoc don gian hoa. Pdi véi cac
protein dugc biéu hién trong mot dang hoa tan, cac k¥ thuat di truyén co thé
duoc dung dé hudng tdi viée protein duoc tong hop méi trong gian bao,
hodc tham chi trong méi trudng nudi ciy. Picu nay c6 thé 1am ting sy 6n
dinh cua protein dugc biéu hién (vi chi hai trong sé tam protease dugc biét
cua E. coli 1a hoan toan ¢ trong gian bao) va don gian hoa su tinh sach (vi
chi khoang 8% cuia tit ca protein ciia E. coli 1a & khoang gian bao).

7.1. Céc thé vui (inclusion)

Cac muc do biéu hién cao nhu thé da san xuét duogc rat nhiéu protein,
dan dén xuit hién cac hat khong hoa tan dugc goi 1a cac thé vui. Truong hop
nay di duoc quan sat ¢ nhiéu protein tai to hop, bao gém urogastrone,
interleukin-2, prochymosin va céc interferon. Sau khi pha v té bao, cac hat
nhu thé c¢6 thé dugc ling xudng day voi mét luc ly tim (RCF) tuong ddi
thdp, san xudt nguyén lidu khong hoa tan chira hon 50% protein mong
muon.
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Nguyén nhan tao thanh cic thé vii chua dugc biét day du, vi khong
phai tat ca protein biéu hién & mirc d6 cao déu tao thanh thé vui. Té bao vat
chu ciing thé hién mot vai trd quan trong. CAu trac chinh x4c cta protein tai
t6 hop ciing c6 thé anh huéng su tao thanh cac thé vui. Mot nghién ciru
dugc thyc hién bang cach dung y-interferon nguoi tai t6 hop cho thdy rang
chi mét vai thay ddi amino acid cling c6 thé anh huéng dén sy chuyén hoa
giita cac biéu hién cua protein hoa tan va khong hoa tan trong E. coli.

Thong thuong, cac thé vii dugc hoa tan trong urea hodc guanidinium
chloride (thudng & gia tri pH cao) va mot vai truong hop co thé bd sung chét
téy rua. Mot khi dugc hoa tan, protein phai dugc tai cudn xo04n thanh mot
c4u hinh ty nhién. Trong nhiéu truong hop, chi can pha lodng don gian cua
dich chiét hoa tan trong mot dém thich hop 13 di. Néu protein chira cac cau
nbi disulfide, nguoi ta can phai tién hanh oxy hoa va khir glutathione dé
cung cdp mdt mdi truong thich hop gitp cho ching dugc tao thanh chinh
xé4c. Thinh thoang can bo sung dong dung méi (co-solvent), nhu PEG, hoic
céc chat tdy rira nhu Triton X-100, Tween 20 hodc Zwittergent 3-16. Trong
mot sd trudng hop, cic protein hoa tan co thé rat kho tai cudn xoan, va
nguoi ta thiy rang viéc bod sung chaperonins cé thé gitp ich cho cac qua
trinh tai cudn xodn. Chaperonins 1a céc protein cin dé dam bao cudn xoin
chinh xac céc in vivo protein, voi kha ning thuan loi cua chaperonin tai to
hop chiing dugc ding dé xuc tac cho qua trinh tai cudn xoan chinh xac cia
cac protein in vitro.

7.2. Céc duoi ai luc

Khai niém duéi ai lyc xuat hién khi thiét ké di truyén véi muc dich
giup cho su tinh sach protein hodc enzyme hiéu qua hon. Gen cta protein
quan tam dugc dung hop voi chudi DNA ma hoa cho mét s trinh ty amino
acid s& don gian hoa qua trinh tinh sach protein, bang cach bién ddi cac tinh
chat cta no trong mot kiéu co thé du doan. Mot trong cac truong hop dau
tién 1a dung hop di truyén ctia mot sb gdc arginine véi C-terminus clia
urogastrone. Gen nay s& san xuat mot protein lién két manh vai khudn trao
d6i ion cho cation. Pudi polyarginine sau d6 dugc loai bé bang cach ding
enzyme bat dong carboxypeptidase A.
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Béang 6.2. Cac phwong phap loai bé cac dudi ai luc

Trinh ty lién két Phwong phap Cic diéu
phan cit ki€n
-Asn}GIy- Hydroxylamine pH 9; 45°C
_Asp{pro_ Acid 10% acetic
acid; 55°C
-Met{Xxx- CNBr 70% formic
acid; 20°C
—Xxx}( Arg),- CarboxypeptidaseB | pH 8; 37°C
-Xxx*(His)n- CarboxypeptidaseA | pH 8; 37°C
—GIy—VaI—Arg—GIy—Pro—Arg{Xxx Thrombin pH 7-8;
37°C
-IIe-GIu-GIy-Arg{Xxx Factor X, pH 7-8;
37°C
-Asp-Asp- Asp—Lys{Xxx Enterokinase pH 8; 37°C
-Leu-GIu-VaI-Leu-Phe-GIn}GIy-Pro- PreCission Protease | pH 7; 5°C

Kho khin chi yéu & cac dung hop ai luc dé tinh sach protein 1a phai
loai bo thanh cong dudi ai luc va cac tac nhan duoc st dung. Van dé nay co
thé duogc giai quyét timg phan bang su bién nap di truyén cac diém dic hicu
cao cho protease hodc cho su cit bo cac lién két acid khong bén & chd ndi
clia protein tai to hop va dudi ai luc. Nhiéu phwong phap phan cit da duogc
g01 y (Bang 6.2). Stir dung céac protease dac hi¢u la thich hop hon c4, boi vi
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¢ thé ung dung trong céc diéu kién “nhe nhang”, chu yéu la thrombin,
enterokinase va Factor X,. T4t ca nhiing protein nay hoat dong & 37°C va c6
thé phan cét ¢ cac vi tri bén trong protein quan tim, hodc do mét tinh dic
hiéu hodc tir sy nhi®m ban céc protease. Cudi cung, cac budc sic ky tiép
theo s€ dugc yéu cau dé loai bo dudi ai luc duoc phan cit va protease.

Bing 6.3. Cac phwong phap tinh sach protein bang dudi ai luc

Pudi 4i lue Phoi ti/khudén | Cac diéu kién Cic diéu ki¢n
lien két tach rira
Oligo arginine S-Sepharose pH 4-8 NaCl gradient
Oligo histidine Iminodiacetate- pH7-8 + bém imidazole
Sepharose (Ni*") | guandinium hoac giam pH
chloride gradient +
guandinium
chloride
Flag™ antigenic | Anti-Flag 0,15 M NaCl, | 10 mM EDTA,
peptide antibody- 1mMCaCl, | pH74
Sepharose DH 7.8
[-galactosidase TPEG-Sepharose | 1,6 M NaCl, 0,1 M sodium
pH 7 borate
Chloramphenicol p-amino- 0,3 M NacCl, 5mM
acetyl transferase | chloramphenicol- | pH 7,8 chloramphenicol
Sepharose
Protein A 19gG-Sepharose pH 7,6 0,5 M acetic acid
Glutathione-S- Glutathione- pH 7,3 Glutathione
transferase Sepharose

Trong su phét trién gan ddy cua linh vuc nay, ngudi ta di st dung
dang tai t6 hop ciia protease 3C tir rhinovirus ciia ngudi. Protease niy co
kich thuéc nho (20 kDa) va c6 mot tinh dic hiéu rat han ché (Bang 6.3). N6
dugc biéu hién nhu 1a mot protein tai to hgp dugc dung hop véi glutathione-

Nhdp mon Cong nghé sinh hoc 235



S-transferase. Diéu nay c6 mdt vai uu diém, ban than protease c6 thé duge
tinh sach bang sic ky ai luc trén glutathione-Sepharose. Néu protein dich
duoc biéu hién nhu 12 mot sy dung hop véi glutathione-S-transferase thi né
c6 thé duoc tinh sach trén cot glutathione-Sepharose. Sau khi xu ly véi
protease, protein dich c6 thé dwoc phan tach khoi dudi glutathione-S-
transferase va protease bang cach chuyén qua cot glutathione-Sepharose thir
hai.

Mot cach khac, phan tng phin cit c6 thé dwoc dit trén cot
glutathione-Sepharose thtr nhit bang cach bd sung protease vao dém cua
cot, vi thé tranh duge su can thiét cho mot cot thir hai. Protease nay co san &
dang thuong mai dudi tén PreCission protease do Amersham Pharmacia
Biotech san xuat (Bang 6.2).
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Phan 11

Cac trng dung cua Céng nghé sinh hoc
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Chwong 7
Cac trng dung trong néng nghiép

I. Mé dau

Pay 1a linh vuc cong nghé sinh hoc ¢6 nhiéu doéng gop quan trong.
Céc san pham cong nghé sinh hoc m&i trong nong nghiép chira dyung trién
vong hira hen dbi v6i ngudi tiéu dung va néng dan. Hién nay, cac tng dung
cong ngh¢ sinh hoc trong nong nghiép dang tap trung vao cac hudng: chon
loc va bién ddi di truyén cay trong dé c6 duoc cac dic diém mong mudn
(ning sudt cao, pham chét tét, thich nghi véi cac diéu kién ngoai canh bat
loi...), nudi cay md va té bao thyc vat dé nhan nhanh gidng cay trong, san
xuat cac khang thé don dong dé phuc vu chin doan cac bénh thyc vat va
dong vat, thu tinh trong 6ng nghiém va céy chuyén phoéi & vat nudi, cai thién
ning sudt va chit luong ciia dong vat, nudi trong thay san, ché bién thuc
pham...

Nhin chung, trong nhitng nam qua cong nghé sinh hoc da c6 nhiing
tac dong rat tich cuc trong san Xuét nong nghiép, tao ra mdt cudc cach mang
sdu sic trong linh vyc gidng cdy trong, vat nudi va ché bién thyc pham.
Nhiéu két qua nghién ctru di dugc tng dung trong san xuit va dem lai
nhimg gia tri kinh té 16n lao. Chang han, nhiéu giéng cdy trong mang gen
khang sau, khang bénh, khang chat diét co... di dugc dua ra thi trudng nhu
bong, ngd, khoai tdy, laa mach, lta nudc, ca chua, cu cai dudng... Nhiéu
loai vat nudi da dwoc thu tinh trong 6ng nghiém va cdy chuyén phdi, sir
dung hormone sinh trudéng dé ting nhanh sirc 16n va san lugng sita & trau,
bo, ké ca san lwong thuc phdm va cac chit phu gia sinh hoc...

I1. Cai thién va nhan nhanh gif')ng cay tr(‘A)ng

Hudng nghién ctru dugc tap trung nhiéu nhit dé cai thién va nhan
nhanh giéng cdy trong 1 nudi cdy mo va té bao thuc vat (plant cell and
tissue culture). Pay 1a k¥ thuat nudi cdy vo trung in vitro cac bd phan tach
ro1 khac nhau cua thyc vat. Ngoai myc dich nhan giéng va cai thién di
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truyén gidng cdy trong, nudi cdy mé va té bao thuc vét con dong gop vao
viéc san xuét sinh khdi cac san phém hoéa sinh, bénh hoc thuc vat, duy tri va
bao quan cic ngudn gen quy hiém... Cac hoat dong nay duoc bao ham trong
thuat nglr cong nghé sinh hoc nong nghiép (biotechnology in agriculture).

Linh vic nhan gidng va cai thién gidng cay trong c6 bdn hudng chinh:

- Nhan gidng trong dng nghiém (nhan gidng vo tinh in vitro) bang ky
thuat nudi cdy té bao, mé va co quan cua thuc vat. V6i ki thuat nay trong
mot thoi gian rat ngin c6 thé san xuit mot luong 16n cay con gidng hét nhau
va gitr nguyén kiéu di truyén cta cay me ban dau.

- San xuét cdy don boi (1n) bang cach nudi cdy bao phan hoidc hat
phan cho phép tao ra cac dong thuan (ddng hop tir) dé phuc trang gidng ciy
tréng bi thodi hda sau mdt thoi gian dai canh tdc. Hodc tim kiém céc tinh
trang 13n di hop tir vu viét thu duoc trong qué trinh chon gidng.

- Lai v6 tinh (somatic hybridization) hay con goi 1a dung hop té bao
tran (protoplast fusion) giita cac loai xa nhau vé& quan hé ho hang ma trong
thuc té khong thé tién hanh bang phwong phap lai hiru tinh, nho d6 mé ra
kha ning tao ra nhitng gidng cay hoan toan moi.

- Ung dung k¥ thudt chon dong té bao bién di soma (somaclonal
variation) trong nudi cdy in vitro dé tao ra cic gidng méi chong chiu cac
bénh vi khuin, virus va vi ndm, chju duogc cac diéu kién canh tic khic
nghi¢t nhu han han, ngdp man, néng va lanh...

1. Nhén giong vé tinh in vitro

Nhén gidng in vitro 1a k¥ thuat nhan gidng ciy trong bang cach st
dung nhiéu bd phan khac nhau cua thuc vat, cé kich thuéc nho va sinh
trudng ¢ di€u ki¢n vo trung trong 6ng nghiém hodc trong cac loai binh nudi
cay khac chira moi truong dinh dudng nhén tao.

Trén quan diém ung dung, k¥ thuat nhan giéng in vitro duoc tmg dung
nham phuc vu cac muc dich sau:

- Duy tri va nhan nhanh céc kiéu gen quy hiém lam vat liéu cho cong
tac tao gidng.

- Nhan nhanh véi hiéu qua kinh té cao cac loai hoa va cay canh khdng
trong bang hat.

- Nhan nhanh va duy tri cic ca thé dau dong tot dé cung cap hat giéng
cac loai rau, cay canh va cac ciy trong khac.
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- Nhan nhanh va kinh té cac kiéu gen quy cia gidng ciy liy gd trong
1am nghiép va gbc ghép trong nghé trong ciy an qua, cay canh.

- Nhén nhanh ¢ diéu kién vo tring, cach ly tai nhiém két hop vé6i 1am
sach bénh virus.

- Bao quan cac tap doan gidng nhan giéng vo tinh va cac loai cdy giao
phén trong ngan hang gen.

2. San xudt cdy don béi in vitro

Hau hét cac loai cdy trong ctia chung ta déu c6 mirc boi thé >1, phd
bién 13 nhi boi (2n) va tr bdi (4n). Nhu vy, mdi dac diém di truyén ¢ nhitng
c4 thé nay déu bi hai hay nhiéu allele ciia mdt gen chi phdi. Néu d6 1a nhiing
ca thé di hop tir, tirc 1a cac gen trong mdi hé gen nhi boi hay tir boi khéac
nhau thi biéu hién tinh trang (phenotype) ctia gen d6 hoan toan tuy thudc
vao tinh trang ldn hay tri ctia chung quyét dinh. Vi vay, mirc boi thé 1y
tuong dé tién hanh nghién ctu di truyén céc tinh trang phai 1a mtc don boi
(1n) hodc cac mirc da bdi khac nhung chung phai ddng nhét tuyét doi.

Tir l4u, céc nha di truyén va chon gidng cdy trong dé sir dung trang
thai don bdi cua cdy trong dé tién hanh nghién ctru va théng qua da boi hoa
thé don boi d6 dé thu dugc cac dang dong hop tir tuyét dbi. Tuy nhién, cac
phuong phép kinh dién dé thu nhan cay don boi cho hiéu qua rat thip. K§
thuat tao cdy don bdi in vitro thong qua kich thich tiéu bao tir phat trién
thanh cay trong nudi cdy bao phan hozc hat phan cho phép nhanh chéng tao
ra hang loat cay don boi da Ia mdt bién phap hitu hi¢u dbi voi linh vue ung
dung don bdi vao nghién ciru di truyén va tao gidng cay trong.

Vi cac thé don boi cua thue vat bac cao nguoi ta co thé st dung vao
cac muc dich:

- Nghién ctru di truyén vé méi twong tac ctia cac gen.

- Tao dot bién & murc d6 don boi.

- Tao dang ddng hop tir tuyét dbi (dong thuan).

Mot sb phuong phap duoc st dung dé tao thé don bdi nhu sau:

2.1. Phuong phap tao thé don bdi in vivo
Trong tu nhién, cac dang don boi ting 1én do két qua cta su trinh san
va céac cdy nay hiém khi mang cac dic diém cua cdy bd. Cac k¥ thuét in vivo
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dugc tmg dung dé san xuét cdy don bdi nhu sau: sinh san don tinh cai
(gynogenesis), sinh san don tinh duc (androgenesis), su dao thai hé gen
bang lai xa, su giao phdi khong hoan toan (semigamy), xir 1y hoa chat,
shock nhiét, anh huong cua chiéu xa. Nhin chung, cac k¥ thuat nay cho hi¢u
sut tao cay don boi thap.

2.2. Phuong phép tao thé don bdi in vitro

Céac phuong phép in vitro di duoc chimg minh 1a ¢6 hiéu suét tao cdy
don bdi cao hon nho k¥ thuat nudi cdy hat phan (pollen culture) hodc nudi
cAy bao phan (anther culture). Cac loai dic trung ctia ho Solanaceae cho két
qua nudi céy don boi tét hon ca, mic du & cac ho Cruciferae, Poaceae,
Ranunculaceae va mot sd ho khac ciing c6 kha niang cam tng tao cdy don
bdi bang sinh san don tinh bao phan hoc tir nudi cdy hat phan phén lap.

3. Dung hop protoplast hay lai vo tinh té bao thuc vt

Pic trung cua té bao thuc vat 1a ¢6 thanh cellulose bao quanh, sau do
dén mang nguyén sinh chét (plasma membrane). Thanh cellulose giit cho té
bao thuc vt c6 hinh dang nhat dinh, con cac hop chit pectin ndm trong
thanh c¢6 nhiém vu lién két gén céc té bao voi nhau thanh mé. Mang nguyén
sinh chit cho phép protoplast (& bao di duoc pha bo thanh cellulose va chi
con lai mang nguyén sinh chét) c6 thé hp thu vao té bao cac dai phan tur
(nucleic acid, protein) tham chi ca cac co quan tir nhu luc thé, ty thé, nhan té
bao theo co ché clia amip (ameba). Néu dé cac protoplast canh nhau, chiing
¢6 thé d& hoa lam mot, d6 1a hién tuong dung hop hay con goi 1a lai té bao
(Hinh 7.1). K§¥ thuat dung hop protoplast cho phép khic phuc duoc hién
tugng bat thu thudng xay ra khi lai khac loai (lai xa) dé md rong ngudn gen,
tao ra cac giéng cdy trong méi mang cac dic tinh di truyén vu viét.

Két qua ndi bat ciia dung hop protoplast 1a cdy lai pomato giita ca
chua va khoai tdy dd danh ddu mot mdc quan trong trong linh vuc nay. Cay
lai pomato ra doi nam 1977, khi lai protoplast cua cay ca chua
[Lycopersicum esculentum Mill/var. cerasiforme (Dunal) Alef. (dot bién
xanh vang 6 Rick)] voi protoplast t& bao callus nudi trong dich long cua
dong khoai tay ludng boi DH sé HH 258.
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Hinh 7.1. Dung hep protoplast. A: cac protoplast. B: hai protoplast dung hop
trong mot c@p. C: cac protoplast c6 thé dung hop trong thé 3 (bén phai anh) hodc
nhiéu hon, c6 khi tdi 6 protoplast.

3.1. Dung hop protoplast bang hoa chat
Phuong phap nay dung NaNOjs hodc polyethylene glycol (PEG) dé
kich thich sy dung hop cua hai protoplast.

3.2. Dung hop protoplast bing dién (electrofusion)

Phuong phap nay don gian hon, nhanh hon va hiéu qua hon dung hop
bang hoa chit. Diéu quan trong hon ca 1a dung hop biang dién khong gay
doc cho té bao nhu thudng thiy & cac protoplast hodc cac thé di nhan duoc
xtr ly bang PEG. Ciing theo huéng nay va gan day da dugc ching minh,
ngudi ta da ding cac xung dién (electric pulse) dé dua truc tiép DNA ngoai
lai vao trong t& bao thuc vét (bién nap bang dién-electroporation, xem
chuong 5). Trong dung hop bang dién, dau tién cac protoplast duoc dua vao
trong ngan dung hop nhé c6 2 day kim loai song song véi nhau dong vai tro
1a cac dién cuc. Tiép do, sir dung dién ap (voltage) thdp va truong AC dao
dong nhanh (rapidly oscillating AC field) dé kich thich cac protoplast sap
thanh timg chudi té bao (chudi ngoc trai-pearl chain) giita cac dién cuc.
Phuong thirc nay cho phép cac té bao tiép xuc hoan toan véi nhau trong mot
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vai phit. Sau khi cac t& bao xép hang hoan chinh, qua trinh dung hop duoc
thuc hién theo ting dot ngin cta xung DC dién 4p cao (high-voltage DC
pulse). Xung DC dién ap cao tao ra sy pha v& thuan nghich cua mang
nguyén sinh chat & vi tri tiép XUc cua cac té bao, tao ra su dung hop va tai to
chtrc lai mang mét cach hop 1y. Mot qua trinh hoan chinh bat dau tir lic dua
cac protoplast vao bén trong ngan va chuyén chung 1én méi trudng nubi cdy,
¢6 thé dugc hoan chinh trong nam phut hodc it hon.

4. Chon dong bién di soma

Nguoi ta co thé tién hanh xir ly va chon loc té bao thuc vat & ba mirc
d6 chinh: callus, té bao don (single cell) va protoplast. Muc dich chon loc in
vitro c6 thé khai quét ¢ nhiing diém sau:

- Chon dong té bao chdng chiu cac diéu kién bét loi ctia ngoai canh, vi
du: chong chiu néng-lanh, phén-mén, kho han...

- Chon dong té bao khang cac doc t6: doc tb do ndm bénh tiét ra (Hinh
7.2), cac loai khang sinh...

- Chon dong té bao san xuét du thira (overproduction) cac loai san
pham chu yéu la amino acid...

- Chon dong té bao mang céac dic diém chi thi dé nghién ctru di truyén

(genetic markers)...

Gibng ng6 bat duc duc

l

Nubi cay callus

l

Qhon loc trén,mc“)i trwdng chivra déc t6 cua
nam bénh ri sat (Helminthosporium maydis)

l

Dong callus khang H. maydis

l

Téi sinh cay

|

Kiém tra tinh khang H. maydis

Hinh 7.2. So' A6 chon dong khang Helminthosporium maydis & ngd
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Hién tugng bién di di truyén xuét hién & céc té bao khong phan hoa
(undifferentiation), cac protoplast phan 1ap, cac callus va cac mo nudi cdy in
vitro. Nudi cdy mé va té bao thuc vat c6 kha ning tao bién di di truyén
twong d6i nhanh va khong can phai ing dung cac k¥ thuat phirc tap khac.
Bién di di truyén trong nudi cAy mé biéu hién & su thay doi tinh trang cua
cac cAy tai sinh va sau do truyén sang thé hé sau bing phwong thirc nhan
gidng hitu tinh (vi du rau diép, thubc 14) hodc dinh dudng (vi du mia, khoai
tay).

Céac bién di chon loc duoc trong nudi céy md c6 nhiéu cach goi khac
nhau nhu: dong callus (calliclones-tir nudi cdy callus) hodac dong protoplast
(protoclones-tir nudi cdy protoplast). Tuy nhién, thuat ngit bién di dong
soma (somaclonal variation) duoc st dung phd bién nhat, hoidc bién di dong
giao tir (gameclonal variation) dé chi cac dong bi bién ddi di truyén phat
trién tir cac té bao giao tir hodc thé giao tir. Su da dang cua bién di & cac
dong soma 1am ndi bat mot thuc té rang bién di dong soma la mot cong cu
rat hitu hiéu cho viéc cai thién di truyén cay trong.

5. Chuyén gen vdo cdy tréng

No6i chung, hau hét cac loai thuc vat déu cé thé chuyén dugc gen.
Bang 7.1 va Hinh 7.3 giéi thiéu mot sb loai cdy trong c6 gia tri kinh t& da
dugc chuyén gen thanh cong. Thoéng thuong, hiéu qua chuyén gen khac
nhau tuy thudc vao timg loai cdy trong, va di nhién qua trinh chuyén gen
van con bi han ché & nhidu loai. Duéi déy chi trinh bay céc két qua chuyén
gen thanh cong & mot gidng cay trong quan trong.

5.1. Cay lua

Két qua tai sinh cua cdy lua chuyén gen bang xung dién hoic PEG
thong qua nudi cdy protoplast duoc thong bao 1an dau tién cach ddy khoang
hon 10 nam. Cac nghién ctru sau d6 ciing da sir dung hai k§ thuat nay dé
chuyén gen vao protoplast va phuc hdi cac cdy bién nap hiru thu. Tuy nhién,
han ché cua hai phuong phap nay 1a phai xdy dung phuong thirc tai sinh cay
tir t& bao don. Mic du cac phuong thirc nay dang ding cho mot sb gidng lua
thudc loai phu japonica (chang han Taipei 309) nhung hiu hét cac gidng
japonica wu ta cling nhu phan 16n cac giéng indica déu kho tai sinh cay tir
protoplast.
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Bang 7.1. Mt s6 ciy trong chinh da dwoc chuyén gen

Stt Loai Phwong phap chuyén gen Thir nghiém trén
dong rudng

1 | Chubi Bén gen/Agrobacterium -

2 | Lbua mach Bin gen Khang vi rus

3 | Dautay Bén gen -

4 | Canola Bin gen/Agrobacterium | Chéng chiu chat diét co,
diéu khién sy thy phin

5 | Sin Bin gen/Agrobacterium -

6 | Ngb Bin gen/Agrobacterium | Khang c6n trung, chdng
chiu chat diét co

7 | Bong Bin gen/Agrobacterium | Khang c6n triung, chdng
chiu chét diét co

8 |budu Bin gen/Agrobacterium Khéng virus

9 | Pau phung Bin gen/Agrobacterium | Khang virus

10 | Bach dwong Bin gen/Agrobacterium | Chéng chiu chét diét co

11 | Khoai tay Agrobacterium Khéang con trung, khang
virus, chéng chiu chét
diét co

12 | Lla Bin gen/Agrobacterium | Chéng chiu chat diét co

13 | bau tuong Bin gen/Agrobacterium | Chéng chiu chat diét co

14 | Bi Bén gen/Agrobacterium | Khang virus

15 | Cucai duong | Agrobacterium Chéng chiu cht diét co

16 | Mia Bén gen -

17 | Huéng duong | Ban gen -

18 | Cachua Agrobacterium Qua chin mudn, khang
virus

19 | Lua mi Bén gen -
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Hinh 7.3. Mt s6 ciy trong chuyén gen. A: ngd khang con triung. B: lta mach
khang virus. C: ca chua cho qua chin mudn . D: khoai tdy chéng chiu chét diét co.

Phuong phap ban gen cho phép thuc hién viéc chuyén nap hiéu qua &
lua trong cac kiéu gen doc 1ap, va hién nay hon 40 gidng da duoc chuyén
gen thanh cong. Mau vt sir dung 1a phoi non va céc callus ¢6 ngudn gbe tir
hat truéng thanh. Khang hygromycin B 1a gen chi thi chon loc thuong duoc
dung cho lua. Tan sé chuyén gen c6 thé cao téi 50% (tinh theo sb cay
chuyén gen c¢6 ngudn gbc doc 1ap/sé mau duoc ban gen).

Gan day, k¥ thuat chuyén gen ¢ ltia thong qua Agrobacterium ciing da
¢6 nhiing cai tién quan trong c6 hiéu qua tuong duong véi ky thuat ban gen.

5.2. Cay lia mi

Phuong phép ban gen ciing duoc st dung dé chuyén gen ¢ lua mi.
DNA ngoai lai dugc ban vao trong cac vay nhé (scutellum) ctia phdi non
ctia hai gibng mua xuan va mot gibng mua déng. Cac callus chéng chiu
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duoc chon loc br;ing phosphinothricin hodc cac nhan t6 e ché trao di chét
tuong tu nhu basta, bialaphos hodc glufosinate ammonium. Chon loc béng
cac hop chat nhu thé khong hiéu qua 1dm va két qua 1a mot sb 1on cay that
thoat. Phan tich di truyén va phan tr 43 xac nhan su hop nhét 6n dinh cua
cac gen bién nap. Noi chung, cong nghé di truyén lua mi van con tip trung &
mot hodc hai gidng dic trung c6 kha nang tai sinh cdy nhanh, thich hop véi
phuong phap ban gen.

5.3. Cay lia mach

Wan va Lemaux (1994), di tai sinh mot s luong 16n céc cdy ltia mach
chuyén gen doc 1ap, tu thu phan. Cac phdi hop tir non, céc callus méi hinh
thanh va cac phoi c6 ngudn gde tir tiéu bao tir hat phan da duoc st dung dé
bin gen véi plasmid mang gen bar va gusA don doc hodc phdi hop véi
plasmid khac mang gen protein vo cua virus gdy bénh lun vang ¢ lta mach.
Kiém tra kha ning nay mam cta phdi non dé phan l1ap cac cdy biéu hién
hoat tinh bar bang méi trudng chira bialaphos, méc du day chwa phai la mot
chét chi thi tot cho sy ¢6 mat hodc khong cia gen.

5.4. Cay dau tuong

Nhitng cb ging dau tién & cay dau tuong chuyén gen tap trung & viée
tai sinh cay tir protoplast va nudi cdy dich huyén phu phat sinh phoi. Miac du
¢6 nhitng thanh cong ban dau, tién trién cta cong viéc nay van con cham va
viéc phuc hdi cac cdy chuyén gen van dang con gap nhiéu kho khan. Sau do,
cong nghé chuyén gen & dau twong dé co trién vong hon nhd su phat trién
va t6i uwu hoa cua k¥ thuat ban gen. Thuc té, dau twong dd dugc ding nhu
mot cidy mo hinh dé phat trién k§ thuat cho nhiéu loai cdy trong khoé ap dung
cong nghé di truyén.

Két qua dau tién ¢ dau twong 1a tai sinh thanh cong cdy chuyén gen
nhd Agrobacterium. Phuong thirc nay dua vao su phat sinh chdi tir 14 mam
cua giéng Peking chon loc cho tinh man cam voi Agrobacterium. Cac mau
14 midm dwoc x4m nhiém v6i Agrobacterium mang plasmid khang
kanamycin va c6 hoat tinh gusA, hodc khang kanamycin va chéng chiu
glyphosate. C6 thé chuyén gen hiéu qua vao protoplast ddu tuong bing céc
phuong thirc thong dung nhung rat kho tai sinh duoc cay.
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Dé chuyén gen vao cac giéng dau tuong khac nhau nguoi ta da phdi
hop hai yéu t6: genotype don gian va phuong thic tai sinh cay doc 1ap (dwa
trén co s& su tang sinh ctia cum chdi tir viing chung quanh mé phéan sinh cua
tru phoi) véi sy tang gia téc cua vi dan (particle) co phong dién dé phan
phéi DNA ngoai lai. Hang trdm cay dau twong c6 ngudn ge doc lap da thu
duoc va két qua chuyén nap da cho nhiéu phenotype khac nhau. N6i chung,
& cac dong dau tuong chuyén gen c6 nhiéu ban sao clia cac gen chuyén nap
(sb ban sao khoang tir 1-50 nhung thuong thay déi tir 2-10). Phan tich DNA
(Southern blot) & thé hé sau cua céc ban sao gen phirc cho thay tit ca céac
ban sao cung tach roi, nhu thé mdi cac thé chuyén gen chi hién dién mot két
qua chuyén nap doc lap va c6 thé su tai to hop théng nhat da khong xuét
hién thuong xuyén.

5.5. Cay dau tay

Cho dén nay, viéc nghién ciru chuyén gen & Phaseolus thanh cong rat
it. Hai hudng duoc tng dung trong cong nghé di truyén ¢ déu tay 1a ky thuat
x4m nhiém bang Agrobacterium va ban gen. Tuy nhién, chi ¢6 k¥ thuat sau
méi c6 kha nang tai sinh cac cay chuyén nap. Cy déu tiy chuyén gen biéu
hién cac gen gusA, bar va protein v6 cua virus kham mau vang da duoc tai
sinh. Cac cdy chuyén gen nay qua 5 thé hé tu thu phn van khong mat céac
gen duoc bién nap hoic kha ning biéu hién. K§ thuat ban gen ciing duoc sir
dung dé chuyén gen gusA duogc didu khién bang promoter concanavalin A,
hoat tinh gus da biéu hién trong 14 mam va vo6 hat ctia cac cdy chuyén gen.

5.6. Cay bong

Phuong thitc chuyén gen gian tiép théng qua Agrobacterium
tumefaciens 1a k§ thuat dau tién duoc sir dung dé dua gen vao cdy bong
gidng Coker 312 (Umbeck 1987). Cay bong chuyén gen ciing ctia giéng trén
da duoc tai sinh sau khi bén gen vao dich huyén phu nudi ciy phét sinh phdi
(Finer va McMullen 1990). Hau hét cac gidng bong cé gia tri kinh té& khéc
khong thé tai sinh cdy tir giai doan callus. Mot s6 it cac gidng d6 c6 thé tai
sinh cdy nhung qua trinh nay thién vé bién di dong soma. Phuong thtrc phan
phéi gen ngoai lai truc tiép vao trong mé phan sinh cua tru phoi dua trén
cong nghé ACCELL ciing duoc phat trién va da thu dugc cdy chuyén gen.
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5.7. C6 dinh dam

Qua trinh ¢ dinh dam dién ra & ré cua céc loai cay ho dau nho mot $6
loai vi khuan cong sinh ¢ kha niang hap thy nitrogen ctia khong khi va tao
ra chit dam cho cdy. Vi khudn chinh tham gia qué trinh ¢ dinh dam la
Rhizobium. Su c6 mit cua né dan dén hinh thanh cac ndt san trén ré cay
nhiém khuan. Céc vi khuan sdng trong nét san s& thyuc hién qua trinh ¢ dinh
dam. Phuong trinh tong quat c6 dang sau:

Nitrogenase
N, + 10H" + 8¢"+ 16ATP —  2NH," + 16ADP + 16Pi + H,

Rhizobium Plasmid
l <«— RE
Phan Iap gen nif Mé& vong DNA cla plasmid
DNA ligase

LGa — Protoplast —s| Bién nap

l

Protoplast mang
plasmid c6 gen nif

l

Callus

!

Téi sinh cay
mang gen nif

Hinh 7.4. M hinh bién nap gen nif

Dé ting mirc do cung cap dam tu nhién cho ciy trong, nguoi ta chon
giai phap chuyén gen nif (nitrogen fixation-gen ma hoa enzyme nitrogenase)
vao co thé thuc vat va vi sinh vat séng tu do hodc séng cong sinh véi thuc
vat (Hinh 7.4). Vi trong ty nhién, giita cac co thé vi sinh vat van xay ra sy
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trao ddi thong tin di truyén, nhu vay vé mat k¥ thuat viéc chuyén gen nif vao
co thé vi sinh vat s& d& dang hon. Van dé con lai 13 1am thé nao dé gen nif
hoat dong sau khi dugc chuyén vao co thé vi sinh vat chu. Tuong tu, viéc
chuyén gen nif vao té bao thuc vat co thé duoc thuc hién thong qua viral
vector hodc vi khuin Agrobacterium tumefaciens. Tuy nhién, ddy 13 mot
cong viéc khé khin va cé 18 trong mot twong lai gin vin dé nay van chua
giai quyét duoc.

I11. Chan nudi va thay
1. Ky thudt cdy chuyén phoi

K¥ thuat di duoc tmg dung kha rong rdi hién nay 1a ciy chuyén hop tir
& bo. Nguyén 1y cia ky thuat ndy 1 gay rung trimg ¢ bo cai ¢6 cac dic diém
ma nganh chin nudi can dén va cho thy tinh vai tinh tring ciia bo duc ciing
mang nhitng dic diém mong mudn. Céc hop tir hay phoi thu nhan bang cach
rra da con. Pong lanh phdi va bdo quan chung trong nitrogen long &
-179°C, phdi & diéu kién nay dugc van chuyén dé dang dén noi can thiét.
Sau d6, phdi dugc cay vao bo cai khac d¢é mang thai hd. Bé con phat trién tir
cac phoi nay s& ra doi trong moi truong séng cua nd va khong gip phai
nhiing bét lgi vé mdt méi truong nhu ddi voi cac gia suc nhap noi.

Ky thuat cay phdi con cho phép tao ra gia stic sinh doi hodc sinh ba
(hodc nhiéu hon nita) hoan toan giéng nhau vé mit di truyén. Nguyén tic ca
k¥ thuat nay 1a chia noan bao d thy tinh ctia gia suc thanh hai hoic ba phan
(hodc hon nita) giéng nhau. Sau d6, ciy nguoc lai vao con cai chita dé ho.

Mit khéc, k§ thuat cay chuyén phdi con gitp xac dinh gidi tinh cta
vat nuoi, viéc nady dem lai hi€u qud kinh té cao. Ch'flng han, nguoi ta chi
quan tim ldy phdi bo duc dé tao bo lay thit, trong khi phdi bo céi duoc dung
dé tao bo lay sira, hodc dé bao vé nhitng gidng bo vu viét. Nguyén tic cia
k¥ thuat nay dua trén co s¢ phan chia tinh dich thanh hai nhom: nhém chua
nhiém sic thé X tao ra bé cai, va nhom chtra nhiém sic thé Y tao ra bé duc.
Ngudi ta chi can chon mot trong hai nhom dé thy tinh trong éng nghiém roi
sau do chuyén phoi duoc tao ra vao bd me.

2. Tao ché pham phong tranh bénh cho dong vit
Cong nghé sinh hoc trong nhitng nam gan dy da c6 nhitng dong gop

khong nho, chu yéu Ia tao ra cac vaccine thé h¢ mdi nho &p dung cong nghé

Nhap mon Cong nghé sinh hoc 250



DNA tai to hop, ching han nhu vaccine phong bénh 15 mém long mong
(Foot and Mouth Disease Virus-FMDV), bénh Theileriosis (bénh sdt bo
bién dong-East Coast Fever) & gia stc, bénh s6t lon Chau Phi, bénh
Newecastle, bénh cau tring & gia cam. ..

Bénh toi ga do virus gy ra & gia cam, dic biét 1a ga. Virus ndy thudc
nhém Paramyxovirus, bao gém ca virus quai bi, thuoc ho Paramyxoviridae
(ho nay bao gdm ca virus gy bénh lon gao). Virus c6 kha ning 1am ngung
két hong cau, thong qua mot loai protein F ctia né. Loai protein nay c6 kha
ning gay mién dich va dugc dung 1am vaccine.

Bénh 15 mom long méng 1a loai bénh do virus, lay lan rat nhanh va
gy bénh cho khoang 30 loai dong vat moéng gude, dic biét nguy hiém dbi
v6i trau, bo, lon va ctru. Khi c6 dich, dé tranh bénh lay lan, phai tiéu diét
hang loat gia stc nhiém bénh, thuc hién cac bién phap cach ly nghiém ngét.
Nguoi ta da thanh cong trong viéc dung enzyme trypsin xtr Iy vo protein va
nhan thdy mot trong s6 cac protein vo cta nd co thé tao duoc mién dich,
kich thich san sinh khang thé. Nam 1985, cac nha khoa hoc di xac dinh
dugc gen ma hoa loai protein nay va tao dong né trong E. coli, bién E. coli
thanh “nha may” san xuat protein noi trén va khi tiém vao bo, lon thi ching
tr& nén mién dich ddi véi loai virus gay bénh 16 mém long méng.

3. Chuyén gen vdao déng vit

Mot trong nhitng thi nghiém chuyén gen dau tién da duoc tién hanh 1a
gan gen ma hoéa cho hormone sinh truéng cua chudt cong va promoter
methallothionein cta chudt nhét vao plasmid vector, sau d6 vector nay dugc
tiém vao té bao tring cua chudt nhiat di thu tinh. Két qua 13 chudt nhat
chuyén gen nay 16n nhanh hon chudt nhét binh thuong. Kiém tra mé chuot
nhit chuyén gen thay rang promoter methallothionein diéu hoa sy biéu hién
gen hormone sinh truéng trong gan nhiéu hon trong tuyén yén mic du &
chudt thudng thi tuyén yén 1a chinh. Piéu nay cho thiy viéc chuyén gen da
thoat khoi su kiém tra diéu hoa cua tuyén yén, dan dén viéc san xuit mot
lugng 16n hormone sinh trudng.

Lon chuyén gen téng hop hormone sinh truéng ctia nguoi tuy khong
16n hon vé kich thude nhung lai c6 lugng thit nac nhiéu hon, it m& hon va
tiéu ton thic an it hon tir 20-30%. Tuy nhién, cac dong vét chuyén gen dé bi
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thip khép, stress va mit kha ning sinh san ciing nhu dinh huéng chuyén
dong.

Nhu ching ta d3 biét cystein can cho sy phét trién 16ng, nhung do ctru
thiéu kha ning tong hop amino acid nay va do céc vi sinh vat dudng rudt
cta ciru st dung phan 16n cystein sin c6 nén dd anh huong xdu dén san
luong 16ng ctru. Bé khic phuc diéu nay, ngudi ta di tao dong hai gen vi
khuan ma hoa cho enzyme chuyén hoa serine thanh cystein. Su 6n dinh cta
cac gen nay trong ctru chuyén gen sau d6 di gitp ciru tu tong hop duoc
cystein 1am tang sy phat trién ctia bo 1ong.

Hién nay, cac nha khoa hoc ciing d c6 nhimng thanh cong budc dau
trong viéc chuyén cac gen ngudi vao lon nham muc dich 14y phu tang cua
chung (tim, gan, than...) dé céy ghép, thay thé cho cac bd phén bi hu héng
cua nguoi. Nhu vay, cong nghé gen mo ra cho y hoc mot kha nang to 16n
trong linh vuc ciy ghép cac bd phan cho ngudi va mot trién vong giai quyét
van dé mién dich cay ghép.

Bén canh viéc chd doi nhitng thanh cong méi cta cong nghé chuyén
gen truc tiép cho vat nudi, nguoi ta ciing dang tim kiém cac bién phap méi
dé tang nang suat vat nudi bang cong nghé DNA tai t6 hop. Chang han, mot
loai hormone ting truong tai to hop ciia bo (recombinant bovine growth
hormone) duoc chuyén vao E. coli dd san xuat thanh cong loai hormone
trén, va co thé kich thich ting san luong sita ¢ bo 1én t&i 15% ma khong can
phai gia ting thém khau phan thic dn hang ngidy. Hodc gen san xuat
hormone sinh truong cua ga cling dugc dua vao E. coli, va nguoi ta da
chting minh dugc rang hormone duoc san xuat bang k¥ thuat trén cho phép
tang kha ning sinh trudng cia ga 1én khoang 15%.

IV. Ché bién thuc pham

Day 1a linh vyc cong nghé san xuat thyc pham tir néng san c6 sy tham
gia cua vi sinh vat, cling nhu sy dong gdp cua cong nghé sinh hoc hi¢n dai
trong viéc nang cao hiéu sudt cua cac quy trinh san xudt néi trén. Thuc
pham dugc tao ra boi vi sinh vét rat da dang, tir cac san pham truyén thong
¢6 ngudn gdc xa xua nhu men banh mi, phomat, sita chua, ruou vang, rugu
ct, dén nhimng san pham méi xuét hién nhu protein ndm (mycoprotein)...

Trudce day, trong cong nghiép thuc pham cac nghién ctru cong nghé
sinh hoc duoc str dung chii yéu dé hoan thién cac quy trinh cong nghé 1én
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men truyén thong. Con hién nay, cic nghién ctru cong nghé sinh hoc chu
yéu lién quan dén viéc tao ra cac chung mdi c6 ning suat sinh hoc cao va
viéc ap dung chung vao cac cong ngh¢ 1én men hién dai.

Theo d4nh gia chung, hién nay moi chi khoang 15% thuc pham trén
thé gi6i dugc san xudt bang cic quy trinh cong nghé sinh hoc. Do vy, anh
huong ctia cong nghé sinh hoc hién dai trong linh vuc nay thuc sy chua rd
nét. Nguyén nhan c6 thé 13 do nganh cong nghiép ché bién thuc phim hién
nay van mang ning tinh thu cong, cong nghé chua hién dai, nganh cong
nghiép ché bién thyc pham c6 quy md to 16n nhung lai ¢6 loi nhuan nho, do
vay kho c6 kha nang tai dau tu.

Tuy vay, trong tuong lai khi cong nghé ché bién thuc phdm truyén
thong khong dap ng dwoc nhu ciu ngy cang gia ting cua con ngudi, thi
anh hudng va vai tro ctia cong nghé sinh hoc hién dai sé gia tang rit manh.

1. San xudt sita

Céac san phém stra quen thudc ddi voi chung ta déu dugce tao ra trong
qua trinh Ién men cua mot s6 nhoém vi khuan nhu Lactobacillius,
Streptococcus, Leuconostos... Trudc kia nguoi ta thuong st dung nhiing
nhém vi khuan tuy nhién c6 mat trong stra dé 1én men, do vay qua trinh 1én
men ndi chung khé kiém soat va hiéu suat khong cao. Ngay nay, nho viéc
tao ra duoc cac giéng, ching vi khuan véi cac tinh chit xac dinh, ngudi ta
c6 kha nang diéu khién duoc qud trinh 1én men ndi trén mot cach cd dinh
hudng. Céac san ph'flm chu yéu tur sira 1a phomat, stra chua, bo, kem sira...

1.1. San xuét sita chua

Trong sita c6 sdn mot hé vi sinh vat phong phu, d6 14 vi khuén lactic
(gdy 1én men lactic), vi khuan acetic (1én men acetic), vi khuan dudng rudt,
vi khuan gay thdi (phan giai chét hitu co thanh cac mui théi), nAm men, nam
méc...

Trong san xuét sita chua bang 1én men lactic, vi khuan dung dé 1én
men chinh 12 mét s6 ching thudc Lactobacterium bulgaricum... ¢ san trong
stta. Trong cong nghiép san xuat sira chua, ngudi ta tién hanh thanh tring
sita 10i cdy vi khuén lactic vao.

Quy trinh san xuét sira chua theo quy mé cong nghiép nhu sau:
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1.1.1. Nguyén liéu

Nguyén liéu duy nhit 13 sita (co thé bd sung thém duong). Sira dung
trong san xuat stra chua gom nhitng loai sau:

- Stra tuoi nguyén hay stta da tach béo.

- Sira kho nguyén hay sira siy phun khéng béo.

- Stra dac nguyén hay sira dac khong duong.

Céc loai sira trén trude khi dua vao sir dung can phai xir Iy qua cac
khau:

- Piéu chinh ham luong lipid thich hop thudng tir 3,2-6%.

- Néu trén bé mit sita xuat hién vang sira thi tién hanh qua trinh dong
hoa dé tro thanh mot thé dong nhat.

- Tiét tring sira 85-90°C trong 15-20 phit. Pé ngudi sita dén nhiét do
can thiét cho su 1én men dé cdy gidng vao, thuong tir 40-50°C.

1.1.2. Gidng

Céc chung lactic thuan khiét thuong duwoc dung dé san xuat la:
Streptococcus thermophilus, Lactobacterium bulgaricum, Lactobacterium
acidophilum, Lactobacillus delbrueckibulgaricus. Thuong hai chung dau
dugc cung st dung v6i sé lwong bang nhau. Néu Streptococcus
thermophilus c6 sb lwong nhidu hon, IGc d6 sita chua thu duoc s& qua chua
va kém min.

1.1.3. Lén men tao stra chua

Quy trinh san xuét sita chua qua hai giai doan: giai doan dong tu sira
va giai doan giir chin sita chua.

- Giai doan dong tu sira

Sira sau khi tiét tring duoc cdy gidng vao va khudy déu dé 1én men
bang phuong phap bé hodc chai. O giai doan ndy qua trinh 1én men duoc
tién hanh & 29-35°C. Qua trinh Ién men lactic xay ra manh mé, casein sira bi
két tha ¢ diém pH dfmg dién, stta dugc dong tu va dat do chua can thiét.
Thudng cin ctr vao cuc dong cua sita va do chua dé két thuc qua trinh 1én
men. Cuc dong phai dac, déng nhét, khong c6 hién tugng nudc-sita tdch roi
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nhau ra. Do chua phai dat 60-80°T. Thoi gian 1én men (thuong 8-12 gio) c6
thé thay doi khac nhau tuy thudc vao chung vi khuan va nhiét do 1én men.
Khi sita ¢ d6 chua can thiét thi két thuc qua trinh 1én men bang phwong
phap 1am lanh nhanh (6-8°C) dé tranh tinh trang do chua ting va nudc s&
tach ra khoi stra.

- Giai doan giir chin sira chua

Trong giai doan nay qua trinh 1én men lactic van con xay ra & mirc do
yéu, sita tiép tuc dugc dong tu. Lic nay lipid trong sita tré nén ran, nudc ty
do lién két v6i protein 1am sira dong dic thém. Giai doan nay con xay ra qua
trinh tao hwong cho sita lam cho sita c6 mui rat ddc trung bang cach bo sung
vaniline, huong vi trai cay tu nhién (dau, cam, dira...) hay huong téng hop,
mau thyc pham. Thoi gian cua giai doan nay tir 12-14 gio.

1.2. San xuat phomat

Phomat 13 san phdm 1én men dugc ché bién tir sita (sita bo, sita dé...)
v6i sy tham gia cua mot s6 nhom vi sinh vat. Day 1a moét thuce phém co gia
tri dinh dudng cao, bao quan dugc lau. Trong phomat chita 20% protein
(dudi dang peptone, amino acid), 30% lipid, cac mudi khoang, vitamin...

Phomat c¢6 mui vi thom ngon, kich thich qua trinh tiét dich tiéu hoa,
lam tang kha niang dong hoa thirc an cho co thé. Quy trinh san xuat phomat
dugc tién hanh qua bén giai doan. Ciing nhu san xuat sita chua, nguyén liéu
chinh ¢ day la stra.

- Giai doan lam dong sira

Ttr nguyén li€u stra ban dau, sita duoc lam dong lai. V& mit hoa ly dé
la giai doan 1am két tua: nhitng micelle ctia casein dinh lai véi nhau dé hinh
thanh mot gel dic, ran chira huyét thanh sita bén trong. Sau khi duoc khir
tring & 85-90°C trong 15-20 phit, dugc xir 1y bang rennin véi mot lugng
nho vira du, sau mot thoi gian nhét dinh sita s& dong lai thanh mot khdi nhay
phu gelatin, mém déo, khong thim nudc.

Dé lam dong ty sita, ngoai vai trd ctia rennin nguoi ta con sir dung vi
khuén lactic. Vi khuén lactic dugc tao diéu kién hoat dong & 30°C. Khi tién
hanh 1am déng tu sita, nguoi ta cay vi khuan lactic vao mdi truong sira. Qué
trinh 18n men lactic duoc tién hanh, chuyén duong lactose ciia sita thanh
lactic acid. Két qua 1a qua trinh nay ciing gy ra sy déng tu sita nhu d4 trinh
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bay ¢ trén (cac sgi micelle cua casein sira lai két thanh cuc ran chua huyét
thanh stra ¢ bén trong). Khi qua trinh 1én men lactic xay ra, pH moi truong
s& giam, pH huéng vé moéi truong acid 1a pH thich hop cho hoat dong cua
enzyme dong tu sira. Piéu nay dan dén sy dong tu sita cang xdy ra nhanh
hon. O giai doan nay, duédi tac dung cta rennin, casein va paracasein cua
stra s€ bi phan giai tao peptone va amino acid (tyrosine, tryptophan...) tap
trung lai trong cuc dong. Huyét thanh sira & bén ngoai cuc dong ton tai &
dang dung dich.

- Giai doan khir nwée

Giai doan nay ép cuc sita dé tach huyét thanh ra khoi cuc déng sita.
Qua trinh nay xay ra ¢ 35-50°C trong 20-24 gio. Trong thoi gian ndy qua
trinh 1én men lactic van tiép tuc. Phomat lac nay c6 thanh phan chu yéu la
casein va lipid.

- Giai doan mudi phomat

Ngay sau khi ép cuc d6ng dé tach huyét thanh, phomat dugc ngam vio
bé nuéc mudi NaCl nong do 24% trong vai ngay dé ting vi min cho
phomat, tao su déng nhét vé thanh phﬁn cho khdi phomat va ngan chan su
phat trién cta vi sinh vat ¢6 hai, chil yéu 1a tryc khuan dudng rudt. Két qua
clia qué trinh ngdm mudi 13 cac chat & bé mit cua khdi phomat nhu dudng,
mudi khodng s& khuéch tan ra ngoai, nguoc lai NaCl tir ngoai dung dich
ngim sé& tham vao bén trong khéi phomat. Mudi dn thAm vao 16p bé mit cia
phomat, tao 16p bao vé chéng lai sy xam nhép cua vi sinh vat c6 hai.

- Giai doan u chin pho mat

Phomét duoc dua vao him lam chin & 50-57°C c6 d am la 80-90%.
Qua trinh 1am chin phomat kéo dai kha 1au tir vai thang dén hang nim, bao
gém nhiéu khau chuyén héa hoda sinh phuc tap, co6 nhiéu nhom vi sinh vat
khac nhau tham gia cing v&i men dong tu sita. Hoat dong cua vi khuan
lactic va rennin c6 mdi lién hé mat thiét voi nhau din dén lam ting chit
lwgng ciia phomat trong giai doan nay.

Sau khi ché bién xong, truéc khi duoc cit ra va dong goi bang gidy
nhom, oliofilm, rilsan, phomat duoc khir tring bang cach chiéu tia tir ngoai.
Viéc dong g6i duogc tién hanh trong diéu kién vo trung, cudi cing thu dugc
thanh pham.
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2. Ché bién tinh bot

San phém truyén théng tr bot mi rat da dang va dugc tao ra trong
nhitng quy trinh san xudt khac nhau. Tuy nhién, ching c6 mot diém chung
1a str dung ndm men banh mi Sac. cerevisiae dé 1én men. Cho dén nhirng
nam 1950, tinh bot chi yéu duoc thuy phan bang cong nghé st dung acid.
Vao nhitng nam 1960, bang cong nghé thuy phan acid két hop véi xur 1y
enzyme va sau ndy chil yéu bang enzyme.

Thuong nguoi ta thuy phan tinh bot bang a-amylase va
amyloglycosidase, 13 hai enzyme c6 toc do thuy phan cao, khong giy 6
nhim mai trudng va tao ra san pham cé hé sé duong luong dextrose DE
(dextrose equivalent) cao. Hé s6 DE phan anh mirc do thuy phan tinh bot
thanh duong glucose (dich dudng glucose nguyén chat c6 DE = 100, con
dich tinh bot c6 DE = 0). Hién nay, ngudi ta di tao duoc mot s6 ching vi
khuén, trong d6 ¢ Bacillus licheniformis va Bac. amyloliquefaciens, c6 kha
nang téng hop a-amylase chiu nhiét hoat dong dugc & nhiét do téi 100°C.
Diéu nay cho phép qua trinh hd hoa thuc hién duge triét dé, tao diéu kién
cho giai doan dudng hoéa tiép theo, tao ra dich duong c6 DE gan tdi 100.
Thong thudng, nguoi ta tién hanh duong hoa bang glucoamylase nhan dugc
tir nam Aspergillus niger.

Dich c6 ham luong glucose cao duge st dung vao nhiéu muc dich
khéc nhau, trong d6 chi yéu la dé 1am nguyén li¢u 1én men. Tuy nhién, gan
day moi xuat hién hudng san xuat sird fructose-glucose tir dich glucose.
Hién nay, san pham nay dang duogc sir dung rong rii trong nganh ché bién
thuc phdm & cic nudc phat trién dé thay thé dudng saccharose truyén thong
tir mia va cu cai duong. Thong thuong, sir6 fructose-glucose dugc tao ra tir
glucose ctia dich thity phan tinh bot c6 DE gan 100, thong qua qua trinh khir
ion va dong phan héa dich glucose boi glucose isomerase do Streptomyces,
Bac. coagulans va Actinoplanes missouriensis tao ra. Trong d6, qua mot 1an
xtr Iy nguoi ta nhan duge sird chira khoang 51% glucose, 42% fructose va
7% oliogosaccharide. Néu xir 1y tiép s& c6 thé nhan duoc sird chira téi 90%
fructose.

3. Sdn xudt nede udng 1én men

Céc loai nuéc udng 1én men c6 con noi chung déu dugce san xuét tir
nguyén li¢u chira duong. Trong do, qué trinh tao ethanol bang 1én men cua
cac ching nam men thudc giong Saccharomyces la qué trinh chung, con
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tung loai nudc udng 1€n men cd con lai c6 quy trinh san xuat riéng cua
minh.

3.1. San xuat bia

Bia la nudc giai khat chra nudc, CO,, rugu, cac chat chiét xuét,
carbohydrate... Co s& khoa hoc cuia 1én men san xuét bia 1a sy trao ddi chét
trong qua trinh sinh trudng, phat trién cua mot sb loai vi sinh vat trong diéu
kién yém khi.

Qua trinh san xuét bia chu yéu dua vao sy 1én men dudng cua mam
dai mach (hién nay co thé thay bang ngd, gao, ké...). Bia san xuit tir mam
dai mach bao gém cong doan chu yéu 1a i & 67°C dé enzyme ty nhién trong
mam thily phéan tinh bdt cua hat dai mach, bod sung hoa bia va dich thay
phan, 1 dé dich 1én men bia, cudi cung tich men bia va gii bia twoi mot thoi
gian dé bia chin. Bia hoi 12 loai bia sir dung ngay khong qua khtr tring. Bia
chai va bia lon bao quin duoc 1au vi da qua khtr tring & 55-60°C hodc qua
loc, dong chai hodc dong hop bang cac thao tac vo tring.

Céc ching ndm men duoc sir dung chii yéu trong san xudt bia 1a Sac.
cerevisiae va Sac. calsbergensis. Trong d6 Sac. cerevisiae dugc st dung
cho ca 1én men bé mit va 1én men chim dé san xuét cac loai nude gidi khat
Ién men. Con Sac. calsbergensis dung dé san xuét bia nhe.

Qua trinh lén men bia gom 2 giai doan: 1én men chinh va 1én men phu.

3.1.1. Lén men chinh (chu yéu dung 1én men chim)

O giai doan nay té bao nAm men sinh truéng manh, mot luong 16n co
chat dugc chuyén thanh ethanol, CO; va H,0. Thoi gian 1én men khoang 6-
10 ngay. Nhiét do yéu cau tir 28-30°C, pH mdi trudong 5,3-6. Trong giai
doan nay c6 hién tuong tao bot do khi CO; tao ra luc dau tan trong dung
dich, sau véi lidu lugng cao s€ tach ra tao thanh tii khi, tao co s& cho su tao
bot. Két thiic giai doan 1én men chinh tao ra dugc san phém goi la bia non.
Bia non c6 dic diém con duc, c6 mui vi dic trung cia bia nhung chua thich
hop cho vi¢c giai khat.

3.1.2. Lén men phu

Khac v6i 1én men chinh xay ra trong céc thiét bi 1én men hg, 1én men
phu thyc hién trong cic binh kin & nhiét d§ 0-5°C. O giai doan nay qua trinh
1én men dién ra cham, dich 1én men duoc ling dong va bdo hoa CO,. Giai
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doan nay con goi la qua trinh U chin bia. Thoi gian 1én men phu kéo dai tur
vai tudn dén vai thang. Két thic giai doan nay thu dugc san phim & dang
dung dich bao hoa CO,, c6 huong vi thom ngon, dé chiu nho nhitng qua
trinh chuyén hoa xdy ra & nhiét d6 thap. Trong giai doan 1én men phu &
nhiét do thép, xay ra qua trinh dong tu nhya hoa hublon, cac hop chét tanin-
protein, t& bao men ling xudng day binh va tiép tuc 1én men tir tir. Két qua
1am bia trong dan. Nho vay, qua trinh ly tdm va loc bia thanh pham sau nay
s& dé dang hon.

Mubn 1am trong bia thudng ngudi ta st dung phwong phép loc (dung
chét bot tro loc diatomite). Co thé dung phwong phap ly tdim nhung sau khi
ly tam can loc bia qua loc 6ng, loc khung ban khong can chét trg loc thi bia
m&i that sy trong sudt. Trong qua trinh san xuét bia nguoi ta sir dung cac thi
chat déo hay cao su dé thu hdi CO, thoét ra, sau d6 dem bom vao céc binh
chiu ap luc cao. SO khi ndy dugc ding dé nap lai vao trong bia, dé bia thanh
pham c6 du CO,.

Pé tang do bén cua bia trong thoi gian dai nguoi ta khir tring 60-70°C
trong 30 phit dé ngan chan sy phat trién cta vi sinh vat va cic qua trinh
bién d6i trong bia. Bia thanh pham c6 mau vang, trong sudt, hwong vi thom
ngon, bot nhiéu, c6 vi ddng chat nhe dic trung. Bia thanh pham duoc bao
quén trong kho lanh & 0-10°C.

3.2. San xuét ruou vang
3.2.1. Quy trinh san xuét ruou vang

Trong ruogu vang nguyén liéu chinh ding dé san xudt 1a trai cay cdc
loai. Tat ca cac loai qua c6 chirta dudng, protein, mubi khoang va khong
chira cac chat doc hai ddi v6i nAm men déu c6 thé st dung dé ché bién lén
men tao ruou vang. Van dé can luu ¥ 13 cac loai qua khac nhau ¢ thanh
phan khac nhau s& duoc xir 1y bing nhimg phwong phap khac nhau va co su
b sung hay khong céc chét khac nhau.

- Nguyén liéu. Cac loai qua nhu nho, tdo, dau, cam, xoai, man... déu
c¢6 thé dung 1am nguyén liéu dé 1én men ruou vang. Tuy nhién, trong sd d6
¢6 nhimng loai qua cé chat luong nude qua thich hop hon dé 1én men ruou
vang, ly tuong nhat 1a nho (nho c6 huong vi dam da, ngot, ndng do con
ethanol can dbi voi vi chua, chat cua acid va tannin). Nho cho san lugng
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nude qua cao (1 ha c6 thé dat 2-3 van lit nudc qua). Sau nho, céc loai qua
nhu dau, thom ciing cho nuéc qua thich hop dé 1én men ruou vang.

- Ché bién nguyén liéu. O diy dé cap dén cac bién phap xir ly ddi véi
nguyén liéu 13 qua nho. Qua thu hoach khong dé dap nat va tién hanh xir ly
theo cac cach khac nhau tiy qui mé san xuét: (1) San xuat nho, qua dem gia
dap bang cdi sanh, cbi da, hay cbi gd. Khong sir dung dung cu bang sét hoic
ddng (vi nudc qua chua s& cong pha sét, dong 1am céc ion nay tan trong dich
qua, sau nay gay két tia rugu 1am mat mau ty nhién cta ruou). Vit lay nudc
qua bang tay, hay loc qua tui loc bang vai. Trong trudng hop 1én men ca vo
qua thi khong can loc b vo qua. Qua trinh xtr Iy trén duoc tién hanh nhanh,
vi thoi gian xtr 1y kéo dai nudc qua s& bi oxy hoa, nhiém tap khuan lam
giam chat luong. (2) San xuit & qui mo céng nghiép, qua duge ép bang may
rdi loc trong phong chira CO, dé ngin dich qua bi oxy hoa do tiép xtc véi
0,. Nude qua thu duoc sau khi chiét khong duogc tiy tién bd sung céc chit
ma phai tudn thi theo nhiing qui dinh chung dé dam bao chat luong cua
ruou:

+ Pé chéng dich qua bi oxy hoa va tiéu diét vi khudn tap nhiém (vi
khudn acetic, lactic), ngudi ta cho SO, vao dich qua véi lidu lwong duoc qui
dinh 1a 30-120 mg/L. Thuong khong dugc pha lodng dich qua bang nudc,
nhung néu st dung nhiéu loai qua khac nhau, thanh phan cua dich qua cé
loai chua du luong nudc can thiét cho qua trinh 1én men, vi vay co thé linh
dong bd sung luong nude dé dam bao cho qua trinh 1én men duge thuc hién
tt (tuy nhién, can luu ¥ khong cho thém nude vao dich qua nho, dau, cam,
dura...). Pha lodng véi 15-20% nudc tinh theo khéi luong ctia phan qua an
duoc (déi vol mang cau, xoai). Pha thém 30% nudc dbi vi mo, man, dao,
dau da...

+ Thém dudng. Pudng 1a thanh phan quan trong nhét trong dich qua
vi tir dudng qua chuyén hoa cua vi sinh vat s& tao ruou. Tuy theo loai qua
ma ta s& bd sung thém duong.

+ Diéu chinh d6 chua. Acid hitu co 1a thanh phan quan trong ctia nudce
qua. Ham luong acid khong chi anh huong dén chat luong nudc qua ma
quan trong hon 14 1am thay déi pH cua dich nudc qua, tir d6 anh huong dén
hoat dong cua vi sinh vat va cac enzyme.

+ Diéu chinh mét sb chi tiéu khac. C6 thé bd sung thém ngudn
nitrogen bang mudi ammonium, thém ngudn vitamin bang vitamin Bi...
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Sau khi thuc hién cac bude diéu chinh néi trén, nudce qua dugc cho 1én
men ngay. Néu dich qua thu dugc khong bao dam db tinh sach can thiét thi
s& duoc tiét tring bang nhiét dé ¢ 65-70°C trong 10 phut.

3.2.2. Qua trinh 1én men tao rugu vang

- Gibng. Co thé sir dung hai ngudn giéng sau:

+ Ngudn giéng da dugc chuan bi sdn dudi cac dang: dich men gidng
cly tir dng gidng thudn khiét qua khau nhéan giéng cac cip duoc ciy vao
dich 1én men, banh men kho céy vao dich 1én men, hoac dung dich 1én men
dang & giai doan 1én men manh l4y tir 1an 1én men trude d6. Cac ching ndm
men thuong dugc st dung: Sac. ellipsoideus, Sac. cerevisiae, Sac.
oviformis...

+ Dung ndm men dinh trén vo, roi vao dich nudc qua mot cach tu
nhién dé 1én men. Dich qua s& chira mot s6 luong té bao ndm men nhit dinh
du dé thuc hién qua trinh 1én men ruou. Tuy vay, phuong phap nay thuong
cho do ruou th'élp va dé bi tap nhiém.

- Theo déi qua trinh 1én men. Qua mét sé chi tiéu nhu sau:

+ Ham luong duong. Khi 1én men phai tao diéu kién dé ndm men hoat
dong manh, lén men nhanh va tiéu thu hét duong. Vi vay, can theo ddi ham
luong dudng thay ddi trong qua trinh 1én men.

+ Nhiét do. Néu 1én men trong thung c6 dung tich 16n, can do nhiét do
vai lan trong ngay, vi trong qua trinh 1én men nhét 1a giai doan dau, qua
trinh 1én manh, nang luong tdéa ra nhiéu va luc éy nhiét do s€ tang lén. Nhiét
d6 1én men thich hop 1a 20-30°C trong sudt qua trinh 1én men.

+ Ham luong oxygen. Mic du 1én men ruou 12 mot qua trinh yém khi
nhung ¢ giai doan dau cua qua trinh 1én men can cho nudc qua tiép xuc véi
O, bing cach suc khi. Giai doan sau méi cho 1én men yém khi.

- Cac giai doan l1én men rwou vang. C6 ba giai doan:

+ Giai doan hinh thanh ruou. La giai doan tir luc cdy men gidng vao,
cho 1én men dén khi dich 1én men hét sui bot manh (4-5 ngay). Trong thoi
gian nay nAm men hoat dong manh nhét.

+ Giai doan phat trién. Sau giai doan mot, tién hanh gan can va tach
x4c qua bang bién phap loc (ruou vang dé 1a loai thu duoc do 1én men dich
qua c6 kém xéac qua). Pay 1a 1an gan tht nhat. Khi duoc “ruou non”, tiép tuc
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cho 1én men phu dé phan hay lugng duong cudi cing con trong dich 1én
men. O giai doan ndy c6 qua trinh 1én men malolactic cho phép malic acid
chuyén hoa thanh lactic acid, 1am cho ruou duoc chuyén tir vi chua git sang
vi chua nhe dé& chiu. Tiép theo, gan cin lan hai sau lan mot khoang 20-30
ngay. 1an ba sau lan hai khoang 20 ngay. Néu ruou con duc lai gan tiép dé
¢6 dung dich trong sudt. Sau lan gan cudi cing ruou co ban on dinh vé
thanh phan. O giai doan nay rugu chwa udng duoc vi ¢ vi cay, déng va hoi
chua. Puoc goi 1a “ruou séng”.

+ Giai doan vang chin. Sau giai doan hai, “rugu non” da 6n dinh thanh
phan nhung ruou van con “sdng”, can ap dung mét sb bién phap k§ thuat dé
ruou dugce “chin” va tang chét luong, nhu sau: (1) Nut chai hodc binh dung
“ruou non” that chat. (2) Ha thd & do sau 50-60 cm & vung dét cao, mat va
khong bi ngdp nudc tir 4-5 thang, lac nay ruou c6 thé udng duge tuy chét
luong chua cao. Néu dé tir hai nam tré 1én s& thu duge rugu cd chat luong
hoan hao goi la rugu “chin”.

3.3. San xuét ruou trang (con)

Quy trinh san xudt ruou tring bang phuong phap 1én men rugu boi
nam men dugc thuc hién qua cac budce sau: ché bién nguyén liéu thanh dich
duong, Ién men bién duong thanh ruou, chung cat va tinh ché ethanol.

3.3.1. Ché bién nguyén liéu thanh dich duong

- Nguyén liéu. Pugc dung phd bién hién nay 1a loai nguyén liéu co
san duong (ri duong) va nguyén liéu c6 tinh bot (bép, san, khoai lang, bot
g20...).

- Cac phwong phap dwong héa. Co ba phuong phap phd bién nhit 1a
duong hoa bang banh men, maltase va myco-malt.

+ Phuong phap banh men. La phuong phép san xuét rugu thu cong.
Nam méc (c6 hé enzyme amylase phan giai tinh bot) duoc nudi cay va phat
trién trén moi trudng cod tinh bot séng. Tinh bot sau khi duge chuyén sang
dang d& tan (dung nhiét d6 cao 130-140°C) ma khong nhét thiét phai hd hoa
thanh dung dich, thi amylase cia ndm méc s& d& dang phan huy tinh bot.
Nhuoc diém cua phuwong phap nay 1a tinh bot khéng ¢ dang dung dich nén
han ché tac dung ciia amylase va viéc sir dung banh men dé& giy nhiém
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khuén, nén phuong phép niy tao ra nhiéu san pham trung gian va hiéu suat
tong thu hoi thap.

+ Phuwong phap maltase. St dung chu yéu 1a cic enzyme a va p-
amylase cua hat dai mach hoic tiéu mach di nay mam (malt) dé chuyén hoa
tinh bot (d3 hd hoa) thanh duong 1én men. Uu diém cua phuong phap nay
1a: thoi gian ho hoa tinh bot ngan, chat lugng ruou khong bi anh huéng ma
thuong tao ra nhimg huong vi dic trung d& chiu, it bi nhiém khuan. Tuy
nhién, phuong phép ndy ciing c6 mot vai nhuoc diém: hiéu suat duong hoa
khong cao va khong triét dé vi phirc hé amylase trong mam thoc khong hoan
chinh, ty 1€ malt sit dung so véi ham lugng tinh bdt c6 trong nguyén liéu
tuong doi cao (8-20%), gia thanh san pham cao.

+ Phuong phap myco-malt. Pay 1a phuong phap duoc ding phd bién
hon ca. Qua trinh dudng hoa ¢ day dung enzyme cta vi sinh vat (cha yéu la
ciia nAm méc). Pa s6 ndm mdc dwoc s dung thude chi Aspergillus nhu:
Asper. niger, Asper. oryzae, Asper. flavus, Asper. awamori. Cac ching nim
méc duge sir dung dé dudong hoa tinh bdt dugce nudi cdy theo hai phuong
phap: nudi cdy bé mit (thuong ding cho Asper. awamori va Asper. oryzae)
va nudi cdy chim trong hé 1én men (thudng dung cho cac chung Asper. niger
va Asper. batatae).

Thoi gian thyc hién qua trinh dudng hda dai hay ngin tuy thudc vao
chung gidng ndm méc va nguyén lidu duoc sir dung, thong thuong tir 24-40
gio. Chét lugng clia qué trinh duong hoa duoc dénh gia theo hoat lyc cia
amylase, dextrinase, gluco-amylase. Két qua, qué trinh dudng hoa cho céc
san pham gdm hdn hop dextrin, maltose, glucose. Trong d6, glucose chiém
ty 18 cao nhat.

3.3.2. Lén men bién dudng thanh rugu

Pay 1a giai doan quan trong nhét trong san xuat ruou, quyét dinh chat
luong san phém tao thanh. Sau khi dich duong hoa da dugc xur ly, nguoi ta
b6 sung thém mot s6 thanh phan dé cung cip thém vitamin va amino acid
nhu mudi ammonium, mudi phosphate, dich thay phan nim men. Moi
truong ¢6 thanh phan nhu trén c6 thé sir dung dé 1én men.

- Giéng. Chu yéu 1a cic chung ctia nim men Sac. cerevisiae. Cac
ching nAm men dung trong san xuat phai c¢6 nhiing dic diém co ban sau:
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+Co dﬁy du dac diém dic trung cua nim men.
+ Tbe dd phat trién manh, hoat luc 1én men cao.

+ Lén men duoc nhiéu loai duong khéac nhau va dat duoc tdc do 1én
men nhanh.

+ Chiu duoc do con cao tir 10-12%.

+ Thich nghi dugc véi nhiing diéu kién khong thuan lgi ctia moi
truong, dac biét 1a di voi chat sat trung.

- Qua trinh 1én men. Mai truong 1én men sau khi dugc khir triung,
kiém tra d6 dudng dat 90-120 g/L va pH 4,5-4.8 thi c6 thé cdy gidng vao.
Thoi gian 1én men tir 65-72 gid, trong d6 10 gi dau c6 suc khi dé nAm men
sinh s6i nay nd, sau d6 cho 1én men tinh (yém khi). Qua trinh 1én men rugu
xay ra nhu sau: duong va cac chat dinh dudng cia méi trudng 1én men duoc
hap thu vao trong t& bao ndm men qua mang té bao va tham gia vao qua
trinh trao ddi chét, ruou ethanol va CO; tao thanh lién thoat ra khoi té bao,
ruou ethanol hoa tan manh trong nudc do vay n6 khuéch tan rat nhanh vao
mdi truong chung quanh.

3.3.3. Chung cét va tinh ché ethanol

Khi két thuc 1én men rugu, sau khi da loai bo té bao ndm men, mudn
dugc ruou tinh khiét cin chung cét dich 1én men dé loai bo tap chat. K¥
thut chung cat ruou anh hudng rat 16n dén chét lugng ruou thu duoc. Pong
thoi, ty 18 tap chat va chét lugng rugu lai chiu anh huong boi nguyén licu
nudi cay. Qua trinh chung cét rugu dién ra theo cc giai doan sau:

- Chung cit dich 1én men. Qué trinh nay cho phép thu duoc ruou thd
bang cach tach con cling cac chat d& bay hoi ra khoi dich 1én men.

- Tinh ché rwou. La qua trinh tach cac tap chit ra khoi con tho dé thu
con tinh khiét. Trong con thd ngoai ethanol con ¢6 nhidu tap chat. Dya vao
khéi lugng phan tir va kha nang bay hoi nguoi ta chia lam ba nhom:

+ Tap chat dau (c6 nhiét do soi thap hon ethanol: aldehyde acetic,
ethyl acetate, methyl acetate, methanol...) duoc 13y ra giai doan dau cta qua
trinh tinh ché, duoc goi 1a rugu dau hay con cong nghiép.

+ Tap chét cubi (c6 nhiét do sbi cao hon ethanol va kho bay hoi, do 1a
ruou cao phan tir: isoamylic, isobutylic...) loai nay it tan trong nudc, dugc
goi 1a dau fusel hay ruou tap.
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+ Tap chit trung gian, tiy thudc vao ndng d6 rugu va tinh chat vat 1y
ctia cac tap chdt ma né s& bay hoi cing véi tap chat dau hay & lai véi tap
chét cudi. Sb tap chit nay kho tach khoi ethanol khi tinh ché, chang han:
isobutyrate, ethyl isovalerianate. Sau khi tinh ché, tach ba loai tap chét trén,
ta ¢6 rugu tinh khiét. Hon hop ruou-nudce 1a hdn hop dang phi (c6 diém soi
chung) nén voi phuong phap chung cat thong thuong khong thé tinh ché
dugc rugu ethanol c¢6 ndng dd ruou >95.5% (thé tich). Vi vay, mubn c6
ethanol tuyét d6i (>99%) ta phai tinh ché thém (vi du: bang phuong phap
chung luyén dudi ap sudt thip p ~ 0,0525 atm) dé hdn hop rugu-nuée khong
¢6 diém so6i chung va cubi cing s& thu duoc ethanol tuyét ddi.

4. Cdc san pham chiva protein
4.1. Thyc pham 1én men truyén thong giau protein

Bao gdm cac san pham khac nhau giau protein nhu phoméat, dau phu,
nudc mam... va cac hinh thirc bao quan thuc phdm nhd 1én men acid nhu
trong san xuat cac loai gio cha, xuc xich, ca udp, cA mam... Tuy nhién, cho
dén nay cac tmg dung cta cong nghé sinh hoc hién dai trong van d& nay noi
chung khdng dang ké trir nganh san xuat phomat. Nguoc lai cac tmg dung
ctia cong nghé sinh hoc lai thé hién rat rd nét trong viéc tao sinh khéi vi sinh
vat va ché bién chung thanh cac dang thuc phém khac nhau.

4.2. Protein don bao (single cell protein-SCP)

Protein don bao 1a mot thuat ngir dugce goi theo quy wdc dung dé chi
vat chat té bao vi sinh vat duoc st dung 1am thirc an cho nguoi va dong vat.
Thuat ngit nay hoan toan khong chinh xéc, vi san pham duoc tao ra thuong
khong phai 1a mot protein thuan khiét ma 13 cac té bao da dugc xir 1y thudc
nhiéu loai vi sinh vét khac nhau bao gdm cé vi khuin, nAm men, nim soi va
tao.

Sinh khdi té bao vi sinh vat luén c6 ham luong protein cao. Do vdy,
trong nhitng nam gan dy linh vuc cong nghé sinh hoc rat chii y nghién ctru
cong nghé san xut va kha nang tng dung cta protein vi sinh vat. Qua trinh
san xudt SCP gin lién v6i cong nghé 1én men, do vdy ning suit tao protein
ctia né rit cao (30-80% khoi lugng kho). Mot nhuogce diém quan trong cua
SCP Ia thuong chira ham luong nucleic acid cao, dic biét 1a ¢ vi khuén,
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nhitng ciing ¢ ca ndm men va nam soi. Néu cac loai SCP nay duoc su dung
cho nguoi thi 1a mot van dé, vi & nguoi thiéu uricase xtc tac cho sy oxy hoa
uric acid thanh allantoin hoa tan hon. An nhiéu cic dan xuit cua purine s&
lam ting ham lwong uric acid trong mau, acid nay s& két tia va tao thanh
tinh thé trong cac khép va dong gop vao viée tao nén cac vién sdi trong
duong niéu.

4.2.1. Protein tir ngudn carbohydrate

Cellulose 1a chét hiru co thuong gip nhit trén trai dat va hang nam
duoc tai tao voi mot khdi luong khong 16. Cac loai rom ra chira téi 30-45%
cellulose. Cellulose ciing gip nhiéu trong b mia, nudc thai cong nghiép gd,
cong nghiép dét va cac chat thai ctia cac nganh cong nghiép thuc pham. San
xuit SCP tir co chat cellulose 1a mot hudng c6 nhiéu trién vong. Céc vi sinh
vat thich hop cho viéc sir dung cellulose 13 xa khuan wa nhiét, vi khuén tir da
co cla cac dong vat nhai lai va nhiéu loai ndm soi khéc... Trong ty nhién, it
gip cellulose thuan khiét ma no thuong nam dudi dang lién két véi cac
polymer khac nhu lignin, pectin, hemicellulose... Lignin la mt polymer
duoc tao nén nhd sy ngung tu cua cac gdc rugu. Lignin bao quanh céc soi
cellulose bang mot mang ludi ba chiéu va do vdy ngin can sy phan gidi
cellulose nho enzyme. Riéng viéc lam giam d¢ 16n cua hat da cho phép tang
dang ké su phén giai cellulose.

Dén nay, méi chi co san pham protein tir nAm (mycoprotein) 13 protein
vi sinh vét duy nhat dugc cho phép sir dung lam thyc pham cho nguoi va gia
stic. Mycoprotein 1a dang thyc pham chtra soi ndm Fusarium graminearum.
Sinh khéi dugc tao ra trong qué trinh nudi cdy ndm lién tuc trén moi truong
chira glucose va mudi ammonium. Sau khi qua trinh 1én men két thiic, nguoi
ta tién hanh xur 1y nhiét ddi véi sinh khéi ndm thu duge nham muc dich giam
luong ribonucleic acid ctia nd. Cudi cing tach soi ndm bang cach loc chan
khong. Quy trinh cong nghé nay ¢ ning suét tao sinh khéi giau protein cao
hon rat nhiéu lan so véi chan nudi.

4.2.2. Protein tir vi khuan lam ¢ dinh dam va vi tao

Vi tdo (microalgae) 1a tap hop nhiing loai tdo c6 kich thudc nhd beé va
c6 thé thich hop dugc véi viée st dung cac phwong phap nudi cdy ddi véi vi
sinh vat. Vi khuan lam (cyanobacteria) trudc ddy dugc goi 1a tao lam, hay
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tao lam-lyc. Trong phan nay, ching ta xép hai loai nay chung véi nhau vi
gitta chung c6 nhiéu dic diém sinh 1y khi nudi cay gidng nhau. Do d6, qui
trinh san xuat thu sinh khéi cta ching vé co ban 13 khong khac nhau.

Ngay tir nhitng nam 1940, nguoi ta dd biét mot sb vi tao co kha nang
trong mot thoi gian ngén tao ra mét lugng sinh khdi rat 16n chta t6i 40-60%
protein khdi lwong khd (Chlorella sp.) va 50-55% protein khdi luong kho
(Scenedesmus). O vi khudn lam, dic biét 1a chi Spirulina ham lugng protein
lén dén 60-70% khéi lugng kho. Ham lugng cac amino acid ctia nhimg
protein & vi tao va vi khuan lam kha can ddi gan vé6i quy dinh cua protein
tiéu chuan. Pic biét 13 luong amino acid khong thay thé trong protein rat
cao c6 khi 1én dén 42%.

bén dau nhitng ndm 1960, tdo lam ¢d dinh dam cling dugc bat dau
nudi trong rong rai trén thé gidi, banh tao duoc st dung lam thyc pham cho
nguoi dan, con bot tdo dugce st dung rong rai lam thuc phém bd sung cho tré
em suy dinh dudng va ting tich sita cho san phu. Chlorella duogc nudi trong
dai tra tir thap nién 1950. Dé nudi trong & quy mo cong nghiép vi tio va vi
khudn lam, ngudi ta sir dung hai hé thong co ban 1a hé thong kin va ho.

- Hé théng kin. La mot hé 1én men, ding anh sang nhan tao co cudng
d6 cao va co suc khi CO,. Uu diém cta phuong phap nay 1a khong phu
thudc khi hau thoi tiét, diéu kién nudi cdy duoc kiém tra, khong ché mot
cach chu dong. Nhung phuong thirc nay c6 gia thanh cao nén kho ap dung
rong rai.

- Hé théng hé. La cac bé nudi st dung anh sang tu nhién. Nhuoc
diém cua hé nay 1a cac 16p té bao phan ddy bé nudi thuc té s& khong dugc
tiép xtc v6i dnh sang mit troi d€ tién hanh qua trinh quang hop (Hinh 7.5).

Viéc thu hoach sinh khéi vi khudn lam va vi tao 1 cong doan rat quan
trong anh huong dén gia thanh san pham. C6 nhiéu phuong phép thu sinh
khéi khac nhau nhu: ly tam, vot, léng két hoa hoc, léng két bﬁng dién
truong, tu lang két... Truong hop cac vi tao nhu Chlorella, Scenedesmus...
c6 kich thudc té bao nho thi chi yéu ding phuong phap ly tam thu sinh
khdi. Véi Spirulina nguoi ta sir dung phwong phép loc. Thu hoach sinh khéi
cac vi khuan lam nay bang mang loc nghiéng két hop véi hat chan khong.
Sau khi thu hoach, sinh khéi duoc say kho bang cac cach nhu siy dong khd,
sdy chan khong, sdy hinh trong... & c6 dugc thanh pham.
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Hinh 7.5. Nuéi tiao Spirulina & Thai Lan va bjt tao dwgc dong vién

5. Ché bién rau qud

Rau qua dugc bao quan lau khong bién chit va trong mot sd trudong
hop gié tri dinh dudng ctia chung con dugc gia ting nho duge xur 1y thong
qua 1én men lactic nhd vi khuan Leuconostoc mesenteroides va
Lactobacillus plantarum.

Ché bién va tao ra cac thuc phém c6 gid tri tr dau tuong nho 1€n men
vi sinh vat da duoc biét tir rat 1au. Phd bién hon ca 1a cac loai nude cham va
dau phu tir dau twong nho 1én Asper. oryzae va Asper. tamari.

Pé san xuit dau phu trudc hét phai ngdm dau, sau do nghién dau
thanh bot va loc qua vai. Tao két tia tir dich noi trén bang mudi Ca hoic
Mg, sau d6 déng thanh banh dau. Trong thoi gian 1, ndm soi trang phat trién
rat manh trén bé mit banh dau va tao huong vi dic biét cho no.

Hién nay, trong céng nghiép san xuit nudc qua ngudi ta sir dung rong
rdi cac loai enzyme pectinase, cellulase, hemicellulase, amylase, va
protease. Chu yéu dé xir 1y lam trong nudc qua, giam do nhét, giup qué trinh
loc va 6n dinh cta chit luong clia nuéc qua ép. Trong d0, qua trinh thiy
phan pectin nho pectinase, pectateliase, polygalacturonidase va pectin
esterase cO vai trd quan trong bac nhat. Ching cit cac lién két glycoside
trong phan tir pectin va do vay, lam ting hiéu suét tao nudc qua ciing nhu
chat luong cia nod.
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Chwong 8
Cac trng dung trong y dwoc

I. Mé dau

Cho dén nay, c6 1€ thanh tyu cong nghé sinh hoc duogc thé hién rd nét
nhét 1a ¢ linh vyc y hoc nhur lidu phép protein va liéu phap gen dé chita tri
mot s6 bénh hiém nghéo (ung thw, nhiém virus va hién dang thir nghiém
chita tri bénh AIDS...) ciing nhu dé chan doan bénh (viém gan, s6t xuit
huyét, san 14 gan...) va phong bénh (vaccine). Ngay nay, voi nhitng cong cu
cua k¥ thuat gen, nganh y khong chi dua vao cac tri€u chung lam sang ma
con ¢ kha ning tac dong thang vao cac nguyén nhan siu xa ciia bénh do 1a
su bat thuong cua gen. Cong nghé sinh hoc da x4m nhdp vao hau nhu moi
linh vuc cua y hoc, trong d6 dang ké nhat 1a linh vuc chan doén va phong
ngura v41 viée tao ra cac bo kit chan doan bénh béng phuong phap PCR va
cac DNA vaccine ¢6 hiéu qua cao. Linh vuc san xuét thudc chita bénh nhu
interferon, insulin, interleukin, hormone sinh truéng & nguoi... ngay cang
phat trién manh va tré thanh mot nganh cong nghiép quan trong. Péc biét,
liéu phap gen mic du thanh tyu con it nhung dd mé ra nhiing trién vong to
16n trong viéc chita tri nhitng bénh di truyén va bénh nan y.

Il. Vaccine

Trong san xuit vaccine, cho dén thoi gian gan day, nguoi ta van sir
dung vaccine bt hoat hodc vaccine séng nhuoc ddc lam khang nguyén kich
thich tao khang thé can thiét trong co thé ngudi va vat nudi. Nhung vaccine
duogc san xuét theo cach nay c6 mot vai han ché, chéng han vaccine séng
nhuoc doc c6 kha nang quay trd lai dang doc hoac hoat lyc ciia n6 giam kha
nhanh trong co thé ngudi va vat nuoi.

Dén nay, nhd cong nghé DNA tai to hop ngudi ta dd san xuét dugc
protein vo cia mot s6 loai virus nhu virus bénh dai va viém gan B. San Xuét
vaccine k¥ thuat gen 1a mot linh vuc phat trién manh hién nay cta cong
nghé DNA tai to hop. Day 14 loai vaccine duoc bao ché tir vi khuan di duoc
chuyén gen ma hoa tong hop mot protein khang nguyén cta mét loai virus
hay mot loai vi khuén gay bénh nao d6. Hién nay, cac loai DNA vaccine tai

Nhdp mon Cong nghé sinh hoc 270



t6 hop dugc st dung cho nguoi bao gdm vaccine viém gan B, vaccine dai
kiéu méi, vaccine ta kiéu méi, vaccine sdt rét va vaccine bénh phong. Virus
viém gan B ¢6 v6 ngoai lypoprotein. Khang nguyén bé mit 13 protein chinh
clia vO ngoai, dugc phat hién trong mau ngudi bi nhidm. Nguoi ta bién nap
gen tong hop khang nguyén cta virus viém gan B vao vi khuan E. coli sau
d6 san xuat sinh khdi & quy mé 16n cac vi khuan E. coli mang gen tai t6 hop
nay, bién E. coli thanh “nha mdy” san xuit khang nguyén dé 1am vaccine.

Bén canh d6, md hinh san xuit vaccine dwa trén co s& thuc vat
(vaccine thuc phdm) ciing c6 tiém ning ung dung rat 16n. Bang cach chuyén
mot loai gen khang nguyén cua virus hoac vi khuén vao té bao thuc vat, gen
nay s& hoat dong trong co thé va bién thuc vat thanh noi sinh ra khang
nguyén. Khi nhitng khang nguyén nay di vao co thé nguoi thi hé théng mién
dich cia nguoi s€ tu dong sinh ra khang thé dic hiéu tuong Ung. Nhu vay,
thay vi tiém chiing theo phwong thic thong thudong nguoi ta co thé dn nhiing
hoa qua cé khang nguyén dugc sir dung lam vaccine.

1. Cac phuwong thirc tiém chung vaccine hién nay
1.1. Cac vaccine bat hoat

Céc vaccine bat hoat dugc san xut tir cdc virus gay bénh bang cach
pha huy doc tinh ctia chiing bang B-propiolactone hodc formalin nhung van
duy tri mot kha nang sinh mién dich dy du. Cac vaccine dugc san xuat theo
phuong thirc nay twong d6i an toan va kich thich cac khang thé chdng lai
cac protein bé mit cua tac nhan gy bénh. Cac vaccine tiéu don vi duoc xem
la mot dang vaccine bat hoat nhung c6 muc do thép hon. Trong truong hop
nay, mot phan cia tic nhan gy bénh (nhu 14 protein bé mit) duge sir dung
dé gy tao khang thé nham trung hoa tac nhan gay bénh.

St dung rong rai khang nguyén bé mat cia virus viém gan B duoc
tinh sach tir mau ctia ngudi bénh hodc gan day hon tir nAm men tai to hop 1a
mot phuong thie rat hiéu qua dé tao mién dich. Khang nguyén bé mit ctia
virus viém gan B (san phdm cta gen don) kich thich tao ra su bao vé va gan
nhu hoan toan chéng lai sy viém nhiém virus viém gan B.

Mot vi du khéc cua loai vaccine tiéu don vi 1a st dung bién doc t6 cua
vi khuan. Nhiéu loai vi khudn san xuét doc t6 dong vai trd quan trong trong
su phat trién cua bénh. Vi vay, mot s6 tac nhan mang doc td (vi du bénh udn
véan va bénh bach hau) d3 duoc bat hoat bang formaldehyde lién két voi mot
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chét ta duoc (adjuvant) dé phat trién thanh vaccine. Co thé tao mién dich
bao vé bang cach kich thich khang thé trung hoa cac anh hudng cia doc to.
Mot loai vaccine khéc cling thudc loai tiéu don vi 1a cac vaccine vo
polysaccharide. Chiang han, nhitng vaccine chéng lai Haemophilus
influenzae va viém mang n4o do ndo mé cau. Trong trudng hop nay dich
chiét vo ngoai polysaccharide cua vi khuin duoc st dung nhu 1a mot
vaccine va ¢ khi duoc lién két v6i protein dé cai thién kha ning giy mién
dich. Khang thé bén bi trong mot vai nim va cé thé bao vé chong vi khuan.

1.2. C4c vaccine séng nhuoc doc

Cac vaccine séng c6 hiéu lyc (nhu mot sy viém nhiém ty nhién)
thuong tao ra mdt su mién dich 1au dai. Hau hét cac vaccine nhuge doc hién
nay dugc san xuat mot cach kha kinh nghiém, theo cach qué trinh nuéi cay
duoc céy chuyén nhiéu 1an cho t&i khi nhan théy cd sy mat doc luc
(virulence) cua tdc nhan giy bénh bd me. Poc luc nay dugc xét nghiém
trong cac hé théng dong vat mo hinh trudc khi thir nghiém trén nhiing nguoi
tinh nguyén. Ch'fmg han, vaccine dung dé tao mién dich chéng lai bénh lao
dugc bat ngudn sau 13 nam cdy chuyén trong méi trudng cd chira mat boi
Calmette va Guerin (vi vy co tén la BCG-Bacille Calmette-Guerin).

Thuc té cho thay 14 c¢6 nhiéu huéng khac nhau dé san xuét vaccine cho
mot loai bénh, dién hinh 1a vaccine bénh thuong han hién nay. G Anh c6 ba
loai vaccine khac nhau di dugc cap ban quyén. Mot 1a vaccine tir t& bao
hoan chinh bi giét chét, loai thtr hai 1a dich chiét vo polysaccharide ctia bénh
thuong han, va loai thi ba 1a chung Salmonella typhi séng nhuoc doc.

2. Vai tro cia céng nghé DNA tdi t6 hop trong nhdn dang, phdn tich va sdn
xudt vaccine
2.1. Nhan dang va tao dong cac khang nguyén c6 tiém ning vaccine

Nhiéu tic nhan gay bénh gan nhu khong c6 kha ning nudi cay bén
ngoai vat chi tu nhién cua chung va diéu nay da gy can tré cho cac cach
tiép can truyén thong dé phat trién liéu phap vaccine. Vi du: virus viém gan
B (HBV), tac nhan giy bénh giang mai ¢ nguoi (Treponema pallidum) va vi
khuan giy bénh phong (Mycobacterium leprae) khong thé sinh truéng trong
diéu kién in vitro mic du chung co thé sinh san trong cac loai dong vat mo
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hinh. Bdi vy, nguoi ta khong thé tao ra cic vaccine sdng nhuoc doc hodc
cac vaccine bat hoat bang cach nudi cdy céc tac nhan nay.

Cong nghé DNA tai t6 hop cho phép chuyén thong tin di truyén tir
nhimng co thé “kho tinh” ndy vao nhing vat cha “d& bao” hon nhu 1a E. coli,
ndm men hoic t& bao dong vat c6 vi. Khong phai tit ca cic gen khang
nguyén déu dé nhdn dang, tao dong va biéu hién nhu gen khang nguyén bé
mat cua viém gan. Trinh tu nguyén ven cua genome HBV c6 kich thudc nho
hon 10 kb. Boi vay, twong ddi don gian khi thiét 1ap khung doc mé dé biéu
hién. Tuy nhién, & trudng hop bénh sdt rét thi lai khac. Tir 1au cac nha khoa
hoc biét rang cac thoa trung (sporozoite) s6t rét bi chiéu xa co thé bao vé
chéng lai bénh st rét. Nhung giai doan thoa tring trong chu ky song cua ky
sinh tring st rét chi sinh trudng véi mot luong nho, nén ngudi ta can phai
tmg dung cong nghé DNA tai t6 hop dé san xuét vaccine. Tuy nhién,
genome cua ky sinh tring sbt rét lai 16n hon genome ctia HBV hang ngan
lan, vi thé nguoi ta da gdp rat nhidu khé khan trong viéc thu thap cac thong
tin vé trinh tu gen thich hop va san phém ctia n6 dé tao ra bao vé mién dich.

Piém khoi diu ciia cong nghé DNA tai to hop 1a xay dung thu vién
DNA cua co thé duoc nghién ctru trong E. coli. Thu vién ¢cDNA hoic
genomic DNA ¢6 thé cung cdp cic phuong thirc co ban dé nhan dang va
phan 1ap cac gen quan tdm. Véi cac thanh tyu trong k¥ thudt phan tich trinh
tu gen thi thong tin trinh tuy bit ngudn tir cac genome hoan chinh hodc cac
nhiém sic thé riéng biét di trd nén cang ngdy cang quan trong.

2.2. Phan tich cac khang nguyén vaccine
2.2.1. Nhitng yéu t6 quyét dinh khang nguyén té bao B (B-cell epitopes)
Phan tich cdu tric cua khang nguyén vaccine c6 thé thu duogc cac
thong tin gia trj trong viéc phat trién vaccine. Chang han, hiéu biét vé nhiing
epitope (yéu t6 quyét dinh khang nguyén) chdng lai cac khang thé trung hoa
¢6 thé cho phép nghién ciru loai vaccine peptide thich hop. Céc epitope co
thé lién tuc hodc gian doan. Cac epitope lién tuc 1a cac peptide ¢ dang xoan
ngau nhién dé cac huyét thanh mién dich cho epitope phan tng v6i phan tir
hoan chinh tir trinh tw ma nd duoc bit ngudn. Cac epitope gian doan lap
ghép cac phan tir duge nhom lai do cdu triic thir cdp cua protein. Mot vai
epitope trung hoa ¢ dang lién tuc trong khi nhiing epitope khac la gian doan.
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2.2.2. Nhing yéu t6 quyét dinh khang nguyén té bao T (T-cell epitopes)

Céc T lymphocyte c¢6 thé nhan dién cac khang nguyén ngoai lai nhu
cac peptide duge tao thanh trong su phdi hop véi phan ngoai bao ciia phan
tt MHC. Cac té bao T tro giup (helper T-cell) CD4+ nhan dién duoc
khang nguyén tiép hop véi MHC loai II, trong khi céac té bao T doc hai té
bao (cytotoxic T-cell) CD8+ (CTLs) nhan dién khang nguyén lién két véi
cac phan tir MHC loai L. Pa hinh di truyén cua cac phan tr MHC loai I va
II x4c dinh su dic hiéu va ai luc cua lién két peptide trong sy nhan di¢n
ctia té bao T.

2.3. San xuét cac vaccine tiéu don vi (subunit vaccine)

N6i chung, nudi ciy té bao dong vat co va 1a phuong phép thich hop
dé san xuit cac vaccine chéng lai cac tac nhan gy bénh dugc sao chép
trong cac té bao eukaryote. Té bao E. coli khong on dinh dé tién hanh mot
vai bién d6i hau dich ma cua mot sb vaccine quan tam. Béi vi, cac hé théng
vi khuan khong thé bo sung carbohydrate 13 yéu t6 quan trong trong dic tinh
khang nguyén va cau tric cta nhidu khang nguyén bao vé cua virus.

Mot diéu khac ciing rat dang quan tdm, d6 13 hiéu suat kha nghéo cua
khang nguyén bé mit trong vi khuan va protein hoan toan thiéu kha ning
cudn xoan chinh xac dé lip rap trong céc tiéu thé co6 dudng kinh 22 nm, ndm
men Sac. cerevisiae ciing 1a mot trong nhitng hé théng thich hop cho biéu
hién gen do né khong nhimng cho hiéu suat protein hgp 1y ma con tao thanh
cac tiéu thé 22 nm. Piéu nay, cung véi kinh nghiém san xuat & quy mo 16n
trong cong nghé 1én men, da tao ra mdt hé théng hép dan dic biét, vi du cho
viéc san xuat cac tiéu thé HbsAg dé bao ché vaccine trong ndm men véi mot
hiéu suit cao. Tuy nhién, vaccine san xuit theo phuong thirc ndy van con
khoang 1% khong c6 dap tng mién dich.

Tiép theo sy thanh cong cua vaccine viém gan va do kha ning co sén
clia cac cong nghé da duogc thiét 1ap dé cung cip mot luong 16n khang
nguyén, thi hudng nghién ctru tiéu don vi 1a mot trong nhitng phuong phap
thich hop nhat dé phat trién cac vaccine méi. Qua trinh glycosyl hoa protein
1a rit quan trong dé gdy ra phan (mg mién dich ctia HbsAg, vi thé nuéi ciy
té bao dong vat co v co thé 1a thich hop hon. Thyc té 1a mot trong nhiing
vaccine viém gan B di cdp ban quyén dugc san xuit trong té bao dong vat
CO VU.
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3. Cdi thién va san xudt cdc vaccine séng nhuwoc doc moi
3.1. Cai thién cac vaccine séng nhuoc ddc

Cac k¥ thuat sinh hoc phan tir cho phép phan tich doc tinh va dac tinh
khang nguyén ¢ mirc do phan tir, nhu vay ddy 1a co so thuan loi dé trién
khai mot hudng nghién ctru thich hop hon trong viéc san xuit cac co thé
nhugce doc dé cong nghiép hoa vaccine séng vé6i cac tinh chit mong mudn.
Céc virus loai DNA va céc vi sinh vat khac c6 thé duoc chuyén gen tryc tiép
hoac gian tiép. Tuy nhién, cac virus loai RNA ¢ mdt mure do nao do kho giai
quyét hon, mic du da c6 mot vai thanh cong véi virus bai liét (poliovirus)
va virus bénh cim (influenza), do do ran chic cua genome virus.

3.2. Cac vector song tai to hop
3.2.1. Cac thé tai to hop cia viral vaccine

Céc viral vaccine cho bénh dau mua da dugc st dung hon 150 nam
dudi dang vaccine séng nhuoc doc. Gia thanh ré, san xuat don gian, bao
quan khong can lanh, kha ning on dinh khi tiém chung va kich thich déap
mg khang thé trung gian té bao (cell-mediated) 1a tat ca wu diém cua loai
vaccine nay.

Tuy nhién, nhitng wu diém nay chi that sy hip dan bai cac thé tai to
hop vaccine biéu hién gen ngoai lai (Hinh 8.1). Hon 1.000 thé tai t6 hop
vaccine khac nhau biéu hién cac gen cuia virus, vi khudn va cac tac nhan giy
bénh ky sinh tring da dugc cong bd. Pa sé trong ching di cho thay kha
nang bao vé & cac hé théng dong vat mo hinh chéng lai cic tac nhan giy
bénh. Thé tai t6 hop vaccine biéu hién glycoprotein vo gpl60 cua HIV-1
dugc thir nghiém trén ngudi cho thdy da cam tng cac dap ing mién dich dbi
v6i HIV gp160. Tuy nhién, cac bién chimg két hop véi liéu phap vaccine va
viéc tang sb lugng cac ca thé riéng 1€ mang su thiéu hut mién dich c6 thé
gi6i han hiru ich cua cac thé tai to hop dbi véi liéu phap vaccine & nguoi.

3.2.2. Cac vaccine tai to hop BCG

Vaccine BCG (Bacillus gay bénh lao xuong cua avirulent) la loai
vaccine dugc sir dung rong rdi nhat trén thé giéi. Tir 1948 dén nay hon 5 ty
lidu vaccine dd duoc tiém chung.
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Hinh 8.1. Virus didu mia dwge tai td6 hop trong té bao dong vat cé vi véi mot
gen ngoai lai. Cac virus dau muia dugc sinh san bao gdm ca hai dang: hoang dai va
tai to hop. Cac virus tai t6 hgp dugc phan 1ap va sir dung dé phét trién thanh mot

loai vaccine an toan va hiéu qua.

Vaccine BCG tai to hop c6 mot s6 vu diém khac biét hon héan céc
huéng vaccine da tri khac, trude tién la nho kinh nghiém thu duogc voi
vaccine BCG gbc (parent). Uu diém thuc t& d6 1a chi hai vaccine BCG va
vaccine polio ubng méi duoc WHO khuyén céo dung cho tré em méi sinh
va ngudi tré tudi, nhimg ngudi ma lidu phap vaccine c6 thé khoi dau tdt hon
cho cdc co hoi thanh cong trong cac chuong trinh tiém chung vaccine.
Chung ngtra riéng & v6i BCG tao ra mot mién dich trung gian té bao bén
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virg d6i v6i bénh lao 1a rat hiéu qua véi it hon mot bién ching trén mot
triéu lidu. Mic du, cac vector loai phage va plasmid da dugc st dung c6 mot
vai thanh céng nhung nhitng nghién ctru tiép theo van con duoc tién hanh dé
¢6 thé hudng téi cac mirc d6 biéu hién cao va cho phép hé thong dugc thao
tac dé dang hon.

3.2.3. Céc chung Salmonella nhuoc doc (vaccine vi khuan sng)

Cong nghé DNA tai t6 hop c6 kha ning dua toan b cac dot bién hodc
doan khuyét vao cac ching vi khuin khac nhau dé lam yéu doc tinh cua
chung. Cac vaccine nhugc doc duogc thiét ké hop 1y ciing c6 thé dung nhu 1a
cac chat mang cho cac khang nguyén duoc tao dong tir cac co thé gay bénh
khac. Cac ching Salmonella nhuoc doc dugc xem 1a mot tng cir vién tot
cho hudng nay bai vi chiung co thé dugc ding nhu mot vaccine udng dé
kich thich cac phan tng mién dich ndi bao va bai tiét trong vat chi. Chang
han, gen cta tiéu don vi B khong 6n nhiét (heat labile B subunit) &
enterotoxic E. coli dugc dua vao trong chung Salmonella nhugc doc AroA.
Vi khuan Salmonella tai to hop nay c6 thé cam tGng cac khang thé IgG va
IgA dbi véi tiéu don vi B enterotoxic (ciing nhu Salmonella) trong cac dong
vat dugc chung ngtra vaccine.

3.2.4. Cac thé kham cua virus bai liét (poliovirus)

Poliovirus chung Sabin type 1 sdng nhugc doc 1a mot vaccine rat an
toan va hiéu qua, kich thich cac dap ung khang thé tuan hoan va bai tiét. Sy
hiéu biét vé cau triic tinh thé ciia virus cing voi kha ning tao virus tir cac
phan tir cDNA cho phép cac vung khang nguyén cia céc tic nhan gay bénh
khéc dugc hop nhat chinh xac trong tiéu thé virus & hau hét cac vi tri khang
nguyén. Vi du: DNA ma hoa cho vi tri khang nguyén cha yéu cua ching
Sabin type 1 dugc thay bang DNA cua chudi peptide tir HIV-1. Huyét thanh
mién dich d6i véi peptide dugc xem nhur 1a tiéu thé poliovirus tai t6 hop va
nguoi ta nhan thay trong cac nghién ciru mién dich virus tai to hop c6 thé
cam Ung rong rii cac khang thé trung hoa anti-HIV.

3.2.5. Céc chung E. coli tai t6 hop
Chung enterotoxigenic E. coli (ETEC) gay bénh di chay ¢ lon con va
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mot vai trudng hop & ngudi (E. coli type huyét thanh O 157). Céc vi khuan
nay bam chat vao rudt ctia vat chu qua fimbrae lién két bé mat dé tiét doc td
6n nhiét (ST-toxin) va khong 6n nhiét (LT-toxin). Fimbrae & khang nguyén
manh va cc vaccine dau tién chéng ETEC gdm c6 cac t& bao hoan chinh
hodc céc dich chiét vo bao duoc lam giau dé chéng lai fimbrae. Cac vaccine
duoc bao ché tir cac chung ETEC d4 sinh ra cac phan tng bat loi dang ké do
cac nong do6 cao cua lipopolysaccharide va cac khang nguyén v trén bé mit
ctia ching ETEC hoang dai. Chung vi khuan E. coli K12 giy ra phan tng
bat loi it hon nhiéu va dugc dung nhu 13 mot vat chi dé xay dung plasmid
vector biéu hién mot hodc nhiéu loai khang nguyén khac nhau cua fimbrae.
Tuy nhién, dé san xudt mot vaccine co pham vi bao vé rong thi can dua vao
cac thanh phan khang doc t6. Cac plasmid vector duoc xdy dung bang cach
str dung promoter manh ctia prokaryote biéu hién cao LT toxin B subunit.

4. C&c huedng tiép cdn khdc trong san xudt vaccine
4.1. Céc DNA vaccine (mién dich di truyén)

Mot diéu kha ngac nhién 1a cac plasmid mang cdc gen dac hiéu cho
mét hodc nhiéu protein khang nguyén co thé duoc dung dé tao mién dich
(chung ngira). Cac plasmid dugc phan phdi bang cach tiém (thuong vao co)
dua gen tryc tiép vao trong mot s6 té bao va duoc hép thu boi cac té bao lan
can noi kim tiém dugc dua vao. Ngoai ra, plasmid ciing ¢ thé duge phan
phdi bang sung ban gen (cac vién dan vang duoc boc DNA cua plasmid)
bang cach ddy cac plasmid vao trong céc té bao gan bé mit co thé, ddc trung
cho loai nay 1a t6 chirc da hoic mang nhiy. Mot khi vao bén trong té bao,
mot vai plasmid tai to hop sé di vao nhan va do gen duogc diéu hoa boi mot
promoter manh cia eukaryote, cac té bao s& tong hop cac khang nguyén
dugc ma hoa boi plasmid.

= T6i wu cac dap wng mién dich

Cac dap tmg ddi v6i DNA vaccine thuong can mot luong nhat dinh
ctia plasmid DNA (>50 pg trén mot lan tiém) va hiéu qua mién dich khong
bang tiém chung ty nhién véi tic nhan giy bénh hodc dugc kich thich boi
cac vaccine séng nhuoc doc. Tuy nhién, cac dap tng mién dich c6 thé dugc
cai thién bang cac phuong phap khac, chang han ding siing ban gen dé dua
DNA vao té bao.
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Phan tg mién dich d6i v6i khang nguyén bi anh huong boi DNA ctia
plasmid mang gen. Do DNA cua plasmid (c6 ngudn gbc tir vi khudn) co ty
1¢ CG 16n hon so v6i DNA trong dong vat co xuong séng, hon nita cac don
vi CG trong plasmid cta vi khuén c¢6 xu huéng khong methyl hoa (khong
gian cac nhém methyl) trong khi & dong vat chiing thuong dugc methyl hoa.
Viéc tang sé luong cac chudi kich thich mién dich trong plasmid c6 thé s&
khuéch dai t6t kha ning sinh mién dich cia cac khang nguyén duoc mi hoa
trong DNA vaccine.

4.2. Cac peptide vaccine

Trong nhitng nim gan ddy, ngudi ta c6 thé phan lap céc té bao nhanh
(dendritic cells) tir tiy xuong hodc mau ngoai bién cia ngudi bénh va nuoi
cdy chung trong diéu kién in vitro. Céc té bao nay sau d6 dugc nhdi peptide
(hoic mot ngudn khang nguyén khac) va dua trd lai vao trong ngudi bénh.
Cac té bao hién dién khang nguyén chuyén nghiép nay sau d6 s& tao ra mot
dap tmg mién dich hiéu qua ma khong thé tao ra bang cach khac. Liéu phap
mién dich nay duoc tap trung nghién ctru dé diéu tri ung thu va c6 thé lién
quan v6éi mot vai loai tic nhan giy nhiém. Han ché chinh cta hudng k¥
thudt cao nay la can phai dic biét kién nhan va vi thé rat dit tién.

4.3. Khang céc kiéu gen ca thé (anti-idiotypes)

Anti-idiotype (anti-Id) ciing c6 thé tao ra cac vaccine hiéu qua, vi cac
khang thé ty ching ciing hoat dong nhu 1a cac chat khang nguyén
(immunogens). Mot dap mg mién dich ting 1én chong lai vi tri lién két
khang nguyén don nhét (unique antigen combining site) clia mot khang thé
dugc goi 1a mot phan tmg anti-idiotype va c6 thé tuong dong cau triic véi
khang nguyén goc dau tién. Khi hién twong nay xuét hién thi khang thé anti-
idiotype (don dong hodc da dong) c6 thé gdy ra mot dap ung khang thé nhan
dang khang nguyén gbc va do d6 hoat dong nhu mot vaccine. Cac anti-
idiotype cho thidy mot kha ning bao vé trong cac hé théng dong vat mo hinh
khac nhau. Thi du dién hinh vé tiém ning ctia huéng nay 1a viéc bao vé con
tinh tinh khoi bénh phdi hop HBV (HBV-associated disease) boi mién dich
trudc d6 vai anti-1d.
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I11. Khang thé don dong

Cong nghé san xuit khang thé don dong duya trén nguyén 1y sir dung té
bao lai (giita té bao ung thu myeloma véi té bao lympho B cta hé mién dich
& dong vat hodc nguoi) dé san xuét khang thé. Khang thé don dong co rit
nhiéu mg dung quan trong trong y hoc: phat hién khang nguyén, tc ché
phan tmg dao thai khi ghép co quan, chin doan sy hinh thanh khéi u, dinh
huéng thude chita bénh bang khang thé don dong, sir dung khang thé don
dong dé tinh sach protein...

1. San xudt hybridoma bang cach dung hop té bao sinh dwéng

Trude day, ngudi ta ciing tao ra khang thé bang k¥ thuat nudi ciy té
bao, nhung theo phuong phap nay, ngudi ta phai dinh ky 1am lai sau mdi lan
thu dugc khang thé, vi & diéu kién nudi cdy trong 6ng nghiém, cac té bao
thudng chi tién hanh mot s6 1an phan bao nhét dinh rdi bi hay.

Trong cong nghé sinh hoc, k¥ thuat t& bao lai hybridoma (lai giira té
bao myeloma véi t& bao lympho B) d3 m¢d ra mot phuong thirc méi trong
mién dich hoc, dé san xuat vaccine hang loat. Nguoi ta da tao ra mot loai té
bao lai c6 thé phan bao lién tuc trong diéu kién nudi ciy, dong thoi lai co
kha ning san sinh ra khang thé, tir d6 khang thé dugc san xuét ra v6i khoi
lugng rat 16n. Té bao ung thu c¢6 dic diém rat quan trong 1a loai té bao ¢
tiém nang phan chia lién tuc (di can). Kha ning sinh san lau dai va phan bao
lién tuc cta té bao ung thu nudi cay c6 lién quan véi kha nang tang sinh ciia
cac té bao ung thu trong co thé séng. Nguoi ta chon mot loai té bao c6 kha
nang sinh ra khang thé, hién nay dang sir dung té bao lach ctia chudt nhat da
dugc mién dich chéng mot loai khang nguyén nhét dinh. Tién hanh lai giita
té bao lach chudt nhit véi té bao ung thu cua tay xwong. Té bao lai dem
nudi cdy, phan chia lién tuc, san sinh ra mot lugng rat 16n khang thé. Khang
thé nay ddc trung cho mot dong té bao, nén dugc goi la khang thé don dong.
Qua trinh trén chinh 13 hién tuong lai té bao, tirc 1a kha ning dung hop gitta
mot loai té bao c6 kha ning tai ban, sinh san phat trién khong ngimg véi mot
loai té bao co chirc ning tao ra khang thé (Hinh 8.2).
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Hinh 8.2. So' @6 san xuat khang thé don dong

2. San xudt khdng thé don dong bang céng nghé DNA tdi té hop
2.1 . Phan lap cac gen immunoglobulin

Nho k¥ thuat PCR van dé tré nén twong ddi don gian khi phan lap va
tao dong cac gen immunoglobulin tir cac t& bao B (thuan thuc hodc chua
thuan thuc) va cac té bao hybridoma bang céc cap primer dic hiéu. Nguyén
liéu khoi dau thuong 18 mRNA hon 1a DNA, vi mRNA chi chira cac exon
ma hoéa, cac intron bi cit bo (spliced out) trong sudt qua trinh phién ma. Hau
hét sy quan tAm déu tap trung vao viéc phan lap va tao dong cac ving
immunoglobulin ¢6 thé thay doi (immunoglobulin variable regions) cua
chudi ning (Vy) va chudi nhe (V.) chtta cic ving bd trg xac dinh
(complementarity determining regions-CDRs) can thiét trong lién két khang
nguyén. Bang cach lién két cac san pham cua cac gen Vi va V_ cic doan
chudi don c6 thé thay d6i (scFV) s& dugc tao ra, cac san pham protein ctia
ching c¢6 du kha nang dé lién két v6i khang nguyén. Cac ciu triic scFV nay
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c¢6 thé dugce dua vao trong cac phagemid vector dé thé hién ¢ bé mit cac
bacteriophage dang soi két doi vi mot protein vo khong quan trong hién
dién & mot dau cua phage. Cac thu vién gen khang thé ctia nguoi da duoc
xdy dung theo phuong thirc niy tir cic gen dugc phan lap cua cac té bao B
trong mau ngoai vi ctia ca nhitng ngudi bi nhiém HIV va nhitng ngudi manh
khoe.

2.2. Biéu hién scFV trén bé mat bacteriophage

Céc thu vién ctia phage trong E. coli TG1 duoc sinh trudng trong moi
truong chira glucose va helper phage (vi du M13K0O7) duoc bd sung dé gay
nhiém 1an tht hai (superinfect) cac vi khudn. Cac t& bao bi gdy nhiém lan
hai sau d6 dugc ly tdm nhanh va cho sinh trudng qua dém trén moi truong
khong co glucose nhung co bd sung ampicillin va kanamycin, trudc tién
cam Ung gdy dong goi phagemid biéu hién scFV phdi hop véi protein cia
gen III va sau d6 tao thanh phage. Cac vi khuan nguyén ven dugc tao tiéu
thé bang ly tim va phage dugc két tia tir cac thé ndi voi PEG. Cac budc nay
cho phép tinh sach va c6 dic phage thanh stock dé dung trong chon loc theo
vong tron trén khang nguyén

3. Khéng thé don dong trong nghién ciru Sinh-Y

Céc khang thé don dong la nhiing tac nhan phan tmg can thiét dé
phan lap, nhan dién va xéac dinh vi tri cua cac san ph'flm dac trung cua gen
trong té bao va dé trg giup trong viéc xac dinh ciu triic dai phan tir cua
ching. Noi chung, kho co thé thao luan chi tiét vé nhidu ung dung cua
khang thé don dong trong nghién ctru co ban. Thay vao d6, ching ta tap
trung chinh vé cac (mg dung trong chan doan va diéu tri.

- Cac khang thé don dong dua theo cac chi thi té bao chit va bé mat té
bao c6 mdt anh hudng khong chi trong nghién clru co ban ma con cho phép
phat trién céc phuong thirc trong diéu tri. Chéng han, sy biéu hién du thira
ctia thy thé ddi voi nhan t6 sinh trudong biéu moé (EGF) va cac thy thé lién
quan, mot san phém cua proto-oncogene c-erbB-1, dugc tim théy 1a chi thi
ctia su tién luong nghéo nan trong cac bénh nhan mang ung thu biéu mo té
bao vay hoac u tuyén. Ciling nhu vay, nhiéu chét chi thi bé mit cua té bao
duoc phat hi¢én trén leukocyte duge su dung dé nhan dang céc u ac tinh va
quyét dinh phuong phép diéu tri.
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- Phan tich mién dich bang phuong phap RIA va ELISA, dya trén
nguyén tic dung khang thé don dong dé phat hién khang nguyén tuong tng
ctia nd trong cac mau phan tich nho phan Gmg gin rét dic hiéu cua khang thé
don dong véi khang nguyén.

- Ut ché thai loai khi ghép co quan bang cach st dung khang thé don
dong chdng khang nguyén dic hiéu cua té bao lympho T, nhim loai bd phan
ung thai loai khi ghép céc co quan ctia ngudi voi nhau.

- Chan doan hinh thanh khéi u, khi ¢ su hinh thanh khéi u trong mau
s& xuat hién mot s tac nhan danh diu. Do d6, co6 thé su dung cac phuong
phap phan tich mién dich dé phat hién cac tic nhan trén trong mau hoic trén
khéi u.

- Pinh hudng thudc chita bénh, loi dung kha ning cac phan tir khang
thé gén rat dic hiéu véi té bao & vi tri xac dinh nao d6 caa co thé (trong do
c¢6 té bao ung thu) dé dinh hudng thudc chira bénh hodc doc chat t6i truc
tiép khoi u hodc noi can chita trj nhu vy s& ting hiéu qua chita trj 1én nhiéu
lan.

4. Khing thé don dong trong chdn doén va diéu tri bénh

Khang thé don dong c6 cong dung dic biét quan trong, duoc st dung
dé chan doan bénh truyén nhiém, bénh di truyén, di tng, roi loan mién dich.
Dung khang thé don dong 1a phuong tién rat nhay va don gian dé chan doan
c6 thai, cac bénh lao, phong...

Khang thé don dong cling dugc st dung dé chéng thu thai, lam triét
sinh & gia suc. Khang thé don dong con dugc dung dé chan doan di cin ung
thu néu c6 gan thém dong vi phong xa.

Phuong phap st dung khang thé don dong da nhanh chong thay thé
cac phuong phap mién dich hoc va huyét thanh hoc truyén thong trong cac
xét nghiém, nhu:

- X4c dinh luong hormone dé danh gia chirc ning noi tiét.

- Phat hién mot s protein c6 ¥ nghia dé chan doan khéi u.

- X4c dinh vi khuan va virus gy bénh.

- Phéat hién trong méu cac cau thu, cac chét kich thich bi cAm st dung,
kiém tra ndng do thudc trong mau va cac t6 chirc co thé nham bao dam licu
thudc dung khong qua ngudng gy doc.
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Khang thé don dong con dugc ding dé e ché phan ung dao thai khi
ciy ghép co quan (ghép than, truyén tiy...). Gan ddy nhat, khang thé don
dong con duoc dung dé phat hién bénh AIDS (hdi ching suy giam mién
dich).

Ngudi ta da thanh cong khi tiém khang thé don dong cho bo cai, ciru
cai, va da ciru dugc hang tri¢u sic vat so sinh khoi chét do vi khuin
Colibacillus enteritis.

IV. Liéu phap gen

D6i v6i loai bénh di truyén, bénh do dot bién gen nguoi ta phai can
dén su can thiép cua liéu phap gen, mot hudng chita bénh gin lién véi cac
ky thuat tién tién trong linh vuc cong nghé sinh hoc hién dai nhu céc vi thao
tac gen, stra doi thay thé gen...

Liéu phap gen (gene therapy) thuc chat 1a phuong phap chita bénh
bang gen. C6 nhiéu khai niém khac nhau vé liéu phap gen, nhung cach hiéu
chung nhit 1a tap hop céac bién phap dé st dung cac gen can thiét (con goi la
gen trj liéu) nham muc dich chira bénh cho con ngudi (Hinh 8.3).

Trong do, gen tri li¢u co thé 1a:

- Cac gen hoat dong binh thwong (gen lanh) c6 thé dua vao té bao
dé thay thé gen hong, gen mat chirc ning, khoi phuc hoat dong binh thuong
ctia té bao va sy sdng cua co thé.

- La nhirng gen c6 kha ning ma héa mét protein dac hiéu khi dua
vao té bao séng ¢ thé tao nén cac loai protein ddc hi¢u. Cac protein dac
hiéu c6 thé e ché hoat dong ctia mgt gen khéc trong té bao, kim ham kha
nang phan chia cua té bao hodc gay chét cac té bao bi bénh.

- Nhitng gen khi dwa vao té bao hoat dong dong thoi véi cac gen
bénh (gen bi dot bién trong té bao) 1am han ché tac dong ciia gen bénh hoic
hd trg, bu dap cho cac gen bi hong.

- Gen liéu phap con 1a cic gen bat hoat duoc dua vio té bao thay thé
cho mot gen lanh nao d6, nhim han ché san pham khong can thiét ciia gen
lanh hodc tao ra cho té bao mot trang thai mai, c6 tac dung chéng lai bénh
tat.

- Gen tri liéu c6 thé 1a nhitng doan oligonucleotide co tic dung kim
ham hoat ddng ctia gen bi hong, bi dot bién trong té bao.
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Hinh 8.3. M6 hinh chung cia li€u phap gen

1. Cdc logi liéu phap gen
Liéu phap gen duoc chia [am hai nhém phuong phép co ban 1a li¢u
phép gen soma va liéu phap gen giao tir (con goi 1a liéu phap té bao mam).

1.1. Li€u phap soma (somatic gene therapy)

La phuong phap diéu tri thay thé hodc sita chira gen hong, gen bénh
clia cac t& bao soma trong co thé ngudi bénh, gitip ngudi bénh co thé co
cudc séng binh thudng. Liéu phap gen soma co thé st dung mot sb loai té
bao nhu: t& bao lympho (lymphocyte), nguyén bao soi (fibroblast), té bao
gbc (stem cells), t& bao gan (hepatocyte), té bao biéu bi (keratinocyte)...
Li€u phap gen soma dén nay da chira va diéu tri khoi hodc han ché biéu hién
cho mot s6 kha 16n nguoi bénh mang cic bénh hiém nghéo nhu: thiéu hut
mién dich phéi hop tram trong (SCID), ung thu, thiéu mau hong cau liém,
X0 nang...

1.2. Liéu phap gen té bao mam (germline gene therapy)
La phuong phap diéu tri, stra chita hodc thay thé gen hong cho cac
giao tir (tinh tring hodc té bao trimg) nham tao ra thé hé sau binh thudng.
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Li¢u phép gen t€ bao mam hi¢n nay con la van dé¢ dang dugc tranh luan ¢
nhi€u nudc trén thé gidi chu yéu vi ly do dao duc va nhan dao, chang han
van dé nhan ban nguoi.

2. Cac ung dung cua liéu phap gen trong chita bénh
2.1. Bénh thiéu hut mién dich phdi hop trdm trong (severe combined
immuno deficiency-SCID)

Bénh SCID la bénh thiéu hyut mién dich phdi hop trim trong ¢ ngudi,
giy giam sat sirc khoe hodc c6 thé giy chét do d& bi mic cac bénh truyén
nhiém khéc. Bénh SCID do rdi loan di truyén, gy mat chirc ning té bao
mién dich lympho T, lympho B, té bao NK (té bao giét tu nhién, natural
Killer cell)... C6 nhiéu biéu hién bénh SCID khac nhau, tiy theo muc do sai
hong cua cac gen (defective gene), dan dén rdi loan chirc ning cua cac loai
té bao lympho gy thiéu hut mién dich & co thé nguoi. Bénh SCID ¢ ngudi
dugc chia 1am hai nhém: bénh SCID lién két nhiém sac thé gidi tinh X (X-
SCID, chang han: sai hong gen ¥ ¢ nam & locus 13.1 trén canh dai cia
nhiém sic thé gidi tinh X ctia ngudi) va bénh SCID do sai hong cac gen
(ADA, PNP, CD3 va ZAP 70...) nam trén nhiém séc thé thuong.

2.1.1. Liéu phap gen chita bénh ADA-SCID

Gen mi hoa enzyme adenosine deaminase bi hong, dan dén réi loan
chirc nang cua cac lympho T va B gy bénh ADA-SCID. Liéu phap gen
ex vivo gébm c6 bdn bude co ban sau:

- Lay cac té bao lympho T tir mau ciia bénh nhan ADA-SCID.

- Thiét ké vector liéu phap retrovirus mang gen ADA binh thuong.

- Tron vector lidu phap véi té bao lympho T dé thuc hién qua trinh
chuyén gen vao té bao lympho T.

- Pua céc té bao lympho T mang gen lidu phap tro lai co thé ngudi bénh.

Két qua sau khi diéu tri liéu phap gen tir 5-6 thang s té bao mién dich
lympho T tang dan lén, sau hai ndm kha ndng mien dich cua bénh nhan
duoc phuc hoi.

2.1.2. Liéu phap gen chita bénh X-SCID
Liéu phap gen diéu tri loai bénh nay dugc thyc hién bang phuong
phap ex vivo dé ghép té bao tiy xwong. Té bao tiy xuong cta bénh nhan
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duoc léy ra két hop xa tri, sau d6 chon lgc nhiing té bao khoe dé chuyén gen
¢ binh thudng nho retroviral vector. Két qua sau khi diéu tri tir 3-13 thang
thi 10/11 bénh nhi da khoi phuc dugc cac té bao lympho T, B va NK, kha
ning mién dich tang 1én rat dang ké.

Liéu phap gen SCID di thanh cong & Y, Israel, Anh, Phap va My.

2.2. Bénh ung thu

Bénh ung thu cho dén nay van duoc coi 1a mét trong nhitng bénh nan
y, lam giam sut suc khde con nguoi, va la loai bénh c6 ty 1¢ gdy tir vong
cao. Ung thu 13 sy phat trién khong binh thudng cua té bao, do sai 1éch hoic
d6t bién mot hoic mot sd gen trong té bao. Cac té bao ung thu co qua trinh
phan chia vo td chirc, khong chiu sy kiém soét cta su chét theo chuong trinh
(apoptosis), tao nén cac dang khdi u. C6 hai nhom nguyén nhan cha yéu giy
ung thu 1a: do té bao va co thé bi nhiém virus gy ung thu va dot bién gen
do anh huéng ciia cic tic nhan vat 1y va hoa hoc (tia UV, chat giy phong
xa, khoi thudc 14, chat doc hoa hoc...).

Diéu trji ung thu c¢6 thé thyuc hién bang xa tri, héa chat, cac dang doc to
mién dich hodc liéu phap gen. Trong diéu tri ung thu nhiéu cytokine dugc
cha y va thir nghiém, trong d6 interleukin 2 (IL-2) ¢6 hiéu qua diéu tri ung
thu cao, thoi gian diéu tri ngan, it gdy cac tac dung phu nhu diéu tri bang
hoa chit va xa tri. Liéu phap gen (in vivo va ex vivo) 1a mét trong nhitng
phuong phap méi diéu tri ung thu c6 hiéu qua. Bang ky thuat vi tiém, nguoi
ta dua thang vao gitta khéi u cac vector mang gen tri liéu tuong Gng, dé tic
ché hodc tiéu diét cac té bao ung thu.

Trong liéu phap gen diéu tri ung thu ngudi ta st dung nhiéu loai
vector liéu phap khac nhu retrovirus, adenovirus va plasmid.

Liéu phap gen diéu tri ung thu bang cach tac dong truc tiép vao khdi
u, c6 thé duoc thuc hién theo nhiéu phuong thirc khac nhau:

- Uc ché phat trién cta khdi u bang cach thyc hién cac lidu phép ex
vivo hodc in vivo voi cac viral vector mang cac gen li¢u phap nhu p53,
PRb...

- Kich hoat té bao chét theo chuong trinh bang cach: sir dung cac gen
liéu phap Bax ting cuong giy kich hoat chét theo chuwong trinh, hodc sir
dung gen Bcl-2 dé ngin chin cac phan ing chdng apoptosis (anti-apoptosis).

Nhdp mon Cong nghé sinh hoc 287



Trudng hop apoptosis cac té bao co lai, tach khoi cac té bao xung quanh,
cac gen ced (gen tu sat-suicide gene) duoc hoat hoa 1am cho té bao teo dan
10i chét.

- Thyc hién céc liéu phép thay gen nhdm phuc hdi cac protein bi hong,
phuc hdi kha niang mién dich cua té bao.

- Str dung liéu phap antisense dé kim hdm hoat dong clia cac oncogen,
hoic trc ché tac dung cac san phim ciia oncogen.

- Han ché sy phat trién cua khdi u bang vi tiém cic protein tién
apoptosis (pro-apoptosis protein) nhu cac protein BAX (san pham ciia gen
Bax) hoic interferon (TNF), két hop sir dung xa tri hodc diéu tri hoa chit.

- Sir dung céc gen tu sat ced va cac san pham cua nd dé tiém thang
vao khdi u, chang han tiém ganciclovir-sin pham cua gen ma hoa enzyme
thymidin kinase ¢ tac dung tiéu diét cac té bao ung thu.

- Bién phép tac dong truc tiép vao té bao ung thu bang bao vy thanh
mach (anti-angiogenic). Pay 13 bién phap chin mbi lién hé vé mit dinh
dudng cua té bao ung thu, 1am cho té bao ung thu thiéu dinh dudng va chét
dan dan. Hién nay, da phat hién hon 40 hop chat ty nhién c6 chirc ning nay
nhu: endostatin, angiostatin...

2.3. Bénh thiéu mau hong cau liém

Bénh thiéu mau hong ciu liém SCA (sickle cell anemia) (Hinh 8.4) 1a
bénh do dot bién gen B globin lam thay ddi chirc niang phan tir protein, xuat
hién hemoglobin S. Khi cac phan tir hemoglobin S trao ddi oxygen véi cac
té bao, co thé lién két voi nhau tao cac cau tric hinh que, lam cho hong cau
bién dang thanh hinh liém. Hong ciu liém khong c6 hinh 16m hai mat nhu
héng cau binh thuong, do tron kém khong chui qua dugc cdc mao mach,
thuong xép lai thanh dam gay tic mao mach gdy can tr¢ qua trinh luu thong
clia mau. Sau mot thoi gian so lugng té bao hong cau binh thuong giam dén,
do cac té bao hong cau moi sinh ra khong bu dép kip sé té bao hong cau
chét di, trong mau thiéu mot luong hong cau ngay cang 16n, goi 1a bénh
thiéu méau hong cau liém.
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Té bao héng cau
binh thuwong

Té bao hdng cau liém

Hinh 8.4. Té bao hong cau binh thuong va té bao hong cau liém

Céc nghién ctru trén ngudi, chudt va cac dong vat co va khac déu xac
dinh 5 nguyén nhan gy bénh thiéu mau hong cau liém do dot bién gen p
globin. Piém dot bién va cac dang dot bién da duoc nghién ctu rit ky. Tuy
nhién, st dung liu phap gen chita bénh SCA & nguoi thu dugce két qua rat
han che.

2.3.1. Vector liéu phap st dung trong diéu tri bénh SCA

Trong cac loai vector li¢u phap, lentivirus vector dugc danh gia 1a loai
vector ¢6 hiéu qua nhét, vi lentivirus giup cho cic gen liéu phap hoa nhap
rat t6t. Tuy nhién, nhiéu loai virus trong ho lentivirus 1a nguyén nhan gay
nhiéu bénh hiém nghéo & ngudi nhu AIDS, lao, ung thu... nén sir dung
lentivirus 1am vector liéu phap con nhiéu han ché. Cac lentivirus cé thé bién
d6i rat manh va nhanh, nén c6 thé gy cac hau qua khong ludng trude cho
co thé nguoi. Vi vay, ngudi ta thudng sir dung cac retrovirus quen thudc dé
thiét ké vector liéu phap nham han ché bét céc rui ro.

2.3.2. Céc budc diéu tri bénh SCA bang lidu phap gen

- Tach té bao tay xuwong cua ngudi bénh va chiéu xa dé chon céc té
bao khoe manh, tron chung vdi retrovirus vector mang gen 3 globin binh
thuong dé tao cac té bao tily xwong téi t hop.
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- Xa tri va diéu tri hoa dugc dé tiéu diét bot cac té bao tiy xuong
mang gen dot bién.

- Chuyén cac té bao tuy xwong mang gen B globin binh thuong vao
bénh nhan. Sau mot thoi gian cac té bao ndy sinh truong va bénh thiéu mau
giam dan.

- Do luong té bao mang gen dot bién (B° globin) van tiép tuc duoc
hinh thanh trong co thé ngudi bénh, nén sau mdt thoi gian nhét dinh murc d6
bénh thiéu mau lai ting 1én, do d6 phai lap lai cac bude diéu tri gy nhiéu
t6n kém.

Hién nay, cac thir nghiém liéu phap gen khac nhau trén chudt cho két
qua rat tot. Vi thé, hy vong trong mot twong lai khong xa bénh thiéu mau
hong cau liém & nguoi s& duoc chita khoi bang liéu phap gen.

2.4. Bénh x0 nang

Bénh xo nang (cystic fibrosis-CF) xuét hién do dot bién gen trén
nhiém sic thé thudng, gay rdi loan trong chuyén héa cac ion CI” trong té bao
dan dén chung viém phdi, viém tuy, viém gan... gy giam sat stc khoe, c6
thé dan t6i tir vong do bi suy ho hdp ning. Bénh xo nang 1a mot bénh di
truyén, co ty 1& méc bénh 1a 1/2.500 nguoi. Bénh xo nang do mdt loai
protein mang (CFTR) bi mat chirc ning, khong c6 kha niang dua cac ion CI°
thira ra khoi té bao, 1am mét can bang giita nudc va mubi trong té bio. Bénh
xo nang thuong hinh thanh mét 16p dich nhdy giy rdi loan chirc ning
protein mang, 16p dich nhay ngay cang dic & cac mo té bao bi bénh CF, gay
ra cac chimg bénh vé phoi, gan, tuy va ruot...

Diéu tri bénh xo nang & ngudi bang liéu phap gen da thu duoc nhitng
két qua twong ddi tét. Cac xu hudng sir dung liéu phap gen hién nay bao
gom:

- Sur dung vector li¢u phap mang gen tri liéu cDNA (do kich thude gen
CF rét 16n nén chi tong hop cDNA tir mRNA ma hoa protein CFTR va mot
sO trinh ty ddc hiéu) 1am cho gen liéu phap gin v6i nhiém sic thé & nhiing
diém dc hiéu.

- Thyc hién phuong thtc stra chita gen bing vector mang céc
oligonucleotide dé stra chita dot bién trén gen CF.
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- St dung k¥ thuat episomal, nghia 1a chuyén cac doan cDNA can
thiét vao té bao, sao cho cDNA vao nhan dinh véi hé gen 0 mot diém nao d6
va ton tai nhu mot don vi doc lap trong té bao.

2.5. Bénh HIV/AIDS

Bénh AIDS (acquired immuno deficiency syndrome) 1a hdi ching suy
giam mién dich mic phai do nhiém virus HIV (human immuno-deficiency
virus), lam mat sirc d& khang cua co thé véi cac tac nhan giy bénh, co thé
dan t6i ung thu hodc tir vong.

- Céc xu hwéong diéu tri nhiém HIV/AIDS biang liéu phap gen.
Trong nhiéu nam qua, nhiéu loai khang sinh va biét dugc (starudine,
lamirudine, nerirapine, azathioprine, antiretrovir...) dugc nghién ctru va thir
nghiém trong diéu tri chéng nhiém HIV/AIDS, di c6 nhiing két qua tot gop
phan kéo dai cudc song cho nhiéu bénh nhan AIDS. Tuy nhién, trong nhiéu
truong hop nhiém HIV diéu tri béng cac loai thude trén khong c6 hiéu luc
do mét s6 chiing HIV c6 thé d c6 dot bién thich ung véi thudc.

Pé han ché nhiém HIV va dai dich AIDS, trong nhitng nim gan day
mot hudng méi trong diéu tri AIDS duge chii y nghién ciru va thir nghiém 1a
liéu phép gen:

+ St dung vector li¢u phap dé chuyén cac gen tri liéu vao té bao nham
han ché kha ning xdm nhiém va tai ban ctia ciia HIV. Trong truong hop nay
nguoi ta st dung ca hai loai vector: viral virus (adenovirus, AAV va HIV-
1), non-viral virus (oligonucleotide, polycation, liposome...).

+ Kich hoat hé théng gen cua té bao, ting cuong mién dich chong su
phat trién cia HIV/AIDS.

+ Str dung cac gen tu sat ced da bién ddi, lam cho té bao bi chét khi co
HIV xam nhidém. Khi HIV m&i xdm nhiém té bao, bang liéu phap dua cac
gen tu sat (ced) thymidin kinase (tk) phéi hop sir dung thude chdng virus
ganciclovir (GCV), tao thanh phuc hop ganciclovir-phosphate. Ganciclovir-
phosphate trc ché hoat dong ciia enzyme DNA polymerase, lam cho quéa
trinh tai ban gen cua té bao bi ngung, sy phan chia té bao bi gian doan, té
bao co lai va chét dan. Té bao nhiém HIV bi chét, s& han ché kha ning lay
lan cta HIV trong co thé.
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+ Tao cac DNA vaccine phong chéng nhiém HIV. DNA vaccine dugc
xem 1a mot chién lugc hiéu qua cua liéu phap gen phong chdng HIV/AIDS.
DNA vaccine HIV-1 da va dang duoc thir nghiém trén chudt cé hiéu qua.
Hién nay, Trung Qudc vira bt dau thir nghiém DNA vaccine phong chéng
HIV/AIDS trén nguoi, hy vong s€ c6 nhitng thanh cong quy gia.

V. Protein tri liéu

Nhiéu chét ¢6 hoat tinh sinh hoc dung 1am duoc phém duoc tao thanh
trong qué trinh nudi ciy té bao dong-thyc vat nguyén ven trong hé 1én men
(fermenter/bioreactor). Chang han: tong hop interferon trong qué trinh nudi
ciy té bao nguyén bao bach huyét (lymphoblast); k¥ thuat tao khang nguyén
lam nguyén liéu dé san xut vaccine va tao khang thé don dong; san xuét
hormone... Tét ca ching déu 1a nhimg san pham y hoc cao cdp va ¢ twong
lai rat 16m.

1. San xudt hormone
1.1. Hormone sinh trudng ngudi (human growth hormone-HGH)

Hormone sinh trudng nguoi 1a protein chira khoang 191 amino acid,
thiéu no co thé ngudi s& bi lin. Trude ddy hormone phat trién dugc tach tir
tuyén yén ctia ngudi chét. Hién nay, hormone phét trién dugc san xuit bang
cong nghé DNA tai t6 hop thong qua E. coli (ca insulin va hormone sinh
truong nguoi 1a cac protein twong dbi don gian vi khong bi glycosyl hoa va
hodc bién d6i nhiéu sau dich ma, nén c6 thé dung E. coli 1am té bao vat chu
dugce san xuat chung). Hormone sinh truéng ngudi tai t6 hop khac voi
hormone sinh truong nguoi binh thuong mdt amino acid do 1a do E. coli
khong c6 kha ning loai bo gdc methionine khoi dau, théng thudng amino
acid nay chi bi loai sau khi dich ma trong té bao ngudi.

Hormone sinh truong nguoi 1a mot trong nhitng protein dugc san
xuit bang cong nghé DNA tai to hop sém nhit. Trudc ddy, mubn co ché
phim ndy nguoi ta phai tach chiét tir tuyén yén ciia ngudi chét. Mdi tir thi
cho khoang 4-6 mg HGH va mudn chira khoi cho mot ngudi lun phai can
lugng HGH thu dugc tir 100-150 tir thi. Diéu nay cho thiy mét trd ngai rat
16n khi chira tri ching lin cho tré em. Bang cong nghé¢ DNA tai to hop,
ngudi ta c6 thé thu nhan mot lugng 16n HGH tir vi khuan E. coli da tai to
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hop (1 lit dich 1én men cua E. coli thu dugc mét lwong HGH tuong duong
voi luong thu dugce tir 60 tr thi).

1.2. Somatostatin

Somatostatin 1a loai hormone dic biét, thuong duoc téng hop trong
ndo dong vat va ngudi véi mot ham luong vo cung thip. Somatostatin c6 vai
tro diéu hoa hormone sinh truong va insulin di vao mau, kiém tra su téng
hop hai loai hormone nay. Quy trinh san xuét loai san pham sinh hoc dic
biét quy ndy ciing bao gdm cac bude chi yéu sau day:

- Phan 1ap gen mé hoa somatostatin hodc tong hop trong éng nghiém.

- Tao dong gen somatostain bang cach gan gen nay vao plasmid vector
dé chuyén gen vao E. coli. Mdi mé 7,5 L vi khuan E. coli nudi cdy s& cho ra
5 mg somatostatin nguyén chat. Khdi lwong hormone nay truéc diy mudn
c6 phai tién hanh ca nam trén nguyén liéu 1iy tir nira triéu ndo ciru.

2. San xudt enzyme

Trong mot twong lai gan enzyme s& duoc sir dung rat rong rai trong y
hoc dé 1am dau do cho céc thiét bj phan tich y khoa va dé chira bénh. Hién
nay, mat $6 enzyme nhu: glucooxydase, hexokinase, esterase, urease,
cholesteroloxydase, alcoholdehydrogenase... da dugc su dung kha rong rai
trong y hoc. Pién hinh nhit 1a sir dung glucooxydase cb dinh trén bé mit
dién cuc platinum trong thiét bi phan tich ham lugng glucose trong mau.
Trong y hoc, enzyme con dugc st dung dé chita tri mot sd bénh lién quan
dén sy thiéu hut ciia mot s6 enzyme trong co thé ngudi, hoic dung enzyme
dé loai bo nhitng cuc thit, m&d du thira gdy nguy hiém cho mot sd bd phan
ctia co thé ngudi. Vi du ding enzyme streptokinase va urokinase dé 1am tan
méau déng gay tic nghén mach mau.

3. San xudt thuéc nho céng nghé DNA tdi t6 hop

Day 1a cong ngh¢ thay ddi bd méy di truyén ciia té bao bang cach dua
gen ngoai lai vao va bit né hoat dong. C6 nghia la bit nd tao ra mot sd
luong 16n protein hodc peptide can thiét, ma trudc d6 ban than té bao khong
téng hop duogc. C6 thé noi 1a cong nghé niy da tao ra mot bude ngoat 16n
trong linh vyc sinh hoc. Cac san phém do no tao ra da dang va mot sb hién
dang duoc san xudt & muc do cong nghiép.
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3.1. San xuét insulin

Insulin 1 protein chtra 51 amino acid duoc tong hop & tuyén tuy cua
ngudi. Vao dau nhimg nam 80 hing Eli Lilly va Gentech Inc. (M¥) da dua
ra quy trinh san xudt insulin nguoi bang céng nghé DNA tai t6 hop. D6 1a
protein dau tién tao duoc bang cong nghé gen va nhd cong nghé ndy ma
hién nay insulin da dugc san xuét dai tra véi gia thanh ré hon nhiéu so véi
trude kia.

Trong co thé nguoi binh thuong, tuyén tuy tiét ra mot loai hormone c6
chirc ning didu hoa glucose trong mau. Khi nong d6 glucose trong mau 1én
qua ngudng, thi insulin tac dong 1én té bao gan dé ting cuong chuyén hoa
duong glucose thira trong mau thanh glycogen, 1a loai duong dy trit. Truong
hop insulin tong hop ty nhién trong co thé khong du, glucose phai thai ra
qua dudng nudc tiéu, gy nén bénh tiéu duong. Nguoi bi bénh tiéu duong
chi duoc cuu séng néu duge bd sung vao co thé mot lugng insulin nhét
dinh. Trudc kia insulin it va dit, kho dép mg nhu cau cta nhitng nguoi bi
bénh tiéu dudng. Ngay nay, véi cong nghé sinh hoc hién dai, nguoi ta da
khic phuc duoc khé khan nay dé dap ing nhu ciu cho nhimg ngudi bi bénh.

Cong nghé sinh hoc hién dai d san xuét insulin trong vi khuan E. coli
bang cach:

- Tach gen phu trach tong hop insulin trong co thé séng, ¢ thé tir
ngudi hodc tir chudt. Gen insulin ciing c6 thé dugc tong hop nhan tao trong
6ng nghiém.

- Tao dong gen insulin bang cach gin gen insulin vao plasmid vector
sau d6 chuyén plasmid nay vao té bao vi khuan nhan (E. coli) dé san xuét
mot lugng sinh khéi 16n phuc vu cho viéc tach chiét insulin.

3.2. San xuét interferon

Interferon la nhém protein chira khoang 146-166 amino acid, ching
xuat hién trong t& bao dong vat co xwong song khi bi nhiém virus va giup té
bao khang lai virus. Cho dén thoi gian gan day, interferon cha yéu van dugc
san xuét tir t& bao bach ciu hay nguyén bao bach huyét clia ngudi bi nhiém
virus. Tuy nhién, bit dau tir nam 1980 nguoi ta di phan lap duoc cac gen
mi hoa tong hop ba loai interferon trén va xdy dung dugc cong nghé san
xudt interferon tir té bao E. coli va ndm men.
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Interferon 1a loai protein tuong dbi don gian, chiu dugc nhi¢t do téi
65°C, 1a san pham cua té bao sdng, nén ban than nd khong doc. Chuong
trinh sinh tong hop ty nhién interferon duoc mi hoa trong gen, nhung su
téng hop nay chi xdy ra khi c6 virus xam nhap co thé.

Céc thanh tyu cua cong nghé sinh hoc hién dai d3@ mo ra mot cudc
cach mang trong nghién ctru cdu triic va hoat dong cua interferon. C6 ba loai
interferon la a, B va y khac nhau bai s6 amino acid va hoat tinh:

- a-interferon do bach ciu san xuat khi c6 virus xam nhap.

- B-interferon do nguyén bao soi san xuét khi ¢ virus x4m nhap.

- y-interferon do bach ciu san xuat qua phan mg ctia hé mién dich.

V& co ché, interferon khong tac dong truc tiép 1€n virus, ma tac dong
1én té bao, dé cac té bao nay téng hop ra loai protein dac biét, c6 kha nang
kim ham sy phat trién ctia virus xdm nhap co thé. Hién nay, nguoi ta di phat
hién dugc nam loai protein nay. Khi virus xadm nhap d at vao co thé, nhu khi
c6 nan dich virus, thi interferon ty nhién khong du dé chéng lai virus. Trudc
day, nguoi ta phai ding méau dé tach interferon tir bach cau dung trong diéu
trj viém gan do virus, nhung rat dat. Néu tach tir mau ra dé 13y interferon,
thi du c6 tach tir mau toan bo loai ngudi ciing khong du dé chira bénh cho
mot nguoi.

Bing cong nghé sinh hoc hién dai, nguoi ta da tach gen interferon tir
co thé séng, tao dong trong plasmid vector va chuyén gen nay vao vi khuan
E. coli, ¢ vi khuan nay san xuat interferon véi hiéu suét 16n, do d6 thanh
tuu noi trén da trd thanh cudc cach mang vé interferon.

o-interferon hién nay duoc dung c6 hiéu qua nhat, dé diéu tri bénh
viém gan C, nhung con quéa dat. Cing voi viém gan do virus A va B, ngdy
nay viém gan do virus C (tirc viém gan C) dang l1a mdi tai hoa 16n trén thé
gidi. Trong do, & phﬁn 16n bénh nhan bi viém gan C, virus da lam té€ 1iét h¢
thong mién dich, sau d6 c6 thé dan t6i xo gan, va & mot s6 truong hop tro
thanh ung thu gan.

3.3. San xuét interleukin

Twong tu interferon, mot san phiam khac ciing gitup co thé tang kha
nang mién dich 13 interleukin ciing di duoc san xuit theo cong nghé DNA
tai to hop. Interleukin 1a mot lymphokine bao gém interleukin-1 (IL-1) va
interleukin-2 (IL-2), c6 kha ning diéu hoa mién dich va chéng ung thu.
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Hién nay, interleukin va interferon dang dugc thir nghiém cung véi mot )
biét duge khac dé chira trj bénh ung thu va bénh AIDS.

Interleukin-2 (IL-2) 1a mét cytokine quan trong nhat ddi voi sy phat
trién va dap ung mién dich thich tmg. IL-2 ¢ vai trd chinh trong hoat hoa
cac lympho T, vi du cac té bao 4c tinh lympho T d3 boc 16 qua muc cac thy
thé IL-2, nén c6 thé nghi rang IL-2 1a yéu td sinh trudng cia té bao. Nguoc
lai, viéc sir dung tang cuong chirc nang cia IL-2, cling lam tang dap ung
mién dich chéng lai cac khdi u. Liéu phap tiém tryc tiép IL-2 vao mach mau
cling lam ting luong té bao lympho, lam ting té bao NK va lam ting hoat
dong cua cac dang té bao kiéu LAK. Liéu phap nay dang duoc sir dung cho
mot s6 bénh ung thu, nhu ung thu da &c tinh (melanoma) va ung thu biéu
mo than.

VI. Chian do4an bénh dé can thiép som
1. Chan dodn sém gidi tinh cia thai

Nhu chiing ta d3 biét, & sat bén trong mang nhan té bao cta nit c6 mot
thé nhuém mau dam, ma ¢ té bao cia nam khong co. Tir nim 1948, Murray
Barr da phat hién vat thé gidi tinh nay (thé Barr), goi 1a vat thé gidi tinh vi
n6 gitp phan biét nam va ni. O dong vat c6 v cling tuong tu, con cai thi c
con con duc thi khong.

Thé Barr nay co6 ¢ cac loai té bao khac nhau nhu té bao niém mac da,
niém mac am dao, té bao chan toc, té bao cac tuyén... Pén nay, ngudi ta c6
thé dung k¥ thuat choc &i dé xét nghiém thé Barr, chan doan som gidi tinh
va chan doan di hinh, quai thai, d& néu can phai sir dung cic liéu phap can
thi¢p som.

O nhiém sic thé gidi1 tinh cua nir va dong vat c6 va cai c6 XX, & nam
va dong vat c6 va duc co XY. Nhiém séc thé Y vé can ban, rat it gen. Sé
lwong gen lién két gidi tinh chi yéu ndm trong X. Da c6 gen, thi tat yéu co
cac san pham cua gen téng hop. Trong X, ¢6 cc gen téng hop nhiéu loai
protein enzyme nhu glucose-6-phosphatedehydrogenase, y-globulin... Theo
suy luan théng thuong, néu ca hai X & nit hoat dong, sinh tong hop protein,
thi ham luong cac loai enzyme trén & nit s& gap d6i & nam. Tuy nhién, cac
thi nghiém hoa sinh da xac minh ham lugng cac loai enzyme néu trén & nam
va nit déu twong dwong nhau.
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Ung voi hién tuong can bang di truyén néu trén, ngudi ta da khing
dinh thé Barr chinh 1a mot trong hai X cta nf, chuyén sang trang thai di
nhiém sic chit, khong hoat dong di truyén, bat mau dam. O nit va dong vat
6 v cai, hai X ndy c6 ngudn gbc mot tir bd va mot tir me. Trong co thé nit
va dong vat c6 va cai, dong té bao nay thi X tir b khong hoat dong, dong té
bao kia thi X tir me khong hoat dong, hoan toan theo tinh chat ngiu nhién.

Trude ddy, ngudi ta xét nghiém té bao phoi (hop tir) dé phat hién thé
Barr tir 12-14 ngay sau khi thu thai. Gan day, v6i k§ thuat tién tién hon, da
phat hién dugc thé Barr tir ba ngay dau sau thu thai, phoi con mang dic
diém ludng tinh, chua phin rd nam, nit nhung tir ngay thir ba sau thu thai,
d3 c6 thé phan biét gidi tinh thai nho k§ thuat choc 6i.

Trong truong hop c¢6 bénh di truyén do gen trén nhiém sic thé gidi
tinh (chii yéu 1a trén X), véi k¥ thuat choc 6i xét nghiém som té bao phéi
non, str dung phuong phéap chan doan enzyme, ding enzyme han ché, nguoi
ta co thé xac dinh gen dot bién gay bénh. Vi gen bénh nay lién két gi6i tinh
(ném trén X), cho nén ky thuat enzyme han ché c6 thé gitp cho cac ba me
c6 thai c6 phuong hudng quyét dinh, hoac chép nhan liéu phap séy thai,
hodc khong, hy vong vao may rui, vi trong truong hop nay kha nang thai di
hinh, quéi thai c6 thé khong xay ra, ma ciing c6 thé 1a 100%, hodc chi 50%.
Vi du: mot phu n@t binh thuong nhung c6 mang gen mau khong dong ¢ dang
thé di hop, da c6 mdt con trai bi bénh mau khong dong, nay mudn sinh con
tiép. Vi khong c6 k§ thuat chan doan trudc khi sinh dbi véi bénh nay, nguoi
ta phai chap nhan choc i dé chan doan gai, trai. Néu 1a gai, thi yén tim sinh
dé, vi néu chong 1a ngudi binh thuong, thi con gai chi mang gen bénh &
dang thé di hop, va van 1a binh thuong, con néu 1a thai nam, muén thuc sy
yén tam, thi rd rang phai nao thai, nhung theo hudng nay, ciing ¢ thé co
dén 50% truong hop thai nam nao di van 1a thai binh thudng.

2. Chén dodn sém di hinh, qudi thai truée khi sinh

Tién hanh k¥ thuat choc 6i, két hop ddng thoi phan tich mau bd me
bang enzyme han ché, ngudi ta c6 thé chan doan sém trude khi sinh (vi sir
dung enzyme han ché c6 kha niang phan biét duoc gen dot bién véi gen binh
thuong). Cac doan DNA cit ra, duoc phan tich qua phuong phap dién di,
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dem lai v6i cac miu do DNA hoic RNA dd danh ddu phong xa bang **P.
Anh phong xa tu ghi cho ta thiy cic doan DNA duoc lai v6i cac mau do.
Cac doan nay duoc tach ra dé nghién ctu va xac dinh dot bién hay binh
thuong bang enzyme han ché, vi mot sé dot bién di truyén c6 anh hudng dén
cac vi tri danh cho enzyme han ché.

Vi du: bénh thiéu mau hong cau liém 1a do mot dot bién cia gen quy
dinh céu trac cta hemoglobin. Gen dot bién nay dan t&i bién ddi mot amino
acid trong chudi B ctia phan tir hemoglobin, tir glutamic acid & ngudi binh
thuong (Hb™) thay bang valine & ngudi bénh (Hb®). Chau bé bi bénh nay
(Hb®Hb®) chét so sinh, ¢6 thé duoc sinh ra tir bd, me bé ngoai binh thudng,
nhung 13 thé di hop vé gen dot bién (SsxSs). Cip vo chong nay lai tiép tuc
¢6 thai, mudn biét lan nay con sinh ra c6 lai bi bénh khong, nguoi ta dung
ky thuat choc i, xét nghiém té bao thai non. Phan tich mau bd, me br:ing
enzyme han ché dé cit doan, di xac dinh DNA cuaa bd va me, déu c6 mang
ca doan ngén va doan dai trong khi éy DNA cua chau bé so sinh do bi bénh
hong cau liém chi ¢6 doan dai. Ciing bang enzyme han ché, ngudi ta thay
DNA té bao thai non ciing c6 ca doan ngin va doan dai. Két qua nay cho
phép chan doan thai 1dn nay ciing mang gen bénh, nhung bénh khong biéu
hién (khong bi bénh) vi & dang thé di hop nhu bd me.

O ngudi bénh Pao, cip nhidm sic thé 21 c6 dén 3 chiée (khong phai 2
nhu binh thudng), bi di hinh, si ddn bam sinh, lin, c6 ryt, ma phé, khong c6
kha ndng sinh duc. Vo chéng c6 con bi bénh Pao nay lai tiép tuc co thai ¢co
thé nho ky thuat choc 6i, chan doan som trude khi sinh vé kiéu hinh di
truyén té bao, dé biét co nén sinh hay phai ding liéu phap say thai.

3. Chan dodn phat hién cdc tac nhdan gy bénh ngoai lai

Ung dung céc ky thuat sinh hoc phén tir trong linh vyc nay c6 nhiéu
thudn loi hon cac phuong phép cb dién. Thir nhat, c6 thé rut ngin duoc thoi
gian nhd ung dung k¥ thuat PCR, chang han chan doan bénh HIV-1, ding
phuong phap PCR chi mat mot ngay so v6i 3-4 tudn nudi cdy ciia phuong
phap truyén théng. Thir hai, dbi véi cac tic nhan gay bénh kho nudi cy hay
khong thé nudi cdy thi k¥ thuat sinh hoc phan tir 1a giai phap duy nhét,
chéng han Chlamydia, Brucella, viém gan B... Thir ba, viéc tao dong mot
gen dung 1am probe don gian hon viéc san xuat khang thé dac hiéu, hon nira
v6i mot probe nguoi ta c6 thé phat hién tit ca cac kiéu huyét thanh
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(serotype) cua tac nhan gy bénh, diéu ma chi mot khang thé khong thé 1am
duoc. Cubi cung, néu trudce kia phai can dén nhiéu ky thuat (quan sat dudi
kinh hién vi, nudi céy trén mot loat moi trudng, mién dich hoc...) thi hudng
chin doan bang sinh hoc phan tir chi cAn mot ky thuat (lai phan tir hodc
PCR). Ngoai ra, chung ta c6 thé tao dong ngay chinh gen giy bénh dé san
xuat ra mau thtr twong tng.

Déi v6i tac nhan 14 virus, cac ky thuét lai phan tir va PCR da cho phép
chin doan nhiéu nhoém nhu papillomavirus, HBV, HIV. Dic biét phuong
phap lai tai chd con cho phép xéac dinh truc tiép virus trén 14t cét sinh thiét.

Ddi véi cac te nhan vi khuan, di co nhiéu bo kit chan doan sinh hoc
phan tir dugc thuong mai héa cho cac loai: Mycobacterium tuberculosis,
Mycobacterium pneumoniae, Streptococcus pneumoniae, Haemophilus
influenzae, Salmonella, ...

Dbi voi cac tac nhan ky sinh tring, nguoi ta ciing da thanh cong trong
chdn doan Plasmodium, Schistosoma, Trypanosoma, Toxoplasma,
Leishmania bang lai phan tir. Phuong phap PCR con cho phép phat hién tac
nhan ngay trong vét trung gian truyén bénh.

Phuong phéap chan doén bang lai phéan tir va PCR khong chi gi6i han
trong y hoc ma né con dugc ing dung rong ri trong linh vuc thuc vat. Chan
doén cac virus gdy bénh thuc vat c6 y nghia quan trong trong bao vé cay
trong. Vi du: phat hién céc viroid ¢ thuc vat, vi ching khong ¢ vo protein
nén khong thé phat hién bang cac k¥ thuat mién nhiém nhu ELISA.

4. Chan dodn cdc bénh di truyén

Cho dén nay, ngudi ta da biét dugc hang trim bénh di truyén do gen
lan. Cac bénh nay hau nhu chua c6 cach chita tri, hién chi hy vong liéu phap
gen.

Chién lugc hién nay ¢ nhiéu nudc 1a dy phong. Trude kia, viéc phat
hién gen ldn & ca cha 14n me déu di hop tir rat khé thuc hién va chi biét dugc
khi dra tré ra doi. Hudng giai quyét trong cac truong hop nay 1 chan doan
som bénh & thai nhi trong bung me dé cho say thai sém.

Phuong phap PCR di lam ting dang ké hiéu qua chin doan phan tir.
Nho sy khuéch dai nucleic acid khong can tao dong, nén chan doan phan tir
¢ thé thyuc hién tham chi véi mot t& bao thoi.

Corner va cong su (1983) da xay dung phuong phép phan tich c6 hi¢u
qua va truc tiép dé xac dinh dot bién ¢ cac gen hemoglobin o va p. Hai doan
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oligonucleotide (gén 19 nucleotide mdi doan) di duoc téng hop, mot trinh
tu bo sung v6i doan gen cd dau NH, cua B-globin (BA) binh thudng va doan
kia bd sung cho R-globin (BS) bénh héng cau hinh liém. Cac
oligonucleotide dugc danh dau phong xa va sir dung dé phén tich Southern
blot. Trong cac diéu kién thich hop cac mau c6 thé phan biét giira allele binh
thudng va bénh. DNA cua ca thé dong hop tir binh thudng chi lai véi mau
BA va di hop tir lai v6i ca hai mau, ngudi bénh hong cau hinh liém dong
hop tir lai véi mau BS. Cac két qua nay cho thdy cac mau lai oligonucleotide
c¢6 thé phan biét mot bat cip sai ciia doan lai. Phuong phap nay c6 thé ap
dung cho nhiéu chan doan khac nhau, chang han hoi chimg nhiém sic thé X
dé gay (X-Fragile syndrome).

Hién nay, trong y hoc 1am sang nhiéu bénh di truyén va sai hong bam
sinh duoc chan doan & cac ba me mang thai hodc tré so sinh. Tuy nhién, tién
bd k¥ thuat lam nay sinh nhiéu van dé xa hoi lién quan dén dao dic sinh hoc
(bioethics). Vi du: gia s khi phat hién c6 locus tinh duc dong tinh
(homosexuality) thi c6 nén cho sdy thai hay khong?

5. In ddu DNA (DNA fingerprinting)

In ddu DNA dugc sir dung trong phan tich pha hé ¢ chd, méo va trong
lai tao gidng. O ngudi, né duge ding dé xac dinh ngudn gbc va su di cu cia
cac quﬁn thé nguoi cd. Tuy nhién, k¥ thuét ndy con dugc st dung dic biét
nhiéu trong phép y (forensis science). Phuong phap in ddu DNA sir dung
trong xac dinh toi pham co nhiéu vu thé:

- Vét mau, 16ng hay tinh tring trén 4o trude d6 nhiéu nam c6 thé ding
xac dinh nhan than.

- MAu ban vén st dung duoc.

- Tinh dac hiéu cao.

Lan dau tién phuwong phap nay duoc st dung & Anh va dén nay da bat
dau 1ap thu vién in ddu DNA cta nhiéu ngudi. Sau d6, My va nhiéu nudc
phuong Tay khac st dung rong rii. C6 nhidu vi duy rat rd vé tiém ning cia
phuong phéap nay:

Chfmg han, nam 1984 mdt dira bé nguoi Ghana bi tir chdi nhap cu vao
Anh vi nghi n6 khong phai la con, ma l1a chdu mdt ngudi dan ba duge phép
nhap cu. Viéc phan tich protein huyét twong, cic khang nguyén va enzyme
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ctia mau khong xac dinh duoc 1a con hay chau. Sau dé, phuong phép in dau
di truyén duoc thuc hién. Két qua phan tich bang dién di cho thiy trong 61
doan DNA hién du, dira bé c6 25 doan dic hiéu giéng v6i nhitng doan cua
ngudi dan ba. Phan tich in ddu DNA ching minh chéc chin dira bé 1a con
v6i xéc sudt trung hop cac doan DNA rét cao.
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Chuong 9
Cac rng dung trong méi trwré’ng

I. Mé dau

Nhu chung ta biét, méi truong sdng hién dang bi 6 nhiém trim trong,
giai quyét nan chat thai van 13 vin dé hét stc nan giai, dic biét 1a chét thai
cong nghiép anh huong rat 16n dén mai sinh. Ngoai ra, mot khéi lwong 16n
chat thai dan dung, rac thanh phd, phé phim nong nghiép... ciing di va dang
gy 6 nhidm ning né méi trudng sdng. Dan sb cua thé gidi lai khéng nglng
tang, nhu cau tiéu thy hang héa cang 16n, khbi lugng hang hoa phai san xuét
ra ngdy cang nhiéu, vi thé luong rac do san xuat va tiéu thu thai vao moi
truong la khong nho.

Cung v6i sy phat trién ctia khoa hoc-k¥ thuat, loai nguoi dang phai bat
dau tim cach giai quyét van dé bao vé mdi trudng bang nhiéu bién phap
khéc nhau. Trong do, cac bién phap cong nghé sinh hoc ngay cang to ra uu
viét hon so v6i cac bién phap khac. Noi chung, hién nay van dé bao vé moi
truong dugc giai quyét theo ba hudng sau: 1) Phan hay cac doc chat vo co
va hiru co; 2) Phuc hdi cac chu trinh trao ddi chét caa C, N, P va S trong tu
nhién; 3) Thu nhan cac san phém c6 gia tri & dang nhién liéu hoac cac hop
chat hiu co.

Hién tai c6 hai van dé co ban duoc dat ra: 1) Giai quyét tiéu huy mot
khéi lwong khong 16 cac loai chat thai ngdy cang nhiéu ma khong anh hudng
dén moi truong. 2) VO hiéu hda cac loai chéat doc sinh ra trong qué trinh
phan huly cac loai chat thai cong nghiép, dd gy 6 nhiém nghiém trong dat,
nudc, khong khi, va gay nguy hiém dén suc khoe con nguoi va dong vat.

Véi su phat trién ciia cong nghé sinh hoc néi chung va cong nghé
DNA tai t6 hop noi riéng, viéc nghién ctru va tmg dung thanh tyu cong nghé
sinh hoc dé giai quyét van dé moi truong dugc dit ra cép bach va thuc su
dang duoc tng dung ngay cang rong rai.

II. Xt ly nuée thai
Cho dén nay, cac chét thai trong hoat dong séng cua con nguoi déu

dugc xtr Iy mot cach tu nhién nho vi sinh vat. Nhin chung, qué trinh nay bao
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gdm mot sb giai doan sau: 1) Loai bo phan rén, tua va cin. 2) Phan huy cac
chat hitu co tan trong nude nho vi khuan hiéu khi dé tao ra bun non (con goi
1a bun hoat tinh), bun non sau d6 bi loai bé hodc duoc dua vao bé phan tng
dé tai sir dung. 3) Tao taa va tach P va N (giai doan nay c6 khi khong can
thiét). 4) X 1y bun tao ra ¢ giai doan 1 va 2 bang phan hiy yém khi. Qua
trinh nay lam giam thé tich can, sd lugng vi sinh vat gay bénh, lam méat mui
héi va tao ra nhién li€u sinh hoc chira khi methane, con goi 1a biogas.

1. X Iy hiéu khi bang hé thong bun hoat tinh

Cong nghé xtr 1y chit thai bang bun hoat tinh c6 cong suat 16n hon
nhiéu so véi xt ly béng bo loc thim. Tuy nhién, n6 cling c6 mot s6 nhuogc
diém sau: do cuong do sur dung lén hon, nén mirc ti€u thu nang lugng dé
khudy tron khong khi ciing nhu sé luong sinh khéi duge tao ra 16n hon
(Bang 9.1). Cong nghé nay thich hop dé xir Iy nude thai cho cac diém dan
cu dong duc, vi n6 chiém it dién ich hon so véi hé thdng xir Iy theo cong
nghé loc tham.

Bang 9.1. So sanh cac qua trinh xi ly nwéc thii khac nhau

Xir Iy hiéu khi Xir Iy yém khi

Bun hoat tinh MBR UASB
BOD con lai Thap Rét thap Cao
N va P con lai Thap Thap Cao
San xut bun Cao Rét thap Rét thap
Ning luong Cao Cao Thap
Dién tich day Lén R4t nho R4t nho
Do tin cay Phan 16n 1 bin Tho Nbi hat nho

Chu thich:

MBR: bé phan tmg sinh hoc mang (membrane bioreactor)

UASB: bé phan tng kiéu 16p phu bun thai yém khi chay Ién (upflow
anaerobic sludge blanket reactor).
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Thuyec té c6 kha nhiéu hé thong xir 1y theo cong nghé nay. Thiét ké cua
chung khac nhau tiy thudc vao hé sé thong khi va cach thirc cung cap khi
(Hinh 9.1). Bun non trong hé théng xu 1y nay chira nhiéu nuéc hon so véi
bun non trong bo loc thAm, vi vay chura it chung loai vi sinh vat hon. pé qua
trinh xtr 1y dat két qua, viéc xac dinh thanh phan va ndng d6 cac chit trong
nude thai 1a van dé quan trong bac nhét nhim tao diéu kién cho nhiéu nhom
vi sinh vét tham gia qua trinh xtr 1. Céc vi sinh vat quan trong nht 1a nhom
vi khudn ty dudng chit hitu co nhu: Achromobacter, Flavobacterium,
Pseudomonas va Moraxella. Truong hop nuée thai ¢ ham luong chat vo co
cao, thi can sy c6 mit cac loai vi khuin nhu: Thiobacillus, Nitrosomonas,
Nitrobacter va Ferrobacillus, chiu trach nhiém oxy hoa S, NH3 va Fe.

BE thiéu oxygen BE hiéu khi BE ling
Nudc thai | |
I 7 :
L : .
' ; » Chét
: : L CL g - v L long
o A A :
L - ——
| , 1
1 . 1 :
! Khong khi E 5
! 1 E i
P Thumintate > Bun thai
] '
! Thu hdi bun :

Hinh 9.1. So' @6 dong chay ciia bun hoat tinh véi su loai bé N sinh hoc

2. Xut Iy yém khi

Trong qué trinh x{r Iy yém khi chat thai (1én men tao khi methane) c6
ba nhém vi khuan tham gia: 1) Nhém vi khuan chiju trach nhiém thily phan
va 1én men. 2) Nhom vi khuan tao H, va acetic acid. 3) Nhém vi khuén tao
khi methane ty dudng sir dung Hy. Dé nang cao hiéu suit ctia qua trinh 1én
men, hi¢n nay nguoi ta van tiép tuc hoan thién cac loai giéng, ching vi
khuan 1én men yém khi bang bién phap chon loc ty nhién hoic nhd phuong
phap cong nghé DNA tai to hop. Dac biét, vé mit cong nghé nguoi ta can
phai chu y khic phuc cac yéu t6 gi6i han tdc do phan hiy co chat ¢ mit
trong chét thai nhu cellulose, tinh bot... va tde do tao khi methane. Cén luu v

Nhdp mon Cong nghé sinh hoc 304



mot s6 san phém cudi cua qua trinh 1én men nhu H,, CO, va H,S thuong co6
tac dong tic ché nguoc lam giam hoat dong cua vi khuén tao khi methane.

Trong thyc té ¢ rt nhidu kiéu thiét bi 1én men yém khi. Tir nhiing
dang cdu tao don gian hoan toan thu céng, cho dén cac hé théng xtur 1y ¢
cAu tao kha phuc tap hién dang hoat dong & mdt s6 nudc phat trién. Dudi
day 1a kiéu thiét bi 1én men yém khi twong ddi dién hinh va dang duogc sir
dung kha rong rai (Hinh 9.2).

Biogas

] L] l

Chat Idng chay ra

LSp bun yém khi
(ving phan ct)

|?T??

Chat ldng chay vao

Hinh 9.2. So' @6 ciia bé phan tng UASB

3. Thu hoi nuéce (water recycling)

Hién nay, trén thé gidi van dé thiéu nuéc ngiy cang tré nén trim
trong, do dé viéc st dung lai nudc thai sau khi dugce xtr ly s€ 1a mot hudng
uu tién trong cac thap ky toi.

O cac nudce thude thé gidi ba viée sir dung nude thai thd cia chan nudi
dé tudi tryc tiép cho cay trong lwong thuc kha pho bién. Mot hé théng vong
khép kin nhu thé c6 kha ning giy nhidm ban rat 16n cac cay trong luong
thuc véi cac virus gdy bénh hodc prion. Pay cling 1a mgt thach thuc 16n
trong vi¢c thuc hién cac cong trinh co gia tri kinh té nhim san xuét nudc
tudi an toan vé sinh ma khong loai bo cac chit c6 thé sir dung 1am phan bon
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nhu 12 N va P. Trong truong hop nay, su phan hity yém khi 13 rat co trién
vong.

Mot hoat dong sur dung nudc rat nhiu nita 1a san xuét cong nghiép,
chéng han cong nghiép thuc phém, kim loai, dét va giéy. Hi¢n nay, cac hoat
dong san xuat nay dang phat trién cac hé théng xir Iy méi cho phép thu hoi
nudc thai cua ho trong mot hé théng vong kép kin. Pac trung, 12 mot hé
thng cac quy trinh san xuit nude chat lugng cao tir nude thai ctia qua trinh
san xuat. Quy trinh nay thudng phdi hop cac xu 1y sinh hoc & giai doan dau
va cac xtr Iy hoa-1y & budc cudi cung. Vi du: nha may san xuét chip khoai
tay st dung mot chudi cac qua trinh bao gém xtr Iy hiéu khi va yém khi, loc,
khir trung bang khi ozone va thim thau ngugc. Mot hé théng xu 1y phire tap
nhu thé can thiét dugc thuc hién dé loai bé hoan toan cac carbohydrate,
thude diét co va vi sinh vat.

Thuc té cho théy, dé san xuit mot tn thép nguoi ta can 280 tin nudc.
Trong truong hop nay, nhimg cb ging thu hdi nude tir cac 10 luyén than coe
thong qua xir Iy bun hoat tinh di bi de doa bai sy nhiém doc bun thai nhanh
khi hon 50% nudc xur 1y da dugc tai st dung. Nguyén nhan do sy tich ldy
cac hop chét hiru co doc tinh cao, vi vay no cling chi ra su can thiét phai
nghién ctru can than vé cac hop chét hiru co con thira va tham chi cic san
pham vi sinh vat da l1am ting qué trinh chuyén hoéa khong hoan toan. Nhiéu
thiét bi xir Iy wot nguyén lidu dét hién nay dang nang cap cac hé thong xir Iy
nude thai ctia né dé thu hdi nude. Do thanh phan héa hoc cua cac chét thai
1ong thay doi rat 16n (tiy thudc vao loai vai va thude nhuém dang dugc xir
ly), cho nén it c6 hai nha may dét cung ap dung mot phwong thirc dé xir 1y
nudce thai cua ho (Hinh 9.3).

I11. Phan hay bun hiru co

Séan xuit cac loai bun hitu co, chéng han nhu bun thai hoac phan dong
vat, dang tang 1én & nhiéu noi trén thé gidi va chung thuong duoc sir dung
mot cach tuy tién, vi du nhu cac tng dung cia ching 1én dat néng nghiép.
Vi thé, hién nay ) lugng céc nudc co 1énh cAm su dung tuy tién dang tang
1én do sy 6 nhiém cta nudc ngdm. Cac qua trinh xtr 1y than thién véi méi
truong hon cho cac loai bun hitu co lai c6 gia thanh cao va’/hodc hi€u qua
kém.
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Nudc thai

|

Bun hoat tinh

|

Lam dong/két bong

|

Loc cat

|

Hé loc sinh hoc
bang carbon hoat
tinh dang hat

|

Nudc xur ly sach

Hinh 9.3. So' @6 dong chay xir 1y trong cong nghiép dét. Nudc sau khi xir 1y
duoc dung dé rira, téy sach, téy tréng, nhudém va in. Xt Iy sinh hoc két hop véi xu
Iy hoa-ly dé dat duoc su tinh sach can thiét.

Qua trinh xtr 1y cho hiéu qua tot ddi v6i cac bun thai va phan dong vat
1a sy phan hay yém khi trong céc bé phan tng duge tron déu (completely-
mixed reactor). Trong subt qué trinh nay, khoang 50% chat rin dugc bién
ddi thanh biogas, trong khi phﬁn con lai hau nhu duoc 6n dinh. San luong
biogas ciia cac chat phan hiy yém khi c¢6 thé duogc ting 1én bang cach dong
phan hity (co-digesting) phan dong vat hodc bun thai véi 10-20% cac chat
thai ran tir cong nghiép thuc pham va néng nghiép, vi du: chat thai cia 1o
md gia suc, dugc phém, nha bép, chét thai 1én men hodc chit thai do thi.

Nhdp mon Cong nghé sinh hoc 307



Céc bé phan mg duoc tron déu dé xir 1y cac bun thai hitu co ¢ toe do
nap thip, khoang tir 2-5 kg chét hitu co/m® bé phan tng trong mot ngay, do
cac chat hitu co dang hat phai dugc hoa tan trudc khi chung co thé thuc hién
bién doi yém khi (Bang 9.2). Tdc d6 hoa tan cac chat thai hiru co c6 thé kha
thap, chang han can phai mat 15 ngdy méi thiy phan dugce 90%. Vi thé, can
duy tri thoi gian it nhat 13 20 ngay, c6 khi 18n t6i 60 ngay hodc 1au hon.

Bang 9.2. Cac thong so thiét ké cho cac loai bé phan vng yém khi

Bé phén Bé phan Bé phén
ung ung duwge | ng trang

UASB tron déu | thairin

Chat long dugc xur 1y Nudc thai | Bunhitu | Cac chét

co thai rin

Nong do chét ran trong bé phan tng <50 50-100 200-400

(g/L)

Téc d6 nap (kg chat hitu co/m® ngay) 10-30 2-5 20-40
Thoi gian git nude (ngay) 0,3-1 20-40 10-20
Thoi gian giit chét rén (ngay) >20 20-40 10-20

Thyc hién sy phan huy ¢ cac mtrc nhi¢t do cao cling co thé cai thién
duoc hiéu suit do toc d6 thiy phan cia cac chat dang hat ting lén cing
v6i viée ting nhiét do. Nho hiéu biét ddy di vé qua trinh phan hiy wa
nhiét ngudi ta di xdy dung duge mot sé hé phan hay wa nhiét quy moé 16n
dé xur 1y phan bon déng rudng. Khi thyc hién ¢ nhiét do cao, cac bé phan
g nay cho phép thu duoc chat 1ong khong c6 tac nhan giy bénh, khong
giéng nhu truong hop phan hiy wa nhiét trung binh, thuong that bai do
con lai cac tic nhan gdy bénh c6 ngudn gdc tir phan. Trude day, mot s6
han ché di lam cho su phan huy ua nhi¢t kho tr¢ thanh thong dung, vi du
cac kho khan cua su khoi dong va do nhay d6i véi mot vai nhan td stress
nao d6 nhu NH; va H,S. Dt sét bentonite ¢ thé duoc dung dé loai b su
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trc ché NHa. Mt khac, H,S c6 thé bi pha hay bang cach dua vao cac chat
nhén dién tir, vi du oxygen hoic nitrate trong bé phan tng.

Phuong phap két tua théng qua diéu chinh pH bang voi 1a giai phap
hitu hiéu vi d6 pH cao ciing c6 thé giup loai b6 ammonium. Phuong phép
nay ciing ¢ thé dugc phdi hop véi viée bd sung mubi nhom hoic mudi sit,
t6t nhat 13 tir mot ngudn ré tién nhu loai nudc thai giau nhom/sat tir cc thiét
bi san xuét nudc udng. Van con mot phuong phap nita dé tdi uu cac diéu
kién két tia MgNH4PO, d6 13 thong qua lam lanh va tach CO».

Céac cong nghé hién nay nhu 6n dinh yém khi hodc hiéu khi, nghién
dat (land disposal) va ddt cac bun thai hitu co cung cap cac phuong thirc 1am
mat nude (1am kho) bun thai tir 2-5% tdi 25-40% chat kho c6 thé duoc phat
trién ré tién va hiéu qua hon. Thach thirc chinh ddi véi cong ngh¢ sinh hoc
moi truong 13 phat trién cac enzyme, cic san pham va phuong thic xir 1y
cho phép lam mat nudc cua sinh khdi vi sinh vat (bun du) t6i mirc thich
hop. Cac phat trién méi dang dugc tng dung thuong mai dya vao sy sinh
nhiét trong qua trinh hau xir 1y hiéu khi dé boc hoi luong nude thira. Qua
trinh “lam kho sinh hoc nay” doi hoi it nang lugng hon céac k¥ thuat lam kho
béng nhiét. Tuy nhién, con mot kho khan rat nhay cdm do la sy sinh ra mui
th6i da 1am nging hoat dong ctia mot s6 nha may.

IV. Xir Iy chét thai rin

Céc phuong phap xur 1y chat thai ran thuong dugc sir dung 1a chon
trong dat (landfilling) hodc ddt. Hién nay, phuong phap chon trong dat ngay
cang it dugc lya chon do chung ngin can sy thu hdi cac san pham co thé
dung lai duoc (plastic, gidy, cac vat liéu xdy dung...) va ching khong hiéu
qua 1am trong viéc thu hoi nang luong (biogas). Hon nira, chén trong dat
ngam co thé gy ra su béc mui cua khi gay 6 nhiém méi trudng. Tuwong tu
nhu thé, cac 10 d6t khong cho phép thu hdi nguyén liéu mic du ching co thé
duoc thiét ké dé thu hdi nang lugng tir chét thai. Cac 10 d6t co nhiéu han ché
nhu gia thanh cao va ngoai ra hé thong khi ciia dng khoi can duge thiét ké
tinh vi dé tranh 6 nhiém méi truong.

Hién nay, mot phuong thirc xir Iy chat thai ran cong nghiép va do thi
khac dang dugc thuc hién nhd vao thiét bi phan tach va san xuét phan 1.
Pay 1a nhitng thiét bi rat 16n va phirc tap, c6 ning suat cao (100.000 t6i
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300.000 tan chat thai/nim), dugc thiét ké mot hé phén tach vat 1y dé thu hoi
cac vat liéu khac nhau tir cac vat bo di, nhu:

- Cat va soi ban lai nhu vat liéu xay dung.

- Sit ban lai cho cong nghiép luyén kim.

- Nhom va cac kim loai khong chira sat khac c6 gia tri ban lai cao.

- Gidy va gidy cartoon ban cho cong nghiép gidy.

- Céc plastic cing va mém dugc dung lai hoic dbt.

- Céc chét hiru co c6 thé phan hay sinh hoc duoc bién doi thanh phan

u va biogas.

Phan doan hitu co cua chét thai ran d6 thi duoc dung 1am phan bing
phuong phap hiéu khi hoic yém khi. Trong khi san xuat phan hiéu khi la
mot cong nghé duoc ing dung tir 1au, thi nhiing phat trién gan day trong san
xudt phan yém khi cling di c6 mot vai tién bo (Bang 9.3).

Bang 9.3. So sanh cac loai phan hiéu khi va yém khi

Phén hiéu khi

Phén yém khi

Chi phi

60 bang Anh/tin (Am)

75 bang Anh/tan (am)

Dién tich day

Lén

Nho

Can bang nang luong

Tiéu thu nang lugng

San sinh nang lugng

Mui théi C6 vén dé Khéng c6 van dé
Chat lirong phdn

Ham luong phan Cao (doc) Thap

Cac tac nhan giy bénh Co Khoéng

Céc cong ty moi truong khac nhau da thiét ké cac hé phan hiy yém
khi khéc nhau cho chat thai ran nhu:
- Nong d6 chat rin trong bé phan tmg: 50-400 g/L.
- Nhiét do thich hop tir nhiét do trung binh (35°C) t6i nhiét do cao

(55°C).
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-Sb giai doan 1én men (mot hoac hai).

Mot thiét ké nhu thé da duoc thyc hién d6 14 qué trinh DRANCO (dry
anaerobic composting) ding nhiét do cao (55°C) & ndng d6 chét ran lén
(200-400 g/L) trong 1én men mot giai doan. Thuc té, ddy 1a mot qua trinh
tuong tu v6i qua trinh phan huy ty nhién chét thai chén trong dét, chi khac &
chd né dugc tién hanh trong bé phan tmg kin dugc diéu chinh t6t va ¢ toe do
phan Gmg 16n hon nhiéu. Céc téc dd phan tmg rat cao c6 thé dat toi giup cho
n6 c6 kha nang hoan thanh qué trinh phan huy trong hai tuin (Bang 9.2)
thay cho 20 ndm & trong dat. Van dé cdt 18i ctia qua trinh nay 13 nhiét d6 cao
va cuong luc phdi tron thong qua su tuan hoan khép kin cho phép toc do
phan tng cao hon nhiéu va cung cdp chit rin tryc tiép vao trong bé phan
mg khéng can bd sung nudc pha lodng. Do khudy co hoc khong du kha
nang lam kho, nén san phém clia bé phan g dugc thu hdi vai 1an, véi viee
b6 sung nguyén lidu sach cung cap ¢ mdi lan (passage) (Hinh 9.4). Vong thu
ho6i dam bao phdi tron day da va cho phép dua nguyén liéu cung cap vao.

San pham cudi cung 1a dat mun dugce dung lam phan @ hiéu khi rat tot
trong trong trot. Nguyén nhan dé cac phan u hiéu khi co thé giy doc dbi voi
cdy trong 1a do ham lwong mudi cao ciia chiing, trong khi d6 cac phan u yém
khi hau nhu nhu it mudi do thuc té 1a khoang mét nira trong s6 chung bi dao
thai bang nudc trong may nén loc (Hinh 9.4). Hon nita, cac phan u yém khi
chura it hat cé dai va cac tdc nhan gy bénh vi sinh vat hon so véi phan u
hiéu khi. Tuy nhién, gia tri thi trudng clia cac phan u kha thap va hau xu ly
dic trung s& phai duoc tim kiém cho cac img dung khac nhau. Van dé sau
6 thé duoc thuc hién bﬁng cach b sung céc vi sinh vt hitu ich nhu 1a cd
dinh nitrogen va cac vi khuan kich thich sinh truéng thuc vat, mycorrhizae
hodc cac vi sinh vat diéu khién sinh hoc (biocontrol). Su phuc hdi cac dat bi
6 nhiém ciing c6 thé hitu ich nhd bd sung phan 0 vi ching c¢é thé gitp phan
huy céc hop chat xenobiotic trong cac ving dat nay.

V. Xir ly khi thai
1. Logi b6 cdc hop chat vé co dé bay hoi (volatile organic compounds-
VOCs)

Céc phuong phap xir 1y héa-ly truyén théng cho cac khi thai cong
nghiép gdy 6 nhiém, nhu la ddt hodc dung céc bd loc than hoat tinh, cé
khuynh huéng thai nhiéu nang luong va tao ra sy 6 nhiém thir cip. Dé dbt
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chay céac khi nay (v6i ndng do gay 6 nhidm 1a 100 mL/m®) trong cac 16 dét,
it nhat can 50 L methane dugc bd sung/m3 dé dam bao dé pha v& hoan toan
cau trac. Trong hau hét trudng hop, mot bé phan Gng sinh hoc c6 thé thuc
hién oxy héa cac VOCs bing cach cho tiép xtic khép kin v6i cac vi sinh vat

phan huy, O,, H,O va cac chat dinh dudng.

Biogas
- P >
Lua Khi trong dat
i |
i |
Hé thay phan || ! v
Dranco L DUtrlt -+ Mayno+ -+ Dién
khi May phat dién
2450 m® :
\
Tién xir Iy | Dém Nhict thai
chat thai
l A \
Don vi _ || | Mayloc __ | Hoan thién
liéu lugng > Bdm ép A > hiéu khi — Humotex
T |
Hai nudc Nudc ép
Hé loc ,
v sinh hoc — Khi sach
Ly tdm > i
|
<o 1< - Khi 6 nhiém
\ 1
Dém chat .~ JHoinu6d Mayloc| | . Hoinudc
léng F MY O == hgiast [~ tdi bom
T
Hai nu’c’fc? ;Ngu’ng hai
1
May tao
hai nudc
)
|
|
Nhiét thai

Hinh 9.4. So' @6 dong chay ciia h¢ san xuit phan tron yém khi

Céc chét gay 6 nhidm c6 téc do phan hiy sinh hoc khac nhau:

- Phan hiy sinh hoc nhanh: alcohols, ketones, aldehydes, cac acid

hiru co, N hiru co.
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- Phan hiy sinh hoc cham: phenols, hydrocarbons, cac dung moi (vi
du: chloroethene).

- Phan hiy sinh hoc rit cham: cac hydrocarbon da halogen va da
nhan thom.

Céc thiét ké bé phan tng khac nhau dugc str dung dé xir 1y khi bang
phuong phap sinh hoc (Hinh 9.5A). Trong cac hé loc sinh hoc, khong khi
nhidm ban chay chdm qua mot moi trudng xdp am (phan v, than bun, vo
dim bao) lam gia thé (vt d&) cho quan thé vi sinh vat phan hiy sdng trong
mang nudc mong boc vt liéu gia thé ran. Dong chay cua 16p khong khi bé
mit khac nhau tir 1-15 cm/s. Téc d6 nay cho hiéu suét thoi gian tiép xuc
(v6i mot dém nhdi dic trung cao tir 1-3 cm) tir 10-100 s. Bdi v6i cac hop
chét phan huy sinh hoc binh thuong, c6 thé dat dugc hiéu suét loai bo téi
90% véi toc do nap tir 0,1-0,25 kg cac cht hitu co/m® bé phan ung trong
mot ngay. Cac uu diém cua hé loc sinh hoc la:

- Thiét ké don gian va ré tién (vat liéu gia thé duoc thay thé sau 2-4
nam).

- Dién tich mat trong cao lam cho hé loc sinh hoc thich hgp mét cach
ly tuong dé loai bo cac chat 6 nhiém kém hoa tan, chang han céc
hydrocarbon.

- C6 kha nang dua vao cac vi khuan thich nghi dic biét dé pha v cac
hop chét xenobiotic, chang han chloromethane.

Vén dé kho khan nhat 1a kiém soat pH trong cac hé loc sinh hoc vi
H,S s€ bi oxy hoa thanh H,SO4, NH3 thanh HNO3, va cac chét hitu co chua
chloro thanh HCI. Nhuoc diém 16n nhit cta hé loc sinh hoc la:

- Can mot khong gian nén 16n.

- Khong c6 kha niang diéu chinh cac diéu kién cia qua trinh, ching
han nhu pH.

- Céc vat lidu gia thé nhu phan 1 ty chung san sinh ra cac mui.

Cac nhugc diém nay cua hé loc sinh hoc co thé khic phuc duoc trong
may loc hoi d6t sinh hoc (bioscrubber) (Hinh 9.5B). Mot may loc hoi dbt
truyén thong chuyén mot chat hién dién trong dong khi t6i dong chét 1ong
bang cach phun chat 16ng trong budng qua bd phan ma khi dwoc chuyén
qua. Trong may loc hoi dét sinh hoc, cac chat long dugc phun la dich huyén
phu cia cac vi sinh vat quay vong ngugc va hudng toi trude gitta budng
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phun va mot hé xtr 1y nuée thai bang phan hiy sinh hoc. Cac théng sb cua
quéa trinh nhu cung cép chit dinh dudng thich hop va pH duoc diéu chinh d&
dang hon nhiéu (trong chat 10ng tudn hoan) so vdi hé loc sinh hoc, dan téi
cac toc dod phan ung nhanh. Trong khi cac hé loc sinh hoc doi héi mot dién
tich day 16n vi chiéu cao cta chung khong dugce vuot qua 1 m dé tranh cong
kénh, thi cac may loc hoi dt sinh hoc doi hoi mot khong gian it hon nhiéu
b6i vi bé phan huy sinh hoc c6 thé cao mot vai mét.

A. Hé loc sinh hoc

———— Nudc

Khi sach Vat liéu gia thé

Khi thai
May gilt dd &m Hé loc sinh hoc
B. Mdy loc hai dadt sinh hoc Pigu chinh pH va
chat dinh duGng
\
Khi sach <— BUn hoat tinh

R | | Khong khi
Khi thai —» > —

Bubng phun Hé xur ly
(may loc hai dét) nudc thai dac

Hinh 9.5. H¢ loc sinh hoc va may loc hoi ddt sinh hoc dwge diung dé loai bo
VOCs khéi khi thai
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May loc hoi d6t sinh hoc 1a loai thich hop nhét cho cac dong chay khi
16n do 4p suét nguoc thap va kich thudc nhé cta ching. Tuy nhién, ching
c6 thé chi duoc dung dé loai bo cac khi hoa tan hoan toan vi toc do chuyén
khéi trong budng phun cta chung kém hon trong hé loc sinh hoc. Trudng
hop ndéng dod cac chit nhidm ban thu dugc ¢ trong khi thai 1a quéa cao, thi
mot may loc hoi ddt sinh hoc thir hai dugce dua vao co bd sung cac vi sinh
vat c6 kha ning phan hay ndng do chat nhim ban thip hon.

Hién nay, cic nghién ciru dang tap trung thiét ké mot hé thong c6 thé
phéi hop su hép thu khi trén bé mat rin (vi du: than hoat tinh) va phan huy
sinh hoc cac hop chit sorbic. Cac mang loc sinh hoc loai dong chay nhé giot
(bio-trickle filters) 1a cic tAm plastic hodc moi truong gia thé cho cac vi sinh
vat khac duoc treo trong dong chay khong khi bi nhidm ban. Cac tim nay
dugc tham udt lién tuc bang dong chay hdi luu cta nude chira cac chét dinh
dudng cho vi sinh vat. Cac mang loc sinh hoc nho giot ¢6 uu diém 1a tiét
kiém duoc khong gian.

2. Loai b6 cdc hop chdt sulphur va nitrogen tir khi éng khéi bang phirong
phap sinh hoc

Cac nitrogen oxide (NOy) va sulphur oxide (SO,) 1a cac chat 6 nhiém
khong khi chinh dugc tao thanh trong lac dbt than da va dau giai phong
trong céc loai khi ong khéi. C6 thé phat trién cac phuwong phap cong nghé
sinh hoc ¢6 gid tri kinh té va hiéu qua dé loai bo dong thdi cac chat giy 6
nhiém khéng khi ndy, vi cac ky thuat hoa-1y truyén thong hodc 1a rat dit
hodc 1a khong hi¢u qua. Mot hé thong méi duge dé xuat d6 1a khi 6ng khoi
duoc din qua mot may loc hoi dét ma trong d6 >95% SO, va >80% NOy
hoa tan trong dung dich NaHCOj3 va Fe(l1)-EDTA (hop chat sau co thé ting
kha nang hoa tan NO,). Dung dich day N va S dugc sinh ra trong ba giai
doan sinh hoc tuan ty (Hinh 9.6). Giai doan dau tién bao gébm bé phan ting
thiéu oxygen trong ¢6 NO dugc bién ddi thanh khi N tro théng qua qua
trinh khtr nitrogen sinh hoc.

2Fe'(EDTA) (NO) + chit cho dién tir — 2Fe"(EDTA) + N, + CO, + H,0

Mot chit cho dién tu, chfmg han methanol hodc ethanol, can dugc bd
sung dé duy tri phan wng. Trong hai giai doan tiép theo, H,SO3 dugc khir
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sinh hoc tuan ty thanh H,S va cudi cing oxy héa lai timg phan thanh luu
huynh nguyén t6 dang ran:

H,SO3 + 3H, —» H,S + 3H,0
H,S + 1/20, —» S°+ H,O

Khi di vao

|

May loc hoi d6t — Khidira

\i

l H.S0s, NO

B& khir nitrogen [ Chat cho dién tr
khong c6 oxygen > N,

|

UASB |[«—H

|

L6 phéan (fng sinh
hoc c6 oxygen

Luu huynh nguyén
Loc td dang ran

«————— Khong khi

Hinh 9.6. Mot qua trinh sinh hoc méi dwoc phat trién dé ddng thoi khir
sulphur héa (desulphurisation) va loai bé NO khéi cac khi 6ng khéi dwoc sin
xuit trong cac thiét bi nhiét

Phan tng khtr H,SO3 xay ra trong bé phan ing UASB (Hinh 9.2) d4
duogc két hat véi cac vi khuan khir sulphate. Cac polymer gay két bong d4
duoc bo sung, cung véi cac chat dinh dudng can thiét va cac duong luong
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khir (ethanol hodc Hy), dé didu chinh ty 1& phan tt BOD/H,SO3 & mét gia tri
khong d6i. Trong bé phan ung sinh hoc thir ba cac vi khuan hiéu khi oxy
hoa sulphide thanh leu huynh nguyén té (S°) dang ran (san pham cubi). Su
oxy hda thém S° thanh H,SO3 va H,SO4 bi ngin can béi mot luong gidi han
0,. Toan bd qua trinh 14 ty dong hoan toan voi khoang 120 théng sb dugc
phan tich lién tuc, da sb trong ching 13 truc tuyén. Nudc ciing duoc thu hoi
lién tuc.

VI. Phén hity chit riin (solid remediation)

1. Kich thich sinh hoc (biostimulation) va tang sinh  hoc
(bioaugenzymetation)

Céc vi sinh vat c6 kha nang phan hiy sinh hoc céc chét gdy 6 nhiém
thuong hién dién sin trong cac dat nhiém ban hodc nudc ngdm. Vi vay,
trong nhiéu truong hop, su phan hiy sinh hoc chit rin hodc nuéc ngam
duoc thuc hién bfmg cach kich thich sinh hoc cac vi sinh vat, noi c¢6 chat
dinh dudng hodc cac nhan tb sinh truong can thiét khac ctia chung. Cac cht
hoat dong bé mat cling co thé dugc bod sung dé thuan tién cho viéc chuyén
khéi cac hydrocarbon hoa tan kém vao trong pha nudc noi ma cac vi sinh
vat séng. Vi du cia kich thich sinh hoc 13 dua methane vao trong tang ngam
nudc bi 6 nhiém cac dung méi duoc khir tring bang chloro hoic dua
benzoic acid vao trong ting ngdm nudc bi 6 nhiém bai polychlorobiphenyls
(PCBs). Cac ngudn carbon duoc dua vao nhu methane va benzoic acid da
kich thich sinh truong cua cac vi sinh vét dic hiéu san xuit cac enzyme lam
dut gdy co chat dugc dua vao va chat gay 6 nhiém dang hién dién.

Giai phap thich hop 1a c¢6 thé dua cac quan thé vi sinh vat dic hiéu
(tang sinh hoc) vao trong cac vi tri bi 6 nhiém nhat dinh khi chat gy 6
nhiém 13 mot phan tir phirc tap chi co thé bi pha v boi mot to hop dic biét
ciia cac vi sinh vat rat dic hiéu (duoc goi 1a consortium). Cac chét gay 0
nhiém nhu thé thuong 13 polyaromatic hydrocarbons (PAHs), cac hop chit
hitu co dugc halogen hda, céc thube trir sdu nhat dinh, thudc nd TNT,
polychlorobiphenyls (PCBs)... Cac diéu kién va cac chung vi sinh vat thich
hop cho thiy ching c6 anh huong dén su phan huy sinh hoc ctia cac hop
chat nay khi nghién ctru & quy mo phong thi nghiém. Vi du: sy phan hity
ctia cac chit thom dugc khir tring don gian bang chloro ¢ trong dat va cac
thiét bi xtr Iy nudc thai c6 thé phat huy hiéu qua hon bang cach dua vao nudi
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cdy thuan khiét cac vi sinh vat dugc chon loc trong phong thi nghiém. Cac
chit 6 nhiém phtrc tap hon, vi du PCB, co6 thé doi hoi hoat dong phéi hop
ciia mot sd chung vi sinh vat. Trong truong hop dac bi¢t nay, viéc khi
chloro nh¢ cac consortium phat trién tir cac tram tich bi nhiém ban dd duoc
thue hién bang cach nudi ciy sinh khdi trong dang hat & cac bé phan tng
UASB sinh methane. Cac hat nay da cho thiy chiing gitip ting nhanh hon su
phan huy sinh hoc cia PCB in situ trong dat va cac trdm tich.

béi vai nhiing ung dung dac biét, sy tang sinh hoc co thé duoc tién
hanh nho cac ky thuat bién dbi di truyén vi sinh vat théng qua cong nghé
DNA tai t6 hop. Bién ddi di truyén vi sinh vat c6 thé gitip ngan can su tao
thanh cac san pham trung gian doc giy mat on dinh quan thé va tc ché cac
qua trinh phan hiy sinh hoc. Thach thirc 16n nhét trong k¥ thuat bién d6i di
truyén vi sinh vat 1a tang kha ning séng sot clia cac ching gay nhiém. Theo
hudng duoc mong doi ndy, cac co hdi sdng sot thuong 16n hon khi ching
x4m nhiém duoc phan 1ap tir vi tri dugc ting sinh hoc.

2. Cdc kj thudt phdn hity chdt ran
C6 nhiéu ky thuat khac nhau cua cong nghé sinh hoc dé xir 1y chat
ran bi 6 nhiém. Duéi ddy 1a mot s6 ki thuat pho bién nhét:

2.1. Phan huy sinh hoc tai chd (in situ bioremediation)

Day 1a k¥ thuat sir dung vi sinh vat va cic chat dinh dudng dé giai
quyét cac chat thai nguy hiém, chang han nhu dat va cac dia diém san xuét
bi 6 nhiém. Phan huy sinh hoc c6 nhiéu loi ich quan trong so véi cac
phuong phap khir bo chét thai truyén théng; n6 co thé duge thuc hién tai
chd, tranh phai van chuyén va cat giit cac chat thai nguy hiém va doc hai.
C6 nhiéu vi sinh vét khac nhau c¢6 kha nang phan hiy cac chat 6 nhiém cong
nghiép dic trung bao gém cac hydrocarbon mach thang, cac hydrocarbon
nhiéu gdc thom, cac phenol chloro héa va cac phan tir hitu co phirc tap khac.

2.2. Landfarming

C6 thé loai bo cac vét dau loang bang k¥ thuat landfarming. K¥ thuat
nay dugc thiét 1ap trén co sé phan huy vi sinh vat (Hinh 9.7) va ¢6 thé dugc
nang cap mot it bang cach tron dat véi cac gbe hiru co méi (phan ). Nhiét
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dod cao, hoat tinh va sy da dang cia vi sinh vat da tang tde do phan tng. Hon
nita, cac chit dong tac dung dic biét di gitp cho su ddng chuyén hoa xay ra
dé dang hon. Cac hé théng landfarming ciing c6 thé duoc nang cip bang
cach tién xur Iy yém khi, vi du cac dudng him yém khi dugc sir dung dé khir
cac hop chit nhu trinitrotoluene, bang cach bd sung cac chat dinh dudng va
cac chat dong tac dung cho céc vi khuan tai chd. O giai doan tht hai hiéu
khi, cac chit chuyén hoa hoic duoc khoang héa hoan toan hoic polymer
hoa va bat dong trong khuén rin. Phuong thirc ndy ciing duoc Gng dung
thanh céng dé khtr sy nhiém ban cac ving dit bi 6 nhiém chloroethene va
cac chit thom BTX (hdn hop cia benzen, toluene va xylene).

Céac chat dinh dugng

AN N

TN
/\/\_/

LGp cat

© © ©

Mucng (8ng dan T
9 (6ng dan) L&p 16t thao ra dugc

Hinh 9.7. Mit cit ngang ciia hé thong landfarming

2.3. Céc bé phan ting sinh hoc pha bun (slurry-phase bioreactors).

Co thé duogc hudng té1 cung mot muac do lam sach trong thoi gian
ngan. Trong truong hop ndy, cac dat khai quat bi 6 nhiém duoc xir Iy duéi
céc diéu kién ti uu duoc kiém soat, dam bao sy tiép xuc hidu qua giita chat
nhiém ban va cac vi sinh vat. Yéu té sau, trong hau hét trudong hop, 13 cac
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nudi cdy dic hiéu vi sinh vat thich nghi. Véi toan bo tdc d6 phan huy trong
pham vi 0,2-2 g ddu/kg dat/ngay, thoi gian lwu cta chit rin 1 30 ngay da dé
dap ung cac muc do lam sach.

VII Xir ly nuwéde ngz‘im
1. S phuc héi hoat dong

Phuong thirc phuc hdi nudc ngdm duge ing dung nhiéu & My va chau
Au 13 k¥ thuat “bom va xir Iy’ (pump-and-treat). Huéng nay st dung chu
yéu cac ki thuat hoa-1y dé loai bo cac chat 6 nhiém trong cac hé xt Iy & trén
mat dét, vi du théng qua hip thu khong khi va carbon hoat tinh, trong khi
cac bé phan tmg sinh hoc dugc dung it hon 10% truong hop (Hinh 9.8).

Viée sir dung han ché cac xur Iy sinh hoc ¢6 thé 1a do kinh nghiém va
cac sb litu chimg minh con qué it, su tiép nhan han ché ky thuat, nhung
cling c6 thé do khong thich hop trong viéc huéng tdi cac mirc d6 1am sach
nhu mong mudn. Pén nay, ngudi ta dd thu dugc nhiéu kinh nghiém khi ing
dung k¥ thuat phan huy sinh hoc & quy mé hoan chinh trong diéu kién ex
situ va in situ dé phan hay cac hydrocarbon ctia dau mo, bao gom tir cac
chudi mach thang va mach nhanh, dugc bio hoa, khong bdo hoa va cac chit
béo mach vong tdi cac hydrocarbon mét, hai va da nhan thom. Tuy nhién,
thoi gian gan day céac kiéu thiét ké bé phan mg sinh hoc méi da duoc phat
trién dé loai bo cac dung méi duoc polychloro hoa va cac chat thom. Ching
han, cac bé phan img UASB két hat voi cac bun thai dang hat sinh methane
c6 khéa nang khur hoan toan chloro cua tetrachloroethylene (>99%) hién dién
v6i 4 mg/L trong nudc ngdm bi 6 nhidm. Acetate dugc dung lam ngudn
carbon va chit cho dién tir. Cong nghé bé phan tng UASB ciing dang duoc
nang cap véi bun thai dang hat phdi hop ca hai loai vi khuan hiéu khi va
yém khi.

Tuy nhién, phuong thirc “bom va xir 1y”” khong thé 1am sach trong moi
truong hop va hon nira n6é doi hoi mdt thoi gian lam sach dai ngay. Trong
77 diém xtr 1y theo phuong phap trén (dudi su kiém soat ciia US National
Research Council-NRC) vao nam 1992, chi c¢6 8 diém duoc thong bao 1a dat
muc ti€u lam sach (lién quan dén Pao luat nude uéng an toan). Trong 8
diém thanh cong, thi 6 diém bi 6 nhiém boi hydrocarbon dau hoa ciing dugc
dao thai thong qua sy phan huy ty nhién (natural degradation).
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Hinh 9.8. Cong nghé phuc hdi “bom va xir Iy”
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2. Sw phdn huy tw nhién va sw giam sat (monitoring)

Trong thoi gian gin ddy, mot vai van dé da tao ra nhidu quan tdm cho
cac cong cu giam sat moi. Mot trong sd d6 1a thuc & cac ky thuat phan huy
thuong khong dap ung dugc muc tiéu lam sach that su. Han ché nay budc
cac nha 1am ludt phai danh gia lai cac mtc d6 6 nhidm ban dau va tinh toan
lai viéc str dung cac diém cubi (sau khi xir 1y) dya trén su rui ro (risk-based
end-points). Khai niém méi vé cac diém cubi dua trén su rai ro doi hoi phat
trién cac cong cu phan tich méi dé danh gia lai gia tri sinh hoc, dung hon la
khai niém ndng d6 6 nhiém tong s6. Cac cong cu méi dic trung nay dua vao
cac xét nghiém sinh hoc boi vi cac phuong phép phan tich truyén thong
khong thé phan biét giita cic cht gy 6 nhidm la nhitng yéu t6 c6 gia tri dbi
v6i cac hé thong sinh hoc va cac chat gay 6 nhiém la nhiing yéu t6 dang ton
tai trong cac dang khong c6 gia tri hodc phtic tap hodc tro. Mot loai xét
nghiém sinh hoc da duoc dya trén sy e ché phat huynh quang sinh hoc tu
nhién cua sinh vat bién Photobacterium phosphoreum. Tuy nhién, cac xét
nghiém nay khong déac hiéu do sy tc ché anh sang s¢€ xuét hién khi tiép xuc
v6i moi chat doc. Han ché nay d4 dugc khac phuc nhd mot loai biosensor vi
khuan méi dic trung cho céc loai chat doc nhat dinh. Vi du: biosensor c6
thé phat hién cac kim loai c6 gia tri sinh hoc, dugc xay dung bfmg cach gén
gen chi thi lux cua Vibrio fischeri véi cac gen khang kim loai néng trong vi
khuan Alcaligenes eutrophus. Cac chung tai t6 hop khi duoc phdi tron véi
dat bi 6 nhidm kim loai hodc nudc s& phat sang ty 1¢ voi nong do cac kim
loai ¢6 gia tri sinh hoc dic trung. Nguoi ta c¢6 thé dé dang do duoc sy phat
sang bang phuong phap quang pho.

Mot yéu td khac co thé dap tng cho su quan tdm gan day trong céac
cong cu giam sat moi 1a gia thanh cao va tbc dd cham cua cac k¥ thuat phan
huy. Mgt huéng phan huy thuc té hon, dugc goi 1a sy phan huy tu nhién
(hodc phan huy sinh hoc ndi tai-intrinsic bioremediation), dang dugc tng ho
bdi US Environmental Protection Agency. Su phan hiy sinh hoc ndi tai duya
vao cac qua trinh ty nhién dé loai bo, cd 1ap hodc khir doc cac chét gay 0
nhiém ma khong c6 sy can thiép cua con ngudi. Sy phan huy sinh hoc noi
tai duoc quan sat thuong xuyén nhat véi nudc ngdm bi nhiém ban cac
hydrocarbons. Néu bang chimg goi ¥ rang mét dia diém dang duoc cai thién
do su phan huy sinh hoc ndi tai, va rang su 6 nhiém khong dua ra mot de
doa nao ddi véi stc khoé cia con ngudi, thi co quan quan 1y méi truong cd
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thé cho phép dit tinh trang “chi giam sat” (“monitoring only”). Phuong thirc
nay yéu ciu don gian hoa viéc giam sat tir xa (remote monitoring) dé theo
ddi cac nong do nhiém ban 16p dudi bé mit trong diéu kién in situ. Giam sat
tir xa ¢6 thé dugc tién hanh v6i mot radar nhin xuyén qua mat dat dé kiém
tra su pha v& 6 nhiém trong 16p duéi bé mit dya trén co sé ting d6 dan cua
dung dich, kém theo viéc pha v& cac hydrocarbon hoac cac dung méi duoc
chloro hoa.

Mot ky thudt khac dugce dung trong giam sat tir xa 1a sir dung k¥ thuat
bién d6i di truyén cac vi sinh vat dé phan tng véi sy hién dién cua cic chat
nhiém ban dic biét. Khi cac vi sinh vat nay duoc gén vao mot té bao quang
dién két ndi v6i mot con chip song vo tuyén (radio chip), thi cac tin hiéu 4nh
séang duogc bién d6i trong cac song vo tuyén duoc phat hién ¢ mot khoang
cach xa. Cac bd cam bién (sensor) nay cé thé duoc rai khép cac dia diém bi
6 nhiém dé giam sat tién trién cta su pha v cac chat gay 6 nhiém.
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Phu luc

Mot s6 thuat ngir co’ ban

Adapter. Mot oligonucleotide tong hop tuong tu linker, nhung c6 mot
dau bang va mot dau 16i 5 twong tng voi mot vi tri cat han ché cho phép
nbi cDNA soi doi véi cac plasmid vector hodc bacteriophage A vector co
dau twong dong (xem thém linker).

Amino acid. La mot phan tir nhd mang mot gdc amine (-NH3) va mot
gdc carboxyl (-COOH) lién két v6i ciing mot nguyén tir carbon. Amino acid
1a don vi cdu triic co s¢ cua chudi polypeptide. C6 20 amino acid khac nhau
trén cac chudi polypeptide co trong tu nhién. Trinh tu sip xép cia cdc amino
acid trén chudi polypeptide quyét dinh cdu tric va chic niang cua
polypeptide va protein ma no tao thanh.

Ampicillin (Amp). Chat khang sinh ban tong hop duoc dung trong
moi truong chon loc dé chon cac té bao mang dot bién khuyét dudng hoac
chon dong té bao (tai to hop) mang doan DNA duoc tao dong.

Amylase. Enzyme xtc tac thuy phéan cac loai carbohydrate du trir (vi
du tinh bot) trong thire an thuc vat hay glycogen trong thirc an dong vat.

BAC (bacteria artificial chromosome). Nhiém sac thé nhan tao cua
vi khuan dua trén co so plasmid F-factor, duoc str dung lam vector tao dong.
BAC c6 thé tai ban trong E. coli v6i cac doan chén DNA c6 kich thuéc 1én
dén 300 kb.

Bén do cit han ché (restriction map). Trinh tu cac vi tri nhan biét
(recognition sites) ciia tit ca cic enzyme han ché (restriction enzyme hay
restriction endonuclease, RE) trén mdt phan tir DNA.

Bazo dong ding (analog base). Chat hoa hoc ¢6 ciu tric phan tir rat
gidng cac base binh thudng cia DNA. Chung c6 thé thay thé cac nitrogen base
binh thudng trong DNA va hoat dong nhu mot tic nhan dot bién. Trong 1an sao
chép tiép theo ctia DNA, base dong ding c6 thé bat cip sai véi mot base binh
thuong, tao nén dot bién diém. Vi du base déng ddng cua adenine (A) 1a 2-
aminopurine (AP) ¢6 thé gin vao DNA & vi tri ciia adenine; trong 1in sao chép
tiép d6 c6 thé bt cip vai cytosine (C), trong 1an sao chép tiép theo nira C két
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cap voi guanine (G). Nhu vay da dién ra sy thay thé cap A-T bang cap G-C.

Bazo nito’ (nitrogen base). Loai phan tir ciu tao nén nucleic acid (DNA
va RNA). Céac nitrogen base c6 trong nucleic acid la adenine, guanine, cytosine,
va thymine (DNA) hodc uracil (RNA). Trinh tu sip xép cua ching doc theo
phan tir nucleic acid da tao nén thong tin di truyén cua co thé sinh vat.

Bit cip bd sung (complementary base pairing). Su két hop thanh
timg doi giita cic nitrogen base nam trén hai mach don cta chudi xodn kép
DNA-DNA, DNA-RNA hoic RNA-RNA théng qua cac mdi lién két
hydrogen. Su bat cap do mang tinh dadc hiéu: guanine bat cap vdi cytosine,
con adenine bat cip voi thymine trén DNA hodc uracil trén RNA.

Bat dong (immobilization). K§ thuat gin mot phan tir sinh hoc nhu
enzyme, hodc mot t& bao 1én bé mit hodc nhét chung trong chat mang. K¥
thuat nay gitp 6n dinh va sir dung nhiéu lan cac phan tir dugc ¢ dinh.

Bién d6i hau dich ma (post-translational modification). Sy thay d6i
céc lién két hoa tri xdy ra trong chudi polypeptide, sau khi chudi polypeptide
tach khdi ribosome va trudc khi tré thanh protein hoat dong thuc su.

Bién nap (transformation). La qua trinh truyén DNA ngoai lai vio
mot t& bao nhan, chang han sphaeroplast hodc protoplast, va c6 thé hop nhat
trong nhiém sic thé nho su tai t6 hop tuong dong hodc dugc bién doi trong
mot don vi sao chép tu tri (autonomous replicon). Su bién nap c6 thé xuét
hién trong cac diéu kién ty nhién & mot sé vi khuan (vi du: Bacillus,
Haemophilus, Neisseria va Streptococcus), nhung & nhiéu vi khuan (vi du E.
coli) va cac co thé sinh vat eukaryote su bién nap chi co thé xuat hién &
nhimg té bao “thdm” dugc DNA bing cac phuong phap nhan tao nhu: hoa
bién nap, di¢n bién nap...

Bién nap bang dién (electroporation). Ky thuat dung xung dién tao
ra cac 15 thung tam thoi trén mang sinh chit dé dua DNA ngoai lai vao bén
trong té bao vat chu.

Bién tinh (denaturation). La hién twong chuyén tir dang mach kép sang
dang mach don ciia DNA va RNA thudong do nhiét gy nén. Bién tinh cta
protein 13 hién tugng chuyén tir cau hinh hoat dong thanh dang khong hoat dong.

Biéu hién ciia gen (gene expression). LA c4c qua trinh phién ma
(transcription) va dich mi (translation) ctia mot gen dé tao ra san pham
protein cua no.
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Cam wng (induction). Lién quan dén kha ning téng hop mot sb
enzyme (san pham cua gen) & vi khuan chi khi c¢6 mit co chét (substrate)
clia cac enzyme nay trong moi truong. Khi sir dung cho khai niém diéu hoa
biéu hién cta gen, thudt ngit ndy cé nghia 1a sy khoi dong qua trinh phién
mi do tuong tac gitra mot chat cam tng (inducer) véi protein diéu hoa. Vi
du trudong hop operon lac ¢ E. coli, lactose dong vai trd chat cam ung c6 tac
dung mé operon dé cac gen trong operon hoat dong (phién ma va dich ma).

Cip base (base pair, bp). La lién két A-T hoic C-G trén mot phan tir
DNA mach kép, v la don vi do chiéu dai ciia mot phan tir DNA.

Céu tric bac mdt hay ciu triic so cap (primary structure). La trinh
tur sap xép cac amino acid trong chudi polypeptide.

Céu tric bac hai hay ciu tric thir cap (secondary structure). La
tuong tac khong gian giita cac gdc amino acid & gan nhau trong chudi
polypeptide, hay n6i cach khac d6 1a dang cudn xoan cuc b cia ting phan
trong chudi polypeptide.

Céu triic bic ba (tertiary structure). La tuong tic khong gian giira
cac gbc amino acid & xa nhau trong chudi polypeptide, 1a dang cudén xoan
trong khong gian ctia toan chudi polypeptide, ddy 1a hinh dang chung cua
chudi polypeptide.

Céau tric bac bdn (quaternary structure). Xuat hién ¢ nhiing phan
ttr protein bao gom hai hay nhiéu chudi polypeptide hinh cau (bac ba). Mdi
chudi polypeptide nay dwoc goi la mot tiéu don vi (subunit) va twong tac
khong gian gitra c4c tiéu don vi trong phan tir goi 1a cau trdc bac bén.

Cau disulphite (disulphite bridge). Lién két ddng hda tri tao thanh
gitra hai chudi polypeptide qua trung gian caa mot goc cystine.

Chit cam tng (inducer). Mot hop chit hoa hoc hodc mét tac nhan
ciia mdi trudong cb tac dung xuc tién qua trinh phién ma & operon cua vi
khudn hodc cac phan tir c6 tac dung san xuét ra sd luong 16n cac enzyme
trong trao doi chat.

Chit trao dbi so cAp (primary metabolite). Dugc san xuat voi sb
lwong 16m hon cac chit thir cAp va co cac chirc ning trao doi dic biét. Cac
chat so cip thu tir sinh vt duoc sir dung nhu 13 thue pham, cac phu gia thuc
pham, va cic nguyén liéu tho trong cong nghiép nhu la cic carbohydrate,
dau thuce vat, protein va cac acid béo.
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Chit trao d6i thi cip (secondary metabolite). Thuong dugc tao
thanh & co thé séng trong mot sd diéu kién ngoai canh nhét dinh, dac biét 1a
trong cac didu kién ngoai canh bét loi. Chét trao d6i thtr cap khong tham gia
vao qua trinh trao doi chét ctia co thé song.

Chit e ché (repressor). San phim protein cua mot gen rc ché nam
trong thanh phan operon, c6 tac dung bam vao ving chi huy ciia operon lam
dong operon lai, do d6 qua trinh phién ma khong bét dau duoc va tit ca cac
gen céu tric (gen ma hoa) trong operon déu ngimg hoat dong.

Chiral. Mot vai phan tr ¢6 dang “tay phai” va “tay trai” riéng biét,
mic du ching mang cic nguyén tir giébng nhau va lién két trong ciing mot
kiéu nhung tinh chét vat 1y lai khac nhau. Mot chit nhu thé duoc goi 1a hop
chét chiral, va hai (hoac nhiéu) dang hon thi mdi dang dugc goi la chat doi
hinh (enantiomer) hodc chat dong phan quang hoc (optical isomer).

Chu trinh sinh tan (lylic cycle). Mot kiéu chu trinh séng cua thuc
khuan thé (bacteriophage) khi né6 xam nhiém vi khuan, diéu khién cac hoat
dong sinh san va sinh truong bang cic gen cia nd va sinh ra cac
bacteriophage thé hé con, chui ra khoi té bao vi khuan sau khi pha v& té bao
do.

Chu trinh tiém tan (lysogenic cycle). La hién tugng hé gen cua
bacteriophage hién dién & trang thai on dinh va khong sinh tan trong té bao
vat chu séng ciia nd. Cac té bao vat chil ¢6 thé tiép tuc sinh truong va phan
chia, va su sao chép ctia hé gen bacteriophage (prophage) duoc phdi hop véi
nhiém sic thé cua vat cha sao cho khi té bao phéan chia thi prophage ciing
duoc chuyén vao trong ca hai t& bao con. Prophage dugc duy tri bang cach
hoic hop nhat trong nhiém sic thé vat chu (vi du bacteriophage A,
bacteriophage ®105) hodc nhu 13 mot plasmid bén ngoai nhiém sic thé (vi
du bacteriophage P1 va bacteriophage F116). Té bao vat chi c6 thé hodc
khong thé biéu hién ra mot kiéu hinh bién doi.

Chuyén gen (transgenic). Qua trinh chuyén mot doan DNA ngoai lai
(foreign DNA) bang cac ky thuat khac nhau (Agrobacterium, vi tiém, ban
gen, xung di¢n...) vao mot co thé vat chu (vi sinh vat, dong vat hodc thuc
vat).

Chuyén nhiém (transfection). Ky thuat dua DNA phage hoic DNA
virus vao cac té bao vat chu.
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Coenzyme. Mot chét hiru co thuong 13 mot vitamin hay mot chét tong
hop tir vitamin dé tac dung 1én mot cofactor (mdt chit phi protein nhu: Cu,
Fe hodc Zn hay mét phan tir hiru co) giup enzyme xuc tdc mdt phan ing trao
ddi chat.

Cosmid. Vector lai (hybrid vector) dugc cau thanh tir cac doan trinh
tu ctia plasmid va céc vi tri cos (dau dinh) clia bacteriophage .

Cong nghé¢ ACCELL (ACCELL technology). Cong nghé phan phdi
gen dua trén co s& thay doi cuong do phong dién thong qua giot nude nho,
vi viy da tao ra mot su thay ddi ap suat khong khi rat 1on 1am ting gia toc
cua cac vién dan vang boc DNA.

Cong nghé DNA tai t6 hop (DNA recombinant technology). Hé
thong cac phuong phap phong thi nghiém cho phép cit doan DNA tir mot
sinh vat dé ghép ndi vao DNA ctia mét sinh vét khac tao ra phan tor DNA tai
t6 hop. Phan tir nay dugc dua vao cac sinh vat khac nhau dé tao ra nhiing
gidng ching vi sinh vat, thyc vat va dong vat méi c¢6 nhitng pham chat dic
biét, dap ung nhu cau ngdy cang cao cta san xudt va doi sdng con nguoi.
Cong nghé nay c6 ung dung rdng rai trong y hoc, dugc hoc, nong nghi¢p va
nhiéu nganh cong nghiép khac.

Cong nghé protein (protein engineering). La cac k¥ thuat cho phép
nghién ciru va bién ddi cu tric ba chiéu cta phén tir protein. Sy bién doi
nay dugc thyc hién bang phuong phap héa hoc, enzyme hoic gy dot bién
diém dinh hudng 1én gen ma hoa cho protein niy, nham thu dugc mot cach
hiéu qua céac protein c6 tinh chat Iy-hoa va xtc tac thich hop hodc co tinh
chat moi. Mot trong nhitng linh vuc ciia cong nghé protein 1a mé hinh hoa
hoic thiét ké protein.

Cong nghé sinh hoc (biotechnology). Theo nghia rong la cac qua
trinh cong nghiép cé st dung vi sinh vat hodc cac té bao dong vat va thuc
vat (cong nghé sinh hoc truyén thdng). Theo nghia phd bién hién nay d6 1a
nhimg qué trinh san xudt sit dung cic gidng sinh vat méi, duoc tao ra boi
cong nghé DNA tai to hop (cong nghé sinh hoc hién dai).

Trong cong nghé sinh hoc truyén thng (1én men san xuét ruou, bia, U
chua thuc pham, lam phomat, trdng trot, chan nuéi...) trudc tién con ngudi
chon lua cac ddi tuong san xuat thich hop (ching vi sinh vat, cay trong va
vét nubi) thong qua thuc tién san xuit va sau ndy bang cac phuong phap
khoa hoc nhur gay dot bién, phén lap. ..
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Ngay nay, bang cach thay doi gen nhd cong nghé DNA tai té hop
ngudi ta dé tao ra cac dbi twong san xuat thich hop hon, c6 thé thay dbi ca
vé luong va chit nhidu qua trinh san xudt bang cong nghé sinh hoc truyén
théng truée ddy, nang chung 1én vi tri cao hon va mé ra nhiing trién vong
16n cho cac linh vuc hoat dong ctia cong nghé sinh hoc.

Ciru Dolly. Con ciru ddu tién va ciing 1a dong vat bac cao dau tién
duoc tao ra bang nhan ban (cloning). Cong trinh nay do Tién si lan Wilmut
va cong su (Vién Roslin, Scotland) thuc hién thanh cong vao 2/1997. Cac
tac gia dd cAy nhan cia té bao soma tuyén vi vao té bao trimg da hut bo
nhén ctia mot ctru cai khac. Tir 277 trudng hop chuyén nhan nhu vay di tao
ra con ctru Dolly ¢6 kiéu gen va kiéu hinh giéng véi clru dd cho nhan. Két
qua nay mo ra trién vong nhan giéng hang loat, chinh xac va nhanh chong
cac gidng vat nudi mang cac tinh trang kinh t& quy & bo, ciru, lon...

Deoxyribonucleotide triphosphate (dNTP). Tién chat di duoc
triphosphoryl hoa (“ning luong cao”) can thiét cho qua trinh tong hop DNA.
N duoc ky hiéu cho mét trong bdn nitrogen base (A, G, T hoac C).

Deoxyribonuclease (DNase). Loai enzyme nuclease thiy phan (phan
huy) DNA so¢i d6i hodc DNA sgi don.

Deoxyribonucleic acid (DNA). DNA 1a dai phan tir sinh hoc ¢6 cau
tric xoan d6i, ton tai chu yéu trong nhan té bao, trén cac nhidém sic thé,
mang théng tin di truyén cta sinh vat. Phan td DNA gdém hai chudi
polynucleotide, chudi no xodn quanh chudi kia tao nén chudi xodn kép.
Trong cac nucleotide, theo chiéu doc cac gbc phosphate ndi xen k& véi cac
phan tr duong deoxyribose tao nén bd khung bén ngoai ctia chudi xoan kép,
theo chiéu ngang mdi phan tir dudng déu két hop v6i mot trong bdn nitrogen
base: adenine, guanine, cytosine hoac thymine.

DNA khong truc tiép thé hién chirc ning sinh hoc ma gian tiép qua
protein do n6 ma hoéa. DNA tao RNA, RNA tao protein. RNA ciing la acid
nhan (nucleic acid). N6 ¢6 thanh phin ciu tao kha gibng DNA, ngoai trir
gbc thymine (T) trong DNA dugc thay thé boi gbe uracil (U), va RNA &
dang soi don chir khong phai ¢ dang xodn kép nhu DNA.

Qua trinh doc ma di truyén chira trong DNA d tong hop protein goi 1a
su phién mai (transcription) tao ra RNA mang thong tin di truyén 1a mRNA
(messenger RNA). mRNA két hop v6i mot co quan tir trong té bao la
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ribosome dé tao ra protein trong qué trinh dich mé (translation). Qua trinh
trén duoc goi 1a qua trinh sinh hoc can ban.

Nam 1962, Watson (M¥) va Crick (Anh) da chia s¢ Giai Nobel véi
Wilkins (Anh) vé phat minh ra ciu trac khong gian cia DNA va y nghia cta
né trong viéc truyén thong tin di truyén. Didu dang tiéc 1a Franklin, nguoi da
c¢6 nhitng dong gop dang ké cho phat minh nay di mat trude d6. Theo qui
dinh thi Giai Nobel khong duoc phép ting cho ngudi di mat.

Deoxyribose. Phan tir dudng cé trong thanh phan cua DNA.

Dich chuyén diém dut (nick translation). Phuong phap dénh diu
DNA bing phoéng xa [oc-32P]dCTP nho enzyme DNA polymerase I cia E.
coli.

Dich ma (translation). Su téng hop protein trén khuén mRNA. Qué
trinh chuyén thong tin di truyén trong trinh ty base ciia mRNA sang trinh ty
amino acid ctia chudi polypeptide trong té bao con goi 14 qua trinh sinh tong
hop protein.

Dideoxyribonucleotide triphosphate (ddNTP). Mot dong phéan cua
dNTP ding dé két thic mot chudi DNA trong cac thi nghiém xac dinh trinh
tu gen (sequencing).

DNA bé sung (complementary DNA, cDNA). DNA duoc téng hop
trén khuon miu mRNA nhd qua trinh phién mid nguoc (reverse
transcription). Do vdy, n6 cé trinh tu sip xép cac nucleotide bd sung voi
trinh tu cac nucleotide trén mRNA. Vi du: trén mRNA trinh tu d6 la
UUGAAG thi trén cac DNA bd sung s& ¢6 trinh tir twong tmg 13 AACTTC.
DNA b6 sung duoc tong hop tu nhién trong chu trinh sdng cua virus mang
vét chat truyén 1a RNA. Vi du HIV, virus cim va céc retrovirus néi chung.
DNA bé sung dugc tong hop nhén tao trong cac phong thi nghiém dé xay
dung thu vién cDNA (cDNA library).

DNA khuén miu (template DNA). Soi DNA ma trinh tu céac
nucleotide ctia né duge ding lam khudn mau dé tong hop nén soi DNA méi
trong qua trinh tai ban (sao chép) hodc khuéch dai DNA (PCR) hoic dé tong
hop nén sgi RNA méi trong qua trinh phién ma.

DNA polymerase. Enzyme tong hop ban sao DNA trén khudn mau
DNA bing cach xuc tac phan tmg gan timg nucleotide riéng biét vao dau
chudi DNA dang duoc tong hop.
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Nam 1959, hai nha khoa hoc ngudi MV 1a Kornberg va Ochoa da duoc
nhén Giai Nobel vé nhitng nghién ctru di 1am sang to co ché co ban cia qua
trinh sao chép DNA lién quan dén DNA polymerase 1.

Dong (clone). Tap hop cac té bao hodc phan tir gibng hét nhau cing
bat ngudn tir mot t& bao hay phan tir ban dau.

Dong phdi (germ line). Cac té bao c6 chuc ning sinh san, tir d6 sinh
ra trimg va tinh bao.

Panh dau ¢ dudi (end labelling). B6 sung phéan tir phong xa vao dudi
cuia mot polynucleotide nho T4 polynucleotide kinase.

Piu bing (blunt end). Cac dau ctia DNA soi doi khong c¢6 cac dau 3
hodc 5’ nho ra (protruding ends).

Pau dinh (cohesive ends hoic sticky ends). Cac diu cua phan tir
DNA ¢6 céc trinh tu bd sung ngin c6 thé dinh két lai dé ndi hai phan tir
DNA v6i nhau. Cac dau dinh thuong do cic enzyme han ché tao ra.

Piu tin cung C (C terminus). Goc carboxyl (COOH) tu do & vi tri
tan cung ctia mot phan tir protein hodc chudi polypeptide.

Piu tan cung N (N terminus). Géc amine (NHy) & vi tri tin cing cla
mot phan tir protein hodc chudi polypeptide. Tat ca cac polypeptide déu
dugc tong hop bat dau tir dau nay, dén gbc carboxyl tan cing.

Piém dirt (nick). Diém dat gy & mot soi don trén DNA soi doi.

Pién di trén gel (gel electrophoresis). Ky thuat dung dé phan tach
cac phan tur nucleic acid hozc protein dua vao su dich chuyén caa ching trén
gia thé dang gel (agarose hoic polyacrylamide) duéi anh huong cua dién
truong. Su dich chuyén caa cac phan tir nay phu thudc vao dién tich, ciu
hinh, kich thuéc va khdi lwong phan tir cua nucleic acid hoidc protein ciing
nhu dung méi va ndng do cua chat dang lam gié thé.

Poan Klenow (Klenow fragment). Con goi 1a doan 16n cia DNA
polymerase 1. Day 1a mot doan ciia DNA polymerase I (khdi lwong phan tur
76.000) cua E. coli da bi mét hoat tinh exonuclease 5°—3’.

Poan nhoi (stuffer fragment). Con goi 1a ving dém hay viing trung
tam. L& mot phan caa phage A ¢6 thé duoc loai bo va thay thé bang doan
chén DNA (insert DNA) ma khong anh huéng dén kha ning sinh san cua
phage trong té bao vat chu.
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Pong diu (replica plating). Phuong phap chuyén nguyén miu cac
khuén lac hodc vét tan tir mot dia thach géc sang dia thach moi bfmg cach
dung mang nylon (vi du mang Hybond-N+) vira khit ap Ién mat thach cua
dia gbc dé dinh iy cac té bao trong cic khuin lac (colony) hodc vét tan
(plaque) cta dia gbc, rdi dua mang nay ap 1én mit thach méi.

D) Tesner (Tesner degree). 1°T = s6 mL NaOH hoic KOH can dé
trung hoa 100 mL stra.

Pot bién (mutation). Bién ddi trong trinh tu cac base cuia DNA. C6
thé duoc gay nén boi chén doan, mét doan hodc ¢ cac base bi sira doi.

Dot bién gen (gene mutation). Con goi 1a dot bién diém, xay ra do
nhiing bién do6i cua timg nucleotide nhu mat, thém hay thay doi vi tri cua
nucleotide trén phan td DNA. La nguyén nhan cua sy hinh thanh protein
khong binh thudng. Phan 16n dot bién 1a c6 hai nhung chung vin thuong
dugc gitr lai trong quan thé vi thuong 12 lan va do d6 c6 thé duoc duy tri
trong kiéu gen ma khong anh hudng dén sirc séng cua sinh vat. Toc do dot
bién ty nhién thap, nhung tan s dot bién c6 thé ting nho cac tac nhan nhu
phong xa ion hoa va cac hoa chat gay dot bién gay ra.

Dot bién khuyét dudng (auxotrophic mutation). Con goi la dot bién
hoéa sinh. Dot bién 1am mat kha ning tdng hop mot chat can thiét cho su sinh
truong cua té bao.

Duéi polyA (polyA tail). Doan trinh ty dai 50-200 nucleotide adenine
dugc bd sung vao dau 3’ cia hau hét cic mRNA eukaryote sau khi phién
ma.

E. coli (Escherichia coli). Vi khuan thuong cé trong rudt non cia
dong vat co xuong song. E. coli dugc coi nhu sinh vat mau cho viéc nghién
ctru hoat dong cua té bao. Pay 1a vi khuan Gram am c6 kich thudc genome
khoan 4x10° base-pair. Cac qua trinh biéu hién gen (phién ma va dich ma)
di doi v6i nhau, sinh ra sgi mRNA dugc tong hop méi va duoc sir dung
ngay cho qua trinh dich ma. Khong c6 hién twong bién ddi hau dich ma
(post-translation). Vi thé, E. coli dugc xem 1a mdt trong nhitng té bao vat
chu don gian nhat. R4t nhiéu thi nghiém tao dong gen dang dugc thyc hién
hang ngay tai cac phong thi nghiém déu sir dung E. coli 1lam vat chu voi
nhiéu chung khac nhau vé mat di truyén va cho nhitng tng dung dic biét.
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Endonuclease. La enzyme nuclease cit bén trong phan tir nucleic
acid, nguoc véi exonuclease 12 enzyme phan giai DNA tir mot dau hodc ca
hai diu. Nuclease thily phan nhiing lién két phosphodiester gitta cac
nucleotide ciia mot phan tir nucleic acid. C4c nuclease c6 thé dic hiéu ddi
véi DNA (deoxyribonuclease) hoic dic hiéu d6i véi RNA (ribonuclease).

Enzyme. Chét xtc tac sinh hoc, 1a cac phan tir sinh hoc ¢6 ban chat
protein déng vai trd chét xtic tac cho cac phan tng bién d6i héa sinh.

Enzyme gin DNA (DNA ligase). Enzyme dung dé ndi cic phén tir
DNA véi nhau bang cach tao ra méi lién két phosphodiester gitta nhom 5°-
PO, va nhém 3°-OH trong qua trinh tai ban hoac stra chita DNA.

Enzyme gin RNA (RNA ligase). Enzyme ndi cac doan RNA voi
nhau sau khi céac intron duoc cat roi khoi tién than cia mRNA (pre-mRNA)
& cac sinh vat eukaryote, tao ra mRNA hoan chinh sin sang tham gia vao
qué trinh dich ma dién ra trén ribosome.

Enzyme han ché (restriction enzyme, RE). Loai endonuclease ¢
kha ning cat DNA tai nhitng doan trinh tu nhat dinh ma chung nhén biét.
Enzyme han ché dugc phét hién vao nam 1970, chung ton tai trong té bao vi
khuan, c6 tac dung cat DNA ngoai lai (vi du: DNA cuaa phage) tai nhiing
diém xac dinh, dé tiéu diét DNA nay. Cho dén nay hon 900 enzyme han ché
da dwoc tim thay. Cac enzyme han ché duoc sir dung rong rdi trong cac
phong thi nghiém thao tac gen nhu nhitng “chiéc kéo” cit DNA tai nhiing
diém dac hiéu. Vi tri cat phu thudc vao loai enzyme han ché dwoc hya chon.

Nam 1978, Arber (Thuy Si), Nathans (M¥) va Smith (My) da duoc
nhan Giai Nobel nho phat minh ra enzyme han ché va nhitng tng dung cua
chung dé giai quyét nhiéu van dé quan trong cua di truyén hoc phan tir. Cac
enzyme nay la nhiing chiéc kéo phan ti” c6 thé cat DNA thanh nhitng doan
x4c dinh, 43 md ra mot thoi ky phét trién méi caa sinh hoc hién dai-Thoi ky
thao tac gen.

Enzyme phién ma ngwoc (reverse transcriptase). DNA polymerase
phu thuoc RNA (RNA-dependent DNA polymerase) c6 trong cac RNA
virus (retrovirus) duoc dung dé tong hop cDNA trong diéu kién in vitro.

Epitope. Yéu t6 quyét dinh khang nguyén, 13 mot trinh tu céu trac
nam trén phan tir khang nguyén dugc nhan biét boi cac khang thé hodc cac
thy thé ctia khang nguyén. Cac epitope cua té bao B 1a nhimng quyét dinh
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khang nguyén duoc céc té bao B nhan biét. Cac epitope nay c6 cau tric gian
doan, dién hinh nghia 13 c6 cdu tric khong gian nhét dinh. Epitope cua té
bao T 13 mét trinh ty peptide ngin tir mot khang nguyén c6 ban chit protein
duoc lién két v6i phan tr MHC va duoc nhan biét boi mot té bao T riéng
biét.

Eukaryote. Sinh vat cé té bao mang nhan dién hinh (nhan that) nghia
12 nhan duoc bao boc béi mang nhan va tham gia vao hai co ché phan bao
quan trong la nguyén phan va giam phan.

Exon. Cac doan DNA trong gen c6 chie nang phién ma. Exon ton tai
& ca sinh vat prokaryote va eukaryote. Riéng & sinh vat eukaryote cac exon
nam xen k& véi cac doan intron. C4c intron chiém t&i 90% tong sé6 DNA cua
té bao eukaryote va khong co chirc ning phién ma.

Exonuclease. Loai enzyme nuclease chi tac dong vao dau tan clng
cuia phan tir nucleic acid, cat ra ting nucleotide mot theo thoi gian. Ching
c6 thé chuyén hoa theo dau 5° hodc 3’ cua sgi DNA.

Ex vivo. Thuat ngit dung dé chi cac thi nghiém thuc hién trén té bao
nudi cdy, cac té bao nay sau d6 s& duge dua vao mot co thé sdng.

B-galactosidase. Enzyme dugc ma hda bai gen lacZ. Enzyme nay
thuy phén lactose thanh glucose va galactose.

Gay dot bién dinh hwéng bang oligonucleotide (oligonucleotide-
directed mutagenesis). Con goi la gay dot bién dinh huéng diém (site-
directed mutagenesis), 12 qué trinh tao ra mot bién ddi xac dinh trén DNA
bang cach str dung mét oligonucleotide tong hop (primer) c6 mot vai bién
d6i trong trinh ty nucleotide.

Gen (gene). La don vi di truyén, yéu té quyét dinh mét tinh trang co
thé. Thong tin di truyén ciia cic gen dwoc ma hoa trong DNA quyét dinh
tinh bién di cua ca thé va cta loai. DNA 1a mot chudi bao gém cac don vi
nucleotide, c6 bén loai nucleotide mang bon nitrogen base khac nhau 1a
adenine (A), guanine (G), cytosine (C), va thymine (T). Trinh tu céac
nucleotide cua mdt gen xac dinh mot polypeptide hodc mdt RNA. Gen co
kha ning bj dot bién. Céc gen cha yéu nam doc theo nhiém séc thé ¢ trong
nhan té bao. Mai gen chiém mot vi tri xac dinh trén nhidm sic thé goi la
locus. Gen c6 thé ton tai & nhiéu dang goi 1a cac allele. C&c gen biéu hién
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théng qua céc phén tir do chdng sinh ra 1a RNA (trong qué trinh phién mé)
va protein (trong qué trinh dich ma).

Gen céu trac (structural gene) hay gen mé hoa (coding gene). La
trinh tw ma hoa san pham protein.

Gen chi huy (operator). Poan DNA ngin nam ¢ dau operon, ké sat
promoter noi ma protein ¢ ché c6 thé bam vao, cé tc dung “mé” hoic
“dong” operon dé cho céc gen cau trdc trong operon hoat dong hoic nging
hoat dong.

Gen chi thi (reporter gene). La mot gen ma hoa ma san pham cua né
duoc  tric nghiém mdt céach dé dang (vi du chloramphenicol
acetyltranferase), no c6 thé duoc gan véi bat cir mot promoter nao sao cho
su biéu hién cua gen nay duoc dung dé thir nghiém chirc ning cia promoter.

Gen diéu hoa (regulatory gene). Mot gen ma san pham protein cta
né tham gia vao sy diéu hoa biéu hién cia mot gen khac. Vi du gen ma hoa
mot protein kim ham.

Gen gay chét (death gene). Gen lam chét c4 thé & mot giai doan nao
d6 trong qua trinh phat trién caa chang.

Gen lacZ. Gen cua E. coli m3 hoa p-galactosidase thich hgp cho chon
loc thé bién nap bang khuan lac xanh (B-galactosidase s& két hop véi IPTG
va X-gal duge bd sung trong méi truong nudi ciy) va trang (doan DNA
ngoai lai xen vao giita gen lacZ 1am cho gen nay mat hoat tinh vi thé khong
san xuat dugc B-galactosidase).

Gradient. Bién thién ciia mot dai lugng theo mot huéng nao d6. Mot
gradient mat 4o duoc xéac 1ap trong mot sb truong hop ly tam. Mot gradient
proton hoac ion dugc tao ra qua mot mang nho sy van chuyén tich cuc doi
hoi nang lugng.

Hé gen (genome). LA tap hop cac gen co trong mot té bao don boi
eukaryote, trong mét té bao prokaryote hoic trong mét virus. Hé gen chira
toan bd DNA cua co thé, vi du hé gen ngudi chira DNA dai khoang 1,6 m
nhung chi rong khoang 5 phan ty mm. O nguoi, s6 DNA néi trén duge chia
lam 46 phan c6 d6 dai ngén khac nhau goi 14 nhidm séc thé, 1a tap hop DNA
& dang nén chat dén kich thuéce dudng kinh chi con 3-4 phan triéu mét. Tuy
nhoé nhu vay, nhung nhidm sic thé nguoi ¢6 dén 3 ty gbe nucleotide. Su sép
xép dac thii ctia chung quyét dinh ban chat sinh hoc ciia co thé.
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Hé 1én men hay ndi phan ng sinh hoc (fermentor or bioreactor).
Thiét bj duoc st dung dé thuc hién mot qua trinh sinh hoc (bioprocessing)
¢6 kiém soat. Tuy nhién, thudt ngit hé 1én men thuong duoc dung dé goi
thiét bi nudi cay té bao phat trién tw do. Con thuat ngit ndi phan tng sinh
hoc dung cho qua trinh san xuét enzyme tinh sach, dich chiét t& bao phat
trién trén bé mit vat thé mang.

Hiéu wng glucose (glucose effect). Hién tuong khur hoat tinh cua
operon cam tmg & vi khudn khi c6 mit glucose ké ca khi hién dién chat cam
ung operon.

Histone. Nhom protein kiém nam trong phtc hop véi DNA & céac
nhiém sic thé eukaryote va dong vai tro quan trong trong viéc xac dinh cu
tric ctia nhiém séc thé.

Hoat t6 plasminogen mo (tissue plasminogen activator, tPA). La
chét hoat hoa plasminogen mé c6 ban chét protein va duoc sir dung dé lam
tan cac cuc méau dong (huyét khéi) trong dong mach ctia ngudi bi bénh nhdi
mau co tim.

Hormone. L& cac hop chit do cac tuyén noi tiét tao ra. Cac chat tiét
nay duoc truyén di trong co thé, tac dung 1én chat nhan dac hiéu ¢ bé mat
C4c té bao dich ma no c6 thé kiém soat hoat dong & dong vat.

Hormone thuc vat (phytohormone). La cac chat kich thich sinh
trudng thuc vat.

Hop tir (zygote). San pham don bao sinh ra do sy két hop céc giao tir
duc va giao tir cai. N6 phat trién thanh phéi théng qua hang loat nguyén
phan lién tiép.

Hybridoma. Dong té bao dugc hinh thanh tir su dung hop mot té bao
ung thu tiy xuong (myeloma) va mot té bao bach cau (lymphocyte),
hybridoma c¢6 kha ning san sinh cac khang thé don dong (monoclonal
antibody) mot cdch vinh vién.

Huyét thanh (serum). Chit 10ng ctia mau con lai khi mau dong dugc
tach ra bang phuong phép ly tim (nghia 13 huyét tuong khong c6 cac nhan
t6 1am dong mau).

Huynh quang (fluorescence). Hién twong phat mot song anh sang co
budc song khac voi budce song di duoc hap thu trude do. Mot sé phan tu
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duoc goi 1a thé huynh quang (vi du enzyme luciferase & con dom dom) do
c6 dac tinh nay.

In ddu DNA (DNA fingerprinting) hay in diu di truyén (genetic
fingerprinting). La phuong phap dung cac mau do phdng xa hoic ding ky
thuat PCR dé nhan dang cac biang DNA c6 cac doan lap lai vai tan sé cao.
Ban méu hinh cac bing DNA 1a duy nhat d6i véi mdi ca thé, va do vay co
thé dung dé xac dinh dic trung c4 thé hodc quan hé huyét théng.

In ddu chan DNA (DNA footprinting). Phuong phap nhan dang cac
viing DNA ma céc protein diéu hda bam vao.

Invertase. Enzyme xuc tdc phan ng thuy phan cac disaccharide
thanh cadc monosaccharide, dac biét thiy phan saccharose thanh dextrose va
levulose.

Interferon. Protein duoc sinh ra ¢ té bao dong vat nhu 1a phwong tién
dé chéng lai virus. N6 &c ché sy nhan 1én cua cac virus. Nho cdng nghé
DNA tai t6 hop, hién nay interferon dugc san xuat ra tir cac vi sinh vat tai to
hop véi mot sé lwong I6n thdng qua ki thuat chuyén gen interferon caa
dong vat vao vi sinh vat.

Gilbert (1980) d& doat giai thuong Nobel nho thanh cong trong viéc
thu nhén interferon tir E. coli d& duoc tai to hop gen ma hoa interferon. Dén
nam 1981, Pai hoc Washington (My) da thanh cong trong viéc thu nhan
interferon tir nAm men S. cerevisiae c6 hiéu suat cao gap 10.000 lan so véi
té bao E. coli tai to hop.

Intron. Nhiing doan DNA nho & sinh vat eukaryote khéng mang
thong tin ma hda amino acid, phan b rai rac doc theo phan t DNA. Sau
khi théng tin tir DNA dugc phién ma sang mRNA thi cac intron trén mRNA
bi cit bo, cac doan MRNA con lai gém toan cac exon duoc ndi lai véi nhau
va chuyén dén ribosome dé dung lam khuén mau cho qua trinh dich ma.
Intron khong thdy c6 & sinh vat prokaryote.

In vitro va in vivo. La thuat ngit mé ta thi nghiém trong 6ng nghiém
(in vitro) va trong co thé (in vivo). Cling véi su phat trién tmg dung ctia may
tinh, hién nay cac nha khoa hoc con tién hanh thi nghiém mé phong bang
computer. Qua trinh nay goi la thi nghiém in silico.
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Kéo dai doan mdi (primer extension). Sy tong hop mot ban sao
nucleic acid bat dau tir doan méi. Pugc sir dung dé danh ddu phong xa doan
DNA 1am mau do hoac khuéch dai mot doan DNA bang k¥ thuat PCR.

Khang nguyén (antigen). Phan tir thuong tim thay trén bé mit té bao,
c6 tac dung kich thich su tao thanh khéng thé. Do viy, né duoc dung dé gay
nén mot phan ang mién dich.

Khang thé (antiboby). Mot protein (immunoglobulin) do bach cau
lympho B ctia hé théng mién dich san sinh, c¢6 tac dung nhan biét mot khang
nguyén ngoai nhap dac hiéu va gan véi n6, néu khang nguyén nam trén bé
mat té bao thi viéc gan két nay s& dan toi su két cum té bao va 1am bat hoat
khang nguyén.

Khéng thé don dong (monoclonal antibody). Khang thé xuét hién
trong phan tng mién dich c6 nhiém vu gin va tham gia loai bo chét la
(antigen) lot vao co thé. Thong thuong, trong phan tmg mién dich c¢6 mit
hén hop cta nhiéu loai khang thé. Tuy nhién, nho té bao lai hybridoma
ngudi ta ¢ thé tao ra mot loai khang thé goi 1a khang thé don dong. Khang
thé don dong chi yéu duoc str dung cho muc dich chan doan bénh.

Khuéch dai (amplification.) Su san xudt nhiéu ban sao ciia mot trinh
tu DNA nho ky thuat PCR.

Khuyét doan (deletion, deficiency). Dot bién nhiém sic thé dan dén
lam mét mot doan vat chét di truyén va thong tin di truyén chtra trong no roi
khoi nhiém sic thé.

Kiéu hoang dai (wild type). Dang thuong thiy nhat cua mot gen
trong quan thé hoang dai. Allele kiéu hoang dai duoc ky hiéu bang mot chir
in hoa hoac thém dau cong sau chir viét thuong, vi du: A hay a*. Allele kiéu
hoang dai thuong 14 troi va cho kiéu hinh binh thuong.

Kilobase (kb). 1000 base (hoic cip base), duoc dung nhu don vi dé
do hoic xé4c dinh chiéu dai cua cac phan tir DNA hoic RNA.

K§ thuat di truyén (genetic engineering). Con goi la cong nghé
DNA tai t6 hop. Bao géom hé thdng cac phuong phap di truyén phan tir ding
dé thao tac vat chat di truyén, voi ba budc chinh gom ba khau chinh. 1)
Téch chiét DNA tir nhirng sinh vat khac nhau; 2) Cit va ndéi DNA & nhiing
diém dic hiéu dé tao ra DNA téi t6 hop (DNA mang cac gen c6 ngudn géc
khac nhau), vi du: DNA plasmid c6 mang gen cta nguoi; 3) Pua DNA tai to
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hop vao hoat dong trong cac té bao hoic co thé séng dé sinh ra nhiing san
pham dic biét can thiét cho con nguoi, vi du DNA plasmid mang gen tao
insulin cta ngudi duge dua vao vi khuan E. coli dé san xuét.

Lai khuin lac (colony hybridization). K§ thuat lai in situ dé xac
dinh vi khuén mang vector kham (chimeric vector) ma DNA cua vector nay
tuong déng v61 mot doan ma hoa dac biét nao dob.

Lai phan tir (molecular hybridization). Qua trinh trong d6 hai mach
nucleic acid bd sung (A-T, G-C) bit cip hinh thanh nén mot mach kép. Day
12 mot k¥ thuat hiru ich dé phat hién mot trinh ty nucleotide chuyén biét.

Lai tai chd (in situ hybridization). Qu4 trinh bat cip gitta mau do (1a
mot trinh tw DNA sgi don hay RNA) vdi DNA cuia té bao duoc cb dinh trén
lam kinh.

LAK (lymphokine activated liller). Té bao giét duoc hoat hoa bing
lymphokine. Liéu phap té bao LAK (liéu phap IL-2 gian tiép, duogc thyc
hién bang cach tach cac té bao lympho (Ilymphocyte) tir mau ngoai vi cua
bénh nhan ung thu sau d6 hoat héa va nhén in vitro cac té bao nay ciing voi
IL-2 qua mdt s6 ngay. Mot dong lympho khong phai T s& dugc phat trién co
hinh thai lympho hat 16n, cic lympho nay c6 doc tinh rat cao chdng lai cac
khéi u thuc nghiém (goi 1a cac té bao LAK) di dugc ching minh 1am thuyén
giam mot phan hodc thuyén giam hoan toan trén 20% bénh nhan bi mot sd
bénh ung thu, dic biét 1a ung thu da ac tinh va ung thu biéu mé than.

Land farming. Qué trinh xu 1y bang k¥ thudt phan huy sinh hoc
(bioremediation) dwoc thyuc hién & 16p dat mat hodc trong cac 6 xur 1y sinh
hoc (biotreatment). D4t bi nhiém ban, chat cin hodc bun dugc tron lai trén
bé mit 16p dat va sau d6 dinh ky s& duoc 14t lai dé thong khi.

Landfilling. K§ thuat chon cat chat thai, 1a cach thong dung nhat dé
khir bo céc chat thai sinh hoat, thwong mai va cong nghiép. Khoang 80-90%
luong chat thai trén thé gidi s& duge khir bo bang cach nay trong nhing nim
t6i. Nhitng dia diém duoc str dung dé chon cat chat thai co thé 13 nhitng noi
khai thac mo di két thuc, cac mo da da bo, cac ving dat thap, cac thung
ling... Céc noi chon cAt chét thai can dugce lya chon va quan ly that can than
dé tranh nhirg su ¢d nhu 1dm 6 nhidm nudc ngam, dé thoat ra cac khi c6
mui kho chiu, gdy 4n twong x4u vé canh quan...
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Lén men (fermentation). La qua trinh bién d6i sinh hoc khi str dung
cac vi sinh vat. D6 ciing 1 nhiing bién ddi bang con dudng sinh hoc ctia mot
chit nén, ké ca cac hién tuong sinh téng hop va chuyén hoéa sinh hoc. Hién
tuong 1én men ciing ding dé chi phuong thirc chuyén hoa bang cach phan
giai cac chit hiru co ma co thé séng va té bao sir dung dé tao ra ning luong
héa hoc dudi dang ATP nhung khong can dén oxygen.

Lién két peptide (peptide bond). Mbi lién két dong héa tri trong
chudi polypeptide, néi nhom a-carboxyl ciia mot amino acid véi nhom a-
amine ctia mot amino acid ké tiép.

Lién két phosphodieste (phosphodieste bond). Mot phan tir chta hai
alcol, ester hoa véi mot phan tir phosphoric acid lam cau ndi giita ching voi
nhau. Vi du chudi polynucleotide dugc ndi boi lién két phosphodieste
5’—3’ gitta hai nucleotide canh nhau.

Liéu phap gen (gene therapy). La phuong phap chita bénh (déc biét
1 nhitng bénh di truyén va bénh nan y) nhd k§ thuat stra chita gen hoac
chén gen lanh (binh thuong) vao hé gen clia co thé bi bénh.

Liéu phap gen té bao sinh san va té bao sinh dwéng (germline and
somatic cell gene therapy). Chita tri gen t& bao sinh dudng khong tham gia
qua trinh sinh san. Vi du c6 thé thay d6i gen dé chita tri té bao ung thu, ma
su thay ddi nay khong di truyén lai cho thé hé sau. Nguoc lai, trong chita tri
gen té bao sinh san thi su thay doi s& dugc di truyén cho thé hé sau. Do vay,
vé mat dao dirc chita tri gen té bao sinh san khong duoc chip nhan dé dang
va hién bi cAm & nhiéu nude.

Linker. Mot oligonucleotide téng hop c6 hai dau bang, chira mot hodc
nhiéu vi tri ¢t han ché cho phép ndi cDNA soi d6i véi céc plasmid vector hodic
bacteriophage A vector. cDNA sgi d6i trudc d6 dugc xtr ly véi DNA
polymerase cta bacteriophage T4 hoic DNA polymerase I ca E. coli dé tao
dau bang. Cac linker sau khi gin voi hai ddu bang cua doan ¢cDNA nho
DNA ligase s& duoc cit han ché dé tao ra dau so le tuong déng v6i hai dau
clia vector. Phan tng gin giita doan cDNA ¢6 mang linker ¢ hai dau véi
vector cling dugc xuc tdc nho DNA ligase.

Ly tam theo gradient mat d¢ (density gradient centrifugation). Ky
thuat tach cac hop chit dua vao sy khac nhau vé mat do cua ching duogc
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thuc hién bang phuong phép ly tim dé lam lang cac chit qua mot gradient
nong do cua saccharose hoac CsCl.
Lymphokine. La nhing cytokine dugc san xuat tir cac té bao lympho.
Lysosome. Mot bao quan c6 mang bao boc & trong t& bao chat cua
nhiing t€ bao eukaryote. Lysosome chira nhi€éu enzyme thuy phan.

M4 di truyén (codon). Nhom ba nucleotide nam ké nhau (bo ba) trén
phan tir mRNA xé4c dinh mot amino acid trén chudi polypeptide, hodc 1a tin
hiéu két thiic viéc tong hop polypeptide.

M4 thodi bién (degenerate codon). M di truyén ma & dé mot amino
acid duoc quy dinh bai mot s6 bo ba nitrogen base, chir khong phai chi boi
mot bo ba. Thodi bién 1a dic diém vén c6 cia ma di truyén ton tai pho bién
6 sinh gioi.

Ma vé nghia (nonsense codon) hay ma dirng (stop codon). La
codon ma & d6 qua trinh dich ma dimg lai (noi két thuc cta chudi
polypeptide). Co tit ca ba codon vo nghia véi cac tén goi la amber (UAG),
ocher (UAA) va opal (UGA)

Maturation. Qua trinh trong d6 cac mRNA vira dugc phién ma trai
qua mot sb bién d6i hoa hoc dé tro thanh mRNA hoan chinh sin sang lam
khudn mau cho viéc tong hop protein.

May dém nhap nhay (scintillation counter). May ding dé xac dinh
hoat tinh phong xa trong mot mau thi nghiém.

Mat dd quang (optical density). Théng sb cho phép do do hap thu
anh sang & mot budc song nao do6 cua mot méi truong hoac dung dich.

Miu do DNA (DNA probe). Mot doan RNA hay DNA chuyén biét
duoc danh dau bang ddng vi phong xa hay bang hoa chat (chéat phat huynh
quang hodc enzyme), dung dé dinh vi mot trinh tu nucleic acid nhéat dinh
thong qua k¥ thuat lai phan tr (xem Northern blot, Southern blot...)

Micelle. Hat & dang huyén phu trong mot dung dich keo, duoc cu
thanh tir mot tap hop cac hat nho hodc dai phan ta.

Monomer. La c4c phan tir don vi nho, c6 thé lién két voi cac phan tir
don vi giébng n6 dé hinh thanh nhing phan tir 1én hon (polymer). Vi du cac
nucleotide la cac monomer cua nucleic acid va cac amino acid la monomer
cua protein.
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Moi trwong LB (LB medium). Moi truong nudi cay E. coli, thanh
phan bao gdm (cho 100 mL): 1 g bacto-trypton; 0,5 g dich chiét nAm men va
1 g NaCl. Néu pha ché méi truong ran dé nudi ciy trén dia petri thi bo sung
thém 1,5 g bacto-agar.

Moi (primer). Mot trinh ty DNA hay RNA ngén, bat cap véi mot
mach ctia DNA khuén miu va c6 mang mét dau 3’-OH tu do gitp DNA
polymerase bt dau tong hop mot chudi DNA méi.

Mucopeptide. Di polymer dai phan tir chira hai loai dudng amine va
mot s6 amino acid. Nguoi ta nhan thdy mucopeptide gin lién véi thanh té
bao cua prokaryote.

Myeloma. La mot dong cua té bao khdi u c6 tir mot té bao bach huyét,
thuong san sinh mot dong don cia immunoglobulin.

NAm men huéng methyl. La nhitng ndm men chi sir dung chat dan
xuat methane nhu 13 ngudn carbon va niang luong chuyén hoa.

NAm men Saccharomyces cerevisiae. L4 mot vi sinh vat nhan that
dugc sir dung nhiéu trong céng nghé DNA tai té hop. Genome ciia nAm men
S. cerevisiae khoang 1,35x10’ base-pair nhiéu hon E. coli khoang 3,5 lan.
N4m men thudng duoc dung 1am té bao vat chu dé biéu hién nhiing protein
c6 cau tric phuc tap can qua trinh hau dich md ma vi khuan E. coli khéng
thé dap tng.

Northern blot. K¥ thuat chuyén va c¢b dinh RNA tir formaldehyde
agarose gel (sau khi duogc phan doan bang dién di) 1én mang lai bang nylon
hoic nitrocellulose dé lai véi mau do (probe) duge danh dau dong vi phong
xa [0-**P]dCTP hoic digoxigenin-dUTP. Tin hi¢u lai sau d6 dugc phat hién
trén phim X-quang (truong hop [0-3*P]dCTP) hodc trén mang lai (trudng
hop digoxigenin-dUTP).

Nucleic acids. Nhitng polynucleotide sinh hoc thién nhién, trong d6
nhimg don vi nucleotide duoc két hop v&i nhau boi nhitng lién két
phosphodieste thanh trinh tu DNA hodc RNA riéng biét.

Nucleotide. Mot nucleoside phosphoryl héa vdi mot trong nhirng
hydroxyl ciia pentose. Phan tir dong vai trd céu triic co s ciia DNA va
RNA, gbém ba phan: duong pentose (ribose trong RNA, deoxyribose trong
DNA), nitrogen base va gbc phosphate.

Nhdp mon Cong nghé sinh hoc 342



Nudi cdy mo va té bao (tissue and cell culture). Ky thuat ciy va
nudi vo tring md va té bao dong vat hodc thuc vat trong mdi truong nhan
tao bén trong 6ng nghiém hoac binh thay tinh. V& nguyén ly, gibng nhu
nudi cdy té bao vi sinh vat. Ky thuat nay c6 nhiéu tng dung thyc tién, vi du
& thuc vat duoc dung dé nhan gidng nhanh nhimng cay sinh truéng cham
hoac bi phan ly khi sinh san hitu tinh, ngoai ra cling dugc st dung trong
chon gidng; ¢ dong vat ky thuat nay dugc dung dé nudi mé phuc vu cho
cdng tac nghién ctu va san xuat cac chat c¢d hoat tinh sinh hoc.

Oliofilm. Cao su xir Iy bang HCI.

Oligo. Tiép dau ngit c6 nghia 1a “it”, vi du: oligonucleotide
(polynucleotide) c6 it nucleotide hoac oligopeptide (polypeptide) co it
peptide.

Oligo(dT)-cellulose. Mot doan ngian gdom cac gbc deoxy-thymidine
lien két vai co chét cellulose, duoc sir dung dé tinh sach mRNA eukaryote
bang phuong phap sac ky &i luc.

Oligomer. Thuat ngit chung dé chi mot doan ngan cac monomer.

Oligonucleotide. M6t doan ngin cac monomer 1a nucleotide, thuong
tir 20-30 nucleotide.

Operon. Nhom céc gen & vi khuan chiu sy diéu khién chung cua mot
gen diéu hoa. Cau trdc operon bao gom: 1) Nhém gen cau tric ma hoat dong
cia chung chiu su diéu khién chung, 2) Gen diéu hoa san sinh ra protein
diéu hoa, 3) Vung chi huy (operator) va trinh tu khoi dong (promoter) chiu
tac dong cua protein diéu hoa. Protein diéu hoa c6 tac dung bam vao ving
chi huy 1am cho né bi ”déng”, do vay nhdm gen cau trdc ngiing hoat dong.
Khi trong méi trudng xuat hién co chat ciia cac gen ciu trac thi co chit nay
bat hoat héa protein diéu hoa khién n6 khéng bam vao ving chi huy duoc
nira, ving chi huy dugc ”mé” va nhom gen cau trac lai hoat dong.

Phage. Viét tit cta bacteriophage (thuc khuéan thé), 14 loai virus xam
nhiém va sinh san bén trong vi khuan. Phage thuong ¢ vo boc protein, phtc
hop bao gdm phan dau co6 hinh da dién chtra nucleic acid (DNA hoic RNA)
va dudi ma qua do6 nucleic acid xdm nhap vao vi khuan chu. Sau qua trinh
nhan Ién cua nucleic acid cua phage, té bao vi khuan chu thuong bi tan bién.
Loai phage ludn ludn lam tan té bao vi khuan khi ching xam nhiém vi
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khuan goi 1a phage doc, vi du phage T4. Nguoc lai, con c6 phage on hoa,
khi xam nhiém vi khuan né gay nén phan ng tiém tan, nghia 1a hé gen cua
phage gan vao nhiém sic thé vi khuan va duoc sao chép cuing véi nhiém sic
thé d6. Hé gen cua phage ¢ trang thai gin nhu vay véi nhidm sic thé vi
khuan goi & prophage.

Phin tng chudi polymerase (polymerase chain reaction, PCR).
Phuong phéap dung trong phong thi nghiém dé khuéch dai cac doan DNA
dac biét 1én hang triéu 1an trong vong vai gio thdng qua 20-30 chu ky nhiét,
mdi chu ky bao gdbm ba mirc nhiét do: bién tinh & 90-95°C, bt cip voi mdi
& 40-65°C hodc hon va téng hop mach méi nhd DNA polymerase chiu nhiét
(Taq polymerase) & 70-72°C. PCR c¢6 tng dung rong rai trong chan doan y
hoc, phan tich sy da dang sinh hoc, chon giéng va trong nhiéu linh vuc
khac.

Nha khoa hoc My (Tién si Mullis) ngudi phat minh ra ky thuat PCR
da nhan giai Nobel ndm 1993. Cung chia s¢ Giai Nobel véi Mullis la Smith
(Canada) do c6 nhimg dong gop mang tinh nén tang cho viéc gy dot bién
diém dinh hudng, dua trén cac oligonucleotide va viéc phét trién ching
trong cac nghién ctru protein.

Phan hoa hay biét héa (differentiation). Mot khia canh ctia sy phat
trién bao gém su hinh thanh céc loai té bao, cic loai mo, cac loai co quan
khac nhau tir mot hop tir ban dau duéi sy diéu khién dic biét cia cac gen.

Phan hiy sinh hoc (bioremediation). La qua trinh lam sach moi
truong sinh thai nho co thé séng. Vai tro chinh thudc vé vi sinh vat va thuc
vat phan giai hodc hap thu cac chit 6 nhidm gy doc va kim loai nang co
trong mit dt, nude va khong khi.

Phan tich trinh tw gen (gene sequencing). La k¥ thuat xac dinh trinh
tu theo cau tric bac mot caa chudi cac nucleotide trong mot phan tir nucleic
acid. Phén tich trinh ty cia DNA c0 cac phuong phap hoa hoc cia Maxam-
Gilbert va phuong phép enzyme cua Sanger. Trong nhitng nim gan ddy, mot
s6 phuong phap xac dinh trinh tu mai nho sy hd trg ciia may tinh da xuét
hién. Bén canh ky thuat thong thuong st dung cac polyacrylamide gel dé
phén ly c&c phén t&r DNA c¢6 d6 dai khac nhau, cdc ky thuat méi lién quan
dén phat hién huynh quang cia cac nucleotide duoc danh dau, phan tich

Nhdp mon Cong nghé sinh hoc 344



trinh ty DNA bang khdi phd, dién di mao din hoic lai véi cac doan
oligonucleotide duoc tong hop nhan tao ciing di ra doi.

Nam 1980, Sanger (Anh) va Gilbert (My) da duoc trao giai Nobel do
d3 c6 nhimg dong goép quan trong vé phuong phap xac dinh trinh tu céc
nucleotide trong phan tir DNA. Péng gop nay la mdc lich sir to 16n trong
sinh hoc phan ttr, 1a nguyén Iy cua tat ca cac may xéac dinh trinh tw DNA tu
dong dang st dung hién nay trén khap thé gioi.

Phién mi ngwoc (reverse transcription). Qué trinh tong hop DNA
ttr khuoén mau mRNA nh¢ enzyme phién ma nguoc (reverse transcriptase).

Phéng xa tu ghi (autoradiography). Ky thuat phat hién cac phan tu
¢6 danh ddu phong xa thong qua hiéu (g tao anh ciia cac phan tir nay trén
phim X-quang.

Phosphoryl héa (phosphorylation). Phan tg tao thanh mot din xuat
phosphate cua mot phan tir sinh hoc dudi tdc dung xic tdc cia mot enzyme.

Phosphatase kiém (alkaline phosphatase). Enzyme loai bo cac
nhom 5°-PO, tir dau caa cac phan tir DNA va dé lai cac nhém 5°-OH.

Phoi tir (ligand). Mot phan tor hodc mdt ion két hop v&1 mot protein,
vi du hormone c6 thé két hop véi thu thé (receptor) dac hiéu cua no.

Plasmid. La DNA vi khudn c6 cu trdc mach vong kép, nam trong té
bao chét va ngoai nhan, c6 kha niang sao chép doc lap d6i véi nhiém sic thé
cua té bao. Ton tai ca ¢ sinh vat prokaryote va eukaryote. Ngay nay, cac
plasmid thiét ké nhan tao dwoc sir dung rong rdi nhu 1a cic vector ding
trong cac ky thuat tao dong va biéu hién gen.

Polyacrylamide. La polymer ctia acrylamide va bisacrylamide ¢ ciu
trac gdm céc lién két chéo tao ra mot mang xdp (gidng bot bién). Cac chat
phai chui vao 15 gel méi ra dugc, vi vay nhiing chit niao c6 khdi lugng phan
tir nho s€ ra trudc va nguoc lai.

Polymer. Mot doan dai cac monomer.

Polynucleotide. Trinh tu nhitng nucleotide nbi ddng héa tri v6i nhau,
trong d6 vi tri 3’ ctia pentose ctia mot trong nhitng nucleotide dugc ndi véi
mot lién két phosphodieste & vi tri 5° ctia pentose cuia nucleotide tiép theo.

Polypeptide. Mot chudi dai nhitng amino acid ndi véi nhau boi nhitng
lién két peptide.
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Prokaryote. Sinh vt don bao khong c6 nhén té bao dién hinh, DNA
nam trong té bao chat khdng cd mang bao boc, khdng c6 nguyén phan va
giam phan; dai dién dién hinh 1a vi khuan.

Prophage. Phage 6n hoa dd xen vao nhiém sic thé cua vi khuan tiém
tan. N sao chép dong thoi voi nhiém sic thé cia té bao vi khudn chu.

Protein. Mot phan tir 16n gdm mét hodc nhiéu chudi polypeptide, mdi
chudi c6 mét trinh tw amino acid va mot khéi lwong phéan tir dic trung.
Protein 1a hop chat quan trong bac nhat ddi véi co thé séng. Vé cau tric,
protein & phan tir mach dai gom céac don vi cAu tric nho 1a cac amino acid
ndi véi nhau qua méi lién két peptide. Khéi lwong phan tir cua protein tir vai
nghin dén vai triéu. C khoang 20 loai amino acid. Céc loai protein phirc tap
hon c6 lién két thém vai cac nhdm bd sung.

Protein dung hep (fusion protein). L& mot protein tai to hop lai
dugc ma hoa boi mot gen lai (fusion gene) do sy dung hop in vitro cac doan
gen khac nhau trén plasmid vector va sau d6 bién nap vao vi sinh vat chu
(chang han E. coli). Vi vdy, protein dung hop s& mang trinh tw amino acid
ctia hai protein khac biét dugc tong hop tir dau N ctia vector biéu hién.

Protein nguyén thé (native protein). La mot protein tai to hop duoc
ma hoa bai mot gen ngoai lai (foreign gene) trong vi sinh vat chi. Khac vai
protein dung hop, protein nguyén thé dugc tong hop tir ddu N cia né cha
khong phai tir dau N cua vector.

Purine. Mot hop chét di vong, kiém, co nitrogen, la thanh phﬁn cua
nhimng nucleotide va nucleic acid. Purine chira mot nhan pyrimidine két hop
v61 moOt nhan imidazol.

Pyrimidine. M{t nitrogen base di vong c6 ¢ trong cac nucleotide
va nucleic acid.

Qua trinh chuin bi co' chit va nguyén li¢u sin xuit (upstream
processing). Giai doan thiét ké méi truong dinh dudng (co chat) va sir dung
ching té bao (nguyén liéu san xuat) thich hop cho mét qua trinh sinh hoc
(bioprocessing).

Qua trinh phan tach va tinh sach dau ra (downstream processing).
Giai doan thu hdi va tinh sach cac san phdm cta mot qua trinh sinh hoc
(bioprocessing). Cac ky thuat thuong duoc st dung trong budc nay la ly
tam, siéu loc hodc sic ky.
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Retrovirus. La loai virus RNA chura enzyme reverse transcriptase va
sinh san dudi dang DNA mach kép. Chang c6 kha ning xam nhiém té bao
vat chii cao. Khi xdm nhidm no c6 kha ning gin hé gen cua virus voi hé gen
cuia té bao vat chu, 1a co so dé thiét ké cac vector lidu phap gen hiéu qua.

Ribonuclease. Enzyme xtic tac dic hiéu viéc phan huy RNA bing
cach cat cac mbi lién két phosphodiester trén RNA.

Ribonucleic acid (RNA). Thuong 1a phan tir da phan mach don gom
cac don vi clu tric co sé 1a ribonucleotide. V& mit hoa hoc RNA rat giéng
v6i DNA. RNA 1a vét chét di truyén ctia mot sd virus va la cac phan tir trung
gian trong qué trinh tong hop protein ma thong tin vé trinh ty amino acid
cua chung da dugc ma héa trong DNA.

Ribonucleotide. Pon vi céu tric co so cia RNA, gom ba thanh phan:
duong ribose, nitrogen base va nhém phosphate.

Ribosome. La co quan tir khi két hop véi mRNA tao ra bd may tong
hop protein. Trong t& bao thudng c6 hang nghin ribosome, ribosome cta
moi té bao déu gdm mot tiéu don vi nho va mot tiéu don vi 16n. Mdi tiéu
don vi ¢6 mang nhiéu protein va rRNA (trong d6 rRNA 1a thanh phan chu
yéu chiém khoang 65%) c6 kich thudc khic nhau. Nguoi ta ciing thay
ribosome trong ty thé, & d6 c¢6 sy tong hop mot s6 protein ty thé.

Ribozyme. La doan RNA c¢6 hoat tinh xtc tac phan tung hoa hoc gidng
nhu enzyme.

RNA b6 sung (complementary RNA). RNA sinh ra bang cach phién
ma tir khuén mau soi don DNA tuong tng.

RNA kich thwéc nhé cia nhian (small nuclear RNA, snRNA).
Ngoai mRNA, tRNA Va rRNA, té bao eukaryote con chira nhitng phén tu
RNA kich thuéc nhé ctia nhan (chiém khoang <1%) tham gia vao ghép ni
cac exon.

RNA polymerase. Con goi la RNA polymerase phu thuoc DNA
(DNA-dependent RNA polymerase), xtic tic viéc tong hop RNA trén khudn
mau DNA trong qua trinh phién ma.

RNA ribosome (ribosomal RNA, rRNA). La thanh phin co ban cua
ribosome, dong vai trd xdc tac va cau truc trong tong hop protein. Tuy theo
hé sé lang rRNA duoc chia thanh nhiéu loai: & eukaryote c6 rRNA 28S;
18S; 5.8S va 5S; con cac rRNA ¢ E. coli ¢co6 ba loai: 23S, 16S va 5S. rRNA
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chiém nhiéu nhat trong bén loai RNA (khoang 80% tong s6 RNA té bao),
tiép dén la tRNA khoang 16%, mRNA chi khoang 2%. Ngoai ra, t& bao sinh
vat eukaryote con chtra nhitng phan tir RNA kich thudc nhé cua nhan (small
nuclear, snRNA) chiém khoang <1% tham gia vao ghép ndi cac exon.

RNA thong tin (messenger RNA, mRNA). Mdt loai RNA duogc
phién ma tir mot trinh ty DNA. mRNA truyén thong tin di truyén tir nhiém
sdc thé toi ribosome dé téng hop protein. Trong qué trinh d6 mot soi cua
chudi xodn kép DNA duoc dung lam khudn mau, doc theo n6 cac nucleotide
cia mRNA bd sung duogc Xép thanh hang, ndi v6i nhau tao nén mot
polynucleotide giéng hét soi DNA khéng lam khuén mau ngoai trir thymine
duogc thay bang uracil. Qué trinh nay goi la phién ma va phan tir mRNA
mang mi di truyén duge dung dé didu khién sy hinh thanh protein trén
ribosome.

RNA van chuyén (transfer RNA, tRNA). Loai RNA mang céc
amino acid dén ribosome va sap xép ching doc theo phan tir mRNA dd nam
san & d6. Tai ddy, cac amino acid ndi voi nhau bang lién két peptide dé tao
thanh phan tir protein. M&i amino acid c6 mét phan tr RNA vén chuyén
riéng véi bd ba dac trung va nhu vy cac amino acid duoc sip xép theo trat
tu cta cac nitrogen base trén mRNA trong qua trinh dich ma.

Sang lgc (screening). Ky thuat nhan dang mét dong DNA trong mot
thu vién hé gen (genomic library) hoic thu vién cDNA (cDNA library) bing
mot phuong phap lai mau do c6 danh déu [o-**P]dCTP véi cac vét tan
(truong hop dung bacteriophage A 1am vector tao dong va cho xam nhiém
vao vi khuan E. coli) hoic khuan lac (dung plasmid lam vector tao dong)
Cua cac thu vién do trén mang nylon hoac nitrocellulose. Tin hiéu lai duoc
phét hién bang phong xa tu ghi trén phim X-quang.

Sao chép (replication). Sy nhan ban vat chét di truyén trong chu trinh
phan bao hoic su tong hop DNA cua phage khi phage sinh san trong té bao
vi khuan.

Sephadex. La mot loai dextran c6 lién két chéo giita cac mach
polysaccharide voi nhau tao thanh mét cdu trc mang luéi ba chiéu.
Sephadex trung hoa di¢n tich nén khong c6 tuong tac cation cling nhu anion,
n6 1la mot loai bt kho, khong tan trong nudc, nhung khi ngdm nudc s€
truong ra va tao thanh gel. Mit ludi cia cac sephadex gel thuong to nho
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khac nhau, tiy theo mirc do lién két. Néu giita cac chudi polysaccharide co
it lien két thi gel s€ co mat ludi 16n, ngam nudc nhiéu va nguoc lai.
Sephadex bén trong mdi truong acid yéu va kiém yéu, trong méi trudng acid
manh va kiém manh thi cac lién két glucoside trong gel s& bi thity phan. Dya
vao do lién két nguoi ta chia sephadex 1am nim loai: sephadex G-25, G-50,
G-75, G-100 va G-200.

Sinh hec phan ti&r (molecular biology). Khoa hoc nghién ctu cac
hién tuong sdng ¢ mirc do phan tir. Linh vyc khoa hoc tré tudi nay 1a diém
gap nhau cua cac khoa hoc kinh dién nhu di truyén hoc, héa sinh hoc, té bao
hoc, vat Iy hoc, héa hoc hitu co va hoa 1y. Theo cach hiéu phd bién hién nay,
sinh hoc phén tir 1a khoa hoc nghién ciru c&c gen va hoat dong cuia ching &
muic do phan tir, bao gom phién m4, dich ma, sao chép, diéu hoa biéu hién
gen, tai to hop va chuyén gen...

Sinh téng hop protein (protein synthesis). Phan tng héa hoc dién ra
trén ribosome tao nén cac phan tur protein tir cAc amino acid trén co s& thdong
tin di truyén nhan dugc tir trong nhan té bao thong qua mRNA.

Somatotropin. La mdt loai hormone sinh trudng cuia nguoi, hién nay
hormone nay dd dugc san xuit bang cong nghé DNA tai t6 hop dé chira
bénh lun & tré em do thiéu somatotropin.

Southern blot. K§ thuat chuyén va cd dinh DNA da bién tinh tir
agarose gel (sau khi duogc phan doan bang dién di) 1én mang lai bang nylon
hay nitrocellulose dé lai voi mau do (probe) duoc danh déu dong vi phong
xa [oc-SZP]dCTP hodc digoxigenin-dUTP. Tin hi€u lai sau d6 dugc phat hién
trén phim X-quang (trudng hop [a-*?P]dCTP) hodc trén mang lai (trudng
hop digoxigenin-dUTP).

Tai t6 hop (recombination). Qua trinh ma trong d6 nhidm sic thé
hay phan tir DNA dit ra rdi cac phan dut duge ndi lai theo mét td hop méi.
Qua trinh nay c6 thé xay ra trong té bao sdng (qua su trao doi chéo trong
phan bao giam nhidém) hay trong dng nghiém nho cac enzyme cit va ndi
DNA.

Tao dong (cloning). Con goi la nhan dong, tach dong hay dong hoa,
13 sy san sinh nhiéu ban sao cia mot phan tir DNA, thudng 1a phan tir DNA
tai t6 hop trong plasmid vector, bang cich sao chép phan tir d6 trong mot vat
chu thich hop chiang han vi khuén E. coli.
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Terminal transferase. Enzyme b sung céc géc nucleotide vao dau 3’
cua oligonucleotide hoac polynucleotide.

Té bao kha bién (competent cell). Cac té bao vi khuan c6 kha ning
tiép nhan DNA ngoai lai trong qué trinh bién nap.

Té bao lympho B (B lymphocyte). Phat trién trong tily xuong (bone
marrow) duoc ky hiéu l1a B, ¢6 chiic nang téng hop cac khang thé.

Té bao lympho T (T lymphocyte). Phat trién va thuin thuc ¢ tuyén
uc (thymus) nén ky hi¢u T.

Té bao Hfr (high frequency recombination cell). Té bao gidi tinh
duc ¢ E. coli, c6 mang nhan t6 F gan lién v&i nhiém sic thé vi khuan. Khi
nhan t6 F thiic dy su tiép hop cia té bao Hfr v6i té bao cai (F) thi cac gen
ctia vi khuan dugc truyén sang té bao cai véi tan s cao.

Té bao NK. La nhiing té bao lympho c6 hat 16n, c6 khd nang nhan
biét cac té bao bi ung thu, cac vi sinh vat xAm nhiém va tiéu diét ching nén
goi 13 té bao giét tw nhién, dugc ky hiéu 1a NK hay Tk (natural killer).

Té bao mam phdi (embryonic stem cell). Té bao phdi chua biét hoa,
da thé & chudt, co thé duge nuodi céy trong mot thoi gian dai ma van gilr
dugc tinh da thé, nghia 1a kha ning biét hoa theo nhiéu hudng dé phat trién
thanh céc té bao khac nhau nhu té bao co tim, té bao than kinh, té bao gan...

T¢é bao tran (protoplast). Té bao thuc vat di bi mat thanh cellulose
do xur ly cac enzyme (cellulase, hemicellulase va pectinase), thuong duoc
ding trong céc thi nghiém dung hop té bao (protoplast fusion) hay con goi
1 lai té bao sinh dudng (somatic hybridization) d&é mé rong ngudn gen tao
ra cac giéng cy trong méi mang cac dic tinh wu viét.

Thé Barr. Thé Barr 1a nhiém sac thé X bj bat hoat va két dic c6 trong
nhan té bao cua nit gigi, khong cé & nam gioi.

Thé bién nap (transformant). Té bao hoic sinh vat nhan dugc gen
ciia mot sinh vat khéc trong qua trinh bién nap va biéu hién chuc ning cua
gen do ra kiéu hinh.

Thé dot bién (mutant). Sinh vat (hodc gen) mang dot bién di truyén.

Thé kham (mosaic). Phéi hoic co thé co cac té bao mang cac hé gen
khong gidng nhau.
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Thé tai té6 hep (recombinant). Cac ca thé hoic t& bao mang céc to
hop gen khac véi cha me cua ching do cac qué trinh tai té hop di truyén
sinh ra.

Thong tin di truyén (genetic information). Thong tin dugc luu trix
trong cac phan todr DNA cua sinh vat & dang trinh ty sip xép cua bén
nucleotide A, T, C va G dong vai trdo nhu nhitng “chit cdi” cua “ngon ngir”
di truyén. Trong ngdn ngit ndy, mdi tir chi c6 ba chir cai goi 1a mot bo ba.
Nghia cta mdi tir [a mot amino acid c6 mit trén phén tir protein twong Gng.
MJbi ”cau” cua ngdn ngir di truyén 1a mot gen chira dung thdng tin di truyén
dé dam nhiém mét chice nang tron ven. Mdi chirc ning 1a mot dac tinh sinh
ly, hinh théi hay ciu trlic cua su séng. Do co ché sao chép theo kiéu nira bao
toan cia DNA ma thong tin di truyén dugc truyén chinh xéac tir thé hé no
sang thé hé kia hau nhu khong thay doi.

Thuw vién cDNA (cDNA library). Tap hop cac dong DNA duoc tao ra
tir mMRNA ctia mot té bao hoic mot md cu thé trong bacteriophage vector,
dai dién cho thdng tin di truyén ma cac té bao d6 biéu hién.

Thw vién hé gen (genomic library). Tap hop tit ca cic doan DNA
dugc tao ra tir phan tmg cat han ché genome trong bacteriophage vector, dai
dién duoc cho toan bd cho thdng tin di truyén caa mot hé gen.

Tinh toan thé (totipotency). La kha ning sinh san hodc tai sinh mot
co thé hoan chinh tir mot bd phén cda no.

Trinh tuw din dau (leader sequence). Mot trong ba phan chi yéu cua
mot phan tr mRNA. Trinh ty nay nam ¢ dau 5° cia mRNA va mang thong
tin dé ribosome va cac protein dic hiéu nhan biét bat ¢au qué trinh tong hop
polypeptide, trinh ty dan ddu khong dugc dich ma thanh trinh ty cac amino
acid.

Trinh tw diéu hoa (regulatory sequence). Mot trinh tyr cia DNA
tham gia vao qua trinh diéu hoa ctia gen. Vi du promoter hodc operator.

Trinh ty khéi dong (promoter). Trinh tu nucleotide dic hiéu nam
trong thanh phan operon, c6 chirc nang diéu hoa hoat dong cua operon, noi
RNA polymerase bam vao dé bat ddu qua trinh phién ma. Trinh ty dic trung
cua promoter co6 khoang 20-200 nitrogen base.

Trinh tw Shine-Dalgarno (Shine Dalgarno sequence, SD). Con goi
1a ving lién két ribosome (RBS), 1a mot phan cua trinh ty nucleotide ¢ dau
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5’ cia mot mRNA prokaryote ¢ thé két hop bd sung cip base voi dau 3’
cua 16S rRNA, dung lam tin hi¢u cho su khéi dau dich ma.

Trinh tw tang cwong (enhancer). Trinh tu nucleotide dang cis lam
tang cuong do phién ma cua promoter trong gen eukaryote. N6 cd thé nam
cach promoter hang ngan cip base va hoat dong theo ca hai huéng & bat ky
vi tri ndo so vdi promoter.

Trypsin. Enzyme xtc tic phan Gng thity phan cac lién két peptide
trong protein va thay phan timg phan protein, ddn xuat tir trypsinogen dich
tuy tiét vao rudt non, duge enzyme rudt non enterokinase tdc dong chuyén
thanh.

Vit chii (host). Té bao dung dé nhan cac phan tir DNA 18n nhiéu lan.

Vector. La cac phan tir DNA duogc sir dung trong tao dong va biéu
hién gen, va nhan ban chung trong t& bao vat chu (E. coli hodc nim men).
Cé ba nhém vector chinh gdm: (1) Nhom plasmid, (2) Nhém
phage/phagemid, va (3) Nhom nhiém sic thé nhan tao (artificial
chromosome: BAC, YAC...). Y tuéng vé vector chuyén gen bat ngudn tir
cac plasmid cua vi khudn. Vector chuyén gen 13 cac phan tir DNA c¢6 kha
nang tu tai sinh, ton tai doc 1ap trong té bao va mang duoc cac gen can
chuyén.

Vector biéu hién (expression vector). La vector co thé mang cdc gen
ngoai lai mong mudn cho phép thuc hién su phién ma cta cac ban sao duoc
tao dong va su dich mi cac mRNA ctia chung trong té bao vat chu, vi du: E.
coli. Bé biéu hién cac gen ngoai lai trong E. coli phai bat dau bang viéc gin
n6 vao trong vector biéu hién (thuong 1a plasmid). Vector nay phai c6 du
cac cAu trac can thiét sau: (1) Gen chi thi chon loc (selectable marker) dé
dam bao duy tri vector trong té bao. (2) Mot promoter kiém soat phién ma
cho phép san xuat mot lugng 16n mRNA tir cac gen duoc tao dong. (3) Cac
trinh tu kiém soat dich ma nhu vung lién két ribosome duoc bd tri thich hop
va codon khai dau AUG. (4) Mot polylinker dé dua gen ngoai lai vao trong
mdt hudng chinh xac vdi promoter.

Vector liéu phap (therapeutic vector). Co thé sir dung viral vector
hoac khong phai virus. Cac viral vector thuong dung la adenovirus, adeno-
associated virus (AAV), retrovirus, lentivirus va paramyxovirrus. Cac vector
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khong phai virus 1a cac phttc hgp cationic liposome nhu GL67, PEI,
plasmid, SecR, Integrin...

Vector tao dong (cloning vector). Phan tr DNA mach kép cé kha
nang tu sao chép trong té bao vit chu. C6 thé gin vao phan tr nay mot doan
hodc mot vai doan DNA khac ngudn tao nén phéan tir DNA tai t6 hop dung
dé nhan dong.

Vét tan (plaque). Vong tron trong sudt xuat hién trén tham duc cia
cac vi khuan moc trén mdi trudng thach dic, do su tan v& lip lai nhiéu chu
ky cua céc té bao vi khuan bj bacteriophage x4m nhiém va sinh tan.

Vi khuin hiéu khi (aerobe). Vi khuan séng trong khong khi va st
dung oxygen tu do dé sinh truong.

Vi khuén ky khi (anaerobe). Vi khudn song trong diéu kién khong co
khong khi hay oxygen tu do, nguoc lai v6i hiéu khi. Trong cac qua trinh ky
khi, H,S ¢6 thé dugc tao ra gdy mui kho chiu.

Virus. Phirc hop chita nucleic acid (DNA hodc RNA) nam trong mot
v6 boc protein, c6 kha ning giy nhidm va tai ban bén trong té bao vét chu
dic hiéu, tao ra nhiéu virus, lan truyén tir t& bao nay sang té bao khac. Virus
la dang séng khong c6 cau tric té bao, ¢ kha ning xam nhap vao cac té bao
séng xac dinh va chi sinh san ¢ bén trong cac té bao d6. Giéng nhu tat ca
cac sinh vat khac, virus c6 bo may di truyén cua riéng minh, ma hoa viéc
tong hop cac hat virus tir c4c chét c6 trong té bao vat chi. Nhu vay, virus 1a
nhiing vat ky sinh noi bao. Virus phan bb & khip noi trong tu nhién, xam
nhap vao tat ca cac nhom sinh vat. Nguoi ta da biét khoang 500 loai virus
Xam nhap dong vat mau néng, 300 loai xam nhap thuc vat bac cao. Mot sb
khdi u ung thu & dong vat va ¢ ngudi ¢d thé do virus. Virus ton tai ¢ hai
dang: dang nghi hay ngoai bao va dang sinh san hay noi bao. Kich thudc cua
cac hat virus tir 15-350 nm, chiéu dai cua mot sé loai virus cé thé dat toi
2000 nm. Phan Ién virus chi nhin thay dugc qua kinh hién vi dién tir. Chat
mang théng tin di truyén caa virus la nucleic acid: DNA hoic RNA. Vi vy,
c6 thé phan virus thanh hai loai: loai mang DNA va loai mang RNA.

Vi tiém (microinjection). Ky thuat dua DNA vao nhéan hodc vao té
bao chat cua té bao bang kim mao din va bom ap lyc. Toan bo thao tac
duoc tién hanh trén kinh hién vi nguoc pha (inverted microscope).

Nhdp mon Cong nghé sinh hoc 353



Vi tri cos (cos site). Ving dugc tao ra khi cac dau dinh ciia DNA
phage A ndi lai v6i nhau.

Vi tri lién két khang nguyén don nhét (unique antigen combining
site). Vi tri lién két v6i khang thé nam trén mot phan tir khang nguyén.

Vong cip téc (hairpin loop). Ving chudi don bd sung tao nép gip
chtra cac cip base tao thanh xodn kép, duoc dung lam mdi (primer) cho qua
trinh tong hop soi cDNA thir hai.

Ving cung hwéng (downtream region). Bé cap dén vi tri cia mot
doan trinh ty ndo d6 nam & phia dau 3’ cua gen hoic mot doan gen quan
tam.

Vung da noi (polylinker hay polycloning site). Mot trinh ty DNA
mach kép duogc téng hop nhan tao c6 mang mot loat cac vi tri nhan biét cta
cac enzyme han ché. Trinh ty ndy dugc gin vao cic vector dung trong k§
thudt tao dong gen (nhu vung tao dong).

Ving lién két ribosome (ribosome binding site, RBS). Ving trén
phan tir mRNA gitp cho n6 bam vao ribosome trong qua trinh dich ma (xem
trinh ty Shine-Dalgarno).

Vung ngwoc hwéng (upstream region).Vi tri cuia mot trinh ty
nucleotide ndo d6 nam & phia dau 5’ ciia phan tir DNA so vai gen quan tam.

Viung tao dong (multiple cloning sites, MCS). Poan DNA ngin
trong mot vector thé hé tha ba (vi du: cac nhom pUC, pGEM,
pBluescript...) c¢6 chira cac vi tri nhan biét cho mot sb enzyme cit han ché
thong dung, duoc thiét ké dé chén doan DNA ngoai lai vao day.

Western blot. Ky thuat chuyén protein tong s da duoc phan tach
bang dién di SDS trén polyacrylamide gel lén mang nylon hoic
nitrocellulose dé lai v&i khang thé thir nhat dic hiéu va sau d6 1a khang thé
thir hai c6 danh dau enzyme nham phéat hién protein khang nguyén tuong
ung caa no.

Xenobiotic. Mot loai hop chat dugc tim thay trong co thé sbng nhung
khong dugc san xuit binh thuong hoic mong doi ¢6 mit trong co thé. N6
cling c6 thé bao gébm ca céc chat hién dién véi ndng do cao hon binh thuong
nhiéu lan. Pac biét, cac loai thudc nhu khang sinh dugc xem la xenobiotic
ctia ngudi boi vi co thé nguoi khdng tu san xuit ching. Tuy nhién, trong
linh vuc moéi trudng thuat ngir nay thuong duoc str dung dé chi cac chat gay
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6 nhiém nhu céac dioxin, cac polychlorinated biphenyl..., va cac anh huong
cua chiing 1én khu hé sinh vat (biota).

X-gal (5-bromo-4-chloro-3indolyl-B-D-galactopyranoside). Co chat
sinh mau véi B-galactosidase cho ra san pham c6 mau xanh lam.

YAC (Yeast artificial chromosome). Nhigm sic thé nhan tao cua
nim men, duoc dung lam vector dé tao dong nhitng doan DNA cd kich
thudce rat 16n trong ndm men.

Yéu t6 tac dong cis (cis-acting element). Poan trinh tw DNA chi biéu
hién hiéu qua trén chinh phan tir DNA ma né tac dong. Vi du: hop CAAT la
mot phan tir tac dong cis ddi véi qua trinh phién mi & cac sinh vat
eukaryote.

Yéu t6 tac dong trans (trans-acting element). Yéu té di truyén c6 thé
biéu hién hiéu qua ma khong can nam trén cing mét phan ti véi doan trinh
ty dich. Thuong yéu té d6 ma hoa cho mét san pham protein (c6 thé 1a mot
enzyme hay mét protein diéu hoa) va san pham nay c6 thé khuéch tan dén
diém tac dong.
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