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L&i néi dau

Sinh hoc phan tir 1a khoa hoc nghién ciru cac hién tuong séng ¢ mirc
d6 phan ttr. Pham vi nghién ctru ctia mon hoc nay c6 phan tring lip voi mot
s6 mon hoc khac trong sinh hoc dac biét la di truyén hoc va héa sinh hoc.
Sinh hoc phén tir cha yéu tip trung nghién ctru mdi twong tac giita cac hé
théng ciu trac khic nhau trong té bao, bao gdm mdi quan hé qua lai giita
qué trinh tong hop cia DNA, RNA va protein va tim hiéu cach thic diéu
hoa cac mdi twong tac nay.

Hién nay, sinh hoc phan tir va sinh hoc té bao dugc xem 1a nén tang
quan trong cta cong nghé sinh hoc. Nho phat trién cac cong cu co ban cia
sinh hoc phan tr nhu cic enzyme cit han ché, DNA ligase, cac vector tao
dong, lai phan tir, k§ thuat PCR... sinh hoc phan tir ngay cang dat nhiéu
thanh tyu Umg dung quan trong.

Gi4o trinh sinh hoc phan tir ndy cung cip nhing kién thirc co ban cho
sinh vién véi céc ndi dung chinh sau:

- Cu tric va chirc nang ciia gen

- Cau trac genome

- Céc qua trinh tai ban, phién mi va dich ma ciia nguyén liéu di truyén

- Piéu hoa biéu hién gen

- Sura chira va bao v¢ gen

- T4i to hop va chuyén gen

Do méi dugc xuit ban 1an dau nén gido trinh nay kho tranh khoi thiéu
sot hodc chua dap tng duogc yéu cau ban doc. Vi thé, chung t6i mong nhéan
duoc nhiéu v kién dong gop dé 1an xuét ban sau dugc hoan thién hon.

Chuing t6i chan thanh cam on Quy Néng cao chat luong-Du an Gido
duc dai hoc da ho tro chiing tdi bién soan gido trinh nay, PGS. TS. Nong
Vin Hai da doc ban thao va gop nhiéu y kién quy bau.

Céc tac gia
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Chuong 1
Cac dai phan tr sinh hoc

I. Nucleic acid

Nucleic acid, vat chit mang thong tin di truyén cta cac hé thdng séng,
12 mot polymer hinh thanh tir cAc monomer 1a nucleotide. Mdi nucleotide
gdm ba thanh phan: nhém phosphate, dudng pentose (duong 5 carbon) va
mot nitrogen base. Cac nitrogen base thudc hai nhom: cac purine gdm
adenine (A) va guanine (G), cac pyrimidine gdm thymine (T), cytosine (C)
va uracil (U). Céac nucleotide duoc ndi voi nhau bing lién két
phosphodiester tao thanh chudi dai.

Nucleic acid gdm hai loai phan tir ¢6 ciu tao rdt gidng nhau la
deoxyribonucleic acid (DNA) va ribonucleic acid (RNA).

1. Deoxyribonucleic acid

Phan t& DNA 1a mot chudi xodn kép gém hai soi don. Mdi soi don
1a mot chudi nucleotide (Hinh 1.1). M3i nucleotide gdm ba thanh phan:
nhom phosphate, dudng deoxyribose va mot trong bbn base (A, C, G va T)
(Hinh 1.2). Hai soi don két hop véi nhau nho céc lién két hydrogen hinh
thanh giita cac base b sung nam trén hai soi: A bd sung cho T va C bd sung
cho G. Mdi soi don ¢6 mét trinh tu dinh huéng véi mot dau 5’ phosphate tir
do. dau kia 1a 3° hydroxyl tu do (quy u6c 1a 5°—3’). Huéng cta hai soi don
trong chudi xodn kép nguoc nhau, nén dugc goi 12 hai soi dbi song.

Nhiing phan tich céu tric hién dai da cho thdy ciu tric cia DNA
khong phai luén luon twong tng véi dang dugc goi la B ma Watson va
Crick da dua ra. Do su tac dong cua cac hop chit ¢6 khdi luong nho hoac
protein, dang B c6 thé chuyén sang dang A (nén nhiéu hon) hoic 1a dang Z
(xodn trai). Chung c6 thé tu gip lai hodc xodn manh, vi du mot soi d6i DNA
c6 d6 dai 1a 20 cm dugc nén trong mot chromosome c6 kich thude 1a 5 um.
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(a) Cau truc ctia DNA

Hinh 1.1. Chudi xoin kép ciia DNA

Phén tir DNA trong nhiém séc thé ctia sinh vat eukaryote & dang mach
thang, con ¢ phan 16n té bao prokaryote (vi khuan) phéan tir DNA lai ¢6 dang
mach vong. Tuy nhién, du & dang nao thi cac phan tir DNA nay déu ton tai
theo kiéu cudn chit. Trong té bao eukaryote, DNA két hop chit ché véi cac
protein la histone.

DNA eukaryote ¢6 kich thuéde rat 16n (Vi du: DNA & nguoi c6 thé dai
dén 1 m) nén van dé dat ra la phan tir nay phai duoc nén nhu thé nao trong
mot thé tich rat han ché cta nhan. Viéc nén duge thue hién & nhiéu mire do,
muirc d6 thdp nhat 1a nucleosome va muc do cao nhat 14 cdu tric nhiém sic

chit. That vay, duong kinh cta chudi xo4an DNA chi 1a 20A, trong khi soi
nhiém sic chat quan sat dudi kinh hién vi dién tir c6 dudong kinh 100 A , doi
khi dat 300 A . Diéu nay chimg t6 phan tir DNA tham gia hinh thanh nhiing
cAu trac phirc tap hon (Hinh 1.3).
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Soi nhiem sac chat ¢6 duong kinh 100 A 1a mot chuoi chira nhic¢u
nucleosome. D6 14 nhing cdu tric hinh thanh tir mét sgi DNA quan quanh
mot 161 gdbm 8 phan tir histone (mirc do t6 chirc cao nhét cia DNA). Soi ¢6

duong kinh 100,& nay c6 ciu triac phirc tap hon soi ¢6 dudng kinh 300/&.
Trong nhén té bao, cac soi vira ké trén két hop chit ché véi nhidu protein
khéc nhau va ca voi cac RNA tao thanh nhiém sic chét, mac do td chic cao
nhat ciia DNA.
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Hinh 1.2. C4u trac cic nucleotide dién hinh
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Hinh 1.3. CAu tric nucleosome va nhiém sic thé. Phan tt DNA duogc cudn lai

trén nhiém sic thé lam cho chiéu dai ngin lai hon 50.000 Ian.

Céc DNA ¢ eukaryote c6 dic diém khac véi DNA prokaryote. Toan
bd phan tir DNA prokaryote déu mang thong tin ma héa cho cac protein
trong khi d6 DNA ctia eukaryote bao gdm nhitng trinh tir ma héa (céc exon)
xen k& voi nhitng trinh tu khong ma hoéa (intron). Cac trinh tu ma hoa &
eukaryote chim ngép trong mot khéi 16n DNA ma cho dén nay van chua ro
tac dung dugc goi 1a “DNA rac” (junk DNA). Tuy theo mirc do hién dién
cua ching trong nhan, céc trinh tu DNA dugc chia lam ba loai:

- Céc trinh tw Lip lai nhiéu 1dn. Vi du: ¢ dong vat c6 vu cac trinh tu
nay chiém 10-15% genome (hé gen). D6 1a nhiing trinh tu DNA ngan (10-
200 kb), khong ma hoa, thuong tap trung ¢ nhitng vung chuyén biét trén
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nhiém séc thé nhu & ving tdm dong (trinh tu CEN) hay & dau cc nhiém séc
thé (trinh twr TEL). Chtc ning cua cac trinh tw nay chua 13, ¢ thé ching
tham gia vao qua trinh di chuyén DNA trén thoi v6 sic (trinh tu CEN) hoic
vao qué trinh sao chép toan bd phan DNA nam & ddu mut nhidm sic thé
(trinh ty TEL).

- Cac trinh tw c6 s6 lan Lip lai trung binh. Vi du: & genome nguoi
cac trinh tu nay chiém 25-40 %. Chung da dang hon va c6 kich thude 16n
hon (100-1.000 kb) céc trinh tu ldp lai nhiéu 1an. Cac trinh tu nay phan b
trén toan bd genome. Chung c6 thé 1a nhiing trinh tu khong ma hoa ma ciing
c6 thé 14 nhitng trinh tw ma hoa cho rRNA, tRNA va 55 RNA.

- Céc trinh tw duy nhit. La cac gen ma hoa cho céc protein, ¢é trinh
tu dac trung cho tung gen.

Mot dac diém cua phan tir DNA c6 v nghia rat quan trong va duoc st
dung vao phuong phap lai phan tir, d6 1a kha nang bién tinh va hdi tinh.
Bién tinh la hién tuong hai soi don ctia phan tir DNA tach roi nhau khi céc
lién két hydrogen gitta cac base bd sung ndm trén hai soi bi dit do céc tac
nhan héa hoc (dung dich kiém, formamide, urea) hay do tic nhan vat ly
(nhiét). Sau d6, néu diéu chinh nhiét 6 va ndng d6 mudi thich hop, cac soi
don c6 thé bét cap tro lai theo nguyén tic bd sung, dé hinh thanh phan tir
DNA ban dau, d6 1a sy héi tinh.

2. Ribonucleic acid

Phan tr RNA ¢6 cAu tao tuong tu DNA ngoai trir ba diém khac biét
Sau:

- Phén tir RNA la chudi don.

- Buong pentose ctia phan tit RNA 1a ribose thay vi deoxyribose.

- Thymine (T), mét trong bdn loai base hinh thanh nén phan tir DNA,
duoc thay thé bang uracil (U) trong phén tir RNA.

CAu trtc va chirc nang cua RNA c6 su bién d6i rd rét. V& co ban RNA
chi 12 chit mang thong tin di truyén & virus, sau d6 nguoi ta ching minh
rang n6 khong nhitng déng vai tro co ban & viéc chuyén thong tin di truyén
ma con ¢6 vai trd cau tric khi tao nén phirc hé RNA-protein.

Theo mdt 1y thuyét tién hoa ma dai dién 1a Eigen, RNA la chit mang
thong tin di truyén, thanh vién trung gian ctia sy biéu hién gen, thanh phan
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cdu tao va 1a chét xtc tac. Nhém OH & vi tri thir hai cua ribose can thiét cho
da chirc nang 1am nhiéu loan su tao thanh soi doi, qua d6 1am tang do6 khong
bén vitng cta lién két phosphodieste.

Trong té bao c6 ba loai RNA chinh, c¢6 cac chirc nang khac nhau:

2.1. Cac RNA thong tin (MRNA)

mRNA 1a ban sao cia nhitng trinh tu nhat dinh trén phan to DNA, cé
vai trd trung tdm la chuyén thong tin ma hoa trén phan tir DNA dn bo may
giai ma thanh phan tir protein tuong Gmg. Cac RNA c6 céu tric da dang,
kich thudc nho hon so véi DNA vi chi chira thong tin ma hoa cho mdt hoac
vai protein va chi chiém khoang 2-5% tong s RNA trong té bao.

Qua trinh chuyén thong tin dugc thé hién nhu sau:

DNA _Phienma - o\ _Dichma | opoein

O E. coli, kich thudc trung binh cia mét phan tr mRNA khoang
1,2 kb.

2.2. RNA vén chuyén (tRNA)

tRNA lam nhiém vu van chuyén cidc amino acid hoat hoa dén
ribosome dé tong hop protein tir cic mRNA tuong tmg. C6 it nhat mot loai
tRNA cho mot loai amino acid. tRNA véan chuyén chta khoang 75
nucleotide (c6 khéi luong khoang 25 kDa), 1a phan tir RNA nhé nhit. Cac
tRNA ¢6 ciu triuc dang co ba la. Cau tric nay duoc 6n dinh nho cac lién két
bd sung hién dién & nhiéu ving cta phan tir tRNA. Hai vi tri khong ¢6 lién
két bd sung déng vai trdo dic biét quan trong ddi v6i chire nang cua tRNA:

- Trinh tu anticodon gdm ba nucleotide.

- Trinh tw CCA, ¢6 kha ning lién két cong hoa tri voi mot amino acid
dac trung.

2.3. RNA ribosome (rRNA)

rRNA 14 thanh phin co ban cua ribosome, déng vai trd xuc tic va cau
tric trong tong hop protein.
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Tuy theo hé s6 ling rRNA duoc chia thanh nhiéu loai: & eukaryote c6
288S; 18S; 5,8S va 5S rRNA; con cac rRNA ¢ E. coli cé ba loai: 23S, 16S va
5S.

rRNA chiém nhiéu nhét trong ba loai RNA (80% tong s RNA té
bao), tiép dén 1a tRNA khoang 16% va mRNA chi khoang 2%. Ngoai ra, té
bao sinh vét eukaryote con chira nhitng phan to RNA kich thuéc nho cua
nhan (small nuclear, snRNA) chiém khoang <1% tham gia vao ghép ndi cac
exon. Ribosome 1 nhiing phan tir can thiét cho sy tong hop protein,
ribosome ctia moi té bao déu gé)m mdt tiéu don vi nho va mot tiéu don vi
16n. Mdi tiéu don vi c6 mang nhiu protein va rRNA (trong d6 rRNA la
thanh phan chil yéu chiém khoang 65%) c6 kich thuéce khac nhau. Nguoi ta
cling thiy ribosome trong ty thé, & d6 ¢ su tong hop mét sd protein ty thé.

Bang 1.1. Cac phan tir RNA trong E. coli

Loai Tong s6 tuong | Hé sb lang | Khdi lugng phan tir | S6 lugng
dbi (%) (S)* (kDa) nucleotide
12x103
23 ; 3700
RNA 80 16 055x10° 1700
5 36x10" 120
tRNA 15 4 2,5 x 10" 75
mMRNA 5 Khéng dong nhat

2.3.1. Ribosome cua prokaryote

Té bao dugc nghién ctru vé ribosome nhiéu nhét 1a E. coli. Ribosome
(70S) cta E. coli gdm hai tiéu don vi: tiéu don vi nho (30S) va tiéu don vi

'S (Svedberg): don vi do van tbe léng. Hé s léng ctia mot tiéu don vi phu thude
khong nhitng vao khéi luwgng cua tiéu don vi d6 ma con phu thudc vao hinh dang
va d9 ran clia né, diéu nay giai thich tai sao sy két hop cta hai tiéu don vi 50S va
30S lai tao ra mot ribosome 708S.

Sinh hoc phan tir 11



16n (50S). Cin cir vao hé sb liang, nguoi ta phan biét ba loai rRNA: 23S
rRNA, 16S rRNA va 5S rRNA.

- Tiéu don vi 30S chira: 1 phan tir 16S rRNA (c6 1540 nu) va 21
ribosomal protein khac nhau.

- Tiéu don vi 50S chira: 1 phan tir 5S rRNA (c6 120 nu), 1 phan tir
23S rRNA (c6 2900 nu) va 34 ribosomal protein.

Hai tiéu don vi nho va lén khi két hop véi nhau s€ tao ra mot ranh &
chd tiép giap cua chung dé cho mRNA di qua.

2.3.2. Ribosome cua eukaryote

Ribosome cua eukaryote (80S) 16n hon ribosome cta prokaryote ciing
bao gom hai tiéu don vi: tiéu don vi nhé (40S) va tiéu don vi 16n (608).

- Tiéu don vi 40S chtra: 1 phan tir 18S rRNA (c6 1900 nu) va 33
ribosomal protein.

- Tiéu don vi 60S chira: 3 phan tir rRNA (5S; 5,8S va 28S) va 49
ribosomal protein.

Tom lai, tit ca RNA trong t& bao déu duoc tong hop nhd enzyme
RNA polymerase. Enzyme nay doi hoi nhitng thanh phan sau day:

- Mot khudn mau, thuong 1a DNA soi doi.

- Tién chat hoat hoa: Bén loai ribonucleoside triphosphate: ATP,
GTP, UTP va CTP.

Sinh téng hop RNA giébng DNA & mot sé diém, tha nhit huéng tong
hop 14 5°—3°, thir hai 1a co ché kéo dai gidng nhau: nhom 3°-OH & dau cudi
ctia chudi téng hop 1a vi tri gin két cua nucleoside triphosphate tiép theo.
Thir ba, su tong hop xay ra do thuy phan pyrophosphate.

Tuy nhién, khac v6i DNA 1a RNA khong doi hoi mdi (primer). Ngoai
ra, RNA polymerase khong c6 hoat tinh nuclease dé stra chita khi cac
nucleotide bi gan nham.

Ca ba loai RNA trong té bao duoc téng hop trong E. coli nhd mét loai
RNA polymerase. O dong vat c6 vi, cac RNA khac nhau duoc tong hop
bang cac loai RNA polymerase khac nhau.
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Il. Protein
1. Céu triic cuia protein

Amino acid 1a don vi co s& (monomer) cdu thanh protein. T4t ca 20
amino acid c¢6 mit trong protein déu dugc xay dung theo mot kiéu mau
chung:

COOH
H,N— (:IH
R

Cong thirc tong quat ciia L-oi-amino acid

Trong d6, gbc R (mach bén) ciing 1a phan khac duy nhat gitta 20 loai
amino acid, quy dinh tinh chét cta timg loai.

Nhém amine (NH;) dinh & nguyén tir C,, theo tén cii 1a nguyén tir C,,.
Vi vay, nguoi ta goi 1a nhom a-amine. Cac amino acid ton tai chu yéu trong
tu nhién c6 nhém amine ding ¢ bén trai truc, dugc goi la amino acid dang
L. Dang D-amino acid chi tdn tai riéng biét, vi du trong thanh té bao vi
khuan.

Céac amino acid riéng biét c6 nhitng ddc tinh khac nhau 1a do gbc R
cua chung. Nhirng amino acid trung tinh ¢c6 mdt nhém amine va mgt nhém
carboxyl. Nhitng protein chira nhiéu amino acid trung tinh 1 nhitng protein
trung tinh. Khi chiéu dai gbc R ting s& hinh thanh dic tinh ky nuéc. Nhimng
protein c¢6 chura nhiéu amino acid nhu valine, leucine, isoleucine c6 tinh chat
dic trung 1a ky nude. Nhitng amino acid ¢6 tinh acid trong phan gdc c6 mét
nhém carboxyl. Protein chita nhiéu amino acid c¢6 tinh acid 1a nhiing protein
acid. Tuong tu nhu vay dbi véi protein chii yéu duoc hinh thanh boi nhitng
amino acid c6 tinh kiém 14 nhing protein kiém. Phan gbc R ctia amino acid
¢6 ¥ nghia quyét dinh dbi véi dic tinh cta protein ma chung tao nén. Piéu
nay khong nhiing c6 y nghia d6i voi tinh chat hoa hoc ma ca cdu tric cia
protein.

Thuy phan hoan toan protein, thu dugc chil yéu cac L-a-amino acid.
Mic du protein rat da dang nhung hau hét chung déu duoc ciu tao tir 20 L-
a-amino acid. Dua vao dic tinh cta gde R, amino acid dugc chia lam bay
nhém chinh sau day:
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- Amino acid trung tinh mach thing. Bao gdm glycine, alanine,
valine, leucine va isoleucine.

- Cac hydroxyl amino acid mach thing. Bao gdm serine va
threonine.

- Amino acid chita lru huynh mach thing. Bao gém cysteine va
methionine. Khi oxy héa hai nhom -SH cua hai phan tr cysteine tao thanh
cystine ¢ chira cau (-S-S-).

- Cac amino acid acid va cic amide. Bao gdm aspartic acid va
glutamic acid. Trong phan tr cia ching c6 mdt nhém amine va hai nhom
carboxyl. O d6 pH sinh 1y (6-7), cac amino acid nay tich dién 4m. Amine
héa nhém carboxyl & mach bén cua aspartate va glutamate tao thanh cac
amide tuong Ung la asparagine va glutamine.

- Cac amino acid kiém. Bao gom lysine va arginine.

- Iminoacid. Proline.

- Céc amino acid thom va di vong. Bao gdbm phenylalanine, tyrosine
va tryptophan. Do ¢6 chta vong thom nén cac amino acid nay c6 mot sb
phan umg dac trung.

Céac amino acid dugc ndi véi nhau boi cac lién két peptide, lién két
nay duoc hinh thanh do su Kkét hop nhom amine cua mot amino acid véi
nhoém carboxyl ctia amino acid ké tiép. Phan tmg két hop giai phéng mot
phan tu H,O.

Peptide 1a mot chudi ndi tiép nhiéu amino acid (sé luong it hon 30).
Véi sb luong amino acid 16n hon chudi duoc goi 1a polypeptide. Mdi
polypeptide c¢6 hai dau tan cung, mot ddu mang nhém amine tu do, dau kia
mang nhom carboxyl tu do. Protein duoc dung dé chi don vi chtc ning,
nghia 12 mot cdu tric phirc tap trong khong gian chtr khong phai don thuan
la mot trinh tu amino acid.

Chudi polypeptide c6 thé udn thanh ciu tric hinh gy nhu trong cic
protein hinh soi hay ciu triuc khdi cdu nhu trong céc protein dang cau hay
mot cu truc gdm ca hai dang trén. Mot protein c6 thé duoc hinh thanh tir
nhiéu chudi polypeptide.

Ngudi ta thuong phan biét cdu tric cua phan tir protein thanh bbn béac
nhu sau (Hinh 1.4):

Sinh hoc phan tir 14



- Chu tric béc 1. La trinh tu sip xép cac gbc amino acid trong chudi
polypeptide. Cau tric nay duoc giit vitng nhd lién két peptide (lién két cong
héa tri).

Vi mdi mét amino acid c6 gbc khac nhau, cac gbe nay c6 nhitng dic
tinh hoa hoc khac nhau, nén mot chudi polypeptide & cac thoi diém khac
nhau ¢6 nhitng dic tinh hoa hoc rat khac nhau. Tuy nhién, vé tong quat thi
tat ca cac chudi polypeptide duoc xay dung mét cach cé hé théng tir cac
nhém nguyén tir CO, CH va NH. Viéc xdy dung c6 hé thong nay 1a co so dé
tao nén cau tric bac hai.
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(b) Cau tric th(r cap L
(béc 2) (c) Cau trdc bac 3

(d) Cau truc bac 4

Hinh 1.4. Cac mirc d9 to chirc ciia phan tir protein

- Chu tric bic 2. La tuong tac khong gian giita cac gbc amino acid &
gan nhau trong chudi polypeptide. Céu tric dugc bén vilng chu yéu nhd lién
két hydrogen hinh thanh gitta cac lién két peptide & ké gan nhau, cach nhau
nhiing khoang xac dinh.

Sinh hoc phan tir 15



Céu tric bac 2 ciia phan tir protein: xoan a (a-helix), 14 phién B va
xodn collagen. Loai o-helix 13 soi & dang xodn ¢, cudn xung quanh mot
truc, mdi vong xodn ¢o 3.6 gc amino acid.

Nhitng so1 collagen chay song song tao nén nhitng bo soi dai cua gan.
Collagen ciing ¢o trong xuong va trong cac md ndi. Elastin 1a mot protein,
gdm nhiing soi protein twong d6i ngan, gan két voi nhau nho lién két cong
héa tri. Nhitng chudi polypeptide quay theo dang xoén bc, t dudi xodn khi
c6 ap luc.

- Chu trac bic 3. La tuong tac khong gian giita cac gbc amino acid &
xa nhau trong chudi polypeptide, la dang cudn lai trong khong gian ctia toan
chudi polypeptide.

Nhiéu chudi polypeptide trong co thé song ton tai khong phai & dang
thang ma gap khic va qua do tao nén céu tric khong gian ba chidu. Tuy
nhién, cdu tric nay hoan toan xac dinh, cht yéu 1a do trinh tu cac amino
acid va moéi truomg. Khi mot chudi polypeptide tach ra khoi ribosome sau
khi téng hop va duoc dua vao trong té bao chit nhu 1a méi trudng tao hinh
thi né s& hinh thanh nén cdu trac tu nhién rat nhanh, dic biét ddi voi ciu
tric hinh cau, dem lai cho protein nhitng déc tinh sinh 1y quan trong. C6 thé
do chuyén dong nhiét cua cac chudi polypeptide ma cic nhom cua cac gdc
amino acid tiép xuc véi nhau, dan dén c6 thé két hop v6i nhau. Trong nhiéu
protein hinh cu c¢é chira cac gbe cysteine, su tao thanh cac lién két disulfite
gitta cac gbe cysteine & xa nhau trong chudi polypeptide s& lam cho chudi bi
cudn lai dang ké. Cac lién két khac, nhu lién két Van der Waals, lién két
tinh dién, phan cuc, ky nude va hydrogen giita cac mach bén cua cac gbc
amino acid déu tham gia lam bén vitng cAu tric bac 3. Cau truc hinh cau cua
protein duoc goi la ciu tric bac ba, d6 chinh la ciu tric cta enzyme.

- Chu tric bac 4. LA tuong tac khong gian gifta cac chudi cia cac
phan tir protein gdm hai hay nhiéu chudi polypeptide hinh cau. Mdi chudi
polypeptide nay duoc goi 1a mot tiéu don vi (subunit). Su két hop gitta cac
phan tir ndy 16ng 1éo va chi yéu 1a do lién két hydrogen va ky nuéc. Béng
cach nay hai phan tir xac dinh c¢6 thé két hop voi nhau tao thanh mot dimer.
Chéng han: hemoglobin dugc tao nén tir hai chudi o véi mdi chudi co 141
gbc amino acid va hai chudi p véi mdi chudi 1a 146 gbc amino acid.

CAu trac cua mot hodc nhidu chudi polypeptide c6 ¥ nghia quan trong
d6i voi do hoa tan va chire nang cia chung. Cau truc protein duoc hiéu 1a su
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sap xép cua nhitng chudi riéng 1¢ hodc nhidu chudi. Chung phu thudc nhiéu
vao d6 pH ctia moi trudng. Protein va chudi polypeptide hoa tan tét khi
nhitng nhém wa nudc hudng ra phia ngoai, nhém ky nudc hudng vao bén
trong. Khi mét protein thay doi cdu trac thi nhitng nhom ky nuéc quay ra
ngoai, protein mét kha nang hoa tan trong nuée, vi du truong hop két tua
khong ¢ dang tinh thé cua protein sita trong méi trudng chua. Lactic acid
dugc san sinh do vi khuan lam giam pH sira, lam thay doi protein sita.
Nhiéu nhém ky nuéc duge hudng ra bén ngoai, protein mat kha ning tan
trong nudc. Vi vy, viéc thuong xuyén duy tri gia tri pH trong té bao chat
rdt quan trong, vi chi ¢6 nhu vdy chirc ning hoat dong cta cac enzyme trong
té bao chat méi duoe dam bao.

2. Chikc ndng cua protein

M&i mét hoat dong trong té bao phu thudc vao mot hodc nhiéu phan tir
protein déc hiéu. Mot trong cac cach phan loai protein la dua vao chirc nang
sinh hoc cua chung. Bang 1.2 tom tét su phan loai protein theo chirc niang va
dua ra mot sb vi du dai dién cho moi loai.

Béang 1.2. Cac chirc ning sinh hoc ciia protein va mgt so vi du

Céc nhom chirc nang Vidu

Enzyme Ribonuclease

Trypsin
Phosphofructokinase
Alcohol dehydrogenase
Catalase

Malic enzyme

Protein diéu khién Insulin

Somatotropin

Thyrotropin

lac repressor

NF1 (nuclear factor 1)

Catabolite activator protein (CAP)
AP1
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Protein véan chuyén

Hemoglobin
Serum albumin
Glucose transporter

Protein du trir

Ovalbumin
Casein
Zein
Phaseolin
Ferritin

Protein van dong va co rut

Actin

Myosin
Tubulin
Dynelin
Kinesin

Protein cau trac

a-Keratin
Collagen
Elastin
Fibroin
Proteoglycans

Protein ciu tric tam thoi
(scaffold protein)

Grb 2
crk
shc
stat
IRS-1

Protein bao vé

Immunoglobulins

Thrombin

Fibrinogen

Antifreeze proteins

Snake and bee venom proteins
Diphtheria toxin

Ricin
Protein la/ngoai lai Monellin
(exotic protein) Resilin

Glue proteins
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2.1. Churc nang enzyme

Phan 1én protein 1a enzyme. Hién nay, c¢6 hon 3.000 loai enzyme da
dugc biét. Enzyme la chét xuc tac sinh hoc ¢6 vai tro lam ting téc d6 phan
tmg. M&i mot bude trong trao d6i chat déu duoc xtc tac boi enzyme.
Enzyme c6 thé 1am tang tdc do phan tng 1én 10" 14n so véi te do phan tng
khong xuc tac. Su két hop gitta enzyme va co chét xay ra ¢ vi tri hoat dong
cua enzyme.

2.2. Protein diéu khién

Mot s protein khong thuc hién bat ky su bién ddi hoa hoc nao, tuy
nhién né diéu khién cac protein khac thuc hién chirc nang sinh hoc, ching
han insulin diéu khién ndng d6 dudng glucose trong mau. Do 12 mot protein
nho (5,7 kDa), gdm hai chudi polypeptide ndi voi nhau bang cac lién két
disulfite. Khi khéng du insulin thi su tiép nhan duong trong t& bao bi han
ché. Vi vay, mirc dudng trong méu ting va dan dén sy thai dudng manh mé
qua nudc tiéu (bénh tiéu duong).

Mot nhom protein khac tham gia vao su diéu khién biéu hién gen.
Nhiing protein nay c6 dic tinh la gan vao nhing trinh tuy DNA hozc dé hoat
héa hoac e ché sur phién ma thong tin di truyén sang mRNA, vi du chét e
ché (repressor) dinh chi sy phién ma.

2.3. Protein van chuyén

Lam nhiém vu van chuyén chat dic hiéu tir vi tri nay sang vi tri khac,
vi du van chuyén O, tir phdi dén cac mé do hemoglobin hodc van chuyén
acid béo tir mé du trit dén cac co quan khac nhd protein trong méu 1 serum
albumin.

Céc chit dugc van chuyén qua mang duoc thuc hién bang cac protein
dac hiéu, chéng han van chuyén glucose hoac cac amino acid qua mang
(Hinh 1.5).

2.4. Protein dur trir

Céc protein la nguon cung cap cac chat can thiét duoc goi la protein
du trit. Protein la polymer cua cac amino acid va nitrogen thuong la yéu to
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han ché cho sinh truéng, nén co thé phai c6 protein du trir dé cung cép day
du nitrogen khi can. Chang han, ovalbumin 13 protein du trit trong long
trdng trimg cung cip du nitrogen cho phéi phat trién. Casein 1a protein sita
cung cap nitrogen cho dong vat co va con non. Hat & thuc vat bac cao ciing
chtra mot luong protein du trit 16n (khoang 60%), cung cdp du nitrogen cho
qua trinh ndy mam cua hat.

(a) (b)

¥ 2
e g dag, 0k Bén ngoai Bén trong
Hemoglobin - Hb(0,)4 ‘
Hb
(Hb) 40, Glucose
\
O
PhGi Van chuyén glucose
(m6t protein mang)
Tuan hoan A
tinh mach Mang t€ bao
Tuan hoan

doéng mach

Hemoglobin
(Hb)

Hinh 1.5. Hai kiéu van chuyén co ban. (a): vin chuyén bén trong hodc giita cac
té bao hodc mo. (b): van chuyén vao hoic ra khoi té bao.
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Protein ciing ¢6 thé du trit cac chit khac ngoai thanh phan amino acid
(N, C, H, O va S), vi du ferritin 1 protein tim thiy trong mé dong vat két
hop vé6i Fe. Mot phan tir ferritin (460 kDa) gin véi 4.500 nguyén tir Fe
(chiém 35% khdi luong). Protein ¢6 vai tro giit lai kim loai Fe can thiét cho
su tong hop nhitng protein c6 chira Fe quan trong nhu hemoglobin.

2.5. Protein van dong va co rut

Mot s6 protein mang lai cho té bao kha nang van dong, té bao phan
chia va co co. Céc protein nay c6 dic diém: ching ¢ dang soi hodc dang
polymer hoa dé tao soi, ching han actin va myosin. Tubulin 1a thanh phan
co ban cia thoi vo sic (soi xuét hién khi phan chia cac nhiém sic thé vé cac
cuc).

2.6. Protein céu tric

Co6 chuc nang tao do chic va bao vé t& bao va mo. Chéng han: o-
keratin 14 protein khong tan, cdu tao nén toc, simg va moéng. Collagen la
protein hinh soi c¢6 trong xuong. O dong vat collagen chiém 1/3 protein tong
sd. Fibroin (B-keratin) 1a thanh phan co ban cua kén tam.

Mot chitc ning phd bién khac cua protein 1a cdu tao nén mang sinh
hoc.

2.7. Protein bao vé

Trong viéc giai doc cac kim loai nang, phytochelatin c6 mét y nghia
quan trong, dy la nhitng polypeptide don gian c6 ngudn gde tir glutation va
c6 cong thue chung nhu sau:

(y-glutamyl-cysteinyl),-glycine

Do c6 nhiéu nhém SH nén ching c6 kha nang két hop chit véi cac
kim loai nang, 1am cho nhing kim loai ning nay khong thé gay rdi loan trao
dbi chét. Su téng hop phytochelatin dugc kich thich boi nhitng kim loai
nang nhu Cd, Cu, Ag, Bi va Au.

Protein bao vé ¢6 vai trd quan trong trong cac phan tmg mién dich.
Pong vat c6 xuong sdng c6 mot co ché phirc tap va phat trién cao dé ngin
ngira nhitng tac nhan vi sinh vét gdy bénh. Chuc ning nay cé lién quan dén
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dic tinh cua chudi polypeptide. Khi mét protein la (c6 ngudn gdc virus, vi
khuén hodc ném) xam nhdp vao mau hoac vao mo thi phan tng tu vé cia co
thé s& xuit hién rat nhanh. Protein la duoc goi 1a khang nguyén (antigen)
chtra mot ving c6 trat tu xac dinh cac nguyén tir c6 thé két hop véi té bao
lympho va kich thich t& bao nay san sinh khang thé. Nhitng t& bao lympho
tdn tai trong h¢ théng mién dich véi sb luong 10° va trén bé mat cua nd co
nhiing ving nhan biét noi ma khang nguyén sé dugc két hop (Hinh 1.6).
Nhitng ving nhén biét nay rat khac nhau va dic hiéu cho ting loai khang
nguyén. Trong co thé ludn c6 sin mot luong 16n cac t& bao lympho khac
nhau va ching c6 thé téng hop rat nhanh cac khang thé dic hiéu khi khang
nguyén xuit hién. Mdi loai khang thé c6 mét vi tri két hop duy nhét dac
trung voi khang nguyén. Kha ning bao vé ctia hé mién dich da lam cho
protein la cta tic nhan gdy bénh trd thanh v6 hai. Nhitng khang thé nay
duoc goi 1a globulin mién dich. Chung chiém khoang 20% protein tong sb
trong mau.

Mot nhom protein bao vé khac la protein lam dong mau thrombin va
fibrinogen, ngan can sy mat mau cua co thé khi bi thuong.

Ca & cac vung cuc cua Trai dit co protein chdng dong (antifreeze
protein) ¢6 tac dung bao vé méu khi nhiét d6 xubng dudi 0°C.

2.8. Protein la/ngoai lai

Vi du monellin 1a mot loai protein duogc tim théy o mot loai cay ¢
chau Phi, dugc coi la chat ngot nhan tao cho con nguoi.

O mot sd sinh vat bién nhu ho Trai tiét ra loai protein keo (glue
protein), cho phép n6 gan chat 1én bé mat.

I11. Lipid

Mic du khong mang hoat tinh sinh hoc cao nhu protein nhung lipid
cling dong mot vai trd dic biét trong hé thong sdng. Chung 1a nhan t6 chinh
tao nén cac mang sinh hoc ma néu thiéu thi moi hoat dong cta protein s&
khong thé phéi hop nhip nhang.

Pon vi ciu tric cla lipid 1a cac acid béo. Mdi acid béo duoc cAu tao tir
mot mach carbohydrate (gdm cac nguyén tir C va H) gin v6i mot nhom
carboxyl ¢6 tinh acid. Cac acid béo khac nhau boi d6 dai cua ching, boi s6
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lwong va vi tri cac lién két do6i. Céc acid béo khong c6 lién két do6i duoc goi
13 cac acid béo bdo hoa, cac acid béo khong bio hoa cé it nhit mot lién két
doi.

a NH, | | NH2 | vitri két hop véi khang nguyén
HZN eﬁf NH2

HOOC COOCH
&— Vj tri két hgp vai cytophage

HOOC COOH

Hinh 1.6. So' @ biéu dién ciia khang thé va khang nguyén. a: khang thé gdm 4
chudi polypeptide. b: khang thé két hop voi khang nguyén. c: két hop giita khang
nguyén va khang thé.

Mang sinh hoc ¢6 chirc ning 1a gii han nhimg ving trao dbi chat va
tham gia vao viéc van chuyén cac chit. Mang sinh hoc ciing ¢6 kha ning
chuyén di nhiing tin hiéu. Protein mang ciing c6 thé 1a cac enzyme. Chirc
ning nay duoc thé hién & mang trong cia ty thé va lap thé. Mang sinh hoc
bao gdm 16p kép lipid voi nhitng protein phan bd & trong d6 (Hinh 1.7)

Céc lipid mang dugc hinh thanh tir mot chudi dai acid béo ndi véi
nhitng nhém cé déc tinh va nudc cao va duge goi la nhitng phan tir ludng
cuc vi mot dau tuong tac véi nude, con dau kia thi ky nude.
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Bang 1.3. Cu tric mét sb acid béo tiéu biéu trong hé thong song

Cong thirc héa hoc Tén thwong dung
Acid béo bdo hoa
CH3(CH2)10 COOH Lauric
CHy(CH,)14 COOH Palmitic
Acid béo khong bdo hoa
CH3(CH2)7CH:CH (CH2)7 COOH Oleic
CHs;(CH,), CH= CH- CH, CH= CH (CH,); COOH Linoleic
Oligosaccharide  Glycoprotein Glycolipid Protein ngoai ié” N
Protein xuyén mén <
e | &
Ldp ‘tach rdi g
g Z
$ . | g
c i 1 ey bt i a
= 1 i AR
ig Ili IR || i . i i I.] 1] 4 li I;' L )
D S ] o N o
Protein o } P . 3
va nu’ch'o\? L GGc acid béo ky nudc § g_
Protein xuyén mang Dau uva nudc %
Protein ngoai bién J &

Hinh 1.7. So' @6 biéu dién mot doan ciit cia mang sinh hoc

IV. Polysaccharide

Céac polysaccharide c6 nhiéu chirc ning quan trong trong té bao,
chtng tham gia vao cdu tao té bao va 1a ngudn du trit nang luong chu yéu.
Céc polysaccharide duoc hinh thanh tir nhidu monomer, 13 cac duong don
gian (monosaccharide) ndi véi nhau bang lién két glycoside. Lién két nay
dugc hinh thanh tir sy két hop gitra C; cia mot phan tir dudng v6i nhom
hydroxyl ctia phén tir ké tiép.
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Ngudn du trit tinh bt & cac t& bao dong vat 1a glycogen, trong khi d6 &
thue vat 1a tinh bot. Mot polymer khac cua glucose 1a cellulose thi tao nén thanh
t& bao thuc vat va 1a hop chat hiru co hién din nhiéu nhat trong sinh quyén.

Chung ta vira diém qua riéng ré timg thanh phan c4u tao té bao chinh.
Trong thuc té, hoat dong ciia chung phdi hop mat thiét véi nhau. Céc
nucleic acid trong t& bao thuong két hop chat ch& véi cac protein tao thanh
nucleoprotein. DNA cua té bao eukaryote thi dugc boc boi nhitng protein
dic hiéu 1a cac histone. Mang té bao ciing khéng phai chi c¢6 phospholipid,
chinh cac protein gin trong mang di tao ra nhiing déc trung riéng ctia mang
sinh hoc. Mot diém can luu y 1a néu nhu cdu tric va cac tinh chat hoa 1y cua
nucleic acid, lipid va polysaccharide twong d6i dong nhét thi cac protein lai
hét strc da dang ca vé ciu triic va chirc nang. Mot phan tir protein thuong
bao gdm nhiéu ving mang nhitng dic tinh khac nhau: ving wa nuée hay ky
nude, ving gin mot duong, ving c6 hoat tinh xtc tac, ving lién két véi
nucleic acid hay v6i mét protein khac. Tir mdi chirc ning cua t& bao, tir su
hinh thanh vat chat mang thong tin di truyén, truyén dat théng tin di truyén,
su chuyén hoa nang luong, su lién lac giira cac té bao... déu co su tham gia
ctia cac protein. Piéu ky diéu cta su sdng la toan bd cac hoat dong vo cling
da dang éy duoc thuc hién béi mot phan tir duy nhat.
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Chwong 2

Cau tric genome

Genome (h¢ gen, bd gen) 1a thuat nglr dugc dung véi cac nghia khac
nhau nhu sau:

- Nguyén liéu di truyén ctia mot co thé: 1) nhidm sic thé trong té bao
vi khuan (hodc mot trong mdi loai nhidm séc thé néu hon mot loai c6 mat, vi
du: cac nhiém sic thé 16n hodc bé cua Vibrio cholerae), 2) DNA hoic RNA
trong mot virion, 3) nhiém sac thé cung véi moi plasmid duoc két hop (vi
du: nhidm sic thé va hai plasmid nho trong vi khuan Buchnera).

- Tét ca cac gen (khac nhau) trong té bao hodc virion.

- B6 nhiém sac thé don boi hodc genome don boi trong té bao.

Chudi genome hoan chinh (nghia 13 trinh ty hoan chinh cua cic
nucleotide trong genome) di dugc cong bd cho mot sd loai vi khuan. Céc
trinh ty khac ciing dd dugc cong bd, vi du genome cua cay cuc dai
(Arabidopsis thaliana) va genome nguoi.

Genome chira toan b thong tin di truyén va cac chuong trinh can thiét
cho co thé hoat dong. O cac sinh vat nhan that (eukaryote), 99% genome
nam trong nhan té bao va phan con lai ndm trong mot sd co quan tir nhu ty
thé va lap thé. Pa s6 genome vi khuan va phan genome chira trong cic co
quan tir thuong c6 kich thude nho va & dang vong khép kin. Nguogc lai, phan
genome trong nhan thuong rat 16n va phan b trén cac nhiém sic thé dang
thang.

Du an genome 1a dy 4n x4c dinh ciu trac di truyén chinh xac cua mot
genome co thé sdng, nghia 1 trinh tw DNA ciia tit ca cac gen cua nd. Du 4n
genome clia mot sd sinh vat mo hinh (model organisms) di dugc hoan thanh
nhu sau:

- Cac genome vi khuan. Cac trinh ty hoan chinh cua genome
Escherichia coli da dugc xac dinh theo phuong thirc t6 hop/tap hop
(consortium) cua cac phong thi nghiém. Nam 1995, hai trinh ty genome
hoan chinh cta vi khuidn Haemophilus influenzae va Mycoplasma
genitalium ciing dugc hoan thanh. Loai M. genitalium c6 mt genome don
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gian (khoang 580.067 base), do n6 dua vao vat chu dé van hanh nhiéu bo
may trao d6i chit cia minh. Loai H. influenzae 13 mot vi khuan dic trung
hon, va c6 genome khoang 1.830.121 base véi 1.749 gen.

- Chudi genome hoan chinh cia ndm men Saccharomyces cerevisiae
da dugc hoan chinh trong ndm 1996, nhd mét consortium cua cac phong thi
nghi¢m. Genome cua chiing dai 12.146.000 base.

- Cac du an genome ¢ dong vat nhu: chudt, ctru, lon, giun tron
(Caenorhabditis elegans), rudi gidm (Drosophila melanogaster)..., hodc &
thuc vat nhu: lha nudce, laa mi, ngd, tdo, cic dai..., ma ndi bat nhét trong )
do6 1a dy 4n genome nguoi cting da dugce thyuc hién.

Ngay 12. 2. 2001 genome ngudi da dugce cong bd véi khoang 30.000
gen, it hon nhiéu so véi du kién trude day (hang tram ngan gen), va chi gip
hai lan giun tron hodc rudi gidm. Ngudi ta ¢4 xac dinh hé gen nguoi giéng
98% so v&i tinh tinh va c6 dén 99% la giéng nhau gitra cac dan tdc, cac ca
thé. Do d6, van dé hinh thanh va phat trién nhan cach, chi s6 thong minh...
phai cha yéu trén co so xa hoi va su rén luyén cia ting nguoi dé phat trién
tiém nang sinh hoc ctia ban than.

Trinh ty genome cua nhitng sinh vit mé hinh rit c6 y nghia trong
nhiing nghién ctru cia mot chuyén nganh khoa hoc méi do 1a genome hoc
(genomics). Dua vao ddy, cac nha sinh hoc phan tir co thé phan tich cu
triic, hoat dong va chic nang cua cac gen, lam sang t6 dugc vai tro cla
DNA 1ip lai, DNA khong chira ma di truyén, DNA nam gitra cac gen... Diéu
dic biét c6 ¥ nghia 1a khi so sanh cac genome voi nhau, co thé hiéu dugc
hoat dong ctia genome trong cac co thé séng, mbi quan hé giita ching, su da
dang sinh hoc va muc d¢ tién hoa.

Két qua budc dau so sanh genome giita cac loai sinh vat v6i nhau da
cho thiy c6 ba dic diém ndi bat: 1) cic gen phan bd trong genome khong
theo qui luat, 2) kich thudc clia genome thay d6i khong ty 1é thuan (twong
quan) v6i tinh phirc tap cta loai, 3) sd lwong nhiém sic thé ciing rat khac
nhau ngay giita nhiing loai rat gan nhau.

I. Thanh phan va dic diém ciia genome

Genome chira moi thong tin di truyén dic trung cho timg loai, thim
chi cho timg ca thé trong loai. Genome c6 thé bao gdm céac phan tir DNA
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hodc RNA. Pi véi sinh vat bac cao, kich thude genome thay dbi tir 10° bp
(dong vat co vi) dén 10 bp (thuc vat). Khac voi té bao tién nhan
(prokaryote), cac gen trong genome cuia eukaryote thudng ton tai nhiéu ban
sao va thuong bi gian doan bdi cac doan ma mu khong mang thong tin di
truyén (cac intron). Vi vdy, mot trong nhitng vin dé dang duoc quan tam 1a
can phai biét s6 luong cac gen khac nhau c6 mit trong genome ciing nhu s6
luong cac gen hoat dong trong timg loai md, timg giai doan phat trién va ty
1€ cac gen so véi kich thudc genome...

1. Genome cua co quan tw

Hau hét genome ciia co quan tir, nhung khong phai luén ludn, c¢6 dang
phan tir DNA mach vong don ctia mot chudi duy nhat.

Genome cta co quan tir md héa cho mot sd, khong phai tat ca, cac
protein dugc tim thiy trong co quan tir. Do ¢6 nhiéu co quan tir trong mot té
bao, cho nén c¢6 nhiéu genome cua co quan tr trén mot té bao. Mic du ban
than genome cua co quan tir 13 duy nhat. Nhung né cu tao gdm mdot chudi
lap lai1 lién quan véi moi chudi khong lap lai2 ciia nhan. Vé nguyén tac, cac
gen co quan tir dugc phién ma va dich ma béi céc co quan tir.

1.1. Genome cua ty thé

DNA ty thé (mitochondrial DNA-mtDNA) 1& mot genome doc lap,
thuong 1a mach vong, dugc dinh vi trong ty thé.

- DNA ty thé ciia té bao dong vat ma hoa dic trung cho 13 protein, 2
rRNA va 22 tRNA.

- DNA ty thé ctia ndm men S. cerevisiae dai hon mtDNA cua té bao
dong vat nam 1an do su c6 mit cua cac doan intron dai.

Céc genome ty thé c6 kich thudc tong sb rat khac nhau, cac té bao
dong vat co kich thudc genome nho (khoang 16,5 kb & dong vat co vi)
(Hinh 2.1). C6 khoang mét vai trim ty thé trén mot té bao. Mdi ty thé co

! DNA 13p lai mo ta cac chudi hién dién hon mdt ban sao trong modi genome.
> DNA khong lap lai chira cac chudi duy nhét: chi c6 mot ban sao trong genome
don boi.
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nhiéu ban sao DNA. S luong tong s6 cia DNA ty thé so voi DNA nhan 1a
rat nho (<1%).

Trong nim men S. cerevisiae, genome ty thé co kich thudc kha 1én
(khoang 80 kb) va khac nhau tiy thudc vao ting chung. C6 khoang 22 ty thé
trén mot té bao, twong tmg khoang 4 genome trén mot co quan tir. O nhimng
té bao sinh truong, ty 16 mtDNA cé thé cao hon (khoang 18%).

Kich thudc cia genome ty thé & cac loai thuc vat 1a rat khac nhau, tdi
thiéu khoang 100 kb. Kich thuéc 16n ciia genome di gay kho khan cho viéc
phan 14p nguyén ven DNA, nhung ban d6 cit han ché (restriction map)
trong mot vai loai thyc vat da cho thay genome ty thé thuong 13 mot chudi
don, duoc ciu tao nhu mdt mach vong. Trong mach vong nay c6 nhiing
chudi twong dong ngin va sy tai to hop giita chung da sinh ra cac phén tir
tiéu genome (subgenome) mach vong nho hon, cung ton tai véi genome
“chu” (master genome) hoan chinh, da giai thich cho sy phuc tap ctua céac
DNA ty thé ¢ thuc vat.

Cytb D-loop

ND5 #\D6 12S rRNA

ND1

ND2

Il Céc gen tRNA

[ cac ving ma hoa

—> Huwéng clia gen, 5’ dén 3’
CO: cytochrome oxidase

ND: NADH dehydrogenase

Hinh 2.1. DNA ty thé ciia nguwoi. Bao gdm 22 gen tRNA, 2 gen rRNA, va 13
vung mé& héa protein.
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Bang 2.1 tom tat su phan céng cua cac gen trong mot sd genome ty
thé. Tong sb gen ma hoa protein 1a kha it, va khong twong quan véi kich
thude cta genome. Ty thé dong vat c6 va st dung cac genome 16 kb cua
chung dé ma héa cho 13 protein, trong khi d6 ty thé nAm men S. cerevisiae
dung cac genome tur 60-80 kb ma hoa cho khoang 8 protein. Thuc vat véi
genome ty thé 16n hon nhiéu mi hoa cho nhiéu protein hon. Céc intron dugc
tim thay trong hu hét cdc genome cua ty thé, nhung lai khong co6 trong cac
genome rat nho cua dong vt c6 v

Hai rRNA chinh luén duoc ma hoa boi genome ty thé. Sé luong cac
tRNA duoc ma héa boi genome ty thé dao dong tir khong cho dén day du
(25-26 trong ty thé). Nhiéu protein ribosome dwoc mi hoa trong genome ty
thé cua thuc vat va sinh vat nguyén sinh, nhung chi c6 mot it hoic khong c6
trong genome ctia ndm va dong vat.

Bang 2.1. Cac genome ty thé c6 cac gen ma héa cho céac protein, rRNA va
tRNA

Ty thé ma héa cho cac RNA va protein
Loai Kich thwéc Cac gen ma Cac gen ma
(Kb) héa protein héa RNA
Nim 19-100 8-14 10-28
Sinh vat nguyén sinh 6-100 3-62 2-29
Thuc vat 186-366 27-34 21-30
Dong vat 16-17 13 4-24

1.2. Genome cua lap thé

DNA lap thé (chloroplast DNA-ctDNA) ciing 1a mot DNA genome

doc lap, thuong 1a mach vong, dugc tim théy trong lap thé cta thuc vat.

- Genome cua lap thé rat khac nhau vé kich thudc, nhung du 16n dé

ma hoéa cho khoang 50-100 protein cling nhu rRNA va tRNA.
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- DNA lap thé dai tir 120-190 kb. Cac genome cua lap thé da duoc
phan tich trinh tu cho thay c6 khoang 87-183 gen. Bang 2.2 mé ta cac chirc
ning dugc ma hoa boi genome lap thé ¢ cay trong.

Bing 2.2. Genome ciia lap thé & cac ciy trong ma héa cho 4 rRNA, 30 tRNA
va khoang 60 protein

Cic lap thé c6 hon 100 gen

Cac gen

- M& hoa RNA

16S rRNA

23S rRNA

4,5S rRNA

5S rRNA

tRNA

- Biéu hién gen

Cac r-protein

RNA polymerase
Khéc

- Céc chirc ning ciia lap thé
Rubisco va thylakoids
NADH dehydrogenase

Noi chung, cac dic diém cua genome lap thé tuong tu ¢ ty thé, ngoai
trir lap thé mang nhiéu gen hon. Genome lap thé ma héa cho tat ca cac loai
rRNA va tRNA can thiét trong tong hop protein, va cho khoang 50 protein,
bao gdm ca RNA polymerase va cac protein ribosome.

Céc intron trong lap thé duoc chia thanh hai nhom: 1) nhiing intron &
trén cac gen tRNA thuong (mac du khong chéc chén) duogc dinh vi trong
vong anticodon, giéng nhu cac intron duoc tim thay trong cic gen tRNA
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ciia nhan ndm men S. cerevisiae; 2) nhitng intron trong cac gen ma hoa
protein tuong ty véi cac intron ctia cac gen ty thé.

Vai tro cua lap thé 13 thyc hién qué trinh quang hop. Do d6, nhiéu gen
cua ndé ma hoa cho cac protein cua cac phuic hop dinh vi trong cdc mang
thylakoid. Mét vai phtrc hop protein cta lap thé gidng cac phic hop protein
ctia ty thé: c6 mot sd tiéu don vi duoc mé hoa bdi genome ciia co quan tir va
mot sé khac duogc ma hoa boi genome cua nhan. Nhung cac phic hop con
lai dwoc mé hoa hoan toan boi genome lap thé.

2. DBong hoc cua phan vng lai DNA

Ban chit chung cua eukaryotic genome duoc phan anh qua dong hoc
cua sy tai lién két cac DNA (DNA reassociation kinetics) bi bién tinh. Su tai
lién két giira cac chudi DNA b6 sung xay ra nhd bt cip base, nguoc lai véi
qua trinh bién tinh (denaturation) ma nho d6 ching duoc tach rdi (Hinh 2.2)
dé thyuc hién sy tai ban hodc phién ma. Bong hoc cua phan ung tai lién két
phan anh sy khac nhau ctia cac chudi hién dién, vi thé phan tng nay c6 thé
dugc dung dé dinh luong cac gen va cac san pham RNA cua chung.

' Bién tinh

Hbi tinh

l

Hinh 2.2. DNA c6 thé bién tinh va hoi tinh
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Bang 2.3 mo ti phan ung tai lién két. Sy hdi tinh cua DNA
(renaturation) phu thudc vao sy va cham ngau nhién cta cac chudi bd sung.
Phan tmg cta cac DNA riéng biét c6 thé duoc mo ta bang cac diéu kién can
thiét cho sy hoan thanh mot nta (half-completion). Pay 1a tich sb cua
Coxtyp va duogc goi la Cotyp. Gid tri nay ty 1¢ nghich véi héng sb toc do. Do
Cotyp 12 tich sd cua néng do va thoi gian yéu cau cho mot nira duodng, nén
mot gid tri Cotyp 16n hon dan dén mot phan tng cham hon.

Bang 2.3. M{t phan wng tai lién két ciia DNA dwoc mo ta béi Coty)n

Phan ing lai phu thugc vao Cot

Téc dg phan iing

Phén tng theo phuong trinh béc hai

P e
dt

C 1a ndng do ctia DNA soi don ¢ thoi diém t.

K 1a hiang s toc do tai lién két.

Tién dé phan img

Lay tich phan phuong trinh téc d6 giita cac giéi han: ndng do
ban dau cia DNA = C, ¢ thoi diém t = 0; nong do duy tri soi
don = C sau thoi gian t

C 1

C, 1+kC,t

Thong 50 t6i han la Coty

Khi phan tng hoan thanh mét nira ¢ thoi diém t = %

Cc 1 1

C, 2 1+kC,t,

. 1
Vi thé Cot1/2 = C0t1/2 = K
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Sy hoi tinh cia DNA thudng c¢6 dang duong cong Cot, duong cong
biéu dién do thi phan sb cia DNA duoc tai lién két (1-C/Cy) theo log cua
Cot. Hinh 2.3 trinh bay duong cong Cgt ciia mot sd genome don gian. Cac
duong cong c6 dang tuong tu nhau, nhung gia tri Coty;, cla mdi duong la
khac nhau.

Céc genome trong hinh 2.3 dai dién cho cac nguén DNA khac nhau
(PolyU:PolyA, thuc khuan thé MS2, thyc khuan thé T4 va vi khuén E. coli).
Cotyz lién quan tryc tiép voi luong DNA trong genome. Diéu nay phan anh
tinh trang khi genome tr& nén phuc tap hon, thi s& c6 thém mot sé ban sao
ctia mot vai chudi dic biét trong mot lwong DNA c6 trude. Vi du: néu Cq
ciia DNA 1a 12 pg, thi né s& chtra khoang 3.000 ban sao ciia mdi trinh tu
trong genome vi khuén.

Genome 1 3500 1.7 x 1054.2 X 106 bp|
Poly U: poly A MS2 T4 E. coli

N 177114 /'//
/ /// /

10-)10-510-4 312, 2

Tiéu phan tai lién két

0 10°§J0°10 | 1 10 10

Cotp 2% 107 8x10° 3x10 " 9

Hinh 2.3. Coty, phu thude vao dé phirc tap ciia genome. PolyU:PolyA, thuc
khuan thé MS2, thuc khuan thé T4 va vi khuan E. coli.

3. Kich thuge cua genome

Khong phai tat ca cac doan DNA trong genome déu twong tng véi cac
gen (ma hoa cho protein hoic mot san pham céan thiét cho hoat dong sdng
ctia té bao). Tir nhitng nim 1970, bang cac thi nghiém gy bio hoa dot bién
nguoi ta da co thé xac dinh duogc sd gen nam trén mot doan nhiém sic thé.
Ngay nay, nho céac k¥ thuat phan tich DNA va RNA hién dai (Southern blot,
Northern blot, microarray...) cAc nha khoa hoc c6 thé xac dinh sb gen hoat

Sinh hoc phan tir 34



dong trong mot té bao. Vi du: ¢ té bao ndm men S. cerevisiae (sinh vat
eukaryote bac thip) co khoang 4.000 gen hoat dong, con té bao dong vit co
va khoang 10.000-15.000 gen. Nhu vy, néu d6 dai trung binh ctia mot gen
khoang 10 kb thi tong sb chiéu dai cac gen hoat dong trong mot té bao ciing
chi chiém 1-2% genome. Hay noi cach khac, chi mot phan rat nho genome
mang thong tin di truyén can thiét cho hoat dong sdng cua té bao. Vay phan
genome con lai c6 vai tro gi, va tinh phuce tap cta loai c6 lién quan gi voi
kich thude genome hay khong?

Dé lam sang to van dé trén, chung ta can xem xét kich thude genome
cia mot sd loai gan nhau trong bac thang tién hoa (co do phurc tap loai
twong tu nhau) cling nhu genome cua nhiing loai xa nhau (c6 tinh phutc tap
khac nhau). Chang han:

- Genome cua ngudi c6 kich thuée khoang 3,3x10° bp, trong khi d6
genome cua nhiing loai ludng cu dai khoang 3,1x10° bp hodc thuc vat ¢6
thé 1én dén 10™ bp. Nhu vay, c6 phai 1a cac loai ludng cu 6 tinh phirc tap
tuong tu co thé chung ta?

- Hay 1a ngay trong cting mét loai, chung ta ciing nhan thdy c6 su mau
thuan vé kich thudc genome? Vi du: rudi nha (Musca domestica) c6 genome
khoang 8,6x10°% bp, 16n gip sau lan kich thudc genome cua rudi gidm
khoang 1,4x10°bp. Ngoai ra, trong c4c lodi ludng cu kich thudc genome cua
chiing ciing thay dbi kha 16n tir 10°-10™ bp. Vi sao ngay trong cting mot loai
ma kich thudc genome lai bién thién nhiéu nhu vay, c6 phai rudi nha co ciu
tao phurc tap hon nhiéu so v6i rudi giam?

Tur nhitng dir lidu trén, chiing ta ¢6 thé nhan dinh rang tinh phirc tap
ctia loai khong lién quan dén kich thudc cia genome. Tuy nhién, vai tro cia
phan genome con lai (phan khong ma hoa) dén nay van chua dugc biét
nhiéu.

4. Tong so gen dwoc biét & mot sé loai eukaryote

C6 6.000 gen & nam men S. cerevisiae, 18.500 gen & giun tron, 13.600
gen & rudi gidm, 25.000 gen ¢ Arabidopsis, va c6 kha niang 30.000 gen &
chudt va < 30.000 gen & nguoi.

Nhu ching ta da biét, mdi quan hé giira kich thudc genome va sb
lugng gen da khong con nira. Genome cua cac sinh vat eukaryote don bao
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¢6 cung pham vi kich thudc véi genome ciia vi khudn 16n nhét. Cac
eukaryote bac cao c6 nhiéu gen hon, nhung sé luong khong twong quan véi
kich thudc genome.

Hinh 2.4 cho thidy genome cia loai ndm men S. cerevisiae dai
13.500 kb va loai nAm men S. pombe 14 12.500 kb, c6 khoang 6.000 gen va
5.000 gen tuong tmg. Khung doc mé trung binh khoang 1,4 kb, vi thé
khoang 70% genome dugc chiém giit boi cic ving mi héa. Su khac nhau
chu yéu giira chung 1 chi 5% gen cua S. cerevisiae co intron, so v&i 43%
cua S. pombe.

Genome cua giun tron c6 khoang 18.500 gen. Mac du genome cua
rudi gidm 16n hon genome ciia giun tron, nhung chung lai ¢6 sd gen it hon.
Dén nay, ching ta chua hiéu tai sao rudi gidm-mot co thé phirc tap hon
nhiu-chi c6 70% s6 gen so voi giun tron. Piéu nay di cho thiy khong co
mot mbi quan hé chinh xéc giira s6 gen va tinh phirc tap clia co quan.

s | | |

40,000

30,000 .. —Cht
20, 000.-... __________________

10’Ooo.ﬁ“..“-_-

100 200 300 400 500 3000
Kich thwéc genome (Mb)

Hinh 2.4. S6 lwgng gen ciia sinh vit eukaryote rat khic nhau. Thay ddi tir
6.000-40.000 nhung khong tuong quan véi kich thude genome hoac do phurc tap
ctia co thé.

Cay Arabidopsis c6 kich thudc genome trung gian gilra giun tron va
rudi gidm, nhung lai c6 sb gen 16n hon ca hai (25.000). Piéu ndy mdt lan
nira cho tha‘iy khong c6 mot quan h¢ rd rang, va cling nhan manh nét dic biét
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cua thyuc vat, 1 c6 thé ¢6 nhiéu gen hon (do sy nhan d6i cua 6ng ba td tién
truyén lai) cac té bao dong vat. Pa sb genome Arabidopsis duoc tim thay
trong cac doan dugc nhan doéi, goi y réng c6 mot sy nhan doi xa xua trong
genome (tao ra mot dang tir bdi). Chi 35% cac gen ctia Arabidopsis hién
dién nhu cac ban sao don.

Genome ctia ltia 16n hon Arabidopsis khoang 4 1an, nhung sb gen chi
16n hon khoang 50%, c6 kha ning khoang 40.000 gen. DNA lip lai chiém
khoang 42-45% genome. Hon 80% gen tim thiy trong Arabidopsis dugc
hién dién trong lta. Trong sb nhimg gen chung nay, khoang 8.000 co trong
Arabidopsis va laa nhung khong thdy & bit ky genome dong vat hodc vi
khudn nao (nhitng gen dd dugc phan tich trinh tw). C6 kha ning day 1a tap
hop cac gen mé hoa cho cac chirc ning dic trung cia thuc vat, chang han
nhu quang hop.

I1. Tinh phirc tap cua genome

Két qua nghién ctru dong hoc ciia cac phan ung lai dugc tién hanh
giita genomic DNA v&i cDNA (complementary DNA-DNA bd sung), giita
DNA v&i mRNA... cho thiy hdu hét cac gen hoat dong déu nam trong thanh
phan DNA khéng lap lai. Nhu vay, thanh phan nay c6 ¥ nghia rat quan trong
trong viéc danh gia tinh phtrc tap cua genome. Hay noi cach khac, dua vao
thanh phan DNA khong lap lai c6 thé biét duoc kich thuéc genome ciing
nhu mirc d6 tién hoa cia loai. Néu nhu kich thudc genome (& trang thai don
boi) duge coi 1a mot thong sé dong hoc (ky hiéu C), thi gid tri nay dac trung
cho tirng loai va khong phai luon ludn ty 1€ thuén vai tinh phtre tap cua loai.
Nguoc lai, gia tri C phan 4nh cac dic diém sau:

- S6 lugng DNA ma héa cho cac san pham can thiét d6i voi hoat dong
song ctia co thé rat nho so vai sé lugng DNA c6 trong genome.

- C6 su bién doi rat 16n cla gid tri C gilta mot s6 loai ma tinh phirc tap
ctia chung khong khac nhau nhiéu.

Genome vi khuan duoc xem 1a chi chtra cic doan DNA khong lap lai
va cic gen thuong ton tai ban sao don. Nguogc lai, genome cua eukaryote
thuong chira cac gen co6 hai hodc nhiéu ban sao. Hon nira, trinh tu
nucleotide ctia cac ban sao nay c6 thé khong gidng nhau hoan toan mic du
san pham protein ma ching ma hoa c6 cing mdt chirc ning. Cac ban sao
tuong dong cia mot gen dugc xép chung vao mot nhém goi 1a mot ho gen
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(gene family). Nhu viy, ngoai cic gen c6 mdt ban sao gibng nhu & vi
khuan, genome ctia eukaryote con chira cac ho gen. Hau hét cic gen md hoa
cho protein d3 duoc phan 1ap déu ndm trong cac ho gen khac nhau. Cac gen
trong mot ho thuong hoat dong theo thoi gian va khong gian. Piéu dé c¢b
nghia, moi thanh vién trong ho thudng hoat dong & mot thoi diém nhét dinh
trong qua trinh hinh thanh va phat trién c4 thé hodc hoat dong trong cac mé
chuyén biét. Khi mot thanh vién trong ho bi dot bién (bat hoat) thi thanh
vién khac c6 thé hoat dong thay thé.

Khai niém vé gen dugc hinh thanh khi cac nha di truyén hoc c6 dién
nghién ctru biéu hién céc tinh trang méi do gdy dot bién DNA cia genome
vi khuan hay thuc khuin thé (bacteriophage). Mot gen dwoc xem la mot
doan DNA ma bit ctr dot bién nao xay ra trén d6 déu dan dén xuét hién tinh
trang méi. Piéu nay dé hiéu ddi v6i nhitng genome chi chira cdc gen c6 mot
ban sao (nhu genome cua prokaryote). Tuy nhién, & genome cua eukaryote,
khi c6 nhiéu gen cung qui dinh mot tinh trang hodc cic gen tuwong dong
trong mot ho cé thé hoat dong hd tro thay thé nhau thi dot bién trén mot gen
khong phai luc nao ciing quan sat dugc ¢ mirc dd phenotype. Mét khac, cac
doan DNA tuong tng véi trinh ty ma héa (coding sequence, exon) cho mot
protein thudng bi ngit quing boi cac doan DNA khong chira thong tin di
truyén (non-coding sequence, intervening sequence, intron). C&c intron
duoc phién ma ciing v6i cac exon sang phan tir RNA goi 13 phan tir tién than
MRNA (pre-mature mRNA hay pre-mRNA) nhung sau d6 chiung bi loai bo
va cac exon duoc ndi lai v6i nhau tao thanh phan tt mRNA hoan chinh
(mature mRNA hay mRNA) duoc dung cho qua trinh sinh tong hop protein.
Qua trinh cit cac intron, ndi exon khong tuan theo mot trat tu bit budec ma
bién hoa da dang tao ra cac phan tir mRNA khéc nhau tir mot phan tir pre-
mRNA (Hinh 2.5). Bén canh mRNA, cac phan to rRNA va tRNA ciing
dugc hinh thanh tir cdc phan tir tién than chira intron. Ngoai ra, con ¢6 hién
tugng ma di truyén cta gen nay nim xen k& v&i cac ma di truyén cua gen
khac (cac gen nam gdi 1én nhau-overlapping) hodc truong hop dich chuyén
khung doc ngay trén mdt doan DNA.

Chung ta da biét dén chirc ning ciia cac phan tir RNA trong hoat dong
song cua té bao. Bén canh ba loai RNA da dugc nghién ctru kha kj (mRNA,
rRNA va tRNA), vai tro cua mot s6 loai RNA khac mdéi duoc phat hién vao
nhitng ndm cudi thé ky 20. Chung kiém soat su hoat dong cua gen (hién
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tuong bét hoat gen-gene silencing), tham gia phan mg doc stra thong tin di
truyén trén phan tr mRNA (hién tuong RNA editing) hay quyét dinh tinh
bén vimng cia mRNA (c4c ribonuclease)... Tham chi c¢6 nhitng phan tir pre-
mRNA duoc tong hop khong phai ma héa cho protein ma véi muyc dich
phan cit tao ra nhitng phan tir RNA c6 kich thudc nho hon tham gia qua
trinh kiém soat hoat dong cua cac gen khac. Dot bién & nhitng doan DNA
ma hoa cho tit ca cac loai RNA nay thuong gin lién véi viée xut hién tinh
trang ma&i. Do do, can xem xét cac doan nucleotide d6 nhu cac gen mac du
chung khdng ma héa cho protein.

Trinh ty ma hda RNA

DNA M@‘MMW

Promoter . . Terminator
PHIEN MA
M Dudi Poly(A)
Exon Intron Exon Intron Exon
Pre-mRNA 5 ::::::::::::::::1 [::::::::::::::::1 |:::::::::::::::::— AAAAAAA 3’
Trinh tw chi huy Doan kéo dai
Hoan chinh RNA: loai bé intron

Trinh ty ma héa protein

MRNA s QI

l DICH MA

Hinh 2.5. Cic gen bi gian doan dwoc biéu hién thong qua RNA tién than. Céc
intron duoc loai bo, trong khi d6 cac exon dugc ndi lai voi nhau. mRNA chi ¢6 cac
trinh tuy cua exon duoc dich ma thanh chudi polypeptide.

Ngay nay, theo quan diém cta sinh hoc phan tir, mot gen duoc xem la
mot doan DNA ma héa cho mot san pham can thiét ddi v6i hoat dong sdng
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ctia té bao. RS rang rang khong phai chi c6 DNA ma héa cho protein ma ca
cac DNA ma héa cho rRNA, tRNA va cac loai RNA khac tham gia vao
nhirng phuong thirc kiém soat hoat dong cua genome ciing duoc xac dinh 1a
gen.

III. Thay déi trit tw ciia cac doan DNA trong genome-Transposon
1. Su thay doi trét tw cia cac doan DNA trong genome

Nhu d3 biét kich thudc va ciu triic genome cua cac loai rat khac nhau.
Nguyén nhan cta su da dang nay 1 do: 1) trao d6i chéo gitra cac cap nhiém
sdc thé twong ddng xay ra trong phan bao giam nhidm di dan dén sy da
dang trong loai; 2) trong genome trt tu cac doan DNA ciing nhu cdu tric
cac gen dugc sap xép lai, dic trung cho timg ca thé. Chinh cac yéu t6 di
truyén c6 kha nang di chuyén gitta cac vi tri trong mot genome hodc giita
cac genome khéc nhau di gép phan 1am da dang di truyén giira cac ca thé
trong loai.

Céc yéu t6 di truyén c6 kha ning di chuyén dugc xép vao ba nhom
chinh tuy thudc vao tinh doc 1ap ctua chung:

- Nhom thir nhat gdm cac yéu té co kha nang di chuyén giita cac vi tri
khac nhau trong genome.

- Nhom thtr hai gdm cac yéu t6 c6 kha nang ghép vao va tach ra khoi
genome dé ton tai doc lap trong té bao (cic episome nhu plasmid F,
bacteriophage).

- Nhom thir ba chi di chuyén dudi sy kiém soét cia té bao & nhiing
giai doan sinh trudng phat trién nhat dinh dé sap xép khoi dong mot s gen
ddc biét (hinh thanh cassette hoat dong & nam men S. cerevisiae, ky sinh
tring don bao Trypanosome).

Sy di chuyén cua cac yéu té & nhom thir hai va tha ba lién quan ti tai
t6 hop tuong ddng hodc tai to hop & cac vi tri ddc hiéu. Mic du khong co
kha ning ton tai doc 1ap bén ngoai genome, nhom thir nhat tu kiém soat sy
di chuyén cta chung trong genome va khong doi hoi su tuong dong gitta
chang véi vi tri ghép vao. Do d6, co thé néi chung di chuyén mét cach ty do
trong genome va dugc goi tén chung 1a cac yéu t6 di chuyén (transposable
elements, transposons). Trong khi thuc khuan thé A dugc xem 13 episome,
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thi thuc khuin thé Mu va mot sb retrovirus & eukaryote dugc xem Ia
transposable elements.
2. Céc transposon

Cac yéu t di chuyén ¢ thé duoc chia 1am hai loai dua vao cach thuc
di chuyén cua ching:

- Loai thir nhat duoc goi la retroelement, chung phai trai qua hinh thac
trung gian RNA trong qud trinh di chuyén (RNA genome dugc sao chép nhd
reverse transcriptase tao ra cDNA dé ghép vao vi tri méi) (Hinh 2.6).

- Loai thir hai 1a cac doan DNA hoac bi tach ra hoac duoc tai ban tao
thém ban sao dé ghép vao vi tri méi. Thong thudng, loai thir hai nay duoc
goi la transposon.

Ban sao méi
DNA cuia genome Retroelement cla retroelement
A
l (1) Phién méa
(2) Dich ma (— (5) Xen doan cla

RNA retroelement DNA
(3) Phién méa nguwoc
\ RNA thanh DNA
Reverse
transcriptase

(4) Téng hop soi
DNA th hai

o=

Hinh 2.6. Retroelement

Su ton tai ctia cac transposon (con goi 1a gen nhay) 1a nét dac trung
cua té bao thuc vat. O sinh vat eukaryote, cac transposon con dugc goi la
yéu t6 kiém soét (controlling elements). Transposon c6 thé di chuyén tir
nhiém sic thé nay sang nhi®m sic thé khac hodc ¢ cac vi tri khac nhau trén
cung mot nhiém sic thé. Ching c¢6 thé “nhay” vao giita ddy ma cia mot gen
dang hoat dong lam cho gen nay bét hoat hodc nguoc lai. O cay ngd, nguoi
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ta da phat hién 10 nhom transposon va mt s6 trong chiing da dugc giai ma.
Tét ca ching déu c6 kich thude khoang 4.200 nucleotide va khac nhau chu
yéu ¢ doan ma tan cung cua gen.

Khi di chuyén, cac transposon gdy ra viéc sip xép va to chuc lai
genome cua timg c4 thé nhu tao cac doan DNA mdi & vi tri chung ghép vao
va tach ra. Chung c6 thé di chuyén t6i vi tri bt ky va hoan toan khong can
mot mdi quan hé nao giira hai vi tri méi va cii. Khi tach ra transposon c6 thé
mang theo cac doan DNA bén canh, gay ra su mét doan tai vi tri cil. Nguoc
lai, khi ghép vao vi tri méi, ching gay ra hién tuong thém doan hoic chuyén
doan & vi tri moi. Do d6, transposon gidng nhu cac vector chuyén chd DNA
tor noi ndy sang noi khac trong mot genome hodc tir genome nay sang
genome khac.

Ngoai ra, trao d6i chéo giita cac transposon tuong dong & hai vi tri
khéac nhau trén mét hodc trén hai nhiém sic thé cling tao ra nhiing bién doi
tuong tu. Nhitng bién d6i d6 dan dén viéc sép Xép lai genome, tao ra tinh da
dang giita ching va tinh dic thu riéng cua timg ca thé. DPac biét, sy thay doi
vi tri ctia cac transposon con c6 thé anh hudng dén hoat dong cua cac gen
phan bd xung quanh ngay khi ching khong 1am thay di trat tw nucleotide &
nhitng gen nay. Tan sb ghép cla cac transposon vao genome khoang 107-
107" sau mdi thé hé. Nguoc lai, tan s tach ra khoang 10 dén 1022,

Céc transposon c6 thé chia 1am hai nhém dua vao kha ning di chuyén
ddc 1ap hay phai phu thude vao sy c6 mat cia transposon khac:

- Nhém thir nhat gdm cac doan DNA c¢6 kha niang di chuyén doc lap.
Chung chtra gen mé hoa cho cac protein diéu khién qua trinh d6, vi du nhur
enzyme nhan biét hai dau transposon dé tach chiing ra khoi vi tri cii va ghép
vao vi tri mgi. Do dd, qué trinh nay dugc thuc hién hoan toan doc 1ap. Nho
kha ning nay, ching tao ra cac dot bién khong bén viing.

- Nhom thir hai gdm cac transposon khong ¢ kha ning ty hoat dong,
tic 1 chung khong c6 kha niang di chuyén do khong mang du thong tin di
truyén ma hoa cho cac enzyme can thiét. Vi vay, cac transposon loai nay tao
ra nhitng dot bién gen mot cach ty phat nhung 1a dot bién bén ving. Viéc di
chuyén cta transposon & nhém nay phu thudc vao su c6 mit cua transposon
c¢6 kha ning hoat dong doc lap cung nhom. Hai transposon ¢ thé xép vao
cung nhém khi chung co ciu trac tuong déng nhau, dac biét 1a cac doan
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oligonucleotide phan bd & hai dau transposon. Pay 14 vi tri ¢& enzyme nhan
biét va cit ndi transposon & vi tri di va dén.

Céc transposon don gian nhat & vi khudn dwoc goi 1a IS (insertion
sequences). Ching c¢6 thé ndm trén chromosome hodc trén cac plasmid.
Transposon Vi khuan khong gitr mot chie ning nao trong t& bao. Trinh tu
nucleotide & mot dau IS thudng lip lai nhung nguoc chiu so véi dau kia
(inverted repeat). Vi du nhue GGTAT-X,-ATACC. Do do, khi sgi doi IS tach
thanh hai soi don thi mdi sgi nay c6 kha nang hinh thanh lién két b sung tai
hai dau ciia IS tao cdu tric than-quai/cén-thong long (stem-loop).

Transposon thuong ma hda cho cac enzyme transposase lam nhiém vu
nhan biét chudi nucleotide ldp lai ngugc chiéu (inverted repeat) dé cit
transposon va di chuyén. Khi mot IS dugc ghép vao vi tri bat ky cua
genome thi mot doan ngan DNA tai vi tri ndy duoc nhan doi, tirc 13 hai dau
cua IS duoc chan boi cac nucleotide giéng nhau, sép xép theo cung mat
chiéu. Vi vay, doan ngén DNA nay dugc goi 1a “lap lai xuoi chiéu” (direct
repeat). Chiéu dai ctia chung thuong khoang 9 bp (Hinh 2.7). Dua vio su ¢o
mat cua cac doan cung chiéu va ngugc chiéu co thé xac dinh duoc vi tri
transposon ghép vao hodc chuyén di.

Ngoai cac IS, & vi khuan con cé cac doan DNA c6 kha ning di chuyén
v6i kich thude dai hon, goi 1a Ty Cac T, thuong phan bd trén plasmid (phan
tr DNA dang vong, kich thudce thuong khong 16n) va c¢6 kha nang chen vao
bat ky vi tri nao trong genome. Ching thuong mang thong tin di truyén ma
hoa cho cac protein khang khang sinh. Giita IS va T, c6 mdi quan hé vé
trinh ty cac nucleotide. Cac T, thuong dugc gioi han ¢ hai dau boi mot loai
IS nao do.

Qua trinh di chuyén ctia mot transposon tur vi tri ¢l (vi tri cho, donor)
sang vi tri m&i (vi tri nhén, recipient) xay ra theo hai co ché khac nhau:

- Co ché sao y ban chinh (transposon ¢é mit & ca hai vi tri). Theo
co ché nay, phién ban sau khi dugc sao chép tir vi tri cho s& dugc ghép vao
vi tri nhan. Nhu vay, mdi lan di chuyén thi s6 lugng ban sao duoc tang 1én.
Qué trinh nay lién quan dén hai loai enzyme: transposase (tic dong vao hai
dau ban gdc transposon) va resolvase (tic dong 1én ban sao).

- Co ché tich ra khéi vi tri cii di chuyén dén vi tri méi. Theo co
ché nay, mot transposon c6 thé tach ra khoi vi tri cii va ghép vao vi tri méi.
Nhu vdy, sb lugng transposon khong thay d6i. Kiéu di chuyén nay chi can
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enzyme transposase. Khi transposon chuyén di, vi tri cli bi gdy va n6 dugc
noi lai nho co ché stra chira DNA trong té bao.

123456789 D 987654321

123456789 987654321

S A\ T G C A cED
CGEEEEEEEEEEE——— | A C G T cE

DNA chu Vi tri dich DNA chu

J

TG CA12345678) ca— 037654321 ATGCA G
o TACGT1234567890 caneeem» 987654321 TACGT CE——

Lap lai Lap lai _ Transposon Lap lai _ Lap lai
xudi chiéu ngwoc chiéu ngwoc chiéu xudi chiéu
Chiéu dai tbng s6 | Chon loc dich
IS1 9bp | 23bp 768 bp ngau nhién
IS2 5bp | 41bp 1327 bp cac diém nong
1S4 11-13bp | 18bp 1428 bp AAANTTT
IS5 4bp | 16 bp 1195 bp cac diém nong
ISI0R 9bp | 22bp 1329 bp NGCTNAGCN
IS50R 9bp | 9bp 1531 bp cac diém nong
1S903 9bp | 18bp 1057 bp ngau nhién

Hinh 2.7. Mt transposon c6 doan lip lai ngwec chidu gdm 9 nucleotide
(123456789) gan vao vi tri c6 5 nucleotide (ATGCA). Poan ngin ATGCA c6
mit & ca hai dau cta IS va c6 trinh tu nucleotide sip xép theo cting mot chiéu.

Khi transposon ghép vao vi tri méi, mot doan nucleotide ngin ¢ do
duoc sao thanh hai ban, mdi ban nim & mot dau cua transposon (direct
repeat). Tai vi tri nhan, mdi soi don DNA bi cit 1éch nhau vai nucleotide.
Transposon ndi vao cac ddu cit, tao ra hai khoang trong (gaps). Chiing duoc
stra chita theo nguyén tic tao cip bd sung. Do d6, doan nucleotide nim giira
hai vét cat duoc sao chép thanh hai ban, mdi ban & mot dau va trinh tu sép
Xép cac nucleotide giéng nhau. Vi vay, chung dugc goi 1a 1ap lai xuoi chiéu.
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IV. Twong tac cia T-DNA v&i genome thuc vat

Su di chuyén DNA tir genome vi khudn sang genome thyc vt dugc
nghién ctru kha ky dbi véi tuong tac giira Argobacterium tumefaciens hodc
A. rhizogenes véi hau hét cac cay hai 14 mam. Hién tuong di chuyén DNA
nay gy nhitng bién ddi vé mat di truyén, biéu hién & viéc xuat hién cac khbi
u trén than cay (A. tumefaciens) hoic moc rat nhiéu ré to (A. rhizogenes) tai
noi bi nhiém vi khuan.

A. tumefaciens va A. rhizogenes 1 hai loai vi khuan gay bénh & thuc
vat. Tuy nhién, sau d6 bénh dugc duy tri lai khong phu thude su tdn tai cua
vi khuan. D6 12 do mot s6 gen cua vi khun di dwoc chuyén vao genome
cay chu va hoat dong gay bénh.

Cac gen vi khuan c6 kha ning di chuyén va hoat dong trong té bao
thuc vat nam trén Ti-plasmid (tumor inducing plasmid) cua A. tumefaciens
hoac trén Ri-plasmid (hairy-root inducing plasmid) cta A. rhizogenes. Ciing
nhu cac khdi u dong vat, cac té bao thuc vat co DNA vi khuan ghép vao
genome bi chuyén sang trang thai mai, & do sy phat trién va biét hoa cua
chung hoan toan khac véi cac té bao binh thudng. D6 1a do hoat dong cia
cac gen vi khuan trong genome ctia thyc vat. Binh thuong, nhitng gen nay
c6 mat trong genome vi khuan nhung chung chi dugc hoat dong (md) sau
khi hop nhét vao genome thuc vat va chiu sy kiém soat cia té bao cy chi.
Qua trinh nay c¢6 tinh chit dic hiéu vat chu, tic 1a mot loai vi khuan chi co
kha ning gay khéi u trén mot s6 loai cdy chii ndy ma khong twong tac duoc
voi céac loai cdy khac.

Viéc tao khdi u hay thyuc hién qué trinh chuyén gen tir vi khuan sang
genome thuc vat dan dén bién ddi trang thai sinh 1y cta té bao thuc vat doi
héi cac diéu kién sau:

- Phai ¢6 hoat dong cua cic gen trén ba ving chvA, chvB, pscA nam
trén nhiém sic thé cua vi khuan dé khai dong viéc bam dinh vi khuén vao
than cay.

- Ti-plasmid hodc Ri-plasmid phai mang ving vir (ndm ngoai ving
T-DNA). Ving ndy mang cac gen can thiét cho viéc tach va van chuyén
T-DNA sang té bao thuc vat.

- Céc gen trén vung T-DNA cua Ti-plasmid hodc Ri-plasmid dugc
ghép vao genome thuc vat gy bién doi trang thai cac té bao nay.
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1. Ti-plasmid va Ri-plasmid

Plasmid 1a cac vong DNA tu sinh san doc lap & bén ngoai nhan. O vi
khuan va dong-thuc vat, plasmid lién quan téi yéu td gidi tinh cua té bao,
dén kha nang chéng chiu cac loai khang sinh... Pic diém quan trong cua
plasmid 1a chiing c6 thé lién két vao nhiém sic thé nhung ciing c6 thé ton tai
bén ngoai nhiém séc thé mot cach doc lap.

Cac plasmid cua Agrobacterium mang cic vung T-DNA, vir
(virulence region), gen chuyén hoa opine, va ving ori khoi dau sao chép
trong té bao vat chu.

Su khac nhau giita Ti-plasmid va Ri-plasmid & chd, ving T-DNA ctia
Ti-plasmid chtra cac gen téng hop auxin, cytokinin va opine. Trong khi d6,
viing T-DNA cuia Ri-plasmid chi mang gen tong hop auxin va opine. DPay la
diém khéac nhau gay ra hiéu qua tic dong khac nhau 1én thuc vat. Co ché gay
bénh cua cac Agrobacterium 1a sau khi x4m nhidm vao té bao, ching gén
doan T-DNA vao b may di truyén ctia té bao thuc vat, 1am réi loan cac chat
sinh truéng ndi sinh, tao ra khdi u (truong hop A. tumefaciens) hoic ré to
(trwong hop A. rhizogenes). Kha niang chuyén cac gen nay da duoc khai thac
dé chuyén gen ngoai lai vao bd may di truyén cua t& bao thuc vt theo ¥
muon.

2. T-DNA

Ving T-DNA duogc nghién ciru rat k§. D6 1a mot doan DNA ¢6 kich
thude 25 kb trong d6 chira gen mé héa cho sinh tdng hop auxin, cytokinin
va opine (truong hop Ti-plasmid) hodc auxin va opine (truong hop Ri-
plasmid). Trong plasmid, vi tri cia T-DNA duoc gi6i han bang bién phai
(right border-RB) va bién trai (left border-LB), mdi bién c6 chiéu dai 25 bp.

3. Vung vir

Trong cac vuing DNA cua Ti-plasmid va Ri-plasmid, ngoai T-DNA,
duoc nghién ctru nhidu hon ca 1a ving DNA phu trach kha nang 1ay nhiém
con goi la vung vir (virulence). San pham hoat dong ctia cac gen ndm trong
vung vir duéi tac dong kich thich cua cac hop chit phenol tiét ra tir vét
thuong la mot loat cac protein ddc hiéu nhu virA, virE2, virB, virD, virD2,
VirC1... Céc protein ndy nhan biét cac vét thuong & cac cdy chu thich hop
(hau hét 1a cdy hai 14 mam), kich thich san sinh ra cac doan T-DNA, bao boc
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che ch¢ cac doan DNA nay va giap ching tiép can véi genome cia cay chu
mot cach an toan.

4. Qua trinh chuyén T-DNA vao té bao thuc vit

Qua trinh cit doan T-DNA ra khoi plasmid va van chuyén né vao té
bao thuc vat trude hét phu thudc vao san phém cua cac gen vir. Vi khuén
xa4m nhiém tai bt ky vi tri ton thuong nao trén than cdy. Ciy c6 vét thuong
do sy hong ngau nhién ciia mang té bao thuc vat hodc do vi khuan tiét ra
hdn hop nhitng chat dugc ma hoa boi cac gen vir. Hoat dong cua cac gen
nay duoc hoat hoa boi hop chit phenolic ctia ciy (vi du nhu acetosyringone,
catechol, cac din xuét cua chalcone...). Ngoai ra, cac monosaccharide nhu
glucose, arabinose c6 mat trong mdi truong cling lam tang kha nang gay
cam ung nhom gen Vir.

Protein VirA déng vai trd quan trong trong viéc quyét dinh loai cdy
cha bi nhiém boi Agrobacterium. Trong thuc té, Agrobacterium khdng c6
kha ndng xam nhép vao cay mot 1a mam, c6 thé protein VirA khong nhan
biét cac tin hiéu do cdy mot 14 mam tiét ra. Noi chung, Agrobacterium chi
gdy hai & cdy hai 14 mam, vi viy ngudi ta cho ring ching chi c6 thé dwa T-
DNA vao hé gen céc cdy hai 14 mam. Tuy nhién, gan ddy nhiéu tac gia da
chtng minh khi nhiém vi khuén, cac cdy mot 14 mam ciing c6 thé san xuét
opine va vi thé c6 thé khai thac kha nang bién nap gen cua Agrobacterium
vao cdy mot la mam. Hién nay, nguoi ta ciing dd thanh cong trong viéc
chuyén gen vao mot s6 cdy mot 14 mam nhu la, mia... qua trung gian A.
tumefaciens.

Khi cdy nhiém A. tumefaciens, do T-DNA hop nhit vao trong genome
ctia cdy chu bat dau hoat dong va san xut ra auxin, cytokinin va opine, toan
b sinh truong cta cdy bi rdi loan, cac té bao phan chia v6 to chire va tao ra
cac khdi u. Opine dugc vi khuan sir dung nhu mét loai “thtrc an” nhd gen
chuyén héa opine trén Ti-plasmid. Co ché 1ay nhidm cta A. rhizogenes déi
v6i cdy hai 14 mam ciing twong tu, nhung trong ving T-DNA cua A.
rhizogenes chi c6 gen san sinh ra auxin, vi thé su thay d6i hinh thai chinh
cua thuc vat la ching tao ra rat nhiéu ré to khi bi nhiém bénh.

bé ga"m T-DNA vao té bao thuc vat, dau tién vi khuan A. tumefaciens
phai tiép xtc voi thanh té bao thuc vat bi ton thuong. Qua trinh nay dugc
thuc hién nho cac gen chvA va chvB. Gen chvB ma héa mdot protein lién
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quan dén hinh thanh B-1,2 glucan mach vong, trong khi 6 gen chvA xac
dinh mdt protein van chuyén, dinh vi & mang trong cua té bao vi khuan.
Protein van chuyén gitip van chuyén p-1,2 glucan vao khoang giita thanh té
bao va mang sinh chat. B-1,2 glucan giir vai trd quan trong dé vi khuan
Agrobacterium tiép xtic voi thanh té bao thuc vat. Néu khong c6 sy tiép xuc
nay, s& khong c6 sy dan truyén T-DNA.

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

Thuc chat, chi riéng T-DNA cua plasmid dugc chuyén vao genome té
bao thuc vat, ma khong con phén nao khac. Qua trinh dan tmyén chi do san
pham ciia cac gen vir va gen chv quyét dinh ma khong lién quan dén céc gen
khac trén T-DNA. Tuy nhién, chudi DNA 25 bp (RB va LB ciua T-DNA) c¢6
vai tro 1a vi tri cam mg cho cac san pham cua td hop cac gen ving vir, dic
biét 1a protein tir gen VIirE mang ching dan truyén vao té bao thuc vat.
Chiing hoat dong nhu cac tin hiéu nhan biét va khoi dong qué trinh dan
truyén. Trudc hét gen VirA trong to hop gen ving vir duoc phosphoryl hoa
nho tac dong ciia cac hop chat phenol nhu acetosyringone giai phong ra tir
cac té bao thuc vat ton thuong. San pham cua qué trinh nay lai tiép tuc
phosphoryl héa gen virG. San pham cua gen VvirG lién tiép lam hoat hoa
toan b cac gen vir con lai, ma hai gen cudi cung duoc hoat hoa la gen virB
va VirE. Trudc d6, khi gen virD duoc hoat hoa, san pham ciia n6 cam ng
nhan biét RB va LB ctia T-DNA va lam dtt phan T-DNA ra khoi DNA ctia
plasmid thanh cac s¢i don. Pong thoi, qua trinh phosphoryl hoa nay ciing
lam thay doi tham suit mang té bao thyuc vat, mang té bao bi mém ra va bi
thing. Cac soi don T-DNA dugc gin vao protein do gen VirE tong hop va
dich chuyén vé phia mang té bao vi khuan. Ngay sau d6, soi T-DNA duoc
trugt tr vi khuan vao té bao thuc vat. Cau ndi chinh 1a sy tiép hop
(conjugation) giita hai té bao do cam tig san pham gen virB ma thanh. Khi
T-DNA da duogc chuyén giao vao té bao thuc vat, chung nhanh chéng hop
nhét vao genome té bao thuc vat duoc 6n dinh va di truyén nhu cac gen binh
thuong khac.
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V. Sip xép va khuéch dai cic gen trong genome
1. Sdp xép lai cdc gen

Noéi chung, genome cé cdu trac va to chuc bén vimg. DNA cua
genome thuong khong bi bién dbi boi sy phat trién vo tinh, nhung thinh
thoang cac trinh tu cua ching ciing c6 thé bi chuyén chd trong gen, bi cai
bién, khuéch dai hodc tham chi bién mét, nhu 13 mot trudng hop tu nhién.

Trao d6i chéo trong phan bao giam nhiém 13 mot trong nhitng nguyén
nhan gay ra bién d6i cuia genome. Tuy nhién, diéu nay xdy ra chii yéu trong
té bao sinh duc ma khong co trong cic té bao soma. Viéc sip xép lai
genome s& dan dén nhing thay ddi sau:

- Tao ra cac gen mdi can thiét cho su biéu hién trong cac trudong hop
dac biét.

- Su tai sdp xép co thé dap tmg cho viéc md hodc dong gen. Day ciing
chinh 14 co ché cta sy diéu hoa biéu hién gen.

Mot vi du dién hinh 13 hién tuong sép xép lai cac gen trong genome
clia nAm men S. cerevisiae va cua ky sinh trung Trypanosome chau Phi khi
gdy chung ngu li bi ¢ vat chu.

1.1. Chuyén d6i dang giao phdi ctia nAm men

N4m men c6 thé tdn tai & ca hai dang don boi hodac ludng boi. Cac
dang ludng boi 1a di hop tir & truong hop locus kiéu giao phdi, va cac té bao
don boi c6 thé hodc 1a MATa hoic MATa. Viéc chuyén dbi trang thai dugc
thong qua giao phéi, két hop cac bao tir don bdi thanh ludng boi va qua viée
tai tao giao tir m&i. Tuy nhién, giao phdi chi xay ra giita hai loai té bao don
boi a va 0. Cac té bao don boi cing loai khong thé két hop véi nhau tao
thanh té bao ludng boi.

MAT (mating type locus) 1a vi tri hoat dong hay cassette hoat dong:
mot vung dic biét cia nhiém sic thé sd 3 chira cac gen qui dinh dang giao
phdi (a va o). Cac gen ndy con ton tai ¢ hai vi tri khac trong genome. Tuy
nhién, & d6 chung déu bi bat hoat. Hai vi tri nay dwoc goi 14 hai vi tri tinh
(hay cassette tinh HML va HMR). Mdi vi tri tinh chi mang cac gen qui dinh
cho mdt dang giao phéi. Khi cac gen dugc sao chép tir mot vi tri tinh vao vi
tri hoat dong thi mRNA méi dugc téng hop tir cac gen do. Nhu vay, qua
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trinh sao chép quyét dinh dang giao phdi ciia nim. Ban gdc ludn duge bao
tdn & vi tri tinh va ban tht hai xuét hién & vi tri hoat dong.

Néu vi tri tinh c6 mang dot bién thi chung s& dugc sao chép vao vi tri
hoat dong. Tuy nhién, néu xay ra dot bién & cassette MAT thi tinh trang moi
xudt hién khong bén. Mot khi dang giao phdi chuyén doi thi cac gen cii 6 vi
tri MAT bi thay thé boi ban sao ciia vi tri tinh khac. Luc do, dot bién bi loai
di va tinh trang méi s& bién mat.

So sanh giira cac dang cung soi ndm (homothallic) va khac soi ndm
(heterothallic) nguoi ta nhan thiy dang heterothallic ¢c6 gen HO hoat dong
va c6 thé chuyén d6i tu dong giita cac kiéu giao phdi, va vi thé mot bao tir
don c6 thé 1am ting quan thé tu phdi, trong khi dang homothallic khong c6
gen HO va duy tri cing mot kiéu giao phdi trong suét chu trinh sinh trudng
don boi.

Phan tich di truyén cho thdy cic gen sau day can cho viéc chuyén doi
kiéu giao phdi:

- MAT

- HO, mé& hoa cho enzyme endonuclease

- HML« (cho MATa chuyén thanh MATa)
- HMRa (cho MATo chuyén thanh MATa)

Trinh ty c4c nucleotide ¢ vi tri tinh va vi tri hoat dong chi khac nhau
mot doan ngan ky hiéu 12 Ya va Yo (Hinh 2.8). Enzyme HO-endonuclease
nhan biét vi tri dic hiéu tai ranh giéi phan cach giita Z va Y va cla cassette
hoat dong MAT va cit ca hai soi DNA tai d6. Diéu dic biét 1a enzyme nay
khong ciat DNA khi chung hién dién & cassette tinh.

Sau khi doan Y ciia ving MAT bj phéan hay hét, doan Y ctia mot trong
hai cassette tinh dugc dung lam khudén mau dé sao chép vao vi tri bi phan
hay (Hinh 2.8). Néu dot bién xuat hién ¢ ving MAT (doan Y), tinh trang
moi chi biéu hién tam thoi. Mot khi dang giao phdi chuyén doi, cac gen binh
thudng duogc sao chép vao ving MAT va dot bién bi loai di.

1.2. Chuyén dbi gen & Trypanosome

Trypanosome c6 kha ning lan tranh dugc hé théng mién dich cua vat
chu thudng bang cach thay d6i khang nguyén bé mit (surface antigen) ciia
ching. Mdi loai khang nguyén duoc tong hop nhd hoat dong ciia mot gen
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tuong Ung tai vi tri hoat dong. Gen nay c6 thé bi thay thé bi mot gen ma
hoéa cho loai khang nguyén khac nam & mot vi tri tinh nao d6 trong genome.
Moi vi tri tinh chita mot gen & trang thai khong hoat dong. Gen nay chi
duoc moé khi chuyén dén vi tri hoat dong. Trong genome cua Trypanosome,
c6 rat nhiéu vi tri tinh nhung chi c6 mot vi tri hoat dong.

W X Ya Z HMLa.

Ya | citHo MATa

=l=‘%

Xam lan soi

ﬁﬁ

Kéo dai dau 3’

-

Chuyén trang thai

—

<+— || || &

Ya HMLa

Yo MATa

Hinh 2.8. Qua trinh chuyén d6i dang giao phdi tir a sang a nhd trao doi gen
giira ving MATa va HMLa trén nhiém sic thé s6 3

Binh thuong, Trypanosome s& trai qua mot s 1an bién d6i hinh thai
khi duoc truyén tr rudi chau Phi sang vat chu. Bé mit cua té bao
Trypanosome dugc bao boc mot 16p don g@)m 5%10° phan tir cia mét loai
glycoprotein (VSG-variable surface glycoprotein). Pay chinh la khang
nguyén bé mit cia Trypanosome khi ching xdm nhéap vao vét chu. Diéu
dang chu ¥ 1a chung c¢6 kha niang thay doi khang nguyén bé mat, do d6 tranh
duoc phan ung mién dich cia té bao vat chu. Qua trinh thay thé khang
nguyén bé mat phu thudc vao su chuyén ddi cic gen ma hoa cho ching xay
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ra & mot vi tri ddc biét trong genome (vi tri hoat dong). Chuyén doi gen ma
hoéa khang nguyén bé mat nham muc dich hoat hoa gen mi hoa khang
nguyén bé mit méi thay thé cho khang nguyén ton tai trude d6. Khi mot gen
dang hoat dong bi thay thé boi mot gen khac s& tuong tmg voi viée xuét
hién khang nguyén mai va loai bo khang nguyén cii.

- CAu tric cia mdt VSG ¢ Trypanosome

Céu tric chung cia mgt VSG dugc mo ta trén hinh 2.9 va 2.10. Mot
VSG vira dugc tong hop dai khoang 500 amino acid gém tin hiéu N-
terminus, tiép theo 1a doan peptide quyét dinh tinh khang nguyén; doan
peptide bao thu gitra cac VSG va dudi ky nude. Phan tir nay duoc téng hop
dudi dang protein tién than (pre-protein). Do d6, chung phai trai qua bién
d6i ¢ hai dau NH, va COOH dé tr& thanh dang protein hoan chinh (mature
form). Dang nay dugc dinh vao mang té bao & dau COOH.

Mot loai Trypanosome c6 thé tao ra it nhat khoang 100 VSG tir khi
nhiém cho dén khi gay chét vat chi. S6 gen ma hoéa cho VSG c6 thé nhiéu
hon 1.000 gen, tit ca cac gen nay déu ndm trong genome. Tuy nhién, tai mot
thoi diém bat ky chi c6 mot gen hoat dong tong hop nén mot loai VSG. Do
d6, su thay doi khang nguyén twong tng véi sy thay doi hoat dong cua gen.
Khi mét gen méi dugec md, gen hoat dong trudc nd phai bi tc ché hoan
toan. Liic d6, mot khang nguyén mdi sé thay thé khang nguyén ton tai trudc
no.

Hinh 2.9 cho thy chudi polypeptide chira khoang 500 amino acid. N-
terminus chira mot peptide tin hi¢u cho sy van chuyén qua ER (lu6¢i ndi sinh
chat, endoplasmic reticulum) va ti mang plasma, dugc tach ra khoi protein
hoan chinh. Ving bién thién 1a khac nhau & mdi VSG, diéu d6 cho thay cac
VSG c6 it hodc khong co tinh dong nhat. Huéng téi phan C-terminus, chudi
polypeptide dugc bao toan tot hon va phan nay duoc goi 1a ving twong
ddng. Pudi ky nudc chira mot tin hiéu nhan biét dé gin véi mod neo
glycolipid (glycolipid anchor) (Hinh 2.10). Khi mé neo duogc gan thi 20
amino acid cudi cing s& dugc tach ra.

Glycoprotein bién ddi bé mat (VSG) dugc gin v6i mang thong qua
mot mo neo glycolipid chita ethanolamine, mot cau trac glycan mang mot
s gbc mannose (mannose moiety), moOt glucosamine va mot
phosphoinositol lién két voi 1,2-dimyristoyglycerol c¢d gai trong mang
plasma. Goc glycolipid 13 yéu té quyét dinh phan tng lai (cross-reacting)
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(CRD) dugc nhan biét bang cac khang thé phan tng voi tat ca dang bién doi
ciia VSG, nhung chi khi VSG duoc phong thich khoi mang. Mang lién két
v6i VSG khong duge nhan biét boi cac khang thé anti-CRD. Su phong thich
VSG duogc xuc tac bdi hoat tinh cua trypanosome-specific phospholipase C
dugc gia dinh 1a hién dién ¢ mat bén trong (inner face) cua mang plasma.
Nguoi ta khong biét rang enzyme c6 thé cit lién két phosphoester trén mit
khac ciia mang nhu thé nao.

Peptide tin hiéu

N-terminus Vlng tuong dong VUng bién thién
HN ] F7 CooH
20 360 100 20
buodi ky nudéc
C-terminus

Hinh 2.9. So' @0 minh hoa chudi protein ciia mét VSG dic trung

C-terminal

. Ethanolamine
. Glucosamine

Phospholipase C~g (O Inositol

Mang 1,2-Dimyristoylglycerol

Hinh 2.10. Céu triic ciia mé6 neo glycolipid ciia VSG

- Hoat dong cua gen VSG
Gen mi hoa cho mot VSG duogc goi 1a ban gen gde (basic copy gene).
Céc gen nay dugc phan thanh hai nhéom tuy thudce vao vi tri cua chung trén

nhiém sac theé.
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+ Céc gen nam & telomere (khoang 5-15 kb)>200 gen.
+ Cac gen nam cach telomere hon 50 kb.

Tuong tu nhu & nAm men, cac gen ma hoa cho VSG nam rai rac trong
genome va & trang thai khong hoat dong. Mot gen bét ky dwoc hoat hoa chi
khi n6 dugc sao chép vao vi tri hoat dong (expression site) trong khi nguyén
ban ctia né van duge bao tdn & vi tri tinh. Ban sao cia ban gen géc vao vi tri
hoat dong dugc goi 1a ELC (ban sao hoat dong-expression linked copy). Vi
tri hoat dong nam & gén telomere. Nhu vay, vi¢c chon mdt ban gen géc dé
sao chép tao ban sao hoat dong sé phu thudc vao vi tri ctia ban gen géc o
telomere hodc nam phia trong telomere. C6 hai gia thiét dé mot gen tré nén
hoat hoa nhu sau:

- Vi tri hoat dong khong thay d6i ma chi ¢o cac ELC thay thé cho
nhau. Ban sao cia mot ban gen gbc sé thay thé cho ban sao cia mot gen
khac & tai vi tri d6, diéu ndy xay ra twong tu nhu cic gen & cassette tinh
duoc sao chép vao cassette hoat dong trong truong hop véi nAm men.

- Vi tri hoat dong thay d6i, khi can tong hop mét VSG mdi, gen & vi tri
hoat dong cii bi ngiimg va gen & mot vi tri khac (g'?ln telomere) duogc khéi dong.

Mot s6 phan tr mRNA tuong tmg v6i cac VSG khac nhau duoc phan
1ap va dugc xac dinh trinh tu nucleotide (thong qua cDNA). Diéu ngac
nhién 1a phan oligonucleotide & dau 3’ ctia moi gen VSG déu khac v6i phan
3’ cia cdc mRNA dugc phién ma tir cac gen d6. Mat khac, cac gen nay
khong c6 phan 5 gidng nhu cac mRNA. Nhu vay, cac mRNA khéng duoc
tong hop hoan toan trén khuén miu cac gen nay. Phan 3’ ctia cic mRNA
tuong Ung v&i phan 3’ ciia vi tri hoat dong ELC, trong khi phan 5° (gdm 35
nucleotides) dugc tong hop tir nhilng doan DNA khac va dugc gin vao
mRNA (hién tugng trans-splicing).

2. Khuéch dai cdc gen

S6 lugng ban sao ciia mot s6 gen ciing ¢ thé dugc ting 1én tam thoi
trong qua trinh phat trién cac té bao soma. Viéc ting sé luong ciia mot gen
dac biét nao d6 phu thudc vao ting diéu kién cu thé cua té bao va xdy ra
khong phd bién. Céc ban sao c6 thé nam tap trung thanh mot nhom gdm ban
sao ndy ndi tiép ban sao khac hodc c6 thé ton tai nhu nhitng doan DNA c¢6
kha nang tai ban doc lap. Chéng han:
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- Sy nhan ban ciia gen ma hoa cho rRNA ¢ tring éch. Trimg éch ¢
duong kinh khoang 2-3 mm, du trir rat nhiéu rRNA. Chung duoc phién ma
tir rat nhidu gen rDNA. Cac gen ndy duoc nhan 1én (khoang 2.000 l4n) theo
co ché “vong tron quay” (xem chuong 4) trong qué trinh phat trién va ton tai
dudi dang cac vong tron khép kin.

- Khi nudi céy cac té bao dong vat co6 vu trong moi truong dac biét,
DNA tai mot sd vi tri trong genome dugc nhan 1én. Vi du: nudi céy cac té
bao ung thu trong mdi truong chira doc tb methotrexate. Chéat nay we ché
hoat tinh ctia enzyme dihydrofolate reductase (DHFR) giit vai tro trong tong
hop cac nucleotide cia DNA. Cac té bao ung thu nudi cay trong méi trudng
c6 chat doc nay phat trién thanh cac quan lac té bao khang lai doc t6. Khi
né)ng do chét doc tang dén, néng do DHFR ciing ting theo, co thé dat ti
1.000 1an 16n hon mirc binh thuong. Nong d6 enzyme ting do sb luong cac
gen mi hoa cho chung ting. Co ché chinh xéc ctia hién twong nay chua rd
rang, nhung co thé xay ra theo hai cach:

- Trao ddi chéo khong cin bang giita hai nhiém sic tir (chromatid) ctia
nhiém sic thé dan dén mot s té bao khong co gen dhfr va mot s khac co
hai ban sao cta gen nay. Trong méi trudng c6 doc td, trao doi chéo khong
can bang dugc lap di 1ap lai va cic té bao chtra nhiéu gen dhfr van phat trién
t6t trong moi truong nay.

- Cac doan DNA (100-1.000 kb) chira 2-4 gen dhfr (~31 kb/gen) dugc
sao chép tir nhiém sic thé binh thudng tao ra cic nhiém sic thé rat nho,
khong c6 tdm dong. Cac nhiém sic thé nho nay ghép vao cac nhiém sic thé
binh thuong khac. Qua trinh nay lap di lap lai va qua mot sd 1an phan bao
nguyén nhiém, té bao nao mang sd lugng 16n cic gen dhfr cang co diéu kién
phat trién thuan lgi trong méi truong ¢ chia doc to.

3. Bién nap gen

Mot phuong thire ting kha nang di truyén 13 Gmg dung cac tuong tac
vat chii cong sinh-ky sinh, trong d6 DNA la dugc chuyén vao té bao vat cha
tir mot vi khuan. Co ché nay twong tu véi su tiép hop ciia vi khuan. Sy biéu
hién ctia DNA vi khuén trong vat chi méi ctia né s& lam thay doi kiéu hinh
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cua té bao. Vi du dién hinh 1a vi khuan A. tumefaciens cam ung tao khédi u &
té bao thuc vat bi chiing xdm nhiém.

Khi DNA la duoc dua vao té bao eukaryote, n6 co thé ton tai ngoai
nhiém sic thé hoic duoc hop nhat trong genome. Néu xay ra theo truong
hop thr hai, genome s& mang nhitng dot bién di truyén va nhiéu khi DNA la
van tiép tuc hoat dong lam xuét hién cac tinh trang méi. Viée dua cac gen la
vao té bao soma hodc té bao sinh duc ma van duy tri hoat dong ctia nhiing
gen d6 dugc goi 1a chuyén nhidm (transfection). C4 thé biéu hién tinh trang
moi nho hoat dong cia gen la dua vao té bao sinh duc duoc goi la ca thé
chuyén gen. Qua trinh nay c6 thé 1am thay ddi sy 6n dinh ciia genome.
DNA sau khi dugc ti€ém vao trong céc té bao tring dong vat co thé duoc hop
nhat trong genome va truyén cho thé hé sau nhu mot thanh phan di truyén
binh thudng. Kha ning dua mot gen chirc ning dic trung co thé trd thanh
mot ki thuat y hoc sir dung cho viée chita bénh di truyén.
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Chuong 3
CAu truc va chirc nang cla gen

I. Pinh nghia gen

Chung ta c¢6 thé diém qua nhimg médc chinh trong lich st nghién ctru
vé gen nhu sau:

Mendel (1865) la nguoi dau tién dua ra khai niém nhan t6 di truyén.
Johansen (1909) d& dé xuét thuat ngir gen (tir genos, nghia 1a san sinh,
ngudn gdc) dé chi nhén t6 di truyén xac dinh mot tinh trang nao do. Sau do,
Morgan trong nhitng nim 1920 da cu thé hoa khai niém vé gen, khing dinh
né nam trén nhiém séc thé va chiém mét locus nhat dinh, gen la don vi chtic
nang xac dinh mét tinh trang.

Vao nhitng nam 1940, Beadle va Tatum da chiig minh gen kiém tra
cac phan (mg héa sinh va néu gia thuyét mét gen-mot enzyme. Tuy nhién,
truong hop hemoglobin 1a mot protein nhung lai gdm hai chudi polypeptide
do hai gen xac dinh, do d6 gia thuyét trén budc phai diéu chinh lai 1a mft
gen-mot polypeptide.

Vao nhirng nam 1950, DNA (deoxyribonucleic acid) duoc ching
minh 13 vt chét di truyén. M6 hinh cdu triic DNA ciia Watson va Crick
dugc dua ra va ly thuyét trung tam (central dogma) ra doi. Gen dugc xem
1a mot doan DNA trén nhiém sic thé ma hoa cho mot polypeptide hay RNA.

Cudi nhitng nam 1970, viéc phat hién ra gen gian doan ¢ sinh vat
eukaryote cho thdy c6 nhitng doan DNA khong mé héa cho cac amino acid
trén phan tir protein. Vi thé, khai niém vé gen lai dugc chinh 1y mot lan nita:
Gen 1a mdt doan DNA dam bao cho viéc tao ra mot polypeptide, nd bao
gdm ca phan phia trudc 13 ving 5° khong dich ma (5° untranslation) hay con
goi la vung ngugc hudng (upstream) va phia sau la vung 3° khong dich ma
(3’ untranslation) hay con goi 1a vung cung hudng (downstream) cua vung
mi héa cho protein, va bao gdbm ca nhiing doan khong ma héa (intron) xen
gitta cac doan ma hoa (exon).

Hién nay, c6 thé dinh nghia gen mot cach tong quat nhu sau: Gen la
don vi chirc ndng co s¢ cia by may di truyén chiém mot locus nhét dinh trén
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nhiém séc thé va xac dinh mot tinh trang nhét dinh. Cac gen 1a nhitng doan
vat chat di truyén ma hoa cho nhiing san pham riéng 1¢ nhu cdc mRNA
duoc str dung truc tiép cho tong hop cac enzyme, cac protein cau trac hay
cac chudi polypeptide dé gin lai tao ra protein c6 hoat tinh sinh hoc. Ngoai
ra, gen con ma hoa cho cac tRNA, rRNA va snRNA...

Bang 3.1. Tém tit lich sir nghién ciru vé di truyén hoc

Moc Nam Caic sy kién chinh
thoi gian
1850 1865 | Gen la cac nhan tb hat

1871 | Kham phé ra nucleic acid

1900 1903 | Nhiém séc thé 1a cac don vi di truyén

1910 | Gen nam trén nhidm sic thé

1913 | Nhiém séc thé 1a cac day sdp xép mach thing cta gen

1927 | Dot bién 1a nhimg thay ddi vat Iy ciia gen

1931 | Su tai to hop xuat hién boi hién tuong vt chéo

1944 | DNA la vat liéu di truyén

1945 | Gen ma hoa cho protein

1950 1951 | Trinh ty protein dau tién

1953 | DNA c6 dang xoédn kép

1958 | DNA tai ban theo phuong thirc ban bao thu

1961 | Ma di truyén 12 bo ba

1977 | Céc gen cua sinh vat eukaryote bi gian doan

1977 | DNA c6 thé duoc phan tich trinh tu

1995 | Genome cua vi khuén duge phan tich trinh ty

2000 2001 | Genome nguoi dugc phan tich trinh tu

Sinh hoc phan tir 58



IL. Ly thuyét trung tim
1. Sw xac dinh di truyén cdu tric bdc mét ciia protein

CAu trac khong gian cua chudi polypeptide dugc xac dinh béi trinh ty
sép xép clia cac amino acid tirc cdu trac bic mot. Nhu vay, mac du co nhiéu
muc do céu trac khong gian khac nhau, nhung cAu triic bac mot tuc trinh tu
sdp xép cac amino acid chi phdi toan bd cac muc do cu trac khac. Viée xac
dinh di truyén phan tir protein & trang thai tu nhién c6 day da hoat tinh sinh
hoc chi quy tu lai chii yéu & xac dinh céu trac bac mot 1a du.

2. Cac enzyme mat hoat tinh do dot bién

Nhiéu nghién ctru cho thdy, viéc mat hoat tinh enzyme nhiéu khi
khong phai do ving mit cia enzyme, ma chi do cac bién d6i trén phan tir
(modification). C6 trudng hop dot bién dan dén nhing thay doi tinh vi,
enzyme van c6 hoat tinh nhung s& biéu hién khac néu thay doi diéu kién.
Chang han:

O ndm mdc Neurospora crassa, enzyme tyrosinase do gen T x4c dinh,
xuc tac cho phan tmg chuyén hoéa tyrosine thanh dihydroxyphenylalanine.
Alelle T* ciia dong hoang dai san xuat tyrosinase co hoat tinh & nhiét do
binh thuong va ca & 60°C. Mot dot bién TS sédn xut tyrosine c6 hoat tinh &
nhiét d§ binh thuong, nhung lai mat hoat tinh & 60°C.

Nhu vay, trong da sd truong hop, dot bién cia mot gen khong lam
bién mat enzyme ma chi bién ddi cau triic dan dén thay do6i hoat tinh. Cac
dot bién ciia cing mot gen co thé gy ra nhitng bién ddi khac nhau trén
enzyme. Cac hién tugng d6 ching t6 rang cau triic ciia enzyme chiu sy kiém
soat truc tiép cua gen.

3. Bdn chdt cdc bién doi di truyén ciia protein

Bén chéat d6 chinh 12 quan hé mot gen-mdt polypeptide.

Nhu da néu trén, nguoi ta kham pha ¢ nguoi cd nhiing gen tao ra
hemoglobin (Hb) khi bién di s& tao ra nhitng hemoglobin bat thuong do sai
héng & cac chudi polypeptide o hodc p (Bang 3.2 va 3.3) va gy ra cac bénh
di truyén.
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Bing 3.2. Cac loai hemoglobin & chudi polypeptide a

Thir ty amino acid 1 2 16 57 58 68 116 141

Tén amino acid Val Leu Lys Glu His Asp Glu Arg
Loai hemoglobin  Hb | Asp
Hb Nocfolk Asp
Hb M Boston Tyr
Hb B Philadelphia Lys

Hb O Indonesia Lys

O trudng hop nay, thi ty cac amino acid c¢6 thé bi sai 1éch. Tir nhitng
dir liéu trén ta théy cac dang dot bién tao mot Hb bat thuong do 1a thay mot
amino acid ndy bang mot amino acid khéc.

Bing 3.3. Cac loai hemoglobin & chudi polypeptide p

Thir ty amino acid 1 2 3 6 26 67 121 146
Tén amino acid Val His Leu Glu Glu Val Glu His
Loai hemoglobin Hb S Val
Hb C Lys
Hb E Lys
Hb M Minvauki Glu
Hb O A Rap Lys

Qua hai chudi polypeptide a va B ching ta thdy c6 mot so dang
hemoglobin bat thuong ¢ ngudi. Trén mdi chudi, chi trinh bay nhimg amino
acid da bi thay d6i & dang dot bién. S6 thwr tu chi vi tri cia amino acid trong
chudi polypeptide. Mdi hemoglobin bét thudng co thé duoc dit cho mot chir
cung tén (néu co) cua dia phuong duge tim thy.
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Dot bien dugc bicu hién boi sy thay thé vi tri cua mdt amino acid nay
bang mot amino acid khac.

4. Su twong quan dong tuyén tinh gen-polypeptide
4.1. Dot bién tryptophan synthetase-su dong tuyén tinh giira gen va chudi
polypeptide

Nghién ctru trén enzyme tryptophan synthetase xtc tac cho phan tng
tong hop tryptophan cta E. coli nguoi ta nhan thay c6 nhiéu dot bién xay ra
trén cung mot gen ma hoa cho tryptophan synthetase.

Thue hién tai t6 hop trong gen (nguyén tic 13 gen & cac vi tri cang xa
nhau trén nhiém sic thé cang dé tai to hop), nguoi ta da nhan duoc cac dang
bién di ¢ tinh chit khac nhau, va tinh dugc khoang cach twong dbi giira
nhitng diém khac nhau cta dot bién d& duoc xac dinh. Vi tri bién di trén thé
nhiém sic tuong Gmg véi vi tri ctia amino acid trén chudi polypeptide. Nhu
vay, c6 thé cho ring c6 sy dong tuyén tinh giita gen va chudi polypeptide
(Hinh 3.1).

Cac vi tri clia dot
bién trén DNA

RN

"HsN | [ [

| COO

1 15 22 49 175 177 183 211213 234 235 243 268

| | | | | | Cac gbc amino acid
Lys Phe Glu Tyr Leu Thr Gly Gly Gly Ser GIn  bjthay d6i

PN A AN

STOP Leu Val GIn Met Cys Arg Ile Arg Glu Val Cys Asp Leu STOP

Hinh 3.1. Twong quan dong tuyén tinh giira gen va enzyme tryptophan
synthetase ciia E. coli thong qua cdc vi tri dot bién va cac géc amino acid bi
thay déi

Nhiéu dang d6t bién cta tryptophan synthethase da duoc tao ra. Bang
co ché tai t6 hop, nhitng khoang cach twong ddi giita nhitng diém khac nhau
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cta dot bién da duge xac dinh. San phém protein cua mdi dang dot bién dd
duoc phan tich, va nhitng thay doi cac amino acid khac ciing duoc xac dinh.
Nguoi ta dd tim thdy mdi twong quan hoan toan giita nhimg khoang cach
clia cac dot bién duoc tim thiy trén gen véi khoang cach cua amino acid bi
thay d6i trong phan tir protein.

4.2. Dot bién
4.2.1. Khai niém

Mot gen (DNA) c6 4 loai base va mdt phan tir protein c6 20 loai
amino acid®, nhung giita ching c6 mdi twong quan nhu thé nao. Diu tién,
nguoi ta cho rang mot base qui dinh mdt amino acid, nhung nhitng tinh toan
cho thdy khong hop 1y. Vi chi ¢ 4 base trong DNA va 20 amino acid trong
protein, cho nén mdi codon phai chira it nhat 3 base. Hai base ciing khong
thé 1am thanh mot codon béi vi chi ¢6 4%= 16 cap hop ly ctia 4 base. Nhung
3 base thi c6 thé boi vi s& ¢6 4° = 64 bd ba hop 1y. Vi sb luong bo ba hop 1y
16n hon 20, cho nén s€ cd truong hgp mdt vai codon chi dinh cung mdt
amino acid. Vi du: UCU, UCC, UCA, UCG, AGU va AGC déu cung ma
hda cho serine.

Tir d6, nguoi ta dua ra khai niém ma di truyén (tin hiéu di truyén). Ma
di truyén cho phép doc thir tu trén DNA dé biét tha ty trén chudi
polypeptide. M3 di truyén khéng mo hd, c6 nghia véi mot trinh tu ching
han ATA ta biét n6 ghi ma cho mot amino acid gi, va ciing thdy rang co
nhiéu mi di truyén xac dinh cho mot amino acid (Bang 3.4).

4.2.2. Dot bién diém
LA dot bién chi tac dong mot vi tri, néi rd hon do 1a mot base. Khi thay
ddi mot base trén DNA sé tao ra su thay ddi mot amino acid (Hinh 3.2).

! Hai muoi amino acid dugc tim thiy trong cac phén tir protein 1a: Alanine (Ala),
Arginine (Arg), Asparagine (Asn), Aspartic acid (Asp), Cysteine (Cys), Glutamic
acid (Glu), Glutamine (GIn), Glycine (Gly), Histidine (His), Isoleucine (lle),
Leucine (Leu), Lysine (Lys), Methionine (Met), Phenylalanine (Phe), Proline (Pro),
Serine (Ser), Threonine (Thr), Tryptophan (Trp), Tyrosine (Tyr) va Valine (Val).
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Dot bién di nhién xdy ra trén DNA va dugc sao lai trén mRNA trong
phién ma, rdi trén protein trong dich ma.

Bang 3.4. Ma di truyén chung

Vi tri Vi trf tht hai Vi tri
thir nhat U C A G thir ba
U Phe (F) Ser(S)  Tyr(Y) Cys (C) U
U Phe (F) Ser(S)  Tyr(Y) Cys (C) C
U Leu (L) Ser (S) STOP STOP A
U Leu (L) Ser (S) STOP Trp (W) G
Cc Leu (L) Pro (P) His (H) Arg (R) U
C Leu (L) Pro (P) His (H) Arg (R) C
C Leu (L) Pro(P) GIn(Q) Arg (R) A
Cc Leu (L) Pro(P) GIn(Q) Arg (R) G
A lle()  Thr(T) Asn(N)  Ser(S) U
A le (1) Thr(T)  Asn(N) Ser (S) C
A le (1) Thr(T)  Lys (K) Arg (R) A
A Met (M) Thr(T)  Lys (K) Arg (R) G
G Val (V) Ala(A) Asp (D) Gly (G) U
G Val (V) Ala(A) Asp (D) Gly (G) C
G val (V) Ala(A) Glu(E) Gly(G) A
G val (V) Ala(A) Glu(E) Gly(G) G
Cha thich

Nhitng don vi ma (codon) dugc doc theo chiéu 5°—>3’.

STOP: codon két thuc (con goi 13 vo nghia).
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Dot bién diém c6 cac dang sau:

- Pot bién sai nghia. Thay doi mot amino acid trong protein, c6 thé
dan dén mot trong ba két qua sau:

+ Khoéng hau qua nao ca, vi amino acid khong nam trong vi tri hoat
dong hoidc khong cé vai trd trong ciu triic enzyme.

+ C6 bién ddi nhe ¢ chudi polypeptide s& tao ra tinh man cam yéu véi
nhiét, 1am giam su 6n dinh chudi polypeptide.

+ Mat han hoat tinh enzyme néu dung ngay vi tri hoat dong cia
enzyme do.

- Dot bién vo nghia. Thay doi mot base. Néu d6 1a mot codon vo
nghia s& lam ngimg kéo dai (tong hop) chudi polypeptide & vi tri amino acid
nay. Ttc 1a néu codon nay nim & dau s& khong co chudi polypeptide hoat
dong.

- Pot bién acridine hodc ddt bién dich khung. Dot bién nay do chat
acridine mau da cam tao ra (hodc con goi la dot bién dich khung, frameshift,
do thém vao hoac bot di mét base) (Hinh 3.2 E va D). Nhu vay, mot dot
bién trén khung doc khi thém vao (C) hodc mit di (A) thuong s& dan dén
xudt hién mot codon stop 1am ngimg chudi polypeptide va enzyme s& khong
¢6 hoat tinh.

4.2.3. Dot bién kim ham

Dén nay, nguoi ta nhan thdy moi sai léch trong viéc téng hop protein
néu c6 déu xay ra tir DNA, con qua trinh dién ra tir RNA dén polypeptide
luén ludn dung. Nghién ctru mot vai kiéu protein dot bién ta thay:

- Dot bién sai nghia. Lam xuét hién mot bat thuong trong trinh tu
amino acid. Két qua protein mat hoat tinh. Hoat tinh ndy c6 thé dwgc phuc
hdi, hodc do mot dot bién nguoc dé cho lai protein c4u trac ban dau.

- Dot bién vé nghia. Lam mat di mot phan chudi polypeptide, phan
con lai khong co hoat tinh, va hoat tinh nay co thé c6 lai duge nho dot bién
trong mot codon da bi dot bién.

Thong thuong, nhimg gen kim him dot bién vo nghia khong nim &
gan vi tri ciia dot bién ay. D6 1a nhimng gen 1am bién d6i hé thong dich ma
khi tong hop protein.
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A AUG ACU CGG AAG UCA CUA ACG AUU AGG CUU UAC

Met | Thr Arg Lys Ser Leu Thr | Ileu Arg Leu Tyr

B AUG ACU AGG AAG UCA CUA ACG AUU AGG CUU UAC

Met | Thr Pro Lys Ser Leu Thr Ileu Arg Leu Tyr

C AUG ACU CGG AAG UGA CUA ACG AUU AGG CUU UAC

Met | Thr | Arg Lys | Kétthuc

D AUG ACU CGG ACA GUG ACU AAC GAU UAG GCU UUA

Met | Thr | Arg | Thr | Val Thr | Asp | Asp | Kétthic

E AUG ACU CGG AGU GAC UAA CGA UUA GGC uuu AC

Met | Thr | Arg | Ser | His | Kétthic

Hinh 3.2. Céac dang djt bién diém

A: trinh tu cac codon va cac amino acid tuwong Uing ¢ dang tu nhién.

B: thay d6i mot base (C thanh A) lam thay d6i mot amino acid (Arg thanh
Pro) gay nén dot bién sai nghia.

C: thay d6i mét base (C thanh G) sinh ra mot codon v6 nghia (UGA).

D: thém mét base (C) gdy nén dot bién acridine hoic dot bién dich khung, c6
su doi khung doc.

E: mat mot base (A), gy nén dot bién acridine, chim dt doc.

5. Ly thuyét trung tam cua sinh hoc phdn tir

Tdong hop protein trong té bao c6 cac dic diém sau:

- Cac phan tir thong tin nhu nucleic acid va protein dugc tong hop
theo khuon. Tong hop theo khuoén vira chinh xac vira it ton enzyme. Tuy
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nhién, cin cir vao hang loat tinh chat hoa hoc cac protein khong thé lam
khuén mau cho su tong hop cua chinh ching. Vi vy, khudén mau dé tong
hop nén protein khong phai 1a protein.

- Sinh tong hop protein tich roi vé khong gian vdi chd chira DNA.
Nhiéu nghién ctru cho thay téng hop protein c6 thé xay ra khi khong co6 mat
DNA. Sy kién nay thé hién rd rang nhat & nhiing té bao eukaryote. Trong
nhing té bao nay, hiu nhu toan bd DNA tip trung & nhiém sic thé trong
nhan, con tong hop protein chu yéu dién ra ¢ t& bao chat. Tao xanh don bao
Acetabularia khi bi cit mat phan chira nhan van téng hop dugc protein va
sdng vai thang nhung mat kha ning sinh san. R rang, noi chira DNA mang
thong tin di truyén va chd sinh téng hop protein tich rdi nhau vé khong
gian.

- DNA khéng phai 1a khuon méu truc tiép dé tong hop protein, do d6
phai c6 chat trung gian chuyén thong tin tir DNA ra té bao chit va lam
khuén dé tong hop protein. Chat d6 phai c6 ca trong nhan va té bao chat véi
s6 luong phu thudc vao mirc d6 tong hop protein.

- Chét trung gian d6 duoc xem chinh 1d RNA nho cac dic diém sau:

+ RNA duoc tong hop ngay & trong nhéan c6 chita DNA, sau d6 n6 di
vao té bao chat cho tong hop protein.

+ Nhiing té bao giau RNA tong hop protein nhiéu hon.

+ Vé phuong dién hoa hoc RNA gan giéng DNA: chudi polyribo-
nucleotide thang ciing chira 4 loai ribonucleotide A, G, C va uracil (U). No
c6 thé nhan duoc thong tin tir DNA qua bit cip bo sung.

Noi chung, trong té bao khong thé tim thiy chat nao khac ngoai RNA
c6 thé dong vai tro trung gian cho tong hop protein. Mbi quan hé nay chinh
1a thong tin di truyén di tir DNA qua RNA rdi dén protein va duoc biéu dién
& hinh 3.3. Mdi quan hé nay con duoc goi 14 1y thuyét trung tim (central
dogma), duoc Crick dua ra tir 1956 dén nay vé cin ban van ddng.

Vao nhiing nam 1970, nguoi ta da phat hién qua trinh phién ma nguoc
tir RNA tong hgp nén DNA nho enzyme reverse transcriptase. Dén nay, viéc
sao chép (tong hop) RNA trén khuén mau RNA ciing d4 dugc chimg minh &
nhiéu loai virus. Ngoai ra, thong tin tir protein ciing c6 thé duoc truyén sang
protein (prion ctia bénh bo dién). Riéng dong thong tin tir protein nguoc vé
mRNA/DNA thi chua dugc tim thiy (Hinh 3.4).
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Phién ma Dich ma

MRNA

DNA Protein

Sao chép

Hinh 3.3. Ly thuyét trung tAm cia Crick

/’ N
Phién ma Dich ma ] \
DNA =————= |mRNA <==——"=— ' Protein
Phién ma ngugc ? \ !

\ 7
N -

Sao chép (virus) (prion)
Hinh 3.4. Nhirng b6 sung méi vao ly thuyét trung tim ciia Crick

6. DNA va ma di truyén

Ching ta da biét ¢6 sy lién quan dong tuyén tinh gitta DNA va phan tir
protein, tir d6 d& dang du doan rang trinh tu dic hiéu cia cac amino acid
trén phan tir protein s& duoc mi hoa bang nhom cac nucleotide trén phan tur
DNA. Co6 tit ca 4 loai base, néu cac base c6 nhom doi tirc 2 nucleotide ma
héa cho mot loai amino acid thi tit ca chi c¢6 16 to hop, khong du cho 20
loai amino acid. Nhu vay, don vi ma hoa (codon) phai g@)m 3 nucleotide
(xem phan 4.2).

Van dé tiép theo 1a x4c dinh chinh x4c cac codon nao ma héa cho timg
amino acid. Nirenberg va Matthaei da st dung enzyme dé tong hop nhan tao
RNA. Khi dung chi mét loai nucleotide 1a U s€ nhan dugc RNA 1a poly(U),
néu chi ding A s& nhan dugc poly(A).

Nam 1961, Nirenberg va Matthaei d& dung poly(U) thay cho khuén
mau mRNA dé tong hop protein trong hé théng vo bao (co6 amino acid,
enzyme tong hop protein, nhung khong c6 DNA...), san pham thu dugc 1a
chudi polypeptide polyphenylalanine chi chita mot loai amino acid la
phenylalanine. Piéu d6 ching to codon UUU ma hda cho phenylalanine.
Pay la codon dau tién dugc xac dinh. Sau dé, ho ciing ching minh duoc
rang AAA mi héa cho lysine, GGG cho glycine va CCC cho proline.
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Nam 1964, Khorana tim ra phuong phap tong hgp mRNA nhan tao
v6i trinh ty 13p lai (nhu AAG AAG AAG...) va nhd nd giai quyét xong cac
van dé con chua rd rang.

Bang ma di truyén (Bang 3.4) cho thiy trong 64 codon, c6 3 codon
UAA, UAG, UGA khéng mé& hoa cho amino acid dugc goi 1a v nghia (non-
sense), dong thoi 1a codon két thuc (termination) tirc ddu chdm cdu, chim
dut chudi polypeptide.

Mi di truyén c6 tinh suy bién (degeneration) tirc mot amino acid c6
nhiéu codon ma hoa, chi trir methionine va tryptophane chi c6 mot codon
(twong tmg 13 ATG va TGG). Cac codon dong nghia tirc ma hoa cho cing
mot amino acid thuong co hai base dau tién gidng nhau, nhung khac nhau &
cai thu ba. Vi du: CCU, CCC, CCA va CCG tit ca déu ma héa cho proline.
Trén thuc té, U va C ludn ludn twong duong nhau & vi tri thi ba, con A va G
tuong duong nhau trong 14 trén 16 truong hop.

Trir mot s6 ngoai 18, ma di truyén c6 tinh phd bién (universal) tirc toan
b thé gidi sinh vat ¢ chung bd ma di truyén.

III. Céu triic va chirc nang cua gen

Khi nghién ctru cac quy luat di truyén Mendel va hoc thuyét di truyén
nhiém sic thé, gen dugc quan ni¢m nhu mat diém trén nhiém sic thé, vira 1a
don vi chirc nang xac dinh mét tinh trang, vira la don vi dot bién, vira la don
vi tai t6 hop. Cung voi sy phat trién cua di truyén hoc, khai niém vé gen
duoc cu thé hoa thém, cAu tric va chirc nang cua gen dugc hiéu chi tiét hon.

1. Cdu triic gen

Mot gen thuong duge xem gdm c6 hai phan, phin mang ma di truyén
duoc phién ma sang phan tir mRNA va phan DNA 1am nhiém vu diéu khién
hoat dong ctia gen (Hinh 3.5). Ca hai phan déu cé cdu tric co ban kha giéng
nhau & moi sinh vat prokaryote va eukaryote. Tuy nhién, gen eukaryote con
¢6 cdu trac dic thu lién quan dén cac co ché kiém soat khac nhau dbi voi
hoat dong cta gen.

Céu tric mot gen dién hinh néi chung déu cé promoter, vi tri & RNA
polymerase hoat dong khéi dau phién ma. Doi khi nam rat xa gen, c6 thé
thiy cac enhancer (ving ting cudng) hoic silencer (ving tc ché) c6 vai tro

Sinh hoc phan tir 68



lién quan dén qua trinh phién ma. D6 dai ciia mot gen thay doi tiy theo sb
lwong va d6 dai cua cac intron chira trong no.

Ving 3’

Vl‘lng 5’ | . in ~
ngugc hudng ' Ban vi phién ma cling hudng

Vung promoter Cac exon

—Jcac enhanoerl_)(_| Hop CCAAT || Hop TATA

Chubi 5’ Céc intron Chubi 3’
khéng ma héa khéng ma héa

Hinh 3.5. Céu triic chung ciia mét gen

Ving DNA mang mi di truyén sé dwgc phién mi sang phén tir
mRNA. Qua trinh nay thuc hién theo chiéu 5°—>3’ trén soi mRNA dang
dugc tong hop. Khong phai moi phién ma di truyén trén phan tir mRNA déu
duge dich mi sang phan tir protein. Hai diu 5’ va 3’ cua phan tir mRNA
gom mot s nucleotide khong dugce dich ma ma lai lién quan dén tinh bén
vitng cua phan tt mRNA hodc tham gia kiém soat qué trinh dich ma. Hai
doan nay goi la vung khong dich ma 5° va 3’ (untranslated region). Vung
khong dich mi 5> nam trudc diém khoi dau dich ma (3 nucleotide AUG ma
hoa cho methionine dau tién ctia chudi polypeptide) va ving khong dich ma
3’ ndm sau diém két thuc dich ma (stop codon c6 thé 1a UAA, UGA va
UAG). Do té bao prokaryote khong c6 ciu trac nhan nén qua trinh phién ma
(tong hop mRNA) va dich ma (téng hop protein) xdy ra dong thoi. Con
phan tir mRNA cua eukaryote duoc phién ma trong nhan, sau d6 phai cit bo
intron va gin cac exon lai, chiu bién ddi tai cac dau 5° va 3” trude khi van
chuyén ra ngoai té bao chat dé dung lam khuon méu téng hop protein.

Hoat dong cua mot gen dugc danh gid thong qua qué trinh phién ma
(tong hop mRNA) va qua trinh dich mé (tong hop protein). Hoat dong nay
duoc kiém soat rat chit chd be“mg cac co ché khac nhau & moi giai doan, nhu
bat dau va két thuc phién ma, qua trinh bién do6i mRNA, quyét dinh tinh bén
virng va kiém tra lai thong tin di truyén trén cac phéan tir nay... Do cdu tric
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sdp xép cac gen prokaryote khac voi gen eukaryote nén su phdi hop giita
cac co ché diéu khién mang tinh chét riéng biét cho ting loai genome.

Céac gen prokaryote thuong sip xép ndm gin nhau va chiu sy diéu
khién chung ctia mot promoter, tirc 1a ching duoc phién ma sang ciing mot
phan tir mRNA. CAu tric nay dugc goi 1a operon. Nhu vy, mot operon gdm
hai hay nhiéu gen nam canh nhau trén mot nhiém sic thé. Thong thuong, d6
1a cac gen cung tham gia vao mot con duong chuyén hoa, vi du nhu céc gen
ma hoa cho cac enzyme can thiét cho qua trinh chuyén héa glucose.

Do ¢6 chung promoter diéu khién cho moi gen nam trong mot operon
cho nén chi c6 mot loai phan tir mRNA duoc tong hop tir mot operon (mang
thong tin di truyén cla tit ca cac gen nam trong d6). NOi cach khac, qua
trinh phién ma cta cic gen trong mdt operon xay ra dong thoi va phan tir
mRNA dac trung cho operon dugc goi la mRNA-polycistron.

Tuy nhién, diéu can ghi nhé 14 qua trinh dich ma trén cac phan tir
MRNA-polycistron xay ra hoan toan doc 1ap véi nhau. Mdi doan tuong tng
vo1 mot gen trén phan tir nay déu co vi tri bam cua ribosome, ¢6 ma bit dau
va két thuc tong hop chudi polypeptide riéng biét. Do do6, toc do tong hop
cac protein trén cac phan tr mRNA-polycistron hoan toan khac nhau (Hinh
3.6).

Operon
AN
- ™
Operator
Gen cdu tric
PN
s I
i Gen a Gen b Gen ¢
[ ] I D D

"] Promoter [y

Hinh 3.6. CAu triic operon trong genome vi khuin. Mot operon 1a mot don vi
phién ma don bao gdm mot chudi cic gen cdu tric (structural genes), mot promoter

va mot operator.

2. Sw phdn chia nho cua gen
Khaéi niém locus dugc dua ra dé chi vi tri cua gen trén nhiém séc thé,
la vi tri cua tat ca cac allele ctia day da allele. Ban than hién tugng da allele
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cho thiy gen c6 ciu tao phtic tap, su bién doi ctia gen c6 thé dan dén nhiéu
trang thai allele khac nhau.

2.1. Hién tugng allele gia

Theo quan niém c6 dién gen 13 don vi tai t6 hop. Néu ca thé mang hai
allele 1an aj/a, cia mot day da allele s€ tao thanh hai loai giao tir 1a a; va ay,
lai phan tich v&i bd me ddng hop tir ldn s& chi cho kiéu hinh dot bién a; va
a, ma khong c6 dang tai to hop hoang dai. Vi du:

Bé me aji/a, X ai/a;
Giao tir a;va a, a
Céc con lai a/a; VA a/a; - ca hai déu 1a kiéu hinh dot bién

Tuy nhién, nhiéu thi nghiém cho thiy néu ting sb ca thé thi nghiém
1én 10.000 hodc 100.000, thi c6 thé phat hién c6 dang kiéu hinh hoang dai
do tai to hop.

Vi dy: Truong hop locus mat qua tram ¢ rudi gidm, c6 18 allele. Khi
tang sO ca thé nghién ctru 1én nhiéu lan, ngudi ta phat hién cac allele xép
thanh 3 nhom A, B va C. Céc allele cua cung mdt nhom, khi lai 14n nhau,
khong cho kiéu hinh tai t6 hop hoang dai mat binh thudng, ma chi c¢6 kiéu
hinh mét qua tram. Nhung lai allele ciia nhom nay véi allele ctia nhom khéc
s& c6 xuat hién kiéu hinh hoang dai do tai t6 hop. Hién tuong nay dugc goi
1a allele gia.

Hién tugng allele gia cho thiy gen phan chia nho vé mat tai to hop, c6
thé xay ra tai t6 hop giita cac phan trong gen. Liic dau, hién tuong allele gia
dugc coi 1a truong hop ngoai 18, nhung khi tang sb ca thé nghién ciru 1én
nhiéu 1an thi & rang d6 1a hién twong phd bién. N6 duoc tim thiy ¢ nhiéu
dbi tuong khac nhau nhu ndm men S. cerevisiae, ngd, bd cau, chudt,
bacteriophage...

2.2. Locus rll cua bacteriophage T4

Nghién ctru chi tiét vé cac dot bién rll cua bacteriophage T, d3 lam
sang t6 hon vé cau tric gen. Bacteriophage T4 & dang hoang dai r* ¢6 kha
nang xam nhiém dong thoi hai chung E. coli B va K, trong khi céc dot bién
rll chi xdAm nhiém chiing B ma khong xaAm nhiém ching K (Hinh 3.7).

Sinh hoc phan tir 71



Chung vi khuan E. coli
B K

Dang hoang dai

Vét tan (plaque) nho Vét tan nho

bot bién rll

Vét tan 16n Khong c6 vét tan

Hinh 3.7. Kiéu hinh ciia cac dot bién rll ciia phage T,

Benzer (1955) da thu dugc vai nghin dot bién rll c6 ngudn gbe doc lap
vO1 nhau. Ong cho lai cdc dot bién nay vdi nhau va cén cir vao sy xuat hién
cac dang tai to hop hoang dai r* ma lap ban dd cac diém dot bién (mutation
sites).

Trudce thi nghiém cua 6ng, rll dugc coi 1a mot locus. Tuy nhién, thi
nghiém ciia 6ng di cho thiy cac dot bién xép thanh hai nhom rlIA va rliB.
Lai cAc dot bién rllA x rlIB s& co r*, nhung lai rllA x rlIA va rlIB x rlIB
thi kiéu hinh dot bién 1a .

Cho dén nay, chung ta dinh nghia mot gen 1a nho dya trén kiéu hinh
dot bién va vi tri trén ban d6 cta no. Bacteriophage 1a mot mo hinh di truyén
don gian (genome cua E. coli dai khoang 4.600.000 bp, trong khi
bacteriophage T, & 165.000 bp va bacteriophage A khoang 46.500 bp),
ching c6 thé sinh san mot sé lugng 16n rat nhanh (10* hodc hon thé) va d&
dang phan tich. Céc thi nghiém thuc hién v6i dot bién rll cua T4 duoc thiét
lap dya trén co so¢ sau:

- Cac gen ¢6 mot pham vi va ranh gi6i han ché.

- Cac gen c6 thé chia duoc, c6 thé c¢6 sy tai to hop gitra hai allele trong
mot gen don.

- Hoat dong cta gen c6 thé dugc phan tich bai su phan tich bd sung.
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Két qua thi nghiém cho thay, gen co thé phan chia nho vé mat dot
bién. Cac doan rllIA va rlIB duoc goi la cistron, don vi chirc ning nho nhét
dam bao kha ning xam nhiém ching K. Thuit ngit cistron thuc chét 1 gen,
ngay nay no chi co tinh chét lich su, it duoc su dung. Theo quan niém hién
nay, rllA va rlIB la hai locus. Hai khai niém m&i dugc dua ra la muton-don
vi dot bién va recon-don vi tai to hop.

Benzer di tim thay 2.000 diém dot bién trén doan gen dugc nghién
ctru, ching phan bd khong déu nhau, c6 nhimg diém tip trung nhiéu dot
bién hon. Chiéu dai gen khoang 900 nucleotide. Pon vi dot bién muton &
day tuong tng v6i 900/2.000. S& @6t bién ghi nhan ¢ thé thap hon so voi
thuc t& nén muton c6 thé tuong Gmg voi mot cap nucleotide. Gidng nhu vay
recon c6 thé tuong tmg véi mot cip nucleotide.

Tém lai, gen 1a don vi chirc ning, c¢6 thé chia nho boi cac don vi dot
bién tai to hop.

3. Thuwr nghiém churc nang allele

Mudn nghién ctru ciu tric bén trong mot gen, phai tim hiéu nhiéu
allele ciia gen d6. Nhiéu dot bién co kiéu hinh giéng nhau nhung khéng
allele voi nhau. Thir nghiém chirc nang allele duoc sir dung dé xac dinh xem
hai dot bién c6 allele véi nhau khong. Day chinh 14 thir nghiém ma Benzer
dung dé 1ap ban d6 locus rll.

Thir nghiém nay con duoc goi 1a thir nghiém bd sung (complementary
test) vi né cho biét sai hong chiic nang & hai dot bién c6 bo sung tirc bu trir
cho nhau duoc khong.

Phuong phap thir nay ciing duoc goi 1a thir nghiém déu-léch (cis-trans
test). SO di nhu vay 1a vi phép thir nghiém nay so sanh hiéu qua kiéu hinh
clia cac gen dot bién o hai vi tri khac nhau trén nhiém séc thé trong dong. O
vi tri 1éch (trans) cac dot bién nam trén hai nhiém sic the, con & vi tri déu
(cis) cac dot bién nam trén cung mot nhiém sic thé. Truong hop sai hong &
hai gen khac nhau nén c6 thé bd sung dugc, con trudng hop sai hong ¢ cing
mot gen khong bu dép duoc s& dan dén kiéu hinh dot bién.
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Hinh 3.8. Thir nghiém chtrc niing allele. I: c6 kiéu hinh dot bién do sai hong cing
mot gen nén khong bu diap duge. II: ¢6 kiéu hinh hoang dai do sai hong khac gen
nén bu trir dugc cho nhau.

4. Gen la don vi chirc nang nho nhat

Thir nghiém chirc nang allele c6 thé duge thuc hién dé& dang trén cac
dbi tugng vi sinh vat voi cac dot bién hoa sinh, thuong la cac dot bién
khuyét dudng (auxotroph mutant: mat kha ning tong hop mét chét nao do).
Vi du: O ndm mdc Neurospora crassa ¢ nhiéu dot bién mat kha ning tong
hop adenine (Ade’). CAc dot bién nay dé phat hién vi c6 khuan lac mau do.
C6 hai dang dot bién Ade, va Adey, néu di hop tir Ade,/Ade, c6 kiéu hinh dot
bién tirc 1a cho khuéan lac mau do, thi Ade, va Ade, 1a hai allele ciia mot gen.
Thir nghiém chtic nang allele cho thdy cac dot bién Ade ¢ N. crassa tao
thanh 9 nhom. Piéu d6 ching to ¢6 9 gen tong hop adenine ¢ lodi ndm nay:
ade;, ade,, ades... trong d6 ades c6 hai locus nam ké sat nhau 1a adesA va
adesB (Hinh 3.9).

Qua nghién ciru cac gen san xuét adenine ngudi ta nhan thdy qua trinh
téng hop adenine co6 lién quan dén 9 nhom dot bién cua gen nay hodc gen
kia, va déu cing c6 mot két qua 1a mat kha nang tong hop adenine. Nhu vay,
khai niém gen khong chi kiém tra di truyén ca chu trinh tong hop adenine,
ma gen |a don vi chtrc nang nho nhat, kiém tra mot giai doan co ban nao d6
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cuia chu trinh. Néu bién d6i di truyén lam sai hong chirc nang d6 s& dan dén
xuat hi¢n dot bién mat kha nang tong hop adenine.

ade3
ade5 A B

ade4 ade2

]

adeb

i

ade7

i

ade8 adel
VI

Hinh 3.9. Vi tri cac gen ade trén cic nhiém sic thé ciia nam mdc Neurospora
crassa
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Chwong 4

Tai ban DNA

I. Chitng minh tii ban DNA theo co ché ban bio thii
1. Co ché tdi ban ban bdo thii
1.1. Co ché tai ban & prokaryote

Dic diém co ban cua su tai ban d6 1a tai ban theo phuong thirc ban
bdo thu (semicpnservative replication). Téai ban ban bdo thu nghia la trong
hai chuoi cua tat ca cac phan tir DNA bao gio cling co:

- M6t chudi ctia DNA cii (tir mot trong hai chudi cia DNA me).

- M6t chudi cia DNA méi (méi dugce tong hop).

‘ Mdi mét 1an tai béq déu c6 su tach r(‘):i cua hai chudi cia DNA me,
dong thoi m@i chuoi me tif:n hanh sao chép d¢€ cho mdt chuoi con, chuoi nay
sau do lai két hop véi chudi me.

Vi tri mé xodn kép va tong hop DNA méi cing mot lac trén DNA goi
la chac })a tai ban (replicatiqn fo‘rk) do ciu trac cﬁa} vung tai ban ¢6 hinh chir
Y. Su tong hop DNA méi gan lién véi viéc mé xoan DNA cil.

1.2. Co ché tai ban & eukaryote

Su tai l?én & té bao eukaryote phirc tap hon so véi & té bao prokaryote
n}}ung co ché cua sy tai bér} ¢ eukaryote cling tuong tu nhu ¢ prokaryote va
tién hanh theo cac nguyén tac:

- Hai hudng.

- B sung, d6i song song, theo chiéu 5°— 3’.

- Khong lién tuc & mot trong hai chudi.

- Can nhitng RNA primer.

Tuy nhién, c6 mot s6 diém khac nhu sau:

- Troqg k‘hi ¢ prokaryote chi csﬁ m(f):[ diém kh‘éri dﬁq, thi su té% ban ’6'
eukaryote bat dau cung mot hi‘c o nhi@u diém khoi dau. Dicu nay la can thiét
do DNA cua eukaryote c6 chiu dai rat 16n.

- Van tdc p}lét trién cia chac ba tai ban & eukaryote (khoang 50
nucleotide/s) chi bang 1/10 so vai ¢ E. coli.
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2. Thi nghiém cua Meselson va Stahl

Nhiing thi nghi¢m ciua Meselson va Stahl (1957) da chiing minh 1y
thuyét tai ban DNA theo kiéu ban béo tha (Hinh 4.1). Céc tac gia trén da
nudi cay E. coli trong nhiéu thé hé trong mot méi trudng chira "NH4CI 1am
ngudn cung cip nitrogen duy nhat. Bang cach nay, DNA duoc téng hop c6
N (N 1a mét chit phong xa ning hon chét phong xa thong thuong “N). O
mot thoi diém nhét dinh (thoi diém 0), cac tic gia ndy da chuyén nudi cay
vao modt moi truong chira “NH.CL Tiép dén, sau tung thoi gian déu dan, ho
phan tich DNA chiét xuit tir vi khuan bang phuong phap ly tdm theo
gradient CsCl.

DNA duoc tach chiét va
ly tam dé can béng theo
grandient mat d6 CsCl
Céac phan t&r
bd me géc
DNA nang (*N)
Chubi méi
Chudi me
Céc phéan t& con
thé hé th&r nhat
H L
DNA nhe (*N) . o
Cac phan t&r con
L H L L H L L

DNA lai (**N/™N)

DNA lai thé hé th hai

Hinh 4.1. Minh hoa sw ti bin ban bio thii. So do trinh bay su hop thanh cac soi
d6i DNA sau 0, 1, va 2 vong sao chép. H: chudi ning (*°N), L: chudi nhe (*N).

Két qua thuc nghiém cho thay:
- O thoi diém 0: chi c6 mot phén tir twong Gmg véi DNA ning N.
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- Sau mdt thé hé trong méi trudng chira **N: nhitng phan tir DNA gdm
mdt chudi nang N (chudi me) va mot chudi nhe N (méi duge téng hop).

- Sau hai thé hé¢ trong méi trudong chira “*N: ¢6 hai phén tir lai (gdm
mot chudi ning va mot chudi nhe) va hai phan tir déu gom nhing chudi nhe
khong c6 chudi ning.

I1. Mo hinh tdai bin DNA-chac ba tai ban
1. M6 hinh tdi ban

Mo hinh tai ban dugc nghién ctru trén thé nhiém sic cua vi khuan E.
coli, DNA c6 dang mach vong soi d6i (Hinh 4.2). Dé tu tai ban DNA phai
thao ra don gian & mot vi tri nhat dinh va noi d6 xuit hién chac ba tai ban
(Hinh 4.3).

Thi nghiém ciia Cairns. St dung nucleotide duoc danh diu bang
dong vi phong xa trong moi trudng dang phan chia, ta s€ biét dugc tién trinh
tai ban do hat bac xuét hién duéi kinh hién vi dién t.

Hinh 4.2. DNA dang mach vong s¢i déi. Chiéu dai thuc té 1,6 mm (4,7x10° bp).

2. Chac ba tdi ban

Hinh 4.4 mo ta ciu trac cia chac ba tai ban. Nho vao phuong phap
phong xa anh tu ghi, nguoi ta nhan théy su tai ban thyc hién theo hai hudéng
(bidirectional synthesis). Pdng thoi ciing chtirng minh dwgc vi khuan E. coli
(prokaryote) co duy nhit mot diém gdc tai ban, d6 1a diém ma hai chudi
xodn kép cia DNA me duoc tach ra, trong tng voi hai chac ba tai ban phat
trién nguoc chiéu nhau. Chudi DNA sau khi tich ra dugc dung lam khuon
mau cho su tong hop DNA méi (Hinh 4.5).
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A
Chuyén dong

cla chac ba tai \\\\\
ban
/ Gé)C /

4p

P\
Diém dut (nick) 1

Mot diém dirt dwoc bit kin, mot
t G oc bit kin, m¢
Quay trong diém dut khac duoc tao ra

Hwéng hwéng cudn \\\\\\\\

cudn
Hinh 4.3. Su tai ban cia phian tir DNA s¢i déi mach vong cia E. coli. A: sy
chuyén dong khong cudn lai ciia cac nhanh trong quy dao tai ban, khong co cac vi
tri quay tu do, gay ra sy cudn lai qua chat cia phén khong dugc tai ban. B: co ché
s¢i don bi dut (nick) phia trudc cia chac ba tai ban cho phép su quay xay ra.

7Y
Diém dit 2

5"\\ |
3,// @ | | = / )

a w
—h
W

©

Hinh 4.4. So' @b cAu tric cia cac chac ba tai ban. (a): Chac ba don trinh bay soi
chu (leading strand) dugc téng hop lién tuc va soi thir (lagging strand) dugc tong
hop gian doan. (b): Chac ba d6i, phd bién trong hau hét moi sy tai ban DNA cua
genome. (c): Cac hudng hinh hoc cua su tai ban DNA, mili tén ngén chi su chuyén
dong dich mi cta chac ba, miii tén dai va cong chi sy quay vong DNA can thiét

quanh cac chac ba.
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Sgi d6i b me khong tai ban

Hudng di chuyén
cla chac ba tai ban

Sdi con dugc tai ban

Hinh 4.5. Hinh anh dwéi kinh hién vi dién tir. Phan tor DNA mach vong nho ciia
E. coli ¢ chiéu dai thyc t& 0,01 mm (3.000 bp) tai ban bang kiéu 6. Cac doan DNA
bd me va con duoc trinh bay trong hinh v&.

Hinh 4.6 so sanh sy khac nhau gitra tdi ban DNA khong dinh hudng
va tai ban theo hai hudng. Trong tai ban khong dinh hudng, chi c6 mdt chac
ba tai ban. Trong khi tai ban theo hai huéng yéu cau hai chac ba tai ban.
Mili tén cong chi hudng chuyén dong ctia cac chac ba. Hau hét DNA tai ban
theo hai hudng.

Géc tai ban GOctaiban 14 pan dang thos
Tai ban fhi l trong ca hai hudéng
trong mot
hudng / Tai ban khong Tai ban theo
dinh hueng t hai huéng

- Géc tai ban ’

Géc tai ban

Chac ba
tai ban

Chac ba
tai ban

Chac ba
tai ban

Hinh 4.6. Tai ban DNA khong dinh hwéong va theo hai hwéng

Hinh 4.7 va 4.8 md ta phuong thirc hop nhat cac vong tai ban DNA &
rudi gidm (D. melanogaster). Qu4 trinh tai ban dién ra dong thoi trén hang
chuc ngan vi tri khac nhau cua phan tir DNA va tao thanh cac vong tai ban,
cac vong tai ban sau d6 s& md rong theo hai hudng dé cudi cling hop nhat
v6i1 nhau tao thanh hai phan tir DNA.
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Hinh 4.7. Hinh anh dwéi kinh hién vi dién tir ciia mét doan nucleotide & rudi
gidm. Phan tir DNA soi d6i dai 30 kb cho thiy c6 7 vong tai ban.

Sy tai ban bat dau

Goc tai ban
va theo hai hwéng

\/v Géc tI!\i ban
/\ v /\

«— —

R —
W t(ﬁ)ng hep Khoi dAu
& goc thir hai va cling

v theo hai hwéng

Hinh 4.8. Phwong thirc hop nhét cac vong tai ban DNA ciia rudi gidm. Hai gbc
tai ban duoc trinh bay trén hinh v&, cac miii tén nho chi huéng chuyén dong cua
cac chac ba tai ban.

3. Tai ban DNA theo vong tron quay

Truong hop bacteriophage A (thuc khuan thé 1) c6 vat chat di truyén
1a mot phan tir DNA mach thang soi d6i, khi ta chuyén chiing vao vi khuan
thi cac dau dinh két DNA (cos) cua né gan lai theo dang vong tron. Su dinh
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két lai nay 1a do hoat dong ctia enzyme DNA ligase giup tao lai dang xoan.
Khi d6, su tai ban DNA tién hanh theo co ché vong tron quay (Hinh 4.9).

Céc nucleotide dugc bd sung vao  Su kéo dai tiép tuc

nhdm 3’-0H, chiém cho cla sgi cla dau 3’
Hudéng quay c6 dau tan cling 5'-P
— —_— —
> 3-OH ) D 3
5-p
Nuclease cdt DNA Sgi cd dau tan clng
tao ra nhdm 3’-OH 5’-P cling dugc sao
va nhém 5'-P chép

Hinh 4.9. T4i ban vong tron quay & bacteriophae A. DNA duoc tong hop méi c¢6
mau nhat. Sgi thay thé dugc tai ban trong cac doan ngén.

II1. Ban chit xoiin ciia DNA-CAc giai doan ciia su tii ban
Hinh 4.10 mo ta toan bg qua trinh tai ban DNA. Qua4 trinh nay trai qua
ba giai doan chinh sau:

1. M6 xodn

Trude tién ta thdy qua trinh mo xodn cta hai sgi DNA can thiét phai
c6 mot enzyme rat quan trong d6 1a helicase (con goi 13 enzyme mé xoan).

Chang han, trén phan tir E. coli chi c6 mot gbe tai ban (ky hiéu la
ori C) dai 245 bp. C6 it nhat 8 enzyme hodc protein tham gia vao giai doan
khoi ddu cia sy tai ban. Nhimg enzyme-protein ndy mé xoan DNA ¢ gbc
ori C va thiét 1ap mot phirc hop tién moi (prepriming complex) dé chuan bi
cho nhiing phan Uing cta giai doan sau.

Mot phirc hop khoang 20 protein Dna A duge két hop véi mot ving
ctia ori C bat dau cho qué trinh mé xoan va khoi dau su tai ban. Phan ng
nay can ATP va mot protein gidng nhu histone ctia vi khuan (HU). Tiép d6,
protein Dna C gitp protein Dna B gin vao vung ori C, Dna B chinh 1a
helicase s& md xoan DNA theo hai hudng dé tao ra hai chac ba tai ban. Cac
phan tir protein lién két soi don (single stranded binding protein, protein
SSB) gin vao chudi don DNA dé 6n dinh chudi nay. Enzyme gyrase (DNA
topoisomerase II) mo xodn dé tao siéu xodn trai (). Enzyme primase
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(protein Dna G) s& xuc tac tong hop RNA primer dé gin vao khudén mau
DNA.

Hinh 4.10. Qua trinh tai ban DNA

2. Kéo dai-Tong hop chudi Okazaki

Giai doan kéo dai bao gdm sy tong hop ciing mot lac hai chudi DNA.
Mot chudi dugc tai ban cung hudng phat trién cta chac ba s& lién tuc (soi
chu), con chudi kia s& khong lién tuc bao gdm cac doan Okazaki (soi thir).
Cac nucleotide gén vao dau 3’ tu do, va kéo dai chudi ra nho enzyme DNA
polymerase III theo chiéu 5°—3’. Trong giai doan ndy, nhiéu enzyme d4
tham gia vao su tong hop hai chudi DNA tai chac tai ban. DNA helicase tiép
tuc tach hai chudi DNA me, DNA gyrase mo X04n, protein SSB on dinh
nhimg chudi DNA don d& duoc tach ra, DNA ligase gin cac doan Okazaki
trén so1i thir.

Sinh téng hop DNA trong té bao cung mét luc dién ra trén rat nhiéu vi
tri (20.000-60.000) sudt chiéu dai khong 16 cia DNA khudén mau. O céc vi
tri d6, enzyme helicase gitip DNA chuyén tir dang siéu xodn sang dang dan
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(hai soi DNA tach ra) voi tbe do 10 um/gio. Voi tde do nay, dé helicase co
thé chay subt chiéu dai chudi DNA trong mot té bao ciy ddu ngua (DNA dai
téng cong khoang 9 m) phai mat hon mot thé ky. Trong thuc té, cong vige
nay chi mét khoang 15-40 gio.

Chudi DNA xoian kép nhu vay duoc tach dbi ¢ cac vi tri s& xay ra sinh
téng hop, hinh thanh céc chac ba. O chac ba, ca hai chudi DNA mach don
déu duoc st dung lam khudn mau cing mot lic. Trén mot chudi, sinh téng
hop s& dién ra theo chiéu tir 5°—3” cung chiéu v6i chiéu phat trién cua chac
tai ban. Trén soi con lai, sinh tong hop van dién ra theo chiéu 5°—3’ nhung
nguoc chiéu véi chiéu phat trién cua chac tai ban, va chi thuc hién duge
timg doan ngin do 1.000 nucleotide (doan Okazaki). Trong khi di chuyén
ting quing, enzyme primase s& tong hop nhiing doan RNA primer ngin
(111 nucleotide) dé tir 46 DNA duoc tiép ndi nhd DNA polymerase III.
Khi doan Okazaki méi dugc hoan chinh, RNA primer dugc tach ra nho
DNA polymerase I (hoat tinh exonulease 5°—3”) va dugc thay thé boi DNA
cling nho tac dung cua cung enzyme. Cac khe hd con lai gifra cac doan
Okazaki dugc DNA ligase gan va DNA trd lai dang chudi xoan kép: mot
phan tir DNA méi dugc hinh thanh (Hinh 4.11).

3. Két thiic

Cubi cuing, hai chac ba tai ban gip nhau & phia ddi dién ctia nhidm sic
thé vong cua E. coli. Nguoi ta biét rat it vé nhitng phan tng cta giai doan
nay. Co thé hoat dong cia mot loai DNA topoisomerase la can thiét dé tach
hai phan tir DNA vong da duoc tong hop. Qué trinh phan dbi hai phéan tir
DNA trong té bao con khi phan chia té bao ciing chua dugc biét 1d.

IV. Khai niém mdi

Tai ban DNA chi xay ra khi ¢6 sy khoi dong mdi. Thuong moi
(primer) 1a doan RNA ngén gan trudc dau DNA.

Quan sat chac ba tai ban ta thdy DNA polymerase gin nhom
phosphate vao dau 3’-OH ty do. Tuy nhién, lic dau chua cd dau 3°-OH tu
do, do d6 ¢ ngay diém gdc tai ban enzyme RNA polymerase (enzyme
primase) s€ hoat dong tao nén mot doan mdi ngén dé c6 dau 3°-OH tu do,
nhd d6 DNA polymerase méi bat dau hoat dong tai ban.
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Hudng tai ban

Hinh 4.11. Hai s¢i DNA méi dwoc tong hop theo hai kiéu khac nhau

Nghién clru tai ban ¢ bacteriophage M13 (DNA mot sgi vong). Goi
DNA + (M13) 1a soi (+). Tu soi (+) tao ra dang tai ban (—), soi (—) nay s€
dung lam khuon tao ra sgi (+) khéc.

DNA polymerase s& khong hoat dong, néu khong c6 mdi ghép doi vao
soi (+) dau tién. Enzyme RNA polymerase sé& tong hop doan mdi bang cach
bd sung mot sb nucleotide vao vi tri khoi dau tai ban, tao nén dau 3°-OH tu
do. RNA polymerase bao gdm cac don vi ay, P, B’ va 6. Chat khang sinh
rifampicin c6 tac dung @c ché don vi B, khi 6 RNA polymerase s& bi tc ché
va M13 khong c6 hién tugng tai ban. Nhu vay, chinh RNA polymerase giir
vai tro khoi dong dé sau d6 DNA polymerase mai bat dau hoat dong tai ban

Sinh hoc phan tir 85



dugc. Vi vay, dau tién phai co mot doan mdi gin véi DNA bang lién két
cong hoa tri, va doan mdi nay do RNA polymerase tong hop nén.

Tiép tuc, doan moi RNA s& bj loai ra bdi DNA polymerase (khac voi
DNA polymerase tai ban & trén). DNA polymerase ndy bat ddu gin cac
nucleotide vao dau 3’-OH ty do, va sau cing enzyme DNA ligase ndi cac
doan tai ban nay lai (Hinh 4.12).

Primase RNA primer

Sgi th RNA primer

Doan Okazaki ké ti€p
@ dugc téng hgp

DNA polymerase¢. .

DNA Ilgase

Hinh 4.12. Téng hep cic doan Okazaki. Qua trinh ndy doi hoi sy gan mdi, kéo
dai, loai bé RNA, lam ddy cac khoang tréng va han cac diém dut. Primase tong hop
doan mdi RNA, DNA polymerase 111 kéo dai doan mbi RNA thanh doan Okazaki &
soi thir, DNA polymerase I sir dung dich md diém dit dé thay thé doan mdi RNA
bang DNA, va cudi cing DNA ligase han diém dut.
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Nhu vay, viéc tai ban DNA can céac enzyme sau:

- Helicase: mo xoan dé tach sgi DNA dang xoan.

- SSB: gén trén DNA mot soi dé soi ludn ludn & tinh trang mo.

- RNA polymerase (primase): tAc dong hinh thanh doan moi RNA.

- DNA polymerase I: loai bo doan moi RNA.

o DNA polymerase ‘III (khac véi loai trén) tac dong tong hop DNA
bang cach kéo dai doan moi RNA.

- DNA ligase: gin cac doan Okazaki d3 tong hop voi nhau.

Tir céc nghién ciu vé‘téi ban DNA cua bacteriophage M13, nguoi ta
da dua ra so do gia thuyét vé sy bién d6i DNA mdt sgi cia M 13 thanh dang
sao chép tai ban (RF).

Va quan st trén chac ba tai ban dang phat trién, ta c6 thé thf:o doi
duoc sy tai ban lién tuc va khong lién tuc cua cac doan DNA mdi bo sung
cho soi DNA khu6n mau.

V. Enzyme tii ban
1. DNA polymerase

Pay la enzyme chu yéu cta sy tai ban, chiu trach nhiém tong hop hai
chudi DNA ¢ chac tai ban. C6 ba loai DNA polymerase khéac nhau, dugc ky

hiéu 13 I, II va II. Co ché va vai tro cua cic enzyme DNA polymerase ciing
rat khac nhau.

Mg**
(DNA), +dNTP < > (DNA):; + PP;
DNA polymerase

1.1. DNA polymerase |

Do Kornberg phat hién nam 1955. DNA polymerase I cua E. coli
mang chudi polypeptide c¢6 khdi luong phan tir 1a 109.000 Da véi ba hoat
tinh riéng biét. Nhiém vu chinh cua DNA polymerase I l1a xtic tdc cho qua
trinh 1ap rap cic dNTP ting cai mot vao dau 3’ tu do cua doan moi dang
gén trén DNA khudén mau. Két qua 1a soi DNA méi s& dai dan vé phia du
3’ (Hinh 4.13).
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Hinh 4.13. Cac thanh phén cin thiét cho sinh tong hop DNA

DNA polymerase I cua E. coli con ¢6 hoat tinh exonuclease (hoat tinh
cit cac chudi nucleotide & cac dau tuy do cua DNA) 3°—5’ xuc tac cho su
thodi hoa bac thang tur dau 3’ cta ca DNA soi doi va soi don khi khong co
dNTPs. Trong truong hop cd6 dNTPs, hoat tinh exonuclease trén sgi doi s€ bi
trc ché boi hoat tinh polymerase. Trong qua trinh tong hgp DNA, hoat tinh
exonuclease thuc hién chic ning doc sira bang cach cat bo nhing
nucleotide lap rap sai.

Ngoai ra, enzyme nay con c6 hoat tinh exonulease 5°—3’ xtc tac cho
su chuyén chd ciia cac nucleotide tir dau 5° ciia diém dirt va bo sung tirc thoi
cac nucleotide tir dau 3’ tao ra chuyén dong cua diém dat doc theo DNA.

1.2. DNA polymerase II va DNA polymerase 111

Khoi dau, enzyme DNA polymerase I dugc xem nhu giit vai trd chii
yéu tryc tiép trong tai ban DNA. Nhung sau d6, ngudi ta quan sat thiy ¢ E.
coli dot bién khong c6 DNA polymerase I ma van c6 sy téi ban, va phat hién
rang chinh DNA polymerase III gitt vai tro tai ban DNA. Nghién ciru tinh
chit va so sanh ba loai enzyme trén ngudi ta nhan thdy DNA polymerase I11
moéi 1a enzyme thyc sy diéu khién tong hop DNA. Trong khi d6 DNA
polymerase I chi co vai trd loai bd RNA moi nhd cit dau 5°—3’ va thay vao
chd RNA mbi bang DNA khac, con DNA polymerase II chua 15 tic dung,
¢6 1& n6 tham gia vao qua trinh sira chita (thay mot doan DNA hong bang
mot doan DNA binh thuong) hodc thay thé DNA polymerase I khi c6 kho
khan trong tong hop DNA.
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V& téc do lam viée, cac DNA polymerase rat khac nhau. Trong mot
gidy, DNA polymerase I gin dugc 10 ANTP trong khi DNA polymerase 11
chi gan duoc 0,5 ANTP va DNA polymerase III gan ti 150 dNTP.

2. Céac topoisomer va DNA topoisomerase
2.1. Topoisomer

Gia sur ¢6 hai phan tor DNA mach vong c6 cung trinh ty nucleotide.
Nhung hai phan tir nay c6 thé c6 sé vong (linking number-Lk) khac nhau
trong phan tir. S6 vong & day duoc dinh nghia 1a s6 1an ctia mot chudi DNA
quin xung quanh mot chudi khac. Nhiing trudng hop ndy duoc goi 1a
topoisomer. Topoisomer c6 cac dang sau:

2.1.1. Dang 16ng 1éo (relaxed DNA)
O dang ndy strc cang ctia xoan kép 1a tdi thiéu. Do 1a dang cau trac 6n
dinh nhét cua phan ti.

2.1.2. Dang siéu xoén (supercoiled DNA)
Truc ciia xo0an kép co thé cudn xung quanh minh tao thanh mot siéu
xoan. Co6 hai dang siéu xoan sau:
- Siéu xodn dwong (+). Sé vong ting, xodn kép xoan cung chiéu
(xoan phai) tao thanh dang siéu xoan duong (positive supercoil).
- ‘Siéu xoin 4m (-). S6 vong giém, xoan kép xoan theo chiéu ngugc
lai (chiéu trai) tao thanh dang siéu xoan am (negative supercoil),

Phén 16n nhitng phan tir DNA trong ty nhién ¢ dang siéu xoén am.

2.2. DNA topoisomerase

Enzyme DNA topoisomerase (la mdt enzyme nuclease thuan nghich)
c6 tac dung thay ddi sé Lk ciia DNA. Cac DNA topoisomerase c6 tac dung
thém vao hodc loai bot nhitng siéu xoan trong phan tir DNA xoén kép. Co
hai loai DNA topoisomerase sau:

2.2.1. DNA topoisomerase |

DNA topoisomerase I ton tai & ca prokaryote 1an eukaryote va cé tac
dung sau:
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- C4t mot chudi DNA va thao mot vong X04n sau vi tri cét.
- N6i lai chudi DNA di bj cit boi lién két phosphodiester méi. DNA

sau khi dugc tai tao lai c6 cau trac 1ong 1éo hon (Hinh 4.14).
§

Lk =n Lk = n+1

,

] Diém dat

Chuyén sgi
nguyén qua
cho dat gay
va gén lai

Hinh 4.14. Co ché hoat dong ciia topoisomerase |. Enzyme cit mot soi don cua
DNA soi d6i, chuyén soi nguyén ven qua chd dit giy, sau d6 han chd dut giy lai.
Qua trinh nay ting s6 Lk Ién 1.

2.2.2. DNA topoisomerase Il

O prokaryote, DNA topoisomerase II co tén 13 DNA gyrase. DNA
topoisomerase 1l cé tac dung cit tam thoi hai chudi cia DNA, c6 tac dung
sdp xép lai siéu xodn, tao ra siéu xodn trai (—) ctia chudi DNA xoan kép
(Hinh 4.15). Phan (mg nay can 1 ATP.

O eukaryote, DNA topoisomerase II ciing duoc tim thidy nhung it
dugc nghién cuu.

3. Helicase va protein SSB
3.1. Helicase

Enzyme helicase (con co6 tén la enzyme deroulase) c6 nhiém vu giup
chudi DNA tir dang siéu xo4n sang dang din thanh hai soi don bang cach
cat cac lién két hydrogen giira nhitng base bd sung. Dang cdu triic ndy can
thiét cho cac doan trén chudi DNA ma ¢ d6 c¢6 nhu cau sinh tong hop. Phan
g nay can sy c6 mit cia ATP (Hinh 4.16).
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BO phan tai ban

bt gdy DNA

Chuy&n DNA di
qua cho dut gdy

Hinh 4.15. Hoat dong ctia topoisomerase II & chac ba sao chép

3.2. Protein SSB

Céc protein SSB lién két phdi hop véi DNA soi don nhung khong lién
két v6i DNA soi doi. Ching duoc xem nhu 13 cac chat phan tng trong tao
dong phan tir xuat phat tir chd chung c6 kha ning pha v& su 6n dinh cua cac
ciu truc thir cdp bén trong soi nucleotide; ting nhanh su tai U cia céc
polynucleotide bd trg va ting hoat tinh ctia cac DNA polymerase bang cach
loai bé céac cdu tric thir cip bén trong soi 1a nhitng yéu td ngan can su tién
trién cua cac enzyme nay (Hinh 4.17). Nho tinh chit nay, cac protein SSB
tré thanh cac chét phan tmg hitu ich trong xéc dinh trinh tu DNA.
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Hinh 4.16. Hoat dgng ciia enzyme helicase. DNA helicase tach roi hai sgi cua
chudi xodn kép. Khi ATP duoc b sung vao DNA helicase duoc lién két voi soi
don, thi helicase di chuyén voi mot d6 phan cyc xac dinh trén DNA sg¢i don. Do
phan cuc nghia la DNA helicase duoc lién két v&i khudn mau soi tht trén chac ba
tai ban.

4. DNA ligase

C6 nhiém vu ndi hai diu 3°-OH va 5°-PO, cta hai doan DNA roi
thanh mot doan lién tuc. Mot méi han nhu vay can mot nang luong la 2ATP
(d6i v6i eukaryote) hoic NAD" (ddi véi vi khuan).

0] 0]
, : Ligase LAl
DNA-3-OH + O-P-O-5-DNA >,  DNA-3-O-P-5-DNA
I 2ATP [
0 0]
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Hinh 4.17. Lién két ciia protein SSB 1én DNA s¢i don. Mot luong gii han cua
SSB lién két véi 4 trong 9 phan tir DNA soi don. Khi b6 sung thém protein SSB,
n6 s& lién két véi cac protein SSB di lién két tir trude. Chi sau khi protein SSB bao
boc hoan toan cac phan tir DNA soi don ban dau, thi nd méi tiép tuc lién két véi
cac phan tir DNA soi don khac.
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Hinh 4.18. DNA ligase han céc diém dit giira cac nucleotide gin nhau
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Pac diém cia DNA ligase la khong lam viéc véi cac sgi DNA don
(single strand) ma chi han ndi cic doan DNA & dang chudi xodn kép. Khi
nbi DNA, c6 thé gap 2 truong hop: ddu so le-dau dinh (protruding ends-
cohesive ends) hodc diu bing (blunt ends). Truong hop dau so le, cac
nucleotide nam trén phan so le ctia hai doan DNA phai twong dong thi DNA
polymerase mai hoat dong dugc.
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Chuong 5

Phién ma

Phién ma 13 qua trinh tong hop RNA tir khuén mau DNA. Qua trinh
nay vé phuong dién hoa hoc va enzyme rat gidng v6i qua trinh tai ban DNA.
Ca hai déu lién quan dén cic enzyme tong hop mot chudi nucleic acid moi
b6 sung voi khuén mau DNA. Tt nhién, hai qua trinh nay c6 nhimng khac
biét quan trong, ma dang cha y nhét 1a chudi mdi trong qua trinh phién ma
duoc tao thanh tir cac ribonucleotide thay vi cac deoxyribonucleotide. Cac
nguyén tic co ban ctia qua trinh phién ma duoc thiét 1ap dwa vao nghién ciru
trén prokaryote (E. coli) nhung duong nhu cic nguyén tic nay ciing co tinh
pho bién cho ca eukaryote. Tuy nhién, do su khac biét vé& cu tric genome
va hé théng enzyme nén sy phién ma & prokaryote va eukaryote ciing co
nhing dic trung nhat dinh.

I. Céc dic diém co ban ciia qua trinh phién ma
1. Su phién md tao ra RNA bo sung voi mot soi DNA

Céc ribonucleotide ndi tiép cia RNA dugc xac dinh dya trén nguyén
tac bd sung voi cac nucleotide trén DNA khuon méau. Khi su bat cap chinh
X4c xay ra, ribonucleotide tiép theo dugc lién két dong hoa tri v6i chudi
RNA dang hinh thanh nho phan g ¢6 enzyme xuc tac. Nhu vay, san pham
phién ma dugc kéo dai timg ribonucleotide mot va bo sung chinh xac véi
soi DNA duoc dung 1am khuén mau.

Qua trinh phién ma du c6 tinh chinh xac cao nhung van kém hon
nhiéu so v6i qua trinh tai ban DNA (ty 1¢ mac 13i 1a 1/10.000 nucleotide so
v6i 1/10.000.000 trong tai ban). D6 1a do sy thiéu mot co ché sira sai hiru
hiéu, mic du trong qué trinh tong hop RNA ciing ¢6 hai dang sira sai ton tai.
Tuy nhién, vi cdc RNA dugc phién ma khong bao gio dugce sao chép lai nén
cac sai sot xay ra khong anh hudng dén viée truyén dat thong tin cho thé hé
Sau.
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2. Su phién ma la mot phan wrng enzyme

Nhimng enzyme chiu trach nhiém cho qué trinh phién ma ¢ ca té bao
prokaryote va eukaryote déu duoc goi 1a RNA polymerase phy thuéc DNA
(DNA-dependent RNA polymerase), goi tit 1a RNA polymerase.

RNA polymerase xuc tac hinh thanh cac cAu ndi phospho-diester dé
ndi cac ribonucleotide thanh mét chudi thang. Enzyme dich chuyén ting
budc doc theo DNA khudén mau va kéo dai chudi RNA theo hudng tir
5’—3’, nghia la cac ribonucleotide dugc thém vao dau 3’ cua chudi RNA
dang hinh thanh. Céac co chat duoc sir dung dé tong hop RNA 1a ATP, GTP,
CTP va UTP. Ciing giéng nhu trong sy tai ban DNA, ning lwong cho phan
g duoc cung cép tir sy thity phan céc cau ndi giau ning luong cua cac co
chat noi trén.

3. Sw phién ma chi sao chép chon loc mot $6 phcfn cua genome va tao ra
nhiéu ban sao

Su lya chon ving nao dé phién ma khong phai xay ra ngdu nhién. Mdi
ving phién ma dién hinh bao gdm mdt hodc nhiéu gen, c6 nhitng trinh ty
DNA dic hi¢u huong dan khéi dau va két thiic phién ma.

Dé6i voi mot ving duge chon phién ma, ¢ thé c6 mot dén hang tram
tham chi ca nghin ban sao RNA duogc tao ra. Sy téng hop phan tir RNA sau
duoc bt dau trude khi phan tir RNA trude hoan thanh. Tir mgt gen don doc,
trong vong mot gior ¢o thé tong hop dugc hon mot nghin phan tir RNA (dbi
v6i eukaryote).

Sy Iyra chon ving nao dé phién ma va mirc do phién ma déu duoc diéu
hoa. Vi viy, trong nhitng té bao khac nhau hodc trong ciing mot té bao
nhung & nhiing thoi diém khac nhau s& c6 nhitng nhém gen khac nhau dugc
phién ma.

4. Chi mét trong hai sgi don ciia phan tir DNA dwoe dimg lam khuén mdu

Viéc gan cia RNA polymerase vao promoter clia gen s& quyét dinh
viéc lya chon soi nao trong hai soi don cia DNA lam khuon mau. Promoter,
ngoai viéc mang vi tri gdn RNA polymerase con chira dung thong tin xac
dinh sg¢i nao trong hai sgi don cia DNA dugc phién ma va xac dinh vi tri
bat dau phién ma.
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5. Sw phién ma dwoc khéi phat khéng can moi

RNA polymerase c6 thé khoi dau su téng hop RNA trén khudén mau
DNA ma khéng can mdi nhu DNA polymerase. Didu nay doi hoi
ribonucleotide dau tién dwgc mang dén vi tri bit diu phién ma phai duoc
gilt 6n dinh trén DNA khu6n mau trong khi ribonucleotide thir hai dang
dugc dua dén dé xay ra phan tng tring hop.

II. Céac giai doan ciia qua trinh phién ma
RNA polymerase tién hanh qua trinh phién md mot gen thong qua
nhiéu buéc va duge chia thanh ba giai doan: khoi dau, kéo dai, va két thic.

1. Giai doan khéi dau

Pau tién, RNA polymerase gin voi promoter ciia gen (cing voi cac
yéu t6 khoi dau) dé tao thanh phirc hop promoter-polymerase. Mot khi dugc
hinh thanh, phirc hop nay sé& c6 su thay doi cu triic can thiét cho viéc tién
hanh giai doan khoi dau.

Giai doan khoi dau nay bao gdm ba budc nhu sau:

1.1. Phtrc hop dong (closed complex)

Khi RNA polymerase vira méi gan voi promoter thi phirc hop tao
thanh ¢ trang thai dong. O trang thai nay, DNA vén 1a chudi kép va enzyme
gin vao mot phia ctia vong xoan.

1.2. Phtrc hop mé (open complex)

Luc nay DNA xung quanh diém bat dau phién ma dugc md xoan va
lién két giira cac cip base bd sung bi pha v&. Hai soi DNA véi do dai
khoang 14 bp xung quanh vj tri bit diu phién ma tach roi nhau ra va tao nén
vong phién ma. Viéc mé DNA di giai phong soi khuon mau. Hai nucleotide
dau tién duge mang dén vi tri bat dau da duoc hoat hoa, chung xép hang
trén khuén miu va dugc ndi v6i nhau. RNA polymerase bat dau chuyén
dich doc theo sgi khuon miu, md xoan phia trudc vi tri tring hop va tai gan
hai sgi DNA phia sau. Bing cach nay, cac ribonucleotide tiép theo dugc gin
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vao chudi RNA dang phat trién. Poan RNA ban dau voi sd luong
ribonucleotide it hon 10 s& bi loai bo va enzyme bat dau tong hop lai.

1.3. Phirc hop tam nguyén bén (stable ternary complex)

Mot khi enzyme di dugc khoang hon 10 bp, ndé dugc xem la “thoat”
khoi promoter. Luc nay mot phirc hgp gdm ba thanh phan 13 enzyme, DNA
va RNA duoc hinh thanh va qua trinh phién mé chuyén sang giai doan kéo
dai.

2. Giai doan kéo dai

Mot khi RNA polymerase téng hop dugc mot doan RNA khoang 10
base, n6 chuyén sang giai doan kéo dai. Su chuyén giai doan nay doi hoi
nhing bién doi hon nita vé cau hinh cia RNA polymerase lam cho n6 cing
giit chit khuon mau hon nita. Trong qua trinh kéo dai, enzyme nay thuc hién
mét loat nhiéu nhiém vu rat quan trong ngoai vi¢c téng hop RNA. N6 mo
xodan DNA truéc mit va tai gin DNA phia sau, no tach dan chudi RNA
dang hinh thanh ra khéi khuon mau khi dang di chuyén doc theo gen, va né
con thuc hién chirc ndng doc sura sai (& qua trinh tdi ban DNA, cac chuc
nang nay do nhiéu enzyme khac nhau thyc hién).

3. Giai doan két thiic

Khi RNA polymerase phién ma hét chiéu dai cua gen (hodc cac gen),
n6 dimg lai va giai phong san pham RNA. Trong mot sb té bao, co nhirng
trinh tu dic hiéu thuc diy giai doan két thuc. Trong mot sd té bao khac,
nguoi ta van chua 1o yéu td nao didu khién enzyme ngimg phién ma va giai
phéng RNA khoi khuén mau.

I11. Phién ma & prokaryote
1. Enzyme RNA polymerase o prokaryote

Té bao prokaryote chi chira mot loai RNA polymerase. Enzyme nay
dugc cau tao boi ndm tieu don vi, gom hai ti€u don vi a va cac ti€u don vi f,
B’, ®. Cac ti€u don vi nay lién két voi nhau dé tao thanh enzyme 16i.
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Ngudi ta lam thi nghiém tinh sach enzyme 15i tir t& bao vi khuan roi
cho vao dung dich chira DNA vi khuén va ribonucleotide thi enzyme s& gin
v6i DNA va tong hop RNA. Tuy nhién, RNA thu duoc trong thi nghiém nay
khong gibng v6i RNA trong té bao vi enzyme di gin vao cac vi tri khong
thich hop trén DNA. Néu cho thém mot loai polypeptide tinh sach duoc goi
1a yéu t6 o trudc khi enzyme gin v6i DNA thi su phién ma s& bat dau tai
nhitng vi tri chinh x4c nhu trong té bao.

Viéc gin yéu t6 o vao enzyme 15i 1am ting 4i luc cua enzyme véi vi
tri khoi dong trén DNA, dong thoi 1am giam ai luc d6i voi cac ving khac.
Khi enzyme 16i dugc gin thém yéu t6 o s& trd thanh dang holoenzyme.

2. Promoter cua gen o prokaryote

Promoter cta gen vi khuan ndm ngay trudc vi tri khoi dau phién ma.
Bang cach phan tich cic trinh tw DNA nay ciia mot s lugng 16n cic gen vi
khudn ngudi ta nhan thiy c6 hai doan ngan twong ddi giéng nhau giita gen
nay va gen khac, mdi doan gdm sau nucleotide. Poan thir nhat nam céach vi
tri khoi dau khoang 35 bp, 1a su bién dbi cua trinh tw TTGACA. Poan thu
hai ndm cach vi tri khéi dau khoang 10 bp, 1a su bién doi cua trinh tu
TATAAT. Ching lan lugt dugc goi 1a ving —35 va ving —10 (hop
Pribnow).

Déi véi cac promoter manh (vi du & gen ma hoa rRNA), nguoi ta con
tim thay yéu t6 UP lam ting sy gan cua RNA polymerase vao DNA. C6 mot
s6 promoter thiéu ving —35 va dugc thay bang yéu t6 —10 mé rong, bao
gom ving —10 chuan va thém mot doan ngin ¢ dau 5° cua nd (vi du & gen
gal cua E. coli).

Yéu t6 ¢ nhan dang cac ving —35 va —10 hodc yéu t6 —10 mé rong
nho céc cau trac dic biét ciia ching. Riéng yéu t6 UP khong dugc nhan
dang bdi 6 ma duge nhan dang bo1 mot vung & dau C tan cung cua tiéu don
vi a, goi 1a a CTD (carboxyl terminal domain).

3. Vai tro cua enzyme RNA polymerase va promoter trong qud trinh phién
ma

Khi khéi dau sy phién ma, RNA polymerase gin voi DNA & ving —35
mot cach 1ong 1éo tao thanh phirc hop dong. Sau d6, enzyme gin vao
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promoter chit hon va phirc hop chuyén sang trang thai mé. Mot ving DNA
dugc m& xodn nim gitra hai vi tri —11 va +3, nghia 1a bao gém ca vi tri bét
dau phién mi +1. Sgi don DNA lam khudén mau dugc boc 16 dé sinh téng
hop RNA.

Mot khi RNA polymerase tong hop duoc 10 nucleotide (sau lan khoi
dau) thi yéu t6 o roi khoi enzyme va c6 thé dén gin vao promoter khac dé
khéi dau mot qua trinh phién m3 méi. Sy tach roi yéu té o cho phép hinh
thanh mot kénh thoat ma thong qua d6 phan RNA di duoc tong hop chui ra
khoi enzyme va dugc kéo dai (Hinh 5.1).

Khé&i dau

5
Kéo dai
Két thuc

5 )
Cau truc
“kep toéc”

Hinh 5.1. Céac giai doan phién ma & prokaryote
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4. Tin hiéu két thiic

Tin hiéu két thuc 1a nhitng trinh ty trén DNA c¢6 vai tro thic déy su
tach RNA polymerase ra khoi DNA va giai phong chudi RNA méi duge
tong hop. O vi khuén, c6 hai loai tin hiéu két thuc 14 tin hiéu két thiuc khong
phu thudc Rho va tin hiéu két thic phy thuoc Rho.

4.1. Tin hiéu két thic khong phu thude Rho

Do 1a mot ciu tric dic biét bao gém hai trinh tu ddi xung bod sung
nhau giau GC, tiép theo sau 1a mot loat 8 adenine (chung s& dugc phién ma
thanh 8 uracil). Nhitng trinh ty nay khong anh huéng dén RNA polymerase
cho dén sau khi ching duoc phién ma. Khi dé cac trinh tu d6i xtimg bo sung
trén RNA s& bit cdp v6i nhau va tao nén cdu tric hinh chiée kep toc (Hinh
5.2). Ciu truc kep toc ndy da pha v& phirc hop kéo dai hodc bang cach thic
day mo kénh thoat cho RNA trén RNA polymerase hodc bang cach pha v
mdi tuong tac RNA-khudn mau DNA

5 [UAAUCCCACA

Hinh 5.2. Ciu triic kep téc

Cau truc kep toc ndy chi hoat dong hiéu qua khi no dugc theo sau boi
mét loat U. Tai thoi diém céu trac kep téc dugc hinh thanh, chudi RNA
dang phat trién van duogc giir trén khuén mau chi bang cac lién két gitra A-
U. Vi lién két A-U yéu hon G-C nén chiing dé dang bi ph4 v& béi hiéu qua
ctia cdu trac kep toc, va vi thé RNA dé dang dugc giai phong.

4.2. Tin hiéu két thuc phu thuéc Rho
Tin hiéu nay 1a nhitng thanh phan RNA ma mudén hoat dong, doi hoi
phai c6 yéu t6 Rho. Yéu t6 Rho 1a mét protein hinh nhan (& E. coli ¢6 khi
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luong phan tir khoang 50 kDa) gom sau tiéu don vi giéng hét nhau. Yéu té
nay co6 hoat tinh ATPase: khi gin vao san phim phién m3, n6 s& st dung
nang luong tir sy thuy phian ATP dé kéo RNA ra khoi khudn mau va
polymerase.

Yéu t6 Rho diéu khién phan tir RNA dic biét nho tinh ddc hiéu. Thu
nhét 13 tinh dic hiéu tai nhitng vi tri né gin, d6 1a nhitng doan khoang 40
nucleotide ma khong gép lai thanh ciu tric bac hai, chung thuong giau C.
Tinh dic hiéu thi hai 13 yéu t6 Rho giam gin voi bat ky san pham phién ma
nao dang dugc dich mi (nghia 14 nhitng san phim dang gin ribosome). O vi
khuén, phién ma va dich ma dugc song hanh chat ché: dich ma khéi phat
ngay trén RNA dang dugc tong hop ké tir khi RNA bit dau chui ra khoi
RNA polymerase. Vi vay Rho chi két thic nhitng san pham van dang dugc
phién ma ¢ qua dau tan cing cua gen hodc operon.

IV. Qua trinh phién ma é eukaryote
1. Céu triic gen & eukaryote

CAu trac mot gen ma hoa cho protein ctia eukaryote bao gdm céac ving
sau:

1.1. Viing 5’ kiém soét biéu hién gen

Ving nay bao gém céc trinh ty nucleotide diéu hoa biéu hién gen va
hoat héa sy phién ma, bao gom:

- Promoter. La nhiing trinh ty dinh vi & dau 5’ khong dich ma cia
gen c6 chirc niang xac dinh vi tri bat dau phién ma, kiém soat sd luong
mRNA va d6i khi ca tinh dic hiéu mé (tissue-specific). Promoter c6 thé dai
dén vai nghin bp. Ving nay thuong chtra mot trinh tu bao thu goi 1a hop
TATA nam cach vi tri phién ma khoang 25-30 bp. Hop nay gitip xac dinh
chinh xéc vi tri bat ddu phién ma. Ngoai ra, con ¢6 hop CCAAT nam cich
vi tri bat dau phién ma khoang 75-80 bp. Hop niy it phd bién hon hop
TATA, n6 c6 chitic ning ting hiéu qua phién ma. Mot sd gen “quan gia” ma
hoa cho cic enzyme hién dién & tit ca cac té bao thuong thiéu ca hai hop
nay va promoter rat giau GC. Ngoai ra, con c6 cac thanh phan dic hiéu
khéac.
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- Vi tri gin ving dic hiéu mé. La trinh tw DNA twong tac véi protein
ddc hiéu mo dé chi huy gen cau triic san xut ra timg protein dic hiéu cua
tung moO.

- Vi tri gin véi vung ting cwong phién ma (enhancer). Con goi 1a
gen ting cudng, 1 nhimg trinh ty DNA duoc gin véi cic tac nhan hoat hoa
dé kich thich phién ma ciia cac gen ké bén, chung c6 thé tic dong qua mot
khoang cach xa va c6 thé tac dong theo hai phia (tir 5° hodc 3 t6i).

1.2. Vung dugc phién ma

Bao gém cac exon va intron nam xen k&. Pay 1a mot dac diém dé phan
biét voi gen cta prokaryote. Cac exon va intron déu dugc phién ma nhung
chi ¢ cac exon la duge dich mi. Cac intron dugc bit dau br:ing GT va két
thuc bang AG. Céc intron chiém phan 16n trong mdi gen va chung sé& duoc
loai bé khoi RNA mdi duoc téng hop, con cac exon dugc ndi v6i nhau dé
tao nén mRNA hoan chinh (mature mRNA).

O hai du cua ving dugc phién mé (coding region) con co ving 5’
khong dich ma (5° untranslation region) va vung 3’ khong dich ma (3’
untranslation region). Ving 5’ khong dich ma dugc tinh tir vi tri bat dau
phién mi cho dén codon khoi ddu ATG. Ving 3° khong dich ma bat dau tir
codon két thiic dén vi tri gin dudi poly(A).

1.3. Vung 3’ khong dich ma
Chtrc nang chua rd, & mot sb gen ving ndy mang cac trinh ty diéu hoa
chuyén biét.

2. Enzyme RNA polymerase cua eukaryote

Té bao eukaryote c6 dén ba loai RNA polymerase 1a RNA polymerase
I (pol I), RNA polymerase Il (pol I1), va RNA polymerase III (pol IlI).
Trong d6, RNA polymerase II dam nhan viéc phién mi cho hau hét cac gen,
chu yéu 1a gen ma hoa cho protein. RNA polymerase I phién mi cac gen
tién than ctua rRNA 16n va RNA polymerase III phién ma cac gen tRNA,
mot s6 gen RNA kich thudc nho ciia nhan (small nuclear, snRNA) va RNA
5S. Cac RNA polymerase cua eukaryote ciing bao gdm nhiéu tiéu don vi,
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trong d6 c6 nhiing tiéu don vi twong ng véi cac ti€u don vi trong enzyme
cua vi khuan.

Bang 5.1. Cic tiéu don vi cia RNA polymerase

Prokaryote Eukaryote
Vi khuan Archaea RNA pol | RNA pol 1I RNA pol 111

B AIA” RPA1 RPB1 RPC1
B B RPA2 RPB2 RPC2
o’ D RPC5 RPB3 RPC5
o’ L RPC9 RPB11 RPC9
® K RPB6 RPB6 RPB6

(+6) (+9) (+7) (+11)

3. Cdc yéu t6 gitip RNA polymerase khéi ddau phién ma

Trong khi RNA polymerase cta prokaryote chi can thém mét yéu t6
khoi dau 1a 6 dé khoi dong phién ma thi RNA polymerase cia eukaryote
phai can nhiéu yéu t6 khai dau, cac yéu td nay duge goi 1a cac yéu tb phién
ma tong quat. Mat khac, sy khdi dau phién ma ¢ eukaryote con phai d6i mat
voi1 hién tuong cac DNA dugc dong goi trong nucleosome va cac dang cao
hon ctia cdu triic chromatin. Diéu nay doi hoi phai c6 nhidu yéu t6 khac
thém vao dé gitp khoi dong qué trinh phién ma.

3.1. Vai trd cta cac yéu td phién ma tong quat

Céc yéu t6 phién ma tong quat giup RNA polymerase vao ding vi tri
trén promoter, gitp tach hai sgi don cia DNA ra dé phién ma duoc bat dau,
va giai phong RNA polymerase khoi promoter mgt khi phién ma da duoc
khoi dong xong dé di vao giai doan kéo dai.

Cac yéu t6 nay dugc goi 1 “tong quat” vi ching gan trén tat ca cac
promoter dugc sir dung boi RNA polymerase II. Do d6, chiing dugc viét tit
1a TFII (transcription factor for polymerase II), bao gdm TFIIA, TFIIB...
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Nhu dd mé ta ¢ trén, nhidu promoter cta eukaryote chira hop TATA.
Hop nay dugc nhan dang boi mat tiéu don vi caa TFIID 1a TBP (TATA
binding protein: protein gin TATA). Phirc hop TBP-DNA tao nén mot cai
nén dé thu hat cac TFII khac va RNA polymerase dén promoter. In vitro,
cac yéu td phién ma tong quat khac dén gin vao promoter theo thr tu sau:
TFIIA, TFIIB, TFIIF cung RNA polymerase II, TFIIE va TFIIH. Sau do,
vung promoter dugc mé xodn. Khac véi vi khudn, sy mo xodn & ddy can c6
nang luong cung cip tir sy thay phan ATP nhd TFIIH (yéu t6 nay c6 hoat
tinh giéng helicase).

Sau do6 ciing xay ra hién tuong khoi dau sdy giéng nhu & prokaryote
cho dén khi c6 sy bién d6i vé cdu hinh nham giai phong RNA polymerase I
khoi promoter va di vao giai doan kéo dai. Tuy nhién, ¢ dady c6 mdt budc
ma khong tim thdy ¢ prokaryote d6 1a sy gin thém cac gdc phosphate vao
duoi cua RNA polymerase (dudi nay con duogc goi la CTD: carboxyl
terminal domain). Sy phosphoryl hoa nay cling dugc xuc tac bdi TFIIH nho
hoat tinh protein kinase ctia n6 (Hinh 5.3).

3.2. Vai trd clia cac tic nhan hoat hoa, phtrc hop trung gian va enzyme bién
d6i chromatin.

Ngoai cac yéu td phién mi tong quat, RNA polymerase II con can sy
ho tro cua cac yéu t6 khac (Hinh 5.4).

Pau tién, can c6 cic tac nhan hoat héa phién ma (transcriptional
activator) dén gan vao cac trinh ty dic hiéu trén DNA (cac enhancer) dé hap
dan RNA polymerase II dén vi tri bat dau phién ma. Su hap din nay can
thiét ¢ RNA polymerase II va cac yéu td phién ma tong quat vuot qua tro
ngai khi gin voi DNA duoc dong géi trong chromatin.

Tiép dén, su khoi dau phién ma in vivo con can su hién dién cua cac
protein tao thanh phtrc hop trung gian (mediator complex). Phitc hop nay
cho phép tac nhan hoat héa tic dong tt 1én RNA polymerase II va cac yéu
t6 phién ma tong quat.

Cubi ciing, sy phién mi con cin cac enzyme bién dbi chromatin, bao
gdém phirc hop tai tao mo hinh chromatin (chromatin remodeling complex)
va enzyme histone acetylase. Ca hai c6 tac dung giup cho bd may khoi dau
phién ma co thé gan vao DNA trong chromatin mot cach dé dang.
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Hinh 5.3. Cac yéu t6 phién ma tdng quat ginp khéi dau phién ma

Nhu vay, c6 rat nhiéu protein gan vao promoter dé khoi dong su phién
ma ¢ eukaryote. Thur tu gan cua cac protein nay thay doi doi voi cac gen
khéc nhau. Thyc té, mot s6 céd theé gan vdi nhau ¢ xa DNA r6i dugc mang
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dén DNA dudi dang phic hop. Vi du: phic hop trung gian, RNA
polymerase II, va mot sb yéu td phién ma tong quat co thé gin véi nhau
trong nhan twong rdi duoc mang dén DNA.

Tac nhan
hoat héa

Phérc hop
trung gian

Hinh 5.4. Cac tic nhan hoat héa, phirc hop trung gian va cac thanh phan bién

doi nucleosome trong phién ma

4. Cdc yéu to kich thich RNA polymerase II hoat déng trong giai doan kéo
dai

Mot khi RNA polymerase II bat dau chuyén sang giai doan kéo dai thi
cac yéu t6 khoi dau duoc loai bo nhu yéu té phién ma tong quat va phirc
hop trung gian. Thay vao d6, cac yéu t kich thich giai doan kéo dai duoc
thu hat dén, bao gdbm TFIIS va hSPT5. Ngoai ra, con ¢o cac yéu td khac
dugc huy dong dé phuc vu cho qua trinh bién d6i RNA méi duoc tong hop.

Giai doan kéo dai trong phién ma dugc song hanh chat ché véi cac
budc bién d6i RNA méi dugc tong hop. Nhu da phan tich & trén, c6 mot
budc quan trong dién ra khi chuyén tir giai doan khoi dau sang kéo dai 1a su
phosphoryl hoa duéi CTD ctiia RNA polymerase II. Su phosphoryl hoa nay
khong nhing gitip RNA polymerase II thoat khoi cac protein & vi tri bt dau
phién ma ma con cho phép cac protein khac dén két hop voi dudi dé gitp
qua trinh kéo dai phan tir RNA va bién d6i RNA tién than.
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5. Qud trinh bién doi cdc RNA méi dwoc tong hop

O eukaryote, sy phién ma chi 1a budc dau tién trong mot loat cac phan
g bao gdm ca sy bién d6i hai ddu cia mRNA tién than va loai bo cac
intron dé tao thanh mRNA hoan chinh.

5.1. Su gin mii vao dau 5’

Ngay khi RNA polymerase II vira moéi tao ra khoang 25
ribonucleotide cia RNA, dau 5’ cua phan tir RNA ndy duoc bién dbi bang
cach gan thém mot cai mii 14 guanine c6 bién d6i héa hoc. Phan tng gin mil
duoc thuc hién boi ba loai enzyme la:

- Phosphatase c6 tic dung loai mot goc phosphate khoi dau 5° cua
RNA méi sinh.

- Guanylyl transferase gan GMP bang lién két dao nguoc (5’ véi 5°
thay vi 5” v6i 3°) vao dau 5° ciia RNA dang dugc tong hop.

- Methyl transferase gan nhom methyl vao guanosine (Hinh 5.5).

Trong nhan, mil gin véi mot phirc hop protein dugc goi 1a CBC
(CAP-binding complex: phtc hop gin mii) gitp RNA dugce xir Iy tot va
dugc chuyén ra ngoai. Mii 5° con c6 vai trd quan trong trong qua trinh dich
ma mRNA trong bao tuong.

5.2. Su gan dudi poly(A) vao dau 3’ va két thuc phién ma

Su gin dudi poly(A) vao dau 3’ dugc lién két voi sy két thac phién
mi. Cac enzyme can thiét cho cac qué trinh ndy dugc tip trung trén dudi
CTD ctia RNA polymerase II, bao gébm CPSF (cleavage and
polyadenylation specificity factor: yéu t6 dic hiéu tach RNA va gin dudi
polyA) va CstF (cleavage stimulation factor: yéu t6 kich thich tich RNA).

Khi RNA polymerase di chuyén dén cudi gen, né gip nhiing trinh tu
dac hiéu (duogc goi 1a tin hi€u polyA). Trinh tg nay dugc phién ma thanh
RNA, thic ddy chuyén CPSF va CstF dén gin vao doan RNA nay. Sau d6
c4c protein khac s& dugc tap trung dén dé khoi dau su tach roi RNA va gin
dudi poly(A).

Su gin dudi duge thuc hién boi enzyme poly(A) polymerase (PAP).
Enzyme ndy thém khoang tir vai chyc dén 200-250 adenine vao dau 3’ cta
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RNA da duoc tach ra. Enzyme PAP st dung ATP lam co chét va hoat dong
gidng RNA polymerase, tuy nhién khong c6 khuon mau. Ngudi ta van chua
& yéu t6 ndo quyét dinh chiéu dai ctia dudi nhung qua trinh nay co6 lién
quan dén cac protein gin dic hiéu voi dudi poly(A).

Sau khi RNA duoc tach ra va gin dudi poly(A), RNA polymerase van
chua két thiic phién ma ngay. N6 con tiép tuc di chuyén doc theo khudén méu
va tao ra mot phan tir RNA thir hai c6 thé dai hang traim nucleotide trude khi
két thuc. Sau d6, RNA polymerase dugc tach ra khoi khudén mau, giai phong
RNA m¢i va RNA nay s€ bi gidng hoa.

base

base

3'HO

Hinh 5.5. Phan #ng gin mii vao diu 5> ciia RNA
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5.3. Qua trinh cit ndi gen (splicing)

Pay 1 qua trinh loai bd cac intron va ndi cac exon lai voi nhau. Qua
trinh nay duogc thue hién phan 16n boi cac RNA thay vi protein.

Céc phan tir RNA nay twong ddi ngan (dudi 200 nucleotide) dugc goi
12 snRNA. C6 nam loai lién quan dén dang cit ndi chinh 1a U1, U2, U4, U5
va U6. M&i snRNA duoc két hop véi nhiéu protein dé hinh thanh snRNP.

C6 ba trinh ty ndm trén intron doéng vai trd quan trong trong qua trinh
cat ndi 1a: vi tri cat ndi dau 5°, vi tri phan nhanh 1a mét trinh tu gidu céac
pyrimidine bao quanh mot nucleotide adenine & gan dau 3°, va vi tri cit ndi
dau 3’

Pau tién, vi tri cit ndi diu 5° duge nhan dang bo1 Ul snRNP béng su
bét cap cac base bd sung. Vi tri phan nhanh cling dugc nhan dang boi BBP
(branch-point binding protein: protein gan vi tri phan nhanh) va U2AF. U2
snRNP dén thay thé BBP (nhd U2AF gitip d&). Su bat cip base giita U2
snRNA va vi tri phan nhanh lam thtra ra mot géc A khong bét cip va san
sang phan tng voi vi tri 5. Sau d6 U4 va U6 snRNP ciung U5 snRNP dén
gan voi phic hop trén.

Dang U1 10i khoi phirc hgp va U6 thé chd Ul tai vi tri cit ndi dau 5°.
U4 duoc giai phong dé U6 twong tac véi U2. Diéu nay lam cho vi tri cat ndi
dau 5’ va vi tri phan nhanh duoc dit ké nhau va tao diéu kién cho phan tng
cit n6i xay ra. Nucleotide adenine ddc hiéu & vi tri phan nhanh tin cong va
cét intron & vi tri dau 5°. Pong thoi c6 mot lién két ddng hoa tri xay ra giira
A ¢ vi tri phan nhanh va dau 5’ cua intron tao nén mot ciu trac hinh thong
long. Pau 3’ ciia exon trudc ndi véi dau 5 ctia exon ké tiép va thong long
intron dugc gidi phong (Hinh 5.6).

V. Phién ma ngugc

Phién md nguoc 1a qua trinh tong hop DNA dua trén khuén méu
RNA. Qua trinh nay dugc xuc tac boi mdt loai enzyme diac biét goi la
enzyme phién ma nguoc (RT: reverse transcriptase). Enzyme nay c6 ca hoat
tinh DNA polymerase va hoat tinh RNase H. Ciing giong nhu DNA
polymerase trong qua trinh tadi ban DNA, enzyme phién ma ngugc doi hoi
phai c6 primer (mdi) ddc biét dé tong hop nén DNA méi.
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Hinh 5.6. Qu4 trinh cit ndi gen
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Enzyme phién ma ngugc duge phat hién lan dau tién & retrovirus. Sau
khi cac retrovirus di vao té bao vat chu, genome cua RNA cua n6 s€ dugc
phién ma ngugc thanh DNA so1i doi, 1oi tich hop vao DNA cua vat chu. Qua
trinh phién ma ngugc nay kha phic tap, nguoi ta c6 thé tom tat thanh 10
budc nhu sau:

- Bugc 1: Mot tRNA cua té bao cé tinh dic hiéu véi retrovirus dong
vai trd primer dé khoi phat qua trinh phién mé nguoc. Primer lai v6i ving
bd sung trén genome ctia RNA cuia retrovirus goi 14 vi tri gin primer (PBS:
primer-binding site).

- Bude 2: Mot doan DNA duge kéo dai tir tRNA c¢6 trinh ty bd sung
voi trinh ty cua genome RNA cua retrovirus.

- Budc 3: Trinh tu R ddu 5° va U5 cia virus bi loai bo bai RNase H.

- Budc 4: Doi khuon mau lan thir nhét (first template exchange) con
duoc goi 1a “nhay” 14n mot: DNA dén lai v6i trinh tu R con lai & dau 3'.

- Bude 5: Mot sgi DNA dugc kéo dai tir dau 3°.

- Budc 6: Hau hét RNA virus bi loai bo bsi RNase H.

- Budc 7: Soi DNA thir hai duoc kéo dai tir RNA con lai cua virus.

- Budce 8: Ca tRNA va phﬁn RNA con lai cta virus bi loai bo bdi
RNase H.

- Budce 9: P6i khuén mau lan ther hai (“nhay” 1an hai): ving PBS cua
soi DNA thtr hai dén lai voi ving PBS cuia soi thtr nhat.

- Budc 10: Kéo dai cé hai sgi DNA.

R 12 nhitng trinh tu 13p lai trén genome cta retrovirus (6 dau 5° va 3°),
U5 va U3 1a nhitng ving ma hoa cho nhitng tin hiéu tich hop ¢ dau 5’ va 3’
(Hinh 5.7).

Ngay nay, nguoi ta cling phat hién enzyme phién ma ngugc & cac
virus dong vat khadc nhu hepadnavirus, va ¢ céc virus thyc vat nhu
caulimovirus. Tat ca ching dugc goi la retrovirus. Ngoai ra, nguoi ta con
phat hién hoat tinh enzyme phién mi ngugc & mot s6 dong cua
myxobacteria va E. coli. Enzyme phién ma ngugc da trd thanh mot cong cu
khong thé thiéu trong sinh hoc phén tir. N6 gitip cac nghién ciru vién phién
mi ngugc mRNA ciia té bao thanh cDNA (complementary DNA), rdi sau
d6 c6 thé khuéch dai, tao dong va biéu hién bang cac phuong phap dic biét.
Su phat hién enzyme phién ma nguoc & nhiéu loai virus va dic biét 1a & mot
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s0 vi khuan cling c6 y nghia quan trong trong vi¢c nghién ctru su tién hoa
cua hé thong sinh gioi.

tRNA

(1) Bo6 gen RNA cua

retrovirus

@

(©)

4)

®)

(6)

@)

tRNA

®)

9)

(10) pes DNA cua retrovirus

Us )
LLULLLEEL DL IR LD TP LL LT L LT LT L LT L LT

U3 R U5 B U3 R U5

Hinh 5.7. Qua trinh phién ma ngugc cia retrovirus
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Chuong 6
Dich ma

Dich mi 13 qua trinh cac thong tin di truyén chira trong céc trinh tur
nucleotide cua mRNA duogc str dung dé tao ra cac chudi amino acid trong
protein. Sy tdng hgp mot protein riéng 1¢ doi hoi sy tham gia ctia hon 100
protein va RNA. Bo may dich ma bao gdm bén thanh phan quan trong 1a
MRNA, tRNA, aminoacyl tRNA synthetase va ribosome. Ca&c mRNA la
khuoén mau cho qua trinh dich ma. Dich ma 1a mdt trong nhitng qué trinh ¢
tinh bao thi cao va chiém nhiéu ning lugng ciia té bao. Tuy nhién, do céu
trdc khac nhau gitra mRNA cua prokaryote va eukaryote nén qua trinh dich
mi ctia chung ciing ¢6 nhitng diém khac biét quan trong.

I. Mi di truyén
1. Cac codon

Do chi c6 bdn loai nucleotide khac nhau trong mRNA va c6 dén 20
loai amino acid trong protein nén sy dich ma khong thé duoc thuc hién theo
kiéu tuong mg mét nucleotide-mdt amino acid duge. Chudi nucleotide ciia
mot gen thong qua trung gian mRNA duoc dich ma thanh chudi amino acid
ctia protein theo nhing quy luat duoc goi 1a ma di truyén.

Ngudi ta di giai mi toan by cac amino acid vao nhiing nam dau cta
thap ky 1960. Mdi amino acid duoc ma hoa boi ba nucleotide lién tiép trén
DNA (hodac RNA tuong ing), bd ba nucleotide nay dugc goi 1a mot codon.
V6i 4 loai nucleotide khac nhau s& c6 4° = 64 codon khéac nhau duge phan
biét boi thanh phan va trat ty cua cac nucleotide. Trong s6 nay ¢6 3 codon
két thiic (stop codon) 1a UAA, UAG va UGA c6 nhiém vu bao hiéu cham
dut viéc tong hop chudi polypeptide. Trong 61 ma con lai ¢6 nhiéu codon
cung ma hoa cho mét amino acid (Bang 3.4-Chuong 3).

Ma di truyén c6 tinh ddng nhit cho toan bo sinh gidi trir mot s6 ngoai
1¢ ddi v6i cac codon & ty thé. O DNA ciia bao quan nay c6 mot sé6 codon ma
hoa cho cac amino acid khac véi nghia cua cac codon nay trén DNA trong
nhan. Vi du:
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- UGA mi hda cho tryptophan thay vi bao hiéu chdm dit viéc tong
hop protein.

- AGA va AGG khong mi hoa cho arginine ma bao hiéu chim dut
tong hop protein.

- AUA ma hoa cho methionine thay vi ma hda cho isoleucine.

2. Cdc quy tdc chi phoi ma di truyén

C6 ba quy tic diéu khién su sip xép va sir dung cac codon trén mRNA
la:

- Céc codon dugc doc theo hudong 5'—3'. Vi vay chudi mi hoéa cho
dipeptide NH,-Thr-Arg-COOH dugc viét 1a 5'-ACGCGA-3".

- Céc codon khong chdong 1én nhau va ving dich md cia mRNA
khong chira cac khoang tréng.

- Thong tin dugc dich ma theo mot khung doc (reading frame) cd
dinh. V& mat nguyén téc, cung mot trinh ty RNA c6 thé c6 ba khung doc
khac nhau. Tuy nhién, trén thyc té chi c6 mot trong ba khung doc nay chuta
thong tin thuc sy, chinh codon khoi dau d3 xac dinh khung doc dung cho
mdi trinh ty mRNA.

Il. Cac ribosome

Ribosome 13 bd may dai phan tir diéu khién su tong hop protein. N6
duoc cau tao boi it nhat 1a 3 phan tir RNA va trén 50 protein khac nhau', véi
khéi lugng phan tir 1a 2,5 MDa (megadalton) d6i véi ribosome cua
prokaryote va 4,2 MDa d6i véi ribosome cila eukaryote.

1. Thanh phén cdu tao ciia ribosome

MOi ribosome bao gém mét tiéu don vi 16n va mot tiéu don vi nho.
Tiéu don vi 16n chta trung tdm peptidyl transferase chiu trach nhiém cho
viéc hinh thanh cac cau ndi peptide. Tiéu don vi nhé chira trung tam giai
ma, la noi cac tRNA da duoc gén amino acid doc va giai ma cac codon.
Ngoai ra con c6 trung tim gin cac yéu té ¢ tiéu don vi 16n.

! Chinh x4c 1a tir 3-4 phan tir RNA va tir 55-82 protein.
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Theo quy udc, cac tiéu don vi dugc dat tén theo toc do léng cua chung
duéi lyc ly tim. Pon vi do toc do ling 13 Svedberg (tén cua nha phat minh
may siéu ly tdm) va duogc viét tit 1a S. Ribosome cuia prokaryote 1a ribosome
70S, trong d6 tiéu don vi 16n 1a 50S va tiéu don vi nho 1a 30S. Ribosome
ctia eukaryote 1a 80S, véi tiéu don vi 1on 1a 60S va tiéu don vi nho 1a 40S.

M3i tiéu don vi déu duoge cdu tao boi cac RNA ribosome (rRNA) va
cac protein ribosome. Pon vi Svedberg lai dugc sir dung dé phan biét cac
rRNA (Bang 6.1).

Trong qua trinh dich ma, tiéu don vi 16n va tiéu don vi nhé ctia mdi
ribosome lién két v6i nhau va voi mRNA. Sau mdi vong tong hop protein,
chung lai ro1 nhau ra.

Biang 6.1. Cac thanh phén céu tao ciia ribosome

Céc thanh Prokaryote Eukaryote
phancau | s Gonvi | Tiéudonvi | Tiéudonvi | Tiéu don vi
tao 16m (50S) nhé (30S) lém (60S) nhé (40S)
rRNA 5S rRNA 16SrRNA | 58SrRNA | 18S rRNA
(120 Nu) (1540 Nu) (160 Nu) (1900 Nu)
23S IRNA 5S rRNA
(2900 Nu) (120 Nu)
28S rRNA
(4700 Nu)
Protein 34 protein 21 protein 49 protein 33 protein

2. Khai niém polyribosome

Mic du mét ribosome chi c¢6 thé tong hop mot polypeptide tai mot
thoi diém, nhung mdi mRNA c¢6 thé dugc dich ma dong thoi boi nhiéu
ribosome. Mot mRNA mang nhiéu ribosome dugc xem 13 polyribosome hay
polysome. Mdi ribosome don doc tiép xuc v6i khoang 30 nucleotide, nhung
do kich thudc 16n cua ribosome nén mat d§ cho phép trén mRNA 1a 80
nucleotide cho mdi ribosome.
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3. Cdc vi tri gin tRNA trén ribosome

Trén ribosome chira ba vi tri gén tRNA la vitri A, P va E. Trong d6:

- A 1a vi tri gdn aminoacyl-tRNA (tRNA c6 mang amino acid).

- P 13 vi tri gan peptidyl-tRNA (tRNA c6 mang chudi polypeptide).

- E (exit) 1a vi tri gin tRNA ma dugc phong thich sau khi chudi
polypeptide dugc chuyén sang aminoacyl-tRNA.

MG&i vi tri gin tRNA duoc hinh thanh tai giao dién gitta tiéu don vi 1on
va tieu don vi nho. Bang cach nay, cac tRNA dugc gan vao cé the bat ngang
qua khoang cach gilra trung tdm peptidyl transferase cta ti€u don vi 16n va
trung tdm giai ma cua tiéu don vi nho. Pau 3' ctia tRNA dugc nam gan tiéu
don vi 16n va vong d61 ma gan ti€u don vi nho.

Chuéi polypeptide
dang téng hop

tRNA duorc giai
phéng tw vi tri E £

Trung tdm gidi ma

Chuyén ddng ctia ribosome

Hinh 6.1. Cac thanh phin chirc ning ciia ribosome

4. Cac kénh cua ribosome

Do 1a cac kénh cho phép mRNA di vao va di ra khoi ribosome, va
kénh cho phép chudi polypeptide méi sinh di ra khoi ribosome.

mRNA di vao va di ra khoi trung tdm gidi ma cua ribosome thong qua
hai kénh hep tai tiéu don vi nho. Trong d6, kénh vao c6 chiéu rong chi du
cho RNA khong bt cip di qua. Pic diém nay dam bao cho mRNA duoc
dudi thang khi no di vao trung tdm giai ma, bang cach loai bo moi tuong tac
bét cap base bd sung ndi phan tir.
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Mot kénh xuyén qua tiéu don vi 16n tao 16i thoat cho chudi
polypeptide méi duge tong hop. Kich thudc cua kénh di han ché duoc su
gip cua cac chudi polypeptide dang tong hop. Vi viy, protein chi c6 thé
hinh thanh c4u triic bac ba sau khi n6 dugc giai phong khoi ribosome.

I1I. Su hinh thanh aminoacyl-tRNA
1. Ban chdt cia sw gian amino acid vao tRNA

Qua trinh gin amino acid vao tRNA 14 qué trinh hinh thanh mét lién
két acyl gitta nhém carboxyl ctia amino acid va nhém 2'- hoic 3'-OH cua
adenine & dau 3' ciia tRNA. Lién két nay duoc xem 1a mot lién két giau ning
lwong. Nang luong giai phong ra khi lién két bi pha v& gitp hinh thanh cu
nbi peptide dé lién két amino acid véi chudi polypeptide dang duoc tong
hop.

2. Su nhan dién va gcfn amino acid vao tRNA

Su nhan dién va gén amino acid vao tRNA tuong ung dugc thuc hién
bdi mot enzyme goi 1a aminoacyl-tRNA synthetase.

Qua trinh nay din ra nhu sau: dau tién, amino acid dugc adenylyl hoa
bang cach phan tng v6i ATP, két qua tao thanh amino acid c6 gin adenylic
acid qua cau ndi ester giau nang lugng giita nhém COOH ctia amino acid va
nhém phosphoryl ciia AMP, ddng thoi giai phong ra pyrophosphate. Sau do,
amino acid duoc adenylyl héa nay (van dang gin véi synthetase) phan tng
tiép v6i tRNA. Phan tng nay chuyén amino acid dén dau 3' ciia tRNA dé
gin véi nhom OH, dong thoi giai phong AMP.

Phan tmg téng hop ciia qua trinh nay nhu sau:

Amino acid + tRNA + ATP — aminoacyl-tRNA + AMP + PP;

3. Tinh ddc hiéu cia aminoacyl-tRNA synthetase

Hau hét cac té bao déu c6 mot enzyme synthetase riéng biét chiu trach
nhiém cho viéc gén mot amino acid vao mot tRNA tuong Ung (nhu vay co
tat ca 20 synthetase). Tuy nhién, nhiéu vi khuan co dudi 20 synthetase.
Trong trudong hop nay, cung mot synthetase chiu trach nhiém cho hon mat
loai amino acid.
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Su nhan dién amino acid chinh xac la dua vao kich thudc, su tich dién
va géc R khac nhau cua cac amino acid. Sy nhan dién tRNA duva vao cac
trinh ty nucleotide khic nhau cia tRNA. Ty 1¢ sai st trong qua trinh gin
amino acid voi tRNA tuong tmg 13 kha thip.

4. Phdn loai aminoacyl-tRNA synthetase
C¢ hai loai tRNA synthetase.

- Loai I bao gdm cac synthetase gin cac amino acid nhu Glu, Gln,
Arg, Cys, Met, Val, lle, Leu, Tyr, Trp vao nhém 2'-OH.

- Loai II gdbm cac synthetase gin cac amino acid nhu Gly, Ala, Pro,
Ser, Thr, His, Asp, Asn, Lys, Phe vao nhém 3'-OH.

IV. Cac giai doan cua qua trinh dich ma

Qua trinh dich ma duogc bt dau br:ing su gén cua mRNA va mot tRNA
khoi dau véi tiéu don vi nhé tu do cta ribosome. Phite hop tiéu don vi nho-
mRNA thu hat tiéu don vi 16n dén dé tao nén ribosome nguyén ven voi
mRNA dugc kep gilra hai tiéu don vi. Su téng hop protein duoc bét dau tai
codon khéi ddu & dau 5' cia mRNA va tién dan vé phia 3'. Khi ribosome
dich ma tir codon nay sang codon khac, mot tRNA da gin amino acid ké
tiép dugc dua vao trung tim giai ma va trung tdm peptidyl transferase cua
ribosome. Khi ribosome gip codon két thiic thi qué trinh tong hop chudi
polypeptide két thiic. Chudi nay duoc giai phong, hai tiéu don vi cua
ribosome roi nhau ra va san sang dén gip mRNA méi dé thuc hién mot chu
trinh tong hop protein méi. Qua trinh dich ma dugc chia thanh ba giai doan
1a khéi dau, kéo dai va két thic.

1. Giai doan khéi dau
1.1. O prokaryote
1.1.1. Cac yéu tb khoi dau (IF: initiation factor)

C6 cac yéu t6 khoi dau xuc tac cho tiéu don vi nho trong viéc hinh
thanh phtrc hop khoi dau. Do 1a IF1, IF2, IF3. Mbi yéu té khoi dau c6 tac
dung nhu sau:
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- IF1 gitp tiéu don vi nho gin vao mRNA va ngin can cac tRNA gin
vao vung thudc vi tri A trén tiéu don vi nho.

- IF2 1a mét protein gan va thay phan GTP. IF2 thuc day su lién két
gitra tMet-tRNA™® va tiéu don vi nho, ngan can nhitng aminoacyl-tRNA
khac dén gin vao tiéu don vi nho.

- IF3 ngan can tiéu don vi nho tai lién két voi tiéu don vi 16n va gin
v6i cac tRNA mang amino acid. IF3 gén vao tiéu don vi nho vao cudi vong
dich mi trudc, n6 gitp tach ribosome 70S thanh tiéu don vi 16n va tiéu don
vi nhd.

Khi tiéu don vi nho dd dugc gin ba yéu t6 khai dau, né s& gin tRNA
khoi ddu va mRNA. Su gin hai RNA nay 14 hoan toan doc l4p v6i nhau.

1.1.2. Buéc 1: Tiéu don vi nhé gan vao codon khoi dau

Su lién két gitra tiéu don vi nhé véi mRNA duoc thuc hién thong qua
su bt cip base bo sung giita vi tri gin ribosome va rRNA 16S. Cac mRNA
ciia vi khuan c¢6 mot trinh ty nucleotide dic hiéu goi 1a trinh ty Shine-
Dalgarno (SD) gém 5-10 nucleotide truéc codon khoi dau. Trinh ty nay bo
sung véi mot trinh ty nucleotide gén dau 3' cua rRNA 16S. Tiéu don vi nhé
duoc dit trén mRNA sao cho codon khai dau duge dat dang vao vi tri P mot
khi tiéu don vi 16n gin vao phuc hop.

1.1.3. Bu6c 2: tRNA dau tién c6 mang methionine bién doi dén gan tryc tiép
v6i tiéu don vi nho

Mot tRNA dic biét duoc goi 1a tRNA khoi dau dén gin truc tiép voi
vi tri P (khong qua vi tri A). tRNA nay c6 anticodon (bd ba d6i ma) c6 thé
bat cap v6i AUG hoidc GUG. Tuy nhién tRNA nay khong mang methionine
cling nhu valine ma mang mot dang bién ddi ciia methionine goi 1a N-
formyl methionine. tRNA khéi dau nay duogc goi 1a fMet-tR NA;Me,

Trong hodc sau qua trinh tong hop polypeptide, gbc formyl duge loai
bo bdi enzyme deformylase. Ngoai ra, aminopeptidase sé& loai boé methionine
cling nhu mot hodc hai amino acid ké tiép & dau chudi polypeptide.
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Tiéu don vi 30S

k Cac ybu t6 khoi dAu

IF2-fMet-tRNAI
+ mMRNA

fMet

mMRNA

Phtrc hop khéi dau 30S
Tiéu don vj 50S

IF1 +IF2

Phtrc hop khéi dau 70S

Hinh 6.2. Khéi dau dich mi ¢ prokaryote

1.1.4. Budc 3: Hinh thanh phirc hop khai dau 70S

Budc gin thém tiéu don vi 16n dé tao thanh phuc hop khoi dau 70S
dién ra nhu sau: khi codon khéi du va fMet-tRNA™® bit cap voi nhau,
tiéu don vi nho thay doi hinh dang lam giai phong IF3. Su vang mit IF3 cho
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phép tiéu don vi 16n gin vao tiéu don vi nho dang mang cac thanh phan
trén. Nho ¢6 tiéu don vi 16n gén vao, hoat tinh GTPase cua IF2-GTP duoc
kich thich dé thuy phan GTP. IF2-GDP tao thanh c6 &i luc thap dbi véi
ribosome va tRNA khéi dau dan dén sy giai phong IF2-GDP ciing nhu IF1.
Nhu vay phirc hop khoi dau cubi cung duoc tao thanh bao gém ribosome
70S duoc g:fln tai codon khoi dau cia mRNA, véi fMet-tR NAiﬂvIEt tai vi tri P,
con vi tri A dang tréng. Phirc hop nay sin sang tiép nhan mot tRNA mang
amino acid vao vi tri A dé bat dau tong hop polypeptide (Hinh 6.2).

1.2. O Eukaryote
1.2.1. Bu6c 1: Sy hinh thanh phtc hop tién khoi dau 43S

Giai doan khéi dau doi hoi sy hd trg cua hon 30 protein khac nhau,
mic du eukaryote ciing c6 nhitng yéu t6 khai dau twong (mg véi prokaryote.
Céc yéu t6 khoi dau nay duogc ky higu 1a elF.

Khi ribosome cua eukaryote hoan thanh mét chu trinh dich ma, né
tach roi ra thanh tiéu don vi 16n va tiéu don vi nhé tu do thong qua tac dong
ctia cac yéu td elF3 va elF1A (twong tu voi IF3 & prokaryote). Hai protein
gin GTP 1a elF2 va elF5B lam trung gian thu hut tRNA khéi dau da gan
methionine (chtr khong phai N-formyl methionine nhu & prokaryote) dén
tiéu don vi nho. Chinh yéu t6 eIF5B-GTP 1a twong dong v6i IF2-GTP cua
prokaryote. Yéu t6 nay lién két voi tiéu don vi nhé theo phuong thirc phu
thuoc elF1A. Roi eIFSB-GTP gitip thu hut phitc hgp eIF2-GTP va Met-
tRNAM® dén tidu don vi nho. Hai protein gan GTP nay cung nhau dwa Met-
tRNAM vao ving thude vi tri P cua tidu don vi nhé. Két qua, hinh thanh
phirc hop tién khoi dau 438.

1.2.2. Budc 2: Sy nhan dang mii 5° cia mRNA

Qua trinh nay duoc thuc hién thong qua eIF4F. Yéu t6 nay c6 ba tiéu
don vi, mot tiéu don vi gén vao mil 5', hai tiéu don vi khac gén vo1 RNA.
Phirc hop nay lai dugc gz"m vl elF4B 1lam hoat héa mot enzyme RNA
helicase ctia mot trong nhimg tiéu don vi ctia eIF4F. Helicase ndy thio xodn
tat ca cac ciu trac bac hai duge hinh thanh & dau tan cung cua mRNA. Phuc
hop eIF4F/B va mRNA lai thu hiit phtic hop tién khoi déu 43S dén thong
qua tuong tac gitra elF4F va elF3.
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5 C_AU_G_— MRNA

Met Cac yéu t6 khoi dau
+ GTP
Met-tRNAI
Tiéu don vij 40S

K ADP + Pi

Tiéu don vi 60 S

Caéc yéu tb khai dau

Phirc hop khéi dau 80S

Hinh 6.3. Khéi dau dich mi & eukaryote

1.2.3. Budc 3: Tiéu don vi nho tim thay codon khoi dau bang cach quét xuodi
dong tir dau 5' cia mRNA va sy hinh thanh phtic hop khoi dau 80S

Mot khi duoc gz‘in vao dau 5' cia mRNA, tiéu don vi nho va céc yéu to
lién két v6i né di chuyén doc theo mRNA theo huéng 5' — 3' cho dén khi
gip trinh ty 5'-AUG-3' dau tién ma né nhan dang 1 codon khéi dau. Codon
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dugc nhan dang bang su bét cip base bd sung giita anticodon (bd ba dbi ma)
ctia tRNA khoi dau va codon khai dau. Sy bt cip nay thuc diy phong thich
eIF2 va eIF3 cho phép tiéu don vi 16n gin duoc vao tiéu don vi nhé. Sy gin
nay dan dén phong thich cac yéu t6 khoi dau con lai thong qua sy thay phan
GTP dudi tac dung cua elF5B. Cudi cung, Met-tRNAV duoc dua vao vi tri
P cua phuc hop khoi dau 80S. Luc nay, ribosome & trong tu thé sin sang
tiép nhan aminoacyl-tRNA vao vi tri A (Hinh 6.3).

1.2.4. Nhimg yéu t6 khoi dau dich ma gitt mRNA eukaryote & dang vong

Ngoai viéc gin vao dau 5' cia mRNA, cic yéu td khoi dau con lién
két chit ché véi dau 3' thong qua dudi poly(A). Diéu ndy duoc thyc hién boi
su tuong tac gitta elF4F va protein gan poly(A) boc bén ngoai dudi poly(A).
Viéc tim thdy cac yéu td khai dau dich ma c6 vai trd "vong héa" mRNA
theo phuong thirc phu thudc dudi poly(A) da giai thich dugc quan sat trude
day 1a mot khi ribosome két thuc su dich ma mot mRNA ma duoc vong hoa
thong qua dudi poly(A) thi ribosome mdi dugc phong thich nay 1a ribosome
1y twong dé tai khoi dau dich ma trén cing mRNA.

2. Giai doan kéo dai
2.1. Bu6c 1: Aminoacyl-tRNA duoc dwa dén vi tri A nho yéu t6 kéo dai EF-
Tu

Mot khi tRNA di gin amino acid thi EF-Tu dén gin vao dau 3' cua
aminoacyl-tRNA. EF-Tu chi c6 thé gin véi aminoacyl-tRNA khi n6 lién két
vo1 GTP. EF-Tu-GTP dua aminoacyl-tRNA vao vi tri A cta ribosome. Chi
phirc hop aminoacyl-tRNA-EF-Tu-GTP ndo cé anticodon bd sung véi
codon cia mRNA tai vi tri A thi méi duge gitr lai trén ribosome. Sau do,
EF-Tu twong tac v6i trung tim gan yéu td ctia ribosome nam trén tiéu don vi
16n va thity phan GTP, 10i EF-Tu dugc phong thich khoi tRNA va ribosome,
dé aminoacyl-tRNA nam lai tai vi tri A.

2.2. Budc 2: Hinh thanh ciu ndi peptide

Aminoacyl-tRNA tai vi tri A dugc quay vao trung tam peptidyl
transferase va cau ndi peptide dugc hinh thanh. Phan tng nay dugc xic tac
boi peptidyl transferase, ngay nay nd dugc xac dinh 1a rRNA, dac biét la
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rRNA 23S cua tiéu don vi 16n. Vi vay, peptidyl transferase con duoc goi 1a
ribozyme.

Trong qué trinh hinh thanh cau ndi peptide, cau ndi giita amino acid
va tRNA & vi tri A khong bi pha v&. Pau 3' cia ca hai tRNA duogc dwa dén
gin nhau va nhom amine ctia amino acid & vi tri A tin cong nhom carboxyl
ctia amino acid ¢ vi tri P. Két qua 1a tRNA & vi tri A mang mot dipeptide,
trong khi tRNA & vi tri P da bi khur acyl.

Sau d6 xay ra sy chuyén dich (xem budc 3): peptidyl-tRNA (dang
mang dipeptide) chuyén sang vi tri P, va vi tri A sén sang tiép nhin mot
aminoacyl-tRNA méi. Cau ndi peptide tiép theo dwoc hinh thanh theo céch
gidng hét trén, trong d6 nhom amine cta amino acid méi lién két véi nhom
carboxyl & dau C tan cung cia chudi polypeptide dang tong hop. Thuc chit,
day 1a qua trinh chuyén chudi polypeptide dang tong hop tir peptidyl-tRNA
O vi tri P sang aminoacyl-tRNA & vi tri A. Vi vay, phan ung tao cau ndi
peptide dugc goi 1a phan g peptidyl transferase.

Nhu vay, chudi polypeptide dugc tong hop theo chiéu tir ddu N dén
dau C.

Trong qua trinh nay, khong c6 sy thily phan nucleoside triphosphate.
Ning luong duge cung cp tir sy pha v& cau ndi acyl giau ning luong giira
chudi polypeptide dang tong hop va tRNA.

2.3. Budc 3: Su chuyén dich (translocation)

Mot khi phan tng peptidyl transferase xay ra thi tRNA trong vi tri P
khong gin voi amino acid nita, va chudi polypeptide dang hinh thanh duoc
lién két v6i tRNA trong vi tri A. Dé mot vong kéo dai polypeptide mai xay
ra, tRNA & vi tri P phai chuyén dén vi tri E va tRNA & vi tri A chuyén dén
vi tri P. Pong thoi, mRNA phai di chuyén qua 3 nucleotide dé ribosome tiép
xuic v6i codon tiép theo. Nhitng su di chuyén nay duoc goi 1a sy chuyén
dich.

Budc dau tién trong chuyén dich dwoc song hanh véi phan {mng
peptidyl transferase. Khi chudi peptide dugc chuyén sang tRNA ¢ vi tri A,
dau 3' ciia tRNA nay huong dén vung vi tri P cua tiéu don vi 16n, trong khi
dau anticodon van con nam & vi tri A. Tuong tu, tRNA ¢ vi tri P (ma khong

Sinh hoc phén tu 126



con gan chudi polypeptide nita) nim & vi tri E cta tiéu don vi 16n va vi tri P
cta tiéu don vi nho.

Dé hoan thanh su chuyén dich phai c6 su tdc dong cua mot yéu td kéo
dai goi 1a EF-G. EF-G chi gan vao ribosome khi duogc lién két véi GTP. Sau
khi phan tmg peptidyl transferase xay ra, su thay ddi vi tri ciia tRNA & vi tri
A di dé 16 vi tri gan cho EF-G. Khi EF-G-GTP gin vio vi tri ndy, no tiép
xic voi trung tim gan yéu t6 va kich thich thay phan GTP. Sy thily phan
nay lam thay d6i hinh dang cia EF-G-GDP va cho phép né véi t6i tiéu don
vi nho dé thic day su chuyén dich ciia tRNA & vi tri A. Khi sy chuyén dich
duogc hoan thanh, ciu trac cia ribosome giam dang ké 4i luc voi EF-G-
GDP, diéu nay cho phép yéu té kéo dai dwoc phong thich khoi ribosome.
Cung v6i viée tRNA & vi tri A chuyén dén vi tri P, tRNA & vi tri P chuyén
dén vi tri E va mRNA dich chuyén ba nucleotide. Ttr vi tri E, tRNA duoc
phong thich khoi ribosome (Hinh 6.4).

Phirc hop

Aminoacyl-tRNA N Hinh thanh cau™<
gan vao vj tri A noi peptide

Aminoacyl-
tRNA gan
vao Vitri A 2

phong & vi tri E

Hinh 6.4. Kéo dai dich ma
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2.4. Cac yéu t6 kéo dai co gin GDP (EF-Tu-GDP va EF-G-GDP) dugc d6i
GDP thanh GTP trudc khi tham gia vao vong kéo dai mai

EF-Tu va EF-G 1a nhimng protein xtic tic ma chi dugc st dung mot 1an
d6i voi mot vong kéo dai bao gom dua tRNA vao ribosome, hinh thanh ciu
nbi peptide, va chuyén dich. Sau khi GTP duoc thity phan, hai protein trén
phai giai phong GDP va gin voi moét GTP moi.

Dbi v6i EF-G, do GDP ¢6 4i luc thap v6i EF-G hon GTP nén GDP
nhanh chéng duoc giai phong va GTP méi duge gin vao.

Dbi voi EF-Tu, can c¢6 sy tham gia cia yéu t6 hoan d6i GTP goi 1a
EF-Ts. Sau khi EF-Tu-GDP dugc phong thich khoi ribosome, EF-Ts duoc
gin vao EF-Tu va thé chd ciia GDP. Sau d6 GTP dén gin vao phtrc hop EF-
Tu-EF-Ts. Phtrc hgp sau cung dugc tach thanh EF-Ts tu do va EF-Tu-GTP.

3. Giai doan két thiic
3.1. Cac yéu t6 giai phong két thuc dich ma

Chu ky gin aminoacyl-tRNA cua ribosome, su hinh thanh cau nbi
peptide, va su chuyén dich xay ra lién tuc cho dén khi mot trong ba codon
két thic vao vi tri A. Cac codon nay dugc nhéan dién boi céc yéu tb giai
phéng (RF: release factor) (Hinh 6.5).

C0 hai loai yéu tb giai phong:

- Céc yéu t6 giai phong loai I nhan dién codon két thiic va thuc ddy su
thuy phan dé tach chudi polypeptide ra khoi peptidyl-tRNA tai vi tri P.
Prokaryote c6 hai yéu t6 giai phong loai I 1a RF1 va RF2, trong d6 RF1
nhan dién codon két thac UAG va RF2 nhan dién UGA, con UAA duoc
nhan dién boi ca RF1 va RF2. Eukaryote chi c6 mot yéu t6 giai phong goi 1a
eRF1 nhén dién dugc ca ba loai codon két thuc.

- Céc yéu tb giai phong loai II kich thich sy tach yéu tb giai phong loai
I ra khoi ribosome sau khi chudi polypeptide dugc giai phong. Chi c6 mot
yéu to giai phong loai II, duoc goi 1a RF3 ¢ prokaryote va eRF3 &
eukaryote. Yéu t6 giai phong loai IT dugc diéu hoa boi GTP.
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Phan tach
peptidyl-tRNA

Iy
I

Hinh 6.5. Két thiic dich ma

3.2. Sy hoan d6i GDP/GTP va thity phan GTP diéu khién hoat dong ciia yéu
t6 giai phong loai II

Yéu t6 giai phong loai II 1a mot protein gian GTP nhung c6 ai luc véi
GDP cao hon GTP. Vi viy, phan 1én RF3 duoc gin voi GDP. RF3-GDP
gz‘in vo1 ribosome theo mdt phuong thirc phu thude sy hién dién cua yéu to
giai phong loai 1. Sau khi yéu t6 giai phong loai I kich thich sy phong thich
chudi polypeptide, xdy ra mot su thay ddi hinh dang ribosome, va yéu td
giai phong loai I kich thich RF3 hoan d6i GDP thanh GTP. Sy gan GTP vao
RF3 dan dén sy hinh thanh twong tac i lyc cao véi ribosome va day yéu t6
giai phong loai I ra khoi ribosome. Sy thay d6i nay cho phép RF3 lién két
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v6i trung tAm gan yéu té cta tiéu don vi 16n. Sy tuwong tac nay kich thich
thuy phan GTP. Vi khéng con yéu t6 loai I nita nén RF3-GDP c¢6 ai luc thap
v6i ribosome va bi phong thich ra ngoai.

3.3. Su quay vong cua ribosome

Sau khi phong thich chudi polypeptide va cic yéu to giai phong,
ribosome van con gén vo1 mRNA cung voi hai tRNA tai vi tri P va vi tri E.
Dé ribosome tham gia vao qué trinh téng hop polypeptide mdi, tRNA va
mRNA phii di khoi ribosome va hai tiéu don vi cila ribosome phai roi nhau
ra. Tap hop nhiing su kién nhu vay goi 1a sy quay vong ribosome (ribosome
recycling).

O prokaryote, c6 mot yéu t6 goi 14 yéu té quay vong ribosome (RRF:
ribosome recycling factor). RRF gin vao vi tri A, n6 bat chuéc tRNA. RRF
16i kéo EF-G dén ribosome va EF-G kich thich giai phong nhimg tRNA tai
vi tri P va E. Sau d6, EF-G va RRF dugc phong thich khdi ribosome cung
v6i mRNA. IF3 c6 thé tham gia vao su giai phong mRNA dong thoi nd
cling can cho sy tach roi hai tiéu don vi cia ribosome. Két qua tao ra tiéu
don vi nho gan IF3 va tiéu don vi 16n ty do. Ribosome bay gid ¢ thé tham
gia vao vong dich ma mai.

V. Cac nhén t6 vrc ché dich ma

Qué trinh dich ma bao gdm rat nhiéu budc va tuan theo mot quy tic 1a
khong c6 mot budc nao cé thé xay ra khi bude trudc nd chwa hoan thanh.
Tuy nhién, diéu ndy tao ra mot diém yéu trong dich ma 1a néu chang may c6
mot bude khong hoan thanh thi toan by qua trinh phai bi nging lai. Vi vay,
dich ma thuong 1a diém dich tac dong ciia nhiéu loai khang sinh va cic doc
t0 (Béng 6.2).

Khoang 40% céc loai khang sinh 1a nhiing yéu t6 trc ché dich ma. Cac
khang sinh nay tiéu diét vi khuan gdy bénh & ngudi hodc dong vat do nd tac
dong 1am ngimg dich ma ¢ vi khuan nhung khong anh huong dén dich ma &
eukaryote, do qua trinh dich ma & vi khudn va eukaryote c¢6 nhimng diém
khéc nhau c¢6 ¥ nghia, vi du ribosome khac nhau vé kich thudc va cac thanh
phan. Nhiéu khang sinh gin chon loc véi ribosome cua vi khudn va trc ché
nhidu budc trong dich ma nhung khoéng anh huéng dén ribosome cua
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eukaryote. Vi du tetracycline gin véao vi tri A ciia ribosome vi khuan va trc
ché sy di vao clia cac aminoacyl-tRNA nhung khong hiéu qua trén ribosome
ctia eukaryote. Nhitng khang sinh khac nhau thi @c ché cac bude khac nhau
trong qua trinh dich ma nén chiing thudng duge sir dung dé nghién ciru sy
hoat dong ctia by may dich ma, dac biét 1a puromycin. Do cAu trac ba chiéu
clia puromycin giéng véi dau 3' ciia aminoacyl-tRNA nén né co thé gin vao
vi tri A va te ché sy di vao day cta cac aminoacyl-tRNA.

Bang 6.2. Su trc ché dich ma ciia mot s6 khang sinh va doc to

Khang sinh Tébao | Pich & mirc phén tir Hau qua
Poc th dich
Tetracycline Prokaryote | Vi tri A/30S Uc ché gin tRNA vao
A
Hygromycin B | Prokaryote | Gan vi tri A/30S Ngin can chuyén dich
Eukaryote cua tRNA tir A sang P
Paromycin Prokaryote | Vi tri tuong tac Giam tinh chon loc cua

codon-anticodon/30S | sy bit cip base giita
codon va anticodon

Chloram- Prokaryote | Trung tdm peptidyl Ngan can dua tRNA
phenicol transferase/50S tai A vao phan Gng
peptidyl transferase
chinh xéac
Puromycin Prokaryote | Vitri A/tiéudonvi | Két thic sém sy tong
Eukaryote | lon hop polypeptide
Erythromycin | Prokaryote | Kénh thoét peptide/ | Uc ché chudi
50S polypeptide di ra khoi
ribosome
Fusidic acid Prokaryote | EF-G Ngén can phong thich
EF-G-GDP khoi
ribosome
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Thiostrepton Prokaryote | Trung tim gin yéu t5 | Anh hudng su gin cua

/50S IF2 va EF-G vdi trung
tam nay
Kirromycin EF-Tu Ngin can thay d6i hinh

dang lién quan thuy
phan GTP, phong thich

EF-Tu
Ricin, Prokaryote | Bién ddi hoa hoc Ngan can sy hoat hoa
yéu td GTPase
Diptheria Eukaryote | Bién d6i hoa hoc EF- | Uc ché chuc ning EF-
Tu Tu

Cycloheximide | Eukaryote | Trung tam peptidyl Uc ché hoat tinh
transferase/60S peptidyl transferase

Cau ndi peptide co6 thé dugc hinh thanh giita puromycin tai vi tri A va
chudi polypeptide tai vi tri P. Tuy nhién, puromycin khong gin vao vi tri P
nén su chuyén dich khong xay ra va chudi polypeptide gin puromycin rdi
khoi ribosome dui qua trinh téng hop chwa két thiic. Do cdu tric ctia tRNA 1a
tuong ty nhau & moi sinh vat nén puromycin @c ché dich ma & ca vi khuan
va té bao eukaryote, hau qua la no tiéu diét ca té bao vat chu cung véi vi
khuén. Thinh thoang, puromycin ciing duoc ding dé diéu tri ung thu nham
tiéu diét té bao khoi u.
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Chuong 7
Stra chira va bao vé DNA

Trén phén tir DNA c6 thé xuét hién nhiéu bién doi do sai héng trong
qua trinh trao d6i chét, do cac tac nhan gy dot bién vat 1y va hoa hoc cua
moi trudng. Tuy nhién, genome ludn c6 d6 6n dinh cao nho cac co ché sira
chita va bao vé DNA. DNA 1a phan tir duy nhét, ma khi bién ddi hay bi pha
hong van c6 kha ning dugc stra chita nho té bao. Cac co ché sta sai rat da
dang va c6 hiéu qua cao. Ba qua trinh bao gém stra sai, tai ban va tai to hop
DNA lién quan chit ché v6i nhau. Pay ciing 1a mot minh chtng vé sy phdi
hop chit ché giita nhiéu co ché di truyén.

I. Khai quat vé cac co ché sira sai

Hau hét cac dot bién trén phan tir DNA thuong duoc khic phuc bang
hai phuong thirc chinh:

- Sira chira phuc héi tryc tiép (direct reversal repair), hoac:

- Cit bo sai hong va sira chita lai bang cach ding trinh ty b6 sung
(damage excision and repair using complementary sequence).

Stra chita truc tiép thuong lién quan dén hai loai sai hong trén phan tir
DNA do tia tir ngoai gdy ra la: cyclobutane-pyrimidine dimer (CPDs) va
pyrimidine (6-4) pyrimidone (6-4 PPs). Hai loai sai hong nay déu lam bién
dang cAu truc xoan ciia DNA. CPDs va 6-4 PPs duoc nhan biét va sira chita
nh¢ enzyme photolyase. Enzyme nay str dung nang luong anh sang dé thuc
hién phan tng lam thay d6i cac lién két hoa hoc dé nucleotide tro lai dang
binh thudng. Phan tng sira chita DNA bang photolyase xdy ra trong rét
nhiéu sinh vt prokaryote va eukaryote. Tuy nhién, qua trinh nay khong thay
& dong vat c6 vi. O nguoi ciing chua phat hién duoc bat ky loai photolyase
nao.

Pa s6 sai hong ctia DNA duoc stra chita bang phuong thire th hai. Co
ché nay phai sir dung thong tin di truyén chtra & mot trong hai sgi don DNA.
Khi trinh tu nucleotide trén mot soi bi thay doi thi soi thu hai (lién két bd
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sung v6i soi thr nhat) duoc dung 1am khudén miu dé sira chita nhiing sai
hong d6. Mot s6 co ché stra chira nhu sau:

- Hé thdng stra chita nhan biét cac trinh ty DNA khong thich hop véi
cac cap base chuén va thay thé ching.

- Hé théng stra chita-cit bo (excision-repair system) loai di mot doan
DNA 6 vi tri sai hong va sau d6 thay thé no.

- Hé thong stra chira-tai to hop (recombinant-repair system) sit dung
phuong thirc tai t6 hop dé thay thé ving soi doi bi sai hong.

Céc hé thong stra chita ciing phirc tap nhu bd may tai ban cua né, didu
d6 cho thay tim quan trong cua chung dbi v6i su song cua té bao. Khi hé
théng sira chita phuc hdi mét sai hong ctia DNA, thi khéng c6 mot hau qua
X4u nao xdy ra. Nhung mot dot bién c6 thé tao ra hau qua x4u khi DNA bi
hong.

Hinh 7.1 t6m tit mot sb co ché stra chita DNA nhu sau:

- Mdt vai enzyme phuc hdi truc tiép cac loai sai hdng dac biét cua
DNA.

- Mot s6 phuong thire stra chita bang cach cit bo base, stra chita bang
cach cat bo nucleotide, va sira chira ghép doi léch, tit ca chirc ning cua
chung thuc hién bang cach loai bo va thay thé nguyén liéu.

- Cac h¢ thong chiic ning co thé tai to hop dé tao ra mot ban sao
khong bi sai hong thay thé cho mét soi d6i bi sai hong.

- Phuong thirc ndi dau khong tuong dong di ndi lai cac dau soi doi bi
hong.

- M6t s DNA polymerase khac nhau can thiét trong viéc tong hop lai
cac doan DNA thay thé.

1. Cdc bién d6i xdy ra trén phdn tir DNA

Trén DNA c6 thé xdy ra cac bién doi ngau nhién nhu sau:

- Gy hay dut mach. Phan tir DNA c¢6 chiéu ngang rat manh, ban than
no lai thuong xuyén cudn xodn va gian xoan nén dé xay ra dit gdy mot soi.
Tuy nhién, kha nang dut cung lac hai soi hieém khi gap hon.
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Stra chifa bang céch cdt bo nucleotide
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Stra chifa bang cach cat bd ghép déi léch
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Stra chita bang cach tai t6 hap
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DNA polymerase xUc tac cac tiéu don vi
ggddddd

89— 5y

Hinh 7.1. Viéc sira chira cac gen c6 thé dwoc phan loai theo ciac phwong thic

str dung cac co’ ché khac nhau dé phuc hdi hoiic bé qua s sai héng ciia DNA

- Base bi cit mat. Hién twong nay lam base twong tng khong bit cap
duge. Dudi tac dung cia nhiét c6 thé xay ra qua trinh khir purine
(depurination) do thuy phan lién két N-glycosyl.
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- Gén cac nhom méi vao base bang lién két cong hoa tri lam thay doi
tinh chit nhu trudng hop methyl hoa (gan nhém CHz vao mot base).

- Bién mot base nay thanh mdt base khac lam bat cap sai. Vi du: qua
trinh khtr amine (desamination) ctia cytosine bién né thanh uracil.

- Céc base c6 thé ton tai & hai dang keto va enol nén co thé dan dén
bét cap sai. Vi du: dang enol cua cytosine c6 thé bét cip v6i adenine.

- Tao cac thymine dimer.

- Lién két chéo gitta cac mach (interstand crosslink).

Trén day 1a cac bién ddi ngiu nhién, néu c6 tac dong ciia cac tac nhan
gy dot bién cac bién ddi s& xay ra nhiéu hon.

2. Khdi qudt cdc co ché sira chita 6 mirc phdn tir

Su nguyén ven ctia phan tir DNA mang thong tin di truyén c6 y nghia
song con dbi véi té bao, nhét 1a té bao prokaryote. O té bao vi khuan, c6 dén
50% DNA khong bi bién d6i tham chi sau khi tai ban dén 100 trigu lan. Su
6n dinh cao cia DNA té bao c6 duoc nhd hang loat cic co ché bao vé su
nguyén ven va sira chita ngay 1ap tirc bat ky sai hong nao vira xuét hién.

Cac hé thong stra sai rat da dang va c6 hiéu qua rét cao ¢ E. coli. C6
khoang 100 locus tham gia truc tiép hodc gian tiép vao viéc bao vé DNA va
sua sai.

Chi v6i DNA, té bao phai dau tu rat 16n cho sy 6n dinh cua thong tin
di truyén. Néu nhu su tai ban chi xay ra khi phan bao, thi cac co ché stra sai
phai hoat dong lién tuc. Tai ban dugc thuc hién véi co ché vé co ban giéng
nhau & cac loai té bao va trong mdi lan nhan d6i DNA. Trong khi do, sai
hong xay ra rat da dang, nén cac co ché sira sai nhiéu hon va véi s6 luong
gen tham gia 16n hon. Hon nita, cac co ché di truyén co ban nhu tai ban, tai
t6 hop DNA déu co su tham gia clia cac co ché stra sai va nguoc lai sira sai
can dén tai ban va tai t hop.

3. Bién doi lam tang tan so dot bién

Nho céc co ché sira sai nén binh thuong DNA té bao ¢6 d6 6n dinh rat
16n, thudng su thay thé base co tan sd 10°-101°. Tuy nhién, nguoi ta da phat
hién dugc cac dong dot bién ngau nhién ting cao hon han, chung duogc goi
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1a mutator (nhan t& gdy dot bién). Trong nhiéu truong hop, cac kiéu hinh
mutator lién quan dén sai hong trong hé théng sira sai. O E. coli, cac locus
mutator mutH, mutL, mutU va mutS tac dong dén cac ciu phan cua hé thong
sira sai do ghép ddi 1éch (mismatch-repair) sau tai ban nén da lam cho tan sé
d6t bién ngau nhién ting cao.

Ngoai mutator, su sai hdng lam tang tinh nhay cam vdi tia tir ngoai
(ultraviolet) va ting sai hong khi tai to hop.

IL. Cac kiéu sira chira
1. Quang tai hoat hoa

Stra chira tryc tiép bang quang tai hoat hoa (photoreactivation) it khi
gip, n6 bao gdm su phuc hdi hodc loai bo don gian cac sai hong va qua trinh
nay xay ra ¢ ngoai sang. Quang tai hoat hoa cua cac pyrimidine dimers,
trong d6 tao co hdi cho céc lién két cong hoa tri duge phuc hdi nhd enzyme
phu thudc anh sang (light-dependent enzyme), 1a mot vi du dién hinh (Hinh
7.2). HE théng sua chira nay phd bién trong tu nhién, va dac bi¢t quan trong
& thyc vat. Trong E. coli, né phu thudc vao san pham ctia mot gen don (phr)
ma hoa cho mét enzyme dugc goi 1a photolyase.

Sau khi xtr 1y tia tir ngoai gay dot bién, néu dua ra 4nh sang thi phan
16m sai hong dugc phuc hoi. Hién tuong nay dugc goi 1a quang tai hoat hoa.
Néng lugng cua anh sang kha kién (ttr 300 dén 600 nm) hoat hoa photolyase
(gen phr & E. coli) cit cac vong cyclobutyl pyrimidine dimer (thuong 1a
thymine dimer).

Enzyme nay hoat dong trong cac té bao ¢ nhiéu loai khac nhau. Vao
ban ngay, cac sinh vat thuong chiu tac dong clia anh sang, nén co ché quang
tai hoat héa (quang phuc hdi) c¢6 vai trd quan trong trong sta sai DNA. Vi
du: Mycoplasma, sinh vat don gian nhat hién nay, chi c6 vai trim gen nhung
mot trong s6 d6 da duoc dung cho quang tai hoat hoa.

Ngoai trir sira chita bang quang tai hoat hoa xay ra ngoai sang, phan
16n cac co ché sta chita khac duoc thuc hién trong tdi, nho cac enzyme
nuclease cit bo chd sai hong theo nhiéu cach nhu sau:

2. Swa chita ghép doi léch
Stra chira ghép do6i léch (mismatch-repair) gitta cac sgi DNA 1a mot

trong nhitg muc tiéu chinh ciia hé thong stra sai. Stra chita ghép doi léch
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duoc tién hanh khi phat hién trén DNA céac base ndm canh nhau ma khong
bét cap thich hop. Cac ghép d6i léch ting 1én trong subt qué trinh tai ban
dugc sira chita bang cach phan biét giita cac soi cii va méi va dugc wu tién
stra chira trinh tir cta cac soi dugc téng hop méi (Hinh 7.3). Ghép doi léch
duoc tao ra boi cac bién ddi base, 1a mot két qua cua sy khu amine
(deamination).

Pyrimidine dimer trong
DNA bi chiéu tia UV

Phirc hgp DNA va enzyme
quang tai hoat héa :

Giai phdng enzyme dé
hoan lai DNA tu nhién [,

Hinh 7.2. Quang tai hoat héa

Ghép d6i 1éch thudng duoc sira sai bang phuong thirc sira chita cét bo,
duoc khaoi dau béng mot enzyme nhan biét mot base sai hong thuc sy hoac
¢6 su thay ddi chiéu hudng khong gian (spatial path) ciia DNA.
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Hinh 7.3. Stra chira ghép doi léch trong tai ban

Su nhan biét va stra chita cac sai léch do bit cap base sai trén DNA
duoc phat hién & E. coli, nAm men va té bao dong vat c6 va. O vi khuén E.
coli, c6 ba hé thdng enzyme khac nhau duoc sir dung dé sira chita cac sai
léch bang cach:
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- Loai bo chd sai trong tai ban (errors in replication).

- Loai bo ghép doi léch bén trong cac doan trung gian cia tai to hop
(mismatch within recombinant intermediates).

- Loai bo thymine cua cdp GT trong truong hgp 5-methylcytosine bi
méat nhém amine (NH,) thanh thymine.

3. Stra chita cdt bo

Co hai loai hé théng stra chira cét bo, do la:

- Hé thong stra chira cét bo base (base excision repair) loai bo truc tiép
base sai hong va thay thé n6 trong DNA. Vi du dién hinh 1a enzyme DNA
uracil glycolase, loai cac uracil khong dwoc bat cip (mispaired) véi cac
guanine.

- Hé théng stra chita cit bo nucleotide (nucleotide excision repair) cat
b6 mot trinh ti bao gdm céc base sai hong; sau d6 mot doan DNA méi duoc
tong hop dé thay thé cac nguyén liu bi cat bo. Cac hé théng nay phd bién &
hau hét sinh vat.

3.1. Cit bo base

Viéc loai bé chd sai duoc thuc hién nhd mot hodc vai enzyme N-
glycosylase. N-glycosylase nhan biét base bién ddi hay mat gbc amine hodc
bién dang cau triic xo4n do sai léch tao ra va thiy phan lién két N-glycosylic
gilta base v6i dudng v6i pentose. Ld hong vira duoc tao ra do cat bo dugc
DNA polymerase lam day lai dya vao khuén mau bo sung ddi dién va ligase
nbi lién ching (Hinh 7.4).

3.2. Cét bo nucleotide

Viéc cat bo mot ving c6 nhiéu thymine dimer (do UV) hodc ving lién
két chéo gilta cac soi, dugce thuc hién nho incision nuclease (nuclease tao
khic trén DNA) nhu phirc hop Uvr ABC cua E. coli, phirc hop nay cit cac
doan 12-13 nucleotide tir mdt sgi DNA. Sy thuy phan dugc thuc hi¢n ¢ lién
két phosphodiester thir tam ¢ dau 5° dén chd hong va & phia 3’ 1a lién két
thir tu hay nam.
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Céu triic soi kép bd sung cho nhau ciia DNA cho phép, néu thong tin
bi mét do cat bo sai hong trén mot soi co thé chép lai duoc nhd dya vao soi
don bd sung kia. Tuy nhién, mot sb sai hong lién quan cung luc ca hai soi
cling c6 thé duoc stra chita nhd vao mot doan nucleotide tuong déng tdn tai
dau do trong genome. Su mét doan hay xen doan nucleotide, hay lién két
chéo gilra cac sgi DNA co6 thé dugc phuc hdi nho su thay thé doan tuong
ung béng tai to hop. Tham chi sy dut do6i ca hai sgi cung chd, duoc coi la
ning nhét trong cac sai hong, c6 thé duoc gin lién lai nho ligase hay tai to
hop (Hinh 7.5).

4. Poc sira doi véi cdce base bt cdp sai

Co ché doc sira ddi v6i cac base bat cdp sai (proofreading for base-
pair matching) dugc thuc hién trong tai ban DNA. Su bat cap can than cua
DNA polymerase ddm bdo cho su chinh x4c cua tai ban. Trudc khi thuc hi¢n
phan tng polymer hoa ndi véi nucleotide, nucleotide triphosphate méi phai
bét cap vodi base bd sung trén soi khudn mau. Néu su bit cap sai xay ra,
DNA polymerase sé& loai bo nucleotide bét cap sai.

Tham chi, trude khi nucleotide mdi grfm vao, enzyme do lai cap base
cudi néu ching khong bat cip thi sy polymer héa tiép theo bi dimg. Cip
nucleotide & dau cudi 3° bét cap sai s€ bi loai bo boi hoat tinh exonuclease
3°'—5’ clia DNA polymerase. Khi sy bat cip ctia cau tric soi kép da ding,
qué trinh polymer héa méi duoc tiép tuc.

Hoat tinh doc stra dbi véi cac base bit cap sai la dac tinh cua nhiéu
DNA polymerase dam bao cho sy kéo dai chinh x4c ciia soi dang dugc tong
hop. Tuy nhién, trong truong hop can thiét, DNA polymerase c6 thé bo qua
chd sai va chép tiép nhd co ché tai ban “error prone” (xem muc 6).

5. Cdc hé théng sira chia tdi t6 hop

Cac vi tri co su sai hong, xay ra trong mot phan tir con (daughter
molecule), s€ dugc phuc hdi nho sy tai to hop dé thu duoc mot ban sao khac
ctia trinh ty tir mot ngudn khong bi sai hong. Ban sao nay sau d6 duoc ding
dé stra chira 156 hong (gap) trén soi bi hong.
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Khi DNA polymerase gip thymine dimer hay mot s sai léch khac
trén sgi DNA khuon mau, c¢6 hai kha ning x4y ra:

- Polymerase ldp dan 16 hong bang tai ban khong theo khudn mau do
tai t6 hop va vuot qua chd sai.

Sai héng
Base dot bién bi ghép ddi Iéch va/hodc van veo cau truc

IR

Tao khac
Endonuclease cét trén ca hai mdt cta base bi sai hong

HHHIHE T

Catbé 1 !
Exonuclease loai bo DNA gitta cac diém duit

ggg%pr???#rr??pr???pr

Tong hop
Polymerase tdng hdp DNA thay thé

HHHHHIHE T

Ligase han diém dat

T

Hinh 7.5. Cit b6 nucleotide. Sira chita va cit bd mot doan DNA c6 (céc) base sai

hong.
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- Polymerase dung lai va huy dong khoang 1.000 nucleotide phia dudi
(downstream); chd tréng gian doan duoc 14p day véi soi bd sung tir soi doi
chi em (sister duplex) do tai t hop.

Trong ca hai trudng hop, chd sai léch van con va dugc cit bo sau do
bdi sira sai truc tiép hay cit bo.

Cac base trén mot sgi DNA bi sai hong

T

Sur tai ban tao ra mot ban sao cd 16 thiing ddi dién véi
sdi sai hdng va mot ban sao binh thudng
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Hinh 7.6. Sira sai nho tai to hop va tai ban
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6. Hé thong SOS

Hé thdng SOS (chira khoang 30 gen khong lién két va thuong bi tc
ché boi protein LexA) s& hoat dong khi té bao bi cac tic nhan giy dot bién
tao nhiéu sai hong trén DNA. Trong trudng hop DNA bi hong ngimg tai
ban, phan tmg SOS s& phuc hdi tai ban bang phuong thirc tai ban “error-
prone”.

O vi khuan E. coli nguoi ta dd quan sat thdy sy pha huy DNA 1am m&
ra khoang 20 gen cuia hé théng SOS, duoc kiém soat 4m bai chét we ché
LexA (LexA repressor).

Trong truong hop c6 nhiéu sai hong can cip ciru, LexA bi kich thich,
thay ddi cAu hinh, tu cit va mat hoat tinh tc ché. Lic d6 cac gen cua h¢
théng SOS duoc mo ra. Néu qua trinh sira sai thyc hién khong kip thi té bao
phai chap nhan hodc bi dot bién hodc chét.

Protein RecA khoi dong h¢ thong SOS nhu sau:

- Hop SOS 14 trinh ty DNA (operator) dai khoang 20 bp dugc nhan
biét boi protein ciia chit e ché LexA.

- Sai hong ciia DNA lam cho RecA khoi dong phan tmg SOS, chura
cac gen ma hoa cho nhidu enzyme sira chira.

- RecA hoat hoa hoat tinh ty phan gidi tu cia LexA.

- LexA ngan chan hé thong SOS, nhung phan tmg ty phan giai clia n6
d3 hoat hoa céc gen ciia hé thong nay.

6.1. Stra chita theo co ché “error-prone”

Phan tir DNA c6 thé bj sai hong nang né khi bi chiéu tia tur ngoai hoac
khi chiu tdc dong cua cac tdc nhan giy ung thu (carcinogens). Luc do,
khong phai chi mot soi don DNA bi hong ma ca hai soi déu bi dut giy va
mat di mot s6 nucleotide. Thong tin di truyén cta doan hong bi mat hoan
toan nén khong c6 soi khuon miu dé stra chita theo cic co ché thong
thuong. Trong trudng hop ndy, té bao con lai mot giai phap duy nhat dé ting
kha ning sdng sot d6 13 stra chita DNA mot cach ngau nhién voi ty 16 sai sot
(46t bién) cao nhung du sao van duy tri duoc sy séng. Pay chinh 13 co ché
stra chita DNA “error-prone” (con dugc xem nhu 1 su phat sinh dot bién
SOS). Nhu vdy, stra chira DNA theo co ché nay ciing 1a mot trong nhiing
nguyén nhan tao nén tinh da dang ctia DNA.
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Khi phan tir DNA bi dot bién, mot sb protein ddc biét s& 1am nhiém vu
dimng qua trinh téng hop DNA dé sira chita theo cac co ché khac nhau. Béi
vi néu té bao tiép tuc phan chia (tirc 14 DNA tiép tuc duoc nhan 1én) thi ty 1&
d6t bién cao s& xuat hién khién s6 té bao sdng sét giam xudng.

Mot sb trudng hop sai hong duoc sira chita bang co ché error-prone:

- DNA két hop véi cac base khong bd sung trén soi con (bt cip sai).

- DNA bi sai hong khong dugc stra chita do DNA polymerase III bi
giit lai trong su6t qua trinh tai ban.

DNA polymerase V (dugc ma hoa boi gen umuD va umuC cua E.
coli), hoac DNA polymerase IV (dugc ma hda boi gen dinB cua E. coli)
duoc cam Gmg trong hé théng SOS, dé tong hop mot doan bd sung cho soi
DNA bi hong. DNA polymerase V 1a mot phirc hop chira hai protein tiéu
don vi UmuD’ va mét protein tiéu don vi UmuC (Trong qua trinh stra chita
“error-prone”, protein RecA, hoat dong nhu mot co-protease, gian tiép tu
xUc tac cit protein UmuD thanh mdt doan c6 hoat tinh, UmuD’). DNA
polymerase IV va V 13 mot phan cta mot ho 16n, bao gom cic DNA
polymerase 13 nhitng enzyme can thiét trong sitra chira DNA bj sai hong do
chung c6 hoat tinh polymerase.

Céc protein tiéu don vi UmuD (thuc té 13 UmuD’) va UmuC c6 kha
nang gan cac nucleotide vao soi DNA bat chap khong ton tai sgi khudn mau.
Nhu vay, chung co thé trc ché hoat tinh tu stra exonuclease 3°—5° cia DNA
polymerase hodc chinh ching la mt loai DNA polymerase dac biét (DNA
polymerase V). Khi dot bién xay ra trén gen ma hoa cho UmuD va UmuC,
cac té bao vi khuan s& séng sot it hon té bao binh thudng dudi tac dung cua
tia tir ngoai. Mot vai plasmid mang gen mucA va mucB, twong dong vai gen
umuD va gen umuC, khi dugc dua vao trong vi khuan s& lam ting tinh
khang véi tia tir ngoai. Ngoai ra, khi ca hai soi don DNA déu chiu dot bién
nhung néu trong genome con c0 it nhét mot ban sao giéng hét doan bi hdng,
luc do doan bi hong co thé duoc phuc hdi nho co ché trao ddi chéo dung ban
sao lam khudn mau.

6.2. Protein LexA

Hoat tinh ciia RecA gy ra sy phan giai sian pham protein cia gen
lexA. LexA 1a mot protein nhé (22 kDa) kha 6n dinh trong céc té bao khong
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bi xtr ly, noi n6 c6 chirc nang nhu mot chét trc ché & nhiéu operon. Phan ung
phan giai 1a khong thuong xuyén; LexA c6 hoat tinh protease mudn duogc
hoat hoa bdi RecA. Khi RecA dugc hoat hoa, nd s€ gdy ra phan tng tu phan
gidi ciia LexA 1am bat hoat chirc ning e ché cia LexA, va cam ung phdi
hop tit ca operon ma né duoc lién két. Phuong thirc nay dugc minh hoa &
hinh 7.7.

VONG PIEU HOA CAC GEN PiCH

\ \

K \YANZANZNNY

Gen recA bi rc ché gen /exA Gen dich bi (rc ché

CAM UNG CUA RecA

RecA khai dong su’ phan giai LexA"

I I\ RecA dugc hoat héa B

i & ra ra A 7 7 Y 7 Y
__J" \\, _a" \ v \\_ _.r' \, _!' \\ S \\ \/ \\ W \\. \/ \\ \/ \-

Gen recA dugc cam (ing Gen /exA Gen dich dugc biéu hién

Hinh 7.7. LexA va RecA c6 quan hé d6i khang thuin nghich. Protein LexA tic
ché nhiéu gen c6 cac chirc ning sira chita, recA va lexA. Hoat tinh ciia RecA dan
dén phan giai protein LexA va cam tng tit ca cac gen nay.

Céc gen dich cua protein trc ché LexA c¢6 nhiéu chirc ning sta chita.
Mot sb gen SOS nay chi hoat dong & céc té bao bi xur ly. Nhiing gen khéc
hoat dong & cac té bao khong bi xtr ly, nhung muc do biéu hién dugc tang
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1én nho su phéan giai ciia LexA. Sau khi phan gidi LexA, gen c6 thé duoc
biéu hién tir promoter thir hai giéng nhu promoter dau tién.

Protein LexA tc ché cac gen dich ciia n6 bang cach lién két véi mot
doan DNA dai 20 bp duoc goi 1a hop SOS, bao gém mot trinh tu lién Gng
(consensus sequence: 5’-CTGTNgACAG-3’) v6i 8 vi tri bao toan tuyét dbi
(Ng). Gibng nhu cac operator khac, cac hop SOS xép chong 1én céc
promoter tuong ung. O locus lexA, dbi tuong cua sy uc ché tu sinh, co hai
hdp SOS ¢ canh nhau.

6.3. Protein RecA

Su cudn lai truc tiép cua protein RecA trong stra chita-ti to hop chi 1a
mot trong nhitng hoat tinh ctia n6. N6 co thé duoc hoat hoa bdi cac xiur ly
lam sai hong DNA hodc trc ché su tai ban trong E. coli. Piéu nay gitip né
khéi dong mot chudi phirc tap nhitng thay ddi kiéu hinh dugc goi la phan
g SOS, yéu t6 can thiét cho sy biéu hién ciia nhiéu gen ma cac san pham
cua chung cé cac chuc ning stra chita. Cac hoat tinh kép nay cua protein
RecA lam cho nguoi ta khong biét rd sy thiéu hut trong stra chita & cac té
bao dot bién recA 1a do mét chirc ning trao d6i soi DNA ctia RecA hay 1a do
mdt vai chic nang khac ma sy cam Ung cta n6 phu thudc vao hoat tinh
protease.

Su sai hong xuat hién c6 thé do chiéu tia UV (hau hét trong cac trudng
hop nghién ciru) hodc do cic nhan t§ lién két chéo hodc sy alkyl hoa
(alkylation). Sy tc ché tai ban do mot sb phuong thic nhu thiéu hut
(deprivation) thymine, b6 sung thém thudc, hodc cac dot bién trong mot sd
gen dna, c¢o6 cung hiéu qua.

Dau tién 1a hoat hoa RecA bang xir 1y sai hong. Chiing ta khong biét
nhiéu vé mbi quan hé giita sy sai hong va sy thay doi dot ngot trong hoat
tinh RecA. Mot bién dong cua cac trudng hop sai hong ¢ thé cam tng phan
tmg SOS. Hién nay, nguoi ta thién vé y kién cho rang RecA dugc hoat hoa
bai mot sd chét trung gian trong chuyén hoa DNA.

Tin hiéu cam tng c¢6 thé chira mot phan tir nhé dwoc phong thich tir
DNA; hodc né c6 thé 1a mot vai cu triic duoc tao thanh trong chinh DNA.
O diéu kién in vitro, hoat tinh cua RecA doi hoi su ¢6 mit cia DNA soi don
va ATP. Vi thé, mot vai tin hiéu c6 thé hién dién & vung soi don & mot vi tri
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sai hong. Su tuong tac cia nd véi RecA la nhanh: phan ung SOS xay ra
trong mot vai phut xtr 1y sai hong.

Toém lai. RecA va LexA 1a cac muc tiéu chung trong hdp SOS: RecA
khoi dong su phan giai ctia LexA, nhan t6 tre ché recA va chinh né. Vi thé,
phan tmg SOS tao ra su khuéch dai cua ca hai protein RecA va chat tc ché
LexA. Két qua 1a khong con méau thuan nhu luc dau nita.

Viéc tang muc do biéu hién cua protein RecA can thiét cho vai tro
tryc tiép ciia nd trong cac phuong thirc stra chita-tai té hop. V& su cam tng,
ndng d6 ctia RecA duogc ting 1én 50 1an so voi ndng do ban dau cia nd
khoang 1.200 phan tir/té bao. Nong do cao ¢ cac t& bao dugc cam ung cb
nghia 14 c6 du RecA dé dam béo rang tat ca protein LexA bi phan giai.

I11. Bio vé DNA: H¢ thong cit han ché (R)-Bién doi (M)

Ngoai cac hé¢ théng stra sai, té bao con c6 hé théng bao vé DNA. Cac
vi khuan c6 hé théng mién nhiém hiéu qua DNA la, d6 1a: hé thong cat han
ché-bién ddi (restriction-modification system) hién dién trong nhiéu loai vi
khuén, trong d6 DNA duogc bién d6i bai cac enzyme dac hi¢u.

Su bién di Xay ra nham muc dich bao vé DNA chéng lai sy phan hay
enzyme (cat han ché) boi cac endonuclease cua chinh ching. Su bién doi
bao gdm mdt kiéu dic trung ctia phan ung methyl hoa cic gbc nucleotide
trong DNA. Bang cach ding S-adenosylmethionine nhu 1a mot chat cho, cac
enzyme methyl hoa (methylase) s€ hoat dong trén DNA sg1 o1 (dsDNA).
Céc vi tri ma & d6 co su bién doi ciing dugc nhan biét boi cac enzyme han
ché (restriction enzyme, RE) twong tng, tuy nhién cic enzyme han ché
khong thé cat DNA trong cac vi tri da duogc bién doi nay & mot hodc ca hai
sgi DNA.

Cac vi sinh vat prokaryote 14n eukaryote déu cé cac enzyme methyl
hoa gan nhém CH3 ¢ nhimng diém nhat dinh trén phan tir DNA. Cac enzyme
nay co tinh dic hiéu cao chuyén héa cho timg dong vi khuén, vi thé DNA
ctia mdi dong vi khuan chi duoc methyl héa & nhitng vi tri ddc biét nhét
dinh. Nho d6, mdi vi khuan d& dang phan biét DNA ciia ban than ching voi
DNA ngoai lai (foreign DNA) (vi du: DNA cua bacteriophage) xam nhép
vao trong té bao. Cac enzyme cit han ché 1a mot loai endonuclease ciia mdi

Sinh hoc phan tir 150



dong vi khuan (xem chuong 9), khong cat DNA cua ching vi di duoc
methyl héa ¢ nhimg diém can thiét ma chi cit DNA ngoai lai (cua
bacteriophage) do chung khong dugc methyl hoa & nhiing vi tri nhat dinh.

Céac co ché chu yéu bién d6i ctia DNA ctia né6 mét cach dic hiéu va cét
han ché (restriction) cac phan tir DNA khong duoc danh dau. Hé théng R-M
ngin chan DNA ngoai lai khong c6 hoat dong chirc ning nhung c¢é thé thuc
hién tai to hop.

Hé théng R-M c6 hai tinh chit cin ban:

- Hoat tinh restriction (cit han ché) dic hiéu chdng sy xdm nhép cia
DNA ngoai lai.

- Hoat tinh bao vé DNA cua ban than no.

H¢ théng R-M lan dau tién dugc phat hién khi nghién ctru hién tugng
nhiém bacteriophage vao E. coli. Sy bién d6i thuong 1a methyl hoa nhém 6-
NH, ctia adenine & nhitng trinh tu nucleotide ddc hiéu trong hé thong kiéu I,
C5 cua cytosine dugc methyl hoa. Cat han ché dugc thyc hién do cac hé
théng endonuclease. Chung nhéan biét cac diém dic hiéu it nhat & mot soi
DNA khéng bi bién ddi. Endonuclease cat dit soi ¢ nhiéu diém nhan biét va
sau d6 cac doan ngin dugc cit bang nucleotide khéc.

Phan 16n cac DNA bi bién doi co cic dic tinh di truyén khong 6n
dinh. Sy methyl hoa thuong mat qua téi ban trong té bao chu.

Céc nghién ctru cho thiy & ching E. coli B ¢6 3 gen lién két chit véi
nhau ma héa cho 3 san pham khuéch tan: cac polypeptide phuc vu cho su
cat han ché, cho su bién d6i va tao sy dic hiéu cia diém nhan biét.

DNA so¢i kép nhay ciam hon véi sy bién doi va cat han ché. Cac
bacteriophage soi don nhu M13 va ¢ X 174 it bi tac dong hon. Su bién doi
ciia mot sgi DNA du dé mién nhi®m DNA la. Do vay, DNA téi ban ban bao
ton dugc bao vé boi methyl hoa soi khudn.

1. Cdc methylase cua R-M

Methylase 12 enzyme c6 hoat tinh xuc tac gin mot nhom methyl vao
mot phan tir, vi du: DNA methyltransferase c6 chicc nang methyl hoa cac
gbc C trong DNA.
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Enzyme methylase tao ra mot cdp adenine methyl hoa (hodc cytosine)
¢6 vi tri ddi xtmg chéo nhau. Cac methylase c6 lién quan chit ché véi cac
kiéu cét han ché.

- Kiéu I. Cac RE c6 thé tién hanh ca hai su bién ddi va cét han ché.
Mot RE kiéu I bao gém ba tiéu don vi khac nhau (R, M va S) chiu trach
nhi¢m tuong ung cho viéc cit han ché, bién ddi va nhan biét trinh tu. Vi du:
EcoB va EcoK (tir E. coli chung B va K), cac trinh tu nhin biét cta hai
enzyme nay la TGA(N)sTGCT dbi véi EcoB va AAC(N)¢GTGC ddi voi
EcoK (trong d6 N 1a mdt trong bdn loai nucleotide). Néu vi tri nhan biét
khong dugc methyl hoa trong mét soi, thi enzyme RE s€ methyl hoa soi do,
nhung néu ca hai soi déu khong duoc methyl hoa thi enzyme RE s& cit
DNA (can c6 ATP). Phan tng cit xuat hién & mot vi tri khong dic hiéu
>1000 bp tinh tir trinh tu nhan biét; o rang la enzyme duy tri lién két & vi tri
nhan biét ctia nd, va DNA dugc di chuyén qua mot vi tri thtr hai trén enzyme
huéng t&i mot vi tri cat han ché.

- Kiéu II. Cac RE la dang chung nhat trong vi khuan; chung chi thuc
hién phan g cit han ché-con sy bién doi duoc tién hanh béi mot enzyme
riéng biét. Trinh ty nhén biét cho hau hét céc enzyme nay la céc trinh tu
palindrome ngan (vi du: ECORI nhéan biét GAATTC) va thuc hién phan tng
cit (khong can ATP) ¢ trong hoac gén ké v&i vi tri nhan biét. Mot vai RE
kiéu II cdt ca hai soi & cung vi tri dé tao ra dau béng , trong khi cac RE khac
lai tao ra dau dinh. Cac RE kiéu II 1a cong cu hitu ich trong cong nghé DNA
tai to hop.

- Kiéu III. Cac RE nay tuong tu cac enzyme kiéu I. Mdi RE kiéu III
¢6 hai tiéu don vi; ndé nhan biét mot trinh tu d6i xung ngén, va tao ra mot
dau so le (can c6 ATP) ¢ vi tri khoang 24-26 bp so véi vi tri nhan biét. Vi du
enzyme EcoPI, dugc ma hoa béi prophage cua bacteriophage P1.

2. Adenine va cytosine methyltransferase o E. coli

Su methyl hoa A va C thuc hién rong rai & tat ca cac loai DNA. O
prokaryote (ké cic bacteriophage va plasmid), vai tro thé hién rd 1a phan
huy DNA ngoai lai. Vai tro phu la phan bié¢t DNA bd me véi soi con méi
dugc tong hop trong phuc hdi cac chd bt cip sai. O prokaryote, cac sinh vt
khong c6 hé thong cat han ché, vai tro chii yéu ciia methyl hoa co 18 & su
diéu hoa biéu hién cia gen.
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Bén canh cic methylase ciia hé théng R-M, con cd céc
methyltransferase khac ¢ E. coli. Cac nucleotide dugc methyl héa khong
gan truc tiép vao DNA. Cac methylase chuyén nhom methyl tir S-adenosine
methionine sang adenine va cytosine & nhitng diém dic hiéu trén DNA.

3. Suw methyl hoa DNA cua eukaryote

Su methyl DNA ciia eukaryote c¢6 nhiéu diém khac véi & prokaryote:

- Base bi bién d6i chii yéu & eukaryote 1a 5-methylcytosine. O dong
vat ¢6 vu, chi c6 5-methylcytosine 1a base bi bién d6i, trong d6 90% la trinh
tu d6i xtmg CpG.

- Do chua hiéu biét & hé théng R-M & eukaryote nén ngudi ta cho
rang c6 1& methyl hoa khong gop phan bao vé chéng sy xAm nhép ciia DNA
ngoai lai.

Su methyl héa cua DNA dong vat cd va gop phﬁn vao su diéu hoa
biéu hién cua gen va biét hoa té bao. Cac nghién ciru cho thdy c6 su tuong
quan thuan giita methyl hoa thap (hyphomethylation) v6i hoat tinh ctia gen
va nguoc lai gitra sy methyl héa manh véi bét hoat cua gen. Su Véng mat
ctia cac nhom methyl trén DNA ciia rudi gidm ching to rang sinh vat da biét
hoa cao c6 thé hoat dong khong can co ché methyl héa.

Sy methyl hoa & dong vat co v co thé dong vai tro:

- Thay ddi trang thai ctia DNA va tc ché ai lyc cta repressor voi
operator.

- Sy methyl héa dugc truyén dat theo dong té bao soma.

- Methyl hoa c6 thé tao su khac nhau gitra cac mo.

- 5-azacytidine, chat dong dang véi cytidine, tic dong lam té bao
nguyén bao soi (fibroblast) biét hoa thanh té bao co, ¢ 1& do co ché tic ché
methyl hoa DNA va nhu vay hoat hoa gen tuong tng.
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Chuong 8

Diéu hoa biéu hién gen

Nhu chiing ta da biét ba qua trinh thiét yéu cho sy tOn tai cta té bao,
d6 1a: tai ban, phién mi va dich ma. Tuy nhién, té bao khong thé ton tai doc
1ap v6i méi truong chung quanh. Nhu vy, sé& nay sinh mot van dé quan
trong: té bao s& diéu chinh hoat dong cua minh nhu thé nao cho phu hop véi
cac bién dbi ciia moi truong bén ngoai dé co thé ton tai thich tng? Chuong
nay s& dé cap dén cac phuong thirc diéu chinh do, tic 1a cac co ché diéu hoa
su biéu hién ctia gen & cac sinh vat prokaryote va eukaryote.

Su biéu hién cua céac gen chiu su kiém soat cta cac co ché diéu hoa.
Cac co ché nay giit vai tro rat quan trong cho cac hoat dong song, dap lai
nhing bién d6i ctia méi trudng bén trong va bén ngoai co thé. Biéu hién gen
ctia cac té bao prokaryote va eukaryote ciing c6 su khac nhau dang ké. Viéc
diéu hoa dugc thuc hién & nhiéu muac do khac nhau va lién quan dén ting
giai doan phat trién. Theo quan niém vé operon, cic gen diéu hoa
(regulatory gene) giit vai trd quan trong trong viéc dong va mo cac gen cau
tric (structural gene) dé co thé biéu hién tong hop protein dung lic, dung
noi theo nhu ciu cu thé cua té bao.

Trong moi té bao, tit ca cac gen déu khong hoat dong ddng thoi. Vi
du: té bao E. coli co khoang 107 phan tir protein gdm 3.000 loai khac nhau.
Nhiéu loai protein c¢6 dén 500.000 phan tir, tuy nhién mot sé loai khac chi
khoang 10 phan t. Nhu vay, khong phai loai protein nao ciing dugc tong
hop véi s6 lugng 16n nhu nhau va té bao phai c6 nhiing co chat dé tong hop
protein mot cach tiét kiém va hop 1y nhat.

Mot s6 gen hoat dong thuong xuyén cung cip san pham lién tuc, mot
s6 khéac chi biéu hién & nhimng giai doan nhat dinh trong chu trinh séng va ¢
thé chi hoat dong trong didu kién moi truong khong binh thuong. Mot sb
protein can duoc téng hop véi sb lwong 16n, mot sb khac chi cin c6 mot
phan tir. Do vy, hoat tinh ctia gen duoc diéu hoa boi nhiéu co ché khac
nhau dé c6 hiéu qua tot nhat trong viéc sir dung ngudn ning lugng cua té
bao.
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I. Cac hi¢én tuwgng diéu hoa

bé duy tri ndi can bang (homeostasis) va sy phat trién cua co the, cac
sinh vat da co cac co ché diéu hoa khac nhau. Cac kiéu diéu hoa déu bat
nguon tur su bi€u hién cia cac gen.

1. Diéu hoa thich nghi

Mot sb amip (ameba) biéu hién su thay dbi hinh thai va sinh 1y dic
biét dé dap lai cac diéu kién méi truong khac nhau. Khi cac amip dugc cho
vao nuéc, chung chuyén tir dang amip sang dang c6 16ng dé boi. Khi méi
truong thiéu dinh dudng chung c6 thé chuyén thanh cac dang twong tu nhu
biéu bi.

Vi khuan trong méi truong dinh dudng tdi thiéu c6 kha ning tong hop
amino acid. Nhung khi bd sung amino acid vao méi truong nudi, vi khuan
s& ngung tong hop amino acid. Lac ngudn amino acid tir ngoai bo sung vao
da hét, té bao vi khuén lai tu téng hop lai amino acid cho ban than.

Céc bién doi néu trén 1a thuan nghich, chimg t6 sy thay doi chirc ning
& day khong phai do bién di di truyén. Cac hién twong trén con cho thiy
viéc xuat hién hay bién mét cac ciu tric méi khong lam anh huong dén tiém
nang di truyén sin co. C6 thé cho rang, c6 truong hgp mot sd gen hoat dong,
nhung ciing c6 trudng hop mot sé gen ngimg biéu hién. Cac hién tugng
dugc dé cap trén déu do co ché diéu hoa thich nghi (adaptive regulation) chi
phoi.

2. Hoat dong ndi tiép cia cic gen

Khi bacteriophage xdm nhiém vi khuan, DNA cua né luc dau s& tai
ban, sau d6 cac protein khac nhau méi duoc tong hop nén dé tao thanh vo.
Nhu vay, c¢6 cac gen “sém” tao ra enzyme tai ban DNA va cac gen “mudn”
xéac dinh cac thanh phan vo protein. Diéu d6 ching to co co ché diéu hoa
chtic ning cua gen dién ra theo mot trinh tw nghiém ngit. Pay 1a kiéu diéu
hoa ndi tiép (sequential regulation). Hoat dong ndi tiép cua cac gen con thé
hién rd trong qué trinh phat trién ca thé ciia cac sinh vét eukaryote da bao.

3. Bigt hda té bao
Nhiéu sinh vét bac cao nhu con ngudi chira nhiéu ty té bao bat ngudn
tir mot hop tr do phan chia nguyén nhiém. Tir mot hop tir ban dau dén khi
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truong thanh, co thé ngudi c6 khoang 200 loai té bao khac nhau. Mbi loai té
bao chi biéu hién mot phan théng tin ctia minh. Qué trinh chuyén mén hoa
chire ning cua té bao dugc goi 1a su biét hoa hay phan hoa (differentiation).

Tuy c6 su biét hoa, nhung t& bao van giit nguyén ven kha ning di
truyén cua minh. Mot vi du rat rd 1a nudi ciy mé té bao thuc vat (plant tisue
and cell culture): ngudi ta c6 thé nudi cdy mot phan mé phén sinh trong méi
truong dinh dudng tong hop cho dén khi chung phat trién thanh cay in vitro
hoan chinh (plantlet), cac cdy nay sau d6 dugc dua ra trong trong diéu kién
tu nhién va di ra hoa két qua.

4. Khai quat vé diéu hoa ¢ prokaryote va eukaryote

C6 su khac nhau d4ng ké giita prokaryote va eukaryote trong diéu hoa
biéu hién cua gen. Cac té bao eukaryote co ciu tao phuc tap hon nhiéu nén
co ché diéu hoa ciing phtrc tap hon prokaryote.

O prokaryote, muc dich cua su diéu hoa biéu hién gen 1a nham diéu
chinh h¢ enzyme cho phu hgp véi céc tdc nhan dinh dudng va ly hda cua
moi truong, dam bao dugc hai yéu cau chinh cua té bao 1a sinh trudng va
sinh san. Sy diéu hoa ¢ day rat linh dong va co tinh thuan nghich. O
eukaryote, do té bao khong tiép xuc truc tiép voi méi trudng, nén su dicu
hoa ¢ ddy khong con nham muc dich ddi phé véi cac bién dong & ngoai bao.
Su diéu hoa & eukaryote hudng dén viéc chuyén biét hoa timg loai té bao
vao timg cdu trac va chirc ning riéng va vi thé khong mang tinh thuan
nghich.

Ba thanh phan chinh ciia sy diéu hoa biéu hién gen 1a: 1) Tin hidu gay
ra dap ung lam thay ddi biéu hién gen; 2) Giai doan dugc thyc hién su diéu
hoa trong qua trinh tir tai ban dén dich ma; va 3) Co ché phan tir cia sy diéu
hoa biéu hién gen.

4.1. Sy biéu hién ctia gen & prokaryote

B6 may di truyén cua sinh vat prokaryote 1a mot DNA mach vong
chira mot sd lugng gen gidi han dugc phién ma & trang thai tiép xuc truc
tiép voi té bao chat (Hinh 8.1).

Chu trinh té bao ngén va khong c6 sy biét hoa té bao. Vi thé, hoat
dong cuia cac gen duoc didu hoa do cac nhu cau cua té bao khi can thiét. Tac
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dong cua cac nhan té moéi trudng lam nhimg gen twong tmg dwoc mo dé
phién ma, dich mi téng hop protein hay c6 hiéu qua nguoc lam ding lai.

~<———— Chiéu dich ma

DNA }NA
5 Ig}Polyribosome
Ribosome
MRNA Polypeptide

Hinh 8.1. Sw biéu hién gen & prokaryote

4.2. Sy biéu hién ciia gen & eukaryote

Khac v6i prokaryote, nhidm sic thé ctia eukaryote ¢ ciu triic phirc
tap. Ngay trén cdu trac nhiém sic thé c6 sy tham gia cua cac protein histone
c6 vai tro diéu hoa biéu hién cua gen. Sy diéu hoa biéu hién gen &
eukaryote phai qua nhiéu mirc diéu hoa phurc tap hon so véi prokaryote va
qua nhiéu giai doan nhu: nhiém sdc thé thao xoén, phién ma, bién d6i hau
phién md, mRNA rdi nhan ra té bao chat, dich ma va bién d6i hau dich ma
(Hinh 8.2).

Ngoai ra, da sb eukaryote c6 co thé da bao va mdi té bao c6 biéu hién
séng khong phai tu do, ma chiu sy biét hoa theo cac chirc nang chuyén biét
trong mdi quan hé hai hoa vdi co thé.

Céc vi khuan thuong phan tng truc tiép v6i méi truong va biéu hién
gen thuan nghich, nhu c6 dudng lactose thi md operon dé phan hiy, khi hét
duong thi operon déng lai. Trong khi d0, cic té bao eukaryote c6 nhiing con
duong biét hoa khac nhau va sy chuyén hoa 1 6n dinh thuong xuyén trong
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doi sdng ca thé. Ngoai su biét hoa té bao, cac co thé eukaryote da bao con
trai qua qua trinh phat trién c4 thé voi nhiéu giai doan phirc tap ndi tiép

nhau, trong d6 c6 nhirg gen chi biéu hién & phdi va sau dé thi ding han.

Tat ca nhitng diém néu trén cho thiy sy diéu hoa biéu hién cua gen
eukaryote phirc tap hon nhiéu, ma hién nay lai dugc biét it hon prokaryote.

Tin hiéu

DNA

Chéat nhiém séc

DNA khdng déng gdi bao
gom kh&r methyl hda DNA va
acetyl hda histone

Gen sé&n sang
dé phién ma

&

Gen

PHIEN MA

RNA v

Intron
Hoan chinh RNA

2
-I_I- mRNA trong nhan
Chuyén vao t& bao chﬁt/

Exon
Thé phién ma sc cap

Budi

TE BAO CHAT

Sy dut gay

e
T -

clia mRNA Dich ma

NT /

000000 Polypeptide
Nhitng bién di héa hoc hau

mRNA trong t€ bao chat

v

dich m& va van chuyén téi
té€ bao
v

% Protein hoat tinh
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II. C4c mire d§ diéu hoa

Céc co ché diéu hoa sy biéu hién cua gen co6 thé tic dong & mot hay
nhiéu mirc d6 khac nhau. Sy diéu hoa c6 thé xay ra & mic d6 gen bang su
kiém soat thoi gian va toc do phién ma. Cac co ché khac c6 thé hoat dong
Itc dich ma hoac sau dich ma.

1. Mirc do chdt nhiém sdc

Ngay trén chit nhiém sic c6 thé thyc hién céac kiéu sau:

- DNase cit mot sé ving trén genome lam thao xodn dé cac gen biéu
hién. Hai vung duogc luu y do 1a cac vung nhay cam (sensible) va siéu nhay
cam (hypersensible).

- Cac ving nhay cam c6 lién quan dén cac gen c6 hoat tinh cao va
nhimg gen di qua biéu hién réi (nhu cac gen hoat dong & phoi). Cac ving
siéu nhay cam lién quan dén cic gen c6 hoat tinh rat cao (nhu cac gen
histone).

- DNA Z (DNA tréi) 1a dang ciu trac siéu xodn c6 thé lién quan dén
doéng maé gen.

- Methyl hoa céc base. O cac prokaryote su methyl hoa c6 thé thuc
hién ddi voi A va C, con & eukaryote su methyl hoa chi thuc hién véi C vi
tri thir 5. Methyl hoa 1am gen ngimg hoat dong. Vi du: nhidm sic thé X bat
hoat & ngudi thudc loai siéu methyl héa. N6i chung, sy thay ddi cau hinh
(reconfiguration) c6 thé anh hudng dén sy biéu hién ciia gen.

2. Mirc do phién ma

Day 1a sy diéu hoa anh hudng tryc tiép dén viéc mé hoic dong cua
gen. Kiéu di€u hoa nay thuong gap trong di€u hoa trao doi chat, cling nhu
cac qua trinh biét hoa té bao.

- Su tac dong ciia cac trinh ty Cis (gan ké, lién k&) nam trén cing mach
DNA nhu enhancer (vung tang cuong) lam tdng sy phién ma.

- Piéu hoa bdi cac nhan té trans (cach quang, tir xa) do cac nhén tb
khong ndm cung trén mdt mach DNA.

- Chon lya promoter thich hop.

- Su suy yéu/suy thoai.
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3. Mirc do hau phién ma

Su diéu hoa c6 thé biéu hién ¢ murc tac dong 1én mRNA, ching ta da
gap truong hop trén khi mRNA bi cat bd céc intron va gan cac exon lai voi
nhau dé€ tao thanh mRNA hoan chinh (RNA processing). Nhu vay, cac hé
thong anh huong dén su hoan chinh cia mRNA c6 thé kiém tra gian tiép
bi€u hién cia gen tuong tng. Cac mRNA cua eukaryote con cé nhitng doan
khong ma hoéa lién quan to1 thoi gian ton tai va ra khoi nhan vao t€ bao chat.

- Splicing khac nhau.

- Diém polyadenine héa khac nhau (polyadenylation).

- Dot bién trén phan tir mRNA.

- Ban chu ky phan huy cia mRNA.

- Su béo t6n cac RNA trong té bao.

4. Muwc do dich ma

Su bién d6i ctia cac nhan to khoi dau IF (inititation factor). L& cac
protein két hop voi tiéu don vi cta ribosome vao giai doan khoi dong cia
qua trinh dich ma.

5. Muwc do hau dich ma

O day c6 sy diéu hoa hoat tinh ctia protein. Sau khi mach polypeptide
dugc tong hop, cac protein nhidu khi phai trai qua cac bién doi thir cap trudc
khi biéu hién hoat tinh (chirc ning). Vi du: trypsin 1a enzyme phan giai
protein trong da day chi c6 duoc hoat tinh sau khi chat tién than ctia n6 (pro-
enzyme khong c6 hoat tinh) bi cat mat mot doan polypeptide.

Céc protein c6 thé chiu nhiing bién ddi 1ap thé nhu sy két hop cac
enzyme v&i mot s san pham dic biét co thé lam thay doi cau trac khong
gian cua ching dan dén mét hoat tinh.

- C4c qua trinh glycosylation, phosphorylation... tic 1a gin thém céc
nhom chit nhu duong, phosphor... dé protein c6 hoat tinh/chirc ning sinh
hoc.

- Peptide tin hiéu 1a doan gdm khoang 20 amino acid ndm gan phia
dau N cua polypeptide, co vai trd gan polypeptide va ribosome dang tong
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hop mach nay véi mang lu6i ndi sinh chit. Trong b may Golgi,
polypeptide dugc phong thich ra ngoai.

- Su phong thich ra protein cé chirc nang sinh hoc tir mét phirc hop,
nhu tir pro-insulin thanh insulin.

II1. Piéu hoa biéu hién gen & prokaryote

Céc gen dugc phién ma tao RNA, dugc goi 1a cac gen cAu truc. Cac
protein dugc dich ma tir mRNA ¢6 thé 1a enzyme hodc khong phai enzyme.
Trong s céac protein khong phai enzyme c6 cic protein diéu hoa (regulatory
protein), chiing tuong tic véi cac trinh tu DNA ddc hiéu dé kiém soat hoat
tinh phién mi cua cac gen cdu tric. Cac gen téng hop céac protein diéu hoa
dugc goi 1a cac gen diéu hoa (regulatory gen). Phia truéc mdi gen ciu tric
(hoac mdt nhom gen) c6 mdt trinh ty promoter, noi RNA polymerase nhan
biét (Hinh 8.3). Co ché diéu hoa & prokaryote chii yéu dugc thuc hién thong
qua operon. Py 1a khai niém chi ton tai & prokaryote.

Operon
—

— P
/\ : : Gen cau tric
: : -
Gen diéu hoa RNA K FE

polymerase

||
— Promoter

Phlen ma

Phién ma

mMRNA

mRNA
chh ma
Dich md
Protein diéu hoa '
Céac protein (enzyme)

Céac con dudng hoéa sinh . "

Tién chat X Cac san pham San pham Y
trung gian

Hinh 8.3. Phwong thirc chung diéu hoa biéu hién gen & prokaryote
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1. Céu triic ciia promoter

Thyc chit cta khoi sy phién ma 1a quan hé truc tiép giita RNA
polymerase va promoter. Khi RNA polymerase gin vao promoter, nd sé
phién ma tao phan tirt RNA.

Phén 16n promoter & E. coli vé cin ban ¢ cung céu tric:

Néu base dau tién dwoc phién ma thanh mRNA (ludn 1a purine,
thuong 14 adenine) dugce danh s +1, thi tit ca cic base phia 5’ hay “phia
trudc” so v6i nd khong duoc phién ma 1a sb trir (-). Ngay phia trude +1 ¢o
6 base thuong voi trinh ty TATAAT ¢ xung quanh —10, va trinh tu
TTGACA (trinh tu lién rng-consensus sequence) ¢ xung quanh —35. Ca hai
trinh ty phdi hop nhau cho phép RNA polymerase gin vao va khoi su dich
ma, trinh tw —35 tao diéu kién dau tién cho viéc gan vao.

mmm TTGACA mmmm - s TATAAT s | mmmm MRNA

—35 bp —10 bp +1

2. Cdu tric ciia operon

Operon 1a don vi phién mi gém it nhat mot promoter va mRNA &
budc tiép theo dé ma hoa cho cac trinh ty cia mot hay nhiéu chudi
polypeptide. Tuy nhién, operon cé thé c6 mot hay nhiéu diém diéu hoa khac
voi promoter. Cac gen khong chiu sy diéu hoa do tac dong moi truong, tao
san pham thudng xuyén, duoc goi la cac gen cau triac. S6 luong san pham
clia cac gen ndy co thé dao dong phu thudc vao 4i luc twong dbi cua cac
promoter cta chung ddi véi RNA polymerase. Cac promoter ¢6 ai lyc manh
(strong promoter) tao ra nhiéu san pham ctia gen hon cac promoter c6 i luc
yéu. Cac gen ma san pham protein cua ching dugc téng hop dap lai véi cac
nhan t6 mdi truong, thudng duoc didu khién bi mot hay nhiéu protein diéu
hoa. Trinh tw DNA bén trong operon, noi ma protein e ché gan vao, duoc
goi 1a operator (diém diéu hanh). Viéc gan protein trc ché 1én operator ngin
can su phién mi cia tit ca cac gen ciu trac trén cung mot operon. Sy kiém
soat nhu vy dbi voi véi gen goi 1a kiém soat 4m. Céc operon cua vi khuan
thuong tao ra cic mRNA da gen, nhung mRNA cua eukaryote chi mot gen.
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Céc protein can thiét cho biéu hién gen dugc goi la chét hoat hoa.
Ching c6 thé gin v6i cac diém khoi sy ndm bén trong cua promoter cla
operon hay diém ting cudng hodc c6 thé gin & nhing trinh tu xa operon.
Viéc gin cua protein diéu hoa vao diém khoi dau (initiator) hay enhancer,
kich thich sy phién ma cua cac gen cAu trac, duoc goi la co ché kiém soat
duong. Su kich thich dé cac gen diéu hoa phan g c6 thé 1a tir cac phan tir
tuong d6i nho nhu dudng, amino acid dén cac phan tir 16n hon nhu cac phirc
hop hormone steroid va cac protein thu thé (receptor). Chat 1am cho gen
phién ma duoc goi 1a chat cam tng, ¢ tac dong nguoc v6i chit kim ham.
Céc gen cam ung thuong tham gia vao cac phan trng thodi dudng (catabolic
reaction), nhu phan huy céc polysaccharide thanh duong don. Cac gen tic
ché thuong tham gia vao cac phan tng bién dudng thuc hién viéc tong hop
cac chat nhur amino acid tir cc tién chat don gian hon.

3. Piéu hoa thodi duong: Kiém sodt am-cam ung

Trong thoai dudng, cic chit thirc in dugc phan hity d& dang tao ning
lugng hodc cac chit can thiét cho qué trinh tong hop. Co ché diéu hoa ¢ day
1a sy co6 mit ciia co chat (vi du lactose) dan téi tong hop cac enzyme phan
huy.

Vi du dién hinh cho trudng hop nay 1a operon lactose cua E. coli. p-
galactosidase 1a enzyme c6 chiic ning d6i. Chirc ning dau tién cia nod 1a
thoai dudng lactose thanh glucose va galactose. Chirc nang thtr hai cua né la
chuyén lién két 1-4 cua glucose va galactose thanh lién két 1-5 cua
allolactose. Binh thuong enzyme nay khong hién di¢n & néng dd cao trong
té bao, khi Véng mat lactose trong moi truong. Ngay sau khi cho lactose vao
moi truong nudi khi khong co glucose, enzyme nay bat dau duoc tao ra. Su
van chuyén lactose xuyén qua mang té bao co hiéu qua nho protein van
chuyén galactoside permease. Protein cling xuat hién voi n(‘Sng do cao khi co
lactose trong moi trudng.

Sy diéu hoa cua operon lactose con phu thude vao nong do glucose
trong moi truong. Nong do glucose nay lai kiém soat ndng do bén trong té
bao ctia phan tir nhé cAMP (cyclic adenosine monophosphate), 1a chat bat
ngudn tir ATP va 1am tin hiéu bao dong cho té bao. Té bao cd xu hudng sir
dung glucose hon 13 lactose dé lam ngudn carbon vi glucose duoc bién
dudng truc tiép cung cip carbon va tao niang luong. Cac enzyme bién dudng
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glucose thudc loai ciu truc va té bao ting trudng tdi da véi ngudn glucose.
Khi ngudn glucose can, té bao phan tmg lai bang cach tao ra c-AMP. Viéc
tang nong do c-AMP trong té bao giy nén hang loat sy kién, trong su hién
dién cua lactose, ddn dén sy phién ma cc gen ciu triic ciia operon lactose.

3.1. Cau trac cua operon lactose

Hé thong lactose (lactose system) binh thuong (Hinh 8.4) gdm c6 gen
diéu hoa (i hodc R) va operon mang trinh tu promoter (P) locus operator (O)
va ba gen cdu truc cho p-galactosidase (Z), permease (Y) va transacetylase
(A). Nhiéu dot bién & cac locus nay da duoc phat hién.

3.2. Hoat dong cta hé thong

- Piéu kién cam ing (co6 lactose). Lactose dugc chuyén vao té bao rat
yéu vi chi c6 vai phan tor permease lam vi¢c. Khi vao trong té bao, mot sd
lactose (lién két B-1,4) duoc chuyén thanh allolactose (lién két B-1,6) nho p-
galactosidase. Allolactose 14 chit cam mg, né gan vao protein kim ham va
giy bién ddi cdu hinh tao phirc hop allolactose-repressor. Phirc hop niy mat
kha ning gin operator. Luc nay operon duoc md, RNA polymerase bat dau
phién ma céc gen ciu trac. Toan bd su kién dién ra nhu trén hinh 8.4b.

- Piéu ki¢n khong cam tng (khdng cé lactose). Gen diéu hoa cia
operon thuong xuyén tong hop protein kim him (repressor protein) & muc
d6 thap, vi no co promoter it hi¢u qua. Sy tong hop cac protein niy bj tac
dong do ndng do lactose trong té bao. Nguoc lai, promoter binh thuong ctia
operon lac gin véi RNA polymerase rat c6 hiéu qua. Khi khong c6 duong
lactose, protein diéu hoa hoat dong (active regulator protein) con goi la
protein kim hdm gin vao promoter hay “doc” trinh tu operator vi protein
kim ham chiém doan nay. Nhu vay, su phién ma cta tit ca cac gen cau tric
cua operon lac bi dung (Hinh 8.4a).

Do s6 luong permease ting, nén lactose vao t& bao véi s6 lugng 16n va
dugc phan hiy boi B-galactosidase. Khi lactose dugc st dung hét, cac
protein kim hdm gin trd lai vao operator lam operon bi déng; su phién ma
cac gen ciu tric bi dimg.

Sinh hoc phan tir 165



Ban than gen diéu hoa lacl chi c6 mot promoter (P;) va gen ciu trdc
ctia protein kim ham. Promoter ndy yéu, khi cac protein kim hdm c6 sd
luong 16, n6 bi cac protein nay gan vao lam ding phién ma.

A , Operon
(a) Khong co lactose — —— —
RNA Operator lacO )
Gen diéu hoa polymerase /—\\ A Gen ciu trc
lac! Khong thé lién ket X i " dacz _ lacy  lacA

[ ' © |
P ﬁ lacP : *

Phién méd va

Khong phién ma

dich ma

l

Protein diéu
hoa hoat dong

(protein kim
ham)
RNA Operator lacO
(b) C6 lactose polymerase ~ —
B VA R P
-

F— . Phién m3 va
|gn ma~va dich ms
dich ma
Protein diéu
hoa hoat dong
( v w
| Fymes - -
Protein diéu B-Galactosidase Permease Transacetylase
hoa béat hoat
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Hinh 8.4. Operon lactose va hoat dgng ctia n6

4. Piéu hoa bien duong: Kiém sodt am-ic che

Bién dudng (anabolism) 1a qué trinh tong hop nén cac chit can thiét
cho té bao. Vi du tong hop cac amino acid.
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Qué trinh tong hop tryptophan bat dau tir tién chét tryptophan la
chorismic acid, trai qua 5 giai doan ké tiép do enzyme xtc tac. Hé thong
tong hop amino acid tryptophan ¢ E. coli 1a vi du dién hinh vé operon bi
kim ham do su kiém soét am.

4.1. CAu trac va hoat dong

Hé théng tryptophan ciling c6 cu trac twong tir hé thong lactose gdbm
gen diéu hoa trpR va operon tryptophan (promoter, operator va 5 gen ciu
trdc). Cac gen cdu trac xac dinh 5 enzyme duoc xép theo thir tir twong tng
v6i chirc ning xuc tac theo trinh tu cac phan tng cua chudi bién dudng
tryptophan (Hinh 8.5).

(a) Nong dé tryptophan thap

Operator
RNA c h
Gen diéu hoa polymeras—e\ i i Chugencdutric
(trpR) comsteeesenden FUTR trpE trpD trpC trpB trpAY
I
= Pr ? = Pf°m°tef __= —
Phién ma va dich m& * Phién ma va dich ma
- | (T 11
Proteip diéu hoa * Enzymes . . . .
bat hoat \ | | | /
Chorismate » l; > > @
(trp repressor) Tryptophan
Operator
(b) Néng dd tryptophan cao —
s I — — e ——— ——
— R ? —— I —
a ~ a ~ . |
Phién ma va dich ma Khong phién ma

|

Protein diéu ho
“bathoat VeV
Hinh 8.5. Operon tryptophan
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Su khac nhau cin ban v6i hé thong lactose 13 & gen diéu hoa. Gen diéu
hoa ctia hé thng tryptophan tong hop thuong xuyén aporepressor protein, 1a
chat kim hdm ma riéng n6 khong c6 hoat tinh. Khi tryptophan du thira nd
trg thanh chét corepressor (dong kim him) va két hop véi aporepressor
thanh phirc hop kim hidm (holorepressor) c6 hoat tinh. Phirc hop nay gin
vao operator cua operon tryptophan (trp) 1am dirng phién mi céc gen ciu
trac. Khi nong d¢ tryptophan thp, nd tach khoi phic hop kim him va
aporepressor mat hoat tinh. Luc nay cac operator lai duoc md va RNA
polymerase dich ma 5 gen céu trac dé tong hop 5 enzyme tao tryptophan
(Hinh 8.5). Su diéu hoa kiéu nay con goi 1a diéu hoa trc ché nguoc (retro-
inhibition) do san phdm cudi cting c6 mdi lién hé nguoc (feed-back).

Nhu vay, hoat dong cua hé théng nay nguoc lai véi hé thdng lactose:
khi 6 tryptophan thi operon bi dong, thiéu tryptophan thi gen dugc mé.

4.2. Sy suy yéu (attenuation)

Kiéu diéu hoa thir hai duogc phat hién ¢ operon tryptophan dugc goi 1a
sy suy yéu. O dau 5’ cia mRNA da gen (polycistronic) cia operon nay c6 5
enzyme. Poan nay dugc goi 1a trinh tu leader (trinh tu chi huy). Mot phﬁn
cta trinh ty nay duoc phién ma tao leader peptide gdm 14 amino acid, ma
churc ndng dén nay chua ro.

Co ché kiém tra ma ¢ d6 sy tong hop mRNA duoc bat dau nhung két
thuc sém véi chiéu dai mRNA ngén hon dugc goi 1a su suy yéu. Vi du: cac
té bao E. coli dang ting truong trong moi truong thiéu mot amino acid nao
d6, nhung chua du cac enzyme can c6 cho su tong hop cua tat ca 20 amino
acid can thiét dé tao ra protein. Khi thém mot amino acid (tryptophan) vao
moi truong s€ lam giam dang ké su téng hop cua cac enzyme can cho su tao
amino acid d6. Phan img nay c¢ tinh thich trng va duy tri cac nguén enzyme
khong con can nita khi san phém cudi cung cta chudi sinh téng hop
(tryptophan) dang co trong té bao (tric ché nguoc).

Operon tryptophan c6 phuong thirc diéu hoa hoat dong gen thir hai,
hoan toan doc 1ap vai hé thong repressor-operator (chat kim him doan diéu
hanh). O operon tryptophan, sy tong hgp mRNA bt dau tir 161 base trudc
codon khéi sy cua trpE, enzyme cAu tric dau tién duge phién ma. Dot bién
do mat doan DNA ngay phia trudc trpE, giai phong trpE khoi sy kim ham
ctia phtc hop represser-operator. Cac dot bién nay lam ting muc do biéu
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hién cua ca operon 1én gip sau lan. Tinh sach cac DNA dugc phién mi in
vitro cho thiy phan 16n mRNA két thiic & ngay base 139 va khong bao gid
dat t6i trpE. O day, c6 su kim hdm phién ma ngay trudc gen cau tric va khi
mét n6 sy biéu hién cua gen ¢6 hi€u qua hon. Poan dai cia mRNA nam
trude trpE duogce goi 1a leader (trpL) va doan kim hdm phién ma dugc goi la
attenuator (trpa, chtr khong phai trpA). Cubi cing, quan sat cho thay su suy
yéu dao dong theo ndng do cua tryptophan thip, nhiéu phan tir mRNA duoc
tao ra hon qua attenuator va toan bo operon dugc phién mi. Sy suy yéu la
mot phuong thirc khac dé kiém soat su biéu hién cua gen.

Ribosome phlén dICh st
nhanh mRNA khi
tryptOphan Phong ph[j

dan téi tao thanh cdu tric
stem-and-loop ('c ché RNA %4
polymerase va két thic phién
ma

Hinh 8.6. Swr suy yéu xiy ra khi cdu triic thir cAp dic bi¢t tao thanh trong
mRNA. mRNA dugc trinh bay & ddy 1a tir trinh tu leader ctia operon trp. Néu
tryptophan trong té bao phong phu va trinh tu leader dugc phién dich nhanh, thi
mRNA s& tao thanh céu tric than va quai (stem-and-loop) hoat dong nhu 1a mét tin
hiéu két thuc phién ma.

Co ché suy yéu thuc hién su két hop giita phién ma va dich ma. RNA
polymerase bat dau phién mé cac gen ma héa cho cic enzyme sinh tong hop
can thiét dé tao ra tryptophan. Vi du: khi hién dién tryptophan né nhanh
chong dat t&i diém (trén RNA méi duoc tong hop) goi 1a attenuator va ding
phién ma tai day.

Attenuator c¢6 chirc ning nhu diém két thic chi khi tryptophan hién
dién. Sy phién ma dung khi trinh ty leader dat attenuator. Néu cé du
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trytophan trong té bao, su dich ma cua cac codon duoc thuc hién, va ca
phién ma va dich ma dugc thyc hi¢én hoan chinh cho dén lic RNA
polymerase dat t6i diém attenuator, noi két thiic sy phién ma. Khi khong c6
trytophan, dich mad ding va phan leader cia mRNA cudn lai sao cho
attenuator khong thuc hién chirc ning, trong trudng hop nay su tong hop
cua mRNA toan ven cho operon tryptophan dugc tao ra. Véi sy hién di¢n
clia cac enzyme do, trytophan duoc tich liiy voi sé lwong 16n trong té bao.
Attenuator 1a dang tinh té cta su wc ché, diéu hoa hoat dong gen, tao dac
hiéu cho su tong hop amino acid trong té bao.

Co ché repressor diéu hoa tho hé thong tryptophan, trong khi d6 hé
thong co ché attenuation kiém soat ndng do tryptophan mot cach tinh té. Su
suy yéu cta operon Trp ciing nhay cam v&i ndng do ctia mot s6 amino acid
nhu histidine va leucine.

5. Kiém sodt dwong va cam vmg

Co ché diéu hoa duong, cam tmg dugc tim thay & operon arabinose
cua E. coli. Arabinose 1a chat dudng, can ba enzyme (dwoc ma hoa bai cac
gen araB, araA va araD) cho sy bién dudng. Hai gen khac nam xa operon
gop phan dua arabinose vao té bao. Gen diéu hoa araC nam gan cac gen B,
A va D. San pham cua gen araC 1a protein kim hdm cta operon khi khong
€0 duong arabinose.

Tuy nhién, khi c6 dudng arabinose trong té bao, né gan véi repressor
(protein araC) hinh thanh nén phirc hop activator (hoat t3) tao thudn tién cho
su phién ma cua RNA polymerase.

Trén thuc té, cic nghién ctru cho thiy co ché diéu hoa nay rat phuc
tap. Vi du: cAMP va protein hoat hoa thoai dudng (catabolite gene activator
protein) con duge goi la CRP (cyclic AMP receptor protein-protein thé nhan
cAMP) déu tham gia vao sy diéu hoa cta hé théng arabinose.
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(bén ngoai) (bén trong)
ATP ADP

Hinh 8.7. Operon arabinose cta E. coli

IV. Piéu hoa hoat tinh ciia eukaryote

Céc co ché didu hoa & eukaryote c6 thé xay ra & 5-6 muc do khac
nhau (xem muc II). Trong phﬁn nay chi nhan manh thém mot sd dic diém
ctia diéu hoa hoat dong gen & eukaryote:

- O cac operon cua prokaryote, cic gen diéu hda va cac promoter
thudng ndm gan nhau, nhung & eukaryote cac gen diéu hoa it khi ndm gan
cac promoter do ching kiém soét.

- Céc enhancer 13 nhing trinh ty cling nam trén mot phan tir voi cac
promoter c6 thé c6 hang trim cip base & phia trudc hodc phia sau promoter
ma chdng kich thich.

- Trinh tir diéu hoa 5’ & phia trudc c6 promoter & eukaryote thuong rat
dai, c6 khi hang chuc kilobase (kb).

- C6 nhiéu kiéu diéu hoa & dang cic nhan t6 co tic dong tir xa (trans)
la cac protein.

Su phién ma c6 thé duoc kich thich boi cac tin hiéu khac nhau. Su
diéu hoa hoat dong gen & prokaryote phan 16n dap tmg lai cac tin hiéu bén
trong.
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1. Cac promoter

Twong ty nhu & vi khuédn, cac promoter cia eukaryote ciing nam phia
trude diém xuat phat cia mRNA va c6 nhimng trinh tu dugc bao tén trong
tién hoa. Hop TATA, dinh hudng cho RNA polymerase bt dau phién ma,
nam khoang dudi 30 basepair (bp) & dong vat co vi, va 60-120 & nAm men.
Hop TATA hoat dong c6 hi¢u qua cung véi hai trinh tu twong tng phia
trudc khoang 40 bp 1a CCAAT va 110 bp 1a trinh ty giau GC.

Su thay d6i hop TATA 1am giam toc do phién ma. Hiéu qua cua tdc
d6 phién mi dugc do bang su thay ddi cua timg base trong promoter, cac
thay doi base ngoai hop TATA va cic trinh tu phia trudc khong giy hiéu
qua ddi véi tbe do phién ma, trong khi d6 cac thay ddi ¢ nhing yéu t6 duoc
néu trén lam giam dang ké téc do phién ma. Khac v&i promoter cua
prokaryote, cic promoter cua eukaryote khé dam bao nhan biét cac tin hiéu
mot cach ddy di ¢&& RNA polymerase khoi sy phién ma in vitro. Hop TATA
va cac trinh tu phia trudc phai dugc nhan biét boi céc protein diéu hoa, va
chinh cac protein ndy gan v&i cac diém nhat dinh trén ching va hoat hoa su
phién ma.

2. Céac enhancer

Enhancer 1a cac trinh tu c6 tac dong cis (lién ké), chung ting téc do
phién ma déng ké tir cic promoter nim ngay trén ciing mot phan tir DNA.
Tinh d6c dao ciia cac enhancer 1a & chd chiing c6 kha niang thuc hién mot
cach hiéu qua khi & mot khoang cach rat xa, c6 khi dén vai nghin cip base.
Ngoai ra, chung c6 hoat dong chirc ndng ¢ bat ky hudng nao, du ¢ phia
trudc hay phia sau promoter.

Xét trén mot goc do nao do, cac enhancer twong tu promoter. Cu thé,
chung duoc t6 chirc gdm mot day cac trinh tu c6 tac dong cis dé nhan biét
cac nhén tb tac dong tir xa (trans) (Hinh 8.8).

3. Cdc protein la nhan t6 ¢é tac dong trans

Mot vai protein, nhan biét hop CCAAT, da dugc xic dinh & té bao
dong vat c6 vu. Cac nhan to nay co thé dugc phan biét gitra cac don vi cua
cac phan tir CCAAT. Céac hop GC duoc nhan biét boi cac nhan té phy. Cac
vi du vé céac tac dong trans (trans-acting factor) da tim thdy ¢ nim men va
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dong vat co vi. Cac nhan t6 trans co dic diém chung 1a gdm hai ving ciu
truc va chtrc nang chinh:

- Ving gin nhan té trans vao DNA.

- Vung tac dong Ién sy phién ma.

Dong thoi cac nhan td trans co bon kiéu tic dong nhu:

- “ngodn tay k€m” (zinc-finger)

- “x04n-vong-xodn” (helix-turn-helix)

- “x04n-nUt-xoan” (helix-loop-helix)

- “day kéo leucine” (leucine-zipper) (Hinh 8.9).

Activators Promoter
f_H Gen
DNA i
Enhancers
Hop TATA

Céc nhan té phién ma

"'\.._\_\\
> RNA polymerase
\ >
\5_ __/./

Phtrc hop khdi dau phién ma

RNA polymerase

-
Téng hop RNA

Hinh 8.8. Enhancer ciia DNA eukaryote

Dic tinh chung cia cac ciu tric vira ké 13 chiing ludn lubn gin 1én cac
trinh ty cis dudi dang dimer (gom hai dimer).

Sinh hoc phan tir 173



Trinh ty cis va nhan t6 trans thuong cé cac twong tac dic hiéu do
nhimng lién két yéu hinh thanh giira cac phan tir cia nhan t6 trans véi cac
base cua trinh ty cis. Vi du, truong hop tuong tac gilra cac hormone steroid
véi cac enhancer.

Nhiéu protein ¢ tic dong trans tham gia vao tién trinh phat trién cta
co thé rudi gidm, chung co vai tro didc biét trong xac dinh sy sip xép cac
doan than cta rudi.

Nhu viy, cac gen eukaryote dugc hoat hoa badi hai trinh tu DNA c6
tac dong cis la promoter va enhancer, chiing nhéan biét duoc cac nhan td
protein c6 tac dong trans, cac nhan t6 trans cho phép RNA polymerase khoi
su phién ma va dat tdc do phién ma tdi da.

A. Xoan-nat-xoan B. Xodn-vong-xoan
Khung
g-phosphate

Cap base dudin

DNA COOH

C. Ngon tay kém D. Day kéo leucine

Hinh 8.9. Céc kiéu tac dong ciia nhan tb trans
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4. Hormone

Vi du rd nhit vé cac chat didu hoa ndi tai cia hoat tinh gen la
hormone. D¢ 1a nhiing chét tao ra do mot loat té bao c6 hiéu qua dén cac té
bao khac. Cac hormone thudng duoc van chuyén dén cac phan cia co thé
nhung chi tac dong dén cac té bao cb cic receptor twong tmg.

Su tuong tac giita hormone voi receptor gdy ra tin hiéu tac dong dén
cac vung ddc trung cua DNA, gy hoat hda gen hodc mgt nhém gen tuong
ung.

Céc hormone c6 thé kich thich phién ma bai mot trong cac co ché sau:

- Hormone c¢6 thé 1am cho DNA tach khoi histone va tao diéu kién
cho RNA polymerase bit dau phién ma.

- C6 thé 1am chit cam tng (inducer) gdy bét hoat phan tir receptor.

- C6 thé gan truc tiép voi doan DNA dic hiéu tao thuan loi cho viée
gin RNA polymerase hodc protein 1a nhan t& phién ma (protein
transcription factor).

- C6 thé hoat hoa effector protein lam thanh phirc hop gian DNA va
kich thich gin RNA polymerase.

- Co thé gan vdi protein tao phirc hop hoat hoa kich thich gan RNA
polymerase.

5. Kiém sodt cdc chdt thuwong gdp trong nhan

Mot sb nhom phan tr hién dién rat nhiéu trong mdi té bao eukaryote,
nhu cac histone, cac chat cua b may dich ma, cac cau phan cua mang...
Vai chuong trinh khéc nhau dugc thuc hién dé duy tri ) lugng du 16n cua
chung trong té bao. Cac chuong trinh d6 gom:

- Su phién ma lién tuc va ldp lai trong té bao.

- Su 1ap lai céc gen.

- Su khuéch dai ngoai nhiém sdc thé cac trinh tu gen dac hi¢u.

5.1. Sy phong phu

Céc gen ma hoa cho rRNA va tRNA da dugc nghién ctru k§. Phan ing
lai don gian DNA-RNA cho thdy nhiém sic thé ciia Xenopus c6 ving to
chtrc hach nhan (nucleolus organizer) chira 450 ban sao cuia DNA ma hoa
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cho 18S va 28S rRNA. Nguoc lai, trong mdi nhan ¢6 20.000 ban sao cta
cac gen ma hda cho 5S rRNA va cac gen nay khéng nam & ving t6 chic
hach nhan.

Cac gen mi hoa cho histone ciing ¢6 véi nhiéu ban sao dugc lip lai
hang tram lan.

Su phong phii ctia cac gen néu trén dam bao du sb luong can thiét cho
dich m3 khi phai téng hop hang triéu phén tir protein vao luc can thiét.

5.2. Su khuéch dai gen

Mot vi du vé su khuéch dai gen trong nhan 13 cac chd phinh (puff) caa
nhiém sic thé khong 16 hay da soi (polytene chromosome) ¢ tuyén nudc bot
ctia rudi gidm. O céc chd phinh nay, DNA nguyén nhiém sic (euchromatic)
dugc khuéch dai khoang vai nghin lan.

Trong nhan té bao trimg ciia Xenopus, c6 hang trim nhan con ngoai
nhiém sic thé (extrachromosome nucleoli) véi kich thuéc khac nhau, mdi
nhan con chtra cac vong tron rDNA kich thuéc khac nhau, ma vai tro dén
nay chua rd. Cac DNA vong tron nay san sinh nhiéu rRNA & mirc hop 1y.

V. Sur biét héa té bao
1. Cdc té bao biét héa mang théng tin giong nhau

O céc sinh vét bac cao ciing nhu & ngudi, co thé truong thanh gém
nhiéu loai t& bao khac nhau. Cac t& bao nay déu bat ngudn tir mot hop tir
ban dau, nhung di qua qué trinh biét héa trd thanh cac té bao co cac chirc
ning khac nhau. Tuy nhién, thuc nghiém xac dinh ring s lugng nhidm sic
the, sd luong DNA va ca ty 18 (A+T)/(G+C) cua cac té bao thudc ciac mod
khac nhau ciia cing mot co thé déu gidng nhau. Str dung k¥ thuat lai DNA
cho thiy DNA tir nhiing té bao ctia cac md khac nhau ciia cing mot co thé
khong bi bién dbi trong quéa trinh biét héa, ching c6 thé tu hoi tinh
(renaturation) v&i nhau.

Thi nghiém ghép nhan té bao rudt éch vao té bao trimg bi hong nhan
(do chiéu tia tir ngoai) cho thiy 1% té bao ghép nhan phat trién thanh éch
truong thanh. Pidu nay chimg to t& bao rudt tuy da biét héa van giir nguyén
ven thong tin di truyén dé tao ra éch truong thanh.
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Tom lai, $6 lugng DNA cua cac té bao biét hoa vé cin ban giéng vo1
cac hop tir ban dau va chira nguyén ven thong tin di truyén du dé phat trién
thanh ca thé nguyén ven.

2. Cdc té bao biét héa tong hop cic nhém protein khdc nhau

Pé hiéu duoc sy khac nhau gilia cac té bao biét hoa, can xét nhiéu van
dé sau:

- Thtr nhét, nhiéu qu4 trinh 14 chung cho tit ca cac té bao nén c6 nhiéu
protein gidng nhau. Nhitng protein ndy gém sé lwong nhiéu, d& phan tich
nhu phan 16n céc protein ciu triic cua thanh té bao va nhiém sic thé; mot s6
protein cin ban cua cac bao quan (ludi ndi sinh chat, bd may Golgi, cac
ribosome...). Nhiéu protein c6 sé lwong khong nhiéu nhu cac enzyme khac
nhau, tham gia vao cic phan tng trung tdm cuia qué trinh trao ddi chat, déu
hién dién nhu nhau & tt ca céc kiéu té bao.

- Thr hai, mdt sd protein c6 s6 luong phong phi & mdt sd té bao
chuyén hoéa ma viéc phat hién ching can co thu nghiém riéng. Vi du,
hemoglobin chi c¢é thé phat hién & té bao mau.

- Tht ba, néu nhu hon 2.000 loai protein cé $6 lugng ddi dao duge so
sanh gitra cac kiéu té bao biét hoa cta cing mot vi sinh vat voi nhau bang
dién di hai chiéu polyacrylamide, thi mdt s6 khac biét dang ké s& duoc tim
thdy. Du sy so sanh giita hai dong té bao nudi cay (nhu cac dong té bao co
va than kinh) hay gitta cac té bao ciia cing mdt md cta chudt (nhw gan va
phoi), dai da s6 cac protein duoc phat hién déu duoc tong hop & ca hai loai
té bao va véi toc do tong hop c6 thé khac nhau dén 10°; chi c6 vai trim
protein hién dién véi s6 lugng khac nhau dang ké ¢ hai kiéu té bao.

Cac nghién ctru cho thay cac té bao eukaryote bac cao téng hop tir
10.000-20.000 protein khac nhau. Phan 16n chiing c¢6 sé luong rat it va kho
phat hién. Néu cac protein hiém (minor protein) nay khac nhau giita cac té
bao v&1 muce d tuong tu cac protein ddi dao, thi chi mot sb luong nhé cua
chling ciing du tao nén nhiéu khac biét chuyén hoa 16n vé hinh thai va sinh
1y ciia té bao.

Té bao c6 thé thay ddi sy biéu hién gen cuia chiing dap lai tin hiéu bén
ngoai.
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Phan 16n cac té bao chuyén hoa cia sinh vat da bao c6 kha ning thay
d6i phuong thtre biéu hién cua gen dé dap lai tac dong bén ngoai. Vi du: néu
té bao bi tac dong bdi glucocorticoid hormone, thi sy té)ng hop mat )
protein chuyén biét dugc tang vot (Hinh 8.10). Glucocorticoid dugc phéng
thich ra khi bi do6i bung hay hoat dong manh va bao hi€u cho gan tang
cuong tao glucose tur amino acid hay cac phan tr nhé khac nhau. Céc
protein, dugc tao ra do cac enzyme cam ung nhu tyrosine aminotransferase
hd trg bién tyrosine thanh glucose. Khi hormone khong con nita, su tong
hop céc protein ndy giam xudng mirc binh thuong.

Céc loai té bao khac nhau phan tmg véi glucocorticoid bang nhiéu
cach khac nhau. Vi du & t& bao md, sy tong hop tyrosine transferase giam,
trong khi d6 mot s6 loai té bao khac hoan toan khong cé phan mg voi
glucocorticoid. Cac vi du nay minh hoa cho tinh chat chung ciia biét hoa la
cac kiéu té bao biét hoa khac nhau thudng phan Gng lai cing mét tin hiéu
bén ngoai bang nhiéu cach khac nhau. Trén co s& d6, mdi kiéu té bao biét
héa c6 mot dic tinh 6n dinh thuong xuyén. Cac tinh chét do phan anh sy
biéu hién lau bén cua cac nhom gen khac nhau.

Glucocorticoid receptor
trong sy hién dién cla

' | glucocorticoid hormone

. Glucocorticoid hormone

)

P\, -

[—F
gen 1 gen 1
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Nhu vay, céac té bao biét hoa chi sir dung mot phén thong tin. Nhiéu
loai té bao chuyén hoa tong hop chii yéu mot sb protein, ngoai cac protein
cAu tric va protein co ban st dung cho cac qua trinh sinh 1y binh thuong. Vi
du: té bao co tong hop nhiéu myosin, mot protein quan trong trong co co,
hay té bao biéu bi (epithelial) tong hop nhiéu keratine. Nhu vay, ciing nhu
chtra thong tin di truyén gidng nhau, nhung mdi loai té bao biét hoa chi sir
dung mot phan thong tin: tong hop chii yéu mét sb loai protein .

3. Su diéu hoa & mirc phién md la nguon goc can ban ciia cdc sai khdc giita
nhitng té bao biét héa

Néu nhting su biét hoa gitta cac kiéu té bao khac nhau phu thude vao
cac gen chuyén biét ma té bao biéu hién, thi sy kiém soat biéu hién gen
duoc thuc hién & mirc d6 nao?

Gia thuyét duoc chép nhén hién nay la trong céac té bao biét hoa mot
sd gen phién ma, con co cac gen khac thi khong. Khong cé sy kién ndo mau
thudn véi gia thuyét ndy va no giai thich hop 1y hon ca tinh trang biét hoa
ctia cac t& bao. DSi v6i phan 16n gen, sy kiém soat phién ma c6 tam quan
trong hang dau, vi chi né6 méi dam bao cho su tong hop khong du thira cac
chat trung gian.

Viéc phat hién cac gen diéu hoa va cac gen dong hay mo gitip hiéu
duoc su diéu hoa qua trinh phét trién ca thé va biét hoa té bao. Genome don
boi cta té bao ngudi ¢ sé lwgng DNA nhiéu hon gip 1.000 lan so véi
genome cua vi khuan. Tuy nhién, sé luong gen ciu trac & ngudi chi 16n hon
10 1an sd gen cau tric vi khuan. Piéu d6 cho thay nhiéu gen & nguoi tham
gia vao cac co ché diéu hoa.

Toém lai, genome cua té bao chua cac trinh tu nucleotide cia DNA
thong tin dé tao ra hang nghin cac protein va phan tir RNA khac nhau. Té
bao chi biéu hién dién hinh mot nhom gen cta né va céc kiéu té bao biét hoa
khéc nhau & sinh vat da bao dugc san sinh ra do cadc nhom gen khéac nhau cé
su biéu hién khong gidng nhau. Hon thé nita, cac té bao c6 thé thay ddi
phuong thirc biéu hién cac gen cua chiing dé dap lai nhitng thay doi ctia moi
truong, cac tin hi¢u do tur cac té bao khac. Mic du tat ca cac budc trong su
biéu hién cua gen vé cin ban déu duogc diéu hoa, nhung ddi voi phan 16n cac
gen viéc khoi su phién ma 1a diém kiém soat quan trong nhét.
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Chuong 9
Céng nghé DNA tai to hop

I. Mé dau

Va0 nam 1973, mot nhém cac nha khoa hoc d3 tao ra co thé sinh vat
dau tién voi cac phan tir DNA tai t6 hop. Theo d6, Cohen (PH Stanford,
My) va Boyer (PH California, M) cuing cac cong su dd dua dugc mdt doan
DNA tir mot plasmid nay vao mot plasmid khac, tao ra mot plasmid hoan
toan moi, plasmid tai to hop. Sau d6, ho dua plasmid tai t6 hop vao trong
cac té bao E. coli. Trong mot thoi gian ngin, cic tac gia nay d4 dung cac
phuong phap gidng nhau dé gin cac gen tir hai loai vi khuan khac nhau,
cling nhu dé chuyén cic gen tir éch vao vi khuan. Cac thi nghiém nay danh
dau mot cudc cach mang vo ciing quan trong trong lich sir nghién ctru khoa
hoc cta nhan loai.

Cong nghé DNA tai t6 hop 1a mot tdp hop cac k¥ thudt phan tor dé
dinh vi, phan lap, bién d6i va nghién ctru cdc doan DNA. Thuit ngir tai to
hop dugce dung thuong xuyén do muc tiéu ctia nd 1a phdi hop DNA tir hai
ngudn xa nhau. Vi du: cac gen tir hai ngudn vi khuan khéac nhau c6 thé dugc
lien két lai, hodc mot gen nguoi co thé duoc dua vao nhidm sic thé vi
khuan. Cong nghé¢ DNA tai t6 hop (con goi 1a cong nghé di truyén, cong
nghé gen hay k¥ thuat gen...) hién nay bao gdm mot mang luéi cac ki thuat
phan tir dugc ding dé phan tich, bién d6i va tai to hop hau nhu moi trinh ty
DNA.

1. Tac dong ciia cong nghé DNA tdi té hop

Cong nghé DNA tii t6 hop da bién doi sau sic phuong thirc nghién
ctru gen. Trude day, thong tin vé ciu trac va to chiic ciia gen thu duoc bang
cach kiém tra biéu hién kiéu hinh cta ching, nhung nhiing k¥ thuat méi da
tao ra kha nang tu doc céc trinh ty nucleotide. Trudc ddy, cac nha di truyén
phai cho doi sy xuét hién cac dot bién ngau nhién hodc cam Ung dé phan
tich hiéu qua cua sy sai khac di truyén, ngay nay ho c6 thé tao ra dot bién &
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cac diém nhat dinh mot cach chinh xac va xem ching thay do6i kiéu hinh
nhu thé nao.

Cong nghé DNA tai t6 hop da cung cap cac thong tin méi vé ciu trac
va chirc ning ctia gen va da thay do6i nhiéu khai niém co ban cta di truyén
hoc. Vi dy: trong khi ma di truyén dugc xem 13 rit phd bién, thi by gio
chung ta con biét rang cac mi khong phd bién ciing ton tai trong DNA ty
thé. Trudc day, chung ta nghi rang t6 chirc cta cac gen eukaryote gidng véi
prokaryote, nhung bay gio' chung ta biét rang nhiéu gen eukaryote bi gian
doan bai cac intron. Ngay nay, ching ta di biét ddy da hon vé cic qua trinh
tai ban, phién mi, dich ma, bién d6i RNA (RNA processing) va diéu hoa
gen thong qua viée sir dung cac k¥ thuat tai t hop DNA. Cac ky thuat nay
cling dugc dung trong nhiéu trong nhiéu linh vuc khac, bao gdm hoéa sinh
hoc, vi sinh vat hoc, sinh hoc phat trién, sinh hoc than kinh, tién hoa va sinh
thai hoc.

Cong nghé DNA tai t6 hop ciing duge tmg dung dé tao ra nhidu san
pham thuong mai, chiang han: thudc, hormone, enzyme va cac gidng cay
trong-vat nudi. Mot nén cong nghiép hoan toan mdi, cong nghiép cong nghé
sinh hoc, da phat trién chung quanh viéc st dung céc k¥ thuat nay dé tao ra
cac san pham méi. Trong y hoc, cac k¥ thuat tai to hop DNA dugc dung dé
tham do ban chat ciia ung thu, chin doan cac bénh di truyén va nhiém tring,
san xuét thudc va diéu tri cac ri loan di truyén.

2. Lam viéc ¢ murc do phan tir

K§ thuat gen cho thdy mot loat co hdi, md ra cac phuong thirc can
thiét (ma trudc day co thé khong duoc) gan nhu 1a hién nhién. Van & co
ban d6 1a cac gen c6 kich thudc qua nho va ¢ hang ngan gen & trong mdi té
bao. Tham chi, khi quan st trén kinh hién vi manh nhét, thi DNA xuét hién
nhu 1a mot soi ddy bé xiu, cac nucleotide riéng r& khong thé thay, va khong
c6 mot ddu hiéu nao vé cac duong nét vat 1y ¢ chd bat dau va két thic cua
mot gen.

Pé minh hoa vén dé nay, ching ta hady xem xét mét vi du déc trung vé
di truyén phan tir nhu sau: Gia thiét rang ching ta mudn phan lap mot gen
dac biét cua nguoi va dat n6 vao trong vi khuén dé san xuét mot lugng 16n
cac protein nguoi da duoc ma hoa. Van dé dau tién 1a tim dugc gen mong
mudn. Genome don bodi clia nguoi chira khoang 3,3 ty cip base clia DNA.,
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Gia sir gen ma chung ta mudn phan lap dai 3.000 bp. Nhu vay, gen dich cua
chung ta chi chiém mét phan triéu ciia genome; vi thé dé tim kiém gen cua
chung ta trong mot genome d6 sd nhu thé 1a khé khin hon rat nhiéu so véi
viéc tim kiém mot cay kim trong mot déng co6 kho. Nhung tham chi, néu
chung ta c6 thé dinh vi gen, thi chiing ta sé& tich né ra khoi genome nhu thé
nao? Khdng co forcept du nhoé dé gip mot manh DNA don, va ciing khong
c6 mot cai kéo co hoc nio di nho dé cit ra khoi genome mot doan gen riéng
biét.

Néu chung ta thanh coéng trong viéc dinh vi va phan 1ap gen mong
mudn, thi bude tiép theo chiing ta can dua nd vao trong té bao vi khuan. Cac
doan DNA mach théng s€ bi thoai bién nhanh béi vi khuén; vi thé gen phai
duoc chén vao trong mot dang 6n dinh. N6 ciing phai 6n dinh dé tai ban
thanh cong hodc no s& khong duoc phén chia tiép khi té bao phan chia.

Néu chiing ta chuyén gen vao vi khudn thanh cong trong mot dang 6n
dinh, ching ta van con phai dam bao rﬁng gen dugc phién ma va dich ma.
Sy biéu hién cta gen 13 mot qua trinh phirc tap doi hoi mot sé cac trinh ty
DNA khac nim & bén ngoai gen. TAt ca nhiing trinh ty ndy phai hién dién
trong cac hudng & céc vi tri thich hop cta chung dé san xuat protein.

Cubi cung, cac phuong phap duogc st dung dé phan 1ap va chuyén gen
¢6 hiéu qua vo cung thap, trong hang tridu t& bao dugc hudng t6i cho cac
phuong thirc nay, chi c6 mot té bao ¢ thé chon loc thanh cong va biéu hién
gen ciia nguoi. Vi thé, chung ta phai tim kiém nhiéu té bao vi khuan dé phat
hién dugc mot té bao mang DNA tai to hop.

Trudc day, cac van dé nay duong nhu 1a khdng vuot qua dugc. Nhung
ngay nay, cac k¥ thuat phan tir dugc phat trién dé khic phuc ching, va cac
gen nguoi duoc chuyén dé dang vao cac té bao vi khuan va & do ching sé
dugc biéu hién tot.

I1. Endonuclease han ché

Trong tu nhién, cic enzyme endonuclease han ché (restriction
endonuclease, RE), goi tat 1a enzyme han ché, hién dién trong hau hét cac té
bao vi khuan dé ngin can DNA ngoai lai tiép quan bd may téng hop protein
ctia té bao. DNA ctia chinh chung s& duoc bao vé khoi tic dung ciia enzyme
han ché nhd sy c6 mit cua cac enzyme ndi bao cé thé methyl hoa
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(methylation) cac nucleotide dic biét, vi thé cac nucleotide nay khong duoc
nhén biét boi céac enzyme han ché.

Viéc phat hién ra cac enzyme han ché cua vi khuan cit DNA ¢ nhiing
trinh ty dic biét, dd giup cho viéc thao tac gen dé dang hon, do né c¢b thé
giam chiéu dai cia cac phan tir DNA thanh mot tip hop bao gom cic doan
ngin hon. Hién nay, cac enzyme han ché dwoc phéan lap tir cac sinh vat
prokaryote.

M&i enzyme han ché chi nhan biét va cit mot trinh ty DNA dic biét
thudng chira bon hodc sau cip nucleotide. Vi du enzyme EcoRI tach chiét tir
E. coli cét trinh tw GAATTC, enzyme Ball ctia Brevibacterium albidum cit
trinh ty TGGCCA. C6 hon 900 enzyme han ché khéc nhau duoc tinh sach tir
khoang 250 chiing vi sinh vat. Cac enzyme han ché cit cac phéan tir DNA soi
doi theo hai cach khac nhau (Hinh 9.1):

a Hindl1l

|

| AAGH

L Al l GCTT
TTCGA [A ]
inh

b

i-»

ud

s

b Pvll

-

L GT

GTC

GAC

DAu bang

<<__.

Hinh 9.1. Hai kiéu ciit ciia enzyme han ché. (a) tao ra ddu so le, va (b) tao ra dau
bang.

- Cét trén mot duong thang d6i xing dé tao ra cac phan tir dau bang
(du tho).
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- Cit trén nhing vi tri nAm d6i xtng quanh mot dudng thang dbi xtimg
dé tao ra nhitng phan tir du so le (dau dinh).

Vi mdt enzyme han ché chi nhan biét mot trinh tu duy nhét, cho nén
s6 vi tri cat trén mot phan tir DNA dic biét thuong 1a nho. Cac doan DNA
duoc cét boi enzyme han ché c6 thé duoc phan tach theo kich thudc béng
dién di agarose gel dé nghién ctru. Do sy twong ty cua to chirc phan tir trong
tat ca cac co thé, cho nén DNA vi khuan, DNA thyuc vat va DNA dong vat
6 VU tuong hop nhau vé ciu trac. Vi thé, mot doan DNA tir mot dang séng
nay co thé dé dang dugc pha tron véi DNA ctia mot dang séng khac. Su
tuong tuw nay ciing pht hop ddi v6i plasmid, nhan t6 di truyén ngoai nhan
dugc tim thiy trong nhiéu loai vi khuin khac nhau. Chung 13 nhiing phan tir
DNA mach vong dong sgi d6i dugc dung lam vector mang cac doan DNA
ngoai lai ding trong k¥ thuat tai to hop DNA.

Giéng nhu EcoRI, nhiéu enzyme han ché d3 tao ra cac doan DNA véi
dau 5’ 161 (protruding). Mot s6 enzyme han ché (vi du: Pstl) da tao ra cac
doan DNA c¢6 dau 3’ 16i. Mot sé enzyme han ché khac (vi du: Ball) cat &
truc ddi xung dé tao ra cac doan DNA mang dau bang (blunt) (Bang 9.1).

Bang 9.1. Trinh tw nhin biét ciia mot s6 enzyme han ché

Enzyme Ngudn vi sinh vat Trinh tw nhin biét | Loai dau
BamHI | Bacillus amyloliquefaciens 2§C(T32;ng Dinh
Bglll | Bacillus globigii gﬁ Cfﬁgcl:g Dinh
Cofl Clostridium formicoaceticum 2§GC(::G(§2 Dinh
Dral Deinococcus radiophilus 2;TATA i’?‘:‘_z Béng
EcoRl | Escherichia coli 2§T¢2;ng Dinh
Haelll | Haemophilus aegypticus ;ii ggz Bing
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. o 5-A AGCTT-3 ,
Hindlll | Haemophilus influenzae 3 TTCGA A5 Dinh
. . 5-C CGG-& ,
Hpall Haemophilus parainfluenzae T-GGC C-5 Dinh
. . .. 5-CTGCA G-3 .
Pstl Providencia stuartii 3-G ACGTC.5 Dinh
. 5-CAG CTG-3 5
Pvull Protrus vulgaris T-GTC GAC.5’ Bang
Smal Serratia marcescens S-cce 6663 Bén
3.GGG CCC-5' ang
5-C CCGGG-3’ .
Xmal Xanthomonas malvacearum 3-GGGCC .5 Dinh

1. Gén cde dau bi cdt béi enzyme han ché

Co hai kiéu gan khac nhau: gan dau bang va gan dau dinh, bing cach
dung enzyme DNA ligase cua bacteriophage T4 c6 thé gin cac dau bang
hodc dau dinh lai v6i nhau, tuy nhién trudng hop dau bang thudng cho hiéu
qua thip hon dau dinh.

Vi dy: Hinh 9.2 minh hoa viéc gin cic dau dinh dugc cit bang
enzyme HindllIl.

2. Isochizomer

Néi chung, cac RE khac nhau nhan biét cac trinh tu khac nhau (Bang
9.1), tuy nhién ciing c6 mot sé truong hop cho thay ¢6 nhiing enzyme duoc
phan 1ap tir nhiéu ngudn khic nhau nhung lai cit trong mdt trinh tu, cac
enzyme d6 dugc goi 1a isochizomer. Hon nita, mdt vai enzyme nhan biét cac
chudi tetranucleotide ma trong mot sd trudng hop céc tetranucleotide nay lai
xuat hién trong cc chudi hexanucleotide ctia cac enzyme khéc.

Vi du:
- Mbol va Sau3A nhan biét trinh tu:

5’..}GATC .3
3. CTAG*... 5
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AAGCTT AAGCTT

TTCGAA TTCGAA
1 1
Hindlll Hindlll
AGCTT AGCTT
L Al A C AA
TTCGA TTCGA
L J

Khoang tr6ng trong

khung dudng-phosphate | G&n cac doan

| AAGCTT
TTCGAA

Khoang tréng trong
khung dudng-phosphate

Hinh 9.2. Gin cic diu dinh

- Trong khi d6 BamHI nhén biét trinh tu:

¥

5... GGATCC ... 3
3. CCTAGfG .5

Trong mot vai truong hop cac doan duge tao ra nhd mot enzyme han
ché nay khi gén voi cac doan dugc tao ra nho mot enzyme han ché khac da
hinh thanh cac thé lai ma cic enzyme bd me khong thé nhan biét duoc. Vi
du: Sall cét trinh tw (GYTCGAC) va Xhol cét trinh tw (C¥TCGAG), céc trinh
tu duoc sinh ra nay da gin véi nhau tao thanh thé lai (hybrid) ma cac vi tri
cat han ché cia chung khong thé nhan biét boi cac enzyme Sall va Xhol:

5...G TCGAG...3 5...GTCGAG...3

—_—

3'...CAGCT + C..% 3'...CAGCTC...5
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IT1. Phwong thirc tao dong

Céc phuong thirc co ban cua ki thuat DNA tai to hop 1a: (1) Gin mot
doan DNA vao mdt phan tir DNA (nhu 1a vector) c6 thé tai ban, va (2) cung
cAp mot mdi truong cho phép sao chép phan tir DNA da duoc gin.

C6 ba nhom vector duge dung phd bién dé tao dong cac doan DNA
ngoai lai va tai ban (sao chép) trong E. coli; d6 la plasmid, bacteriophage A
va cosmid. T4t ca nhitng vector ndy phai c6 mot sé tinh chit can thiét sau:

- Chtng c6 kha nang ty tai ban trong E. coli.

- Mang cac gen chi thi chon loc dé dé dang phan biét va tinh sach
vector cua thé tai to hop véi cac dang khac.

- Ching c6 cac ving DNA khong can thiét cho sy sinh san trong vi
khuén, vi thé DNA ngoai lai c6 thé dugc dua vao trong cac ving nay.

- Chiing c6 thé bién nap vao té bao vat chu mot cach dé dang.

1. Plasmid vector

Plasmid 14 cac thoéng tin di truyén ngoai nhan c6 trong nhiéu loai vi
khuan khac nhau. Chung 1a nhimg phan tir DNA mach vong, soi déi, kich
thuge tir 1- > 200 kb, c6 kha nang tu sao chép dé ton tai doc lap trong té
bao. Céc plasmid c6 thé mang mot sé gen cua vi khudn va cac gen nay cé
thé biéu hién ra protein.

DNA cua plasmid c6 thé dugc phan 1ap tir nudi cdy vi khuan chira
plasmid bang cach bd sung chit tiy (nhu la sodium dodecyl sulfate-SDS) va
ly tim sy sinh tan (lysate)’. Phirc hop nhiém sic thé vi khudn, 16n hon
plasmid nhiéu, s& ling xudng day cua tube ly tam, plasmid siéu xodn va cac
doan nhiém sac thé mach thang gitr lai trong thé n6i. Plasmid siéu xoan mot
1an nita dugc phan tach bang ly tim sau khi xtr Iy v6i CsCl va EtBr.

Plasmid mang cac gen ma hoa cho cac enzyme thuong c6 loi cho vi
khuan vat chi. Céac plasmid co thé mang cic kiéu hinh khic nhau nhu:
khang khang sinh, san xut khang sinh, phan huy cac hop chat hitu co phirc
tap, san xudt cdc enzyme han ché va enzyme bién ddi (modification
enzymes).

! Chat tay lam bién d6i bé mit té bao dé giai phong cac thanh phan té bao ra moi
truong bén ngoai.
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Céc plasmid c6 thé duoc chuyén vao trong vi khuan sau khi vi khuan
duoc xir 1y dé té bao c6 thé cho thAm qua nhit thoi ddi v6i cac phan tir DNA
nho. Qua trinh nay duogc biét nhu 1a su bién nap (transformation). Vi khuan
duoc bién nap thanh cong cé thé duoc chon loc dua trén kiéu hinh méi ma
chung nhan duoc tir plasmid, chiang han kha nang khang cac khang sinh.

Mot s6 plasmid hién dién trong té bao c6 sd ban sao thép, mot hoac
mot vai ban sao trén té bao, do DNA cia plasmid chi sao chép mdt hoac hai
1an trude khi té bao phan chia. Tuy nhién, cac plasmid khac tdn tai mot sd
ban sao 16n hon (10 téi 100 ban sao trén mot té bao) do DNA tai ban lap lai
cho dén khi dat duoc sb ban sao thich hop. Céac plasmid c6 sé ban sao 16n
dugc goi 13 plasmid dang xoén long 1éo (relaxed plasmid), va day 13 mot
trong nhiing tinh chét hiru ich ctia vector tao dong.

Hinh 9.3 trinh bay mot trong cc plasmid vector thé hé thir hai dang
xoan 1ong 1éo, pBR322, dai 4.363 bp, vector ndy chtra hai gen khang khang
sinh la ampicillin (Amp) va tetracycline (Tet). S thir tu cia cac nucleotide
trén vector dugc bit ddu véi vi tri ECoRIl don: T dau tién trong chudi
GAATTC duoc quy wéc 1a nucleotide thir nhat. Cac sd thir ty sau d6 dugc
tiép tuc quanh phan tir vector theo hudng tir gen khang tetracycline téi gen
khang ampicillin.

EcoRI 4361 Clal 28
Hindlll 29
EcoRV 185

Aatll 4286
Sspl 4170

Scal 3846
Pvul 3735
Pstl 3609

Ppal 3435

Ball 1444
BspMIl 1664

Pvull 2066
Tth11112219

Afilll 2475
Ndel 2297

Hinh 9.3. Plasmid vector pBR322. Ap' (hay Amp') va Tet": gen khang ampicillin
va tetracycline, ori: trinh tw khéi ddu sao chép, va mot sd vi tri nhan biét cho cac
RE.
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Hinh 9.4. trinh bay mét loai plasmid vector thé hé thir ba la pUC19,
day la loai vector tao dong dac trung, N6 mang vung tao dong (multiple
cloning sites) hay con goi 1a ving da ndi (polylinker), ving khéi dau sao
chép (ori), va hai gen chi thi (gen khang ampicillin va gen lacZ’).
Ampicillin 13 loai khang sinh giét chét t& bao vi khuan, nhung nhiing vi
khuan nao chira vector pUC19 s& khang lai loai khang sinh nay. Gen lacZ’
méa hda enzyme p-galactosidase, binh thuong enzyme nay cat lactose dé san
xuat ra glucose va galactose. Enzyme nay ciing cit X-gal dé tao ra mot co
chit mau xanh; khi X-gal duoc bd sung vao méi trudng, cic khudn lac vi
khuan chira pUC19 s& c6 mau xanh va d& dang nhan biét. Ving polylinker
ctia vector pUC19 14 tap hop mét sd vi tri nhan biét don cua cac enzyme han
ché cho phép gan doan DNA ngoai lai vao plasmid.

+ Kpnl

+ Smal Xmal
I BamHI

+ Xbal

I Hincll

I Pstl

- Sphl

L Hindlll
447

Aflll 806
Gsul 1784
Cfri01 1779
Ppal 1766

400 420 440 460
| | | |
AGTGAATTCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCATAATCATGGTCAT
L 1 | | L | | | | | |

EcoRlI Sacl Kpnl———BamHI Xbal Hincll  Pstl Sphl  Hindlll
Smal Accl 1
Xmal Sall lacZ’ «— ThrlleMetThr(Met)

Hinh 9.4. Plasmid vector tao dong diic trung pUC19. Mang cac vi tri cit han ché

don trong viing tao dong, ving khoi dau sao chép (ori), va hai gen chi thi (gen Ap"
va gen lacz’).

Plasmid c6 thé duoc ciat & mot vi tri xac dinh béng enzyme han ché.
Vi thé, cac doan duogc tao ra co thé tao vong bang cach két hop cac dau dinh
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bd sung. Hon nira, cac doan duogc tao ra bdi mot enzyme ddc biét hoat dong
trén mot phan tr DNA s& c6 dau twong dong (dau dinh) véi doan dugce tao
ra bdi cung mot enzyme hoat dong trén mdt phan tir DNA khac. Vi thé, cac
doan tir hai phan tir DNA khac nhau, tir hai co thé khac nhau c6 thé két hop
bﬁng cac lién két hydrogen thudn nghich khi cdc doan nay duoc tron lai.
Néu su két hop dugc gén lai sau khi bét cap, thi cac doan dugc Kkét
hop ¢d dinh bén viing, sy két hop cua cac doan nay dugc thyc hién nho
enzyme DNA ligase (con goi 1a polynucleotide ligase) lién két cong hoa tri
cac phan tir tai to hop bang cach tao ra lién két phosphodiester gitra nhém
5’-PQ4 cta polynucleotide nay vai nhoém 3°-OH cua polynucleotide khac.

RE
Cét DNA ngoai lai va RE RE Q
plasmid vector bang mot _— Plasmid vector
loai RE gi6ng nhau \ /
Gan DNA

DNA dugc tao dong l

Q Plasmid tai t& hop

l Bi€n nap

O

/N

Sao chép vi khuén

/\Sao chép vi khuan /\

Nudi cdy vi khudn chira mdt lugng 16n t& bao, sinh trudng qua dém
& 37°C s& san xuét khoang 10° t& bao/mL

Té& bao vi khuan

Hinh 9.5. Phuwong thirc co ban dé tao dong gen trong vi khuén E. coli
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Hinh 9.5 trinh bay toan bd phuong thirc san xuat DNA tai to hop (tao
dong gen). Plasmid duoc cit & cac vi tri xac dinh bang enzyme han ché.
DNA cta mot genome ngoai lai dugc cat boi cung mot loai enzyme, mot sb
doan trong d6 c6 thé co gen quan tdm. Plasmid va cic doan cua genome
duoc phdi tron va két hop nhd enzyme DNA ligase. Céac plasmid tai to hop
duoc bién nap vao vi khuan bang déng nudi cdy plasmid va vi khuan.

2. Bacteriophage A vector

Céc bacteriophage c6 nhiéu uu diém khi duoc st dung 1am vector tao
dong. Vector dugc st dung rong rdi nhat 1a bacteriophage A dé gy nhiém
vao té bao E. coli. Mot trong nhitng uu diém chinh cia phage A 1a ¢ hiéu
qua chuyén DNA vao trong té bao vi khuan cao. Uu diém thtr hai 1a mot
phan ba ciia genome phage A 1a khong can thiét cho sy xAm nhiém va sinh
san cla nd trong té bao vat chu, khong co nhitng gen nay, mot tiéu thé A van
chuyén thanh céng DNA cila n6 vao vi khuan va sinh san duoc. Cac gen
khong can thiét nay, khoang >15 kb, c6 thé dugc thay thé bang mot doan
DNA ngoai lai khoang 15-23 kb. Uu diém thtr ba 1a DNA s& khong bi dong
g0i trong vo A trir khi no dai tir 40-50 kb; vi thé cac doan DNA ngoai lai
khong bao gid duoc chuyén vao té bao trir khi chung dugc chén vao trong
genome phage A, diéu kién can thiét dé dam bao doan DNA ngoai lai s&
dugc tai ban sau khi n6 vao trong té bao vat chu.

Cac gen can thiét cua genome phage A duoc dinh vi trong mot cum.
Céc ching cua phage A, dugc goi 1a vector thay thé, dd duoc bién d6i di
truyén v6i mot vi tri RE duy nhit cho EcoRI (ching phage A thé hé méi
EMBL 3 c6 ba vi tri cho cac RE: EcoRI, BamHI va Sall) trén mot mat khac
clia cic gen khong can thiét (Hinh 9.6). Vi thé, co thé loai bo cac gen khong
can thiét bang EcoRI. DNA ngoai lai duoc cit bang EcoRI s& c¢6 dau dinh
bd sung cho dau cia cdc doan DNA cuia phage A can thiét (nhanh trai va
phai), dé c6 thé dugc két ndi bang DNA ligase. Genome clia phage A ¢0 CAC
doan soi don ngan dwgc goi 1a cac vi tri cos can cho sy d6ng g6i DNA trong
dau cua phage. Genome tai t6 hop ctia phage A sau d6 co thé dugc déng goi
trong vo protein va duge bo sung vao trong E. coli. Cac phage A giy ra su
xam nhiém DNA téi t hop ciia ching vao trong té bao vat chii, noi nd sé
duoc tai ban. Chi cac doan DNA ¢6 kich thude thich hgp va mang cac gen
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can thiét duoc dong goi trong cac vo cua phage, cung cdp mot hé thong
chon loc ty dong cho céc vector tai to hop.

|« 45 kb > Nhiém sc thé cia
EcoRIl l EcoRI / Bacteriophage A

I I

] [

Céc gen khong can thiét
(vling trung tam)
| «—>15 kb—>]|

C4t dé loai bd cac
gen khong can thiét

Nhanh trai

Cac nhanh phai va trai
dugc tron véi DNA ngoai
lai cling dugc cdt bang

L EcoRI )

4 .

Cac dau dinh bd sung
clia DNA dugc gan véi
L nhau

Nhiém s3c thé clia
bacteriophage tai t&
hgp sau do6 dugc dong
goi trong vo protein
clia phage A

Hinh 9.6. Bacteriophage A 1a mgt vector tao dong hi¢u qua

3. Cosmid vector

Céc vector phage A chi ¢6 thé mang cac doan DNA c6 kich thudc
khoang 15-23 kb. Tuy nhién, cac cosmid vector lai mang dugc cac doan
DNA c¢6 kich thudc 16n hon nhiéu, khoang 45 kb.
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ScaI
BamHl DNA
Tet’

Phan doan theo kich thudc
(~45kb) bang BamHI

BarmHl

coSs BamHIl ori

0S

t 50 kb }

lDéng goi phage in vitro

Pau cos
DNA vector dugc bau
dong goi 50 kb
DPubi
Sai dudi
Xam nhiém
ori
cos
Tet'
Plasmid

Hinh 9.7. Tao dong trong cosmid. Hai vi tri cos gan vi tri cit han ché Scal va
BamHI. DNA ngudn bi cit boi BamHI dé phan doan c6 kich thude khoang 45 kb.
Phan tir plasmid DNA duoc cit boi BamHI va Scal. Hai miu DNA nay dugc tron
vao nhau va duoc gin bang T4 DNA ligase. Sau khi gin xong, nhiing phén tir nay
dugc dong goi trong phan dau cua phage A, va nhitng phan tir c¢6 thé 1ay nhiém s&
dugc hinh thanh sau khi tao dudi.
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Cosmid la céc plasmid nho mang cac vi tri cos cua phage chung co
thé duoc déng goi trong v6 virus va dugc chuyén vao vi khuan nhd sy xam
nhiém cua virus. Do tit ca cic gen virus, ngoai trir cac vi tri cos, 1a khong
¢, nén cosmid co thé mang cac doan DNA ngoai lai 16n hon hai lan céc
doan ma phage A vector c6 thé mang. Cac cosmid vector c6 cac thanh phan
sau: (1) mot diém khoi dau sao chép cua plasmid (ori); (2) mét sb cac vi tri
cit han ché don; (3) mot hodc hon cac gen chi thi chon loc; va (4) céc vi tri
cos cho phép dong goi DNA trong dau ctia phage.

DNA ngoai lai dugc chén vao trong cosmid trong cung mot phuong
thirc véi plasmid: cosmid va DNA ngoai lai déu duogc cit bsi cing mot RE
dé tao ra cac dau bd sung (dau dinh), va ching duoc lién két voi nhau bang
DNA ligase. Cac cosmid tai t6 hop dugc hop nhat trong vo, va cac tiéu thé
phage duoc str dung dé xam nhiém vao té bao vi khuan, & d6 cosmid s& tai
ban nhu mot plasmid. Bang 9.2 so sanh cac tinh chit cia cic vector
plasmid, phage A va cosmid.

Béng 9.2. So sédnh cac vector plasmid, phage A va cosmid

Vector Kich thuwéec DNA c6 Phwong phép Phwong phap
tao dong thé dwoc tao dong sinh san chuyén vao vi khuin
Plasmid Khoang 10 kb Tai ban plasmid | Bién nap
Phage A Khoang 20 kb Sinh san phage Xam nhiém phage
Cosmid Khoang 45 kb Sinh sin plasmid | X4m nhiém phage

4. Thuw vién cDNA

Thu vién cDNA (complementary DNA) 1a tap hop cac doan DNA bd
sung (cDNA) duoc tong hop tir mRNA ctia mot bo phan trong co thé sinh
vat. St dung thu vién cDNA c6 hai vu diém sau:

- Cac dong ¢cDNA chura trinh tu ma hoa lién tuc cua mot gen. Nhiéu
gen & eukaryote 1 gian doan, c6 chira nhiéu doan intron. Sau khi cit mRNA
tién than (pre-mRNA) va ndi lai, cac doan intron da bi loai va mRNA hoan
chinh (mature mRNA) ¢6 trinh ty ma hoa lién tuc dugc tao thanh. Do cDNA
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duoc tao thanh tir khuén mau mRNA hoan chinh nén cac dong cDNA c6 thé
téng hop protein can thiét voi sé lwong 16n nhu mong mudn.

- Nhiéu protein dugc téng hop véi sb luong 16n do nhing té bao
chuyén héa va nhu vy trong céac té bao nay mRNA cua protein d6 s& co ty
18 cao va thu vién ¢cDNA duoc tao ra tir cac té bao nay sé co nhiéu cDNA
ma hoa cho céc protein tuong tng. Su ddi dao ¢cDNA ctiia mot vai loai nao
d6 da lam giam nhe dang ké viéc xac dinh ding dong mong muén tir thu
vién gen.

Phuong phap tong hop gen tir mRNA ngay cang duoc phat trién, nd
két hop véi cac phuong phap khéc ciia sinh hoc phan tir cho phép tmg dung
trong nhiéu linh vuec.

X4y dung mot thu vién cDNA bao gdm nam budc chinh sau:

- Tinh sach mRNA tir RNA tong s6 ctia mot phan co thé sinh vat.

- Tong hop soi cDNA thir nhat tir khuén miu mRNA nhd enzyme
phién ma ngugc (reverse transcriptase).

- Gay bién tinh (dun s6i) thé lai mMRNA-cDNA dé pha hiy soi mRNA
bang RNase H cua E. coli. Téng hop soi cDNA tht hai tir khuén mau soi
cDNA thtr nhat nhd enzyme DNA polymerase voi primer 14 vong cdp toc
ctia né dé thu duoc phan tir cDNA sgi doi.

- Cit vong cdp toc bang enzyme nuclease S1 va dung enzyme Klenow
stra chita hai dau cua soi ddi cDNA dé tao ra ddu bang.

- Géan cac doan nbi (linker) vao hai dau ctia cDNA soi ddi trude khi
tao dong trong vector thich hgp dé xay dung thu vién cDNA.

5. Thu vién genomic DNA

Thu vién genomic DNA 1a mdt tap hop cac doan DNA cung dai dién
cho mot genome nguyén ven (hodc gan nguyén ven) cta ca thé ma DNA
duoc bit nguén tr d6. Cac thu vién dugc dung chu yéu hoac dé sang loc
theo cac phuong phap khac nhau nhim phan lap mot (hodc cac) trinh tyr
nucleotide quan tim dic biét, hodc dé xac dinh vi tri va thtr tir cua cac trinh
tu trong genome ma tr d6 thu vién duoc xay dung (physical mapping).

Xay dung mot thu vién genomic DNA bao gdm bdn budc chinh: Cit
DNA, gin DNA vao vector, dong goi cac dong tai to hop trong vo protein
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ctia virus dé lam budc trung gian trude khi xdm nhap vao té bao vat chu, va
chuyén cu triic d6 vao té bao vat chu.

Thu vién genomic DNA c6 nhiéu tng dung, ching han dé 1ap ban d6
vat 1y (physical mapping) cua DNA va xac dinh cac gen gay bénh hodc cac
chudi DNA quan tdm cho nhiing phan tich khac.

San xudt ra cac dong mang cic doan chén DNA khac nhau nhung gbi
1én nhau ¢ nhiéu thuan loi va thu vién c6 thé dugc str dung trong qué trinh
chromosome walking. Chromosome walking thuong dugc thuc hién véi thu
vién cua cosmid, phage A hodc YAC?

Céc thu vién genomic DNA ciing can thiét cho viéc xac dinh cac gen
gy bénh bang cach tao dong chirc ning (functional cloning). Theo huéng
nay, thong tin vé chic ning ciia gen dugc khai thac dé phan lap gen mong
mudn tir thu vién. Mot oligonucleotide c¢ trinh tu dua trén chudi amino acid
ting phan duoc dung nhu 13 mot probe (mau do) dé phan 1ap dong cDNA
bang cach sang loc thu vién ¢cDNA. Dong ¢cDNA nay sau d6 c6 thé duoc
dung dé sang loc thu vién genome nhiam phan lap cac dong genomic DNA
va cho phép khao sat dic diém cua chudi genomic hoan chinh.

IV. Biéu hién gen ngoai lai trong vi khuén

Vé mat 1y thuyét, k§ thuat DNA tai t6 hop cho phép dua bat ky mot
gen nao do tr mdt sinh vat nay vao mot sinh vat khac. Van dé quan trong la
lam sao dé gen ngoai lai c6 thé biéu hién trong co thé vat chu.

Dé biéu hién tit ca cac gen ngoai lai trong E. coli phai bit dau bang
viéc gan doan gen ngoai lai vao trong vector biéu hién (thuong 13 plasmid).
Céc vector biéu hién 1a vector c6 thé mang céc gen ngoai lai mong muébn
cho phép thuc hién su phién ma cua cac ban sao duogc tao dong va su dich
mi cac mRNA cuia chung trong E. coli. Vector nay phai c6 di cac cau trac
can thiét sau:

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

- Mét promoter kiém soat phién ma (vi du: lac, trp hoic tac) cho phép
san xuat mot luong 16n mRNA tir cac gen dugc tao dong.

2YAC (yeast artificial chromosome): Nhiém séc thé nhan tao ctia nim men.
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- Cac trinh ty kiém soat dich ma nhu ving lién két ribosome duoc bd
tri thich hop va codon khoi dau AUG.

- Mot polylinker dé dua gen ngoai lai vao trong mot huéng chinh xac
véi promoter.

Chi khi duoc cdu triic ddy du nhu thé, cac vector biéu hién mang gen
ngoai lai méi dugc bién nap vao chung E. coli thich hop. Néu doan gen
ngoai lai khong nam gitra promoter va vi tri két thuc phién ma, thi n6é sé
khong duoc phién ma.

1. Cdc protein nguyén thé tdi té hop

Céc protein nguyén thé (native protein) c6 thé duoc san xuét trong E.
coli bang cach sir dung promoter manh va mot ving lién két ribosome
(ribosome binding sites-RBS) hiéu qua. Dé biéu hién gen prokaryote co
RBS manh chi can cung cap mot promoter 1a du. Trong khi d6, dé biéu hién
mot gen eukaryote (hodc mot gen prokaryote voi mot RBS yéu) can phai
cung cap ca promoter 1an RBS.

1.1. Biéu hién cua gen prokaryote-Promoter

Budc dau tién khi biéu hién cac protein ciia eukaryote trong vi khuan
12 chon mdt vector biéu hién mang promoter manh cua prokaryote. Céac
promoter thich hop nhat cho biéu hién ciia gen ngoai lai & E. coli 1 nhiing
promoter c¢6 kha nang diéu chinh manh. Pién hinh 1 promoter (lai) trp-lac.

Promoter trp-lac con goi la promoter tac (mot dang promoter lai gitta
promoter trp va promoter lac) di duoc st dung thanh cong dé san xuat mot
lwong 16n protein trong E. coli (Hinh 9.8). Promoter trp duoc diéu chinh bai
gen tc ché trp va ¢ thé dugce cam mg baoi su bd sung cia 3-indolylacetic
acid (3-IAA) vao méi trudng hodc bang cach thiéu tryptophan. Trong khi
dd, promoter lac dugc diéu chinh boi gen e ché lac va vi thé ¢6 thé duoc
cam Ung nhd bd sung nhan t6 cam tng isopropyl-p-D-thiogalactoside
(IPTG) vao mdi trudng nudi cdy vi khuan. Cudi cung, promoter (lai) trp-lac
mang doan trp-35 duogc gin véi doan lac-10 va operator lac duoc diéu chinh
boi gen e ché lac (lac repressor).

1.2. Biéu hién ctia gen eukaryote-Promoter va ving lién két ribosome
Pé c6 mirc d6 biéu hién cao clia gen ngoai lai trong E. coli, khong
nhitng phai st dung cac promoter manh dé san xuit mot luong 16n mRNA
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ma con st dung cac RBS dé dam bao chic chin mRNA dugce dich ma mot
cach c6 hiéu qua. Trong E. coli, RBS bao gdm mot ma khoi dau AUG va
mot trinh tw nucleotide nguoc hudng tir codon khoi dau. Trinh tu nay duoc
goi 1a chudi Shine-Dalgarno (SD) giau A-G, bd sung cho dau 3’ cua 16S
rRNA cta E. coli. Lién két cua ribosome v6i mRNA duoc khoi dau bang
cach bat cap gitta chudi SD trong mRNA va trinh tu ¢ dau 3’ cua 16S
rRNA.

Vung tao dong

»

0KK177-3 }
(2,9 kb) on

2000

1000

Vung tao dong

Ptac EcoRl Sall Hindl1l
|

Smal Pstl

Hinh 9.8. Vector pKK177-3. pKK177-3 1a mot tac vector chira viing tao dong gen
ngoai lai cung hudng voi promoter tac. Cung hudng véi vung nay la rrnB mang
gen 5S cua E. coli va hai nhan t6 két thiic phién ma T; va T.

Hiéu suét dich ma cia mRNA chiju su chi phéi ctia mot sb yéu t6 nhu
sau :

- Mttc d6 bd sung giita chudi SD va diu 3° ctia 16S rRNA.

- Khéng gian va kha ning dé chudi DNA nim giita chudi SD va codon
AUG.
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- Nucleotide theo sau AUG anh hudng su lién két ribosome.

Dua codon ATG vao trong gen dugc tao dong va duy tri RBS cua vi
khudn bang cach dung vector pAS1 (Hinh 9.9). Vector pAS1 mang
promoter P_ va RBS cua gen clI cua bacteriophage A, codon khoi ddu ATG
dugce dung hop truc tiép véi phdn ma hoa diu amino cia gen eukaryote
mudn biéu hién. Cach 1am nay c6 thé han ché viéc t6i vu khoang cach giita
chudi SD cua vi khuan va codon khdi dau ATG cua gen eukaryote dé c6
dugc su biéu hién hiéu qua cua gen. Poan DNA c¢6 g:fm promoter va chudi
SD sau d6 dugc bién nap vao cac ching E. coli thich hop. Sang loc thé bién
nap dé thu cac khuén lac c6 mirc do phién ma cao.

EcoRI 0

Hindlll

1000
5000

4000

3000

Acll RBS (ribosome-binding sites: viing lién két ribosome)
PL —— acll

Met
AAGGAAATACTTACAT ATG GAT CC

cll SD BamHI

Hinh 9.9. Vector pASl. Vector pAS1 l1a mét plasmid dai khoang 5,8 kb mang
promoter P_ ciia bacteriophage A va vi tri cat han ché duy nhat BamHI dinh vi ¢
codon khoi ddu ATG ciia gen cII ciia bacteriophage A.
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2. Cdc protein dung hop tdi té hop
2.1. Protein dung hgp

Protein dung hop con goi 1a protein lai duwgc ma hoa boi mdt gen lai
(fusion gene) do sy dung hop in vitro cac doan gen khac nhau. Vi vay,
protein dung hop s€ mang trinh ty amino acid cua hai protein khac biét. Cac
protein dung hop dugc xay dung cho cac muc dich khac nhau. Sy dung hop
gen duoc thyc hién bing cach gin phin ma héa cua gen duoc tao dong &
gan dau tan cing 3’ cua gen lacZ. Protein dung hop c6 nhiing wu diém chinh
Sau:

- Protein dung hop thudng dugc san xuit véi ham luong 16n do su
khoi dau phién ma va dich ma dwoc diéu khién boi cac trinh ty tiéu chudn
cua E. coli.

- Dung hgp céc trinh ty ngoai lai vdi cac gen cua E. coli thuong cho
két qua cac san pham 6n dinh hon cac protein ngoai lai nguyén thé.

2.2. Vector biéu hién cac gen dung hop véi gen lacZ

Mot sé hé théng vector duge phat trién dé biéu hién cac gen dung hop
v6i gen lacZ, dién hinh 1a cc vector ho pUR (Hinh 9.10). Chon vector va vi
tri cit han ché thich hop ngudi ta c6 thé tién hanh dung hop cho hau hét gen
dugc tao dong.

2.3. Phat hién céc protein dung hgp

Gan vector plasmid (vi du: pUR) thich hop véi doan DNA ngoai lai dé
tao ra mot sy dung hop trong khung doc. Bién nap cic vector nay vio E.
coli. Kiém tra cac khuan lac riéng biét mang doan DNA ngoai lai mong
mubn bang cach tach chiét DNA cia vector plasmid, sau do cit bang
enzyme han ché thich hop va dién di kiém tra trén agarose gel. Sang loc cac
khuan lac san xuat protein dung hop.

2.4. Tach chiét cac protein dung hop dé san xudt khéang thé

Protein dung hgp c6 thé duogc tach chiét theo mot sb céach: dung dich
chiét urea, sic ky ai luc aminophenylthiogalactoside, dién di sodium
dodecyl sulfate-polyacrylamide gel (SDS-PAGE) hoic phdi hop giita cac
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cach nay. Ky thuat don gian nhat 1a SDS-PAGE, nhudém gel va phét hién
bang protein méi, sau do cit biang nay ra khoi gel, dong kho rdi nghién
thanh bot min. B4t nay s€ dugc dung dé tiém vao tho dé san xuét khang thé.

EcoRI
Vung tao dong

1000

4000 pUR278

\

(5,2 kb)

Vung tao dong

|_> lacZ
pUR278 TGT CAA AAA GGG GAT CCG TCG ACT CTA GAAAGC TTATCG ATG
BamHI Sal | Xbal Hindlll Clal
pUR288 TGT CGG GGA TCC GTC GAC TCT AGA AAG CTT ATC GAT GAT
BamHlI Sall Xbal Hindlll Clal
pUR289 TGT CAG GGG ATC CGT CGA CTC TAG AAA GCT TAT CGA TGA
BamHI Sall Xbal Hindlll Clal
pUR290 TGT CAA AAA GGG GAT CCG TCG ACC TGC AGC CAA GCT TAT CGA TGA
BamHlI Sall Pstl Hindlll Clal
pUR291 TGT CGG GGA TCC GTC GAC CTG CAG CCA AGC TTATCG ATG
BamHI Sall Pstl Hindlll Clal
pUR292 TGT CAG GGG ATC CGT CGA CCT GCA GCC AAG CTT ATC GAT
BamHlI Sall Pstl Hindlll Clal

Hinh 9.10. Cac vector ho pUR. Diy la cac vector dung hop vdi gen lacZ, ¢ cac
vi tri tao dong BamHI, Sall, Pstl, Xbal, Hindlll va Clal & dau 3’ cua gen lacZ. Sy
chén vao cua doan DNA ngoai lai (¢cDNA) trong cac vi tri tao dong thich hop cho
phép san xuét protein dung hop ciia B-galactosidase hoat dong véi chudi peptide
dugc ma hoa boi DNA ngoai lai.
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3. Xdc dinh mirc dé biéu hién ciia gen duoc tao dong

Noi chung, c¢6 ba cach thuong dugc dung dé xac dinh mac do biéu
hién protein ngoai lai ciia gen dugc tao dong:

- DPién di polyacrylamide gel c6 SDS dé xac dinh protein co kich
thude thich hop dugc san xuit & mirc do cao trong cac té bao mang vector
biéu hién. Thong thudng, protein quan tim co thé quan sat bang cach nhuém
gel v6i Coomassie Brilliant Blue hodc bing AgNOs. Néu khong thiy cé
bang protein méi khi dung cac thuéc nhudém nay, thi danh déu sy trao doi
chat véi 100 pCi cua [35S]Met hoac [35S]Cys trén 1 mL dich nudi ciy trong
5 phut. Sau d6, sir dung k¥ thuat SDS-PAGE hodc phong xa tu ghi ¢6 thé
phat hién dugc protein quan tam.

- Phan tich Western blot bang cach dung cac khang thé lién két dic
hiéu v&i protein quan tdm da dugc tham tich 1én mang nitrocellulose sau khi
thyc hién dién di SDS-polyacrylamide gel.

- Néu mtrc d6 biéu hién thap thi nén dit gen lacZ cung huéng véi gen
duoc biéu hién. Nhu vay, néu su phién ma hodc dich ma han ché biéu hién
thi nhitng thay d6i trong hé thong biéu hién c6 thé duoc kiém soat bang
nhiing thay ddi trong hoat tinh cua B-galactosidase.

» Phén tich Western blot

- K§ thuat SDS-PAGE

La ky thuat dién di trén polyacrylamide gel véi su c6 mat cua SDS
cho phép phan tach cac phan tir protein c6 khdi luong khac nhau. SDS c6
dién tich &m rat 16n va c6 kha nang lién két voi mach peptide. Nhur vay, s6
luong SDS tuong tac vai protein ty 1€ vai kich thudc phén tir protein va dién
tich ciia SDS bam vao c6 thé 1am bt cir phan tir protein nao ciing chuyén
dong trong dién truong tir cyc Am sang cuc dwong. Do d6, bang phuong
phap dién di, c6 thé phan tach riéng biét cac phan tir protein c6 khéi luong
phén tu khac nhau.

- Phan ting lai khang nguyén-khang thé

Phan ung khang nguyén-khang thé co tinh dac hiéu rat cao. Vi vay, c6
thé &p dung phan ung nay dé phét hién sy ¢ mat va tinh sach protein.
Khang thé (antibody) duoc san xuét khi dwa khang nguyén vao dong vat thi
nghiém (tho, chudt...) va dugc tinh sach tr mau dong vat sau khi gay
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nhiém. Nhiing khang thé tao ra bang cach nay la nhitng khéng thé da dong
(polyclonal antibodies-do cac té bao lympho khac nhau tiét ra), do d6 chung
c6 kha nang nhan biét mét s6 khang nguyén. Nguoc lai, khang thé don dong
(monoclonal antibodies) chi tuong tac voi mot khang nguyén nhat dinh.

Khéng thé duoc danh dau bang enzyme (hoac bang chat phat huynh
quang) dé phat hién protein dic hiéu (thuong dugc tham tich/chuyén thim
lén mang nitrocellulose sau khi chay dién di SDS, va ¢ dinh & d6) thong
qua ky thuat Western blot (hoac immunoblot) (Hinh 9.11). Sau khi protein
trén mang lai gin véi khang thé thir nhit dic hiéu va tiép dén 1a khang thé
tht hai c6 danh diu enzyme (alkaline phosphatase, horse-radish
peroxidase...) thi phtc hop nay s& duoc lién két véi co chat dé tao mau. Su
hién dién cua protein ngoai lai (san pham dich ma cua gen ngoai lai duoc
chuyén vao té bao vat chu) s& duoc phét hién nhd sy xuit hién mau cua
phan ung lai.

Sy phan bd cua protein dic hiéu trong té bao va té chirc mé ciing c6
thé phat hién bang k¥ thuat lai in situ (in situ hybridization) véi nguyén tic
tuong ty Western blot. Ngoai ra, khang thé duoc s dung dé tinh sach
protein dic hiéu bang két taia mién dich hoic sic ky & luc (affinity
chromatography). Khang thé danh diu dugc dung dé dinh luong khang
nguyén trong k¥ thuat xét nghiém hip thu mién dich lién két enzyme
(enzyme-linked immunosorbent assay) goi tit 1a ELISA (Hinh 9.11).

V. Phwong phap phat hién dong vi khuén cé DNA tai té hop
1. Lai khuan lac va vét tan

DNA dugc tao dong trong plasmid hoic YAC san xuét ra cac khuan
lac khi cac nudi ciy bién nap dugc dan mong trén dia agar chira moi truong
sinh trudng va nudi cdy dudi nhitng diéu kién thich hop. Céac bacteriophage
sinh tan té bao bi ching xAm nhiém va san xuét ra cac plaque (vét tan) co
dang hinh tron chu vi khoang 2-3 mm c¢6 mau sang trén tham vi khuan
(bacterial lawn) ciia 16p agar dinh (trong trudng hop niy nguoi ta chuan bj
dia agar c6 hai 16p: 16p agar dinh c6 ndng d6 agar thap dé bacteriophage d&
sinh tan té bao vi khuan, va 16p agar day co ndng do agar cao hon).

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

1. G&n khang nguyén Ién MEM
bé mat

2. Ngan céc vi tri tréng bang O
protein khéng dac hiéu

3. U khang thé tht nhét dic

hiéu v&i khang nguyén

4. U khang thé thir hai c6 gan
enzyme dé lién két véi khang

thé thir nhat

5.B6 sung co chat  §

6. Phan trng tao mau da chira L

sy hién dién cla khang nguyén
dac hiéu

Phan (ng lién két khang nguyén-khang thé

4 5 6
-974-
-66.2-
— O
—-45.0 -
-31.0-
=215~
-14.4 -
ELISA SDS gel Western blot

Hinh 9.11. K§ thuit Western blot va ELISA dwa trén phan tng lién két khang
nguyén-khang thé

Ngoai ra, cac vector con chira cac gen chi thi bd sung dé phan biét cac
té bao bién nap chtra doan chén cia DNA ngoai lai v6i céc té bao chira cac
vector tu tai tao lai vong. Vi du: gen lacZ ma hda enzyme B-galactosidase.

Mot dong (clone) chta cac chudi DNA quan tdm dic biét co thé dugc
x4c dinh boi lai khuan lac hodc vét tan. Mot luong nho khuan lac bién nap
hodc vét tan dugc chuyén 1én mang nitrocellulose hoic nylon bang cach phi
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(overlay) mang nay Ién trén dia agar. DNA dugc bién tinh va ¢ dinh trén
mang bang dun ndng (baking) hodc chiéu tia cuc tim (UV-crosslinking), va
sau d6 duoc lai trong dém chira probe di danh ddu ddng vi phong xa co
trinh tu bd sung mot phén cta chudi duoc xac dinh. Vi du: C6 thé mot
oligonucleotide téng hop nhan tao, c6 ngudn gbc tir genomic DNA ting
phén, cDNA hodc trinh tu protein hoac san phém PCR. Trong mdt vai
truong hop, probe co thé dugc thiét ké dua trén trinh tu bt ngudn tir gen
tuong dong cua cac loai khac va thuong duoc lai véi cudng luc thip. Cac
probe thira duogc rira khoi mang dé u véi phim X-quang. Theo hudng cua
phim (sau khi rira) so sanh véi dia agar gdc, sau d6 s& c6 kha ning gin két
cac khuan lac thuc té voi cac khuan lac lai dwong tinh twong tmg trén phim
X-quang.

2. Sang loc thw vién gen bang PCR

PCR (polymerase chain reaction) ciing c6 thé duoc tmg dung dé sang
loc cac thu vién genomic DNA hodc cDNA dugc xdy dung trong céc
plasmid vector hodc bacteriophage vector. Uu diém chinh cua sang loc bang
PCR so v6i sang loc dua trén lai truyén thong 13 it ton thoi gian hon. Sang
loc bang PCR c6 thé dugc dam bao trong 3-4 gio trong khi d6 n6 c6 thé mat
mot vai ngdy trudc khi phat hién bang k¥ thuat lai phan tir (molecular
hybridization). K§ thuat sang loc bang PCR thé hién chi thi vé kich thudc
cua cac doan chen DNA dugc tao dong hon 1a trinh ty ciia doan chén, tuy
nhién cac primer PCR dic trung cho doan chén DNA ngoai lai ciing ¢ thé
duoc st dung. Piéu nay cho phép khao sat chinh xac hon dic diém cia cac
dong tur thu vién cDNA va genomic DNA.

= Nguyén tic ciia PCR

PCR 12 mét k¥ thuat duoc sir dung phd bién trong cong nghé sinh hoc
hién dai va da dong gop rat 1on cho nhiing tién bd vé sinh hoc phén tir, danh
dau mot budc tién vo cung quan trong twong dwong véi vide kham phé ra
cac enzyme han ché va k¥ thuat Southern blot.

K¥ thuat PCR dua trén co s¢ phan ing md rong primer nho enzyme
Taq polymerase dé khuéch dai in vitro cac nucleic acid dic trung. PCR cho
phép khuéch dai theo ham mii 1én dén hang tridu lan cac doan DNA c6
chiéu dai khoang tir 200-3.000 bp. Poan DNA dugc khuéch dai (DNA dich)
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dugc nhan dién nho cdp primer dic trung (oligonucleotide) thuong cé chiéu
dai khoang 20 nucleotide.

Taq polymerase la mot loai enzyme DNA polymerase chiu nhiét (c6 &
vi khuan chiu nhiét d6 cao Thermus aquaticus) duoc ding dé tong hop cac
doan DNA mdéi trong mdi truong c¢6 4 loai deoxyribonucleotide (dATP,
dCTP, dGTP va dTTP) va hai primer, trén co s& khudén mau ctia mot doan
DNA nhat dinh da biét hodc chua biét trinh tu. Cdc doan DNA méi hinh
thanh lai duoc str dung lam khuén mau. Sau nhiéu chu ky, $6 lugng doan
DNA noi trén dugc nhan 1én gap nhiéu lan, nho vay c6 thé du sd luong dé
tach ra, phan tich trinh tu hoac tao dong... Primer ¢ bén trai tac dong trén soi
DNA 3°-5 duoc goi la primer thuan (forward primer-ky hiéu la F). Primer &
bén phai tdic dong trén soi DNA 5°-3° dugc goi la primer ngugc (reverse
primer-ky hiéu 1a R).

Nguyén tic cua PCR duoc trinh bay trong hinh 9.12. Theo d6, tir chu
ky thtr hai Taq polymerase bét dau tao ra cac doan DNA c6 chiéu dai xac
dinh. Céac primer thuong la mét oligonucleotide téng hop (Synthetic
oligonucleotide) ¢ khoang 10-20 nucleotide hodc dai hon. Néu biét trinh tir
ctia doan gen can khuéch dai thi co thé tong hop nhan tao cac primer tuong
g dé thyc hién PCR va tach ching ra bang ky thuat dién di. PCR thuong
tién hanh khoang 25-35 chu ky, qua d6 tur 10° g DNA ban dau co thé
khuéch dai (amplification) 1én t6i trén 1 pg (khoang 2 kb). Mdi chu ky PCR
bao gém ba giai doan c6 nhi¢t d khac nhau:

- Gdy bién tinh (denaturation) ¢ 90-95°C. Trong giai doan bién tinh
phan tir DNA khuon miu ¢ dang xoan kép duoc tach thanh hai soi don
(single strands).

- Gan primer (annealing) ¢ 40-65°C. Trong giai doan nay cac primer
gin vao céc vi tri ¢6 trinh ty twong dong & DNA khudén mau. Céc lién két
ion tao thanh mot doan nho (cac primer da lap rap chinh xac) va trén cac
doan nho DNA soi d0i d6 (khuoén mau va primer) enzyme Taq polymerase
c6 thé bat dau qua trinh sao chép khuon mau.

- Kéo dai phdn tir (extension) ¢ 70-72°C. Pay la khoang nhiét do tdi
thich cho Taq polymerase tién hanh tong hop DNA bét dau tir cac vi tri co
primer theo chiéu 5°—3’.
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Nucleotides:
dATP 4
DNA polymerase ~ dctp 4
sk dTTP 4

Primers
7 N\ )

Nhiét gay bién tinh
dé tach hai sgi DNA

Lam lanh d& cac primer .
Primer tao lién két hydrogen Chu ky 1
i taora 2
phan tor

DNA polymerase b6
sung cac nucleotide
A oA o X
vao dau 3’ cia moi
primer ]

é

S

—

Chu ky 2

> taora 4

phan tr

/\ N\ .

J

Chu ky 3
taora 8
s phan t&r

J
Tilii

Hinh 9.12. So' @b phan @rng chudi DNA polymerase (PCR)

3. Sang loc cdc thir vién cDNA bang cdc probe khdc nhau

Sang loc thu vién ¢cDNA bang céch lai nucleic acid 1a phuong phap
duoc sir dung phd bién va dang tin cdy nhit dé tim kiém cac dong quan tam.
Sang loc bang phuong phép lai nucleic acid cho phép phan tich dong thoi
nhiéu dong va nhanh, khong doi hoi cac dong cDNA phai hoan chinh va san
pham duoc téng hop trong té bao vét chii phai co hoat tinh sinh hoc hoic
khang nguyén. Hon nita, co so ly thuyét cta k¥ thuat lai nucleic acid da
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duoc hiéu biét day di. Diéu nay cho phép phat trién mot sé lugng 16n cac k§
thuat khac nhau c6 thé diéu chinh cac probe cua nucleic acid ¢ cac chiéu
dai va dac diém khac nhau.

- Cac probe twong ddng. Cac probe twong dong chua it nhdt mot
phan ctia chudi nucleic acid chinh xac ciia dong cDNA quan tdm. Chiing
dugc dung trong nhiéu truong hop khac nhau, vi du: khi mét dong b phan
cua cDNA hién ¢6 duoc su dung dé phan lap mot dong hoan chinh tur thu
vién cDNA. Thong thuong, doan bat nguén tr mot dau hodc dau kia cua
dong hién c6 dugc phan lap, danh ddu phong xa in vitro va ding dé tham do
thu vién. Lai voi cac probe twong dong thudng duogc tién hanh duéi cac diéu
kién nghiém ngat.

- Cac probe twong ddong ting phin. Cac probe twong dong timg
phan dugc dung dé phat hién cac dong cDNA cé quan hé ho hang, nhung
khong giéng hét nhau hoan toan, véi cac trinh tu clia probe.

- Cac probe oligonucleotide nhan tao. Cac probe oligonucleotide
nhén tao 14 cac vung dNTP cua trinh tu xac dinh duoc tong hop in vitro.
Trinh tu cta cac probe nay duoc suy luan, bang cach ding ma di truyén, tir
cac vung ngan cua chudi amino acid da biét cta protein quan tdm. Do su
thoai bién ctia ma di truyén3, chudi amino acid d& xuit c6 thé khong duoc
dac trung chinh xéc boi cac oligonucleotide don dugc du doan cho trinh tu.
Mic du, trong rat nhidu truong hop, trinh tu cdc amino acid giéng nhau c6
thé duoc dac trung boi nhiéu oligonucleotide khac nhau.

4. Phan tich genomic DNA bédng phirong phdp lai Southern

Viéc phét hién va xac dinh cac chudi nucleic acid dic trung 1a cong
viée thudng xuyén trong nghién ciru sinh hoc phan tir. Nguyén tic cua k§
thuat nay la dua vao su lai phan t, dudi cac diéu kién thich hop hai chudi
nucleic acid don tao thanh mot phan tir lai. Phan tng lai phu thudc rat nhiéu
vao muc do tuong d(‘”)ng cua hai chudi nucleotide. Viéc tao thanh phan tir soi
d6i nhu thé xay ra chu yéu thong qua lién két hydrogen gitta cac base
guanosine vdi cytosine, va adenosine voi thymidine. Thanh phan va sy phan

* Sy thodi bién (suy bién) ciia mi di truyén (degeneracy): Binh thuong c6 thé c6 64
to hop bo ba ma hoa khac nhau ctia 4 nucleotide trong khi d6 chi c6 20 amino acid
pho bién va mdt amino acid lai ¢6 thé cé nhi€u b ba ma hoa.
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b cua cac base khong gidng 13 rét véi cac phan tir nucleic acid cho két qua
cac tinh chat lai khac nhau, vi thé lién két hydrogen (hodc lai phan tir gitta
cac base twong dong) khi duoc ghép cap thich hop di cung cip mot cong cu
6 gia tri & xac dinh cac chudi lién quan hodc dong nhét véi chudi nucleic
acid quan tam (probe).

Trong s6 cac ky thuat khac nhau s dung lai phan tir dé phan tich
nucleic acid, thi k§ thuat duoc sir dung phd bién nhit 12 lai mau do nucleic
acid dugce danh diu véi nucleic acid dich duge ¢b dinh trén mot vat dd ran,
dac trung la mang nitrocellulose hoac nylon.

Trinh tu cta k¥ thuat lai Southern blot bao gém cac budc sau: phan
tach cac doan cét han ché cia DNA hé gen bang dién di agarose gel, chuyén
DNA tir agarose gel 1én mang lai, lai cac mau do dwoc danh ddu dong vi
phoéng xa véi cac nucleic acid dugc ¢b dinh trén mang lai (Hinh 9.13).

DNA + enzyme Cacdoan o
han ché& cat han ché Mang ny lon Gidy tham
(hodc nitrocellulose)

Vat xop
thédm nudc 3

Dung dich kiém
@ Chuan bi cac doan cit han ché @ bién di ® Tham tich

Gidy thdm dudc
tach ra

R(ra tr6i cac probe 1
khdng dugc gén

DNA dugc danh
dau phdng xa dé
lam probe

O Lai v6i probe danh dau phéng xa @ Phong xa ty ghi

Hinh 9.13. So dd ciia ky thuét lai Southern blot. Cac mau DNA dich va genomic
DNA (A) va (B) trong vi du nay dugc cit bang ECoRI va dugc phan doan bing
dién di trén agarose gel. DNA cua plasmid mang doan chén DNA dung lam mau do
(C) ciing dugc cit bang ECoRI va dién di nhu 13 mot ddi ching duong tinh.
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Céc thi nghiém lai trén mang thuong duoc tién hanh bang cach danh
déu probe bang 32p (mic du cac dong vi phong xa khac nhu g cling c6 thé
dugc str dung). Phan ung lai ctia Southern doi hdi hoat tinh dac hi€u ctua
probe ti thiéu phai 1a 10° dpm/ug, mic du hoat tinh 10° dpm/ug cé thé
duoc xem nhu 13 chip nhan dugc trong cac img dung can cudng luc thap.
Céac phuong phap khong dung ddng vi phong xa (vi du: digoxigenin-dUTP)
ngdy cang duoc st dung phd bién hon mic di d6 nhay cia chung 1a khong
16n. Nhung céc ky thuat khong dung ddng vi phong xa an toan hon cho
nghién ctru vién, tao ra cac probe co thé dugc bao quan trong thoi gian dai
trude khi ding va két qua phat hién céc tin hiéu lai nhanh hon.

VI. Cac vng dung ciia cong nghé DNA tii t6 hop

Cong ngh¢ DNA ti to hop hién nay c6 rat nhiéu ing dung trong doi
song. Cac ung dung ndy bao gom san xuat dugc pham va cic loai hoa cht
khac, cac vi khuan dic biét, cac ciy trong nong nghiép quan trong, va cac
vat nudi d dugc bién ddi di truyén... K¥ thuat nay ciing duoc sir dung rong
rdi trong cac xét nghiém y khoa va (trong mot vai truong hop) dang dugc
ding dé kiém tra cac khiém khuyét di truyén & ngudi. Hang trim cong ty
hién nay dang dic biét phat trién cac san pham thong qua bién ddi di truyén
cac co thé song. Dudi day 1a cac Gmg dung chinh ctia cong nghé DNA téi to
hop.

1. Ung dung trong dwoc phiam

San pham thuong mai dau tién dugc phat trién bang cong nghé DNA tai
t6 hop 1a cac duoc pham dung trong diéu tri cac bénh va céc réi loan & nguoi.
Nam 1979, T6 hop Eli Lilly bat diu san xuat thuong mai insulin nguoi bang
cong nghé¢ DNA tai t6 hop. Trudc thoi diém nay, tat ca insulin ding trong
diéu tri bénh tiéu dudng duoc tach chiét tir tuy cta cac vat nudi cho thit. Mic
dii ngudn insulin nay ¢ tac dung tét cho nhidu ngudi mic bénh tiéu duong,
nhung né van khong phai 14 insulin nguoi, va mot s nguoi di trai qua cac
phan Uing phu vdi protein ngoai lai. Gen insulin nguoi sau d6 da dugc cheén
vao plasmid va chuyén vao vi khuan dé san xuét insulin ngudi. Cac duoc
pham duoc san xuét thong qua cong nghé DNA tai to hop bao gdm: hormone
sinh trudong ngudi (cho tré em mac bénh coi), nhan té tao to huyét (chira bénh
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kh6 dong mau), hoat t6 plasminogen mé (dung dé hoa tan cac huyét khbi
trong bénh nhan bi nhdi méau co tim), interferon, interleukin, DNA vaccine...

2. Céc vi khudn ddc biét

Céc vi khuan c6 vai trd quan trong trong cc qué trinh cong nghiép,
bao gém san xudt ethanol tir cac nguyén li¢u thyc vat, loc khoang tir quang,
xtr 1y nude thai va cac loai chat thai khac. Cac vi khuan dang st dung trong
c4c qua trinh nay dugc bién dbi di truyén bang céng nghé DNA tai to hop
sao cho chung c6 thé hoat dong hiéu qua hon. Cac ching vi khuén méi hiru
ich thu duoc tir k thuat hién dai nay dang duoc phat trién dé phan huy cac
hoa chét doc va cac chit gdy 6 nhiém, ting cuong thu hdi dau, tang nitrogen
cho ciy trong, va tc ché sinh trudong cua cac vi khudn va vi nAm giy bénh.

3. Cdc san pham néng nghiép

Cong nghé DNA téi t6 hop ciing da co mot anh huong quan trong dén
san xudt nong nghiép, noi ma hién nay né duoc dung dé tao ra cac cay trong
va vat nudi mang cac dic diém co gia tri. Trong nhidu nim, cac nha bénh
hoc thuc vat da thira nhan ré“mg thuc vat bi nhiém bénh virus thé nhe sau d6
s& khang lai su nhiém tring cac ching mang doc tinh manh. Vi vay, cac nha
di truyén hoc da tao ra tinh khang virus trong cdy trong bang cach chuyén
céc gen vo protein clia virus vao té bao thuc vat. Cay bi (squash) bién dbi di
truyén c6 tén 1a Freedom II, mang cac gen cia virus 2 gdy bénh kham & dua
hau (watermelon mosaic virus 2) va virus gay bénh kham mau vang & cay
zucchini (zucchini yellow mosaic virus) dé chdng su nhiém tring virus.

Mot hudng khac duge bién ddi di truyén d6 14 tinh khang sau (pest) &
thyc vat da lam giam sy phu thudc vao cac thude trir sdu hoa hoc. Poc td
protein tir vi khuan Bacillus thuringiensis da giét mot cach chon loc cac au
tring cta cac sau bo con tring nhat dinh nhung lai khong gay doc cho su
song cua cac dong vat hoang da, ngudi va cac loai con trung khac. Gen doc
td duoc phan 1ap tur vi khuén, lién két véi promoter hoat dong sau d6 dugc
chuyén vao trong ngd, ca chua, khoai tdy va bong. Gen nay da san xuat doc
t6 dbi voi con tring trong cay, va sdu budm khi an cdy da bi chét.

Cong nghé DNA tai t6 hop ciing dd cho phép phat trién tinh khéng
chat diét co ¢ thuc vat. Mot van dé quan trong trong nong nghiép 1a diéu
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khién cac co dai canh tranh nuéc, dnh sang va chat dinh dudng voi cay
trong. Mic du chat diét co c6 tac dung giét co dai, nhung ching ciing c6 thé
gay nguy hiém cho cdy trong. Cac gen cung cip tinh khang cho nhiéu loai
chit co dai da duoc chuyén vao ca chua, dau tuong, bong, cay cai dau va
cac cay trong thuong mai quan trong khac. Khi ddng ruéng cé canh tac cac
cay trong nay duoc phun thubc diét co, thi co dai bi giét nhung cac cay
trdng bién ddi di truyén lai khong bi anh huong. Nam 1999, d4 c6 hon 21
triéu ha cdy dau tuong bién doi di truyén va 11 triéu ha cdy ngd chuyén gen
duoc trong trén thé gisi.

Cong nghé DNA tai to hop ciing dugc tng dung cho cac vat nudi. Vi
du: gen san xuit hormone sinh truéng duge phan lap tir gia suc va duoc tao
dong trong E. coli, cac vi khuan nay san xuat mot luong 16n hormone sinh
truong ciia bo, yéu t lién quan dén ting san xuét sita. Cac dong vat chuyén
gen dugc phat trién dé mang gen ma hoa cho cac san pham dugc liéu. Vi du:
mot gen ngudi ma héa cho nhan t6 VIII (hinh thanh to huyét) dugc lién két
v6i ving diéu hoa ciia gen san xuit B-lactoglobulin & ctru, mot protein tao
sita. Gen dung hop dugc tiém vao phoi ciru, tao ra mot con ciru chuyén gen
c6 kha ning san xuét trong sita ctia n6 nhan t6 dong mau cta nguoi. Mot
phuong thirc twong tu dugc ding dé chuyén gen as-antitrysin, mot protein
ding dé diéu tri bénh nhan khi thiing di truyén (hereditary emphysema), vao
trong ctru. Ctru c4i mang gen ndy san xuét rat nhiéu a j-antitrysin khoang
15g trong 1 lit stta ciia chiing.

4. Thudc oligonucleotide

Mot tmg dung cong nghé DNA tai to hop trong thoi gian gan day do 1a
phat trién cac thudc oligonucleotide c6 trinh ty phan tir DNA hoic RNA
nhan tao ngin c6 thé duoc ding dé didu tri bénh. Cac antisense
oligonucleotide bo sung cho cic RNA khong mong mudn, nhu 1a RNA ctia
virus. Khi dugc bd sung vao té bao, thi cac antisense DNA nay lién két voi
mRNA ciia virus va trc ché sy dich ma ctia chung.

Céac DNA oligonucleotide sgi don lién két chit ch& voi cac trinh tu
DNA khac, tao thanh mdt phan tur triplex DNA. Sy tao thanh triplex DNA
can tro lién két cia RNA polymerase va cac protein khac can cho sy phién
ma. Céc oligonucleotide khac 1a cac ribozyme, cac phan tr RNA ma chirc
nang nhu 13 cic enzyme. Nhimng phirc hop nay lién két voi cac phan tur
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mRNA dic hiéu va cét chung thanh ting doan, ph4 hiy kha ning ma hoa
protein cua chiing. Mot s thude oligonucleotide di sén sang dé thir nghiém
trong diéu tri bénh AIDS va ung thu.

5. Liéu phap gen

bdi voi loai bénh di truyén, bénh do dot bién gen nguoi ta phai can
dén sy can thi¢p cua li€u phap gen, mét hudng chira bénh gan lién voi cac
k¥ thuat tién tién trong linh vuc cong ngh¢ sinh hoc hi¢n dai nhu céac vi thao
tac gen, stra doi thay thé gen...

Liéu phap gen (gene therapy) thuc chit 13 phuong phap chita bénh
bang gen. C6 nhic¢u khai ni€ém khéac nhau vé liéu phdp gen, nhung céch hiéu
chung nhét 13 tp hop cac bién phap dé sir dung cac gen can thiét (con goi 1a
gen tri liéu) nham muc dich chira bénh cho con nguoi.

Trong do, gen tri li¢u co thé 1a:

- Céc gen hoat dong binh thudng (gen lanh) co thé dua vao té bao dé
thay thé gen hong, gen mét chirc nang, khoi phuc hoat dong binh thuong cia
té bao va sy song cua co the.

- La nhiing gen ¢6 kha ndng ma héa mdt protein déac hi€u, khi dua vao
té bao song cod thé tao nén cac loai protein dic hiéu. Cac loai protein dic
hi€u c6 thé urc ché hoat dong cua mot gen khac trong t€ bao, kim ham kha
nang phan chia cua té bao hodc gay chét cac té bao bi bénh.

- Nhitng gen khi dua vao té bao hoat dong dong thoi voi cac gen bénh
(gen bi dot bién trong t€ bao) lam han ché tdc dong ctia gen bénh hodc hd
trg, bu dip cho cac gen bi hong.

- Gen tri li€u con 1a céc gen bat hoat dugc dua vao té bao thay thé cho
mdt gen lanh nao d6, nham han ché san pham khong céan thiét cia gen lanh
hodc tao ra cho té bao mot trang thai maoi, c6 tac dung chéng lai bénh tat.

- Gen tri lidu co thé 1a nhiing doan oligonucleotide c6 tac dung kim
ham hoat dong ctia gen bi hong, bi djt bién trong té bao.

6. Chan dodn bénh dé can thiép som

Bing k¥ thuat choc 6i, két hop dong thoi phan tich mau b me bang
enzyme han ché, nguoi ta c6 thé chan doan som trude khi sinh (vi enzyme
han ché c6 kha ning phan biét duoc gen dot bién véi gen binh thuong). Céac
doan DNA cit ra, dugc phan tach qua phuwong phéap dién di, dem lai voi cac
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méiu do DNA hoic RNA di danh ddu bing ddng vi phong xa P hoic
huynh quang. Anh phong xa ty ghi hodc tin hiéu huynh quang cho ta thay
cac doan DNA duoc lai vdi cac mau do. Cac doan nay dugc tach ra dé
nghién ctru va xac dinh dot bién hay binh thuong bang enzyme han ché, vi
mot s& dot bién di truyén c6 anh hudng dén cac vi tri danh cho enzyme han
ché.

Ung dung cac ky thuat sinh hoc phén tir trong linh vyc nay c6 nhiéu
thuan loi hon cac phuong phap kinh dién. Thtr nhit, c6 thé rat ngin duoc
thoi gian nho tng dung k¥ thuat PCR, chiang han chin doan bénh HIV-1,
dung phuong phap PCR chi mit mot ngdy so véi 3-4 tudn nudi ciy cia
phuong phép truyén thdng. Thir hai, di véi cac tic nhan giy bénh khé nudi
ciy hay khong thé nudi cdy thi ky thuat sinh hoc phan tir 1a giai phap duy
nhit, chang han Chlamydia, Brucella, viém gan B,... Thir ba, viéc tao dong
mot gen dung lam probe don gian hon viéc san Xuét khéang thé dic hiéu, hon
nita v6i mot probe nguoi ta co thé phat hién tit ca cac kiéu huyét thanh
(serotype) clia tic nhan gy bénh, diéu ma chi mot khang thé khong thé lam
duge. Cudi cing, néu trude kia phai cin dén nhiéu k¥ thuét (quan sat dudi
kinh hién vi, nudi céy trén mat loat moéi truong, mién dich hoc...) thi hudng
chan doan bang sinh hoc phan tir chi cAn mot ky thuat (lai phan tir hoic
PCR).

Doi v6i tac nhan 1a virus, cac k¥ thuat lai phan tir va PCR da cho phép
chan doan nhiéu nhém nhu papillomavirus, HBV, HIV. Dic biét phuong
phap lai tai chd con cho phép xac dinh tryuc tiép virus trén lat cat sinh thiét.

DOi vé6i céc tac nhan vi khuan, d c6 nhiéu bg kit chan doan sinh hoc
phan t& dugc thuong mai hoéa nhu: Mycobacterium tuberculosis,
Mycobacterium pneumoniae, Salmonella, Streptococcus pneumoniae,
Haemophilus influenzae...

Déi véi cac tac nhan ky sinh tring, ngudi ta ciing da thanh cong trong
chan doan Plasmodium, Schistosoma, Trypanosoma, Toxoplasma,
Leishmania... bang lai phan tr. Phuong phap PCR con cho phép phét hién
tac nhan ngay trong vét trung gian truyén bénh.

7. DNA fingerprinting

Str dung céac trinh ty DNA dé nhan dang mot nguoi, dugc goi la DNA
fingerprinting, 13 mot céng cu rat manh dé khao sat t6i pham va cac tng
dung phap ly khéc.
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Trong mdt ing dung dic trung, DNA fingerprinting c6 thé duoc ding
dé xac nhan mot sy nghi ngo hién dién ¢ hién truong gy an. Mot mau DNA
clia mau, toc, tinh dich hodc md cua co thé duge thu thap tur hién truong.
Néu mau 1a rat nho, phuong phap PCR c6 thé duoc dung dé khuéch dai cho
da DNA, san sang cho viéc kiém tra. Cac miu DNA b sung duoc thu thap
tr mot hodc nhiéu nghi can khac.

M&i mot miu dugc cit voi mot hodc nhiéu RE, va két qua cac doan
DNA dugc phan tach béng dién di. C&c doan trén gel dugc bién tinh va
chuyén 1én mang nitrocellulose bang thim tich Southern (blot). Mot hodc
nhiu probe (dwoc danh ddu phéng xa) sau d6 dugc lai voi mang
nitrocellulose va dugc phat hién bang phong xa ty ghi. Kiéu cta bang dwoc
tao ra boi DNA tir mau duoc thu thap ¢ hién truong sau d6 duoc so sanh vai
céc kiéu dugc tao ra boi DNA tir nhitng nghi can.

Céc probe dugc dung trong DNA fingerprinting phat hién cac vung
thay doi cao cia genome, vi thé co hoi DNA tir hai ngudi san xuat chinh xac
cling mot kiéu bang 1a rat thap. Khi mot s6 probe duoc ding trong phén tich,
thi x4c suat ma hai ngudi c6 ciing mot tip hop cac kiéu 1a gan nhu khong c6
(trir khi ho 1a c@p sinh d6i giéng hét nhau).

MAu khép nhau tir hién truong va nghi can co thé cung cip bang
ching rang nghi can c6 mit tai hién truong vu an.

Probe dugc dung pho bién nhat trong DNA fingerprinting bo sung cho
cac trinh tu 1ap lai ngén duoc tim théy rat nhiéu trong genome nguoi. Con
nguoi khac nhau rat nhiéu vé sb lugng ban sao cua cac trinh ty 1ap lai nay;
vi vay, cac da hinh ndy duoc goi 13 s6 lwong bién thién cua cac doan lap lai
tuan tur (VNTRs).

DNA fingerprinting ciing dugc sir dung dé cung cép thong tin vé mdi
quan hé huyét thong va cic ngudn co thé song khac. Vi du: DNA
fingerprinting duoc dung dé xac dinh mot sé mau vi khuan giy bénh than
(anthrax) giri bang buu dién dén nhiing ngudi khac trong ndm 2001 tat ca la
tir mot nguon mau.

8. Lip ban do gen

Mot dong goép c6 ¥ nghia cua cong nghé DNA tai t6 hop d6 la cung
cip mot lugng 10n cac marker (chi thi) di truyén dugc dung trong lap ban do
gen. Mot nhom trong sd cac marker duoge dung trong 1ap ban d6 gen d6 1a
restriction fragment length polymorphism (RFLP). RFLP 14 nhiing bién d6i
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da hinh trong céc kiéu cua cac doan DNA dugc tao ra khi phan tr DNA
dugce cét cung mot enzyme han ché. Néu DNA tir hai nguoi dugc cat boi
cung mot enzyme va kiéu cta cac doan DNA khac nhau dugc tao ra, thi hai
ngudi nay phai co sy khac nhau vé cac trinh ty DNA cua ho. Nhimng sy khac
nhau ndy duogc di truyén va co thé dugce dung trong 14p ban do, tuong ti voi
phuong thirc ma trong d6 su khac nhau vé allele dugc dung dé 1ap ban do
cac gen thong thuong.

Theo truyén théng, ban dd gen dugc dua vao viéc st dung cac sai
khac di truyén tao ra nhimng sai khac kiéu hinh c6 thé quan sat d& dang.
Péng tiéc 1a do hau hét cac tinh trang bi anh hudng boéi da gen va moi
truong, nén sd lugng cac tinh trang c6 co s¢ di truyén don gian thich hop
cho viéc str dung ban dd bi gidi han. RFLP cung cap mét sd lugng 16n céc
marker di truyén c6 thé dugc dung dé 1ap ban d6 gen cua sinh vat.
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Phu luc
Mot so thuat ngir co’ ban

Adenine (A). Mot trong bbn nitrogen base c6 trong thanh phan cta
DNA va RNA, bét cip v6i thymine (T) trén DNA va véi uracil (U) trén
RNA. Adenine ciing c6 trong thanh phan ctia mot sé coenzyme.

Adenosine diphosphate (ADP). Mot ribonucleoside 5’-diphosphate
dugc ciu tao tir adenine, dudng ribose (5C) va hai gbc phosphate. ADP c6
tac dung nhan phosphate trong chu trinh ning luong cua té bao.

Adenosine triphosphate (ATP). Mot ribonucleoside 5°-triphosphate
duge cdu tao tir adenine, dudng ribose (5C) va ba gbc phosphate. ATP 1a
phan tir chira ning lugng héa hoc chinh cia té bao, chi yéu duge tap hop
trong ty thé (mitochondria) va lap thé (chloroplast). Cac gbc phosphate cua
ATP c6 mang cac lién két khi bi thiy phan s& phong thich mot nang luong
tu do 16n. Nang luong cta qua trinh ho hp hodc quang hop duoc sir dung
dé tao thanh ATP tir ADP. Sau d6, ATP duogc bién doi nguoc tro lai thanh
ADP ¢ nhiéu vung khac nhau cua t& bao, ning luong phéng thich ra duoc
dung dé diéu khién cac phan tng héa sinh ndi bao. Poi khi ciing xay ra su
thiy phan tiép ADP thanh nhitng AMP (adenosine monophosphate) dé
phong thich nang lwong nhiéu hon.

Allele. Mot trong nhiéu dang khac nhau ctia mot gen chiém mot locus
xac dinh trén nhiém sic thé. Cac allele khac nhau ciia mot gen ¢o trinh tu
cac nucleotide khac nhau, ciing lién quan dén mét tinh trang cta té bao hoac
co thé. Vi du: trong thi nghiém lai dau Ha Lan ctia Mendel, mau vang va
mau xanh cua hat dau la hai allele cua gen quy dinh mau sdc hat dau. Ca thé
duoc goi 1a dong hop tir vé mot gen khi hai allele d6 giéng nhau, va goi 1a di
hop tir khi hai allele d6 khac nhau. O trang thai di hop tir allele nay (allele
tré1) thuong 14n 4t hiéu qua cua allele kia (allele 13n). Allele quy dinh trang
thai binh thuong 1a troi, trong khi cac allele dot bién thuong 1a 1an.

Amber codon. La mot trong ba codon (mi bd ba UAG) két thic mot
trinh tu cia mRNA trong sinh téng hop protein.

Amino acid. La mot phan tir nhd mang mot gbc amine (-NHs) va mot
gdc carboxyl (-COOH) lién két véi cing mot nguyén tir carbon. Amino acid
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1a don vi cdu triic co s¢ cua chudi polypeptide. C6 20 amino acid khac nhau
trén cac chudi polypeptide co trong tu nhién. Trinh tu sip xép cua cac
amino acid trén chudi polypeptide quyét dinh ciu tric va chic ning cua
polypeptide va protein ma né tao thanh.

Aminoacyl-tRNA (aminoacyl-tRNA). Mgt ester gitta aminoacyl voi
tRNA tuong ung ctia amino acid do.

AMP vong (cyclic AMP, cAMP). La mét phan tt AMP ma trong do
gbc phosphate dugc lién két véi vi tri 3° va ca 5° ctia dudng ribose. cAMP 1a
thong tin thtr hai ¢ trong té bao. Sy tao thanh cAMP (xc tac boi enzyme
adenylate cyclase) dugc kich thich bdi mot s6 hormone.

Ampicillin (Amp). Chat khang sinh ban tong hop duoc dung trong
moi truong chon loc dé chon céc té bao mang dot bién khuyét dudng hoic
chon dong té bao (tai to hop) mang doan DNA duoc tao dong.

Antisense. Trinh ty khong ma héa cua mot phan tr DNA sg¢i doi.
Chudi cdy (chudi ngugc chiéu) bd sung véi mRNA va lam khuén mau cho
su tong hop mRNA.

Antisense molecule. La mot phan tir gan dic hiéu 1én DNA hoic
mRNA lam ding qua trinh phién ma hodc dich ma. Thuong phén tir nay c6
ngudn gde tir DNA va RNA.

At ché (epistasis). Tac dung twong hd giira cac gen khi mot gen can
trd su biéu hién kiéu hinh cia mot gen khong alelle véi né.

ATP-ase. Enzyme thuy phan ATP thanh ADP va phosphate, thuong
phéi hop véi su bién ddi ning luong.

ATP-synthetase. Enzyme téng hop ATP tir ADP va phosphate trong
qué trinh phosphoryl oxy hoa (oxidative phosphorylation) & mang trong ctia
ty the.

Baculovirus. Loai virus dic biét gy nhidm cac té bao con trung va
tao ra cac thé vai 16n trong cac té bao bi nhiém.

Ban dd cit han ché (restriction map). Trinh tuy céc vi tri nhan biét
(recognition sites) ciia tit ca cic enzyme han ché (restriction enzyme hay
restriction endonuclease, RE) trén mdt phan tir DNA.

Ban db di truyén (genetic map). So db vé trinh tu sip xép cua céc
cAu tir di truyén va khoang cach twong déi giita chung trén nhiém séic thé (&
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eukaryote) hoac trén sgi DNA (¢ prokaryote). Néu cac cau tir d6 1a cac gen
trén nhiém sic thé va khoang cach gitta ching duoc xac dinh bang tan sb
trao d6i chéo thi d6 1a ban d6 nhidm sic thé hay ban db lién két gen. Néu
céc cAu tir 1a cac diém bi dot bién bén trong gen va khoang cach giita ching
cling duoc xac dinh bang tin sb trao ddi chéo gitra cac diém néi trén thi d6
12 ban d gen. Néu céc ciu tir di truyén 1a cac diém c6 thé bi cit boi enzyme
han ché trén phan tir DNA thi goi la ban d6 cat han ché (restriction map).
Xem ban dd cit han ché.

Bazo dong dang (analog base). Chat hoa hoc c¢6 cdu tric phan tir rat
gidng cac base binh thudng cia DNA. Chung cé thé thay thé cac nitrogen
base binh thuong trong DNA va hoat dong nhu mot tac nhan dot bién.
Trong lan sao chép tiép theo ctia DNA, base dong dang co thé bat cip sai
v61 mot base binh thuong, tao nén dot bién diém. Vi du: base déng déng cua
adenine (A) 1a 2-aminopurine (AP) c¢6 thé gin vao DNA & vi tri cua
adenine; trong lan sao chép tiép d6 c6 thé bat cip voi cytosine (C), trong lan
sao chép tiép theo nita C két cip v6i guanine (G). Nhu vay dé dién ra su
thay thé cap A-T bang cap G-C.

Bazo nito (nitrogen base). Loai phan tr cdu tao nén nucleic acid
(DNA va RNA). Céc nitrogen base c6 trong nucleic acid la adenine,
guanine, cytosine va thymine (trong phan tdt DNA) hodc uracil (trong phan
tir RNA). Trinh tu sép xép cta ching doc theo phan tir nucleic acid da tao
nén thdng tin di truyén cta co thé sinh vat.

Bit cip bo sung (complementary base pairing). Su két hop thanh
ting doi giita cc nitrogen base nam trén hai mach don cta chudi xoan kép
DNA-DNA, DNA-RNA hoic RNA-RNA thong qua ciac mdi lién két
hydrogen. Su bt cip d6 mang tinh dic hiéu: guanine bat cip véi cytosine,
con adenine bat cap voi thymine trén DNA hodc uracil trén RNA.

Bién d6i hau dich ma (post-translational modification). Su thay d6i
cac lién két héa tri xay ra trong chudi polypeptide, sau khi chudi
polypeptide tach khoi ribosome va trudc khi trg thanh protein hoat dong
thue su.

Bién d6i mRNA (MRNA processing). Qua trinh tao thanh mRNA
hoan chinh (mature mMRNA) hoat dong chirc ning tir san pham phién ma so
cip 12 mRNA tién than chwa hoan chinh (pre-mRNA). Trong qua trinh nay
cac doan intron bi loai b va cac doan exon duoc ndi lai véi nhau.
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Bién nap (transformation). La qua trinh truyén DNA ngoai lai vao
mot t& bao nhan, chang han sphaeroplast hodc protoplast, va c6 thé hop nhit
trong nhidm sic thé nhd sy tai to hop twong dong hodc duoc bién doi trong
mot don vi sao chép ty tri (autonomous replicon). Sy bién nap co thé xuit
hién trong cac diéu kién ty nhién ¢ mot sd vi khuan (vi du: Bacillus,
Haemophilus, Neisseria va Streptococcus), nhung & nhiéu vi khuan (vi du:
E. coli) va cac co thé sinh vat eukaryote su bién nap chi c6 thé xuat hién &
nhimng té bao “thdm” duogc DNA bang cac phuong phap nhan tao nhu: hoa
bién nap, dién bién nap...

Bién tinh (denaturation). La hién tuong chuyén tir dang mach kép
sang dang mach don cia DNA va RNA thuong do nhiét gay nén. Bién tinh
clia protein 1a hién tugng chuyén tir cau hinh hoat dong thanh dang khong
hoat dong.

Biéu hién ciia gen (gene expression). La cac qué trinh phién ma
(transcription) va dich mé (translation) ctia mot gen dé tao ra san pham
protein cta no.

Bo khung (backbone). Thuat ngit duge dung dé chi chudi xodn cla
khung duong-phosphate trong phan tt DNA mach kép.

Cam tng (induction). Lién quan dén kha ning tong hop mot sb
enzyme (san pham cua gen) & vi khuan chi khi c6 mit co chét (substrate)
clia cic enzyme ndy trong mdi trudng. Khi sir dung cho khai niém diéu hoa
biéu hién ctia gen, tir ndy c6 nghia 1a su khéi dong qua trinh phién ma do
tuong tac gitta mot chat cam tng (inducer) voi protein diéu hoa. Vi du:
truong hop operon lac & E. coli, lactose dong vai trd chat cam tmg co tac
dung mé operon dé cac gen trong operon hoat dong (phién mi va dich ma).

CAP (catabolite gene activator protein). Protein hoat hoa gen di
hoa. Mot protein diéu hoa dic biét, kiém soat sy khoi dau phién mi cac gen
san xuét cic enzyme can thiét cho mot té bao, dé co thé sir dung nhing
“thtirc an” khac khi khong c6 mat cia glucose.

Cip bazo (base pair, bp). La lién két A-T hodc C-G trén mot phan tir
DNA mach kép, va la don vi do chiéu dai ctia mét phan tir DNA.

Céu tric bac mdt (primary structure). Bao gdm trinh ty cac amino
acid va nhitng cau ndi disulfide trong chudi hodc giita cac chudi
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polypeptide. O trudng hop nucleic acid, d6 14 trinh tu cia cac nucleotide
tréen modt chudi DNA hoic RNA duoc ndi véi nhau nhd lién két
phosphodiester.

Céu tric bic hai (secondary structure). La su ndi lién nhirng amino
acid tir dau no (dau tan cung N) t6i dau kia (dau tan cung C) ctia mot phan
tir protein. Ciing nhu vAy, trén mot trinh ty nucleic acid 1a sy ndi lién nhimg
nucleotide tir dau no (dau 5°) téi dau kia (dau 3”) cua mot chudi DNA.

Céu tric bic ba (tertiary structure). Cau trac ba chiéu dang cudn
xodn ctia phan tir protein hodc chudi polynucleotide.

Céu tric bac bon (quaternary structure). CAu trac ba chiéu ctia mot
protein c¢6 nhiéu tiéu don vi (subunit), theo kiéu ma nhimg tiéu don vi két
hop khép véi nhau.

Cau disulfide (disulfide bridge). Lién két dong hoa trj tao thanh giira
hai chudi polypeptide qua trung gian ciia mot gde cystine.

Chac ba sao chép (replication fork). Céu trtc hinh chit Y hinh thanh
khi phan trt DNA mach kép dan xodn dé 16 ra hai soi don lam khuon mau
cho tong hop DNA (su tai ban).

Chit cam ung (inducer). Mot hop chit hoa hoc hodc mdt tac nhan
ciia mdi trudng cb tac dung xuc tién qua trinh phién ma & operon cua vi
khuan hodc cc phan tir c6 tac dung san xudt ra sb luong 16n cic enzyme
trong trao doi chat.

Chit di nhiém sic (heterochromatin). Bao gém cac vung cua h¢ gen
thuong xuyén & trang thai co dic va khong biéu hién di truyén. Trang thai
nay c6 thé vinh vién hay tam thoi.

Chit nhiém sic (chromatin). Phirc hgp DNA va protein trong nhan &
giai doan nghi clia qua trinh phén bao. Trong giai doan nay khong thé phan
biét timg nhidm thé riéng 1é. Tén goi nay bat ngudn tir phan tmg vdi cac
mau nhudm dac trung cho DNA cua phtrc hop.

Chit nhiém sic that (euchromatin). Chat nhiém sic chira nhitng gen
dugc phién ma.

Chit irc ché (repressor). San pham protein ctia mot gen trc ché nam
trong thanh phan operon, c6 tic dung bam vao vung chi huy cta operon lam
dong operon lai, do d6 qua trinh phién ma khong bat ddu duwoc va tat ca cac
gen cAu tric (gen ma hoa) trong operon déu ngimg hoat dong.
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Chromosome walking. Ky thuat nay dung dé 1ap ban d6 nhiém sic
thé tir tap hop cac doan DNA cit han ché chong 1én nhau (overlapping). Bt
dau tir mot thu vién trong do6 chtra cac doan DNA n6i trén da dugc tao dong.
Mot doan DNA mang mdt gen da biét duoc lua chon va st dung nhu mdt
probe dé nhan dang (vi du: béng cach lai khuan lac) cac doan khac, 1a cac
doan ché)ng 1én nhau chtra cung mot gen. Sau do, trinh tu nucleotide ctia cac
doan nay s€ dugc phan tich va nho vay cé thé x4c dinh duoc toan bo cac
doan cta nhiém séc thé. Tir d6, ban d6 cia mot vung dac biét s€ dugc xay
dung dan dan.

Chu trinh sinh tan (lylic cycle). Mot kiéu chu trinh sdng cua thuc
khuén thé (bacteriophage) khi n6 xdm nhiém vi khuan, diéu khién cac hoat
dong sinh san va sinh truong bang cac gen cua nd va sinh ra céc
bacteriophage thé hé con, chui ra khoi t& bao vi khudn sau khi pha v& té bao
do.

Chu trinh tiém tan (lysogenic cycle). La hién twong hé gen cua
bacteriophage hién dién & trang thai on dinh va khong sinh tan trong té bao
vat chu séng ctia nd. Cac té bao vat chu co thé tiép tuc sinh trudng va phan
chia, va sy sao chép cuia hé gen bacteriophage (prophage) duoc phdi hop véi
nhiém sac thé cua vat cha sao cho khi té bao phan chia thi prophage ciing
duge chuyén vao trong céa hai té bao con. Prophage duoc duy tri bang cach
hoic hop nhit trong nhidm sic thé vat chi (vi du: bacteriophage A,
bacteriophage ®105) hozc nhu 1a mot plasmid bén ngoai nhiém sic thé (vi
du: bacteriophage P1 va bacteriophage F116). Té bao vat chu c¢6 thé hodc
khong thé biéu hién ra mot kiéu hinh bién doi.

Chubdi contig (contiguous sequence). Mot doan trinh tur dai duoc
hinh thanh tir mot sé cac doan phan tir ngén chdng 1én nhau (overlapping).

Chudi kham (concatemer). Phan tr DNA bao goém nhiéu doan ca
biét ndi véi nhau thong qua cac dau dinh.

Chudi ma hoa (coding sequence). Poan phan tr DNA mang mi di
truyén xac dinh dé phién ma thanh mRNA va sau d6 dich ma thanh chudi
polypeptide.

Chuyén gen (transgenic). Qua trinh chuyén mot doan DNA ngoai lai
(foreign DNA) bang cac k¥ thuat khac nhau (Agrobacterium, vi tiém, ban
gen, xung di¢n...) vao mdt co thé vat chu (vi sinh vat, dong vat hodc thuc
vat).
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Cistron. Thuat ngir cii, 1a mot don vi cia DNA tuong Gng voi mot
gen ma héa mot chudi polypeptide hodc mot phan tir RNA.

Cordycepin. La 3’ deoxyadenosine, mdt chit ngin can phan tng
polyadenine hoa (polyadenylation) cia RNA.

Corepressor. La mot phan tor nho kich hoat sy kim ham gen trong khi
giai mé bang cach gin chit v6i mot protein diéu hoa.

Cosmid. Vector lai (hybrid vector) dugc cdu thanh tir cac doan trinh
tur ctia plasmid va céc vi tri cos (dau dinh) ctia bacteriophage .

Cytosine (C). Base pyrimidine c¢6 trong DNA. Trén DNA mach kép
cytosine bt cap véi mot base purine 1a guanine (G).

D-loop. Ving DNA ty thé noi c¢6 mot doan ngin RNA bat cap vao dé
thay thé phan mach don DNA nguyén thiy & day.

Deoxyribonucleotide triphosphate (ANTP). Tién chat di duoc
triphosphoryl héa (“ning lugng cao”) can thiét cho qua trinh tong hop
DNA. N duoc ky hiéu cho mét trong bdn nitrogen base (A, G, T hodc C).

Deoxyribonuclease (DNase). Loai enzyme nuclease thiy phan (phan
huy) DNA so¢1 d6i hodac DNA sgi don.

Deoxyribonucleic acid (DNA). DNA 1a dai phan tir sinh hoc ¢6 cu
tric xoan doi, ton tai chu yéu trong nhan té bao, trén cac nhidm sic thé,
mang théng tin di truyén cta sinh vat. Phan tr DNA gdm hai chudi
polynucleotide, chudi no xoidn quanh chudi kia tao nén chudi xodn kép.
Trong cac nucleotide, theo chiéu doc cac gbc phosphate ndi xen k& véi céc
phan tr duong deoxyribose tao nén bd khung bén ngoai ctia chudi xoan kép,
theo chiéu ngang mdi phan tir dudong déu két hop v6i mét trong bdn
nitrogen base: adenine, guanine, cytosine hodc thymine.

DNA khong truc tiép thé hién chtrc ning sinh hoc ma gian tiép qua
protein do n6 ma hoéa. DNA tao RNA, RNA tao protein. RNA ciing 1a acid
nhén (nucleic acid). N6 c6 thanh phin cAu tao kha giéng DNA, ngoai trir
gbc thymine (T) trong DNA duoc thay thé boi gbe uracil (U), va RNA &
dang soi don chir khong phai ¢ dang xodn kép nhu DNA.

Qua trinh doc ma di truyén chita trong DNA dé tong hop protein goi la
su phién mai (transcription) tao ra RNA mang thong tin di truyén 1a mRNA
(messenger RNA). mRNA két hop véi méot co quan tir trong t& bao la
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ribosome dé tao ra protein trong qua trinh dich ma (translation). Qué trinh
trén duoc goi 1a qua trinh sinh hoc can ban.

Nam 1962, Watson (M¥) va Crick (Anh) da chia s¢ Gidi Nobel voi
Wilkins (Anh) vé phat minh ra ciu trac khong gian cia DNA va y nghia cta
né trong viéc truyén thong tin di truyén. Piéu déng tiéc 1a Franklin, ngudi
d3 ¢ nhitng dong gop dang ké cho phat minh nay da mat true d6. Theo qui
dinh thi Giai Nobel khong duoc phép ting cho ngudi di mat.

Deoxyribose. Phan tir dudng cé trong thanh phan cua DNA.

Di polymer (heteropolymer). Mot polymer bao gém céac loai
monomer khac nhau. Phan 16n protein va nucleic acid 1a di polymer.

Di twong dong (heterologous). Céc trinh tu gen khong giéng nhau
hoan toan ma chi gidng nhau & mot mue d6 nao do.

Dich chuyén diém dat (nick translation). Phuong phap danh dau
DNA béng phong xa [a-**P]JdCTP nhd enzyme DNA polymerase I cia E.
coli.

Dich ma (translation). Su tong hop protein trén khuén mRNA. Qua
trinh chuyén thong tin di truyén trong trinh ty base cia mRNA sang trinh tur
amino acid ctia chudi polypeptide trong t& bao con goi 1 qué trinh sinh tong
hop protein.

Dich ma giir doan lai (hybrid-arrested translation). Ky thuat ma
trong do sy dich ma cia mdt phan tr mRNA dic biét (trong hé théng dich
ma in vitro) bi ngan chan do sy hinh thanh doan lai cia mRNA d6 véi mot
phan tir RNA (antisense RNA) hodc DNA (vi du: cDNA) b6 sung.

Dich ma nguge (reverse translation). La k¥ thuat phan 1ap cac gen
nho kha nang cta chiung trong viéc lai véi mgt doan ma oligonucleotide nao
do, doan nay dugc chuén bj béng cach du doan doan ma nucleic acid tir
nhitng doan mé héa ciia protein biét trudc.

Dideoxyribonucleotide triphosphate (ddNTP). Mot dong phan cua
dNTP ding dé két thiic mot chudi DNA trong céc thi nghiém xéc dinh trinh
tu gen (sequencing).

Dimer. La mot hdn hop duoc tao ra giita hai phan tir ddng nhat nhung
khéi lwong phan tir thi gip d6i so voi phan tir nguyén thuy.

DNA bé sung (complementary DNA, cDNA). DNA duoc tong hop
trén khuén miu mRNA nhd qua trinh phién mi nguoc (reverse
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transcription). Do vdy, nd c¢6 trinh tu sip xép cac nucleotide bd sung véi
trinh tw cac nucleotide trén mRNA. Vi du: trén mRNA trinh tr do la
UUGAAG thi trén cac DNA b sung s& c6 trinh tu tuong tng 1a AACTTC.
DNA bé sung duge téng hop tu nhién trong chu trinh séng ctia virus mang
vat chat di truyén la RNA. Vi du: HIV, virus ciim va cac retrovirus noi
chung. DNA bb sung duoc téng hop nhén tao trong cac phong thi nghiém dé
xay dung thu vién cDNA (cDNA library).

DNA cudn nguwee (foldback DNA). DNA cé cac doan xudi ngugc
gidng nhau (palindrome) hodc cac doan lap lai dao nguoc (inverted repeats)
nén co6 thé nhanh chéng gin két tro lai sau khi chudi xodn kép DNA bién
tinh.

DNA khudén miu (template DNA). Soi DNA ma trinh tu cac
nucleotide ctia né duge ding lam khudn mau dé tong hop nén soi DNA mai
trong qua trinh tai ban (sao chép) hodc khuéch dai DNA (PCR) hodc dé tong
hop nén sgi RNA méi trong qua trinh phién ma.

DNA polymerase. Enzyme tong hop ban sao DNA trén khuén mau
DNA bang cach xuc tac phan Gng gin timg nucleotide riéng biét vao dau
chudi DNA dang duoc tong hop. Nam 1959, hai nha khoa hoc nguoi My 1a
Kornberg va Ochoa di duoc nhan Giai Nobel vé nhitng nghién ciru di lam
sang to co ché co ban cua qué trinh sao chép DNA lién quan dén DNA
polymerase I.

DNA replicase. Phirc hgp enzyme va protein dic hiéu, can thiét cho
su tai ban DNA.

DNA siéu xoiin (supercoiled DNA). DNA xoan lai trén ban than no,
thuong 1a két qua cua su gip khiic, md xodn hodc xodn lai cia chudi xoin
kép DNA.

DNA v¢ tinh (satellite DNA). La nhitng doan DNA mang cac trinh tu
lap lai ndi tiép c6 thanh phan khéc véi tri sé trung binh ciia DNA hé gen.
DNA vé tinh tao thanh bang theo gradient ty trong va dé dang phan biét voi
bang cua phan 16n DNA hé gen do DNA vé tinh c6 ty trong nho hon. Ban
sao ctia DNA vé tinh l3p lai hang triéu lan trong hé gen, tap trung chu yéu &
ving tAm dong va hai dau cua nhiém séc thé.

Dong (clone). Tap hop cac té bao hodc phan tir gibng hét nhau cing
bat ngudn tir mot t& bao hay phan tir ban dau.
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Dong phéi (germ line). Cac t& bao c6 chirc nang sinh san, tir d6 sinh
ra trirmg va tinh bao.

Dot blot. La ky thuat trong d6 cac vét tron nho (hodc cac diém) co
chtra nucleic acid dugc dat 1én mang nitrocellulose hodc nylon dé lai véi
doan mdi DNA c6 déanh dau dong vi phong xa.

Pa cistron (polycistronic). Phan tr RNA mé hoa nhiéu chirc ning.
Nhiéu operon & vi khuan duogc biéu hién thong qua cac mRNA da cistron.

Pa hinh d6 dai cac doan cit han ché (restriction fragment length
polymorphism, RFLP). Tinh da hinh chiéu dai cic doan cit han ché dé chi
cac sai biét di truyén & vi tri nhan biét cua céc enzyme han ché (chéng han
nhu do su thay ddi mot nucleotide) dan dén su sai biét trong chiéu dai cta
cac doan hinh thanh tir phan (mg cit han ché DNA véi cing mot enzyme.
RFLP thudng duoc dung dé thiét 1ap ban d6 di truyén véi mot sé marker di
truyén biét trudc.

Pai phan tir (macromolecule). Mot phan tir c6 khdi lugng khoang tir
vai nghin téi nhiéu triéu.

Panh diu & dudi (end labelling). B6 sung phan tir phéng xa vao dudi
cua mot polynucleotide nhd enzyme T4 polynucleotide Kinase.

Piu bang (blunt end). Cac diu cua DNA soi doi khong c6 cac dau
16i 3” hoac 5’ (protruding ends).

Pau dinh (cohesive ends hoic sticky ends). Cac dau cua phan tur
DNA ¢6 céc trinh tir bd sung ngan c6 thé dinh két lai d& nbi hai phan tu
DNA v6i nhau. Cac dau dinh thuong do cic enzyme han ché tao ra.

Piu tian cung C (C terminus). Goc carboxyl (COOH) tu do & vi tri
tan ciing ctia mot phan tir protein hodc chudi polypeptide.

Piu tan cung N (N terminus). Goc amine (NHy) & vi tri tdn ciing ctia
mot phan tir protein hodc chudi polypeptide. Tat ca cic polypeptide déu
dugc tong hop bat du tir dau nay, dén gbc carboxyl tan cling.

Piém dwet (nick). Diém dut gy 6 mot soi don trén DNA soi doi.

Piém nong (hot spot). Vi tri ciia gen c¢6 xu hudng bi dot bién nhiéu
hon han so véi cac vi tri khac trén phan tir DNA.
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bién di trén gel (gel electrophoresis). Ky thuat diung dé phan tach
cac phan tir nucleic acid hoac protein dua vao sy dich chuyén caa ching
trén gia thé dang gel (agarose hoic polyacrylamide) dudi anh huéng cua
dién truong. Su dich chuyén cua cac phan tir ndy phu thudc vao dién tich,
cau hinh, kich thuéc va khéi lwong phan tir cua nucleic acid hoac protein
cling nhu dung méi va néng do caa chat dung lam gia thé.

Piéu hoa hoat ddng gen (gene operation regulation). Diéu khién sy
hoat d6ng cuia cac gen trong qué trinh phaét trién ca thé, dam bao cho cac gen
hoat dong & thoi diém can thiét, va do vay qua trinh phat trién cé thé dién ra
binh thudng. Md hinh operon ctia Monod va Jacob 1a co ché diéu hoa hoat
dong gen don gian nhat.

Pinh mii (capping). Gin nucleotide guanine (G) da dugc methyl hoa
(Cai “mii”) vao dau 5’ ctia phan tir mRNA tién than (pre-mRNA) & sinh vat
eukaryote, cai “mi” sau d6 dugc gir lai ¢ phan tr mRNA hoan chinh
(mature mRNA).

Poan duy nhit (unique sequence). Cac doan DNA chi c6 mét hoic
mat vai ban sao trong hé gen.

Poan Klenow (Klenow fragment). Con goi la doan 16n cia DNA
polymerase 1. Day 12 mot doan cia DNA polymerase I (khéi lugng phan tir
76.000) cua E. coli da bi mét hoat tinh exonuclease 5°—3’.

Poan lip lai dao ngwoe (inverted repeats). Hai doan DNA dong
nhét, trén hai hudng nguoc nhau ¢ cung mot phan tu. Su lap lai nhu vay sé€
tao ra hién tuong palindrome.

Poan lip lai cung chiéu (direct repeats). La nhitng chudi ma di
truyén dong nhat dai dién cho mot hodc hai ban sao theo cting mot hudng
cua mot phan tor DNA.

Poan Okazaki (Okazaki fragment). Cac doan DNA sgi don tuong
dbi ngin lan luot duoc téng hop trong qué trinh sao chép (tai ban) DNA
theo kiéu gian doan doc theo mét trong hai soi khuén, trong khi doc theo sgi
khuén kia thi mach DNA méi dugc téng hop lién tuc. Sau dé, cac doan
Okazaki dugc ndi lién véi nhau bang cac mdi lién két déng hoa tri nho
enzyme ligase.

Poan xép (nested fragments). Mot loat cac doan nucleic acid c6
chiéu dai chi khac nhau mot hoic mét vai nucleotide.
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Poan xudi ngwoc gidng nhau (palindrome). BPoan DNA mach kép c6
trinh tu sap xép céc base trén hai mach don gidng hét nhau néu cung duoc
doc theo mét chiéu (chang han 5°—3’). Vi du: cac doan nhan biét cua
enzyme han ché.

Pong dau (replica plating). Phuong phap chuyén nguyén mau cic
khuén lac hodc vét tan tir mot dia thach géc sang dia thach méi bﬁng cach
dung mang nylon (vi du: mang Hybond-N+) vira khit 4p 1én mat thach cta
dia gbc dé dinh 13y cac té bao trong cic khuan lac (colony) hodc vét tan
(plaque) cua dia gdc, réi dua mang nay ap 1én mit thach méi.

Pon cistron (monocistron). Méi mRNA monocistron chi ma hoa cho
mot protein & eukaryote.

Pon vi phién ma (transcriptional unit). Poan DNA ma héa cho phan
tir RNA, bt dau tir diém khoi dau phién ma dén diém két thuc phién mi, né
c6 thé dai hon mot gen.

Pon vi sao chép (replicon). Doan DNA bit dau tir diém khoi dau sao
chép kéo dai vé hai phia téi hai diém két thic sao chép.

Pon vi tai to hop (recon). Poan DNA cua gen c6 chiéu dai du ngan
dé sy trao doi chéo khong thé dién ra ¢ bén trong nd duoc nira. Hién nay,
duoc biét d6 1a mot cip nucleotide.

Péc tinh (virulence). Kha ning cua cac bacteriophage gdy tan té bao
vi khuan chu khi chiing xAm nhiém vao.

Péi ma (anticodon). La mdt doan gém ba nucleotide trén tRNA bt
cap voi cum ma (codon) trén mRNA theo nguyén tic bo sung.

Pong polymer (homopolymer). Mt polymer chi bao gom mot loai
monomer, chiang han nhu polyphenylalanine (protein) hodc polyadenine
(nucleic acid).

Dot bién (mutation). Bién doi trong trinh tur cac base cia DNA. C6
thé duoc gay nén boi chén doan, mét doan hodc ¢ cac base bi sira doi.

Dot bién dich khung (frameshift mutation). Dot bién 1am mat hoic
thém mot cip base & trong gen dan t&i hau qua lam dich khung doc binh
thuong cia mRNA di mot nucleotide. Do vay, 1am thay ddi toan bo thong
tin di truyén doan gen bit dau tir diém xay ra dot bién dén cudi gen.

Pot bién dong hoan (transition mutation). Kiéu dot bién thay thé
mot cap base purine-pyrimidine nay biang mét cip base purine-pyrimidine
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khéc tai mot diém trén DNA. Vi du: thay cap GC bang cap AT hoic nguoc
lai.

Dot bién gen (gene mutation). Con goi 1a dot bién diém, xay ra do
nhitng bién doi cua timg nucleotide nhu: mat, thém hay thay ddi vi tri cua
nucleotide trén phan t& DNA. La nguyén nhan cua sy hinh thanh protein
khong binh thuong. Phan I6n dot bién 12 ¢6 hai nhung ching van thuong
duoc gitr lai trong quan thé vi thuong 12 ldn va do d6 c6 thé dugc duy tri
trong kiéu gen ma khong anh huong dén sirc song cua sinh vat. Téc do dot
bién tu nhién thip, nhung tan sé dot bién cé thé ting nho cac tac nhan nhu
phong xa ion hoa va cac hoa chat gay dot bién gay ra.

Pt bién khuyét duwdng (auxotrophic mutation). Con goi 1a dot bién
hoa sinh. Dot bién 1am mat kha nang tong hop mot chat can thiét cho sy sinh
truong cua té bao.

Dot bién 16 ro (leaky mutation). Dot bién chi lam giam hoat tinh
enzyme ma khong 1am mat han hoat tinh do.

Dot bién ngwoc (reverse mutation hay reversion). Con goi 1a hoi
bién. Dot bién xay ra theo chiéu tir dang dot bién tré vé dang binh thuong,
c6 tac dung phuc hdi trinh tu nucleotide ban dau.

Pot bién nhim nghia (missense mutation). Dot bién gen khi mot
cap base trong bo ba (codon) bi thay thé bai mot base khac, dan dén su thay
thé amino acid & vi tri twong Gng trén chudi polypeptide bang mot amino
acid khéc.

Dot bién e ché (suppressor mutation). Bot bién xay ra & mot vi tri
trén DNA c6 tac dung loai b hoan toan hoic ting phan hau qua cua dot
bién ban dau da xay ra & mot vi tri khéc.

Dot bién vo nghia (nonsense mutation). Dot bién gen khi mot base
trén DNA bi thay thé bang mot base khac 1am cho b ba twong tmg trén
mRNA tir chd x4c dinh mot amino acid chuyén thanh bo ba vo nghia (khong
xé4c dinh amino acid nao), mang tin hiéu chdm dut qua trinh dich ma. Vi du :
amber codon (dot bién amber, amber mutation) hay ochre codon (d6t bién
ochre, ochre mutation). Két qua 1a chudi polypeptide chi dugc tong hop dén
bd ba xay ra dot bién vo nghia thi ding lai.
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Duéi polyA (polyA tail). Doan trinh ty dai 50-200 nucleotide adenine
duoc bd sung vao dau 3’ cua hau hét cac mRNA eukaryote sau khi phién
ma.

E. coli (Escherichia coli). Vi khuan thudng cé trong rudt non cia
dong vat co xuong sbéng. E. coli duge coi nhu sinh vat mau cho viéc nghién
ctru hoat dong cua té bao. Pay 1a vi khudn Gram 4m c6 kich thudc genome
khoang 4x10° base-pair. C4c qua trinh biéu hién gen (phién ma va dich ma)
di d61 véi nhau, sinh ra soi mRNA duogc téng hop mdi va duge s dung
ngay cho qué trinh dich ma. Khong c6 hién tuong bién doi sau dich ma
(post-translation). Vi thé, E. coli dugc xem 1a mot trong nhimg té bao vat
cha don gian nhat. R4t nhiéu thi nghiém tao dong gen dang duoc thuc hién
hang ngay tai cac phong thi nghiém déu st dung E. coli lam vat cha véi
nhiéu ching khac nhau vé mit di truyén va cho nhitng ing dung dic biét.

Endopeptidase. Enzyme xtic tac cat lién két peptide trong chudi
polypeptide.

Endonuclease. LA enzyme nuclease cat bén trong phan tir nucleic
acid, nguoc v6i exonuclease 13 enzyme phéan giai DNA tir mot dau hodc ca
hai diu. Nuclease thily phan nhiing lién két phosphodiester gitra cac
nucleotide cia mét phan tir nucleic acid. Cac nuclease c6 thé dic hiéu ddi
v6i DNA (deoxyribonuclease) hoic dic hiéu dbi véi RNA (ribonuclease).

Enzyme. Chét xtc tac sinh hoc, 13 cdc phan tir sinh hoc c6 ban chit
protein déng vai trd chét xtc tac cho cac phan tng bién d6i héa sinh.

Enzyme ddng phin héa (isomerase). Enzyme xic tac cho su chuyén
héa mot hop chat thanh mot dong phén vi tri.

Enzyme gin DNA (DNA ligase). Enzyme dung dé ndi cac phan tur
DNA véi nhau bang cach tao ra mdi lién két phosphodiester giita nhém 5°-
phosphate va nhém 3’-hydroxyl trong qua trinh tai ban hoac stra chita DNA.

Enzyme han ché (restriction enzyme, RE). Loai endonuclease ¢
kha nang cat DNA tai nhitng doan trinh tu nhét dinh ma ching nhan biét.
Enzyme han ché duoc phat hién vao nam 1970, chung ton tai trong té bao vi
khuan, ¢ tac dung cit DNA ngoai lai (vi du: DNA cua phage) tai nhitng
diém xéc dinh, dé tiéu diét DNA nay. Cho dén nay hon 900 enzyme han ché
da dugc tim thay. Cac enzyme han ché duoc st dung rong rdi trong cac
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phong thi nghiém thao tac gen nhu nhitng “chiéc kéo” cit DNA tai nhitng
diém dac hiéu. Vi tri cat phu thudc vao loai enzyme han ché duoc lua chon.

Nam 1978, Arber (Thuy Si), Nathans (My) va Smith (My) da duoc
nhan Giai Nobel nho phat minh ra enzyme han ché va nhitng wng dung cua
chung dé giai quyét nhidu van d& quan trong cua di truyén hoc phan tir. Cac
enzyme nay la nhitng “chiéc kéo phan tir’ c6 thé cit DNA thanh nhiing
doan xac dinh, ¢ mé ra mot thoi ky phat trién mai cuaa sinh hoc hién dai-
Thoi ky thao tac gen.

Enzyme phién ma ngwoc (reverse transcriptase). DNA polymerase
phu thugc RNA (RNA-dependent DNA polymerase) c6 trong cac RNA
virus (retrovirus) duoc dung dé tong hop cDNA trong diéu kién in vitro.

Enzyme toan phan (holoenzyme). Enzyme hoat dong gdm tat ca cac
tiéu don vi can thiét, cac nhom ngoai va nhiing cofactor.

Episome. Nhan té di truyén c6 trong vi khuan, c6 kha ning tu sao
chép trong té bao chét, ddng thoi lai c6 thé xen vao nhidm sic thé chinh cua
vi khuan va sao chép dong thoi véi nhidm sic thé.

Exon. Cac doan DNA trong gen c6 chirc ning phién ma. Exon ton tai
& ca sinh vat prokaryote va eukaryote. Riéng ¢ sinh vat eukaryote cac exon
nam xen k& véi cac doan intron. C4c intron chiém tai 90% tong sé DNA cua
té bao eukaryote va khdng cé chirc nang phién ma.

Eukaryote. Sinh vat ¢d té bao mang nhan dién hinh (nhan that) nghia
12 nhan duoc bao boc bdi mang nhan va tham gia vao hai co ché phan bao
quan trong la nguyén phéan va giam phan.

Exonuclease. Loai enzyme nuclease chi tac dong vao dau tan clng
cua phan tir nucleic acid, cat ra tirng nucleotide mét theo thai gian. Ching
c6 thé chuyén hoa theo dau 5° hodc 3’ cua sgi DNA.

Ex vivo. Thuat ngit ding dé chi cac thi nghiém thyc hién trén té bao
nudi cay, cac té bao nay sau do sé duoc dua vao mot co thé sdng.

B-galactosidase. Enzyme dugc ma hda boi gen lacZ. Enzyme nay
thay phan lactose thanh glucose va galactose.

Gay dot bién dinh hwéng bang oligonucleotide (oligonucleotide-
directed mutagenesis). Con goi 1a gay dot bién dinh hudng diém (site-
directed mutagenesis), 12 qua trinh tao ra mot bién doi xac dinh trén DNA
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bang cach sir dung mot oligonucleotide téng hop (primer) c6 mét vai bién
dbi trong trinh ty nucleotide.

Gel cham (gel retardation). Phuong phap xac dinh diém bam cua
protein trén cac doan DNA, dua vao d6 di chuyén cham cuaa ching so véi
DNA khéng bi protein bdm trong céac thi nghiém dién di trén gel.

Gen (gene). La don vi di truyén, yéu té quyét dinh mét tinh trang co
thé. Thong tin di truyén cia cic gen duoc ma hoa trong DNA quyét dinh
tinh bién di cta loai va cta ca thé. DNA [a mot chudi bao gom cac don vi
nucleotide, cd bén loai nucleotide mang bén nitrogen base khac nhau la
adenine (A), guanine (G), cytosine (C), va thymine (T). Trinh tu céac
nucleotide cia mot gen xac dinh mot polypeptide hoac mdt RNA. Gen co
kha ning bi dot bién. Cac gen chu yéu nam doc theo nhidm sic thé & trong
nhan té bao. Mdi gen chiém mot vi tri xac dinh trén nhidm sic thé goi la
locus. Gen c6 thé ton tai ¢ nhiéu dang goi 1a cac allele. Cac gen biéu hién
théng qua céc phéan tu do chung sinh ra la RNA (trong qua trinh phién ma)
va protein (trong qua trinh dich ma).

Gen ciu trdc (structural gene) hay gen ma héa (coding gene). La
trinh tw ma hoa san pham protein.

Gen chi thi (reporter gene). La mot gen ma héa ma san pham cua no
duoc  tric nghiém mdt céach dé dang (vi du chloramphenicol
acetyltranferase), né c6 thé duoc gan véi bat ctr mot promoter nao sao cho
su biéu hién cua gen nay duoc ding dé thir nghiém chirc ning cia promoter.

Gen diéu hoa (regulatory gene). Mot gen ma san pham protein ciia
n6 tham gia vao sy diéu hoa biéu hién ciia mot gen khac. Vi du: gen ma hoa
mat protein kim ham.

Gen gay chét (death gene). Gen lam chét c4 thé & mot giai doan nao
d6 trong qua trinh phat trién ciia chdng.

Gen nhay (transposon). La mot doan DNA nho ¢6 ciu trac dic biét
nén c6 kha nang di chuyén tir mot vi tri nay dén maot vi tri khac trén phan ti
DNA hay tir mot nhiém sic thé nay sang mot nhidm sic thé khéc trong té
bao ludng boi. Gen nhay chi chuyén dén nhiing vi tri xac dinh trong hé gen.
Trong nhiéu trudng hop gen nhay cé thé gay dot bién tai vi tri né di chuyén
dén. Gen nhay c6 thé dung lam phuong tién dé gdy dot bién dinh huéng.
Thudng cac gen nay mang tinh khang khang sinh gitp vi khuan thich nghi
nhanh véi thubc khang sinh.
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Nam 1983, McClintock (M¥) da nhan Giai Nobel nho kham pha ra
cac nhan t6 di truyén van dong (gen nhay) trén dbi twong cay ngo.

Gen irc ché (repressor gene). C6 hai chirc ning: (1) La mot gen diéu
hoa (regulator) ma san phim cta n6 1a mot protein c6 tac dung e ché hoat
dong phién ma ciia mot operon. (2) L& mot gen phuc hoi (suppressor) kiéu
hinh ban dau cua dot bién trong mot gen khac.

Ghép dbi 1éch (mismatch). Sy ghép d6i khong diung vé6i quy luat bd
sung gitra cac nucleotide thudc hai sgi don DNA trong mach kép.

Ghép exon hay splicing (RNA). Qué trinh cit bé nhitng intron va ndi
cac exon cla san phdm phién mi ban dau (tién thAn mRNA) dé tao thanh
mRNA hoan chinh (mature mRNA). Qua trinh bién d6i nay xay ra trong
nhan té bao.

Gia thuyét mdt gen-mdt enzyme (one gene-one enzyme
hypothesis). Gia thuyét dua trén cic cong trinh ciia Beadle va Tatum vé di
truyén hoc hoa sinh, theo d6 mdi gen kiém soat su tong hop mot enzyme.

Giam phan (meiosis). Su phan bio trai qua hai giai doan ctia mot té
bao ludng boi (2n) dan dén sy hinh thanh cac giao tir don boi (1n) hodc céc
bao tir hiru tinh mang mot nira vat chat di truyén cua té bao ludng bdi ban
dau.

Giam phan I (meiosis I). Lin phan chia tht nhit cta giam phan lam
giam ) lugng nhiém séc thé di mot nira va tao ra cac td hop nhidm séc thé
méi. Lan phan chia nay gdm bdn giai doan: pha dau, pha giira, pha sau va
pha cudi.

Giam phan Il (meiosis I1). Lan phan chia thir hai cia giam phan dan
dén sy phan tach cac nhidm sic tr va hoan thanh qua trinh giam phan néi
chung.

Géc tai ban (origin, ori). Trinh ty nucleotide hodc vi tri trén DNA ma
& d6 bt dau sy tai ban (sao chép).

Guanine (G). Mot trong niam nitrogen base c6 trong thanh phan cua
DNA va RNA, bit cap véi cytosine (C) trong chudi xoin kép nho ba lién
két hydrogen.

Helicase. Enzyme xuc tac viéc thao xoan cia chudi xoan kép DNA
trong qua trinh sao chép ¢ E. coli.
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Hé gen hay bd gen (genome). La tap hop cac gen cé trong mot té bao
don boi eukaryote, trong mot té bao prokaryote hoac trong mot virus. Hé
gen chta toan bd DNA cua co thé, vi du: hé gen ngudi chia DNA dai
khoang 1,6 m nhung chi rong khoang 5 phan ti mm. O ngudi, s6 DNA noi
trén duoc chia 1am 46 phan c6 d6 dai ngan khac nhau goi 13 nhidm sic thé
(chromosome), 1a tdp hop DNA & dang nén chit dén kich thude duong kinh
chi con 3-4 phan triéu mét. Tuy nho nhu vy, nhung nhiém sic thé nguoi c6
dén 3 ty gdc nucleotide. Su sap xép dic thu cua chung quyét dinh ban chit
sinh hoc cua co thé.

Hiéu wng glucose (glucose effect). Hién tugng khir hoat tinh cua
operon cam tmg & vi khuan khi c6 mit glucose ké ca khi hién dién chat cam
ung operon.

Histone. Nhom protein kiém nam trong phtc hop véi DNA & céac
nhiém séc thé eukaryote va dong vai trd quan trong trong viéc xac dinh céu
tric ctia nhiém séc thé.

Hoan chuyén gen (gene conversion). Su hoan chuyén gen la su thay
d6i mot mach don cua chudi xodn kép DNA dé gitp nd bd sung bang mot
mach don khac & bat cit vi tri ndo ma né di bi mét cip ndi base.

Hoat tinh dic hiéu (specific activity). La hoat d6 phong xa trén mat
don vi nguyén liéu, chang han: mot mau do (probe) danh ddu phong xa cé
thé c6 hoat tinh dic hiéu 106 lan dém/phdt trén microgram. Hoat tinh dic
hiéu ciing duoc dung dé xac dinh hoat do cua enzyme.

Hoi tinh (renaturation). Su tai bat cap cua hai mach don DNA bd
sung cua mot phan tr DNA mach kép.

Hop CAAT (CAAT box). Poan DNA nim nguoc hudng cach diém
bat d¢au phién ma khoang 75 nucleotide hién dién & sinh vat eukaryote. Day
I& mot trong nhirng doan tang cuong su bam cia RNA polymerase.

Hop Goldberg-Hogness (Golderg-Hogness box) hay hgp Hogness
(Hogness box) hay hgp TATA (TATA box). Doan DNA c0 trong céc
promoter eukaryote tuong tu hop Pribnow c0 trong cac sinh vat prokaryote,
nam cach vi tri bat ¢au phién ma khoang 30 nucleotide, dugc coi 1a operator
& sinh vat eukaryote, c6 trinh tu phd bién cua soi bén 1a TATAAAT.
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Hop Pribnow (Pribnow box). Mot phin cua promoter trong cac hé
gen prokaryote, ndm cach phia trén diém khoi ddu phién ma 10 nucleotide.
Trinh ty cta soi twong dong véi hop Pribnow 1a TATAAT.

In ddu DNA (DNA fingerprinting) hay in dau di truyén (genetic
fingerprinting). La phuong phap dung cac mau do phong xa hoic ding k¥
thuat PCR dé nhan dang cac bang DNA c6 cac doan lap lai véi tan sé cao.
Ban méu hinh cic bang DNA 1a duy nhat déi véi mdi ca thé, va do vay co
thé dung dé xac dinh dic trung ca thé hoac quan hé huyét thong.

In ddu chan DNA (DNA footprinting). Phuong phap nhan dang cac
viung DNA ma céc protein diéu hda bam vao.

Intron. Nhiing doan DNA nho & sinh vat eukaryote khéng mang
thong tin m& héa amino acid, phan bé rai rac doc theo phan tir DNA. Sau
khi thdng tin tir DNA dugc phién ma sang mRNA thi cac intron trén mRNA
bi cit bo, cac doan MRNA con lai gdm toan cac exon dugc ndi lai véi nhau
va chuyén dén ribosome dé dung lam khudn miu cho qué trinh dich ma.
Intron khdng thiy cd & sinh vat prokaryote.

In vitro va in vivo. La thuat ngit mé ta thi nghiém trong 6ng nghiém
(in vitro) va trong co thé (in vivo). Cuing v6i su phat trién tmg dung ctia may
tinh, hién nay cac nha khoa hoc con tién hanh thi nghiém mé phong bang
computer. Qua trinh nay goi la thi nghiém in silico.

Isozymes hay isoenzymes. Nhom cac enzyme cung xuc tac mot phan
ung nhung khac nhau vé céu trac so cép hodc tdc dd dién di, thuat ngft
allozymes ciing c6 y nghia tuong tur.

Kéo dai doan moi (primer extension). Sy tong hop mot ban sao
nucleic acid bat dau tir doan méi. Pugc st dung dé danh dau phong xa doan
DNA lam mau do hoac khuéch dai mot doan DNA bang ky thuat PCR.

Khoang cach ban d6 (map distance). Sé trao d6i chéo trung binh
xay ra giita hai locus gen trén nhidm sic thé hoac trén sgi DNA.

Khuéch dai (amplification). Su san xuit nhiéu ban sao cia mot trinh
tu DNA.

Khung doc mé (open reading frame, ORF). La mot trinh ty ma hoa
chudi polypeptide duoc bit ddu voi ma khoi dau (initiator codon) va két
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thiic bang mot ma dimg (stop codon). Mot khung doc mé bi ngin chan néu
mot stop codon dugc dinh vi gén véi ma khai dau. Mic du vé ly thuyét ma
di truyén duoc xdy dung dua trén bd ba nucleotide do dé s& c¢6 ba khung doc
¢ thé co trén mdi soi DNA, tuy nhién trong thuc té khung doc chinh xac
duoc xac dinh boi mot diém bat dau cb dinh.

Khuyét doan (deletion, deficiency). Dot bién nhiém séic thé din dén
1am mét mot doan vat chat di truyén va thong tin di truyén chira trong né roi
khoi nhiém sac thé.

Kiéu gen (genotype). Cau tric di truyén cta co thé. Hién trang cua ca
thé (kiéu hinh) phu thugc vao quan hé troi-lan gitra cac allele trong kiéu gen
va vao mdi tuong tac giira kiéu gen va méi truong.

Kiéu hinh (phenotype). Ngoai hinh ciia mét sinh vat, 1a két qua
tuong tac giira kiéu gen vai moi truong. Nhidu gen c6 trong kiéu gen nhung
khong biéu hién ra kiéu hinh vi chdng bi che khuat boi céc allele troi.
Nhiing sinh vat c6 ciing kiéu gen cd thé c¢d cac kiéu hinh rat khac nhau trong
nhitng moi tredng khéac nhau. Kiéu hinh cua ca thé ¢ong hop tir vé allele lan
goi la kiéu hinh Ian.

Kiéu hoang dai (wild type). Dang thuong thiy nhat cua mot gen
trong quan thé hoang dai. Allele kiéu hoang dai dugc ky hiéu bang mot chi
in hoa hozc thém dau cong sau chit viét thuong, vi du: A hay a*. Allele kiéu
hoang dai thuong 1a troi va cho kiéu hinh binh thuong.

Kiéu nhin (karyotype). Bo nhiém sic thé dic trung ciia mot loai véi
s6 luong, kich thudc va hinh thai xac dinh caa cac nhiém sic thé. Mdi loai
duoc dic trung boi kiéu nhan riéng cua nd. Cac loai khac nhau cé kiéu nhan
khéc nhau.

Kilobase (kb). 1000 base (hoic cip base), dugc dung nhu don vi dé
do hodc xac dinh chiéu dai cua cac phan tr DNA hoic RNA.

Kinase. Cac enzyme xtc tac phan tng phosphoryl héa mot phan tir
nhan nho ATP.

Lai (hybridization). Ghép cc phén tir nucleic acid tach biét lai véi
nhau thdng qua cac mdi lién két hydrogen giira cac base bd sung.
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Lai khuén lac (colony hybridization). K¥ thuat lai in situ dé xac
dinh vi khudn mang vector kham (chimeric vector) ma DNA cua vector nay
trong dong véi mot doan ma héa dac biét nao do.

Lai phan tir (molecular hybridization). Qua trinh trong d6 hai mach
nucleic acid b6 sung (A-T, G-C) bét cdp hinh thanh nén mot mach kép. Day
12 mot k¥ thuat hiru ich dé phat hién mot trinh ty nucleotide chuyén biét.

Lai tai chd (in situ hybridization). Qua trinh bét cip giita mau do (1a
mot trinh tu DNA soi don hay RNA) v6i DNA cua té bao duogc cb dinh trén
lam kinh.

Lap ban dd han ché (restriction mapping). Ky thuat dung dé xéc
dinh vj tri cac diém cit han ché trén phan ti DNA.

Lién két peptide (peptide bond). Mbi lién két dong hoa tri trong
chudi polypeptide, ndi nhom a-carboxyl ctia mot amino acid véi nhém -
amine cia mot amino acid ké tiép.

Lién két phosphodiester (phosphodiester bond). Mot phan tir chira
hai alcol, ester hda voi mot phéan tir phosphoric acid 1am cau ndi giita chung
v6i nhau. Vi du: chudi polynucleotide dugc ndi boi lién két 5°—3°
phosphodiester gitra hai nucleotide canh nhau.

Linker. Mot oligonucleotide tong hop c6 hai dau bang, chira mot hosc
nhiéu vi tri cét han ché cho phép ndi cDNA soi dbi voi cac plasmid vector
hodc bacteriophage A vector. cDNA sgi doi trude d6 duoce xur ly véi DNA
polymerase cua bacteriophage T4 hoic DNA polymerase I cua E. coli dé tao
dau bang. Cac linker sau khi gan v6i hai dau bang ciia doan ¢cDNA nho
DNA ligase s& dugc cit han ché dé tao ra dau so le tuong déng v6i hai dau
ctia vector. Phan tng gin giita doan cDNA c¢6 mang linker ¢ hai dau voi
vector cling dugc xuc tac nho DNA ligase.

Locus. Vi tri ma gen dinh vi trén nhidm sic thé.

LTR (long-terminated repeat). La mdt doan ma duoc lap lai truc
tiép & ca hai dau ctia mot retroviral DNA.

Lysosome. Mét bao quan c6 mang bao boc ¢ trong té bao chit cua
nhing té bao eukaryote. Lysosome chira nhiéu enzyme thiy phan.

Ly thuyét trung tam (central dogma). Thuyét cho rang thdng tin
duoc truyén theo mot chiéu tir DNA dén RNA va dén protein.
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Mapping and sequencing gene. Lap ban d6 gen va xac dinh trinh tu
cac nucleotide.

M4 di truyén (codon). Nhom ba nucleotide nam ké nhau (b ba) trén
phan tt mRNA x4c dinh mdt amino acid trén chudi polypeptide, hodc 1a tin
hiéu két thuc viéc tong hop polypeptide.

M4 thoai bién (degenerate codon). M4 di truyén ma & d6 mot amino
acid dugc quy dinh bai mot sb bo ba nitrogen base, chir khong phai chi boi
mot bo ba. Thodi bién 1a dic diém vén c6 cua ma di truyén ton tai pho bién
& sinh gioi.

Ma voé nghia (nonsense codon) hay ma dung (stop codon). La
codon ma & d6 qua trinh dich mi ding lai (noi két thuc cua chudi
polypeptide). Co tat ca ba codon v6 nghia véi cac tén goi la amber (UAG),
ocher (UAA) va opal (UGA)

Maturation. Qua trinh trong d6 cac mRNA vira dugc phién ma trai
qua mot s6 bién ddi hoa hoc dé tré thanh mRNA hoan chinh sin sang lam
khuon mau cho viéc tong hop protein.

May dém nhap nhay (scintillation counter). May dung dé xac dinh
hoat tinh phong xa trong mot mau thi nghiém.

Miu do DNA (DNA probe). Mot doan RNA hay DNA chuyén biét
dugc danh dau bang dong vi phong xa hay bang hoa chat (chat phat huynh
quang hodc enzyme), dung dé dinh vi mot trinh tu nucleic acid nhét dinh
thong qua k¥ thuat lai phan tr (xem Northern blot, Southern blot...)

Monomer. La c4c phan tir don vi nho, c6 thé lién két v6i cac phan tir
don vi gidng n6 dé hinh thanh nhiing phan tir 16n hon (polymer). Vi du: cac
nucleotide Ia cAc monomer cua nucleic acid va cac amino acid 1a monomer
cua protein.

Mo hinh bao toan. M6 hinh sao chép DNA ma theo d6 hai sgi DNA
bd me van dugc giit nguyén va lam khudn dé tong hop chudi xoin kép méi
(chudi con).

M&bi (primer). Mot trinh ty DNA hay RNA ngin, bat cip voi mot
mach ctia DNA khuén miu va c6 mang mét dau 3°-OH tu do giup DNA
polymerase bat dau tong hop mot chudi DNA méi.
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Mii chup (cap). Mot nucleotide bién d6i, 7-methyl guanine, gin vao
dau 5’ cta base dau tién & moi chudi mRNA ngay khi bat dau phién ma. Mi
can thiét cho su hoan chinh, sy 6n dinh va sy dich méa cia mRNA.

Ngoai té bao (exocytosis). Hién twong phong thich vat chit ndi bao ra
ngoai té bao.

Nguyén duéng (prototroph). Cac té bao c6 thé moc trén moi trudng
khéng can b sung thém chat dinh dudng.

Nguyén phan (mitosis). T4i ban cac nhidm séic thé trong té bao sinh
dudng eukaryote. Su phan chia nhiing t& bao eukaryote kéo theo sy phan
chia nhan goi 13 mitosis. Qua trinh phan chia t& bao qua nim giai doan
(prophase, prometaphase, metaphase, anaphase va telophase), sau d6 mot té
bao dugc phan chia va tao ra hai té bao co tinh chat di truyén giéng véi té
bao me.

Nhan t6 o (housekeeping o factor). La mot nhan té khoi dau co ban
chat enzyme cua sinh vat prokaryote, né 1a mot phan caa RNA polymerase
dé gan véi cac vi tri promoter trén DNA trong qua trinh phién ma. Cac nhan
t6 o khac nhau duoc hoat hoa trong phan ang véi cac diéu kién méi truong
khac nhau. Mdi phan t RNA polymerase c6 chinh x4c mét nhan té o tiéu
don vi. Vi khuan E. coli c6 bay nhan té o, trong khi céc loai vi khuan khac
¢6 sb lugng cac nhan té o rat khac nhau.

Nhan té gi6i tinh (fertility factor, F). La nhan té di truyén & vi
khuan xac dinh gigi tinh “duc” hoic “cai” cua ching. O E. coli, nhan tb hitu
thu ky hiéu 13 F xac dinh giéi tinh “dyc”. Khi trong té bao khéng c6 nhan té
F thi d6 1a té bao “cai”, ky hiéu 1a F~. Khi nhan té F dinh vao nhiém sac thé
thi d6 1a té bao “siéu duc” ky hiéu la Hfr.

Nhan t6 kéo dai (elongation factor, EF). Protein dic hiéu tham gia
Va0 Viéc dua cac phan tir aminoacyl-tRNA dén ribosome dé cho amino acid
trong phirc hé phan tir ndi trén c6 thé gan vao chudi polypeptide dang duoc
tong hop.

Nhén té két thic (termination factor). Yéu tb protein trong cytosol
can thiét cho viéc giai phong chudi polypeptide dd hoan thanh ¢ trén
ribosome (cling goi la release factors-RF).
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Nhin t6 khéi dau (initiation factor). O prokaryote viét tt 1a IF, con
& eukaryote 1a eIF. La cac protein két hop véi tiéu don vi cua ribosome vao
giai doan khoi dong cia qua trinh dich ma.

Nhin té6 Rho (Rho factor). Mot protein c6 vai tro két thuc su téng
hop mot sé mRNA.

Nhiém sic thé (chromosome). Mot thanh phan cua té bao, bao gdbm
cac protein va mot phan tir DNA doc nhit. DNA chta nhidu gen, c6 chirc
nang du trit va truyén thong tin di truyén. SO lwong nhiém séc thé trong mot
té bao co thé thay d6i tir 1 (¢ vi khuan) cho t6i trén 100, nhung khong thay
d6i & mot loai nhét dinh (vi du: 46 ddi voi ngudi).

Nhiém sic thé thwong (autosome). TAt ca nhidm sic thé trir nhiing
nhiém sic thé gidi tinh hodc nhiém sic thé cia ty thé.

Nhiém sic tir (chromatide). Hai chudi song song va gidng nhau, ndi
v61 nhau boi phén tam cua mot nhiém sic thé dang don da dugc nhan doi,
thuc thé nay ton tai cho dén khi bat dau ky sau (anaphase).

Northern blot. K§ thuat chuyén va cd dinh RNA tir formaldehyde
agarose gel (sau khi dugc phan doan bang dién di) 1én mang lai bang nylon
hoic nitrocellulose dé lai vi mau do (probe) duge danh diu dong vi phong
xa [oc-32P]dCTP hodc digoxigenin-dUTP. Tin hi¢u lai sau d6 dugc phat hién
trén phim X-quang (truong hop [0-**P]dCTP) hodc trén mang lai (trudng
hop digoxigenin-dUTP).

Noi thue bao (endocytosis). Su xam nhdp ctia chit ngoai t& bao vao
trong té bao.

Nuclease S1. Enzyme thuy phan DNA sgi don.

Nucleic acids. Nhitng polynucleotide sinh hoc thién nhién, trong d6
nhitng don vi nucleotide dugc két hop véi nhau boi nhitng lién két
phosphodieste thanh trinh tu DNA hodc RNA riéng biét.

Nucleolar organizer. La ving mang gen ma hoa cho rRNA cta mot
nhiém séc thé.

Nucleolus. La mot ving dac biét cia nhan, dugc tao ra do su giai ma
cua nhiing gen rRNA.

Nucleoside. Mot hop chat gdm mot base purine hodc pyrimidine két
hop ddng hoéa tri véi mot phan tir dudng pentose.

Sinh hoc phan tir 241



Nucleosome. Pon vi cdu triic cia nhilm sic chit, gém mot doan
DNA c6 kich thudc khoang 200 bp quan bao quanh mot 15i tip hop 8
protein histone.

Nucleotide. Mot nucleoside phosphoryl héa véi mot trong nhitng
hydroxyl ciia pentose. Phan tir dong vai trd céu triic co sé cia DNA va
RNA, gdém ba phan: duong pentose (ribose trong RNA, deoxyribose trong
DNA), nitrogen base va gbc phosphate.

Nucleolytic. Phan tmg thiy phan mot cau ndi phosphodiester trong
mot nucleic acid.

Nuclease Bal 31. Mét loai enzyme exonuclease thuy phan ca hai soi
cua phan tir DNA cung mot ldc.

Oligo. Tiép dau ngit c6 nghia 1a “mot it”, vi du: oligonucleotide
(polynucleotide) c6 mét it nucleotide hoac oligopeptide (polypeptide) co
mot it peptide.

Oligo(dT)-cellulose. Mot doan ngan gom cac goc deoxythymidine
lién két voi co chit cellulose, duoc sir dung dé tinh sach mMRNA eukaryote.

Oligomer. Thuat ngit chung dé chi mot doan ngan cac monomer.

Oligonucleotide. Mot doan ngan cac monomer la nucleotide, thuong
tir 20-30 nucleotide.

Operon. Nhém céac gen & vi khuan chiu sy diéu khién chung caa mot
gen diéu hoa. CAu tric operon bao gom: 1) Nhém gen ciu tric ma hoat
dong cua chdng chiu sy diéu khién chung, 2) Gen diéu hoa san sinh ra
protein diéu hoa, 3) Vung chi huy (operator) va trinh ty khoi dong
(promoter) chiu tic dong cua protein diéu hoa. Protein didu hoa cé tac dung
bam vao vung chi huy 1am cho n6 bj “déng”, do vay nhom gen cau tric
ngung hoat dong. Khi trong méi truong xuat hién co chat ciia cac gen cau
trac thi co chat ndy bat hoat hoa protein diéu hoa khién n6 khong bam vao
viing chi huy dugc nita, ving chi huy duoc “mé” va nhdm gen ciu trdc lai
hoat dong.

Operon chiu tc ché (repressible operons). Cic operon sinh tong
hop chudi amino acid bi (rc ché khi mot chat (vi du: chudi amino acid d0)
dugc dua vao moi truong.

Orche codon. Chudi két thuc bang codon UAA.
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Opal codon. Chudi két thiic bang codon UGA.
On hoa (temperate). Trang thai tiém tan cua céc bacteriophage té bao
vat chu.

a-peptide. Mot phan cua protein B-galactosidase, dugc ma héa boi
doan gen lacZ.

Periplasm. Phin ngoai bao twong nam giita 16p mang ngoai va mang
trong cua vi khuén.

Peroxisome. Bao quan c6 trong t& bao chat eukaryote chira enzyme
XUc tac cho sy tao thanh va phan huy peroxide (H,0,).

Phage. Viét tit cta bacteriophage (thuc khuan thé), 14 loai virus xam
nhiém va sinh san bén trong vi khuan. Phage thuong c6 vo boc protein,
phtic hop bao gom phan dau c¢6 hinh da dién chtra nucleic acid (DNA hoac
RNA) va dudi ma qua dé nucleic acid xdm nhap vao vi khuan chu. Sau qua
trinh nhan I&n cua nucleic acid cua phage, té bao vi khuan chu thuong bi tan
bién. Loai phage ludn luén 1am tan té bao vi khuan khi ching xam nhiém vi
khuan goi 1a phage doc. Vi du: phage T4. Nguoc lai, con c6 phage on hoa,
khi xam nhiém vi khuan n6 gay nén phan ung tiém tan, nghia 13 hé gen caa
phage gan vao nhiém sic thé vi khuan va duoc sao chép cing véi nhiém sac
thé d6. Hé gen cua phage ¢ trang thai gén nhu vay véi nhiém sic thé vi
khuan goi 1a prophage.

Phagemid. La mét loai plasmid vector ¢6 mang cac doan trinh ty cua
phage.

Phan tng chudi polymerase (polymerase chain reaction, PCR).
Phuong phéap dung trong phong thi nghiém dé khuéch dai cac doan DNA
dic biét 1én hang triéu 1an trong vong vai gid thong qua 20-30 chu ky nhiét,
mdi chu ky bao gém ba muc nhiét do: bién tinh & 90-95°C, bét cap voi mdi
& 40-65°C hodc hon va tong hgp mach méi nhd DNA polymerase chiu nhiét
(Taq polymerase) & 70-72°C. PCR c¢6 wng dung rong réi trong chan doan y
hoc, phan tich sy da dang sinh hoc, chon giéng va trong nhiéu linh vuc
khac.

Nha khoa hoc My (Tién si Mullis) nguoi phat minh ra ky thuat PCR
da nhan giai Nobel nam 1993. Cung chia sé Giai Nobel véi Mullis [a Smith
(Canada) do c6 nhimng dong gép mang tinh nén tang cho viéc gay dot bién

Sinh hoc phan tir 243



diém dinh huéng, dua trén cac oligonucleotide va viéc phat trién ching
trong cac nghién cuu protein.

Phan wng tap trung (condensation reaction). La phan ting trong do
cau ndi dugc hinh thanh véi su mat di mot phan tr nude va thém vao mot
amino acid trong qua trinh hinh thanh chudi polypeptide.

Phan tng thily phan (hydrolysis). Phan tng trong d6 mot lién két
cong hoa tri bi phé vd khi co6 sy két hop mdt phan tir nude.

Phat sinh dt bién (mutagenesis). Qué trinh tao ra dot bién trong
DNA.

Phan tich trinh tu gen (gene sequencing). La k¥ thudt xac dinh trinh
tu theo cAu triic bac mdt cua chudi cac nucleotide trong mot phan tir nucleic
acid. Phén tich trinh tu cua DNA c¢6 cac phuong phap hoa hoc ciia Maxam-
Gilbert va phuong phap enzyme cta Sanger. Trong nhiing nim gan day,
mét sb phuong phép xéc dinh trinh ty méi nho su hd tro cua may tinh da
xudt hién. Bén canh k¥ thuat thong thudng sir dung cac polyacrylamide gel
dé phan ly cac phan tt DNA c6 d6 dai khac nhau, cac k¥ thuat méi lién
quan dén phat hién huynh quang cia cac nucleotide dugc danh dau, phan
tich trinh twv DNA bﬁng khdi phé, dién di mao dan hoic lai vdi cac doan
oligonucleotide duoc tong hop nhan tao cling di ra doi. Nam 1980, Sanger
(Anh) va Gilbert (M¥) da duoc trao gidi Nobel do da c6 nhitng dong gop
quan tron vé phuong phéap xac dinh trinh tu cic nucleotide trong phén tir
DNA. Dong gop nay 1a méc lich sir to 16n trong sinh hoc phan tir, 1a nguyén
Iy ciia tit ca cic may xéac dinh trinh tw DNA tyr dong dang sir dung hién nay
trén khap thé gioi.

Phin cudi (telomere). Poan cudi, phﬁn cudi cua mot nhiém sic thé
théng cua eukaryote, bao gém nhirng trinh ty DNA ngén duoc 1ap lai nhiéu
lan.

Phin tAm (centromere). Phan co thit dugc thay trén nhidm sic thé &
ky gitra, d6 1a noi hai nhiém séc tir dinh v6i nhau.

Phién mé (transcription). Qua trinh tong hgp mRNA tir khuén mau
DNA.

Phién ma ngwogc (reverse transcription). Qué trinh tong hop DNA
tir khuén mau mRNA nhd enzyme phién ma ngugc (reverse transcriptase).
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Phéng xa tu ghi (autoradiography). Ky thuat phat hién cac phan tir
c6 danh dau phong xa thong qua hiéu tng tao anh ctia cic phan tir ndy trén
phim X-quang.

Phosphoryl hda (phosphorylation). Phan tng tao thanh mot dan xuét
phosphate cua mdt phan tir sinh hoc dudi tdc dung xuc tac cia mot enzyme.

Phosphatase kiém (alkaline phosphatase). Enzyme loai bo cac
nhoém 5’-phosphate tir dau ctia cac phan tor DNA va dé lai cac nhém 5°-
hydroxyl.

Phéi tir (ligand). Mot phan tr hoac mét ion két hop v6i mot protein,
vi du: hormone c6 thé két hop véi thu thé (receptor) dic hiéu cta né.

Plasmid. La DNA vi khuan c6 c4u tric mach vong kép, nam trong té
bao chat va ngoai nhan, c6 kha ning sao chép doc lap dbi vai nhiém sic thé
cua té bao. Ton tai ca ¢ sinh vat prokaryote va eukaryote. Ngay nay, céc
plasmid thiét ké nhan tao dwoc sir dung rong rdi nhu 1a cic vector ding
trong cac ky thuat tao dong va biéu hién gen.

Polynucleotide. Trinh tu nhitng nucleotide nbi ddng hoéa tri véi nhau,
trong d6 vi tri 3’ cia pentose ctia mot trong nhirng nucleotide dugc ndi véi
mot lién két phosphodieste ¢ vi tri 5° clia pentose ciia nucleotide tiép theo.

Polypeptide. Mot chudi dai nhitng amino acid néi véi nhau béi nhitng
lién két peptide.

Polysome (polyribosome). Céu trac gdm nhiéu ribosome két hop véi
mRNA trong qua trinh dich ma. Nhiing polysome tur do trong té bao chat,
tong hop nhing protein ndi bao. Nhitng polysome két hop v6i mang ngoai
ctia ludi noi sinh chét, tong hop nhiing protein ding cho sy tong hop mang
hodc dugc bai tiét ra ngoai.

Primase (protein Dna G). La mot dang cia RNA polymerase va la
san pham cua gen Dna G. Trong vi khuan, primase lién két véi DNA
helicase tao thanh mot phiic hop goi 1a primosome. Primase dugc hoat hoa
boi DNA helicase nhd @6 n6 s& tong hop mot RNA primer ngan xap xi 111
nucleotide, enzyme DNA polymerase s& kéo dai RNA primer bang cach bo
sung cac nucleotide méi. Vi thé, primase 1a mot nhan té quan trong trong tai
ban DNA bai vi néu khong c6 né6 DNA polymerase khong thé khoi dau su
t6ng hop mot soi DNA moi.
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Prokaryote. Sinh vét don bao khéng c6 nhéan té bao dién hinh, DNA
nam trong té bao chat khdng c6 mang bao boc, khéng c6 nguyén phan va
giam phan; dai dién dién hinh 1 vi khuan.

Prophage. Phage 6n hoa d3 xen vao nhiém sic thé cta vi khuan tiém
tan. N6 sao chép dong thoi voi nhiém sic thé cia té bao vi khudn chu.

Protein. Mot phan tir 16n gdm mot hodc nhiéu chudi polypeptide, mdi
chudi c6 mét trinh ty amino acid va mot khdi luong phan tir ddc trung.
Protein 1a hop chat quan trong bac nhat di véi co thé séng. Vé cau tric,
protein 1a phan tir mach dai gém cac don vi cdu tric nho 1a cac amino acid
ndi vai nhau qua mdi lién két peptide. Khdi lwong phan tir cia protein tir vai
nghin dén vai triéu. C khoang 20 loai amino acid. C4c loai protein phtc tap
hon c6 lién két thém vai cac nhdm bd sung.

Protein dung hep (fusion protein). L4 mot protein tai to hop lai
dugc ma hoa bdi mot gen lai (fusion gene) do sy dung hop in vitro cac doan
gen khac nhau trén plasmid vector va sau d6 bién nap vao vi sinh vat chu
(chang han E. coli). Vi vay, protein dung hop s& mang trinh ty amino acid
ctia hai protein khac biét dugc tong hop tir ddu N ciia vector biéu hién.

Protein khong histone (non-histone). Protein acid lién két voi DNA
trong cac nhiém sac thé eukaryote. Con goi la protein khong kiém.

Protein nguyén thé (native protein). La mot protein tai t6 hop duoc
ma hoa bai mot gen ngoai lai (foreign gene) trong vi sinh vat chi. Khac véi
protein dung hop, protein nguyén thé dugc téng hop tir dau N cia nd cha
khong phai tir dau N cua vector.

Protein s¢i (fibrous protein). Nhiing protein khong tan, c6 chirc
nang bao vé hoidc cdu tric, chira nhitng chudi polypeptide cé cu trac bac
hai.

Purine. Mot hop chét di vong, kiém, c6 nitrogen, 1a thanh phan cua
nhiing nucleotide va nucleic acid. Purine chira mot nhan pyrimidine két hop
v61 moOt nhan imidazol.

Purmycin. Mot loai khang sinh c6 tic dung trc ché su tong hop
polypeptide bang cach gin vao chudi polypeptide, canh tranh véi
aminoacyl-tRNA ga"ln 1én vi tri cua ribosome, va nhu vay tao ra su két thic
som téng hop chudi polypeptide.
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Pyrimidine. Mgt nitrogen base di vong c6 ¢ trong cac nucleotide va
nucleic acid.

Pyrophosphate. Phan tir hinh thanh bai hai gdc phosphate nbi véi
nhau bang lién két anhydride.

Pyrophosphatase. Enzyme thuy phian mdt pyrophosphate hitu co
thanh hai phan tir orthophosphate.

Qua trinh phan tich va tinh sach diu ra (downstream
processing). Giai doan tinh sach cac san phdm ctia mot qua trinh sinh hoc
(bioprocessing). Cac ky thuat thuong dugc st dung trong budc nay la ly
tam, siéu loc hodc sic ky.

Quang tai hoat héa (photoreactivation, light repair). Mot cach stra
chita cac pyrimidine dimer. Céc dimer hdi bién truc tiép tr¢ lai dang ban dau
dudi tac dung ctua anh sang binh thuong ¢ budc song 320-370 nm.

Quang hgp (photosynthesis). Qua trinh sir dung nang lugng ctia anh
sang d¢é tao thanh carbohydrate bat dau tir CO, va mot tac nhan khir.

Replisome. Mot phirc hgp da enzyme c6 tac dung khoi dong sy tai
ban DNA ¢ chac ba tai ban.

Retroposon. Loai transposon hoat dong dudi dang RNA; trude hét
DNA duogc phién ma thanh RNA, RNA nay sau d6 dugc phi€én ma nguoc
thanh DNA va gén xen vao mat vi tri maéi trén hé gen.

Retrovirus. La loai virus RNA chira enzyme reverse transcriptase va
sinh san dudi dang DNA mach kép. Chung c6 kha niang xam nhiém té bao
vat cht cao. Khi xdm nhiém no c6 kha ning gin hé gen cua virus v6i hé gen
ctia té bao vat chu, 1a co s¢ dé thiét ké cac vector liéu phap gen hiéu qua.

Ribonuclease. Enzyme xuc tac dic hiéu viéc phan huy RNA bing
cach cat cac mbi lién két phosphodiester trén RNA.

Ribonucleic acid (RNA). Thuong 14 phan tir da phan mach don gdm
cac don vi cdu tric co so 1a ribonucleotide. Vé mit hoa hoc RNA rat gidng
v6i DNA. RNA 14 vat chét di truyén ctia mot sé virus va la cic phéan tir
trung gian trong qua trinh tbng hop protein ma thong tin vé trinh tu amino
acid cua chung da dugc ma hoa trong DNA.
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Ribonucleotide. Pon vi ciu tric co sé cia RNA, gdm ba thanh phan:
duong ribose, nitrogen base va nhom phosphate.

Ribosome. La co quan tir khi két hop véi mRNA tao ra bd may tong
hop protein. Trong té bao thudng cé hang nghin ribosome, ribosome cua
moi té bao déu gém mdt tiéu don vi nhoé va mét tiéu don vi 16n. Mdi tiéu
don vi ¢6 mang nhiéu protein va rRNA (trong d6 rRNA 1a thanh phan chu
yéu chiém khoang 65%) c6 kich thuéc khac nhau. Ngudi ta ciing thiy
ribosome trong ty thé, & d6 co sy tong hop mot sb protein ty thé.

Ribozyme. La doan RNA c¢6 hoat tinh xuc tac phan ung héa hoc
gidng nhur enzyme.

RNA bo sung (complementary RNA). RNA sinh ra bang cach phién
ma tir khudn mau soi don DNA tuong tmg.

RNA kich thwéc nhé cia nhan (small nuclear RNA, snRNA).
Ngoai mRNA, tRNA Va rRNA, té bao eukaryote con chira nhitng phan tu
RNA kich thuéc nho cia nhan (chiém khoang <1%) tham gia vao ghép ndi
cac exon.

RNA ligase. Enzyme ndi cac doan RNA véi nhau sau khi cac intron
dugc cit roi khoi tién chit cia mRNA (pre-mRNA) & cac sinh vat
eukaryote, tao ra mRNA hoan chinh sin sang tham gia vao qua trinh dich
ma dién ra trén ribosome.

RNA polymerase. Con goi la RNA polymerase phu thuéc DNA
(DNA-dependent RNA polymerase), xtic tic viéc tong hop RNA trén khudn
mau DNA trong qua trinh phién ma.

RNA ribosome (ribosomal RNA, rRNA). La thanh phan co ban cia
ribosome, dong vai trd xdic tdc va cdu truc trong téng hop protein. Tuy theo
hé s6 ling rRNA duoc chia thanh nhiéu loai: & eukaryote c6 rRNA 28S;
18S; 5.8S va 5S; con cac rRNA ¢ E. coli co6 ba loai: 23S, 16S va 5S. rRNA
chiém nhiéu nhit trong bén loai RNA (khoang 80% tong s6 RNA té bao),
tiép dén la tRNA khoang 16%, mRNA chi khoang 2%. Ngoai ra, té bao sinh
vat eukaryote con chira nhitng phan tt RNA kich thudc nhé ctia nhan (small
nuclear, snRNA) chiém khoang <1% tham gia vao ghép nbi cac exon.

RNase. Enzyme thuly phdn RNA.

RNA thong tin (messenger RNA, mRNA). Mot loai RNA duogc
phién ma tir mot trinh ty DNA. mRNA truyén thong tin di truyén tir nhidém
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sic thé t6i ribosome dé tdng hop protein. Trong qua trinh d6 mot soi cua
chudi xodn kép DNA duoc dung lam khudén mau, doc theo né cac nucleotide
cia mRNA bd sung duoc xép thanh hang, ndi v6i nhau tao nén mét
polynucleotide giéng hét soi DNA khong lam khuén mau ngoai trir thymine
duoc thay bang uracil. Qua trinh nay goi 1a phién ma va phan tt mRNA
mang mi di truyén duoc dung dé diéu khién sy hinh thanh protein trén
ribosome.

RNA van chuyén (transfer RNA, tRNA). Loai RNA mang cac
amino acid dén ribosome va sap xép chiing doc theo phan tir mRNA d3 nim
san & d6. Tai ddy, cac amino acid ndi véi nhau bang lién két peptide dé tao
thanh phén tir protein. Mdi amino acid c6 mét phan tir RNA van chuyén
riéng véi b ba dic trung va nhu vay cac amino acid duoc sap xép theo trat
tu cua cac nitrogen base trén mRNA trong qua trinh dich ma.

10 sequence. La doan ma hoéa c6 tac dong lién ung TATAATG tép
trung khoang 10 bp trudce diém khoi dau cia mot gen cua vi khuén.

35 sequence. La doan ma hoa tap trung khoang 35 bp trude diém khoi
dau ciia mot gen cua vi khuan.

San phiam phién ma so' cAp (primary transcript). San pham phién
mi ban dau cua cac gen eukaryote con duoc goi 1a mRNA tién than (pre-
mRNA), thudng c6 kich thudc rat 16n. N6 phai duoc xtr 1y (splicing) dé tao
ra phén tr mMRNA hoan chinh (mature mRNA) dung cho dich mé.

Sang loc (screening). Ky thuat nhan dang mot dong DNA trong mot
thu vién hé gen (genomic library) hoac thu vién cDNA (cDNA library) bang
mot phuong phap lai mau do c6 danh déu [a-*2P]dCTP véi cac vét tan
(truong hop dung bacteriophage A 1am vector tao dong va cho xam nhiém
vao vi khuan E. coli) hoic khuan lac (dung plasmid l1am vector tao dong)
Cua cac thu vién d6 trén mang nylon hoac nitrocellulose. Tin hiéu lai duoc
phat hién bang phéng xa tu ghi trén phim X-quang.

Sinh hegc phan tir (molecular biology). Khoa hoc nghién cuu céac
hién tuong sdng ¢ mirc do phan tir. Linh vuc khoa hoc tré tudi nay 1a diém
gap nhau caa cac khoa hoc kinh dién nhu di truyén hoc, hda sinh hoc, té bao
hoc, vat Iy hoc, héa hoc hiru co va hoa 1y. Theo cach hiéu phé bién hién nay,
sinh hoc phén tir Ia khoa hoc nghién ctru c&c gen va hoat dong caa ching ¢
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muc d6 phan tir, bao gdm phién m4, dich ma, sao chép, diéu hoa biéu hién
gen, tai to hop va chuyén gen...

Sinh tong hop protein (protein synthesis). Phan @ng hda hoc dién ra
trén ribosome tao nén cac phan tir protein tir cAc amino acid trén co s¢ thdng
tin di truyén nhan duoc tir trong nhan té bao théng qua MRNA.

Somatotropin. Pay la loai hormone dic biét, thudng duoc tong hop
trong ndo dong vat va nguoi véi mot ham lugng vo cung thép. Somatostatin
¢6 vai tro diéu hoa hormone sinh truéng va insulin di vao mau, kiém tra su
téng hop hai loai hormone nay. Hién nay, hormone nay di duoc san xuét
bang cong nghé DNA tai td hop dé chita bénh Iin & tré em do thiéu
somatotropin.

Southern blot. K¥ thuat chuyén va c¢6 dinh DNA di bién tinh tir
agarose gel (sau khi duoc phan doan bang dién di) 1én mang lai bang nylon
hay nitrocellulose dé lai vi mau do (probe) duoc ddnh dau dong vi phong
xa [0-**P]dCTP hoic digoxigenin-dUTP. Tin hiéu lai sau d6 dugc phat hién
trén phim X-quang (truong hop [0-*?P]JdCTP) hodc trén mang lai (trudng
hop digoxigenin-dUTP).

S6 ban sao (copy number). (1) S6 céc phan tir plasmid c6 trong mot
té bao vi khuan. (2) S6 luong cac ban sao ciia mot gen trong hé gen caa mot
sinh vat.

So d6 phong xa tw ghi (autoradiogram). Hinh anh sinh ra trén phim
X-quang do sy phat xa cua cac hat phong xa.

Soi chii (leading strand). Chudi DNA trong qué trinh tai ban duoc
tong hop cung chiéu v6i hudng di chuyén cia chac ba tai ban.

Soi ¢6 nghia (sense strand). Soi don trong chudi xoin kép DNA
dugc dung lam khudn miu dé tong hop mRNA trong qua trinh phién ma.
Soi don DNA thir hai khong duoc ding 1am khudn mau dé phién ma goi la
soi doi nghia (antisense strand).

Soi thir (lagging strand). Chudi DNA trong qua trinh tai ban dugc
téng hop nguoc chidu véi hudng di chuyén ciia chac ba tai ban.

Suppressor. Co hai loai: (1) Extragenic-thuong la mot gen ma hoa
mot tRNA dot bién c6 trén codon dot bién, theo nghia ciia codon dau tién.
(2) Intragenic-1a dot bién co tinh chat bu dap dé phuc hoi khung doc ma dau
tién sau khi di c6 su chuyén dich khung.
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Sira chira bang cit bé (excision repair, dark repair). Qu4 trinh sira
chita cac pyrimidine dimer trén DNA (do tia tir ngoai sinh ra) bang cach cit
b6 cac dimer va tong hop doan DNA méi thay thé nao d6 dudi tac dung cua
cac enzyme dic hiéu ma khong can dén anh sang.

Tac nhan dét bién (mutation factor). Bat ky tac nhan vat ly hoic
héa hoc nao lam ting dang ké tan s6 dot bién so vai tan sé dot bién ty nhién
thi déu dugc xem 1a tac nhan dot bién. Cac tac nhan dot bién théng dung 1a
cac tia phong xa nhu tia X, tia gamma, tia tir ngoai; cac hda chat nhu cac
ddng dang cua cac nitrogen base, nitrogen acid, hydroxylamine, acridin...

Tai ban (replication). Sy sao chép vat chit di truyén trong chu trinh
phan bao hoic sy tong hop DNA cua phage khi phage sinh san trong té bao
vi khuan.

Tai ban DNA Kkiéu bin bao toan (semiconservative DNA
replication). Qua trinh sao chép DNA ma hai soi cha me dén xodn va duoc
dung 1am khuon dé tong hop hai soi méi. Khi sao chép xong thi mdi chudi
X04n kép con g@)m mot soi cll va mot soi moi.

Tai ban DNA kiéu gian doan (discontinuos DNA replication). Su
téng hop DNA thanh nhiing doan ngén, sau d6 ndi lai voi nhau tao thanh
chudi polynucleotide dai.

Tai ban DNA kiéu nira gian doan (semidiscontinuos DNA
replication). Su tong hop DNA lién tuc trén mot soi khudn mau trong hai
soi cua DNA mach kép; con trén soi khudn mau kia, DNA duoc téng hop
thanh nhitng doan ngan goi 1a doan Okazaki, sau do tat ca chung dugc ndi
lai voi nhau nho ligase tao thanh chudi polynucleotide dai.

Tai ban hai hudng (bidirectional replication). Sy tai ban theo hai
huéng nguoc chiéu nhau.

Tai to hop (recombination). Qua trinh ma trong d6 nhiém sic thé
hay phan tir DNA dut ra rdi cac phan dut dugc nbi lai theo mot t hop mai.
QuA4 trinh nay co thé xay ra trong té bao séng (qua sy trao doi chéo trong
phan bao giam nhiém) hay trong 6ng nghiém nhd cac enzyme cit va ndi
DNA.

Tao dong (cloning). Con goi la nhan dong, tach dong hay dong hoa,
1a sy san sinh nhiéu ban sao ctia mot phan tir DNA, thuong 14 phéan tor DNA
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tai to hop trong plasmid vector, bang cach sao chép phan tir d6 trong mot
vat chu thich hop chang han vi khuan E. coli.

Téan sb 13p lai (repetition frequency). La s 1an sao chép ctia mot
doan ma hoa nao do cé trong hé¢ gen don boi, twong duong véi 1 trong
truong hop nonrepetitive DNA va 16n hon 2 trong truong hop repetitive
DNA.

Terminal transferase. Enzyme bd sung cac goc nucleotide vao dau
3’ cua oligonucleotide hoac polynucleotide.

Té bao bach huyét (B lymphocyte). La nhiing té bao ¢6 chuc niang
téng hop cac khang thé.

Té bao Hfr (high frequency recombination cell). Té bao gi6i tinh
duc ¢ E. coli, co mang nhan t6 F gin lién v6i nhiém sac thé vi khuan. Khi
nhan t6 F thuc ddy su tiép hop cua té bao Hfr vdi té bao cai (F) thi cac gen
ctia vi khuan dugc truyén sang té bao cai véi tan sd cao.

Té bao mam phdi (embryonic stem cell). Té bao phdi chua biét hoa,
da thé & chudt, co thé dugc nudi cdy trong mot thoi gian dai ma van giir
dugc tinh da thé, nghia 1a kha ning biét hoa theo nhiéu hudng dé phat trién
thanh cac té bao khac nhau nhu: té bao co tim, t& bao than kinh, té bao gan...

Thé bién nap (transformant). Té bao hoic sinh vat nhan dugc gen
ciia mot sinh vat khéc trong qua trinh bién nap va biéu hién chic niang cia
gen d6 ra kiéu hinh.

Thé da hinh (polymorphism). Mb ta su c6 mit dong thoi cia quan
thé trong hé gen biéu hién bién di c6 tinh chat allele, c6 thé quan sat trén cac
allele tao ra cac kiéu hinh khac nhau, hodc su thay d6i ctia DNA anh huong
dén kiéu cét han ché (restriction patterns).

Thé dot bién (mutant). Sinh vat (hodc gen) mang dot bién di truyén.

Thé kham (mosaic). Phdi hoidc co thé c6 céc té bao mang cac hé gen
khong giéng nhau.

Thé nhan (nucleosome). Céu trac co sé cta cac nhiém sic thé
eukaryote gdbm DNA bao quanh mét I8i histone. Thé nhan c6 dang hat, quan
st thdy dudi kinh hién vi dién tu.

Thé tai t6 hop (recombinant). Cac cé4 thé hoic té bao mang cac to
hop gen khac véi cha me cua ching do cac qué trinh tai té hop di truyén
sinh ra.
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Thong tin di truyén (genetic information). Thong tin dugc luu triv
trong cac phan tt DNA cua sinh vat & dang trinh tu sap xép cua bdn
nucleotide ky hi¢u la A, T, C va G déng vai tro nhu nhitng “chir cai” cua
“ngdn ngir” di truyén. Trong ngdbn ngit nay, mdi tir chi c6 ba chir céi goi la
mot bo ba. Nghia ctia mdi tir 1a mot amino acid c6 mat trén phan tir protein
tuong tng. MAi “cau” cta ngdn ngir di truyén 1a mot gen chira dung thdng
tin di truyén dé dam nhiém maot chic ning tron ven. Mdi chirc nang 1a mot
dic tinh sinh ly, hinh thai hay cau tric caa su séng. Do co ché sao chép theo
kiéu nira bao toan caia DNA ma thdng tin di truyén duoc truyén chinh xac tir
thé hé no sang thé hé kia hau nhu khong thay doi.

Thu thé (receptor). Protein mang, mot phan nim trong mang té bao,
c6 kha niang gin mot phdi tr (ligand) & mat ngoai ctia mang két qua 1a gay
ra mot bién doi hoat dong trong té bao chét.

Thudc thir nghiém (orphan drug). La thudc duoc phap luat My (va
mot sé nude khac) cho phép dung thir trong mét vai ndm (6 My 1a 7 nim)
dé chita nhitng cin bénh hiém gip. Hormone phéat trién nguoi va
erythropoetin duoc san xuit nhd cong nghé DNA tai t6 hop thudc dang
thudc thir nghiém noi trén.

Thuw vién cDNA (cDNA library). Tap hop cac dong DNA dugc tao ra
tir mMRNA ctia mot té bao hoic mot mé cu thé trong bacteriophage vector,
dai dién cho thdng tin di truyén ma cac té bao dé biéu hién.

Thu vién hé gen (genomic library). Tap hop tat ca cac doan DNA
dugc tao ra tir phan tmg cat han ché genome trong bacteriophage vector, dai
dién duoc cho toan bo cho thdng tin di truyén caa mot hé gen.

Thymine (T). Base loai pyrimidine c6 trong DNA nhung khong c6
trong RNA. Trong mach kép DNA thymine bat cip véi adenine (A).

Tinh trang (trait). Mot dac diém hoac tinh chat bén ngoai cua céc ca
thé sinh vat.

Tinh trang da gen (polygenic trait). Tinh trang dugc xac dinh bai
mdi twong tac gitra nhiéu gen, chang han mau mit ¢ nguoi.

Topoisomerases. Nhirg enzyme xuc tac sy thay doi nhitng dang siéu
xoan 4m hodc duwong cta chudi DNA xoan kép vong.

Trao d6i chat (metabolism). Con goi 14 qua trinh chuyén hoéa, 13 toan
b6 nhitng thay ddi trong té bao sdng ctia nhitng phan tir hiru co nho xtc tac
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boi nhitng enzyme. Sy chuyén hoa bao gdm ca qué trinh tong hop 1an thoai
hoa.

Trinh tw din dau (leader sequence). Mét trong ba phan chu yéu caa
mot phan tr mRNA. Trinh tu ndy nam & dau 5’ cia mRNA va mang thong
tin dé ribosome va céc protein dic hiéu nhan biét bat dau qua trinh tong hop
polypeptide, trinh ty din dau khong dwoc dich ma thanh trinh ty cac amino
acid.

Trinh twr diéu hoa (regulatory sequence). Mot trinh tir cia DNA
tham gia vao qud trinh diéu hoa cua gen. Vi dy: trinh ty promoter hoic
operator.

Trinh ty chén (insertion sequence, IS). C6 ¢ vi khuan, kich thudc
nho va twong duong véi transposon, chi mang gen can cho sy gan chén cua
chinh no.

Trinh tw chi huy (operator). Poan DNA ngin nim ¢ dau operon, ké
sat promoter noi ma protein ¢ ché c6 thé bam vao, cé tac dung “mé” hoic
“dong” operon dé cho cac gen cau trdc trong operon hoat dong hoic nging
hoat dong.

Trinh ty khéi dong (promoter). Trinh tu nucleotide dic hiéu nam
trong thanh phén operon, c6 chirc nang diéu hoa hoat dong cua operon, noi
RNA polymerase bam vao dé bat dau qua trinh phién ma. Trinh ty dic trung
cua promoter ¢6 khoang 20-200 nitrogen base.

Trinh tw I3p lai (repetitive sequence). Céc trinh ty base ¢ nhiéu ban
sao cuing mét IGc trén phan tir DNA. C6 bdn loai trinh tu 13p lai: trinh tu l3p
lai don (c6 mot ban sao), trinh tu lap lai vira (c6 tir 1 dén 10 ban sao), trinh
tu 13p lai trung binh (c6 tir 10 dén vai traim ban sao) va trinh ty 13p lai cao
(c6 tir vai tram dén vai triéu ban sao).

Trinh tw I3p lai ngwoc chiéu (inverted repeat sequence). Mot doan
ngin cua DNA duogc lap lai, thuong & cac dau cua mot doan dai hon, co
hudng nguoc chiéu.

Trinh tw 13p lai xudi chiéu (direct repeat sequence). Poan DNA
gém mot day céc trinh tu nucleotide duoc 13p lai theo ciing mét chiéu.

Trinh ty phé bién (consensus sequence). Poan trinh tu thiy c6 trong
hau hét cac mau cua mot yéu td di truyén cu thé va cd do bén viing cao, vi
du hop CAAT.
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Trinh tw Shine-Dalgarno (Shine Dalgarno sequence, SD). Con goi
1a ving lién két ribosome (RBS), 14 mot phan cua trinh ty nucleotide ¢ dau
5’ cia m6t mRNA prokaryote c6 thé két hop bo sung cip base v6i dau 3’
cua 16S rRNA, dung lam tin hi€u cho sy khoi dau dich ma.

Trinh tw tang cwong (enhancer). Trinh ty nucleotide dang cis lam
tang cudng do phién ma cua promoter trong gen eukaryote. N6 c6 thé nam
cach promoter hang ngan cap base va hoat dong theo ca hai hudng & bat ky
vi tri ndo so v&i promoter.

Twong ddng (homologous). (1) N6i vé cac nhidm sic thé cip doi
trong céc sinh vat ludng boi. (2) Dung dé md ta cac trinh ty DNA gidng hét
nhau mot cach tuyét d6i; tuy nhién, phan trim twong ddng giira cac doan
lién quan d6i khi chi twong ddi.

Ty thé (mitochondria). Bao quan c6 mang bao boc, nam trong té bao
chat ctia cic sinh vat eukaryote. Ty thé chita nhiing enzyme can thiét cho
chu trinh citric acid, van chuyén electron va qua trinh phosphoryl oxy hoa.

U dé gin moi (annealing). Dung dé chi su bat cip cua khudn méu
DNA soi don voi primer (mdi) dé tong hop nén mét soi DNA bd sung bang
cach sir dung cac dNTP c6 trong mdi truong dé kéo dai primer nhd sy xuc
tac cua enzyme Taq DNA polymerase (trong khuéch dai PCR) hoic DNA
polymerase I (trong tong hop cDNA).

U'c ché amber (amber suppresser). La cac gen dot bién (mi hoa cho
tRNA) ma nhiing anticodons cua né da duogc kich hoat dé co thé nhan UAG
codon cling nhu cac codon trudce do.

Vit chia (host). Té bao ding dé nhan cac phan tir DNA Ién nhiéu lan.

Vector. La cac phan tir DNA duoc sir dung trong tao dong va biéu
hién gen, va nhan ban chiing trong té bao vat chu (E. coli hoic ndm men).
C6 ba nhom vector chinh gom: (1) Nhom plasmid, (2) Nhom
phage/phagemid, va (3) Nhém nhiém sic thé nhan tao (artificial
chromosome: BAC, YAC...). Y tuéng vé vector chuyén gen bat ngudn tir
cac plasmid cua vi khudn. Vector chuyén gen 13 cac phan tit DNA c¢6 kha
nang tu tai sinh, ton tai doc lap trong té bao va mang duoc cac gen can
chuyén.
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Vector biéu hién (expression vector). La vector c6 thé mang cac gen
ngoai lai mong mudén cho phép thuc hién su phién ma cua cac ban sao duoc
tao dong va su dich mi cac mRNA cua chung trong té bao vat chu, vi du: E.
coli. Bé biéu hién cac gen ngoai lai trong E. coli phai bat diu bang viéc gin
n6 vao trong vector biéu hién (thuong 1a plasmid). Vector ndy phai c6 du
cic cAu trac can thiét sau: (1) Céc trinh ty ma héa gen chi thi chon loc
(selectable marker) dé dam bao duy tri vector trong té bao. (2) Mot
promoter kiém soat phién ma cho phép san xuat mot luong 16n mRNA tir
cac gen duoc tao dong. (3) Céc trinh ty kiém soat dich ma nhu ving lién két
ribosome duoc bb tri thich hop va codon khai dau ATG. (4) Mot polylinker
dé dua gen ngoai lai vao trong mot hudng chinh xac véi promoter.

Vector tao dong (cloning vector). Phan tt DNA mach kép c6 kha
nang tur sao chép trong té bao vat chii. C6 thé gan vao phan tir ndy mot doan
hodc mot vai doan DNA khac ngudn tao nén phan tir DNA tai to hop ding
dé nhan dong.

Vector thay thé (replacement vector hay substitution vector). La
mot bacteriophage vector ma ¢ d6 céc diém tao dong sap xép thanh cac cip,
do vdy phan ciia hé gen nam giita cac diém nay co thé dugc thay thé bang
doan DNA cheén.

Vét tan (plaque). Vong tron trong sudt xuat hién trén tham duc cia
cac vi khuan moc trén moi trudng thach dic, do su tan v& 1ap lai nhiéu chu
ky ctia cac té bao vi khuan bi bacteriophage xaAm nhiém va sinh tan.

Vi tri cos (cos site). Vung duoc tao ra khi cac dau dinh cuia DNA
phage A ndi lai véi nhau.

Virus. Phirc hop chira nucleic acid (DNA hoic RNA) nam trong mot
v6 boc protein, c6 kha ning gdy nhiém va tai ban bén trong té bao vat chu
dic hiéu, tao ra nhiéu virus, lan truyén tir t& bao nay sang té bao khac. Virus
la dang séng khong co cau tric té bao, c6 kha nang xam nhap vao céc té bao
séng xac dinh va chi sinh san & bén trong cé4c té bao d6. Giéng nhu tat ca ca
sinh vat khac, virus c6 bo may di truyén caa riéng minh, ma hoa viéc tong
hop cac hat virus tir cac chat c6 trong té bao vat chu. Nhu vay, virus la
nhitng vat ky sinh noi bao. Virus phan b & khip noi trong tu nhién, xam
nhap vao tat ca cac nhom sinh vat. Nguoi ta di biét khoang 500 loai virus
xam nhap dong vat mau ndng, 300 loai xam nhap thuc vat bac cao. Mot sé
khdi u ung thu & dong vat va & nguoi c6 thé do virus. Virus ton tai & hai
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dang: dang nghi hay ngoai bao va dang sinh san hay noi bao. Kich thudc
cua cac hat virus tir 15-350 nm, chiéu dai ciia mot sé loai virus cé thé dat toi
2000 nm. Phan Ién virus chi nhin thdy dugc qua kinh hién vi dién tir. Chat
mang thong tin di truyén cua virus 1a nucleic acid: DNA hoic RNA. Vi vay,
c6 thé phan virus thanh hai loai: loai mang DNA va loai mang RNA.

Vi tiém (microinjection). Ky thuat dua DNA vao nhan hoic vao té
bao chat cua té bao bang kim mao dan va bom ép luc. Pay la k§ thuat sir
dung pho bién trong cong nghé té bao dong vat (animal cell biotechnology),
n6 doi hoi thiét bi vi thao tic (micromanipulator) cuc nhay, k§ ning thuc
hanh va su kién nhan cao cta k¥ thuat vién.

VNTR (variable number of tandem repeats). Con goi la tiéu vé
tinh, chi cadc vung ctia hé gen dac trung bdi sy 1dp lai cia cung mdt trinh tu
DNA. S6 luong lan lap lai thay ddi theo ca thé nén mang tinh da allele rat
cao.

Vong kep téc (hairpin loop). Vung chudi don bo sung tao nép gap
chtra cac cip base tao thanh xodn kép, duoc ding lam mdi (primer) cho qua
trinh tong hop soi cDNA thit hai.

Voén gen (gene pool). Toan bo thong tin di truyén co trong tat ca cac
gen ctia mot quan thé tai mot thoi diém xac dinh.

Ving cing hwéng (downtream). Dé cap dén vi tri caa mot doan
trinh tw ndo d6 nam & phia dau 3” ctia gen hoic mot doan gen quan tam.

Ving da néi (polylinker hay polycloning sites). Mot trinh tw DNA
mach kép dugc téng hop nhén tao c6 mang mot loat cac vi tri nhan biét cua
cac enzyme han ché. Trinh ty ndy dugc gin vao cac vector dung trong k¥
thuat tao dong gen (nhu vung tao dong).

Ving lién két ribosome (ribosome binding sites, RBS). Ving trén
phan tt mRNA gitp cho n6 bam vao ribosome trong qua trinh dich ma (xem
trinh ty Shine-Dalgarno).

Vung nhan (nucleoid). M6t viing trong té bao vi khuan tap trung vat
chat di truyeén.

Vung ngwoc hwéng (upstream region). Vi tri cia mot trinh ty
nucleotide ndo d6 nam & phia dau 5’ ciia phan tir DNA so vai gen quan tam.
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Vung siéu bién (hypervariable region, HVR). Ving trong hé gen
bao gom mat s6 luong bién dong cac trinh tu lip lai va duoc dung dé xéac
dinh dic trung ca thé (xem in dau di truyén).

Viung tao dong (multiple cloning sites, MCS). Poan DNA ngéin
trong mdt vector thé hé tht ba (vi du: cidc nhom pUC, pGEM,
pBluescript...) cé chura cac vi tri nhan biét cho mét sb enzyme cit han ché
thong dung, dugc thiét ké dé chén doan DNA ngoai lai vao day (xem ving
da noi).

Western blot. Ky thuat phan tich protein dua trén nguyén ly lién két
khéng nguyén-khang thé dé phét hién protein dic hiéu cé ban chit khang
nguyén (thuong duoc tham tich 18n mang nitrocellulose sau khi chay dién di
SDS-PAGE, va ¢ dinh ¢ d6). Sau khi protein trén mang lai gan voi khang
thé thir nhat dac hiéu va tiép dén Ia khang thé tht hai c6 danh dau enzyme
(alkaline phosphatase hoac horse-radish peroxidase...) thi phac hop nay sé
duoc lién két véi co chat dé tao mau. Su hién dién cua protein ngoai lai (san
pham dich ma cua gen ngoai lai duoc chuyén vao té bao vat cha) sé dugc
phat hién nho sy xuat hién mau cua phan Gng lai.

Xoin alpha (helix o). Ciu triic xo4n ctia chudi polypeptide, thudng
1a quay phai, v6i s luong téi da lién két trong chudi, mot trong nhing ciu
tric bac hai pho bién cta protein duge tim thay & keratin.

Xoin kép (double helix). Céu tric ba chiéu ty nhién cua hai chudi
DNA bb sung, d6i song va xoén v6i nhau.

YAC (Yeast artificial chromosome). Nhiém sic thé nhan tao cua
nim men, dugc dung lam vector dé tao dong nhimg doan DNA c6 kich
thudc rat 16n trong nam men.

Yéu td ngoai nhiém sic thé (extrachromosomal element). Phan tu
DNA khdng phai 1a thanh phan ctia nhidm sac thé té bao vat chu.

Yéu t6 tac dong cis (cis-acting element). Poan trinh tu DNA chi biéu
hién hiéu qua trén chinh phan tir DNA ma n¢6 tac dong. Vi du: hop CAAT la
mot phan tir tac dong cis dbi véi quéa trinh phién md ¢ céc sinh vat
eukaryote.
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Yéu té tac dong trans (trans-acting element). Yéu t6 di truyén c6 thé
biéu hién hiéu qua ma khéng can nam trén cling mét phan tir véi doan trinh
tu dich. Thuong yéu té d6 ma hoa cho mot san pham protein (c6 thé 1a mot
enzyme hay mot protein diéu hoa) va san pham nay c6 thé khuéch tan dén
diém tac dong.
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