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LOI NOI DAU

sinh hoe phan tit nghién ciu ¢ mite do phan tu cac phan
ung inh hoc xay ra trong té bao. Hoat dong cia ting gen ciing
nhu u phéi hdp gitta cac gen; kiém soat su phién ma, dich ma
cingnhu su phan bé cua cac protein trong té bao; cac phan ung
sinh1oc dam bao hoat déng séng cua té bao ciing nhu diéu hoa
hoat 1ong gitta cac té bao trong mot mo, gida cac mo vdil nhau...
da dwe kham pha nhd cac ky thuat sinh hoc phan tu. Sinh hoc
pharti 1a mét mon hoe mdi, doi hoi su hiéu biét va co lién quan
chat *hé dén cac kién thic co ban caa di truyén, sinh hoa, vi
sinth té bao...

v1ao trinh "Sinh hoc phan td" danh cho el nhan Sinh hoc
gorm au chuong. Chuong thi nhat dé cap dén mot s6 thong tin
vé hcgen (genome); vé dac diém va tinh da dang cua genome.
Chung hai giéi thiéu vé cau ruc va hoat dong ctia gen
prokryot va eukaryot; cac co ché kiém soat hoat dong & mic dé
phnér ma va dich ma. Chuong ba dé cap dén mot so kién thuc vé
slza atta va tong hop ADN. Chuong bon dua ra cac khai niém
chuin; vé tai to hop di truyén. Chuong nim nhian manh dén cac
ky tluat co ban cua sinh hoc phan t va chuong sau néu lén
qué rinh téng hdp va van chuyén, phan bd protein trong cac
bao glan cua té bao.

4nh hoc phan t la mot mon hoe méi, doi hai kién thuc cua
nhiiét mén hoe khac. Vi vay noi dung caa giao trinh nay khong
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thé tranh khéi nhiing thiéu sét. Tac gia da sita chita va bo sung
thém mot s6 kién thic méi trong lan tai ban thd nhat nay.Tac
gia xin bay to long biét on sau sic dén GS. TS. Nguyén Nhu
Hién, PGS. TS. Nguyén Mong Hung va TS. Néng Van Hai da co
nhiing nhan xét, gop ¥ qui bau. Ngoai ra, tac gia rat mong nhan
dugc su phé binh gép ¥ cua ban doc va dong nghiép.

Vi su cam on chan thanh

Tac gia
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Chuong 1
CAU TRUC GENOME

Genome (hé gen) chua toan bd thong tin di truyén va cac
chitdng trinh can thiét cho té bao hoat dong. Dé1 vdi sinh vat
nhan thuc, 99% hé gen nam trong nhan té bao va phan con lai
nam trong mét s6 bao quan nhu luc lap, ty thé. Da sé genome vi
khuan va phan chia trong cac bao quan thuong cé kich thudc
nho va d dang vong khép kin. Ngude lai, phan genome trong
nhan thuong rat 16n va phan b trén cac nhiém sic thé dang
thang. CAu tric cha hé gen trong nhan da va dang thu hit tri
tué cua nhiéu nha sinh hoc do thong tin di truyér khong chi
niam trong trinh tu nucleotide (genetic information) ma phu
thuoc rat nhiéu vao cau hinh khong gian ctua nhiém sic thé (di
truyén ngoai sinh - epigenetic information).

Genome khong phai don thuan la tap hdp cua cac gen. Cau
tric cia hé gen rat phic tap va c6 do trat tu cao. O sinh vat
etikariot, thanh phan ADN chua cac gen chi chiém mdt ty 1é rat
nho so vdi toan bd genome. CAu tric cua gen cang nhu chic
nang cua chung cang khac nhau gita sinh vat prokariot va
eukariot, gita sinh vat nhan thuc bac thap va nhan thyc bac
cao. Hé gen cta vi khuin va sinh vat eukariot bac thap thuong
khong 16n va cac gen phan b sat nhau. Hau hét cac gen nay chi
G mot ban sao trong genome va rat it bi gian doan bai cac doan
ADN khéng c¢hita ma di truyén (intron). Ngude lai, cac gen
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trong té bao eukariot bac cao thuong chia nhiéu intron va phan
b6 xa nhau.

Genome cua mot s6 doi tugng cu thé (model organisms)
dai dién cho méi gidi sinh vat nhu vi khuan E.coli, nAm men,
rudi gidm, giun tron, Arabidopsis va ngudi da dude xac dinh
trinh tu nucleotide. Ban d6 hé gen c6 thé duoc xac dinh theo
3 cach chinh:

- Ban d6 t& bao (cytogenetic map) lién quan dén su xuat
hién cta cac bang sau khi 1am tiéu ban té bao (nhiém sic thé
bat mau). Ky thuat kinh hién vi dién ti ngay nay cho phép phat
hién cac bang nhuém mau dic trung cho mét gen nhat dinh
trén nhiém séic theé.

- Ban d6 di truyén (genetic map) déi khi con dude goi 1a ban
do lién két (linkage map) cho biét méi lién hé gan gai vé vi tri
cua cac nhém gen vdi nhau hay cua cac marker véi nhom gen
trén nhiém sic thé. Cac marker nay co thé la hinh.thai (biéu
hién tinh trang), su da dang cua protein (protein
polymorphisms), da dang d6 dai cua cac doan gid1 han
(restriction fragment length polymocphisms-RFLPs), da dang
d6 dai cac trinh tu don gian (simple sequence length
polymorphisms-SSLPs) va da dang cac doan ADN dude
khuyéch dai ngdu nhién (randomly amplified polymorphic
DNA-RAPD). Hai nhém gen hay gen véi marker cang gan nhau
thi cang khé phan ly doc lap trong phan bao giam phan. Do d6,
moi quan hé nay dude biéu dién bdi tan sé trao déi chéo co thé
xay ra gitta ching trong qua trinh phan bao. Tuy nhién, ban do
nay khong phan anh chinh xac khoang cach thuc giita cac gen
do trao ddi chéo khéng xay ra nhu nhau 6 moi vi tri trén nhiém
séc thé.
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- Ban d6 vat ly (phisical map) duge tinh theo don vi mot
nuclzotide (bp). Vi vay, viéc xay dung ban do6 vat ly hay xac dinh
trinh tu nucleotide cua genome hay it nhat la cua toan bo cac
gen :0 mat trong hé gen la mo quan tam dac biét caa sinh hoc
hién dai.

I'rinh tu genome cta nhitng déi tugng sinh vat moé hinh c6
rat nhiéu gia tri trong huéng nghién citu mdi vé genome
(gerpmic). Dua vao d6, cac nha sinh hoc ¢6 thé phan tich cau
tric hoat dong va chitc nang clia cac gen, lam sang to dude vai
trd caa ADN lap lai, ADN khéng chia ma di truyén, ADN nam
gitta cac gen v.v... Diéu dac biét cé6 ¥ nghia la khi so sanh cac hé
gen vGi nhau, ¢6 thé hiéu duge hoat dong cua hé gen trong cac
d6i tuong sinh vat, moi quan hé gita chung, su da dang sinh
hoc va muc do tién hoa.

Muc dich cua viéc xay dung ban do gen la xac dinh vi tri
clia not gen bat ky tai mot ving trén nhiém sic thé. Tinh chinh
xac ma cac vi tri cing nhu méi lién hé vdi cac chi thi xung
quarh 1a yéu cau can dat duge trong viéc lap ban do gen. Tu
ban 15 gen chiing ta c6 thé biét duge trat tu sip xép cua cac gen
trén nhiém sic thé va thanh phan cac loai ADN trong toan bd
genone. Tu do, c6 thé xac lap duge su di truyén cua cac tinh
trang va madi lién quan cia ching véi cdu truc nhiém sic theé.
San oham cua mét gen do trinh tu nucleotide quyét dinh. Tuy
nhiéa san pham nay duge tao ra nhiéu hay it con phu thuge vao
vi tricta gen trong genome. Su thay déi vi tri tac dong dén mic
4 bBu hién cua tinh trang do gen qui dinh va déi khi con gay
anh 1udng dén cac gen khac. Véi nhitng tién b ky diéu trong
cdbng nghé gen, s6 ban dé chi tiét chinh xac cua cac déi tuong
sinhvat khac nhau ngay cang tang.
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Két qua budc dadu so sanh hé gen gita cac loai sinh vat vol
nhau cho phép rit ra ba dac diém néi bat. Thu nhat 1a cac gen
phan bé khong theo qui luat trong hé gen. Thit hai la kich thudc
hé gen thay déi khong ty 1é véi tinh phic tap cta loai va cudi
cung 1a so lugng nhiém sic thé ciing rat khac nhau ngay gida
nhiing loai rat gan nhau. Néu phan tich chi tiét déi véi mot gen
nhat dinh thi vi tri cac intron, cac exon, cac doan ADN diéu
khién hoat dong cua gen v.v... déu la nhiing yéu té quan trong
dé so sanh tim ra méi quan hé giita cac loai. Ngoai ra, tﬁ'ng sO
gen noéi chung, s ludng cac gen cé nhiéu ban sao trong genome,
ty lé cac loai ADN lap lai va thanh phén cta ching ciing nhu su
di chuyén cta cac gen tit hé gen riéng biét clia cac bao quan (ty
thé, luc lap) sang genome trong nhan déu chiu anh hudng cua
thoi gian, tic 1a déu phan anh qua trinh tién hoa cta cac loal.
Mait khac, dé c6 dude su so sanh chinh xac hon, toan dién hdn,
cAn xét dén ciu truc sgi chromatin, cAu hinh khéng gian ba
chiéu ctia nhiém sic thé ciing nhu cia toan bé hé gen trong
nhan.

Trong chuong nay, ching ta ciing nhau xem xét thanh
phan va cdu tric cua genome phin bd trong nhan té bao ma
khong xét dén phan hé gen trong cac bao quan.

1.1. CAC THANH PHAN CUA GENOME

Genome chiia moi théng tin di truyén dic trung cho timg
loai, tham chi cho titng ca thé trong loai. Genome c6 thé bao
gdém cac phan tit ADN hoic ARN. Déi véi sinh vat béc cao, kich
thudc genome thay ddi tit 10° (déng vat c6 via) dén 10" (thuc vat)
cap base (bp). Khac véi té bao prokaryot (té€ bao nhan s0), cac
gen trong genome eukaryot (t& bao nhan chuén) thudng tén tai
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nhiéu ban sao va thudng bi gian doan bdi cac doan khong mang
thong tin di truyén (cac intron). Vi vay, mot trong nhitng van dé
dude cac nha sinh hoc quan tam la danh gia dude sé6 lugng cac
gen khac nhau c6 mat trong genome cung nhu so ludgng gen
hoat dong trong tiung loai mé, tung giai doan phat trién va ty lé
cac gen so vdi kich thude genome...

Dé giai dap dudc nhitng van dé néu trén, mét phuong phap
hay dude su dung la nghién cttu dong hoc phan ung lai acid
nucleic. Ching ta déu biét rang phan tit ADN & dang sdi kép c¢6
thé md xoan thanh hai chuéi don dudi tac dung nhiét. Lac dé
ching ta néi phan ti ADN bi bién tinh (denaturation). Tuy
nhién khi duy tri 8 nhiét do thich hgp thi hai chudi don c6 thé
lién két tao cap trd thanh chudi xodn kép. Diéu kién dé hai sdi
don lién két tao nén sdi kép la s6 ludng cac nucleotide trén hai
sgi d6 ¢6 kha nang tao cap bd sung phai dat dén méot ty 1é nhat
dinh. Ty lé nay cang lén thi do bén viing cua sdi kép cang cao.
Laic d6 ching ta ¢6 phan dng phuc héi phan tid ADN
(renaturation) hay con goi la phan ing lai ADN. Nhu vay, phan
img lai khéng phai chi xay ra véi hai sdi don ctia mét sgi kép ma
cé thé xay ra véi cac phan tit ADN khac nhau. Chung ta goi
chung cac phan ti ADN nay la cac phan ti tuong dong (vé trinh
tut nucleotide).

Két qua nghién cttu dong hoc phan tng lai ADN cho thay
genome té bao vi khuan chi c6 mét thanh phan gém cac doan
ADN khéng giong nhau (hay con duge goi ia cac doan ADN don
ban). N6i cach khac, cac gen d vi khudn thuong chi duy nhat ma
khoéng c6 ban sao. Tuy nhién genome eukaryot c6 cdu tric phuc
taip hon. Ching gém ba thanh phan ADN khac nhau. Thanh
plhan thi nhat gém cac doan ADN lip lai nhiéu (chiém khoang
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256%); thanh phan thid hai gom cac doan ADN lap lai it (chiém
khoang 30 %) va thanh phan thi ba gom cac doan ADN don ban
(chiém khoang 45%). Khi tung thanh phan ADN riéng biét trai
qua bién tinh va phuc héi 1an tha nhat, sau dé moéi thanh phan
ti€p tuc trai qua qua trinh bién tinh nhiét 1an thi hai, chung ta
thu duge két qua trinh bay trén Hinh 1.1.

% ADN bién tinh
4

{}0 -

! , & | Nhiét do (°C)

L

60 70 80 90

Hinh 1.1: Budng cong bién tinh
cla céc thanh phan ADN I3p lai va khéng Iap lai.
(1): ADN Iap lai. (2): ADN khéng I3p lai. (3): ADN t6ng sé ban ddu

So sanh cac dudng cong bién tinh lan thit hai cia thanh
phan ADN lap lai (1) va ADN khéng ldp lai (2) véi dudng cong
bién tinh cha thanh phan ADN téng sé ban diu (3), ching ta
thdy trong lan bién tinh thi hai thanh phdn ADN lap lai bién
tinh nhanh trong khi thanh phan ADN khéng lap lai bién tinh
tuong tu nhu ADN téng s6 ban ddu. Diéu nay ching té ring
thanh phan ADN lap lai chia cac doan cé trinh tu nucleotide
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khowg hoan toan giong nhau ma chi tuong dong vdi nhau.
Chung ta ca thé giai thich két qua d6 nhu sau:

T'hanh phan ADN lap lai gom cac doan kha tudng dong
nhai. Do d6. sau khi bién tinh lan tha nhat, cac sdi don cua
nhitag doan tuong dong cé thé lai véi nhau trong phan ting phuc
héi rgay khi khong phai mor nucleotide trén hai sgi don déu c6
kha nang tao cap bo trd vél nhau. Nhu vay phan tit ADN lai
(sau khi phuc ho1) co chua nhing khoang trong (khong cé lién
két tydrogen gita hai sai don). Khi gay bién tinh lan hai, nhiét
lugnz dé be gay cac lién két sé it hon so vd lan dau do c6 san
nhirg khoang trong do. Vi vay duong cong bién tinh lan hai déi
val taanh phan ADN lap lai ¢6 gia tri Tm nho hon so véi gia tri
Tm © vdi lan bién tinh ban dau hodc so véi khi bién tinh ADN
tong s6. Ngude la1 thanh phan ADN khéng lap lai chi gdm cac
doan ADN khong giong nhau. Do d6, sau khi bién tinh lan thua
nhat hai so1 don cua mot soi kép sé tao cap vél nhau va lap lai
trang thai ban dau. Liac nay khéng xay ra hién tugng lai gida
hai s#i khac nhau vi thanh phan nay khong chia cac sgi tudng
dong nhau. Do khong ¢6 cac khoang tréng gitta hai sgi don nén
nhiétd6 Tm khong thay doi 8 1an bic a tinh thi hai so véi lan dau.

Ehong phai moi doan ADN (rong genome déu tudng Ung
vii cic gen (ma cho protein hodac mot san pham can thiét cho
hoat 46ng song cua té bao). Tir nhitng nam 70, bang cac thi
nghiém gav bio hoa dét bién. cac nha di truyén hoe ¢é thé xac
dinh lude s6 gen nam trén mot doan nhiém sic thé. Ngay nay
cac k7 thuat phan tich ADN hién dai (cac phép lai Southern,
Norttern, micro array...), cho phép xac dinh s6 gen hoat dong
trong mot té bao. Vi du nhu ¢ té bao nam men (sinh vat

eukanyot bac thap)fcd khedng A0OFREH RORTEmE. con 1€ bao

TRUNG TAM THONG TIN THU VIEN
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dong vat c6 vi khoang 10.000 - 15.000 gen. Nhu vay, néu dé dai
trung binh ctia mét gen khoang 10 000 bp thi tong s6 chiéu dai
cac gen hoat doéng trong moét t&€ bao cing chi chiém 1-2%°
genome. Hay néi cach khac chi mét phan rat nho genome mang
thong tin di truyén cAn thiét cho hoat dong sdng cua té bao. Vay
phdn genome con lai c¢6 vai tro gi ? Phai chdng kich thuéc
genome cang 16n thi tinh phic tap cua loai (ca thé) cang cao ?

Dé giai dap cau hoi trén, ching ta chi cAn xem xét kich
thudc genome clia mot sd loai gidn nhau trong bac thang tién
hoa (tdc 1a c6 do phic tap loai tuong tu nhu nhau) ciing nhu
genome cua nhing loai cach xa nhau (tic la ¢é6 tinh phue tap
khac nhau). Vi du nhu genome ctiia ngudi c6 kich thude khoang
3,3x10° bp, trong khi d6 genome cac loai ludng cu dai tuong ty -
¢d 3,1x10° bp hodc cia thue vat c6 thé dat dén 10 " bp. Cé le
nao loai ludng cu lai c¢6 tinh phitc tap nhu co thé ching ta ? Mat
khac, ngay trong cung mot loai ching ta cling nhan thay su
méau thudn vé kich thude genome. Vi du nhu ruéi séng trong
nha (Musca domestica) c6 genome cd 8,6x10" bp, 16n gap 6 lan
kich thudc genome rudi gidm (Drosophila.melanogaster) véi
genome cd 1,4x10® bp. Ngoai ra, kich thudc genome cua céc
quéan thé ludng cu thay dai tir 10° bp dén 10" bp (khac nhau gép
100 14n). Vi sao ngay trong cung mot loai kich thudc genome lai
bién thién nhiéu nhu vay ? Phai chang rudi nha ¢é céu tao phuc
tap hon nhiéu so vdi rudi gidm?

1.2. TINH PHUC TAP CUA GENOME, GIA TRI C.

Phan ung lai acid nucleic duge tién hanh gita ADN genome
vdi cADN, ADN véi ARNm v.v... Két qua nghién ciu dong hoc
cua cac phan ding nay cho thay hau hét cac gen hoat dong déu
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nam ‘rong thanh phan ADN khéng lap lai. Nhu vay thanh phan
nay ¢ y nghia rat quan trong trong viéc danh gia tinh phc tap
cua genome. Hay néi cach khac, dua vao thanh phan ADN
khong lap lai ¢6 thé biét dude kich thude genome ciang nhu mic
do tién hoa cua loai. Néu nhu kich thude genome (0 trang thai
don 191) dude coi 12 mot tham sé dong hoe ky hiéu la C, thi gia
tri niy dac trung cho tung loai va khéng phai luén ty 1é thuan
vOi tith phic tap cua loai. Ngude lai gia tri C phan anh cac
nghica ly sau:

i S6 lugng ADN ma cho cac san phadm can thiét déi véi
hoat iong séng cua co thé rat nhd so véi sé lugng ADN trong
genone.

+ C6 su bién déi rat 16n cha gia tri C gitta mét s6 loai ma
tinh rhue tap cua ching khéong khac nhau nhiéu.

Cenome vi khuin dude xem la chi chita cac doan ADN
khong lap lai va cac gen thudng ton tai don ban (khéng c6 nhiéu
ban s:0 cia mot gen). Ngudce lai, genome eukaryot thudng chia
cac gen c6 hai hay nhiéu ban sao. Hon niia trinh tu nucleotide
cua cic ban sao nay c6 thé khong giong nhau hoan toan mac du
san plﬁ'm protein ma ching ma c¢6 cung mot chic nang. Cac
ban s:o tuong dong cua mot gen duge xép chung vao mot nhém
gol 1a mot ho gen. Nhu vay ngoai cac gen don ban giong nhu & vi
khuar, genome eukaryot con chia cac ho gen. Hiu hét cac gen
ma chy protein da duge phan lap déu nam trong cac ho gen khac
nhau. Cécg&n trong moét ho thudng hoat dong theo thdi gian va
khong gian. Diéu d6 c6 nghia, mdi thanh vién trong ho thudng
hoat (dng 6 mot thoi diém nhat dinh trong qua trinh hinh
thanh va phat trién ca thé hoac hoat dong trong cac mé chuyén
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biét. Khi mot thanh vién trong ho bi dét bién (bat hoat) thi
thanh vién khac c6 thé hoat'dong thay thé.

Khai niém vé gen dudc hinh thanh khi cac nha di truwén
hoc ¢6 dién nghié:n cttu biéu hién cac tinh trang méi do gay dot
bién ADN genome vi khuin hay thuc khuin thé bacteriophage.
Mot gen dude xem 1a mot doan ADN ma bt ctt dot bién nao xay
ra trén d6 déu dan dén xuat hién tinh trang mdi. Diéu nay dé
hiéu d6i véi genome chi chia cac gen don ban (nhu genome: té
bao prokaryot). Tuy nhién,  genome eukaryot, khi c6 nhiéu gen
cung qui dinh mét tinh trang hoac cac gen tuong dong trong
mot ho c6 thé hoat dong hd trg thay thé nhau thi dot bién trén
mét gen khong phai luc nao ciing quan sat duge 6 muc do
phenotype. Mat khac, cac doan ADN tudng Ung véi mat di
truyén (cac exon) cho mot protein thudng bi ngit quang bai cac
doan ADN khong chia thong tin (cac intron). Cac intron diudge
phién ma cung védi cac exon sang phan tit ARN (goi la pham tu
tién than ARNm) nhung sau dg ching bi loai bo va cac exon
dude nd1 véi nhau tao thanh phan td ARNm hoan chinh (dlusge
ding vao qua trinh tdng hdp protein). Qua trinh cit cac intiron,
ndi exon khong tuan theo mét trat tu bt buéec ma da dang lbién
hoa tao ra cac phan ti ARNm khac nhau tit mét phan tit ARINm
tién than (Hinh 1.2A). Bén canh ARNm, cac phan tit ARNr,
ARNt cling dugc hinh thanh tir cac phan t tién than chia
intron. Ngoai ra con ¢6 hién tugng ma di truyén cua gen nay
nim xen ké véi cac ma cia gen khac (cac gen ndm goi 1én nthau)
hoac trudng hop dich chuyén khung doc ngay trén mot dloan
ADN (Hinh 1.2B).
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5' # 3

+1 ADN
El E3
3 +3I ARNmI
(A)
5 3" phan tr tién thain ARNm
El Il E2 .12 E3
5 | ' - 3 ARNmM2
El E2 E3
Pl P2
(B) e | | : 3
+1 +1
D — 3 ARNm]
5 3" ARNm2

Hinh 1.2: (A): Cat intron va néi exon tao ra hai phan t&r ARNm khac nhau nhung
€0 chung hai exon giéng nhau E1 va E3. Chung ma cho hai chuoi polypeptit c6
chire néng khac nhau trong té bao. (B): Hai gen ma cho hai protein cung nam
trén mét doan ADN do ma di truyén phan bé theo cac khung doc khéc nhau.

Chung ta da biét dén chiic nang ctua cac phan tit ARN trong
hoat dong song cha té bao. Bén canh 3 loai ARN da duge nghién

cifu kha ky (ARN théng tin-ARNm; ARN ribosome - ARNr va,
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ARN van chuyén - ARNt), vai tro cia mot sé loat ARN khac m
duge phat hién vao nhitng nam cuéi thé ky 20. Chung kiém soat
hoat dong cta gen (hién tugng bat hoat gen - gene silencing);
tham gia phan tng doc sita théng tin di truyén trén phén tu
ARNm (hién tugng RNA editing) hay quyét dinh tinh bén viing
ctia ARNm (cac ribonuclease) v.v... Tham chi ¢6 nhitng phan tu
tién than ARNm dudgc téng hop khong phai ma cho protein ma
véi muc dich phén cit tao ra nhiing phan tit ARN c6 kich thudc
nho hon tham gia qua trinh kiém soat hoat dong cua cac gen
khac. Dot bién & nhing doan ADN ma cho tét ca cac loai ARN
nay thudng gin lién véi viéc xuét hién tinh trang mdi. Do d6
cAn xem xét cac doan nucleotide dé6 nhu cac gen mac du chung
khong ma cho protein.

Ngay nay theo quan diém cuta sinh hoc phan tu, mdt gen
dugc xem la mét doan ADN ma cho mét san phém can
thiét déi vdi hoat déng séng ciia té bao. Ro rang rang khong
phai chi c6 ADN ma cho protein ma ca cac ADN ma cho ARN
riboxome, ARN van chuyén va cac loai ARN khac tham gia vao
nhitng con dudng kiém soat hoat dong cua genome cung duge
xac dinh la gen.

1.3. THAY POI TRAT TU CAC POAN ADN TRONG
GENOME TRANSPOSONS

Chiing ta déu biét ring kich thudc va cdu tric genome cua
cac loai khac nhau thi khac nhau. Tuy nhién diéu gi qui dinh
tinh da dang giila cac ca thé ngay trong loai? Su khac nhau gita
genome cua cac ca thé trong mot loai thudng phan bé trong
thanh phan nao cia hé gen? Nhiing nguyén nhan nao dan dén
su khac nhau dé ?
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Trao déi chéo gitta cac nhiém sac thé tusng dong xay ra
trong phan bao meiose 12 mot trong nhitng nguyén nhan dan
dén su da dang trong loal. Ngoai ra trong moéi genome, trat tu
cac doan ADN ciing nhu cau trac cac gen con duge sap xép lai
dac trung cho tung ca thé. Chinh cac yéu té di truyén coé kha
ning van déng (Mobile Genetic Elements) gita cac vi tri trong
mét genome hodc gilta cac genome khac nhau gép phan lam da
dang di truyén gitta cac ca thé trong loai.

Cac yéu to di truyén c6 kha nang van dong dude xép vao 3
nhém chinh tuy thuéc vao tinh doc 1ap cua ching. Nhom thu
nhat gom cac yéu té ¢ kha nang di chuyén giita cac vi tri khac
nhau trong genome, nhom thi hai gom cac yéu to c6 kha nang
ghép vao va tach ra khéi genome dé ton tai doc lap trong té bao
(cac episome nhu plasmid F, thuc khudn thé A) va nhém thit ba
chi di chuyén dudi su kiém soat cuia té bao ¢ nhiing giai doan
sinh trudng phat trién nhit dinh dé sip xép khdi dong mot sé
gen dac biét (su hinh thanh casette hoat dong ¢ nAim men S.
cerevisiae, ky sinh trung don bao Trypanosome). Di chuyén cta
cac yéu t6 6 nhém thu hai va thi ba lién quan dén tai té hop
tuong dong hodc tai to hgp & cac vi tri dac hiéu (homologous or
site-specific recombination). Mac du khong ¢6 kha nang ton tai
doc lap bén ngoai genome, nhém thi nhat tu kiém soat su di
chuyén ctia ching trong hé gen va khéng doi héi su tuong ddng
gita chung vdi vi tri ghép vao. Do dé c6 thé néi ching di chuyén
mot cach tu do trong hé gen. Chiing dudc goi chung la cac yéu t&
di chuyén (transposable elements). Trong khi thuc khudn thé A
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duge xem la episome thi thuc khuan thé Mu va mot so
retrovirus d eukaryot lai la transposable element.

Cac yéu té di chuyén co thé phan thanh hai loai dua vao
cach thic di chuyén cia ching. Loai tha nhat dude goi la
retroelement phai trai qua hinh thuc trung gian ARN trong qua
trinh di chuyén (hé gen ARN dugc sao chép nhd reverse
transcriptase tao ADN bo sung (ADNc) dé ghép vao vi tri ma).
Loai thi hai 1a cac doan ADN hoic bi tach ra hodc dude tai ban
tao thém ban sao dé ghép vao vi tri mdi. Thong thudng loai thi
hai nay dude goi la transposon.

Khi di chuyén, cac transposon giy ra viéc siap xép, to chde
lai genome cua ting ca thé nhu tao cac doan-ADN méi hoac
thay déi chitc nang hoat dong cla cac doan ADN & vi tri ching
ghép vao va tach ra. Chuing c¢6 thé di chuyén téi vi tri bat ky va
hoan toan khéng yéu cau méi quan hé nao giita hai vi tri méi va
cta. Khi tach ra transposon co théqlmang theo cac doan ADN phu
can, gay su mat doan tai vi tri ca. Ngude lai, khi ghép vao vi tri
mdi, ching gay ra hién tugng thém doan hoidc chuyén doan & vi
tri mé1. Do do, transpo'snn gibng nhu cac vector chuyén chd
ADN tu ndi nay sang ndi khac trong mét genome hodc tu
genome nay sang genome khac. Ngoai ra, trao d6i chéo giiia cac
transposon tudng dong & hai vi tri khac nhau trén mot hoac
trén hai nhiém sic thé ciing tao ra nhitng bién doi tuﬁng tu.
Nhiing bién d6i d6 din dén sip xép lai genome, tao tinh da
dang gida chung va tinh dic tha riéng cla ting ca thé. Dac
biét, su thay déi vi tri cha cac transposon con c6 thé gay anh

hudng dén hoat dong ctia cac gen phan bé xung quanh ngay khi
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churg khong lam thay dor trat tu nucleotide ¢ nhiing gen nay.
Tan s6 ghép cha cac transposon vao genome khm'i'ng 10°-107
sau noi thé hé. Ngude lai, tan s tach ra khoang 10 dén 10",

“ac transposon ¢6 thé chia 1am hai nhom dua vao kha nang
di chuyén doc lap hay phai phu thuée vao su c6 mat cia
transposon khac.

* Nhém tha nhat gom cac doan ADN c¢6 kha nang di
chuy:n doéc lap. Chung chiza gen ma cho cac protein diéu khién
gui rinh do, vi du nhu enzym nhan biét hai dau transposon dé
cat caing ra khoér vi tri cit va ghép vao vi tri méi. Do d6 ching
tach -a khoi vi tri o, ghép vao vi tri mdi hoan toan déc lap. Nho
kha rang nay, chung tao ra cac dot bién khong bén ving.

Cac transposon khong c6 kha nang tu hoat dong, tic la
chunz khong ¢6 kha niang di chuyén do khéng mang da thong
tin d truyén ma cho cac enzym can thiét.Vi vay cac transposon
loar ray tao ra nhung dot bién gen mét cach tu phat nhung la
dot bén bén ving. Viéc di chuyén cla transposon ¢ nhém nay
phu thude vao su ¢6 mat caa transposon ¢6 kha nang hoat dong
doc lip cung nhém. Hai transposon c6 thé Xép vao cung nhom
khi caing €6 cau truc tuong dong véi nhau, dac biét 1a cac doan
oligorucleotide phan bé ¢ hai dau transposon. Day la vi tri dé
€nzyn nhan biét va cat néi transposon 3 vi tri di va dén.

(ac transposon don gian nhat ¢ vi khudn duge goi la IS
(Insseition Sequences). Chiing c6 thé ndm trén chromosome hoéc
trém ac plasmid. Dé dién ta viéc ghép cua IS vao vi tri nao dé,
ky lhitu hai 1an dau hai cham dude sd dung (::). Vi du nhu A :
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IS1 mo ta transposon IS1 gén vao genome cuia bacteriophage A.
Transposons vi khuan khéong giit mét chic niang nao trong té
bao. Trinh tu nucleotide ¢ mét dau IS thuong lap lai nhung
ngude chiéu so vdi dau kia (goi 1a cac inverted repeat). Vi du
nhu GGTAT-X -ATACC. Do d6 khi sgi dup IS tach thanh hai
soi don thi mdi sgi nay c6 kha nang hinh thanh lién két bo sung
tai hai dau ctia IS tao ciu tric dang vong (stem-loop) (Hinh 1.3).

I Doan ldp lai nguoc chiéu

Hinh 1.3: Dang heteroduplex dugc tao ra do lién két tao cap b sung giita hai sd}'
don ADN genome cua hai phage trong dé mét phage c6 chua 1S2.
Tai hai dau cia IS2 la cac doan co trinh tu nucleotide nguoc nhau

Transposon thudng ma cho cac enzym transposase lam nhiém
vu nhan biét chudi nucleotide lap lai ngude chiéu (inverted
repeat) dé cAt transposon va di chuyén. Khi mét IS duge ghép
vao vi tri bat ky ctia genome thi mot doan ngin ADN tai vi tri
nay dugdc nhan doi, tdc 13 hai ddu cha IS dude chian bdi cac
nucleotide gidng nhau, sip xép theo cung mot chiéu. Vi vay
doan ngin ADN nay duge goi la "lap lai cang chiéu "( direct
repeat). Chiéu dai ctia ching thuong khoang 9 bp (Hinh 1.4).
Dua vao su ¢6 mit cua cac doan cung chiéu va nguge chiéu c6
thé xac dinh dude vi tri transposon ghép vao hosc chuyén di.
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IS

76'5'4'32']"

Poan lap lai ngudgc chiéu
(Inverted repeat)
ADN genome
w— AT GC
- TACGT™

ATGCA 1234567
=

7654321
Doan lap lai nguoc chiéu
(Inverted repeat)
IS gén vao genome
tai vitri ATGCA
TACGT

76'5' 432'1'ATGCA
-}

wm=[ACGT 12'3'4'5' 67

7654321 TACGT wm

+—»

44—

v v

Chuéi nucleotide "lap lai ciing chiéu " & vi tri gin IS vao.

Hint 1.4: Mt transposon c6 "inverted repeat” gém 7 nucleotide (1234567) géan
vao v tri co 5 nucleotiide (ATGCA). Boan ngdn ATGCA c6é mat d ca hai ddu cua
IS va c6 tirinh tv nucleotide sdp xép theo cung mét chiéu

Ngoai cac IS, & vi khudn con c6 cac doar ADN c6 kha niang
di chayén véi kich thuée dai hon, goi 1a Tn. Cac Tn thudng phan
b6 trin plasmid (phan tt ADN dang vong, kich thudc thudng
khéng 16n) va c6 kha nang ghép xen vao bat ky vi tri nao trong
genome. Chung thuong mang thoéng tin di truyén ma cho cac
protein chéng chiu khang sinh. Gitta IS va Tn ¢6 méi quan hé vé
trinh tu cac nucleotide. Cac Tn thudng dude gidi han ¢ hai dau
bdi w6t loai IS nao do.

Hinh 1.5 m6 ta cAu tric cia Tn-9. Transposon nay mang
hai gen; mét ma cho tinh chéng chiu chloramphenicol (R™) va

gen kia ma cho protein cdn thiét cho su di chuyén. Hai déu cua
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Tn-9 duge gidi han bdi 1S-1 ma trinh tu nucleotide cua IS nay
sap xép theo cung mot chiéu.
Transposon Tr-9 (2600bp)

o e e sl T

ISI

Ving chira gen R™ [S1
750bp  va gen cdn cho su di chuyén 750 bp

Hinh 1.5: Cau truc cua transposon Tn-9

Qua trinh di chuyén cia mét transposon tit vi tri cti (donor)
sang vi tri mdi (recipient) xay ra theo hai co ché khac nhau: Cd
ché sao y ban chinh (transposon c6 mat ¢ ca hai vi tri) va co ché
tach ra khoi vi tri ci di chuyén dén vi tri méi.

*Cd ché sao y ban chinh dudc mé ta trén Hinh 1.6. Phién
ban dugc sao chép tu vi tri cho va dugec ghép vao vi tri nhan.
Nhu vay mbi 14n di chuyén thi s lugng ban sao dude tang 1én.
Qua trinh nay lién quan dén hai loai enzym: transposase (tac
dong vao hai dau ban goc transposon) va resolvase (tac dong lén
ban sao).

Trudc khi di chuyén Sau khi di chuyén
Vi tri cho Vi tri cho
Vi tri nhan Vi tri nhan

e e L —

Hinh 1.6: Co ché sao y ban chinh cua mét transposon U vj tri cho
sang vi tri nhan. S6 lugng transposon tang 1én sau mbi lan sao chép
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* Ngoai cd ché trén, mot transposon c¢é thé tach ra khoi vi
tri * va ghép vao vi tri mdi. Nhu vay so lugng transposon
khéng thay déi (Hinh 1.7). Kiéu di chuyén nay chi doi hoi
enz/m transposase. Khi transposon chuyén di. vi tri ca bi gay.

N6 tudge néi lai nha cd ché sua chiaa ADN trong té bao.

Trudc khi di chuyén Sau khi di chuyén
Vi tri cho Vi tri cho
_—_1' r——.—.
| VI iri ﬂhaﬁ
Vi tri nhan —_— —

Hinh 1.7. Co ché chuyén transposon khong lam tang sé luong

Khi transposon ghép vao vi tri mdi, mot doan nucleotide
ngai ¢ do duge sao thanh hai ban, méi ban nam & mét dau caa
trarsposon (direct repeat). Cd ché cua qua trinh nay dudec mo ta
trér Hinh 1.8.

Tai vi tri nhan, méi s¢i don ADN bi cidt léch nhau vai
nuceotide. Transposon néi vao cac dau cit, tao ra hai khoang
trérg (gaps). Chung dude sia chita theo nguyén tic tao cap bo
sung. Do d6 doan nucleotide nam gitia hai vét cat duge sao chép
tharh hai ban, méi ban & mot dau va trinh tu sap xép cac

Nuckotide gidng nhau. Vi vay ching dude goi la lap lai cung
chiéa.
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LTGCA
TACGT,

!

V1 tri transposon ghép vao hé gen c6

hai soi don bi cét cdch nhau 5 nucleotide

l

ATGCA
TACGT

Transposon ghép vao genome

2 ity 5 ATGUA (s
TACGT 3 do—5'

!

ADN polymerase sira chira vét trong
ATGCA ATGCA

TACGT_TACGT
NN

Chuéi nucleotide "Lap lai cung chiéu " & vi tri gan Tn vao

Hinh 1.8: Doan ngdn ADN 8 vi tri c6 transposon ghép vao gém 5 nucleotide
(ATGCA) dugc sao thanh hai bén, chan hai ddu cua transposon. Ching dugc gioi
la cac chudi nucleotide Ip lai cung chiéu "Direct repeat”
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ADN vi khuan Mu ADN vi khuin
(~50bp)  (38Kkb)  (~1000bp)

v ;
e i

Ghép vao hé gen té bao chu
Loai 50 ADN vi khuan P

Hé gen E{”H Hé gen E (‘c)h

~ N\

Cac tan sao Mu di chuyén i a_,
va ghép vio hé gen vi khuin

R~ Y A~ RN

Péng g6i Mu trong thé phage méi l

Hinh 1.9 T3i bdn cia thuc khuén thé Mu theo co ché sao y ban chinh cia
transposon. Thuc khuén thé Mu luén dugc déng géi cung vai hai doan ADN vi
khw#1 trong thé phage. Khi Mu xam nhiém va ghép vao hé gen té bao chu, cac
doan ADN nay bi loai bd. Mu tai bdn bang cach sao y ban chinh va ghép vao vi tri
mQi tén hé gen vat chi. Hé gen E coli co thé chia hang trém ban copy Mu sau
1gio bi nhiém thuc khuén thé nay
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 Su tai ban cua thuc khuan thé Mu trong té bao vi khuan
dudge xem 1a mot vi du dién hinh vé transposon. Tudng tu ﬁihlr
thuc khuan thé A, phage Mu c6 kha nang ton tai ¢ hai trang
thai tan va tiém tan. Tuy nhién, dac diém riéng biét cua Mu
trong trang thai tan la ching tai ban ADN theo cach thuc sao v
ban chinh cua transposon. Ban than hé gen Mu (38000 bp) chua
cac gen lién quan dén qua trinh di chuyén va cac gen méa cho
protein ciu tric cé chite nang déng goi ADN tao thé phage nan.

Giong nhu moi transposon khac, Mu duge giéi han hai d.Aau
bai cac doan nucleotide lap lai ngude chiéu va ching tao ra {o:an
ngan 1ap lai cang chiéu (5 bp) cta hé gen vat chu tai vi tri zhép
vao. Diéu dang luu y 1a khi déng goéi trong thé phage mdi hai
dau hé gen Mu ludn ludn co cac doan ADN cua vi khuan tai vi
tri Mu ghép vao. Cac doan ADN nay sé bi phan hay khi Mu tiép
tuc su xam nhiém cua minh (Hinh 1.9).

O sinh vat eukaryot, cac transposon con dudc goi 1a yéu té
kiém soat (controlling elementé). Chung dude nghién cua tu
nhiing nam 1940. Tuy nhién cd ché hoat dong cua chiing 6 mie
d6 phan ti chi méi duge sang toé trong nhitng nam gan day Cac
nghién cttu dién hinh dude tién hanh véi transposon ¢ ngd va &
rudi gidm Drosophila. Ching di chuyén, sip xép va khoi 1omg
cac gen ¢ nhiing thoi diém dac trung cho qua trinh sinh tridng
phat trién cla ca thé.

Hai transposon Ac va Ds dude nghién ciu kha ky 0 ngo.
Chung cung thudc vao mét nhém transposon, trong &6 di
chuyén cua Ds phu thudc vao su c6 mat caa Ac. Trinh tu
nucleotide cua Ac gom 4563 bp, dude gidi han hai dau bai 11 bp
lap lai ngude chiéu, tiép dén 8 bp lap lai cung chiéu cia gemme.
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Moi Ds chiu su kiém soat cua Ac déu co6 doan lap lai ngude chiéu
giong nhau mac du chiéu dai cua ching thay do1 (Hinh 1.10).

4563 bp k
ee————1>"
—> -
11 bp Ac 11 bp

Cic Ds c¢6 chiéu dai
khac nhau cé cung

doan lap lai nguoc
chiéu 11 bp

: -
Ds nady nam xen vao trong Ds kia

Hinh 1.10: Céu tric cla transposon Ac/Ds Céac Ds c6 chiéu dai khac nhau (do Ac
bi 6t bién mat doan) hoac co thé chira doan ADN hoan toan khéng tuong déng
v0i Ac, hodc c6 thé nam xen vao nhau. Tuy nhién tat ca cac transposon nay déu

dugc gioi han boi 11 bp lap lai nguoc chiéu

Cac transposon d ngé thuong ghép vao gin cac gen, lam réi
loan hoat dong clia ching din dén viéc xuat hién tinh trang méi
nhung khéng gay dot bién chét. Su di chuyén ctia transposon
X4y ra d t&€ bao soma gay anh hudng dén biéu hién ciia mét allen
cua mot zen bat ky trong qua trinh phat trién ctia cay. Trai qua
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phan bao nguyén phan (mitose), con chau cua té bao chia allen

d6t bién d6 sé c6 biéu hién tinh trang mdi (thudng quan sat

dugc ¢ hinh dang, mau sic cia hat ngd). Thay déi nay xay ra

trong qua trinh phat trién soma dudc goi 1a "variegation” hay

con goi 1a hién tugng mosaic (xuat hién cac dém) (Hinh 1.11).
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Hinh 1.11: Hoat déng ctia transposon d ngé. Di chuyén cla yéu'té Ds géy dut
doan nhiém séc thé. Poan nhiém séc thé khéng co centromere c6 thé bi mét di
khi trdi qua phén bao mitose. Néu doan mét nay mang céc allen trdi, cac t§ bao

con chéau sé biéu hién tinh trang mdi do allen I&n qui dinh
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O rubi gidm Drosophila melanogaster, yéu té P c6 kha nang.
di chuyén dude phat hién khi tién hanh lai gitta con duc dong P
vdi con cai dong M. Hau hét con lai bi bat duc, nhiém sac thé bi
diat gay, dot bién. Hién tugng réi loan di truyén nay chi xay ra
theo mét chiéu, tic la phép lai gitta con cai dong P véi con duc
dong M van tao ra cac con lai binh thuong. Hién tugng nay gay
ra do hé gen cta cac ca thé thuéc dong P c6 chda yéu té di
chllyén P. Yéu t6 dai nhat gom c6 2907 bp ¢6 chita gen ma cho
transposase. Diéu dang chi y 1a méc du ¢6 chiéu dai khac nhau,
cac yéu t6 P déu c6 mang cac trinh tu lién quan dén qua trinh
tuong tac vdi transposase.

Quan sat quan thé rudi gidm trong thién nhién cho thay s6
lugng P thay doi tir vai ban sao dén 50 copy/genome. Hon niia,
nhing loai rudi gidm phat hién truée nam 1950 déu khong c6 P
trong genome. Phai chang P chi méi xu&t hién trong hé gen rudi
trong nhing nam cudi thé ky 20. Liéu sy ¢6 mat ca ching c6
phai do virus xam nhiém rudi gidm gay nén? Hién tugng tuong
tu cing duge quan sat thay & vi khuin bi nhiém thuc khuan thé
mang IS. Yéu t& IS xuit hién trong hé gen vi khudn théng qua
qua trinh tiép hgp (transduction).

Co ché kiém soat sy di chuyén cia P phu thude vao factor
ton tai trong té€ bao chat cha tring (di truyén theo me). Khi
factor nay c6 mat thi ching kim ham sy di chuyén ctia P. Vi
vay, t€ bao tring cua con cai dong P thu tinh véi con duc dong
M van cho con lai binh thudng do factor trong t& bao tring ngan
can P chuyén chd. Tuy nhién, t&€ bao tring dong M thu tinh véi
con duc dong P cho phép P di chuyén gay ra nhiing réi loan bat
thuong trong cau tric hé gen. Diéu d6 khién con lai bi bat duc
hodc ¢6 cac tinh trang la.



1.4. TUONG TAC CUA T-ADN VOI GENOME THUC VAT

Su di chuyén ADN tir hé gen vi khudn sang genome thuc
vit duge nghién cidu kha ky d61 vdi tuong tac gila
Argobacterium tumefaciens hoac A. rhizogenes vdi hau hét cac
cdy hai 14 mam. Hién tugng di chuyén ADN nay gay nhitng bién
d6i vé mat di truyén, biéu hién & viéc xuét hién cac not sin trén
than cay hodc moc rit nhiéu 16ng ré tai ndi bi nhiém vi khuan.

Bénh xuit hién not sin hodc moc nhiéu ré trén than chi
xay ra khi c6 mat Argobacteria. Tuy nhién sau d6 bénh dudc
duy tri khong phu thudc sy ton tai cua vi khuan. D6 la do mot
s6 gen vi khuidn da dude chuyén vao hé gen cidy cht va hoat
ddng gay bénh. Cac gen vi khudn c6 kha nang di chuyén va hoat
dong trong t€ bao thuc vat nim trén plasmid Ti (Tumor
inducing) cia A. tumefaciens gidy bénh nét sdn hoac trén
plasmid Ri (Root-hairs inducing) cua A. rhizogenes gay bénh
moc léng ré. Cing gidng nhu cac khéi u déng vat, cac t& bao
thuc vat ¢c6 ADN vi khudn ghép vao hé gen bi chuyén sang
trang thai méi, d d6 su phat trién va biét hoa ctia chung hoan
toan khac véi cac té& bao binh thuang. D6 1a do hoat dong cua cac
gen vi khuén (prokaryot) trong genome cua thuc vat (eukaryot).
Binh thuong nhitng gen nay c6 mat trong hé gen wi khuén
nhung ching chi duge bat md sau khi ghép vao hé gen thuc vat
va chiu sy kiém soat ctia t& bao cay chi. Qua trinh nay cé tinh
chét dac hiéu, tdc 1a mot loai vi khuén chi cé kha nang gay nét
sin trén mot s6 loai cdy chi nay ma khéng tuong tac duge véi
cac loai cay khac.

Viéc tao n6t sadn hay thuc chit qua trinh chuyén gen tit vi
khuén sang hé gen thuc vat din dén bién déi trang thai sinh ly
cua t€ bao thuc vat doi hdi cac diéu kién sau:

- Phai c6 hoat dong ctia cac gen trén 3 vung chvA, chuB,
pscA ndm trén nhiém séc thé cua vi khudn dé khdi dong viéc
bam dinh vi khuéin vao than cay.
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Plasmid Ti phai mang vung vir - ADN (nam ngoai doan
T-ADN). Vang nay mang cac gen can thiét cho viéc tach va van
chu}rén T-ADN sang té bao thuc vat.

- Cac gen trén vung T-ADN dude ghép vao genome thuc
vat gy bién d6i trang thai cac té bao nay.

Cac gen trén vung vir: Qua trinh cat doan T-ADN ra
khoi plasmid Ti va van chuyén né vao té bao thuc vat truée hét
phu thugc vao san pham cta cac gen vir nim ngoai T-ADN. Vi
khuan xam nhiém tai bat ky vi tri ton thuong nao trén than
cay. Cay c¢6 vét thuong do su hu hong ngau nhién cia mang té
bao thue vat hoac do vi khuéin tiét ra hén hdp nhitng chit dude
ma bdi cac gen vir. Hoat dong cua cac gen nay dude hoat hoa bai
hop chéat phenolic cia cay (vi du nhu acetosyringone, catechol,
cac dan xuit cua chalcone...). Ngoai ra cac monosaccharides
nhu glucose, arabinose ¢6 méat trong moi trudng cing lam tang
kha nang giy cam tng nhém gen vir bdi cac hdp chat phenolic
do cay tiét ra.

Protein VirA dong vai tro quan trong trong viéc quyét dinh
s0 loal cay chu bi nhiém bdi Agrobacteria. Trong thuc té,
Agrobacteria khong c6 kha ning xam nhap vao cay mot 1a mam.
C6 thé protein VirA khong nhan biét dude cac tin hiéu do cay
modt la mam tiét ra. Tuy nhién, nam dau tién cha thé ky 21, cac
nha khoa hoc di thanh cong trong viéc sit dung T-ADN nhu
vector chuyén gen vao té& bao nuéi cay Hela c6 xuat sit tit khéi u
tu cung cua ngudi.

San phim cha nhitng gen trén vung vir con lién quan chi
yéu dén viéc cat T-ADN ra khoi plasmid va van chuyén né vao
té bao chu. Bang cac thi nghiém b3 sung chdc nang
(complementation test), thuc nghiém da phat hién it nhat c6 21
polypeptide (san phﬁm cua cac gen vir) cing nhu xac dinh duge
chifc nang cha hdu hét cac protein nay trong qua trinh véan
chuyén T-ADN. Mot sé protein Vir giit vai trd quan trong dudc
minh hoa trén Hinh 1.12.
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virA
1 hop chét phenol

VirA—virG virB — VirB: protein dinh bam ATP
Thu cam cua cac virC— VirC
hop chét phenol

VirG virD — VirD: endonuclease cat T-ADN

Kich thich qua trinh virE — VirE: protein bim vao soi ADN
téng hop ARNm trén
cac gen vir

Hinh 1.12: Churc nang hoat déng cua 6 gen vir (trén plasmid Ti)
trong qua trinh van chuyén T-ADN vao té bao cay chi

Protein VirC1 nhan biét va tudng tac vdi cac nucleotide nam 6
ddu bén phai cia T-ADN. Mac du hai dau T-ADN c6 trat tu tuong
déi giong nhau (chi sai khac nhau 2 nucleotide trong tong sé 25
nucleotide cin thiét cho sy vaAn chuyén T-ADN) nhung cac
nucleotide ddu bén phai giit vai tro quyét dinh cit T-ADN ra khoi
plasmid. Dét bién & ddu nay khién T-ADN khéng dugc cit ra khoi
plasmid trong khi dét bién ddu bén trai hoan toan khéng anh
hudng dén qua trinh van chuyén T-ADN ti t& bao vi khudn vao
trong nhan t& bao ciy chi. Diéu d6 cho thay viéc cat T-ADN dugc
bét dau & phia bén phai va tién dan sang bén trai.

Diéu dic biét luu y 12 chi c6 mét sgi don T-ADN dude cét ra
va van chuyén sang t& bao thuc vat. Sgi don d6 dugc goi la sgi T.
Pau 5' cua sgi T tudng tng véi ddu bén phai cua doan T-ADN.
Céc protein VirD1 va VirD2 lién quan dén phan dng cét s¢i T ra
khoi plasmid. Tiép theo dé, protein VirE2 tuong tac véi sgi T
doc theo chiéu dai cua sgi. Cd ché ciat T-ADN dugc minh hoa
tréen Hinh 1.13.
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Protein VirD2 gid vai tro quan trong trong qua trinh van
chuyén. Céu truc VirD2 gbm nhiéu ving c6 hoat tinh khac
nhau, lién quan dén cac chuc nang nhu cat, van chuyén sgi T.
Bén canh viéc tham gia phan Ung cat sdi T tai dau bén phai cua
T-ADN, protein VirD2 con lién két vdi dau 5' cha sgi nay tao
thanh phitc. Nha d6 T-ADN dude véan chuyén duéi dang phiic ra
khoi té bao v khuan va xam nhap vao nhan té bao cay chu.
Bang cac thi nghiém trén cay chuyén gen, ngudi ta da phat hién
duge protein VirD2 ¢6 mat trong nhan té bao thue vat.

25bptraii T-ADN 25 bp phai

¢ Vét cat trén sgi1 don

N
Sqi don T-ADN\ Soi don méi duoc téng hop

l
!

!

Sai don T-ADN duoc cat ra

v

25bptrai T-ADN 25 bp phai

A

Sot don T dwoc van chuyén vao té bao thuc vdt

Hinh 1.13: Qua trinh cat va véan chuyén T-ADN
d dang sgi don vao té bao thuc vét
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Van chuyén sdi T ra khoi té bao vi khuan va ghép vao hé
gen té bao cay chu la mét qua trinh phuc tap, do1 hoi su tham
gia nhiéu protein. Trong sé dé, operon virB nam trén vang vir
git mot vai tro dac biét. Operon nay dai 9,5 kb ma cho 11
proteins, da s6 1a cac protein tiét hoac phan bd trén mang té
bao. Ching bao gom ATPase (VirB11) va cac protein ky nudc
tao nén kénh din trén mang. Cac nha nghién citu cho rang mot
trong cac protein dudc ma bdi operon nay phan bé phia ngoai
mang lam nhiém vu tuong tac vdi protein cua té bao thuc vat,
tao kénh dan dua T-ADN vao té bao cay chu.

Cac gen trén T-ADN: T-ADN la mot doan ADN c¢6 chiéu
dai khoang 23 kb (tuy thudc vao titng loai A.tumefaciens) nim
trén plasmid Ti. Hai ddu ciia doan ADN nay cé chaa 25 bp lap
di lap lai gidong nhau hoan toan chi sai khac nhau ¢ hai
nucleotide (imperfect repeat sequence). Cac nucleotide dau bén
phai giit vai trd quan trong trong viéc cat T-ADN. Cac
nucleotide ddu bén trai déng vai tro trong viéc ghép T-ADN vao
genome cay chu.

T-ADN gom hai nhém gen. Nhém thi nhat gom cac
oncogen ma co ché hoat dong cua ching khac biét gitta A.
tumefaciens va A. rhizogenes. Diéu d6 dan dén su hinh thanh
cac nét san hoic bénh 16ng ré. Trong truong hop xuat hién nét
san, T-ADN mang ba oncogen ma cho cac enzym tham gia vao
phan ting tong hdp cac hocmon sinh trudng auxin va cytokinin.
Chi khi T-ADN duge ghép vao genome thuc vat, cac oncogen
niam trén T-ADN méi hoat dd.g mot cach tu dong, doc lap véi
qua trinh diéu hoa, kiém soat chung dién ra trong cac té& bao
thuc vat. Do d6 té bao cay chu nao c¢é6 T-ADN ghép viao hé gen
l1ap tdc phat trién khong binh thudng do réi loan hocmon sinh
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trudng ma T-ADN méa cho. Tai vi tri cay bi nhiém A
tumerfacien xuat hién cac not san, la tap hdp cua cac té bao
binh thudng va té bao bi bién déi hé gen.

Trong truong hdp vdi bénh moc nhiéu léng ré, R-ADN cua
A. rhizogenes c6 chia cac oncogen ma san pham cua ching lam
thay d6i ngudng nhay cam cta té bao thuc vat déi véi nong do
hocmon c¢6 mat trong moi truong. Tt d6 gay réi loan su phat
trién cha cac té bao c6 R-ADN ghép vao khién cho rat nhiéu ré
xudt hién tai vi tri nhiém.

Nhém gen thd hai c6 mat trén doan T-ADN gom cac gen
ma cho cac enzym tham gia téng hop nhitng phic chat dinh
dudng can thiét cho sinh trudng va phat trién cia vi khuan.
Ching dude goi chung 1a opines. Vi khuin sit dung opines nhu
nguon cachon va nito. Dac biét, khi T-ADN mang gen ma cho
mot loai opine nao dé6 thi ngay trén plasmid Ti, nAm & ngoai
doan T-ADN, c6 cac gen tham gia qua trinh chuyén hoa loai
opine nay, giup cho vi khuan sinh trudng va phat trién. Piéu
dang luu y 1a opine duge tong hop lai trd thanh tin hiéu kich
thich hoat dong ctia operon chita cac gen dong hoa opine dé nim
trén plasmid Ti. Vi opine la protein dugc ma boi cac gen vi
khuan, su c6 mat cua chuing trong té& bao thuc vat duge xem la
chi thi dé phat hién su chuyén ghép thanh cong cua T-ADN vao
hé gen thuc vat.

T-ADN duge van chuyén vao trong nhan té bao chi va dudc
ghép vao hé gen. Co thé xuat hién nhiéu ban sao ctia T-ADN
trong mot genome. Dang vong cha T-ADN déi khi dude tim thay
”‘f‘n?,’ té bao cay chi. Pay 1a dang trung gian hay chi la su lién
k€t ngau nhién gitta hai ddu trai va phai cia T-ADN dang 1a
"Van dé can lam sang t6. Khi da ghép vao genome vat chu, cac
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gen trén doan T- ADN méi dude hoat dong. Nhu vay diéu dang
chu y la cac gen trén T-ADN (prokaryot) chi hoat dong duci su
kiém soat cua cac factor sao chép ma trong hé gen eukaryot. Noi
chung, mét gen dude diéu khién bdi mét promoter.

Argobacterium c6 kha nang dua cac gen la vao genome thuc
vat. Vi vay, chiung dude stt dung nhu cac vector chuyén chd gen
mét khi cac gen giy nét sin trén T-ADN bi thay thé bdi gen
nghién ctitu. Ngoai ra, promoter cta cac gen trén T-ADN déu la
nhiing promoter hoat dong manh trong té€ bao nhan. Vi vay,
ching dude st dung lam promoter bao ciao ho#c promoter diéu
khién gen la trong ky thuat chuyén gen. Ky thuat nay dude ung
dung rat rong rai trong nong nghiép. Vi du nhu dua cac gen
chéng chiu sdu bénh, gen chiu dude méi truong trong trot khac
nghiét... vao cac cdy trong qui hiém hoac cho nang suat cao.

1.5. SAP XEP VA KHUYECH DPAI CAC GEN TRONG
GENOME

Chiing ta biét ridng genome c6 céu tric, t6 chic bén ving.
Trao d6i chéo trong phan bao meiose la mot trong nhiing
nguyén nhan gay ra bién déi cia hé gen. Tuy nhién, diéu nay
xay ra chu yéu trong té€ bao sinh duc ma khéng cé trong céc té
bao soma. Do d6 viéc phat hién ra cac co ché tu nhién khac
nham diéu chinh lai genome 12 mot diéu hét sic ly thd, méc du
nhiing thay d6i nay khong xay ra thudng xuyén.

Viéc sép xép lai genome din dén nhitng thay déi sau:

* Tao ra nhitng gen mdi can thiét cho ting hoan canh mot.

* Bat md hoac déng gen. Day chinh la mét trong nhiing cd
ché diéu hoa hoat déng cta gen.
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Truong hop don gian nhat 1a hién tugng sap xép lai cac gen
trong genome cua nam Sacchoromyces cerevisiae. O trang thai
don boi, nam nay c6 thé ton tai hai dang giao phéi (dang ava a)
va co0 kha nang chuyén tit dang giao phél nay sang dang giao
phor Kia. Moi1 dang duge xac dinh boi su ¢6 mat cua cac gen qui
dinh dang giao phéi tai mét vung dac biét trén nhiém sac thé.
Vi tri nay dude gol la vi tri hoat dong hay cassette hoat dong
MAT. Ngoai ra, cac gen do con ton tai ¢ hai vi tri khac trong
genome. Tuy nhién d d6 chung déu bi bat hoat. Hai vi tri nay
duge goi 1a vi tri tinh (cassette tinh HML va HMR). Moi vi tri
tinh chi mang cac gen qui dinh cho mét dang giao phéi. Khi cac
gen duge sao chép tu mot vi tri tinh vao vi tri hoat dong thi
ARNm méi dude téng hop tit cac gen d6. Nhu vay, qua trinh sao
chép quyét dinh dang giao phdi cva nam. Ban goc luén duge bao
ton d vi tri tinh, n6é dude sao chép va ban thu hai xuat hién ¢ vi
tri hoat dong. R6 rang néu vi tri tinh ¢6 mang dot bién thi
chung sé duge sao chép vao vi tri hoat dong. Tuy nhién néu xay
ra dot bién g cassette MAT thi tinh trang mdi xuat hién khong
bén Mot khi dang giao phdi chuyén déi thi cac gen cii & vi tri
MAT bi thay thé bdi ban sao cua vi tri tinh khac. Lac doé dot
bi€n bi loai di, tinh trang mdi bién mat.

Bén canh nim S. cerevisiae, loai ky sinh trung don bao
Trypanosome ciing 1a mét vi du dién hinh vé kha nang sip xép
lal hé gen trong qua trinh gay bénh ngt & vat cha. Trypanosome
¢6 kha nang tranh duge hé thong mién dich ctia co thé nhd thay
dGi lién tuc cac khang nguyén trén bé mit té bao cia minh. Moi
loai khang nguyén duge téng hop nho hoat dong ctia mét gen
tUOng \ng tai vi tri hoat dong. Gen nay c6 thé bi thay thé bdi
mot gen ma cho loai khang nguyén khac ndm & mét vi tri tinh
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nao 46 trong genome. Mdi vi tri tinh chda mot gen & trang thai
khéng hoat déng. Gen nay chi dude bat md khi chuyén dén vi tri
hoat dong. Trong genome Trypanosome, c¢6 rat nhiéu vi tri tinh
nhung chi ¢6 mot vi tri hoat dong.

Ngoai ra, trong qua trinh sinh trudng phat trién, sé lugng
ban sao cia mét sd gen dude ting lén tam thoi trong qua trinh
phat trién cac t€ bao soma. Vi du nhu cac gen ma cho ARNr ¢6
s6 lugng tang khoang 200 lan & tring éch dang phat trién.
Ngoai ra d rudi gidm D. melanogaster, cac gen ma cho protein
bé méit chorion (~100 kb) ciing dude nhan lén khoang 50 lan ¢
cac té bao nang tritng (ovarian follicle) trong qua trinh phat
trién nhong.

Khi ADN la duge dua vao t& bao eukaryot, n6 cé thé ton tai
dusi dang nhiém sic thé tu do hodc duge ghép vao genome. Néu
xay ra theo trudng hop thi hai, genome sé mang nhitng d6t bién
bén viing (c6 thé di truyén) va nhiéu khi ADN la vin tiép tuc
hoat dong lam xudt hién cac tinh trang mdi. Viéc dua cac gen la
vao t& bao soma hodc té€ bao sinh duc ma van duy tri hoat dong
cia nhitng gen d6 duge goi 1a chuyén nhiém (transfection). Ca
thé biéu hién tinh trang mdi nho hoat dong clia gen la dua vao
té bao sinh due dude goi la ca thé chuyén gen.

1.5.1. Chuyén déi dang giao phéi cia ndm Saccharomyces
revisia.

Nam Saccharomyces cerevisia c6 thé tdn tai & ca hai dang-
don bdi hodc ludng boi. Viée chuyén déi trang thai duge thong
qua giao phéi, két hgp cac bao tit don bdi thanh ludng bodi va qua
viée tai tao giao ti méi. Tuy nhién giao phdi chi xay ra gida hai
loai t& bao don béi a va a. Cac té bao don bdi cung loai khong
thé két hop véi nhau tao té bao ludng bou.
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Cac pheromone

O

7
Té bao don bo

26 bao don boi

J®'7‘

Céc thu cam trén bé mat té€ bao

l Tuong tdc giira thu

©

cam va pheromone
9]

l Giao phoi (mating)

Té bao luimg boi
Tao bao tu

Hinh 1.14: Chu ky séng cta nédm S. cerawsr‘aa, Céc t& bao don bji loai a

va a giao phdi vdi nhau tao ludng bdi di hop t&r
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Dang giao phéi cua mét té bao don boi dude xac dinh nho
thong tin di truyén c6 méat trén moét doan nhiém séc thé so 3.
Vung nay duge goi la ving hoat dong MAT. Khi allen MATa ton
tai ¢ ving nay thi té bao thudc loai a; con khi allen MATa ¢6
méit ¢ dé sé tuong Ung vdi té€ bao loai a. Kha nang giao phoi chi
xay ra gilta cac té bao cua hai loai. Ching nhan biét nhau nhg
cac pheromone do té bao tiét ra. Té bao loal a tiét ra a-factor,
con té bao loal a tiét a-factor. Trén bé mat té bao loai a ¢6 thu
cam nhan biét a-factor va ngude lai. Khi hai té bao thudc hai
loai nhan biét nhau, chung nging ¢ pha G1 cua chu trinh phat
trién té bao, sau dé té bao va nhan cta chung két hdp vdi nhau
too t& bao ludng béi a/ a (Hinh 1.12).

D61 v6i mot s6 loai ndAm mang gen tror HO, dang giao phdi
cua ching dude chuyén d6i tu dong sau méi chu ky té bao. Do dé
khong can quan tdm dén dang giao phdi ban d4u, trai qua mot
s6 nhan déi, xuat hién ca hai loai giao phéi trong quan thé
nam, din dén viéc xuit hién dang ludng boi. Kha nang dé
chitng t6 théng tin di truyén cin thiét cho ca hai dang giao phéi
déu tén tai trong mot genome, nhung chi c¢6 mét dang dude biéu
hién khi théng tin di truyén quyét dinh dang d6 c6 mit tai
cassette hoat dong MAT.

Ngoai ra con c¢6 hai ving khac (ndm trén cung nhiém sic
thé v6i vang MAT) cén thiét cho qua trinh chuyén déi: ving
HMLu« cidn dé chuyén sang dang o con vuing HMRa cin dé
chuyén sang dang a. Hai viing nay dudc goi 1a cac cassette tinh.
Chiing chua cac gen qui dinh dang a hodc a nhung cac gen nay
khéng hoat déng. Qua trinh chuyén d6i dién ra theo cg ché
“cassette” nhu trén Hinh 1.15.
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Dang a chuyén sang dang a khi HML MAT HMR

cac gen ¢ cassette tinh HMLa a a a

thay thé cac gen o MATa

\ 4
Dang a chuyén sang dang a khi a a a
cassette tinh HMRa thay thé 4
cassette hoat dong MATa \/
a a a

HML MAT HMR

Hinh 1.15: Chuyén déi dang giao phéi khi cassette tinh thay thé cassette hoat
dong. Cac gen d hai casette chuyén déi phai khac nhau

Trinh tu cac nucleotide ¢ ving tinh va ving hoat déng chi
khac nhau mot doan ngan ky hiéu la Ya va Ya (Hinh 1.14).
Enzym HO-endonuclease nhan biét vi tri ddc hiéu tai ranh giéi
phan cach gita Z va Y cla cassette hoat dong MAT va cit ca hai
s¢i ADN tai dé6. Diéu dac biét 1a enzym nay khong cit ADN khi
chung c6 mit & cassette tinh mac du vi tri dac hiéu ton tai ¢ cac
viilng nay. Van dé thu hit su quan thm dac biét va da dude sang
to phin nao ¢ muc do phan ti la su gay bat hoat cac gen & vi tri
tinh. Chung lién quan dén cau hinh khéng gian ciia nhiém sic
thé, céc yéu t& diéu bién cay 4ric sgi nhidm sic. Néi cach khac,
cac gen ¢ vi tri tinh chiu kiém soat cia di truyén ngoai sinh

(eplgenetic).
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Nhiém sdc thé s6 3

Wl X| Yo [(z1fz2 7//L 7//—"1»1_A'£7//Lx Ya |21

MATa (dang té bao a)
wl x| va |11 72
Téng hop ARNm

<4 l »>
ARNm a2 ARNm al

Hinh 1.16: C4u tric ba ving HMLa, MAT (a hodc a) va HMRa trén nhiém sic thé
s8 3, xac dinh dang giao phbi a hodc a d ndm S. cerevisiae. Vung MAT cé thé
tén lai dudi hai dang khac nhau quyét dinh bdi doan Y (Ya hodc Ya), do do sé

tuong tmg véi cac ARNm khéac nhau

Sau khi doan Y ciia ving MAT bi phan huy hét, doan Y cta
mét trong hai cassette tinh duge dung 1am khudén mau dé sao
chép vao vi tri bi phan hay (Hinh 1.15). Néu dt bi€n xuit hién
g ving MAT (doan Y), tinh trang médi chi biéu hién tam thoi.
Mot khi dang giao phdi chuyén doi, cac gen binh thudng duge
a0 chép vao ving MAT va d6t bién bi loai di.
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HMLa

W X Ya Z1 72
 EE—— e

MATa 3 } | i

Enzym HO cit tai ranaI gioi gitra Yava Z1
W X Ya Z1 272
Poan Ya tai MATa bi phan huy. A e

Ya duoc dung lam khuén dé téng
hgp doan madi thay thé vio MAT

HMLa

W X Ya Z1 Z2
B R S

Qui trinh sao chép Ya i
cua HMLa vao ving MAT

HMLa giit nguyén khong déi. HMLa

MATa duoc thay thé tro thanh MATa. W = X !E Z1 72

Dang giao phéi chuyén tirasang o _, )

MATa

——

Hinh 1.15. Qua trinh chuyén ddi dang giao phéi tir a sang a
nhd trao déi gen gida vung MATa va HMLa trén nhiém séc thé sé 3.

Vung Ya cda MAT bj cat va phan hiy. Doan Ya clia HMLa dugce sao chép véo
cho tréng nha ADN polymerase. HML a giif nguyén khéng di va duge tié,> tuc st
dung cho céac lan chuyén déi sau
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1.5.2. Chuyén doi gen 6 Trypanosome

Trypanosome la loai ky sinh trung don bao giay bénh ngu 6
ngudi va mét s6 dong vat. Ching trai qua mét so lan bién déi
hinh thai khi duge truyén tit rudi chau Phi sang vat cha. Bé
mét té bao Trypanosome duge bao boc mét 1ép don gom 5x10°
phan td cua mét loai glycoprotein (ky hiéu la VSG-variable
surface glycoprotein). Day chinh 14 khiang nguyén bé mat cua
Trypanosome khi chung xdm nhap vao vat chu. Diéu dang chua y
la ching c6 kha niang thay déi khang nguyén bé mat, do d6
tranh duge phan dng mién dich cha té bao chi. Qua trinh thay
thé khang nguyén bé méat phu thudc vao su chuyén déi cac gen
ma cho ching xay ra 6 mot vi tri dic biét trong hé gen (vi tri
hoat dong). Chuyén d6i gen ma cho khang nguyén bé mat nhim
muc dich hoat hoa gen ma cho khang nguyén bé mat mdi thay
thé cho khang nguyén ton tai truéc dé. Khi mot gen dang hoat
dong bi thay thé boi mét gen khac thi tudng ng véi viée xuét
hién khang nguyén méi va loai bo khang nguyén ci.

Cé nhiéu loai Trypanosome xdm nhap cac té bao chu khac
nhau. Trypanosome brucei, nhiém trén dong vat nhung khéong
giy bénh cho ngudi duge nghién citu kha ky. Chiing c6 thé thay
d6i VSG mot cach ngdu nhién véi tan s6 10* d2n 10° qua mot
lin phan bao va kha ning nay khong phu thudc hé thong mién
dich cta vat chl. Co thé khong san xudt kip thdi cac khang thé
dé phan dng lai cac khang nguyén khi chung lién tuc duge déi
mdi trén bé mat Trypanosome.
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N-terminal C-terminal

4> B 4> <+
Tin hi€u Vung qui dinh Ving tuong dong Duoi ky
N-terminaMtinh khdng nguyén  giita cac VSGs nuoc

Cat bo dau N-terminal va duoéi ky nudc
Bé mat té€ bao

4dﬁu c

diu NH, VSG truong thanh

Hinh 1.16: Céu truc chung clda mét VSG.
Sau khi dugc t8ng hop, phén tir néy tréi qua bién di & cd hai dau NH.
va COOH trude khi dinh vao mang 1€ bao

Cau truc chung cia moét VSG dude mo ta trén Hinh 1.16.
M6t VSG vita dude tong hgp dai khoang 500 acid amin gowm tin
hiéu N-terminal, tiép theo la doan peptide quyét dinh tinh
khang nguyén; doan peptide bao thu gitta cac VGS va duéi ky
nude. Phan tu nay dude tong hop dudi dang pre-protein. Do dé
ching phai trai qua bién déi 6 ca hai ddu NH, va COOH dé trd
nén dang trudng thanh (mature form*. Dang nay dude dinh vao
mang té bao d daiu COOH.

Mot loai Trypanosome cé thé tao a it nhat khoang 100
VGS ti khi rihiém cho dén khi gay chét vat cht. S6 gen ma cho
VSG ¢6 thé nhiéu hon 1000. Tat ca cac gen nay déumim trong
genome. Tuy nhién, tai mot thoi diém bat ky chi c6 mdt gen
hoat dong tong hgp nén mot loai VSG. Do d6 su thay déi khang
nguyén tudng dng vdi su thay déi hoat dong ctia gen. Khi mi;')j:
gen moi duge bat md, gen hoat dong trude né phai bi dc ché
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hoan toan. Lic dé6 mét khang nguyén méi sé thay thé khang
nguyén ton tai trude né.

Gen ma cho mdt VSG dudge goi 1a "basic copy gene" (tam
dich 12 ban gen goc) Cac gen nay duge phan thanh hai nhon tuy
thuge vao vi tri cia ching trén nhiém sac thé.

* Cac gen nam ¢ telomere (khoang 5-15 kb) > 200 gen

* Cac gen nam cach telomere hon 50 kb.

Tuong tu nhu & ndm S. cerevisiae, cac gen ma cho VSG nidm
rai rac trong genome va d trang thai khong hoat dong. Mt gen
bat ky trd nén hoat hoa chi khi né dude sao chép vao vi tri hoat
déng (expression site) trong khi nguyén ban cha n6é van dwge
bao ton d vi tri tinh. Ban sao cuia ban gen géc vao vi tri hoat
dong dugc goi la ELC (tam dich la ban sao hcat domng-
epression-linked copy). Vi tri hoat dong nim & gan telomere.
Nhu vay, viéc chon mét ban gen goc dé sao chép tao ban sao
hoat déng sé phu thudc vao vi tri cia ban goc 6 telomere hoic
nim phia trong telomere. Cé hai gia thiét dé mot gen tri ;nén
dude hoat héa nhu sau:

* Vi tri hoat dong khong thay déi ma chi c6 cac ELC thay
thé cho nhau. Ban sao cia mét ban gen goc sé thay thé cho lban
sao cua gen khac § tai vi tri d6. Diéu nay xay ra tudng t1 mhu
cac gen O cassette tinh duge sao chép vao cassette hoat didong
trong truong hop vdi ndm.

* Vi tri hoat déng thay ddi: Khi cAn tdng hop mdt VSG mdi,
gen & vi tri hoat dong cii bi ngitng va gen ¢ mot vi tri khae (;gén
telomere) duge khdi dong (Hinh 1.17).
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a/ Cdc gen d vi tri tinh (con goi la ban gen géc) nam gan
telomere hoac phia trong telomere dude sao chép vao ELC (vi tri
hoat dong) va dude hoat hod.

—EaHecHHea)

B

> ARNm
b/ Vi tri hoat dong thay déi: vi uri ci ngitng hoat déng, vi
tri mdi gan telomere duoe khdi déng. Vi tri nay cé thé la mot ban
gen goc duoc hoat hod hodc la mét gen gée ndm phia trong
telomere dugce sao chép vao vi tri moi.

Hinh 1.17: Gen VSG dugc tao ra nho sao chép tir nguyén ban géc vao vi tri hoat
dong hodc nhé hoat hoa gen ndm & telomere

Mot s6 phanti ARNm tudng ung véi cac VSGs khac nhau
dude phan lap va dude xac dinh trinh tu nucleotide (thong qua
cADN). Diéu dang ngac nhién la phan oligonucleotice ¢ dau 3'
cila moi gen VSG déu khac vdi phdn 3' cha cac ARNm duge
phién ma tu cac gen d6. Mit khac cac gen nay khong c¢6 phan 5'
giong nhu cac ARNm. Nhu vay cac ARNm khong duge tong hop
hoan toan trén khuén méu cac gen nay. Phan 3' cha cac ARNm
tudng Ung véi phan 3' cia vi tri hoat déng (ELC), trong khi phan
5' (g6m 35 nucleotides) duge tong hop tit nhitng doan ADN khac va
dude gian vio ARNm (hién tuogng trans- splicing) (Hinh 1.18).
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ARN {l*base)

35 base

- 3 3

ARNm tuong img véi VSG

Hinh 1.18: Phén titr ARNm tuong ung voi mot VSG.
Doan 35 nucleotide (phién ma tu ADN nam trong genome)
duoc gan véo phan ttr ARNm phién ma tir gen @ vi tri hoat ddng

Thay d6i khang nguyén khong phai 1a hién tugng duy nhat
d Trypanosome. Vi khuan Borrelia hermsii (gay bénh 0 ngusi va
dong vat) cing c6 kha nang nay. Nhu viy vi sinh vat gay bénh
prokaryot va eukaryot déu tranh duge hé théng mién dich nhg
thay d6i cac khang nguyén bé mat

1.5.3. Tang sé luong cdac gen ma cho ARNr va mot sé gen khac o
té bao eukaryot

Viéc tang sé ludng cua mét gen dic biét nao d6 phu thude
ting diéu kién cu thé cua té bao va xay ra khong phd bién. Cac
ban sao c6 thé nim tap trung thanh mot nhém gdm ban sao nay
néi ti€p ban sao khac hoac c6 thé tén tai nhu nhitng doan ADN
c¢6 kha nang tai ban doc 14p. Vi du dién hinh 12 sy nhan ban cla
gen ma cho ARNr & tritng éch. Tring éch c6 duong kinh khoang
2-3 mm, du trit rit nhiéu ARNr. Ching dude phién ma tir rat
nhiéu gen ADNr. Cac gen nay dugc nhan lén (khoang 2000 14n)
theo cd ché "vong tron lan" trong qua trinh phat trién va tdn tai
dudi dang cac vong tron khép kin (Hinh 1.19).
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dugc sao chép giong hét nhau

Hinh 1.19: Tang s6 luong gen ma cho ARNr
theo ca ché "vong tron lan” (rolling circle)

Khi nudi cdy cac té bao dong vat ¢6 via trong méi trudng dic
biét, ADN tai mot s6 vi tri trong genome dude nhan lén. Thi du
dién hinh nhat 12 nuéi cdy cac té bao ung thu trong méi trudng
chita doc to methotrexate. Chat nay dc ché hoat tinh ctia enzym
dihydrofolate reductase (DHFR) gitt vai tro trong tong hdp cac
nucleotide cuia ADN. Cac té bao ung thu nudi ciy trong méi
trudng c6 chit déc nay phat trién thanh cac quén lac khang lai
doc t6. Khi nong do chat doc ting dan, nong do DHFR ciing tang
theo, c6 thé dat tdi 1000 1an 16n hon mic binh thuong. Néng do
enzym tang do sd lugng cac gen ma cho chung tang. Co ché
chinh xac cua hién tugng nay chua ré rang, nhung cé thé xay ra
theo hai cach:

* Trao d61 chéo khong can bing giita hai sgi nhiém séc ti
(chromatide) ctia nhiém séc thé din dén mot sé té& bao khéng c6
gen dhfr va mot s6 khac c¢6 2 copy cua gen nay. Trong moi
truong c6 déc to, trao déi chéo khong cian bing duge lap di lap
lai va cac t&€ bao chita nhiéu gen dhfr vin phat trién tét trong
mal truong nay (Hinh 1.20A).

* Cac doan ADN (100-1000 kb) chia 2-4 gen dhfr (~31 kb/
gen) dude sao chép tit nhiém sic thé binh thudng tao ra cac
nhiém sic thé riat nho, khong cé6 tim déng. Cac nhiém sic thé
mini nay ghép vao ciac nhiém séic thé binh thudng khac. Qua
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trinh nay lap di lap lai va qua mét s 1an phan biao mitose, té
bao nao mang sé lugng 16n cac gen dhfr cang co diéu kién phat
trién thuan 1gi trong méi truong chua doc to (Hinh 1.20B).

dhfr b( =<

Trao déi chéo (TDC) khong can bang  Doc 16 kich thich tao ra
giira hai nhiém sic thé tuong dong cac doan ADN nho (1, 2...)

\ v

>! 5 "
w,
‘ Cac doan ADN nho c¢6 kha ning

tu sao chép va ghép vao NST
Mitose

D @ ‘&, <
Té bao nay chét O @ O
trong moéi trudng

co doc to
.

Cic t€ bao nay song sm nhocdc gen dhfr  Té bao nay chét romng
va ti€p tuc lap lai TDC khong can bang moi trudmg cé dic té

(A) (8)

Hinh 1.20: Hai co ché tang s6 luong gen dhfr trong méi trudng nubi cdy B hao
ung thu chura déc t6 uc ché hoat tinh enzym DHFR. Déc 16 tao diéu kién tludin loi
dé chon loc céc té bao chura s6 lvgng Ion gen nay
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Chuong 2
CAU TRUC VA HOAT PONG CUA GEN

2.1. CAU TRUC GEN

Mot gen thudng dude xem gom c6 hai phan, phan mang ma
di truyén dude phién ma sang phan tid ARN va phan ADN lam
nhiém vu diéu khién hoat dong cua gen (Hinh 2.1). Ca hai phan
déu ¢6 cau tric co ban kha giong nhau d moi sinh vat prokaryot
va eukaryot. Tuy nhién gen eukaryot con c¢é cau tric dac thua
liép quan dén cac cd ché kiém soat khac nhau déi véi hoat dong
cua gen.

Viung ADN diéu khién  Vang ADN dugc phién ma

I O N

L .
) S
et genl gen2 gen
(a) o U s BB e
N  EEINNNNNNNNNNN =
(b) Exon | intron Exon?2

Hinh 2 1: Cau tnic chung ctia gen prokaryol (a) va eukaryot (b)

Ving ADN diéu khién thudng chua cac vi tri nhan biét cho enzym ARN
pPolymerase (vi tri promoter-P), cho cac protein hoat hoa (vi tri hoat hoa-A) hoac
cho protein uc ché hoat déng cua gen (vi tri kim hdm-0). Dac biét cac gen
eukaryol con ¢é cac viung ADN tang cuting (enhancers) nam truoc,
nam sau hoac ngay trong gen tham gia diéu khién hoat dong cua gen.
Phan mang ma di truyén & gen eukaryot thuting bi ng4t quéng bdi cac intron
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Poan ADN lam nhiém vu diéu khién hoat dong cua -gen
thudng chda cac vi tri nhan biét cho enzym ARN polymerase (vi
tri promoter-P), cho cac protein khac nhau lam nhiém vu hoat
hoa (vi tri hoat hoa-A), hoidc dc ché gen (vi tri kim ham-0). Néu
goi vi tri cia nucleotide ddu tién duge phién ma sang phan tu
ARN 1a +1 thi cac nucleotide thusc doan ADN diéu khién nim
phi truée ving mang ma dude danh dau (-). Vi du nhu vang
promoter bao gom doan ADN nam 6 vi tri -35 dén -10 & gen
prokaryot va d vi tri -25-20 dén -75 -90 ¢ gen eukaryot. Ngoai
ra cac vi tri A hodac O déu dugc nhan biét bdi cac protein diéu
khién. Nhitng protein nay c6 thé lién két vdi ADN, véi ARN
polymarase hoac véi cac protein khac lam tiang cuong hoac kim
ham hoat déng ciia gen d mic dd phién ma ARN.

Ving ADN mang ma di truyén duge phién ma sang phan
td ARNm. Qua trinh nay duge thuc hién theo chiéu 5' --->3'
trén soi ARNm dang dudc tong hgp. Khéng phai moi ma di
truyén trén phan it ARNm déu dude dich ma sang phan tu
protein. Hai ddu 5' va 3' cia phan td ARNm gém mét so
nucleotide khong dugc dich ma ma lién quan dén tinh bén viing
cia ARNm ho#c tham gia kiém soat qua trinh dich ma. Hai
doan nay dudc goi 1a doan khong dich ma 5' va 3' (untranslated
region). Doan khéng dich ma 5' ndm trude diém khdi dau dich
"ma (ba nucleotide ma cho Methyonine dau tién cta chuobi
peptide) va doan khong dich ma 3' nim & sau diém két thuc
dich ma (stop codon). Do té& bao prokaryot khong cé céu tric
nhian nén qua trinh phién ma (tong hgp ARNm) va dich ma
(tdng hop protein) xay ra dong thoi. Con cac phan tid ARNm
eukaryot dugc phién ma trong nhéan, sau d6 phai cit bo cac
intron, chiy bién déi tai cac dau 5' va 3' trude khi duge van
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chuyén ra ngoai té bao chat dé dung lam khuon tong hop
protein.

Hoat dong cia mot gen dudge danh gia thong qua qua trinh
phién ma sang phan tt ARNm va qua trinh dich ma téng hop
protein. Hoat dong nay duge kiém soat rat chat ché bang cac co
ché khic nhau ¢ moi giai doan nhu bat dau va két thuce phién
ma, qua trinh bién déi ARNm, quyét dinh tinh bén viing va
kiém tra lai thing tin di truyén trén cac phan tit nay v.v... Do
cAu truc sip xép cac gen prokaryot khac vdi cac gen eukaryot
nén su phor hop  gida cac cd ché diéu khién mang tinh chat
rieng biét cho titng hé gen. Chiang ta hay xét cau truc hay gap
caa trong hé gen prokaryot va eukaryot va mot sé co ché diéu
khién dién hinh.

Cac gen prokaryot thudng siap xép nam gan nhau va chiu
su diéu khién chung cia mot promoter, tic 1a ching dude phién
ma sang cung mot phan td ARNm. Cau tric nay dude goi la
operon. Nhu vay méot operon gobm hai hay nhiéu gen nam canh
nhau trén mot doan nhiém sac thé. Thong thudng dé 1a cac gen
cung tham gia vao mot con dudng chuyén hoa, vi du nhu cac
gen ma cho cac enzym can thiét cho qua trinh chuyén hoa
glucose.

Do ¢é chung promoter diéu khién cho moi gen nim trong
mot operon, chi c6 mot loal phan tit ARNm duge tong hgp tu
mot operon (mang thong tin di truyén cla tat ca cac gen nam
trong do). No1 cach khac, qua trinh phién ma cua cac gen trong
madt operon xay ra dong thdi va phan td ARNm déc trung cho
operon dude goilla ARNm-polycistronic.

Tuy nhién diéu caAn ghi nhd 12 qua trinh dich ma trén phan
tit ARNm-polycistronic xay ra hoan toan doc lap véi nhau. Mai
doan tuong ing véi mot gen trén phan ti nay déu co6 vi tri bam
sua . ribosome, c6 ma bat ddu va két thuc téng hop chuodi
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polypeptide riéng biét. Do d6 toc do tong hop cac protein trén mot
phan tu ARNm polycistronic hoan toan khac nhau (Hinh 2.2).

Operon

P genl gen 2 gen 3

e - =

l Téng hop ARNm

+1

ARNm-polycistronic

S'M i
1

Téng hop protein xay ra doc lap
do1 véi ting gen trong operon

(a) protein | protein 2 protein 3
s b *- Y 0]
(b) protein 2

L. ________]
(c) protein | protein 2

Hinh 2.2: C4u tric operon trong hé gen vi khuén. Qua trinh phién ma
xay ra déng thai, tao phan tir ARNm-polycistronic nhung qua ltrinh dich ma
xay ra hoan toan doc Iap. T4t ca cac gen
(a) hoc timg gen (b) hodc mét s6 gen (c) trén phan t& ARNm-polycistronic dugc
dichwna theo yéu cdu cla té bao. (Vi tri +1 chi nucleotide dau tién dugc sao chép
sang phan tf ARNm; P- promoter)
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2.2. KIEM SOAT BAT PAU TONG HOP PHAN TU
ARNm PROKARYOT

QQua trinh tong hop ARNm trong té bao prokaryot thuong
dude kiém soat theo hai cd ché khac nhau: cd ché tiéu cuc va co
ché tich cue. O co ché thi nhit, hoat dong cta gen bi kim ham
khi co mat cua protein uc ché - repressor. Chung tudng tac vai
vi tri dic hiéu nam gan promoter goi la operator. Khi protein
de ché bam vao operator, so6 phan tt ARNm duge tong hop bi
giam, hay néi cach khac qua trinh phién ma bi kim ham. O co
ché thi hai, hoat dong cua gen chi biat dau khi c6 mit cua loai
protein hoat hoa. Cac protein nay tudng tac vdi vai vi tri dac
biét trén vang ADN diéu khién- cac vi tri activator. Luc d6
ARN polymerase mdi c6 kha nang khoi dong qua trinh phién
ma. Chung ta hay xét thi du dién hinh cho tung co ché nay
thong qua hoat dong cua operon lac (xay ra theo cd ché tiéu cuc-
negative control) va operon ara (xay ra theo co ché tich cuc-
positive control).

2.2.1. Kiém sodt phién ma trén operon lac theo co ché tiéu cuc

Operon lac gdm 3 gen ciu trac: lacZ, lacY, lacA. San pham
cia cac gen nay giap té bao ti€p nhan va chuyén héa B-
galactosides (vi du nhu lactose). Gen lacZ ma cho enzym [3-
galactosidase c6 tac dung chuyén hoa B-galactosides thanh cac
duong (vi du chuyén hoa lactose thanh glucose va galactose).
Gen lacY ma cho pB-galactoside permease lam nhiém vu van
chuyén B-galactosides vao té bao. Gen lacA ma cho B-
galactoside transacetylase chuyén nhom acetyl tit acetyl-CoA
vao B-galactosides.
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Khi nu6i cdy vi khudn trén méi trudng khong o B-
galactosides, s6 lugng enzym B-galactosidase nho hon 5 phan ti
trong mot té€ bao, tuc 1a operon lac hoat dong rat yéu. Tuy nhién
khi b6 sung cd chatvao méi trudng, sé lugng enzym tang rat
‘nhanh: sau 2-3 phit ¢6 thé dat dén 5000 phéan ti/ t& bao. Qua
trinh ting phan dng téng hdp enzym nhd su c6 mat cla cd chat
hoac cac chat tuong tu dude goi la qua trinh kich ‘hich

(induction).

Phan tu lac- ARNm riat khong bén, thoi gian ban hay (half-
life) chi khoang 3 phut. Do d6, khi cd chat khéng con trong moi
truong, phan dng tong hdp ARNm bi ngiing va cac phan ti
ARNm bi phan huy riat nhanh. Sé lugng enzym giam vé mic toi
thiéu.

Qua trinh phkién ma trén lac operon dude kiém soa: bdi
protein dc ché Lacl - san pham cta gen lacl nim canh operon
lac. Nhu vay gen lacl 1a gen diéu khién. Khi gen nay b dot
bién, protein Lacl khong dudge tao ra khién cho operon lac hoat
dong lién tuc. Thuc nghiém nhan thay hoat dong ctia operon lac
cung ting rit manh khi trong méi truong xuit hién cd chit B-
galactosides hodc cac chat c6 cdu tric hoa hoc tudng tu. Déc biét
mot s6 phan tit kich thudée nho c6 kha nang kich thich opsron.
Cac chat c¢6 dac tinh nay ciing nhu co chit cua enzym dug: goi
l1a chat cam dng (inducer). Vi du nhu isopropylthiogalacteside
(IPTG) khéng phai 1a cd chat cua B-galactosidase nhung nékich
thich rat c6 hiéu qua hoat déng cua operon lac.
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Protein repressor Lac I (dang tetramer)
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Hinh 2.3: Hoat déng ctia operon lac theo co ché tiéu cuc
(A): Khi khdng co chét kich thich, protein Lacl bam vao operator clia operon lac
ngan can ARN polymerase bit dau téng hop ARNm. (B): Khi chat cdm um7g xuét
hién, chung tuong tac voi Lacl Iam repressor thay déi céu truc kliéng bam dugc
vao operator. Phdn umg t3ng hop ARNm dugc khdi dong

Béng cac thi nghiém khac nhau, dac biét 13, cac thi nghiém
bo sung (complementation test) co ché hoat déng ctia operon lac
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da duge phat hién nhu mo ta trén Hinh 2.3. Khi khong ¢6 chat
cam Ung trong moi truong, qua trinh phién ma trén operon lac
bi kim ham do protein repressor Lacl (6 dang hoat dong) bam
vao operator cua operon. Tuy nhién khi c6 méat co chat, ch&t e
ché Lacl tudng tac véi co chat nén bi thay déi cau tric khong
gian, chuyén tir dang hoat déng sang dang khéng hoat dong va
khong con kha ndng tudng tac vdi operator. Liic nay phan ung
tong hdp phan tit ARNm polycistronic trén operon lac dude bat
dau.

Diéu dang luu y ngay khi khong c6 chit cam (ng, operon
lac van hoat dong 0 mic do rat yéu (0,1% so véi khi c6 chat cam
ing). Diéu dé dam bao su van chuyén co chat vao té bao xay ra
rat nhanh ngay khi cd chat vita ¢c6 mit 6 moi trudng bén ngoai
té bao. Tuy nhién, chit cam ung c6 thé xAm nhap vao t& bao
bang nhiéu con dudng khac nhau. Hon nita, operon lac khong
chi chiu su kiém soat cta cd ché tiéu cuc ma con mét sé co ché
khac nia.

Protein repressor Lacl chi c6 hoat tinh khi ton tai dudi
dang dimer. Vi mét 1y do nao dé ma hai tiéu phan monomer
khong lién két tao dimer thi hoat dong ctia operon lac nim
ngoai su kiém soat cla cd ché tiéu cuc. Khi ¢ dang dimer
protein Lacl c6 hai vi tri hoat dong khac nhau, mot tudng tac
véi ADN, vi tri kia tudng tac véi protein cam ung (inducer). Khi
gen ma cho Lacl bi d4t bién, san phdm cia né ¢6 cau tric thay
ddi sao cho khong thé tudng tac véi ADN (nhung c6 thé van
tuong tac dude véi inducer) thi operon lac hoat dong mot cach
lién tuc. D6 la do Lacl khong thé lién két véi ADN ngay khi cg
chat hay cac chat cam dng ving mit trong moi trudng.Ngude
lai, néu repressor chi tudng tac véi ADN ma khéng con kha
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nang tuang tac vai inducer thi operon lac khong hoat dong ngay
khl mol trudng ca cd chat.

2.2.2. Kiém tra phién ma trén operon ara theo co ché tich cuc

Khi té bao E.coli moc trén moi truong chia arabinose,
ching téng hdp ba enzym can thiét dé bién doi dudng nay thanh
xylulose -5-phosphate. Chat nay dude su dung trong con duong
chuyén hoa glucese dé bo sung nang lugng cho té bao. Ca ba
enzym duce ma bdi cac gen nam trong operon ara: gen A ma cho
isomerase. gen B ma cho kinase va gen D ma cho epimerase.
Khi mol trudgng c6 arabinose, hoat dong cua operon ara tang
manh tudng tu nhu lactose kich thich hoat dong cuaa operon lac.
Tuy nhién cd ché hoat dong cua hai operon nay hoan toan khac
nhau.

Hoat dong cua operon ara dude diéu khién bai protein hoat
hoa Ara(C do- san pham cua gen araC (ndm gin ara operon).
Khi gen araC bi d6t bién, operon ara khéong hoat dong ngay khi
mél trucing c6 mat arabinose, mac diu ca ba gen ABD déu
nguyén ven. Diéu nay trai ngude vAi gen lacl khi bi dot bién thi
operon lac hoat dong lién tuc. N 1 vay cd ché kiém soat hoat
déng cua operon ara doi hoi su co mat dong thdi cha ca cd chat
arabinose va protein AraC. Protein AraC c6 vai tro nhu yéu to
kich hoat sg phién ma trén operon araC. Mot gen (hoac operon)
dugde xem 12 hoat dong theo cd ché tich eye khi ching duge khai
dong b céac protein hoat héa nhu AraC.

Cac thi nghiém dét bién di truyén da xac dinh vi tri bam
cua AraC vao ADN trén operon ara. Protein AraC cé thé bam
ddng thdi vao nhiéu cac vi tri khac nhau giy tac dung diéu
khién khic nhau (Hinh 2.4).
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Hinh 2.4: Hoat déng cua operon ara dugc diéu khién
theo ca ché tich cuc bdi protein hoat hoa AraC.

(a): Khi méi trvong khéng c6 dudng arabinose, AraC bam vao céac vi tri O,, O, va
I, tao lién két giira O, vé |, gay uén cong sgi ADN. Operon ara bj kim hdm, Iugng
ARNm tao ra rét it. (b) : Khi c6 mat arabinose, phan tr dudng nady sé luang tac voi

protein hoat héa AraC. Phurc chét bam vao 4 vitr O,, O,, I,va l,. Tuong tac clua

phue chét gidta O,va O, kich thich hoat déng cua gen araC. Ngoai ra, tuong tac

cla phuc chét gitra 1,va I, khié€n hoat dong cia operon ara tang lén rat nhiéu.

Khi méi truong khong c6 arabinose, AraC bam vao 3 vi tri
0,, O, va I,, ndm phia trudc sat véi promoter clia operon ara.
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Hon nda, cac phan t AraC bam vao bai vi tri O,, | ¢6 thé
tudng tac v6i nhau (tudng tac protein-protein) gay udn cong sdi
ADN. Luc nay operon ara khong hoat dong.

Khi moi truong c6 arabinose, protein hoat hoa AraC tudng
tac véi phan tit duong, do dé bi thay doi cau hinh. Luc nay phitc
chat AraC va dudng bam vao 4 vi tri O,, O, , I, va I,. Tiép dé,
AraC ¢ hai vi tri O,va O, tuong tac v61 nhau lam cho hoat dong
cua gen araC tang 1én. Mat khac, phic chat dé khi gan vao 1, va
I, gay hoat héa operon ara. Qua trinh tong hdp ARNm trén
operon nay duge khoi dong.

Diéu dang luu ¥ 13 protein AraC tu diéu khién hoat dong
cha chinh gen tao ra né (gen araC) bang viéc tuong tac véi cac
vi tri O, va O,. Khac véi protein tc ché Lacl chi ¢6 tac dung diéu
khién tiéu cuc déi vdi operon lac, protein hoat hoa AraC kiém
soat hoat dong cta ca operon ara va gen araC theo hai co ché
tay thude vao vi tri lién két cua né véi ADN. Trong khi protein
AraC chi ¢6 kha nang kiém soat theo co ché tich cuc véi gen
araC thi vai tro cia ching d6i véi operon ara thay déi tuy thudce
vao Vi tri tuong tac véi ADN va tuong tac gitta ching véi nhau.

Hai co ché tiéu cuc va tich cdc xay ra hoan toan doi lap
nhau. Cac gen chiu su diéu khién theo co ché tiéu cuc bi kim
ham khong hoat dong khi c6 mit protein dc ché. Ngudce lai, cac
gen chiu kiém soat theo co ché tich cyc chi hoat déng khi c6 mat
protein hoat hoa. Cac protein tc ché ngoai viéc bam vao ADN dé
ngan can ARN polymerase khdi dong viée phién ma, chiing con
6 thé bam vao ARNm dé ngin can ribosome thuc hién viéc tong
hgp protein. Cé thé c6 nhiéu repressor cung phéi hgp hoat dong,
ching duge goi chung 1a cac co-repressor. Hon nita, nhiéu cd ché
c6 thé phdi hop cung nhau-dé kiém soat hoat dong cua gen hay
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operon. Do d6, su canh tranh tuong tac gida cac protein vc ché
va hoat hoa véi trinh tu dich trén vang ADN diéu khién sé diéu
bién mot cach linh hoat biéu hién ciia gen. Nhd vay té& bao va co
thé tra 10i nhanh nhay va chinh xac déi véi nhitng tin hiéu
trong moi trudng.

Can cit vao phan dng cua operon vdi cac phan ti protein
diéu khién dé biét duge hoat dong cta operon dé dude kich thich
hoac bi tc ché. Ngoai ra tudng tac gita cac ioai protein vdi nhau
c6 thé giy déng hodc md gen. Vi du nhu mét protein cam ung
(inducer) gdy mat hoat tinh ctia protein tc ché (repressor) hoic
phuc héi hoat tinh ctia protein hoat hoa (activator) déu din dén
khoi dong operon. Ngude lai, operon bi Uc ché khi cac co-
repressor hoat héa protein tc ché (repressor) hoic gy mat hoat
tinh protein hoat hoa (activator)....

2.2.3. Hoat dong cua operon tryptophan

Operon tryptophan gom 5 gen ma cho cac enzym lién quan
dén viéc tong hop tryptophan. Khi méi trudng thiéu acid amin
nay, hoat dong ctia operon ting gip 10 lan. Nhu vay, su c¢6 mét
cua tryptophan trong moéi truong kim ham operon tryptophan.
Tuy nhién, tryptophan khong phai la tac nhan gay dc ché biéu
hién ctia operon. Ching gilt vai trd cua chat dong uc ché (co-
repressor) khi tuong tac véi repressor dé ngin can hoat dong
cua operon tryptophan. Nhu vay, operon nay duge diéu khién
theo cd ché tiéu cuc do chinh san phim cudi cung clia operon.
Co ché kiém soat dic biét nay duge goi la @c ché phan héi
(feedback inhibition). Trong mot s& truong hdp khac, gen hay
operon dugc hoat hoa bing chinh sdn pham do ching ma cho.
Luc d6 ching dude diéu khién bdi cd ché hoat hoa phan héi.
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Phan tich trinh tu nucleotide trén phan td ARNm
polycistronic cua operon tryptophan lam sang té cd ché uc ché
phan hoi ¢ muc do phan ti. Két qua cho thay doan nucleotide
gom 160 base nam trude diéem dich ma dau tién (ma cho
Methyonine) déng vai tro diéu khién qua trinh phién ma tao
ARNm trén operon tryptophan. Doan nay duge goi la
"attenuator” c¢é chita 4 chudi nucleotide ngan ¢é trinh tu tuong
déng ngude chiéu. Hai chudi ngude chiéu c¢6 thé lién két véi
nhau tao cau tric dang vong. Tuy thude vao su c6 mat cua
tryptophan trong méi trusng ma xay ra nhitng kiéu lién két tao
cap gida hai chudi tao ra cac ciu truc dang vong khac nhau.
Nho do, su téng hdp cac enzym can thiét cho phan ung tao ra
tryptophan dudc kiém soat phu hop véi su doi hoi cta té bao déi
vé loar acid amin nay (Hinh 2.5).

2

(A) (&

Hinh 2.5: C4u tric bac hai cta phén i tryptophan- ARNm dong vai tro diéu khién
opeon tryptophan trong phan ung tao ra cac enzym tham gia téng hop tryptophan. Hoat
didng cta operon nay bi kiém tra bai co ché tiéu cuc va bdi doan " attenuator”.

(A)- Khi méi truong thira Tryptophan. (B)- Mbi truong thiéu Tryptophan.

(C)- Khéng c6 su tdng hgp enzym.

Chudi nucleotide 1 trén doan "attenuator" cé chita cac ma
di truyén caa tryptophan (Trp). Khi méi truong c6 nhiéu Trp,
cac ARNt van chuyén Trp cho ribosome dich ma trén chudi 1
né}'ﬁié dang tim thay Trp trong té bao. Do d6 ribosome vugt qua
chudr 1 nhanh va bao tram lén chudi 2. Lic nay chi ¢6 chudi 3
va 4 lién két vai nhau tao ciu tric vong gy tin hiéu ngung tong
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hop phan tit ARNm (Luu y rang 6 vi khudn qua trinh phién ma
bdi ARN polymerase xay ra dong thai véi qua trinh dich ma bai
ribosome. Cau triuc dang vong trén phan tid ARNm la mot trong
nhitng yéu ciu cAn c6 dé ARN polymerase nhan biét vi tri ding
qua trinh phién ma). Ngude lai, khi méi truong thiéu Trp, cac
ARNt khé tim thay Trp, do dé ribosome phai chd dgi lau & chuéi
1. Luc nay chudi 2 tu do va lién két vdi chudi 3. Tuy nhién ciu
tric dang vong nay nam cach xa vi tri cua ARN polymerase nén
khong anh hudng dén viéc tong hgp ARNm. Nho dé phan tu
ARNmMm cua operon tryptophan duge tao ra mot cach tron ven.

Mot s6 operon ma cho cac enzym can thiét cho phan lng
sinh tong hgp mot s6 chat trong té& bao (operon phenylalanine
hoic operon histidine) cing dude kiém tra theo co ché giong nhu
dé1 véi operon tryptophan.

2.2.4. Uc ché qud trinh di hod lién quan dén diéu khién tich cuc

Glucose 12 mot trong cac duong can thiét cho té bao vi
khuan phat trién. N6 dude t&€ bao si dung truc tiép, nhanh
chéng va don gian nhat khong yéu cau tong hgp mdéi bat ky
enzym nao. Khi glucose cung véi mot s6 duong khac nhu
lactose, arabinose cing ¢6 mat trong méi trudng, té bao chi su
dung glucose va kim hdam hoat déng ctia cac operon lién quan
dén chuyén héa cac Joai duong khac. Hién tuong nay dude goi 1a
tc ché qua trinh di hoa.

Cac nha hoa hoc phat hién riang khi vi khuan thiéu glucose,
chiing sé ting cudng tong hdp nucleotide cyclic adenosine-3,5'-
monophosphate (cAMP) S& lugng cAMP tang lén giong nhu tin
hiéu bao déng vé nguy o chuyén hoa. Hon nita, khi bé sung
cAMP vao méi truong cé chia glucose va cac duong khac thi
hoat dong cha cac operon lién quan dén chuyén hoa cac dudng
nay khéng bi dc ché ma nguge lai duge hoat hoa. Nhu vay cAMP
déng vai tro quan trong bat md hoat dong cua mot sé gen ngay
khi chung dang d trang thai bi kim ham.
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Minh 2.6: Kiém tra hoat dong ctia operon lac bdi hai protein Lacl va CAP.
(A) Néu méi tnrong khéng co lactose. ARNm-lac khéng dugc téng hop ngay khi
c6 hodc khéng co glucose vi Lacl bam vao operator. (B) Khi co lactose,
Lact khéng bam duoc vao aperafor'nhbmg do co glucose nén cAMP khong dugc
téng hop dan dén phuc chat cAMP-CAP khéng dugc tao thanh.
D> d6 hoat dong cua operon yéu. (C) Khi mdi trudng khéng cod glucose nhung co
lactose, operon duoc hoat hoa theo ca hai co ché,
do dé luwgng ARNm-lac dugc téng hop dat cuc dai
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Nghién cttu cac t& bao vi khuan dot bién khéng ¢6 kha nang
su dung bAt ci loai duong nao ngoai glucose, cac nha khoa hoc
phat hién ring ching khong tong hgp duge cAMP trong diéu
kién méi truong thiéu glucose. Noi cach khae, cac té bao nay
chiu dot bién d gen ma cho enzym tong hop cAMP (adenylate
cyclase). Ngoai ra mét so té bao khac c6 kha nang tong hdp
cAMP nhung vin khéng téng hop dudc enzym can thiét dé
chuyén hoa cac loai dudng khac glucose. Nhu vay phai ton tai
mot protein tudng tac véi cAMP dé hoat hoa cac operon

Thue nghiém da phan lap dudc protein nav va goi la
protein hoat hoa qua trinh di hoa (catabolite activator protein-
CAP). Trong thi nghiém téng hdp ARNm invitro dé1 véi operon
lac, s6 luong ARNm tiang riat nhiéu khi théem cAMP va CAP vao
phan tng. Néu chi thém mot trong hai chat dé, s6 lugng ARNm
chi chiém 5% so vdi khi c6 mit ca hai. Nhu vay ngoai viéc bi
diéu khién theo co ché tiéu cuc bdi protein Lacl, operon lae ¢on
chiu su kiém 'soat theo cd ché tich cuc nhd phic chat cAMP-
CAP. Phitc nay tuong tac véi promoter gay udn cong soi ADN,
bde 10 vi tri bam cho ARN polymerase (Hinh 2.6).

Khong phai chi tham gia kiém soat hoat dong cta operon
lac, protein CAP con dong vai tro protein hoat hoa trong gau
trinh .6ng hgp ARNm cua nhiéu operon khac, vi du nhu véi
operon ara, galactose... Nhu vay operon ara can hai protein
hoat hoa khac nhau (AraC va CAP) dé dat dude muc dé hoat
dong cuc dai. Véi thi du vé operon ara, chung ta da thay tinh
phuc tap dan chéo nhau cta cac co ché kiém soat hoat dong cua
gen (operon).
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2.2.5. Diéu khién gen thong qua cdc promoter khdc nhau

Operon galactose (gal) gom cac gen ma cho ba enzym can
thiét dié chuyén hoa galactose khi té bao phat trién trén moi
truong co chia loar duong nay. Khi operon gal hoat dong ¢ muc
do tor da. so luong ARNm tao ra chi cao hon 10-15 lan so véi khi
khong co galactose. Diéu do khac hin operon lac khi dude kich
thich, ludng enzym [3-galactosidase co thé dat gap 1000 lan so
vl khi cperon khong hoat dong. Mat khac, kh1 méi trudong co
glucose, biéu hién cta operon lac giam khoang 100 lan bdi co
ché& uc ché qua trinh di hoa trong khi operon gal chi giam hoat
dong k heang 10-15 lan. Diéu nay ching to6 cac gen trén operon
gal hoat dong doc lap va khong nging 6 mét mice do nhat dinh
bat ch&p mai truong chia loai dudng nao. Mot trong nhitng ly
do buoc eperon gal phai hoat dong lién tue do n6 mang gen ma
cho enzym epimerase can thiét cho qua trinh tong hop mang té
bao. Vi viy nong doé enzym nay phai dude dam bao theo yéu cau
cua té bao ma khéong phu thude vao su ¢6 mat cua glucose trong
mo1 trurang.

Mot loat cac thi nghiém dude tién hanh nhim phan tich trinh
tu nucleoide 0 vang ADN diéu khién cta operon gal, gay dot bién
diém via 46t bién mat doan, thuc hién cac thit nghhiém bo sung
v V... chio thay operon gal ¢6 hai promoter nam géi 1én nhau va ¢
hal vi trd riéng biét bat dau tong hop phan ti ARNm (Hinh 2.7).

» ARNm2 (cua PG2)

Hai PG nam géi lén nhau  +1

-
ARNmI (cta PGIl)

Hiinh 2. 7: Hai promoter PG1 va PG2 hoat déng riéng biét trong qua trinh diéu
khiién ojpeon gal. PG, hoat déng lién tuc du cé hay khong co glucose. PG, chi
hoat dong khi co galactose, cAMP va CAP @ néng do cao.
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Promoter PG, cho phép tong hop ARNm ngay trong diéu
kién mai truong chia glucose nhung khong chita galactose. Nhu
vay operon gal hoat dong lién tuc tao ARNm tu promoter PG,.
Tuy nhién khi néng dé cAMP va CAP cao, ARN polymerase
bam vao PG, khé khan hon. Ngude lai, trong diéu kién dé
enzym nay tuong tac dé dang vdi promoter PG,. Vi vay, PG, chi
tong hdp ARNm khi méi truong khéng cé glucose. Tinh nhay
cam cua ARN polymerase do6i vdi PG, cao hon véi PG, nén lugng
ARNm dude tong hgp tit promoter PG, (khi khéng c6 glucose)
16n hon nhiéu so véi khi chi ¢6 PG, hoat déng.

2.3. KIEM SOAT DUNG PHAN UNG TONG HOP ARNm

Cac cd ché diéu khién tiéu cuc, tich cuc hodc diéu khién
biang nhiéu promoter khac nhau déi véi mét gen (hay mot
operon) déu nhdm kiém tra qua trinh bit ddu téng hop ARNm.
Tuy nhién két thic phan tng nay cing dude kiém tra chat ché
nhdm dam bao ditng qua trinh tong hgp tai vi tri chinh xac. Mot s6
cd ché diéu khién viéc dimg tong hdp phan tit ARNm nhu sau:

1) Phan ung téng hdp ARNm dudc két thic do hinh thanh
cdu tric dac biét "hairpin". Trong thi nghiém tong hop ARNm
invitro, emzym ARN polymerase luon dung lail tal nhitng doan
ARN c6 chudi nucleotide lap lai ngude chiéu (inverted repeat)
giau G va C (thai gian ding khoang 60 gidy). Cac chudi lap lai
ngude chiéu lién két véi nhau theo nguyén tic bd sung tao ciu
tric "hairpin" goi la cap téc (Hinh 2.8). Cau tric nay lam ARN
polymerase ditng hoac chuyén déng cham. Tuy nhién dé lam
enzym tach ra khéi khuon ADN, tiép theo cdu tric cap téc can
¢6 cac nucleotide U ndi nhau lién ti€p. Lién két A-U gita ARN
va ADN la cac lién két yéu nén can it nang luong dé bé gay chung.
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Hinh 2.8: Két thuc phdn img téng hop ARNm nhd céu truc dac biét "hairpin”. C4u
tric nay tao ra do lién két gidta cac chudi nucleotide I8p lai ngugc chiéu “inverted

repeat” va dugc néi tiép bdi chudi base U. Enzym ARN polymerase bi dimg lai va
roi khdi khuén tai vi tri dac hiéu nay. Phén t& ARNm duoc téng hdp hoan chinh.

Thuc nghiém cho thay khi doét bién xay ra ¢ doan
nucleotide U tiép sau cdu tric cap tée thi ARN polymerase van
ti€p tuc tong hop ARNm. Do d6 vi tri két thic qua trinh phién
mé phu thudc hai yéu to;

- Cau truc cap téc cua cac doan "inverted repeat” giau G, C
trén phan tit ARNm lam enzym ARN polymerse ditng chuyén dong.

- Doan ngan nucleotide gom cac base U tiép ngay sau cau

truc cap téc khién enzym tach roi khuén va phan td ARNm
duge tong hgp hoan chinh.
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2) Phan tng tong hop ARNm dude két thiic boi protein das
hiéu Rho (Hinh 2.9). Trong phan ing tong hgp ARNm inuvitre
néu khong cé dich tach chiét tu té bao thi thuong nhan duge cac
phin t& ARNm c¢é kich thudéc khac nhau do enzym ARN
polymerase khong diung ding cho. Khi dich tach chiét dud
thém vao moéi trudng thi nghiém, enzym két thuc chinh xac
phan ing, cho cac phan tid ARNm cé chiéu dai duy nhat
Protein chiu trach nhiém dung phan dng tai vi tri dac hiéu c¢
hoat tinh ATPase va dudc goi la protein Rho.

ARN polymerase ADN ARN polymerase bat dau

tong hop ARNm

5 yi ARNm dang t6ng hop

l

Protein Rho bam vao vi tri
dac hiéu trén phan tr ARNm

Protein Rho chuyén dong
doc theo ARNm

Protein Rho be gay lién két giira
ADN-ARN tai vi tri két thic.
£nzym, Rho va ARNm tach ron
nhau va tach khoi khuén ADN.
Nm Phan img t6ng hop ARNm két thiic.

m

Rho  ARN polymerase

Hinh 2.9: Co ché hoat déng clia protein Rho lam ngung phan ung téng hop
ARNm tai vi tri chinh xac duoc nhén biét bdi protein nay
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Protein ngan can dimg tong hop ARNm

Protein Rho bi mat hoat tinh bdi su c6 mat caa protein N.
Pay la protein dac hiéu ngan can viéc dung phan tng tong hdp
ARNm, giup cho ARN polymerase vudgt qua cac vi tri dung. Tac
dung cua protein N dude phat hién va nghién ctu ky doi vai
phan Ung tong hdp cac ARNm cua bacteriophage khi ching xam

nhap vao té bao vat chu E.col:.

T Vi tri nut § b
L i : v R
[T 1IN P, Pl lrol: 1
‘_ l_-_'
ARNm (~1000 nt) ARNm (~500 nt)
® Protein N OPrutein Cro
Giup ARN polymerase vuot
qua cac vi tri ding TL va TR
" } "
. I :: N P, P. Cro :_
- r
ARNm ARNmM

Hinh 2.10: Tac dung cia protein N giup ARN polymerase vugt qua cac
vi tri dimg trong phan tng téng hop ARNm khi thuc khudn thé phage
X&m nhiém t& bao chd. Hai vi tri dimg T, va T, dugc nhén biét bdi protein Rho.
Do tac dung cta N, protein Rho bi mﬁs hoat tinh, nho dé enzym vuot qua
hai vi tri nay dé t8ng hop céac phén tir ARNm ddi hon tvong tng voi

cac gen nadm xa hai promoier P, va Py,
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Khi xam nhap vao té bao vi khudn E.coli, genome cua
bacteriophage d dang vong. Qua trinh téng hop ARNm dude bat
dau ¢ hai promoter trai va phai |, va P va tiép tuc xa dan sang
hai phia. Tuy nhién trong giai doan ddu tién bat ddu xdm nhap,
cac phan td ARNm dugc tong hgp c¢6 kich thudc rat ngan
(khoang 1000 base tinh tit P, khoang 500 base tinh tu Pg) do
ARN polymerase ditng lai & hai vi tri T, va Tg. Phan tit ARNm
sao chép diu tién ti P, ma cho protein N c¢6 tac dung ngin can
viéc ditng tong hgp ¢ hai vi tri nay. Nho d6 cac phan tit ARNm
dugc tong hop dai hon tudng {ng véi cac gen khac cia genome A
(Hinh 2.10).

Co ché hoat dong cua protein N dude mé ta trén Hinh 2.11.
Protein N tuong tac vdi protein NusA. Khi enzym ARN
polymerase da bat ddu tong hdp ARNm, phan ti o tach ra khoi
enzym, phan con lai sé lién két véi protein NusA. Khi enzym
chuyén dong dén vi tri dic hiéu nut trén khuén ADN, protein
NusA tuong tac véi protein N. Vi tri nay thudng ndm gan vj tri
nhan biét bdi protein Rho. Ngoai ra con cé cac protein khac nhu
NusB, NusE, NusG tuong tac vdi protein NusA va protein N tao
phic hgp giap enzym vudt qua cac vl tri dimg trong phan 1ing
tong hop ARNm.

78



Vitri nut T,

e T ——— T - -

Pq Cro| *

m,ﬂ--'*

ARN polymerase

Protein N -~
“ARNm "

nut Ty

T T TRl

—

ARNmM
Hinh 2.11: Co ché hoat déng ctia protein N tai vi tri T, ngan can viéc ngimg téng
hop ARNm trén genome cla bacteriophage A

2.4. XAM NHAP CUA BACTERIOPHAGE A VAO TE
BAO E.COLI

Ching ta da biét cac co ché kiém soat khac nhau trong
phan {ng téng hdp phin td ARNm (tiéu cuc, tich cuc, diéu
khién phan héi "feedback”, diéu khién tu dong...). Bay gi¢ ching
ta xét dén su phéi hgp cia cac cd ché nay trong qua trinh diéu
khién hoat déng ctia tofin bd hé gen thuc khun thé A khi chiing
xdm nhap vao t&€ bao E.coli.

Khi bacteriophage A nhiém vao t& bao E.coli, mot trong hai
su kién khac nhau sé xay ra: Thit nhat 1a ADN cta A duge nhan
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1én tu do trong té bao chi , cac thé phage méi dude tao thanh va
té bao vi khuan nhanh chéng bi pha vd (trang thai litic hay con
goi 1a trang thai sinh tan). Thi hai 1a ADN cta A dude ghép vao
nhiém sédc thé cha té bao chu va dude nhan lén cung véi ADN
cua vi khuin (trang thai lisogenic hay la trang thai tiém tan).
Viéc quyét dinh ton tai 6 trang thai nao phu thuéc nhiéu yéu to
khac nhau ¢ ca té€ bao cha va thé phage A. Tuy nhién nhing
diéu kién thuan 1di cho trang thai tiém tan dude quyét dinh ba
chinh protein dc ché CI do phage A tong hdp. Protein nay c6
hoat tinh & dang dimer. Protein CI lam nhiém vu diéu khién hoat
dong ciia hai promoter chinh P,, Py ctia toan bd hé gen thue khuin
thé va promoter Py, ctia riéng gen ma cho repressor CI.

‘ "~ Protein CIII hoat hod gen CII
ARNm-CIII
-‘——
- * g
4 ARNm-N ARNm-CI
| @01, JOL2[OL3
: T v

CHl N 1 CI Cro PHICHL
\ |

Py, OR3DR2/OR 1 P, |

ARFCI ﬁNm-grn
ARNm-CII

Hinh 2.12: C4u truc céc gen cla thuc khudn thé A
dugc sao chép ngay khi x&m nhép véao 1é bao E.coli,

Cac protein Cl, Cli, Clli, Cro va N gii vai tro quan trong diéu khi€n qua trinh t6ng
hgp ARNm trén hé gen thuc khudn thé. Hai promoter P, va Py hoat dong lién tuc
ngay khi phage A\ nhiém té bao chd, tao ARNm cua protein Cro va N. Protein N
tac dung Ién céc vi tri dimg T, va T, cho phép t8ng hop ARNm cdia protein ClI,
Clll. Protein ClI Iam nhiém vy hoat hoé Pg, quyét dinh trang thai tinh xdy ra.
Promoter Pg,, duoc tu dong diéu khién bang chinh néng dé Cl. Protein nay bam
vao cac operator Og,, Oga Ogy cing nhu O, O,,, O,

80



Khi xam nhiém vao t& bao vi khuin, hé gen ctia phage ton
tal ¢ dang vong. Cac phan tt ARNm bat dau dude tong hap ti
hai promoter P, va Py Luc do trong té bao E.coli khéng c6
protein CI. San pham dau tién tao ra tu P, 1a ARNm ma cho
protein N ngan can viéc dung tong hop ARNm tai vi tri két thuc
T.- Nho d6, ARNm ma cho protein CIII duge tong hdp. Déi véi
promoter Py, cac ARNm tng véi protein Cro, CII lan lugt duge
tong hop. Ngoa: ra hai promoter Py va Pgy ctia gen ma cho
protein CI ciing hoat dong. Tuy nhién Pyy bi tc ché béi protein
Cro nén ARNm tao ra tit promoter nay rat it. ARNm cua
protein CI duge tong hop chu yéu tit promoter Pg (Hinh 2.12).

Cac protein can thiét dé ADN phage ghép vao nhiém sac
thé E.coli (trang thai tiém tan) dudec ma bdi cac gen ndm bén
tral, sau gen CIII. Cac gen lién quan dén trang thai sinh tan
nam bén phai sau gen CII. Viéc mét trong hai trang thai xay ra
phu thudc vao tée do tdng hop ARNm tit hai promoter P, Py
cang nhu hoat tinh cac protein tao ra. Khi nong do protein CI
cao, trang thai tiém tan dude xac lap. O giai doan diu tién, Py
dude hoat hoa bai CII, do d6 lugng CI tang dan. Protein nay lan
lugt tuong tac véi cac operator Og,, Ogy, Og, vé1 dd nhay cam
O0p>>0gp>>0ps.

Khi protein CI bam vao Og, hoat dong cia promoter Py bi
kim ham. Do dé lugng protein Cro ciing nhu san phdm cula cac
gen bén phai Py bi giam. Mat khac, protein Cro la repressor nén
né c¢6 kha nang tuong tac vdi cac operator Og. Tuy nhién, dé
nhay cam giita Cro véi ADN giam theo trinh ty Og;>>0g,>>Op,.
Kh& n&ng tuong tac véi ADN cua CI 16n gép 10 1an so vdi Cro.
Khi lugng Cro giam, hoat dong cua promoter Py manh lén va
lugng CI ciing tang theo.
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Protein CI bam vao Ogcon gay ra cac anh hudng khac nhau
d6i v6i hoat dong cua Pgy. Hoat dong cia promoter nay tang
manh khi CI bam vao O, va Og, 1am cho nong do CI trong té
bao cang tang. Khi lugng CI dat dén moét gia tri nhat dinh, CI
bam ca vao O, gdy kim ham hoat dong cua promoter Pgy. Nhu
vay tuy thudc vao nong dé CI, tuy thude vao vi tri tudng tac cua
né véi cac operator Op ma protein CI cé vai tro tu diéu khién
hoat dong cua chinh gen ma cho né théng qua ca hai co ché tich
cuc va tiéu cuc. Ngoai ra, protein ndy con la repressor dé1 véi
hai promoter Py va P, dic biét doi véi Pg. Vi vay cac gen lién
quan dén trang thai sinh tan bi c ché hoan toan, tao diéu kién
thuan lgi cho trang thai tiém tan xay ra.

Véi bat cit mét 1y do nao d6 lam cho lugng protein Cl giam
(vi du nhu lugng protease ting hoac tac dung cua tia tu ngoai sé
phan huy cac dimer CI lam ching mat hoat tinh), operator Og,
duge giai phéng khéi CI nhung bi tuong tac bdi Cro. Do dé
promoter Pgy bi dc ché lam cho ndéng d6 CI cang giam manh.
Mot khi cac operator Og,, Og,, O, O 1, khong lién két véi Cro,
promoter P, dugc kich thich din dén lugng protein N tang va
néng dé cac ARNm téng hdp tit P; ciing ting theo. Vi vy san
phdm cla cac gen ndm bén phai Py tiang, khdi déng cho viéc
chuyén sang trang thai sinh tan.

2.5. TONG HOP ARNm EUKARYOT

Cac phan tu ARN prokaryot (ARNm, ARNr, ARNt) dugc
tong hgp nho mot loai enzym ARN polymerase. Trong té bao
eukaryot, qua trinh phién ma phu thudc vao timg loai promoter
ciing nhu titng loai ARN polymerase. Cac ARNr dude tdng hop
nhd ARN polymerase I, ARNm dugec téng hdp bdi ARN
polymerase II va cac ARNt duge phién ma nho ARN polymerase
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[II. Promoter cho cac ARN polymerase I va II thuong nam trude
vung chia ma di truyén trong khi mét s6 promoter cho ARN
polymerase III nam ngay trong vung nay (phia sau diém bat
dau phién ma +1).

Cung hoat dong véi cac enzym con cé cac factor cAn thiét
tham gia vao phan tng tong hop ARN. Cé thé chia cac factor
phoi hop cung ARN polymerase II dé tong hdp cac ARNm lam 3
nhém khac nhau:

- Cac factor két hop cung ARN polymerase tao phic nhan
biét vi tri dau tién (+1) dé phién ma.

- Cac factor (thuong la cac protein) bam vao vang ADN
diéu khién nam trudc vi tri dau tién dude phién ma.

- Cac factor lam nhiém vu diéu khién qua trinh phién ma
theo thdi gian va khong gian. Ching dude sinh téng hop va hoat
héa tai nhitng thoi diém nhat dinh va trong ciac md, cac té bao
dac hiéu. Cac factor nay dudc goi 1a factor kich thich. Chung
bam vao nhing vi tri ADN déac biét dude goi 1a cac yéu to tra loi
(response elements).

Diéu khac biét gita qua trinh phién ma d té bao prokaryot
va eukaryot dudc biéu hién ré rang la promoter eukaryot yéu
cau nhiéu factor tham gia vao viéc khdi déng qua trinh phién
ma. Cac factor cAn thiét dé tong hgp ARNm (ma khong phai 1a
cac thanh phan ctia enzym) dude goi chung la cac factor phién
ma (transcription factor). Cé thé xay ra tuong tac gita cac
factor, tuong téac giita factor véi cac hgp phdn khac ctia enzym
(tudng tac protein -protein) va tuong tac giita factor véi ADN.
Ngoai ra cac co ché két thic phan dng téng hogp ARNm & t& bao
eukaryot chua duge xac dinh rd rang nhu & prokaryot. Phan ti
ARNm eukaryot duge tong hgp trong nhan, phai trai qua nhiéu
bi€n déi truée khi dude sit dung lam khuén téng hop protein
trong t& bao chit. Do d6 qua trinh phién ma (xay ra trong nhén

83



té bao) va qua trinh #Hich ma (xay ra trong té bao chat) hoan
toan cach biét va khong xay ra dong thoi nhu déi véi t& bao
prokaryot.

Trong té bao eukaryot, qua trinh téng hgp phan tit ARNm
duge xuc tac nhd enzym ARN polymerase II. Tuy nhién enzym
ndy khong ty bit ddu phan {ng ma doi hdi su phdi hgp cla
nhiéu factor phién ma. Cac factor nay gitip enzym nhan biét cac
vi tri bao toan trén promoter hoic lam ting kha nang bat dau
phan tng do ching lién két véi enzym hoac véi ADN & cac vi tri
khac ngoai promoter (Hinh 2.13).

- 30 +1
TFIID
O~
+1

ARN polymerase I
\‘1 MJ xoin tai promoter
TFIIB —*

bét ddu téng hop ARNm

ness o i

TFIIE l TFIIS
ARNm >

Hinh 2.13: Cac factor phién méa tham gia phan img t6ng hop ARNm
Chang c6 thé lién két voi ADN (nhu TFIID) hodc chi lién két vai enzym ARN
polymerase |l (nhu TFIIB) hodc lién két vai cac protein (nhu TFIIE...).
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Doan nu-ieotide ngan dude bao toan nam & vi tri -10 (véi
hau hét promoter prokaryot) va ¢ vi tri -30 dén -25 (vdi
promoter euykaryot) phia trude nucleotide dau tién (+1) duge
phién ma. Doan nay duge goi 1a hop Ty,Aqy,TysAs; (cac chit s6 chi
% xuat hién cuaa nucleotide trong cac promoter da dude nghién
ciu). Ngoai ra, khi phan tich hon 150 promoter cuia cac gen
dong thue vat, cac doan nucleotide d vi tri -75: CCAAT va d vi
tri -90: GGGCGG g1l vai tro quan trong trong qua trinh nhan
biét vi tri ddu tién +1. Ching thudng tudng tac véi cac factor
phién ma.

Dac biét, mot sé doan nucleotide (dude goi l1a cac doan tang
cudng-enhancer) ¢ gan (khoang 100 base) hodc ¢ xa gen (5kb-40
kb); nam truéc hoac nam sau, tham chi nam ngay trong gen (0
cac intron) c6 tac dung tang hiéu qua phan ung tong hop
ARNm. Cac doan ting cuong thuong lién két véi mot sé protein
lam thay d@i cdu tric cia sdi ADN, nhd dé cac vi tri can thiét
nhu promoter duge béc 16 ra, do dé6 enzym ARN polymerase dé
dang bat dau phan tng (Hinh 2.14).

Promoter GEN
< > >

TATA
l —

N VA yam
v R / -
Enhancer nam tnréc gen Enhancer nam trong gen  Enhancer nam sau gen
(0.1-10 kb) (intron) (~ 10kb)

Hinh 2.14: Céac doan nucleotide tang cudng "enhancer”
~ hoat hoa phan img t8ng hop ARNm. Chung ¢6 thé ndm gén hoac xa,
phia trnudc hay phia sau hodc ndm ngay trong gen. Ching cé thé hoat dong theo
ca hai chiéu trén phén tir ADN.
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Cho dén nay vi tri dimg chinh x4c qua trinh téng hop
ARNm ¢ té& bao eukaryot van chua duge xac dinh. Tuy nhién véi
héu hét cac gen ma cho protein, phan ttng dude dung lai sau khi
ARN polymerase II vugt qua vi tri dac biet AATAAA (goi la vi
tri rolyA) khoang 0,5 dén 2 kb. Trong thi nghiém invitro, viéc
loai bd vi tri polyA hodc gay cac dot bién trong doan dé déu dan
tél tong hgp cac phan tt ARNm rat dai do enzym khong xac
dinh dude vi tri ding. Co ché khién enzym ditng tong hdp
ARNm khi di qua vi tri nay vin chua séng to. Rat c6 thé ton tai
factor AT lam nhiém vu chong ding phan {ng. Factor nay lién
két véi ARN polymerase II trong qua trinh phién ma. Khi dén
vi tri polyA, né tach ra khdi enzym khién cho enzym khong thé
tiép tuc phan Ung.

Phan tit ARNm eukaryot hau hét 1a cac monocistronic, tidc
]2 mot phan tt ARNm mang ma di truyén cho mét chudi
polypeptide. Chi ¢6 rat it truong hop (phat hién dude ¢ virus
dong vat), mét phan td ARNm eukaryot c¢6 hai hay nhiéu vi tri
bat dau téng hop protein (diéu nay xay ra phé bién véi cac
ARNm polycistronic 6 prokaryot).

biéu khac biét quan trong giita cac phdn ti ARNm
eukaryot va prokaryot dudc thé hién & cac diém sau:

a) Phan td ARNm eukaryot mang mi m’Gppp & dau 5.
Cac phan tit ARNm tach chiét duge déu c6 7-methylguanylate
(m’G) lién két 5'- 5' vdi nucleotide dau tién cua ARNm. M m’G
nay déng vai tro giip ribosome nhan biét ARNm trong qua
trinh téng hdp polypeptide (Hinh 2.15).
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O CH3 Lién két 5'-5" gitta m'G va nucleotide
HN Al /Q ddu tién cua phan tur ARNm

\4
>

N N
H,N N 5" CH,-O- f' apo FO-CH 5" Basel
OH OH 0O  Q-CH,
“I-methylguanine (m'G) p
P
CH2 Base2

Hinh 2.15: Céu tric mad M?Gppp cUa phén tor ARNm eukaryot. Cac phan tr
ARNm khdng c6 dau 5' tu do. Chung con bi methyl hoa @ vi tri 2' cGa dudng
ribose. Cau triic mi gitip cho ribosome nhan biét dugc phan t& ARNm.

b) Dubi polyA dude thém vao dau 3' cua cac phan tt ARNm
eukaryot. Chiéu dai cua dudi polyA thay doi tuy thudc loai, ca
thé riéng biét, tham chi gitta cac gen khac nhau trong mét co
thé. Pudi polyA khéng tén tai trong phan tit ADN, né ciing
khong dude thém vao cac ARNt, ARNr. Cac ARNm sau khi gan
thém duéi duge chuyén ra ngoai té bao chit. O d6 dudi nay bi ngin
dan di va thuong con lai khoang 30 dén 150 base (Hinh 2.16).

Dudi polyA tham gia qua trinh van chuyén ARNm tit nhan
ra ngodi té bao chat. Mat khac doé dai cha dudi nay gan lién vai
tinh bén viing ctia phan tt ARNm. Cac ARNm khong c6 hoac c6é
dudl polyA ngin thudng bi phan hiy nhanh chéng. Tuy nhién
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duéi nay khoéng phai la yéu caAu tuyét d6i cho moi ARNm
eukaryot. Trén thuc té cac ARNm ma cho protein histone khong
c6 dudi polyA (giong nhu ARNm prokaryot).

Nho ¢6 dubi polyA, cac phan tit ARNm c6 thé tach dude ra
khoi cac ARNr, ARNt khi cho ARN tang s6 di qua cot séc ky
chita polyU (hodc polyT). Cac polyT sé tao cap vdi polyA va gia
cac ARNm lai, cho cac loai ARN khac di qua cot. Sau d6 ARNm
dude tach rita khoi cot trong diéu kién noéng do cac ion thap
(khong cho phép ton tai cac lién két gitta A va T).

5' ADN 3
]
l Phién ma
SI _. 3'!
ARNm chua bién déi
¢ Thém duéi poly A
S A 100-250
l Vdn chuyén ra ngoai té bao chat
5. A 100-250

Poly A ngdn dan cung véi gidm
thor gian ton tai cua ARNm
5 A 30150

Hinh 2.16: Thém dudi polyA vao phan t ARNm trong t€ bao eukaryot. Budi polyA
khéng dugc méa trong ADN mé duoc thém vao ddu 3' cua ARNm nhé enzym
polyA polymerase. 0 ngoai té bao chéat dubi nay ngén dén cung voi viéc gidm dén
thoi gian séng cia ARNm.
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Phan tit ARNm sau khi dudge thém ma G’ va thém duoi
nolyA phal trai qua qua trinh cit bd cac intron (cac doan
nucleotide khong chita ma di truyén). Khoang 30-40 nucleotide
nam ¢ bién gidl gitta cac intron va exon can thiét cho phan tng
cat intron xay ra chinh xac. Viéc loai bo cac nucleotide nim &
trung tam intron khéng anh hudng dén phan ing nay. Dac biét
hai nucleotide dau tién GU ¢ dau 5' va AG tan cung ¢ dau 3'
cua moi intron déng vai tro quyét dinh. Chung dude bao toan
trong moi intron va la vi tri nhan biét dé cit intron ra khoi
phan tu tien than ARNm (Hinh 2.17A).

Phan dng cat bo intron ra khoi cac phan tit ARNm doi hoi
su tham gia cua mot sé phan ti snARNs kich thude nho (small
nuclear ARN) lién két vdé1 protein tao thanh cac
ribonucleoprotein (snRNPs). Mot snRNP thuong chita mot phan
tt ARN va khoang 10 protein khac nhau. Mgt sé protein dic
hiéu cho ting loai snRNP, mdt sé khac chung cho cac snRNPs.
Phan td snARN clia mét s6 snRNP ¢6 kha ning tao lién két
theo nguyén tic b6 sung véi cac doan nucleotide ¢ vang bién
gidl 5' hoac 3' gilta exon va intron. Mt s6 snARNSs ¥hac c6 thé
lién két lién két vdi nhau hodc véi intron. Nhitng lién két nay
g1l vai trd quan trong trong phan dng loai bé intron. Phan dng
cat intron va ndi hai exon véi nhau duge thuc hién theo cac bude

cd ban nhu sau (Hinh 2.17B):
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exon 5' intron 3' exon

(A) AGIGUAAGU Giéufﬁ C AIG G
62 77 100 100 60 70 84 50 ~ 15 base 78 100 100 55
Phdn tu tién thdan ARNm

El_|pGU A _AG| pE2 |

5' exon-intron 3' intron-exon
vi tri tao cdu triic nhanh (branch point)

(B) Vét cdt ddu tién xdy
v ra 05’ exon-intron

[ElJon [pGU___ A AG] pE2

Loui bo intron, néi exon

El E2

Hinh 2.17: (A) Xéc suét cac nucleotide xuét hién tai bién gidi giira exon-intron 0
phan t tién th&n ARNm eukaryol. Céc nucleotide GU va AG (in dam) dudc bao
toan trong moi intron. Viing gidu Pyrimidine (Pyr) ndm gan déu 3' chiém khoang
63-91% trong céc intron. (B) Phan tng loai bé intron ra khdi phén tl tién than
ARNm. Sau khi bién gidi giita exon-intron & dau 5' bi ct, cau tri= vong cda intron
dugc (ao nf-do lién két 5 2' gita G cua déu 5’ intron voi A nam gén dau 3’ cua
intron. Viéccat tai noi tiép giap gira intron-exon & ddu 3' ciing nhu viéc néi hai
exon vai nhau xay ra déng thai.
+ Cit tai bién gidi exon-intron 3 diu 5' cia phan tu tién
than ARNm, dau 5' cua exon dudc giai phéng.
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+ INucleotide 5'pG & dau intron vita bi cat lién két vaéi 2'OH
chia adenine nam cach dau kia (phia 3') khoang 25 base. Lién
két nay khién cho intron cé ciu tric vong.

+ Cat tai bién gidi intron-exon d dau 3' cua phan tu
ARNm. Intron dudc loai ra va hai exon dude néi véi nhau.

Trong thuc t€, moi snRNP va cac protein lién quan dén
phan Ung cit bo intron tao nén mot cau tric c6 thé quan sat
dudi kinh hién vi dién ti goi la cac spliceosome. Chiing c6 kich
thudc tuong tu nhu ribosome, bao gom cac lién két ARN-ARN,
ARN-protein va protein-protein. Mot s6 protein cua
spliceosome 1a cac enzym helicase phan giai ATP, giai phéng
nang lugng lam thay déi cdu trae khong gian can thiét cua phan
td ARNm

Phéin Ung cit noi exon-intron c¢6 thé xay ra mot cach tu
dong khiong doi hoi bat cit protein hodc snARNs nio (phan dng
self-splicing). Chinh ciau tric khéng gian phuc tap cua cac
intron, dtdc biét tuong tac gita cac chudi nucleotide nguge chiéu
trong intron giii vai trd cua cac snARN trong qua trinh tu cét
noi. Ngoa: ra, exon cua phan tit ARNm nay c6 thé dude néi véi
exon cua phan td khac (hién tugng trans-splicing) ma ching
ta da durge biét dén trong qua trinh téng hgp protein bé mait cua
Trypanmsome.

2.6. KIEM SOAT SAU PHIEN MA

San phdm cudi cing ctia gen thudng 1a cac protein. Dé dap
Ung nhainh nhay, chinh xac moi yéu ciu cua t& bao vé so lugng
pretein, hoat dong cia mét gen duge diéu khién xuyén sudt tu
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tong hop ARNm dén tong hdp protein. Trude khi duge dich ma,
phan ti ARNm trai qua cac cd ché kiém soat tinh bén viing,
kiém soat s6 lugng can thiét stt dung lam khuén v.v...

2.6.1. Sinh tong hop cdc protein ribosome duoc kiém sodt thong
qua qud trinh dich ma trén ARNm

Ty lé gitta ARNr va cac protein ribosome trong té bao luoén
luén tuong déng véi nhau va phu thudc vao su phat trién cia té
bao. Trong thi nghiém tong hop protein ribosome invitro, khi
nong do cac protein nay qua cao, mdt s6 gen ma cho chiung van
tiép tuc phién ma tao phian tt ARNm. Tuy nhién cac phan ti
nay khong duge sit dung dé tong hgp protein. Diéu nay ching to
qua trinh dich ma td ARNm sang cac protein ribosome dudc
quyét dinh bdi su du thita ciua chinh céac protein nay.

Thuc nghiém da chitng to ring protein S8 (protein so 8 lién
két véi ARNr 16s ndm trong tiéu phan nhd cta ribosome) tc ché
qua trinh téng hgp protein L5 (protein sé 5 thudc tiéu don vi 16n
cua ribosome). Khi so sanh trinh tu ribonucleotide giita hai
phan td ARNr 16s vA ARNm cuaa L5 thi thay ching c¢6 chia cac
doan kha tuong déng (Hinh 2.18). Do d6, néu nong do S8 qua
16n thi né sé lién két véi ca ARNm cua protein L5, vi viy ngan
~an viéc dich ma trén phian t& ARNm nay. Do cac phéan tu
ARNm trong t& bao vi khudn bi phan huy nhanh, lién két cua
S8 véi ARNm cta L5 khién cho nong d6 phan ti nay giam
manh trong té& bao.
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Hinh 2.18: Céu truc béc mét va cau truc bac hai cia mét doan ARNr 16s
va phén t& ARNm cia protein L5. Vi tri bam cia protein S8 vao phéan tdt ARNr 16s
dugc dong khung. Su giéng nhau vé cu tric cing nhu sy
tvong déng nucleotide khién cho ARNr 16s va ARNm canh tranh
v0i nhau trong lién két vdi protein S8

2.6.2. ARRN anti-sense

Théng thudng, cac protein giit vai trd chi dao kiém soat
qua trinh phién ma ciing nhu dich ma. Tuy nhién hoat dong cua
mét s6 gen lai duge diéu khién bdi cac ARNs. Ciang giong nhu
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cac protein diéu khién, cac ARNs lam nhiém vu kiém soat hoat
dong ctia gen dude tong hgp mot cach doc lap va tuong tac véi
cac vi tri dac hiéu (cac doan nucleotide). Chung tao cap theo
nguyén tac b sung véi cac ARNm. Hoat dong cia cac ARNs nay
c6 thé xay ra theo cac cd ché nhu:

- Tao ra cac cdu tric sdi kép dé che ddu cac doan nucleotide
can thiét ¢ho dich ma. Vi du nhu dé che vi tri bat dau dich ma
trén sdi ARNm.

- Tao ra cac ving c6 cdu tric sdi kép gay thay déi cau truc
khéng gian cua nhiing vung khac trén phan td ARNm, lam anh
hudng dén chic ning cia nhiing ving nay.

- Tao ra céc sg1 dip ARN/ARNm dugc nhan bi€t va phén

cat boi cac ribosome.

Xét trudng hop cu thé vé vai tro diéu khién sau phién ma
cia ARNSs d6i véi viéc tong hgp protein OmpF & t& bao vi khuén
E.coli. Protein nay ndm phia ngoai mang t&€ bao lam nhiém vu
nhan biét nhitng thay ddi vé ap sudt thdm thdu trong moéi
truong. Khi ap suat tang thi gen diéu khién micF hoat dong
manh hon. San pham cta gen micF la phan tit ARN 174 bases,
c6 thé tao cap theo nguyén téc bd sung véi vi trf nhan biét cta
ribosome trén phin tt ARNm cua gen ompF. Nhu vay phan tu
ARNm ctua micF lam nhiém vu ngén can viéc tong hdp protein
OmpF. Cac phéan ti ARN c6 chitc nang tuong tu micF duge goi
12 ARN-antisense. Ky thuat sinh hoc hién dai cho phép tao ra
cac gen tong hgp ARN-antisense bdng viéc doi chiéu ca mjt
gen nao dé (tinh tir promoter) (Hinh 2.19). St dung cac ARN-
antisense 13 mét trong nhing phuong phap diéu khién hoat
déng cua gen.
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Hinh 2.19: Phan tir ARN-antisense co thé dugc tao ra
béng viéc ddi chiéu cta gen tinh tit promoter (P)

Bién do6i phan i tién than ARNm xay ra & trong nhéan té
bao. Sau d6 cac phan tit ARNm dude van chuyén ra ngoai té bao
chat. Ngay & ngoai té bao chat, ARNm tiép tuc trai qua cac bién
doi trute khi duge st dung vao qua trinh tdng hdp protein. Néi
mdt cach khac, qua trinh dich ma (tdng hop protein) duge kiém tra
mot cach rat chat ché théng qua kiém tra lai thong tin di truyén
mang trén phan tt ARNm, do bén viing cia phan ti nay v.v...

2.6.3. Phdn img doc siua ARNm - "RNA editing"'

. Day la phan ing lam thay déi trinh tu nucleotide ctia phan
td ARNm. Phan Gng nay xay ra trong té bao chat. Cac
nucleotide cia mot sd phan tt ARNm bi loai bé hodc bi thay
thé, mot s6 nucleotide khac duge thém vao. Nhu vay trinh tu
nucleotide trén phan t¢ ARNm khac vdi gen (ADN) ma tu dé
phan td ARNm dugc phién ma. Phan ing nay duge phat hién
diu tién d81 véi ARNm ma cho protein ¢ ty thé ‘cia
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Trypanosome. Cac phan td ARNm nay mang thém m{t vai
nucleotide U khac v trinh tu trén gen ADN.

Cac phan tt ARNm trong ty thé cua té bao thuc vat hau
nhu déu trai qua phan tng "RNA editing". Tuy nhién déi véi cac
ARNm nay, chi cé su thay thé nucleotide C bing U ma khéng
c6 hién tugng thém vao hodc loai bo cac nucleotide khac.
Trinh tu cac acid amin 0 protein c¢6 thé thay dé1 dén 10% hoéc
hon nita so véi protein dude ma bdi phan ti& ARNm chua trai
qua phan ing nay.

0 dong vat, cac phan tit ARNm it trai qua phan tng "RNA
editing”. Truong hgp diu tién duge phat hién déi véi gen
apolipoprotein B (apo-B) dai 4503 bp, 12 gen don ban trong
genome (Hinh 2.20). T gen nay hai loal phian ttt ARNm dudc
tong hop. Chiing chi khac nhau bdi mét nucleotide C bi thay thé
boi U. Do d6 lam xuat hién mot ma ding (stop codon) phan ing
tong hop protein. Protein ngin tudng ng véi loai ARNm nay cé
trong ludng phan tit 250 KDal va chi ton tai & trong rudt. Phan
tit protein 512 KDal tudng ing v6i ARNm khéng bi doc sita ton
tai 6 ca gan va rudt.

Phan ding "RNA editing" duge thyc hién nho cac phan ti
ARN dai khoang 40 - 80 base. Cac ARN nay goi 1a ARN phu trg.
Ching duge tdng hop doc 1ap véi nhau. Dau 5' ctia ching c6 thé
tao lién két véi ARNm cén stta d6i, con ddu 3' mang dudi polyU.
Cac nucleotide U duge chuyén truc tiép ti dudi nay sang
ARNm. Qua trinh doc stta dién ra tit ddu 3' va tiép tuc vé ddu 5'
cua ARNm. Cé thé c6 nhidu ARN phu trg tham gia stta déi mét
phan td ARNm.
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gen upo-B (4563 bp) »
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l Phién ma sang ARNm
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Kiémtra ARNm - ARNm
"RNA edi:ing;/ \D;ch ma
U "
C . Protein 512 KDal
ARNm (¢o trong gan va ruét)

;

Protein 250 KDal (chf 6 0 ruét)

Hinh Z 20: Thay d6i théng tin di truyén trén phén tir ARNm ctia gen apo-B bdi co
ché "ARN editing", Chiéu dai phan tir ARNm khéng d8i nhung nucleotide
U thay thé C tao ra m{t ma dimg t8ng hgp protein (stop codon)

26.4. Protein bdm vao ddu 5' cua phdn tii ARNm kim hdm qud
trinh dch ma - Phdn img "dich ma tiéu cuc "'

Chung ta biét ring hai ddu cha ARNm c6 cac viung 5' va 3'
khong dich ma. Ddu 5' khong dich ma c6 thé 1a vi tri tudng tac
chia ot sb protein repressor. Khi d6 ribosome khéng thé dich
chuyén trén sgi ARNm khién cho qué trinh dich ma bj kim ham
hoan ‘0an. R6 rang trong truong hgp nay, ARNm van dudc tong
h¢p ot cach binh thuong nhing protein khéng duge tao ra. Co
ch€ didu khién qua trinh dich ma do protein repressor tudng tac
véi ddu 5' cia ARNm dude goi 1a "kiém soat dich ma tiéu cyc"
(negative translational control) (Hinh 2.21).

O t& bao eukaryot, kiém soat dich ma tiéu cuc duge phat
hién ¢6i véi phan ing téng hgp ferritin - protein lam nhiém vu
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tao phue véi cac nguyén tit sat. Khi méi truong khong co sit, cac
phan tid ARNm ferritin bi aconitase (protein repressor) bam vao
dau 5', do d6 khong c6 protein ferritin dude téng hop trong té
bao. Khi ¢cé sat trong méi trudng, aconitase lién két véi sat va
roi khdi ARNm ferritin. Lic nay ferritin dudc tong hdp véi s6
lugng 16n gap 100 lan so vdi lic ban dau.

AUG Mai dimg téng hop protein (stop codon)

5 - A, 3

Dich ma (t6ng hop protein)

NH, w COOH
Phan tu protein

Protein tic ché \ﬁAUG Stop codon
Repressor) §' <. 4 :

Khong c6 protein duoc tong hop

A, 3

Hihh 2.21: Co ché " kiém soat dich ma tiéu cuc”. Protein repressor dic hiéu bam
vao ddu 5' cia ARNm géy ngimg quaé trinh t6ng hgp protein do ribosome khéng
thé bam vao ARNm

2.6.5. Do dai cua duéi polyA dnh huong téi d6 bén vimmg cua phdn
tie ARNm

Phan ing gin dudi polyA (~200 A) vao cac phan tlt ARNm
eukaryot xay ra trong nhan té bao. Mét khi da chuyén ra ngoai
t& bao chat, dudi nay bi cit ngin din. Tuy nhién trong thuc té,
khong phat hién dude dudi polyA nao ngian hon 30 A. Do dé duéi
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polyA ngan nhat dé phan tt ARNm khéng bi phan hay c6 thé la
30 A. Dac biét, dé¢ dam bao do bén ving caa dubi, cac nucleotide
A con dude thém vao. Néi cach khac, viéc thay déi do dai dudi
polyA dudc kiém tra rit chat ché (Hinh 2.22).

Vi du dién hinh d6i vdi cac t& bao tring chuan bi thu tinh
¢6 chia rat nhiéu loai ARNm. Cac phan tu nay chi mang dudi
polyA gom 10-30 A, do dé chung khéng dude dich ma. Chi sau
khi thu tinh, tring phat trién doi hoi cac protein vdi s6 lugng
16n. Lic nay duéi polyA dudge dai thém va cac ARNm dude dung
lJam khuén dé tong hdp protein.

Trong nhan , — =
Thém dudi polyA C— B8  u6i polyA
Kéo dai duoi polyA | S———
Van chuyén ARNm ra khoi nirdm——— ! Mang nhan
Té bao chat

G S
Do dai dudi polyA thay dd} [P ———
(dai thém hoic ngin di) — .

N v
Mat dudi polyA - -

ARNm nhanh chéng bi phan huy" = =

Hinh 2.22 D6 dai dubdi polyA dnh hudng dén dé bén ving
va qué trinh dich ma trén phan tr ARNm. Dubi polyA c6 thé dugc thém vao hodc
cét ngén di, nhung do dai cia n6é khéng dugc it hon 30 A
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2.6.6. D6 bén vimg cua ARNm

Trong t& bao vi khuén, cac phin tit ARNm thuong bi phan
huy rat nhanh. Thdi gian ban huy ctia ching thay déi tir 3-5
phiit ngay khi c6 hosc khong c6 cac chat cam tung (inducer)
trong mé1 truong. Do d6 khi 1;&' bao vi khuin moc va phan chia
trong khoang thoi gian 20-30 phiit, cic ARNm cdn dugc tai tao
méi 5-10 1an trong m6i l4n phan chia. Khi tébao can thiét mot
s6 enzym, ARNm lién quan dén viéc tong hdp cac enzym dé
dugc phién ma nhanh chéng. Khi té€ bao khong con nhu cau, qua
trinh phién ma ditng rat nhanh va cac phan td ARNm lap tic bi
phéan huy.

Enzym nuclease chiu trach nhiém phan huy ARNm dén
nty van chua duge xac dinh ro rang. D6l véi mot s6 ARNm
polycistronic ctia cac operon nhu lac hoic trp, ching bi phéan cét
bdi endonuclease tao ra cac monocistronic tudng ung véi ting
gen trong operon. Khoang cach giita cic monocistronic khong
chita ma di truyén, do d6 khéng dudc che chin bdi ribosome nén
chiing dé bi cit bdi endonuclease.

Cac ARNm prokaryot dude tong hgp ciing nhu bj phan hiy
ridt nhanh, do dé vi khuén c6 thé thich ting nhanh nhay véi
nhitng thay d6i ctia méi trudng. Ngude lai, cic ARNm eukaryot
kha bén vitng. Vi du nhu ARNm ma cho B-globin ¢6 thdi gian
ban hiy khoang hon 10h. Tuy nhién ciing c6 nhitng loai ARNm
¢6 thoi gian ban huy chi 30 phit ho#c it hon. Thudng d6 1a
nhitng ARNm ma cho céc protein lam nhiém vu diéu khién hoat
ddng cua gen.
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Cac phan td ARNm eukaryot kém bén do ching mang cac
doan nucleotide dac biét tai dau 3' kich thich su phan huy
ARNm. Thuc nghiém cho thay khi doan nucleotide giau A va U
¢ vung 3' khong dich ma cua phan tt ARNm kém bén duge ghép
vao mot s6 ARNm bén ving khac, thi nhiing phan ti nay tro
nén kém bén do duéi polyA bi cit ngin nhanh. Nhu vay doan
nucleotide giau AU kich thich su phan huy ARNm thong qua
viéc giam do dai dudi polyA. Ngoai ra, mot s6 ARNm c6 chita vi
tri dac hiéu & dau 3' dude nhan biét bdi endonuclease.
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Chuong 3

CAC CO CHE SUA CHUA
VA TONG HOP ADN

Chi c6 thé danh gia dude mot cach gian tiép ty 1é dot bién
xay ra tu'phat. Mot trong nhiing cach danh gia d6 la xem xét
trinh tu acid amin cia mot loai protein d cac loai sinh vat khac
nhau. Ty lé s6 acid amin khac nhau dude so sanh véi s6 nam ma
hai loai cung xuat phat ti mét nguon goc ban dau (dua theo cay
phan loai). Su sai khac d6 do cac dét bién d mic dd gen, tic 1a &
cac nucleotide. T day c6 thé danh gia dudc s6 thoi gian can
thiét dé xay ra mot dot bién & mice d6 ADN.

Gén day, cac k¥ thuat sinh hoc phan tit hién dai cho phép
so sanh trinh tu nucleotide ¢ mét sé6 vung genome khong chita
ma di truyén, hau hét 3 nhitng ving khéng ma hoéa protein. Két
qua thu duge phu hgp véi phudng phap dua vao su sai khac cac
acid amin ciia mét protein. Ca hai phuong phap déu cho thay dé
xay ra su thay d6i tu phat déi véi mét acid amin cha mét
protein ¢6 400 acid amin thi cAn mot thai gian khoang 200.000
nam. Ty lé d6t bién rat thap nhu vay ching té ring trinh tu
nucleotide cia phan tit ADN rat bén viing.

Nghién cttu mot quin thé cé s6 lugng rat 1dn (rudi gidm, cac
t& bao vi khuan trong nudi cdy...) cho thay so ca thé dot bién
xuft hién trong quin thé dé, cing nhu nhitng thay déi xay ra 0
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mot protein cia té bao nuéi ciy c6 thé dac trung cho ty lé dot
bién. Ty lé d6 chi khoang 107 d61 vé1 mo1 thé hé. Nhu vay mot
gen c6 khoang 10" bp mang ma di truyén (tuong ung vdi cac
protein ¢6 kich thude trung binh trong té bao) sé c6 mot dot bién
sau 10° thé hé. Két qua nay phu hgp vé tinh toan theo qua
trinh t1én hoa, tuc la phu hdp véi ty 1é dot bién xay ra ¢ mot gen
la 200.000 nam/mot dot bién.

Nghién ctu dot bién xay ra tu phat trong genome cho thay
hau hét dot bién 1a do mat cac nucleotide. Nhu vay chon loc tu
nhién va qui luat tién hoa khéng cho phép dot bién kiéu nay
xay ra vdi tan so cao. Chung ta sé thay vi sao. Ngay véi ty 1é dot
bién rat thap thi s protein quan trong trong té bao sé cé
khoang 60.000 loai khac nhau. Chi can ty 1é nay tang gap 10
lan thi sé protein khac nhau chi con khoang 6000 loai. Nhu vay
qua trinh tién hoa da phai dung lai d nhing loai sinh vat khong
da dang phic tap hon rudi giam.

Nhu vay dé bao toan cac dic tinh caa .loai, thong tin di
truyén chia trong cac té bao sinh duc nhat dinh phai duge bao
vé tranh khéng xay ra cac dot bién tu phat véi tan sé cao. Mat
khac dé dam bao an toan cho titng ca thé, thong tin di truyén
trong cac t& bao soma ciing duge bao vé tranh nhing dét bién
giy roi loan phat trién hoac tham chi gay chét. Chung ta sé xét
dén nhiing dét bién xay ra véi tan sé cao 6 té bao soma dan dén
xuat hién ung thu. Tinh bén viing cua té€ bao sinh duc va té bao
soma déu phu thudce vao tinh bén viing caa ADN.

Tuy nhién, xuit phat tit quan diém cta cac nha vat ly va
hoa hoc thi phan tit ADN chiu rat nhiéu dét bién tu phat do
bi€n dong nhiét hoac tac déng ctia cac phan tit dung moi. Thuc
viy, mbi ngay ADN cua mét t& bao trong co thé ching ta mat di
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khoang 5000 base purine (adenine va guanine) do xay ra phan
ung khit amin (lién két N-glycosyl vdi deoxyribose bi bé gay do
dao dong nhiét). Tuong tu nhu vay su bién déi tu phat tu
cytosine thanh uraxine xay ra vdi ty 1é 1000 base /genome trong
mét ngay. Ngoai ra, tia tt ngoai cua mat trdi c6 thé thuc diy
phan tng tao cép bén viing gitta hai pyrimidine nim canh nhau
trong chuéi ADN (vi du nhu tao dimer gia hai thymine). R
rang cdu tric ADN xét theo lién két hoa hoc phai chiu cac dot
bién tu phat vdi tin sé kha cao. Diéu nay trai ngude véi két qua
tinh toan néu ¢ trén. Vay cd ché nao dam bao tinh bén viing cua
ADN trudc cac tac dong nhiét, tac dong hoa hoc v.v...? Phai
chang co thé duy tri su song cia minh ciing nhu dam bao su
trudng ton cia thé hé sau bang cac cd ché tai ban ADN ngay khi
ton thuong dang ton tai dong thoi tién hanh sita chita sai hong
bing nhiéu cach thic khac nhau.

Hau hét cac dot bién tu phat xay ra hang ngay hodc do céac
tac nhan bén ngoai gay ra (UV, tac déng vat 1y, hoa hoc...) déi
v6i phan tid ADN dugc khic phuc bdi 3 cach thic sia chita
chinh. Thit nhat 1a sita chiia phuc hoi truc tiép (direct reversal
repair); thi hai la cat bo sai hdng va stta chita lai dua vao trinh
tu bé sung (damage excision and repair using complementary
sequence) va thit ba 1a chéng chiu cac ton thuong c6 thé cé
(inducible damage tolerance).

Stta chita truc tiép thuong lién quan dén hai loai sai hong
trén phan tu ADN do tia tu ngoai gay ra la: cyclobutane-
pyrimidine dimer (CPDs) va pyrimidine (6-4) pyrimidone (6-
4PPs). Ca hai loai sai hong nay déu gay bién dang céu tric xoan
cua ADN. CPDs va 6-4 PPs dudc nhan biét va sia chita nhd
photolyase. Cac enzym nay s dung nang lugng anh sang dé
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thuc hién phan dng lam thay d6i cac lién két hoa hoc dé
nucleotide trd lai dang binh thudng. Phan dng sia chita ADN
bing photolyase xay ra trong rat nhiéu sinh vat prokaryot va
eukaryot. Tuy nhién, qua trinh nay chua dugc phat hién & dong
vat co vii. O nguoi chua phat hién duge bat ky loai photolyase
nao.

Da so sai hong ADN dude sita chita bang con dudng thu
hai. Co ché nay phai sit dung thong tin di truyén chia ¢ mot
trong hai sgi don ADN. Khi trinh tu nucleotide trén mét sdi bi
thay ddi thi sgi thit hai (lién két b sung véi sdi thi nhat) duge
dung lam khudn dé sia chita sai sét. Trong trudng hdp ca hai
sot don déu bi ton thudng, sai hong c6 thé dude sita chita nha
doan nucleotide tuong dong ton tai dadu dé trong hé gen. Co ché
chdng chiu tén thudng sit dung mdt s6 loai ADN polymerase dic
biét va cac protein lién quan (thudc ho protein Y) c6 kha nang
vudt qua nhiing sai hong trén sgi khudn trong qua trinh tai ban
ADN. Nhu vay, cac sai hong van tdn tai nhung qua trinh tai
ban ADN vdn xay ra. Tuy nhién tinh chinh xac cia nhiing
enzym nay trong phan ing téng hop ADN c6 nhiéu han ché.

Cac budc cd ban dé sta chita ADN theo cd ché eit bo céc sai
hong duge mé ta trén Hinh 3.1 gom:

Budc 1: Phan ADN mang d6t bién dude nhan biét va cét bd
bdi enzym ADN nuclease 1am nhiém vu stta chita (DNA repair
nuclease). Lién két phosphodiester giita nucleotide dot bién va
nucleotide binh thudng bi cit dit tao ra mdt khoang trong trén
s¢i ADN.

Budc 2: Enzym ADN polymerase nhan biét goc 3'-OH ¢
khoang tréng va tong hgp mdt doan nucleotide thay thé tai vi
tri d6 theo nguyén tic tao cap bd sung.
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Budc 3: Enzym ADN ligase nd1 sgi ADN véi doan via tong
hop tao sgi ADN hoan chinh giong hét sgi trude khi bi dot bién.
Vi tri ADN bi hong

Bade 1 B % 1 Ll 06
ADN nuclease l
Butc 2 hsssnsndisnnnnnm

ADN polymerase lADN ligase
S T

Hinh 3.1: Sira chira ADN theo co ché cat bo sai hdng gém 3 budc co ban. Bugc 1:
cat bé doan ADN hdng. Budc 2: téng hop doan mai.
Budc 3: néi doan madi vao sgi ADN. Cac enzym tham gia
véo qua trinh nay gém ADN nuclease, ADN polymerase va ADN ligase

3.1. CAT BO DOAN ADN BI SAI HONG

Tuy thudc vao loai sai hong ma doan ADN dugc sita chia
biang cach loai bd cac base (base excision repair-BER) hoac loai
bo nucleotide (nucleotide excision repair-NER). Trong co ché
BER, mot s6 dang sai hong ADN hoac cac base khéng thich hagp
bi loai bo bdi cac enzym DNA glycosylases. Enzym lam nhiém
vu phan huay lién két N-glycosidic gitta base va phan ti dudng.
Khi duong deoxyribose cua ADN bi mit base purine (APurinic)
hoac bi mat base pyrimidin (APyrimidic) thi chiung duge nhéan
biét bdi enzym dic hiéu c6 tén goi AP endonuclease. Vi du nhu
dot bién khiu purine xay ra véi tdn sd cao nhat lam phan ti
dudng bi mat lién két véi base purine. AP endonuclease cat lién
két phosphodiester d vi tri 5' ctia dudng dé loai bé duong ra khoi
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ADN. Sau dé6 ADN polymerase va ADN ligase tham gia sua
chita vi tri bi cét bo dé.

3.1.1. Suta chita ADN bang viéc loai bo base hong (BER).

Cac base sal hong dude nhan biét va cat ra khdi phan tu
dudng bar ADN glycosydase. M6i loai enzym ADN glycosylase
nhan biét mot loai base dét bién va cit base d6 ra khéi ADN bdi
phan ng phan huy cau néi N-glycosidic gita dudng va base.
Hién nay da phat hién dude 6 loai ADN glycosylase gom cac
enzym nhan biét va cat bd cac base bi khi amin, cac base ¢c6
vong lién két bl hd hay co lién két doi C=C bi dét pién thanh
lién ket don C-C v.v... Khi ADN glycosylase cat bo base hong,
phan tu duong dude boc 16 tao thanh vi tri ¢6 tén goi la AP. Vi
tri nay dudc nhan biét bdi AP endonuclease. Sau d6 ADN dude
sua chita nhd ADN polymerase va ADN ligase.

Vi du vé hoat dong cua Uracil ADN glycosylase loai bo
uracin khoi lién két sai léch U-G dude mo ta trén Hinh 3.2. Tuy
nhién enzym nay khong nhan biét dude cac cytosine bi methyl
hoa 6 vi tri C;. Cac cytosine nay khi bi khit amin thi tré thanh
Thymine (ch khéng phai Uracil). Do d6 xay ra lién két sai T-G.
Cac T dot bién nay khong duge nhan biét bdi Uracil ADN
glycosylase hay bat ky enzym nao. Do d6 trong qua trinh nhan
doi ADN, sdi khudn c6 T dot bién sé tao nén lién két bo sung véi
A trén s¢gi m6i. Vi vay dot bién dude truyén cho cac thé hé sau.
Cytosine c6 mang nhém 5'-methyl chinh 1a mét trong cac diém
néng (hot spots) dé tao ra cac dot bién tu phat.
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C bi khir amin bién thanh U

y

GCTUATCC
CGAGTAGG

Uracyl ADN glycosylase l
GCT ATCC

CGAGTAGG

AP nuclease l
GCT AT CC

CGAGTAGG
ADN polymerase l ADN ligase

GCTCATCC
CGAGTAGG
Phan tr ADN hoan chinh khong sai hong

Hinh 3.2: Co ché loai bd base hdng bdi ADN glycosylase.
Enzym uracil ADN glycosylase nhén biét va cét U khdi lién két U-G
(luc ndy ta c6 hién tugng cytosine bi khir amin). Duong deoxyribose thiéu lién két
vdi base dugc nhén biét béi AP endonuclease va dugc slfa chira.

3.1.2. Sua chiza ADN loai bo nucleotide hong (NER)

Co ché nay cho phép loai b va siia chita bat ky sai hong
nao cua ADN bao gém cac lién két dimer T-T, T-C hoac C-C,
tham chi ca doan gdm nhiéu nucleotide khong ding. O day c6 sy
tham gia ctia nhiéu enzym dé kiém soat ADN tim ra sai hong.
Mot khi cac 16i duge phat hién, enzym ADN helicase sé cit hai
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phiz cla s¢i ddn mang 161 (khac véi cd ché néu trong 3.1.1. chi
cat tung base riéng biét). Doan nay sau d6 duge téng hgp mdi
nho ADN polymerase va ADN ligase (Hinh 3.3).

(3 vi khuan, c¢6 3 enzym chinh lién quan dén co ché sua
chita NER la UvrA, UvrB va UvrC. Chung c6 thé két hop véi
nbau tao phic ¢6 hoat tinh endonuclease phu thuéc vao ATP
(ATP-dependent endonuclease). Dau tién, hai phan tu UvrA
lien két véi mot UvrB tao phic tuong tac véi ADN sai hong.
Tiép dén nang lugng do ATP bi phan huy lam cho UvrA tach ra
khoi ADN. Nhu vay su c¢6 miat caa UvrA nham giap cho UvrB c6
kba nang bam dinh vao ADN. Sau khi UvrA tach ra, UvrC
tuong tac véi UvrB va vdi ADN lam cho cdu tric khong gian cua
ADN bi thay déi. Nhé d6 UvrB cit sgi ADN & phia dau 3' caa vi
tri sai hong. Tiép dén, UvrC cit & phia diu 5', thudng cach cho
hong khoang 8 nucleotide. Nhu vay phic UvrABC cit s¢i don &
hai phia, tao ra mot doan géom 12 nucleotide. Doan nay bi loai
ra khoi cdu tric ADN bdi UvrD c6 hoat tinh helicase. Vét hd
thiéu 12 base trén sgi don cta phan ti ADN duge sia clita bai
ADN polymerase va duge néi lién bai ADN ligase.

Phitc endonuclease UvrABC cung phéi hgp véi mot s6
protein ma bdi cac gen thudc cd ché SOS c¢6 kha nang cit va
thay thé doan ADN chdia 161 dai 12 nt dén 2000 nt. Khi hé gen
bi tén thuong, cac gen dang phién ma duge uu tién sita chita
trude. Phitc protein ma bdi cac gen mfd c6 kha nang lién két véi
phitc ARN polymerase/ADN khuén (bi héng)/ARN gidp cho
phitc nay vugt qua vi tri hong. Ngoai ra protein Mfd cé thé
tudng tac vi UvrA, thic ddy phic UvrA-UvrB lién két véi vi tri
ADN hong.
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dimer
N\
CTACGGTC TACTATGG

GATGCCAGATGATACC

nuclease 1 dimer nuclease
¢ /\
CTACGGTCTACTATGG

GATGCCAGATGATACC

ADN helicasel

CTA
GATGCCAGATGATACC

ADN polymerascl ADN ligase

I

CTACGOQTC TACTATGG
GATGCCAGATGATACC

Phan ti ADN hoan chinh khong chira dimer

Hinh 3.3: Si¥a chita ADN theo co ché loai bé ADN hdng bai ADN helicase. Sau
khi phire cac enzym nhén biét sai hdng dimer (pyrimidine dimer),
ADN helicase c3t hai phia cta sgi don chira dimer, loai b mét doan ADN. ADN
polymerase va ADN ligase nhiém vu thay thé doan bj cét,
hoan chinh phan t&r ADN nguyén ven khéng cé dimer.

Co ché sita chita NER & sinh vit eukaryot xay ra tuong tu
nhu & vi khuan. Doan ADN bi cit thuong dai 30 nucleotide va
rat hiém trudng hgp dat dén 1500. Trong khi dé d E.coli, doan

bi cit thay déi tix 12 dén 2000 nt.
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32. SUA CHUA ADN GHEP DOI LECH (MISMATCH REPAIR)

Su ghép doi léech gita cac base trén hai sgi don hoac su
chén vao bdt di caa mot val nucleotide vao moét sgi don lam thay
do1 czu true khong gian cua phan ti ADN. Nhiing sai léch nay
¢6 the do nucleotide khong thich hgp dudge ghép vao sgi ADN
trong qua trinh tai ban ADN hay trao déi chéo. Ngoai ra, su
thém bdt mot vai nucleotide c6 thé do su trugt cua sdi khuén
cing nhu sgi dang tong hdp d nhitng doan ADN lip lai trong
phan ting tong hop ADN. Tuy nhién ¢ day khong c6 cac base
hoac cac nucleotide sai hong nhu trong hai cd ché BER va NER.
Do d¢, cg ché sua chita ghép doi léch khac vdi hai co ché trén va
phai phan biét dude sdi don ding véi sdi don bi thay thé hoic bi
thém bdt nucleotide.

Trong qua trinh tai ban ADN, nucleotide trén sgi md bi
ghép :ap sai léch v sdi khuon dude phat hién do sd1 dang dude
tong 10p chua bi methyl hoa. Do d6 c6 thé nhan biét va phan
bét ching véi soi khuén. O vi khudn E.coli, adenine A trong
chuéi GATC bi methyl hoa tai vi tri N° boi enzym Dam
methilase (DNA adenine methylase). Khoang thoi gian sgi
ADN mdi virta dude téng hop nhung chua bi methyl hoa du dé co
ché sia chua ghép doi lech nhan biét sai hong. Trong truong
hop 15i tao cap do trao d6i chéo gay ra (cac di ghép doi-
hetereduplex) khi ca hai sgi don déu chia nhém methyl thi sia
chita ray ra vdi hiéu xuat thap va tinh chinh xac khong cao.

Sin pham cua bon gen mutH, mutL, mutS va uvrD khéng
thé théu dude trong cd ché sia chita ghép doi léch. Ching dude
gol lacac gen mutator do dot bién d nhitng gen nay tac dong dén
tinh tén viing chinh xac cha qua trinh tai ban ADN. Protein
MutS nhan biét vi tri ghép d6i léch. Kha nang nay phu thudc
vao loai sai léch, vi du G:T va A:C dé nhan biét hon G:G. Ngoai
ra, potein MutH c6 hoat tinh endonuclease phan cat dau 5'
ngay -ai vi tri G ca chubdi GATC khéng chia nhém methyl.
Enym nay yéu cidu MutS, MutL, ATP va mét sé cation hoa tri 2
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dé dam bao hoat tinh phan cét trong khi UvrD (helicase) can
thiét dé loai bé doan chita nucleotide khong tao cap. UvrD la
loai 3' —»5' helicase nén exonuclease loai bé doan bi 161 nhit
dinh phai c6 hoat tinh cit bd cac nucleotide theo chiéu 3' —»5'.
Cd ché stta chita ghép déi léch duge minh hoa trén Hinh 3.4.

O e o
MutS MutL MutH
CH,
P e b—
e —
! ; CH,
ATP CH,

—_— =
{ UviD Exnn&leasc

lADN polymerase, ADN ligase

S¢i dip ADN khéng con ghép doéi léch

Hinh 3.4: Co ché stra chita ghép léch dbi trong E.coli. Protein MutS nhan biét vj tr
I5i vé phurc protein MutS/MutH/MulL tuong téc voi sgi dup ADN tao céu tric vong
tai doan c6 I8i. MutH cét sgi don tai vi tri GATC va UvrD md xodn. Doan md xodn
chira I6i bj phén hiy bdi endonuclease. Khodng tréng dupc sifa chita phyc hbi
nhd ADN polymerase vé ADN ligase.

112



3.3. SUA CHUA ADN THEO CO CHE "ERROR-PRONE"

Khi phéan ti ADN chiu cac dét bién, mét sé protein dac biét
lam nhiém vu ding qua trinh tong hop ADN dé sita chita theo
cac cd ché khac nhau. Mét diéu dé hiéu 1a néu nhu t& bao tiép
tuc phan chia (tic 1a ADN tiép tuc duge nhan 1én) thi ty 1é dot
bién cao khién so té bao song sot giam.

Phan ti ADN c6 thé phai chiu nhitng thiét hai sai hong
nang né nhu khi bi chiéu tia ti ngoai (UV) hoac khi chiu téac
dung ctia cac chat gay ung thu (carcinogens). Liic d6 khong phai
chi mot sgi don ADN bi hong ma ca hai soi bi dat gay mat di
mot s6 nucleotide. Thong tin di truyén ctia doan hong bi mat
hoan toan nén khong ¢6 sdi khuén dé stta chita theo cac cd ché
thong thuong. Trong truong hdp nay, té bao con mét giai phap
duy nhat dé tang kha nang song sét: d6 la stia chita ADN mét
cach ngiu nhién vdi ty 1é sai s6t, dét bién cao nhung di sao vin
duy tri duge su spng. D6 chinh 1a cd ché sita chita ADN "Error-
Prone". R6 rang rang chap nhan cac nucleotide sai dua vao
phan tt ADN dé qua trinh nhan d6i ADN vin dudc duy tri con
hdn 12 bi nging hoan toan. Nhu vay sua chita ADN theo cd ché
nay cing chinh 12 mégt trong nhitng nguyén nhin gay nén tinh
da dang cua ADN.

Bing cac thi nghiém di truyén, vai tré quan trong cua hai
protein UmuC va UmuD trong cd ché sia chita "Error-Prone"
dude phat hién. Chiing c6 kha nang gian cac nucleotide vao sdi
ADN bat chap khéng ton tai sgi khuén. Nhu vay hai protein nay
c6é thé e ché hoat tinh tu sita exonuclease 3'-->5' cia ADN
polymerase ho#c chinh chiing 1a mét loai ADN polymerase déc
biét. Khi d6t bién xay ra trén gen ma cho hai protein d6, cac t&
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bao vi khudn séng sét it hon cac t&€ bao binh thuong duéi tac
dung cua tia tu ngoai .

Ngoai ra khi ca hai sgi don ADN déu chiu dét bién nhung
néu trong genome con cé it nhat mét copy giong hét doan bi
héng, lic d6 doan hong c6 thé dude phuc ché nhd co ché trao doi
chéo dung ban copy lam khuén.

3.4. TONG HOP CAC ENZYM SUA CHUA ADN

Cac enzym tham gia sita chita ADN dudc tong hgp ngay sau
khi dot bién xay ra cho thdy tinh chinh xac cua théng tin di
truyén luén duge bao toan dé duy tri hoat déng séng ciia té bao.
Co ché tra 16i cac tin hiéu cdp citu (SOS response) ¢ E.coli
duge nghién citu kha chi tiét. O loai vi khudn nay quéa trinh
tong hop ADN bi ditng do sai hong trén phan tit khuén déu tao
ra cac tin hiéu lam tang cuong hoat déng cua hon 15 gen bao
gom cac gen tham gia stta chita ADN. D4u tién cac tin hiéu hoat
hoa protein RecA. O dang hoat dong, RecA phan huy protein uc
ché cac gen thudc cd ché SOS, gitp cho qua trinh téng hdp
ARNm trén cac gen nay dugc tang cuong. Cac protein dude tong
hdp c6 hai tac dung. Thit nhat, tang sé ludng cac enzym cin cho
qué trinh sua chita ADN nén sd té bao song sét tang. Thi hal,
khi nong do mét sé protein thudce co ché SOS tang tam thoi sé
kéo theo ty 1é dot bién tang (do ban than cac gen nay ciing chiu
cac dot bién). Diéu nay khéng c6 1gi cho truéec mat. Tuy nhién
trong lau dai né tao ra nhidng thuén lgi lam tang tinh da dang
di truyén trong quin thé cac té bao vi khudn. Nha d6 co héi tao
ra cac té bao mang dét bién nhung khoé manh va thich ing véi
moi truong ciing tang theo.
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3.5. TAI BAN ADN

Phéan chia té bao ¢ moi co thé tit prokaryot dén eukaryot
déu doi hol qua trinh nhan déi ADN xay ra chinh xac. Téc db tai
ban dat khoang 500 nucleotide/gidy 3 vi khuan va 50
nucleotide/giay ¢ dong vat. Cé nhiéu enzym va protein tham gia
qua trinh nay tao thanh bé may téng hgp ADN, trong dé6 enzym
ADN polymerase dong vai tro quan trong nhat.

ADN dudce tai ban theo cd ché ban bao toan (sau qua trinh
tal ban, mo6i phan ti ADN gém mot sdi don cii va mét sdi mdi).
DAu tién lién két giita hai sdi don cha ADN khuén bi bé gay, soi
kép md xoan tao chac sao chép c6 cdu truc hinh cha Y
(replication fork). ADN polymerase khéng c6 kha nang bat
dau phan ung tir cac nucleotide riéng 1é ma doi hoi phai ¢6 méi
oligonucleotide. Enzym lam nhiém vu xic tac phan lng gan
nucleotide vao dau 3' cia méi dé téng hop sdi mdi theo nguyén
tac tao cap bo sung véi sgi khuén. Do d6 qua trinh tai ban chi
thuc hién theo mot chiéu nhat dinh tit 5'-3' trén sgi mdi. Vi thé
mdt sdi don dude tong hop lién tuc con sdi kia tong hgp mét cach
gian doan, gébm nhiéu doan ngéin (doan Okazaki) néi véi nhau
bdi ADN ligase. O prokaryot, doan Okazaki dai khoang 1000
dén 2000 nucleotide, con & sinh vat eukaryot doan nay chi dai
khoang 100 dén 200 nucleotide (Hinh 3.5).

Enzym ADN polymerase khong c¢6 kha ning néi hai
nucleotide riéng 1é véi nhau dé bat dau tong hgp mét sgi ADN
mdi. Qua trinh tdng hop ADN doi héi phai ¢6 méi. D6 1a mot
doan oligonucleotide ngin do ADN primase tong hgp. Ban chat
modi ]a mot doan ARN. Enzym ADN polymerase thém cac
nucleotide vao sgi méi dé tong hop nén sgi don méi. Sau d6, mai
ARN bi phan huy va doan nucleotide tai vi tri méi duge hoan
thién nhg co ché sita chita ADN. Tuy nhién trong trudng hgp déi
véi cac phan tit ADN dang thing 6 mdt s& virus, qua trinh tai
ban ADN khéng cin mdéi ARN ma doi héi phic protein-
deoxycytidine triphosphate. Qua trinh téng hop bit ddu tai mot
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ddu cua sgi.d6i theo chiéu 5'»3' va chi xay ra trén mot sgi don
khuén dé tao ra mét phéan tit ADN. Sau d6 sgi khuon thi hai thay
ddi cdu truc va duge dung dé tong hdp phan tit ADN thi hai. Cg
ché téng hdp nay vAn tuan theo nguyén tic ban bao toan.

§ 3

uf>-

ADN polymerasc 11

Helicase Primosome

SSB pmtein — Primase

O

3 5 ADN polymerase I va ADN ligase 5'

Hinh 3.5 : Mé hinh chac sao chép ADN

Hai sgi don ADN bét ddu tach nhau ra tai vi tri déc biét goi
14 tdm sao chép (replication origins). Péi véi vi khuén, nAm men
va mot sd virus ky sinh trén dong vat, hé gen ctia chiing thugng
chi c6 mdt tdm sao chép va dai khoang 300 bp. Khi gua trinh
nhéan d6i ADN bét ddu, hai chac sao chép hinh thanh tai tam va
tién vé hai hudng nguge nhau.

P6i véi sinh vat eukaryot, trén mdi nhiém séc thé c6 nhiéu
tdm sao chép. Cac tdm nay (20 dén 80) thudng tap trung trén
mot doan ADN tao nén don vi sao chép (replication units).
Khoang cach gilta cac tam sao chép trén mét don vi thay déi ti
30 kb dén 300 kb. Ngoai ra, khong phai moi don vi sao chép déu
hoat déng cung mét lic. Ngay trén ciing mot nhiém sic thé, cac
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vung khac nhau duge tai ban & cac thai diém khac nhau. Mot
diéu 1y tha la hoat dong cia ching khong xay ra ngau nhién ma
theo mot trat tu nhat dinh. Trong phase S, ¢ac vang ADN di
nhiém sac dude nhan déi mudn trong khi vung chia gen dude
nhan déi sdm. Hon nia, cac gen hoat doéng trong moi loai mé té
bao (duge goi la cac gen quan gia-"housekeeping genes") dude
nhan déi rat sdm trong khi cac gen chi hoat déng trong mot so
mo té bao nhat dinh sé nhan déi sém trong té bao dé nhung
nhan d6i rat muon trong cac té bao ma gen khong hoat dong.

Pé tong hop dude tron ven cac dau telomere tan cung cua
phan tu ADN dang thang, enzym telomerase nhan biét dudc
doan ngin ADN giau nucleotide G tai diu telomere va kéo dai
dau do theo hudng 5'—»3' (nhu vay dau telomere dai thém ra).
Ban than telomerase c6 chita phan td ARN duge dung lam
khuon dé tong hop nén doan kéo dai dé. Sau day, doan méi nay
dude dung lam khuon dé ADN polymerase hoan thién cac dau
tan cung cua sgi ADN mdi.

Telomere chia Tetrahymena da dude sit dung thanh céng lan
diu tién trong viéc thiét ké plasmid & dang thang chit khong phai &
dang khép kin, c6 kha nang tai ban trong té€ bao nim men. Trinh ty
nucleotide cha telomere & Tetrahymena c6 chuia chudi lap lai
(T.G )n theo chiéu 5'— 3' tit trong ra ngoai dau cung cua telomere.
DAu tin cung cia telomere khong ton tai ¢ dang sgi dip ma c6 mot
phan ¢ dang sdi don. Phan s¢i don nay giau nucleotide G ¢6 kha
ning tao lién két G-G (khong theo nguyén tic tao cap bo sung cua
Watson-Crick). Cdu truc dac biét nay dugc nhan biét boi
telomerase. Enym nay phan lap tit Tetrahymena c6 thé gan thém
(T,G)n vao telomere cua Tetrahymena, Oxytricha, nAm men. Nhu
vay enzym giit vai tro quyét dinh viéc thém cac doan lap lai vao
ddu tdn cing cta nhidm sdc thé. Poan giau nucleotide G d
telomere va hoat dong cua telomerase trong wec kéo dai ddu nay
nham dam bao tinh ven toan diu tan ciung ctia nhiém séc thé
dude minh hoa trén Hinh 3.6.
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Ving ADN polymerase Doan nucleotide d
khong tdi ban duoc trén sgi lagging thém vio b telomere

Hinh 3.6: (A). Céu truc cta telomere. Céc nucleotide G d ddu tén cung c6 kha
ndng tao cap vdi nhau. Enzym telomerase kéo dai thém dau tan cung (céc
nucleotide in nghiéng) cda sgi giau G. ARN primase va ADN polymerase téng
hgp doan mdi trén khubn sgi giau C. Cubi cung, méi ARN bj loai bd, céac
nucleotide trén sgi gidu G tao r:ap voi nhau. Telomere dugc kéo dai ra. (B).
Telomerase ddm bédo su ven toan ciia nhiém séc thé & cac déu telomere. Enzym
gdn thém chudi Iap lai G tao d&u 3'OH cho phép ADN polymerase t6ng hgp doan
cudi cung trén khubn mau sgi lagging trong qua trinh tai ban ADN.
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D1 véi rat nhiéu virus cing nhu d mot sé trudng hop khac,
s0 lugng caa gen trong genome dude tang 1én rat nhiéu tai cac
thoi diém dac biét. Phan ti ADN thudng dude nhan déi theo cd
ché vong tron lan (rolling circle mechanism). Qua trinh tdng
hop sdi ADN méi dude bat dau tai mot vét cit thude tam sao
chép trén mét sg1 don khuén - sgi nay dude goi la sdi (+). Tai vét
cit, ddu 5' dude thao dan va trd thanh khuon dé tong hdp cac soi
Okazaki. Pau 3' tai vét cat dude thém cac nucleotide méi tao
cap bo sung vdi cac nucleotide trén sgi don kia. Nho d6 hai phan

tit ADN dudc tong hdp va ludén tuan theo cd ché ban bao toan.

3.5.1. Pdm bdo tong hop ADN chinh xdc béi co ché "doc sua"
(Proofreading)

Sai s6t xay ra trong qua trinh tong hop ADN chi khoang
107 (cd 10° nucleotide dudc tai ban thi c6 mét sai séot). Tan sd
nay nho hon riat nhiéu tan so tao lién két sai léch gita cac base.
Vi du nhu lién két gitta T-G hay C-A c6 tan s6 khoang 107°. D6
la do cac nucleotide khi gin vao sgi ADN dang tong hgp phai
chiu su kiém tra theo co ché "doc sita". Nho dé bat ky mot
nucleotide nao tao lién két khong diing nguyén téc bo sung déu
bi phat hién va loai bo.

Cd ché kiém tra "doc sita" phu thudc vao tinh chit dic biét
caa enzym ADN polymerase. Khac véi ARN polymerase, ADN
polymerase khong c6 kha nang néi hai nucleotide véi nhau dé
bat ddu tong hdp sdi méi. Enzym nay doi héi phai c6 mét doan
nucleotide ngin c6 ddu tAn cing mang nhém OH d vi tri 3'.
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Doan nay dude goi l1a sgi méi (primer strand). Cac nucleotide tao
cap theo nguyén tic bd sung vdi cac base trén sgi khuén dutde
gén vao vi tri 3' nhd lién két phosphodiester giita nhom OH & vi
tri 3' va goc phosphate ¢ vi tri 5' cua hai nucleotide lién tiép
nhau. Phan ing nay do ADN polymerase dam nhiém. Md sai
s6t khong tuan theo nguyén tic bo sung déu bi enzym phat hién
va loai ra. Tinh chat exonuclease nay ctia enzym chi xay ratheo
hudéng 3'--->5' trén sdi dang tong hgp giup cho enzym cé kha

nang tu sua sai (self correcting), do dé6 tan s6 dot bién rat nao.

Lién két theo nguyén tic bo sung ctia nucleotide cudi ~tung
tai ddu 3' cia mdi véi khuén déng vai tro quyét dinh giip
enzym tu sua cac sai hong. Ngude lai, enzym ARN polymerase
xuc tac qua trinh tong hop ARNm khéng c6 tinh chat tu "doc
sta". Diéu may mén la cac sai sét trong phan tit ARNm khéng
thé chuyén sang cac thé hé sau. Hon nita sai s6t ngiu rhiién
trong phan ti ARN khéng cé vai tro quyét dinh cac hau qua di
truyén. ARN polymerase c6 thé tong hdp nhiéu phan ti ARNm
td mot gen ma khong can doan oligo méi ban ddu. Tdn si dot
bién tu phat xay ra trong ca hai qua trinh téng hgp ARNm va
tong hdp protein khoang 10*.

O vi khuidn E.coli, mét s6 dot bién 1am ting manh tén s6
bién d6i tu phat cac nucleotide trén sgi ADN méi. D6 1a ca> dot
bién xay ra d cac gen qui dinh tinh chét doc sia exonuclease 3'-
-->5' cia DNA polymerase. Vi vay rit nhiéu sai s6t xay ra ma
khong bi phat hién dé sia chita theo co ch€ doc sita clia enzy'm.
Tuy nhién ching c6 thé dugc slta theo mét cd ché khéac goi la co
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ché doc stta cac lién két tac cdp sai (mismatch proofreading
hodc mismatch repair). Co ché nay khac vdi cd ché sua chia
ADN (DNA repair) vi n6 khong phu thuéc vao su nhan biét
nucleotide la ma dua vao su méo mé cau tric sgi diap do cac lién
két tao cap sai giita cac base khong bd sung véi nhau. Diéu dac
biét ly thi la tinh chat doc sita theo co ché thi hai chi cit bo
nucleotide khong bd sung & s¢i méi ma khéng déng cham dén
nucleotide trén sdi khuon (tic la nhan biét dudge nucleotide
ghép d6i sai léch trén sdi vita tong hop).

Nghién ciu cho thidy moi base A trong day nucleotide
GATC cua ADN E.coli déu dude gin nhém methyl. Chi ¢6 cac
base A trén doan ADN vira tong hdp chua kip gin nhém nay.
Nha d6 co ché doc stta tao cap sai phan biét dude sgi méi va soi
khuén. Néi cach khac cd ché nay hoat dong ngay khi qua trinh

tai ban dang xay ra.

Gan day mot s6 protein c¢6 vai trd tuong tu cac protein
tham gia cd ché doc sia tao cip sai & vi khudn duge phat hién ¢
sinh vat eukaryot. O ndm men, khi cidc gen ma cho nhiing
protein nay bi dét bién, ty 1é sai sét trong tai ban ADN c6 thé
ting hon 100 lan. Tuy nhién cac base A cua ADN eukaryot
khong chita goc methyl, do dé6 phan biét gitta s¢i mdi va s
khuén c6 1é dua vao cac vét ddt gay hay c6 & sgi vita duge tong
hop. Vi sao xuat hién cac v&t nay 12 mot van dé cdn lam sang to.
Tuy nhién thuc nghiém cho thidy ching giéng nhu cac tin hiéu
giap cho co ché doc stta nhan ra sgi ADN méi (Hinh 3.7).
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Léi trén soi méi
Protein sira chira \é’i‘ dint

bam vao vi tri 16i

Phit hién vét din J
trén sgi ADN

MutS/' MutL

Cit bd doan c6 161 l

Stra chira ADN l

Hinh 3.7: Co ché doc sifa sy tao cap sai d ADN trong té bao eukaryot.
Céc phén umg nady dugc phét hién trong qué trinh tai ban invitro (cell-free system).
Protein MutS lién két dac hiéu vao base tao cap sai, protein MutL tim
do vét dut gdy ndm gén base do va gy dut gdy doan nucleotide don ndm giira
base tao c&p sai va vét dit. Doan nucleotide moi duoc téng hgp
thay thé theo co ché slfa chita ADN (DNA repair).

3.5.2. Oligo méi trong qud trinh téng hop ADN

Do ADN polymerase chi tong hgp sgi ADN theo mét chiéu
duy nhét tit 5' sang 3' nén mét sgi ADN dudge tong hdp lién tuc
con sdi kia do nhifu doan Okazaki dudc téng hdp réi ndi véi
nhau. Khoang cach giiia hai sgi Okazaki khoang 2000 base va
thoi gian trung binh dé téng hgp mét sdi chiém khoang 4 giay.
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T>ng hdp bat cit doan Okazaki nao ciing déi héi oligo méi.
Ban chat cua moi nay la cac ribonucleoside trisphosphate dude
ndl v@ nhau nho enzym ADN primase. Do dé cac oligo nay con
dude goi 1a cac moi ARN (RNA primer). Ching dai khoang 10
nuclectide. Ching bi phan huy sau khi doan Okazaki duge tong
hgp xong. Co ché sita chita ADN sé thay thé chung bdi cac
deoxy-ibonucleotides theo nguyén tic tao cap bé sung. Cudi
cung ADN ligase sé néi cac doan Okazaki véi nhau tao sgi ADN
m&1 (Finh 3.8).

Méi ARN (do ADN primase téng hop)
a
3‘

-

so1 khuén

Soi Okazaki dang dugc téng hop
“

b

Ciac so1 Okazaki hoan chinh
a

Cit bdo méi ARN trén soi Okazaki duoc t6ng hop truéc
va thay thé boi ADN do soi sau dugc kéo dai

ADN ligase n6i hai sgi Okazaki véi nhau

Hinh 3.3: Téng hgp sgi Okazaki trong qué trinh tai bdn ADN. O sinh vét eukaryot,
céc néi ARN dai khodng 10 base dugc t8ng hgp bdi enzym ADN primase.
Khodig cach giita céc méi chimg 200 base. ADN polymerase t8ng hgp doan
Oka.zati badng cach gén cac nucleotide vao méi ARN. Céc mdbi nay sau do sé bi
ph&n 1y va co ché sitfa chita ADN sé t8ng hgp doan nucleotide thay thé méi.
Enzym ADN ligase néi cac doan Okazaki véi nhau tao soi ADN moi.
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Vi sao méi ADN khong dude tong hgp dé giam bét cac bude
tong hop méi ARN, phan hiy va slia chita thay thé moi nay
trong qua trinh tai ban ADN ? Mot diéu xuat phat tir thuc té
cho thdy ADN polymerase c6 dac tinh tu stta chita thi khong thé
béat ddu tong hdp sdi mdi tit céc nucleotide riéng biét. Trong khi
d6 ARN polymerase khéng cdn méi thi cing khéng c6 kha nang
tu stta chita. Do d6 nhitng moi ARN duge xem la nhing doan
hong <an loai bo.

3.5.3. Cac protein tham gia qua trinh tong hop ADN

. Dé trd thanh khuén cho phan tng nhan déi ADN, phan tu
ADN dang dip nhat thiét phai md xodn, tic la lién két bo sung
giita cac base bi dut gay va hai sgi don dude tach nhau. M3 xoan
~ va git hai sgi don d dang tu do khéng ¢6 cAu tric bac hai dude
thuc hién nhd mét s6 enzym, protein dic hiéu.

3.5.3.1. ADN helicase

ADN helicase 1a protein ¢6 kha nang phan huay ATP mot
khi da bam vao sgi don ADN. Nhd phan tng nay ADN helicase
c6 thé di chuyén doc theo chiéu dai sgi don 1am sgi déi phai ti€p
tuc md xodn tach thanh hai sgi don (Hinh 3.9). Thong thuong,
tai chac sao chép chit Y ¢6 hai phan tit ADN helicase di chuyén trén
hai s¢i don theo hai huéng ngude nhau. Chiing c6 thé thudc hai loai
helicase khac nhau do tinh chét di chuyén nguge chiéu nay.

@ — ADN helicase bdm vao sgi ADN
m

S
.

#

Hinh 3.9: Thir nghiém hoat tinh md xodn
tao hai sgi don ADN cta enzym ADN helicase
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3.5.3.2. SSB protein (Single Strand Binding Protein)

Chic ning cua cac protein nay la giit cho sgi don ADN o
dang thing khéng c6 kha nang tao cap bo sung vdl sdi don khac
hoac khong tao lién két ngay gitta cac base ctia mét soi.

Soi don ADN tao ciu tric khong gian

ADN polymerase l Céc phan tir protein SSB

\ < bam lién ti€p trén sgi don ADN
Hinh 3.10: Vai tro cia SSB protein trong viéc gid sgi don ADN khéng co céu tnic

khéng gian, tao thuan Igi cho ADN polymerase di chuyén trén khuén trong qua
trinh t8ng hop ADN.

Nho d6 ADN polymerase di chuyén trén sdi don lam khuén
khong gap trd ngai gi trong qua trinh tong hdp sdi méi. Mic du
cac SSB protein khong c6 kha nang md xodn nhung chiing gitp
cho helicase gilt dude trang thai md xodn va dac biét tranh duge
liéen két tao cdu tric vong cua soi don khuon khi tong hop cac
doan Okazaki (Hinh 3.10).

3.5.3.3. Protein c6 cdu tric vong giw ADN polymerase
chuyén déng trén soi ADN

Hau hét cac phan ti ADN polymerase c6 xu hudng tong
hdp mét doan ngén cac nucleotide réi tach ra khéi khuén. Diéu
nay cé6 giip cho enzym nhanh chéng rdi khoi doan Okazaki da
tong hgp xong va quay vong rit nhanh dé tong hgp doan tiép
theo ngay trén mét sgi Khuon. Tuy nhién, xu thé tach khoi sgi
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khuén gay bat 1gi cho enzym khi tong hgp soi ADN dai lién tuc.
Dé khic phuc diéu nay, phan ti enzym dudc gid lai trén sgi
khuén nhd mot ciu tric protein dic biét giong nhu chiée kep.
Kep nay cho phép enzym bam vitng chic khi chuyén dong trén
s¢i khuén nhung déng thoi dam bao cho enzym rdi khoi khuon
nhanh chéng khi qua trinh tong hdp két thic (Hinh 3.11).

ADN polymerase

— -

Protein c6 céu tric kep ]

— @

Hinh 3.11: C4u truc kep protein giir ADN polymerase bam chéc vao sgdi ADN.

3.5.3.4. Vai tro cua ADN topoisomerase trong tai ban ADN

Do.phan tit ADN c6 cdu tric dang xoan nén trong qua trinh
nhan déi ct 10 base md xoin dé tdng hdp tai chac sao chép thi
sgi dbi d-phia trude chac lai bi xodn 1 vong. Nhu vay khi chac
chuyén déng doc theo sgi khuén sé khién sdi nay xodn lai rat
nhanh. Hién tugng d6 ciing xay ra tuong tu khi md xoén dé téng
hop ARN. Chinh enzym ADN topoisomerase déng vai tro md
xo4n dé khic phuc su xodn tit lai cia phan tid ADN khuén.
ADN topoisomerase 12 mét loai nuclease dic biét bé gay lién két
phosphodiester giita cac base trén mét soi don tao ra mot vét
dit, giai phéng hai ddu sdi d dang tu do. Cac dau d6 sé quay dé
md xodn. Sau d6 lién két phosphodiester lai duge phuc hdi va
enzym dugc tach khoi phadn td ADN. C6 hai loai ADN
topoisomerase. Loai I chi tao vét dit trén mét sgi don con loai 11
tao vét dit trén ca hai sgi cua phan ti ADN kép.
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