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Tai liéu nay thuoc loai sach giéo trinh nén cac ngudn thdng tin c6 thé dugc
phép ding nguyén ban hoic trich dung cho cac muc dich vé dao tao va tham khao.
Moi muc dich khac mang tinh 1éch lac hoic sir dung véi muc dich kinh doanh thiéu
lanh manh s& bi nghiém cam.
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GIAO TRINH MON HQC
Tén mon hec : Cong nghé sinh hoc dai cwong

M4 sé6 mdn hec: MH 08

I. VI TRI, TINH CHAT CUA MON HQC:
1. Vi tri:

M6n hoc dugc bd tri trudge cac mon hoc, mé dun chuyén mén .
2. Tinh chat;

La mon hoc k¥ thuat co sé bat budc, co lién quan rat nhiéu dén cac mén
chuyén mén.

Il. MUC TIEU MON HQC:
1. Vé kién thuc
- Trinh bay dugc cac khai niém va cac qua trinh cong nghé sinh hoc.
2. Vé ky ning
- Van dung duoc va lién hé mot sé linh vuc cua céng nghé sinh hoc trong cong tac
bao vé thuc vat.
3. V& ning luc ty chu va trach nhiém:
- Sinh vién c6 kha nang 1am viéc theo nhém, c6 kha ning ra quyét
dinh khi lam viéc v4i nhém, tham muu véi ngudi quan ly va tu chiu
trach nhiém veé cac quyét



MUC LUC



CONG NGHE SINH HQC PAI CUONG

CHUONG 1: KHAI NIEM CO BAN VE CONG NGHE
SINH HQC

Ma bai MH 8- 01

1.1. Khéi niém vé cong nghé sinh hec

C6 nhiéu dinh nghia vé cdng nghé sinh hoc (Biotechnology), tily theo ting
tac gia khac nhau, nhung tit ca déu thong nhit vé khai niém co ban sau day:

Cong nghé sinh hoc 1a su san XUAt cac san pham trén quy mo cong nghiép,
trong d6 nhan to tham gia truc tlep va quyét dinh 1a céc té bao song (vi sinh vat,
thuc vat, dong vat). MJi té bao sdng cua co thé sinh vat hoat dong trong linh vuc
san Xuat nay duoc xem nhu mot 16 phan ang nho.

V4o nhitng nam 1980, cong nghé sinh hoc da chuyén sang mot giai doan mai
la Ia giai doan cong nghé sinh hoc hién dai vdi viée sir dung cac thanh tyu cua ky
thuat gen, 1 linh vuc céng nghiép sir dung hoat dong sinh hoc cua cac té bao da
duoc bién ddi di truyén. Co sé sinh hoc duoc &p dung ¢ day bao gém sinh hoc
phan tir, sinh hoc té bao, hoa sinh hoc, di truyén hoc, vi sinh vat hoc, mién dich
hoc, cung cac nguyén ly k¥ thuat may tinh...

C6 hai cach dinh nghia cong nghé sinh hoc mot cach tong quét nhat:

- Do UNESCO (1985) dinh nghia: Cong ngh¢ sinh hoc la cdng nghé sir dung
mot bo phan hay té bao riéng ré cua co thé sinh vat vao viéc khai thac san pham
cua ching.

- Do Truong Luat Stanford (1995) dinh nghia: Céng nghé sinh hoc la cong
nghé chuyén mot hay nhiéu gen vao sinh vat cha nham muc dich khai thac san
pham va chuc niang caa gen do.

Su khac biét rd rét nhat cua hai dinh nghia trén thuoc vé di tuong tac dong
cua cdng nghé sinh hoc: UNESCO xem co quan, bo phan, t& bao va chic ning
riéng ré cua sinh vat 1a doi tugng, trong khi d6 Truong Luat Stanford lai coi gen la
dbi twong tac dong cua cong nghé.

Tir cac dinh nghia trén, c6 thé phan biét dugc hai nhém cdng nghé sinh hoc
la:

- Cong nghé sinh hoc truyén thong (Traditional Biotechnology)

Bao gom:

+ Thyc pham Ién men truyén théng (Food of Traditional Fermentations)

+ CoOng ngh¢ Ién men vi sinh vat (Microbial Fermentation Technology)

+ San xuat phan bén va thudc trir sdu vi sinh vat (Production of Microbial
Fertilizer and Pesticide)

+ San xuat sinh khéi giau protein (Protein-rich Biomass Production)

+ Nhan giong vo tinh bang nudi cdy md va té bao thuc vat (Plant
Micropropagation)

+ Thu tinh nhén tao (In vitro Fertilization)

- Cong nghé sinh hoc hién dai (Modern Biotechnology)

Bao gom:



+ Nghién cttu genome (Genomics)

+ Nghién ctu proteome (Proteomics)

+ Thuc vat va dong vat chuyén gen (Transgenic Animal and Plant)

+ DBong vat nhan ban (Animal Cloning)

+ Chip gen (DNA chip)

+ Liéu phap té bao va gen (Gen and Cell Therapy)

+ Cong nghé sinh hoc nano (Nanobiotechnology)

+ Tin sinh hoc (Bioinformatics)

+ Hoat chat sinh hoc (Bioactive Compounds)

+ Protein biét dugc (Therapeutic Protein)

Sy phan loai cong nghé sinh hoc ciing ¢ thé dya vao cac tac nhan sinh hoc
tham gia vao qua trinh cdng nghé¢, cé thé chia thanh cac nhom sau:

- Cbng nghé sinh hoc thuc vat (Plant Biotechnology)

- Cong nghé sinh hoc dong vat (Animal Biotechnology)

- Cong nghé sinh hoc vi sinh vat (Microbial Biotechnology)

- Cbng nghé sinh hoc enzyme hay cong nghé enzyme (Enzyme
Biotechnology)

Gan day, ddi voi cac tac nhan sinh hoc dudi té bao con hinh thanh khai niém
cdng nghé protein (Protein Engineering) va cong nghé gen (Gen Engineering).
Cong nghé Protein va cdng nghé gen xuyén sudt va tré thanh céng nghé chia khoa
nim trong cdng nghé sinh hoc thuc vat, céng nghé sinh hoc dong vat va cong nghé
sinh hoc vi sinh vat. Nho ki thuat doc trinh tu gen va k¥ thuat DNA tai to hop,
cong nghé gen da dat dugc nhitng thanh tuu hét sic to 16n mang tinh quyét dinh,
m¢& ra nhitng giai doan phét trién méi. D6 1a nghién ciu vé toan bd genome cua
nhiéu sinh vat, trong d6 dang chd y 1a viéc giai mad genome cua con ngudi va caa
cay lta. B0 la viéc hinh thanh ca mot phuong hudéng nghién ctru, itng dung va
kinh doanh céc sinh vat chuyén gen (Gentically Modified Organism-GMO) va cé4c
thuc pham chuyén gen (Gentically Modified Food-GMF). Céng nghé protein c6
tiém nang tng dung rat 16n trong viéc san Xxuat ra cac protein tai t6 hop
(Recombinant Protein) dung lam duoc pham diéu tri cac bénh hiém nghéo nhu:
interferon, interleukin, insulin...

Mit khéc, tly vao ddi twong phuc vu caa cdng nghé sinh hoc, c6 thé phan ra
cac linh vuc cong nghé sinh hoc khac nhau nhu:

- Cong ngh¢ sinh hoc nong nghiép (Biotechnology in Agriculture)

- CAng nghé sinh hoc ché bién thuc pham (Biotecnology in Food Processing)

- Cong nghé sinh hoc y duoc (Biotechnology in Medicine-Pharmaceutics)

- Cong ngh¢ sinh hoc moi truong (Environmental Biotechnology)

- Cong nghé sinh hoc vat liéu (Material Biotechnology)

- Céng nghé sinh hoc hda hoc (Biotechnology in Chemical Production)

- Cong ngh¢ sinh hoc nang lugng (Biotechnology in Energy Production)...



1.2. Linh vwe nghién ctru ciia cong nghé sinh hoc
Bén linh vuc ¢6ng nghé sinh hoc hién nay dang duoc quan tdm nhiéu nhat d6
la:.

1. Cong nghé sinh Aoc trong ndng nghiép

La linh vuc cong nghé sinh hoc ¢é nhiéu déng gop trong viéc cai thién gidng
cay trong, xay dung nhitng k¥ thuat canh tdc méi, nghién ctru qué trinh ¢ dinh
dam & nhirng cay khong thuoc ho dau...

- Cbng nghé sinh hoc trong cai thién va nhan nhanh gidng cay tréng. Linh
vuc nay c6 bén tmg dung chinh: Ung dung ky thuat chon dong té bao bién di
soma, nhan giéng trong 6ng nghiém (nhan gidng in vitro), lai vo tinh hay con goi
la dung hop té bao tran, k§ thuat san Xuat cay don boi (1n).

- C6 dinh dam va bién nap gen nif. Dung k§ thuét gen tach gen nif tir cac co
thé ¢6 dinh dam chuyén sang cac cay trong quan trong nhu lda, ngd 1a mot md
hinh ly tudng caa cac nha tao giéng.

- Céc phuong phép canh tdc mai, bao gom: Phuong phap mang dinh dudng,
hé théng thay canh.

- Cong nghé sinh hoc trong chan nudi, bao gdm: K¥ thuat cdy chuyén phdi,
tao ché pham phong tranh bénh cho dong vat...

2. Cong nghé sinh hoc trong y duoc

Nhiéu céng trinh nghién ciu caa cdng nghé sinh hoc d& duogc tng dung
thanh céng trong y dugc, dic biét 1a trong san xuét thudc va trong chuan doan
bénh.

Trong nhitng nam qua, linh vuc @ng dung cdng nghé di truyén manh nhat
trong y té 1a nghanh san xuat thuéc khang sinh, vac xin, khang thé don dong va
cac protein c6 hoat tinh sinh hoc. Hién nay, cac nghién ctu nham tim kiém céc
chat khang sinh mai ting manh do hién tuong vi sinh vat khang lai tac dung cua
khéang sinh ngay cang nhiéu hon.

Pham vi (mg dung cua khang thé don dong trong nganh y té ngay cang ting
nhu phan tich mién dich, dinh vi cac khéi u, phat hién mot s6 protein co lién quan
dén su hinh thanh khdi u, xac dinh sy ¢ mit cua cac loai vi khuan khéac nhau, .
giup cho cac bac si xac dinh bénh mét cach nhanh chéng va chinh xac.

Khéang thé don dong 1a tap hop cac phan tir khang thé déng nhat vé mat ciu
trdc va tinh chat. Khang thé don dong duoc tao ra bang cach cho lai té bao lympho
trong hé mién dich cua dong vat hoic cua ngudi véi té bao ung thu. Mot sé thé lai
c6 kha ning tao ra khang thé dic hiéu ddi véi khang nguyén. Chon cac thé lai d6
nhan I1&n va san xuat khang thé don dong. Cac té bao lai c6 kha nang tang sinh
vinh vién trong mai truong nudi cdy - tinh chat nay nhan dugc tir té bao ung thu.

Nho ¢6ng nghé sir dung DNA tai t6 hop ma nguoi ta c6 thé san xuat mot sé
protein cd hoat tinh sinh hoc diing dé chita bénh nhu insulin chita bénh tiéu duong,
interferon chira bénh ung thu, cac hormon ting truéng cho con ngudi. Ban chat
cuia cong nghé nay 1a 1am thay ddi bo may di truyén cua té bao bang cach dua gen
ma hoa cho mét protein dic hiéu va bat né hoat dong dé tao ra mot luong Ion loai
protein ma con nguoi can.



3. C6ng nghé sinh hoc trong ché bién thue pham

Cong nghé 1én men la mot linh vuc quan trong trong san xuat thuc pham.
Viéc tuyén chon cac chung vi sinh vat c6 kha ning 1én men tét, dem lai hiéu qua
cao la rat can thiét. Cac nghién ctru sir dung cong nghé di truyén phuc vu cho céng
nghé Ién men chi yéu di vao hai huéng chinh la:

- Phan tich di truyén cac loai vi sinh vat sir dung trong qué trinh I&n men, xéac
dinh cac gen ma hoa cho céc tinh trang mong mudn nham tao ra nang suat va chat
lwong san pham 18n men.

- Tao ra céc vi sinh vat chuyén gen phuc vu cho céc qui trinh 1én men.

Vi du trong san Xuit ruou, ngay nay ngudi ta dd ding cac chung vi sinh vat
c6 kha nang tao ruou cao va cho huwong vi tot. Phan 16n cac chung d6 duoc nghién
ctru, tuyén chon, lai tao bang cdng nghé di truyén.

Dé san xuat ruou vang, truéc day, ngudi ta phai dung hai loai vi sinh vat 1a
S. Cerevisiae dé tao ra ham luong ruou trong dich l1én men va sau do, st dung
Leuconostos trong 1én men phu ¢ qué trinh tang trit, nham nang cao chat luong
cua rugu. Ngdy nay, ngudi ta tién téi ding mot ching vi sinh vat chuyén gen dé
thuc hién ca hai qua trinh.

Ddi véi cac san pham Ién men sita nhu phomat va sita chua, trudc Kia,
ngudi ta thudng s dung nhitng vi sinh vat ty nhién c6 mat trong sita dé 1én men,
do vay, nguoi ta kho 1ong kiém soat qua trinh 1én men va hiéu qua khoéng cao.
Ngay nay ngudi ta da tao duoc cac chung méi véi cac tinh chat xac dinh va da
diéu khién duoc qua trinh 1én men theo dinh huéng mong mudn.

Bang cdng nghé vi sinh vat, cong nghé gen nguoi ta da tao ra nhiing ching
vi sinh vat c6 kha nang tong hop cac enzyme chiu nhiét, chiu axit, chiu kiém tét dé
san xuat enzyme. Enzyme A-amylase chiu nhiét da va dang duoc sir dung nhiéu dé
san xuat nha, dudng glucose tir tinh bot.

Trugce day, trong cong nghiép thuc pham cac nghién ctru cong nghé sinh hoc
duoc sir dung chu yéu dé hoan thién cac quy trinh céng ngh¢ [én men truyen
thdng. Con hién nay, cac nghién ctu cong nghé sinh hoc chu yéu lién quan dén
viéc tao ra cac chiung mai ¢ nang suit sinh hoc cao va viéc &p dung ching vao
cac cong nghé 18n men hién dai, trong san xuat va ché bién cac loai san pham sau:

- COng nghiép san xuat sira.

- Cong nghé sinh hoc trong ché bién tinh bot,

- San xuat nude udng 18n men, nhu: bia, regu nho, ruou chung cat...

- San pham chtra protein, nhu: protein vi khuan don bao, protein tir tao lam
¢ dinh dam cyanobacteria va vi tao.

- San xuit cac chat ting huong vi thuc pham, nhu: citric acid, amino acid,
vitamin va mau thuc pham, chat tang vi ngot thuc pham, keo thuc pham...

- Ché bién rau qua.

4. Cong ngh¢ sinh hoc bao vé moi trurong

Cung véi sy phat trién caa khoa hoc ki thuat, loai nguoi phai bit dau tim
cach giai quyét van dé 6 nhiém mdi truong bang cac bién phap khéc nhau. Trong
do, cac bién phap cdng nghé sinh hoc ngay cang to ra uu viét hon so vaéi cac bién



phap khac. N6i chung, hién nay van dé bao vé méi trudng duoc giai quyét theo ba
hudng sau:

- Phan huy céc doc chat vé co va hitu co.

- Phuc héi céc chu trinh trao doi chat caa C, N, P va S trong tu nhién.

- Thu nhan cac san pham c6 gié tri & dang nhién liéu hoic cac hop chat hitu
co.

- Xir ly chit thai, nhu: xi ly sinh hoc hiéu khi, xt Iy bang 1én men phan hay
yém khi.

- Thu nhan cac chét c6 ich tir 1én men yém khi, nhu: xir 1y cac dang nuéc thai
khac nhau va tai str dung chiing dé phuc vu cho cac nganh cong nghiép ning.

- Xt ly cac chat thai cdng nghiép, nhu: xir ly chat thai cong nghiép ché bién
sira, xur ly chét thai cong nghiép dét.

1.3. Lwoc sir phat trién ciia cong nghé sinh hoc

Lich sir hinh thanh va phat trién cong nghé sinh hoc trai qua céc giai doan

sau:
1. Giai dogn thi nhat

D3 hinh thanh tir rat lau trong viéc st dung céc phuong phap [én men vi sinh
vat dé ché bién va bao quan thuc pham, vi du: san Xuat pho mat, ddm an, 1am banh
mi, nudc cham, san Xuit ruou bia... Trong do, nau bia co vai tro rat dang Kké.
Ngay tir cudi thé ky 19, Pasteur d4 chi ra rang vi sinh vat déng vai trd quyét dinh
trong quéa trinh 1én men. Két qua nghién ciru ciia Pasteur 12 co so cho su phét trién
cia nganh céng nghiép 1én men san xuat 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 cua qua trinh phét trién cong nghé sinh hoc trong giai doan nay
la sy hinh thanh nén cdng nghiép san xuat thudc khang sinh penicillin, khoi dau
gan lién voi tén tum cua Fleming, Florey va Chain (1940). Trong thoi ky nay dé
xuat hién mot sb cai tién vé mat ky thuat va thiét bi 1én men vé tring cho phép
tang dang ké hiéu suat 1én men. Céc thi nghiém xir ly chat thai bang bun hoat tinh
va cdng nghé 1én men yém khi tao biogas chira chu yéu khi methane, CO2 va tao
ngudn phan bon hitu co ¢ gia tri cling d& duoc tién hanh va hoan thién.
3. Giai doan thir ba

Bit dau tir nhitng nam 50 cua thé ky 20, song song véi viéc hoan thién cac
quy trinh cdng nghé sinh hoc truyén théng da co tir trudc, mot sé huéng nghién
ctru va phat trién cong nghé sinh hoc dé hinh thanh va phat trién manh mé nhd mot
loat nhirng phat minh quan trong trong nganh sinh hoc ndi chung va sinh hoc phéan
tir nGi riéng. PO 1 viéc 1an dau tién xéac dinh dugc cau tric cua protein (insulin),
xay dung mé hinh ciu trdc xoan kép caa phan tir DNA (1953). Tiép theo la viéc
téng hop thanh cdng protein (1963-1965) va dic biét 1 viéc tong hop thanh cong
gen va budc né thé hién trong t& bao vi sinh vat (1980). Chinh nhiing phéat minh
nay d4 tao tién dé cho su phéat trién nhanh chdng cta céc nghién ctru co ban va tng
dung thuc té sau d6 trong linh vuc cong nghé sinh hoc hién dai.



4, Giai doan tir tw

Ké tir 1973, khi nhirng thi nghiém khai dau dan dén sy ra doi cua ky thuat DNA
tai t6 hop dugc thuc hién va sy xuat hién insulin-san pham dau tién cua nd vao
nam 1982, va thi nghiém chuyén gen vao cay trong nam 1982 thanh cong thi dén
nay cong nghé sinh hoc hién dai da c6 nhitng budc tién khéng 10 trong céc linh
vuc ndng nghiép (cai thién gidng cay trdng...), y duoc (liéu phap gen, liéu phap
protein, chan doan bénh...), cong nghiép thuc pham (cai thién cac chang vi sinh
vat...)...

Cong nghé sinh hoc phat trién cho dén ngay nay chu yéu dua trén ba cong
nghé chinh la:

- Cong nghé vi sinh.

- COng nghé té bao (nudi cdy md va té bao...).

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

Ciing ¢ tac gia gan quéa trinh phat trién céng nghé sinh hoc véi ba cudc cach
mang sinh hoc.

- Cach mang sinh hoc lan tht nhat (dau thé ky 20): str dung qua trinh 1én men
dé san xuat cac san pham nhu acetone, glycerine, citric acid, riboflavin...

- Cach mang sinh hoc l1an thir hai (sau thé chién thi 2): san xuat khang sinh,
cac san pham 1&én men cdng nghiép nhu glutamic acid, cac polysaccharide, trong
d6 c6 thanh tyu vé dot bién, tao cac chung vi sinh vat cho nang suat va hiéu qua
cao, phat trién cac qua trinh 1én men lién tuc va phét hién phuong phap mai vé bat
dong enzyme dé su dung nhiéu lan...

- Cach mang sinh hoc lan thi ba (bat dau tir gitra thap nién 1970): véi cac
phat hién quan trong Vé enzyme han ché, enzyme gan, sir dung plasmid lam vector
tao dong, dat nen maéng cho mot nén cong nghé sinh hoc hoan toan mai d6 1a cong
nghé DNA tai to hop.

Hai giai doan dau, cdng nghé vi sinh va cong nghé té bao, str dung hoat dong
sinh hoc cua céc té bao tach biét, nhung chua bién d6i duoc ciu trac di truyen cua
ching, nén duoc xem la hai giai doan cua cong ngh¢ sinh hoc truyén thong Phai
dén cudc cach mang sinh hoc lan thir ba nhu ¢4 néu trén, thi mai ra doi nén cong
nghé sinh hoc hién dai, giai doan phat trién cao nhat caa cdng nghé sinh hoc, ma
ra ky nguyén mai cua sinh hoc.

1.4. Vi tri cia cong nghé gen trong cong nghé sinh hoc

Cong nghé gen la mot miai nhon cua céng nghé sinh hoc. Nam 1972-1973
ky thuat gen ra doi, ma dau cho mot giai doan méi cua cudc cach mang cong ngh¢
sinh hoc. Con nguoi dé c6 kha nang vuot gidi han tién hod, c6 thé chuyén céc gen
tir mot loai nay sang mot loai khac, diéu ma khong thé thyc hién duoc bang con
duong chon loc ti nhién. Bén nay nguoi ta dd giai md bo gen cua mhiéu sinh vat
nhu bo gen cua vi khuan E. coli, ciia nhiéu virus, ciia giun tron, cua cay lta va dén
nam 2003 vé co ban d& giai ma duoc bo gen nguoi.

Trén co so ky thuat gen cac nha khoa hoc d4 tao ra nhiéu gidng cay trong
co nhitng dac tinh uu viét nhu cay chdng chiu han, chiu min, cdy c6 ning suit cao
gop phan 12 ting gié tri kinh t& cho x& hoi. Nhiéu chang vi sinh vat méi ¢ kha
nang tong hop enzym cao dugc tao ra bang céng nghé gen d duoc sir dung trong
cong nghi¢p

Sy hiéu biét mot cach chi tiét vé ciu tao va van hanh cua bo gen cho phép



con ngudi co kha ning can thiép mot cach chinh xac vao cac qué trinh séng dé
phuc vu lgi ich cia minh. Nhitng thanh teu cua cong nghé gen ludn gin véi ang
dung thuc tién nham phuc vu loi ich caa con nguoi. Tém lai c6 thé néi cong nghé
gen la mii nhon, 14 trung tam phat trién caa cong nghé sinh hoc.

1.5. Khai niém vé té bao goc

Théang 2 nam 1997, Wilmut da céng b cong trinh nhan ban v tinh dong
vat, da tao ra dugc con ciru Dolly, danh mot didu méc cho su phéat trién vé nhan
gidng nhiéu loai dong vat tir té bao dinh dudng (té bao soma). Nam 1999 té bao
gbc (Somatic stem cell) duoc phat hién. Té bao gdoc I1a nhimg té bao vin gii
nguyén tinh chat nhu té bao phéi, tic 1a ching c6 kha ning phat trién thanh nhiéu
loai t& bao chuyén biét khac nhau nhu té bao tim, té bao than kinh, té bao than wv...
va tir d6 c6 thé phat trién thanh mot co thé. Nhu vdy nhan ban vo tinh dong vat tir
té bao gdc s& dé dang hon nhiéu. Tir d6 dén nay viéc nhan ban vé tinh dong vat tir
cac té bao gc da dugc nhiéu nha khoa hoc trén thé giéi quan tdm. Nhirng thanh
cong trong nhan ban vo tinh dong vat dd mo ra kha nang nhan ban voé tinh con
nguoi. bay la mot van dé dd dugc nhiéu nha khoa hoc, nha quan ly, nhitng nguoi
dung dau cua qubc gia quan tdm ban cdi va cho dén nay di c6 mot s6 nude cam
khong cho tién hanh nhan ban ngudi.

1.6. Thue phflm chuyén gen

Cho dén nay nhiéu loai sinh vat chuyen gen (GMO) d3 xuat hién véi qui
md san xuat cong nghiép, nhu cay ngo chuyén gen, cay déau tuong chuyén gen, ca
chua, I0a vv...Nhitng cdy chuyén gen thuong c6 nhiéu dic tinh wu viét nhu ning
suéit cao, c6 thé chéng chiu nhimg didu kién ngoai canh bt lgi nhu chéng chiu siu
bénh, chdng chiu han, chiu man vv..Nho vay khi trong cdy chuyén gen thuong
dem lai hiéu qua kinh té cao.

Cay trong l1a thuc pham cho ngudi va dong vat nén phai chiu su giam sat
ctia c4c to chue quan Iy vé an toan sinh hoc, vi viy nhitng loai cay chuyén gen dua
ra san Xuat phai dam bao nhiing tiéu chuan nhat dinh. Vi du & My noi ma cong
nghé sinh hoc duoc dau tu va phét trién manh nhat trén thé gioi, van dé quan ly
ciing rat chat ché

Hé théng quan ly caa My nham dam bao an toan luong thyc bao gom Bo
Nong nghiép My (USDA), Cuc Bao vé Moi truong (EPA), Cuc quan ly Thuc
pham va Duoc pham (FDA), quan ly cac loai lwong thuc c6 ngudn goc thuc vat
duoc tao ra nhd cdng nghé sinh hoc. Theo Pao luat Luong thuc, Duoc pham va
My pham (FD&C), FDA c6 tham quyén bao dam d¢ an toan cia tat ca cac luong
thuc trong nudc va nhap khau cho ngudi va dong vt trén thi truong My. Co quan
Kiém tra Suc khoé¢ Thuc vat va Bong vat caa USDA (APHIS) ¢6 chuac ning
giamsat an toan nong nghiép va an toan mdi truong trong trong trot va thir
nghiém tai hién truong cac gidng cay trong duoc tao ra nhd cdng nghé sinh hoc.

Tuy vay ciing can luu y rang viéc tao ra cic GMO, céc gen khang khang sinh
nhu kanamycine, ampicillin hodc hygromycine thuong duoc dung kem dé lam gen
chi thi. Ching ton tai trong san pham cua ca&c GMO va c6 thé cO anh huong truc
tiép hodc gian tiép thdng qua day chuyén thuc an cua sinh quyén dén con nguoi.






1.7. Mt sé khia canh vé kinh té va khoa hoc ciia cdng nghé sinh hec hién dai

Cac phuong tién thong tin dai ching ding tai khong it cac y kién phan dbi
rng dung maot sb thanh twu cdng nghé sinh hoc trong san xuat, tham chi ddi voi
nhitng thanh tyu dugc gigi khoa hoc danh gia la sdng chéi. That vay, cong nghé
sinh hoc ciing nhu khoa hoc hat nhan, bén canh cac tng dung cuc ky to I6n cho loi
ich va phét trién cua loai nguoi, cd thé con mang lai nhiéu hiém hoa khéng thé
luong trude duoc hau qua. Sau day ching ta s& tim hiéu cac hiém hoa tiém tang
cua cong nghé sinh hoc.

1. Vé khoa hoc

Sy dé dit trong sir dung cac san pham chuyén gen 1am thuc pham cho nguoi
va gia stc ¢ thé do nhiéu ly do khac nhau, nhung tuu trung cé 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 trim triéu nam, nhitng gen méi duogc lap thém vao cho cay trong va vat
nudi dé tang nang suit hoic chat lwong nong san, biét dau co thé phéa va tinh hoan
thién, tinh can bang cua su séng & cac sinh vat ndy. Va vi thé con ngudi khong thé
y&n tam vai viéc hang ngay nudt vao co thé mot sé lugng 16n cac san pham thiéu
tignh hoan thién, cin bang hay noi cach khac 1a cé thé co di tat.

- Cho dén nay trong viéc tao ra caic GMO, cé4c gen khéng khéng sinh nhu
kanamycine, ampicillin hoac hygromycine thuong dugce dung kém dé 1am gen chi
thi. Ching ton tai trong san pham ciia cdc GMO va c6 thé €6 anh hudng truc tiép
hoac gian tiép théng qua day chuyén thtc an cua sinh quyén dén con nguoi. Hién
nay, nguoi ta dang tim cach thay thé cac gen chon loc cii biang céc gen c6 vé it hai
hon nhu gen ma hoa protein phat huynh quang mau xanh luc (Green Fluorescence
Protein-GFP). Gen GFP duoc coi 1a mét gen chi thi tét, vi nd 1am cho cac GMO
phat sang xanh ruc r& khi dit dudi tia tir ngoai. Nhung di sao sy nghi ngai van
con, vi gen GFP ¢ ngudn gbc tir mot loai ¢4 & Bac Bang Duong, chir khdng tir
mot dong vat co ngudn gbc gan véi nguoi.

2. Vé kinh té
2.1. Nhiing cong ty da qudc gia vé cong ngh¢ sinh hoc

T6 chic quéc té ndng nghiép tlen bo RAFI (Rural Advancement Foundation
International) la mot t6 chirc qubc té phi chlnh phu ¢ Canada hoat dong nham han
ché anh huang caa cac cong ty da qudc gia vé giong.

Theo RAFI, thé ky 21 s& 1a nhiing nam tung hoanh ngang doc ciia cac cong
ty da qudc gia vé cong nghé sinh hoc, hién nay nhitng céng ty nay dang phat trién



nhanh chéng nhd thau tém cac cong ty nho hon va truéc hét nhd loi nhuan khong
16 thu duoc trong doc quyén ban cac san pham GMO.

Chang han cach day hon 15 nam, cdng ty Monsanto chi chuyén vé cac san
pham hoéa dau, thudc trir sdu, trir co6. Tuy nhién thoi gian gan day, Monsanto da
dau tu rat 1on va trién khai cong nghé gen thuc vat dé tao ra cac gibng GMO va
dang tro thanh cbng ty gidng 16n nhat thé gidi. RAFI goi Monsanto la mot
"Microsoft cong nghé sinh hoc" vi tir nim 1996 dén nay Monsanto ¢4 mua lai
nhiéu cong ty truéc day von 1a ngudi khong 16 trén thi trudng hat giéng.

2.2. Sy 1é thudc vao céac cong ty da qudc gia vé cong nghé sinh hoc

RAFI tién doan ngudi ndng dan ¢ hau hét cac nudc trén thé gisi, ké ca cac
nuée cong nghiép phat trién, s& dan dan s& bi 1& thuoc vao mot nhém nho cac cong
ty cong nghé sinh hoc da qudc gia.

Véi quy ché ngit nghéo ve quyen tac gia IPR (Intellectual Property Right)
hién hanh trong quan hé kinh té thé gigi, ngudi ndng dan s& bi tudc bo hoan toan
quyén tu do trong cdy gi trén manh dat cia minh va ban cho ai san pham cua
minh. Ly do dé cac cong ty nhu Monsanto ¢6 dugc nhiéu quyén han nhu vay
chinh 1a sy tién bo cua cdng nghé sinh hoc.

Chang han, gen terminator dugc co quan ding ky ban quyen cia My chinh
thic cap bang phat minh cho céng ty Delta Pine (3/1998). Khi chuyen gen vao bat
ctr mot giéng cay nao, hat ban ra s chi ndy mam trong mot thé hé duy nhat Néu
nguoi ndng dan lay hat dé trong vu sau, gen nay s€ tao ra mot hop chat giét chét
mam, vi thé hat hoan toan khong nay mam duoc. V&i gen terminator trong tay, cac
cong ty da qudc gia s& bat ndng dan cac nudc hang nam phai mua hat giong cua
ho.

Mt khac, cac cng ty giong dang thon tinh dan cdc cong ty ché bién lwong
thyc, thuc pham 1 dau ra cia san pham ndng nghi¢p. Mot mat doc quyen hat
gidng GMO, mot mat nam cac 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 céc nuéc dang
phat trién.

1.8. Nhirng van dé phap ly ciia cong nghé sinh hec hién dai

K¥ thuat tai to hop DNA d4 gitp cac nha khoa hoc thay di co ché tién hoa
cua ty nhién, sang tao ra san pham cua gen, tao ra cac dang sinh vat mgi. Ngay
cang c6 nhiéu bang ching hién nhién vé loi ich cia ky thuat DNA tai to hop.
Nhung ciing phai can nhic dén nhimg nguy co tiém tang cua no, va thuc té ciing
d& nay sinh mot s6 van dé phap ly quan trong budc ching ta phai xem xét lai mot
cach than trong. CO nhiéu van dé phép ly trong cong nghé sinh hoc, tuy nhién
trong pham vi bai giang nay chi dé cap dén mot s khia canh sau:

1. Vn dé an toan sinh hoc

Muc dich cua cong nghé sinh hoc la phuc vu cho lgi ich cta con nguoi. Tuy
vay nhiéu vin dé nay sinh ra khi tac dong dén cac sinh vat, mot sé khong it cua
ching 1a nhiing ké thi cua con ngudi nhu cac vi sinh vat gay bénh. Van dé an toan
sinh hoc va dao Iy duoc sy quan tdm cua xa hoi. Cong nghé gen da dem lai nhiéu



loi ich cho con ngudi, tuy nhién bén canh d6 ciing khong it nhitng ndi lo ngai, do
vy van dé an toan sinh hoc d4 duoc dit ra ngay tir nhitng ngay dau.

An toan sinh hoc d6 la su bao vé con nguoi, xa hoi va moi truong khoi tac
dong co hai, tac dong nguy hiém do cac doc t6 hay cac san pham cua cong nghé
gen gay ra cho hom nay va cac thé hé mai sau. N6 doi hoi phai danh gia mac d6 an
todn cua tat ca cac san pham cling nhu cac bién phap sir dung dbi véi vat nudi cay
trdng, cac liéu phap chira tri di véi con ngudi.

Ngay tir nhithg nam dau cua cong ngh¢ gen (1972-1973) mdi lo ngai vé sy
xuat hién mot loai vi sinh vat méi nguy hiém cho con ngudi va dong vat co thé
xay ra da lam cho cac nha nghién ctru dirng céc thi nghiém caa minh. Ngay tir dé
van dé an toan sinh hoc da dugc dit ra. Ngay nay cac nha nghién ciru phai tuan thi
theo cac nguyén tic chi dao quan Ii chinh thac duoc dua ra nham dam bao cac vi
sinh vat tai t6 hop dang nghién cau khong phat trién bén ngoai cac phong thi
nghiém, ddng thoi cac nhan vién phong thi nghiém phai dugc bao vé dé khong xay
ra bat cir mot su rai ro nao.

Cac san pham chuyén gen ludn duogc kiém tra, thir nghiém maot cach nghiém
ngat truac khi dua vao su dung. Vi du nam 1999, co6 khoang 6000 thir nghiém
ngoai thién nhién duoc thuc hién tai My va mot s da duoc chap nhan. Tuy nhién
cac nha moi trudong ludn lo lang Vi ciing c6 nghién cau qua quyét rang khi cho
chuot an khoai tay chuyén gen thi hé théng mién dich caa né bi tén thuong, hay
hat phan tir cay bap chuyén gen Bt d4 huy hoai quan thé buém "hoang hau", hay bi
kich caa bénh viém nfo & bd & Anh va mét sb nuée ....KéEt qua cua nhumg théng
tin ndy da day 1én nhitng phan tng chong lai nhitng cay chuyén gen.

2. Quan ly va danh gia do an toan caa thyc pham

Tai My va mot sb nude phat trién van dé quan ly va danh gia do an toan cua
thuc pham rat nghiém ngit. Tinh an toan cua céc luong thuc tir cay trong ciing nhu
thanh phan thyc pham, bao gém huong vi, chat phu gia, thanh phan dinh dudng,
cac chat gay di tng vv... phai dugc danh gia ky trude khi cho phép tiéu thu. Tuy
vay dbi khi ciing c6 nhimg 16 hdng trong quan ly, ciing nhu loi nhuan cao da lam
giam di phan nao tinh nghiém ngat, do vay nhiing van de tranh céi luon ton tai nhu
viéc su dung tryptophan gy ra hoi chung dau co bi nghi ngo 1a duoc san XUAt tir
dong vi khuan tao ra bang 'cdng ngh¢ gen hay viéc sir dung hormon tang truong &
bd (Somatotropin bo viét tic 1a BST). Ngudi ta thay rang khi tiém BST cho bo sita
thi s& 1am tang dang ké lugng sita va luong BST ton du trong sira khéng cao so
v6i ddi ching nén khéng c6 hai cho con ngudi, tuy nhién BST ty nhién thu nhan
v6i gia thanh cao nén BST san xuit nang cong nghé gen ra doi (rBST). Cac nha
quan ly va nha khoa hoc My da kiém tra rat ki va da c6 két luan Ia thit va sita bo
d4 duoc xu ly véi rBST an toan cho ngudi. Tuy nhién nhirng ngudi phan di st
dung rBST cho ring viéc sir dung rBST sé& lam gia tang nhiém vi khuan vao tuyén
stra gay chirng viém va. Tranh cdi sdu hon nira nhu vay khi sir dung rBST thi phai
ding khang sinh cao hon dé 6n dinh stuc khoé cua gia sic din dén lam ting du
lwong khéng sinh trong thit va sira, diéu ndy c6 thé gay di tng & nhiéu nguoi tiéu



ding. Do vy mic du FDA caa My khang dinh 12 an toan nhung nhiéu quéc gia
nhu Canada va cac nudc chau Au tir chéi sir dung.
3. Quyén tac gia

Nhitng cudc tranh luan & dién dan quoc té vé quyen tac gia cua cac nudc co
ngudn gen quy hiém dugc phuong Tay sir dung trong cdng nghé tao glong, da
khong dem lai mot két qua ndo. 169 nudc dd diang ky vao cong uéc Qudc té vé Pa
dang sinh hoc (Convention on Biological Diversity) va cong udc nay cé hiéu luc
tur 12/1993, trong d6 quy dinh cung chia s¢ quyén loi giira cac nuéc co ngUOn gen
v6i cac cong ty phuong Tay su dung ngudn gen do. Tuy nhién, tir d6 dén nay céc
nudc €O ngudn gen quy hiém van tiép tuc bi mat dan tai san qudc gia cia minh ma
quyén loi duoc chia sé thi khong dang ké.

Chang han, ngay 16/1/1996, Ban quyén s¢ hitu s6 5.484.889 cia My duogc
cap cho Giao su Sinh hoc phan tu (Pai hoc New York) Sylvia Lee-Huang dé bao
vé quyén tac gia cta gido su vé mot loai protein chiét tir cdy Momordica
charantia. Cay nay Ia mot loai tai nguyén dac hiru & mién Nam Trung Qudc, dugc
ngudi Trung Quéc goi la dua dang, 1a thanh phan chinh cua mot bai thudc dan
gian chong nhiém tring ¢ lich st hang thé ky. Lee-Huang tuyén bo: "Nho cong
nghé DNA tai t6 hop, tir nay khong bao gio- chaing t6i can mua hat dua ding ti
Trung Qudc, Vi cac protein tai t6 hop san xuat trong phong thi nghiém & Pai hoc
New York hoan toan gidng nhu protein chiét tir qua dwa déng trudc day".

Nam 1994, hdng ArgEvo phén lap dugc gen PAT (phosphinothricin
acetyltransferase) tir dong vi khuan Streptomyces viridochromogens ¢ trong mau
dat lay tir Camerun. Gen PAT cho phép tao ra céc giong cay trong khang thuéc
diét c6 nhom glufosinate, dong gép quan trong vao doanh so6 2,3 ty USD cua
AgrEvo nam 1995. Tuy nhién, hang nay da t chéi khong tra cho Camerun mot
khoan tién nao vé quyén tac gia.



CHUONG 2: CONG NGHE DNA TAI TO HQP
M3 bai MH 8- 02

2.1- Khai niém DNA téi t6 hop
2.1.1- Khéi niém
1- DNA:

DNA 14 chir viét tit cua axit 2’-deoxyribonucleic, duoc nha sinh hoc nguoi
Thuy Dién Miescher tim ra vao nim 1869 trong nhan té bao bach cau (té bao mu).
Dau tién 6ng goi n6 1a nuclein c6 nghia 1a hach nhan. Sau d6, 6ng da phat hién ra
nd c6 ban chat axit va goi no 1 axit nucleic. Sau hon 80 nim cung Véi su tranh céi
ctia nhiéu nha khoa hoc, dén nam 1952, nguoi ta mai cong nhan DNA 14 vat chat
di truyén.

DNA goém 3 thanh phan chinh: bazo nito dang purine va pyrimidine
(A,T,C,G), duong pentose (duong 5 carbon) va axit phosphoric (H3PO4). Ba
thanh phan nay c6 ty 1¢ 1:1:1 va ching lién két vai nhau tao thanh mot nucleotide:

Oh

, Oh H
Hinh 2-1: Cau tao mét nucleotide

Cau trdc cia DNA duoc Watson-Crick kham pha ra. D6 1a chudi xoan kép
cong nhe nhang, ¢ cau trac khong gian 3 chiéu, gdbm hai sgi song song, ddi xtng
va bd sung cho nhau theo mot qui luat nghiém ngat: A bét cip véi T va C bét cip
v6i G nho céc lién két hydro. Cau tric xoan kép caa Watson- Crick la chiéc chia
khoa dé ma ra nhitng k¥ thuat cia sy song.

2,- DNA tai té hop:

Véi cu tric dic biét cua phan tir DNA va sy bt cap nghiém ngit cua cac
bazo nito, nhiéu nha nghién ctru d4 nay ra ¥ tuéng: néu tao ra dugc nhirmng dudi &
mét trong hai soi cua phan tt DNA khéac nhau thi ching c6 thé ndi lai véi nhau
nho bit cip bd sung.

Vo nhiing nam 70, bang nhiing phuong phap khéac nhau, nguoi ta da tao
duoc nhitng phan tir DNA tai to hop dau tién.

Nam 1972, nhom nghién ctru cua truong dai hoc Stranford (Paul-Berg) da
dua ra phuong phap dudi dé ndi cac phan tir DNA khéac nhau. Bé tao dau dinh,
nguoi ta sir dung enzyme terminal transferase. Dudi tac dung cua enzyme nay,
ngudi ta da tao dwoc nhitng dudi poly nucleotide khoang 50 dén 100 gdc adenine



(polyA) & d¢au OH (3°) cta mach don DNA SV 40 (Simian virus 40) va dudi polyT
& DNA plasmid da duoc mo bai enzyme. Sau khi tron 13n hai loai DNA nay, cac
dudi bo sung adinine va thymine bit cap lai véi nhau va véi sy c6 mit cua enzyme
ligase, hai DNA nay dugc ndi lai va tao ra plasmid tai to hop vong. Vi sy an toan
cho cong dong nén san pham tai t6 hop nay khdng duoc bién nap trong té bao chu.
Tuy chua hoan tit, nhung thuc nghiém cua Berg dé cho ta hai van dé méau chét vé
DNA tai t6 hop. Ong cho rang, c6 thé dung enzyme dé cat DNA mét cach dinh
truéc va cac doan DNA ¢ céc loai khac nhau c6 thé ndi lai véi nhau.

Nam 1973, Staley Cohen va Annie Chang da tao ra nhimg phan tr DNA tai
t6 hop tir cac loai khac nhau, c6 nhiéu wu diém va da duoc bién nap trong té bao
chu. Va tir day, cong nghé DNA téi to hop ra doi. Sau d6, nhiéu nha khoa hoc da
lao vao cac thi nghiém lap ghép gen va nhanh chéng thu duoc nhiing két qua co
trng dung trong thuc tién.

K¥ thuat tai t6 hop DNA do Rerg, Chang, Boyer va Cohen d ra da gilp
cac nha sinh hoc c6 thé 1am thay d6i tinh di truyén cua co thé séng theo chiéu
huéng dinh trudc va vuot qua dugc hang rao ngan can loai. Mdi t6 hop DNA méi
déu tao nén nhiing dic diém sinh hoc méi ké ca vé mit di truyén 13n sinh hoa.

Vay ngudi ta goi DNA tai t6 hop 1a mot DNA lai, tim duoc invitro (trong
bng nghiém) bang cach té hop 2 DNA thudc 2 loai khac nhau.

Vi du: Hai vector Ia plasmid, phage A dugc cai manh DNA la dé tao ra
DNA ti to hop (Hinh 6-2).

Cac DNA la nay duoc goi la doan cai hay DNA ngoai lai. N6 chinh la mét
manh (doan) DNA hay la gen ma nguoi nghién ctru quan tdm va ghép nd vao
DNA cua plasmid hay DNA cua virus.

DNA plasmid )
Slasmid ( ’\ DNA 1
asmi
Vector .
< Phage & DNA phage y
DNA 1

Hinh 2-2: Mb hinh biéu dién sy tao ra DNA tai to hop

2.1.2- Muc dich tgo DNA tai té hgp

DNA téi t6 hop duoc ché tac voi muc dich 1a dé thuc hién mot qué trinh goi
la su tach dong. Tach dong la su tach 1ap va thu nhan nhiéu ban sao dong nhat cua
mot gen hay cia mot manh doan DNA. Tach dong cd thé duoc di kém hoic khong
duoc di kém vai su biéu hién protein. Nhimg 4p dung nay cua DNA tai to hop



ding dé thiét 1ap cac ngan hang bo gen, cDNA hoic tong hop protein, enzyme,
hormone, ...

2.1.3- Nhing yéu cau ciia DNA téi t6 hop

- DNA tai t6 hop phai dat dwoc nhirng yéu cau can thiét cia mot vector
chuyén gen.

- DNA téi t6 hop phai c6 hoat tinh khi dua vao té bao chu.

- DNA téi t6 hop phai c6 nhitng ddu hiéu d& phat hién trong quan thé vi khuan.
Va dé quan sat su hoat dong va biéu hién cua gen tai to hop.
2.2- Cac cong doan chinh tao DNA tai t6 hop
2.2.1- Chon nguyén liéu

DNA duoc chon lam phuong tién van chuyén 'gen (vector) thuong la DNA
plasmid va DNA phage. Chung dugc thu nhan chua yéu tir t& bao vi sinh vat, duoc
tach va lam sach theo phuong phap chiét tach DNA plasmid, DNA virus.

DNA chua gen can nghién ctiru (DNA la) ciing dugc thu nhan tur té bao sinh
vat duoc chiét tach va 1am sach va kiém tra theo phuong phép chiét tich DNA.
Ngoai ra, nguoi ta con st dung DNA tong hop bang phuong phap hda hoc hodc
tong hop tir MRNA nho enzyme sao chép nguoc theo co ché nuclease S1 hoic ki
thuat Gubler-Hoffman.

CAac enzyme dé cit, ndi cac doan DNA lai véi nhau nhu enzyme ristriction,
enzyme ligase cung vai su hop tac cua mot sé enzyme khac nhu kinase va
alkanline phosphotase, ..

2.2.2 CONg doan Cit véi Sw tham gia cia enzyme RE kiéu 11

RE (Restriction Endonuclease) kiéu 1l: 1a nhimg enzyme cat han ché o
nhitng Vi tri Xxac dinh va duoc ding trong cdng nghé DNA tai té hop bai vi ching
c6 mot s wu diém: Hau nhu chi c6 mot kiéu hoat tinh cat, enzyme khac dam
nhiém viéc cai bién. Mdi mot enzyme cit ¢ vi tri phi hop dinh truéc ngay o bén

trong hay canh trinh tu nhan biét. Ching chi cin ion Mg™ va khéng cin
nang luong ATP.
EcoRlI 5G AATTC3
SCTTAAGYS

- C4c enzyme nay gap chudi dich caa nd trén phan tir DNA va cit DNA thanh
hai manh dang dau bang hay dau dinh. Hiéu qua cit caa enzyme gii han phu
thudc vao nhiéu yéu té khac nhau nhu ham luong cua enzyme, nhiét do, ion kim
loai, mdi truong dém, pH va do tinh khiét cua DNA.

2.2.3- CONng doan néi véi sw c6 mdt ciia DNA ligase

Budc tiép theo cua ki thuat di truyén 1a néi cac doan DNA vao vector
chuyén gen dé tao plasmid c6 mang DNA la. Phan tng ndi duoc thuc hién nho
enzyme DNA ligase.

DNA ligase 12 mot enzyme xuc tac cac phan tng ndi hai manh DNA bang
cach tao cau ndi phosphodiester gitra dau 5°(P) va dau 3’(OH) caa hai nucleotide



ding canh nhau (Hinh 6-2). Trong sinh hoc phén tir, nguoi ta coi DNA ligase nhu
mot chat keo phan tir dé két dinh cac mau DNA lai véi nhau.
1,- Néi dau bang:

Noi dau bang duoc xay ra khi hai doan DNA dau bang dung canh nhau.
Dudi tac dung cua enzyme ligase, lién két phosphodiester giira dau 5°(P) va dau
3°(OH) duoc hinh thanh va hai nucleotide duoc ndi lai v6i nhau (Hinh 6-3a). Kha
nang ndi hai doan DNA dau bang rat thap. Dé ting hiéu suat phan ung, thuong
ngudi ta phai ting nong do cua cac doan DNA.

2,- Noi dau léch:

Pau tién, hai manh DNA dau léch do cé nhitng bazo bo sung nén ching
tién gan lai nhau dé tao lién két hydro giira céc bazo nito bo sung. Sau do, hai
nucleotide cua hai dau ndi tao Ilen két este giita OH(3’) va P(5’) dudi tac dung cua
enzyme DNA ligase. Phan ¢ng ndi duoc thuc hién theo so dd duoc biéu dién trén
Hinh 2-3b.

Plasmid duoc tach tir té bao E. Coli hoic té bao nam men theo phwong phap
chiét tach DNA plasmid. Sau d6, dung enzyme RE Il (nhu EcoRI) cit dé tao ra
plasmid hé c6 hai dau 1éch nhau.

2.3 Cac phwong phap tao AND tai to hop
2.3.1. Phwong phép don gian dung ddu léch
1,- Chon va xur Iy AND plasmid

Plasmid dugc tach tir ¢ bao E. coli hogc t€ bao nam men theo phuong
phap chiet taich AND plasmid. Sau d6 dung enzym RE Il cat d€ tao ra plasmid ho
c6 hai dau 1éch

2,- Chon va xur li dogn cai:

DNA doan cai duoc thu nhan va lya chon, tinh ché theo muc dich cua tung
nghién ctu. Cit DNA bang enzyme RE loai II cung loai véi enzyme cat plasmid
(EcoRI) dé tao ra cac vét cat gidng nhau.

3,- Tqo plasmid tai té hop:

Ghép doan cai vao plasmid bang cach 1t ca&c DNA doan ci véi plasmid véi
su ¢d mit caa enzyme DNA ligase, ta thu duoc DNA tai to hop. Phan tng ndi xay
ra theo so d6 duoc biéu dién trén Hinh 2-4.
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Hinh 2-3: DNA va cac phan &ng ndi



2.3.2- Cac phuong phéap sir dung doan ndi
1,- Chon va xu li vector plasmid: (twong tu nhu trén)
2,- Chon va xu li doan cai:

Linker 14 nhimg doan DNA dai 10 dén 15 nucleotide, dugc tong hop bing
phuong phap hoéa hoc, sao cho ¢ giita mdi linker phai c6 trinh tu nhan biét bi mot
enzyme cit han ché loai 11. Vi du nhu EcoRI c6 chudi dich 13 GIAATTC.

cDNA dau bang duoc tdng hop tir mMRNA nhd enzyme sao chép nguoc theo
co ché nuclease S1. Metyl hoa cac viing han ché cé trong doan cDNA soi d6i dugc
nhan biét boi enzyme EcoRl.

U linker c6 chtra chudi dich GIAATTC véi cDNA va enzyme DNA ligase
dé tao phan tu lai.

Cat phan tor DNA lai boi enzyme EcoRlI, ta duoc phan tir lai c6 hai dau
1éch.
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3,- Tao vector tai té hop:
Dé tao vector tai to hop, ngudi ta ghép phan tir DNA lai dau léch vao
plasmid ma ciing dugc cit boi ciing mot enzyme EcoRI. Nhd tac dung cua enzyme
DNA ligase ma vector tai t6 hop dugc tao thanh (Hinh 6-5).

2.3.3- Phuwong phap s dung enzyme terminal transferase (ETT)

Nguyeén tic: Dya vao dic tinh caa enzyme terminal transferase c6 kha niang
gan clng mot loai nucleotide vao dau 3°(OH) cua phan tir DNA.

Céach tao DNA tai to hop bang phuong phap nay duoc tién hanh theo 4
budc sau (Hinh 6-6):

1,- Buoc I:

Chon va phan 1ap DNA la dau bang va plasmid, gia st ta phan lap plasmid
c6 chira chudi dich duoc nhan biét boi enzyme BamHI (G/GATCC).

Cat plasmid bang enzyme BamHI dé tao plasmid ho ¢6 hai dau dinh.

Cat DNA la bang enzyme exonuclease theo huéng 5°— 3’ dé tao DNA ¢
hai dau léch nhau.

2,- Buwoc 2:

U DNA la véi cung mét loai nucleotide dCTP véi sy c6 mit cua enzyme
terminal transferase dé tao dudi polyC & dau 3’(OH) ciia DNA la.

U plasmid véi cing mot loai nucleotide dGTP véi sy c6 mat cua enzyme
terminal transferase dé tao dudi polyG ¢ dau 3°(OH) cua plasmid ho.

3,- Bworce 3:

Pua DNA la vao plasmid vai su c6 mat caa enzyme DNA ligase, cac dau
mut caa homopolymer cé trinh ty bd sung (---GGGG 3°/3’CCCC---) s& bit cip
véi nhau.

4,- Buoc 4:

B6 sung enzyme DNA- polymerase | dé gan cac nucleotide trong tng vao
cho trong theo nguyén tic bo sung. Enzyme ligase ndi lién két phosphodiester va
cudi cung tao duoc plasmid tai t6 hop c6 hai chudi dich dwoc nhan biét boi
enzyme BamHI.

Uu diém cua phuong phap 1a ghép DNA la dau bang vao plasmid dé tao
DNA téi t6 hop va ché tac duoc DNA déau léch tir DNA dau bang.
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2.4- Mt s6 phwong phap dwa DNA tai td hop vao té bao chi
2.4.1- Hoa bién nap

Hién twong bién nap 1a chia khoa gidp ta hiéu biét co s& phan tir cia gen,
ciing 1a cbéng cu dé thuc hién cac thao tac tao tinh di truyén cua vat séng. Theo
Mandel va Higa cho thay riang, E. Coli tré nén rat d& bi bién nap boi DNA ngoai
lai khi cac té bao vi khuan dugc xir I trong mdi truong c6 CaCl2 va trude dé duoc
soc nhiét & 42°C.

Hoa bién nap 1a phuong phap sir dung chat hda hoc, tao diéu kién dé dua
vector tai t6 hop vao té bao chu. Qua trinh dugc thyuc hién theo hai budc sau: Xir i
té bao chu trong dung dich CaCl2 & nhiét d6 thip nhim dé thay d6i mang té bao va
U vector tai to hop Vi té bao chir da xu Ii.

Hiéu suat cia phuong phap hoa bién nap nay vao khoang 10° dén 10% 14
bao bién nap trén 1mg DNA tai t6 hop. Qua cac két qua thuc nghiém, nguoi ta
thdy rang, cac té bao phét trién & pha sém dén pha giita dé dugc bién nap hon.
Nhitng nghién ctru sau nay cho thay viéc xir Ii t& bao bang cac ion kim loai hoa tri
hai nhu
Mg*4, Mn*2 va Ba*2 ciing cho kha niang bién nap 16n. Ngoai ra, hiéu suat bién
nap con phu thudc vao kich thudc caa plasmid, plasmid cang nho thi higu suat
bién nap cang cao.

2.4.2- Pi¢n bién nap

Nguyén tic: Str dung dong dién cao thé cuc bo theo xung dé tao 16 nho trén
mang sinh hoc cua té bao, tao diéu kién cho té bao hap thu DNA téi t6 hop duoc
dé dang.

Hiéu suét: Tir 100 dén 1010 4 bao bién nap cho 1mg DNA téi to hop,
tuy nhién, lugng té bao bién nap bi chét nhiéu c6 khi Ién t&i 70%. Hiéu suat cua
phuong phap nay phu thudc vao cac yéu tb sau:

- D6 manh cua dién truong tdc dong khac nhau ddi véi cac loai té bao khac
nhau,

- P dai cua hang sb thoi glan (thoi gian ngit xung - ms) Theo nhiéu nghlen
ctru, hau hét d6i véi cac loai té bao sinh vat, hiéu qua bién nap cao khi hang sé
thoi gian dat dugc khoang 6ms,

- Nong d6 té bao chu,

- Nong d6 DNA tai t6 hop,

- Giai doan phat trién cua té bao (t& bao qua gia hodc quéa non déu khong thich
hop),

- Moi truong dung dich dém,

- Cau trdc mang té bao.

2.4.3- Bién nap té bao tran (p rotoplast)

La phuong phép chuyén DNA tai t6 hop vao té bao chu da duoc xir Ii bang
polyetylen glycol (PEG). Pé tao té bao tran, nguoi ta o té bao voi PEG ndng do
30% dén 40%. Day la phuong phéap chuyén gen c6 hiéu qua cao ddi véi té bao
thuc vat. Bang phuong phap ndy, nguoi ta ¢4 nhan duoc cac cady mang gen bién
nap 6n dinh va di truyén qua nhiéu thé hé (Potrykus va cong su - 1995).



Uu diém: Tan s6 bién nap dong thoi gen chi thi va gen can bién nap cao.
C6 thé chuyén gen vao té bao protoplast ctia bat ky loai cay ndo. Dic biét 12 loai
cdy co gia tri kinh té cao nhu l0a, ngd, dai mach.

Nhugc diém: Viéc tai sinh cay protoplast con rat khd khian & mét sé loai
cay.

2.4.4- Phwong phap bén gen

‘Nguyén tac: Nguoi ta str dung hat kim loai nang duoc bao boc DNA va bén
truc tiép vao té bao.

Uu diém: Phuong phap nay cd thé bién nap cho tat ca cé4c loai té bao thuc
vat. Thao tac dé dang, ban mét 1an duoc nhiéu té bao.

Nhuoc diém: Hiéu suat bién nap thap, thuong xuyén nhan duoc cay bién
nap kham (cay co té bao bién nap va té bao khéng bién nap).

Mot sb thanh tyu d4 dat duoc bang phuong phap ban gen: Nam 1988, Mc.
Cabe va cong su da nhan duoc cdy dau twong bién nap dau tién bang phuong phép
ban gen. Nam 1990, Promm, Gordon, Kamm va cong sy da nhan duoc cay ngod
bién nap ¢ nhiéu phong thi nghiém. Nhitng nim gan day c6 hang loat cong b vé
bién nap thanh cong & l0a. Nam 1996, Zthang va cong su d4 bién nap ¢ du da, mia
va bong. Diéu d6 d4 khing dinh tinh uu viét ciia phuong phép nay.

2.4.5- Phuwong phap vi tiém

Phuong phép vi tiém la phuong phap su dung vi kim va kinh hién vi dé dua
DNA tai t6 hop vao mdi té bao nhat dinh.

Pay 1a qua trinh lai ghép cho té bao bac cao hoic té bao hop tir. TUy thudc
ting truong hop cu thé, ngudi ta ¢ thé chon phuong phap sao cho viéc dua DNA
tai t6 hop vao té bao co hiéu qua cao.

Uu diém: C6 thé t6i uu lugng DNA tai t6 hop dua vao té bao va quyét dinh
dua DNA V2o loai té bao ndo. Pua chinh xac va tham chi vao tan nhén cua té bao
va co thé quan sat dugc. Cac té bao co ciu trac nho nhu hat phan, té bao tién phoi
ciing cd thé tién hanh mot cach chinh xac. C6 thé blen nap cho moi glong cay.

Nhuoc diém: Mot phat tiém chi duoc mét té bao va thao tac can phai khéo
léo va ti mi.

2.4.6- Tdi nap

Tai nap l1a hién tuong chuyén vat liéu di truyén qua vector 1a virus tir vi
khuan cho sang vi khuan nhan, trong d6 c6 qua trinh chuyén gen va tai to hop gen
& vi khuan nho thyc khuan thé (Bacteriophage).

Thuc nghiém d& chirng minh duoc tai nap ¢ E. Coli qua phage A, phage P1
va ¢ Bacillus subtilis qua phage SP10 . So véi cac phuong phép trén, tai nap
cho hiéu suat cao hon.

Nhu vay, dén nay da cé nhleu phuong phap hda hoc, héa ly, co hoc va sinh
hoc dé dua DNA tai t6 hop vao té bao chu. Ty cac dbi tuong va yéu cau cu thé,
phuong phép nay hay phuong phap khac c6 hiéu qua va duoc sir dung nhiéu hon.

2.5- Ky thuat tdch dong (tao dong)



K¥ thuat thch dong bao gém viéc phai cai mét manh (chudi) DNA la vao
mot vector (plasmlde hodc phage A) bang phuong phap hoa sinh. Sau dd, dwa phan
tir lai nay vao te bao chu da chon lya bang phuong phap bién nap hoic tai nap.
Truong hop muébn tao dong tong hop enzyme thi manh DNA dinh cai phai ma héa
cho gen céu tric caa mot enzyme nao do.

2.5.1- Muc dich cia sy tach dong
- Thiét 14p ngan hang bo gen,
- Thiét 1ap ngan hang cDNA,
- San Xxut protein, enzyme,
- San Xxuat vaccine,
- San xuat khang sinh.
2.5.2- Cac buéc co ban cia phwong phap tach dong

Quaé trinh thuc hién cd thé thay d6i phu thudc vao nhan té tham gia va muc
dich cua qué trinh tach dong. Tuy nhién dé tao dong, can phai thuc hién cac bude
sau:
2.5.2.1- Tach Id@p cac DNA la cdn tgo dong

Chon va cat DNA la cta té bao cho bang mot enzyme cat han ché (RE).
Phan 1ap doan DNA (gen qui) phii hop véi vector va muc dich can tao dong.

Trong trudng hop dic biét, dé tao dong mot gen chua biét, ngudi nghién
ctru c6 thé tong hop héa hoc doan DNA can tao dong khi du doan cau trlc protein
do gen chi huy tong hop hoic tong hop cDNA tir mRNA.

Tao dau dinh khi can thiét.
2.5.2.2- Cheon va xi i vector

Chon vector can phai chll y nhimg yéu cau sau: do Ién cia gen la (doan
cai), loai té bao chu tlep nhén vector va phuong phap ing dung.

Xt Ii vector: cat vector bang enzyme cit han ché cung loai voi enzyme da
cat DNA néi trén (dé tao nhitng vét cat giong nhau, thuan tién cho viéc ndi ghép
sau nay). Khir nhom phosphat bang enzyme alkanline phosphotase dé tranh hai
dau vector dong kin tro lai.
2.5.2.3- Tao DNA téi té hop (Vector tai t6 hop)

Viéc tao DNA tai t6 hop bang cach ghép DNA la vao vector d4 duoc cit
cling mot enzyme cat han ché loai 11, khi d6, ching sé ghép doi nhiing dau dinh lai
v6i nhau nho bt cip bo sung.

Mot phan (g ghép néi xay ra véi sy ¢ mat ciia enzyme DNA ligase cua
E. Coli hoic phage T4 dé hoan chinh phén tt lai.
2.5.2.4- Chuyén DNA tai té hop vao té bao chi bang phwong phdp bién nap

hodgc tdi nap

Cong doan nay nhim muc dich sir dung bo may cua té bao chu dé sao chép
vector tai t6 hop thanh mét sé lwong 16n ban sao. Viéc chuyén DNA téi to hop vao
té bao vi khuan tac 1a 1am cho vi khuan tré thanh kha bién, nghia 1a ¢ kha nang
tham vector tai t6 hop. Su tham nay co6 thé xay ra mot cach ty nhién hoidc duoc
cam ung. Tuy nhién, n6 sé phu thudc vao loai plasmid stir dung lam vector va phu



thudc vao sy dinh vi cia ving cai lap chira bén trong vector ma ngudi nghién cau
s€ chon phuong phap bién nap hoic tai nap.

Bién nap Ia hién tuong chuyén vat chét di truyén truc tlep tir t& bao thé cho
D (Doner) sang te bao thé nhan R (Reception), khdng can sy tiép xuc giita hai té
bao hodc nhan té trung gian la phage hodc virus. Bién nap duogc thuc hién voi
vector chuyen gen la plasmid. Co nhiéu phuong phap bién nap nhu héa bién nap,
dién bién nap, bién nap té bao tran, phuong phap ban gen va phuong phap vi tiém.

Tai nap 12 hién tuong chuyén vat chat di truyén trye tiép tir té bao thé cho D
(Doner) sang té bao thé nhan R (Reception) qua nhan tb trung gian I virus. Tai
nap dugc thuc hién véi vector chuyén gen c6 ngudn gbc la virus nhu phage,
cosmid, ...

2.5.2.5- Phdt hién dong cdn tim

Cong viéc tiép theo la kiém tra su hién dién caa gen mong mudn. Viéc chon
lya nhitng ching nhu ¥ muén la khéng don gian, vi cach tién hanh thi nghiém
trong mot hdn hop khdng dong nhat nén cac dong vi khuan c6 thé moc Ién theo ba
kha nang:

- Té bao vi khuan khéng nhan plasmid tai to hop,
- Té bao nhan plasmid nhung khong c6 gen la,
- Té bao vi khuan nhan dugc plasmid tai t hop.

Tuy thuéc vao muc dich nghién ciru ma nguoi ta cé cac phuong phap khac
nhau dé xac dinh dong can tim. Néu muc dich I1a nghién ctu doan gen chua biét,
nguoi ta thudng ding dau do. Néu doan DNA d4 biét (cDNA), cong viéc s& don
gian va nhanh chéng.
2.5.2.6- Kiém tra va thu nhgn s@n phdm cia gen tai té hgp

Ty ting truong hop cu thé ma ngudi nghién ctu dua ra nhing phuong
phap kiém tra thu hoi san pham ciia gen tai t6 hop. Néu 1a myc dich thiét 1ap ngan
hang cDNA, ta phai tién hanh cac buéc sau: Dau tién nguoi ta phai tach plasmid
tai t hop ra khoi dich nudi cdy, sau do, cit plasmid tai t6 hop bang enzyme RE
loai Il va thu duoc hai bang DNA, mét c6 do dai bang khung vector, con biang
khéc c6 do dai twong g dung bang cDNA. Céch kiém tra lai cDNA d4 duogc cat
bang cach dién di trén gel agaroza 0,8% va kiém tra lai d6 dai cua nhiing bang
cDNA thu duoc. Nhitng doan c6 kich thudc khac nhau sé di chuyén nhitng khoang
cach khac nhau trén gel.

Néu san pham cua gen tai t6 hop la protein, enzyme, hormone, vaccine,
khéang sinh,... ngudi ta ¢6 thé thu nhan san pham bang phuong phép chiét tach ling
loc ly tdm két tua phan doan hoic trao ddi ion.

2.6- Mgt s6 phwong phap xac dinh dong can tim
2.6.1- Phuwong phap lai axit nucleic
1,- Khai ni¢gm ddu do:

Cac dau do 1a nhitng manh DNA duoc danh dau, c6 kha nang nhan biét mot

chudi DNA hoic RNA dong dang qua lai hoa.
2,- Pac diém cua dau do:



La mot doan axit nucleic (DNA hoic RNA) soi don. Dau do phai bd sung
cac bazo nito, dbi song song véi doan axit nucleic can nhan biét. Dau do phai
so mdc duoc, d6 1a cac dau danh dau phong xa.

3,- Céc logi dau do:

cDNA lam dau do cuc tdt, ngoai ra, mRNA va oligonucleotide ciing c6 thé
lam dau do. Néu chudi DNA chua biét trinh tu, nguoi ta phai tinh sach mét lwong
nhé protein twong tng véi DNA da nghién ctru va tir ¢6 tong hop dau do. Con néu
mot phan DNA phai so mbc d4 biét thi cong viéc rat d& dang dé téng hop mot dau
do.

4,- Nguyén tac cua phwong phdp lai axit nucleic:

Duya vao kha nang bién tinh khi nhiét do ting va hoi tinh khi ha nhiét do tir
tr cia DNA. Khi tang nhiét d6 cia DNA Ién qua nhiét do sinh ly (thuong o
khoang 80 dén 95°C), hai soi don DNA s& tach roi nhau do lién két hydro b dut.
Khi ha nhiét d6 tir tir ciia khéi DNA da bién tinh cing voi cac diéu kién thich hop
khéc, cac mach don bat cdp tré lai. Sy bat cip chi ¢ thé xay ra khi hai trinh ty
DNA hoan toan bé sung cho nhau. Tinh dic hiéu cuc I6n cua phan tng lai nay cho
phép bat ky trinh ty mach don nao ciing tim gip mach bd sung véi nd, mic du
chlng nam trong hang triéu cac trinh ty DNA va RNA khac nhau. C6 thé dung
dong vi phong xa danh dau dé phét hién doan lai.

5,- Cach tién hanh:

Chuan bi mau (dau) do d4 duoc danh dau bang dong vi phong xa hoic hoa
chét. Bién tinh dong can tim ¢ duéi dang mét soi, sau d6 ha nhiét do tir tir, cac soi
don twong dong bat cip vai nhau. Su bat cap xay ra gitta DNA va DNA, RNA va
DNA, RNA va RNA.

2.6.2- Phuong phép sir dung khang thé
1,- Nguyén tac:

Dua vao phan tng dic trung caa mot s6 protein va khang thé ma ching ta
c6 thé nhan biét dugc qua phan ng dic trung d6 nhu phan g tao mau, phan tng
két tua.

2,- Cach tién hanh:

Chon khéng thé dic trung cho protein (thubc thir cho protein). Tach protein
duoc biéu hién trong qua trinh tao dong. U protein véi khang thé dic trung. Sau d6
tién hanh nhan biét thong qua cac diu hiéu ciia phan (ng dic trung giita protein va
khéng thé.

3,- Ung dung:

Chu yéu st dung trong y hoc voi hai yéu cau sau: DNA can nghién ctu
duoc gan vao vector phai biéu hién protein khi tao dong va ddng thoi, vector tao
dong phai 1a vector biéu hién (vi du nhu vector Agt11). Protein biéu hién can phai
c6 khang thé dic trung.

2.6.3- Phwong phdp phat hi¢n do mat hoat tinh vi xen dogn

Nguyén tac: Dya VAo sy mat kha nang khang thudc cua vi khuan mang

vector tai to hop khi chiing dugc nudi cdy trong mai truong khang sinh.



Pham vi st dung: Phuong phap nay dung cho vector ¢ tir hai gen khang
thudc trd ,Ién, vi &‘-1 nhu vector pBR322 . Trong plasmid PBR322 cg') hai gen
khang thuoc AmP"" va TetR. Trén cac gen nay cé nhitng diém nhan biét cua cac
RE noi cai dat DNA la. Khi gan DNA la vao mét trong hai gen néi trén thi gen
nhan doan
cai mat kha nang khang thuéc. Quan séat nhitng khuan lac bi mat gen khang thudc,
chung to nhitng khuan lac d6 c¢é chtra gen can tao dong.

Uu diém cta phuong phép 12 it tbn kém so voi phuong phap lai.

2.6.4- Phwong phdp phat hién do thay doi kiéu hinh
1,- Nguyén tdc:

Dua vao su thay d6i mau sic cua khuan lac, chiing to riang, khuan lac d6 c6
chua gen la.

2.- Cach tién hanh:

Chuan bi hai miu thr nghiém ma plasmid tao dong cé chtra gen lacZ (vi
du nhu ddy pUC), mot mau dé so sanh con mau kia dé cai DNA la vao gen lacZ.
Sau d6, nudi ciy ca hai mau trong méi truong c6 chat cam tng X-Gal (5 brom-
4chloro-3indolyl D-galactopynoside). Chat cam tng nay bi phan hay boi enzyme
B-galactosidase tao ra galactose va X (dan xuét indol), ngoai mdi trudng, dan xuat
nay bi oxy hoa cho mau xanh dam.

Qua quan sét, ta thay plasmid khong chta gen la cho khuan lac mau xanh
do gen lacZ tong hop enzyme B-galactosidase. Con plasmid thi 2 cho khuén lac
mau trang, diéu d6 chung to N0 chira DNA la dugc cai trong gen lacZ va chon
nhitng khuan lac mau trang.

2.7- Ngan hang gen (Genomic library)

Ngan hang bo gen cia mot sinh vat la tap hop cac trinh tuy DNA cau thanh
bo gen dugc gan vao vector, nd chi biéu dién tong sd cua gen. Ngan hang nay
duogc tao ra tir mot bo suu tap DNA téi t6 hop ca cac chudi ma héa 1an cac chudi
khong ma hoa. Khéc véi ngan hang cDNA, ngan hang bo gen c6 thé duoc thiét 1ap
bat ky loai té bao nao cua sinh vat nghién ctru.

Céc budc thiét 1ap ngan hang gen:

- Tach va lam sach DNA cua sinh vat,

- Cat DNA thanh nhiing doan c6 kich thuéc xac dinh bang enzyme RE loai 1l -
thong thuong, nguoi ta sir dung EcoRl,

- Vector dugc chon dé tao dong gen thuong 1a cosmid hoic phage A ciing duoc
xt ly boi EcoRl,

- Tao vector tai to hop va dong goi trong vo phage,

- Pua vector ti to hop vao té bao chu va tao dong ,

- X4c dinh dic tinh va biéu hién cua dong vi khuan vira 1ap,

- Tién hanh sang loc, nghia la phai tach nhitng vector nao c6 doan DNA ua
chudng, tir 6 xay dung ngan hang bo gen.

Dic diém va tng dung:

- Ngan hang gen chira cac doan DNA 16n hon 100 lan so voi cDNA.
- Giai ma thdng tin di truyén chira trong bo gen, dic biét 1a cu trdc intron va
exon cua mot gen xac dinh.



- Tao dong nhitng trinh ty DNA khéng ma héa nam canh cac gen ma hoa va
déng vai trd quyét dinh trong sy diéu hoa biéu hién cua gen.
2.8- Ngan hang cDNA
2.8.1- Thiét ké ngan hang cDNA

Ngan hang cDNA 1a tdp hop c4c ban sao cDNA tir tit ca cic mDNA cua
mot té bao. Nhu vay, ngan hang duoc thiét lap tir mot loai té bao xéac dinh (té bao
biét hoa), vi thé, cDNA mang tinh té bao rat cao.

Qua trinh chuan bi ngan hang cDNA bao gém cac buéc sau day:

- Chiét taich RNA tong s, ta phai chon nhitng té bao c6 chira nhiéu mRNA can
thiét va sau do6, lam sach mRNA,

- Chon lya ca&c mRNA chtra nhiéu A (polyA) bang cach tach trén cot xenlulose
oligo dT,

- Tong hop cDNA soi kép dau bang tir mRNA dudi tac dung cua enzyme sao
chép nguoc nho ky thuat nuclease S1 hoac ky thuat Gubler-Hoffman,

- Metyl hda céc viing han ché (c6 trong doan cDNA soi ddi) dugc nhan biét boi
enzyme EcoRI dé bao vé viing nay khong bi cat khi thao tac véi EcoRl,

- Tao dau dinh bang cach s dung doan ndi linker cé chira trinh ty nhan biét
bai EcoRI, sau d6, cit bang enzyme EcoRI. Trong truong hop nay, chi 6 doan ndi
bi cat con cDNA van con nguyén ven (do dugc metyl hoa). Pua cDNA vao vector
tao DNA tai t6 hop,

- Ghép cDNA dau dinh vao vector thich hop d4 dugc md EcoRI va da khu
nhom phosphat,

~ - Han kin mach nho enzyme phosphoryl hoa va enzyme ligase dé tao vector tai
t0 hop,

- Pua vector tai t6 hop vao té bao chu va nudi cdy trong céc diéu kién thich
hop dé tao dong,

- X&c dinh dong can tim va thanh 1ap ngan hang cDNA.

Muc dich cua viéc thiét 1ap ngan hang cDNA 1a nhiam nghién ctru sy biéu
hién cia mot gen xéac dinh clng véi nhitng van dé lién quan dén sy diéu hoa biéu
hién gen ciing nhu mdi twong tac gitra cac gen trong mot qué trinh sbng.

Cha y: Khi phan tich két qua thu dugc ngan hang cDNA, can chl y tac
dung sinh Ii ting thoi diém thi nghiém.

2.8.2- Sang lgc ngan hang cDNA

Mot phuong phéap phd blel’l nham sang loc ngan hang cDNA dugc bat dau
tir viée tao canh truong nudi cdy chua dung nhiéu khuan lac tir ngan hang cDNA.
DNA plasmid tir mdi mé cdy vi khuan gan véi manh nho nitro-xenlulose (mang
lai) s& bi bién tinh va lai vdi mRNA tong s6. Mdi mRNA khac nhau s& duoc lai
trén nitroxelulose véi thir tu cDNA bb sung cia nd. Cac mRNA bam vao mang loc
duoc tach ra va dung dé tdng hop protein ma né ma héa bang hé théng dich ma
invitro. Protein hinh thanh dugc dem phan tich xem c6 phai 13 san pham cua
MRNA can tim hay khong, va tir d6, xac dinh vi sinh vat nudi ciy chira gen mong
mudn. Sang loc tit ca cAc mé nudi cdy theo cach trén dé xac dinh dong don thé
hién gen tim kiém.



Chuong 3
Cong nghé sinh hoc thuc vat
Ma bai MH 8- 03

|. Mé dau

Nubi Céy mo thuc vat la mot trong nhitng linh vuc ing dung dat nhiéu
thanh cong ndi bat cua cong nghé sinh hoc thuc vat. Bang cac ki thuat nudi
cay trong diéu kién v tring cac bo phan tach rdi cia co thé thyuc vat, ngudi
ta da nhan gidng in vitro thanh cong nhiéu loi cay trdng cd gié tri ma trudc
day cac phuong thirc nhan giéng truyén thdng gap nhiéu khd khin. Bén
canh d6, mot s6 ky thuat khéc ciing da duoc ung dung c6 két qua nhu: nudi
ciy don boi (1n) dé tao dong thuin chung phuc trang gidng cay tréng, dung
hop protoplast gilp mé rong ngudn gen tao ra nhiéu loai thuc vat mang tinh
trang moi hitu ich, chon dong bién di soma va bién di giao tir c6 kha nang
chéng chiu cac diéu kién bat loi ciia ngoai canh nhu néng-lanh, phén-man,
kho han, sdu-bénh..., va cudi cling san xuat cac cay trong sach bénh virus tir
nhiing c& thé nhiém bénh virus.

nho st

, thiét ké céac vector
biéu hién cao va xay dung céc ky thuat chuyén gen hién d

1980, d
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diéu

. Hién nay, nhiéu hop
chét ty nhién dung 1am duoc pham hodc phu gia thuc pham dd duoc san
xuat thanh cong bang phuong thirc nudi ciy té bao trén quy moé cong nghiép
cho hiéu suat rit cao. Pic biét, viéc san xuét cac protein ngoai lai dé diéu tri
bénh trong hé théng té bao thyc vat dang duoc chli ¥ do ching an toan cho
nguoi hon cac protein c6 ngudn goc tir té bao dong vat, boi vi cac chat
nhiém ban va virus thue vat khdng phai 1a tdc nhan gay bénh & nguoi.

I1. Nudi cay mé va nhan giong in vitro
1. Thudt ngir hoc (terminology)

Nudi cdy mé (tissue culture) Ia thuat ngir dung dé chi qua trinh nudi
cdy VO triing in vitro cac bo phan tach roi khac nhau cua thuc vat. Ky thuat
nudi cidy md ding cho ca hai muc dich nhan giong va cai thién di truyén (vi
du: giéng cay trong), san xuat sinh khéi cac 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 ngr cong ngh¢ sinh hoc.

Thuat ngir nhan giéng in vitro (in vitro propagation) hay con goi la vi
nhan giéng (micropropagation) duoc st dung dac biét cho viéc (ng dung
cac ky thuat nudi cdy mé dé nhan gidng thuc vat, bat dau bang nhiéu bo
phan khac nhau caa thyc vét c¢d kich thuéc nho, sinh truong & diéu kién vo
triing trong cac ng nghiém hodc trong céc loai binh nudi ciy khéc.

Trong thuc té, cc nha vi nhan giéng (micropropagators) dung thuat
ngit nhan gidng in vitro va nudi cdy md thay doéi cho nhau dé chi moi
phuong thirc nhan giéng thuc vat trong didu kién vo tring. Thuat ngir dong
nghia 14 nudi cay in vitro (in vitro culture).

Nhan gidng in vitro va nudi cdy mo bat d¢au bang cac manh cit nho
cua thuc Vat, sach vi sinh vat, va dugc nuéi ciy vé trung. Thuat ngit dau tién
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ding trong qua trinh nhan gidng 1a explant (mau vat) twong duong véi cac
phuong thirc nhan gidng khac 1a cutting (canh giam), layer (canh chiét),
scion (canh ghép) hoac seed (hat).

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

1.1. Nudi cay dinh phén sinh (meristem-tip culture)

Phuong thire nhan giéng bang cach dung cac phan rat nho cua dinh
chdi (shoot-tip) bao gdbm moO phan sinh dinh riéng r& (single apical
meristem) va mam l4 non (young leaf primordia) dé kéo dai choi (shoot
elongation) ngay sau d6. Kiéu nudi cay nay dugc dung lan dau tién dé lam
sach virus (virus-free) o thuc vat. Néu ding dinh phan sinh khdng thé song
s6t va tao ré mot cach doc lap, thi co thé thay thé bang phwong thirc vi ghép
(micrografting).

Thanh cong dién hinh trong phuong thirc ndy la nhan gidng cac cay
mot 14 mam nhu hoa lan, dira, hué va chudi (protocorm hoic cum choi)...
hoic cay hai 14 mam nhu khoai tay, ca chua va clc (kéo dai choi)...

1.2. Sinh san chdi nach (axillary shoot proliferation)

Kiéu nudi cdy nay sir dung chdi caa cac diém sinh truang bén va ngon
noi ma sy kéo dai cua choi tan cing (elongation of terminal shoot) bi kim
hdm va sy sinh san chdi nach dugc ddy manh. Sy diéu khién nay cho phép
nhan nhanh dugc cac chdi in vitro (microshoots), 1a cac chdi c6 thé tach ra
va tao ré in vitro dé hinh thanh cay trong dng nghiém (microplants), hoic né
c6 thé dugc cat ra riéng biét tao thanh cac canh gidm in vitro (microcuttings)
dé tao ré bén ngoai in vitro.

Phuong thic nay thudng duoc ap dung cho cac dbi twong hai 14 mam
nhu cdc, ca chua, thudce ...

1.3. Tao choi bat dinh (adventitious shoot induction)

Loai nudi cay cho phép hinh thanh céc choéi bat dinh hoic tryc tiép
trén méu vat hoic gian tiép tir mo callus, ma md callus nay hinh thanh trén
bé mat vét cit ciia mau vat. Hé thong nudi cdy nay cé nhitng yéu cau tuong
tu véi nudi cady mo phan sinh dinh, n6 chi khac vé ngudn miu vat va nguon
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gdc bat dinh cua cac chdi moi. Mot sé loai mau vat duoc dung nhu la doan
than (thudc 14, cam, chanh, ca chua, bip cai), manh 14 (thudc 14, ca chua, bap
cai, ca phé, ca cao), cudng la (thay tién), cac bo phan cuaa hoa (stp lo, lda
my, thudc 14), nhanh ca (ho hanh, ho lay on, ho thuy tién), doan mam (mang
tay)...

1.4. Phat sinh co quan (organogenesis)

Thuit ngir ndy dung dé mo ta qua trinh tai sinh cac chdi hoic/va ré bat
dinh tir cac khéi té bao callus. Qué trinh nay xay ra sau thoi diém ma mau
vat duoc dit vao moi truong nudi cdy va bat dau cam ung tao callus. Doi
v6i muc dich nhan giéng in vitro, néu tai sinh duoc cay hoan chinh tryc tiép
tir mau V4t nudi cdy ban dau thi khdng nhitng nhanh chéng thu dugc cdy ma
cac cay ciing kha dong nhat vé mat di truyén. Tuy nhién, trong nhiéu trudng
hop mé nudi ciy khong tai sinh cy ngay ma phat trién thanh khdi callus. Té
bao callus khi cdy chuyén nhiéu lan s& khéng on dinh vé mat di truyén. Dé
tranh tinh trang d6 nhat thiét phai sir dung loai callus vira phét sinh, tic 1a
callus so cap dé tai sinh cy thi hy vong s& thu dwgc cay tai sinh ddng nhat.

1.5. Phat sinh ph6i vé tinh (somatic embryogenesis)

Thuat ngit ndy ding cho sy phét trién cua cac ph6i hoan chinh tir cac
té bao sinh dudng duoc san xuat tir cAc ngudn mau vat khac nhau sinh
trudng trong nudi cdy in vitro. Thuat ngir twong duong dbi véi sy phat trién
phdi ¢ thuc vat sinh truong trong diéu kién tu nhién Ia phat sinh phdi hitu
tinh (zygotic embryogenesis) va phat sinh phéi v6 tinh (apomitic
embryogenesis). Phdi vo tinh c6 cau trdc tuong tu phoi hitu tinh coa thuc
vat sinh truong trong diéu kién tu nhién. Biém khac nhau co ban gitta phoi
httu tinh va phoi vo tinh la phdi httu tinh ludn luén di kém véi ndi nhii 14 co
quan dy trit nang luong va chét dinh dudng phuc vu cho qué trinh nay mam,
con ¢ phdi voé tinh hoan toan khéng cé ndi nhii. 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 cac hé thong nudi cay md

Phuong phéap nhan gidng in vitro thuc chét 1a mot tién bd vuot bac cua
cac phuong phap nhan giéng vo tinh c6 dién nhu gidm canh, gidm chéi,
chiét, ghép, tach dong... O day gia tri thyuc tidn cua cac tién bo khoa hoc ky
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thuat 12 da bién nhitng phuong thirc ¢d dién d6 thanh nhitng phuong thirc
hoan toan méi vé chat cho phép giai quyét nhitng khé khan ma phuong phép
co dién khong thé vuot qua. Vi du: ky thuat gidm canh chi c6 thé tng dung
thanh cong & mot sb cay trdng nhét dinh, vi rang véi kich thude 5-20 cm
kha nang tao ré phu caa viing md tuong tang gan vét cat hoic kha niang danh
thirc chdi phu van bi cac ving té bao 1an cin va toan b phan con lai cua
doan giam khéng ché. Néu tién hanh nudi cidy miu mé véi kich thudc
5-10 mm, tirc & 1am giam thé tich khdi mé xudng 10° 1an thi ré rang mbi
tuong tac giira cac té bao va cac loai md s& don gian di rat nhiéu, hiéu qua
tac dong cua cac bién phap nudi cdy s& phai cao hon. Sau day l1a mot s6
phuong thire nhan gidng in vitro:

2.1. Tai sinh cAy méi tir cac cau tric sinh dudng
2.1.1. Nu6i cdy md phan sinh dinh hay dinh phan sinh

Phuong thirc ndy sir dung cac bo phan nho nhat cua dinh chdi hay
dinh sinh truong (apex) 1am mau vat nudi cidy. N6 bao gdm mé phan sinh
dinh va cac mam |a non. Khai niém mé phan sinh dinh (ngon) chi dung khi
mau Vit duoc tach tir dinh sinh truéng c6 kich thudc trong vong 0,1-
0,15 mm tinh tir chdp sinh truong. Trong thuc té mau vat duoc tach voi kich
thude nhu vay chi khi ndo nguoi ta tién hanh nuéi cay véi muc dich 1am
sach virus cho cay trong. Thuong s& gap khd khan 16n trong viéc nudi thanh
cong cac md phén sinh dinh riéng r& c6 kich thude nho nhu vay. Do do,
trong khudn khé nhan gidng in vitro nguoi ta thuong nudi cay ca dinh choi
hoic dinh sinh truong. Phd bién nhat & cac dbi twong nhu phong lan, dia,
mia, chudi... dinh sinh truong duoc tach véi kich thude tir 5-10 mm, nghia
la toan b md phan sinh dinh va mot phan mé xung quanh.

Tuong quan giita d6 16n cia chdi nudi cdy, ty 1& sdng va mac do on
dinh vé mat di truyén caa chdi dugc biéu hién nhu sau: Néu d6 16n tang thi
ty 1¢ séng va tinh 6n dinh ting, néu do 16n giam thi ty Ié séng va tinh 6n
dinh giam. Nhung xét vé hiéu qua kinh té nubi cdy (thé tich binh nudi,
luong dung dich mdi trudng dinh dudng): Néu do 16n ting thi hiéu qua kinh
té giam, néu do 16n giam thi hiéu qua kinh té ting. Do d6, phai két hop hai
hoa duoc cac yéu t6 trén dé tim ra phuong thic ldy mau tdi vu.
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Mot dinh sinh truéng nudi ciy ¢ diéu kién thich hop sé& tao mot hay
nhiéu chdi va mdi chdi s& phét trién thanh mot cay hoan chinh. Xét vé
ngudn gdc cua cac cay d6 co ba kha nang:

- 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 ciy doan tru dudi
mam (hypocotyl) cia cdy mang cau (Annona squamosa) s& cho xuat hién rat
nhiéu mam (buds) trén moé nudi cdy, mot s6 mam sau d6 s& phat trién thanh
chdi (shoots) va tré thanh cay in vitro hoan chinh (plantlet). Tuy nhién,
thuong kho phan biét dugc chdi pha nga va chdi phat sinh moi. Cac phuong
thirc phat trién cay hoan chinh tir dinh sinh truéng nudi cay nhu sau:

- Phét trién cay truc tiép

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

Mam (dinh sinh truéng)  Chdinach  Cay (Hinh 4.1)

mam

A B

Hinh 4.1. Sy phat trién cay truc tiép. A: mam khoai tay. B: su kéo dai mam
khoai tay trong nudi cdy va phat sinh chdi nach, cac doan than mang chdi nach
s& dugc tach ra va cay chuyén trén ciing mdi truong dé nhan nhanh.

- Phét trién ciy thong qua giai doan protocorm

Chu yéu gap ¢ cac ddi twong mot 14 mam (monocotyledon) nhu phong
lan, dua, hué... Cung mét lac dinh sinh truong tao hang loat protocorm
(proembryo) va cac protocorm nay c6 thé tiép tuc phan chia thanh cac
protocorm mai hodc phat trién thanh cay hoan chinh. Bang phuong thirc nay
trong mot thoi gian ngin ngudi ta ¢6 thé thu dugc hang triéu ca thé, vi du
Hoa lan (Orchidaceae):

Dinh sinh truong  Protocorm  Cay (Hinh 4.2)
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M6 phan sinh dinh
Mam 14

Binh phan sinh dwogc
tach ra dé nudi cay

A

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

Cac ddi tuong hoa lan ¢4 mang lai hiéu qua kinh té dac biét cao. Sau
nhing két qua dau tién & chi Cymbidium ciia Morel (1966), dén nay ngudi
ta da thu duoc két qua rat tot & khoang 30 chi khac nhau caa ho nay. S¢ di
nhéan giéng vo tinh hoa lan dat duoc thanh cong I6n va duoc tng dung rong
rdi nhu vay la vi hoa lan cé phuong thirc sinh san qua protocorm. Nho cé
phuong thirc nhan giéng nhanh va ré tién ma hoa lan vén dat tré nén co gia
phai ching va dugc nhiéu nguoi wa chuong. Nhiing thanh cong & ho lan
khong nhiing chi 1a bang chiing ma con mé duong cho viéc tng dung ky
thuat ndy déi voi cac loai cay khac.

Linh vuc tng dung méi day nhét ciing da bat dau co két qua la cac cay
an qua va cay lam nghiép, trong d6 c6 cac cay quy nhu ca phé, tdo, Ié,
thong, bo dé... Tong sd cd trén 30 chi khac nhau da duoc nudi cay thanh
cong. Do céc cay trong rimg va cac cay in qua la nhimg cay trdng lau nam
nén moi chi phi ban dau trong nhan giéng in vitro déu c6 thé chap nhan
duoc.

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

V& nguyén tic, vi ghép 1a nudi cdy dinh sinh truéng, nhung thdng qua
dinh dudng tu nhién cua gbc ghép. Pinh sinh truong ding lam mic ghép c6
kich thuéc khoang tir 0,2-0,5 mm dugc tach tir bup non dang sinh truong
manh cta cdy me truong thanh, goc ghép 1a mam gid moi ndy mam tir hat
cua giéng hoang dai, toan bo cay ghép duoc nudi dudng trong diéu kién dng
nghiém vo tring. Phuwong thic ndy thudng dung dé tao ra cac gidng cdy an
qua sach bénh virus nhiam cung cap mat ghép va canh chiét dau dong lam
nguyén liéu nhan giéng cho san xuit dai tra. Phuong thirc nay cho phép thu
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duoc cay hoan toan sach bénh va mang dic diém di truyén cia cdy me cho
mit ghép.

C6 nhiéu cach ghép khéc nhau, chang han: (1) Ghép 1én mit cit: dat
mat ghép truc tiép 18n bé mat 4t cat, trén ving tuong tang. (2) Ghép chir T-
nguoc: ding diu nhon cua ludi dao cat 16 ghép hinh chit T-nguoc, chan chir
T 1a mit cit dé dé boc 16 ving twong tang. (3) Ghép ham éch: khoét trén
than mam cach mat cit 5 mm mot vét 18m hinh ham éch, chiéu sau vét 16m
bang chiéu day 16p vo. Bat mét ghép vao day ham éch (Hinh 4.3).

1. Ghép 1én mat cdt
)
Tugng tang

LGi
2. Ghép vao vét T-ngugc

3. Ghép vao 16 trén than

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

2.1.2. Nudi ciy chéi bat dinh (adventitious shoot culture)

Hé thong nudi ciy nay cé nhitng yéu cau twong tu véi nubi cdy mo
phan sinh dinh, nd chi khac vé nguén miu vat va ngudn goc bat dinh cua
cac chdi moi. Pinh chdi bat dinh méi c¢d thé phét trién hoic truc tiép trén
mau vat hoic gian tiép tir md callus, ma md callus nay hinh thanh trén bé
mit vét cit cia mau vat (Hinh 4.4). Mot s6 loai mau vat duge dung nhu sau:

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

- Manh 1a: thudc 14, ca chua, bap cai, ca phé, ca cao...

- Cubng l4: thay tién. ..

- C4c bo phan cua hoa: sup lo, laa my, thudc 14. ..

- Nhanh cu: ho hanh, ho lay on, ho thay tién...
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- Poan mam: mang tay...

A B

Hinh 4.4. Téi sinh chdi bat dinh va nhan giéng in vitro cay Hylotelephium
sieboldii. A: Choi bat dinh. B: Cay in vitro hoan chinh.

Sy phat sinh chdi bat dinh tryc tiép bat dau bang cac té bao nhu md
(parenchyma cells) nim & trong biéu bi hoic ngay phia dudi bé mit cua
than; mot sé té bao nay tré thanh md phan sinh va céc tli nho goi la thé
phén sinh (meristemoids) phat trién. CAc thé phan sinh nay rd rang c6 nguon
gdc tir cac té bao don. Tuy nhién, chiéu hudng phan tng cua thuc vat ciing
ty thudc vao nong do phytohormone. Nghién ctu su tao chdi & md nudi
ciy caa cay linh sam Douglas cho thiy cytokinin (BAP 5 pM) can thiét cho
su phat sinh choi bét dinh, nhung c6 ba kiéu phan ung khac nhau c6 két qua
tly thudc vao néng do caa auxin duoc cung cap. Nong do auxin thap (NAA

5 uM) chi c6 chdi phat trién. Khi ndng do auxin cao hon (NAA 5 uM) 14
mam tao ra ca callus va nhiéu chdi. Khi cung cap chi riéng auxin (NAA =
5 uM) thi chi ¢6 callus duoc tao thanh.

Sy phét trién céc chdi bat dinh gian tiép dau tién qua giai doan hinh
thanh callus co so (basal callus) tir cac chdi duoc tach trong nudi cdy. Cac
choi sau d6 phat trién tir ngoai vi mo callus va khong c6 quan hé ban dau
véi cdc md ¢6 mach dan (vascular tissue) ciia mau vat.

2.2. Nhan gidng thong qua giai doan callus

Trong khudn khd caa muc dich nhan gidng in vitro néu tai sinh duoc
cay hoan chinh tryc tiép tir mau vat nudi cdy ban dau thi khdng nhiing
nhanh chéng thu duoc cay ma céc cdy ciing kha dong nhat vé mit di truyén.
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Tuy nhién, trong nhiéu truong hop md nudi cay khong téi sinh cay ngay ma
phét trién thanh khdi callus (Hinh 4.5).

Hinh 4.5. Callus (A) va tai sinh chéi tir callus (B) cda chi Lilium

Té bao callus khi cdy chuyén nhiéu l1an s& khong 6n dinh vé mit di
truyén. Dé tranh tinh trang d6 nhat thiét phai sir dung loai callus vira phét
sinh, tie 12 callus so cap dé tai sinh cay thi hy vong sé& thu duoc cay tai sinh
dong nhat. Thong qua giai doan callus con cé thé thu duoc nhiing ca thé
sach virus nhu truong hop cua Kehr va Sehaffer (1976) thu duoc ¢ toi.

2.3. Nhan giéng théng qua phat sinh phdi vé tinh-cong nghé hat nhan tao
2.3.1. Phoi v6 tinh

Mot phuong thirc nhan gidng vo tinh nita I tao phdi vo tinh tir t& bao
callus. Nam 1958, Street va Reinert & hai tdc gia dau tién md ta sy hinh
thanh phdi vo tinh tir céc té bao don cua ca rét (Daucus carota). Pén nam
1977, Murashige cho rang phdi vo tinh cd thé tré thanh mot bién phap nhan
gidng in vitro. O mot sb loai, sy phét sinh phdi vo tinh hinh thanh truc tiép
tir nhitng phdi bat dinh (adventitious embryos) nam trong phdi tam (nucellar
embryos). Bén nay, cong nghé phoi vd tinh dugc coi 1a cong nghé rat co
trién vong cho ndng nghiép trong thé ky 21.

Phoi vo tinh 1a cac c4 thé nhan gidng (propagules) c6 cuc tinh bt
ngudn tir cac té bao soma (Hinh 4.6 va 4.7). Ching rét gidng ph6i hiru tinh
(zygotic embryo) ¢ hinh théi, quéa trinh phét trién va sinh ly, nhung do
khong phai 1 san pham cua sy thy tinh gitra giao tir duc va giao tir cai, va vi
vay khdng c6 qué trinh tai to hop di truyén (genetic recombination), céc
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phdi vo tinh c6 ndi dung di truyén gidng hét voi cac té bao soma da sinh ra
chung.

O trudng hop phoi hitu tinh, su két hop giao tir duc va céi cho ra hop
tir (zygote). Hop tir phan chia nhiéu 1an tao nén phéi hitu tinh ¢ cau tric hai
cuc: r& va ngon. Khi hop tir phat trién, mién sinh truéng ré va mién sinh
truong ngon clng phét trién va cudi cling tao thanh cay hoan chinh, qua cac
giai doan phdi hoc nhu sau:

- Truong hop cay hai 14 mam:

Dang cadu  dang thuy 16i  dang cd 14 mam

- Truong hop cay mot 14 mam:

Dangcau  dangscutellar  dang diép tiéu

Hinh 4.6. Cac phéi vo tinh (A) va cdy mam phét sinh tir phdi vo tinh (B)

Hinh 4.7. Phdi vo tinh ciia chudi (A) va nudi ciy phat trién phoi vo tinh (B)
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Bang 4.1. Mot sb cay trong c6 gia tri kinh té dwec nhan giong bang phwong
tharc phét sinh ph6i vé 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 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 rét nhiéu cay, ngudi ta nhan thay cac té bao dang phan chia vo t6
chtrc da tao nén callus khi nudi cdy. C6 thé thay doi hudng phét trién cua
ching dé tao ra céc phoi vo tinh véi céc budce phét sinh hinh thai rit giéng
v6i truomg hop phdi hitu tinh. Biém khéc nhau co ban giita phoi hitu tinh va
phoi vO tinh 1a phéi hiru tinh ludn ludn di kém véi ndi nhii 1a co quan dy trir
nang luong va chat dinh dudng phuc vu cho qua trinh nay mam, con & phoi
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v0 tinh hoan toan khéng c6 ndi nhii. Su khac nhau nay khéng chi dang chu y
vé mit khoa hoc ma con 1a mét yéu 6 rat quan trong trong céng nghé phoi
v0 tinh.

Kha ning tao phdi vo tinh trong nudi cdy mé thuc vat, ngoai cac diéu
kién vat ly, hda hoc thuan loi cho sy tao phdi, con phu thudc rat 16n vao
loai, vao céc gidng (cultivars), dong (strains) trong ciing mot loai. Kha niang
nay dugc chitng minh 1a do mét hodc mot vai gen phu trach. Vi vay, bang
bién phap lai tao cd thé chuyén kha niang tao phéi vo tinh cao tir cy nay qua
cay khac.

2.3.2. Cong nghé hat nhan tao

Hat nhén tao (artificial seed hoac synthetic seed) la phdi vo tinh boc
trong mot 16p vo polymer nhu agar, agarose, alginate... Trong cau trdc ludi
clia C&c 16p vo d6, nudc, chat dinh dudng va chat sinh truong duoc cung cap
thay cho ndi nhii, gilip cho phdi vo tinh ¢ thé nay mam trg thanh cay hoan
chinh (Hinh 4.8).

Hinh 4.8. Hat nhin tao cia gidng tao M.26

Trong viéc san xuét cac hat nhan tao théng qua phdi vo tinh tir nudi
cdy dich léng, thi ndi phan tng sinh hoc (bioreactor) 1a thiét bi khong thé
thay thé duorc.

Do phdi vo tinh ciing c6 thé nay mam va phét trién thanh cay hoan
chinh, nén k¥ thuat hat nhén tao da dugc nghién ciru va ung dung thanh
cdng & nhiéu nuée. Hat nhan tao gom c6 ba phan:

- Ph6i v6 tinh
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- Vo boc polymer (alginate)

- Mang ngoai (calcium alginate)

C6 nhiéu loai polymer tu nhién di dugc thir nghiém dung cho céng
nghé phdi vo tinh, trong d6 alginate dugc coi la tot nhat. Alginate 1a mot
polymer sinh hoc, duoc chiét tir rong bién ma chu yéu la cac loai thudc chi
Sargassum. Aliginate do cac phan tr manuronic acid gin véi nhau tao
thanh, gidéng nhu cac phan tir glucose tao nén cellulose. Pic diém quan
trong nhét caa alginate 1a ching & dang hoa tan trong nudc khi két hop voi
c4c ion hoa tri mot (monovalent) nhu: Na*, K, NH, ... va lap tic chuyén
sang dang khdng tan trong nudc khi két hop voi céc ion hda tri hai
(divalent) hoic da héa 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 cua giot s& chuyén hda ngay thanh calcium alginate
va tao nén mot mang khong thdm nude hinh thanh céc vién alginate.

2.3.3. Nhan gidng trong c4c ndi phan &ng sinh hoc

Trude day, cac ndi phan tng sinh hoc hay con goi 1a binh Ién men
(fermenter) chu yéu duoc ding cho cong nghé vi sinh. Trén co s cac thiét
bi d6, v6i mot s cai tién, nhiéu tac gia di nhan giéng thanh cong nhiéu loai
phdi vo tinh va cac thé chdi, cum choi hodc ci nho.

Phoi vo tinh ca phé duoc san xuat thanh céng & Brasil trén cac noi
phan tmg sinh hoc dung tich tir 2-4 lit. Noi van hanh theo cac nguyén tic
ciia mot binh 1&n men (c6 thé khong ding canh khuiy ma chi ding bot khi
dé thuc hién viéc suc khi va truyén nhiét). M&i mé c6 thé thu duoc 4-5 triéu
phdi vé tinh ca phé. O Indonesia, cum chdi dira dugc dua vao san Xuat thanh
cdng véi binh 18n men 10 lit. Biém dang chd y trong cdng nghé nay 1a thay
vi bom khi vao ndi phan tng, dich 1ong nudi cdy (méi truong mai) duoc
bom vao ndi va hat ra (méi truong cii) theo chu ky ngan, nho vay mo va té
bao thuc vat c6 da oxy va chat dinh dudng dé phat trién manh. Phuong thirc
nudi cay nay duoc goi la nudi cdy thé on dinh hoa tinh (chemostat culture).

Cu siéu bi (microtuber) duoc thi truong quéc t& cong nhan la dang
khoai tay giéng cua thé ky 21. Cu khoai tay siéu bi co kich thuéce bang hoic
nho hon hat ng6, hoan toan sach bénh virus dugc céng ty Microtuber Inc.
(M¥) san xuat trong cac ndi phan tng la céc doan than khoai tay nhan gidng
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bang nudi cdy md theo phuong phép kinh dién. Trong ndi phan tng, cac
doan than duoc kich thich ra ré va tao cu nho. Hién nay, Microtuber Inc. co
thi truong & Bac My va Ha Lan. Noi phan ung ¢ hdng Microtuber Inc. 1a cac
dng nhya kin chiu nhiét, duong kinh 15 cm, dai 50 cm, qua trinh tao ci hoan
toan khong can chiéu sang.

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

Nu()}igéy % %
e | -7
Nudi cay
fco qua:n ; % _ %

Nudi cay °
callus o -~ R R
Cay trwéng \- ' > > y Cay trwdng
thanh thanh méi
[

Nuoi cay

.

Hinh 4.9. Cac phwong thirc tao cy hoan chinh in vitro

\ /

\/

3. C4c giai doan trong quy trinh nhdn giong vé tinh in vitro

Quy trinh nhan giéng v tinh in vitro duoc thuc hién theo ba (hoic
bbn) giai doan tly theo cach phan chia cua tirng tac gia:

- Cay gay

- Nhén nhanh

- Chuan bj va dua ra ngoai dat

3.1. Giai doan I-cay gay

Pua mau vat tir bén ngoai vao nudi cay vo trung phai ¢am bao nhiing
yeu cau sau:

- Ty & nhiém thap
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- Ty 1& séng cao

- Téc d6 sinh truéng nhanh

Két qua budc ciy gay nay phu thudc rat nhiéu vao cach ldy mau. Quan
trong nhat van 1a dinh sinh truéng, chdi nach, sau d6 1a doan hoa tu, hoa,
doan than, manh 14, ré...

Chon dang phwong phéap khir tring s& cho ty 1& séng cao va mdi
truong dinh dudng thich hop s& dat dugc toe do sinh truong nhanh.
Mot s6 dang moi truong dinh dudng phd bién:
- Mubi khoang: Theo White (1943), Heller (1953), Murashige va
Skoog (1962) (Bang 4.2).
- Chét hitu co:
+ Pbuong saccharose 1-6 %.
+ Vitamin: B1, B6, myo-inositol, nicotinic acid.
+ Amino acid: Arg, Asp, Asp-NHg, 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 tig loai, ting bd phan nudi cay va ting muc dich nudi ciy
ma b sung cac ham lugng va thanh phan phytohormone khéc nhau.

3.2. Giai doan I1-nhan nhanh

O giai doan nay nguoi ta méi kich thich tao co quan phu hoic céc cau
trdc khac ma tir d6 cay hoan chinh c6 thé phat sinh. Nhitng kha ning tao cay
do la:

- Phét trién choi nach

- Tao phoi vo tinh

- Tao dinh sinh truéng méi

Trong giai doan nay can nghién ctru cac tac nhan kich thich phan hoa
co quan, dic biét 1a choi nhu:
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Bang 4.2. Thanh phan mai truong Murashige va Skoog (1962)

Thanh phén Nong dd Thanh phén Néng dd

(mg/L) (mg/L)

1. Cac nguyén té da

luong FeS0..7H,0 27,8

MgS0O,.7H0 370 Na,EDTA.2H,0 37,3

KH,PO, 170

KNO; 1900 3. Nguén carbon

NH4NO; 1650 Sucrose 30000

CaCl,.2H,0 440

2. C4C nguyén té vi 4. Phu gla hitu co

luong - C4c vitamin

H3BO;3 6,2 Thiamine.HCI 0,5

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

ZnS0,4.7H,0 8,6 Nicotinic acid 0,5

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

CuS0,.5H,0 0,025

CoCl,.6H,0 0,025 | - Céc chdt khac

Kl 0,83 Glycine 2

- B6 sung t6 hop phytohormone méi (tang cytokinin giam auxin).
Tang ty Ié auxin/cytokinin s& kich thich md nudi ciy tao ré va nguoc lai s&
kich thich phat sinh chdi.

- Tang cuong thoi gian chiéu sang 16 gio/ngay, t6i thiéu 1.000 lux.
Trong thuc té nghién ctru, nguoi ta nhan thiy kho tach biét anh huong cua
chu ky chiéu sang khoi anh huong cua cuong do chiéu sang. Anh sang tim
la thanh phan quan trong kich thich phan hda manh. Anh sang do c6 anh
hudng gidng cytokinin (cytokinin-like effect), né tao nén sy tich liy
cytokinin trong mé cia mot sé loai, chinh lugng cytokinin nay da gép phan
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kich thich qué trinh phéat sinh co quan va tao chdi tir nhitng mé nudi ciy in
vitro.

- Bao dam ché d6 nhiét do trong khoang 20-30°C. Trudng hop nhitng
loai ¢6 ngudn gbc nhiét doi, nhiét do nudi cay thich hop vao khoang tir 32-
35°C. Nguoc lai, d6i véi nhimg loai hoa & viing 6n d6i nhiét d6 thich hop
cho qua trinh tao cum chdi phai  30°C.

Muc tiéu quan trong nhét cua giai doan nay la xac dinh dugc phuong
thire nhan nhanh nhit bang mai trudng dinh dudng va diéu kién khi hau tdi
thich.

3.3. Giai doan I11-chuan bj va dua ra ngoai dat

Pay 1 giai doan quan trong bao gém viéc tao ré, huan luyén thich
nghi vé6i thay doi nhiét do, ¢ am, sy mat nuéc, sdu bénh va chuyén tir trang
thai di dudng sang tu dudng hoan toan. Giai doan ndy thuong bi bo qua mot
cach thiéu can cu.

Cac nghién ctru vé cau trdc caa 14 khoai tdy nudi ciy in vitro va so
sanh véi 14 cay khoai tay trong bén ngoai cho thiy ching rat khac nhau.
Piéu d6 ching to phai tién hanh thich nghi dan dan cay nhan giéng in vitro
v6i diéu kién tu nhién. Qué trinh thich nghi ¢ day phai duoc hiéu 1a qua
trinh thay doi nhitng dac diém sinh ly va giai phau cua ban than cay non do.
Thoi gian t6i thiéu cho sy thich nghi 1a 2-3 tuan, trong thoi gian nay cay
phai duoc cham s6c va bao bé trude nhitng yéu tb bat loi sau:

- Mat nuéce nhanh 1am cho cay bi héo khé.

- Nhi&m vi khuan va nam gay nén hién twong théi nhiin.

- Chay 14 do ning.

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

Trong chin nudi, viéc str dung giéng vat nudi mang uu thé lai o thé hé
F; da tré thanh bién phap ting nang sut quan trong bac nhat.

O nganh trong trot, giong wu thé lai mai chi duoc tng dung & mot sb
d6i twong nhu: ngd, ca chua, lGa, cai dau, bip cai, hanh tay, mang tay, va
dic biét 1a céc gidng hoa. ..
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Str dung wu thé lai khdng nhitng 1am ting ning suét tir 20-40%, ma
gidng lai con c6 dic diém 1a rat ddng déu so véi gidng bd me. Tinh ddng
déu cua gidng la tién dé& quan trong cho san xuét theo phwong thic cong
nghiép. O stp-lo chang han, phwong thirc san xuat cong nghiép doi hoi phai
thu hoach toan bo dién tich bang co giéi vao mot thdi diém. Diéu nay chi
duoc thuc hién khi sir dung gidng wu thé lai F;. Néu dung gidng thuan
chung theo phuong thirc tu phéi thi khdng dam bao, vi ¢ cac giéng rau ho
cai (Brassicaceae) thuong xuat hién hién tuong bat tu thu. Vi vay, phuong
phap nhan giéng va bao quan giéng trong dng nghiém d6i véi mot sb gidng
rau va giéng hoa c6 mét ¥ nghia kinh té cao.

Van dé dat ra hién nay la phai nghién ciru cac quy trinh nhan giong in
vitro t6i wu cho tirng lodi cay trong va cai tién quy trinh d6 dé giam t6i mirc
d6i da cac ton kém vé nhan cong lao dong trong cac cong doan nudi cy va
dua cdy con ra ngoai dat.

5. Nhan giong in vitro va cac ddc diém khdng di truyen

Bén canh nhitng dic diém di truyén & thuc vat nguoi ta con phét hién
dugc hang loat dac diém (hinh thai va sinh Iy) khéng di truyén, d6 la cac dic
diém epigenetic. Qué trinh nhan giéng in vitro c6 anh huong ti cac dic
diém khong di truyén nay.

5.1. Hién tuong cac dic diém epigenetic dugc luu lai

Nghién ctru nhan giéng vé tinh vé cay Phyllanthus amarys (cay cho
de) cho thay:

Phyllanthus 12 mot loai cdy co6 c6 than thiang dimg va canh ngang
gidng 1a kép nhung lai & nach 14 va c6 hoa cho nén van tam coi nhu canh
ngang. L4 ¢ than duang xép theo kiéu xoan dc, nhung & canh ngang Ia tuong
dbi so le.

O nach 14 c6 canh ngang, chdi nach phat trién manh thanh canh thang
dung nhu than. Néu cit canh ngang dé wom thi s& thu dugc canh ngang dai
hang mét. Canh ngang phat trién vd han theo mot chuong trinh “ngang”
dinh trude. Néu wom canh thang thi s& thu duoc cdy thang ding. Nhu vay,
mo phan sinh cua canh khac moé phan sinh caa than va khi nhan giéng vo
tinh cac bo phan khac nhau sé thu dugc cac dang cay khac nhau. O ddy mé
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phan sinh dinh diéu khién mé phan sinh canh phat trién theo hudng ngang.
Néu cit bo md phan sinh dinh sém thi canh ngang sé& phat trién thanh canh
dung.

Té bao sinh truong dinh (organisator) diéu khién sy hoat dong cua cac
té bao khac (twong ty nhu & dong vat). Hién tuong diéu khién hudng phét
trién ndy c6 mot y nghia thuc tién rat 1on.

Céc cay ca phé va ca cao cung c6 dic diém xép canh twong tu nhu
vay, do d6 khi tién hanh nhan giéng vé tinh cac loai cay nay phai chi y dén
hién tugng diéu khién hudng phat trién nhu & Phyllanthus.

5.2. Hién tuong cac dic diém epigenetic khong luu lai

Nhan giéng vo tinh in vitro giéng daa Cayen khdng gai théng qua
phan chia protocorm nguoi ta thu duoc mot ty 1é dang ké cac cé thé co gai.

Binh thuong trong k¥ thuat trdng dira ngudi ta sir dung hom dira co
kich thudc khéa 16n 15-30 cm. Pac diém khong gai di duge chuong trinh hoa
trong cac dot c6 kich thudc 16n nhu vay va vuon dira trong nhu vay déu
khong c6 gai. Vi sao khi tach dinh sinh truéng va nudi cdy thanh protocorm
va cay dua non thi gai lai xuat hién.

C6 thé & giai doan sinh Iy sém cua protocorm va qué trinh nudi cay
dinh sinh trudong phéan lap, mé phén sinh cua nhirng cay dira non tuong lai
da dugc giai phong mot phan khoi anh huong cua to chic didu khién va vi
thé ching phat trién ty do theo dic diém cd gai cua thé hé xa xua. Hién
tugng tuwong tu chling ta cling bt gap ¢ truong hop cdy cam khdng gai. Khi
gieo hat hozc nudi cay phdi vo tinh tir md phdi thm s& thu dugc nhitng ca
thé co gai.

Hién nay, van dé nay dang dugc quan tdm vi mot sé dic tinh chdng
chiu nhu chiu man, chiu bénh, chiu lanh van thuong |4 nhitng dic tinh
epigenetic va liéu théng qua nhan gidng in vitro cac dac tinh d6 ¢ con dugc
gitr lai hay khong.

I11. Céc k§y thuat chuyén gen & thuc vat
Chuyén gen

chuyén gen va mot cach hidu qua
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(selectable marker

gene
la (screenable marker gene
o : trinh tu (promoter),
trinh tu két B
. Hai prom

. promoter CaMV 35S

promoter ubiquitin

Agrobacterium tumefaciens
ng sinh. Agrobacterium
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Agrobacterium

. C6 nhiéu phuong phép
chuyén gen khéc nhau & thyc vat, nhung ¢ day chi trinh bay mot vai phuong
phép chu yéu:

1. Chuyén gen gian tiép théng qua Agrobacterium
1.1. Vi khuan Agrobacterium
Agrobacterium tumefaciens  Agrobacterium rhizogenes

. A. tumefaciens cd chira
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200 -

A
tumefaciens
duge do A. tumefaciens -plasmid (T-DNA)
1.2. Ti-plasmid
- do 1a cac

. O vi kh -

Agrobacterium

cis va trans. Day 1a hai dang vector rét thuan loi
dé tai t6 hop gen ngoai lai va chuyén vao té bao thyuc vat. Dang cis chi sir
dung Ti-plasmid va té bao vat chu la Agrobacterium tumefaciens ma khéng
c6 su tham gia caa cac plasmid va vi khuan khac. Ving T-DNA caa Ti-
plasmid duoc thiét ké lai dé gan nhitng gen ngoai lai mong mudn, cac phan
con lai cua Ti-plasmid van duoc gitr 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 luc, vi du: vi khuan E. coli va Agrobacterium,
plasmid trong truong hop nay thich ung véi ca E. coli va Agrobacterium.
Trudce tién, plasmid cua E. coli chira doan T-DNA dugc gidi han boi bo phai
(right border-RB) va b trai (left border-LB) mang gen ngoai lai duoc thiét
ké va nhan Ién 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 su tiép hop thong qua qua trinh giao phdi bo ba (triparental matting).
Vi khuan Agrobacterium d3 mang san mot loai plasmid khéac chira ving vir
(virulence region) ¢ chirc niang quan trong trong qua trinh chuyén gen
ngoai lai. Sy ton tai song song hai plasmid nay d4 tuong tac 1an nhau trong
viéc chuyén gen vao té bao thyc vat. Nhu vay, gen ngoai lai va ving DNA
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gilp quéa trinh chuyén gen (ving vir) khdng nam trén ciing mot plasmid nén
hé chuyén gen nay duoc goi a hé trans.

1.3. Vung T-DNA

, cytokinin,
opine Trong Ti-plasmid, vi tri cia T-

(vung vir
(Hinh 4.10).

vir vir

VirE2, virB, virD, virD2, vir

A. tumefaciens

- A. rhizogenes
- A.
rhizogenes

, Agrobacterium

Agrobacterium
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T-DNA
A

cytokinin

BG phai

vir
chuyén hoéa opine

B T-DNA
BG trai BY phai
vir
chuyén héa opine
ori
C T-DNA
BG trai B3 phéi

vir

g Ti-plasmid. A: dang ty nhién ban dau, B: dang
cis, C: dang trans.

1.4. Agrobacterium
tumefaciens

Agrobacterium
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tumefaciens A. rhizogenes

Dé gin T-DNA vao té bao thuc vat, dau tién vi khuan A. tumefaciens
phai tiép xtc voi thanh t& bao thyuc vat bi ton thuong. Qué trinh nay duoc
thuc hién nho cac gen chvA va chvB. Gen chvB ma hda mot protein lién
quan dén hinh thanh p-1,2 glucan mach vong, trong khi d6 gen chvA xéc
dinh mét protein van chuyén, dinh vi & mang trong cua té bao vi khuan.
Protein van chuyén gidp van chuyén p-1,2 glucan vao khoang giita thanh té
bao va mang sinh chat. p-1,2 glucan giir vai trd quan trong dé vi khuan
Agrobacterium tiép x(c véi thanh té bao thuc vat. Néu khdng co su tiép xuc
nay, s& khong co su dan truyén T-DNA.

Cac san pham protein cua ving vir ¢6 tac dung cho viéc dan truyén T-
DNA tir vi khuan vao té bao thuc vat. Cac loai protein dé rat can thiét cho
qua trinh cat T-DNA khoi Ti-plasmid, cam @ng thay ddi mang té bao thuc
vat ma ching tiép xdc, tham gia di chuyén phan T-DNA qua mang vi khuan
t6i t& bao chat cua té bao thuc vat, van chuyén téi nhan rdi cudi cling xam
nhap vao genome cua cay chu.

Thuc chét chi riéng T-DNA cua Ti-plasmid duoc chuyén vao genome
té bao thuc vat, ma khéng con phan nao khac. Qué 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 caa T-DNA) c6 vai tro la vi tri cam tng cho cac san pham cia to hop
cac gen vuing vir, dic biét 1a protein tir gen virE mang ching dan truyén vao
té bao thuc vat. Ching hoat dong nhu céc tin hiéu nhan biét va khoi dong
qua trinh din truyén. Trudc hét gen virA trong t6 hop gen ving vir duoc
phosphoryl hda nhd tac dong cua cac hop chit phenol nhu acetosyringone
giai phong ra tir cac té bao thuc vat ton thuong. San pham cua qua trinh nay
lai tiép tuc phosphoryl héa gen virG. San pham cua gen virG lién tiép 1am
hoat hoa toan bd cac gen vir con lai, ma hai gen cubi ciing duoc hoat héa la
gen VvirB va VvirE. Trudc do, khi gen virD duoc hoat hda, san pham ciaa nd
cam ung nhan biét RB va LB cia T-DNA va lam dat phan T-DNA ra khoi
DNA cua Ti-plasmid thanh cac soi don. Bong thoi qué trinh phosphoryl hoa
nay ciing lam thay ddi tham xuat mang té bao thyc vat, mang té bao bi mém
ra va bi thung. Cac soi don T-DNA dugc gian vao protein do gen VirE tong
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hop va dich chuyén vé phia mang té bao vi khuan. Ngay sau do, soi T-DNA
duoc truot tir vi khuan vao té bao thuc vat. Cau nbi chinh 1a sy tiép hop
(conjugation) gitta hai té bao do cam tng san pham gen virB ma thanh. Khi
T-DNA da duoc chuyén giao vao té bao thyc vat, ching nhanh chdng hop
nhét (integration) trong genome té bao thuc vat duoc 6n dinh va di truyén
nhu cac gen binh thuong khac (Hinh 4.11).

— Vung vir

e (7
Ti Hgp nhét clia T-DNA

T-DNA
Sy’ cam Ung
clia cac gen vir

Soi T-DNA va T-DNA
cac protein Vir |
2| —
= - Nhiém s3c thé
Nhan
K Thanh té bao
Agrobacterium Té& bao thuc vat

Hinh 4.11. Phwong thirc chuyén T-DNA vao genome ciia thuc vt

2. C&c gen chi thi chon loc va gen chi thi sang loc

(herbicide). p-
glucuronidase (gus
huynh quang mau xanh luc (

promoter
Agrobacterium , gen
ngoa
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Cua

: gus A, npt I, lux, cat,
nosvabar _ 4.3).
- Gen npt Il. Gen ma héa cho

- Gen bar. Gen bar
phosphinothricin acetyltransferase (PAT),

va Basta. Gen bar
Streptomyces hygroscopicus
bar

-Gengus A. G - _

gen gus A la X-Gluc (5-bromo-4-chloro- - - - - Dung

- - o s¢

chuy .

- Gen lacZ. Gen ma hoa cho enzyme -
116 kD. Gen lac  E. coli
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X-QGal. lac

lac
lac
A. Mt sb gen chi thi chon loc
Ky hiéu
gen
npt 11 Neomycin phosphotransferase Kanamycin
hyg Hygromycin phosphotransferase Hygromycin
gent Gentamycin acetyl transferase Gentamycin
aat Streptomycin phosphotransferase Streptomycin
bleo Bleomycin
bar Phosphinothricin acetyltransferase | Phosphinothricin
bxn Bromoxynil nitrilase Bromoxynil
B. Mt s6 gen chi thi sang loc
Ky hiéu
gen
gus A B-glucuronidase X-Gluc X-
lacZ B-galactosidase Gal Lumis
luc Phos Lumi
lux Phos
cat Chloramphenicol acetyltransferase
nos Nopaline synthase Nopaline

- Gen cat. Pugc phan 1ap va tao dong tir dong vi khuan Tn9, 1a gen
gay kha nang khang chloramphenicol & vi khuan néi chung. Gen cat d4
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duoc dung rong rdi trong cdng nghé gen dong vat va thuc vat vi n0 ma hoa
cho enzyme chloramphenicol acetyltransferase (CAT). Enzyme nay xuc tac
phan @ng acetyl hoa hai vi tri trén phan tr chloramphenicol va lam né bat

hoat.

3. Chuyén gen bang Vi dan

(gene
Vi dan
Kim hoa
Bubng nap thudc sting
Vién dan I6n
Hinh 4.12

0,8 cm. Pia

thuc

L3 thdng hoi  Ludi chén vién dan I6n

/NS

Q
\

M6 hodc t€ bao thuc vat
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Thuébc sing

Nong sung
Hop dan

M6 thyc vat L
i : Céc vi dan duwoc

boc DNA

Hinh 4.13. Thao tac chuyén gen bang phwong thic doi bom

4. Céc itng dung Ciia cong nghé chuyén gen
4.1. Mot sb két qua bude dau

Ung dung cua cac ki thuat chuyén gen trong cong nghé sinh hoc thuc
vat c6 mot tiém nang rat 16n, vuot qua cac tién bo ky thuat quan trong trong
cudc cach mang san xuat néng nghiép trude day. N6 chi méat bon nam cho
su phat trién thuong mai céc cay trong chuyén gen & Bic My va dat téi 52%
d6i voi dau tuong, 30% vai ngd, va 9% cho ca hai loai bdng va canola (nim
1999) cing vé&i viée ting san lwong trén nhiéu loai cdy trdng chuyén gen
khéc nhu: I0a, I0a my, lGa mach, lGa mién, mia, cu cai duong, ca chua,
khoai tay, huéng duong, dau phung, du du, cic loai cay go va cac loai cay
hoa nhu cim chudng... Trong s6 27,8 triéu hecta cdy tréng chuyén gen
dugc canh tac trong nam 1998, thi 74% duoc trong & My, 15% Argentina,
10% ¢ Canada va 1% & Uc. Céc tinh trang chuyén gen duoc tap trung chu
yéu la chdng chiu chat diét co (71%), khang con tring (28%) va 1% cho cac
tinh trang khéc.

Céc cay chuyén gen dang duoc thuong mai hda hién nay la thé hé dau
tién cua cac cdy trong chuyén gen, va ba thé hé cay trdng chuyén gen c6 thé
duoc du doan trude la :

- Thé hé thir nhit. Cac tinh trang san xuét (vi du chdng chiu chét diét
co, khang bénh/con trung).
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- Thé hé thit hai. Cac gen xép thanh chong cho nhiéu tinh trang (vi du
t6 hop ctia cac gen khang bénh cong véi cac tinh trang chét luong).

- Thé hé thir ba. Céc tinh trang khac nhau duoc dap ¢ng cho viéc sir
dung dic biét cudi clng (vi du thuc pham, soi, nhién liéu, dau nhon, nhya,
dugc pham va cac nguyén liéu thd cho cac qua trinh céng nghiép).

Viéc san xuit cac cdy trong chuyén gen thé hé tht hai dang tién trién.
Tuy nhién, dé hudng toi cac loi ich tiém tang cua cdng nghé sinh hoc thuc
vat chuyén gen, c6 nhiéu nhan té bd sung can xem xét bao gém: su kiém
soat cong nghé sinh hoc, sé hiru tri tu¢, an toan thuc pham, su chip nhan
cua cong dong, tinh chat gay di ung, nhan hiéu, su chon lya, moi truong, su
phan biét cua cac san phiam chuyén gen va mau dich quéc té. Tam quan
trong & day la viéc ung dung va cac loi ich tiém tang cua cac ky thuat
chuyén gen. Trong khi moi ky thuat dang phat trién, thi muc dich can dat
dugc 1a tdi da céc loi ich va giam thiéu céc rui ro.
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5. Céong nghé di truyen trong khang chat diét co

Udc tinh khoang 10% tong san lugng lwong thyc hang nam trén thé
gidi bi mat mat do co dai, mac du da tiéu ton khoang 10 ty USD va sir dung
trén 100 loai hda chat khac nhau dé diét trir. Hon nira, dung thudc diét co
dai van bi han ché vi nhiéu loai thudc khéng phan biét dugc co dai va cay
trong. Glyphosate (phosphonomethyl glycine) 1a mot loai thudc diét dugc
nhiéu loai ¢é dai nhung ching ciing c6 thé lam chét cay trong. Vi vay, néu
tao duoc cac giéng cdy chuyén gen chong chiu dugc glyphosate thi n6 s&
dugc dung phd bién dé diét co. Mot trong nhimg hudng nghién ciu 1a
chuyén gen san xuit du thira 5-enolopyruvyl-shikimate-3-phosphatase
(EPSP), mdt enzyme bi trc ché boi thude diét co glyphosate. Nghia 1a néu
cay san xuit dugc nhiéu enzyme EPSP ching c6 thé chong chiu duoc
glyphosate.

Chat diét co la phuong phap dugc chon lya dé kiém soat co dai trong
hau hét cac hé thdng ndng nghiép quy mé 16n. Chung déng mét vai trd quan
trong trong Vviéc ting san lugng cay trdng bang cach giam thiéu sy canh
tranh giita cly trong véi co dai vé khdng gian, anh sang, nudc va chat dinh
dudng. Co dai ciing c6 thé hoat dong nhu mot ngudn cung cap cac tac nhan
gay 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 dwoc san xuat
va thuong mai hda, va céc thir (variety) chong chiu chat diét c6 van dang 1a
cac cay trong chuyén gen sinh trudng rong rai nhat.

Duya trén co sé hoic 12 su biéu hién caa gen khéng man cam chat diét
co, su thodi bién cua chat diét co hodc su biéu hién manh cia san pham gen
dich cua chat diét co, ma tinh khang duoc chuyén gen thich hop trong mot
pham vi rong cac 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 nhitng bang chimg t6t cho thdy chang nhiing khdng ting
stt dung cua cac chét diét co, ma su diéu chinh cac cdy trong chuyén gen
khang chat diét co dugc cung cap cho ndng dan da cho két qua giam sur
dung glyphosate téi 33% trén cac giéng dau twong Roundup Ready, va giam
st dung glufosinate khoang 20% ddi véi gidng canola Liberty Link.

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

Str dung hoa chat dé phong trir SAu bo ¢on tring vira dat tién vira tac
dong xau dén mai truong. Cac cay trong nhu bong, ngd va khoai tay chuyén
gen dang duogc sinh truong thuong mai biéu hién doc t6 cua Bacillus
thuringiensis (Bt) dé tao ra tinh khang d6i v&i cac con tring nhom nhai-
nghién (chewing insects). B. thuringiensis tdng hop cac protein  ¥endotoxin
tinh thé duoc ma hoa boi cac gen Cry. Khi con tring in vao bung, cac
prototoxins bj dit gdy trong da day kiém cua cén tring dé tao thanh doc to
hoat dong. Céc lién két nay tao ra cac receptor dic trung trong céc té bao
biéu md rudt lam thanh cac 156 chan 16ng va cudi cing 1a gay chét con tring.
Mot sb wu diém cua doc té Bt nhu sau

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

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

- Céc anh huong khéng bit loi hodc bi giam dd dwgc Xac nhan trén cac
con trung khdng phai dich hoac cac dich thu ty nhién cua con trung.

- Poc tinh v6i dong vat ¢6 v 1a rat thap.

- C6 thé thodi bién d& dang.

Két qua nghién ctru cho thiy diém mau chét la gen chiu trach nhiém
tong hop protein tinh thé trir sdu cua vi khuan B. thuringiensis ching
kurstaki, chua dic biét biéu hién rd & cdy tréng. Pé nang cao hiéu qua cua
doc td, cac nha nghién ctru da cit bot gen chi dé tong hop phan protein cé
hoat tinh chtra doc t6 ma khdng can cac phan gen phu khac. Gen Cry duoc
cit bot di biéu hién téng hop protein gap 500 lan so vai gen tu nhién. Hién
nay, hon 40 gen khéc nhau mang tinh khang con tring di dugc hop nhat
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trong cay trong chuyén gen véi mot vai gibng da duoc thwong mai hda & cac
nude khac nhau nhu My va Uc.

Dua ra loi ich cua cac doc t6 cua Bt ddi véi su kiém soat con tring,
cac phuong thire quan ly khac nhau phai duoc chap nhan dé lam cham su
phét trién caa tinh khang con trung d6i vai Bt. Nhitng céi d6 bao gom :

- B6 tri cac ving bén canh tréng cay bong khdng chuyén gen Bt lam
noi trd an dé giam ap luc chon loc hudng téi viéc khang con trung.

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

- Duing cac loai doc t Bt cho céc receptors dich khac nhau.

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

- Dung cac promoter dic trung mo (tissue-specific promoter) nhu thé
con trung c6 thé an ma khdng ton hai dén kinh té trén cac bo phan it quan
trong cua thuc vat.

C6 céac hudng khac dé phat trién tinh khang con triing cho cay chuyén
gen dua trén co so: protease inhibitors,  -amylase, lectins, chitinases,
cholesterol oxidase, cac virus cua cbn trung dugc tao dong, tryptophan
decarboxylase, anti-chymotrypsin, anti-elastace, nhan t6 rc che trypsin
tuyén tuy caa bo va nhan to uc cheé 1a lach.

6.2. Khang céc virus thuc vat

Céc virus gay ra nhitng thiét hai dang ké trong hau hét cac cay trong
lwong thyc va cay cho soi trén pham vi thé giéi. Nhiéu phuong thie duoc sir
dung dé kiém soat sy xam nhiém virus bao gom céc xtr ly héa hoc dé giét
cac vector virus, chuyén vao cay trong cac gen khang tu nhién tir cac loai
lién quan, str dung chan doan va chi dan dé ¢am bao nhan giéng céc vat liéu
khoi dau sach virus (vi du: hat, cu...). Tuy nhién, su phét trién chinh da khai
thac tinh khang xuat phét tir cac tac nhan gay bénh, vi du st dung cé4c trinh
tu Xuat phat tir virus duoc biéu hién trong cac cdy chuyén gen dé cung cap
tinh khéng ddi véi cac virus thuc vat. Huong ndy dua trén co s¢ cac nghién
ctru vé sy gay nhidm (inoculation) hay xam nhiém (infection) ¢ thuc vat
khoi dau véi cac chung virus nhe cung cip su bao vé chong lai sy gay
nhiém tiép theo véi cung loai chung virus hodc céc virus lién quan gan gii.
Tinh khéng bat ngudn tir tac nhan gay bénh nhu vay doi hoi sy chuyén nap
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gen thuc vat véi cac trinh tu xuat phét tir virus; tinh khang vat chi xuat hién
cho két qua tir hai co ché khac nhau: (1) su bao vé duoc dan xép bai su biéu
hién cuia cac protein virus ty nhién hoic bién dbi (vi du protein vo, replicase,
va replicase khiém khuyét), va (2) su bao vé duoc dan xép ¢ mirc d6 phién
méa (“RNA-mediated resistance”), doi hoi sy phién ma cia RNA hoac tir cac
chudi hoan chinh hoic timg phan xuét phat tir virus dich (bao gom céc gen
cho protein vo, replicase, replicase khiém khuyét, protease, protein van
dong...).

Truong hop cac phan tir 1am nén tang cho tinh khang xuat phét tir
virus 1a dbi twong cua nghién ciru chuyén sau. Co sd cua tinh khang virus
dugc sap dat bai RNA (RNA-mediated) va su im ling cua cac gen hau dich
ma ¢ kha niang tuong tu, phan anh céc hoat dong co ban trong trong cac té
bao thuc vat dé phat hién, bat hoat va dao thai caic DNA hoic cac RNA
ngoai lai. Vi du: cac gen noi sinh cua thuc vat dugc chen vao virus nhu
PVX c6 thé biéu hién im lang cua gen ndi sinh cua thuc vat.

Pé tao gidng cay trdng chdng chiu virus, hién nay cé cac huéng:

- Bao vé chéo.

- Sur dung RNA V¢ tinh.

- Sur dung enzyme replicase.

6.2.1. Bao vé chéo

La bién phap loi dung hién twong 16p vo protein caa virus thir nhat da
can trd sy Xam nhap cua virus thir hai, nghia la cho cay nhiém loai virus c6
doc lyc vira phai s& chong duoc su xdm nhiém caa virus ¢d doc luc cao hon.
Pé ting cuong kha nang biéu hién gen protein vo nguoi ta gan thém vao
dudi phan promoter 35S tir virus kham sap lo (CaMV) va dwa vao genome
cay trong nho hé thong Ti-plasmid cia Agrobacterium. Thanh cong dau tién
theo hudng nay 1a khang bénh virus kham thudc 14 (TMV) & cay thude 14,
nhd sy biéu hién gen cp. Thi nghiém dong ruong dau tién vé cay ca chua
biéu hién gen cp khang bénh TMV tién hanh niam 1987 tai My va cho két
qua khang bénh cao. Sau d6 hang loat két qua chung to gen cp ¢6 hiéu luc
d6i voi tit ca cac loai virus gay bénh & 20 loai cay khac nhau ké ca céc loai
cay trong nhu ca chua (1987), dua hau (1987), Ita (1990), khoai tay (1989,
1990), cu cai duong... Qua hang loat thi nghiém dong rudng, Bo Néng
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nghiép My di cdng nhan giéng qudc gia cho giéng bi xanh (Freedom I1)
khang virus (1995). Céc giéng khoai tay, dwa chudt, ca chua chéng bénh
virus di va dang duoc tiép tuc cong nhan.

6.2.2. St dung RNA vé tinh

Trong mot sé quan thé virus c6 cac thuc thé gidng virus chira cac phan
tr RNA nho hon goi 12 RNA v¢é tinh (sattelite RNA). RNA vé tinh duong
nhu khdng ma héa cho bét ci protein nao nhung dugc nhan 1&n nho enzyme
ciia RNA tir virus binh thuong va hop thanh cac tiéu phan gidng virus ¢ vo
protein. Mot s6 RNA vé tinh c6 thé tc ché rat manh su nhan ban cua virus
binh thuong. cDNA tir RNA vé tinh dugc tong hop vai sy tham gia cua
promoter 35S CaMV rdi dua vao cdy thong qua hé théng Ti-plasmid cua
Agrobacterium. Cac cay duoc chuyén gen kiéu ndy thé hién tinh khang virus
thudc 14 va virus kham dua chudt khé tét. Tuy nhién, so véi tinh khang theo
phuong phap bao vé chéo, tinh khang nay khé dat hon vi phai can nong do
virus rat cao. Bén canh d6, nguoi ta van lo ngai dé& xay ra hién tugng dot
bién tir phan tir RNA vé tinh thanh mot loai gay doc cho chinh cay chu.

6.2.3. Str dung enzyme replicase

Replicase 1a enzyme tham gia qua trinh tong hop nucleic acid cua
virus, hoat hda cho su nhan 1én cia DNA hoic RNA theo co ché bb sung.
Cay trong chong virus ciing c6 thé duoc tao ra bang chuyén cac gen
replicase v6i nhiéu doan bi bién d6i hoac bi cit bét, két qua cho thay khang
virus rat cao. Vi du, thudc 14 theo phuong phép chuyén gen da biéu hién gen
replicase bi cat bét cho kha niang khang virus kham thude 14 rét t6t (1990).
Hién nay, van chua thanh cong voi enzyme replicase cta virus kham tir ¢o
alfalfa ddi v6i bénh virus kham thudc 14. Protoplast dai mach duoc chuyén
gen replicase tir virus kham brome ciing chua khang dugc bénh nay & dai
mach. Tuy thé, tir khi tim thdy huéng tng dung gen replicase, nguoi ta van
dang hy vong vao hudng nay.

6.3. Khang cac bénh nim
N4am bénh gay hai cdy trong rat nang, nhat 1a & cac nudc nhiét doi co

d6 am cao. Cai tao gidng chéng nam hai dua trén nguyén ly dwa gen ma hoa
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mot loai enzyme ndo dé c6 tac dung we ché truc tiép hodc gian tiép dén su
phét trién caa nam hai. Enzyme Iam thoai hoa cac thanh phan chinh cua vo
t& bao nam chitin va p-1,3 glucan la loai dang duoc chd y. Khi c6 gen
chitinase chuyén vao, cay thudc 14 chuyén gen di ting cuong hoat tinh
chéng nim hai. Su biéu hién dong thoi cua ca hai gen chitinase va glucanase
trong thudc 14 1am cho cay c6 tinh khang ndm hai cao hon cay c6 mét gen
doc lap. Ciing twong tu, ca chua cho tinh khang nim Fusarium cao hon han,
sau khi dugc chuyén giao ca hai gen néi trén.

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

6.4. Khang cac bénh vi khuan

Pbi v6i vi khuan, hudng nghién ciu tao gidng cdng nghé sinh hoc
méi bit dau. V& co ban c6 ba huéng :

- DUng gen ma hoéa enzyme 1am thoai hda thanh té bao vi khuan, vi du
gen lysozyme tir cac ngudn té bao dong vat hoic gen lysozyme tir thuc
khuan thé T4 dwa vao cy thudc 14 va khoai tay. Cac gen nay biéu hién rat
cao hoat tinh lysozyme va cac t& bao c6 kha nang phong trir vi khuan
Erwina carotovora rat tot.

- Gen méd héa -thionin-cystein dugc chuyén giao sang cay thudc 14
cling phong ngira duoc vi khuan Pseudomonas syringae.

- Cay gen san xuat protein lam giam doc t6 caa vi khuan, 1a huéng co
nhiéu hira hen. Cac gen nay chu yéu san xuét cac loai enzyme phan huy doc
t6 ctia vi khuan, do vay vo hiéu hoa tac hai ciia ching.

IV. San xuét cac dwge liéu sinh hoc
1. Céc hop chdt tu nhién

Thuc vat 12 ngudn cung cap cac hop chat hda hoc dung 1am duoc liéu
rat ¢ gia tri. Nhitng san pham nay, duoc biét nhu 13 cac chit trao doi thir
cap (secondary metabolites), thuong dugc san xuat véi mot luong rat nho
(dang Vvét) trong thuc vat va khdng c6 chic nang trao doi chat rd rang.
Chung duong nhu 1 san pham cua céc phan tmg héa hoc cua thuc vat véi
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moi truong chung quanh, la su thich nghi véi stress caa moi truong hoac la
su bao vé hoa hoc chéng lai vi sinh vat va dong vat.

Dé san xuat cac san pham thir cdp tir thuc vat, cac md thuc vat ngoai
sinh tir cay hoan chinh dwoc nudi cdy dich huyén pha (suspension culture)
trong diéu kién vd tring (Hinh 4.14). Co so cua Ky thuat nudi cdy mé thuc
vat dya trén tinh toan thé héa sinh (biochemical totipotency) duy nhat cua té
bao thuc vat. Nhiéu san pham trao dbi chat cd thé dwoc san xuat tir nudi cay
dich huyén phu c6 chat luong cao hon trong cay hoan chinh. C6 nhiéu bing
chung cho thdy cd méi quan hé nguoc (feedback) gitta téc do sinh truong va
san xuat cac chat thir cap. Khi téc d6 sinh truang cao, cac qué trinh so cp
cuia té bao 1a phan chia té bao va san xuat sinh khéi té bao. Trong pha tinh,
khi su sinh truong giam dén murc ti thiéu, sy san xuat va tich liy cac chat
thir cap sé tang Ién.

Hinh 4.14. Nudi céy té bao dich huyén phu thuc vat trong hé 1én men 100 L
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Cac chat trao doi thir cAp hay con goi 1a cac chat thir cp c6 thé xép
trong ba nhém chinh: alkaloid, tinh dau va glycoside.

Cac alkaloid c6 dang tinh thé 1a cac hop chét chira nitrogen, cé thé
dugc tach chiét bang cach dung dung dich acid. Alkaloid c6 hoat tinh sinh ly
trén tat ca dong vat va duoc str dung trong cong nghiép duoc. Ho alkaloid
bao gom: codein, nicotine, caffeine va morphine. CAc tinh dau chtra hdn hop
terpenoid va duoc st dung nhu 1a chat mii, chit thom va dung méi.
Glycoside bao gom cac phenolic, tanin va flavonoid, saponin va céc
cyanogenic glycoside, mot sb trong ching duoc sit dung 1am chat nhuom,
cac chat mui thuc pham va duoc pham.

1.1. Céc alkaloid

Ngudi ta ciing ¢d thé thu duoc cac chat nhu caffein tir nudi cay té bao
cay Coffea arabica, betalain trong callus ca cai duong, berberin tir té bao
cay Coptis japonica (loai cay nay phai trong tir 4-6 nim méi thu dugc ham
lugng dang ké berberin trong ré, so voi ham luong ndy c6 thé thu duoc sau 4
tuan bang phuong phap nudi cay té bao)... Nhitng chat nay duoc sir dung
rong rdi trong cdng nghiép huong li¢u va trong y hoc.

Chat reserpine ¢ tac dung chita bénh cao huyét ap va céc bénh rdi
loan tudn hoan ciing duoc san xuat bang phuong phéap nudi ciy té bao cay
Rauwolfia serpentina. Nudi cay té bao caa cay nay trong 30 ngay & hé Ién
men quy mo 1n c6 thé san xuat dugc 3.500 kg reserpine, twong dwong Voi
lwong hang nam cua ca thé giéi thu duoc tir ré cay do.

Céc nha nghién ctru thudc to hop duge pham Gibageigy (Based, Thuy
Si) da san xuat duoc loai alkaloid 1a scopolamine tir té bao cay Hyoscyanus
aegypticus nudi ciy trong hé 1&n men khdng c6 canh khuay. Bang céch chon
loc céc dong té bao cao san nho ki thuat dot bién té bao tran, bién di don
dong va k¥ thuat gen, ngudi ta da tang duoc san luong scopolamine 18n gap
hang ngan lan.

Nhiéu nghién ctu cho thiy nubi cdy callus va té bao cua cay
Catharanthus roseus c6 ham lugng serpentin ngang véi cdy dugc liéu binh
thuong. Mot sd nghién cou di phan 1ap duoc céc dong té bao
Cantharanthus san xuat serpentin va ajmalacine tir nudi cay in vitro. Bang
loai mdi truong san XUat dic biét nguoi ta da dua dugc san luong alkaloid
cua hai dong té bao t6t nhat 18n mot muc cao hon nita, trong d6 mot dong
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tao duoc 162 mg/L serpentin, con dong Kia tao dugc 72 mg/L serpentin
cung vai 264 mg/L ajmalacine. Mdéi day nguoi ta da hoan thién duoc cong
nghé nudi cdy té bao cua cdy Catharanthus roseus dé san xuét viblastine va
vincristine 1a hai chat khang ung thu rit manh, hién dang c6 nhu cau rat cao
vi chling duoc st dung dé chita ung thu mau.

Sikuli va cs (1997) sau khi gay nhiém ciy Datura stramonium véi
Agrobacterium rhizogenes da nhan thay ham lugng hyoscyamine & ré dat
cuc dai sau 6 tuan nudi cdy <100 mg/L.

1.2. Céc steroid

Trong linh vuc steroid va chuyén hda steroid, cac dong té bao cd
nang suat cao da dugc Kaul va cs dé cap dén tir nam 1969. Ho da nudi cay
thanh cong té bao cua cdy Dioscorea deltoidea dé san xuat diosgenin, 1a
nguyén liéu thd chu yéu dé san xuat céc steroid chéng thu thai va cac
hormone tuyén thuong than.

Quaé trinh chuyén hda cac hop chat glycoside tim (cardiac) bang nudi
cay té bao cua cay Digitalis lanata ciing d4 dwoc nghién ctu. Nguoi ta
nhan thay, mic du cac té bao Digitalis nging san xuat glycoside tim
nhung ching van c6 kha nang hydroxyd héa digitoxin & nguyén tir *2C dé
tao ra digoxin. Digoxin la mot hop chat c6 y nghia y hoc Ién hon
digitoxin. Qua trinh hydroxyd héa xay ra trong nudi ciy té bao rat nhanh
va rat hiéu qua khi dwa vao moi truong nudi cay chat -methyl-digitoxin.
Sau 12 ngay, nguoi ta da thu dugc 4 g -methyl-digitoxin trong mot binh
nubi dung tich 20 L.

1.3. Mot sb chat khac

Thi du dién hinh nhat la cong nghé san xuat shikonin, mét loai sic t6
d6 c6 kha niang diét khuan, c6 trong ré cua cdy Lithospermum
erythrorhizon. Binh thuong shikonin tich lily khéng nhiéu trong ré. Tuy
nhién, cac nha khoa hoc Nhat d4 tao duoc dong té bao r& cay
Lithospermum c6 kha nang tich liy dén 15% shikonin va d hoan chinh
cdng nghé nudi cdy té bao san xuét shikonin. Céng nghé nay cho phép
trong mot chu ky nudi cdy thu hoach ti 5 kg hoat chat va giGp giam rét
nhiéu gia thanh cua shikonin.
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Ham luong twong d6i cao cua ubiquinone-10 duogc tim thiy trong té
bao thube 14 nudi ciy in vitro va cia L-dopa trong moi trudong nudi cay té
bao Mucuma pruriens. Nudi cay té bao cua cdy Panax pseudoginseng da
cho ham lugng saponin kha cao. Nudi cdy té bao cua cdy Glycyrrhiza
glabra da thu dugc ham luong glycyrrhizin tir 3-4% khdi lugng khd.

Ham luong chat thir cip cao nhit dugc tim thay trong nudi ciy té bao
cua cdy Coleus blumei d6 I chat rosmarinic acid chiém 13-15% khdi lugng
kho trong chu ky nuéi 13 ngay, 16n gap 5 1an so véi ham luong trong cay
trong ¢ diéu kién ty nhién. Trong nhitng nam 1980, nguoi ta ciing da san
XUat rat c6 hiéu qua ginsengoside 1a hoat chat chi yéu cua nhan sam Panax
ginseng. Cac anthraquinone l1a mot nhém cac san pham tu nhién quan trong
¢ & vi khuan, nam, dia y va thuc vat bac cao ¢ céc hoat tinh sinh hoc nhu:
khang khuan, khang nim, giam huyét ap, giam dau, chng sét rét, chong
oxy hoa, khang bénh bach cau va cac chic nang dot bién. O thyc vat bac
cao, chiing da duogc tim thiy ¢ rit nhiéu ho thuc vat khac nhau, chang han
Rubiaceae, Rhamnaceae, Polygonaceae, Leguminosae... Nudi cay té bao cac
loai ctia ho Rubiaceae da cho phép thu dugc moét lugng 16n anthraquinone
tham chi trong mot s truong hop da vuot qua ham luong anthraquinone &
cay bd me.

2. C4c protein tai to hop

Protein téai to hop (protein ngoai lai) 1a protein tu nhién dugc bién doi
bang cong nghé DNA tai t6 hop nham nang cao hoic thay do6i hoat tinh cua
chdng. Nudi cay té bao thuc vat da dugc sir dung dé san xuat cac san pham
tu nhién cach day hon 20 nim va gan day hon ching duoc dung dé san xuat
cac protein tai to hop. Céc té bao thuc vat rat thich hop cho cac nguyén liéu
tai to hop do chlng c6 thé sinh truong trén moi trudng twong dbi don gian
khong can bd sung protein. Néu protein ngoai lai dugc san xuit trong nudi
ciy té bao va duoc tiét ra trong mdi truong, nhiéu hon phan dugc tich liy
trong t& bao, thi viéc thu hdi va tinh sach san pham c6 thé dugce tién hanh
ma khdng c6 nhiéu protein nhiém ban. Cac protein cd ngudn gdoc thuc vat an
toan cho nguoi hon cac protein cd nguon géc tir té bao dong vat boi vi cac
chat nhiém ban va virus thuc vat khdng phai la tac nhan gay bénh & ngudi.
Ngoai ra, nudi ciy té bao thuc vat ciing 1a mét céng cu thuc nghiém thuan
loi cho viéc khao sat sy san xuét protein ngoai lai trong cay hoan chinh.
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Bang 4.4. San xuét cac protein tai té hop bing nudi cay té bao thuc vat

Protein Loai thue vat
Hormone sinh truéng & nguoi Nicotiana tabacum
Albumin huyét thanh nguoi N. tabacum, Solanum tuberosum
Nhan t6 sinh truéng biéu mé & nguoi N. tabacum
Nhan té sinh truéng ¢ cé hoi N. tabacum
a-interferon nguoi Oryza sativa
Hirudin (chéng dong mau) N. tabacum
Erythorpoetin N. tabacum
a and B haemoglobin nguoi N. tabacum

Human muscarinic cholinergic receptors | N. tabacum

GM-CSF chu6t N. tabacum
Interleukin-2 va Interleukin-4 N. tabacum
Alkalinephosphatase nhau thai nguoi N. tabacum
al-antitrypsin nguoi 0. sativa

Hormone sinh truéng nguoi N. tabacum

GM-CSF nguoi N. tabacum, O. sativa

Thuc vat chuyén gen hién nay dugc xem la hé thng san xuat rat
kinh té cho viéc san xuit céc protein ngoai lai nhu khang thé, enzyme va
hormone. San xuét thuong mai mot sé protein caa vi khuan va dong vat da
dugc tién hanh bang thyuc vat. Yéu t6 quan trong anh huong dén hiéu qua
kinh t& cua san xuat protein duwa trén co so thuc vat 12 hiéu suét cua protein
ngoai lai hoic ndng do cua san pham duoc tich liy trong sinh khéi. Theo d6,
nguoi ta da chd y cai thién sy biéu hién gen ngoai lai trong ciy chuyén gen
théng qua viéc phat trién cac promoter t6t hon, chon loc cac dong chuyén
gen 6n dinh, va tc ché gen im lang (silence gene). Tuy nhién, mot yéu t6
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quan trong la sy dat gdy protein ngoai lai di lam giam nong d6 cua san
pham chirc nang trong mé thyc vat sau khi cac phan tir duoc tong hop va lap
rap. Su dat gdy protein ngoai lai da 1am ban san pham véi céc doan protein
mat hoat tinh, va ngudi ta ciing gap khé khan khi loai bo cac protein dut gay
nay trong cac hoat dong thu hoi protein chirc nang & san xuat quy mé 1sn.
Tim hiéu chi tiét v& vi tri va co ché cua sy dut gdy ¢ ndi va ngoai bao la rat
can thiét dé c6 thé phat trién phuong phap sao cho giam thiéu duoc su tén
that protein sau dich ma.

3. Vaccine thuc pham (edible vaccine)

Cho dén thoi gian gan day ngudi ta van sir dung vaccine song nhuoc
doc 1am khang nguyén kich thich tao khang thé can thiét trong co thé nguoi
va vat nudi. Vaccine kiéu ndy c6 mot sd han ché nhu: c6 kha nang quay tro
lai dang doc hoic hoat hrc cua n6 giam kha nhanh trong co thé ngudi va vat
nudi. Hién nay, nho ¢éng nghé DNA tai to hop nguoi ta di san xuat duoc
protein vo cua mot s6 loai virus nhu virus bénh 16 mom long méng, bénh
dai va viém gan B. Tuy nhién, vaccine duoc san xuit theo cac phuong phép
trén c6 gia thanh cao, diéu kién bao quan va van chuyén nghiém ngit, can
c6 k§ thuat vién dé tién hanh tiém ching.

Vaccine thyc pham 1a mot mé hinh 1y twong cho céc nudc dang phat
trién, vi n6 gitp khic phuc duoc cac khé khin néi trén cua vaccine duoc san
Xuat theo phuong phép truyén thong hoic DNA tai t6 hop. Nguyén Iy co
ban cua qué trinh nay 1a chuyén mét loai gen dic biét vao té bao thyuc 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 nguoi
thong qua an udng (dudi dang tuoi sdng khéng nau chin, néu khéng s& 1am
mat hoat tinh khang nguyén), hé thong mién dich cua ngudi sé tu dong sinh
ra khang thé dé chdng lai khang nguyén. Nhu vay 1a da thay viéc tiém chiang
vaccine bang viéc an nhitng hoa qua hozc rau xanh ¢ khang nguyeén.

Vaccine thuc pham ¢6 mot s6 vu diém sau: gia thanh ré, 6n dinh, dé
san xuat trén quy mé 16m, d& quan Iy, khdng can tinh sach, bao quan lau, d&
van chuyén. ..

Mot s6 két qua nghién ciru budce dau caa vaccine thyc pham:

- San xuét vaccine chong bénh infectious bursan desease virus (IBDV)
& ga trong co Arabidopsis chuyén gen.
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- Chuyén gen orf2 cua virus gay bénh viém gan E vao cay ca chua, va

cay Pichia pastoris.

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

- Chuyén gen Itb cua E. coli (B subunit of E. coli heat-labile

enterotoxin) gay bénh duong rudt vao khoai tay.

- Chuyén gen ctb (cholera toxin B subunit) gay bénh ta caa vi khuan

Vibrio cholerae va gen Itb vao cay thudc I4...

/ RNA gay bénh s&i

\ Hemagglutinin (H) protein

Virus s&i

'

Vector mang gen cla protein H

\ / Agrobacterium

Plasmid

* / Manh 14

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

Tiém Choan  Nghién clru & dong
vat linh trwdng

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

B: Chuyén trinh ty mé hoa vao
vector (plasmid) va bién nap vao
Agrobacterium

C: Boéng nubi cay Agrobacterium
va mo thyc vat

D: Tai sinh cay hoan chinh tir cac
té bao dwgc chuyén gen va phan
tich sw bidu hién ctia khang
nguyén bing Western blot

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

Hinh 4.15. M6 hinh phat trién vaccine thuc pham
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Mot nghién ciru da duge cong bd gan day trong linh vuc san xuét
vaccine tir thuc vat, d6 1a gdy mién dich trong co thé nguoi bang vaccine
thuc pham dé diéu tri bénh viém gan B. Loai cay trdng dugc st dung dé
chuyén gen viém gan B lan nay la khoai tay. Nguoi ta hy vong rang khi an
loai khoai tay nay, chat khang nguyén s& gay ra mot phan @ng mién dich nhe
trong co thé nguoi. Tir d6, co thé ngudi s& tao ra chat mién dich ca thé déi
voi can bénh l1ay nhiém viém gan B. 42 nhan vién cham soc suc khoe & do
tudi 25-58 da tham gia vao cudc nghién ciu. Trong d6, 33 ngudi duogc chi
dinh 3n khoai tdy chuyén gen ma khong c6 ta dugc, mot chat 1am ting kha
nang phan &ng mién dich. Chuan d6 khang nguyén khang virus viém gan B
trong huyét thanh duoc do trong mot s 1an nhat dinh mdi ngay. Két qua cho
thdy d6i véi nhitng nguoi an khoai tdy khdng chuyén gen cac chuan do
khong tang, trong khi d6 19 trong s6 33 nguoi 4n khoai tay chuyén gen thi
chuan d6 tang 57,6%, trong khi vaccine hién c6 trén thi truong co tac dung
t61 90% d6i twong, ké ca khi co chira chat ta dugc.
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Chuong 4

Cong nghé 1én men vi sinh vat

Ma bai MH 08- 04

|. Mé dau

Céc co thé vi sinh vét ¢6 kha niang sinh trudng trén nhiéu loai co chat
(mdi truong dinh dudng) khac nhau va cd thé san xuat nhiéu san pham
thuong mai. Gan day, viéc ap dung cac k¥ thuat di truyén in vitro da mo
rong pham vi cac san pham dugc san xuat bai vi sinh vat va di cung cap cac
phuong phdp méi dé ting san lugng cua nhitng san pham d6. Khai thac
thuong mai su da dang hda sinh (biochemical diversity) cta cac vi sinh vat
da thic day phét trién cong nghiép Ién men, va cac ky thuat di truyén da
thiét 1ap mot nén céng nghiép uu thé tao co hoi phat trién cac qua trinh méi
va cai thién nhitng qué trinh dang co.

Thuat ngir 1én men (fermentation) trong cong nghé vi sinh ¢6 nguon
gbc tir dong tir Latin fervere nghia 1a dun s6i, mo ta sy hoat dong cua nim
men trén dich chiét caa trai cdy hoic cac hat ngii coc duge tao mach nha
(malt) trong san xuat d6 uéng cé ethanol. Tuy nhién, sy 1én men duoc cac
nha vi sinh vat hoc va hoéa sinh hoc giai thich theo cac cach khac. Theo cac
nha vi sinh vat hoc thuat ngir Ién men c6 nghia & qua trinh san xuat mot san
pham bang nudi cdy sinh khéi vi sinh vat. Tuy nhién, cac nha héa sinh hoc
lai cho rang d6 l1a qué trinh san sinh ra ning luong trong d6 cac hop chat
hitu co hoat dong véi vai trd vira 1a chat cho 1an chat nhan dién tt, d6 12 qua
trinh yém khi ma ¢ d6 ning luong duoc san xuat khong can su tham gia cua
oxygen hoic cac chat nhan dién tir vo co khac.

Trong chuong nay thuat ngir 1én men duoc st dung theo nghia rong
Cua no, ¢ goc do vi sinh vat hoc.

Il. Sinh trwéng caa vi sinh vét

Sinh trudng cua vi sinh vat c6 thé tao ra sy trao d6i chat, nhung dé san
Xuit mot chat trao d6i nhu mong mudn thi co thé caa ching phai duoc sinh
truong dudi nhirng diéu kién nubi cay dic biét voi mot toe do sinh truong
dac trung.
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Néu vi sinh vat chi duoc dua mot 1an vao méi truong sinh truong, thi
nudi cdy ban dau (innoculated culture) s& trai qua mot sb giai doan va hé
théng nay duoc goi 1a nudi cdy mé (batch culture). Pau tién, sy sinh truéng
khéng xuat hién va qué trinh nay duoc xem nhu la pha lag, cé thé coi day la
thoi ky thich nghi. Tiép theo 1a khoang thoi gian ma & dé toc do sinh trudng
cua té bao ting dan, cac té bao sinh truong voi mot toe do cuc dai va khong
d6i, thoi ky nay duoc xem 1a pha log hoic pha sinh truéng theo ham mii va
duge mo ta bang phuong trinh:

dx _ ux @
dt

Trong do: x 1a ndng do t& bao (mg/mL), t 1 thoi gian nudi cay (gio),
va u 1a téc do sinh truong dac trung (gio). Tir phuong trinh tich phan (1) ta
co:

X, =X, )

Trong dé: X, 1a ndng do té bao ¢ thoi diém bat dau nudi ciy va x 1a
ndng do té bao sau mot khoang thoi gian t (gio).

Nhu vay, duong cong logarithm ty nhién cua nong do té bao theo thoi
gian t ¢6 do doc bang toc do sinh truong dac trung. Te d6 sinh truong dic
trung trong sudt pha log dat cuc dai ¢ cac diéu kién nudi cay théng thudng
va dugc mo ta nhu 1a téc do sinh truong cuc dai dic trung (umax). Phuong
trinh (1) va (2) bo qua truong hop sy sinh truéng s& 1am tiéu hao cac chat
dinh dudng va ting tich lily doc t6 cia san pham. Tuy nhién, trong thuc té
khi chat dinh dudng bi hao hut va cac san pham doc dugc tich liy, thi tbc do
sinh truong cua té bao s& khong dat cuc dai va cudi cing lam nging qué
trinh sinh truong, 10c ndy nudi cy di vao pha tinh va sau mét thoi gian sé& di
vao pha chét, dan dén giam s6 luong té bao séng s6t (Hinh 3.1).

Nhu d trinh bay, hién twong ngung sinh truéng trong nudi cay mé la
do hao huyt thanh phan dinh dudng hoic tich lily san pham doc. Tuy nhién,
c6 thé khic phuc didu ndy biang cach bo sung mot luong tdi thiéu moi
truong sach (mdi) vao binh nudi. Khi mdi trudng méi duge bod sung lién tuc
& mot téc do thich hop (hé nudi ciy lién tyc-continuous culture), thi sinh
trudng cua té bao trong hé nay duoc diéu chinh bang su sinh truéng giéi han
va thanh phan cia méi trudng, vi vay hé thong nay dugc xem nhu 1a mot
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chemostat (thé 6n dinh hoa tinh). Hé thong nudi
t6i trang thai on dinh (steady-state) va viéc
dong chay ra (output) s& duoc bu dip boi
nuoi.

y lién tuc cho phép dat
0 hut sinh khéi té bao qua
¢ sinh truong té bao trong binh

Pha | i | Pha | Pha
lag | log i1 tinh :  chet
| <€
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Hinh 3.1. Pwong cong sinh trwéng dic trung cia cac co thé don bao trong
nudi cay mé

Dong chay moi truong qua hé thong didu chinh dé vao binh nudi dugc
mo ta boi thuat ngir téc do pha lodng (dilution rate), ky hiéu la D, bang téc
d6 bod sung moi trudng trén thé tich 1am viéc cua binh nudi. Su can bang
giita sinh truong caa té bao (growth) va su hao hut cua ching tir hé thong
nay co thé duge mo ta nhu sau:

dx/dt = growth — output
hoac:
dx/dt = ux — Dx

Duéi céc diéu kién trang thai 6n dinh:

dx/dt=0
vavithé, ux=Dx va p=D
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Ké tir day, téc do sinh truong cua vi sinh vat duge didu chinh bang tdc
d6 pha lodng, va day 1a mot bién thuc nghiém. Diéu nay lwu y ring dudi cac
diéu kién nudi cay mé, mot co thé s& sinh truong & téc do sinh truong cuc
dai dic trung cua nd. Vi thé, nudi ciy lién tuc chi cd thé hoat dong & cac tdc
d6 pha lodng phia dudi téc do sinh truong cuc dai dic trung. Nhu vay, trong
cac gioi han nhit dinh, téc d6 pha lodng c6 thé dugc ding dé diéu chinh tc
d6 sinh truong cta nudi ciy chemostat.

Co ché vé hiéu qua diéu chinh téc d6 pha lodng la mdi quan hé giita p
(tbc do sinh truong dic trung) va s (ndng dd co chat giéi han trong
chemostat) dwgc chirng minh boi Monod vao nam 1942:

_ MmaS ©)

MK rs

Trong d6: Ks 1 hang sb sir dung hoic bdo hoa, bang gia tri ciia nong
d6 co chat khi p bang 1/2 ctia pmay. O trang thai on dinh, u =D, vi thé:

_ Mo
K, +5S
Trong d6: 5 14 nong do co chat & trang thai 6n dinh trong chemostat,
va:
5o K.D (4)
Wimax — D

Phuong trinh (4) cho thay nong do co chat duge xac dinh bang toc do
pha lodng. Trong thuc té, diéu ndy xay ra do sinh truong cua té bao da lam
tiéu hao co chat t6i mot nong do can thiét dé toc do sinh truong bang toc do
pha lodng. Néu co chit bi hao hut dudi muc can thiét thi tbc do sinh truong
phu thudc tdc do pha lodng va mot loat céc kha ning cé thé xay ra nhu sau:

- Tdc @6 sinh truang cua té bao kém hon téc do pha lodng va ching s&
bi rira troi khoi binh nudi & mot tde d6 16n hon téc do ma ching dang dugc
san xuat, két qua 1a 1am giam ndng do6 sinh khéi té bao.

- Nong do co chét trong binh nudi s& tang 1&n do cac té bao dugc dé lai
it hon trong binh nudi dé tiéu thy no.

- Nong d6 co chat dugc tang Ién trong binh nudi s& cho két qua cac té
bao sinh truong & mot toc do 16n hon tdc d6 pha lodng va ndng do sinh khbi
s€ tang.
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- Trang thai 6n dinh s& dugc thiét lap tro lai.

Nhu vy, chemostat 12 hé thdng nudi cay tu can bing duoc gidi han
chét dinh dudng, cd thé duy tri trang thai 6n dinh trong mot pham vi rong
cuia cac toc do sinh trudng cuc dai dic trung.

Nudi ciy mé c6 cung cap dinh dudng (fed-batch culture) dugc xem la
hé thdng trung gian giita qua trinh nudi ciy mé (batch) va nudi cay lién tuc
(continuous). Thuat ngir nudi cdy mé c6 cung cap dinh dudng duoc dung dé
mo ta cac nudi cidy mé duoc cung cp dinh dudng lién tuc (hodc ndi tiép
nhau) bang mdi truong méi ma khong loai bo dich nudi cdy cii. Nhu vay,
thé tich cua loai nudi cdy nay ting lén theo thoi gian. Pirt (1975) da mé ta
dong hoc cua hé théng nay nhu sau: Néu sinh truéng cua mot co thé bi gisi
han boi ndng d6 cua co chat trong mai truong thi sinh khdi ¢ pha tinh, Xmax,
s€ dugc md ta boi phuong trinh:

X = YR

Trong d6: Y 1a yéu t6 hiéu suat, bang khdi lugng té bao dugc san xuat
trén mot gram co chat duoc st dung, va Sg 1a nong do ban dau cia co chét
giéi han su sinh truang. Néu méi truong moi dugc bd sung vao binh nudi &
tbc do pha lodng kém hon umay thi sau d6 hau nhu tit ca co chat s& duoc sir
dung khi né di vao hé thong:

FSgp = Hi
Y

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

Cho du khi sinh khéi téng s6 (X) trong binh nudi ting 1én theo thoi
gian thi ndng do t& bao (x) hau nhu van khong doi; vi vay dx/dt=0 va
iw=D. Mot hé thong nhu thé dugc xem 1a & trang thai gan nhu 6n dinh
(quasi-steady-state). Khi thoi gian va thé tich nudi cdy ting lén, thi toc do
pha lodng lai giam. Nhu vay, gié tri cia D dugc dua ra nhu sau:

_F
V,+F,

Trong d6: F 1a tbc d6 dong chay, V, la thé tich nudi cdy ban dau, vat
la thoi gian. Pong hoc Monod du béo ring 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 céc téc do sinh truong hoat dong thi sy ting sinh khdi s& khéng co
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y nghia. Su khac nhau giira trang thai 6n dinh cua chemostat va trang thai
gan nhu 6n dinh cua fed-batch & chd trong chemostat thi D (ké tir day 1a )
la hing s6 con & fed-batch thi D (ké tir day 12 x) lai giam theo thoi gian. Téc
d6 pha lodng trong fed-batch c6 thé dwogc giit khéng dbi bang céach ting
(theo ham mii) toc d6 dong chay nhd st dung mot hé théng diéu chinh thong
qua computer.

I11. Sinh khéi vi sinh vat va cong nghé 1&én men
Sy 1&n men vi sinh vét c6 thé dugc phan loai theo cac nhdm chinh sau:
- San xuat cac té bao vi sinh vat (sinh khéi) nhu 1a san pham.
- San xuét cé4c chat trao d6i cua vi sinh vat.
- San xuit cac enzyme vi sinh vat.
- San xuat cac san pham tai to hop.

1. Sinh khoi Vi sinh vdt

Cong nghé thu sinh khéi vi sinh vat 1a cac qua trinh nudi cdy céc
chung thuan khiét hoac hdn hop vai ching dé thu duoc khdi lugng té bao
sau khi sinh truong voi cac muyc dich:

- Sinh khéi giau protein dung lam thuc pham cho nguoi va thirc an
cho gia stc 1a nhitng té bao vi sinh vat (ké ca sinh khdi tao) da say khd va
chét, giau protein, cac vitamin nhom B va chit khoang. Ngudn sinh khéi
nay duoc goi la protein don bao.

- Sinh khéi nam men 1a nhimng té bao song dé dung trong cdng nghiép
banh mi-men banh mi, sinh khéi vi khuan lactic séng c6 hoat tinh enzyme
tiéu hoa dé san xuét cac thudce hd tro tiéu hoa nhu biolactovin. ..

- Sinh khdi ¢6 dinh dam 1am phan bén vi sinh, cac loai phan bén vi
sinh voi vi khudn séng tu do trong dat va séng cong sinh voi cay ho dau.

- Sinh khdéi vi khuan sinh doc t6 dbi véi cac loai sdu thAn mém pha
hoai rau mau, dé san xuét thudc trir sau vi sinh.

- Sinh khdi vi sinh vat c6 hé enzyme phan giai cac chat hitu co ké ca
thudc trir sdu va hydrocarbon dé san xuat cac ché pham vi sinh xir Iy nuéc
thai va 6 nhiém trong bao vé mdi truong.
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2. Qué trinh Ién men

Hinh 3.2 minh hoa c&c phan ciia mot qua trinh 1én men téng quét.
Phan trung tdm cta hé théng 12 hé 18n men, trong dé co thé duoc sinh
truong dudi cac diéu kién t6i wu dé tao thanh san pham. Trudc khi su 1én
men bat dau, mdi truong phai dugce pha ché va khir trang, hé 1én men da vo
tring, va nudi ciy khoi dau phai c6 mot sé lwong Vi sinh vat vira du & trong
mot trang thai sinh Iy phd hop dé ciy truyén vao hé Ién men san xuit. Két
thic qué trinh 1én men cac san pham phai duoc tinh sach va xu ly thém.

Phat trién nguyén liéu vi sinh vat

Sinh khéi
—
/ —_— —_
ﬁ — Dich Phan tach
nuoi cay té bao
Nudicdy  Nudichy
mau goc trong binh .
tam giac Hé 1én men két hat Thé ndi
cé lac vb bao

Hé |én men san xuét

Kher tring mai trwdng T Téch chiét /

san pham
|
Pha ché méi truong Tinh ssf Xt ly
san plfam| chat thai
A A A g A T’ bong goi
Nguyén liéu chuan bi mdi trwong san pham

Hinh 3.2. So' @6 chung ciia mét qué trinh 1én men

Céc co thé vi sinh vat c6 thé sinh truong trong kiéu nudi cay mé (Hinh
3.3), nudi cay mé c6 cung cap dinh dudng va nudi cay lién tuc. Uu diém cia
nudi cdy lién tuc ddi voi san xuét sinh khéi 12 quéa rd rét (c6 thé xem &
nhiing tinh toan sau) nhung d6i véi cac san pham vi sinh khéc thi nhuoc
diém cta no lai 16n hon uu diém k¥ thuat 1a c6 kha nang diéu chinh dé cai
thién qua trinh 1én men.
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Sensor nhiét ——— Motor

——— Dién cuc pH \

bién cuc O,

Truc khudy

4 x vach ngdn

/— Canh khudy
—— B0 phan phun khi

Hinh 3.3. C4u hinh co ban ctia mét hé 1én men mé

Hiéu suit cua nudi cdy meé cé thé duge mo ta boi phuong trinh:

_ X — %o )
batch ti +tii

Trong d0: Rpaen 12 san lugng nudi ciy trong gigi han ndéng do sinh
khdi/gid, Xmax 1& ndng d6 té bao cyc dai dat duge & pha tinh, X, 1a ndng do té
bao ban dau & ldc gay nhiém, t; 12 thoi gian co thé sinh truong & pmax Va tii 12
thoi gian ma co thé khong sinh truéng & Pmax bao gom pha lag, pha giam téc
do, va cac thoi ky cua tung mé, khir trung va thu hoach.

Hiéu suat ctia nudi cay lién tuc co thé duoc biéu dién nhu sau:

Reon = DT({l —t?) ©

Trong d6: Reont 12 san lwong cua nudi ciy trong gidi han néng do té
bao/gio, tiii 1a thoi gian trude khi thiét 1ap trang thai 6n dinh bao gom thoi
gian chuan bi binh nudi, khir triing va hoat dong trong nudi cay mé trudc khi
hoat dong lién tuc. T 1 thoi gian ma cc diéu kién trang thai on dinh chiém
vu thé, va X 12 ndng do té bao ¢ trang thai on dinh.
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San luong cuc dai cua sinh khéi trén mot don vi thoi gian (vi du hiéu
suat) trong mot chemostat c6 thé dat t6i bang cach hoat dong & téc d6 pha
lodng cao nhit cia DX, gia tri ndy duoc xem nhu 14 Dpax. Hiéu suét 1én
men mé, nhu da mo ta trong phuong trinh (5), 1a mét gia tri trung binh cho
thoi gian tong sd cua sy 18n men. Do dx/dt = ux, nén hiéu suét caa nudi cdy
tang 1&n theo thoi gian, va nhu vay, phan 16n sinh khi trong qua trinh nudi
cdy mé dugc san xuat & gan phan két thic cua pha log. Trong chemostat
trang thai on dinh, hoat dong & (hodc gan) Dmax cho hiéu suit duy tri khéng
d6i, va dat cuc dai cho su [én men toan phan. Ciing nhu vy, mot qué trinh
lién tuc c6 thé dugc hoat dong mot thoi gian rat 1au sao cho thoi ky khong
san xuat, t; trong phuong trinh (6), c6 thé khdng cé y nghia. Tuy nhién, yéu
t6 thoi gian khdng san xuat cho nudi cdy mé Ia rat c6 y nghia, dic biét khi
hé 1én men duoc thiét 1ap lai nhiéu lan trong sudt thoi gian van hanh, va vi
thé t;; sé tai dién nhiéu lan.

Ban chit ciia qua trinh lién tuc ¢ trang thai 6n dinh ciing c6 thuan loi
do nd dé dang diéu chinh hon hé 1én men mé. Trong sudt thoi gian 1én men
mé, san lugng nhiét, sy san xuat kiém hoic acid, va su tiéu thu oxygen sé&
bién thién tir cac toc do rat thap o luc bat dau téi cac tbe do rat cao trong
sudt pha log muédn. Vi vay, diéu chinh méi truong cia mot hé thdng nhu thé
khé hon nhiéu so véi qua trinh lién tuc ma & trang thai on dinh céc tbc do
san xuat va tiéu thu 14 hang sd.

Nhuoc diém thuong xuyén cua hé thong nudi cay lién tuc 1a sy man
cam cua ching véi sy nhiém ban boi cac co thé bén ngoai. Ngan can sy
nhim ban 1a van @& hang dau khi thiét ké hé 1én men, xay dung va van
hanh, va phai dugc khic phuc boi mot cong nghé tot.

San xuat cac san pham phu dugc 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 cac san pham sinh tong hop cua Vi sinh vat
(nguoc véi su di h6a) dd gap nhiéu han ché. Mac du, vé ly thuyét cd kha
nang toi vu mot hé thdng lién tuc dé cé thé tang hiéu suit cua sy trao doi
chat, tuy nhién kha nang 6n dinh trong mét thoi gian dai caa cac hé thong
nhu thé 14 rit kh6 khan do sy thodi hda cua chung vi sinh vat. Khao sat vé
dong hoc cua nudi cay lién tuc cho thay ring hé théng nay la sy chon loc
cao va thich hop cho viéc nhan giéng nhitng co thé thich nghi tét nhat trong
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nudi ciy. Su thich nghi tot nhat trong pham vi ndy duoc xem 12 &i luc cua co
thé dbi véi co chat duoc gidi han & tée d6 pha lodng dang hoat dong.

Mic di céng nghiép 1én men da mién cudng chap nhan nudi cay lién
tuc dé san xuét cac chat trao doi cua vi sinh vat, nhung nhitng tién bo rat
dang ké lai thu duoc trong su phat trién cac hé théng nudi cdy mé cd cung
cap dinh dudng. Nudi cdy mé cd cung cap dinh dudng c6 thé duoc st dung
dé dat toi mot muc do rat dang ké cua sy diéu chinh qué trinh va mé rong
thoi gian san xuat cia qua trinh nudi cdy mé truyén théng ma khéng c6 cac
nhuge diém cb hiru caa nudi ciy lién tuc di duge md ta & trén. Uu diém
chinh cua cung cap thanh phan méi truong vao nudi ciy la chét dinh dudng
c6 thé dugc duy tri & ndng do rat thap trong sudt qua trinh 1én men. Nong do
chat dinh dudng thap c6 thé thuan loi trong mot sd mit sau:

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

- Loai bo c4c anh huang khac nghiét caa cac thanh phan mdi truong,
vi du nhu str dung nhanh c&c nguén nitrogen, carbon va phosphate.

- Tranh cac hiéu qua doc cua thanh phan méi trudng.

- Cung cip mot mic do gigi han chét dinh dudng can thiét cho céac
chung di dudng.

IV. Céc san pham 1én men vi sinh vat
1. Lén men ruou

Ruou dd duoc con ngudi san xuét va sir dung rat lau, vao khoang
6.000 nam trude ¢ong nguyén. Do nhu cau va loi ich caa san pham nay nén
dén nay viéc nghién ciru va md rong san xuat ching ngay cang dugc quan
tam. CO rat nhiéu loai ruou va mdi loai déu cd thanh phan va quy trinh san
xuat khac nhau, c6 thé tam chia thanh ba loai chu yéu sau: Ruogu tring
(ethanol), rugu vang (wine) va rugu mui (liquor).

1.1. Ruou tring

Ruou tring duoc san xuat bang hai phuong phap chinh: phuong phép
I&én men vi sinh vat va phuong phap héa hoc. Tuy nhién, phuong phép Ién
men vi sinh vat 1a phuong phéap chu yéu. Pay la qua trinh 18n men ruou cia
nim men va mot sé vi sinh vat khac, trong o6 nam men 1a d6i twong chinh
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duoge st dung dé san xuit ruou & quy md cong nghiép (Hinh 3.4). Lén men
rugu 1a mot qué trinh phtc tap chuyén duong thanh ruou, c6 su tham gia
ciia nam men trong diéu kién yém khi. Phuong trinh tong quat cua 1&n men
reou nhu sau.

CeH1206 — 2C,HsOH + 2CO, + 27 kcal

Quy trinh san xuét ruou tring bang phwong phéap 1én men ruou boi
nim men duoc thuc hién qua céc bude sau: Ché bién nguyén liéu thanh dich
duong, 18n men bién duong thanh ruou, chung cit va tinh ché ethanol.
Trong do, 1én men bién dudng thanh ruou Ia giai doan quan trong nhét trong
san xuat ruou, quyét dinh chat lugng san pham tao thanh. Sau khi dich
duong hoa di duoc xu Iy, nguoi ta bo sung thém mot sé thanh phan dé cung
cAp thém vitamin va amino acid nhu mudi ammonium, mubi phosphate,
dich thay phan nim men. Méi truong ¢ thanh phan nhu trén cé thé sir dung
dé 1én men. Gidng duoc sir dung cha yéu trong 1én men rugu la cac chung
nidm men Saccharomyces cerevisiae c6 toc do phat trién manh va hoat luc
lén men cao, 1én men duoc nhiéu loai duong khac nhau va c6 téc do 1én
men nhanh, ¢6 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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M®i truong 18n men sau khi duoc khir tring can c6 d6 duong dat 90-
120 g/L va pH trong khoang 4,5-4,8. Thoi gian Ién men tir 65-72 gio, trong
d6 10 gio dau co suc khi @& nam men sinh sdi nay né, sau d6 cho l1&n men
tinh (yém khi). Qué trinh 1én men rugu qua cac budc sau: dudng va cac chat
dinh dudng cua méi trudong 1én men duoc hip thu vao trong té bao nim men
gua mang té bao va tham gia vao qué trinh trao dbi chit, ruou ethanol va
CO, tao thanh lién thoat ra khoi té bao, ruou ethanol tan tét trong nudc do
vay n6 khuéch tan rat nhanh vao mdi truong chung quanh. Két thac 1&n men
ruou, sau khi da loai bo t& bao ndm men, muén duoc rugu tinh khiét can
chung cat dich 1én men dé loai bo tap chat. K§ thuat chung cat ruou anh
hudng rat Ién dén chat leong ruou thu dugc.

1.2. Rugu vang

c (Hinh 3.5).

Hinh 3.5. Mt day chuyén san xuét rweu vang
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, dé ngan can
cac phan ung

tu nhién )
Sac.
ellipsoideus, Sac. cerevisiae, Sac. oviformis...
bao gdm ba g
, b

» gan
. Qua trinh
gan loc va 1én men phu c6 thé lap lai nhiéu lan dé c6 dung dich trong suét.
0

, do d6 can ha thd ruou ¢ noi mat mot thoi gian 1au dé
rugu dugc “chin” va c6 chat lugng hoan hao.

2. San Xudt enzyme

Ung dung thuong mai chinh cua cic enzyme vi sinh vat I trong cong
nghiép thyc pham va san xuit bia mic du enzyme di duoc thira nhan trong
cac ung dung phan tich va chan doan bénh, ciing nhu trong san xuat bot
giat. Hau hét céc loai enzyme duogc tong hop trong pha log cia nudi ciy mé
va co thé, vi thé, duge xem nhu cac chat trao ddi so cap. Tuy nhién, trong
mot sb truong hop amylase (Bacillus stearothermophillus) dugc san xuét
bai nudi cay idiophase vi thé c6 thé xem la tuong dwong véi cac chat trao
d6i thr cap. Cac enzyme c6 thé dugc san xuét tir dong-thyc vat ciing nhu
c4c ngudn Vi sinh vat, nhung san xuat bang 1én men vi sinh vat 1a phuong
phap kinh té va thich hop nhat. Hon nita, hién nay nho cong nghé DNA tai
t6 hop nguoi ta co thé chuyén gen vao cac té bao vi sinh vat dé san xuét cac
enzyme cua dong-thyc vat (Hinh 3.6).
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CAc tién bo cua cong nghé DNA tai to hop dd mé rong pham vi cac
san pham 18n men tiém tang caa vi sinh vat. C6 kha niang dua c4c gen tir cac
co thé bac cao vao céac té bao vi sinh vat nhu 1a cac té bao nhan dé tong hop
cac protein (bao gdm enzyme) ngoai lai. Cac t& bao vét chu dung trong
nhimng truong hop nay 1a E. coli, Sac. cerevisiae va mot s loai nAm men
khéac.

2.1. C&c loai enzyme vi Sinh vat

Trong qua trinh sinh truong, cac enzyme duoc hinh thanh trong té bao
va mot sd duoc tiét ra moi truong xung quanh. Trong san xuat chu yéu 1a
san pham caa enzyme ngoai bao, con néu muén tach enzyme ndi bao thi
phai pha v& té bao. Cac vi sinh vat duoc dung trong san xuat enzyme gém
c6 vi khuén, ndAm méc, nAm men va xa khuan.

Céc ché pham enzyme duogc san Xuat tir vi sinh vat da duoc tmg dung
trong nhiéu nganh céng nghiép khéc nhau, chu yéu Ia cac enzyme thuy
phan: amylase, protease, pectinase, cellulase...

Hinh 3.6. Sin xuét enzyme & quy md cong nghiép

2.1.1. Amylase nim méc
Nhiéu chang nim méc c6 kha niang san xuit enzyme amylase.
Amylase nam moc cé cac loai sau:

- a-amylase c0 tac dung thuy phén tinh bot thanh maltose, glucose va
cac dextrin c6 phan tir lugng khac nhau.
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- Glucoamylase c6 tac dung thuy phan tinh bot, glycogen va
polysaccharide. Enzyme nay duoc dung trong san xuat ruou, chuyén nhing
dextrin c6 phan ttr lugng cao khdng 1én men thanh nhitng hop chit 1&n men
duoc va do d6 nang cao duoc hiéu suat nau rugu tir cac nguyén liéu I tinh
bot.

- a-glucosidase thuy phan maltose thanh glucose.

- Dextrinase thuy phan isomaltose, panose va dextrin thanh nhirng loai
duong co thé 1én men duoc.

2.1.2. Amylase vi khuan

Mot s6 vi khuan c6 kha niang sinh ra nhiéu enzyme o-amylase.
Amylase vi khuan chi c6 kha nang phan hay tinh bot manh va tao thanh
nhitng a-dextrin phan t luong cao bat mau vai iodine. Enzyme a-amylase
vi khuan duoc ding trong san xuat dudng mat ngd va chocolate, trong san
xuat bia, ché bién dextrin véi dich duong dé san xuat thae an cho nguoi gia
Va tré em, trong san Xuit nude qua va trong y hoc.

Dextrinase nam méc va amylase vi khuan con duoc sir dung rong rai
trong céng nghiép dét va gidy.

2.1.3. Protease

Protease 14 nhém enzyme thuy phan cac lién két peptide trong phan tir
protein hoac cac polypeptide.

- Protease thuy phéan protein thanh cac peptide c6 phan tir lwong nho
(peptone va polypeptide). Tiép theo d6 1a su phan huy cac peptide trén thanh
cac amino acid ty do dudi tdc dung cua peptidase.

- Protease duoc dung dé nang cao gia tri dinh dudng cua thit ¢4, thay
phan protein cua sira dé ché bién nhitng mon an kiéng dic biét, duoc ding
trong thudc da, san xuat bot gidt, phim anh, to soi, len da va trong y hoc.
Protease vi sinh vat c6 thé st dung cling v6i amylase trong ché bién thuc an
gia suc.

2.1.4. Pectinase

La nhom enzyme thuy phén pectin tao thanh galacturonic acid,
glucose, galactose, arabinose, methanol... Pectinase c6 nhiéu loai, nhung c6
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hai loai duoc nghién ctu nhiéu hon ca 13 pectinesterase va
polygalacturonase.

- Pectinesterase c6 tac dung thuy phan cac lién két ester trong phan tir
pectin, tach nhdm metocyl tao thanh methanol va polygalacturonic acid.

- Polygalacturonase thuy phan pectinic acid va cac polygalacturonic
khéc, tach cac gdc D-galacturonic acid tu do.

2.1.5. Cytolase

Vi sinh vt (dic biét 1a ndm méc) san sinh ra hé enzyme cé hoat tinh
cao cd thé phan hay hemicellulose, pentozan, lignin... Cac enzyme nay
dugc goi chung 1a cytolase (bao gom cellulase, hemicelllulase, pentosinase).

Cellulase tac dung phan huy cellulose thanh cellobiose, rdi sau do tiép
tuc thiy phan téi glucose. Viéc phan lap cac ching vi sinh vat san xuat
cellulase ¢ hoat tinh cao va tach enzyme nay ra duéi dang tinh khiét van
con gap nhidu kho khan. Vi vay, hién nay chua san xuat dugc enzyme nay &
quy md cdng nghiép, song viéc sir dung nd trong cac nganh kinh té va cong
nghiép c6 nhiéu tiém nang. Vi du cytolase c6 thé dung trong cdng nghiép
bia dé phan huy cac vo hat khdng phai vo mach, trong san xuat nudc qua,
trong ché bién banh mi, trong cac qua trinh gia cong thuc phdm dé nang cao
gi tri dinh dudng, ciing nhu trong san xuét thirc an gia suc.

2.1.6. Invertase

Invertase cua ndm méc va nim men déu thuy phan saccharose, nhung
co ché tac dung cua ching hoan toan khéc nhau. Invertase ciia nam moc la
glucosidase, tac dung Ién dau glucose cua saccharose. COn invertase cua
nam men la fructosidase, tdc dung 1én dau fructose ciia saccharose.

Invertase 12 enzyme noi bao va chi thoat ra méi truong khi té bao bi
phan huy. Enzyme ndy duoc dung rong réi trong san xuat banh keo, ruou
mui, kem, mat ong nhan tao. NO lam tang vi ngot khi thiy phan duong
saccharose thanh fructose va glucose, lam tang d6 hoa tan cua saccharose
trong san pham.

2.1.7. Enzyme oxy hoa glucosooxydase-catalase

Glucosooxydase la enzyme oxy héa khir, chi tdc dung 1én 3-D-glucose
khi cé mat oxygen, n6 oxy hoa glucose thanh gluconic acid va H,0,. Dudi
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tdc dung cua catalase (mot enzyme hay di cung véi glucosooxydase) H,0,
s€ bi khur thanh H,0 va O,.

Glucosooxydase-catalase ¢ thé loai bo oxygen khdng khi khoi mdi
truong. Vi vay, ching dugc ding dé bao vé nhimg nguyén liéu, vat liéu
khac nhau dé tranh oxy héa bai khong khi. Str dung nhitng enzyme nay cho
phép kéo dai thoi gian bao quan thuc pham (céc dich ¢ dic, chit béo, bia,
rugu vang, nude udng, sira...). Bong thoi ching ciing duoc str dung rong rai
trong y hoc tir nam 1950 dé chira bénh.

2.2. Sinh téng hop enzyme cam tng

yme
va
Asper. oryzae
phuong p
a-amylase.
Asper. awamori trén
A 0a
thuc vat
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Muon tong hgp dugce enzyme cam wrng can phai c6 bon di¢u kién:

- C6 gen twong tng trong thé nhiém sic cua té bao.

- C6 day du cac nguyén lidu dé xay dung cac phan tir enzyme d6 (cac
amino acid va c4c hop chat coenzyme néu enzyme d6 gém hai céu tir).

- Nang luong can thiét dung cho viéc tong hop enzyme.

- Chit cam ung, néu khong cd chit cam @ng thi du ¢6 du ba diéu kién
trén ciing khong thé téng hop duoc enzyme.

Nhu vay, c6 thé coi viéc c6 chat cam ung la diéu kién rat can thiét dé
thu duoc nhitng enzyme mong mudn. Trong cng nghiép san xuat enzyme
can phai Iya chon nhitng chat cam tng thich hop va xéac dinh nong do tdi uu
ctia NG trong mdi truong dé c6 hidu suat sinh tong hop cao nhat.

2.3. Nhitng phuong phap nudi ciy vi sinh vat dé san xuat enzyme

Cong nghé san xuit enzyme hién nay trén thé gigi tng dung hai
phuong phép: nudi cay bé mat va nudi cay chim.

Trong nudi cay bé mit, vi sinh vat moc trén bé mat mdi trudng ran
(Hinh 3.7) hoic 16ng. Cac méi truong rin trude khi nudi cay vi sinh vat can
duoc lam am. Vi sinh vat phat trién s& liy nhitng chét dinh dudng trong moi
truong va st dung oxygen phan tir caa khong khi dé ho hap. Bé dam bao
cho vi sinh vat moc déu trén bé mat mdi trudng va st dung duoc nhiéu chat
dinh dudng sinh ra enzyme, nhiing 16p moi truong ran can phai mong (chi
day khoang 2-5 cm). Piéu nay dan dén mot nhuoc diém co ban cia phuong
phap nay can phai c6 mat bang san xuat 16n va chi phi lao dong chan tay
nhiéu.

Trong nudi cay chim, vi sinh vat hiéu khi chi sir dung dugc oxygen
hoa tan trong mdi truong, vi vay trong qua trinh nudi cdy phai suc khi va
khudy lién tuc. Phuong phap nudi cdy chim hién dai hon, d& co khi hoa va
tu dong hoa, viéc to chuc quy md 16n twong dbi d& dang va don gian. Véi
phuong phép nay c6 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 cay tdi uu.
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Phuong phép nudi cdy bé mit trén méi trudng ran ciing c6 mot s6 uu
diém so v6i phuong phéap nudi ciy chim, d6 1a: nong do enzyme tao thanh &
moi trudng rin cao hon nhiéu lan, khéng can cac thiét bi phuc tap, chi yéu
nudi trén khay va budng nudi giit & nhiét do va d6 am thich hop, qua trinh
san xuat tiéu tén it nang lwong. Trong phuong phap nudi cdy bé mat vi sinh
vat duoc nudi ciy trong diéu kién khéng vo tring tuyét dbi. Néu cé vi sinh
vat tap nhiém thi chi can loai bo phan dé. Con trong nudi cdy chim can phai
gilr vO tring tuyét ddi trong tit ca qua trinh, néu bi nhiém thi hu hong toan
bo va co thé phai bo di hoan toan. Khi nudi cdy chim khong nhiing chi can
vO tring & qué trinh nhan gidng, 18n men, ma con phai dam bao vo tring ddi
v6i khong khi thdi vao méi trudng.

A B

Hinh 3.7. L&n men trén mdi trudng rin. A: [én men ky khi trong ndi bang dit
nung, B: 1én men hiéu khi.

2.3.1. Phuong phap nudi cdy bé mat

Nudi cay nam mdc va mot sé vi khuan theo phuong phép bé mait dé
san xuat enzyme thuong dung méi truong ran, mot sé trudng hop c6 thé
dung mai truong long.

M0i truong ran thudng la cac nguyén liéu ty nhién nhu cam, déi khi
ding gao tim, ngd, ba bia, bd cu cai duong, khoai tay, 18i ngo... hoic hon
hop nhitng nguyén li¢u nay. Mai truong long thuong la ri duong, dich thay
phén tir thoc mam, nude ba ruou... c6 pha thém mudi khoang.

DPé dam bao du céc chat dinh dudng trong mdi trudng ngudi ta co thé
bd sung cac ngudn N, P, K hoidc cc chat sinh truong (nudc khoai tay, cao
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ngo...). P6 am 58-60% tuong dbi thich hop véi nhiéu chiung nAm méc nudi
ciy bé mit trén khay ho. Tuy nhién, do6 4m 60% vi khuan dé phat trién, d&
gay tap nhidm, khé thdng khi. Truong hop do am tir 45-50%, khi nudi ciy
moi trudong s& khd nhanh, sinh bao tir yéu va lam giam hoat tinh caa enzyme
tao thanh. Trong thoi gian nudi cdy, nén git d6 4m cua moi trudng & 50-
60%, mudn vay do am khong khi phong nudi cdy phai khoang 90-100%.

Tuy rang, nudi cdy bé mit khong can diéu kién vo tring tuyét doi
nhung méi truong (dic biét trong qua trinh nhan giéng) ciing can duoc vo
tring dé cho gidng phat trién binh thuong nhat 1 giai doan dau. Trong san
XUat can phai vo tring mdi truong ran ¢ 1-1,5 atm bang hoi néng trong 45-
60 phat. Néu mdi truong trude khi vo tring dugc tron véi chlohydric acid
hozc sulfuric acid dén pH thich hop, hay thém mot it formalin hoic mot sb
chat sat trang khac thi chi can vé tring dudi ¢ 0,2-0,3 atm. Thém acid va
gilr moi truong & pH nhat dinh s& gilp cho mot vai enzyme tao thanh dugc
nhiéu hon.

MOoi truong dugc dan mong ra cac khay da vo trung day khoang 2-
2,5 cm, dé ngudi tdi 30°C thi tién hanh cay giong. Giéng dugc nhan ciing
theo phuong phéap bé mat hoic bang bao tir thu duoc theo phuong phép tach
bao tir khoi mdi truong nhan giéng va chira vao céac binh ndt kin hoic trong
cac thi polyethylene. Trong nudi cay nhan giéng thuong dé méc phéat trién
dén gia sinh ra nhiéu bao tir. Ty 1& nhan gidng khoang 0,2-2%. Mdi gram
bao tir mbc ¢ thé cay vao 10 kg mdi truong. Cac khay co mdi truong da
cdy moc dugc dat vao phong nudi co sin cac gia. Phong nudi co thé diéu
chinh duoc nhiét 46, d6 am va duoc thdng gid. Nhiét do thich hop véi da sd
moc 12 30-32°C, néu nhiét do 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 cay nam méc khoang 36-60 gid.

Qua trinh nudi cdy nam mdc trén bé mat moi truong bao gom ba thoi
Ky:

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

- Thoi ky giira khoang 14-18 gio. Mdc phét trién nhanh, hd hap
manh. Soi nam c6 thé quan sét thdy bang mat thuong, luc dau 16p 16ng c6
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mau tring xam va ngay cang rd, 1am mdi truong két banh lai. Co thé phai lat
moi trudng, bé nho ra dé sgi ndm moc tot hon. Céc chit dinh dudng trong
moi trudng tiéu hao nhanh @ phuc vu cho qua trinh trao ddi chit trong té
bao va giéng hd hdp manh téa ra méi trudng chung quanh 80-90 kcal/gio,
lam nhiét d6 mai truong c6 thé tang 18n dén 37-40°C hoic hon. Thoi ky nay
can phai thdng khi manh, t&i 60 thé tich khi/thé tich phong/gio dé cung cap
0, cho mébc va dudi CO, ra khoi mdi truong, dong thoi 1am giam nhiét 4o
puéng nudi. Nhiét d6 budng nudi ¢ giai doan nay can giit & 28-29°C va do
am trong phong khoang 100%.

- Thoi ky cudi khoang 10-20 gio. Cac qua trinh trao doi chat van tiép
tuc nhung yéu dan, nhiét 46 moi trudng giam xudng va Viéc tao thanh
enzyme cia t& bao van tiép tuc. Nhiét lugng téoa ra khoang 15-30
kcal/kg/gio. Théng khi khong qua 20-25 thé tich khéng khi/thé tich
phong/gio, gitr nhiét do budng nudi & 30°C.

Ty thudc vao dic tinh sinh 1y caa ting loai méc, thoi gian nudi cay
c6 thé két thic tai diém ma luong enzyme tao thanh tdi da.

2.3.2. Phuong phap nudi cay chim

Nudi ciy vi sinh vat sinh enzyme theo phuong phép chim dugc thuc
hién trong cé&c binh 1&n men c6 canh khudy va suc khi lién tuc (Hinh 3.8 va
3.9). Qué trinh twong tu nhu trong san xuat amino acid, khang sinh...

Khoéng thé c6 mdi truong nudi cdy chung cho tat ca cac chung vi sinh
vat, vi vay can phai chon thanh phan mdi trudng, ty 1¢ cac chat dinh dudng
sao cho thich hop vdi tirng chang, dic biét phai chd y toi chat cam Gng can
thiét dé cho vi sinh vat san sinh ra enzyme & muc t6i da. Trong nhiéu moi
truong nudi cay chim,

Aspergillus,
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Hinh 3.8. Lén men bing phwong phap nudi cdy chim trong méi truong léng &
quy md phong thi nghiém (5 L)

Thanh phan khoang trong mdi trudng ciing rat c6 y nghia. Trong moi
truong nudi cidy mot sé chung Asper. oryzae ngoai tinh bot va nitrate con
can thém MnSO,4. Néu thiéu MnSO, méc van phét trién binh thudng, nhung
amylase khong duoc tao thanh (trong phéan tir amylase c6 chira nhirng amino
acid mang S va Mn). Mdi truong duge vo tring trong thiét bi riéng hoac
trong binh Ién men ¢ 121-125°C/45-60 phit. Mdi trudong trude khi vo trung
can duogc dich hoa so bo dé tranh tinh trang tinh bot ho hoa lam méi truong
dac sét hoac c6 do dinh cao.

Sau khi 1am ngudi mdi trudng dén nhiét do thich hop sé tién hanh tiép
gidng. Giéng duoc cay tir dng nghiém qua céc binh tam giéac, dat trén may
lac, roi nudi & binh nhan gidng c6 thé tich bang 5-10% thé tich binh 1én men
tor 24-36 gio. Nhu vay, n

. Cy giong mdc bao
tir theo phuong phéap chim s& kéo dai thoi gian nay mam va ciing kéo dai
toan bo qua trinh nudi cdy. Mai truong nhan gidng c6 thé dung cac hop chat
nitrogen dé tiéu dbi véi vi sinh vat ma trong qua trinh nudi cay van nang cao
duoc hoat tinh sinh tong hop. Ty Ié tiép gidbng nam trong khoang 2-5%,
nhung & mot sé chung ty 1é nay thip hon nhiéu (0,5-0,6%).
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Sinh tong hop enzyme theo phuong phdp nudi cdy chim thuong
khoang tir 2-4 ngay. Da s6 cac enzyme thay phan do nim méc, xa khuan tao
thanh duoc tiét ra moi truong xung quanh, phan con lai trong hé soi sau ba
ngay nudi cdy khoang 10-15%. D6 pH mdi truong c6 mot y nghia rat 16m,
d6 pH thich hop cho sinh tong hop a-amylase 1a 7-8, glucoamylase 1a 4,5-5.
Khi ding cac mubi ammonium Iam ngudn nitrogen, qué trinh phat trién vi
sinh vat s& acid héa méi truong con khi dung nitrate 1am ngudn nitrogen
moi truong sé bi kiém hoa.

Hinh 3.9. Lén men bing phwong phéap nudi ciy chim trong méi truwong léng &
quy mo pilot (200 L)

Su suc khi khong nhitng anh huong dén sinh truong caa vi sinh vat ma
con anh huong dén sy tao thanh enzyme. Téc d6 sir dung oxygen cao nhét
ctia ndm mdc sau khoang 24 gio nudi ciy roi giam dan. Tang nong do tat ca
cac chat dinh dudng va oxygen hoa tan trong mdi truong c6 thé nang cao
duoc kha nang sinh tong hop a-amylase.
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2.4. T4ch va tinh sach ché phdm enzyme
2.4.1. Ché pham enzyme tir méi truong nudi cay bé mit

Dé chiét rGt enzyme tir mdi truong ran ngudi ta dung nuéc, cac dung
dich mubi trung tinh, cac dung méi hitu co (ethanol, acetone). Nhiéu nghién
ctru cho thiy ding nudc c6 két qua tot va dé ap dung trong san xuat. Co thé
chiét dugc lugng enzyme trén 90-95% va trong nude chiét khdng chaa céc
tap chét khong tan. Nudc thudng dung dé khuéch tan hoa tan & nhiét do 25-
28°C. Pé tranh tap nhiém nén thém vao nudc mot it formalin hoac chét sat
trung khéc. Dich chiét thu dugc c6 mau nau sam, kha trong, chira 10-15%
chat khé hoa tan va dugc 1am lanh kip thoi xudng 10-12°C.

Dich chiét dugc ¢6 dic chan khong téi 50-55% chat kho hoa tan. Dich
dam dac nay cé thé bao quan lau dai ma khéng mat hoat tinh va rat d& hoa
tan. Dich chiét c6 thé khdng can phai cd dic ma dwa ngay vao may say phun
va s& thu duoc san pham & dang bot.

Phuong phép tach chiét va lam sach enzyme duoc sir dung rong réi
nhat hién nay 1a phwong phép két tua enzyme biang dung méi hiru co
(ethanol, isopropanol va acetone). Cac dung mdi hiru co ndy lam giam hang
s6 dién mdi ciia moi truong. Nhu ta da biét, luc hat tinh dién ty 1& nghich
v6i hang sé dién méi. Vi vay, cac enzyme-protein ciing nhu cac chat cd
phan tir lugng thap trong hé dung dich nuwéc-dung méi hiru co sé két tia va
ling xudng. D6 hoa tan caa enzyme vao dung dich ethanol-nuéc phu thude
vao ndng d6 ethanol, nhiét do, pH, luc hit ion caa dung dich va tinh chat
protein cia enzyme. Thong thudng, nguoi ta thém 3-4 thé tich ethanol vao
mot thé tich nudc chiét enzyme. Dé tranh mat hoat tinh cua enzyme tat ca
phai dugc lam lanh xudng 3-5°C. Khi tron phai khudy manh, khi céc
enzyme két tia va ling xudng dudi can tach ly tam ngay. Enzyme duoc rira
2-3 1an bang ethanol cao do, rdi dwa vao binh hit 4m hoic may dong kho
chan khéng, san pham thu dugc s& c6 dang bot. Dung isopropanol két taa
enzyme chi can 1,5-2 thé tich dung mdi/1 thé tich dich chiét. Cac enzyme
tach ra s& & dang sira dic quanh rat kho say. Dung acetone véi ty 18 nhu khi
dung isopropanol, nhung k§y thuat phong tranh chay nd trong san xuat 1a rat
kho khan.

Phuong phap thir hai dé tach enzyme la ding mudi trung tinh dé két
tia. Ché pham enzyme thu duoc c6 hoat luc cao hon so véi viée tach bang
dung méi. Mudi trung tinh thudng ding 12 (NH4),SO, véi ty 1& 50-66% (co
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khi cao hon) so véi dich chiét enzyme. (NH,),SO, pha thanh dung dich bao
hoa rdi cho vao dich 1én men. Dich 1&n men c6 thé so bo cd dic trong thiét
bi chan khong va nhu vay s& can ding mot luong (NH4),SO4 it hon. Ché
pham enzyme thu duoc ¢6 1an (NH,);S04, Vi vy mubn sir dung rong rai can
phai loai mudi bang cach tham tich qua mang ban tham.

2.4.2. Ché pham enzyme tir dich nu6i cdy chim

Dich nudi cay chim sau khi loc sinh khdi vi sinh vét va cac tap chat
ran khong tan con khoang 1-3% chat khd hoa tan, trong d6 ¢ cac enzyme.
V& nguyén tic tach enzyme tir dich loc nudi ciy chim ciing twong tu nhu
tach tir dich chiét trong moi truong ran nudi cay bé mat. Dich loc can phai
cd dé giam thé tich tir 4-10 1an trong diéu kién chan khéng & 25-30°C, rdi
tién hanh tach enzyme.

Ngoai phuong phap cd chan khong, co thé tién hanh theo phuong
phép hép phu qua nhya trao d6i ion hoic cac chat ¢ hoat tinh bé mat, sau
do lai tién hanh phan hap phu. Tién hanh nhiéu 1an va dich thu dugc chta a-
amylase cia nim mdc va vi khuan cé thé dugc hip phu lai bang tinh bot
khoai tay hodc ngd da duoc xir Iy so bo bang nhiét. Trude khi cho hap phu
can cho thém 20% (NH,4),SO4 dé nang cao kha ning hap phu cua tinh bot.
Trir amylase duoc hap phu con cac enzyme khac s& & lai trong dich. Tinh
bot c6 amylase duge sy khd (khdng can phan hap phu) va dem sir dung
trong k¥ thuat san xuat cac san pham chira tinh bot.

Hién nay, con mot sé phuong phéap tuong ddi phirc tap khac dé két
tinh va tdch enzyme nhu loc gel (gel filtration), dién di (electrophoresis),
siéu ly tdm (ultracentrifuge)...

3. San xudt khéng sinh
3.1. Penicillin

Penicillin 12 khang sinh duoc tim ra dau tién va duoc san xuit sém
nhat dung dé chita mot sé bénh nhidm khuan vao nhitng nam dau caa Thé
chién thir 2.

Nhiing vi sinh vat sinh penicillin thuc cac gibng nam mébc Penicillum
va Aspergillus. Nhung cdc chung cua Penicillum notatum va Pen.
chrysogenum c6 hoat lyc cao va dugc dung trong cong nghiép khang sinh.
Tuy nhién, nhitng chang Penicillum c6 hoat lyc cao lai thuong kém 6n dinh.
Do d6, mot van dé kho khian duoc dat ra I tao duge kha nang sinh khang
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sinh cao nhat, giit duoc 6n dinh trong qua trinh nghién ctru va san xuét.
Nhiém vu nay c6 mot y nghia rat 1én trong cong nghiép. Ngay nay, nhd Ky
thuat di truyén hoc nguoi ta da tao dwgc nhitng gidng o6n dinh, it nhat sau
sau thé hé van khong giam hoat tinh khang sinh.

Qua trinh 1én men penicillin thugc vao loai 1én men hai pha: pha sinh
truong va pha sinh penicillin. Ngudn carbon trong 1én men penicillin bing
nim Pen. chrysogenum c6 thé 1a glucose, saccharose, lactose, tinh bot,
dextrin, cac acid hiru co (lactic, acetic, formic), cac amino acid... Tuy nhién,
duong lactose cho hiéu suit penicillin cao nhat va thuong duoc ding trong
cong nghiép. Nhung do ndm st dung duong lactose cham, vi vay trong thuc
té lactose duoc dung phdi hop cling véi duong khac (glucose, saccharose...)
trong moi truong dinh dudng.

Trong pha Ién men thir nhat giéng phét trién manh, sir dung glucose
va lactic acid cua cao ngb. Sau do, lactose médi duge sir dung (chir yéu trong
pha thir hai tao thanh penicillin). Khi trong moi truong can lactose va khdng
b sung cac chat dinh dudng, hé soi nim s& bt dau tu phan, néu tiép tuc Ién
men ndng d6 penicillin s& giam.Trong thyc té san xuat can phai két thic 1én
men trudc thoi diém nay.

= Phwong phap san xut penicillin

San xuét penicillin ciing nhu céc ché pham sinh hoc khac, dua trén co
so nubi cay vi sinh trén moi truong ran hoac long. Trong qua trinh nudi cay,
gidng vi sinh vat phét trién s& tich tu cac san pham trao doi chat trong moi
truong hozc trong sinh khéi. Quy trinh cdng nghiép san xuét penicillin dua
trén nam moc Pen. chrysogenum c6 kha ning sinh penicillin cao, theo hai
phuong phap:

- Lén men bé mdgt. Phuong phap nay dugc ap dung trong thoi gian dau
ctia c¢6ng nghiép khang sinh. Mdi truong nudi cdy bé mat ¢ thé 1a cac co
chat ran hoac 16ng. (1) Co chat ran c6 thé 1a cam hodc cac loai hat, cam
dugc 1am uét roi trai 18n khay mot 16p day khoang 2 cm, gidng nam méc
dugc tron vao moi truong cd d6 am 50-60% di vo trung dé ngudi téi 30°C.
Thoi gian 1én men 6-7 ngay ¢ 24-28°C trong cac budng dugc diéu chinh
nhiét do, d6 am va thong glo NoOi chung, phuong phap nay glong nhu [én
men cac enzyme bang nim moc (2) M6i truong Iong dung nguon carbon la
lactose, cao ngd va mot sd nguyén té khoang. Gidng dugc Cay vao moi
truong roi 18n men & 24°C khoang 6-7 ngay dat hiéu suit khoang
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193 unit/mL penicillin. Ngay nay, phuong phap 1&én men chim dé thay thé
phuong phap 1&n men bé mit.

- Lén men chim. Thanh phan méi truong gém c6 cao ngd, glucose,
lactose va cac mudi khoang. Gidng ding trong cong nghiép thudng & dang
bao tir. Bao tir duge nudi trén cac binh nhan gidng c¢é canh khuay va suc khi
36-50 m®/gior dé hé soi ndm phat trién, sau do chuyén vao cac binh 1én men.
Qué trinh 18n men penicillin bang nAim méc Pen. chrysogenum ¢ 26+1°C
trong khoang 120-125 gid. Trong qué trinh 1én men ¢ pha thir nhat ndm phét
trién hé soi manh, sinh khdi ting nhanh, cic ngudn carbon d& dong hda
(glucose, saccharose) cung cac ngudn nitrogen duoc tidu hao nhanh, cudng
d6 hd hap ting dan dén cuc dai, pH ting va penicillin duoc tao thanh it.
Sang pha thir hai hé sgi ndm phét trién cham, lactose duoc tiéu hao dan, pH
tang dén khoang 7-7,5 va penicillin duoc tao thanh chi yéu trong pha nay.
Néu ngudn carbon trong méi truong can va sinh khdi nim mdc bat dau tu
phan thi pH c6 thé tang t6i 8 hoic hon, luong penicillin dugc tao thanh
trong moi trudng s& giam. Vi vay, qua trinh 1én men can dugc két thic trude
thoi diém hé soi nAm méc bat dau ty phan. Nam mdc sinh penicillin rat hiéu
khi, cho nén qua trinh nudi cay (nhan giéng va Ién men) can phai suc khi va
khuay méi truong dé dam bao d6 hoa tan oxygen can bing voi nhu cau sinh
ly caa ching. Néu khéng du oxygen hiéu suat penicillin ¢d thé giam toi hai
lan.

3.2. Streptomycin

Streptomycin 1a mot khang sinh ding phd bién trong y hoc, thi y va
bao vé thyc vat. Schatz va cs (1944) da phat hién ra streptomycin tir dich
nudi cdy mot ching xa khuan Streptomyces griseus (con goi 1a Actinomyces
streptomycin).

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

- Pha thir nhét (pha sinh truéng manh). Céc bao tir nay chdi va moc
thanh soi sau 6-8 gio, mdi bao tir moc mot chdi, khuan ty thuong thang va
phan nhanh rat yéu, té bao chat ua kiém.

- Pha thi hai (khuén ty khdng phat trién). Cubi ngay thir ba soi xa
khuan bi chia nho va bat dau ty phan.

Nhiing gidng sinh streptomycin rat knéng 6n dinh. Do do, trong twong
lai can c6 su can thiép cua ki thuat di truyén dé tao ra nhitng giéng c6 hoat
lwc cao va on dinh dé dwa vao san xuat. Giit bao tir & dang dong khd trong
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khoang nam nam c6 thé con 96-99% hoat luc, trong cét thach anh téi ba
nam, trén moi trudng thach nude du & 5°C téi mot nam. Cac ngudn carbon
ma giéng Streptomyces c6 thé dong hoa dugc va sinh khang sinh 1a glucose,
tinh bot, dextrin, maltose, fructose, galactose, manose. Trong thuc té,
glucose va tinh bot duoc dung 1am ngudn nguyén liéu trong san xuét
streptomycin.

= Phwong phap san xuit streptomycin

Lén men streptomycin dugc thuc hién theo phuong phap nudi ciy
chim. Qua4 trinh 18n men nay ciing giong nhu 1én men cac loai khang sinh
khéc, bao gom céc giai doan: Nhan giong va Ién men chinh.

- Nhan giong. Giéng xa khuan duoc bao quan & dang bao tir. Cay bao
tr vao mdi truong nhan gidng trong binh tam giac lic 180-220 vong/phut &
26-28°C/30-70 gio, sau d6 cho tiép vao cac binh nhan giéng (c6 suc khi va
khuay), nudi tiép cho phat trién sinh khéi 20-40 gio. Nhiém vu chinh trong
giai doan nhan gidng 1a tao ra mot khdi lwong 16n khuan ty xa khuan wa
kiém c6 kha nang phét trién manh trong giai doan 1én men chinh va tao
thanh mot lwgng 16n khéng sinh.

- Lén men. Lén men streptomycin la qua trinh 1én men hai pha dién
hinh. Nhiét do 1én men khoang 26-28°C, thoi gian 1én men 96 gio. Trong
thoi gian 1én men can phai théng khi va khudy tron moi truong. Luong
khong khi thoi qua mdi truong trung binh 12 1 thé tich khi/1 thé tich mai
truong. Khudy tron mdi truong lién tuc trong sudt ca qua trinh 1én men (ké
ca khi nhan gidng) néu ngung khudy chi trong mot thoi gian ngan sé lam
giam hiéu suét streptomycin. P pH trong nhitng gid dau ¢ giam chut it sau
d6 tang dan.

3.3. Tetracycline

Tetracycline 1a mot ddy céc chat khang sinh c6 cung mot nhan chung
tetracycline (vi du: tetracycline, chlotetracycline, oxytetracycline,
dimethyltetracycline...) vd mot sé6 nhém chung c6 trong phan tr (vi du
nhom dimethylamino -N(CHzs),, nhém amide CONHs...). Tetracycline duoc
dung rong réi trong y hoc va thi y. Tetracycline c6 thé duoc san xuét bang
lén men xa khuan Streptomyces aureofaciens. Tetracycline duoc tim thay
vao nim 1953 bang cach khir halogen trong phan tir chlotetracycline. Lic
dau phuong phép nay duogc dung trong cdng nghiép nhung gia thanh san
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pham rat dat, sau d6 nguoi ta tim thdy chat khang sinh nay c6 trong dich
nudi cay xa khuan sinh chlotetracycline I Strep. aureofaciens.

Gibng xa khuan c6 kha nang téng hop tetracycline va chlotetracycline
la Strep. aureofaciens, con giéng sinh oxytetracycline 1a Strep. rimosus.
Nguén carbon ding trong nudi cdy Strep. aureofaciens la glucose (tich tu
nhiéu tetracycline), con Strep. rimosus cho nhiéu oxytetracycline trén moi
truong maltose.

Trong qua trinh 18n men, & pha thir nhat cac chat dinh dudng tiéu hao
nhanh. Trong khoang 24-48 gio> nudi cdy khéi khuan ty dd duoc 70-80%
mirc t6i da va 60-80% cac chat dinh dudng di duogc st dung. Bude sang pha
lén men tha hai céc giéng xa khuan nay déu phét trién cham lai, tbc do st
dung céc chat dinh dudng giam di rat nhiéu, phét trién khuan ty cham lai
dan, dat téi mac d6 cyc dai va on dinh rdi budc vao giai doan tu phan.
Khéng sinh tich tu ti da & 110-120 gio.

= Phwrong phap san xuat tetracycline

Lén men tetracycline (tetracycline, chlotetracycline, oxytetracycline,
dimethyltetracycline...) theo phuong phép nudi cdy chim. Qué trinh 1&n men
& day giéng nhu 1én men cac ché pham khac, bao gom céc giai doan: nhan
giong va Ién men.

- Xa khuan Strep. aureofaciens dung trong l&n men tetracycline va
chlotetracycline hoic cac halogentetracycline khac. Cay bao tir vao moi
truong nhan gidng trong binh tam giac pH 6,8-7,0 lic 220-250 vong/phut
khoang 24-40 gid. Sau dd, duoc tiép tuc nhan gidng trong ndi nho rdi
chuyén vao mai truong 1én men. Lén men tetracycline va chlotetracycline 1a
I&én men hai pha dién hinh.

- Gibng Strep. rimosus duoc nhan gidng & binh tam giac lic 220-250
vong/phit & 27-28°C/48-72 gio, sau d6 nhan tiép tuc trong ndi ¢6 suc khi va
khudy roi chuyén sang mdi truong 18n men c6 diéu kién tuong tu nhung kéo
dai tur 5-7 ngay.

4. San Xudt acid hitu co
4.1. Acetic acid

Acetic acid (CHzCOOH) c6 thé thu duoc bang phuong phéap 1én men
vi khuan acetic. Acid nay (con goi 1a dam an) dwoc dung trong ché bién
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thuc pham, udp chua rau qua. Quéa trinh 18n men nhd vi khuan acetic oxy
hoa ruou ethanol thanh acetic acid (Hinh 3.10).

C6 trén 20 loai vi khuan c6 kha nang 1én men acetic, chiing duoc goi
mot tén chung 1a vi khuan acetic. Trong méi trudng du ruou ethanol (5-
13%) thi san pham chu yéu 1a acetic acid, néu nong d6 ruou thap hon cac vi
khuan acetic s& oxy hoa triét dé ruou thanh CO, va H,0.

Vi khuan acetic 1a bon wa 4m va rat hiéu khi, cé tdc d6 sinh trudng rat
nhanh tir mot té bao sau 12 gio ¢ thé phat trién thanh 12 triéu té bao. Trong
quéa trinh sinh trudng va phat trién chung tao thanh acetic acid va nong d6
acid thp lai kich thich su sinh truéng cua ching. Vi vy, trong san xuét
dam c6 thé dung ruogu khong can vé tring duoc bd sung mét it acetic dé
acid héa méi truong, nhiét do 1én men khoang 25-32°C va suc khi manh.

Alcohol-dehydrogenase

CH3;CH,OH CH3;CHS  + 2H
(Ethanol) (Acetaldehyde)

OH Aldehyde-dehydrogenase
I
CH;—CH CHscW
| (Acetic acid)
OH
(Acetaldehyde)

Hinh 3.10. Qua trinh Ién men acetic acid

Cac loai vi khuan acetic c6 gia tri nhu: Acetobacter aceti, Ace.
pasteurianum, Ace. orleaneuse, Ace. xylium, Ace. schiitzenbachii, Ace.
curvum, Ace. suboxydans.

Ngudn co chat cha yéu trong I8n men acetic 1a ethanol c6 bd sung
thém mot it duong, ngudn nitrogen vé co hoic hitu co, va mot sd chat
khoang khéc. C6 ba phuong phap I&n men acetic: (1) Phuong phap cham
con goi la phuong phap Orlean hoac phuong phép Phép, dung nudc hoa qua
lam nguyén liéu véi vi khuan Ace. orleaneuse. (2) Phuong phéap nhanh con
goi 1a phuong phap Puc, phuong phap nay duoc 4p dung chu yéu trong
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cdng nghiép san xuat dam an trén thé gisi, vi khuan duoc st dung 1a Ace.
schiitzenbachii hoac Ace. curvum. (3) Phuong phap Ién men chim, day la
kiéu I8n men bén lién tuc st dung céc chung vi khuan cua loai Ace.
suboxydans.

4.2. Citric acid

Citric acid hay limonic acid (C¢HgO7) ¢6 nhiéu trong thién nhién, dic
biét trong cac loai cay an qua c6 mui (ho cam chanh-Rutaceae) duoc dung
chu yéu trong ché bién thuc pham va dugc pham. Citric acid ciing ¢ thé
dugc san xuat & quy md céng nghiép bang phuong phéap 1én men, nam moc
s€ chuyén hda duong thanh citric acid.

Co ché sinh tong hop citric acid ¢ vi sinh vat ¢ thé biéu dién bang
phuong trinh t6ng quat nhu sau:

2CeH 1,06 + 30, — 2CsH507 + 4H,0

Cac nam moc sinh citric acid hiéu khi, nhiét d6 thich hop cho phét
trién va lén men 1a 30-32°C. Nguon carbon tt nhat d6i véi Asper. niger 1a
saccharose, con ddi véi Citromyces 13 maltose. Nong d6 duong trong moi
truong 10-20% la thich hop hon ca. Cac ngudn nitrogen vd co ding trong
l&én men citric acid t6t nhat la nitrate con nitrogen hiru co 1a nudc chiét dau
nanh. Trong mdi truong 1én men can chl y cac nguyén t6 khoang P, Mg, K,
Fe va Zn.

C6 hai phuong phap dugc dung dé san xuat citric acid 1a 1én men bé
mat (trén moi trudng 1ong hoac ran) va Ién men chim.

- Phwong phéap 1én men bé mit trén moi truong 16ng. Phuong phép
nay duoc dung rong rai trong cong nghiép san xuat citric acid. Lop véang
nam phat trién trén cac khay lén men chira mdi truong dinh dudng l1a dich
duong s& chuyén hoa duong thanh citric acid.

- Phwong phép Ién men chim. Qué trinh 18n men giéng nhu san xuat
khang sinh, duoc thuc hién trong cac binh 1én men chira moi truong dinh
dudng va gidbng nam mdc. Sau khi két thic 18n men dung H,SO, dé chuyén
calcium citrate thanh citric acid.

V. COng nghé tai to hop vi sinh vat
Khéng cdé mot linh vuc nao cua céng nghé sinh hoc thyc nghiém lai

phét trién nhanh chdng nhu cong nghé di truyén (genetic engineering) hay
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con goi la cdng nghé DNA téi t6 hop (DNA recombinant technology), ciing
khong c6 mot Iinh vic nao khéac c6 thé dua ra nhiéu loai san pham méi va
hitu ich dén nhu vay. Nguyén ly co ban cua cong nghé nay la thao tac c6
dinh hudng va c6 chu y (dua vao hoac 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 bang su lwa chon mot gen mong
mudn, tiép theo 1a phan 1ap no va cit nd bang cac enzyme han ché. Gen nay
dugc gan vao mot vector tao dong (plasmid) va sau d6 dua vao mét vat chi,
0 d6 no s€ duoc dich ma thanh mot protein dac biét.

1. C&c vi sinh vdt tai té hop

Mot trong nhitng ¢ng dung dau tién cia cong nghé di truyén Ia tao ra
mot chung Pseudomonas syringae. Chung hoang dai (wild type) cua vi
khuan nay thong thuong chira mot gen tao bang, gen nay kich thich su tao
bang trén cac bé mit lanh va am. Su bién ddi gen nay tao ra mot thé tai to
hop ¢6 kha nang ngan ngua su tao thanh bang gia (frost). Bugc tao ra dudi
tén goi la Frostban, vi khuan ndy da mang lai mot thanh cong khiém tén
trong viéc chéng lai viéc tao thanh bang gia trén cac cay dau tay va khoai
tdy ngoai dong rudng. Trong mot thi nghiém khac, mot chung virus c6 kha
nang diét sdu do bap cai duoc tha vao mot thira rudng bap cai. N6 da duoc
thiét ké dé co thé tu pha huy sau mot thoi ky nhat dinh. Pseudomonas
fluorescens da duoc tai to hop véi cac gen san sinh chat diét con tring sinh
hoc Bac. thuringiensis. C4c vi khuan nay duoc tha vao dat, ching s& bam
vao & va gilp tiéu diét cac cdn trung dang tin cong.

No6i chung, moi sy phong thich cac thé tai to hop vao mdi truong déu
phai duoc céc co quan bao vé mdi trudong chuan y va dugc giam sat chit
ché&. Dén nay, nhiéu nghién ciru da cho thay céc vi sinh vat nay khong song
s6t hogc sinh sdi trong moi truong va chac chan khdng gay ra nhiéu hiém
hoa. Cac virus duoc thiét ké di truyén dic biét co ich trong cac ung dung y
hoc, chang han dé san xuat vaccine.

2. Cac ung dung trong cong nghé Vi sinh

Mot diéu 1am cong nghé di truyén trd nén dic biét hap dan 1a cac ky
thuat cua né co thé két hop véi cac ky thuat cia cong nghé 18n men dé san
Xuat ra nhirng sb luong l6n céc chat giéng khang sinh hoic steroid. Hau hét
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cac protein tai to hop dang ban trén thi trudng hién nay déu rat hiru ich trong
y hoc. Duéi day 13 mot s trong cac san pham nay:

- Insulin, chit thay thé hormone duing trong diéu tri bénh tiéu duong
type I.

- Hormone sinh truong cua ngudi, dugc sir dung dé diéu trj nhing tré
em bi bénh IUn hoic bénh gia trudc tudi.

- Interferone, mot chat mién dich duogc sir dung dé diéu tri mot sb loai
ung thu, viém gan man tinh.

- Interleukin-2, mot chat hoat hoa té bao T va B duoc ding trong diéu
tri ung thu.

- Erythropoietin (EPO), mét chét kich thich cac té bao tay sdng sinh
hdng cau, dung dé diéu tri mot sé bénh thiéu méu.

- Hoat t6 plasminogen ciia md (tPA), mot enzyme tham gia vao qua
trinh 1am tan cac cuc méau dong (huyét khoi).

- Nhan t6 V111, mot protein gay dong mau cho nhimg ngudi wa chay
mau.

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

- Octolon, mdt chat tc ché mién dich ding cho cic bénh nhan ciy
ghép noi tang.
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Chuong 5
Cong nghé¢ protein
Ma bai MH 8- 05
|. Mé dau

Cong nghé protein la mot hudng nghién ciru quan trong ctia cong nghé
sinh hoc, ¢6 tiém ning ung dung rat 1on. Trén co s¢ cdng nghé DNA tai to
hop hién nay nhiéu loai protein nguyén thé (protein thé hé thir nhét), protein
da duoc sira d6i hoac méi (protein thé hé thir hai) dang duoc san xuat nho
cac sinh vat prokaryote nhu vi khuan E. coli hoic eukaryote nhu ndm men
Sac. cerevisiae. Do tdc dd sinh san nhanh nén vi sinh vat c6 thé san xuat cac
protein véi s6 lugng 16n trong mot thoi gian ngan, san pham duoc tinh sach
khéng c6 nguy co nhiém ban virus nhu cac truong hop duoc tach chiét tir
nguoi. Pbi véi mot sd protein c6 cau tric phic tap khong thé biéu hién & vi
khuan hoac biéu hién voi hiéu sudt thdp & nam men, nguoi ta dang ¢ xu
hudng chuyén gen ma hoa cia n6 vao thyc vat. Ly do 13 vi hé théng thuc vat
¢6 nhiéu vu diém nhu c6 thé trong trén quy mo 16n nhd nang lugng mat troi
nén it ton kém hon, cac virus thuc vat khdng phai 1a tic nhan gay bénh cho
nguoi, CAC gen biéu hién & md tao dau thuc vat nén rat dé tach chiét va thu
nhan protein.

Cong nghé protein la qué trinh xay dung cac phan ti protein mai,
bang cach thiét ké mot phan tir protein dya trén cac nguyén ly co ban nhat,
hoic stra ddi cau tric cua mét protein dang ¢, nham muc dich:

- Nghién ctru qué trinh 1ap rép cua cac protein va cac nhan t6 cua
chudi so cap tham gia vao su cudn xo0dn, 6n dinh va thé hién chirc nang cua
ching. Céac dac diém nay cd thé duoc khao sat bang cach stra d6i mot hoic
nhiéu amino acid dic trung theo mot kiéu da duoc dinh hudng trong protein
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va quan sat két qua sau khi san xut phién ban di duoc stra dbi. Thong
thudng cé4c protein co trinh ty tuong tu khdng gidng nhau hoan toan, ton tai
trong tu nhién s& co cac tinh chit hoi khac nhau va nguoi ta c6 thé dua vao
cac trinh ty khac nhau nay dé tién hanh nhiing sira d6i sau do.

- San xuat cac phan tir protein 6n dinh cho moét muc dich cong nghé
dic biét, tuy nhién cac phién ban dugc tim thiy trong tu nhién khéng c6 cac
tinh chat t&i wu can thiét. Vi du: mot enzyme c6 thé duoc xem nhu mot phan
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ciia mdt qua trinh céng nghiép nhung mot diém dic trung cua enzyme,
chang han d6 6n dinh nhiét hodc 1a d6 pH ti uu cho hoat tinh x(c tac...
khong thé twong thich voi qué trinh d6. Céc thay dbi amino acid c6 thé bién
d6i enzyme nay sao cho né thuc hién chac niang tét hon trong méi trudng
méi. C6 nhiéu minh hoa khac nhau vé protein duoc sira d6i dé gitp cho
ching phu hop t6t hon vé6i cac hoat dong cong nghé va thuong mai, va mot
s6 trong d6 duoc trinh bdy & muc IV-Mét sé tng dung cua céng nghé
protein.

Mubdn c6ng nghé héa mét protein can phai hiéu biét vé cac nguyén ly
cAu tric cua protein d6 va dic diém cua nguyén liéu dé thiét ké hop ly, hoic
stra doi cac tinh chat mong mudn. Hon nira, cdng nghé nay phai cd dugc cac
cdng cu san xuat va phan tich protein mong mudn. Cac cong cu va nguyén
ly co ban hién nay dang duoc phét trién song song.

Cac phan du6i day cung cap nhimg kién thirc co ban caa cong nghé
protein va tom tit mot vai phét trién caa linh vuc ndy trong thoi gian gan
day.

I1. Cau truc protein

Céc nghién ciru vé ciu tric cua protein da cho thdy c6 thé phan biét
cAu tric cua phan tir protein thanh bén bac nhu sau: Cau tric bac mot (cau
trdc so cap) la trinh tu sdp xép cac amino acid trong chudi polypeptide. Cau
tric nay duogc git virng nho cac lién két peptide (lién két cong hoa tri). Cau
trdc bac hai (ciu tric thir cap) 1a tuong tac khéng gian giira cac géc amino
acid & gan nhau trong chudi polypeptide, hay noi cach khéac do 1a dang cuon
xoan cuc bo (local fold) cua timg phan trong chudi polypeptide. Cau tric
nay dugc gitr virng nho lién két hydrogen dugc tao thanh giita céc lién két
peptide & gan ké nhau, cch nhau nhitng khoang xac dinh. C4u trdc bac ba la
twong tac khong gian giita cac gbc amino acid & xa nhau trong chudi
polypeptide, 1a dang cudn xoin trong khong gian cia toan chudi polypeptide
(overall fold), day la hinh dang chung cua chudi polypeptide. Cac lién két
nhu lién két Van der Waals, lién két tinh dién, lién két hydrogen giira cac
mach bén cua cac géc amino acid déu tham gia giir viing cau trdc bac ba.
CAu trdc bac bdn xuét hién ¢ nhitng phan tir protein bao gom hai hay nhiéu
chudi polypeptide hinh cau (bac ba), twong tac khdng gian (su sip xép) giira
cac chudi nay trong phan ttr goi 1a cau tric bac bon. Mdi chudi polypeptide
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ndy duoc goi 1a mot tiéu don vi (subunit). Chlng gan véi nhau nho cac lién
két hydrogen, luc Van der Waals giita ca&c nhdm phan bd trén bé mit cua
cac tiéu don vi (Hinh 6.1).

Tuy nhién, dén nay nhiéu van d& co ban vé cac tinh chét cua protein
van chua duoc giai quyét, vi du co ché cudn xoin protein van con la chu dé
ctia mot sb cudc tranh luan.

Phan tiép theo dudi day s& md ta cac cdng cu co ban cua céng nghé
protein va mot loat c&c vi du thanh cdng trong linh vuc nay.

Céutrdcbac1  Chu tric bac 2 CAu trlc bac 3 CAu tric bac 4
(cau trac so cap) (cau trac th cap)

QHL
< | [<

-
@
i=

>HS
@!!

Céc gbc aminoacid  Xoan a Chubi polypeptide Céc tiéu don vi dwoc l3p rap

Hinh 6.1. C4c béc céu trlc clia mét phan tir protein

I11. Céc céng cu
1. Nhan dang trinh ty

Hién nay, nhan dang trinh tu (sequence identification), bang phan tich
trinh ty gen hoic protein 1a mot qua trinh twong dbi khdng khé khan. Céc co
so dir liéu 16n hién cd chaa nhiéu ngan trinh tu khac nhau. Hon nita, cac du
an phan tich trinh tw genome dang cung cap cac trinh tu méi va cac khung
doc m& (open reading frame) voi mot tbe do tang 18n lién tyc. Cac chic
nang cta nhiéu trinh tu ndy da duoc biét, tir cac dir liéu di truyén hoic hoa
sinh, hoic bang sy twong dong trinh ty dbi voi cac trinh ty chua biét khac.
Diéu nay da gidp cho cdng nghé protein mot phuong phép tiép can véi su
thiét ké hop ly.
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2. X&c dinh cau tric va mo hinh héa

Céc thong sé vé ciu tric cd do phan giai cao, dugc xac dinh bing tia
X hoic tinh thé hoc dién tir (electron crystallography) hoic k§ thuat cong
huéng tir hat nhan (nuclear magnetic resonance-NMR), 1a diém cbt I6i cua
su hiéu biét v& hoa sinh protein. Sé lugng protein c6 ciu tric d6 phan giai
cao dang ngay cang nhiéu, nhung van con mot sb 16n céc trinh tu da duoc
xé4c dinh 1a chua biét. Trong lic chd doi l1am ddy chd tréng trong co s& dit
liéu cau trc, khi co so dit liéu vé cdu trdc toan dién ndy dang duoc lap rap,
thi nhitng ¢ géng khac van dang duoc tién hanh bang nhiéu phuong thic dé
du béo céc cau tric cua protein.

Du bao cac ciu tric protein tir trinh ty so cap (Cau tric bac mot) co
mot lich st 1au dai va duoc thuc hién bang cach md hinh héa cac trinh tu
m&i dua trén cac cau tric da biét cua cac trinh tu hodc cac tiéu trinh tu (sub-
sequence) twong ddng hoic gan twong dong bang ky thuat “xau kim thanh
chudi” (threading), trong d6 mot trinh tw méi dwoc so sanh truc tiép véi céc
kiéu cau tric da biét.

3. Bién doi trinh tu

Bién d6i mot protein dang ton tai bang cach sira doi trinh tu gen hién
nay la mot cong viéc binh thuong va linh vuc nay bay gio la phan it kho
khan nhét caa qué trinh cong nghé. Tir dau 1980, cac phuong phap bién dbi
tryc tiép protein bang phat sinh dot bién diém dinh hudng oligonucleotide
(oligonucleotide-directed site mutagenesis) theo phwong thic tong hop gen
hoan chinh tir cac oligonucleotide primer hoic dung phan ng chudi
polymerase (PCR) da tr¢ nén thong dung.

Céac phuong phap noi trén chi gigi han cho cac amino acid dugc ma
hda boi gen. Tuy nhién, nhiéu trinh ty ciing ¢ thé duoc tao ra bang céch
tong hop protein theo phuong phap hoa hoc trong diéu kién in vitro, phuong
thire nay ciing cho phép hop nhat cac amino acid khdng dugc ma hoa trong
chudi protein.

= Cac phwong phéap phat sinh dét bién diém dinh huéng
C6 hai phuong phép co ban dé sira d6i mot trinh tw ma hoa dang ton

tai cia protein & mirc @ DNA. Ca hai phuong phép déu doi hoi gin (1) mot
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hodc nhiéu oligonucleotide (it nhat 1a tam thoi) trén DNA soi don (single
strand DNA, ssDNA), sau d6 hoat tinh DNA polymerase in vitro sé xdc tac
dé mé rong cac oligonucleotide nay. Hai phuong phap do la:

- Phuong phap khéng dung PCR

O céac phuong phap khdng dung PCR, trinh ty DNA duoc bién doi
lien két vai goe tai ban (vi du plasmid, bacteriophage hoic phagemid), cho
phép khuéch dai in vivo kiéu gen bé me hoic kiéu gen da duoc stra d6i. Mot
oligonucleotide tong hop mang dot bién can thiét duoc gan véi khudn mau
ssDNA mach vong (vi du genome cua phage c6 ssDNA nhu M13, hoac
®X174 hoac dang ssDNA cua phagemid (Hinh 6.2a), hoac vi mot khuén
mau dsDNA di duoc sgi don hda ting phan (Hinh 6.2b). Str dung nhiéu
phuong phép enzyme khéc nhau c6 thé tao ra khuon mau ssDNA ting phan.

Oligonucleotide primer
dot bien
Trjnh tw duwoc
bién doi
ssDNA vector
DNA mach vong déng.
Soi tai ban in vitro mang
dot bién

DNA polymerase

+ DNA ligase
Vat chd bién nap
thich hop, vd: E. coli.
Phén biét in vivo cac
trinh tw ctia bd me
va cla dot bién

heteroduplex

Chon loc hoac sang
loc trinh tw dot bién

Hinh 6.2. Phwong thitc phat sinh ddt bién ssSDNA khéng dung PCR

Céc oligonuleotide duoc u hoat dong nhu mot primer cho sy tong hop
in vitro DNA bang cach dung enzyme DNA polymerase, thuong ding 1a
DNA polymerase T4 hoac T7, cung vdi sy hién dién cia enzyme DNA
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ligase, cac phan tir DNA sg¢i d6i (dSDNA) mach vong dong sé dugc tao ra
(Hinh 6.2c). DNA soi ddi dugc dua vao trong céc té bao vat chu thich hop
dé tai ban va phan chia. Sau do, su bién d6i mong mudn duogc xac dinh bang
mot trong s phuong thirc sang loc hoic chon loc.

- Phuong phap dya trén PCR

Phuong phéap khéng dung PCR di biét ky cang va duogc toi uu hoa
trong nhiéu nam. Tuy nhién, gin day céc phuong phép dua trén co s¢ PCR
dugc tng dung rong rai hon, dic biét dé tai sip xép nhanh cac ving protein
noi ma cac vi tri cat han ché phé bién thuong khéng c6 san.

Phuong phap dua trén co s& PCR cho phép thuc hién su bién dbi
mong muén va khuéch dai in vitro bang cach a DNA dich (target DNA)
dugc bién tinh véi mot oligonucleotide mang dot bién can thiét c6 thé hoat
dong nhu mot primer cho su tai ban soi DNA b6 sung (Hinh 6.3).

C6 nhiéu céch thirc khac nhau trong phuong phap dua trén PCR, mot
s6 trong chlng can cé&c vi tri cat han ché ¢ cac oligonucleotide dot bién.
Diéu nay cd thé 1am giam s lugng cac phan ang. Vi du: néu & hinh 6.3, cac
primer A va D c6 cac vi tri cat han ché hitu ich trong céc trinh tw va & D vi
tri d6 1a tir 3° t&i trinh tu dot bién, thi cac san pham phan tng dau tién co thé
dugc tao dong truc tiép ngay sau do. Poan DNA duoc khuéch dai sé& lién két
v6i gbc tai ban cua vi khuan trong plasmid hozc phage va duoc tao dong
bang cach xam nhiém vao trong vi khuan.

Mot cach thire khac cuia phuong phép dua trén PCR cho phép cac trinh
tu riéng biét ma hda cho céc ving cua cac protein khac nhau cé thé lién két
v6i nhau, hoic tai t6 chirc lai cac ving trong mot protein. Trong phuong
thirc nay (Hinh 6.4), cac primer C va D 1a cac thé lai chtra c4c trinh ty c0 thé
11 v6i ca hai vang (hai trinh tu nucleotide). Sau d6, cac phan ¢ng dau tién s&
tao ra cac doan dsDNA chong 1én nhau theo trinh tiw va san phdm mong
mudn c6 thé dugce tao ra trong phan tng tha ba bang cach dung cac primer
A va B. Trong tat ca truong hop, thiét ké cac trinh tu oligonucleotide va cac
diéu kién phan ung can phai dugc xem xét can than cing véi su chon lua
chinh xac cia DNA polymerase 6n nhiét. Tuy nhién, cac phuong thic nay
cho phép tién hanh rit nhanh va c6 hiéu qua rat cao.
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PHAN UNG 1 Khu6n méu + primer A+D
PHAN UNG 2 Khuén mau + primer B+C

C
A —/\_>
—
— — —
b B

KHUECH DAI PCR

San pham AD

San pham BC

PHAN UNG 3
Phan 1ap cac san phdm AD+BC
Tron va bd sung du thira cac primer A va B
KHUECH DAI PCR

X CAT SAN PHAM AB O CAC VI TREX VA Y Y
PHAN LAP VA GAN VAO VECTOR

Hinh 6.3. Phét sinh dét bién PCR bing sw mé rong chong lap don

4. Phat trién phan tir (molecular evolution)

Trong nhiéu truong hop su bién doi ¢d dinh huéng cia mét trinh ty
khong phai la phuong thic thich hop dé thu duoc két qua mong mudn, boi
vi thuong khong xac dinh duoc cac amino acid dich nam ¢ dau va bién doi
chdng thanh céi gi. Vi thé, mot sé phuong thire khac da dugc phat trién dé
san xuit va thir nghiém cac thu vién 16n hoic cac tap hop bién thé
(repertoires of variants) cia mét trinh tu dac biét.

Cac phuong thirc ndy thuong dua vao ba dic diém chinh: Tht nhat, d6
la nucleic acid mé& hda cho trinh tu protein quan tdm duy tri lién két vat ly
vé6i protein. Lién két nay cd dugc nho sy hién dién cua protein trén bé mit
cuia bacteriophage hoic vi khuan hoic té bao eukaryote va trinh ty mé hoa
nam trong phage hoic té bao, hoic trén polysome ma & d6 mRNA va
protein méi dugc dich ma van con duoc 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

D —— &»
—

X D Y B

KHUECH DAI PCR

San phdm AD

MR S3n pham BC
—

PHAN UNG 3
Phan 1ap céc san phdm AD + BC
Trdn va bé sung du thira cac primer A va B
KHUECH DAI PCR

X CAT SAN PHAM AB O CAC VI TREX VA Y Y
PHAN LAP VA GAN VAO VECTOR

Hinh 6.4. Dung hop vung PCR

Thir hai, mot phuong phap duoc phét trién dé tao ra mot sé lugng 16m
cac bién thé bang cach dua céc doan oligonucleotide thoéi bién (degenerate
oligonucleotide) vao trong trinh ty ma héa theo phuong thirc chén doan
cassette hogc dung k¥ thuat PCR, hoic bang phuong thirc phat sinh dot bién
in vitro. Tuy nhién, véi cac phuong thirc nhu thé thi mdi lan chi ¢ mot
doan nho protein dugc stra d6i. C4c thu vién bi gidi han boi kha nang tiép
nhan cac thanh vién riéng r& cua té bao vat chu, va trong truong hop nay thi
10%2-10 dugc xem 1a mot sd luong 16n.

Thr ba, cac phuong phap nay doi hoi mét phuong thuc sang loc hoac
chon loc tir thu vién cAc trinh tu protein méi c6 kiéu hinh quan tm. Phuong
thirc sang loc bao gom viéc gan voi mot phdi tir co thé d& dang thuc hién.
Phuong thirc ndy ciing doi hoi phai c6 sy xuc tac va két qua 1a cac protein
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xuat hién duogc gitr lai trén mot gia thé ran. Cac hé théng chon loc thuong
bao gom su bd sung mot chie nang can thiét trong co thé vat chu.

Nhiing protein htru ich da dugc phéan lap tir cac phuong thirc trén co
thé dugc khuéch dai bang cach nhan (sinh san) phage hoic té bao vi khuan
mang trinh tu gen cua no, hoic bang cach khuéch dai truc tiép cac trinh tu
cua chinh gen nho ky thuat PCR dé 1am giau trinh ty mong mudn. Céc
phuong phép loai nay nhanh chong tré thanh ky thuat quan trong cho cong
nghé protein va dugc goi bang thuat ngir phat trién dinh hudéng (directed
evolution).

5. Thiét ké trinh tw de novo

Thiét ké de novo protein 1a mot cong viéc rat phirc tap. V& nguyén tic,
d6i vai mot protein bat ky c6 (n) goc amino acid thi kha niang s& c6 2x10"
trinh tu khéac nhau. Céc co so dir liéu vé cau trdc va trinh tu protein cho thay
& nhiéu trinh tu sy cudn x0an ¢6 thé dugc diéu chinh twong tu nhau va nhu
vay ching cd thé thuc hién cac chic nang nhu nhau. Vi thé, phuong phap
tiép can nguoc lai dé chon lwa sy cudn xoan thich hop va sau d6 xac dinh
trinh ty ndo can thiét dé tao ra sy cudn xoin va chac nang mong mubn cé
thé 1a thich hop hon ca. Dahiyat va Mayo (1997) da mé ta cac phuong phap
may tinh dé thiét ké cac trinh tu cia ving peptide. Chi khi ¢ trinh tu
peptide thi protein moi c6 thé duoc xay dyng hoic bang tong hop peptide
(néu trinh tu cd kich thudc vira phai) hoic bang tong hop gen. Gan day, cac
phuong phép khuéch dai PCR dé téng hop gen thuong duoc str dung dé 1am
day va khuéch dai ting phan cac oligonucleotide chong Ién nhau (overlap
extension).

6. Biéu hién

Khi mét trinh ty moéi duge xac dinh can phai cho né biéu hién dé
chtng minh chirc ning cua protein. Su biéu hién cta cac protein tai to hop
la mot cong viéc vo cung phtic tap va cac hé thong biéu hién vat cha ¢ trong
pham vi tir vi khuan (E. coli duoc st dung phd bién nhét), t6i nim men
(chang han Sac. cerevisiae va Pichia pastoris), t&i cac té bao con tring va
cac nudi cdy té bao dong vat c¢6 v, va cudi cling t6i dong-thuc vat chuyén
gen. Quy md san xuat protein ciing thay doi khac nhau. O céc giai doan dau
ctiia qua trinh phat trién mot protein méi, vi du mot phan tir protein duoc
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nhan dang trong mot thu vién thé hién, thi chi mot lwong nho (ug) cua
protein 1a da dé xac nhan mot dic tinh sinh hoc. Trong giai doan hai, can cé
mot lwong nguyén liéu tinh sach 16n hon (tir 10 dén 100 mg) dé thu duoc
cac thong tin vé ciu tric dac trung va thuc hién thém mot sé thir nghiém in
Vitro va in vivo. Trong mot vai truong hop, ¢6 thé can lwong nguyén liéu
duoc tinh sach 16n hon (tir vai g dén vai kg) bang céc phuong thirc nghiém
ngat (va thuong 1a tén kém) néu protein dwoc san xuat dé st dung cho céc
muc dich thuong mai (vi du cac enzyme c6ng nghiép).

Thong thudng, nguoi ta phai thir nghiém mot sé phuong phap khac
nhau dé tim kiém mot vat chu biéu hién thich hop, vi mot protein duogc sira
d6i s& khong thé biéu hién trong cing mot kiéu nhu trinh tu cia bd me
(thinh thoang 1a t6t hon, nhung thuong 1a khdng). Cac yéu té nay tré nén
quan trong hon khi nhiéu phuong thirc dua vao cac hé thng thu vién thé
hién, trong d6 c4c thanh vién cua thu vién cd thé bi mat hoic khong duoc
miéu ta dang muc do biéu hién kém hoic do cudn xoian khong dang. Ba co
rat nhiéu thir nghiém dé cai thién sy biéu hién va diéu chinh sy cudn xo0dn
protein cua cac hé thong vat chu, dac biét 1a E. coli. Bé khic phuc mot sd
van dé nay, cac hé thong phién ma-dich ma in vitro ciing da dugc st dung
va dang duoc toi vu héa cho san xuat & quy md nho mot cach hiéu qua cac
protein méi vai cac sd lugng thich hop cho phan tich.

7. Phan tich

Can phai ¢6 nhiéu phuong phéap khéc nhau dé phan tich dic diém cua
cac protein duoc stra d6i. Khi mot chirc nang dugc stra d6i (dwa vao, bién
d6i hoic loai bo) thi mot phuong phap thir nghiém sinh hoc thich hop c6 thé
dugc phat trién dé xé4c dinh kha nang cua protein méi dugc san xuét. Trong
d6, phai dam bao rang phép thir nghiém c6 thé tién hanh v6i mot luong rat
nho caa nguyén liéu, chang han cac nguyén liéu thu duoc tir phuong thic
khuéch dai thu vién.

Trong nhiéu truong hop, viéc dat dugc va ching minh chirc nang mai
cua protein 12 quan trong nhat. Tuy nhién, thém vao cac phép thir nghiém
chuc nang, dé giai thich cac két qua thuong doi hoi mot sy hiéu biét day du
cAu tric duoc stra d6i, dic biét dé co duoc su hiéu biét sau sac sau ndy vé su
cudn Xo0an cua protein. Viéc danh gia sb luong trung binh cua protein méi
c6 thé dugc tién hanh, cac tinh chit thd cd thé dugc phét hién bang kinh
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quang phd (spectroscope) hoic céc phép do quy mé 16n khéc, vi du: céc tinh
chét ludng huéng sic vong (circular dichroism), d6 duc (turbidity), ethalpy,
d6 1ang dong (sedimentation) hoic sic ky (chromatography). Tuy nhién,
thong tin cu tric chi tiét cua san pham cubi cing van con la buéc han ché
trong thiét ké va trién khai cong nghé protein thich hop. Gan day, két qua
ctia Casimiro va cong sy (1997) da cho thay su téng hop gen dwa trén co s&
PCR, biéu hién trong E. coli cua mét lwong protein (mg) duoc danh dau
ddng vi phong xa va phd NMR cd thé duogc thuc hién trong mot khoang thoi
gian ngan.

IV. Mt 56 wng dung ciia cdng nghé protein
1. Cac dgt bién diém

Cac dot bién diém riéng ré trong cac protein co thé thu duogc chi khi cé
trinh ty gen thuén loi, bang cach dung cac ky thuat da duoc trinh bay ¢ trén.
Dudi day 1a mot vai vi du dién hinh:

1.1. Betaseron/Betaferon (Interferon 3-1b)

Mot trong nhitng két qua dau tién cia céng nghé duoc pham protein la
san xuit interferon B-1b. Protein mdi nay duoc tao ra boi sy thay thé cua
cysteine (Cys) cho serine (Ser) & gbc thtr 17 cua phan tir interferon B dai 154
amino acid. Protein dugc tong hop biéu hién trong E. coli mot hoat tinh dic
trung gan vai interferon B tu nhién ¢6 ngudn géc tir fibroblast. Phan tir nay
da duoc dang ky ban quyén tir 1993 dé st dung cho viéc lam giam tan sé va
mirc d6 khdc liét cua su tai phat & nhimg bénh nhan di lai duoc co sy tai
phét yéu bénh da xo ctng.

1.2. Humalog (Lispro Insulin)

Humalog 12 mot dang bién déi gen cua insulin ngudi trong d6 hai goc
& C-terminus cuia chudi B, proline (Pro) va lysine (Lys) & cac vi tri 28 va 29,
tuong tng, duoc dao nguoc thir tw cta ching. Humalog 14 mot dang dong
dang hoat dong nhanh cua insulin, duoc thiét ké dé bt chude téc do dap
tmg insulin ty nhién caa co thé ddi véi thuc pham. Su bién déi C-terminus
dugc thiét ké dua trén co sd cau tric va sy twong dong trinh tu v6i nhan t6
sinh truéng 1 gidng insulin (insulin-like growth factor 1, IGF-1) va viéc dao
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nguoc thtr tw dd giam su nhi trung héa (dimerization) cua tiéu don vi B.
Humalog da duogc ding ky ban quyén sir dung trude 1996.

1.3. Céc ta dugc vaccine mai (adjuvants)

Gan day, cac phuong phap tiép can méi trong viéc thiét ké vaccine da
gilp cho linh vuc y hoc nay cd nhitng phat trién quan trong. Nhiéu loai
vaccine hién nay la san pham cong nghé sinh hoc rat c gia tri. Cong nghé
protein dang duoc sir dung dé xay dung c4c phan tir protein méi cung cap su
hd trg mién dich (adjuvant) dé gay ra mot dap ung mién dich dbi véi mot
khang nguyén déng phan phdi (co-administered antigen). Cac ta duogc
protein méi nay dang dugc quan tam dic biét nham kich thich cac phan tng
mién dich mucosal sau khi ching ngtra bang cach udng (oral immunization)
dé tranh viéc sa dung phwong phap tiém phong vaccine (injection for
vaccination).

Nhiing vaccine da dugc khao nghiém tot 1a doc td cua Vibrio cholerae
(CT) va doc t6 khong bén nhiét cua E. coli (LT). Céc cau truc tinh thé cua
CT va LT di dugc lam séng to. Céc thi nghiém phat sinh dot bién diém dinh
hudng dia trén cau tric cia LT dd gilp ¢6 duoc su hiéu biét day du vé mbi
quan hé cua tiéu don vi A c6 hoat tinh enzyme don véi 5 tiéu don vi B cua
cac doc to heterohexameric nay, céc vi tri lién két enzyme va cofactor trong
tiéu don vi A, cling cac diém cat hoat dong ¢ trong ching. Céc nghién cuiu
nay da cho phép giai thich tai sao cac doc té dot bién van on dinh dé lap rap
trong holotoxin, nhung doc tinh in vitro chi con & mic t6i thiéu trong khi
van gitr lai cac dac tinh mién dich va ta duoc caa ching. Vi du: dot bién Ser
thanh Lys & goc 63 trong tiéu don vi A cia LT tc ché su lién két voi doc
tinh cia NAD cofactor cho hoat tinh ADP ribosyltransferase. Dot bién
S63K nay cho thdy cuong d6 doc tinh giam sau lan trong khi céc dic tinh
van duy tri kha nang mién dich va ta duoc. Mot truong hop khéac, dot bién &
gbc 192 (arginine-Arg thanh glycine-Gly) trong tiéu don vi A cua LT ciing
da dugc thyuc hién. Dot bién ndy xay ra & vi tri ma tai dé tiéu ving Al bi
phan giai khoi tiéu ving A2 va day la budc dau tién trong hoat dong chic
nang enzyme cua tiéu don vi A. Dot bién ciing tao ra doc tb bat hoat enzyme
dé duy tri cac dic tinh ta duoc. Céc doc td dot bién ndy hién nay dang duoc
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thir nghiém trong céc nghién ctru ly thuyét va 1am sang dé danh gia loi ich
cua chang.

2. Sap xép lai ving (lién két, trao doi va x6a bg)

Hau hét cac protein 16n do cac ving cudn xoin doc 1ap nho hon tao
thanh. Cac ving nay thuong duoc lién két cing véi cac chudi peptide ngén
va trong nhiéu truong hop, nhung khéng phai tit ca, cac ving nay co thé
xac dinh nhu la cac exon phan chia trong trinh tu gen. St dung cac ky thuat
sinh hoc phan tir, nguoi ta c6 thé bd sung, loai bo hoic trao ddi cac ving tir
mot protein nay toi protein khac dé xay dung lai cac phén ti protein.

2.1. Céc vung lién két
2.1.1. Céac dung hop ving cho té bao dich

Mot trong cac minh hoa dau tién caa céng nghé protein 1a ving c6 vi
tri lién két cua khang thé duoc lién két di truyén voi enzyme. Pon vi khang
thé co ban 1a mot cau tric cd dang Y hoic T bao gom hai chudi niang c6
khéi lwong phén tir 50 kDa va hai chudi nhe ¢ khdi lugng phan tir 25 kDa,
vuing lién két khang nguyén duoc goi 1a ving Fab (antigen binding), gom c6
cac dau tan cung N caa chudi nang va chudi nhe. Cac dau tan cing C cua
hai chudi nang cung phéi hop dé tao thanh ving dé& két tinh goi ving Fc
(crystallisable). Ving sau lién quan véi nhitng tuong tac gitra cac té bao
khéc nhau ctua hé mién dich va véi bd thé, ciing 1a yéu td quan trong trong
viéc xac dinh chu ky ban phan ra (half-life) huyét thanh cua céc khang thé,
it nhat 12 loai 1gG.

Dung hop gen enzyme-khang thé duoc thuc hién bang cach dung trinh
tu DNA m4 hda cho thanh phan chudi nang cia Fab cua khang thé dé lién
két nd véi trinh tw ma hda cho nuclease cua khuan tu cau hoic trinh ty ma
hoa cho DNA polymerase cua E. coli. Cac gen dung hop sau khi dugc
chuyén vao té bao san xuat chudi nhe cua khang thé di biéu hién va khoi
phuc lai ca hai hoat tinh enzyme va lién két khang nguyén. Céac nghién cau
dau tién theo huéng nay da cung cip co s cho nhirng huéng nghién cau
khéc, trong d6 mét chirc nang lién két (khang thé, cytokine, nhan té sinh
truong hodc vung lién két phdi tir ngoai bao (ECD) cua thu thé) duoc gén
v6i mot chire nang cua co quan phan ung lai kich thich (doc td, enzyme,
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cytokine). Mot ving lién két khong phai khang thé (non-antibody) c6 thé
dugc gan voi ving Fe cia mot khang thé (tan dung wu diém cua chu ky béan
phan rd dai huyét thanh cua cac khang thé) dé cai thién cac dic tinh dong
hoc duge pham (pharmacokinetic) caa mot phan tir duoc thiét ké.

Ching han, Enbrel™ (etanercept) gan day da dwoc dang ky ban quyén
sir dung cho ngudi. Enbrel™ gdm c6 cac viing thu thé ngoai bao cho nhan
t6 o gay hoai tir khdi u (TNFa) duoc dung hop di truyén véi céc ving Fc
cua IgG dé dung trong viéc ngan chan hoat tinh caa TNFa. Enbrel™ hién
nay da dang ky ban quyén dé sir dung cho diéu tri 1am giam cac dau hiéu va
triéu chirng cua bénh viém khop tir vira phai dén khdc liét & cac bénh nhan
c6 cac phan tng khdng day du dbi véi mot hoac nhiéu loai thude chong
viém khép.

2.1.2. Céc cytokine dugc dung hop

Céc cytokine khac nhau thuong ¢ cac chic nang chong chéo nhau
(overlapping function), hoic ¢ thé hoat dong hop luc trén cung té bao dé
gay ra mot thay doi sinh ly dbi véi té bao do. Lién két cac cytokine bang
cach dung hop céc gen trong khung (in-frame) budc hai nhém chirc nang lai
v6i nhau va c6 thé vé nguyén tac dan dén hiéu qua sinh hoc mong mudn &
cac liéu thip hon néu duogc thuc hién riéng ré. Cac dung hop kiéu nay da
dugc thuc hién ¢ truong hop interferon cach day hon mét thap ky. Gan day
hon PIXY321, mdt dang dung hop cua GM-CSF va IL-3 ciing da dugc khao
sat. Trong truong hop ndy, cac gen GM-CSF va IL-3 duoc sira d6i dé loai
b6 céc vi tri N-glycosylation cua dong vat ¢ vi va sau d6 dugc lién két véi
nhau nho bd sung mot doan ndi gdom 15 amino acid linh hoat giita C-
terminus cia GM-CSF va N-terminus caa IL-3. Ndm men biéu hién
PIXY321 cho thiy &i luc thy thé d duogc ting cuong, hoat tinh sinh san va
hoat tinh kich thich tao khuan lac ciing da dugc so sanh véi mot trong sb cac
protein khai ¢iu monomer.

2.2. Trao dbi cac ving protein

Mot phuong thic don gian khac dugc dung trong cdng nghé protein la
trao d6i cac vung hoan chinh, trong d6 cac ving tuong tu Clia C4C Nguon
khac nhau duogc trao dbi trong mot protein da ving dé cung cap mot chic
nang mai.
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2.2.1. Céc khang thé kham ngudi-chudt

O day cac vung lién két khang nguyén ¢ khang thé don dong cua
chudt dugce gin véi cac ving khong thay dbi (noi cung cap cac chirc ning
phan ung lai kich thich mién dich va diéu khién chu ky ban phan ra sinh
hoc) cua mot khang thé ngudi. Su chuyén doi (switching) nay co thé l1am
giam rd rét kha nang tao mién dich (immunogenicity) khdng mong mudn so
v6i khéng thé gbc cua chudt. Téi nay di c6 bon san pham khéng thé kham
da duoc dang ky ban quyén 1a cac duoc pham, ké ca phuc hop chong tiéu
huyét cAu (anti-platelet) ReoPro™.

2.2.2. Xba céac vung

Hoat t6 plasminogen mé (tPA) la mot serine protease tach chiét tir céc
té bao mang trong. Sau khi lién két véi fibrin, tPA hoat hoa plasminogen
thanh plasmin day 1a yéu t6 khai dau phan giai huyét khéi cuc bo (local
thrombolysis). Reteplase 1a mot dang bién thé ma 3 trong 5 viing cua tPA da
bi x6a. M¢t trong cac vung c6 kha nang chon loc fibrin va vung xuc téc
dugc gitr lai. Reteplase dugc ding ky ban quyén nhu 1a Retavase dung cho
viéc diéu tri chimg nhdi mau co tim cap tinh dé cai thién dong chay cia mau
(blood flow) trong tim.

3. Sdp xép lai toan bé protein

Nhiéu protein ton tai nhu 13 cac thanh vién cia mot ho 16n, trong d6
nhitng protein twong dong thé hién cac hoat tinh sinh hoc hoi khac nhau. O
thoi ky dau cia cong nghé protein, cac gen lai duoc tao ra bang céch dung
hop céc trinh ty nucleotide thdng qua cac vi tri cat han ché thong dung, hoac
nho su tai t6 hop in vivo giita cac gen twong dong trong mot kiéu ngau nhién
hon. Céc phuwong phép nay san xuat mot sé luong nho cac gen moi c6 thé
duoc kiém tra riéng ré. Gan day hon, cac dang twong dong cua protein da
dugc st dung dé tao ra c4c thu vién bién thé méi rat 1én. Theo phuong thirc
nay, cac gen dai dién cho hai hoic nhiéu thanh vién cia ho dugc phan doan
ngau nhién bang enzyme DNase |. Cac doan nay sau d6 dugc dung nhu cac
PCR primer dé tao ra cac trinh tu gen méi bang céch lai ngau nhién giira cac
doan. Céc bién thé moi sau d6 co thé dugc nhan biét bang phuong thirc chon
loc hoic sang loc nhu da néu trude day. Mot sé truong hop da duoc tao ra
theo phuong thirc ndy l1a cac enzyme, cytokine va céc vi tri lién két khang
the.
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4. Céc nrong tac protein-phoi tir
4.1. Bién d6i enzyme

Trong c6ng nghé protein, nhiéu nghién ciru da dugc thuc hién theo
huéng thay d6i enzyme dé kiém tra va bién ddi cac twong tac enzyme-co
chat. Cac loai thay dbi bao gdm: ting hoat tinh xdc tac; bién d6i tinh dic
hiéu co chit, ké ca sy phét sinh de novo cac chirc nang xdc tic méi; bién d6i
cac profile cia pH dé mot enzyme c6 thé hoat dong trong céc diéu kién
khéng sinh ly (non-physiology); cai thién su chdng oxy hoéa bang cach thay
thé cac amino acid nhay cam véi su oxy héa nhu Cys, tryptophan (Trp) hozc
methionine (Met) bang cac amino acid khong thé oxy héa c6 ciu tric khong
gian tuwong tu (sterically similar) nhu Ser, phenylalanine (Phe) hoac
glutamate (Glu), tuong tng; cai thién kha niang on dinh dbi véi cac kim loai
nang bang céach thay thé cac goc Cys va Met va cac nhom carboxyl bé mat;
loai bo cac kiéu phan cit cua protease; loai bo cac vi tri ma & d6 san pham
XUc tac c6 thé lién két theo mot kiéu khac dé cam tng su (e ché nguoc khac
vi tri (allosteric).

4.2. Céc chat chu van hormone (hormone agonist)

Sy phét trién cac chét siéu cha van (super-agonist) c6 hoat tinh sinh
hoc tang I1&n rd rét co thé 1am tang &i luc lién két cua cac hormone véi cac
receptor cua chling. Grossmann va cong su (1998) da mé ta su thiét ké cac
bién thé ciia TSH nguoi (human thyroid-stimulating hormone) ¢6 hoat tinh
tang 1én 1.300 lan. CAc bién thé duoc thiét ké dua trén sy tuong dong Véi
hCG (kich duc t6 mang dém cua nguoi-human chorionic gonadotrophin),
mot loai glycoprotein hormone khac chia sé mot tiéu don vi a chung. Su
thay thé cac nhom tich dién dwong trong mot viing mac (loop region) cua
TSH da phdi hop ting hoat tinh ctia ching.

4.3. Thay thé céc lién két dac hiéu

Thay thé cac lién két dic hiéu dugc thuc hién bang cach chuyén ving
dic hiéu cho mot phdi tir tir mot protein nay dén mot protein khac. Mot sb
truong hop doi hoi nhitng thay doi nho, mot sé khac doi hoi viéc chuyén doéi
& quy md 16n cia nhiéu goc. Vi du tinh dic hiéu cua hormone prolactin
dugc bién ddi bang cach thay thé 8 amino acid & receptor lién két bé mat sao
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cho hormone dugc bién dbi s& lien két voi receptor cua hormone sinh
trudng.

Cac phan tir protein thuong c6 cac ving loop nédi giita cac kiéu ciu
trdc thtr cdp khac nhau (a-helix, B-strand). Trong mot sé truong hop chirc
niang cua cac goc protein trong cac loop nay c6 thé l1a muc tiéu cho céc thi
nghiém thay thé twong dbi don gian. Vi du: dic trung cia nhan té sinh
truong c6 tinh base cua fibroblast duoc bién doi thanh loai c6 tinh acid bang
cach thay thé mot ving loop dic biét.

V. San xuit protein trén quy mo 16n

Nudi cdy cac vi sinh vat trén quy mé 16n 1a phuong phép kinh té nhat
do ¢6 céc wu diém sau:

- Str dung cac moi truong don gian, ré tién.
- Céc chu ky I8n men ngan ngay.

- C6 thé kiém soét trang thai sinh ly caa vi sinh vat trong qué trinh 1én
men va dam bao dugc tinh dong nhat cua cac mé 1én men.

- C6 thé ké hoach hoéa viéc thu hoach protein mét cach hop ly, phi
hop vai cac qua trinh phan tach va tinh sach dau ra.

- Hiéu suat protein cd thé duoc ting 1&n nhiéu 1an bang cach cai thién
cac chung truyén théng va phat trién qua trinh 18n men, cing véi viéc st
dung thém cong nghé DNA tai to hop.

- Céc ky thuat tai to hop DNA ciing mé ra cac co hdi cho viéc san
xuat sinh khéi enzyme tir viéc nudi cay nhitng loai vi sinh vat doi hoi diéu
kién sinh truong khac khe nhu: mdi truong dinh dudng dat tién hodc phai bd
sung cac nhan t6 cam tng (inducers)...

- Céc enzyme cuaa cac dang vi sinh vét séng ¢ diéu kién khic nghiét
(sinh truéng & cac diéu kién cuc doan cua nhiét do, mudi, ap luc thim thiu,
kiém) nho k§ thuat tai to hop DNA nay c6 thé sinh truéng thuan loi trong
cac nudi cay mesophilic (wa nhiét trung binh 20-40°C), va c6 thé san xut
Cc4c enzyme v6i cac dac diém chiu nhiét hodc chiu mudi ¢ ndng do cao.
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1. Lén men E. coli tai t6 hop

Cac enzyme c6 ngudn gde tir cc sinh vat prokaryote cé thé dugc san
xuit dé dang trén quy mo 16n véi hiéu suat cao trong cac vat cha E. coli tai
t6 hop. Cac qua trinh 1én men nay c6 thé duoc tién hanh & quy md tir 3.000-
6.000 L, va khéng doi hoi cac bude ciy gay (inoculum cuture) phirc tap.
Mot cau tric vat chu thich hop cho qua trinh 1én men dic trung c6 thé nhu
sau:

Vat cha E. coli mang (1) plasmid vector c6 gen ma héa cho enzyme
can thiét, (2) cung v&i gen chi thi khang khang sinh thich hop nhu
ampicillin hozc neomycin, va (3) mot nhan t6 cam tng nhu 1a TAC (bo ba
dac trung cam ng lactose hoac isopropylthiogalactose).

Hiéu qua san xuat cao nhu mong mudn c6 thé dat dwoc bang céach Ién
men mé c6 cung cap dinh dudng, trong d6 mdi trudng nudi cdy mé chira cac
thanh phan cho su sinh truong ban dau cua vi khuan, vi du: glucose 2%,
dich chiét nAm men (yeast extract) 1%, phosphate 1% va céc loai mudi khéac
cling véi khang sinh duoc chon. Sau khi sy sinh truéng ban dau duge thiét
lap, céc chét dinh dudng bd sung duoc cung cap ¢ cac ty ¢ thich hop dam
bao di ngudn carbon va nitrogen.

Ngudn carbon thuan loi 12 glucose, va nitrogen c6 thé 13 mot phic hop
tu nhién (chang han nhu dich chiét nam men, dich thay phan casein), sird
ngd (corn sirup), mot loai mudi ammonium don hoic urea.

Nubi ciy E. coli trong moi trudng c6 bd sung cac hdn hop amino acid
cho kha nang sinh truéng va san xuat protein nhanh hon, tuy nhién viéc sir
dung c&c ngudn dinh dudng don gian hon (chang han ngudn nitrogen), mac
dur c6 thé doi hoi thoi gian 18n men 1au hon, van c6 thé tao ra su sinh truéng
ctia t& bao va hiéu suit protein cao twong tu.

San xuat enzyme dwoc cam ung thuan loi bang cach bo sung
isopropylthiogalactoside tir 30-300 mg/L, hoac lactose tir 1-10 g/L. Viéc
quyét dinh thoi gian va tan sé bo sung chat cam wng 1a rat quan trong dé thu
duogc hiéu suat enzyme cuc dai.

Mat do téi uu trén 200 cua ODegoonm (50 ¢ khéi luong khé cua té
bao/L) va su biéu hién protein khoang 10 g/L (30% cua protein tong sd) la
mot két qua 1én men mong mudn. Qué trinh 1&n men thudng thyc hién trong
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hai ngay & nhiét do thap hon nhiét d6 sinh trudng t6i wu cua co thé, nghia la
tir 24-28°C.

2. Lén men nam

Cac loai nim vat chu nhu Aspergillus va Fusarium, va nam men
huéng methyl (Pichia) thich hop cho san xuit cac protein glycosyl héa tir
cac ngudn dong vat hoic nim. DNA cua protein duogc hop nhét truc tiép
trong DNA nhiém sic thé cing véi hé thong promoter diéu hoa biéu hién
gen.

Céc vat chu tai t6 hop c6 thé dugc 1én men trong mot kiéu tuong tu
nhu c&c nudi cay khong tai to hop va Ién men mat do cao cua té bao co thé
dé dang thu duoc bang cach dung cac phuong phap cua ky thuat sinh hoc
truyén théng.

Céc vat chii Aspergillus hodc Fusarium c6 thé dugc sinh truong trén
cac nguyén liéu thd ré tién nhu bot dau twong c¢d bod sung thém chat dinh
dudng 1a sird ngd. Nam men, nhu Saccharomyces va Pichia, c6 thé sinh
truong trén dich chiét nAm men hozc cac dich thuy phéan protein va sird ngo.

Qua trinh nudi cay c6 thé cho sinh khéi té bao cao bang cach sir dung
cac moi truong da dugce xac dinh day da c6 bod 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 mé céng nghiép.

3. Cac enzyme vi sinh vdr thay thé cac enzyme dgng-thurc vt

Mot sb enzyme cdng nghiép van duoc tach chiét tir cac ngudn dong
vat nhu bo tiém an nguy co cua sy nhiém ban bénh ndo dang xdp cua bod
(bovine spongiorm encephalopathy). Chang han renin, sau khi thu tir da day
ctia bé con moi sinh s& duoc sir dung dé lam phomat. N6 van khdng duoc
dam bao liéu c6 hién dién bat ky rai ro nao cho sirc khoé ciia ngudi tiéu
dung hay khong, tuy nhién renin tai to hop caa bé con hién nay c6 thé duoc
san xuat nho 1én men vi sinh vat 1a hoan toan an toan.

Mot cach khéc, bang phuong thuc tach chiét enzyme truyén thdng tir
cac nguodn Vi sinh vat va viéc str dung ky thuat sang loc thich hop, nhiéu
enzyme méi gidng nhu enzyme dong-thuc vat hién nay da duoc san xuat. Vi
du:
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- Enzyme protease cua Mucor trong nhiéu truong hop di thay thé
renin tir da day cua bé.

- Protease cua Aspergillus va Bacillus d thay thé cac enzyme ding
trong thudc da.

- Rét nhiéu loai amylase vi sinh vat dugc phat trién dé thay thé hoic
b6 sung cho cac amylase thyc vat trong tao malt ciia IGa mach hozc lta my.

- Hon nita, mot s6 enzyme cd ngudn goc dong vat (nhu hoat tb
plasminogen ciia md) ciing dugc san Xuit trong cac vi sinh vat tai t6 hop va
c6 thé cung cip chudi protein duoc tai cudn xoin. Cac enzyme glycosyl hoa
ciia dong vat cd va c6 thé duoc biéu hién trong cac co thé eukaryote nhu
Saccharomyces va Aspergillus. O day, vat cha s& glycosyl hda enzyme dé
cung cap hoat tinh day du cho du cac dudng glycosyl héa & day co thé khéac
& dong vat cé va.

Cac enzyme c6 thé dugc san xuat tryc tiép bang nudi cay té bao dong
vat ¢ vi, tuy nhién gia thanh sé& rat cao khoang tir 1.000-5.000 USD/gram,
mot mirc gia chi ¢6 thé chap nhan cho viéc san xuat cac enzyme tri liéu dic
biét nhu hoat té plasminogen caa mé hoic cac loai protein lién quan.

4. Cac nguyén tdc héa sinh co ban

Hiéu suat I8n men enzyme vi sinh vat c¢d thé dugc cai thién bang céc
ki thuat kinh dién, tuong tu cac k§y thuat ding dé cai thién hiéu suit trong
lén men khang sinh. Ca hai su cai thién di truyén va qué trinh 1én men da
dan dén sy phét trién kha niang 1én men trong san xuat enzyme Ién toi
20 kg/m®. Sy hiéu biét v& diéu hoa di truyén cua qué trinh tdng hop enzyme
la rit quan trong trong viéc chon loc cac chung da dugc cai thién va tdi uu
cac qué trinh 1én men. CO6 nhiéu nhan t6 quan trong c6 thé anh huong dén
san xuat enzyme nhu sau:

4.1. Sy cam tng

Sy tong hop enzyme thudng bi tc ché (diéu kién dé gilp bao ton ning
luong tir su tong hop protein khdng can thiét) tirc 1a enzyme s& chi duoc san
Xuit trong sy hién dién ctia mot chat cam ung, thuong 13 co chét cua né.
Mirc @6 cam &ng (induction level) co thé 1 rat manh (ting 18n hon 1.000 1an
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so voi khdng cam ng) va hoat dong bang céch gay can tro sy diéu hoa nhan
t6 trc ché. Nhiéu enzyme di hoa c6 thé dugce cam @ng, nhu:

- Sucrose can thiét cho san xuét invertase.

- Tinh bt cho san xuat amylase.

- Galactoside cho san xuat p-galactosidase.

Trong mét sé trudng hop, mdt san pham hoic mot san pham trung
gian ciing co thé hoat dong nhu mot chat cam ung, vi du:

- Phenylacetate cam urng penicillin G amidase.

- Céc acid béo cam trng lipase.

- Xylobiose cam trng cac xylanase.

Sy cam ung san pham thuong xay ra trong qué trinh tong hop céc
enzyme ngoai bao can thiét cho viéc thay phan cac polymer c6 khéi luong
phan tir 16n dé ching c6 thé di vao té bao va tiép tuc gdy ra su cam @ng.

Cac coenzyme ciing c6 thé hoat dong nhu cac chat cam ung, vi du
thiamine cam ¢ng pyruvate decarboxylase. Hon nita, dé c6 hiéu qua trong
san xuat enzyme, sy cam ung la diéu kién can thiét dé quyét dinh hop ly
thoi gian san xuat enzyme trong hé 1én men dam bao thu dugc luong san
pham cao nhat.

Tuy nhién, trong thyc té su cam (ng thuong duoc tién hanh bang hdn
hop cac tac nhan cam ung dat tién, duoc khir tring va bd sung & cac thoi
gian dic biét dé thiét 1ap sy 1&n men. Bé khic phuc cac van dé nay cac dot
bién diéu hoa c6 thé duoc san xuat dé khong phu thudc vao cac nhan té cam
mg va vi vay duoc goi la céc dot bién cau thanh.

4.2. Uc ché nguoc

- Uc ché nguoc (feedback repression) 1a tac dung trc ché bang céach cb
dinh tac dong di l1ap thé ciia mot chét Ién hoat tinh cua it nhat mot trong
nhitng enzyme x(c tac cac budc chuyén hoa dan dén sinh tong hop riéng
cua chat do.

- Tong hop enzyme ciing dugc diéu chinh boi su e ché nguoc xuat
hién & cac enzyme can thiét cho qué trinh sinh tong hop céc chat c6 phan tir
luong thap (chang han 14 mot loai amino acid), trong d6 su tich liy cua san
pham cubi cing c6 thé gay 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
tugng nay dugc trinh bay ¢ hinh 6.5.

Hinh 6.5. So @6 chudi phan wng hoa sinh tong hgp chét (X)

- Nguoi ta nhan thy san pham cudi cing caa qué trinh sinh tong hop
mot chat c6 kha nang gay ra sy ¢ ché qué trinh tong hop cua chinh nd. San
pham cudi cing du dugc té bao téng hop hay thu nhan tir méi truong bén
ngoai, khi & ndng do du thira so v&i nhu cau cua co thé vi sinh vat s& anh
hudng dén enzyme dau tién trong con duong sinh tong hop.

Enzyme dau tién (a) 1a mot enzyme di 1ap thé. N6 c6 dic diém thay
d6i cau hinh khéng gian khi c6 mat san pham cudi cing nham giam bét hoat
tinh xdc tac cia minh. G enzyme nay, ngoai vi tri gan véi co chat A (trung
tam x(c tac), né con c6 mot hay nhiéu vi tri gan voi san pham cudi cing X
goi la trung tdm di lap thé. Trung tm xuc tac va trung tdm di lap thé tach
biét nhau vé khong gian va khéc nhau vé cau tric. Trang thai hoat dong cua
enzyme ndy dugc dic trung & chd né c6 kha nang gin véi co chat A va néu
bén canh co chat A con cd su hién dién cua X & mirc d6 du thira so véi nhu
cau cta co thé vi sinh vat, thi s& xay ra sy bao vay cua trung tam di 1ap thé,
lam cho trung tdm xuc tac bi bién d6i cau hinh khéng gian dén muc khién
cho enzyme (a) khong thé gan dugc véi co chat A ma chi gin véi X. Nhu
vy, enzyme (a) s& khong co6 hiéu luc trong viéc chuyén héa A thanh B.
Chudi tong hop X s& bi gian doan do dé X s& bi giam sé lwong. Vi du minh
hoa trc ché nguoc dbi voi tryptophan ¢ hinh 6.6.

Cac dot bién e ché nguoc ¢ thé thu dugce bang cach chon loc cac
nudi cdy khang cac doc tb 1a cac chat dong ding caa san pham. Céc dong té
bao séng sOt s& mat sy man cam nguoc ddi voi san pham. Cac dot bién
tuong tu ¢6 thé thu dwoc bang cach phan lap cac dot bién khuyét dudng
(nutritional auxotrophs), cac dot bién nay khong thé tao ra san pham cubi
cling, ma phu thudc vao sy bd sung hop chat nay tir moi truong bén ngoai dé
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sinh truong binh thuong. Su cung cip chat dinh dudng duoc didu chinh nay
s& han ché cac ndng do6 trong ndi bao t6i muc dé su e ché nguoc xay ra it
hon.

HO

%

HO
\j
Chorismate HO—@ COOH
Anthranilate synthetase »> HO
A
\j
Anthranilate Q COOH

NH,

v CHy-CH-COOH

Tryptophan NH,

N

San phdm ¢ ché nguoc

o

Hinh 6.6. Co ché e ché ngwoc dbi véi tryptophan

4.3. Uc ché dinh dudng

Téng hop enzyme ciing ¢6 thé duoc didu chinh bang sy e ché dinh
dudng dac trung bai carbon, nitrogen, phosphate hoac sulphate. Nhiing co
ché nay ton tai dé duy tri sy san xuat ctia cac enzyme khong can thiét.

Dan chang t6t nhat 1a sy diéu chinh nho hién dién cua glucose ma
trong d6 carbohydrate nay c6 thé 1am ngirng san xuit cac enzyme can thiét
cho sy chuyén hoa cua céc hop chat lién quan va khdng lién quan (hiéu tng
glucose). Ut ché glucose 1a mot khai niém chinh trong nudi ciy sinh khéi té
bao & quy md 16n (nguyén liéu thd c6 gia tri kinh té nhat cua qué trinh 1én
men). Su tc ché di hoa glucose c6 thé 1a rat manh va thuong kim ham hiéu
qua cua chit cam ung. Cac ngudn carbon khéc nhu lactate, pyruvate,
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succinate va citrate, ciing 1a cac chét ¢c ché hiéu qua trong mot s vi sinh
vat. Tham chi citrate ciing c6 thé tc ché sy chuyén hda caa glucose & mot s6
vi khuan,

Sy trc ché di hda glucose ciing duoc giai quyét vé mat di truyén bang
cach chon loc c4c thé dot bién chdng lai hién twong nay. Cac dot bién c6 thé
chon loc d& dang tir méi truong nudi cay chira glucose va co chat cua
enzyme can thiét, vi du: hdn hop glucose/aspartate cho phép chon loc cac
dong san xuét aspartate khong bi (rc ché glucose (aspartate dugc cung cap &
day chi 1a ngudn nitrogen). San xuit penicillin G amidase trong E. coli duoc
tang 1én nhiéu 1an bang cach chon loc cac dot bién cd kha nang sinh truong
trén amide nhu 12 mot ngudn nitrogen duy nhat trong su hién dién cua
glucose. Két qua tao ra cac dong vi khuan cé kha niang san xuat manh va
khong d& bi e 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 e ché glucose.

NH, 1a mét ngudn nitrogen rat co gia tri, cdc mudi ammonium la
nguodn nitrogen rat ré so v4i cac hdn hop amino acid, nhung sy hién dién cia
cac amino acid thuong cho phép vi sinh viat sinh truéng manh va nhanh.
Mot sb dot bién khong bi trc ché boi ngudn nitrogen ciing ¢6 thé dugc chon
loc dya trén co s¢ dic diém chéng chuyén héa ammonium (methyl hoa
ammonium, methylammonium).

5. Cong nghé di truyén

Kha niang tng dung caa k¥ thuat tai to hgp 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 su biéu hién cao cua protein, cung cap protein khéng co
glycosyl héa. Cac loai Bacillus thich hop cho san xuat cac protein ngoai bao
khong co glycosyl hoa. Cac loai Aspergillus ciing san xuat rat nhiéu cac
protein ngoai bao va hon nita ¢6 thé san xuat cac protein dugc glycosyl hoa.

Mot sb diém can luu y khi xay dung cac vi khuan va vi nam tai t6 hop
thich hop cho san xuét protein quy mé 1on. D6 1a:

- Chon lya vat cha 1a vin dé then chdt, trong d6 vat chu phai c6 kha
nang sinh truong manh, khdng khuyét dudng va khdng cé cac hé thong
enzyme khdng mong mudn trong san pham protein cudi cung, chiang han
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khéng c6 hoat tinh p-lactamase trong vat chii dugc ding dé san xuat
penicillin G amidase.

- CAu trdc 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 soét cua promoter T7 caa bacteriophage.

Sau khi tong hop, protein tai t6 hop c6 thé hoic tich lily trong té bao
chat (cytoplasm) hoic dugc chuyén t6i chat gian bao (periplasm). San xuét
du thira protein ngoai lai nay trong cytoplasm mot déi khi cé thé tao ra céc
thé vUi (thuong chtra protein tai té hop trong trang thai khong cudn Xoan,
hoidc xu Iy bi hong). Két qua nay thuong khong dugc mong mudn vi nd gay
nhiéu khé khan dé tach chiét va tai cudn xoin cac protein.

Qua trinh tach chiét tir cac thé vii chi c6 gia tri kinh t& khi san xuét
cac protein c6 gia tri cao nhu insulin va hoat t6 plasminogen mé. Két qua
thuong dwoc mong mudn hon 12 protein duoc van chuyén vao trong chat
gian bao. Dé hién twong ndy xuat hién can thiét phai c6 cac chudi tin hi¢u.
Nhitng chudi ndy duoc dinh vi ¢ dau tan cing amino cuia protein (ving
ngugc hudng, upstream) va co thé dwoc chuyén di dé dang nho céc
peptidase tin hiéu. O mot sd truong hop nhat dinh, sy tiét protein vao moi
truong ngoai bao trong nudi cdy E. coli bi han ché. Trong truong hop san
XUat cac protein ngoai bao, thi Bacillus spp., nAm men va Aspergillus spp. 1a
cac vat chu thich hgp dugc chon.

Céc plasmid phai hién dién mét s6 lwong ban sao nhiéu trong vat cha
va, dé lam diéu nay, can phai ¢ mot sé ap luc chon loc vi mot té bao vat
chu khdng c6 plasmid s& phét trién nhanh hon vat cha c6 plasmid. Phuong
thirc thich hop nhat dé chac chan c6 sy bién nap plasmid vao té bao vat chi
la thiét ké mot gen khang khang sinh trén plasmid va bo sung khang sinh
tuong ng trong moi truong sinh truéng dé chon loc thé bién nap. Cac hé
théng thuong duoc st dung 1a kanamycin phosphotransferase, ampicillin -
lactamase, va chloramphenicol acetyltransferase. Nong do khang sinh trén
30 mg/L du dé duy tri su hién dién caa plasmid. N6i chung, sy biéu hién cua
cac protein tai t6 hop trong nim (nhu Asper. niger) doi hoi ¢ su hop nhat
clia gen va promoter cua nam cing voi mot co ché chon loc phdi hop truc
tiép (khang khang sinh hozc mot gen dang hoang dai khic phuc duoc nhén
t6 khuyét dudng cua vét chu) vao trong DNA nhiém sic thé.
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- Céac promoter co ban, nhu phosphoglycerate kinase va
glyceraldehyde phosphate dehydrogenase c6 tac dong rit manh va thuong
dugc chon lya. Cac promoter dugce chen vao ngugc hudng vai gen protein
mong mudn dé téi wu hoéa san pham. Chiang han nhu: promoter tinh bot c6
thé dugc dung nhu 12 mot tin hiéu thich hop cho san xuat -amylase, hoic
promoter phenoxyacetic acid c6 thé duoc dung dé san xuat penicillin V
amidase. Théng thuong chat cam Gng hoat héa promoter khong lién quan
dén protein, vi du: methanol dugc dung dé kich thich promoter alcohol
dehydrogenase trong Pichia, 1a loai ¢6 thé duoc két hop véi nhiéu gen
protein khac nhau.

- Chit cam ng dugc chon phai duoc duy tri trén mot ndng do toi han,
tuy nhién viéc quyét dinh thoi gian bd sung chat cam ang khdng phai 1a van
dé then chot.

- Phat sinh dot bién diém dinh hudng. Cac protein da biét trinh tu
amino acid va cau trc ba chiéu c6 thé duoc bién doi bang dot bién diém
dinh hudng. Vi tri hoat dong ciia amino acid hoac cac vung quan trong khac
duoc coi la myc tiéu dé thay doi thanh cac amino acid khac. Diéu nay duoc
thue hién d& dang bang cach thay doi cac ma bo ba dic trung trong gen méa
hda protein va biéu hién caa protein duoc phan tich biang phwong phap tao
dong truyén théng. Cac protein moi dé& dang san xuat bang cach ding cac
phuong thirc san xuat gidng nhu da dugc phat trién cho cac dang tu nhién,
vi thay ddi cac amino acid nay khong anh huang Ién sinh trudong caa vat chi
hoic su biéu hién cua protein. Nhitng thay d6i amino acid nhu thé di duoc
tang 1én mot cach 6n dinh.

VI. Céc qué trinh tach chiét va tinh sach protein

Qua nhiéu nam, viéc gia ting st dung vi sinh vat nhu 1a mot ngudn
cung cip protein, dic biét 1a cac enzyme, da cai thién dang ké hiéu qua san
Xuat va san pham duoc tao ra nhiéu hon. Phan 16n enzyme str dung trong
cdng nghiép la cac protein ngoai bao tir cac co thé nhu Aspergillus sp. va
Bacillus sp., bao gom: -amylase, -glucanase, cellulase, dextranase,
protease va glucoamylase. Nhiéu loai trong sé nay van con duoc san xuét tir
cac chung gdc tu nhién caa vi sinh vat. Tuy nhién, trong san xuét protein dé
stt dung & céc linh vuc chan doan 1am sang va cho cac tng dung tri liéu,
cdng nghé protein va cong nghé DNA téi t6 hop dd thé hién mot vai tro
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ngay cang quan trong. Cong nghé DNA tai to hop, ngoai viéc cho phép cai
thién hiéu suét cao, nd ciing cho phép chuyén céc vat liéu di truyén tir dong
vat vao vi khuan vat chi. Theo phuong thirc ndy, cac protein vén chi c6 mot
luong nho tir md dong vat bay gio co thé dwoc san xuat trong mot lwong gan
nhu vO han tir cac vi khuan sinh truong dé& dang. Mot vi du dién hinh 1a
hormone sinh truéng ngudi, chit ndy duoc san xuat mdi 1an véi mot luong
rat nho tir tuyén yén caa nguoi cho dén khi né duge thira nhan hién dién mot
rai ro tiém tang ddi voi bénh nhan tir sy nhidém ban prion 1a yéu té dugc am
chi trong hdi ching Creutzfeld-Jacob. Hormone sinh truéng nguoi bay gio
dugc san xuat véi mot lugng 16n hon rat nhiéu tir vi khuan E. coli va n6
hoan toan sach khéng bi nhiém prion khéng mong muén.

Céc protein hoac enzyme dugc san xuat bang vi sinh vat c6 thé ¢ noi
bdo, ¢ khoang gian bao hoic tiét vao mdi truong nudi ciy. Déi véi cac
enzyme ngoai bao, mic do tinh sach can thiét thuong 1a tdi thiéu, khi san
pham cudi cing dugc dung trong céng nghiép va khéng can do tinh sach
cao. Cac qua trinh quy mé 16n nhu thé cd thé cho san luong protein 1&n dén
hang tan.

Nhiéu loai protein khac dugc san xuat trong cac hdn hop nodi bao phic
tap da gay ra nhiéu kho khan trong qué trinh tinh sach chiing. Nhitng protein
doi hoi phai tinh sach ndy thuong duoc san xuat dé sir dung trong diéu tri,
do d6 phai c6 gang hudng t6i cac tiéu chuan tinh sach rat cao, va dé c6 duoc
didu ndy nguoi ta can phai phat trién cac quy trinh tinh sach phuc tap. Mot
1an nira, cong nghé DNA tai t6 hop da c6 dong gop hiéu qua trong linh vuc
nay. Trong truong hop céac protein tri liéu, thuong c6 nhiing thuan lgi néu
protein quan tdm c6 thé duoc tiét hoic vao khoang gian bao hoic vao trong
moi truong. Didu nay gidp giam rat 16n d6 nhiém ban cua protein va cac dai
phan tir khac, san pham tinh sach nhu thé thuong thu dugc chi trong hai
hoic ba budc tinh sach. Chon lya hé thdng biéu hién thich hop c6 thé cho
hiéu qua cao hon trong hé 1én men, ¢ lién quan tdi viéc cai thién hoat tinh
dic biét cua nguyén liéu khoi dau. Ciing c6 kha nang bd sung cac nhom
chtrc vao protein dé gip cho sy tinh sach, tao ra cho né céc tinh chat dic
biét va sau d6 loai bo cac nhom chire nay khi chiing khdng duoc yéu cau lau
hon.

Trong thiét ké quy trinh tinh sach & quy md 16n thi sb lugng cac budc,
va sy thu hoi san pham & mdi budc dd anh huang quan trong Ién san luong
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toan phan. Sy thu héi dic trung cua mot bude sic ky la trong khoang 80%
va 90%, vi sy tinh sach phirc tap doi hoi nhiéu budc do d6 san luong toan
phan nhiéu khi chi bing 10% cua nguyén liéu khoi dau. Diéu nay khéng
thanh van dé ¢ truong hop tinh sach quy mé phong thi nghiém, nhung néu
tinh sach & quy md 16n thi d6 1a van dé rat quan trong can quan tam dé tdi
ru todn bd quéa trinh tir hé thdng biéu hién hodc su 18n men dén bude tinh
sach cudi cung, dé giam thiéu sé budc tinh sach can thiét.

1. Thu héi protein

Sy thu hdi va tinh sach cac protein va enzyme ciing quan trong nhu
cac giai doan 18n men xét theo goc do kinh té cua qua trinh san xuat. Thach
thire chinh trong cac budc thu hoi 1a giam thiéu sy mat hoat tinh cua protein.
Trong phan nay sé& trinh bay cac budc thu hdi va tinh sach truyén thdng 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
ndng d6 cua dung dich hoat dong duoc loai bo mot cach don gian, va co thé
cung cap truc tiép protein thd thich hop cho mét sb tmg dung.

Dung dich protein tuong ddi sach c6 thé thu duoc bang cach cho cac
nudi ciy sinh trudng trén moi truong don gian ¢ thanh phan xac dinh. Cac
bude thu hdi va tinh sach gidng nhu cac bude d4 dung cho protein noi bao
sau khi phé v& té bao.

1.2. Thu hdi cac protein ndi bao
Pé tach chiét cac protein ndi bao tir cac ngudn dong-thuc vat, md phai
duoc pha vo dé giai phong ching.

1.2.1. Pha v& té bao
a. Nguyén ly chung

Lam khd mo la phuong phap thuan loi dé on dinh va pha v& té bao
dong-thuc vat. Phuong phap dong khd khong thich hop dé pha vé mé nhung
tranh duoc sy dut gay protein, mic du nd vo cung dat trong san xuat quy &
mod 16n. Md cd thé dugc lam khé trong diéu kién chan khdng hoic trong
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khong khi, hoic két tia bang dung mdi tron voi nude. Sau do, thu dich chiét
enzyme tir cac nguyén liéu khd bang cach hydrate hoa tré lai nguyén liéu
trong mot dung dich dém thich hgp. Phuong phap dong lanh don gian ctng
6 tac dung pha v& moét it md, mac du day la phuong phap khéng thich hop
cho viéc ting quy mo san Xuat.

Mot s6 nguyén lidu dong-thue vat can c6 quéa trinh dong hoa trude do,
sao cho md dugc pha thanh nhitng manh nho va tron 1an véi nhau, sau d6 sir
dung phuong phap co hoc dé pha v té bao. Mot khi protein duoc hoa tan,
cac vo té bao chét duoc loai bo d& dang biang phuong phép loc. Ly tam tbc
d6 thip ciing ¢ thé duoc st dung. O mdt sé6 md c6 su hién dién cua chat
béo, viéc loai bo 16p chat béo bang ly tam gap nhiéu khé khan. Céc chat béo
chi duoc loai bo dé dang biang tach chiét dung méi; két tua acetone la
phuong thic thich hop dé tach protein ra khoi cac nguyén liéu lipid. Mot
phuong thirc khac 1a cac dung méi tron nude nhu hexane, ciing ¢6 thé dugc
st dung.

Phé v& céac té bao vi sinh vat thuong gap nhiéu kho khian hon céc té
bao dong thuc vat. Cac té bao vi sinh vat thuong dai hon va c6 kich thuéc
nho (khoang 0,2-10 pm) nén phai c6 phuong phap pha v dac biét. Nhiéu
enzyme tir nAm men va cac vi khuan Gram am c6 thé duogc chiét bang cach
dung cac dung méi khéng tron nude, nhu toluen hoic chloroform, c6 thé
ph& v& mang té bao va giai phong enzyme. Cac dung mdi hoa tan nudc, nhu
ethanol va 2-propanol, dugc ding dé tach chiét enzyme tir khoang gian bao,
nhung sir dung cac dung méi ndy doi hoi mae do an toan cao trong san xuat
& quy md 1én. Céc chat tay thich hop c6 thé duge dung dé tach chiét cac
phan tir enzyme nho (khdi lugng phén tir dudi 70.000 Da).

Trong mot sd truong hop enzyme 6n dinh & gia tri pH cao, c¢6 thé su
dung dung dich kiém dé phan giai cac t& bao vi khuan. Thanh té bao vi
khuan duoc phan giai bang lysozyme, tuy nhién gia thanh cia enzyme nay
|a rat cao. Tuong tw, ndm men c6 thé duoc phan giai bang p-glucanase. Hién
tugng tu phan giai c6 thé xuat hién trong nAm men, nhung can c6 thoi gian
dai vi thé s& gay kho khan khi diéu chinh hoic ti wu qué trinh [&n men.

Céc té bao vi sinh vat c6 thé dugc pha v& dé dang hon bing cac
phuong thirc vat ly. Siéu am 12 k¥ thuat thich hop va rat hiéu qua & quy mo
phong thi nghiém, nhung khé ung dung & quy mé san xuat 16n. Pha v té
bao bang cach dung ap suat cao dé day nguyén liéu (dich huyén phu té bao
dudi dang bot nhdo duoc lam dong ¢ -20°C) qua cac 16 hep cia 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 phép nay c6 thé sir dung dé pha v cac té
bao nudi ciy & quy md Ién 100-1.000 L/gid. Nhiéu loai té bao co thé bi pha
v& bang khudy (rung) nhanh hoic tron 1an véi cac hat thuy tinh nho hoac
cac hat gébm (ceramic). O quy md phong thi nghiém, phuong thirc nay rat
thich hop. O quy md san xuét 16n nguoi ta sir dung phuong phép nghién
bang qua cau thép. Ty 18 va hiéu suét giai phdng enzyme phu thudc vao van
tc lic va kich thudc cua céc loai hat ciing nhu dudng kinh cua thiét bi. Voi
cling mot thé tich hat thi sir dung mot lwong 16n cac hat nho s& hiéu qua hon
mot lugng twong d6i nho céc hat 16n, vi n6 1am tiang su va cham gitta cac
hat va cac té bao.

C6 ba phwong phap chinh dé giai phéng céc protein noi bao khoi vi
sinh vat d6 la phuong phap enzyme, hoa hoc va vat ly. Tuy nhién, khdng
phai tit ca cac ky thuat cd san la thich hop dé sir dung trén quy mé 1én. O
quy md 1én, ngudi ta thuong gap kho khan trong viée thiét ké cong suét can
thiét cho thé tich 16n va loai bo nhiét duoc sinh ra trong qué trinh pha v té
bao.

b. Cac phuong phap enzyme

Lysozyme, mot enzyme duge san xuat thuong mai tir 10ng tring tring
ga, thuy phan céc lién két -1,4-glycosidic trong mucopeptide cua thanh té
bao vi khuan. Cac vi khuan Gram dwong c6 thanh té bao rin chic nho vao
mucopeptide 1a loai man cam véi lysozyme nhat. Khi phan giai vi khuan
Gram am, it khi nguoi ta st dung mot minh lysozyme, ma thuong bd sung
thém EDTA dé tao chelate v6i cac ion kim loai s& d& dang lam tan té bao
(lysis). Mac du qué trinh thao tdc don gian va nhe nhang, nhung ky thuat
nay khdng duoc sir dung cho viéc tach chiét & quy md 16n cac enzyme cua
vi khuan, vi 1& do gi4 thanh tuong ddi cao cua lysozyme va kha ning dua
VAo cac tac nhan gay nhiém ban. Chi c¢d trudng hop ngudi ta dung lysozyme
& quy md 16n l1a dé giai phong aryl acylamidase khoi Pseudomonas
fluorescens.

¢. Cac phuong phap hda hoc dé phan giai té bao

- X1r ly kiém. Xir ly bang kiém da duoc st dung thanh cong trong tach
chiét & quy mo nho va lén cac protein vi khuan. Vi du enzyme trj liéu, L-
asparaginase, c6 thé duoc giai phong khoi Erwinia chrysanthemi bang cach
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1 té bao & pH tir 11-12,5 trong 20 phit. Thanh céng caa phuong phap nay la
nhd vao kha nang 6n dinh cuaa san pham mong mudn. Gia tri pH cao cd thé
lam bat hoat protease.

- Chat tay rira. Cac chat tay, hoic 1a ion vi du nhu sodium lauryl
sulphate hay con goi la sodium dodecyl sulphate, sodium cholate (anion) va
cetyl trimethyl ammonium bromide (cation) hoic khoéng phai ion nhu
Trixton X-100, X-450 va Tween, dugc dung dé phan giai té bao, thuong cé
phdi hop véi lysozyme. CAc chét tay ion ¢d hoat tinh manh hon céc chat tay
khong phai ion, va c6 thé dan dén sy bién tinh cua nhiéu protein. Su hién
dién cua cac chit tiy ciing c6 thé anh hudng dén cac budc tinh sach tiép
theo, dic biét két tua mudi. Diéu ndy cd thé duoc khic phuc bing céch sir
dung phuong phép sac ky trao doi ion hoac siéu loc.

d. Céc phuong phép vat ly dé phan giai té bao

- Shock tham thau. Shock tham thau ciing duoc dung dé giai phong
enzyme va protein khoi khoang gian bao cua da sé vi khuan Gram am.
Phuong phap nay bao gom ria té bao trong dung dich dém dé lam sach
ching khoi mdi truong dinh dudng, va sau d6 tao dich huyén phu trong moi
truong wu trorong sucrose 20%. Sau khi dat toi sy can bang tham thau, té
bao dugc thu hdi va tai huyén phd nhanh trong nuéc & khoang 4°C. Trung
binh chi khoang 4-8% protein tong s6 cua vi khuan duoc giai phong boi
shock tham thau, nhung néu enzyme mong mudn hién dién trong khoang
gian bao thi ¢ cho phép tach chiét mot lwong 16n hon tir 14-20 1an va rat
sach so v6i cac ky thuat tach chiét khéc.

K thuat shock tham thau rat nhe nhang va khéng lam bién tinh cac
protein, nhung do ¢6 nhiéu vi sinh vat chdng chiu dugc shock thim thiu nén
nguoi ta chi sit dung n6 cho cac vi khuan Gram &m (vi du nhu E. coli) dé
tach chiét cac enzyme thiry phan c6 trong khoang gian bao. Tuy nhién, cé ba
ly do d& han ché 4p dung shock tham thau & quy mé 16n, do la: thé tich lam
viée 16n (400 dm* cho 10 kg bot nhdo té bao), nhiéu giai doan ly tam, va
1uén phai duy tri & nhiét d6 thap.

- Nghién. Trudc day k§ thuat ndy cd nhiéu han ché khi nghién hdn
hop bot nhdo cua té bao trong cdi vai bot gay xudt, nhu 12 bong thay tinh,
alumina hoic dat tao cat (kieselguhr). Sau d6, nguoi ta da phat trién bang
cach sir dung cadc may nghién 4m. Mot san pham dic trung la Dynomill
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(WA Bachofen, Switzerland) c6 thé duoc ding dé giai phong protein khoi
rat nhiéu lodi vi sinh vat khac nhau. N6 bao gom mot budng chira cac hat
thay tinh va céc dia khudy quay tron. Dich huyén phu té bao duoc bom vao
budng, sau d6 khudy nhanh du dé phéa v tham chi ca céc té bao vi khuén dai
nhat. Budng phan huy phai dugc 1am lanh dé loai bo su sinh nhiét. Mot md
hinh quy mé phong thi nghiém, véi budng 600 mL c¢6 thé thyuc hién ti 5 kg
vi khuan trén mét gio, va cac mo hinh ¢ quy md san xuat thich hop véi
budng c6 thé tich 1én t6i 250 L.

Mot sb nhan té c6 thé anh huong dén ty 18 té bao bi pha v, nhu 1a
kich thudc va ndng do cua céc hat thay tinh, loai, ndng d6 va tudi cua té
bao, tién xu ly hda chat, toc do khudy, toc do dong chay qua budng, nhiét
d6, va su sap xép cua cac dia khuay, va nhitng yéu t6 nay da duoc khao sét
& ndm men va vi khuén.

- Truot ran. Phuong phap pha v té bao bang truot ran di duoc ding
kha 1au & quy md nho. Nguyén tic caa phuong phép nay la day nguyén liéu
té bao da dong lanh qua mot 16 hep o &p sudt cao va mot nhiét do thoét ra
ngoai khoang -20°C. Phuong phap nay it dugc st dung & quy mo cong
nghiép, do né khong thé diing mot lwong 16n nguyén liéu dé pha vo té bao.

- Truot 1ong. Truot 1ong 12 Ky thuat duoc chon lwa dé pha vo céc té
bao vi sinh vat & quy md 16n, duoc Gmg dung rong réi trén thé gidi trong ca
hai: cac qué trinh cdng nghiép va nghién ciru. Phuong phap nay dac biét
thudn lgi cho phé v& té bao vi khuan va nim men.

Tuong tu nhu phuong phap truot 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, nguoi ta st dung thiét bi French Press (Hinh 6.7). G quy md 16n
thuong dung thiét bi dong hoa (homogenizer) 1 loai duoc phat trién dé tao
thé sita trong cong nghiép bo sira. Nhiét do tang Ién it nhat 10°C trong mot
ranh don 1a thuong xay ra, vi thé can phai 1am lanh dich huyén phu té bao
truée khi dong hoa. Thiét bi dong hoa truot 16ng thudng dugce hoat dong &
d6 am té bao khoang 20%.

Trong truong hop quy md 1én thi thiét bi dong hoa Manton-Gaulin
(APV Ltd. Crawley, UK) duoc sir dung rong rdi nhat. N6 bao gdm mot may
bom kiéu piston c6 mot van thoat hoi dugc han ché, co thé diéu chinh &p
suat hoat dong can thiét, t6i 95 MPa. Thiét bi dong hda Manton-Gaulin
(Hinh 6.8) loai nho nhit, 15-8TA, ¢ thé dua nguyén liéu vao khoang
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50 L/gio & &p suat 55 MPa. Mot phién ban 16n hon, loai MC-4, ¢6 thé dua
nguyén liéu vao 300 L/gid ciing & 4p suat 55 MPa.

Van
N /oA
A N %
XN i

Van diéu chinh

Van diéu chinh '\ﬂ(

kich thudc khe I

Hinh 6.7. Thiét bi dong héa Hinh 6.8. Mit cit ngang caa thiét bi
French Press doéng hoa Manto-Gaulin

Téc do pha v té bao va giai phong protein phu thudc vao mot sb nhan
t6 nhu: loai t& bao, diéu kién 1&n men, néng d6 va tién xt 1y (chang han
d6ng lanh, Vi c4c té bao vi sinh vat thuong dé v& hon nhiéu néu chling duoc
lam lanh trudc)... Nguoi ta ciing nhan thay rang su hién dién cua céc thé vii
gilip cho céc té bao E. coli d& dang bi pha v& hon.

Ty 18 protein giai phong khoi cac t& bao nam men c6 thé dugc mo ta
bang mot phuong trinh dugc xay dung dua trén kinh nghiém nhu sau:

R
Lo m KnP
SRR )

m

Trong do: R 1a lugng protein hoa tan cuc dai dugc giai phong theo ly
thuyét, R 1 lugng protein dugc giai phong thuc té, K 1a hang s6 phu thudc
nhiét do, n 1a s ranh (number of passes), P 1a 4p suat nguoc hoat dong va
la hang s6 phu thudc VAo co thé.

Gia tri cuia s mii  khac nhau tly thudc vao co thé, d6i véi nAm men
n6 khoang 2,9 va E. coli khoang 2,0. C6 nhiéu vi du vé viéc sir dung thiét bi
d6ng nhat Manton-Gaulin dé phé v& té bao vi sinh vat & quy md 16n. Chang
han: -galactosidase dugc giai phong khoi E. coli, va carboxypeptidase khoi
Pseudomonas spp. Mot sb 16n enzyme dugc phan lap tir vi khuan wa nhiét
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Bacillus stearothermophilus, bao gém glycerokinase va mot hexokinase dic
trung glucose. Trong mot qua trinh nhét dinh, cac diéu kién dé phéa va té bao
phai duogc thiét ké tdi wu mot cach can than, vi cac bién thién khac nhau
trong mac do pha v té bao va giai phong protein ¢ thé c¢6 cac anh huong
mot cach ¥ nghia 18n cac bude tinh sach tiép theo.

1.2.2. Phén lap cac enzyme hoa tan

Phuong thirc quan trong dé phan tach enzyme hoa tan nhanh va hiéu
qua sau khi pha v& té bao 1a 1am lanh, dung dung dich dém thich hop, va c6
su hién dién cua cac tdc nhan bao vé enzyme nhu mercapthoethanol (can
thiét dé on dinh mot s6 dung dich enzyme).

Thudng cac nhan t6 wc ché protein phai dugc bo sung dé lam giam
anh hudng phan huy caa protease. Cac enzyme hoa tan c6 thé dugc thu thap
bang phuong phap loc qua mang hoic bang cach ly tim. Phwong phép sau
tuong d6i d& thyc hién & quy md phong thi nghiém véi cac lyc ly tam téc do
cao. Cac luyc g cao nhu thé khdng thé dat dugc & cac thiét bi quy md san
Xuat 16n. Cac may ly tm 1én thuong duoc cau tao tir cac hop kim titanium
dat tién dé chiu dung céc luc g cao, nhung mic du thé chi cd thé thu duoc
cac luc g khdng cao 1im ma thdi. Bé khic phuc diéu ndy, cac chat két tia
nucleoprotein va protein, nhu polyethyleneimine, dugc bd sung vao cac chat
dong hoa té bao dé két bong cac nguyén liéu khéng mong mudn va giam
thoi gian lang xuéng nhanh hon.

Str dung phuong phép loc nhu dung dat diatomit (diatomaceous earth),
c6 thé 1a bién phap thich hop dé thu duoc cac enzyme hoa tan va phét trién
dé dang ¢ quy mé 16n. Cac phuong thirc bo sung duoc ciing sir dung dé tang
tdc do loc. Théng thudng mot vai tic nhan két tia co thé duge cung st dung
dé giam céc budc tiép theo cua qua trinh. Céc phuong tién tro loc 6 thé
duogc ding dé thu thap céc té bao hoan chinh va cung cap mot ky thuat pha
v té bao ma khong dya vao céc thiét bi ddng hoa co hoc. Vi du cac té bao
trong hdn hop loc ¢6 thé duoc phan giai hoa hoc, enzyme hoic phuong thirc
vat ly bang cach khudy nho kha nang gay xudc té bao cua diatomit. Céc
enzyme hoa tan duoc giai phong c6 thé thu thap thuan loi bang phuong
phap loc don gian.

Siéu loc 1a cong nghé rat toan dién, d& dang cho quy mé 16n va, véi su
chon lwa chinh xac d6 x6p caa mang, cac enzyme c6 thé dugc thu thap mot
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cach chon loc theo khdi lwong phan tir cua ching. Pia va khung, va cac soi
rong (hollow fibres) duoc st dung trong mot thoi gian dai. Cac mang
ceramic hién nay da duoc sir dung phd bién hon do dic diém d& 1am sach va
dé khir trung cua ching, vi ching c6 thé chiu dugce nhiét d6 cao dudi cac
diéu kién chit tay va do kiém cao.

Thuong thi dung dich enzyme hoa tan khdng yéu cau xir ly thém nita
ngoai trir nong do, hoic dudi &p suit giam hodc bang phuwong phép loc
mang, dé san xuit mot dung dich protein duoc c¢d dic (10-50% chat rén).
Cac chat 6n dinh nhu ammonium sulphate ¢ thé dwgc bd sung néu can
thiét. Céc ta dugc nhu lactose, dextrin ciing c6 thé dugc b sung véi vai tro
la cac chét 6n dinh enzyme.

2. Tinh sach so bo

Tinh sach protein 1a mot budc rat can thiét, tuy nhién thudng chi thyuc
hién d6i voi nhitng protein ¢6 gia tri tng dung cao. Quy mo cua qué trinh
tinh sach s& quyét dinh su chon lua k¥ thuat phan tach, vi mot sd ki thuat
gap nhiéu kho khan khi tién hanh trén quy md lén.

2.1. Loai b cac manh v& cua té bao

Sau khi phé v& té bao, budc dau tién trong qua trinh tinh sach protein
ndi bao 1a loai bo c&c manh v t& bao. Su phan tach céc vat ran khoi chat
1ong 1a hoat dong co ban rat quan trong trong phan lap protein, va thuong
dugc tién hanh bang phuong phép ly tam hoic loc. Nhiéu quy trinh c6 b
sung mot lugng nhé DNase & giai doan nay, dé pha v& thém céc chudi DNA
¢6 thé 1am cho dich chiét trg thanh dang sét (gelatinous).

2.2. Ly tam mé

Ly tdm mé thich hop véi cac dung tich ly tdm trong khoang tir nho
hon 1 mL dén mét vai lit, va c6 kha nang sir dung mét luc ly tdm (rotational
centrifugal force, RCF) tuong dbi 16n Ién ti 100.000 g (hang sé hap dan).
Tuy nhién, dé loai bo cac té bao vi khuan, manh v& té bao va cac két tua
protein, thi lyc ly tdm chi can dat khoang 20.000 g. Nhiéu thiét bi ly tam
loai ndy phu hop cho c&c qua trinh tach chiét & quy mé trung binh.
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2.3. Ly tdm dong chay lién tuc

Ly tdm dong chay lién tuc thuong dugc s dung cho qua trinh tinh
sach protein & quy mé Ién dé loai bo cac chat dang hat. C6 ba kiéu ly tam
chinh thich hop hon ca la: ly tam thung réng (hollow bowl), ly tdm thiing c6
nhiéu budng (multi-chamber) hoic dia (dics), va ly tdm thing (basket).

- Ly tam thung rdng. Bao gom mot rotor hinh éng cung cip mot
duong chay dai cho dich chiét dwgc bom vao trong day va chay Ién qua
thing. Chét ling bi ban vao thanh cua thing, va dich chiét duoc gan s&
chuyén Ién dé ra khoi thing vao trong binh thu. Khi ly tam bat dau, duong
kinh thuc té ciia thing giam, vi thé da lam giam duong ling va luc ly tam.
Téc d6 dong chay phai duoc xac dinh theo kinh nghiém vi n6 rat khac nhau
gitra c4c loai dich chiét, nhung toc d6 dong chay thich hop cho cac may 16n
la khoang 60 L/gio.

- Ly tdm dia. Thung ly tdm chira mét ddy dia xung quanh mot hinh
non & gitra. Khi dich chiét di vao, chat hat bi ban ra ngoai, cham vao cac dia
hinh nén va chat lang tap trung trén thanh caa thing. Phuong phap nay cung
cAp mot duong chay khdng doi, vi thé hiéu suat ly tdm it bj anh huong.
Nhuoge diém cia kiéu ly tdm nay 1a c6 hao hut mot lugng nho san pham
trong sudt qué trinh chay ra ngoai cua dich chiét. Phuwong thirc nay cho phép
dat t6i mot luc ly tdm khoang 8.000 g va c6 sic chira 18n dén 20 kg chat
léng.

- Ly tam thang. Puoc thiét ké dé hoat dong & céc luc ly tdm thap hon
nhiéu, c¢é thé chi 1.000 rpm, vé co ban d6 1a cac bo loc ly thm. Thing dugc
duc thung 16 va thuong duoc 16t bang vai loc. Ung dung chinh caa ly tam
nay l1a dé thu thap cac hat nguyén liéu 16n; trong pham vi tinh sach enzyme
d6 thuong 1a cac nguyén ligu trao doi ion duge 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 nudi cay vi sinh vat va cac dich chiét c6 khuynh huéng tré thanh dang
sét ty nhién thuong gap kho khin khi loc bang cac phuong phap truyén
théng, trir khi dién tich mang loc duoc st dung 1a rat [on.
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C6 thé khic phuc diéu ndy bang cach dung phuong phép loc dong
chay ngang (cross-flow) hoic tiép tuyén (tangential). Trong phwong phép
nay dich chiét chay ¢ goc phai theo hudng loc, va str dung toc d6 dong chay
cao s& c6 khuynh huéng giam su tic nghén bang cac hoat dong tu lam sach.
Chang han: dé thu hdi & quy mo 1én L-asparaginase tir Erwinia
chrysanthemi nguoi ta st dung mot mang loc ¢é dién tich 1 m? dung dé thu
hoach té bao tir 100 L cua chat 1ong nudi cay trong 2,5 gio lic d6 nong do
cac chat rin & phan duogc gitr lai trén mang ting Ién tir 0,55%-22% khéi
lwong khé. Sau d6, mot mang gidng nhu thé dwoc dung dé gan loc dich chiét
thu duoc bang phan giai kiém céc vi khuan nay. Cac sb liéu nay da cho thiy
rang dé thu hoach té bao tir 500 L nudi cay trong 2,5 gid doi hoi mang phai
c6 dién tich 7,5 m? va chi phi cho qua trinh ndy it hon so véi phuong phap
ly tam.

Do cé4c han ché cua ly thm quy md 16n nén k¥ thuat loc mang thuong
duoc phéi hop st dung dé dam bao rang dich chiét that sy sach cho budc
sic ky tiép theo.

3. H¢ phéan tach hai pha nuwdc

Mot phuong phap khac véi ly tdm va loc la phuong phap phén tach
hai pha nudc (aqueous two-phase separation), hay chat 1ong-chat long. Céac
hé hai pha nuéc dic trung duoc tao ra bang cach tron céc dung dich
polyethylene glycol (PEG) va dextran hoic PEG va céc loai mudi nhu
potassium phosphate hoic ammonium sulphate dé tao thanh hai pha riéng
biét. Cac protein va manh v té bao c6 kha niang hoa tan khac nhau giira hai
pha, vi thé ky thuat nay c6 thé dugc dung cho ca hai truong hop: phan tach
protein khoi manh v& t& bao va phan chia (partitioning) protein trong suét
qua trinh tinh sach. Sy phén chia chinh xac cua mot protein tuy thudc vao
cac thdng s6 nhu khéi lwong phan tir va dién tich caa ching, néng do va
khéi luong phan tir caa céc polymer, nhiét do, pH va luc ion caa hdn hop va
su hién dién cua cc mudi da tri nhu phosphate hoic sulphate. Céc diéu kién
t6i wu cho mot protein dic biét thuong duoc tim thiy theo kinh nghiém.
Mic di, céc diéu kién can thiét dé dat duoc sy phan tach vira y ¢6 thé duoc
xé&c dinh chinh xac, nhung co ché caa sy phan chia hai pha hién nay van
chua dugc hiéu day du.
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Cac pha c6 thé dugc phan tach trong mot thing lang, nhung dé phan
tach nhanh va hiéu qua hon c6 thé sir dung phdi hop véi phuong phap ly
tam. Vi phan tach céc chét 1ong c6 mat do khac nhau d& dang hon phan tach
cac chét ran ra khoi cac chat 1ong trén quy md Ion, nén phuong thirc nay co
thé dugc dung dé hd trg cho qué trinh tinh sach enzyme ¢ quy md 16n. Mic
du gia thanh kha thip cua hé théng PEG/mubi da khién cho nd tré nén thich
hop hon cho viéc st dung & quy md 1én, nhung hé théng PEG/dextran
(dextran c0 gia thanh kha cao) phan tach hiéu qua hon cting la mét phuong
phép kinh té néu so sanh véi cac phwong phép tinh sach khac. Sir dung hé
phan tach hai pha nudc khong bi han ché dbi véi cac nguyén lidu c6 ngudn
gdc Vi sinh vat, va phuong phap nay dugc dung thanh cong dé phan l1ap cac
nguyén liéu khoi ca hai ngudn thuc vat va dong vat, bao géom ca  -L-
antitrypsin cua nguoi dwgc biéu hién trong sira chuyén gen. Trong truong
hop nay do tinh sach so bo cua protein twong d6i cao, tirc 1a sau khi phan
tach hai pha don thi protein mong mudn dugc tinh sach t6i 73%.

Sy phan tach hai pha nudc bang polyethylene glycol, dextran hoic
polyamines c6 thé tao ra cac pha phan chia chat long trong d6 cac protein va
enzyme mong mudn c6 thé dugc tap trung lai. Xir ly kiéu nay cho phép thu
hoi lai cac polymers dé sir dung. Cac phuong phéap nay dugc tng dung dé
dang ddi véi toan bo dich nudi cay co protein hoic enzyme hoa tan (enzyme
ngoai bao).

Sy phan tach hai pha nudc ¢ thé dugc cai tién nhiam tao sy phan chia
dac trung sinh hoc bang cach gan cac phdi tir vao polymer dé thay doi su
phan chia cta protein. T4t ca cac polymer tao pha o thé ¢ céc phdi tir dugc
gan dong hoéa tri vao chlng, va mot pham vi nhiéu phdi tir nhu thé da duoc
khao sat. Do lién két hoa hoc don gian cua ching, cac chat nhugm phan tng
duoc st dung thudng xuyén nhu cac phdi tir. Ngoai cac thude nhudém nay,
mot so phdi tir khac ciing d& duoc nghién ciu. Nhimg phdi tir ndy bao gom
cac cofactor, nhu pyridine nucleotide dugc st dung thanh cong trong phén
chia ai luyc cac dehydrogenase.

O quy md 16n, phuong phap ai luc d4 dugc st dung cho tinh sach
formate dehydrogenase khoi 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 1a phuong phép c6 thé phét trién dé
dang ¢ quy md 16n dé san xuit, nhung duong nhu né khéng duoc ding
thudng xuyén dé tinh sach & quy mé céng nghiép.
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4. Céc phurong phap két tia

Thong thudng can tién hanh giai doan két tia mé dau tién dé lam giam
thé tich tong sb cua dung dich enzyme. Cac enzyme c6 thé duoc két tia don
gian, tuan ty hoic phdi hop véi ammonium sulphate, sodium sulphate,
polyethyleneimine va polyallylamine, hoic véi c&c dung mdi hiru co nhu la
isopropanol, ethanol va acetone.

Streptomycin sulphate, polyethyleneimine va cac polyamine khac cé
thé két tua cac chat cé tinh chat acid nhu nucleic acid va cac nucleoprotein.
Ammonium sulphate va cac dung méi hiru co c6 thé két tia mot cach chon
loc enzyme mong mudn vé6i hoat tinh thu héi tir 80-90%.

Két tna don gian ciing cd thé gilp loai bo protease. Loi ich chinh cua
budc nay la 1am giam thé tich hoat dong tong sb, thuong bang mot thira sb
ctia 20. Do d6 s& giam mot cach y nghia thé tich cua nhya trao d6i ion. Thay
d6i pH va nhiét d6 ciing c6 thé tao ra két tiia chon loc va loai bo cac protein
khéng mong mubn.

4.1. Két taa bang ammonium

Phuong phap xir Iy mubdi cac protein di dugc sir dung trong nhiéu
nam, va dat duoc ca hai muc dich tinh sach va cd dic. Loai mudi duge sir
dung phd bién nhat 1a ammonium sulphate, do kha niang hoa tan cia no,
khong c6 doc tinh cho hau hét cac enzyme, va gié thanh thap.

Két tua protein bang mudi phu thudc vao nhiéu nhan té nhu: pH, nhiét
d6, ndong do protein, va loai mudi duoc sir dung. Nong do protein 1a théng
sd dac biét quan trong khi tang quy mé, béi vi hau hét sy tinh sach & quy md
16n duoc tién hanh & cac nong do protein cao hon sy tinh sach & quy mé
phong thi nghiém. Piéu nay c6 thé anh huong sau sic l1én nong do cia mudi
can thiét dé két taa protein mong muén.

4.2. Két tua bang cac dung méi hitu co

Viéc bd sung cac dung mdi hitu co vao cac dung dich nudc lam giam
kha niang hoa tan cua protein do giam hang s6 dién méi cua moi truong. Cac
dung mdi hiru co khéc nhau dugc dung dé két tua protein nhu ethanol,
acetone, va 2-propanol 1a quan trong nhat. Thudng céc protein bi bién tinh
béi cac dung méi hitu co nén can thiét 1am viéc & nhiét do dudi 0°C.
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Do ban chit d& chay cua cac dung moi hitu co nén can phai st dung
thiét bi chiu lra va gia thanh cao, vi thé cac dung mdi hitu co thuong khdng
dugc dung trong tinh sach enzyme & quy mo 16n. Ngoai trir truong hop xur
ly méu (blood processing field), trong d6 két taa ethanol 1a phuong phap
chinh dé tinh sach albumin; va trén thuc té phuong phap ndy dang duoc phat
trién trong mot hé thong duoc didu khién ty dong bang computer.

4.3. Két taa bang céac polymer khdi lugng phan tir cao

Céc chit két taa hitu co khéc co thé dugc dung dé phan doan céc
protein 12 cac polymer hoa tan trong nuéc nhu PEG. Chét ndy ¢6 wu diém la
khong ¢ doc tinh, khdng dé chay va khong gay bién tinh cac protein. N6
duge dung cha yéu trong linh vire xtr Iy mau.

4.4. Két ta bang nhiét

Khi protein da bén khd bi bién tinh, thi xu Iy nhiét c6 thé cung cap
mot mirc do tinh sach cao duoc xem nhu 12 bude dau tién. Vi du: O quy md
16n, 55% protein khdng mong mudn duoc loai bo trong mot bude riéng ré
bang cach lam néng dich chiét E. coli mang protein A cua Staphylococcus
tai t6 hop ¢ 80°C trong 10 phat. Néu protein téi t6 hop duoc tinh sach khoi
mot co thé wa nhiét thi két qua cua xur ly nhiét dau tién co thé 1a hiéu qua
hon nhiéu. Vi du: Khi dich chiét E. coli chara malate dehydrogenase tai to
hop ctia Thermus aquaticus dugc lam nong téi 80°C trong 20 phdt, thi
enzyme thuan nhét c6 trong thé noi 1a khoang 90%.

5. C&c phurong phdp sdc ky

Thuat ngir sic Ky dé chi cac ky thuat phan tach va diéu ché cho phép
tach biét cac hop phan khac nhau ciia mot hon hop. Phép phan tach sic ky
dwra vao su di chuyén khac nhau trong mot pha dong ciia cac chat hoa tan da
dugc gan trén mot pha tinh ¢ trang thai ran. Nguoi ta thudng chon céc chat
c6 kha nang gian két duoc véi cac chat (hoa tan) dinh phan tach lam pha
tinh. Tuong tac giita chat hoa tan va pha tinh c6 thé 1a twong tac hap phy,
tuong tac ion (trao ddi ion), twong tac Ky nudc, twong tac kiéu ray phan tir
hoac twong tac dac hiéu sinh hoc.
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Tinh sach protein bang phwong phép sic ky 1a mét thyc hanh chuan &
phong thi nghiém trong nhiéu nam. Dé tinh sach cac san pham cé thé tich
nho VA gia tri cao, cac protein tri liéu hodc chan doan dic hiéu, thi phuong
phép sic ky 1a phuong phap duoc sir dung rong rdi nhat. Sic ky chi la
phuong phép, véi kha nang chon loc dwgc yéu cau, dé tinh sach mot protein
riéng r& khoi hdn hop phirc tap cua cac protein téi mot sy tinh sach cudi
cung 16n hon 95%.

Céc ky thuat phan tach bang sic ky duoc sir dung phé bién, bao gom
trao ddi ion, twong tac Ky nuéc, ngan chin kich thudc, ai luc va ai luc gia
(sac ky véi phdi tir 13 thube nhugm).

Budc lam sach thém c6 thé duoc thuc hién bang cach dung sic ky
ngan chan kich thude. Tuy nhién, k¥ thuat nay kho thuc hién & quy mo 1on,
va thuong khong can thiét phai tinh sach enzyme t6i 99%. Néu can mic do
tinh sach 16n hon 95% c6 thé tién hanh sic ky hap phu/kht hip phu thém
mot 1an nira s& gidp thu duoc enzyme tinh sach hon. Céc k¥ thuét tinh sach
nhu thé khdng lam ting hoat tinh cua enzyme, day 1a mot yéu té phai duoc
xem xét khi két tia enzyme c6 d6 tinh khiét cao.

Cac két tua enzyme tinh sach cao thuong dugc déng kho dé bao quan
va van chuyén. Céac tac nhan bao vé lanh dong polyhydroxy
(cryoprotectants), cac dung dich dém, cac chat khir va cac chat khang khuan
c6 thé duoc bd sung néu can thiét.

5.1. Séc ky loc gel

Trong sac ky loc gel, sy phan tach protein duoc dya trén co so kich
thudc phan tir (Hinh 6.9). Pha tinh chira cac hat gel (polymer) xdp ¢ nhiing
16 nho li ti duwoc bao quanh bai pha dung mdi chuyén dong. Khi dung dich
chira céac protein chay qua cot thi cac phan tir 1én cia hon hop c6 dudng
kinh 16n hon 15 cua hat gel nén khong thé khuéch tan vao bén trong hat (qua
cac 16 nho) va vi thé chiing di qua cac ké hd cua cot va bi rira khoi cot trudc
cling véi thé tich dich rira bang thé tich gitra cac hat gel V,. CAc phan tir nho
hon s& di qua céc 156 nho @& khuéch tan vao trong céc hat gel va duoc rua
khoi cot sau, thé tich dich rira cua chiing bang tong thé tich (pha dung méi)
ctia cot V,. Tong thé tich cuaa cot c6 thé biéu dién nhu sau:

Vi 'V, V, V, 2)
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Trong do6: V; 1a tong thé tich cua cot, V, 12 thé tich caa dung mdi & bén
ngodi cac hat, V; la thé tich ciia dung méi ¢ bén trong céc hat, va Vy, 1 thé
tich bi chiém boi khuon.

Thé tich rira cua protein vi vay cd thé thay doi giita V, va V;, va c6 thé
tinh toan hé sd phan chia hiéu qua (Kay) c0 gia tri giita 0 va 1:

V., V, ©)
av V V

t 0

K

Trong do: Ve 1a thé tich rira cia chat hoa tan.
Déi voi cac protein hinh cau, kinh nghiém cho thay gia tri cia Ky ty
1¢ nghich véi logarithm cua khéi lwong phén tir twong dbi.

Céac hat_polymer
x0p c6 16 nhd

H&n hop protein dwoc bd
sung vao cot c,ht'ya cac
polymer lién két chéo

Céc phan tt protein phan tach theo kich thuwéc,
cac phan t& I&n hon di qua cét tw do hon va xuat
hién trong cac phan doan dau tién
123456

Hinh 6.9. So' db ciia sic ky loc gel
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Can luu y khong c6 su tuong tac gitta khudn va chat hoa tan, vi thé
moi truong loc gel 1y twdng phai tro hoan toan. Bé co stc chira cuc dai hat
gel phai ran va c6 d6 xbp cao. Truong hop & quy md 1én, d6 rin c6 18 1a
thdng s6 quan trong nhit vi n6 quyét dinh toc d6 dong chay cao nhat c6 thé
dat duoc.

Céc nguyén liéu loc gel truyén thong dua trén co so dextran lién két
chéo (Sephadex), hoac polyacrylamide (BioGel P). Nhirng nguyén liéu nay
la du tro nhung (& cac do xbp thich hop khac nhau dé phan doan hau hét cac
protein) lai qua mém nén kho sir dung trén quy md 16n.

Céc loai gel ran hon dya trén co s& thay d6i nhiing vat liéu khac nhau
da dugc dua vao st dung, va thich hgp hon cho ung dung trén quy mo 16n.
Vi du: Sephacryl (Amersham Pharmacia Biotech) trén co sd dextran va
polyacrylamide; Superdex (Amersham Pharmacia Biotech) trén co so
dextran va agarose, Superose (Amersahm Pharmacia Biotech) trén co s&
agarose lién két chéo cao. Tat ca nhitng nguyén liéu nay thich hop cho céac
kich thudc cua hat sao cho sy phan doan dugc duy tri ¢ cac tbc do dong
chay cao nho d6 ran dugc tang |én cua hat.

5.2. Sac Ky trao doi ion

Séc ky trao d6i ion dugc stir dung rong rdi nhat, c6 thé bao gom ca trao
d6i cation va anion manh va yéu. Céc protein va enzyme néi chung duoc
hap phu & lyc ion thap hodc ¢ cac gia tri pH trong d6 dién tich ion tong s6
du manh dé twong tac v6i dién tich ddi cia nhya trao ddi ion. Sy tach rua
protein duoc thuc hién d& dang bang cach thay ddi pH hoic tang luc ion cua
dung dich rira (Hinh 6.10). Nhiing nhya trao doi ion nhu thé ¢ thé duogc
ding hoic nhu mot phuong thirc d&& hap phu tich cuc va tach ria chon loc
enzyme mong mudn, hoic nhd vao sy hip phu don gian caa cac nguyén liéu
protein khéng mong muén.

Nhua trao d6i ion 1a mot khung vat liéu ran khéng hoa tan c6 gan voi
cac nhém ion hoa bing lién két dong héa tri. Cac nhdm mang dién tich nay
lai duoc lién két voi céc ion d6i (opposite ions) va cac ion ddi lai cd thé trao
d6i thuan nghich vé&i cac ion trai diu. Mot khung c6 mang cac nhom tich
dién duong va ion dbi tich dién &m, duoc goi la nhua trao doi anion (anion
exchange resin). Nguoc lai, mot nhya trao ddi cation s& mang dién tich am.
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Ngoai ra, c4c nhua trao doi thuong khéc nhau vé ban chat hoa hoc cua
gia khung (polysaccharide gel hay nhwa téng hop) ciing nhu vé luc acid,
base ctia nhom ion hda. Ba loai nhwa trao ddi ion dwoc trinh bay trong bang
6.1.

bién tich dwong thuc 1én
bién tich dwong thyc
Pién tich am thuc

Dién tich am thuc Ion

Céc hat polymer mang cac
nhém chure tich dién am

Hén hop protein duwoc b(‘{ sung vao
c6t mang cac chat trao doi cation

Céc phan tr protein chay qua cot véi cac tdc do xac
dinh b&i dién tich thye cdia ching & d6 pH dwoc st
dung. Trwdng hop cac chét trao ddi cation, cac
protein cé dién tich am thyc Ién hon sé chay qua cét

nhanh hon va dwoc dung ly trwéec. 123456

Hinh 6.10. So @0 sac ky trao déi ion

Cac protein ctia mot hdn hop can phan tich thuong c6 cac nhom bén
ion hoa khac nhau, do d6 cd pH khac nhau. O mét gi4 trji pH nhat dinh cac
protein s& c6 mot dién tich khong gidng nhau, do d6 ching duoc gitr nhiéu
hay it bang tuong tac ion trén mot nhya trao doi ion da cho va véi mot pha
di dong da cho.

Trong thuc té nguoi 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 timg phan doan chiét khac nhau, trong d6
phéan doan protein can thu co ndng do cao nhét.
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Bing 6.1. Ban chit hoa hoc ciia c4c loai nhyra trao déi ion

Nhya trao Bén chit hda hoc cia | Nhom ion hoa Khi ning
doi gia khung trao doi

DEAE- Céc mach dextran dugc CH; | Chattraodoi
“a X Ie | - A

Sephadex lién két chéo -OCHZCH2I|\IH+ anion yéu

CZHS

Ambelit E- Polystyren duoc lién két | -SO5 Chat trao di

IR120 chéo bang divinylbenzen | sylfonate cation manh

CM- Agarose duoc lién két -CH,CO0" Chat trao doi

Sepharose chéo bang 2,3- Carboxylmethyl | cation yéu
dipromopropanol

Mot s6 nhya trao doi ion tir cac dan xuét cua cellulose dang dugc st
dung nhu sau:

Nhwra trao déi cation Nhwa trao ddi anion

- Carboxyl methyl cellulose
(CM-Cellulose)
- Phosphor cellulose

- Diethylaminoethyl cellulose
(DEAE-Cellulose)
- Triethylaminoethyl cellulose

- Sulfo ethyl cellulose

- Sulfo methyl cellulose

Qua trinh phan tach trén cot bao gém hai giai doan:

- Hap phu thuan nghich protein can tinh sach (va céc protein c6 dién
tich gan giéng) vao nhya trao doi ion.

- Khir hap phu cac protein bang céach: (1) thay déi pH cua dich ria s&
dan dén thay dbi do ion hoa va do d6 thay ddi dién tich tong caa protein,
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hodc (2) tang luc ion va ting ndng do ion dbi canh tranh. Céc protein nao cé
& lyc véi nhua trao doi ion yéu nhat s& bi day ra trudc tién va nguoc lai.
Khi sir dung gradient Iyc ion hoic/va gradient pH thuong lam ting chat
lugng cua phép phéan tach protein.

Véi cac enzyme ¢ tinh acid, nguoi ta thuong s dung c&c anionic
cellulose dé tach va tinh sach. Cac nhya di tir cac dan xuat cua cellulose c6
kich thudc 15 16n, sir dung rat thich hop dé tach, tinh sach enzyme ¢ quy mé
cdng nghiép. Tuy nhién, do hé s nén cao nén da phan nao gay khoé khan khi
tién hanh sic ky. Bé khic phuc nhuoc diém trén, nguoi ta sir dung cac dan
Xuat cua agarose lién két chéo nhu: Sepharose CL-6B hoac polymer tong
hop: trisacryl c6 hiéu suét cao, hé s6 nén khong dang ké, khong thay doi thé
tich theo pH va cudng do ion, cd thé tai tao lai nhya ma khdng can tach khoi
cot.

Trong sic ky trao dbi ion, viéc gan mot protein vao nhya trao doi ion
s€ phu thudc vao trang thai ion hoda cua no, cling nhu trang thai ion hoa cua
nhua trao doi, pH, luc ion va nhiét 4. D6i véi nhitg protein khong bi bién
tinh & pH cao hon diém ding dién cia chung thi c6 thé diung DEAE-
cellulose (nhya trao doi anion) con d6i véi cac protein khong bi bién tinh &
pH thap hon diém dang dién cua ching thi c6 thé sir dung & CM-cellulose
(nhya trao ddi cation).

5.3. Sac ky ai luc (affinity chromatography)

Phuong phép nay dwa vao kha ning lién két dac hiéu va thuan nghich
ciia mot protein voi mot phan tir khac (phdi tir), da dugce gan bang lién két
d6ng hoa tri vao mot chat mang khong hoa tan chua trong cot sic ky. Khi
cho mot hon hop c6 chira protein can 1am sach di qua thi chi c6 protein quan
tam bi giit lai, con tit ca cac protein khac khong tuong tc dugc véi phdi tir
(ligand) s& bj rira troi ra khoi cot (Hinh 6.11). Tiép do, protein sé& bi rira giai
ra bang cac phuong phép khac nhau.

Phuong phép sic ky &i luc rat hiéu qua trong viéc tinh sach céc
enzyme, cho phép thu duoc enzyme cé do sach cao (hon sic ky trao doi ion
khoang 10 1an) chi bang mot giai doan va trong mot thoi gian ngan.

Cac nhan t6 nhu chat mang, phdi tir, phuong phap gan két phdi tir
cling nhu cac diéu kién rira giai enzyme déu c6 vai trd quan trong trong sic
KY 4 luc.
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Protein quan tam

Phéi te»
Hon hop protein

Phéi t&r dwoc gan
v&i hat polymer

Hoa tan
phéi tc
Hbn hop protein
duwoc bd sung vao
c6t chira moét
polymer lién két voi
phdi t& d&c hiéu cho
protein quan tam Céac protein
khéng mong
muén dwoc
rtra troi qua
cot
Cac protein
quan tam dwoc
dung ly béng
cach hoa tan
phoi ter

Hinh 6.11. So dd sic ky &i luc

5.3.1. Chat mang (pha tinh)
Phai c6 mot sb tinh chét sau:
- Hoan toan khéng hoa tan trong pha di dong.
- C6 d6 bén vé hda hoc va sinh hoc.
- C6 @6 ctng co hoc, ¢6 tinh hao nude va tinh tham.
- Khdng c6 céc tuong tac phi déc hiéu.
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- C6 chira nhiéu nhdm chie ¢6 kha nang bién doi khi hoat hoa trong
cac diéu kién nhe nhang.

Cac chat mang thuong 1a dan xuat cua cellulose, cac dextran gel, thuy
tinh xdp... Tuy nhién, ngudi ta hay dung agarose hoic cac gel hdn hop
agarose va polyacrylamide vi chiing c6 thém kha nang loc gel.

5.3.2. Phdi tir

Phéi tir thuong 1a nhitng chét twong tu co chat cia enzyme mudn tinh
sach, chat kim hdm hoic cofactor. Phdi tr néi chung phai dic hiéu véi
protein va phai c6 mot ai luc trung binh véi nd. Nong do phdi tir ciing phai
duogc chon thich hop va néu thira phéi tir s& gay ra nhimg an ngir khong gian
dang ké. Truong hop khi phdi tir 1a mot phan tir nhé hoac khi phan tir
enzyme qué lén co6 thé gay ra sy “cong kénh khong gian” thi phdi tir s& duoc
nbi dai thém bang mot doan “canh tay don” dé nd dé tiép can véi tam hoat
dong cua enzyme. Céanh tay don thuong la mot mach carbohydrate nhi chic
dai tir 6-8 carbon.

5.3.3. Hoat héa chat mang

Phéi tir (va canh tay don) phai dugc gan 1én chat mang. Chat mang
trudc tién phai dugc hoat héa vai cyanogen bromide (CNBr). CNBr s€ phan
tmg v&i cac nhém hydroxyl cua agarose, chiang han dé tao ra mot
imidocarbamate va imidocarbamate dé dang tac dung v&i mot amine bac
nhét ctia canh tay don.

5.3.4. Rura giai

Sau khi loai bo cac protein khac, enzyme can tinh sach c6 thé duoc
rira gchuongiai ra khoi ¢t sic ky nho phirc hop cta nd véi phdi tir ¢ ban
chat phi déng héa tri va thuan nghich. Dung dich rira giai thuong phai co:
(1) hoic c6 chira mot phdi tir tw do cia enzyme c6 kha nang canh tranh voi
phéi tir dang & trang théi lién két voi enzyme, (2) hodc do pH caa minh ¢
thé gay bién tinh thuan nghich enzyme do d6 1am bién dang tdm hoat dong
ctia enzyme. C4 thé 1am yéu twong tac dic hiéu sinh hoc bang cach thay do6i
luc ion. Phéi tir canh tranh (hoic dung dich dém 1am bién tinh) sau d6 duoc
loai bo bang phuong phap tham tich.
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5.4. Sic ky twong tac ky nudc

Sic ky tuong tac ky nude st dung tinh chét ky nuéc cua protein bé
mit nhu 12 mot dic diém dé chon loc. Loai phan tach nay thich hop khi
duogc tién hanh tiép theo budc két tua ammonium sulphate, va khong can
thiét phai loai bo mubi trude khi thuc hién budc sic ky ndy. Bang cach ding
cac k¥ thuat hap phu va khir hdp phu bé mit s& 1am giam manh thé tich cua
cac dung dich protein va luong protein can tinh sach sé ting I&n tir 90-95%.
Chét luong nay da cho hau hét cac tng dung cua protein dic biét.

Céc protein s& lan lugt dugce phan tach ra tly theo twong téc caa ching
v6i mot chat mang ¢ chira cac nhém ky nuée (wa béo). Céc protein chira
cac nhom ky nude trén bé mat, chat mang ky nudc va dung méi ua nudc tao
thanh mot hé ba thanh phan va tuong tac duoc véi nhau. Hé nay cé thé bi
rdi loan khi thay déi nhiét do, pH hoac luc ion.

NGi chung, cac twong tac s& manh néu ta tang luc ion (vi du: dung
dich NaCl 4 M). Céc protein bi giir lai, tiép d6 cd thé duoc rira giai mot céch
chon loc bang cach giam luc ion nay hoic bang cach giam do phan cuc cua
dung mdi ra (thém ethylene glycol hoic mot chét tay rira hoic ting pH
dich rtra). C6 thé gan cac nhém khac nhau lén chit mang. Vi du ¢
octylsepharose (R) CL-4B va phenylsepharose CL-4b, cac nhdm octyl va
phenyl di duoc dinh I&n céc don vi monosaccharide cia agarose bang lién
két ester khong tich dién va bén hoa hoc. O nhimng chat mang khéc thi c6 thé
str dung nhirng nhom Ky nudce khéc.

5.5. Cac ky thuat sic ky long hiéu suat cao (high performance liquid
chromatographic techniques)-HPLC

Con duoc goi 12 sic ky long cao &p (high pressure) hay sac ky long gia
thanh cao (high price). Pay la phuong phap phan tach céc chat bang céch
dung ap suit dé day nhanh dung dich qua cot sic ky voi mot hiéu suat cao.
Pau tién, ky thuat nay duoc thiét ké dé phan tach cac phan tir hitu co nho
hoa tan trong cac dung moi khéng phai nudc, sau d6 ky thuat nay da nhanh
chong phat trién thanh mot phuong thirc thich hop dé phén tach céc protein
trong cac dung méi nuéc. Tuy nhién, da sé cac ung dung da duge cong bd
v6i k¥ thuat sic ky nay déu chi gioi han & quy md phong thi nghiém.

HPLC sir dung mot loai cot chira cac hat nho rat dong nhat, co tac
dung cai thién sy 6n dinh vat Iy va hda hoc va phan tach nhanh hon cac gel
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mém truyén théng. Cot sic Ky chira cac vat lidu dém kin c6 d6 phan giai cao
(8, 15 hoic 40 pm) cho phép san xuét cac phan doan cd dic hon. Cac hat
nho cd strc bén cao d6i véi dong chay cua chat long dé thiét bi duoc thiét ké
hoat dong ¢ ap suat twong dbi cao. Dung méi duoc phan phdi vao cot bang
bom véi dong khdng cé xung, khong thay ddi & &p sudt nguoc cao. Cot co
kha nang chiu dung su tang ap suat. Dau do (detector) c6 thoi gian phan ung
nhanh vi cc dinh protein c6 thé trai qua trong mot vai gidy. Uu diém chinh
ctia hé thdng HPLC 1 c6 thoi gian chay nhanh hon nhiéu so véi cac phuong
phap sic ky khac nhung nhuoc diém cua hé thong ndy 1a dat tién nén kho &p
dung & quy mé 16n.

Hinh 6.12. Hé théng HPLC

6. Siéu loc

Siéu loc da tro thanh mot ki thuat tiéu chuan cua phong thi nghiém dé
cd dac cac dung dich protein dudi cac diéu kién rat én hoa. Phuong phap
nay dugc sir dung trong trudng hop tham tach hoic loc gel dé khir mudi
hodc trao doi dém. Bang cach dung céc chat két tua ai luc dé ting khéi
luong phan tir cia protein mong mudn, phuong phap ndy ciing c6 thé duoc
dung nhu mét k¥ thuat tinh sach.
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Hé siéu loc thudng st dung mang loc c6 bé mat nhin hoic mang loc
hé soi rdng. C4c soi ndy c6 dic diém twong ty voi cac bé mit nhin, nhung
dbi voi cac qua trinh & quy md 16n thi né tao ra mot dién tich bé mit 16n
hon thé tich da cho. O truong hop hoat dong & quy md pilot, hé siéu loc
thich hop véi dién tich mang Ién t6i 6,4 m?, cho tdc dd siéu loc I1én t6i
200 L/gio, tly thudc vao nong do cua protein. Cac hé 16n hon thich hop voi
cac toc do siéu loc caa hang tram lit/gid. St dung phwong phap nay cé thé
tmg dung cho hau hét moi quy mé hoat dong.

7. Thiét ké cé&c protein dé tinh sach

Cac nhan t6 & qua trinh chuan bi co chat va nguyén liéu san xuét
(upstream processing) c6 thé anh huong dén su phat trién phuong thirc tinh
sach protein sau nay, cong nghé DNA tai t6 hop ciing c6 mot anh hudng
quan trong 1én sy tinh sach protein. Bang cach dung hop mét gen quan tam
v6éi mot trinh tu promoter hiéu qua, thi mot protein ngoai lai c6 thé duoc
biéu hién trong co thé vat chu tir 10 téi 40% protein tong sé hoa tan cua té
bao. Diéu nay c6 thé so sanh vai sy biéu hién cua nhidu protein nguyén thé
(chi chiém khoang 0,01 t&i 4% protein tong s6 hoa tan caa té bao). Vi vay,
qua trinh tinh sach tiép theo cua protein dugc don gian hda. Dbi véi cac
protein duoc biéu hién trong mot dang hoa tan, cac ky thuat di truyén c6 thé
dugc ding dé hudng t6i viéc protein duoc tong hop méi trong gian bao,
hodc tham chi trong mdi trudng nudi cdy. Diéu nay cd thé 1am tang su on
dinh cua protein duoc biéu hién (vi chi hai trong s6 tdm protease duogc biét
cua E. coli la hoan toan ¢ trong gian bao) va don gian hoa sy tinh sach (vi
chi khoang 8% cua tat ca protein cta E. coli 1a & khoang gian bao).

7.1. Céc thé vui (inclusion)

Céc mirc do biéu hién cao nhu thé da san xuat duoc rat nhiéu protein,
dan dén xuét hién céc hat khong hoa tan duoc goi la cac thé vui. Trudng hop
ndy di duoc quan sat ¢ nhiéu protein tai t6 hop, bao gém urogastrone,
interleukin-2, prochymosin va céc interferon. Sau khi pha v té bao, cac hat
nhu thé ¢6 thé duoc ling xudng day véi mot lyc ly thm (RCF) tuong ddi
thip, san xuat nguyén liéu khong hoa tan chia hon 50% protein mong
muon.
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Nguyén nhan tao thanh cac thé vui chua dugc biét day du, vi khéng
phai tit ca protein biéu hién ¢ mirc do cao déu tao thanh thé vui. Té bao vat
chu ciing thé hién mot vai trd quan trong. Cau trdc chinh xac cua protein tai
t6 hop ciing ¢6 thé anh hudng su tao thanh cac thé vui. Mot nghién ctu
duge thuc hién bing cach dung ®-interferon nguai tai td hop cho thy ring
chi mét vai thay dbi amino acid ciing c¢é thé anh huéng dén su chuyén héa
gitra cac biéu hién cua protein hoa tan va khong hoa tan trong E. coli.

Théng thuong, cac thé vii dugc hoa tan trong urea hoic guanidinium
chloride (thuong & gia tri pH cao) va mot vai trudng hop c6 thé bo sung chat
tay ria. Mot khi duoc hoa tan, protein phai duoc tai cudn xoin thanh mot
cau hinh ty nhién. Trong nhiéu truong hop, chi can pha lodng don gian caa
dich chiét hoa tan trong mot dém thich hop 1a di. Néu protein chira cac cau
nbi disulfide, nguoi ta can phai tién hanh oxy hda va khu glutathione dé
cung cap mot moi trudng thich hop gidp cho ching dugc tao thanh chinh
xé&c. Thinh thoang can bo sung dong dung madi (co-solvent), nhu PEG, hoic
cac chat tay rira nhu Triton X-100, Tween 20 hoic Zwittergent 3-16. Trong
mot s6 trudng hop, cac protein hoa tan cd thé rat kho tai cudn xodn, va
nguoi ta thay rang viéc bd sung chaperonins c6 thé gilp ich cho céc qué
trinh tai cuén xodn. Chaperonins 1a cac protein can dé dam bao cudn xo0én
chinh xac cac in vivo protein, véi kha nang thuan loi cua chaperonin tai to
hop ching duoc ding dé xdc tac cho qué trinh tai cudn xoan chinh xac cua
cac protein in vitro.

7.2. Cac dudi ai luc

Khéai niém dudi ai lyc xuat hién khi thiét ké di truyén voi muc dich
gitp cho su tinh sach protein hoac enzyme hiéu qua hon. Gen cua protein
quan tam duoc dung hop v6i chudi DNA ma hda cho mét s trinh tw amino
acid s& don gian hoa qua trinh tinh sach protein, bang cach bién ddi cac tinh
chat caa nod trong mot kiéu c6 thé du doan. Mot trong céc trudng hop dau
tién 1a dung hop di truyén cua mot sé goc arginine vi C-terminus cia
urogastrone. Gen nay s& san xuat mot protein lién két manh voi khudn trao
d6i ion cho cation. Pudi polyarginine sau dé duoc loai bo bang cach dung
enzyme bét dong carboxypeptidase A.
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Bang 6.2. Cac phwong phap loai bé cac dubi ai lue

Trinh tu lién két Phwong phép Cac diéu
phan cit kién
—Asn—JGIy— Hydroxylamine pH 9; 45°C
_Asp_lPro_ Acid 10% acetic
acid; 55°C
MethXxx- CNBr 70% formic
acid; 20°C
—Xxx—l(Arg)n— CarboxypeptidaseB | pH 8; 37°C
-Xxx-l(His)n- CarboxypeptidaseA | pH 8; 37°C
-GIy-VaI-Arg-GIy-Pro-Arg-lXxx Thrombin pH 7-8;
37°C
—IIe—GIu—GIy—Arg—lXxx Factor X, pH 7-8;
37°C
-ASp-ASp-ASp-LyS-lXXX Enterokinase pH 8; 37°C
—Leu—GIu—VaI—Leu—Phe—GIn—lGIy—Pro— PreCission Protease | PH 7; 5°C

Khé khin chu yéu & cac dung hop ai lyc dé tinh sach protein 1a phai
loai bo thanh cong dudi & luc va céc tac nhan duoc str dung. VAan dé nay co
thé duoc giai quyét timg phan bang sy bién nap di truyén cac diém dic hiéu
cao cho protease hoic cho su cit bo cac lién két acid khong bén & chd ndi
cuia protein tai t6 hop va dudi & luc. Nhiéu phuong phép phan cét da duoc
goi y (Bang 6.2). Str dung cac protease dac hiéu la thich hgp hon ca, boi vi
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c6 thé tmg dung trong cac diéu kién “nhe nhang”, chu yéu la thrombin,
enterokinase va Factor X,. T4t ca nhirng protein nay hoat dong ¢ 37°C va cé
thé phan cit & cac vi tri bén trong protein quan tdm, hoic do mat tinh dic
hiéu hodc tir sy nhiém ban céc protease. Cubdi cling, cac budc sic ky tiép
theo s& duoc yéu cau dé loai bo dudi ai lyc dwgc phan cét va protease.

Bang 6.3. Cac phwong phap tinh sach protein bang dudi &i lue

Pudi ai lue Phéi tir/khuén Céc diéu kién Cac diéu kién
lien két tach rira
Oligo arginine S-Sepharose pH 4-8 NaCl gradient
Oligo histidine Iminodiacetate- pH7-8 + bém imidazole
Sepharose (Ni**) | guandinium hodc giam pH
chloride gradient £
guandinium
chloride
Flag™ antigenic | Anti-Flag 0,15 M NaCl, |10 mM EDTA,
peptide antibody- 1mMCaCl,, | pH74
Sepharose PH 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 IgG-Sepharose pH 7,6 0,5 M acetic acid
Glutathione-S- Glutathione- pH 7,3 Glutathione
transferase Sepharose

Trong su phat trién gan day cua linh vuc nay, ngudi ta di s dung
dang tai t6 hop cua protease 3C tir rhinovirus ciia ngudi. Protease nay co
kich thudc nho (20 kDa) va ¢6 mét tinh dac hiéu rat han ché (Bang 6.3). N6
duoc biéu hién nhu 12 mot protein tai to hop duoc dung hop véi glutathione-
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S-transferase. Diéu nay c6 mot vai vu diém, ban than protease c6 thé duoc
tinh sach biang sic ky ai luc trén glutathione-Sepharose. Néu protein dich
dugc biéu hién nhu 12 mot sy dung hop véi glutathione-S-transferase thi n6
c6 thé duoc tinh sach trén cot glutathione-Sepharose. Sau khi xir 1y véi
protease, protein dich c6 thé duoc phan tach khoi duéi glutathione-S-
transferase va protease bang cach chuyén qua cot glutathione-Sepharose thir
hai.

Mot cach khac, phan tng phan cit c6 thé dwoc dit trén cot
glutathione-Sepharose thtr nhat bang céch bd sung protease vao dém cua
cot, vi thé tranh dugc sy can thiét cho mot cot thi hai. Protease nay c6 san &
dang thuong mai dudi tén PreCission protease do Amersham Pharmacia
Biotech san xuét (Bang 6.2).

Tai liéu tham Khao/doc thém

1. Piing Thi Thu, L& Ngoc T, Té Kim Anh, Pham Thu Thiiy va Nguyén
Xuén S&m. 2004. Cong ngh¢ enzyme. NXB Khoa hoc va Ky thugt, Ha Noi.

2. Nguyén Vin Uyén va Nguyén Tién Thiang. 1999. Nhimng kién thirc co
ban vé cong nghé sinh hoc. NXB Gido duc, Ha Noi.

3. Bains W. 2003. Biotechnology from A to Z. Oxford University Press Inc.
New York, USA.

4. Glick BR and Pasternak JJ. 2003. Molecular Biotechnology: Principles
and Applications of Recombinant DNA. 3" ed. ASM Press, USA.

5. Lee JM. 2000. Biochemical Engineering. Prentice Hall Inc. USA.

6. Ratledge C and Kristiansen B. 2002. Basic Biotechnology. Cambridge
University Press, UK.

7. Shuler ML and Kargi F. 2002. Bioprocess Engineering-Basic Concepts.
2" ed. Prentice Hall Inc. New Jersey, USA.

8. Walker JM. 2002. The Protein Protocol Handbook. 2" ed. Humana Press
Inc. NewlJersey, USA.

9. Walker JM and Rapley R. 2002. Molecular Biology and Biotechnology.
4" ed. The Royal Society of Chemistry, Cambridge, UK.

NAdp mén Cong ngké sinh hoc 236



