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

Sinh hoc phan tir 7



DNA xoan kép

Nhéan cta
8 phan tt histone

700 nm
ar— —JECE

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.
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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):
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- 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.
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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

Sinh hoc phan tir 26



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
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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

Sinh hoc phan tir 37



(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
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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
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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).
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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
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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.

Sinh hoc phan tir 86



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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5 DNA khudén mau 3

3,w 5
5 3 Mg?*

Primer
DNA polymerase I

4dNTP

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

Sinh hoc phan tw 99



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

Sinh hoc phan tw 109



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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