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,.Zoai nguoi dang sdng & gilla thap nién dau tién cla thé ki
XXI, the ki Cong nghg sinh hoc. Tuy con ngudi da bist si dung céc
thuc phdm 1&n men cd truyén i 10000 nam trude day va Céng nghé
fén men da khdi dong tu dau thé ki XX, nhung Cach mang céng nghé
sinh hoc that sy ra d8i vao dau thap nién 1970. Trong gan 35 nam
gua, Cong nghé sinh hoc (CNSH) phat trién manh v&i nhidu thanh
tuu ruc rd va rat xung dang duge mang danh cla thé ki mai.

Cdng nghé sinh hoc da phat tri€n nhu v bao véi dinh cao 14 sy
kign hoan tat giai ki tu chudi BS gen nguoi vao nam 2003, nhan ki
nmém 50 nam phat minh chudi xoan kép DNA. Ngoai ra, hang loat
cac céng ngheé mdi ra ddi nhu genomics, proteomics, cong nghé
ANA, microarray,... va dugc Ung dung vao cac linh vyc khac nhau.
Cdng nghé sinh hoc vi sinh vat, thuc vat va déng vat da dat nhiéu
thanh tyu to I6n, gép phén cai thién dang ké cudc séng con ngusi.
Nhigu ung dung to Ién han con dang & phia trudsc.

G cac nudce, ¢6 nhidu sach, va ca nhing bd séch nhiéu tap vé
CNSH da dugc xuét ban. Cudn sdch nay duoc bién soan nham
phac hoa nhiing nét can ban va khai quéat vé Cdng nghé sinh hoc
nén mang tén “Nhap méon’.

Sach duge bién soan tam gido trinh cho sinh vién khoa cohng
nghé sinh hoc clia cac trudng dai hoc. Sdch con ¢é thé lam tai ligu
tham khdo cho sinh vién khoa sinh hoc cta cdc trugng dai hoc va
cao dang, cho cac giao vién sinh hoc. Cac kién thic trong sach
dugc cap nhat hga va trinh bay ¢d hé thdng, giip ngusi doc co dinh
hudng 16t cho hoat dong hoc tap, gidng day va nghién curu.

Sach dudc xudt ban 1an ddu chic khéng tranh khoi thiéu sot.
Tac gid xin chan thanh cam on va rat mong nhan ducc nhing goép vy
clia cac déng nghiép va ban doc, d& 14n xuAt ban sau séch sé dugc
hoan chinh hon.



Trong qua trinh chuén bi sach, chung téi nhan dugc sy gilp dd
va dong vién clda ngudi than va cac c¢dng sy. Ching tai xin chan
thanh cAm ¢n ngudi ban ddi — gidng vién trudng Dai hoc Bach khoa
TP. H& Chi Minh - L& Xuan Mai ; cac cdng sy : TRS Luong Thi My
Ngan, ThS. Nguydn Thi My Lan, ThS. L& Thi Thanh Loan va CN.
Tran Van Khanh. Chung t8i cing xin chan thanh cam on su gilup d6
tich cyc clia Ban Giam ddc, Bién tap vién va cac can bd chuyén
mén khac cua Nha Xuat ban Giao duc tai TP. H6 Chi Minh.

PGS.TS. PHAM THANH HO
Khoa Sinh hoc — Pai hoc Khoa hoc i nhién
DAI HOC QUOC GIA TP. HO CHi MINH
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CHUONG 1
THE Ki CONG NGHE SINH HOC

Nhan loai dang séng ¢ thién nién ki méi thi ba, thé ki XXI, thé ki
coéng nghé sinh hoc, cum tit khong con chi vé tuong lai nhu cach nay nhiéu
thap nién ma dang khdng dinh mét hién thuc. Pac biét, ndm 2003 cé y
nghia lich sif véi 2 su kién : ki niém 50 ndm phat minh chudi xodn kép DNA
va b6 gen ngudi duge hoan tit véi do chinh xdc cao, mé ra nhiéu trién vong
v cung to 16n cho cdc ing dung trong tuong lai.

I. NGANH KHOA HOC CONG NGHE MUI NHON CUA THE Ki

1. Nhitng budc ti€n vugt bac cia Sinh hoc thé ki XX

Loai ngudi tich luy nhiing kién thitc vé thé gigi sinh vat sém nhét so vdi
cdc nganh khoa hoc khéc, vi cdc sinh vat rat gédn gdi va lién quan mdt thiét
v6i doi séng con ngudi. Tuy nhién, sy séng day bi 4n, nhét la céc co ché vi
mé, nén trong mot thoi gian dai sinh hoc ¢ dang mé td ; chi tdi cudi thé ki
XX Sinh hoc thuc nghiém méi ¢é su phét trién vugt bac va khéng dinh vi tri
quan trong cia né.

a) Cac phat minh chi y&u caa thé ki XIX

Sinh hoc th& ki XIX da tao nhiing tién dé cin ban cho sinh hoc thuc
nghiém thé ki XX nhd cdc phat minh chu yéu sau :

— Nam 1655, té bao dugc phat hién nhd kinh hién vi, va nam
1837 — 1838, Schleiden va Schwann néu ra Hoc thuyét té bao.

— Nam 1859, C. Darwin néu ra Hoc thuyét tién hod lam thay ddi tu duy
nhén loai : Con ngudi khong phdi l1a trung tdm vii tru ma ciing chi l1a san
phdm clia su tién ho4.

— Nim 1865, Mendel ching minh su ton tai cha cdc nhdn t6 di truyén
(gen) va mé ddu cho cdc nghién cdu di sdu vao th& gidi vi mé cia sy song.
Nam 1868, F. Miescher tim ra DNA.



— Nhitng nam 1860, cdc nghién ciu cia L.Pasteur di mé duéng cho su
phét trién cta Vi sinh vdt hoc va CNSH vi sinh vdt.

b) Nhiing phat minh nén tang cla th& ki XX

- Pau thé ki XX, khdi niém gen dugc xdc lap ; va nam 1910 — 1920, T.H.
Morgan néu ra Thuyét di truyén nhiém sdc thé.

- Gitta thé ki XX (nam 1953), mé hinh cdu tric phdn tiz DNA cia
Watson-Crick ra doi, dat nén méng cho su phat trién cha Sinh hoc phan tir.
Phat minh khoa hoc nay duge ddnh gid 1a 16n nhat trong th& ki XX, né ra
doi sau bom nguyén ti (1945) va trude khi phéng vé tinh nhan tao dau tién
(1957). Nam 1962, Watson, Crick va Wilkins da dugc nhan giai Nobel ; tiép
dé6, dén nam 2002 c6 40 giai Nobel thi 2/3 s gidi nay lién quan dén DNA.

Sau phdt minh Watson-Crick, gidi khoa hoc da tién doan thé ki XXI la
thé ki sinh hoc va su phat trién vugt bac cia sinh hoc & nita cudi thé ki XX
da bién du bao thanh hién thuc.

Hinh 1.1. J. Watson (trai) Hinh 1.2. J. Watson (trai)
va F. Crick (phai) nam 1953 va F. Crick (phai) nam 2003

— Sinh hoc phén ti hinh thanh va phat trién v6i Hoc thuyét trung tam :
DNA — mRNA — Protein. Vao thap nién 1960, cdc phdat minh quan trong
lién ti€p ra doi : 64 codon ma di truyén (1966), diéu hoa biéu hién gen
(1962),...

— Nam 1972 - 1973, ki thudt di truyén ra doi lam bung né cdch mang
CNSH, lam cho con nguti ¢6 kha nang vuot gidi han tién hod va thay quyén
“Tao hod” cai bién céc sinh vat, ké ca con ngudi.
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— Théng 2/1997, Wilmut cong b6 Nhdn bdn vé tinh déng vdt (Animal
cloning) va tao citu Dolly, mé ra trién vong to lén trong nhan giong nhiéu
loai dong vat tir t& bao soma (t& bao sinh dudng), ké c4 nhan ban ngudi.
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Hinh 1.3. Cuiu Dolly Hinh 1.4. T& bao gdc (Stem cell) ti phdi
va su biét hoa thanh cac md, cd quan khac nhau

— Thanh tuu méi ndi bat trong nam 1999 la phat hién vé Té bao goc
soma (Somatic stem cell), céc t& bao van gilt nguyén tinh chat nhu t&€ bao
phéi, tic kha nang ¢6 thé phét trién thanh nhiéu loai t&€ bao chuyén biét
khéc nhau nhu t&€ bao tim, thdn kinh,... Su k&t hgp v6i nhiing cong nghe nén
tang khac cho phép phat trién céc liéu phap dé tri cdc bénh man tinh, su
dung t& bao dé hdi phuc chic ning cd quan bi thuong tén do bénh kinh nién.
Pic biét, nhdn bdn vé tinh dong vt biing nhén cia té bao goc sé dé thuc
hién hon rdt nhiéu. Kha nang nhdn bdn con nguoi da thanh hién thyc.

— Ngay 26/6/2000, lan dau tién cong b6 két qud gidi ki tw chubi
(Sequencing) ciia b6 gen ngudi (Human Genome Project — HGP). Dy dn nay
khdi sy tir nam 1990 véi kinh phi 3 ti do la Mi (USD) trong 15 nam. Thang
2/2001, cong bd ti€p nhiing két qua phéan tich chi ti€t hon va théang 4/2003
Gidi ki tu chudi by gen nguoi da & dang hoan chinh véi do chinh xac cao.
Thanh tuu nay 1a mot ki cong vi dai cla loai ngudi. N6 mé ra nhiing trién
vong to 16n chua luong hét duge.

— Sinh hoc hién dai phat trién trén tat ca cac linh vuc véi téc do chua
titng thdy nhu trong Sinh hoc phén ti, Di truyén hoc, Vi sinh vat hoc, Hoa
sinh hoc, Sinh hoc phan ti cia t&€ bao va Sinh hoc phat trién. Ranh gidi
giifa cdc by mdén dd md nhat dén trong nhiing thap nién cudi thé ki XX va
nghién citu sy séng v6i 16i tiép cdn da nganh duge cdm nhén ¢ nhiéu phong
thi nghiém. Sy phat trién vugt bac d6 thé& hién & moi mat nhu phdt trién luc
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lugng, chiéu réng, chiéu sdu, téc do va tdm dnh huéng. Vi du vé toc do : thoi
gian cAn d€ giai ki tu chudi nucleotide ctia bd gen ngudi tién trién nhu sau :
vao ndm 1980, phai can 1000 ndm ; vao ndm 1990 chi can 100 ndm ; ndm
2000 chi trong I nam. '

— Péc biét, viéc cong bo Gidi ki tu bé gen nguoi sém hon du kién 3 ndm
da d4anh dédu cot méce lich sit va md ra mdt chén trdi rong 16n cho nghién cdu
va khai théc ¢ trinh do cao hon trong thé ki XXI. Thoi dai sau bé gen (Post-
Genomics Era) bat dau véi nhiéu linh vuce khoa hoc cong nghé mdi do sy tich
hop va chuyén hoa khoa hoc nhu : Tin-Sinh hoc (Bioinformatics), Biochip va
microarrays, CNSH siéu nhé (Nanobiotechnology),...

c) Cac ung dung tao ra nhiing cugc cach mang mgi

Su hiéu biét chi tiét vé cdc gen, co ch&€ phan ti cia su song, dic biét la
vé cdu tric va chic ning cia cdc phdn tit DNA, RNA va protein, cho phép
con ngudi c¢6 kha nang can thiép chinh xdc vao cdc qua trinh sdng dé phuc
vu lgi ich cia minh.

= o~

39 ADVENTUROUS ARTISTS EXPLORE HOW
GENETIC RESEARCH IS CHANGING OUR LIVES

Hinh 1.5. Hinh tugng hoé cudc cdch mang di truyén (Science 9/2000)
Déng chif to bén dudi c6 nghia : 39 hoa si phiéu luu mé t& vé nghién citu di truyén hoc
thay déi cuéc séng ching ta nhu thé nao ?
Mét s thanh tyu chl yéu :
— Cac vi sinh vat (géc trai trén cung) mang gen ngudi san xudt cac protein trj ligu.
— Céc thuyc vat dugc chuyén gen c6 dé déng déu cao.
— Sy phat trién cGia chon giéng déng vat nhu bo, heo, ga tir déng vat riing (phia trai)
dén cac giéng t6t hién tai (& gilta) va cudi cung la giéng cia tuong lai (bo 1a mot khéi
thit vuédng vén chia ddy sita véi cai ddu rdt bé ; ga 6 canh ; heo cang tron co than,
phéi va tim c6 thé dung thay thé co quan con ngudi.
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. — Vao thép nién 1960, Cdch mang xanh da lam ting vot san lugng lia
mi, lia nuéc nh# cdc gidng dot bién than lun. Hién nay ¢6 cdc gidng laa
Thén néng dang tréng phé bién ¢ nudc ta.

— Vao thap nién 1970, Céch mang cong nghé sinh hoe bung né sau phat
minh Kr thudt di truyén, lém cho con ngudi ¢d thé thay quyén tao hod cai
bién cdc sinh vat va ede cum tir Cach mang di truyén, Thot dai gen da tré
nén phd bién thinh 1.5), ma d&n nay chua thdy giéi han ngoai trir deo /i
sinh hoe (Bicethics).

Mét dac diém cia CNSH 1a su gén chat gita nghién edu co ban va ing
dung. Su gidi ki tu chudi thanh cong 6 bd gen ngudi va hang tram ecdc sinh
vat khdac da tao ra nganh khoa hoe nghién ciu vé bé gen - Genomics
{genome : bd gen) va nghién cdu v& protein la Proteomics. Kém theo d6 la
nhiing cujc cdch mang trong timg nganh va hinh thanh ¥ duoe hoc b6 gen
(Medico-pharmaceutical  genomics), Nong  nghiép dua vao bé  gen
({Agricultural genomics), Sinh méi dia vao bé gen (Environmental genomics),

Tuy nhién, bén canh mat tich euc vAn ¢6 nhidu van dé gay lo ldng va
tham chi s¢ hai ¢ho nhidu ngudi nhu cde sinh vgt bién dai gen (Genetically
Modified Organism-GMO) hay nhdn bdn vé tink nguot, . Do dé, van dé dao Ii
sinh hoc (bioethics) va an toan sinh ftoc (biosafety) duge diat ra va da cé
nhiéu lugt cdAm cdc thi nghiém phi dao li nhu niidn bdn nguoi.

2. Cai thién toan dién chat lugng cudc séng con ngusi

Mot dac diém néi bat va la khdc biét 16n nhat eiia CNSH so véi cde
nganh khoa hoc ki thuat mii nhon khde la anh hudng true ti€p va gidn tiép
dén con ngudi. Moi thanh tuu khoa hoe suy d&n ciing déu phai phue vu cho con
nguti. Cai thién toan dién chit lugng cude séng con ngudi 1a nhu ciu cdp thiet
cia nhan loai trong thé ki méi nay, khi ma dgi song vat chat khéng ngimg
duge nang cao va khoa hoc cong nghé ¢ tdm cao méi. CNSH phai & vi tri hang
dau trong thoa man khat vong dé. Né tac dong tich cue d&€n moi mat doi séng
con nguii, bao gom duy tri mang song, nuéi song, cung cdp phiuong tién song
va tao méi trudng séng. Hién nay, véi kha nang dén mic ¢é thé cai hién con
ngudi thay quyén tao hod, CNSH c6 nhidu phuong tién ki thuit cao dé thos
man ude vong cua loai ngudi. Vi du qua sy phat trién cua ¥ hoc :

— Trude 1970 : Y hoc lam sang, chi y&u hod sinh va thude phan t& nho.

— 1975 — 1995 : Y sink hoc phan ¢ ¢6 kha nang tao dong gen (Gene cloning),
xdc dinh edc gen bénh, tao protein tai té hgp tri lidu (insulin, iterferon,..) va phét
hién co ché€ banh nhur t& bao chét theo chuong trinh (apoptosis).



— 1995 : Y hoe b6 gen (Genomic medecine) ¢ thé chdn dodn su khéc
nhau trén ting nucleotide gifa cdc cd thé ngusi, din dén Y fgc cd thé hod
{Individualized medecine), Bo gen ditge hoc (Pharmacogenomics), Proteomics,
Bioinformatics,...

Hién nay, ¢6 nhiéu kha ning kéo dai cude séng con ngusi va vdn dé bat
ti khéng con la vién tuéng.

3. CNSH véi nhitng nganh KHCN hang ddu trong tudng lai
a) Su hap din d&i v6i cac nha tin hoe

Vao nhimg thap nién cudi thé ki XX va dau th€ ki XXI. khoa hoc cong
nghé (KHCN) trén thé gidi phat trién nhanh véi tée do chua tung thay,
trong dé ding dau la Coéng nghé thong tin va ké sau la CNSH.

Bill Gates, nguti ddu tién cda nhan loai ¢é tai san vugt 100 ti USD va
hién 1a ngudi giau nhat thé gisi, Cha tich Tap doan Cong nghé tin hoc 6
mét thé gidi Microsoft da nghe cac bai gidng va tai trg dé thanh lap bé
mén mdi la Cong nghé Sinh hoe Phdn tif (nam 1991). Vao thoi dé, day la bd
mén ddu tién e6 su k&t hop gida sinh hoe phan ti va dién todn.

Ngay 16/6/1996, Bill Gates da phat biéu trén mot trang Web : “Gidng nhu
phdn mém, CNSH sé thay déi thé gioi”. Po1 kbi ¢6 nguti hoi toi : “Ong sé
chon linh viee néo néu khong la cac may dién toan ?7. “Téi nghi sé hoat dong
trong Céng nghé Sinh hoc. Téi trong doi nhing tien b6 vugt bac cia Y hoc
trong 2 thap nién tdi va cde nha CNSH sé o trung tam cia sy fién by d6”.

Céc triéu pha va ti phd ctia Tap doan Micrsoft cing da dau tu cho CNSH
d6 tim cdch sdan soc sigc khoée kidu mdi. Ngoai ra, nhimg vién chiic cua
Microsft hidu duge sy dan chéo giita cde may dign todn vgi CNSH. Ngudn
tién tit Microsoft da bién Scattle thanh mot trung tém CNSH vdi hon 40
céng ti. Gates va cdc nha tin hoe cho ring : “CNSH ngay nay nhu Céng nght
phdn mém truge day 20 nam (1980)” va “chita c6 mot cong nghé nao cé khd
néang cdi thien ehdt lugng cudc song con nguol bing CNSH”.

b) Sy gan bé cia CNSH vdi tin hoc

Tin hoe da true tiép gép phdn khong thé thigu vao thanh c¢ong cua Bé
gen nguoi. By gen nguti duge cit thanh hang trdm triéu doan ngin dé giai
ki tu chudi va cdc két qua roi rac cia ting doan dugc rdp néi tré lai thanh
mach dai fién tyc thi do mdy dién toan thue hién & giai doan cudi véi 300
may (gid 300 000 USD/mdy) dugc ndi thanh mang. Téng chi phi cho Tin hoc
trong du d4n Bo gen ngudi la 130 tridu USD.
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Nam 2000, bdo cdo cta cac Tap doan khoa hoc mdy dién todn (Computer
Sciences Corp. (CSC)) ban tdi sy déng gop ctia 6 budce dot phd ki thudt s6 thé
hé tiép theo nhu la céc cong nghé mang lai uu viét tuyét d6i cho cdc nganh
cong nghiép trong tuong lai. Ngoai viéc duge xép vi tri thit ba, CNSH con
quan hé véi cdc bude khéc nhu :

— Céng nghé siéu nhé hay Céng nghé nano (Nanotechnology), ma su ra
doi cia Cong nghé sinh hoc nano (Nanobiotechnology) 12 mot vi du.

_ Cdc hé théng théng minh va nguoi mdy (Intelligent systems and
robotics) véi su gop phan ctia Nguoi may sinh hoc (Biorobot).

— Con nguoi truc dién véi mdy dién todn (Human/computexr interfaces)
nhim két néi mdy dién todn véi bo ndo nguoi, ma du ki&n s& c6 két qua vao
nhitng ndm 2050 — 2060. CNSH sé gop phan ché tao vdt lidu két noi tot va
an toan.

Linh vuc Genomics va Proteomics c6 thé st dung tat cé céc cong nghé
tién tién trén dé tao san phdm méi dua vao CNSH. Ngoai ra, protein
Bacteriorhodopsin dang dugc nghién cdu diing 1am bd nhé cho mdy dién todn
(Protein-based computer hay Biocomputer).

c) Nhiing y tudng séng tao tif phia sinh hoc

Trén day la quan diém cia cac nha tin hoc. Nguoge lai, vé phia sinh hoc
thi nhiéu co ch& va qué trinh ¢ thé gép phén dang ké béng nhing y tuéng
cho su séng tao cia cdc nganh khoa hoc miii nhon trong tudng lai.

_ Xét vé& Cong nghé nano thi t&€ bao 1a mot hé théng chia nhiéu cong cu
nano. Mdi protein va mdi enzyme c6 thé 14 mot cong cu nano.

_ Xét vé Cong nghé tu dong hod thi t& bao 1a mot bo may tu dong hoa
siéu hang. Vi duy, t& bao tring ngudi duge thu tinh thanh hgp ti, ma su phat
trién tu dong cia né sé tao nén mot ca thé hoan chinh.

_ Xét tit goe 4o Cong nghe vdt lieu moi thi nhiéu loai vat lidu cha té bao
¢6 nhitng tinh chat uu viét ma con ngudi md udc tao ra.

“Hiéu qud sen”
(Lotus effect) : ld va
canh hoa sen cé ddc
diém khong dé bui
bam. Tinh wu viét
nay dugc cong nghé
nano nhai lai dé
ché kinh  khong
dinh bui.

Hinh 1.6. Hoa sen Hinh 1.7. L4 sen khong thdm nuéc
va khéng dinh bui.
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Ché tao vat lidu k&t dinh mé phong theo cdu tao eta chan thin lan, ¢6
tinh gén chat vao chd bam gitip nd tréo trén tudng va ddn minh lén tran
nha, dé 1a mong muén caa cde ki su vat lidu,

Can nhan manh rang nhitng edu tric sinh hoc wu viét nhu trén da co it

nhiéu ti hojc hang trdm triéu nam truée ddy. CNSH tén dung ngay nhiong
cdu tric nay dé sin xuat va thi nghiém, déng thoi sy hidu biét vé cdc co ché
tinh vi cla t& bao s& cung cip nhidu ¥ tudng cho sy gdng tac eda cic nha
khoa hoc ¢éng nghé dé tim ra cae ki thuit mdi.

CNSH hién dai dang bude vao giat dogn sau b§ gen nguvi véi toe ds
phdt trién nhanh chua timg thay. Cung véi cde nganh maj nhon nhu eong
nghé théng tin, ty dong hod, cdng nghé nano, vat lidu méi, CNSH gop phan
tich eve vao dién mao khoa hoc ¢dng nghé clia thé ki mai

4. M6t bé phén cia nén kinh & tri thic

Nén kinh t& tri thie doi héi cong nghé cao va sy sding tgo Ién. Trude hét
phai néi dén ki thuat mau chét quyét dinh sv ra ddi cia CNSH hién dai, dé
la ki thugt tdi t6 hop DNA (DNA recombinant Technology), go1 don gisn la
cong nghé gen (CN gen). Ngoai ra, CNSH lién quan chat ché vdéi nhing
nganh KHCN hang diu cua thé ki va doi héj nhiéu sing tao. Chinh nhiing
sdng tac méi sé ddy nhanh téc do phdt trién cia CNSH.

Muc dich cudi cing ctia da phéan cde nghién citu CNSH 13 tao ra thuong
pham va do vay né ciing chiu sy chi phéi ddang ké vé fa¢u qud kinh té. Sy
phat trién nhdy vot trong kinh doanh eia CNSH da thé hién ngay tic 15
thang 10 nam 1980, trong vdng 20 phiit, gid cé phiéu & thi trudng ching
khoan New York cla Céng ti CNSH Genentech tang tr 35 USD lan 89 USD
va cudi ngay ¢ mic 71,25 USD vdi 528 000 6 phigu. Lin diu tidn trong lich
sU thi trudng ching khodn c6 SY tdng vot nhu vay.

Nhitng déng twe kinh t& da thu hit nguén vén dau tu 6n ti nhidy nguén
khac nhau, dac biét cé st tham gia cla cdc tgp doan da qudc gia hod duge
khéng 16 nhu Monsanto, Du Pont, Pharmacia, American Cyanamid, Eli Lilly,
Merek, Novartis, Hoffmann-La Roche, GlaxoSmithKiine, .

Ngay tir nam 1983 - 1985, khodng 200 céng ti nhé vé CNSH da duge
thanh lap 6 Mi nh& chinh sdch wu daj thué, Bén 1985, s cong ti tang dén
hon 400, ma chi y&u nhim vao cong nghé gen ; va thuat ngg ‘gen” ¢é trong
tén goi cila nhiéu cong ti néi tidng nhir Genetech (tir 1980), Biogen, Amgen,
Calgene, Engenics, Genex va Cangene.
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Tinh d&n 2002, § Mi c6 hon 1300 va trén toan thé gidi ¢é hon 3000 cong
ti CNSH. Mat s6 eong ti da bi ban lai cho cac tap doan hod duge khéng 16
nhu vao nim 1991, 60% cia Genentech da bi bian cho Hoffmann-La Roche
véi gid 2,1 t1 USD. Khong it céng ti bi ph4 sén. Su bién dong d6 1a dac diém
cha thi trusng CNSH. Nam 2000, tién d4u tu dat 33 ti USD.

Pén nam 2000, hang t4 thudc, san phidm cia CN gen, da duge cdp gidy
chifng nhan ; hon 200 loai dang thit & ngudi va hon 750 loai dang trong qud
trinh thye hién. Ngay tit nam 1996, 14n dau tién doanh s§ ban protein t4i t6
hop erythropoetin (chét kich thich tao mau) vugt 1 ti USD/ndm. Nam 2000,
tidn ban cac khdng thé don dong vugt 2 ti USD/nam. Doanh thu cia CN gen
tang vot tir 6 ti USD néim 1986 dén 25 ti USD nam 2000.

Hon thé nita, mdt xu hudng phat trién chung cia nén kinh t& tri thidc 1a
sy tham gia truc tifp clia cdc nha khoa hoc vao cdc cong ti. Hebert Boyer,
mét tdc gid phat minh ra ki thuat di truyén, 1a phé chu tich cong ti cong
nghé gen ddu tién Genentech. Theo guong éng cé nhiéu gido su, nha khoa
hoc da truc tiép tham gia vao cdc cong ti CNSH nho.

Tap chi ban nguyét san Genetic Engineering News mbdi nadm c¢é6 néu
danh sdch 100 triéu phi USD trong linh vye CN gen (hinh 1.8) va thong ké
8 triéu phd cé trinh do sau dai hoc trong d6 it nhat 14 96/100.

Hinh 1.8. Khai thac bo gen dem lai nhiéu gi nhuan.

Nhan xét chung nhit ¢6 tinh quy luit trong phét trién CNSH la thai
gian cén thiét dé chuyén ddi ti phdt minh khoa hoc thanh céng nghé sdn
xudt ngay cang ngdn ddn, tdi mdc khong cdn c6 sy phan chia giai doan va
doi hdi cdc co s¢ nghién cdu cAn duge ddu tu trién khai va nguge lai céc co
s sdn xudt cing phai cé chuong trinh nghién edu va phat trién R&D
(Research & Development} cho minh. '
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Vi du, Insulin tai t6 hgp bat ddu
th( nghiém tir 1975, dén 1982 dugc
phép s dung (7 ndm) ; sdn xudt
chip chin dodn tif 1999 dén 2001 (3
nam). Ngay sau khi bd gen ngudi
cong bd thi vin dé thuong mai hod
b gen da duge dit ra (hinh 1.9).

Tém lai, sy phat trién cta
CNSH dién ra vdi téc d6 nhanh, gin
v6i nhiéu nganh KHCN tién tién
nhit tac nén mét $6 linh vuyc mdi,
gép phan tich cuc trong cai thién
toan dién chat lugng séng cla con
nguoi va 12 mot by phén cua nén Hinfr 1.8 Thudng mai hoa bd gen
kinh t& tri thite. Thé ki XXI la thé& thanh hién thyc
ki cia CNSH. D6 la mét tat y&u lich
sir. Ngay tif nam 1987, Co quan danh
gia cdHng nghé cia Mi (US Office of Technology Assesment} cho riing : “Cudc
cich mang khoa hoc méi ching t6 rang CNSH phén i (Molecular
Biotechnology) cé thé thay déi cube sdng va tuong lai cia cdc cng ddn mot
cdch manh mé nhu Cube cach mang cong nghigp da lam cdch nay 2 thé
ki va Caeh mang ciia may dién togn hién nay”

Mbt diéu hét sifc quan trong la trong tuong lai khong xa, nhing thanh
qua ctia CNSH sé ¢6 tdc dong truc tiép dén titng ngui nhy khi chdn dodn bé
gen ngudi duge thuc hién véi gid ré. Moi ngusi khdng nhimng ching kién
nhidu chuyén thén ki duge théng bdo hiing ngay trén cdc phudng tién truyén
thong dai ching, ma c¢dbn c6 thé duge thu hudng truc ti€p nhiéu sdn phim
ciia CNSH. Do vdy, su hi€u bi&t vé CNSH khong phéi chi can cho gidi khoa
hoc ¢6 chuyén mén lién quan, ma cho titng ngudi d&€ ¢6 thé hanh xit hop li
theo da phdt trién nhanh cha khoa hoe v du tinh can lam gi cho thé hé con
chdu trong tuong lai.

II. CONG NGHE SINH HOC LA GI ?
1. Khii niém
Giéng nhu nhiéu nganh khoa hoc cong nghé khac, thuat nglt Céng nghé

sinh hoc (Biotechnology) cé nhiéu dinh nghia khéc nhau va hiéu né ciing
khong théng nhat. '
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Cong nghé sinh hoc ¢6 thé hiéu theo 2 nghia rong va hep :

— Theo nghia réng bao gbm ca cdc ung dung lau doi nhu 1én men rugu,

bia, phomz_it,...vé ca cdc ki thuat cao cdp ngay nay. Theo nghia nay, CNSH
xudt hién cdch day hon 100 thé ki (10000 n&m).

— Theo nghia hep : CNSH lién quan dén ki thuat hién dai nhat nhu cong
ngh¢ di truyén va cac ki thuat cao cdp khdc nhu ¢6' dinh enzyme, tao dong vi
khudn téng hop protein nguvi, tao cdc khing thé don dong ... Theo nghia
nay CNSH duge tinh tir 1970.

Céng nghé sinh hoc (Biotechnology) 1a mot thuat ngit khoa hoc do ki su
nguti Hungary la Karl Ereky néu ra vao nam 1917 dé chi qua trinh nudi heo
(Ign) v6i quy mé 16n biing thic #n 1a ci cai dudng 1én men. Tuy nhién, thuat
ngilf nay it dugce nhdc dén trong hon 50 nidm va chi duge sir dung rong rai sau
phat minh ra ki thuét di truyén (KTDT) vao ddu thap nién 1970, nén ¢6 ldc
dugc coi 1a su bung né CNSH.

Truée 1970, CNSH duge hidu 1a Céng nghi¢p lén men (Industrial
fermentation) vi sinh vat dé tao thuong phdm. Trong céc thdp nién 1960 va
1970, cong nghé len men da phat trién thanh mot nganh céng nghiép lén
trén thé gi6i v6i doanh s6 gan tram ti USD/nam.

DPau nhitng nam 1970, CNSH da
chuyén sang mot giai doan méi cao
hon hén vé chat nhy KTDT. Céc ki
thuat méi cho phép tao gidng truc
ti€p nhanh hon, tan dung nguén gen
tit nhiéu sinh vat khdc nhau dé tao
cdc ching san lugng cao ma it tén
cong sic d€ phan lap va gay dot
bién nhu truge day. Nho do, cic vi
sinh vat, cdc t€ bao dong vat va
thue vat c6 thé duge sit dung nhu cde
“nha mdy sinh hoc” dé sin xudt
hang loat cdc protein ngudi nhu
insulin, interferon,.. C4c dong vat va
thuc vat c6 thé tré thanh bioreactor
tu nhién tao céc sdn phdm tir gen la
dua vao, khong can lai tao va chon
loc cdc bién di bing lai trong loai Hinh 1.10. Mot géc nha may san xuat
nhy trude day. khéng sinh bang céng nghé 1&n men




Thudt nglt CNSH gom 2 vé eéng nghé (technology) va sinh hoe (bio) :

— Céng nghé duge hiéu theo ba khia canh. Thi nhat, luc ban dau cha
v&u la cong nghé lén men (hinh 1.10). Tha hai, KTDT hay céng nghé gen.
Thu ba, CNSH la mot pham tri sdn xudt cé su gdn két chiat ché ti nghién
ciu co bdn dén tac ra thuong pham.

- Sinh hoc gdm hai khia canh chd y&u. Thit nhat, 14 cde qud trinh sinh
hoc. Thit hai, la gidi han ¢ nuic nhém t& bao, t& bao va dudi t& bao. Vi du, ki
thuat in vitro (trong #ng nghiédm) nudi mé té bac cdy lda hay nudi hat phan
lga dé chon giéng. Pa phan cdc quy trinh san xu&t dung vi sinh vat duge ké
la CNSH vi thuc hién & midc t€ bao.

Céng nghé sinh hoc co thé hicu don gidn 1a cong ngh st dung cde
qua trinh sinh hoc cia cae t&€ bao vi sinh vdt, déng vat va thuc vdt tao ra
thuong pham phuc vy loi ich con nguot.

Bén nay, c6 thé phan biét 3 loai :

— CNSH truyén thong (Traditional biotechnology).

~ CNSH hién dai (Modern biotechnology).

~ CNSH phan tiz (Molecular biotechnology) : CN gen va ung dung.

Sy ra doi cua Cdch mang sinh hoc mdi lam cho thuit ngdt Cong nghé
sinh hoc tré nén théng dung vao mia sau cia thép nién 70. Trudc 1973,
ngudi ta thuong diung cde tit Vi sinh céng nghiép, Cong nghé lén men, Ki
thudt sinh hod,... Céng nghé sinh hoc la mot thuat ngit rdt det, da bao ham
trong né tat ca nhimg tén di goi cdc linh vue dng dung trude day va véi ndi
dung méi. N6 phan dnh nhitng thanh tyu hét sdc to 1dn ciia sy phdt trién
sinh hoc trong nhiéu thap nién truge d6. Cdch mang sinh hoc mdi cao han
hdn vé chat so vdi Cdeh mang xenh vao nhilng ndm cua thdp nién 1960.

Tu thué so khai tdi th¥i ¢d dai La Ma Hi Lap, khoa hoc 1a mdt hé théng
nhat. Pén thai Phuc hung, sy phdt trién khoa hoc dan dén tdch biét né
thanh cdc nganh va chuyén nganh. Diéu nay cing thé hién rd trong sinh
hoc cho dén nay. Cdch magng sinh hoc mdi di tao ra cédc linh vye da nganh
vh hop nhdt cdc ung dung sinh hoc & ¢ip dd t& bao va phan tu, dong thoi
gén lién voi cong nghé, dudi tén goi chung 1la CNSH va duoce coi 1a quyén lyc
¢hé gém nhdt mé loai nguoi gianh duge ké it sou thanh tuu phdn hach
nguyén tir, hay dudgc coi la Ba hoang ciic thé ki XXI.
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2. Cde linh vuc cua CNSH

Tir nhitng ndm 1970 d&n nay, CNSH duge ing dung trong nhiéu linh vuc
khdc nhau va duge phan loai theo cde d6i tugng hoae nganh dng dung.

a) CNSH phan loai theo cdc d&i tugng

- Céng nghe sinh hoc phan ti (Molecular biotechnology) gom cong nghé
gen va cdc ung dung ki thuat di truyén.

Sdn phdm : cdc protein, vaccine tai t8 hop ; cdc ché pham ding chan
dodn va tri lidu ; cdc vi sinh vat, ddng thuc vat chuyén gen ; ..

- Céng nghé sinh hoc profein va enzyme (Biotechnology of proteins and
enzymes)h

San pham :
+ Cdc protein cia mdu ; vaccine va khdng thé ; hormone va nhan té

tang truéng ; interferon, interleukin ; protein dung cho phan tich ; protein
khéng xuc tac ;...

+ Cac enzyme céng nghiép (industrial enzymes) nhu protease, amylase,
pectinase; . ; cdc enzyme cd dinh (immobilized enzymes) ; cdc enzyme tir vi
sinh vit cuc doan (extremophiles) ; .

+ Cdm bién sinh hoc (biosensor).
— Codng nghé sinh hoc vi sinh vdt (Microbial biotechnology).

Sdn phdm : cdc loai thyc phdm lén men ¢6 truyén ( rugu, bia, fromage,
tuang, chao ...), cdc enzyme, cdc acid htu co, cdc amino acid, cac thudc khdng
sinh, cdc biopolymer,..hay sinh khéi t& bao vi sinh lam ngubn protein, k& cé
nam trong....

- Céng nghe sinh hoc thye vdt (Plant biotechnology).

Sdn phdm : Céc cAy vi nhan gidng trong dng nghiém (in vitro), cdc dong
t& bac tu nudi hat phdn, cde dong té bac thue vat duge nudi in vitro ang
dung trong nhin va chon gidng,...

- Céng nghé sinh hoe déng vt (Animal bictechnology).

Sdn phdm : Cde interferon, hormone chiét tdach tif nuai t&€ bao dgng vat,
vaccine virus, cdc khang thé don dbng, cdc t&€ bao gbe (stem cell) duge nudi
tao dong {(cloning) dong vat, ki thuat md t& bao, chin dodn nhanh duc c4i,
chuyén phoi ghép phbi,...

b) CNSH goi theo cac linh vyc kinh t& xa hdi

Can ot cdce linh vuce kinh té xa hai, CNSH gbm chu yéu :
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— Céng nghé sinh hoc y hoc (Medical biotechnology).

- Coéng nghé sinh hoc thuc phdm (Food biotechnology).

— Céng nghé sinh hoc ndng lugng (Energetic biotechnology).

~ Céng nghé sinh hoc trong hod hoc va vt liéu (Biotechnology in
chemistry and materials).

— Céng nghé sinh hoc nong nghiép (Agricultural biotechnology).

— Cbéng nghé sinh hoc méi truong (Environmental biotechnology).

Ngoai nhitng linh vyc nay, nhiéu huéng nghién ciu chuyén sau vé nhiéu
van dé da hinh thanh nhu CNSH huong ligu (Aroma biotechnology), CNSH
khodng chit (Mineral biotechnology),..

3. Ban chit da nganh ctia cong nghé sinh hoc

Thudng mdi nganh KHCN c¢6 méi lien hé véi mot s6 nganh khéc. Tuy
nhién, mdi quan hé nay cia CNSH rit rong va la mot dac di€ém ma ngay
trén bidu tugng vé bd gen ngudi c6 néu cic nganh c lién quan nhu : Sinh
hoc, Vat li hoc, Hod hoc, Dao duc hoc (Ethics), Ki thudt ché& tao
(Engineering) va Tin hoc. M6i lién hé nay con thé hién ngay gilia cac
chuyén nganh sinh hoc.

a) Sy hd trg cia khoa hoc va ki thuat

Nhitng thanh tyu ruc rd cua sinh
hoc khong thé tach rdi cdc tién bo ki
thudt do vét li va hod hoc, tin hoc dem
lai. D6 1a kinh hién vi dién td, may
siéu li tam, ki thudt danh ddu dong vi
phéng xq céc phan tu, dién di
(electrophoresis), sdc ki di luc (affinity
chromatography) c6 thé€ tach nhing
phan tif phic tap nhu cic khang thé
don dong, dién dinh vi hai chiéu
(bidimensionel electrofocalisation) cho Hinh 1.11. Dung tia laser doc
phép phan tich cing lic dén 50000 loai i s
protein ctia té bao, vt phén tich
(micro-analysis) gitp xéc dinh cdu trdc bac mot cia protein chi véi vai
nanogram chdt hay phan tich céc polysaccharide gén véi protein trong cac
glucoprotein.

Nhiéu phuong phap vat li, hod hoc hién dai nhu st dung tia laser (hinh
1.11), céng huéng ti hat nhan (NMR: Nuclear magnetic resonance), khoi phé
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{Mass spectroscopy). phén tich tinh thé protein va cdu tric bo gen bang tia
X (X-ray cristallography) da duge st dung phé bién.

Céc may ty dong ra doi rit ngén dang ké thoi gian nghién edu. .
b) Su gén k&t cac mén sinh hoc cd ban

Cang di sdu vao cdc co ché phin tu, su séng cang cé nhidu biéu hién
gisng nhau, din dén sy théng nhdt cde linh vyc khdc nhau cita sinh hoc.
Nhimng thanh tyu cua Sinh hgc phan tg, Di truyén hoc, Hod sinh hoc, Vi sinh
vat hoc, Sinh hoc t& bao,... da din dén su ra doi clia CNSH. Dong thai. su
phat trién cia CNSH da lam gizu thém kién thue trong cdc bd mdn nay véa
mé rong tng dung ca vé chiéu réng lan chiéu sau.

Thém vao d6, sy phét trién ciia nhiéu ki thuat chuyén nganh mdi da gop
phan tich cyc tao nén dién mao da dang cia CNSH nhu ki thudt tdi t6 hop
DNA, wiic tac sinh hoc (biocatalysis), nuéi cdy mé ¢ bao dbong vat vi nguvr, ki
thudt tao khang thé don dong (hybridomas), nudi cdy mé va t& bao thuc vit, ki
thudt len men quy mé lon, chuyén hod sinh hoc (biotransformation), ché bién
va xit Ui cde chat phé thdi, ki thudt hod dign sinft hoc {Bioelectrochemistry).

Mot dinh nghia cho thdy ro6 méi lién hé da nganh : CNSH la mot tip
hop cdc nganh khoa hoc v cong nghé (Sinh hoc phan tit, Di truyén hoc, Vi
sinh vat hoc, Sinh hod hoc va Céng nghé hoc) nhém tao ra cde quy trinh
céng nghé khai thde & quy mé cong nghiép cdc hoat déng séng cta vi sinh
vat, t& bao thue vit v dong vat dé sdn xudt ra cic sén phdm cé gid tri phue
vu doi séng, phdt trién kinh 1€ xa héi va bdo vé moi truong.

4. Sy théng nhit gida nghién citu ¢d ban va ing dung
L. Pasteur (1871} da néi : "Khong va nghin lan khong, t6i chia biet mot

khoa hoc nao ma c6 thé goi no la ung dung. Cé khoa hoc va ¢6 cde linh vuc
ung dung ciba né va chiing lién quan véi nhau nhi cde qud gdn vdi cdy moc
lén tgo ra né". Nghia la bat ki mot nganh khoa hoe nao cing phai ¢é nghién
citu co ban dé dan d&n dng dung. Ban than sy phat trién CNSH thé hién rét
rd mdi lién hé hitu co nay.

Vi dy : Ki thuat di truyén ra doi nho cdc nghién citu co ban gitip hidu ré
cit, ndi va téng hop DNA nhu the€ nao, cdc plasmide tdn tai va sinh san doc
lap nhd co ché gi, .. va nhieu kién thic khédc nita.

Hon thé nita, cdc nghién citu phai gén lién véi cong nght va cudi cung la
thiong pham.

19



III. CONG NGHE SINH HOC RA POI LA MOT TAT YEU LICH St/

Ngay tir thap nién 70, cude cdch mang cong nghiép ldn II da boe 16 ra
nhiéu nhuge diém va nhan loai ding truge nhitng thdch thic to ldn : cac
khing hodng tiing dan s8, méi sinh, néng lugng. Cach mang sinh hoc mdéi ¢6
nhiéu uu thé, dem dén nhidu niém hi vong méi, hda hen gidi tod nhidu tai
hoa cho nhan loai.

1. CNSH ra d¢i phit hgp quy luat ty nhién

Cho d&n nay, con ngudi lién tuc khai théc thién nhién nhung chua ludng
dudc cde hau qua va sy khing hodng toan cau. Cdc cude khiing hodng toan
ciu d6 lam cho con ngudi ¢6 ¥ thie hon bao gis hét vé bdo t6n thién nhién
va sinh quyén. Céc bién phdp sian xudt bing CNSH ¢6 nhiéu wu didm nhir :
tiéu ton it ndng lugng, it géy 6 nhidm, tdn dung sy phdn huy sinh hoc va
mang lai nhiéu lgi ich cing lic.

CNSH thue su 1a co 56 cho sy phét trién ndéng nghiép bén ving vi né
phi hop véi quy ludt ty nhign, khong gay mat can bang sinh thai.

2. CNSH khai thae va tin dung kha ning cia té bao

T& bao la don vi co 58 cla su sdng, ¢6 cau tao vat chdt hét sic phie tap
tinh vi, ¢¢ cdc biu hién nhanh nhay chinh xdc dé ddp lai nhilng thay ddi
cia mdi tru:‘)'ng. Nhiéu cdu truc, phdn ing, co ché cia hoat ddng séng tink
vi, chinh xde va hoan thién hon rat nhidu so véi cdc quy trinh céng nghiép
ma loai ngudi dang sdn xuAt.

Xu huéng méi nhat hién nay trong chira tri bénh la dung t& bao goe thay
thé t& bao bénh va nhu vay khai dung mjt loai thude nao d6 ca dui.

Cac tién b6 sinh hoc cho phép sz dung mét cdach chi dong va cé didu
khién cdc qud trinh sinh hoc. Viée sit dung tryc ti€p cdc hé théng sinh hoc
vao nhiing quy trinh sin xuat [a phuong thite t6i vu.

3. Cac céng nghé khic so vdi céng nghé sinh hoe

a) Téng hgp hoa hoc so véi sinh t8ng hop

Téng hop hoa hoc Sinh téng hop

1 | Téng hgp va tinh sach qua nhiéu | Phdn iing ndi tiép khdng cin tinh
budec, sach qua ting cong doan.

2 | Co chat thudng ding t nguyén | Pudng don.
lidu ed sinh.
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( 3 Trién quang hod (Racemization)* C4c steresisomer ¢6 hoat tinh quang
thudng phdi ¢ dé tao isomer. hoc diing nhu cdu co thé.

4 | Nhidu sdn phd&m phu cé thé dugc | Hoat tinh xic tde cia enzyme c6 tinh
tao ra. dic higu cao.

5 | Khong xem la san phdm tu nhién. | San pham ty nhién.

Tridn quang hos {Racemization)* ¢6 nghia lam phén ur quay phai ho#c trai.

b) Chat chiét xuat tif thyc vat so véi téng hap do vi sinh vat

Ngudn thie vét . Téng hop do vi sinh vit
1 | Nbng d thap. Néng 46 do chon giéng®
2 Chiat xuat dat gid. Cai tign thu hdi chidt xudt hiéu
qua va san lugng cac.
3 | Thay ddi theo miza. Khéng phu thuge mia.

4 | San phdm dac hidu d6i véi mdt s6 | Sén phdm khéng dac hidu 861 vdi
kidu mé t&€ bao. Vi du : sic t& cha | mdt sd mé t& bao.
qua.

vy}

Phai ¢6 chinh sdch cung cdp nguyén | Ngudn nguyén ligu ré tidn, thudng
lidu &n dinh nhu quy hoach vang. 14 phu phé ligu.

% Vi du. trude diy sdn xudt eitric acid tif nude ép trai ¢hanh, d8 ¢6 1 ta4n ¢An 30 — 40 tan
chanh qua tréng trén 2,7ha. San xuat bing l&n men do Aspergillus niger {nang suat >90%) thi
chn 3 tan ri duing (40% chidt khé) ¢o thé thu duge 1 tan citric acid.

4. Cdc san phdm dic hiéu clia cong nghé 1én men

Trén thuc t&, nhidu ch& phdm CNSH duge san Kudt véi s8 lugng 16n -

_ Antibiotics : penicillin, tetracycline,..

- Amine acid : MSG, lysine ..

_ Steroids : 11 a-hydroxylation ciia steroid, Vitamin C,.

- Pesticides.: Bao ti cua BT (Bacillus thuringiensis}).

_ Hod chat s8 lugng 16n : ethanol nhién lidu, citric acid, ..

— C4c enzyme : protease, glucose isomerase, amylase,...

_ C4c vitamin : riboflavin (By), vitamin Bys,...

— C4c nucleotide : 5'IMP, 5GMP,...

- Polysaccharides : xanthan, cellulose vi khuan,..

- Vaccine cdc loai.

Trong xu huéng phat trién Hod hoc xanh (Green chemistry) thi nhiéu
quy trinh cong nghé hod hoc s& dude thay thé bing CNSH.
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IV. 80 LUGC LICH SU PHAT TRIEN CUA CONG NGHE SINH HQC

CNSH ¢6 lich si hinh thanh tir 1au. Tir thué xa xua, tuy chua bi&t vé cac
vi sinh v4t, nhung loai ngudi d4 bist sd dung ching trong cac thuc phdm lan
men ¢§ truyén.

Céc loai rugu, bia, gidm,..la nhimg
thuc pham duge sl sach ghi nhan t
nhidéu nghin nam truéc day va c6 nhic
dén trong kinh thdnh. ¢ Trung Péng, Ai
Cdp c6 di tich ghi nhan con ngudi da bidt
lam bia tif cdch nay hon 6000 nam.
Nhiéu thé ki truée Coéng nguyén, & Trung
Qudc, Hi lap, La Ma, rugu di phé bign
trong cdc bita tiée, tham chi da suy ton
Thin rugu vang Dyonisos (hinh 1.12).

Hinh 1.12. Thdn rugu vang Dyonisos

1. Nhitng giai doan phit trién ciia CNSH trén thé gidi

Mai dén cudi the ki XIX, nhitng co s¢ khoa hoe ddu tién cia si lén men
mdi duge néu ra. Ngay nay, c6 nhidu ngudi coi nha di truyén hoe G. Mendel
va nha vi sinh hpe L. Pasteur 1a nhitng ngudi dat nén méng dau tién cho
CNSH. Su phat trién cta CNSH ¢6 thé dudc chia ra 5 gia: dogn :

- Giai doan trude Pasteur (dén 1865).

— Gial dogn phdt trién céng nghiép lén men (Industrial fermentation)
(1866 - 1940),

- Giai dogn cong nghiép khdng sinh va hod chdt (1941 — 1960).
- Giai doan sinh t6ng hop diéu khién (1961 - 1975).

- Giai dogn cong nghé sinh hoc phdn ti (1976 — dén nay).

2. Nhitng méc phat trién cia CNSH & nuéc ta

a) Nhitng khal ph4 ddu tién déng ty hao

Vién Pasteur Sai Gon la cdi néi ciia CNSH Vigt Nam, 1a Vién thd hai
trén thé gidi sau Vién & Paris, duge thanh lap niam 1891, va nam 2001 vira
qua d3 ki niém 110 nam ngay ra di<hinh 1.13).
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Hinh 1.13. Vién Pasteur Tp HCM ngay nay
Phia xa |a tugng Louis Pasteur va A. Calmette.
Anh nhd géc trai la vong hoa miing 110 nam Vién Pasteur Sai Gon

Louis Pasteur (hinh 1.14) da quy&t dinh thanh lap chi nhédnh déu tién
ngoai nuéc Phép cia Vién goc Paris, dd giao trdch nhiém &y cho mdt trong
nhitng d6 dé dau tién cha dng la bac si Albert Calmette (hinh 1.15) lam
gidgm déc ddu tién cia Vién Pasteur Sai Gon, va sau nay béac si Alexandre
Yersin la giam doc thd hai (hinh 1.16). A. Calmette nhan ngay nhiém vu,
thang 2/1891 dap bén Sai Gon, lic &y méi 27 tudi.

Hinh 1.14. Tugng L. Pasteur Hinh 1.15. Tugng Hinh 1.16. A. Yersin
& Vién Sai Gon A. Calmette
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Calmette ti€p nhin mét phong thi
nghiém (PTN) don s¢ déng tai Vién Quin y
Grall (Bénh vién nhi déng II TP. HCM
ngay nay). Trong didu kién chua ai biét gi
vé khoa hoc vi trung, A. Calmette phai vit
16n v6i bae nhidu khé khian vat chdt nhu
chua ¢é dién, khi cu, hod chat va tit cd déu
phai g ti Phap sang, phai dao tao nhéan
vien ki thuit ddp ing nhimg yéu céu
nghiém ngat cba vi trimg hoc.

Calmette & lai Sai Gdon khong ddy 3
nam va Ong da thuc hién mét khéi luong
16n céng vide tif san xult vaccine ddu mila
va chdng dgi trong didu kién tai chd, d&n
nghién ciu vé bénh li nhiét dgi, vé men
lam rugu nép, vé tdy sach nudc udng cho
thanh phs.

Hinh 1.17. Bac sT Calmette (bén phai)
dang cho rén h8 mang 4n

Va budc dau trién khai cdng trinh lam huydt thanh chéng noc rdn hé
mang, mbt ¢ong trinh duge ci thé gidi hoan nghénh (hinh 1.17). Néu moi
ngudi biét Calmette 14 ngudi dé sdng tgo ra BCG, cing dilng quén éng la
nguoi da sing ldp ra Vign Pateur Sai Gon.

Vao giira ndm 1893, Calmette bi kist 1i ning phéi roi bé Sai Gon va tiép
ndi ong 1a A. Yersin, vita 1a béc hoc vita 1a mdt nha tham hiém da phat hign
ra Cao nguyén Lam Péng va vi khudn Dich hach (1894), éng ciing 14 ngudi
sdng lap Vién Pasteur Nha Trang chuyén vé Tha y. -

Nam 1925, Vién Pasteur Ha Néi duge thanh lap ; 1936, Vién Da Lat va
toan bé cdc Vién Pasteur Pong Duong duge dit dudi sy chi dao cha Paris dé
béo ddm cho chédt ligng va uy tin clia cdc cdéng trinh khoa hoc.

CNSH Viét Nam ¢6 may mdn lén 1a duge dat nén méng béi nhing nha
khoa hoc ndi ti€ng thé gidi, vé nhén cich thi mei ngui phéi cii dau bai
phuc v v& hiéu qua cong viéc thi that tuyét voi. Khong phai ngiu nhién ma
tén duong Pasteur, Calmette, Yersin lai quen thujc véi ngudi ddn Ha Ng,
TP. HCM, Nha Trang, Pa Lat,..., trong khi s& dudng phd & Viét Nam mang
tén ngudi nudc ngodi chi trén dudi con s& 5. That vinh dy bi&t bao cho
CNSH Viét Nam ! Mong ring hao quang sang chéi cia nhimg bac khai pha
ludn 14 ban déng hanh cha cdc nha CNSH Viét Nam hom nay va mai sau.
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Nha mdy ruou Sai Gon ra doi nam 1887, mé diu cho Céng nghiép Sinh
hoc & Viét Nam.

b) Nhiing thanh tyu trong giai dogn 1945 - 1954

Trong nhimg nam 1945 — 1954, & vung khing chién, cdc nha khoa hoc
461 dau v6i bom dan, véi nhimg trdn can quét nhung vAn vugt mudn ngan
khé khin &€ sin xuit hang triéu lidu vaccine, huy&t thanh va bao vé duge
aifc khoé cha nhan dan. Nam 1949, BS Nguyén Van Hufng (hinh 1. 18) ¢
viing khéng chién da sdn xudt vaccine chéng dau mua, ta, thuong han ; lam
céc loai xét nghiém. Tdt cd déu lam dudi nhifng méi nha tranh ma hé bdo
dong lai phai déi chd. That 14 ki diéu, phai bao nhiéu cong side, sdng kién
méi san xuit quy méd lén trong hoan cdnh bung bién ma vén ton trong
nhiing yéu sdch nghiém ngat vé vi trung hoc. Bac s7 Hudng da dao tao nhiéu
Ki thudt vién, lap ra nhiéu d6i vé sinh di céc vung tiem ching, hudng dan vé
sinh, gy ra mdt phong trao lén réng.

Hinh 1.18. BS. Nguy&n Van Hudng Hinh 1.19. GS. BS. Dang Van Ng
(1906-1998)

Sy kién thi hai ddng ghi vao lich stt CNSH VN la vao nam 1950 da thu
nghiém nuéi cdy nam Penicillium d€ 1am thudc ria vét thudng trong khéng
chi&n caa GS. BS. Pham Ngoc Thach va GS. BS. Pdng Van Ngit (hinh 1.19}.
BS. Ping Van Ngif tryc ti€p sdn xuat dich thé penicillin & chién khu Viét
Bic ma hinh dnh duge ghi lai bdi nhing doan phim quy gid cha dao dién
Lién X& R. Carmen trong phim “Vigt Nam ,

Su nghiép khoa hoc cia ong that phong phi va toan dién, bao gém
nhidu linh vuc : dao tao cdn bd y t& cdc cdp, nghién ciu khoa hoc, x4y dung
b6 mon Sinh vat hoc va Ki ginh triong cta Trudng dai hoc Y Ha Noi, xdy
dung Vién s6t rét-ki sinh trung va con trung, té chie chi dao cong tac tiéu
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diét bénh sot rét trén toan mién Bdc. Ong khong s¢ chién tranh 4c liét va
da true ti€p d&i vao chién trudng mién Nam dé& nghién elu ki sinh trang s6t
rét va da hi sinh trén duong 1am nhiédm vu vao nam 1967.

BS. Huéng va BS. Ngit 1a nhitng ngui VN néu tdm guong sdng vé tai
niang va tinh thdn hién ding cho sy nghiép khoa hoe. Ngay nay, ¢ TP.HCM
va mdt 50 tinh thanh khédc ¢6 nhing con dudng mang tén hai é6ng. D6 cing
12 mot vinh du cho CNSH Viét Nam.

¢) Gial doan 1955 dén nay

K& tit ngay mién Bic gidi phéng la 50 ndm va ti ngay thong nhat dit
nude 1a 30 nam da trdi qua, CNSH VN da phat trién rat manh vé luc lugng
vdi sy da dang cde linh vye nghién citu va dao tao. Khong it cdn bd duge dao
tao ¢ nudc ngoai. Tuy nhién, nhitng thanh tyu thé hién qua cde dng dung cu
thé thi qud khiém nhudng, phdn l6n 1ap lai nhing ¢ong viée cda nudc ngoai
d4 lam. Cé thé ghi nhdn mét 56 sy kién nhu sau :

- Céng nghiép vaccine 1a linh vye dat hidu qua cao nhat. Cong ti vaccine
va ch& phdm sinh hoc I Ha Noi va Vién vaccine va ché phdm sinh hoc Nha
Trang da sén xudt di luong dé d4p ng nhu ciu vé vaccine phdng bénh hing
ndm ¢ nudc ta : vaccine viém gan B (trén 4000000 lidu), vaccine viém néo
Nhat Ban (trén 3000000 lidu), vaccine td udng (1400000 liéu), vaccine dai
(150000 liéu)} va cdc loai khdac nhu BCG (Vién Pasteur TP.HCM), DPT
(thuong han, ho ga, udn vdn),..

— Cbng nghiép ruou bia ti€p tuc phat trién tit thdi Phép.

— Trong nhiing nim cta thap nién 1960 : nhip nha m4dy san xudt bjt
ngot (mi chinh) va phat trién manh & cdc tinh phia Nam. Thai mé cda tir
1996, nhiéu edng ti lién doanh nhu Ajino-moto, Vedan,.. da xay dung cdc nhi
méy bdt ngot, nhiéu nha m4dy bia lién doanh.

— T nAm 1995, cdc kI thuat cia CNSH hién dai nhu lap ban dé gen, chdn
doan phan t, chuyén gen d¢ng va thue vat, vi sinh vat tdi t8 hgp, vaccine tai
t§ hop duge bt ddu nghién ciu tai cdc Vién va nhiéu Trudng dai hoc.

CNSH 1a linh vic cong nghé cao duge nha nude ta vu tién phét trién.
Nghi quyét 18/CP cila Thii tuéng chinh phii khdng dinh : Cing cdc nganh
céng nghé miti nhon khdc (céng nghé thong tin, cong ngheé tu doéng hod va
edng nghé vét lidu mai), céng nghé sinh hoc s& gép phdn khai thde t6i uu cdc
ngudn lye cia ddt nute phuc vy phdt trién sdn xudt, ndng cao chét lugng
cubc séng cia nhan dén va chudn bi nhing tién dé cln thidt vé mgt cong
nghé cho ddt nudc tién vao thé ki XXI.
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3. Thé ki CNSH la mét tat y&u lich si

Nam 1989, ong Covalchenko - Vién si Vién han [dm khoa hoc Lién X6
chuyén vé fu ligu lich stz c6 nh4n xét vé xu husng phdt trién khoa hoc nhu
sau : “Thé ki XX la thé ki cida vdt chdt vé sinh, thé ki XXT la thé ki hau sinh
(sinh vat), thé ki XXII la thé ki con ngudi, thé ki XXIII la the ki hogt dong
ca thé cia con nguoi,..”.

Qua dit cia chung ta duge hinh thanh tir nhitng ddam bui va tru cdch
nay 4,6 ti nam va da dién ra 3 qua trinh tién hod :

~ Tién hod nguyén ti hay vat i kéo dii 1 ti nam dau.
— Ti&n hod hod hoe khéi su tir 0,5 ti nam dau, kéo dai 1,5 ti nam.

- Tién hod sinh hoc bt dau ti 3,5 ti nam trude, kéo dai cho dén nay va
vdéi sy xudt hién loai ngudi da chuyén sang ¢ién hod x4 héi. Su sdng 1a bude
phat trién cao hon cla ti&n hod va phic tap hon rdt nhiéu so vdi cde qud
trinh vét li va hod hoe.

Thé ki XX dugc coi la Thé ki vét Ii hge ma dinh cao ting dung la ché tao
thanh cdng bom nguyén ti, chinh phue khong gian vii tru, céng nghé théng
tin, tu dong hod, vat lidu mdi, cong nghé nano,.. Cung véi da phat trién nhu
vii bdo eua cdc KHCN d6, Sink hoc da thu duge nhimg thanh tuu sdng chéi
dé vitng budc tién vao Thé ki cong nghé sinh hoc.

Mac di ching ta dang sdng trong mdt ki nguyén thinh viong va céng
ngh¢ phdt trién vugt bac chua ting thdy trong lich si, nhung nhiéu thich
thite gay giAt dang dit ra cho loai ngudi.

- Duy tri mang séng con nguoi : Nhiém vy hang ddu cia CNSH la giai
quyét vdn dé mang séng ma mdi con ngudi déu phai trai qua la sinh, ldo,
bénh, té. CNSH dang tdp trung nd luc tim cdc loai thudc hidu nghiém chira
khoi cdc bénh hiém ngheo nhu ung thu, AIDS,.. Thude cho moi nguti séng
manh khoé hon : cho ngudi trung nién, ngudi gid. Y hoc cd thé hod s& phat
trién manh va bién phap di phong cho mdi ngudi khdng duge bénh s& 1a xu
hudng chi y&u cila Y hoe thé ki XXI.

- Béi va no qud mife : Hién van cdn ¢6 800 — 850 triéu ngudi bi suy dinh
dudng, trong dé ¢6 hon 200 tridu tré em, va rdt nhiu tré trong sd nay sé
khong bao gid phdt trién day di nhiing nang luc tri tué va thé chat cia
minh. Ngoai ra, 1 dén 1,5 ti ngudi thu¥ng khéng cé duge nhimg bita an can
ddi vdi lugng chat dinh dudng theo yéu cdu.

Mot mat CNSH phai gidi quyét nan déi, mit khéde lam giam s6 ngudi
béo phi dang gia tang trén thé gidi (khoang 300 triéu ndm 1995), dén mitc ¢

27



Mi mdi day dd chinh thic coi 1a mét bénh. CNSH phdi 48 ddu véi hai thdi
cye : gia tang luong thyc thuc pham dé khic phuc nan déi ; déng thai tao
cde ché phim mdi thay th& thic an truyén théng nhu cdc chat ngot thay
dung dé an khéng tich ma, lipid &n khéng lam béo,...

Ngoai ra, CNSH phadi thoid man yéu cdu ngay cang cao hon d6i véi thue
phidm : khang nhimg an todn cho ngudi tidu ding hién nay, ma cho ca thé
hé con chdu mai sau.

— Nhu cau ndang luong hién nay rat cdp thi€t va ngay cang gay gdt hon
khi dy bao ngudn nang lugng tdi sinh s& can kiét vao nhirng nam 2050 —
2060. CNSH dang tap trung né lyc dé bién nguén sinh khsi thuc vat (nhu gé
rung, phu phé liéu néng nghiép,..) khéng 16 trén Trai dat thanh nhién lidu
tién dung nhu cdn ethanol thay xing dau. Ngoai ra, hydrogen la nguén nang
lugng li tudng, ma sdn xudt hydrogen sinh hoc hita hen ia nguén ning lugng
ré tién, an toan va khéng gay 6 nhidm.

~ Cdi thi¢n moi truong séng : Sy phdt trién céng nghiép va khai thsc
tai nguyén qud d6 di gidy nhing hiém hoa méi trutrng nhu van dé khi thai
lam khi quyén néng léen. CNSH phai gia tang cdc quy trinh cong nghé it gay
8 nhiém hodc thay thé& quy trinh c8 hai nhu sdn xuat hod chdt xanh (green
chemicals) hay cde v lidu chiu phdan huy sink hoc. DPong thdi tim cdc bién
phdp khic phuc & nhidm va bdi hoan sinh hoc (bioremedation) nhu xi Ii
nudc thai, phan huy cdc chdt di sinh (xenobiotic).

Sinh hoc th& ki XX da dat bé phéng vimg chic va nang lén tdm cao
mdi cho sy phdt trién Sinh hoc va Céng nghe Sinh hoc trong thé ki XXI. Ké
tir thud hoang sd, khi con ngudi con thu nhit hdi higm, chua bao gi¥ con -
ngudi hidu biét vé co thé minh s4u sic nhu hién nay, chua bao gid con ngusi
¢6 quyén luc ghé gdm nhu hién nay trong cdi bi€n thién nhién phue vy cho
minh. Céng ngh¢ Sinh hoc trong thé ki XXI s& gdp phdn tich cuc khde phuc
nhing thdch thic néu trén va d6 cing 12 mét 6t yéu lich si cita sy phat
trién KHCN cta nhén loai.

Do viy, tat c4 cdc qudc gia déu hi vong tim thdy co hdi mdi d& vuon lén
trong CNSH va déu ¢6 Chién luge qudc gia phét trién CNSH.
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TOM TAT CHUONG

Loai ngudi dang sdng trong th& ki CNSH. Sinh hoe thé ki XX da phat trién
mdt cach vugt bac trén tat ca cac finh vyc va dat duge nhiing thanh tyu cé tinh
cdch mang nhu phat minh mé hinh chudi xodn kép DNA, ki thudl of truyén, . lam
bung né cudc cach mang mdithdng nhat cac Ung dung & cip do t& bao va phan
1 v&i t&n goi chung 1a Céng nghé sinh hoc. N6 khang dinh vai trd hang dau trong
cdi thién chat ludng cudc séng con ngudi bang ki thuat cao. Bong thdi, né cé mai
lién quan tudng hé, chat ché vai cac nganh khoa hoc miii nhon khac nhu tin hoc,
cdng nghé nano, vat liéu mdi,.. va la mot b6 phan clia nén kinh t& tri thae.

Cé nhiéu linh viie CNSH khédc nhau theo déi tugng nhuy CNSH phan i,
CNSH protein va enzyme, CNSH vi sinh, CNSH thue vat va CNSH déng vat.,
CNSH c6 Uung dung rong rai trong y dudc, hidng thuc thue phdm, ning lugng,
hoa chat, vat liéu mdi, ndng 1dm ngu nghiép va bao vé mbi sinh.

Ung dyung CNSH c¢o6 nhigu Igi th8 : phd hop quy luat ty nhién, tan dung kha
nang t& bao va nhiéu san pham dac hiéu phd bién réng trén thi truéng.

CNSH VN ra ddi vao thap nién cudi thé ki XIX vgi Vién Pasteur Saigdn va
nhing tén tudi sang chéi nhu L.Pasteur, A. Calmetie va A. Yersin. Thdi khang
chién 1945 — 1954, cdc vaccing va dich thd penicillin 1a nhiing san pham huyén
thoai gop phan vao thdng Igi chung, tén tudi cha cac anh hiing BS. Nguyé&n Van
Hudng va GS. BS. Bang Van Ngii cing di vao lich si.

CAU HOI ON TAP
. Vi 5a0 noi thé ki GNSH la mat tat yéu lich s ?
. Ki thuat di truyén cé vai tré cach mang hod nhu thé nao ?.
. Phdt minh nao Jam che nhan ban ngudi ¢d thé thanh hién thyc ?
. Vi sao ndi vigc cdng bd B gen ngudila mot cot mae lich sir 7
. CNSH co vai trd gl trong cai thign chat lugng cude s8ng con ngudi ?
CNSH cd méi quan hé nhu thé nac véi cac nganh KHCN miii nhon khac ?
. Visao ndi CNSH la mét bd phan cha nén kinh té tri thae ?
. Thuét ngii CNSH duge hidu nhy thé nac 7
9. Xét theo dbi tugng ung dung, co nhiing loai CNSH nao ?
10. Xét theo cac linh vyce kinh t8 xa héi, co nhiing loai CNSH nao ?

B NP N W N =

11. Hay phéan tich cho thay (ng dung CNSH phd hgp véi quy luat ty nhign ?
12. Sinh tdng hgp clia CNSH cé nhiing 19i diém gi so vdi téng hop hod hoc ?
13. Céng lao ¢la Calmette va Yersin nhu thé nao ?

14, Trong khang chién 1945 - 1954, céng trinh CNSH nao sang gid nhat ?
15, Ban rut ra dugc bai hoc gi t sy phat trién clla CNSH Viét Nam ?
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CHUONG 1

TE BAO LA CONG CU SAN XUAT
VA THU NGHIEM CUA CONG NGHE SINH HOC

Hau hét cde co thé sinh vat, ké ca con ngusi déu 6 cdu tgo té bao. Ngay
cang sdng té ring t& bao thue sy 13 mét nha mdy i hon, trong cdc cau tric
tinh vi cda né dién ra v& sd phan ing enzyme dudi su kiém sodt chinh x4c
vé khong gian va th¥i gian, ¢6 sy diéu hoa hop 1i va hai hoa. T& bao thue
hién cdc cong viée ma nhiing ki s« tai gidi nhdt vén chua bét chde duge.

T& bao la déi tugng trung tam cha CNSH. Ching la céizg cu sdn xudt
can bdn dé tao ra hang loat sian phdm nhu ethanol, amino acid, cdc enzyme,
plastic phan hily sinh hoe, vacein,.. ; ching con duge nuéi dé tri bénh hay
san sinh ra co quan thay thé cho co thé ngudi : ching can la “phong thi
nghiém” séng dé thit nghiém thudc hoic nghién ctu sy tuong tde gia cdc
protein. Trong tuong lai khéng xa, cde tin higu tir t& bao thdn kinh o6 thé
duge khai thdc d€ vin hanh cdc may dién todn hay nhing ha théng khdc.

I. CAC PHAN TU
1. CAc nguyén t§ trong co thé sdng

Su hoan hdo vé mit hod hoc trong t& bac séng thé hién ngay trong
thanh phén ¢du tao tit cde nguyén t& vén 6 trong thien nhién. Trong 92
nguyén té cta thién nhién chi 25 nguyén t§ c6 trong cdc co thé sinh vit.

Su khdc nhau cla c4e co thé séng véi vat thé vé sinh thé hién ¢ ¢ 16 cde
nguyén t& tham gia cau tao nén ching. H, 0, C va N chim hon 96% thanh
phin t& bao. Trong bang tudn hoan cdc nguyén G, chiing la nhing nguyén
t8 nhe nhdt, bé nhat ciia mdi nhém (H ddu nhom 1, C dau nhém IV, N ddu
rnhém V va O dau nhom VI). Dang chu y 1a 16p dign tir cia ching nhu sau :
Hy, Oz.6. Np4s va Cou4, nén tuong ung ching ¢6 cdc lién két hod tri (H = I,
0 =2, N =3va C=4) va c6 kha nang tao lién k&t don hoac déi. Riéng C c6
thé tao thanh li¢én két ba véi N (- C = N) hodc gida C véi nhau. Pic biat
quan trong la nguyén t6 C ¢6 kha niing tde dung véi nhau tao lién k&t cong
hod tri bén ving (- C - C -).

Cdc nguyén t6 ¢6 rat it (< 0,01%) nhu I, Co,. la vi lugng hay vi t6.
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M&5i nguyén t&, tham chi 12 ddu vé?, déu e6 vai tro thiét y&u cho su song
t& bao. Didu d4ng kinh ngac 1a t& bao kdp thu va s dung cdc nguyén to mdt
cach tinh vi va chinh xde. Vi du, T8 chic Y t& Thé gisi (WHO) ghi nhén sy
thifu sit (Fe) cia cd thé bidu hién & 30% dan s6 toan cau (chi y&u &n gao)
gay bénh thifu mdu. Van dé la & chd : t& bao c6 co ché hdp thu sdt, dong
thoi ciing ¢6 bién phap chdng du thita sdt. Trong gao khong thiéu sit, nhung
khi nau chin enzyme phytase cia lia bi hdng nén khong phd huy phytic acid
la chat ngan can h&p thu sit cla co thé. CNSH phai dung cde bién phdp dic
biét dé kh&c phuc khidm khuy&t nay cia gao bling cdch chuyén 3 gen (c6 gen
tao phytase chiu nhiét) dé tao duge giong Mia ma &n gao cia ndé khong bi
thigu sit.

2. Cac chat v6 co

Trong bét ki co thé sdng ndo nude cing chiém phdn lén (70 — 80%), cd
biét nhu con sda ti 1& nude ¢6 thé dén 98%. V& mat hod hoc, nude la dung
moi A& cdc chat hoa tan d& dang thue hién phdn tng va on dinh cdu tric té
bio. Ngoai ra, nude cbn gilr vai trd quan trong trong diéu hoa nhiét d6 co thé
va moi tricong. N6 1a mot nhdan t6 gidi han trong sinh méi.

Ngoai nude, t& bao con c6 cde chit vo co khdc nhut acid, base, mubi vé co
va ede nguyén to kim logi. G déng vat c6 xuong, bg xuong chita nhiéu chat vo
o nhat (khoang 1/10 khéi lugng co thé, chi yéu la Ca).

3. Khai quat vé cdc chit hitu cd duge téng hgp trong t& bio

T& bao thue vat da st dung ndng luong mgt troi khua COz dé tao nén
carbohydrate (glucose) gidu ning lugng. Chdng la cde sinh vdt ty dudng
(autotroph). Pong vat, va nhiéu vi sinh v4t phéi si dung cac hgp chat hitu cg
¢d s&n poi la sinh vdt di dudng (heterotroph). Ddng ning lugng & dang hgp
chét hod hoc bit dau tir thue vat duge chuyén sang nhidu sinh vat k& tiép
tao nén day chuyén ning lugng. Suy cho cung, ndng lugng mgt trai 14 ngudn
nang lugng cho sy sdng hién tai trén hanh tinh .

Cac ch&t hitu cd trong co thé sinh vit rat nhidu va da dang. Tuy nhién,
ching déu duge cdu tao theo nguyén téc chung don gidn la tif cac tién chdt
ctia méi trudng nhu COg, Ho0, Ny tao nén cde chdt tién than trung gian, tiép
theo thanh cac don vi cdu triic (cdc don phdn — monomer) d€ tao ra ban leai
polymer la cdc dai phan ti sinh hoc cdu tao nén t& bao. S¢ d6 4 hinh 2.1 m6
td khdi quat vé cdc chat hitu co trong t& bao.
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Cac tién chéat 5002
ctia méi truong I‘i
2
M=18 -44
Cde chdt tién than g
trung gian carlt?;;zn Keto FPhosphopiruvat Acetate
phosphate acid malate malonate
M =50 - 250 l l l l
Bon phén Nucleotide Amino acid Buydng don Cac acid béo
M = 100 - 350
Dai phéan tit Nucleic acid Protein Polysaccharide Lipid
M =10%- 10"

Phiic hé trén phan tiy

Nhiéu hé enzyme, ribosome, mang,
cac phdn tl cdu truc, hé co co, ...

!

Cac bao quan Nhan, ti thé, lyc lap ...

Hinh 2.1. So 48 tign trinh tdng hdp cdc chat hiiu ¢d trong 18 bao

M = 10%- 10"

4, Cdc chat hitu co phan ti nhé

Cdc chdét hiau co phdn t¢ nhé gbém céc chd&t nhu hydrocarbon,
carbohydrate, lipid, cdc amino acid va cdc nucleotide cung cde din xuat.
Chitng duge tdng hgp theo nguyén tdc tung phan ing don gidn do cdc
enzyme xiic tde, ma viée téng hop cdc enzyme va protein do cde gen chi phéi.

Cac chat déng phdn (isomers) c¢é cung cong thic phan tlr, nhung cau
hinh khéng gian khac nhau nhu glucose, lactose va fructose 1a 3 déng phan
¢6 cung cong thic CgH120¢.
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a) Carbohydrate thudng gap gdm : cdc duong don (monosaccharide) nhu
glucose, fructose, dudng déi (disaccharide) nhu saccharese, maltose, lactose
va duong da {pelysaccharide) nhu tinh bot, cellulose, chitin. Chung la ngudn
cung cdp nang lugng va nguyén liéu tong hop chi y&u cho t& bao.

b) Lipid gém nhimg chat nhu didu, m& c¢é tinh nhon, khéng tan trong
nude, tan trong cdc dung méi hiu co nhu ether, chlorophorm, .. Cée lipid
thuding gip la acid béo, glycerid hay md trung tinh va phospholipid.

Cdc phospholipid va glyeolipid tham gia cdu tao cdc mang té bao. Cdc
glycerid 1a ngudn dy tr2 nang lugng va co vai trd cdch nhiét. Lipid con la
thanh phan clia mét s6 vitamin nhu vitemin D va la dung méi cua nhiéu
vitamin (A, D, E, K),

¢} Céc amino acid 1a nhitng ch&t hiu co dong thoi ¢6 mang 2 nhém chic :
nhém amin (~-NHe) mang tinh kiém va carboxyl (-COOH) cé tinh acid gin
vdi 1 C goila Ce.

20 loai amino acid khae nhau d géc bén (lateral) R. Sy khong dé1 xing
ciia Co tac ra 2 déng phan khong gian (sterecisomer) la dang D va L. Céc
protein trong co thé sinh vat chi gém cac L - amino acid. Ching nédi nhau
bang lién két peptid dé tao mach polypeptide.

d) Cac nucleotide 14 nhimg don vi cdu triic cia DNA vd RNA ma thanh
phan gdm cdc base nitric mach vdng la adenine fA), guanine (G}, cytosine
(C), thymine (T) va uracil (U) ; goc phosphate ¢6 thé cé 1P, 2P, 3P va duing
pentose (ribose va deoxyribose).

Cac nucleotide con giff nhitng chde ning quan trong khdc trong té bao
nhu ATP van chuyén n#ing lugng, tham gia vao coenzyme A, hay AMP vong.

2 nhém san phdm cdc chat hitu co phdn t& nhé cGa CNSH la -

- Cdc chdt trac déi so cdp v sdn phdm cudi (Primary metabolites and
end products) 14 cdc chat dap ing cho nhu ciu thiét yéu cia t& bac va mdt s6
chat khdc dude tao ra do lén men nhu ethanol.

— Cde chdt trao déi thit cdp (Secondary metabolites) 14 cdc chat gigp cho
sy thich nghi t5t hon nhu cde chat khdng sinh, alkaloid, séc to,...

Nhiéu chdt hoda hoc phidc tap dung trong y duge nhu nhan sém,
shikonin... kh6 t8ng hop nhén tao, trudec day phai 18y tir thuye vat, dong vat ;
ngay nay CNSH thu cdc chat dé tir t& bao duge nudi cay.

Cée chdt trong the gici thue vat rit de dang., Ude tinh cé ron 50000 loai
chat khéc nhau & thuc vat vi mdi nam phit hién thém khodng 1500 chat mdi.
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5. Nucleie acid

Céc dai phan tit sinh hoe ¢é cdu tric va hinh dang dédc trung dé thuc
hién nhimg chuc ndng chuyén biét quan frong nhat cia sy séng nhu acid
nueleic chita théng tin di truyén, cdn protein la nhing c¢éng cu phan td thyce
hién moi hoat dong song. Nucleic acid gbm 2 loai : ribonucleic acid (RNA) va
deoxyribonucleic acid (DNA).

a) Deoxyribonucleic acid (DNA)

DNA la mét polynucleotide, 1& vat chat di truyén cé trong tat ca cdc loal
{& bao. DNA gdém ¢6 géc acid phosphorie, duong 5-deoxyribose va cdc base
nitric 1a adenine (A), guanine {G), cytosine (C) va thymine {T).

Tat cd cde sinh vat déu o6 chung mot cdu tric DNA. Tinh ddc trung

DNA ciia mét loai bidu hién & trinh tu sdp xép cdc nucleotide doc theo chidu
dai phan ti va s6 luong cia ching.

Vao nam 1953, J. Watson va F. Crick da téng hop cdc s liéu phéan tich
hod hoc va tan xa tia X doi véi DNA cia Rosaline Franklin va Maurice
Wilkins dé xay dung mo hinh chuéi xodn kép DNA (hinh 2.2) véi nhiing dac
diém sau :

- Mach polynuclectide c6 khung duong — phosphate nhd lién k&t
phosphodiester giita phosphoric acid vdi dudong deoxyribose. Mach ¢6 mot dau
8P va dau kia 3'OH.

- 2 mach polynucleotide gén nhau nhd bit cap base nitric ding 461 dién
giita 2 mach bing cdc lién k&t hydro theo nguyén tde bé sung A v6i T va
nguoc lai (2 lign k&t hydro), G véi € va ngude lai (3 lién k&t hydro).

- 2 mach polynucleotide x&p nguge chidu nhau hay déi song song.

- Pudng kinh chudi xodn 1a 20 ; méi chu ki xodn gbm 10 cap N, dai 34A

hay 3,4nm ; 2 mach polynucleotide xodn déu tu trdi sang phdi ; cdc base ¢6
mat phdng vuéng géc vdi truc dai va cdch trén dudi 3,44

Nguyén tdc bdt cgp bd sung dé din dén nhidu hé qua cuc ki quan trong
cho sy phat trién vugt bic cda Sinh hoc va CNSH la

- Cd s cho sy truyén dat thong tin tit DNA dén RNA va protein.

— Cd 54 cho sy sao chép chinh xdc ciia vat chat di truyén.

— Cd ch& phén tu cua dét bién.

- Biét trinh tu nucleotide machl, suy ra trinh ty tuong Gng mach 2. Day
1a co s& d& téng hgp mau do (probe) DNA.
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_ Bién tinh (denaturation) va hdi tinh (renaturation) DNA ddn dén lai
nucleic acid va lai phén tir, lam co sd cho céc chdn dodn m6i.

— Tiém nang cho sta sai, khi sai § mach 1 dua vao mach 2 dé sua.

Hinh 2.2. M& hinh chudi xodn kép DNA
clia Watson — Crick
_ Phia trén cing mé ta vong xodn cia phén td.
— Nguyén téc bit cap bd sung : A v6i T, G v6i C.

— Hai mai tén nguge chiéu thé hién tinh dbi song
song.

e Bién tinh DNA va lai nucleic acid
Mot tinh chat quan trong cia DNA 1a kha nang bién tinh va héi tinh.

2 mach DNA gén v6i nhau nhd céc lién két hydro, néu céc lién két nay
bi ddt 2 mach sé tach roi nhau nhu khi dun néng phan ti DNA vugt qua
nhidt d¢ sinh li (thudng & khoéng 80 — 95°C). D6 1a hign tugng bién tinh
(denaturation) cia DNA. Nhiét d¢ lam tdch 2 mach DNA la diém chdy
(melting point), né dac trung cho méi loai DNA, phu thudc s6 lugng lién két
hydro. Chat formamide 1am ha thdp diém chdy, dung dé giam nhiét do lai.
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Sy bign tinh la thuin nghich. Néu DNA da bi&n tinh dugc ha nhiét do
tit tir tré lai binh thudng thi ching c6 thé gén lai véi nhau thanh mach kép,
goi la kot tinh (renaturation) (hinh 2.3).

T I LTI Mach kép DNA A
IEEEEEREER Mach kép DNA B

Tang nhiét d
1 /—r‘LN a8 %ié'n:?mhé
by 2t | /)/A
Lam fanh d& héi tinh

I nT".T.(: ——
\.y"‘

Khéng hoi tinh

Héi tinh hoan toan " Hi tinh mot phdn

Hinh 2.3. Bién tinh, hdi tinh va lai DNA

St dung dic tinh bién tinh va héi tinh, c6 thé tién hanh lai DNA véi
DNA, DNA voi RNA va RNA v6i RNA. K&t qué lai duong tinh c6 duge khi
giita 2 loai DNA phai 6 nhitng dogn c6 trinh i bé sung cho nhau, tic tuong
déng. C6 thé ding déng vi phéng xa dénh diu A€ phat hién doan lai.

e Cg ché ty nhén abi hay sao chép cua DNA

DNA sao chép theo khudn v6i nguyén tdc bdn bdo tén {(semi-
conservative) : 2 mach cii cla DNA ban ddu tach ra, mdi cdi 1am khuon tong
hop mach moi. Két qua 1 phan tit DNA ban ddu tao ra 2 phén td con giong
hét nhau, Méi phdn i con déu mang mét mach c@ va mot mach mdi (hinh
9.4). Qué trinh dién bi€n phiic tap nhung c6 cac co ché chung. Pac biét mach
méi lubn téng hop theo huong 5P —» 3 OH giup sia sai tot.

M3i buée déu cb enzyme ddc hig¢u tdc dong nhu DNA-polymerase 11 tdng
hgp mach méi b sung, DNA-polymerase 1 va ligase néi cdc doan rifi.
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Hinh 2.4. Sa d6 téng hgp mach DNA con mdi b8 sung véi mach don DNA me
a) (T) gan vao ddu 3' DNA mdi khi bat c&p vdi (A) trén mach don DNA me.
b) (T) da gén xong, nhin rd 1 mach don DNA mdi va 1 mach don DNA cii .

Tém lai, DNA théa mdn dday di cde yéu cdu déi véi chdt di truyén : chia
va truyén dat théng tin, tu sao chép, c6 khd nang bién di di truyén va tiém
ning cho tu sda sai.

b) Ribonucleic acid (RNA)

RNA déng vai trd trung gian trong téng hgp protein, gdn day phét hién
mot s6 RNA c¢6 khd néng xic tédc.

e Cau tric va chiic nidng cia RNA

RNA c¢6 cac dac diém chung : cdu tric moét mach polyribonucleotide,
uracil (U) thay cho thymine (T) trong thanh phan nucleotide, gém 3 loai chu
yéu :

-~ mRNA : Nhén va truyén dat thong tin tir DNA.
— rRNA : Thanh phén cdu triic cia ribosome.
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- tRNA vgn chuyén : Van chuyén amino acid dén ribosome trong sinh
téng hop protein.

8. Protein
Cdc protein cé cdu tric khéng gian 3 chiéu phic tap khi ¢ dang tu
nhién (native) va & dang nay mdi c6 hoat tinh sinh hge. Cde protein 12 cong

cy phdn ti hidn thyc hod théng tin di truyén chida trén acid nucleic va la co
sd cua s¢ da dang cdc loai.

20 loai L-aminc acid l1a nhing don vi cdu tric cia protein. Cdc amino
acid noi nhau bang lién k&t peptid tao thanh mach polypeptide. Céc phan ti
protein cé 4 bic cdu triic.

Céc protein ¢6 chitc nang rat da dang. C6 thé€ néi ching thue hién hau
hét cde chic ning cn ban cia chat sdng nhu : xic tde cde phdn ing sinh
hod, tham gia cdc thanh phén cu tric cia té bao, giip vén déng, du tra v
vgn chuyén thite an, bdo vé té bao.

Cde enzyme hay ferment la niiém protein lon nhdt va quan trong nhdt.
C6 hang nghin enzyme, ma méi enzyme xdc tdc mdt kifu phan ung sinh hod
nhat dinh. Ching chi phéi sy tao thanh cdc chat hitu co phan td nhs.

CNSH dang st dung nhiéu protein quan trong nhu bacteriorhodopsin
dung }am bé nhé may dién todn, protein t¢ nhén lam 4o gidp chéng dan,...
II. CAC GEN

N#m 1865, Gr. Mendel da ching minh sy di truyén do ecde nhan t& di
truyén (sau dé goi la gen) va néu ra cdc quy ludt di truyén mang tén éng.
Khdi niém gen thuc sy dia lam nén tang cho nhimg phdt minh 16n cia Sinh
hoc thé ki XX, nén Mendel duge coi nhit Newton ciia Sinh hoe.

1. Gen va tinh trang

Trude tién, can biét rd ede quy ludt di truydn Mendel va mdt s& thuat
ngd can ban dé hiéu chi tiét hon vé nhing thanh tuu cta thei dai gen va cdc
trién vong trong tuong lai.

~ Cdc két qud thi nghiém ciia Mendel duge phat bidu thanh 2 quy luat :
+ Quy lugt Mendel I goi 14 quy ludt phan li hay giao tif thuan Khiét.

+ Quy lugt Mendel II goi 1a quy luat phan li dée lap va té hop tu do.
Ngay nay, ngay trén vudn Mendel di trong hoa trang tri mau do va

tring thanh cdc hang biéu hign quy luat Mendel I (hinh 2.5).
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- Mét s6 khai niém va thuat ngt :

+ Thé& hé cha me duge ki higu bing chit P (parenta), con lai th& hé thit
nhat ki hieu F; (tiéng La tinh Filii-con), con lai th€ hé thi hai ki higu Fo. Ki
higu x chi sy lai. Mendel gia dinh trong méi cd thé ¢6 2 nhan to di truyén la
AA, Aa hoac aa. & thé hé F; tdt ca con lai (Aa) déu hoa déb. & th& hé Fg ¢6
sy phén li t11¢ 3 hoa 4o (1AA + 2Aa) : 1 hoa tring (aa). Gen quy dinh tinh
trang hoa do biéu hign g Fy la tréi (dominant) va ki hiéu bang chit hoa A,
¢dn gen quy dinh tinh trang hoa tréng 1a lgn (recessive) ki hidu a.

+ Gen : Nhan 6 di truyén xac dinh cac tinh trang cua sinh vat, nhu
hinh dang hat, mau séc, trdi va hoa,...

+ Allele : Cde trang thai khac nhau cha mdt gen, nhu gen mau hoa c6 2
allele 124 A va a.

+ Péng hop ti (Homozygote) : C4 thé c6 2 allele gidng nhau nhu AA
ho#c aa.

+ Di hgp ti (Heterozygote) © C4 thé c6 2 allele khéc nhau nhu Aa.
+ Kiéu gen (Genotype) Tap hgp cac gen quy dinh tinh trang.

+ Kidu hinh (Phenotype) : Biéu hién cha tinh trang : né 1a két qua sy
tuong téac gilta kiéu gen v6i moi trudng.

Hinh 2.5. Khu vudn thi nghigm Mende! thdi nay & Tu vién Brunc {Céng hoa Séc)
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Gidi thich quy fust Mende! | theo cac hang hoa chidu ngang k& tut hang xa nhét vdi cac
chil vigt trén cac cum hoa -

—Hang xa nhdt : P thudn chiing ; D& (AA)} x Tring (aa).
— Hang k& tiép 1 : F{ déng tinh db {Aa).

— Hang k& ti€p 2 : Fz phan i 11 1& kiu hinh (3dd : 1trdng), 1 ié kiu gen (1 AA : 2
Aa: 1 aa).

- B&n hang dusi cing 1a hau thé ciia F2 tinh theo chiéu doc, gém:
+ 1 dd thuén Fa (AA) cho ra 4 cum hoa dd (AA).

+ 2 db lai F2 (Aa) cho ra 3 cum hoa d3 (1AA va 2Aa) va 1 cum hoa trdng (aa).

+ 1 trdng thudn F» (a&) cho ra 4 cym hoa trdng (aa).

Hinfh 2.6 . M3t 54 tinh trang Mendei & ngudi

Dén nay, di truydn hoc khing dinh moi tink trang cha sinh vat déu chiu
su chi phéi cla cdc gen tuong ung. Céc tinh trang cia ngudi cling tuan theo
cde quy ludt Mendel. Hinh 2.6 chi néu mdt s§ tinh trang hinh thdi nhu téc
moc thanh dinh nhen & trdn, nhidu tan nhang, lim déng tién trén gd m4,
cim thidng hoac ché, c6 1ong trén nguc hoic canh tay,...

Mot hé qué réat quan trong tir sy hi€u biét vé gen 1a sy tuong déng cia
cic gen & nhimg lodi sinh vt cé quan hé¢ phat sinh trong tién hoa. Phat
hién mét gen & loai vat nay c6 thé tim gen tuong ing ¢ loai khdc. Vi dy, nher
phét higén d9t bign chudt béo phi (hinh 2.7) do sal héng protein lectin ma
tim ra gen tuong (ng & ngudi d€ nghién ciu tri bénh béo phi.
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Giai thich quy luat Mendel | theo céac hang hoa chiéu ngang ké tUf hang xa nhat véi céac
chir viét trén cac cum hoa :

- Hang xa nhét : P thudn ching : D4 (AA) x Tréng (aa).
— Hang ké tiép 1 : F1 déng tinh dd (Aa).

- Hang ké& ti€p 2 : F2 phan li ti 1& kiu hinh (3 dd : 1 trdng), 1718 kiéu gen (1 AA : 2
Aa: 1 aa).

- B&n hang dudi cung la hau thé cla F2 tinh theo chiéu doc, gém:
+ 1 dd thudn F2 (AA) cho ra 4 cum hoa dé (AA).
+ 2 db lai F2 (Aa) cho ra 3 cum hoa dd (1AA va 2Aa) va 1 cym hoa trdng (aa).

+ 1 trdng thudn F2 (aa) cho ra 4 cym hoa trang (aa).

Hinh 2.6 . M6t s8 tinh trang Mendel & ngudi

Dén nay, di truyén hoc khdng dinh moi tinh trang ctia sinh vat déu chiu
su chi phdi cla céc gen tuong ung. Céc tinh trang cia ngudi ciing tuin theo
cac quy luat Mendel. Hinh 2.6 chi néu mét sé tinh trang hinh thdi nhu téc
moc thanh dinh nhon & tran, nhiéu tan nhang, lim déng tién trén go m4,
cam thdng hodc ché, c6 16ng trén nguc hoac canh tay,..

Mot hé qué rdt quan trong tir sy hiéu biét vé gen la sy tuong déng cia
cdc gen ¢ nhiing loai sinh vat c6 quan hé ph4t sinh trong ti€n ho4. Phit
hién mot gen & loai vat nay c6 thé tim gen tuong ting & loai khéc. Vi du, nhd
phét hién dot bi€n chudt béo phi (hinh 2.7) do sai héng protein lectin ma
tim ra gen tuong Ung ¢ ngudi d€ nghién ctu tri bénh béo phi.
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Hinh. 2.7. D6t bién chudt béo phi do sai hong protein lectin

2. Sinh tong hgp protein

G cap do t€ bao, cong trinh cia T.H. Morgan da chidng minh gen nidm
trén nhidm sdc thé trong nhan té bao. G c&p dd phén td, thong tin di truyén
dugc ma hod & dang trinh ty théng cta 4 loai nucleotid trén DNA va RNA.
Pon vi clia thong tin di truyén la céc gen. Sy biéu hién ctia gen ra tinh trang
thong qua téng hgp protein theo sg d6 hinh 2.8.

a) Ma di truyén

Tit ndm 1961 — 1966, 64 codon (bd ba nucleotide ma ho4 cho 1 amino
acid) da dugc xdc dinh. Ma c6 tinh "suy thoai" (degeneration) tifc mot amino
acid c6 thé€ c6 nhidu codon ma ho4, chi trif methionin va tryptophan chi c6 1
codon. Cé 1 codon khéi sy 1a AUG tuong dng véi methionin va 3 codon két
thic UAA, UAG va UGA. Trif mot s6 ngoai 1& nhé, ma di truyén c6 tinkh van
ndng (universel) tdc toan b thé gidi sinh vat c6 chung bd ma di truyén.

a b c d

Hinh 2.8. Dong théng tin di truyén tir gen trén nhi@m séc thé dén protein.
a) NST chua cac gen ; b) Gen la 1 doan DNA ; c) mRNA théng tin ; d) Protein.
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b) Qua trinh phién ma (transcription)

Qua trinh chuyén thong tin tit DNA sang RNA dugc goi 1a sy phién ma
nhy enzyme RNA polymerase va cdc ribonucleotide, dac biét 1a uracil.

Genome
(BS gen)

Phién ma l DNA b gen

Ex 1 iIn1 Ex2 In2 Ex3 In3 Ex4 In4 _Ex5

o g— g, " gw—° g Transcriptome

Cdt néi (Splicing) Tién mRNA
Ex 1 X Ex4 E Ex1 Ex2 Ex4 Ex5
Spliceome
mANA mRNA
Dich ma
Proteome
(B6 protein)

Chic niang A Chiic ning B

Hinh 2.9. Qua trinh sinh tdng hdp protein clia gen gian doan & Eukaryotae

Su phién ma ¢ Sinh vat nhan so Prokaryotae don gian hon so v6i ¢ Sinh
vat nhan chuidn Eukaryotae. Hinh 2.9 mé t3 qué trinh tu phién ma dén
protein cla gen gian doan ¢ Eukaryotae. Day la qud trinh phdec tap qua céc
giai doan :

— Bét dau tit DNA b gen (Genome).

— Tao ra tién mRNA (pre-messager RNA), tuong ng sé c6 b6 phién ma
(Transcriptome).

— Cdt néi cdc dogn RNA (splicing). Trén tién mRNA c6 céc doan ma ho4
trén protein goi 1a exon (Ex 1,. Ex 5) va cdc doan khéng ma ho4d trén
protein la intron (In 1,.. In 4) s& bj loai bé trong qué trinh cdt ra néi lai goi
la splicing (tuong tng c6 Spliceome). Trong splicing ¢6 thé Xay ra viéc noi
cdc exon theo nhiing t6§ hop khdc nhau dé tao ra nhiéu loai mRNA kh4c
nhau, ma trong vi du & day la 2 loai. Trong trudng hgp B, exon 3 bi loai bé
va mRNA sé tao ra protein c¢6 chic nidng B. Diéu nay gidi thich vi sao &
ngudi so loai protein nhidu hon so véi s§ gen cia bd gen.

— Sau cling la sy dich ma tao ra cdc protein A hoac B (Proteome).
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Mot két qua hét sic bat ngd 1a khi giai ma xong by gen ngudi thay sé
loqi protein lén hon s6 gen gdp nhidu ldn ma nguyén nhén la do splicing
theo nhiéu kiéu khéc nhau va cdc bign dgi protein sau dich ma. Chinh diéu
nay dan dén khiing hodng trong dinh nghia vé gen & thoi diém hién tai, khi
ma quan niém truyén théng cho dén cudi thé ki XX la mét gen - mét
protein.

¢) Qua trinh dich ma (translation)

/ Phién m@  Van chuyén ra t& bao chat Gidi ma \
(/ \ Amino acid %
ANA = A of  aatANA
pofymerasle 1ANA il rRNA
- 9o — Polypeptide
— %F_—_{) . 1
rRNA_
Ka
Té bao chat
RLJ nhan
mRNA
j— Nhén

\

Hinh 2.10. S6 d6 dong théng tin tif DNA dén protein & sinh vat nhan chuén

Mang té bao

DNA trong nhén té bao 1am khuén dé téng hdp ca 3 loai ANA (tRNA, rRNA va mRNA). C4 3
loai RNA qua 16 nhén ra & bao ch&t tham gia téng hgp mach polypeptide. Cdc rRANA gop phén tao
nén ribosome gédn vao mRNA dé thic hién dich ma. tRNA dugc hoat hod, gdn véi amino acid dac
hiéu tao phuc hgp aa — tRNA va vao ribosome bdt cdp dic hiéu anticodon — codon trén mRANA.

Qud trinh chuyén tir trinh tu cdc base trén mRNA thanh mach
polypeptide duge goi 1a dich ma (translation). Thong tin dugc chuyén tir
trinh ty ribonucleotide trén phan ti RNA thanh trinh tu amino acid trén
phan tif protein. Huéng dich ma trén mRNA la5 — 3.
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CO nguyén can ban cua sy sdng.
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Vi du, di truyén la mot dic tinh cta t& bao, duge quy dinh bédi céc gen va
biéu hién nhd ngudn ndng lugng va sy sinh sdn cia t& bao. Céc tinh trang
ctia cg thé bidu hién tron ven chi & mic t& bao. Nguge lai, nhd c6 tinh di
truyén ma hé théng cu tric tinh vi va sy bién d6i nang lugng phic tap cia
té bao dugc tdi tao.

9. T& bao cuia sinh vt nhan sd Prokaryotae va sinh vat nhén
chuidn Eukaryotae

a) T& bao cua sinh vat nhén so (Prokaryotae)

T& bao chat

DNA vong tron

Plasmid

Ribosome

Véch t& bao
Mang sinh chat

Hinh 2.11. T& bao vi khuén Escherichia coli (E. coli)

Cdc vi khudn ma dai dién 1a E.coli (hinh 2.11) va vi khudn lam
(Cyanobacteria) thugc nhém Sinh vat nhéan so (Prokaryotae), c6 kich thuéc
nhé bé, khoang 1 — 10 micromet. Céc t&€ bao nay khong c6 phén 16n céc bao
quan nhu trong cdc t&€ bao cia Sinh vat nhan chuén. Tuy c6 ngoai 1&, nhung
quy luat chung la céc t&€ bao Prokaryotae khong c6 cdu tric mang nhén bén
trong, ¢6 ving tuong ty nhan goi la nucleoid. Céc ribosome 70S n&m rai rdc
trong t&€ bao chat. By gen chita mot phéan tu DNA 16n, vong tron, tran (tdc
khong c¢6 gin thém cac protein). Plasmid la c&u tric DNA mach vong c6 & t&
bao chit, duge dung mang gen trong KTDT.

b) T& bao cua sinh vat nhan chuén (Eukaryotae)

Piém ndi bat dé phan biét t& bao Eukaryotae dién hinh la c6 mang
nhan bao quanh. Tiép theo, t& bao Eukaryotae c6 hé thong mang phic tap
bén trong t& bao, c6 cdc bao quan nhu ludi ndi chit, bo Golgi, lysosome, ti
thé, luc lap (hinh 2.12).
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Mang sinh chét (plasma membrane) bao quanh tdt ca cdc t& bao, gidi
han d¢ 16n va duy tri nhitng su khdc nhau cin thiét gitia cac chéit, giita cau
tric bén trong né véi méi truong bén ngoai. N6 la mot bd loc c6 tinh chon
lua cao va thuén ti¢n cho su van chuyén tich cuc céc chdt ; né kiém tra su di
vao cua cdc chdt dinh dugng va su thai ra cdc chat ba, tao nén su khdc nhau
vé néng do ion giita trong va ngoai t& bao. Mang sinh chat con 1a noj thu
nhén cdc tin hi¢u bén ngoai, cho phép t& bao bién ddi d& dap lai tuong dng
v6i mdi trudng xung quanh.

Lu6i ndi chat déng vai tro trung tdm trong sinh téng hop ciia t& bao nén
n6 c¢6 mang nhiéu ribosome (nham).

TE bao chat

Thé men Ludi noi

. . chét tron
Mang sinh chat Lugi ndi

Ong siéu vi S e -f. A r\\ chat nham
Nhan - e i st Y 4-Ribosome
Hach nhan e — -

Mang nhan

Bo Golgi
Trung thé

Hinh 2.12. T& bao ddng vat dién hinh

Bo Golgi 1am nhiém vy bign d6i, chon loc va géi cdc dai phan tir sinh
hoc ma sau d6 duge tiét ra ngoai hay dugc van chuyén dén cdc bao quan
khéc nhu lysosome...

Lysosome khéng nhitng phan huy céc chdt dé “nudi” t& bao, ma con “don
sach” nhiing bao quan khéc khi da trd nén v0 dung thanh cdc tién ch4t don
gidn ban ddu dé€ t& bao t4i si dung.

Ti thé c6 trong t4t c& céc t& bao nhan chuén va cdc luc lap (chi c6 & thue
vét), c6 chifc ning bién d6i ning lugng thanh dang hitu ich cho hoat dong t&
bao. Ca 2 loai bao quan nay c6 hinh thai dac biét 1a déu chda bén trong mot

86 16n cdu tric mang.
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Nhan 12 bao quan l6n nhét 6 chic nang ndi bat 1a chda thong tin di
truyén. Su phan chia déu cia b$ nhidm sdc thé& vé cdc t&€ bao con dam bdo
cho tinh di truyén.

Qua so dd trén, rd rang t& bao la cu tric gdm nhiédu hé thong phuc tap
duge diéu hoa nhip nhang.

3. Phan bio va su chét theo chuong trinh (apoptosis) cua té bao

Nguyén phén va apoptosis diéu hoa sb lugng t& bao trong qua trinh phdi
trién, tang truong va lam lanh vét thuong.

Nguyén phédn (mitosis) la qua trinh phén bao & sinh vat Eukaryotae :
tir mot t& bao me ban ddu tao ra hai t& bao con cé bd gen nhu nhau. Chu
trink t& bao (cell cyele) gdm nguyén phén va gian ki, mé trong ki nay dién
ra t6ng hop DNA trudc khi buGe vao nguyén phan. Nguyén phan la co sd cua
su tdnyg trudng ¢ cde sinh vt da bao va sinh sdn vé tinh,

Sy tang s§ lugng t& bao cha sinh vat da bao nhd nguyén phén. ¢ ngudi,
hop t& sau nhidu 14n chia nguyén nhiém hinh thanh nén cd thé gém nhiéu ti
t& bao. Nha dé, trir t& baoc sinh duc, cde t&€ bao cta cd thé c6 bd nhidm sic
thé nhu nhay, twong dng ¢6 lugng théng tin di truyén gisng nhau.

Su kiém sodt chu trinh t€ bao : M{t nhém cdc protein tuong téc 1an
nhau dugc goi 1a cde chét kiém sodt (checkpoints). Chiing ddm bac cho sy sao
chép nhidm sdc thé (NST) va phan déu vé céc t& bao con. Vi duy, chét kiém
sodt sy tén hai DNA c6 thé lam dung chu trink td bao & bat cu giai doan
ndo, trong khi d6 cdc gen mé hod cho cdc protein héi phuc thuong tén duge
mé. O cudi nguyén phan, checpoint hinh thanh thoi vé sdc hoat dong dé
hinh thanh thoi cho NST bam vao.

Csc 1& bao cing tuén theo “ddng hd” bdo cho biét phéi phan chia bao
nhitu lan. Telomere 1a cdu tric ¢ ddu mit cda NST, né ¢6 hang tram dén
hang nghin doan (6 nucleoide) ddc higu lap lai. Trong mbi lan nguyén phan,
telomere m4t di tit 50 d&n 200 nucleotide va cd thé NST thé ngén dén theo
s 1an nguyén phan. Thudng sau khodng 50 14n phan bao, sy m4&t nucleotide
ciia telomere dat diém chét va phét tin hig¢u dimg nguyén phan. T& bao cé
thé séng nhung khéng phan chia ho#ic chét. Enzyme telomerase dic hidu
giip duy tri d¢ dai binh thudng cia NST, né hién dién trong cdc té bao
phéan chia khong giéi han nhu cdc t& bao sinh duc, ung thu, va trong vai
kiu t& bao binh thutng (nhu t& bio tuy xuong) ¢b vai trd cung cip céc 1€
bao méi.
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Cde hormone va nhan t6 tdng trudng 12 nhimg tdc nhan ngogi bao cb
anh hudng dén su phan bao. Cde protein cyclin va kinase cd tdc dong bén
trong té& bao dén nguyén phan,

Apoptosis duge phét hién vao thap nién 1990 cho thay c¢6 nhitng co ché
phite tap kiém sodt sy chét cia t& bao trong chu trinh phdt trién. Vai tro
tich cyc cua apoptosis ngay cang sang té hon va duge vi nhu cong vigc got
xén ciia ngudi tac tugng dé tao san phdm hoan chinh. Vi du, do apoptosis ma
ndng noc dit dudi thanh con &ch.

& cdc nganh cong nghiép, muén mo rong san xudt, con ngudi phai ché
tao ra nhidu may; trong CNSH c/i cén tao t& bao gidng ban ddu, sau dé tu
né sinh sin ra véi s6 lugng lén & nhitng diédu kién thich hgp. Con ngudi chi
can giit giéng va nhan giong. Nho hidu ré cd chd sinh sdn, con ngudi cé thé
rit ngin qué trinh nhin giéng nhu truyng hop nudi cdy md té bao thuc vat.

4. Hoa hoc cia & bao

Dé tdn tai, t€ bao phai thu nhin nang lugng va sinh téng hop cdc chat.
Céng viéc dé duge thuc hién nh¥ hang nghin, hiang van cic phan iing hod
hoc dién ra lién tuc theo trinh ty nghiém ngat, nhanh nhay va rat chuin
xde, vi nhiy mot nha mdy hod hoc. Nha mdy nay rat dic bigt, vi t&€ bao hoat
dong ¢ didu kién déng nhiét, ding dp, tic cdc phin ung hod hoc dién ra
trong didu kién nhiét dd nhu nhau, ap sudt nhu nhau. Hao tén nang lugng
clia ¢dc phan ung hod hoc trong t& bao la téi thi€u. Trong cdc PTN hod hoc
théng thutng, khé cé thé thyc hién cdc phdn dng véi nhiing diéu kién va
tidu t&n ning lugng nhu vay.

Ho4 hoc clia t& bao ¢ nhimg dic tinh wu vigt nhu trén 12 nho :
— C4c chat xic tac la nhitng enzyme ¢é tinh déc higu cao.

— Hé théng cdu tric va sy phan bé khéng gian hgp li trén mang.
— Su diéu hoa hop li clia cdc gen.

— Hé théng tin hidu chinh xdc cla céce t& bao.

S6 loai phén ung hos hoc duge thye hién trong t& bao rat 16n. Dén nay
con ngwwi ghi nhan hang nghin loal phan ttng hod hoc khéc nhau trong thé
gigi sinh vat. Hau nhu tat ca céc loal phan (¢ng hod hoc dién ra trong co thé
séng nhu oxy hod khi, methyl hod, amin ho4..., va ciA nhing phan ing cé
tinh dic hidu cao nhu chuyén hod sinh hec (biotransformation).
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Ngoai ra, thién nhién v6n hai hoa, cdc phan hod hoc ciia t& bao it giy &
nhiém, lai lam sach méi trudng nén cde quy trinh CNSH khéng nhitng cé
gid tri kinh t&, ma cdn gép phan ddng ké bdo vé madi sinh.

5. Tin hiéu t&€ bao (Cell signalling)

Nhimmg thanh tuu cia Sinh hoc phéan tit t&€ bao v cdc b gen soi sdng
nhiéu chi tiét phuc tap vé hoat déng sdng ciia t& bao, ma tin hiéu t&€ bao la
mot vi du. C6 nhing tin hiéu cho sy van chuyén ndi bao (intracellular traffic)
va cdc tin hiéu lién hé gida cdc t€ bao (intercellular signals).

So dd trén hinh 2.13 cho thay cdc protein sau khi hinh thanh da tu déng
di chuyén dé&n ding noi cdn dén nhi cdc tin hiéu c6 ngay trén mai phan ti.
Ngoai ra, d cdc sinh vit da bzo con ¢6 mdi lién hé giira cdc t& bao.

Céc phan ti thong tin ngoai bao (extracellular informative molecules),
thue hign mai quan hé gita cdc t&€ bao, 12 nhitng chat trung gian gdm 3 loai
phu thude vao khoang cich tae dong.

Cé thé ndi, mdi mat t& bao tdm minh trong madi trutmg véi nhidu tin
hiéu hod hoe : cdc phan tu phéng thich tir cdc t€ bao khdc (ede hormoene,
nhén t& ting trudng,.) va cdc chdt ngoai lai nhu thudc hay doc t&,. Tiép
nhén tin higéu, bd mdy t&€ bao ddp lai mdt cdch dic hiéu, nhu téng hap mat
leai protein.

Trong hod hoe, ching ta thudng quen véi kiéu phdn tng chat A k&t hgp
vdi B thanh AB. T¢€ bao phin dng phie tap hon nhiéu : tin hiéu phdt ra di

chuyén rat xa, c¢6 dinh husng ding muc tiéu dé kich thich hoat ddng cia

mot phic hgp gom cd chuc protein nhdm dap lai. Thit hinh dung, 1 phan ti
protein cdu kich thudc 5nm (5 phan tridu milimet) di chuyén dén khodng
cdch 300mm (30cm) thi 49 dai di chuyén gap 300 triéu ldn. Néu méat ngudi
cao 1,5m di chuyén nhu vdy thi khodng cdach tugng iing la 450 triéu mét =
450000km, hon gap rudi khodng cdch tir Trdi dat dén Mat tring. Hoat déng
sdng ciia t& bao phic tap, nhung chinh x4c bidt bao !

Trén t& bao ¢ cdc mue té chite cao hon 14 md, cd quan, co thé... Tat ca
déu ¢ c4c mdi lién hé bén trong va véi méi trudng ngoai rat phic tap thong
qua cdc tin hiéu té bao. Co thé duge didu hoa b&i 2 cd ché :

— Cdc ché@t néi tiét nhu hormone,.. ¢6 tdc déng cham.

— Cdc xung than kinh cé tdc ddng nhanh.
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Bé& mit Mang Luéi nbi chit nham Mang
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Hinh 2.13. Su phan b ty dong céac protein vé dung vi tri nhd céc tin hiéu
(céc hinh vudng nhd & ddu phan tlr)

6. Kha niang tu sinh san

Mot trong nhiing kha nang ki diéu cia thé giéi sinh vat 1a tu sinh sdn
lién quan chat ché véi bo may di truyén. Viéc con ngudi hiéu rd c¢6 kha ning
bi&n déi dinh huéng céc gen va dua ching tif sinh vat nay sang biéu hién &
sinh vat khdc da mé ra nhiéu dng dung to 16n ma hau qua khé ludng hét
duge. G cac nganh cong nghiép, muén mé rong san xudt, con ngudi phai ché
tao ra nhiéu mdy ; trong cong nghé sinh hoc chi can tao té bao giéng ban
déu, sau d6 tu né sinh sdn ra v6i s6 lugng 16n & nhing diéu kién thich hgp.
Con ngudi chi cin gii gidng va nhan giong. Nhy hiéu ro co ché sinh san, con
ngudi ¢6 thé rit ngdn qué trinh nhéan giéng nhu trudng hgp nudi cdy md t&
bao thuc vat.
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IV. CAI BIEN VA SU DUNG TE BAQ
1. Nuéi té bao
Ngay tit nim 1840, ngudi néu ra hee thuyét t& bao 1a Shleiden da dé cap

dén kha ning nudi t& bao. Pén thap nién 1940, nuéi t& bao thue vat va dong
vit da thanh céng va bit ddu phat trién.

Nudi té bac ddong vat cé nhiéu vng dung @ sidn xuit vaccine virus, cdc
protein va hormone ; san xuit khdng thé don dong,..

Nudi cdy moé thue vat gép phin cho nhan gigng vé tinh va chon gidng in
vitro. Cdc té& bao thue vat duge nudi roi dé sdn xuat mot s hosd chat. Bic
biét, ¢ thé sir dung t& bao thue vdt ¢d dink (immobilized cell) dé thue hién
nhiéu lan lip lai mdt s& phan ung chuyén hod hodic sdn xuat cdc chit, Co
dinh t& bao giip st dung hoat tinh enzyme ma khdi mat nhiéu cdng sire cho
chiét tach va tinh sach enzyme rat tén kém.

2. St dung t& bao géc (stem cell) dé tri bénh

Viéc phdt hién ¢¢ bao géc soma c¢é § nghia quan trong, hia hen nhiéu
tng dung to ldn. Nhiéu bénh do sai héng -trong hoat déng séng ciia t&€ bao
ma hién nay duge chita tri bing cdc loai thude khéc nhau. Mot hudng nghién
cdu. méi hién nay la thay t¢ bao géc vao chd t& bao bénh dé héi phuc chie
nang trd lai binh thudng ma khéng phai st dung thude sust doi, T dé ma
6 linh vie méi dang phat trién la Y /e phuc hét (Regenerative medecine).

3. T€ bao nhin tao

Trén co s¢ bi&t rd b gen cde vi sinh vit va cde thd nghiém nhim loai
bo ting gen xem vai trd cda ching nhu thé nao, con ngudi da biét duge 300
gen tdi thiéu cén cho hoat dong séng ciia t& bao. Ti dé, con ngudi di ché
tao & bdo nhdn teo uvdi 300 gen 6i thidu duge boc trong mang
phospholipid nhan tao. T¢ bao nhdn tgo hua hen nhiéu dng dung ngoan
muc trong tudng lai,

4. Ding t& bao th& nghiém ché phim va hoa chat

Céc thi nghi¢m vé hidu qud cla cdc tdc nhan tri Héu hay dgc t6 thudng
tién hanh trén chudt va cac dong vat. Céc thit nghiém nay dat gid va cé quy
mo han ché. Cdc mé hinh t& bao duge si dung mé ra kha ning to ldn trong

* tam sodt (screening) cde chat thudc hay xdc dinh nhanh dée tinh cia cdc sin

phdm CNSH.

Tém lai, co sd khoa hoe eta CNSH la sit dung nhimg tinh chat wu viét
cda t&€ bao séng tryc tiép vao nhing quy trinh sin xudt cong nghiép bing
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nhitng ki thuit mdi tinh vi, chinh xde, chi dong va véi quy mé rong lén hon.
Nho dé, CNSH ddp tng dugce nhitng yéu cdu cao ctia cude cach mang sinh
hoc mdi can nhing ki thuat sin xudt khong gay 6 nhiém, tiét kigm nang
luong va c6 hidu qud kinh té cao. '

TOM TAT CHUONG

Thyc chét clia CNSH la Gng dung cac qua tinh séng cla 1€ bao vao s&n
xudt 3 quy mod cong nghiép. Sy song biéu hign d 3 cdp G0 : phan iU, gen va té
bao.

0 cap do phén td. ti cac nguyen 16 ch y8u la H, O, C va N (chiém han
96%) t& bao tao nén cac chit hitu cg phan tf nhd va cac loai biopolymer nhd su
xic tac clia cac enzyme ¢0 ban chat protein. Protein va nucleic acid ia cac dai
phan t sinh hoc thé hign cac tinh chét dac hieu cla' sy s6ng.

3 cip do gen ma ban chét la DNA, cac tinh trang dugc biéu hién thanh
ting don vi. Théng tin di truyén trén DNA duge hién thuc hod qua qua trinh sinh
t8ng hop protein : DNA —> RNA -» Protein. Bay la mot qua trinh phtc tap, chiu
sy diéu hoa chinh xac theo chuong trinh phat trién ca thé dudi thc ddng cla cac
nhan 1§ moi trudng trong va ngoai té bao.

&3 cap dé 1€ bac, mdt c&u triic gom nhiéu hé théng phuc tap, sy s6ng biéu
hign déng bd va hai hoa. Nhé cdu tric phiic tap va tinh vi, t8 bao thyc hién qua
tinh trao ddi chat nhu mot nha may hod hoc dic biét véi nhidu uu viet.

Do t& bac c6 nhiéu uu thé, CNSH sif dung t& bao lam nha may san xustva
cong cy thir nghigm. P& dat hiéu qua t8t hon, CNSH ¢6 cac bién phap st dung
t& bao khac nhau nhu : ¢d dinh, nuGi t& bac gbc tri bénh, ché {8 bao nhan tac va
diing té bao iam mé hinh thit nghiém san pham,..

CAU HOI ON TAP
1. Vi sao 30% dan s6 thé gidi {&n gao) bi thidu s&t?
9. Cac chal carbohydrate nac thuang gép 7
3. Duting dan nao cé s8 lwgng 1én nhattrén Tral dar?
4. Cac chét hiru co phan W nhd dudc tdng hop theo nguyén the nao ?
5. Nguyén tic b6 sung trong c4u triic phan t DNA c6 nhilng hé qué quan trong nao 7
6. (3iai thich tai sao téng hgp hoa hoc khé thuc hign vdi phén t protein ?
. Gen insulin bidu hign & loai 18 bac nao ?
8. Sy biét hoa t3 bao la gi ?
9.
10. T6 bao nhan s¢ va nhan chuan c6 nhilng déac diém gi ?

Gac tin hiéu 18 bao ¢6 vai trd gi ?
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CHUONG 3
CAC Ki THUAT CUA CONG NGHE GEN

Viao nam 1972 — 1973, Berg, Boyer va Cohen 6 Mi da tao nén phan tu
DNA tdi t6 hop in vitro tit ba nguén vét liéu di truyén khdc nhau. Tiép theo,
1973 — 1974, nhém Cohen, Helinski, Boyer da 14n dAu tién nhan dugec DNA
t4i té hop c6 hoat tinh sinh hoc. Sy khdc nhau cén ban cha ki thuidt méi véi
phuong phép cii ¢ chd cho phép trong diéu kién thi nghiém in vitro (trong
ong nghlem) tao thanh (ghép néi) cac t8 hop cé hogt tinh khi dua tré vao t&
bao sdng tit cdc doan DNA khéc nhau c6 lya chon. Cé nhiéu thuat ngit déng
nghia dé chi ki thuit nay :

— Ki thudt tdi t6 hop DNA (DNA recombinant technology).
— Ki thudt di truyén (Genetic engeneering).

— Ki thuat gen (Gene engineering) hay Cong ngh¢ gen (Genetic technology
hay gentech).
— Thao tdc gen (Gene manipulation).

— Tao dong phan ti (molecular cloning), vi nhd n6 mot doan gen hay
doan nucleic acid dugc nhan ban thanh dong gbm v s6 ban sao giéng nhau.

Tuy nhién, khdi niém ki thudt di truyén cé nghia rong hon, bao trum
hon, gdm thao tdc khéng chi véi tilng gen ma ¢4 nhitng phan 16n hon ctia bd
gen va nhiéu phuong phép khdc nhu khuéch dai gen khong qua tao dong.

I. SO PO KHAI QUAT
Ki thudt tdi t6 hgp DNA dugc thyc hién qua nhiéu cong doan phuc tap
va tinh vi, c6 th& néi 12 mot cong nghé v6i cac bude chi yéu sau :

_ Bube 1 : Nuéi t& bao chi dé tao vector chuyén gen va nuéi t& bao cho
(nhu t& bao ngudi) cung cAp DNA.

— Buée 2 : Tdach DNA plasmid va DNA t& bao cho (ngudi).

— Bu6e 3 : Cdt ca 2 loai DNA bing cung mot loai enzyme restriction
endonuclesae EcoRI tao cdc ddu so le ¢6 két (cohesive ends).
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— Buéc 4 : Tron chung DNA plasmid da bi cit v6i doan DNA t& bao cho
{ngudyi) 48 chiing gin vao nhau bang bat cip bd sung nhy cdc ddu so le ¢ két.

— Bu6c 5 : Thém enzyme ndi ligase tao lién két hoa tri thanh DNA tdi ¢
hop hoan chinh.

— Budc 6 ; Bién ngp DNA t4i td hop vao t& baoe nhan (vi khudn E.coli).

_ Budc 7 : Chon loc va tao dong vi khuin mang gen la (t&€ bao nhan cb
plasmid t41 t6 hgp mang mdt dean gen hay doan nucleic acid dugc nhén ban
thanh déng gdm vb s ban sao gidng nhau). Sau khi cd dong sé tao diéu kién
dé& gen bi€u hién tao ra sdn pham.

Sg db khai quat sau giop hinh dung cu thé cdc bude trong qud trinh thuc
hién ¢hinh 3.1).

_ Budc 1 va 24 Pim kndl ddu

sao chep DNA la
Tao plasmid Plasmid ¥ fooeees — b
va DNA fa. vector ) V1 <41 ' Vi trl cét
Endonuclease
Khédng To cd!l gidi han
Endonuclease
. Bugc 3. cat gigi han
G4t piasmid %——-‘—'u 11 Ar%rT'rL“""-"l i1
va DNA Ia TTM TTAA TTAA
béng enzymea
cht EcoRil € A
tao cdc ddu
mat ¢8 k8t

. Bude 4: Ady

Trén chung 2
logi DNA 44
ching ty rap
vao nhau.

DNA ligase
ndi chd ho
. Bude 5
£nzyme ndi
ligase han
kin chd hél.

Plasmid
141 3 hgp

Nhidm sdc thé
.. Budc 8: Bién nap,

h
Bién nap vao chon foc bdng Tc

t§ bao v Plasmid

chon g dong téi 18 hgp
mong mudn.

Hinh 3.1. Sa dé khai quét tao dong DNA 14i 13 hgp
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II. CAC CONG CU

1. Céng cu enzyme

Sinh hoc phan tir da phét hién va hidu rp co ché tac dong cia hang loat
enzyme. Nh¥ d6 da sit dung ching thanh nhdng céng cu hitu hidu trong ede,
néi va sao chép gen.

a) Enzyme cit han ché (Restriction endonuclease)

Nam 1962, V. Arber phat hién enzyme "han ché” sinh sdn cia phage
trong t& bao vi khudn va goi 1a restriction enzyme*{RE). Ndam 1970, H. Smith
da tdch duge né dau tién tir vi khudn Haemophilus influenzae duse goi 1a
Hinll, Cdc enzyme nay cdt phan tiy DNA & gilta mdt cach ddc hiéu nén duge
8ol Ia enzyme cdt han ché. Do sy kién nay, c6 ngudi cho ring CNSH bt du
t 1970. Ngay sau dé khang lau cdc nha khoa hoc di x4c nhéin riing phin
16n cac loai vi khudn c6 hé thong chuyén biét han ché - bicn déi (restriction
- madification system} d8 bao vé t& bao khaj su x&m nhdp clia DNA la.

Cdc RE nhan biét DNA mach kép & nhing trinh tu didm nhén bidt va
cit DNA & ngay diém nay hay diém ké& cdn. Cde didm nay thudng cé trinh
tw 4 — & cdip nucleotide ddi xing dao nguge nhau, goi 13 cde palindrom. Mbi
RE ¢6 trinh tu nhén bist dac trung. Vi du :

— Restriction endonuclease Eeo RI ( tit E.coli ) ¢6 trinh ty nhan biét :

¥ EcoRI cdt
QA A T TG s oG AA-T-TC oo
- CoToTeAA-Gos - CoT-T-ALA Geeeee
*

Cdc enzyme EcoRI va BamHI khi it DNA mach kép tao ra cdc dau léch
¢6 két hay "dinh” (cohesive ends) vi cdc base bd sung d& bt cap dé g4n lai
v6t nhau nhu lic chua bi cdt roi. N&u c6 mot doan DNA la khéc ciing bi cft
bdi mét loai enzyme han ché, vi dy EcoRl, thi nhy cdc ddu ¢d két doan DNA
la c6 th€ xen vao giita. Tinh chat quan trong nay duge ding dé cit va ghép
gen (xem phan trén hinh 3, phia sau). Tuy nhién, c6 mdt s6 RE cit tao diu
tad nhu Haelll. :

Khodng 3.000 RE di duge phat hién véi hon 230 trinh ty nhéan bist
khéc nhau. Phan 1én cic RE duge tim thdy § vi khudn. Khoang 25% vi
khudn ¢6 it nhit mat RE, nhung né ciing duge phat hién ¢ virus, vi khudn cé
(Archeabacteria) Eukaryotae,
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RE duge dit tén nhy sau (vi du EcoRI) : E tir Escherichia, co tiy coli, R
la dong vi khusn R va I 1a thd ty RE duge phat hién (I 13 dau tién). RE
HindIII tir vi khugn Haemophifus_ influenzae dong d, phat hién tha I11.

b) Enzyme néi {Ligase)

Qua trinh nsi 2 phan ti DNA v6i nhau dé tao phéan t& DNA t4i t§ hgp
mdi duge xic tdc bdj mot nhém enzyme néi {ligase). Cdc enzyme nay xde tic
phdn ing ndi bing cach hinh thanh cdu phosphodiester gdn cdc nucleotide
ké can hay chum d4y v6i nhau (hinh 3.2). Ligase ¢6 thé thue hién 2 kiéu
phan ing néi (ddu mit ta véi nhau hoeac diu miit so le cha c4e doan DNA),

A
PEATITIIT e tere e
%—C-I-T*-T'-F-A-'-A* #G-. *CHTHT-HANANGE

Hinh 3.2. Cd ché tao lien két phosphodiester cita ligase

d) Céc enzyme khéc
Mot 56 enzyme thutng dung khse dugc néu trén béang 3.1.

Bang 3.1. Mot s6 énzyme thudng ding khac trong KTDT

Chue ndng
P

hén huy DNA mach kép bing thuy giii
noi lién k&t phosphodiester,

Nuclease BAL31 Phén huy ci 2 ddu mat 3 va 5’ clia DNA

khéng cit néi lien k&t
81 nuclease Phan huy DNA mach dan.
DPoan Klenow DNA polymerase chi cén hoat tinh
Taq DNA polymerage

exonuclease 3’ - 5’

DNA  polymerase chiu nhigt tr vi khugn
Thermophilus aquatys
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2. Cac vector chuy&n gen

Y tudng vé vector chuyén gen
bdt ngudén ti cdc plasmid cia vi
khudn. Plasmid la nhiing doan
DNA nhé vong tron, c6 khd nang

T& bao vi khudn

Nhi&m séc thé
vi khuén

Plasmid

sao chép dé ton tai doc lap trong té
bao. Chiung ¢6 kha ning mang mat
s6 gen cla vi khudn va cédc gen nay
¢6 thé biéu hién ra protein. Do dé
cdc vat chuyén gen (vector) dugc su
dung ddu tién va dang don gidn
nhit 12 céc plasmid cta vi khudn
(hinh 3.3).

Hinh 3.3. T& bao E. Coli c6 Plasmid vd&i
anh hién vi dién ti

Vector chuyén gen 1a phan tit DNA c6 kha nang tu tdi sinh, ton tai doc
lap trong té bao va mang dugc gen can thiét. Céc vector chuyén gen phdi
thod man cdc yéu cau toi thiéu :

— Cb céc trinh tu khdi su sao chép (ori) d8 tu sao chép ma ton tai doc lap.

— Cé céc trinh tu nhén biét, noi cit d€ hé lam chd rap doan gen la vao.

— Céc trinh tu diéu hoa (promoter) tao thuan 1gi cho sy phién ma gen la.

— Pam bdo sy di truyén bén vitng cia DNA tdi t6 hop.

— C6 cdc gen ddnh ddu dé d& dang phét hién ra ching hodc céc gen la.

Ngoai ra, né con ¢6 nhiing déc tinh khéc dé cho vige tao dong dé thuc
hién :

— Cha céc gen 1am vb hiéu hoa doan DNA khong mong mudn bi gén vao.

— C6 nhidu ban sao dé tach dugc ra khéi t& bao véi s lugng 16n va dam
bao su khuéch dai ctia gen gén vao.

— C6 céc trinh tu nucleotide cAn thiét cho sy bi€u hién gen nhu
promoter, rbs (ribosome binding site - trinh ty gin v6i ribosome dé dich ma).

Gi4 tri ctia cdc vector  chd né duge cdu tao thuan tién cho muc dich st
dung. Khong c6 vector toan nang cho chuyén gen, ma cén chon lua tuy dsi
tugng, tuy kich thuéc doan gen duge tao dong. Ching duge cdu tao v6i nhiéu
tinh chdt chuyén biét dé mang dugc cdc trinh ty nucleotide nhu mong muédn.

Céc vector chuyén gen ¢6 5 (ing dung quan trong chu yéu :

— Tao dong va khuéch dai trinh ty cia DNA (nhiéu ban sao giong nhau).
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— Nghién cdu su bidu hién cia modt doan trinh tu DNA.
— Chuyén gen vio t€ bao cac sinh vit khac.

— 8dn xudt RNA.

~ 8Sdn xudt protein tit gen dugc tao dong.

Do ¢6 nhiéu Ung dung nhu vAy, nén cdc vector duge hoan thién khong
ngung, tif nhitng vector plasmid ty nhién & vi khudn vao d4u nhitng nam cha
thap nién 1970, tié€n téi nhidu loai vector phitc tap, rbi d8n nhiém sdc thé
nhén tao.

a) C4c vector chuyén gen plasmid

J céc Prokaryotae, cdc vector thuong duge sit dung la cdc plasmid cia vi
khudn va cac bacteriophage. Cdc plasmid duge sif dung ddu tién lam vector
chuyén gen. Ching duge cai bién &8 ngay cang thuin tién hon cho ki thuat
tdi t6 hop DNA qua nhiéu th& hé.

Mot trong nhiing plasmid duge EcoRI
st dung ring rai nhat la pBR322 .
(hinh 3.4). Nhu mé ta, plasmid nay /
c6 gen khdng ampicilline (amp®), j Tt
gen khang tetracyline (tet®), trinh { gene
tu xuéit phédt sao chép (ori) va nhiéu
trinh tu nhan biét d3c hiéu cho cdc
RE nhu EecoRI , HindIll, BamHI,
Sall,... Né c¢6 khia nang sao chép
d6c lap v6i bd gen t€ bao E.coli va
tén tai véi s6 lugng trung binh
20 — 30 ban sao cho mdi t& bao,

Hind IT1
) BamHI

atl

Hinh 3.4. Plasmid pBR322.

Trong nhitng diéu kién nudi ciy nhét dinh ¢6 thé khuéch dai cé chon loc
lam tang s6 plasmid dén hon 1000 ban sao.

b) Céé vector phage A

Cdc phage (virus cha vi khuén) cing duge dung 1am vector chuyén gen vi
nhiéu phage c6 kha ning thuc hién tdi ngp mang gen tir t& bao vi khuén cho
{donor) sang t& baoc nhén (recipient). Vector phage A dugc sit dung rong rai
d€ lgp ngdn hang gen, vi né mang duge doan DNA 1¢n hon (15 - 23 Kb), d&
bdo quén, dé tach ra d€ phén tich. Uu di€ém néi bit ciia cdc phage la ching
cé he¢ théng ty dong xdm nhdp va sinh sdn trong t& bao vi khudn vdi hiéu
qud cao hon nhiéu so véi viéc dua plasmid vao t& bao vi khudn bing bién
nap. Tuy nhién, thao tdc ban dau phdc tap hon.
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DNA ciia phage A c6 thé ¢ dang vong trén hay thdng nh¥ 2 doan cos (12
nucleotide} & 2 ddu mut, khi b cit & gilta tach rdi ra thanh 2 vai (phdi va
trdi). Poan cos nay duge rép vio plasmid d€ tao ra vector cosmid ho#c vai
phage M18 tao ra phagemid.

¢) Cdc vector khac & Prokaryotae

- Cosmid : Vector duge cau tac nén tir plasmid c6 gén doan cos cha
phage A. Cos gitip cho DNA ciia phage A ti dang thing ndi ddu lai thanh
vong tron. Cosmid chia doan gen la dai dén 45Kb, duge dung d€ lap thu
vién gen & rudi ddm, chudt, ngudi,

— Phage M13 1a phage ¢6 DNA sgi mach don. Vector phage M13 ¢6 nhiéu
ing dung : xdc dinh trink ty nucleotide ciia gen, san xuét cdc mdu dé DNA
(probes) va giy dot bién diém dinh husng (site-directed mutagenesis).

d) Plasmid Ti

Plasmid Ti duge si dung
rong rai trong chuyén gen & thue
vagt. Né bdt ngudn tir vi khudn
trong dat 1a Agrobacterium O b
tumifaciens gy bénh tao khéi u
(tumor) & thuc vat. Nhan t6 gay
khéi u 1a plasmid Ti (Tumor-
inducing) ¢6 DNA vdng tron
khoén\g 200Kb (hinh 3.5). T-DNA Hinh 3.5. T& bao Agrobacterium tumifaciens
la phin quan trong ciia plasmid, ¢o plasmid Ti
n6 duge chuyén va gidn xen ngiu
nhién vao by gen ciia t& bao thye
vét cha.

Gen vir

&) DNA vi khudn. b) Plasmid Ti. ¢) T-DNA

Cac chite ning thuc hién chuyén gen ndm ngoai T-DNA, nhung trén
ptasmid 7% ¢6 nhidu cai bién duge thue hién d€ plasmid Ti tré thanh vector
thudn tién trong chuyén gen vao thue vat,

e) Nhi&m séc thé nhan tao clia nm men YAC

Cho dén nay, & Eukaryotae chi tim duge mot loai plasmid duy nhét d6 1a
plasmid véng tron 2 micromet, c6 nhiéu trong t& bao Saccharomyces
cerevisige. Sy céi ti€n plasmid nay qua nhidu bude tao thanh nhiém sde thé
(NST) nhdn teo ndm men duge goi tit 1a YAC (yeast artificial chromosome).

YAC c6 kha nang chita cdc doan DNA la dai dén 2000KD:.
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Bang 3.3. Kha ndng mang xen doan DNA ctia mot s@ vector

Hé thdng vector

BAC (NST nhan tao vi Khuan) E. coli
P1AC (NST nhan tao phage PL) E. coli 100 - 300
YAC (NST nhan tao ndm men) 8. cerevisiae

MAC (NST nhéan tao ddng vat ¢6 va) | T& bao dong vat duge
nudi cay

huAC (NST nhan tao ngudi) T& bao ngudi nubdi cAy

* gp (1 cap base), Kb {Kilobase = 1000bp}, Mb (Megabase = 1000000 basel.

Tiép theo, cde nhiém sde thé nhén tgo duge thiét 1ap cho céc hé théng t&
bao chil khde nhu :

_ BAC (Bacterial artificial chromosome) - NST nhan 1ao vi khuédn.
_ MAC (Mammalian AC) - NST nhan tao dong vat ¢6 vii.
- PIAC (P1 bacteriophage derived AC) - NST nhén tao tif Phage P1.

3. Cac hé thong t& bao chu ‘

Nhiéu hé théng t& bao chu khdc nhau duge sit dung nhim muyc dich :

_ Nubdi 58 lugng 16n dé tach plasmid cho thi nghig¢m tao dong.

_ Dung d€ biéu hién gen, dac bist & Eukaryotae bic cao nhu dong, thuc
vat. .

- Ding dé san xuit cdc protein tai t& hop.

Tuy muc dich sit dung ma chon mét hé thdng thich hop.

a) Vi khudn Escherichia coli (E. coli)

Mot t& bao I tudng 12 mat & bao dé nudi cdy va dé nhan giong, dé dang
chap nhén nhiéu loai vector. Vi khudn E.coli dép ing cdc yéu cdu nay va
dudc sit dung Tat nhidu trong ki thuat tao dong. E.coli duge nghién ciu rat ti
mi, rit nhidu ching khéc nhau da duge phan lap. Céc nghién ciu 46 da lam
ca & cho su ra ddi cla KTDT.
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E.coli 1a vi khudn Gram am, hinh que (khoang 1 micromet), khéng doc,
thudng gip trong rudt ngusi. Bo gen 1a mot phan tit DNA (nhidm sdc thé)
vong tron khodng 4,6 x 10° cip base, nim & vung nhén (nucleoid) ctia té& bao.
E.coli c6 thé dugc coi 1a mot trong nhitng t& bao vat cha don gian nhat.

Ngoai E.coli, cdc vi khuidn khsc cing duge dung lam vat chi nhy -
Bacillus, Pseudomonas va Streptomyces. Tuy nhién, ¢6 nhitng han ché& nhat
dinh v6i cac vat cha nay, vi thudng c6 rat it vector thich hop.

b) Ném men Saccharomyces cerevisiae

N&4m men 8. cerevisiae (hinh 3.6) dugc
st dung rong rai lam t& bao chi trong
KTDT vi rat nhiéu li do :

— Thd nhat, né 1a mot Eukaryotae don
bao (khodng 5 micromet), dugc biét rat chi
tiét v& di truyén va sinh li, nén la déi
tugng mé hinh nghién cdu sinh vat
Eukaryotae. Cé thé nubi t& bao nim men
quy mo 16n trong cdc bioreactor va déa dang
thu sinh khéi t& bao.

— Thd hai, vai promoter manh duge
phan ldp tir S. cerevisiae va c6 plasmid goi

la vong tron 2 micromet dung lam vector
YAC biéu hién gen.

Hinh 3.6 . T& bao nd&m men
S. cerevisiae

— Thd ba, S. cerevisiae c6 khd nang thyc hién céc bién d6i sau dich ma
nhu dudng hos hay phosphoril hod,... d€ protein ¢6 du hoat tinh sinh hoc.

— Thd tu, ndm men nay binh thudng tiét ra rdt it logi protein, néu dugc
thiét ké phong thich cdc protein tai t§ hgp ngoai bao, san phd&m dé lam tinh
sach.

"~ Thi nam, né dugc sit dung tir nhidu thé ki qua trong sdn xuit banh mi
va bia. Do d6 FDA (Co quan Kiém tra thuge va thuc phdm Mi) da dua né vao
danh sdch sinh vdt an toan, nén it ddi hoj cao vé thir doc té.

Bo gen cta S. cerevisiae c6 khodng 1,3 x107 cap base, da duge gidi ki tu

chubi vao nam 1996, nhiéu hon cua E.coli khoang 3,5 1an.

Thong thudng, sau khi protein cta t& bao Eukaryotae duge téng hop
xong, né phdi dugc bién déi tiép nhu dudng hod hay phosphoril hod méi c6
hoat tinh sinh hoc. T& bao E. coli va cdc Prokaryotae khéc khong c6 kha
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néng thue hién cdc bign d8i nay. Do dé, S. cerevisize c6 nhiéu loi thé trong
bidu hién gen cia t&€ bao Eukaryotae hon E. coli.

Cé4c ndm khic cing duge dung trong céc thi nghidm tao dong gen la
Pichia pastoris, Aspergillus nidulans va Neurospore crassa.

Chifc ndng quan trong ciia hé théng ndm men va cdc hé théng t& bao
Eukaryotae khdc 1a duge ding d€ biéu hién, sén xuit cdc protein tdi t§ hgp
ciia Eukaryotae. V& nguyén tdc, vector bidu hién gen ¢ t& bao Eukaryotae
khéng khac vdi vector & Prokaryotae. Cédc vector bidu hién gen & t& bao
Eukaryotae vA nidm men dudc thidt k& cho sy biéu hién gen gdm c6
promoter, cic tin hiéu stop, trinh ty gén poly-A vao mRNA va cdc gen danh
dau nhu trén cdc hinh 3.7 va 3.8.

2 um plasmid DNA

LELZ

2 um
plasmid
DNA

Hinh 3.7. Vector t8ng quat biu hién
gen 4 té bao Eukaryotae

Hinh 3.8. Vector bidu hign gen & té bao
Ori® — sao chép & E. cofi; ofi™* - sao Saccharomyces cerevisiae

chép & t& bao Eukaryolas ; 050D cb c .
p — promoter ; t — terminator (diém két Cu/Zn-SOD cDNA - doan CDNA ma hoa enzyme

thiic) ; ESM — gen ddnh diu chon g Cu/Zn Supeoxide dlsmutgse chén gilia promoter
GAPDp va ter.minator GAPDH
Orif — sao ¢chép & E. Colf,
LEUZ2 va Amp' cdc gen danh ddu

Eukaryotae ; MCS {multicloning site} —
nhidu ¢idm nhan biét cia RE

¢) Cdc hé thdng 1é& bao thyc vit

C6 mot s6 loai t& bao thuc vat duge st dung nhu cdc hé théng vat chi
trong cdc thi nghiém thao tdc gen. Tao don bao, ching han nhu
Chlamydomonas reinhardii, ¢6 tdt cd moi uu viét cia vi sinh vat cong voi
ciu truc va chic nang cta cdc t€ bao thuc vit, ching s& duge s dung ngay
cang nhiéu trong cic thi nghiém thao tdc di truyén.

C#c t& bao thuc vat va dong vit khdc thuong duge nudi cdy trong céc
méi trudng thich hop, va & didu kién nay, ching duge sit dung dé dang hon
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nhidu trong cac thi nghiém thao tdc gen so vdi cdc té& bao trong co thé. Mot
s8 khia canh ciia KTDT trong cdc t& bao dong vdt va thye vt nudi cdy sé
duge trinh bay ¢ ede phan sau.

d) Cac hé théng té€ bao déng vit

Céac hé théng t&€ bac dong vat nudi rat phic tap, nhu‘ng trong nhiéu
trugng hop can thiét cho sy biéu hién ra protein c¢é hoat tinh sinh hoe. Cde
hé théng cha yéu goém -

— T€ bao than khi xanh chau Phi (African green monkey kidney (COS).
— T& bao than chudt ddng con (Baby hamster kidney (BHK).

— T& bao than phoi ngudi (Human embryonic kidney (HEK-239).

_ T¢ bao t& cung chudt bach (Chinese hamster ovary (CHO).

— T& bao cbn trung nudi Baculovirus biu hién protein ngudi.

— Té€ bao tuyén trung Caenorhabditis elegans.

IIL. CAC KI THUAT VA PHUONG PHAP CAN BAN

1. Lai nucleic acid
Cong nghé gen st dung cdc ki thuit hod 1i thong dung nhu : tdch chiét va
tinh sach DNA va RN, xdc dinh & lugng va danh ddu DNA, dién di trén gel, ...

Sir dung dic tinh bién ch&t réi héi tinh, c6 t_hé tién hanh lai DNA véi
DNA, DNA vdi RNA va RNA vé6i RNA. 3 phuong phdp lai trén pha rén duge
st dung rong rdi nhat :

— Thim Southern (Southern blot), do 6ng E. Southern tim ra, dung cho
DNA.

— Thiam Northern (Northern blot) ding cho RNA.
_ Phuong phép dot (diém) va slot (khe) blot diing cho RNA va DNA.

Lai tei c¢hd (in situ hybridisation) 12 mdt kiéu lai phan td, trong d6
trinh ty nucleic acid cin tim (trinh ty dich) n#m ngay trong té€ bao hay trong
md. Lai tai chd cho phép nghién citu nucleic acid ngay trén nhiém s#c thé,
khudn lac hay mé t& bao ma khang cdn tdch chiét ching. Kiéu lai nay ¢
nhidu ung dung rat da dang.

2. Thu nhin gen

Cé thé thu nhan gen d& thuc hién ki thuat tdi t6 hgp DNA biéng 3
phuong phép khac nhau.
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a) Thu vién DNA ti b gen

Pay la phuong phap duge st dung réng rai ngay tif budi dau clia sy phat
trién ki thuat tdi t8 hgp DNA. Toan bd DNA ciia mdt sinh vét duge cdt doan
nhé bing lic co hoc hay bdi cdc RE rdi gdn vao cdc vector tao dong, nén
duge goi bing tiéng Anh la phuong phdp Shotgun {b&n dan chai).

Hiégn nay, né duge sit dung trong viéc lap ngan hang cia DNA b gen
(Bank of genomic DNA) hay thu vién cia DNA bj gen {genomic DNA
libraries). Thu vién DNA bo gen ngudi duge xay dyng nhu sau : d4u tién la
cdc doan dai DNA 300000 - 400000bp duge gdn vao YAC hodc BAC tao
dong, ti cdc dong nay cit doan nhé trung binh 30000 — 40000bp gin vao
cosmid va cudi cling la cac doan trung binh 4000bp gin vao plasmid dé giai
ki tu chudi .

b} Téng hgp gen bing phudng phédp hod hec

Muén téng hop hod hoc phai biét trinh tu nucleotide cia gen. Sy hiéu
bigt bo gen thic ddy nhanh ddng ké viéc tong hop nhén tao cdc gen va da
6 mdy tu dong téng hgp DNA (DNA synthetiser).

Lin diu tién vao nam 1977, K. Itakura va Boyer da thanh céng trong
téng hop nhan tao gen mé hod hormone somatostatin {chi 14 amino acid) va
bidu hién trong t& bao E.coli. Sau dé, tao ra cdc noi E.coli mang gen tong hop
hod hoc nay va cho chiing sin sinh ra insulin, hormone ting truong ¢ ngudi
(somatotropin) va céc hormone peptide nhu bradikinin va angiotensin,
neuropeptide leuencephalin.... Cac t&€ bao E.coli mang plasmid tai t§ hgp da
tao ra khoang 3 tridu phan tif hormone tang trudng § ngudi trong mot t& bao.
Polypeptide nay hoan toan tuong ty hormone tang truéng tu nhién ¢ ngudi.

¢) Lap ngan hang c-DNA

Trong thuc tidn, phuong phdp thu ba tgo gen ti cdc mERNA thong tin
duoc sit dung réng rii nhd enzyme phién md nguge (reverse transcriptase).
Né c¢6 kha ning téng hgp nén DNA mgch don duge goi la c-DNA
(complementary DNA) tif khuén mRNA hofic tif mdt doan polyribonucleotide
téng hop hoa hoc. Nhd enzyme nay c6 thé téng hgp hau nhu bat ¢ gen nao
mién ¢6 mat mRNA clia gen dé. Cdc c-DNA mach don duge bién thanh mach
kép nho DNA polymerase va duge goi 1a ¢-DNA kép. Doan c-DNA kép dugc
gin vio plasmid va bign nap vao vi khudn dé tao dong ¢-DNA (hinh 3.11).

Céac dong c-DNA chi chita nhiing doan gen da duge phién ma ra mRNA
vA vi t& bao clia cdc md da duge biét hod sé ¢6 cdc loai mRNA khdce nhau,
nén ngan hang c-DNA nhan duge sé phu thujc vao kidu té& bao dugce st dung.
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St

B dung ngén héng c-DNA 56 c§ nhiéu uu thé ;

— Thi nhat, ede dong c-DNA chua trinh ty ma hod lién tuc cia mdt gen
{cdc gen gidn doan cé cde intron khéng mi hod di bi loai bé).

— Tha hai, nhitng té& bao chuyén hoed tao mét s& 16n cdc protein mot loai
vid mRNA tuong ung cia protein gicu d6 s& dé tdach ra dé tac ngan hang c-
DNA. Nh#& v4y, giam nhe ddang k& viéc xdc dinh ding déng mong mudn tit
ngén hang gen. Vi du, hemoglobine dugce tao ra vét sé lugng 16n & hong cau,
cdc mRNA globine ¢6 ti 1é cao, nén cdc gen giobine thudc s8 nhirng gen dau
tién ducge tao dong.

Béng con dudng nay, da nhan duge va tao dong cdc gen ma hoa cho
globine cua ngudi, déng vat va chim, cho protein thuy tinh thé m#t ba, cho
ovalbumine (protein long tring trning), cho fibroin tg tim,...

3. Phuong phdp tao plasmid tai té hgp

Budc tiép theo cda KTDT la gdn cdc doan DNA hay cdc ¢-DNA vao
vector chuyén gen dé€ tao nén plasmid ¢6 mang DNA la duge goi la plasmid
tdi t¢ hgp (recombinant plasmid) hay khdm {(chimeric). Cé nhidu phuong
phép gén cic doan DNA vao vector chuyén gen. Phan ing sau cing dudc
thue hién nho enzyme DNA ligase.

a) Phuong phap don gidn ding cac diu cé két

Vector chuyén gen la DNA vdng tron duge cdt béi mét loai RE (vi du
EcoRI) chuyén thanh dang thing cé hai ddu ¢# k&t. Cdc phan ti DNA ciia bo
gen khdc duge cidt bdi cung loai RE (EcoRI) sé& tao ra nhiéu doan DNA théng
cé cdc ddu cd k&t. Tron ldn DNA théng cha vat chuyén gen véi cde doan
DNA la. Cdc ddu ¢ két cia 2 loai DNA b8 sung bit cip véi nhau. Enzyme
ligase han dinh cdc loai DNA lai véi nhau tao ra plasmid tdi t8 hop (hinh
3.1, phia trén). Phuong phdp nay duge sit dung réng rdi dé lap ngan hang
gen chia mit sinh vat.

b) Phudng phép ding cdc doan nét (linkers)

Cdc doan oligonucleotide (doan DNA hay RNA ngdn c6 10 dén 20
nucleotide) ¢6 thé duge téng hop hod hoe nhan tao. Nhu trén hinh 3.9 mé ta,
cdc phan ti oligonucleotide ngdn duge tdng hop sao cho & gilta 6 trink tu
palindrom ddc hidw 481 véi mét RE (vi du, EcoRI) d€ lam cde doan ndi
{(linkers). Ligase DNA cia phage T4 c6 dic tinh ndi cdc doan DNA d6 lai véi
nhau, Nho vay doan DNA la c¢6 thé gidn véi cdc doan oligonucleotide téng
hgp véi tiinh ty can thiét. Cdc doan ndi s& gin vao 2 ddu cia doan DNA la
va khi cdt bing RE (vi du, EcoRI) né s& ¢6 2 ddu cd két cia EcoRI. N6 c6 thé
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duge gén vao vector chuyén gen ciing bi cit béi EcoRI, miéic du ban than né
truée d6 khoéng cé céc trinh tu nhan biét diac hidu déi véi RE. Phuong phép
nay thudng dugce sit dung d€ gdn cdc c-DNA va céc doan DNA c¢6 dau mit ta
vao plasmid.

" Eco RI

Poan 5'- Gl A b
oligonucleotide g [mi}"

374 DNA
N - O e ,
A Oy 0 ligase | o D)
Cac doan
néi linker Eco RI
I
Vector
DNA ligase

Hinh 3.9. Dung céc doan néi linkers tao DNA tai t6 hop

c) Phuong phédp ding enzyme terminal transferase

Phuong phédap thi ba nay dua vao kha nidng dac biét cha enzyme
terminal nucleotidyl transferase, c6 thé gdn cung mét loai nucleotide thanh
chubi (homopolymer) vao dau mat 3'OH cia mach DNA.

Nhu hinh 3.10 mé t4, mot loai DNA ¢6 ddu hydroxy-3'OH hé do bi cét
bdi exonuclease hay RE, dugc u vdi enzyme terminal transferase va duogc
thém vao mét loai nucleotide (vi du, dGTP). Plasmid c6 diém nhén biét dic
hiéu do REPstI cat, sau khi G véi terminal transferase né tao 2 ddu mit
3'GGGGG. Poéng thyi, DNA la cing duge cit va xi li véi terminal
transferase, chi khdc la thém vao loai nucleotide bit cidp bé sung, dé la
dCTP, dé tao cdc dudi 3'CCCCC. Khi tron 1an 2 loai DNA véi nhau, cdc dau
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mut cua 2 loai homopolymer c¢6 trinh ty b sung véi nhau sé bét cip (---
GGGGG3/3'CCCCC---) nén doan DNA la c¢6 thé gin vao plasmid. Enzyme
DNA polymerase I sé gdn cdc nucleotide tuong tng vao cdc chd trong va
ligase sé han dinh lai. Trén plasmid khdm c6 2 diém nhan biét cta Pstl,
diéu nay tao thuan lgi vé sau khi muén cit doan DNA la rdi ra.

RNA
B! e AAA_ 3

lOIigo (dT)
PSfI "_\ TCR TC; . 5 m" VAR 3
ng hop (1) Reverse transcriptase
BR322 P ¢
A” mach thi nhét iy
cDNA = TTT, 5

Téng hgp DNA
mach thi hai Polymerase + 4 dNTPs
e QI S,
3
G CTGCA 3 ‘51 -nuclease
3" ACGTC G 3
Terminal Terminal
transferase l transferase

+ dGTP 3 + dCTP
6 Y crocAgEE M I IIIIITITI T gy
B&@8accrC————c
\Tf on /
L CGTC
I—CTGC

Chon loc Bién nap, nhd cd ché
TR, ApS slia sai clla vat ch,
phuc héi vi tri Psi I

CGTC
(_ CTGC GCAG —

Hinh 3.10. Dung enzyme terminal transferase gdn DNA la vao plasmid.
_ Sinh téng hop gen tif MRNA va tao c-DNA mach kép.

4. Bi€n nap DNA tii t8 hgp vao t& bao

Sau khi tao DNA tdi t6 hop, viéc ti€p theo la bién nap dua né vao lai t&
bao chua mang plasmid. Bién nap duge thuc hién véi nhiéu cach khac nhau.
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a) Hoa bién nap

DNA t4i t6 hgp duge G v6i s8 lugng 16n t& bao vi khudn chua c6 plasmid,
¢6 kha nang dung nap (competent). X i CaCl, lanh, kém sdc nhiét (42°C
trong 2 phat) thi higu qué tao céc thé bién ngp (transformants) cao (10°-10°
thé bién nap/lmg cia DNA siéu xodn). Nhitng cai tién tiép theo da tang
hiéu qua lén gdp 100 — 1000 lan. T ndm 1970 tré di, van dé dua plasmid
tai t8 hop tré lai vao t& bao vi khudn da dé dang, coi nhu khong c6 khé

khan gi déang ké.
b) Pién bién nap

Phuong phdp nay st dung dong dién
cao thé cuc bo theo xung (pulse) lam t& bao
hap thu DNA nén goi la dién bién nap
(electrotransformation hay electroporation).
Liac dau, né duge st dung & t& bao dong vat
¢6 vi, vé sau cho ca t&€ bao thuc vat. Hiéu
qué bién nap cao, c6 thé dén 10° - 10" thé
bién nap/lmg DNA. Poan DNA bién nap c6
kich thuéc 16n (25 — 135kb). Tuy nhién, ti 1&
té bao chét ddang k€, hiéu qua cao ¢ ti 1¢
chét 50 — 70%. Hién mdy dién bién nap c6
ban & thi trudng (hinh 3.11).

¢) Vi tiém (micro-injection)

DPdi v6i cdc t&€ bao dong
vat cé va, thudng la céc hgp
tit, c6 thé tiem thdng DNA
tai t6 hgp vao t&€ bao (hinh
3.12). Pay la phuong phép
thong dung c6 hiéu qua thuy tinh
trong chuyén gen & t& bao
dong vat c6 v, tao cac dong
vt chuyén gen (transgenic
animals).

DNA

d) B4n DNA vao té bao

Céc hat kim loai tungsten hay vang (duong kinh trung binh 4 micromet)
mang DNA hodc RNA, duge bdn (theo ding nghia) v6i toc do nhanh va
xuyén thiing vach t& bao dé dua DNA hodc RNA vao trong béng sing bidn
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Trung da
thy tinh
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DNA (hinh 3.13). Phuong phép nay c¢6 nhiéu wu thé va duge dung nhiéu
trong tao cdc thuc vdt nhiém gen (transgenic plants).

Ngoai ra, con nhiéu phuong phép
khée dua DNA tai t6 hgp vao t& bao nhu
dung mang lipid (liposome) bao DNA dé
dua vao t€ bao.

Céc vector virus tu dong thuc hién
tdi nap (transduction) dua DNA téi t6
hop vao t& bao véi hiéu sudt cao hon
nhiéu, nén ciing duge st dung rong rai &
cd t& bao ngudi, dong va thuc vat.

Hinh 3.13. Sting bdn DNA

5. Chon loc, tao dong va sy bi€u hién cia gen

Cong viéc ti€p theo la kiém tra sy hién dién cia gen mong muén, chon
loc ding dong t& bao nhu y. Khi xdc nhan DNA téi t6 hop da xaAm nhép vao
t& bao va mang ding gen cAn thiét thi cho ching sinh sén d& tao dong va
tao diéu kién cho gen biéu hién.

a) Xac dinh dong vi khuén chia plasmid téi t8 hgp

Trong thi nghiém tao plasmid tdi t6 hgp, cdc dong vi khudn moc 1én c6
3 loai nhu sau : '

— T& bao vi khudn khéng nhan dugc plasmid.
— Té& bao nhan dugce plasmid khéng c6 gen la vao.
— T& bao Vi khuén nhan duge dung plasmid tai t6 hop.

Vi vay viéc xéc dinh ding céc dong vi khudn chia plasmid téi td6 hap
phai mét nhiéu cong sdc. Céc s ligu sau day cho thdy cong viéc phic tap ¢
nao. Néu muén tao dong mot gen bat ki ndo tir thu vien bo gen ngudi thi
phai 14y 1 doan tif 100000 doan khédc nhau. Hiéu qua bi€n nap thudng
khoéng 1/10000 plasmid vao dugc té bao, ma chi s0 it ¢6 mang gen. Tinh ra
xéc suit ma mot t& bao bat ki mang duge doan gen mong mudn tif thu vién
gen cta ngudi thdp hon 1 phdn ti.

C6 3 huéng chinh trong thit nghiém téch dong tif thu vién DNA 1a : lai
nucleic acid, phdt hién kiéu hinh va phdn ung mién nhiém. Ngoai ra, c6
phuong phép mdt hoat tinh do xen dogn chi c6 thé st dung déi véi cac vector
(vi du : pBR322) ¢6 mang 2 ho#c nhiéu hon céc gen khdng thudc.

Sau khi da chon igc xong, t& bao dugc sinh san dé tao dong va cho gen
biéu hién.
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b) Suf bi€u hién clia gen dugc tao déng

Muén gen tao dong c6 biéu hién ra protein cdn cau tao vector ¢6 du cdc
yéu té phién ma va dich ma. Cdc vector nay goi 12 vector bidu hién.

Muc dich cda vigc tao dong cdc gen clia ¢de ddng vat ¢ vd, nhat la cda
ngudi, 1a tao ra cdc s&n ph4dm ding nhu trong co thé véi sé lugng 16n va cé
gid tri thuong mai. Sy biéu hién cla cde gen Fukaryotae trong t& baoc vi
‘khuan nhiéu khi gép trd ngai, do dé can phdi tim cdc nhan t8 cho gen bidu
hién téi da nhu ;

— 86 lugng hop li cdc ban saoc clia vector plasmid dai véi mét t& bao.

- Chon promoter mgnh dé phién ma tot.

- C6 trinh tu tao diém bam vao ribosome (rbs) va DNA phu cho dich ma tat.

- Chon lua céde codon tét cho dich mé trong gen duge tao dong.

- DNA tdi té hop ¢6 su én dinh lau dai.

- Tranh su thuy gidi protein {(proteolysis) do cdc enzyme clia t& bao.

Ki thuat tdi t8 hop DNA néu trén phai qua nhiéu budc phdc tap mdi tao
duge dong té bao nhu mong mudn va né gidp giai quyét cé hé thong nhiéu
van dé tu gen dén sy biéu hién ciGa chiing thanh cac phan ti protein.

IV. PHUONG PHAP PCR

Vao nam 1985, K. Mullis d4 ph4t minh ra phuong phép don gidn dé
khuéch dai nhanh nhidu ban sao (amplification} cia cdc doan DNA ma
khéng qua tao dong. Ki thuit nay duge goi la polymerase chain reaction, viét
tdt la PCR, duge hiéu la phdn ung polymerase déy chuyén. Su khuéch dai
bing PCR duge thuc hién in vitro trong mét 6ng nghiém plastic nho
(ependoff), khdc hin véi su tao dong cdc doan DNA in vitro duge gdn vao
plasmid cda t€ bao vi khudn hay ndm men. Ki thuat nay duge {ng dung
nhanh va ¢6 ¥ nghia cich mang déi v6i sy phat trién cia sinh hoc phan ti
va KTDT.

1. Nguyén tic thuc hién

PCR 1a ki thuat khuéeh dei mot doan trinh tu DNA dac hiéu in vitro de
su xic tdc cha enzyme DNA polymerase. Sy khuéch dai nay dude thuc hién
nh&s cdc chu trinh nhiét lgp lai (c6 thé dén 35 ldn) gébm dun néng (95°C),
lam ngudi (37 - 65°C) va 1 dai § 72°C. Trong dung dich ¢6 cidc primer (doan
moéi) P1 va P2, mbi loai sé bdt cap bé sung véi ddu mach don tuong ing
{hinh 3. 14). '
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Nh& vay 1 mach kép DNA, sau phéan ing do DNA polymerase thue hién
s& thanh 2 mach DNA kép va cé thé thuc hién chu trinh khué&ch dai méi : 2
thanh 4 va 4 thanh 8 theo cfp 86 nhan. :

Phan tng duge thyc hién trong ¢ng nghiém plastic nhd, c6 méiu DNA,
primer va DNA polymerase, dugc gin vao hé théng nung néng 6 didu chinh
thanh chu ki nung néng va lam ngudi theo chuong trinh dinh sdn goi la
thermocycler, day chinh la mady PCR.

2. Céc ciu phén cia phan Wng

Ving dugc khuéch dai

e

[ L]
8 3 DNA myc tiéu
c 5
s ™ B8 sung méi 1, mdi 2, dNTP va Tag polymerase
—
— Tang dén 95°C A8 tach mach
- M&i P Giam dén 60°C dé mdi bt cip
- .
é 4 g \ ,
——— .
N E— M6i P2

|

6 g 3' & 6¢PC_m6i duge kéo dai nhd
A | |30 Polymerase
5[

3‘W Y Tang 4&n 95°C dé tach mach

5 e A F Gid 380 60°C aé méi bit cap

{

T AN A e §
N

Chu ki 2

& 80°C méi dugc kéo dai nhd

A P i Tag polymerase
L [ e

Hinh 3.14. Sy khudch dai mot doan DNA b&ng PCR qua 2 chu ki
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Trong cdc 6ng nghiém plastic nhé ¢6 cde thanh phén chi y&u sau :

— Khuén mdu (template) tiic doan DNA c¢dn khuéch dai. Uu thé khdc d6i
vdi miu 12 khéng can su tink sach cao.

~ Cac oligonucleotide primer (cdc mdi) con goi 1a amplifier (nhan téd
khuéch dai), oligo hay primer. Truée hét, primer cin c6 kich thudc hop I,
khodng 18 va 25 nucleotide, Thi&t k& primer hgp li ¢6 ¥ nghia quan trong.

— Polymerase chiu nhiét (Tag-polymerase) tit Thermophilus aquatus.
—- dNTP : Cdc loai nucleotide triphosphate.

- Dung dich dém (buffer) thich hop va MgCl,.

3. Gia tri sit¥ dung

Phuong phdp nay ¢é ¥ nghia lén vi nhidu li do :

~ Thoi gian thue hién cwe nhanh, chi cin mat 3 gio dé khuéch dai mat
trinh tuy DNA duge quan tdm. Trong khi 46 phuong phédp tao dong cla ki
thuat tdi t6 hgp DNA phai mat ca tuin hoac ldu hon.

— Don gidn va it t6n kém : N6 duge thyc hién trong dng nghiém plastic
nhé gdm cdc thanh phan t6i thiéu va duge s& dung dong thoi. Trong khi do,
phuong phdp tac ddong dién hinh can cdc vat lidu ddt tién nhu mang,
nucleotide triphosphate mang ddu phéng xa va viéc thue hién cdn cdc thao
tde khéo léo dic biét,

- D§ tinh sgch cia mlu khéng cdn cao : PCR ¢6 thé thuc hién véi cdc
mau nucleic acid thd. Vi dy, mdu mdu hay cdc ddu vét trong phan tich phap
y. Diéu nay ngugce lai véi ki thuat tai t6 hop DNA, doan gen ho#c vector déu
cin tuong dai tinh khiét.

Nh& cdc uu thé trén, PCR da ¢é sitec hap ddn ngay tir lic ra d¥i trong
viéc khuéch dai cdc trinh tu nucleic acid dac hidu va chdn dodn phén ti.
Giéi han duy nhat 461 v6i phuong phdp nay la phai biét trinh tu

nuclectite (hodc it nhit mdt phan) cia doan cin khuéch dai. N6 khong thay
th& ki thudt tdi t6 hgp DNA ma gép phan ddng ké bé sung cho ki thuat nay.

4. Sy hoan thién nhanh va mé& réng wng dung ciia PCR

Tur khi ra d&i dén nay, PCR ¢é vai trd cdch mang hoa trong nhidu )inh
vic nghién citu va iing dung khdc nhau nhu chin dodn nhanh, gidi ki tu
chubi bd gen, gay dot bién diém dinh hudng,... Cé thé thue hién PCR in sifu
(ngay trong t& bao) vdi cd DNA v RNA. Sifc manh ciia PCR k&t hop véi cdc
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ki thuit khéc cia tac dong phén tit giip sinh hoc xdm nh4p vaoe nhiéu linh
vuc ma trude ddy khé vdi tdi.

Do dé thye hién, don gidn va c¢é nhidu Ung dung réng rai, nén PCR duge
hoan thién khdng ngimg. Trong mgt th¥i gian ngdn, nhidu bi€n dang PCR
méi ra doi.

— RT-PCR (reverse transcriptase PCR) 1a ki thuat ma RNA c6 thé duce
diing lam khuén miu cho sy khuéch dai PCR sau khi chuyé&n d8i thanh c-
DNA, con goi RNA-PCR hay RT-PCR. RT-PCR nhay hon cdc phuong phédp
khéc duge diing cho sy phén tich RNA.

— RT-PCR cgnh tranh (Competitive RT-PCR) la ki thuit thudng duge
dung trong dinh lugng cac loai mRNA chuyén biét. ‘

-~ Real-Time PCR 1a phuong phdp c6 thé gidp phdt hién nhimg sin
phdm PCR tich luy dugce tai thoi diém thyc t6 trong qud trinh khu&ch dai
~ gen. Nho viy, ¢6 thé danh gid su tich luy san phdm va dinh lugng ¢PCR
{quantitative PCR - 1a PCR dinh lugng).

- PCR-ELISA {(enzyme linked immunoassay) 1a sy két hop vdi mi&n dich
trong chdn dodn.

Tém lai, PCR d4 ph4t tri€n nhanh tif mau ban ddu 12 DNA dén c& miu
RNA, tif dinh tinh tién téi dinh lugng va cd cdc loai hinh khde, ma & day
chua ké hét.

V. XAC PINH TRINH TU CAC NUCLEOTIDE CUA GEN

Bing ki thuat tao ddng, con ngudi cé thé nhin dugec DNA cia mdt gen
hodc mdt doan dai véi s8 lugng tuy ¥. Nh& d6, phan ti DNA tré nén dé
nghién cdu va phugng phdp ¢6 ¥ nghia quan trong hang dau la xdc dinh
trinh tu cdc nucleotide hay gidi ki tu chudi (Sequencing) ciia DNA da ra d#i.

1. Phuong phap hod hoc Maxam va Gilbert

Phuong phdp xde dinh trinh tu cdc nucleotide cia Maxam va Gilbert
(1977), con goi 14 phuong phdp hod hoc. Cde doan nucleotide gidng nhau
duge ddnh dau déng vi phéng xa P* § ddu 5' va chia thanh 4 nhém, mbi
nhom chiu mot xit 1f hod hoc 1am bién d&i 1 hay 2 base. Xt 1i duge thuc hién
dé trung binh méi doan nucleotide chi hédng & 1 base. Sau xd }i, mdi nhom
chia mgt sé doan nucleotide ¢6 chidu dai khde nhau. 4 nhém duge dua lén 4
ban gel acrylamide riéng ¢ phia cuc Am, cdc doan ngdn hon sé di chuyén xa3
hon vé phia cyc duong. Dya vao két qud dién di ¢6 thé x&p cdc doan DNA

73



theo thit tu tif ngdn dén dai cé diém méc chudn 13 diu 5' mang dau phéng xa
P* Téng hop két qua cha cd 4 nhém trén 4 ban dién di phdn 4nh ddy dd
trinh ty cda cdc nucleotide clia doan DNA ké ti ddu 5.

2. Phudng phép didesoxy cia F, Sanger

F. Sanger (1977) néu ra phuong phdp didesoxy va nay di ¢6 mdy tu déng
xdc dinh trinh tu cdc nucleotide cda DNA. Hién nay, phuong phdp nay thong
dung hon ca (hinh 3.15). Phuong phap nay dua trén nguyén tdc 1a khi mach
DNA dang duge téng hop, néu gap dideoxy nucleotide thl bi ditng va céc
doan nucleotide c6 do dai khé4e nhau duge tao ra. Phdn dng ciing duge chia
thanh 4 16 trén 4 ban dién di nhy d phuong phéap hoa hoc.

Ki thuat t4i t§ hop DNA da mang lai v khi mdi manh mé hon, tao nén
cube cdch mang CNSH mdi. Diéu can ban 1a ki thuat nay da dua dén tu duy
va phuong phdp lugn méi cao hon hin vé chat trong nghién cifu ban chat sy
séng cang nhu gidi quyét nhidu vin dé thyc tién. Hon the nita, nhiéu phuong
phdp dén xudt duge xay dung da nhan lén dang ké quyén luc cia ki thuét di
truyén. Cdc phuong phdp nay khong nhimg gidp hiéu sau ban chét sy s0ng,
ma con la cde phuong tién méi d€ cdi tao sinh gidi, ching ta s& hiéu rd hon
& chuong tiép theo.

Pén nay, sau hon 30 nidm phat trién, déng gop to lon cia KTDT cho
sinh hoc di su vao ban chat sy song duge coi cé tAm quan trong tuong tu
phdt minh ra kinh hi¢n vi vao thé ki XVIL va vé mat vng dung thuc tién ¢d
thé sanh vdi ché tgo thanh cong bom nguyén ti, va 6 thé néi né chi bi gidi
han bdi dao i sinh hoc.
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& CATACGTGG] CCTTACG 3

5'CGTAAGGY

Thém mdi

CATACGTGGCCTTALCG

GGAATGC

d*ATP, d*CTP, d*GTP and d*TTP

Thém Thém Thém Thém
ddatp ddCTP ddGTP dagTTP
+ + + +
Boan Kienow Poan Klenow Boan Klenow Poan Klenow
CGTAAGGC*Cua - CGTAAGG*C C A*C oG
va va

CGTAAGG C*C A* G*G" T4

va

va

CGTAAGG C O A C* G T A" Tos

CGTAAGGJC
CGTAAGG CoC

CGTAAGG C C A dC

CGTAAGG*C'C A C*G T
va
CGTAAGG*C*C*"A*C*G T A o7

Dién di va phong xa ty ghi

Gidi trinh ty | AC G T |
CGTAAGGCCACGTATHG -
CGTAAGGCCACGTA T -
CGTAAGGCCACGT .4 -
CGTAAGGCCACG o7 =

CGTAAGGCCAC G
CGTAAGGCCA ¢
CGTAAGGCC /4
CGTAAGGC
CGTAAGG YL

11

Pién di truc tiép

|

Hinh 3.15. Phucng phap didesoxy cla Sanger

75



TOM TAT cnuoﬁc.

KT thugt tai 16 hgp DNA dugc x@y dyng nhd cdc céng cu ciia sinh hoc phan
tif gilp tach, cat, néi, ghép va chuyén gen. Céc céng cu gém : 1) Cac enzyme
nhu' restriction endonuclease d8 cit va cac ligase d€ ndi cac doan DNA ; 2)
Nhidu loai vector chuyén gen nhu plasmid, phage %, cosmid, phage M13,
phagemid, plasmid Ti va nhiém sdc thé nhan tac ; 3) Cac hé théng t& bao chi
nhu E. coli, 8. cerevisiae, .

Cdc gen ¢6 thé dugc thu nhan td DNA b gen, téng hgp hod hoc hoc sinh
tdng hgp tir mMANA tao cDNA va gén vao plasmid tao DNA taj t§ hgp nhe 3

phuang phap khac nhau : ding céc déu cg két, cdc linker va enzyme terminal
transferase.

DNA tai t§ hgp duge dua vao 18 bao béng hod bién nap, dién bign nap, vi
tiém, bdn DNA hay 1ai nap do virus. Viec chon diing dong t€ bao mong muén tén
nhiéu céng phu. Sy bidu hién cia gen tao dong ra RNA hay protein phai dugc
hé trg bdi cac didu kién thiét y&u nhu promotar, rbs. ..

Ki thuét PCR ddn gian, d& thyc hign nén cé nhidu iing dyng.

Nhd kT thuat tao dong, DNA dugc thu nhan sé Iugng Idn, trd nén d& nghién
cdu va nhd dé phuang phap gidi ki ty chudi DNA ra ddi '

KT thuat di truyén cé nhidu ung dung quan trong trong nghién ciu sinh hoc

va thic tién sdn xudtclia xa hdi loai ngugi.

CAU HOI ON TAP
1. KV thuat tai $6 hgp DNA co cac cong doan chi y&u nao 7
2. Cdc nhom céng cu chi y8u nao sir dyng trong ki thuat tai td hgp DNA ?
3. Cac cbng cy enzyme co nhifng tng dyng gi 7
4. Céc loai vector chi y8u nao clla Prokaryotae thudng dugc sif dung ?
3. Loai vector nac mang dugc doan DNA ia dai nhét ? Né dugc cdu tac thich hgp cho vi

khudn, déng vat cé vii va ngusi vdi tén goi tit thé nao ?
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6. Cac hé théng t€ bao cht vi sinh vat nao théng dyng nhat ?

7. Tang phudng phdp thu nhan gen c6 vy didm va nhugc diém gi ?

8. DNA tai t8 hop dugc tao ra nhd cac phudng phap.nac ?

8. C6 nhiing phwong phap nao dua plasmid tai t§ hop vac t& bao ?

10. B¢ gen tao dong ¢6 biu hign cdn nhing diéu kién gi ?

11. Visao PCR duge (ing dung nhanh ?

12. Vige s dung Tag polymerase c6 ¥ nghfa quan trong nhy thé nao ?
13. Néu mét 58 cdi bidn clia PCR.
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CHUONG 4
CAC UNG DUNG CUA CONG NGHE GEN

Tir nhitng nam 1970 dén nay, KTDT khéng nhitng giip con ngudi hiéu
sau ¢ ché phan ti ciia sy song, ma cdn la cde cong cu mdi dé vuot gidi han
tién hod cdi tao sinh gidi. B6 gen ngudi 1a mdt ot méc lch s, né mé ra
tién dé rong l6n véi nhiéu nganh KHCN méi nhu genomics, proteomics, cong
nghé RNA va protein, chdn dodn phdn tid, pharmacogenomics,... Ngoai ra,
hang loat sdn phim cé gia tri da duge tao ra tir cdc sinh vdat bién déi gen.
Nhitng két qua dat duge mé& ra nhidu trién vong to lén hon trong tuong lai.

1. KHAI THAC DNA CAC BOQ GEN

1. Genomics

Cho dén dau nhitng nam 1970, DNA la phén tir ciia t& bao khd phdn tich
sinh hod nhdt. D&n nay, c6 thé tdch ting doan dic hiéu DNA cda bd gen,
nhan bén ching véi s6 lugng vé han va gidi ki tu chudi cia ching ngay
trong mot dem. O théi cao diém cla Dy 6n b gen ngudi, cdc mdy gidl ki ty
chudi (sequencer) dat toc dé 1000 nucleotide/gidy.

T 1990 dén nay, viée gidi ki tu chudi DNA cua hang loat sinh vat mo
hinh 43 duge thyc hién (bdng 4.1).

Sy gidi ki ty chudi thanh céng & bd gen ngudi va hang tram cdce sinh vat
khdc da tao nén khoa hoc vé b6 gen goi la genomics (genome - b$ gen) hay
b6 gen hoc. Genomics 12 mdt lnh vue tuong d6i mdi cha KHCN gidp xéc
dinh nhanh chéng trinh tu nucleotide cia DNA bé gen va cdc chifc ning cia
ching. Cde tri thic b4t ngudn tit genomics khong nhitng cho phép ching ta
hidu chi tiét cde co ché phan ti chia sy séng ma cdn cdch meng hod néng
nghiép, y hoc v nhidu linh vyc ki thuat, N6 ddng thoi cung cdp nhidu cdch
tiép can méi A€ phdt hign, bdo ton vé su dung da dang sinh hoc cla hanh
tinh ching ta. Cudi cing, tri thitc cla genomics co thé€ dfn dén thé hé mdy
dién tosn va phdn mém mdi dya trén cd s& bdt chudc cdch truyén tin hiédu
chinh xdc vA tinh vi ciia cde t& bao.

Cho d&n nay, lodi ngudi mdi chi sb dung mjt s6 lugng han ch& cdy
tréng, vAt nudi v vi sinh vt (VSV). Trong thé ki XXI, cong nghé genomics
cho phép st dung bét ki gen nao va nguén tai nguyén sinh vat.to i6n ngay
nay trd nén vo t4dn véi khd ndng st dung ting gen va vé s§ t& hop cia
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ching. Vi du, gen tao chdt PHB (polyhydroxybutyrate) cia VSV c6 thé dua
vao thuc vat dé san xudt chit déo (plastic).

Bang 4.1. K&t qua giai ki tu chudi bdé gen cla cac sinh vat mé hinh

Kich Nam *Mat
Céc sinh vat thude két S6 lugng gen dé
(Mb) thuc gen
Virus HIV 9700bp 9
Vi khudn Escherichia coli 4,6 1997 | 4200 932
(Prokaryotae)
N4m men Saccharomyces cerevisiae | 12,1 1996 | 6034 483
(Eukaryotae)
Tuyén trung Caenorhabditis elegans | 97 1998 | 19099 197
(Eukaryotae)
Thuec vat Arabidopsis thaliana 100 2000 | 25000 221
(Eukaryotae)
Rubi gidm Drosophila melanogaster 180 2000 | 13061 117
(Eukaryotae)
Chudt thi nghiém Mus musculus 2600 2002 | 30000
(Eukaryotae)
3200 2000 35000 - 45000 12
Ngudi Homo sapiens 2001
(Eukaryotae)
3200 2003 | ~ 30000

* Mat do gen tinh trén 1Mb = 1000000bp (cdp base).

Sép tdi con ngudi sé khai thac
ngudn tai nguyén sinh vat bién ma
theo danh gia c¢6 su phong pha gép
nhiéu lan trén can.

Pé nghién citu genomics véi
quy mb 16n, cdc phong thi nghiém
hién dai trén thé& gigi duge trang
bi cdc may moéc ki thuit cao nhu
may PCR, sequencer tu ding
(hinh 4.1).

Su hiéu biét chi tiét vé bo gen
nguoi va cde sinh vdt khdc la
dinh cao ctia céng nghé gen.
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2. Proteomics

Proteomics nghién ciu toian b cdc phite hgp cia protein gém : cadu hinh
(conformation), vi tri (localization}, cdc bién d8i (modifications), cic tuong tdc
{interactions), chdc nang (function). '

Nhé bigt duge cdc dédc tinh cia nhiéu loai protein s& giiip sdn xudt cdc
hormone va vaccin ¢é hiéu qua vdi s& lugng 16n, N&u nhu genomics gitip cho
chdn dodn sém thi viéc ngan ngita va chira tri bénh s& nhd cac k&t qua cia
proteomics. Cdc nghién cliu proteomics ¢ho thay d mdt sd bénh, phan ti
protein ¢ ngudi bénh thidu bién déi sau dich ma.

Tuy nhién, nghién ciu proteomics khé hon gdp nghin ldn so vdi
genomics, vi du nhu tat cd cdc t& bao ngudi déu ¢é bs gen nhu nhau (trir cdc
t€ bao sinh duc), nhung méi loai t& bao c6 bd protein riéng. Ngoai ra, mét
gen c6 thé tao ra nhidu loai phdn ti protein. P6 1a chua ké d&n cdu trae
khéng gian 3 chidu cia phan td protein rat tinh vi, phdc tap nén rit nhay
cam vdi tde dong clia moi trudng.

3. B$ gen ngudi

Piu nam 1990, Dy dn b9 gen ngudi bt ddu véi kinh phi 3 tI USD trong
15 nam va sé két thdc vao 2005 ¢hinh 4.2). Thyc hién dyu 4n do nhém cédc
Vién Sic khée qudce gia ciia Mi (National Institutes of Heal_th — NIH) gig vai
trd chld yéu va phoi hgp vdi cdc nude Anh, Phdp, Dide, Trung Qudc va Nhat
Ban thanh Consortium (Lién higp cdc phdng thi nghiém). T4t cd c6 16 co
quan khoa hoc 16n trén thé gidi tryc tiép tham gia. Nhém thi hai Celera
Genomics do Craig Venter chda tri, ra d¥i chim hon nhung dat két qua
nhanh véi chi phi thap hon.

a) Cd¢ muc tidu cha dy 4n

— Xdc dinh t4t cd cde gen cia DNA ngudi.

— Giai ki tu chudi cila hon 3 ti cip base (baée pair - bp) cia DNA ngudi,

— Luu giit thong tin trong co sé& dit lidu (databases).

— C4i tién cdce cdng cu (tools) cho phéan tich dir liéu.

— Chuyén giao ki thuat cho khu vuc tu nhan.

- Vach ra nhimng vdn d& dao dde, luat phap va xa hoi (the ethical, legal,
and sacial issues - ELSI) ¢6 thé& ndy sinh tir du 4n.

b} Nhiing m&8c can ban trong ¢éng bd két qué :

- Ngay 26/6/2000 : Céng b6 bdn thdo hanh dong (working draft) cda
nguyén bd gen ngudi (> 90% vé6i 8 base phan tich gidp 3 — 4 l4n bd gen).
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_ Théng 2/2001 : Céc phan tich cua bdn thdo hanh déng duge cong bd.

— Ngay 14/4/2003 : Dy dn bj gen nguoi hoan thanh va tuyén bo két thic
s6m 2 nam & Hoi nghi khoa hoc cia NIH ki niém 50 ndm chudi xodn kép
DNA. Viéc lap ban dé (mapping) cui cung cdn trong hon gép 300 lan so véi
cong bé nam 2000, céc 16 tréng (400 gaps) duge 1ap kin va cdc nha khoa hoc
Mi chi tiéu ton 2,7 ti USD. Day la su kién trong dai nhu y kién cla cdc nha
khoa hoc : “Pay la ngay ching ta hoan t4t 14n xudt ban ddu tién Cudn sdch
ciia su séng (the Book of Life).” hay “Trong nhiéu th& ki téi, ngay hom nay
sé duge nhé dén nhu mot cot mac lich su”.

Céc dot pha ki thuat gop phéan hoan thanh du dn c6 gia tri to 16n trong
t4t ca cdc linh vuc sinh hoc.

c) Ban phac thao by gen ngudi nam 2001 néi Ién diéu gi ?
— V& s6 lugng :

+ B6 gen ngudi chda 3164,7 triéu cap base (A,
C, T va G), 1dy so tron la 3,2 ti bp hay 3,2Gb
(Gigabase tuong ty Gigabytes bén tin hoc). Néu
d4nh may in tdt ca can 75490 trang gidy chudn.

+ Gen trung binh gém 27000 base, nhung dao
dong 16n, v6i gen dai nhét & ngudi biét duge cho
d&n nay la gen dystrophin c6 2,4Mb (triéu base).

+ Téng s6 gen duge ddnh gid khoang 30000

d&n 35000 gen, it hon rdt nhiéu so v6i céc du kién
truée day la 50000 dén 140000 gen.

+ Gin nhu toan bo trinh tu base (99,9%)
gisng nhau mot céch chinh xdc ¢ tdt cd moi
ngudi. Diéu nay cho th&y khong c6 su phan biét
chung toc.

+ GAn 50% céc gen chua biét chic nang.
d) Mot s& diéu ngoai du kién

Hinh 4.2. Biéu tugng
_ {t hon 2% (1,1 — 1,4%) by gen ma hod cho bd gen ngudi
protein.

_ 5% dé&n 28% trinh ty dugc phién ma ra RNA.

— Céc trinh ty lap lai (repeated sequences) khong ma hod cho protein
(DNA réc) chiém it nhit 50% bd gen ngudi.
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¢) Cac bién di va djt bién

Cic nha khoa hoc da xdc dinh duge khodng 1,4 — 2.0 triéu difm ¢6 sy
khéc nhau 1 base trén DNA giita cdc cd thé ngudi. Tinh trung binh, giita cdc
c4 thé& ngudi khdc nhau khoang 1/1000 base. Sy khac nhau nay goi la sy da
hinh don nucleotide (single nucleotide polymorphism — SNP). SNP la nhiing
d&u chudn (markers) dé xdc dinh co s di truvén cia nhiéu bénh va cung cip
théng tin v& phan ung cia titng c& thé trong chira tri bénh. Mat linh vy mdi
duge hinh thanh 12 Y hoc cd thé hée (Individualized medecine), Phat hién
nay hita hen cdch mang hod sy truy tim cdc trinh tu base gdn vdi bénh tat
va vach ra bi 4n trong lich st phat sinh loal nguvi.

Ngoai ra, sy phan tich SNP sé gitip tim ra cg sd di truyén hoc trong sy
khac nhau cGa timg ngudi vé khd nang todn hoc, tri nhd, thé thao,.. .

Ti 16 dot bién & t& bao sinh dyc (1€ bao tring va tinh trung) la 2 : 19
nam gidi so véi nit giéi. Cdc nha khoa hoc cho réng toc do dot bién cao & t&
bio sinh duc nam giéi do & lugng l4n phan bao tao ra tinh trung lén han
nhidu so vdi tao t& bao tring.

f) Thai dai sau b$ gen

C6 ngudi cho ring Thoi dai sau b6 gen (Post-Genomics Era) da bdt dau
véi cdc déu hiéu :

- Sif dung c4c cong cu va cong nghé 48 khai thdc bd gen ngudi.

_ Sinh hoe phdt trién & mifc cao hon nhu Sinh hoc cde he théng (the
Systems Biology).

— Sy phét trién hang loat céc cong nghé then chét (key tehnologies) mdi
nhu Tin- sinh hoc (Bioinformaties), Biochip va microarrays, Cong nghé sinh
hoc nano (Nanobiotechnolegy),..

Ngudn tri thitc ddy ¥ nghia tif bo gen ngudi sé xdc dinh cdc nghién ciu
trong nhidu thap nién téi, gidp higu duge cde h¢ thong sinh hoc cha bén
than con ngudi ching ta. Nhi¢m vu khéng 16 nay s& doi hoi tai nang chuyén
mén va sy sdng tao cida hang chuc ngan cde nha khoa hoc tU nhidu linh vyc
khdc nhau trén toan th& gigi. Mot trong nhimng déng gép vi dai nhat s& la
xay dung 6% tiép cgn hoan toan mdi trong nghién cdu sinh hoc 1 nghién
cttu déng b6 tét ¢d cde gen cia bo gen. Vi dy, nghién ciu tat ca cdc bin
phién ma trong mot md hay co quan dac hodc khdi u, hay ¢6 thé nghién ctu
hang chuc ngan gen va protein hogt déng déng thoi trong nhiing mang
tuong tdc véi nhau dé diéu khién cdc qud trinh sinh hod clia sy song.
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4. Cde - omics khie

Tiép theo genomics, proteomics, hang loat ede - omics khdc cing ra doi.

content screening).

- Metabolomis - Ung dung c¢ong ngha gen dicu khién trao ds; chdt. Buge
dau thyc hién § vi sinh vat nhy chuyén gen ma hga naphthalene
dioxygenase tir Pseudomonas putida vao E. coli, 1am né ¢6 khi ning téng
hop indigo xanh trong méi trudng chira tryptophan, Indigo xanh 1a chat tao
mau xanh cia quin 40 Jean (doanh s¢ bsdn chat nay la 200 triey USD/mam).
Trong tiwong lai, metabolomies Se can thidp vao cde qud trinh sinh 1i 4& chita
tri hode ngan ngita bénh.

~ lonomies : Nghién ey cd ché& cdc gen chi Phéi sy didu hoa tst cd cdc
ion trong t& bae.

S4p t6i & 6 nhidy — omics khde ra dsi. Didy nay cho thdy, cong nghé
gen can thidp d&n DNA bd gen ¢ chidy rong 14n chidu sau va dg la dac
diém ndi bat cia CNSH the ki XX1 - CNSH iy gen,

IL. CONG NGHE RNA

— Thép nién 1980 : Phdt hian ribozyme (1981} 1a cde RNA ¢6 kh3 ning
Xdc tde vi qud trinh splicing trong phién ma & Eukaryotae cho thay su bien
dong va vai tro tich cuc efia chdng,

nhat 1a kiém sode sau phién ma (posttranscriptional regulation). Phgt hién
cdc RNA mdi nhu RNA interfering hay RNA; vl microRNA,
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- Tt nam 2000 dén nay : Xdc dinh meng lugi RNA trong té bae va hinh
thanh céng nghé RNA.

Mot s8 van dé méi phat hién cho thdy tdm quan trong ciia RNA :

- Lam sao 300000 protein c6 thé duge tao ra tir 30000 gen ? Chia khéa
1a splicing.

— Sy hoan chinh b gen ngudi cho thiy, cac gen ma hod protein khéng co

- sy khdce nhau Ion gita ngudi va rudi gidm. Cic RNA khong ma hod ¢6 su khdc

nhau lén giita ngudi va rudi gidm. 98% RNA ngudi khong ma hod protein, Nhu
viy, 6 cdc RNA khéng ma hod con nhiéu bi 4n cdn 1am sdng to.

- Phdt minh cdc peptide anticodon giip biét duge co ché doc.md codon
stop (rdt ldu chua biét) va hidu hoan toan qud trinh doc md di truyén sau 40
nam ké ti khi phdt hién.

Hon thé nita, qué trinh sinh téng hgp protein § t& bao Eukaryotae duge
chi tiét hod hon nhiéu véi hang loat cdc bign di phic tap trén RNA :

— PAu tién tit DNA dén RNA cé bdn phidn md so cdp (primary transcrip)
vd tuong Ung cd b phién ma so cdp, goi 14 franscritome va tuong dng la
transcriptontics.

— Tiép theo, bdn phién ma so edp phai qua splicing, tic duge cit bd cac
intron va ndi cdc exon, va tuong dng cé &6 cdt intron va néi ede exon, goi 1a
spliceosome va spliceosomics. Trong splicing, cdc exon c6 thé rdp lai thanh
nhiéu t6 hop khde nhau, nén 1 gen c6 thé tao nhidu phén ti protein.

Nhu vay, céng nghé RNA c¢6 thé thuc hitn & nhiéu cép dé khde nhau
trong chudi sinh téng hap cia t& bao.

2. Antisense RNA (Phan RNA)

Nam 1981, Tomizawa phat hién ra hién tugng phdn ENA (antisense
RNA), nhitng RNA duge sao chép tit mach b8 sung véi mach ma gde tao ra
mRNA c¢6 trinh ty nucleotide ngugc chiéu (do d6 goi la antisense).

Céc antisense RNA nay c¢6 thé kim ham tdng hgp protein ctia gen tuong
img bing bdt cip bé sung v6i mRNA cia né (hinh 4.3). Hon nita, vide lam
“tm Igng” gen khong dbi héi ¢4 phan tir antisense RNA ma chi can I dogn
ngdn oligonucleotide antisense. Phuong phép 1am ngung hoat déng clia bat ki
gen nao goi 1a knock-out gen (ha do vdn). Qud trinh tit DNA d&n protein cé
thé kim hidm & nhidu chd do oligonucleotide antisense g&n vao nhu e ché
cdc nhan t6 phién md gin vao DNA, ngin trd giai doan mRNA truéng
thanh, di ra ngoat nhin va dich ma & t& bao chat.
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Thudc truyén théng
Hinh 4.3. Co ché tac ddng cia antisense RNA (bét cap bd sung v6i mRNA)

Tir ddu thap nién 1980, cdc antisense duge tong hgp dé tc ché cdc gen
gay bénh ung thu, tim mach,... Tuy nhién két qua chua nhu mong dgi, vi céc
enzyme cd thé ct bé cac oligo-antisense. Cac thudc oligo-antisense da dugc
cai bi€n d&n thé he¢ thi ba va dang tré thanh “c6 nghia” (sense) do t6t hon
nhidu vé tinh bén ving, tinh dac hiéu, higu qua va gid thanh thap.

3. RNA can thiép (Interfering RNA - RNAi) va microRNA

Ph4t minh RNAi vao nhiing nam 1990 va céc Gng dung cia ching vao té
bao dong vat c6 vi tif nam 2001 da tao nén sy thay d8i 16n trong nghién ciu
sinh hoc va tim thufc mdi. Khi thém RNA mach kép (double strand RNA -
dsRNA) vao t& bao dong vat thi gay hau qua gidm sy biéu hién gen. Viée
“lam gen im ldng” (“gene silencing”) nay, ma dac biét lam gidm nong 4o
mRNA muc tiéu dén 90%, la thuan nghich vi khong bién d8i DNA té& bao.
Hién tugng nay duge goi 1a su can thiégp RNA va ching xdy ra mot cach tu
nhién & rudi, giun d4t, thuy tdc, ca vang va chudt.

RNAi cung c&p cho cdc nha nghién c(fu mot phuong tién c6 hi¢u qua dé
déng hay “lam im lang” sd bi€u hién cha mot gen va nhu vay né tré thanh
céng cu don gidn va thudn tién cho xdc dinh chic nang gen va cac tuong tac
sinh hoc giita cédc gen. Do vay cac tap doan duge phdm dé xo ché tao céc
siRNA nhé (small interfering RNA) dung cho tri liéu.

Phuong phdp don gidn san xuat siRNA, dugc goi la DNA dinh huéng
RNAi (DNA directed RNA interfering — ddRNAi), néu trén hinh 4.4. Su két
hop céc cong cu RNAi v6i céc cong nghé tdm sodt dung lugng cao (high-
content screening technologies) sé gitap cdc nha nghién cu chon dugc muc
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tiéu tét nhdt. Nhing tién by trong hién vi déng hoi tu (confocal microscopy)
va céc thudt todn hinh dnh hod (image-processing algorithms) cho phép tu
déng hod viéc ghi nhan nhidu dit lidu vé t&€ bao ma sinh hoc té& bao trude kia
khé dinh lugng duoe.

Cdu triic DNA dua vao té bao
cDNA

F-T-_i

Promotor Terminator

Ban phién ma RNA
L R

RNA "kep téc" (mach kép) hinh thanh ty dong
N )

l Dicer (RNA III)

Bi cét tao ra siRNA (21bp dsRNA)
AR RRARNER

mRNA muc tiéu

AAAAA

/\mﬂ—hm/mgc\tiéu bi phan hay
A

Y
Gen im lang

Hinh 4.4. DNA dinh hudng RNAi (DNA directed RNA interfering — ddRNA.I)
Cac thanh phén cdu tric dé tao ddRNAI néu & phan trén hinh 4.4 1a 1 doan gen cDNA xudi gdn
sau promoter (chd bam clia RNA polymerase dé phién ma) ndi qua 1 doan ngén véi 1 doan cDNA

tuang ty nhung ngugec chiéu va & cudi 1a trinh ty két thic terminator. Khi dugc dua vao té bao,
RNA polymerase tao ra cac doan ngdn RNA mach kép dang "kep toc”. Sau khi vao t§ bao chat,
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trinh t "kep toc" bi cdt doan vang bdi Dicer, mét loai enzyme ddc hidu cdt ANA mach kép (dsRNA
specific nucieass}, gay nén sy tich tu siRNA mach kép (21 bp dsRNA). Cac siRNA nay gin vao
phic hop fam im fang (RNA-induced silencing complex - RISC). Vdi mat mach clia siRNA gén
philc hgp nay tuong téc véi mANA ndi hay ngoai lai (endogenous or exogencus) ddn dén cét trinh
I muic tiéu va phan huy ban phién ma nhy & ph&n dudi hinh.

Trong tuong lai gén, cdc cdng cu RNAI sé& ¢6 nhiing ung dung réng rai
hon va ¢6 sy bung né trong linh vye nay. Théng 3/2004, cdc nha nghién ciju
d Cold Spring Harbor Laboratery théng bdo da tao dudc thu vién cde dong
RNAi cia ngusi. Théch thae 16n nhat 1a lam gen im ldng & cdp 46 co thé
trén nhiéu dong vat va ngudi dé phdn tich chue ndng gen in vivo (trong cg
thé stng) va phat trién lieu phdp dya trén RNAi. D& cé nhimg dng dung
rong rai va to l¢n hon, céng nghé RNAI cdn nhidu cii tign, Mot van dé khac
1& phan biét tdc dong gita RNAi véi microRNA (RNA nhé), 1a leai RNA ¢4
quan hé véi RNAi. MicroRNA cung c6 vai trd diéu hoa sy bidu hién gen.

RNAL da tré thanh céng cu nghién citu; tiép theo sé lo RNA; tri lidu
(RNAi theuraputics). Tuong lai danh cho céng nghé nay, vi né ¢6 thé cung
c8p hodc b3 sung cho cde ki thudt trong yé&u (crucial) nhu aentisense va cde
ma hinh knock-out. Khi cdc thuse diu tién duge thugng mai hos, ching sé& c6
hap din lén trong céng nghé mdi dang ph4t trién.

4. Céc ribozyme

Ribozyme la cdc phan td RNA c6 kha nang xic tde ty nhién (cde enzyme
RNA). Chiing ¢é cdc vang xiic téc va ving gdn co chdt (substrate-binding
domain) tdch rii nhau. Trinh tu gdn ca chit két hop véi trinh ty mue tiéu
bang bdt cap bS sung nucleotide. Phan xtic tdc cdt RNA mue tidu ¢ didm dac
hiéu. Bing cdch thay ddi ving gén co chit c6 thd cai bién di truyén tao ra
ribozyme cdt mét cich dge higu bat ki mRNA nao. Cdc ribozyme nay ¢
nhiéu trién vong trong chifa tri ung thu va cdc bénh do virus ma chira ¢6
vacein hay thudc hod chat cho didy tri. Ngoai ra, trong bi cdnh nhidu vi
khudn dé khang thude gia tdng nhanh thi ligu phdp ding ribozyme ddng
duge quan tam.

5. Su nhai lai phan t giva protein va RNA

Nhiu loai phan tit RNA cudn lai thanh c4u tric khong gian 3 chidu
phife tap, ma trong mét sé trudng hop giéng véi phan ti protein nhu trén
hinh 4.5. Tir ds, y tudng vé sg dung phan ti RNA nhai lai protein ra dgi.

Sy nhai lai phan tit c6 thé thire hién gitia cdc nhan tg dich ma va tRNA,
Su nhai lai phan ti giita protein-RNA :
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— Su nhai lai cdu trac.
— Su nhai lai chiic néng.

Sy nhai lai phan ti c6 thé la
chia khéa gidi quyét nhiéu vdn dé
thuc tién.

' protein

Pay 12 mot huéng méi hia hen (tRNA) (RRF)
nhidu dng dung trong tuong lai, khi
téng hop cdc phan ti RNA c6 thé
thuc hién tu dong béing mdy.

Hinh 4.5. Sy giéng nhau trong c&u tric hinh .
thai gitta tRNA va mét loai protein

Cé thé néi, céng' nghé RNA dang va sé& c6 nhiéu dng dung to 16n. Ngoai
nhitng ng dung néu trén, sy can thiép vao cdc ban phién ma so cdp hay
splicing s& d4n dén nhiéu sdn phdm da dang va doc dao.

I1I. CONG NGHE PROTEIN TAI TO HQP

Tir 1au, cdc nha khoa hoc mong muén sén xudt cdc protein v6i s0 lugng
16n. Mai dén khoang giita nam 1963 va 1965 viéc tong hgp hod hoc insulin
mé6i duge thuc hién. Qua trinh nay rdt phdc tap, gom 170 phén ing va gia
thanh cao khong thé san xuat cong nghiép duge. Cong nghé gen cho phép sin
xuét nhidu loai protein tdi t6 hop (recombinant protein — rprotein) khac nhau
khong nhitng v6i s6 lugng l6n ma con c6 chdt lugng protein tét hon. Cong
nghe r-protein that sy dang phat trién v6i nhiéu thanh tuu riat ngoan muc.

1. San xuit sé lugng 16n cac r-protein

Nhidu protein tri bénh duge biéu hign & cac hé thong vi khudn, ndm
men, con trung hay t& bao dong vat c¢6 vi duge nudi. Ching can cho chira tri
mot s6 bénh, nhung chiét tach tir co thé thi s§ lugng it.

Bu6c diu, cdc r-protein (cd cdc peptide) dugc sdn xudt nho cdc vi sinh
vat nhu E. coli hay ndm men Saccharomyces cerevisiae. Tiép theo, cdc thuc
vdt va doéng vdt chuyén gen (trangenic plants and animals) dugc st dung &
dang “trang trai gen” (gene farming). Pén nay c6 hang tram r-protein dugc
san xuit, trong d6 hang chuc loai duge bén ra thi trudng. Bdy loai protein
tri liéu v6i téng doanh s§ khong du6i 15 ti USD, ma patent da hoac sdp
hét han (han st dung patent thudng khodng 15 — 20 nédm), dugc néu trén
bang 4.2.
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Bang 4.2. Bay loai protein tri lidu ma patent da ho#c sédp hét han

S6 . - Nam hét
Tén san phim Céc bénh dugc diéu tri
it P ¢ 4 i han patent
1 | Insulin Tiéu dudmg 2001
2 | Interferon alpha Viém gan siéu vi C, mun cée qua 2002
dudng tinh duc, ung thu
3 | Interferon beta Xo cing (Multiple sclerosis) 2003
4 | Hormone ting trudng ngudi | Thidu nang tdng trudng (Growth 2003
defiency)
5 | Erythropoetin Thigu miu 2004
6 | t-PA (Tissue plasminogen Nhéi méu co tim cap 2005
activator)
7 | G-C8F (Granulocyte- Colony | Chemotherapy-induced 2006
Stimulating Factor) neutropenia

Céc protein tai t6 hgp dugc sdn xuit gdm cdc nhém chid yéu :

- Céc protein tri liéu nhu mét s§ néu trén bang 4.2.

— Cdc enzyme : Dnase I, alginate lyase, phenylalanine ammonia lyase,
alpha-l-antitrypsin.

- Céc khéng thé ding trong chdn dodn va chita tri nhidu bénh.

2. Bgt bién di€ém dinh huéng va ki thuat ché tao protein

Mbt trong nhitng hé qui quan trong cha KTDT la gay dé¢ bién diém
dinh hudng (site-directed mutagenesis) hay dé¢t bién diém chuyén biét (site-
specific mutagenesis). Cé thé chi dong bién d8i c4e gen biing nhidu cdch :

~ Ndi cdc doan gen véi nhau dé tao protein dung hop (fusion protein).

- Lam m4&t doan ho#c ting doan gen.

~ Thay thé mét nucleotide nay bing nucleotide khie.

M4t gen, khi da bi€t trinh tu nucleotide, ¢6 thé thay d8i nucleotide & bat
cf diém nao tuy y va tueng Ung dén dén nhimg thay déi trén protein, N6 ¢
thé duge tao ra bing vai phuong phép nhu : ding oligonucleotide, dot bién
ngdu nhién véi nucleotide tuong déng (random mutagenesis with nucleotide
analogues) va PCR-sai (error-prone PCR).

Thé hé r-protein ddu tién vAn gilt nguyén trang cau tric phan td cua
ching. Ki thudt mdi tac ra thé hé protein ma cdc phan ti duge cai bién chi
ti€t dé c6 nhidu ddc tinh wu viét hon. Sir dung dt bi€n diém dinh hudng
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thay thé cdc amino acid then chét & nang cao chdt lugng protein. Pé chon
ddng diém thay thé, sy can thigp cila dién todn 12 khong thé thidu duge, dan
dén thi nghi¢gm in stlico (thi nghiém trén may dién todn) ma dén nay da
phdt trién thanh chuyén nganh méi la Tin-sink hoc (Bioinformatics).

a) B& sung céc cdu ndi disulfide

Sy b8 sung céu nbi S-S lam ting tinh bén vimg clia protein véi nhiét 49,
pH cyc doan. Vi dy : Cai bién lysozyme ctia phage T4, Enzyme nay c6 2
cystein (vi tri 54 va 97) nhung khong tao cdu disulfide (S-8). Sau khi nghién
ciu c&u tric bac ba cia lysozyme T4, isoleucine & vi tri 3 duoe thay bing
cysteine dé c6 thé tao cdu S-S véi cysteine & vi tri 97 (hinh 4.6).

Dot bién diém dinh huéng bién
codon ATA cia isoleucine thanh
TGT cha cysteine. C6 thé tao thém
2 ho#c 3 néi S-S : amino acid 3 véi
97, 9 voi 164 va 21 vél 142 clia
enzyme. Lysozyme d& duge bién
d8i thye hién phén dng 6t hon, c6 Hink 4.6. Lysozyme ty nhién va sau khi
dd bén viing lau hon. : duge bd sung 2 cdu ndi -8

) -

Céc bisn déi cing da thue hign vdi xylanase 1ang hoat tinh & nhiét 4o
cao va pH thép va vdi ribonuclease tuyén gidp ngudi {(human pancreatic
ribonuclease) 4€ thanh tdc nhan tri liéu tot hon.

b} Tang hoat tinh enzyme

Tang di luc voi co chdt : Enzyme tyrosyl-tRNA synthetase tU vi khudn
Bacillus stearothermophilus dugc bisn déi dé c6 ai lyc tot hon vdi co chat.
Thay th& gdc threonie & vi tri 51 bing proline tao enzyme mdi ¢6 hoat tinh
tang gip 2 lan.

Thay déi cofactor : Subtilin binh thuong 1a enzyme phu thudc calcium,
khi gap didu kién thigu calecium thi m4t hoat tinh. Subtilin khong phu thudc
calcium da duge ché tao ra.

Thay déi tinh &n dinh va ddc higu cia enzyme : tPA la mot phie hap
enzyme protease serine dung 1am tan céac cuc mdau ddng. Tuy nhién, né dé
dang bi thai khéi dong mau nén phai tang nong dd ban dau trong x{ 1i, ma
didu nay cé thé gay hai. Do vay, tPA mgi da ra dsi vdi thidt k& nhu sau : thi
nhat, thay Thr 103 biing Asn lam tdng tinh bén vitng Yén gap 10 lan trong
dong miu ; tha hai, thay doan amino acid 296 — 299 tu Lys-His-Arg-Arg
thanh Ala-Ala-Ala-Ala lam enzyme c6 tinh ddc hiéu cao hon vdi fibrin
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(protein lam déng m4u) cda cuc mdu ; thi ba, thay Asn-117 lam hédi phue
hoat tinh phan huy fibrin nhu enzyme tif nhién. Hon thé nifa, su t8 hop ci
ba dot bién didm trén sé tao ra tPA dong théi cé ea 3 hoat tinh.

¢} Cac thay ddi da dang khac

Vi di 1 : Insulin phan 16n rdp lai & dang luc phdn (hexamer) lién két
véi kédm (Zn) trong dung dich trung hoa chita tri bénh. Su tu rdp dé han ché
st hdp thu. Nam 1988, bing thay th& mdt amino acid, insulin mdi dugde tao
ra ¢6 cdu tric ¢in ban don phén {monomeric) ¢ dung dich tri liéu. Insulin
mdi khéng nhitng giit nguyén hoat tinh, ma duge hép.thu nhanh hon hai dén
ba lan.

Vi dy 2 : Cong trinh vé bién ddi subtilin 14 mdt bing ching vé suc
manh cla ki thuit ché tao protein. Hau nhu #dt cd cdc tinh chdt cda serine
protease nay da duge bién 481 nhu: téec dé xiic tde, tinh ddc hiéu vdi co chdlt,
bién d6 pH va sy bén ving dé8i v6i nhidu tdc déng 1Am m4dt hoat tinh cia
oxy hod, nhiét va alkaline. Nhiéu bi&n déi 43 duge thuc hién nh&m nang cao
hiéu qua st dung cta subtilin trong c¢éng nghigp. Vi du, lam tidng hoat tinh
thuy gidi protein cua subtilin ding trong chat tdy ria (detergent).

Cdc gen ma hod bacteriorhodopsin (protein dung lam bd nhé mdy dién
todn), protein to nhén da duge tao dong va bién déi chdt lugng dé thich ing
v&i nhu cau ki thuat trong sit dung.

Sut két hop cde protein khdc loai c6 thé toan phédn hoac ting phén tao ra
hang loat cdc protein dung hop mdi khdc nhau. Vi du, ¢6 thé tao ra nhiéu
kiéu dang khdc nhau clia cdc khdng thé.

Véi su hd trg cha genomics, cong nghe RNA, bioinformatics va nhiéu
cdng cu khée, ki thudt ché& tao protein s& tac nhiéu sadn phadm uu viét ngoai
mong dgi.

IV. CHAN DOAN PHAN TU

Trén thé gidi, cong nghiép san xudt cde ch& phdm sinh hoe phue vu cho
chdn dodn bénh udc tinh ¢é doanh s6 nhidu ti USD/nam. Cic phuong phdp
chan doan dua vao DNA (DNA-based diagnostics), lai nucleic acid, RFLP va
PCR da tao nén bude chuyén bién mdi, dat doanh s§ 500 tridu USD nam
1999. Tir nam 1999, cac biochip (bo miu dd) va microarray (bdn mau dd) bt
dau thi nghiédm va dé&n 2002 dugc trién khai réng, hita hen mét thi trudng
sdi dong cdc miu dd chdn doan bd gen ngudri phue vu cho y hoc ¢4 thé hod
v& day 1a phuong phdp thong dung trong thé ki XXI,

90



1. Cac phuong phdp chdn dodn méi va nhitng wu thé

No¢i chung, bat ki phuong phap chdn dosn nio déu phai duya trén edc
nguyén tdc : dic hiéu, nhay, chinh xdc va don gidn. Tinh ddc hiéu thé hién &
két qué duong tinh chi v6i sinh vat hay phén tit muc tiéu. Sy nhay clia thi
nghiém thé hién & chd xdc dinh duge mue tidu & néng 49 rat thap trong hén
hop nhiéu nhan t§ khde nhaun, Tinh d4c hidu va nhay s& cho thit nghiém c6
d$ chinh xdc cao. Thit nghiém cdn don gidn dé c6 thé thyc hién rong rai va
nhiéu ngudi sir dung.

Chén dodn phan ti gdm cde ki thuat cha véu :

- Lai phan ta nucleic acid : Nhim x4c dinh su hién dién cda trinh ty
nucleotide dac hiéu ciia mot doan gen hay DNA.

— PCR : Ding primer (méi) dic hidu d& khuéch dai s8 lugng 1 doan gen.

— RFLP (Restriction fragment length polymorphism) : DPua vao vét trén
ban dién di do cdc doan DNA di chuyén tao ra (xem hinh 4.12).

Cdc phuong phdp nay c¢é tinh ddc hidu cao, nhay va nhanh. Thuin tién
lén la cde méu do (probes), primer ¢é bdn rong rai trén thi trudng hodc cde
cong ti tam dich vu téng hop theo dat hang.

Chédn dodn phéan ti d6i vdi cdc bénh nhidm trung ¢6 nhidu uu thé. Thya
nhat, néu tdc nhan gay bénh hién dién vdi s6 lugng dd cho phan tich thi
khéng cdn nuéi cdy chung, Pidu nay giam bot thyi gian va c6 hidu qua cao.
Vi du, ném 1988, ki thuit PCR da phat hién DNA cida virus HIV-1 & cde t&
bao madu ngoai vi chi trong 1 ngay thay vi 3 - 4 tudn theo phuong phép binh
thuting. Tha hai, ki thuat lai phan tG ¢6 thé ing dung duge ca khi sinh vat
gay bénh khong nuéi duoe. Didu nay thudng xay ra déi véi cde bénh nhidm
virus. Thd ba, mdt méiu ¢6 thé xde dinh dai dién cho t4t cd cdc serotype,
trong khi d6 mét khang thé chi ding duge cho mét kidu, Cugi cing, c6 thé
tao dong ngay tit chinh gen gay bénh dé sdn xudt ra mau thi tuong ung.

Chén dodn bing lai phan tir khong chi han ch€ trong y hoc ma con duge
dung réng rdi trong thyc phdm, nong nghiép. Chén dodn cdc virus gdy bénh
thue vt ¢6 ¥ nghia quan trong dé bao vé cay trong. Vi du : Phdt hién cde
viroid ¢ thuc v4t ; vi ching khong ¢6 vé protein nén khéng thé ph&t hién
biing cdc thd thuat midn dich nhu dung ELISA. Né ciing duvc dung dé
nghién cifu sinh th4i vi sinh vat
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4. Lac h¢ thdng chéin dodn dua trén lai DNA
Nhiém sic thé

Plasmid

Boan DNA
méu do

L€ ¢ I *ﬁg
B N P —
DNA mach don miu da Miuvisinh TachDNA  May mach don
dugce danh d&u huynh guang , }
o _

Khéng (ai

Hinh 4.7. 56 dé khai quat san xudt va sir dyng mau do laj DNA

Lai nucleic acid 13 cg s cta cde thif nghigm nhanh va hitu hidu. Co s6 cia
cdc h¢ théng nay 1a su bdt cdp chinh xde gita cdc nucleotide trén mdt mach
don v6i cde nucleotide doi dién tuong iing trén mach bg sung (hinh 4.7).

Quy trinh thye hi&n qua cdc bude sau -

— Tao ddng plasmid 4& nhin bdn, tich miu do va ddnh day (vi du_:
huynh quang).

~ Gén DNA mach don myc tidu Ién gid dd mang (membrane support).

— Cho miu dd DNA d4nh d4y (DNA probe) vao va tao diéu kién thich
hop cho sy bit cap base vdi DNA muc tiéu,

~ Ria gid 43 mang € loai bé may d6 DNA khong bit ciip lai.
~ Phat hign céc trinh ty lai do bdt ¢4p gilta mau do vdi DNA muc tiay,

Thit nghiém ch4n dodn 1aj nucleic acid c6 3 thanh phan can ban : mdy
do DNA, DNA mue tiéy va b0 phdt hien tin hieu. Kidu chdn dodn nay c6
tinh dge hicu va nhay edm cao.
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3. Cdc loai DNA marker

V& cén ban, bat cd chudi DNA nao cing duge dung d€ phan biét gitta 2 ca
thé, 2 dong hojc gidng khédc nhau, déu c6 thé duge xem nhu 12 mdt DNA marker
(d&u chuén). Hang loat DNA marker duge (ng dung rong rai (Bang 4.3).

Bang 4.3. Céc loai DNA marker théng dung

Marker Tén diy du

RFLP Restriction fragment length polymorphism (Su da hinh cdc doan do
cit bdi RE)

ALP Amplicon length pelymorphism {Sur da hinh doan khu&ch dai)

AFLP Amplified fragment length polymorphism (Su da hinh cdc doan
khu&ch dai)

RAPD Random amplified polymerphic DNA {Su da hinh doan DNA khuéch
dai ngdu nhién)

DAF DNA amplification fingerprinting (In dau di truyén khuéch dai DNA)

3SR Simple sequence repeat (microsatellite} (Lap doan don)

AP-PCR Arbitrary primer-PCR (PCR méi tiy chon)

S3CP Single strand conformation polymorphism (Sy da dang c&u hinh
mach don)

MRDHV- Moderately repeated, dispersed, and highly variable DNA

DNA {minisatellite) (DNA l4p lai trung binh, phan t4n va bién di cao)

SNP Single nucleotide polymorphism (Su da hinh don nucleotide)

C4c DNA markers c6 thé duge chia 1am 2 nhém nhu sau :

-~ Nhém dua vao PCR (PCR-based) : ALP, AFLP, SSR, SSCP.

- Nhém dua vao lai DNA/DNA (hybridization-based) : RFLP, minisatellite.

Nhitng lgi ich cla DNA markers so v6i marker hinh thai va isozyme
marker 12 :

- Do lutmg truc tiép cdc vat lidu di truyén.

— C6 nhidu marker trong qudn thé.

- Do ludng khéng chi phéi dnh hudng mdi trudng va dnh hudng c6 tinh
ch4t phdt trién.

C4c phuong phdp chian dodn phdn td nay duge dung dé ph4t hién cde vi
sinh gay bénh trong y hoc, thuec phdm, chdn dodn cdc bénh di truyén, trong
nghién cdu cdce tinh trang va lai tao cde gidng cdy trdng vat nudi.

Trude kia, viéc phat hién bénh di truyén do gen lgn & ca cha ldn me
déu di hgp td rdt khé thyc hién va chi biét khi dida tré ra d&i. Hudng gidi
quyét 14 chdn dodn sém bénh & thai nhi trong bung me dé cho sdy thai sdm.
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Hién nay, trong y hoe lam sang nhidu bénh di truyén va sai hong bdam sinh
dugc chdn dodn & cdc ba me mang thai hodc tré s¢ sinh. Tuy nhién tién bo
ki thuit 1am nay sinh nhiéu van dé xd hdi, dao li (bioethics).

4, Cac biomarker

Biomarker (d&u chudn sinh hoc) la vAn dé ndi cfm hién nay vdi rét
nhidu ung dung trong nghién ctu vd chifa tri bénh, nhung déng thai cé
khong it dinh nghia dugc néu ra. Néi chung, biomarker la bat et tde nhédn do
luong sinh hoc ndo cung cap théng tin thé hign duge vé dién bién cde qud
trinh bénh li, dugc hoc hoaic d3 an toan chia thude,. C6 hang loat kiéu
biomarker : dinh bénh (disease marker), hidéu qud, dai digén (surrogate), doc
t§ (toxicity), ¢o ché& (mechanism) va muc tiéu (target). Mot vi du vé
biomarker co ché 1A cde chdt we ché (inhibitors) dipeptidyl peptidese (DPP-
- 1V). DPP-IV 1a protease trong méu lam bat hoat GLP-1, ma sy giai thodt
GLP-1 sé kich thich ti&t ra insulin va c ché phéng thich glucagon. Do viy,
biomarker nay con didu hoa bénh tiéu dugng. Van dé biomarker rat rong,
dén nbdi FDA phai ¢6 huéng dén chuyén biét.

5. In ddu di truyén DNA (DNA fingerprinting)

In diu di truyédn dya vao cde trinh ty lgp dogn néi tiép véi s6 lugng dao
déng (variable number tandem repeats - VNTR) trong DNA mini-satellite.
Loai DNA nay thé hign sy khéc nhau rét lén gia nhimg ngudi khong c6 ho
hang va thé hién tinh cd thé cia ting nguoi.

Nhiéu trinh tu 1&p doan c6 trinh ty Igi tir td tién chung. Jeffreys (1985)
da st dung cdc trink ty 160 va dan xudt lam méu thit lai nucleic acid dé xdc
dinh c4c c4 thé. Hién né dude dung nhiéu, dac biét trong phdp y (forensis
science) dé xdc dinh téi pham (hinh 4.8). Phuong phdp nay dya vao RFLP
(restriction fragment length polymorphism) thé hign béing cdch vét trén bén
dién di hodc PCR. Béng dién di DNA & hinh 4.8 thé hién ré tinh dic hiéu
timg c4 thé vi né dic hiéu nhu d&u lan ngén tay cla timg ngudi.

In ddu DNA dugc st dung trong phén tich pha hé ¢ ché, meo va trong
lai tao ging. N6 con duge dung dé xdc dinh ngudn gdc va sy di eu cia cde
quan thé nguti 6. N6 ¢6 nhidu vu th& nhu tinh dac hiéu cao, méu dd ban
hay thu duge sau nhidu nim vin ¢6 thé dung d€ x4c dinh pham nhan.

Lan d4u tién phuong phap nay duge si dung ¢ toa dn Anh nam 1987.
Sau Anh, Mi va nhidu nuéc khdc ciing da st dung rdng rdi va lap thu vién in
déu DNA cta nhidu téi pham. Pén nay c6 nhidu vi dy rat ro vé uy lyc cha
phuong phap nay.
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Hinh 4.8. Ch&n doan toi pham

a. Phan phan tich mau hién trudng : Phia trén goc trai hinh 1a miu & hién trudng (vét mau, sgi téc
hodc 16ng) ; Su phéan tich mau DNA dugc thyc hién theo thif ty tif 1 d&n 7 (phén b).

b. Phdn phan tich m&u ké bj tinh nghi : 1. L&y m&u ; 2. Chit tach DNA ; 3. Néu mAu it thi khuéch
dai ; 4. C4t DNA toan phan t véi RE ho#c chuin bj primer cho PCR ; 5. Tach DNA chudn bi lai ;
6. Lai v6i mdu do ; 7. Chay dién di so két qua. Sy trung hgp giita m&u & hién trudng v6i mau tu
k& bi tinh nghi sé khéng dinh dling t6i pham

6. Microarrays va Biochips

TlU ndm 1999, su phét trién cia Genomics va Proteomics dan dén Céng
nghé microarray (Microarray technology) va dén niam 2002 san phim dau
tién c6 mit trén thi truong. Xudt phdt tif nhu cdu thuc t& chdn doén, cdc
hang duge phdm ciing nhu cdc trung tdm nghién ciu 16n di cho ra dgi nhidu
sén phdm dung cho phét hién nhanh (nhu xdc dinh SNP) ¢6 thé & dang chip
(bo dién ti), dang bi (bead) c6 tir tinh (hinh 4.9) hay cdc microarray (hinh
4.10) va c6 thé ¢ nhiéu dang khdc hodc 1a sy két hgp cia cac dang trén. Tyu
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chung, nhim tao thuan lgi nhit cho ch&n dodn nhanh, nhay va chinh xde
cdc SNP dang quan tam.

i

# DNA mau do
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N 1 7
Hat vang~--
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Hinh 4.8. CAc vién bi cd gan mAu do lai vdi
RNA/DNA myc tigu

Hinh 4.10. Microarray vdi cdc diy chdm,
phia trén [a chum tia sdng ciia ddu do
{detector) khuéch dai cac dém sdng d€ doc
két qui

Cac microarray hay array ¢6 cfu tao can ban gbm Mot gid da rdn (solid
- support) ma trén d6 cdc chAm nhé DNA (chip) duge phin b§ thanh diy nhé
robot vi gén dinh bing ho4 hoc ding vi trf, Cée gid dd 14 phi€n méng lam
biing phién kinh (lame) ding cho kinh hién vi hofc mang nilon hay miéng
plastic. Cac chdm 1a noi gdn mdu do trén gid d&. Ching chda cdc RNA hoac
DNA (RNA/DNA) nhu oligonucleotide (25N va 70N), khung dich ma duge
khuéch dai bang PCR (PCR-amplified ORFs (Open reading frame la phén
cia gen duge phidn ma), hay cDNA. Kich thude chédm (50 — 250mm) tuy theo
ddu nhé giot v ndng @6 DNA. Myc tiéu 1a RNA hosc DNA dugec ddnh déu
phdt huynh quang (fluorescently-labeled RNA/DNA). Phuong phdp in thach
bdn quang hoc (photolithography) thuc hién biing robot (robotic).

Céc chédm khdc (vi protein) dung cho protein array.

Cdc dau do (detector) doc k&t qua dua vio phat huynh quang. May
chuyén dung cho doc k&t qua di ¢6 ban trén thi trudng.

Microarray ¢ thé duge dung dé dinh lugng sy bidu hién gen hay su du
thira DNA.

Cong nghé microarray phat trién véi téec dd cye nhanh, cdch nay vai
ndm vdi gid dd kich ¢§ 1 dong xu cé th& phan tich cing lic 500000 diém
trén bj gen ngudi. Nay mai, trén thi truong s& c6é microarray cliing ldic xdc
dinh ed trigu SNP trén bo gen ngui.
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chung, nhdm tao thuan lgi nhat cho chdn dodn nhanh, nhay va chinh xéc
cac SNP dang quan tam.

-' DNA miu do." "«
3 -‘_\ F\‘ 4

Hat vang“-
nano

»

DNA muc'tiéu@-' ‘
il &S
7

Hinh 4.9. Céc vién bi c6 gidn mau do lai vdi
RMNA/DNA muc tiéu

Hinh 4.10. Microarray vdi cdc day chdm,
phia trén la chum tia sang clia dau do
(detector) khuéch dai cac d6m séng dé doc
két qua

Céc microarray hay array c¢6 cdu tao cin ban goém : Mdt gid d& rdn (solid
support) ma trén dé cdc chAm nhé DNA (chip) duge phan bé thanh diy nho
robot va gén dinh bing hod hoc ding vi tri. Céc gid dé 14 phién méng lam
béng phién kinh (lame) dung cho kinh hién vi hodc mang nilon hay miéng
plastic. Cdc chdm la noi gdn mdu do trén gia dd. Ching chida cdc RNA hoic
DNA (RNA/DNA) nhu oligonucleotide (25N va 70N), khung dich ma dugc
khuéch dai bang PCR (PCR-amplified ORFs (Open reading frame la phdn
cua gen dugc phién ma), hay ¢cDNA. Kich thuéc chdm (50 — 250mm) tuy theo
dau nho giot va nong d6 DNA. Muc tiéu 12 RNA hoidc DNA dugc ddnh ddu
phdt huynh quang (fluorescently-labeled RNA/DNA). Phuong phdap in thach
ban quang hoc (photolithography) thuc hién bing robot (robotic).

Céc chdm khéc (v6i protein) dung cho protein array.

Cdc ddu do (detector) doc k&t qua dwa vao phat huynh quang. May
chuyén dung cho doc két qua da c6 ban trén thi trudng.

Microarray c6 thé duge dung dé dinh lugng su biéu hién gen hay su du
thira DNA.

Cong nghé microarray phét trién véi téc dd cuc nhanh, cdch nay vai
nidm v6i gia dd kich ¢d 1 déng xu cé6 thé phan tich cung lic 500000 diém
trén by gen nguoi. Nay mai, trén thi truong sé 6 microarray cung ldc xdc
dinh cd tri¢gu SNP trén b gen nguoi.
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3. Cong nghé bé mit t& bao nAm men

)

Coéng ngh¢
bé mdt té& bao

Vaccine

‘ Lién két t& bao ]
L Sy truyén tin hiéu ]

C& dinh chat xuc tac
sinh hoc

L Cé&m bién sinh hoc j LChuyén hoa sinh hoc ’

Hinh 4.11. Céng nghé bé mit t& bao va cac 'ng dung

(fng dung

[ XUt If mdi trudng ’

Thay déi
chic nang t€ bao

Céc protein trén b mat t& bao n&m men cing duge tong hgp bén trong
t&€ bao, nhung sau d6 ching duge dua ra gén lén bé mét t& bao. Dya vao sy
hi€u biét cdc gen tuong ing, cong nghé bé mat t& bao (cell surface
technology) da ra doi. St dung CN gen dé c§ dinh protein ngoai lai trén bé
mét t& bao nhim thay déi va cai thién chic ning cta t& bao. Tiém nang ng
dung da dang ctia né dugc néu trén hinh 4.11.

BuGc dau, cdc nha nghién cqu da thanh cong trong bi€u hién cdc enzyme
nhu glycosyl hydrolse, glucoamylase, lipase,... PTN Cong nghé sinh hoc phan
ti cda PH KHTN TPHCM da tao duge ching ndim men gin protein GFP
(green fluorescense protein — protein phat huynh quang xanh luc ctia sta) va
ching gén alpha-amylase.
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3. Cong nghé bé mit t& bao nAm men

Céng nghé
bé mdt té bao

Vaccine

L Lién két t& bao ]
[ Su truyén tin hiéu j

Cé& dinh chét xuc tac
sinh hoc

Ung dung

Nhan dién
phan tif

[ X If méi truding J

Thay déi
chiic néng té bao

[ Cé&m bién sinh hoc ] [ Chuyén ho4 sinh hoc ]

Hinh 4.11. Céng nghé bé mat t& bao va cac ting dung

Cdc protein trén bé mit t&€ bao nAm men cing dugce téng hgp bén trong
té€ bao, nhung sau dé ching dugc dua ra gén 1én bé mat t& bao. Dua vao su
hiéu biét cdc gen tuong Ung, céng nghe bé mdt té bao (cell surface
technology) da ra doi. S dung CN gen dé co dinh protein ngoai lai trén bé
mat t&€ bao nham thay ddi va cai thién chic ndng cta t& bao. Tiém ning tng
dung da dang ctia né duge néu trén hinh 4.11.

Bu6c dau, cdc nha nghién ciu da thanh cong trong biéu hién cdc enzyme
nhu glycosyl hydrolse, glucoamylase, lipase,... PTN Cdng nghé sinh hoc phan
td cia PH KHTN TPHCM da tao duge chiing ndm men gin protein GFP

(green fluorescense protein — protein phat huynh quang xanh luc cta sda) va
chiing gén alpha-amylase.
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V1. CAC THUC VAT CHUYEN GEN

Chuyén gen vio thic vgt la mdt trong nhimg linh vue phat trién nhanh
nhit cla Céng nghé sinh hoc phan ti. Ngay trong niam 2000, dién tich cay
tréng chuyén gen trén thé gidi da dat 42 triéu ha.

1. Céc ddc di€ém chuyén gen & thyc vat
Sy can thiép cla cong nghé gen vao thuc vat ¢é nhing dic diém sau :

- DNA bd gen cia da sd thuc vat 6 kich ¢& rat lén (10'° = 10"'bp), hon
gdp 10 dén 100 14n bd gen ngusi. Do d6, genomics thuc vdt chi thue hién
trén vai doi tugng ngoai 18 dac bidt nhu Arabidopsis thaliana {mét loat ¢b
hoang v4i DNA khodng 100Mb), lia, ca chua. Tuy nhidn, didu dé khéng han
ch& viée chuyén gen vao thuc vt eiing nhu can thiép tiung phin nhu
ionomics da néu trén,

— Thyc vat ¢6 vdch t& bae day nén khé bign nap truc tiép DNA vao t&
bao ma phdi qua trung gian 1a vi khudn Agrobacterium tumefaciens chuyén
plasmid Ti, hodc nh¥ cong cy bin DNA vao trong t& bao.

— Bao quan luc lap (chloroplast) ciia t& bao thyc vat ¢6 cdu tric giong t&
bao vi khudn nén qua né cé thé thuc hién chuyén gen.

— Thye vat xanh 12 nhitng sink vdt sén xudt ¢6 vai tro sinh méi to lén
cho sy s6ng trén hanh tinh, va cdy tréng 12 nguén cung cap luong thuc thue
phdm chi y8u cho nhan loai nén viée tng dung cdc sinh vét bién déi gen
{genetically modified organism — GMO) 1a vdn dé gay nhidu tranh cai.

Tt ndm 1980, nh& vugt qua khé khan ki thust, chuyén gen & thuc vat da
¢6 nhitng bude tién ngoan muc va da dat d&n thé hé thi ba.

2. Cai thién giéng cay tréng

Bugc phdt trién ddu tién cla cdc thuc vat chuyén gen (transgenic plants)
la dua véo cdc gidng céy trong cdc don gen nhu khdng thudc digt cd
(herbicide) va khdng bénh. Gan day ¢6 cde nd lyc huéng vao sy chuyén da
gen. Cde phuong phdp khic nhau duge ing dung nhim :

- Vb hiéu hod sy nhiém virus vao cdy tréng dé ¢6 kiéu hinh khdng virus
tuong Jdng. .

- Tao gidng cAy khdng bénk ndm nhu & thude 14 va cii ddu (Brassica
napus) khang Rhizoctonia solani.

- Chuyén gen Bt ciia Bacillus thuringiensis vio ca chua, thusc 14, bong
vdi gidp khdng sdu hai.
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— Tao sdc t6 ¢ cac thuc vat chuyén gen. Nhiéu thuc vat duge dung lam
ciy canh nén viéc bién d6i mau sic cia ching riat duge quan tam. Sdc td caa
hoa chu y&u do 3 nhém chat: flavonoid, carotenoid va betacyanin. Nhiéu gen
tao flavonoid da duge tao dong va dang tim nhiéu cich khdac nhau cho biéu
hién ¢ thuc vat .

3. Bién ddi chat lugng thuc phim cia ciy trong

bay la bude phdt trién lén thi hai cha thuc vat chuyén gen va da thanh
cong trong bién déi hang loat tinh chat nhu ting amino acid c6 gia tri
(lysine, methionine, cysteine), lipid t6t hon, ting lugng vitamin, dé ngot,
chat bot... Sau day chi néu mot s6 vi du dién hinh.

— Nam 1988, 2 nhém cdc nha khoa hoc da st dung antisense RNA lam
cho ca chua chin ch@m va khé bi ddp hon khi van chuyén.

— Thuc vat sdn xudt vaccine da thu duge két qua dau tién & khoai tdy,
ti€p theo la & chuéi va gan day 6 ca chua. Nguoi an chudi c6 vaccine sé khéi
phai tiém (chich) vao co thé va mot huéng phat trién méi hinh thanh la dn
tri bénh, con goi la dinh dudng duoc (nutriceutical).

Maéc du gao dugec mot nira dan so
thé giéi 4n hang ngay, nhung né thiéu
mot s6 chdt dinh dudng va vitamin A.
Khodng 124 triéu tré em trén thé gidi
bi thiéu vitamin A va hdu qud 1a 1 — 2
triéu tré em chét hang nam. Bang bién
nap nhd Agrobacterium, con ngudi da
chuyén gen quy dinh toan bo chudi sinh
tong hgp beta-carotene (tién chat
vitamin A) vao lda. Giéng laa cho hat
gao giau beta-carotene ¢6 mau vang
(hinh 4.12), nén dugc goi la “laa vang”

Hinh 4.12. Hat gao “vang” tif giéng géc
(golden rice). IR64 hat trédng (trén)

Giéng lua da duge chuyén 3 gen 1a gen ma hoa ferritin (protein trir sit
ham lugng cao) tit ddu ve (green bean Phaseolus vulgaris), gen ma hoa
phytase va gen ma hoa metallothionein tit nim Aspergillus fumigatus, 1am
tang hap thu sit va cho hat gao giau sdt dé hép thu.

_ Monellin 1a protein c6 trong mgt loai trdi cdy ¢ chau Phi, n6 ngot gdp
3000 1an dudng 4n khi so cung khéi lugng. Gen ma hod monellin dugc bién
déi da duge chuyén thanh cong vao ca chua va rau xa lach.
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Ngoai ra, KITDT con ¢ thé cai thién thanh phdn protein cha thyc vat
hay loai b cde doc to cia thue pham.

c) Thuyc vat san xuét cac loai hoa chat dac biét
Day la budc tién thi ba v6i cac k&t qua nhu sau :

_ Déu nhon céng nghiép : Thuc vat bac cao tao ra hon 200 loai acid béo
va mbt s6 duge dung lam thuc phdm. Tuy nhién, mot s& dau thuc vat c6 gia
tri cong nghiép cao hon dau &n. ba tao ra nhiéu giéng cdi ddu chuyén gen
lam bién déi thanh phdn cdc acid béo dé c6 nhidu dng dung rong rai hon

(bang 4.4).
Bang 4.4. C4c giéng cai dau (Brassica napus)
chuyén gen c6 lipid bién déi trong hat
T San pham hat Ung dung thuong mai
1. 40% Stearic acid Bo thuc vat (Margarine), b cocoa.
2. 40% Lauric Chét tdy ria (Detergents).
3. 60% Lauric Chat tdy rua.
4. 80% Oleic Thye phdm, ddu béng (lubricants), muc in.
5. 40% Myrystate Chét tdy ria, xa phong, mi pham.
6. 90% Erucic Polymer, mi phdm, muc in, duge phdm.
7. Ricinoic DAu béng, mi phdm, dugc phdm, chét tao plastic. i

_ Chdt déo plastic : Vi du, cdy Arabidopsis mang gen vi khuédn sdn xudt
chdt déo polyhydroxybutyrate (PHB) la chdt dy tri & vi khudn va c6 tinh
chat tuong tu celophan (gidy béng). Nam 1996, da c6 thong bdo nhan dugc
1kg chat déo PHB ti cdy thudc ld chuyén gen.

— Cdc protein tri ligu : Da tao ra cac
thuc vat san xuéit enkephalin & cay cdi
d4u 1am chit gidm dau, serum albumin &
khoai tdy dé tdng mdu. Céc gen cua
globine mdu dugc dua vao cay thudc 1a
(1996). Cac gen immunoglobin dugc biéu
hién & thuc vat c6 thé dat 1% protein
hoa tan cuia 14. GAn day da tao dugc .
giong lia bi€u hign cac r-protein ngudi la
lysozyme va lactoferrin, hia hen c6 thé
san xudt hang tdn (hinh 4.13). Céc thyc
vat c6 thé sé cung cAp nhiéu protein  Hinh 4.13. Lua biéu hién r-protein ngudi
quan trong cho viéc chira tri cdc bénh & (lactoferrin va lysozyme)
ngudi, ké ca mau.
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Xu huéng hién nay 13 chi trong chuyén gen ngudi vao thue vat do nhiéu
lgi diém :

— C6 thé trdng v4i quy md ldn nhd nang lugng mat troi, it tén kém hon.

— Virus thue vat khong dang s¢ che ngudi.

— Cho gen biéu hién & mé tao ddu thuc vat nén rat dé tdch va thu nhan
protein.

Trong tugng lai cdc chat trong thudc chita bénh sé duge sin xudt va
chiét tdch tir thue vat nhu hién nay chiét tdch aspirin. Tuy nhién, t& bao
thuc vat khong thuc hién bién d8i sau dich ma gifng t&€ bao ding vat, do dé
phéi “ngudi hod” té bao thyc vgt méi san xudt duge nhidu hon cdc protein tri
lidu cho nguwi.

VIL. CAC PONG VAT CHUYEN GEN
1. Cdc dic diém chuyén gen d dong vit

Mot s& dong vat c6 nhidu gen gin gidng véi cdc gen clia ngudi, nén chang
duge nghién cifu chi tiét va viée giai ki tu chudi by gen da hean tat & céc dai
tugng mé hinh nhu rudi gidm, tuyén trung Caenorhabditis elegans, chudt.

Vi tiém 1a phuong phdp chuyén gen théng dung hon cd (hinh 3.12) :
DNA duge bom thdng vao hgp t& & giai doan nhdn non (pronucleus). Ngoai
ra c6 thé sit dung cde virus, t& bao phdi géc hay dién bién nap dé€ chuyén
gen. Chuyén gen & cd d& thyc hién nh¥ thu tinh ngoai.

Su biéu hién gen & t& bao dyng v4t gidng vdi té bao ngudi, nhdt 14 cde
bién ddi sau dich ma, nén cé nhiéu hé théng ding cho san xudt r-protein tri
liéu nhu :

— Cde dong t& bao ngudi va chudt thi nghiém nhu dong t& bao CHO.

— Baculovirus ¢ t& bao cdn trung.

— Tuy&n trung Caenorhabditis elegans. Tham chi cé thé nudi né trong
bédn 1&6n men d€ sdn xudt protein ngudi nhu lactoferrin.

Nhuge diém 1¢n nhat 12 cde virus dong vat c6 nhiéu khd nang giy bénh
cho ngubi.

Dic bist, su ra doi cda ki thugt teo dong vé tinh doéng vdt, bling céch
chuyén nhdn t& bao soma vao cc & bao tring mdt nhan (enucleated eggs),
md réng ddng ké kha ning tao cdc djng vit mang gen la én dinh qua nhidu
th& hé. Tigp theo 1a viéc hinh thanh ki thuat chuyén gen véo i€ bao goc da
tao nén budc phdt trién mdi.
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2. Cdc dong vat mang gen ngudi lam mé hinh thi nghiém

Cong nghé gen tao cdc dong vat mang gen
bénh lam mé hinh nghién citu duge Ung dung
phd bién hién nay. Hang loat chugt mang céc
bénh ung thu (hinh 4.14), Alzheimer, thodi hoéa
cd, viem khdp,... da dugce tao ra.

Céc chudt chuyén gen cling duge dung lam
cac hé thong thir nghiém nhu cdc dong mang
gen ma hoa CFTR protein (Cystic fibrosis
transmembrane receptor) dé nghién cdu tri
bénh hoa xd nang CF (cystic fibrosis).

Hinh 4.14. Chuot ung thu
3. Cac dong vat nudi chuyén gen san xuit r-protein

Con ngudi da ti€n khé xa trong sif dung céc dong vat (bo, dé, ctu, heo,
thd) chuyén gen dé sdn xudt r-protein ngudi nhu cho gen biéu hién & tuyen
sita d& ¢6 thé thu nhan nhiéu 14n mjt cach dé dang véi s6 lugng dang ké. 6}
day, tuyén sita trd thanh bioreactor san xuit r-protein. Néu mot con bo sta
giong tot cho 10000 1it sifa/nam, ma mdi lit c6 1 gr r-protein véi hiéu sudt

tinh sach chi 50%, thi tir 20 con sé& thu dugc 100kg r-protein. Nhu cau si
dung protein C dé ngan cdn tao cdc cuc méu 1a 100kg/nam. Ddi v6i bénh
méu khé déng (hemophilia) thi mét con bo chuyén gen di cung cdp nhéan t&
IX 1am déng méu cho nhu cau ca nam.

Nhiéu thanh tuu ddng ké trong tao céc dong vat (bd, dé, cit, heo, tho)
chuyén gen va din dén “chan nubi gen” (gene farming) dé san xudt vai chuc
loai protein tri liéu nhu néu trén bang 4.5. O Mi, tit nam 1995 da c6 nong
trai nudi trén 500 con dé san xudt r-protein tri liéu.

Bang 4.5. C4c r-protein dugc bigu hién & tuyén siia vat nudi.

1. Antithrombin III | 10. Lactoferrin 18. G-CSF (Granulocyte- Colony

2. Calcitonin 11. Lysozyme Stimulating Factor)

3. Erythropoetin 12. Protein C 19. t-PA (Tissue plasminogen

4, Factor IX 13. a 1-Antitrypsin activator)

5. Factor VIII 14. a-Glucosidase 20. Peptide tuong tu glucagon

6. Fibrinogen 15. a-Lactalbumin 21. Albumin huyét tuong ngudi

7. Hemoglobin 16. Hormone tang 22, Insulin tuong tu nhan t6 tang

8. Insulin trudng ngudi truéng 1 (Insulin-like growth factor1)
9. Interleukin 2 17. Super dismutase 23. Nhan t§ tang truéng neuron beta

24. Cac khang thé don dong
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Lactoferrin va protein C dugc tao ra & bo (hinh 4.15) va dung trong cong
thie an cho tré con va lam tan mau déong (Gen-Pharm). Alpha-1 antitrypsin
san xuit ¢ cliu dé tri bénh emphasema.

Chdan nubi gen c6 thé dua dén su san xudt § quy md cong nghiép céc
protein phitc tap khong biéu hién duge ¢ vi khudn va ndm men nhu collagen
clia nguvi e6 Ung dung quan trong trong lam lanh da, ghép mé va tri bénh da.

Hinh 4.15. Bo chuyén gen Hinh 4.16. Heo mini bi knockout (lam im) 2 gen
(BAt hoat gen GGTA1 nén khi ghép khéng bij thai)

Nhiéu bénh nhén cin thay thé co quan méi song duge. D€ thuc hién di
ghép (xenotransplantation) thanh céng can phai dc ché phdn ung thai ghép
co quan la. Tir dau thap nién 1990, da tao ra heo mang gen ma hod protein
DAF cta ngudi Gc ché phan ttng mién dich khi di ghép. Gan day, cdc nha
khoa hoc da tao dugc giong heo mini (hinh 4.16) bi lam im lang (knockout) 2
gen : hormone tang truéng va tao thu thé GGTA1 gidp co thé nhan biét co
quan la.

VIIL CAC UNG DUNG CUA Ki THUAT DI TRUYEN POI VGI CON NGUOI

KTDT da thé hién quyén luc to 16n trong cdi bién sinh giéi vé nhiéu
mat, khong nhiing thay déi cdc tinh trang khdc nhau, ma can thiép cad dén
chi ti€t cdc thanh phdn va qud trinh trao déi chdt. Hién nay, Y hoc bd gen
(Genomic Medecine) phét trién chi yéu trén céc linh vuc : SNP, proteomics,
pharmacogenomics.

1. Cac xét nghiém SNP

Viéc gidi trinh tu toan bd by gen ngusi da md ra hang ngan thong tin vé
cdc SNP hitu ich. Cac xét nghiém SNP giit vai tro then chét trong viéc thiét
k& thude cho tiung cd nhdn. Vdn dé tiép theo cia Bé gen nguoi 1a 1am thé
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nao d€ xdc dinh chue ndng cia ting gen va quan trong hon la vi tri néo cé
lign quan dén kifu hinh khdc thudng ma kidu gen dé biéu hién. Ngoai ra,
mdt s& bénh lién quan dén di truyén da gen nhu bénh ung thu, tidu duvng,
ma nhitng chdn dodn duge thuc hién nhidy trong nhing nam gin day 1a xde
dinh ki€u SNP. Tuy nhién, viéc xdc dinh m§t nhém céc trinh ty SNP trong
toan bé bé gen lai 1a mot vige bat kha thi, do vay cdc hang duge phdm lén
da cho ra d&i nhidu phuong tién va cach thie khéde nhau trong viéde tiép cin
SNP. 8dn ph&m ding xdc dinh SNP & dang chip, nay goi la microarray,

Vige phan tich SNP ghip nhin dang cde tiéu quan thé bénh nhan,
nhimg ngudi ma cé ddp ing khdc bist véi phuong thic diéu tri so véi nhiing
ngudi cén lai, hay gidp hiéu thém tai sao mdt 8 bénh chi hién dién § ngudi
nay ma khdng biéu hién ¢ ngudi khic.

2. Dugc hoc bd gen (Pharmacogenomics)

Pharmacogenomics 1a sy ké&t hop giia duge hoc véi genomics nhim
nghién ciu vé gen, sy didu hoa va déng gép cta ching véi sy phét trién cda
bénh tat ¢ mbi cd thé riéng biét. N6 1a cg s6 cho sgr' phdt trién Y hoc cd thé
hod nén la mét trong nhitng khuynh huéng quan trong nhat néi lén cho sy
phat trién Duge hoc hién dgi. Muc tiéu tbi thugng clia pharmacogenomics 1a
cung c4p cho timg ngudi bénh sy chifa tri an toan va hiu qud hon so véi
ki€u chita tri hi¢n hanh (mét loai thude cho t4t c&). Ngoai ra, né mé& dugng
cho y hoc du phéng (predictive medecine) hiéu qua nh¥ biét ki tu chudi cha
gen, dif li¢u bidu hién gen trong 1am sang gém bénh 4n, tudng tdc ciia thude
va thé trang timg ngudi. Phermacogenomics s& bién y hoc tir cdc phuong
phép “ch& va thay” (wait and see) va “duge chang hay ché” (hit or miss) sang
nhilng du bdo cd thé dya trén cde gen.

Thdng ke hién nay cho thiy 900 tridu USD 12 cdi gid phai trd d€ dua ra
mot loai thuse thanh céng trén thi trutng, ma udc ching 75% la that bai va
hon 175 ti USD duge tiéu pha hing nim cho ede vAn dé cdm ing véi duge
phdm. Nhimg ki thuit méi c6 thé gép phan lam giam that bai nh¥ su loai trir
mot cach hidu qué vao thdi gian sém hon trong quéd trinh kham ph4 thude.

T6 chie FDA dang khuyén khich viée sif dung cde dit lidu vé& gen trong
pharmacogenomics d8 danh gid cdc loai thudc mdi, ddng thoi ting thém cdc
thit nghiém gen nhim phat hién cdc dot bign gay bénh. Céc bdc si cling
duce yéu cdu ting thir nghiém gen nhim dé ra ché d% udng thuse t8i wu cho
bénh nhan cGa minh,

Mot linh vuc mdi khde la toxicogenomics (dgc t§ hoc bd gen). Né xde
dinh su nhay cdm e4 thé vdi cdc chat 8 nhidm ms; trudimg hoae thude.
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3. Liéu phap gen

Chita tri cdc bénh di truyén § ngudi trong thdi gian dai la vdn dé nan
gidi. Viée sdn xudt cdc r-protein c6 thé khic phue hiu qud bing can thiép
vao kidu hinh nhu :

— Chifa tri bénh thiéu ndng mién dich hén hop cép (severe combined
immune defiency —SCID} bing b8 sung enzyme adenosine deaminase, ma
ngudi bénh bi thi&u bdm sinh.

— Chira bénh mdu khd déng (hemophilia) biing b8 sung cdc nhan té r-
protein 1am déng mau.

Bang 4.6. C4c thi nghiém I1am sang bing liéu phap gen {1990 - 1999)

. 56 ldn X S6' 1dn
Bénh . R Bénh . .
thit nghigm thu nghiém
AIDS 19 Bénh mdu khé déng A 2
Xa cting co bén 1 Bénh mdu khé déng B 2
Bénh Canavan 2 Bénh Hunter 1
Ung thu 280 Thigu két dinh bach cAu 1
Bénh tim mach 20 Bénh da xg cing 1
Bénh xo cing c¢d tay 1 Lean dudng co 1
Bénh granulomatoesis kinh nién 2 Thigu Ornithine 1
Xo nang 24 transcarbamylase
Du cholesterol treng méu 1 Thigu Purine nucleoside 1
Thigu méu Fanconi 1 phosphoarylase
Bénh Gaucher 3 Viém thap khép 2
Suy gidm mién dich 3

Tuy nhién céch chiia tri nay khong cin ban va phai diing thudc dit gia
trong mot thai gian dai. Tit nam 1990, liéu phdp gen ra ddi, st dung KTDT
thay thé gen bénh béng gen lanh dé chifa tri cde bénh di truyén ¢ ngudi.
Khac v6i kidu chita tri truyén théng biing thudc va phiu thuat, ligu phdp gen
lam thay d6i moét b0 phdn kiéu gen cia con ngudi. V& mat dao li, vide
chuy8n gen vao cdc té bao sinh duc d& gay cdc bién d6i nguy hiém nén bi
cdm va hién nay chi duge thue hién d8i vdi t& bao soma. Do nhin théy trién
vong to 16n cia lidu phdp nay, lai ¢6 nhidu ngudi tinh nguyén chia tri, nén
tir 1990 dén 1999 di cé hang tram ca duge thuc hién (bdng 4.6). Tuy nhién,
hiu h&t déu that bai, chi vai ca thanh céng v thadm chi xay ra sy cd lam
chét nguoi. D6 12 cai chét clia Jesse Gilsinger § Mi vae nam 1999 khi liéu
phéap gen thuc hién bing Adenovirus. Diéu nay cdnh bdo vé su an fodn cla
liéu phép gen.
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a) Cac phuong phéap chuyén gen

Cé thé su dung cdc vector virus hoac DNA tran hay g6i trong liposome
(mang bao lipid) dé thuc hién chuyén gen. Cdc nhém virus théng dung la
Retrovirus, Adenovirus va Adeno-associated virus. Viéc st dung céc virus cho
thay khi hiéu biét séu vé kién thifc co ban thi con ngudi co thé st dung ké
thu (virus gay ung thu) lam cong cu co ich trong viée chita tri bénh cho con
nguoi.

b) Cac phuong phép dua gen vao ngudi bénh

_ In situ (chita tai chd) : Bom vector mang gen lanh vao théng phan co
quan cén chifa tri.

_ In vivo (trong co thé) : Bom vector mang gen lanh vao cd thé nhu chita
bénh xd nguyén bao bang dua virus vao phdi qua bom hoi.

_ Ex vivo (ngoai co thé) gdm céc bude : 1) Téch céc t& bao cia ngudi
bénh (t€ bao tao méu cia tuy s6ng hay nguyén bao sgi (fibroblast) co thé san
<uit mau mang di khdp co thé) ; 2) Tach gen binh thudng gin vao virus va
cho nhidm vao t& bao ngudi bgnh ; 3) Chon loc dong t& bao tot (co gen lip

dang chd) ; 4) Pua dong t& bao chon loc tré lai vao co thé (hinh 4.17).

Ex vivo

Té bao
da bién 48i
®,

Hinh 4.17. Liéu phap gen : ex vivo, in vivo va in situ.

Do gen chifa tri duge phong thich ¢ dang DNA nén c6 thé dugce hap thu
bdi céc t& bao khong phai muc tiéu va phén ing cua cd thé kho du doan, nén
phuong phap ex vivo 1a tét va an toan hon. Trong trudng hop i tudng la gen
lanh dugc chen ding vi tri gen bénh trén nhidm sdc thé. Gin day da c6 cai
bién sif dung virus dua gen san xudt protein vao ding chd bénh.
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c) C4c tinh trang chila trj va phuong phap thuc hién

Liéu phép gen duge thuc hién véi hang loat tinh trang ¢ cdc md va co’
quan khac nhau trén co thé ngudi nho nhiédu phuong phap (hinh 4.18).

. Tach DNA

Adenovirus

Chén ge

vao virus

Hinh 4.18. Liéu phap gen (Adenovirus dua gen sn xuét protein vao dung chd bénh)

— Néo : Chuyén gen bang nhiém virus (infection) dé dua cdc gen ma hod
cdc nhan t6 tang trudng, cac enzyme dé chita tri hang loat cdc bénh nhu
Alzheimer, Huntington, Parkinson, thuong tén day than kinh cot song,..
_ Phéi : Chuyén gen bang bom khi (aerosol) tri bénh x¢ nguyén bao
(cystic fibrosis), bénh khi thiing (emphysema) nhg alpha-1-antitrypsin.
— Mdu : DNA trén tri mdu khé dong.

— Gan : Chuyén gen qua cdy retrovirus dé dua thu thé LDL vao va chia
bénh du cholesterol (hypercholesterolemia).

— Néi mé (Endothelium) : Cdy ghép (implantation) cdc nhan t6 dong
méu tri mau khé dong, insulin tri tiu dudng va céc nhan td tang trudng tri
lun b4m sinh.

— Tuy séng : Ghép md tri bénh Gaucher, thiéu nang mién dich (adenosine
desaminase severe combine immune defiency).

— Co : Chuyén gen qua myoplast nhd virus va liposome.

Hon thé nifa, lidu phép gen c6 kha ning rét 16n trong cai bién co thé
ngudi vé nhiéu mat :

— Hbi phuc chic nang binh thudng cia t& bao hay mao.
— Hoi phuc sai héng di truyén.
— Thém chdec néng méi cho t& bao.
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4. Cong nghé gen tic déng dén tirng ngudi
 Ngay khi Dyt dn b gen nguoi bat ddu, da xudt hién cdc cum tit “tré em

theo don ddt hang” (I enfants a la carte) hay “thiét ké tré em” {(designer
babies), ma ngay trong th& ki ¥XI nay ¢6 th& trd thanh hién thue. Tuy
nhién, trong 5 — 10 n&m t&i mbi ngudi s& c¢é thé hidu rd hon vé cde tinh
trang di truyén clia.bdn than minh nhu chiéu cao va khédi Iugng co thé, mau
tée va mét, tai ndng va tinh tinh, k€ cd nguyén nhéan bi bénh. Piéu dé cé
thé s& 1am cho cudc séng con ngudi thii vi hon, nhung quan trong hon la méi
nguii ¢dn c6 nhimg tri thac t61 thiéu dé doi mét véi hang loat vAn dé nhu :

— Cén nhimg thi hghiém gi trude khi trd thanh cha hodc me ?

— Can c¢6 théng bdo truée vé bd gen dita con hay khong ?

— An céc thuc phdm chuyén gen hay khéng ?

- Thudc nao ¢6 hidu qui nhat cho ban thin va con chdu ?

— Diang thude san xuit nhd cde sinh vat chuyén gen hay khéng ?

— C6 thé nhén co quan ghép tir heo khong ? _

- Cdc thit nghiém microarray ¢é ich nhu thé nao trong bao hidm va xin
viée lam ?

Tém lai, nhidu phat minh n&i tiép ra d¥i da tao nén quyén lize ghé gom
ciia KTDT khéng nhitng trong chon giéng ma c¢é thé tic déng truc ti€p dén
co thé con ngudi.

Sau hon 30 nAm phdt trién, déng gép to 1én cia KTDT cho sinh hoc di
sadu vao ban chat sy séng va duge coi 13 c6 tAm quan trong tuong tu phdi
minh ra kinh hién vi vio th& ki XVII, vA vé mit 1tng dung thue tién cé thé
sénh véi ché tao thanh cong bom nguyén ti. Cho dén nay, c¢6 thé néi né chi
bi gidi han béi dao Ii sinh hoc.

/ TOM TAT CHUONG \

K7 thuat di truyén cé nhiéu ung dung quan trong trong nghién cdu sinh hoc
va thyc tién sdn xuét cla x& hi loai ngudi. Nhg ki thuat tao déng phéan tlr, DNA
tr§ nén dé& nghién ciru, ma két qua 1 sy ra ddi clia genomics, proteomics va cac
—omics khdc. Bé gen ngudi danh déu mét ¢dbt mdc tich sit clta nhéan loat, déng
thdi né md ra thoi dai sau b§ gen v6i nhilng Ung dung sau han va to Ién hon.
Céng nghé RANA va r-protein da c6 nhiéu tng dung cy thé va nhiéu san pham
dang ¢6 mat trén thj trudng. Cac phuong phap va ch& phdm chdn dodn phén t,

Kdac biét 1a microarray, dugc st dung rdng rai trong nhiéu inh vyc. /
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f Hang loat cac sinh vat chuyén gen ra ddi tao nhiu san phdm da dang h

gid tri cao, nhung déng thai dit ra nhiéu van dé tranb cai.

KTDT ciing cé hang loat cac ung dung cho con ngudi. Chin dodn SNP sé

oo vai tré cach mang trong tuong lai véi sy phat tridn clla Y hoc cé thé hed.

Pharmacogenmics 8 tao ra nhiéu loai thuéc madi tac dgng chinh xac va hiu higu
hon. Tif nam 1990, fiu phap gen can thigp tryc ti€p vao kiu gen d€ chia tri
b&nh di truyén cho con ngudi, déng thdi cho thdy tiém nang to Idn trong cai bign
cd thé ngudi. Nhing thanh tyu to 16n clia céng nghé gen s& cé tac ding tryc
Qé’p d&n mbi ngudi trong tuong lai khdng xa.

CAU HGI ON TAP

. V1 sao phén 14 DNA trd nén d& nghién ciu ?

. Genomics, proteomics va —omics khac cé ¥ nghla dng dung nhu thé nao ?
. Dy 4n bé gen ngudi da cho bidt nhing s6 ligu cy thé naa ?

. Thai dai sau bé gen ¢ nhitng dac diém g} ?

1
2
3
4
5. Néu cac ng dung cla antisense RNA.
6. Vi sao RNAI thu hut sy chu v clia gidi khoa hoc va cac cdng ti duge ?

7. Visao ggi la cong nghé protein 7

8. N&u vl dy v& bign ddi chat lugng protein do ki thuat di truyén,

9. Néu céac uu diém cla phuong phap chdn dodn mgi.

10, Microarray Ja gi va co nh¥ng Ung dyng nao ?

11. In déu di truyén dya trén cd 88 ndo va cd g dung véao finh vifc nao ?
12, Néu vi dy v& thay ddi trao ddi chat dé san xudt cac cht phan ti nhd.
13. Néu cac budc tién chi) y€u clia chuyén gen & thye vat,

14. Néu cac vi du v& chuyén gen & déng vatva gng dung.

15, Vi sao ndi chan doan SNP s& cd vai tré cach mang trong twang lai ?
16. Pharmacogenomics 1a gi va ¢6 nhing Ung dung nao ?

17. Liéu phap gen 6 th8 thyc hién véi nhifng tinh trang nao ?
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CHUONG 5

CONG NGHE SINH HQC
PROTEIN VA ENZYME

Céc protein va enzyme da dugc con ngudi sit dung tit 1au, nhung viée thu
nhan ching d& dang vdi s6 lugng Ién va nhidu ching loai ting 1 udc md cia
cdc nha khoa hoc. Tride ddy, eong nghg protein va enzyme 14 phan chi y&u
cia ki thugt hod sinh (biochemical engineering). Ngay nay, n6 phat trién
manh, nh4t 13 véi sy ra ddi cua Genomics va Proteomics, véi céc diic diém :

— Céac phan ti protein ¢é cdu ¢riic phiic tgp nhdt, nén dé thu cdc ché
phém c6 ddy dd hoat tinh sinh hoc ddi héi khéng nhimg cdc k¥ thudt chiét
tdch, tink sach t6t, ma cdon bdo quan duge 1au dai.

— Nhiéu ng dung trong tri liéu cho ngui va cde linh vyc khdc nhau.

— Nhiéu protein truyén thong duge thay thé ddn bing cdc r-protein.

1. CAU TRUC PHAN TU PROTEIN

1. C4c bic cidu tric

Protein 1a polymer gbém céc amino acid néi véi nhau bing cdu néi
peptide va hinh thanh cdu tric khong gian 3 chiéu khi & dang tu nhién.

Tham gia thanh phdn cdu tao protein ¢6 20 logi L-amino acid v6i cée
chir vigt tdt gbm ba chit hogc v6i chi mét chid. Vi du - Lysine (Lys - K),
Arginine (Arg - R), Histidine (His - H),...

Phén ti protein ¢6 thé ¢é 4 bac cdu tric (hinh 5.1) nhu sau :
_ Céu tric bae mét: Chudi polypeptide mach thdng.

— Cdu triic bge hai : Chudi polypeptide mach thing xodn theo kifu 1d xo
(xo#in alpha va beta).

— CGu tric bac ba : Chudi polypeptide cdu tric bac hai cudn x€p theo
kiéu dac trung tao cdu tric khong gian ba chiéu phitc tap (dang sgi, cudén hay
khdi cau).

_ C&u triic bae bén : 2 hay nhidu chudi polypeptide cAu truc bac ba lién
k&t véi nhau.
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2. Su én dinh va gidp cudn

Khi protein vita duge tong hgp xong,
né gdp cuén thanh cdu tric khong gian ba
chidu x4c dinh chiic nang sinh hoc, dong
thoi 6n dinh cdu tric. Trong nhiéu nam,
cdc nha hod sinh hoc cho riing su cudn gap
ctia phan ti protein dugc xdc dinh tu dong
béi cdu triic bde mot. Nhung thuc té cho
thdy, trinh tu nay khong di ddm béo cho
polypeptide tao dang hinh c6 tinh dic hiéu
cao dé dap dng ding chdc nang cia nd.
Nhém cdc protein chaperone giap céc
polypeptide gdp cuén ding dang hinh
khong gian ba chiéu c6 du hogt tinh sinh
hoc va mot s6 enzyme nhu disulfide
isomerase giup tao cau ndi disulfide.

Céc protein gdp cudn khong dang cé
thé gay ra bénh. Mot s6 bénh nhu
Alzheimer, chiing xd nang (cystic fibrosis),
nhiéu cin bénh ung thu .. ma nguyén

nhan bi bénh khong ré rang. Géan day

nhing nghién ctu chi ra ring tat cd
nhitng bénh nay la két qud cia sy gip nép
sai trong cdu tric protein.

Céc enzyme peptidyl prolyl isomerase
va cdc enzyme protein disulfide isomerase
ciing tham gia vao viéc gép cuon chinh xac
va hitu hiéu ctia nhiéu protein in vivo.

3. Cac bién déi sau dich ma

o

Céu tric bac 1 '

" Cau tric bac 2

Cé4u tric bac 4

Hinh 5.1. Céac béc céu truc
clia protein

Nhiéu polypeptide chiu nhiing bién déi hod tri trong hoac sau dich ma
trén ribosome. Cdc bi€n ddi nay anh hudng dén hoat tinh sinh hoc hodc én

dinh cdu trac cia polypeptide.

- Su cdt xén bdi protease : Cdt b6t mot doan peptide cua protein lam
hoat hoé chiic nang protein hay enzyme. Bién d6i c6 tinh ddc hi¢u va khéng
thudn nghich. Thuong gip & céc tién enzyme va céc protein dich dugc dua
vaio céc bao quan hodc xudt ra khéi t& bao. Vi du, cic enzyme tiéu hoda nhu

trypsin, chymotrypsin va pepsin.
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- Glycosyl hod : Gén thém céc gbc hoac chudi dudng. Thuong gap ¢ cac
protein mang ho#c cdc protein ngoai bao & Eukaryotae. Glycosyl hod c6
nhiéu chdc ning : truc ti€p lam trung gian cho céc hiéu ing sinh hoc cua
mot s6 protein (hCG va erythropoetin), dinh huéng muc tiéu (cdc enzyme ctia
lysosome), nhan biét (cac thu thé), n dinh ciu truc, thay déi do hoa tan,
tang ban chu ki tén tai cia phan tu.

— Phosphoryl hod : Gdn thém nhém phosphate vao protein, ma chdt cho
chi y&u la ATP. Qua trinh c6 thé thuan nghich nho hé thong 2 enzyme :
kinase va phosphatase. N6 lam thay ddi hoat tinh sinh hoc hoac tinh chat
hoa li cia polypeptide.

Ngoai ra, con c6 nhiéu kiéu bién d6i sau dich ma khdc nhu acetyl hod
(acetylation), acyl hod (acylation), amid hod (amidation), sulfate hod
(sulfation), hydroxyl hod (hydroxylation), tao néi S-S,...

4. Insulin tu nhién va thuong phim

Vi du vé insulin gitp hiéu ro6 hon sy phic tap khi hinh thanh cdu tric
phén ti protein c6 hoat tinh sinh hoc va KTDT lam bién ddi phan td dé tao
san phdm dung cho tri liéu.

Insulin nguoi c6 hoat tinh sinh hoc duge hinh thanh qua cidc budc sau
(hinh 5.2) :

— PAu tién, pre-pro-insulin cé peptide tin hi¢u (signal peptide) dugc tong
hgp. .

Chudi A: 21 amino acid
Chuédi B: 30 amino acid
Chuébi C: 33 amino acid

C-Peptide C-Peptide
Chudi A
1 9
—p =
Chubi B Peptide danh ddu
Pre-pro-insulin Pro-insulin Insulin
1. Peptidase danh ddu 2. Trypsin

Hinh 5.2. Qué trinh hinh thanh insulin c¢é hoat tinh sinh hoc
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— Tiép theo, peptide tin hidu bi cdt mdt bdi enzyme signal peptidase
thanh pro-insulin (hinh 5.3), gom mach A (21 amino acid), mach B (30
amino acid) va mach C (33 amino acid).

— Cubi cung, mach C bi cdt bd bdi enzyme trypsin con lai 2 fnach Ava B
gén nhau qua 2 cu disulfide. Cau trﬁc khéong gian cua insulin néu trén hinh 5.3.

Thi trudng insulin trén thé gidi udc tinh 3 ti USD, cha yéu do 3 tap
doan dugc phdm sdn xuét : Novo Nordish (Pan Mach = chiém 45% thi phan),
Eli Lilly (Mi), Aventis-Hoechst (Dic). Luc dau, chiét tach insulin ti tuyén
tuy cia heo va bo. O ché phdm dung cho ngudi : alanine & vi tri 30 mach B
ciia insulin heo duge thay thé béng threonine ding nhu insulin nguoi. Ngay
nay, chii y&u san xudt insulin tdi t6 hop v6i nhiéu cong thitc khac nhau :

— Insulin ctia Novo Nordish dugc tao ra nhd té bao ndm men, gom hai ho:
ho Novolin (insulin ngudi) c6 8 cong thic va ho Novolog (mach B P28D) ¢6 2
céng thic. ;

— Eli Lilly st dung & bao chi E. coli, insulin ciing gdbm 2 ho : Humulin
(insulin ngudi) c¢6 5 cong thicc va Humalog (mach B P28K/K29P) c6 2 céng thilc.

— Aventis-Hoechst chi c6 mdt cong thde insulin (mach A N21G) dung
tiém du6i da va loai d€ xong hoi qua dudng ho hép.

Mach C

Hinh 5.3. Pro-insulin cé mach C, ma khi né bi c&t bd mdi tao ra insulin.
Hai mach A va B néi qua 2 cdu disulfide.
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I1. CAC PROTEIN TRI LIEU (THERAPEUTIC PROTEIN)
1. Céc protein tif mau va san phim lién quan

He tudn hoan ciia ngudi trudng thanh chita khodng 5 - 6 lit mdu, chiém
8,5 — 9,0% téng khoi lugng ca thé. Mdu gém cdc t& bao hdng cdu (99% tdng
s& cdc t& bao mau), bach cdu va tifu cdu, 1o ling trong dich huyét tuong. Khi
mdu doéng cuc (clot), cdc t&€ bao bi nhst trong mang ludi cdc protein soi
fibrinogen, chat 1dng con lai la huyét thanh. Huyét tuong vé can bdn gém
huy&t thanh va fibrinogen. M#u ¢6 vai trd quan trong sdng cdn trong nhiéu
chife ning sinh )i nhu van chuyén oxygen, cdc chat dinh dudng, cdc enzyme,
hormone,.. Nhidu chite ning d#c hidu cfia méu do céc protein quy dinh va
chiing duge sit dung chii yéu & cdc dang : mdu toan phdn (whole blood), chdt
déng mdu (coagulation factors), chdt chéng déng mdu (anticoagulants) va tdc
nhén lam tan mdu (thrombolitic agents).

Madu toan phdn thu nhgn vé tring tit ngudi hign mdu va xi 1{ ngay véi
chat chéng dong. Ngoai vige diing cho truyén mdu tryc ti€p, né la nguén
cung cAp cdc thanh phdn khéc nhau : cdc t& bao héng cau, ti€u cdu ; cde
nhén t6 dong mdu khdc nhau ; immunoglobine va cdc thanh phén bé sung
clia huyét tuong. Trude khi st dung, mau phdi duge ddm bdo khéng ¢é bat ki
tdc nhan gay bénh nao.

Albumin huyét thanh 12 loai protein chd y&u, chi€m khodng 60% téng s
protein huyst tuong, duge tinh loc tif huyét thanh, huy&t tuong hode ti nhau
thai ciia nguti cho khde manh.

al-Antitrypsin 12 mot glycoprotein huyét thanh, ma sy thi€u né thuing
gay bénh khi thing (emphysema) Liéu phép bd sung al-Antitrypsin qua
tinh mach ¢6 thé ngin chin bénh ndy. al-Antitrypsin tdi t6 hop da duge san
xuat thanh céng trong sita clia ciru va chudt.

Céc chdt déng mdu 1am hinh thanh cyc mdu (thrombus) tai vi tri ton
thudng. Sy déng mdu 1a mét qué trinh phic tap gém chudi phén ing ndi ti€p
nhau céa 13 nhan t§ (d4nh s8 La M4 tix I dén XIII). Pang luu ¥ 1a nhdn té
VIII va IX lién quan d&n bénh di truyén mdu khé dong (hemophilia), c6 thé
duge tinh ché tit huy&t tuong. Ngay nay, cd hai r-protein VIII va IX déu da
dugc sdn xuét. -

Cdc chdt chéng déng mdu duge sit dung cho nhing ngudi bi bénh dau
tim, dét quy hay mic ching nghén mach. Ching nghén mach (thrombosis)
lién quan dén sy dong k&t cuc mau. Sy tde nghen déng mach vanh s& gy ra
con dau tim, thudng giy chét do nhdi mdu co tim. Cac cuc mdu ngan chin sy
di chuyén cia dong méu 18n mé ndo thung gay ra hau qua 1a dét quy.
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Céc chit chéng dong truyén théng gdm :

_ Heparin ¢6 ban chit la glucosaminoglycan. Ché phdm heparin thuong
mai thudng duge chidt xudt tit mang nhdy rudt heo hodc phdi bé.

— Hirudin 12 peptid chéng déng mdu duge ti€t ra tir tuy&n nudc bot cua
con dia (Hirudo medicinalis). Hirudin dugc dng dung réng rai do cé nhiéu uu
diém trong diéu tri : tdc dong tryc tiép lén thrombin, khang doi héi déng
yéu 10 {cofactor) d€ ¢6 hidu qua ttc ch&, & néng do cao vAn it gay chdy méu
va it gay d4p ung mién dich. :

_ Ancrod 1a mét serine protease chdng déng, duge tinh ché ti noc doc
clia mot loai rAn & Malaysia, xic tdc sy phan cét cdc phén ti fibrin.

Cée tée nhén lam tan mdu gbm t-PA (tissue plasminogen activator -
nhan t& hoat héa plasminogen md), urokinase va streptokinase la céc protein
lam tan (phan hiy) cdc cuc mau. Chung duge chi dinh trong diéu tri cdc
ching nhéi mdu co tim, tdc mach, dot quy. Hing nam, toan thé gidi c6 trén
600000 bénh nhén duge diéu tri bing cdc tdc nhin nay.

9. Hormone va cédc nhén té ting trudng

Nhiéu hormone da duge dung trong tri lidu nhu insulin, glucagon,
gonadotrophin (gdm FSH, LH, hCG, hormone tang trudng (béng 5.1).

Bang 5.1. Mdt s8 hormon thuong pham tach chiét tir dong vat

Protein Ngudn gbc : Ung dung
Insulin Tuyén tuy cia heo|Diéu tri bénh tidu dudmg.
(ign), bd.
Glucagon Tuy&n tuy cua heo, bd. | Nguge véi insulin, lam tAng

duwimg huySt bing phén giadi
glycogen tac glucose.

Hormon kich thich tao Tuysn yén cha heo hay Cam dng siéu rung tring & ding
nang tring (Follicle- | nude tiu phu nif sau|vat.
stimulating hormone -—|man kinh.

Didu tri réi loan chifc néng sinh
FSH)

sdn & ngudi.

Gonadotrophin mang 6i|Nude tiéu phy ni Didu tri rdi loan chdc nang sinh
ngudi (Human chorionic|mang thai. san,
gonadotrophin - hCG}

Hormone hoang thé LH|Thuj trude tuyén yén | Kich thich tao hormone sinh duc
{Luteinizing hormone) {estrogen va progesteron § nif va
testosteron & nam)
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Mat nhuge diém lidn quan téi vige chita bénh cda nhiéu protein ¢6 ngudn
gdc tir dong vat la sy hién dién cda cdc tdc nhan gy bénh (nhu virus) cé
trong cdc vat liéu thd.

3. Cdc cytokine : interleukine va interferon

Thuat ngil cytokine duge néu ra vao thap nién 1970 d€ chi cdc nhén 5
didu hoa kich thich cdc t& bao thudc hé mién dich. Céde cytokine duge téng
hap chil y8u do bach cdu. Khéc véi cac hormone truyén théng, cac cytokine

déu 12 polypeptide hodic glycoprotein va duge san sinh ra do cde té bao khong

t6 chate thanh tuyén. Ching thudng duge tong hop bdi nhidu hon mot kiéu t&
bao, tdc dong d&n vai loai t& bao muec tidu va kich hoat nhiéu phén dng &
cdc t&€ bao nay. :

Cdc nhom chd y&u gom :

_ Cde interleukin gdm it nhat 15 loai (IL-1 — IL-15). Interleukine-2 duge
nghién ciu chi tiét nhat va cho réng c6 vai trd quan trong trong cdc phdn
itng midn dich chéng té€ bao ung thu va nhiém virus. JL-2 da duge sit dung
trong liéu phdp mién nhiém (immunotherapy) dé chia tri bénh.

— Cdc interferon gém cdc dang IFN-a, IFN-, IFN-y, [FN-o va IFN-r.
N6i chung, cdc interferon tdng cuong sy dé khding khong ddc hidu nhu gidp
t& bao dich chong virus, tc ch& sy ting sinh cia nhidu loai t& bao va diéu
hoa sy biéu hién cha cdc khdng nguyén MHC 16p L Nhiéu interferon dugc
sdn xuéit nh& cong nghé gen.

_ Céc nhén t6 kich thich tao tap dodn (Colony-stimulating factor).

— Cde nhan t8 gdy hoai tit khoi u (Tumor necrosis factor — TNF).

4. Cée vaccine va khang thé

Vaccine 12 mot ch& phdm thanh phén cia khéng nguyén théng thu’fmg
hosic duge ldy tir mAm bénh, hogc ¢6 lién quan t6i mam bénh. Khi tiém
vaccine viao co thé, né kich thich phan dng mién dich é ngudi nhén gidp
ngita bénh dic hiéu do tdc nhén tuong dng gy ra. Viéc sdn xuft vaccine cd
¥ nghia quan trong trong ngn ngita phidu bénh dich, Hiu hét cdc qudc gia
thuc hién diy dd chuong trinh tiém ngita vaccine cé hé thdng chéng lai cdc
loai bénh nhiém trung.

Cde khdng thé duge s dung rbng rdi trong chédn dodn in wvitro. Cdc
khdng thé da dong (polyclonal antibodies) chi&t tir mdu ngudii v déng vat da
duge ding trong nhidu thap nién d& chén dodn va tri lidu, gém chd yéu cdc
loai sau : immunoglobulin uén vdn, khdng déc t6 (antitoxin) uén vdn,
antitoxin botilin, khdng huyt thenh (antisera) ngc rdn, antisera bo cap,
antisera nhén,..
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Ti ndm 1975, sit ra doi cdc ch& phdm khdng thé don dong (monoclonal
antibodies ~ Mab) mdé ra hang loat Ung dung mdi trong nghién cdu va
tri lidu.

Tém lai, nhiéu loai protein khédc nhau dd duge dng dung trong tri ligu,
ma hién nay phéan lén duge thay th& bing cdc r-protein.

III. CAC ENZYME CONG NGHIEP
1. Khii qudt vé enzyme

Tir hang ngan nim truée day, loai nguvi da s dung cdc enzyme trong
ché& bi&n thuc phdm va nude gidi khdt. Nam 1897, E.Buchner thu dich ndm
men nghién ndt va thay hoat tinh lén men rugu cia né. Ong goi chiing 13
enzyme (tigng Hi Lap : en = trong, zyme = ndm men va enzyme ¢ nghia
trong ndm men).

Nhs c6 enzyme cdc phan dng hod hoe duge thye hién trong t& bao sdng
v6i sy hoan hdo trong didu kién ddng nhigt (nhiét 46 khong d8i), ddng dp
(4p suat khong ddi) va cd cdc dic diém sau : phdn dng ¢6 higu qud cao,
nhiéu phéan Ung xay ra déng thoi theo ddy chuyén, khong phai tinh sach san
phdm & tung cong doan, cdc phan vng chiu sy diéu hoa hgp li va tiét kigm
nhét, lai it tiéu ton nang luong. C6 ngudi cho ring: “Sy séng c6 thé dinh
nghia la hé thdng tich hop (integrated) duge diéu phoi (cooperating) ctia cdc
phdn iéng enzyme”. Ching c6 tinh ddc hiéu cao va c6 hiéu qué hon gdp nhiédu
lin so véi cdc chat xdc tdc vo ca.

Vé cdu tao, tit ca enzyme déu la protein. § nhidu enzyme, phin protein
cdn gin mot phan t& thd hai nhu véi cofactor (cdc ion kim loai nhu Mg*™,
Zn**,.) ho#c coenzyme (phan ti khéng phai peptid nhu coenzyme A) hay
nhom prosthetic (nht c¢dc heme) méi ¢6 hoat tinh. Diéu nay cdn tinh dén khi
chi&t tdch va tinh sach enzyme va thudng phai c6 bién phdp bé sung cdc
nhém tuong dng dé nhin enzyme ¢ hoat tinh. Mot bién phdp khéc 12 si
dung enzyme trong t& bio nguyén ven.

Tinh degc hiéu ctia enzyme gém 2 dang :

— Dgc hiéu phdn ing chi bifu hién vdi mgt logi lien k&t héa hoc nhat
dinh nhu lipase chi c4t lién k&t ester ndi glycerol va acid béo cia nhidu loai
lipid khéc nhau.

— Dgc higu co chdt thé hién chuyén biét cho nhimg cg chat nhdt dinh
nhu urease chi phin hiy urea thanh ammonia va CO,, nhung khing tic
dung déi v6i cdc chat khdc.
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Cac enzyme c¢6 thé phéan bigt duge nhimg co chét thgm chi rit giéng
nhau, nhu cdc déng phan (isomer). Vi du ! enzyme sucrase chi phan huy
saccharose (sucrose) thanh glucose va fructose, nhung khéng tac dung déi vei
2 déng phan khdc 14 maltose va lactose.

Cdc enzyme co ban chat protein, nén ching nhgy cdm véi cdc tdc déng
cha mbi crudng nhu ndng do co chat, ndng d6 enzyme, nhiét 4§, pH va céc
chat te ché (kim ham).

C6 khoang 3000 enzyme di duge biét va duge phan loai thanh 6 nhém
dua vao loai phin ng ma chiing xic tdc : 1) Ox: hda - khi (Oxido-reductase);
2) Transferase (chuyén cdc nhém chic ning cé chiva C-, N-, hay S-) ;
3) Hydrolase (tdch céc lién két C-C, C-0, C-N, (-8, C-halegen) ; 4) Lyase
(thém vao cdc ndi d6i) ; 5) Isomerase ; 6) Ligase.

R& rang cdc enzyme ¢6 khd ning xdc tdc rt nhidu loai phén ng hod
hoc khac nhau. Sy da dang nay con ting lén ddng k& khi né két hgp vdi cde
nhém chét bd sung nhu coenzyme, Do vay, mdt xu hudng quan trong trong
phét trién cong nghé hod hoc hién nay 1a si dung ching trong téng hgp hod
hoc dé vira gidm & nhidm moi trudng, lai vira it tidu tdn néng luong hon.

2. Thi trudng cac enzyme céng nghiép chi yéu

Trit protease papain 14y tir nhya cay du du va bromelain 1dy tit qua difa
(thom, khém), hdu hét cdc enzyme khéc duge sdn xuit cdng nghiép dédu cé
ngudn gbe vi sinh vdt nh¥ cong nghé 1én men. Theo tai lidu 1987, san lugng
va gid bdn cia mdt sd enzyme chii y&u duge néu trén bang 5.2. Gid bdn phu
thudc vao mie 4o tinh sach va néng dd.

Bang 5.2. San lugng va gia ban tuong doi clia cac enzyme chi yéu

Loai enzyme San lugng (tdn/ndm} Gia ban (kg)
mAmylése & Glucoamylase = 50000 =2 - 3 USD/kg
Rennin = 10000 = 3 - 4 USD/kg
Pectinase = 5000 = 5 USD/kg
Protease = 8000 = 10 USD/kg
Glucoisomerase = 2000 = 30 USD/kg
Céc enzyme tinh <0,100 - > 10000 USD/kg

3. Cac enzyme bhién d48i carbohydrate

- Alpha-amylase (1,4 a-D-glucan glucanohydrolase) 1a enzyme néi thuy
gidi (endo-hydrolysis) cit phan tl bt tao dextrin (chda 3 hay nhidu hon cde
don vi glucan). Tdc dong cla né lam gidm nhanh khdi lugng phan ti cia bbt
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Cde amylage duge siy dung rong raj trong céng nghiép rugu big, bgnp
Mi, sdn xudy &lucose ty bét. Do nhy cdu Ngay cang eag nén sin xust Enzyme
ting nhanh, dat doanh sg lén nhat.

— Glucose isomerqgse (D-xyloge ketol-isomerase) duge tao rg do nhisy
ching VSv nhu Bacillys. coagulans, Streptomyces olivaceys, Microbacferium
arborescens,... Chon gidng dj ta0 ra ege ching gan Xudt enzyme liép tuc,

|

)



ol mf 2 g
qu‘?

&

— Papain, bromelain va ficin 1& cdc protease thye vdi duge sit dung lam
mém thit, lam trong rugu bia va dich nude trdi cay.

5. Cic enzyme khac

— Pectinase : Phidn l6n cdc ché& phdm pectinase nhan tit cdc loai
Aspergillus v& Penicillinum. Ching lam #dng hidu sudt chiét tdch va lam
trong dich nudc trai ciy trong cong nghiép nude ép qua.

— Cellulase dung trong ch4t tdy rifa, sdn xuit thic ubng cé con va glucose.

— Lipase dung trong chat t4y rita, ché bién phomat va cdc ch& ph4m tao
huong.

— Catalase va glucose oxidase dung chéng oxi hod thyc phdm.

— Cdc enzyme trong nghién ciu duge sdn xudt vdi s lugng rat it nhu
DNA polymerase, restriction endonuclease, liguse...

6. Cdc enzyme va protein cyc doan

Viéc phdt hién nhiéu VSV cuc doan (extremophlies) d&@ md ra kha néng
thu nhan cdc enzyme dé ing dung vao thue tidn. Phin 1dn cdc VSV cue doan
chua nudi duge, nhung st dung KTDT hia hen s& chinh phue duge cdc
enzyme va protein ti cde VSV,

— Cde enzyme tit sinh vdt chiu nhiét cao 1a muc tiéu cdn hudng téi trong
cdc quy trinh ch& bién céng nghiép, vi thuc hién § nhiét d§ cao sé gidm
nhidém bé&i nhiéu VSV khic va c6 phan dng nhanh hon. Hign DNA
polymerase chiu nhiét duge s& dung rong rai. Ngoai ra, nhiéu amylase,
protease,.. chiu nhigt cao (c6 thé d&n 118°C) da duge phat hién.

— Céce glycoprotein "chéng déng dd” e ch& sy hinh thanh cdc tinh thé
nudc dd & cde sinh vat chiu lanh nhy cd & cde cye cha Trdi ddt chiu duge
nhiét 6 ~1,8°C lién tuc ma dich co thé khéng dong ddc.

— Céc enzyme ndi bao va ngoai bio duge san xudt bdi vi khudn chiu
mdn ¢6 d6 bén cao, khang lai cdc tdc nhan c6 kha ning gy bién tinh nhu
nhiét dé, moi trudng dung r_nt‘)i hiu co.

- Bacteriorhodopsin 13 protein trén mang vi khudn chiu mgn
Halobacterium halobium (chiu dd min cao g&p 7 lan cla nude bién) né bién
mau dudi tée déng dnh sdng nhu rhodopsin mit ngudi (hinh 5.4). Do tinh
chdt ddc biét nay, né duge tap trung nghién ciu lam vét ligu b9 nhd cho may
dién todn va ing dung trong linh vuc dién f& sinh hoc (bioelectronics).
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_ Cdc enzyme cuc doan trong dung moi
hitu co : Mai dén gin day c6 quan niém phd
bién 1a khi cho enzyme vao cdc dung moéi hiu
co (bezene, acetone, toluene,.), ching sé mdt
hoat tinh. Thuc t& cho thay, nhiéu enzyme khi
bé sung vao cdc dung méi hitu co khdc nhau,
ching vdn c6 hogt tinh xic tdc du trong hé
thong c6 it hodc khong cé nude. Viec st dung -
céc enzyme trong nhing diéu kién nhu vay hia
hen mot tiém nang 1én, vi c6 nhiéu 1gi thé :
tang tinh hoa tan cua cac chat phdn ing
(reactants) hodic cdc san phdm; tdng tinh chiu

nhiét cia enzyme ; dé thu hdi sau sif dung nhd Hinh 5.4. Bacteriorhodopsin
(O giita la nhém cam mau)

!; )“. S
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loc va li tdm ; cdc