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LOINOI PAU |

Sinh hoc phan t& duge hifu 13 mén hoc dé cap dén nhing kién
thitc v k§ thuat cd ban nhim nghién cdu céc qué trinh sinh hoc d muc
@5 phan tit. Vi viy, sinh hoc phan t& dude hinh thanh va phat trién
dya trén kién thic lién quan d&n t4t ca cac chuyén mén cua sinh hoe,
diac biét 12 di truyén, t& bao, vi sinh va sinh hoé. Chinh vi vai trd tao
ra méi lién quan khing khit gidta nhiéu chuyén nganh nén sinh hgc
phan t duge ding dung rong rai trong cac linh-vu(; ndng 1Am nghiép,
-thuy san, y t& va xa héi. ' :

Sinh hot phan tit 12 mot linh vyc mdi duge hoc tip va nghién ciu g -
Viét Nam. Gio trinh vA tdi ligu tham khéo vé linh vic nay bang tiéng |
Viét 12 yéu cdu cn thiét & nudc ta. Pé dap ting nhu ciu cua ddc gia,
ching t8i xufit bén cudn sach "Sinh hoc phén.td t& bao va ing dyng”
nhiim cung cap cho sinh vién va cac nhd nghién ciu sinh hoc mdt s6
kién thitc cd ban clia sinh hoc hién dai & mitc 46 phén tit. Cubn sach
nay giéi thidu nhiing qua trinh quan trong x4y ra trong t& bao, nho d6
1am sang td sy gidéng va khac nhau trong ciu tric cha genome, ciu
tric clia mot gen & t&€ bao prokaryot v eukaryot (chudng 1), qua trinh
tai ban va stia chita genome (chuong 2). Nhing cdu tric 46 lién quan
d&n chc cach thitc kiém soat hoat djng clia chc gen & giai doan phién
m4, sau phidn ma va dich ma dé téng hop protein (chuong 3). Qua
trinh téng hop protein, nhitng bién d6i efiu trac protein va nhiing cach

" thite d& nhan biét va van chuyén protein dic hiéu dén nhiing vi tri

dich khac nhau trong t& bao, hogc tiét ra bén ngoai dugc. gidl thigu
trong chudng 4. Mot 88 ky thuit ec ban trong nghién cliu sinh hoc
: phén tit duge trinh bay trong chuong 5.
Lin diu xu#t ban, chic chdn cudn sach con cé nhitng thidu sét,
Téac gid mong nhan dude ¥ kién déng gbp cha dde gia dé gido trinh
ngay cang hoan thién. Moi ¥ kién xin gii vé: ‘Cong ty C8 phan Sach
Dai hoc - Day nghé, Nha xudt ban Gido dyc, 25 Han Thuyén - Ha Néi.
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| Chuong 1 .
CAU TRUC VA CHUC NANG
CUA PHAN TU ACID NUCLEIC

Sy tén tai cha acid nucleic nhu mét hgp ch4t giau nits va phospho
trong t€ bao duge phat hién 14n dAu tién bdi Johann Friedrich
Miescher (Thuy S7) vao ndm 1868. Vao thdi gian d6, chieé céc chét béo
duge bist 1a nhitng hgp chét gidu nitd va phospho. Vi thé€ kham pha
ctia Friedrich Miescher khong dugc cac riha nghién ctu quan tAm dén:

Vai trdo dc biét quan trong cia acid nucleic trong viée luu trit va

truyén tai théng tin di truyén cho cac th& hé sau bit ddu duge biét dén
vaio nhiing nam 1940 t nhiing thi nghiém vé bién nap, chuyén nhiém -
trén vi khudn v3 virus. D&€n nam 1953, c8u tric phén tit acid nucleic
da dugc cong bd bdi hai nha bac hoc J ames Watson va Francis Crick.
Trong t8 bao, acid nucleic gém hai loai: ADN va ARN. Ching c6 cfu
. triic o0 ban gdm cac nucleotide lién két-véi nhau, mdi nucleotide gom
'mét base purin ho#¢ pirimidin lién k&t véi phén ti dudng pentose."
 Trong t& bao; toan b thong tin di trayén duge huu tril trong mt
' hoge nhiby phan ti acid nucleie, c6thé la ADN hoge ARN. Céc phén
¢t ndy o6 thé tAn tei' 8 dang thirig hojc vong tron. Héu hét phén tu
acid nucleic khong ton t4i tu do ma thuong lién két véi cac loai protein |
khac nhau, tao thinh cac nhiém sde thé. Tap hop tit ca cic nhiém
séc thé ¢ing véi nhing phén tit ADN tut do hofie ADN tén tai trong bao
quan (d&i véi t& bao eukaryot) duge goi 1a genoine (hé gen). Didu cin
luu ¥ 1a nhitng phidn td ADN tAn tai tu do thudng cé kich thudc r&t nho
80 véi nhidm séc thé. - - -

'Khéng phai t&t ca trinh ty nucleotide trén nhidm sic thé déu chita
gen. Gen la don vi chita thdng tin di truyén (mét trinh tu céc
“nucleotide) ma cho mét sén phim cin thiét d8i véi hoat dyng sbng cua
t& bao. Gen duge phién ma thanh cac logi ARN (ARN van chuyén-
ARNt, ARN ribosome-ARNr, ARN thong tin-ARNm). Cac phén ti’
ARN théng tin (ARNm-messager RNA) ¢6 thé duge dich mé thanh
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protein. Tuy nhién mét s§ ARN khong dugde dich ma@ ma lién quan dén
viéc hinh thanh, duy tri v& tham chi thay d8i trat ty nucleotide cfing
nhu ciu trie khong gian clia nhiém sic thé. Nhu vay, cac loai ARN d6
c6 vai trd quan trong d8i véi théng tin di truyén ngogi -gen
(epigenetic information), 1A dang thdong tin phu thudc vio ciu triic
- khéng gian hon 14 vao trinh tu nucleotide. Sai héng & théng tin ngoai

gen c6 thé giy nén nhiing tinh trang méi méc du trmh tu nucleotide
khong bi dot bién.

~1.1. CAU TRUC NUCLEOTIDE. CAU TRUC PHAN TU ADN, ARN

Hai loai phén ti ADN va ARN déu c6 cflu tric hoa hoc tuong tu
nhut nhau, gém cic nucleotide (cAc monomer) lién két véi nhau tao
thanh sgi ADN hoéc ARN (sgi polymer). Mot phan ti ADN hoac ARN
" gbm 4 loai nucleotide, m&i loai gdm mét phén ti dudng pentose lidn
két véi mét base nitd (3 vi tri 1) va véi mdt nhém phosphate (thudng &
vi tri 5. Trong phédn tit ADN, ca 4 loai nucleotide déu chita dudng
pentose thudc loai deoxyribose, cén trong phin ti ARN, bén loai
nucleotide ¢6 dudng thudc loai ribose. Nhu vay sy khac nhau chinh
gita c4c nucleotide clia mét phén tit ADN hosic ARN phu thudc vao
base nito. Trong phédn tit ADN, cic base nito bao gdm adenine (A),
guanine (G), cytosine (C) va thymidine (T). Trong phan ti ARN, cac
base nitd gém A, C, G va uraxine (U). R3 rang ring, hai loai phan ti
ADN va ARN c6 cfu tric hod hoc khac nhau & dudng deoxy-
ribose/ribose va & base nitg T/U.

Tinh acid ctia nucleotide duge quy dinh bdi nhém phosphate trén
phén ti dudng. Nhém nay bi mat ion hydro & pH trung tinh nhu pH
bén trong t& bao, lam cho nucleotide tich dién &m (). Khi nucleotide
khéng ¢6 nhém phosphate (chi gébm base nite vi dudng pentose) thi
ching dude goi 1a nucleoside. Nhu viy, nucleotide 1a cac nucleoside cé
gin thém mét, hai hodc ba gdc phosphate; lic dé ching duge goi 1a
nucleoside monophosphate, di- hodc triphosphate. Hai nucleotide lién
ké&t v4i nhau bdi eAu ndl phosphoester gitia nhém hydroxyl OH & vi' tri
3’ v6i nhém phosphate & vi tri 5 clia hai phan t& dudng. Véi cach thie
tuong tac nhu vay, sdi polynucleotide duge xem nhu ¢é hai ddu ky hidu
12 3 va 5. Ddu 3’ ¢6 nhém OH ty do, con déu 5 thudng c6 nhém
phosphate ty do. Do d6, sdi polynucleotide chi duge kéo dai & mot ddu
'3’ (Hinh 1.1). Hudng kéo dai tit 5 sang 3’ 1a tinh chat rat quan trong
d6i véi phan td acid nucleic.
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Hinh 1.1: Cau tric sdi polynuclectide gém cac base nitd va duéng pentose.

Phéan t&r ADN gm 4 loai base nitd A, C,-G, T va dudng deoxyribose, con phan tir ARN .
gém A, C, G, U va duding ribose.

Trinh ty céac nucleotlde tren moét sgi ADN hosic ARN duge goi 1a
cdu triic bac 1 cha phin t& acid nucleic. Maie dit cdu trie bac 1 cla
ADN va ARN tuong tiu'nhu nhau nhung chiing ¢6 c4u tric khong gian
rit khac nhau do kha ning xodn, gip khiic cia tung loai. Phan ti
ARN chi 13 mét sgi don polynucleotide nhung ADN cht: y&u gdm hai
‘sgi don ¢b chléu nguge nhau va lién két hydrogen guia cac base nitd
cua hai sgi tao nén phén ti xoén. kép. Mdi vong xodn gém 10 cap base
nitd. Do tinh chét dic bidt, ademne chi lién k&t v6i thymine (hai lién
két hydrogen) va cytosine chi lidn két véi guanine (3 lién két .
hydrogen) nén phan t kép ADN gom hai sgi don b sung nguge chidu
v8i nhau. Vi dy, khi biét trinh ty clia mdt sgi don theo chiéu 5 — 3’ 1a
GACTTACG thi duta vao nguyén tic tao ciip b8 sung sé suy ra trinh ty
cua sgi don kia theo chidu 3’—)5’ la CTGAATGC (Hinh 1.2).
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Hinh 1.2: Gau tric s¢i kép ADN gém hai sdi dgn ngudge chiéu nhau cé basa nitd bd
sung v lién két véi-nhau bdi cac ciu néi hydragen. '

Base Guanine (G) trén mdt sgi don nay 58 tao 3 fién két hydrogen véi base Cytosine (C),
va base Adenine {A) tao 2 lien két vdi base Thymidine (T) trén sdi don kia. '

1.2, ADN LA VAT LIEU DI TRUYEN

Nim 1928, nhiing nghién cltu trén vi khuin Pneumococcus gay
bénh viem phéi 8 chuft di giap cac nha sinh hoc di dén két ludn véat héu
chiia théng tin di truyén 1a ADN. Cac chung Pneumococcus khéc nhau -
¢6 thé phéan biét nhd cin cit viio 1dp vb polysaccharide bao boc bén ngoai
£& bao. Mbt s6 chiing ¢b vo polysaccharide khi€n b mit & bao nhin va
chiing c6 kha ning gdy bénh; do &6 chiing duge goi la Pneumococcus S
(smooth). Ngudc 1ai, nhiing loai khong cd v6 polysaccharide thi bé mat
t& bao san; do d6 ching duge goi la Preumococcus loai R {(rough). Ching
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3

- Pneumococcus R khong ¢6 kha niing giy bénh; chiing bi phén hiy sau
'khi xAm nhim vao cd thé vat ch. Mi 1ién hé khang khit giita su xu#t

~hién chia vd polysaccharide véi tinh ddc cia Preumococcus d& dang dua
chiing ta dén két luin ring, vd polysaccharide 13 y&u t& duy nhét quyét
dinh tinh dgc cha vi khudn.

Tuy nhién, vdn dé khéng nhu ching ta tudng. Thi nghiém trong
d6 stt dung Pneumococcus loai S va R két hop véi nhau dé gay nhiém
trén chugt dua dén nhitng két qua bat ngd (Bang 1.1). Khi gy nhiém
cho chudt véi chiing Pneumococcus cé déc tinh S nhung da bi chét vi
nhiét hoc gy nhidm véi chiing Preumococcus 1anh R thi chudt khéng
chét. Tuy nhién, khi 14y nhiém déng théi cing mét Iic ca hai cho chudt
thi ¢6 hién tugng chuét bi chét, mic du loai c¢é ddec tinh da bi giét. Cac
xét nghiém tif xac chudt chét dd phan lap duge chting Pneumococcus cb
bé mit sin. Diéu nay chiing té yéu t& mang théng tin di truyén ti

- ching gy chét S di chuyén sang ching lanh R. Thue nghiém véi dich

“chidt t& bao da ching minh y&u t& mang théng tin di truyén trong t&
bao vi khudn Preumococcus 13 phan tit ADN. Théng tin di truyén duge
gidi mé thanh vd polysaccharide quy dinh nén’ tinh déc cla
Pneumococcus. Khiam pha nay duge cdng bd nam 1944. Qua trinh dua
phin ta ADN cua ching R vao té€ bao chung S duge goi la-bi€n nap
(transformataon)

N ghién citu trén virus T2 ti€p tuc khéng dinh phan tu ADN mang
thong tin di truyén duge tai ban va duge chuyén cho cic thé& hé tifp
(mam 1952). Virus T2 c¢6 kha ning xdm nhiém t& bao vi khuin E.coli
nén T2 con dugce goi 1a thue khuéin thé. Sau khoang 20 phiit nhiém véi
- T2, t& bao vi khuéin bi v3 (trang thai sinh tan) gidi phéng ra céc virus

T2 méi. T& bao T2 bac gém phan t& ADN duge bao boc bdi 16p vo
‘protein. Thyc nghiém da danh d4u riéng biét phén tit ADN bing ddng
vi phéng xa P¥, con vd protein bing S, Nhd d6 c6 thé theo ddi duge
thanh phan ADN hay protein ¢ mit trong t& bao vi khudn @& hinh -
thanh nén cac thé T2 méi. Péng vi phong xa P*? duge phat hién chi
y&u (70%) trong cac t& bao vi khudn nhidm T2. Hon nita, khoang 30%
P* ¢chit khong phai S* duge phat hién trong cac thé virus T2 gidi
phéng ra tit t& bao vi khudn bi v3. Diéu nay chitng t& ADN clia virus
chit khéng phai protein duge tai ban trong vi khuén va di truyén cho
cAc th& hé T2 tigp - theo. Nhu vy, phan t& ADN 1a vat lidu di truyén
khéng chi d6i véi vi khudn ma véi ca virus.
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Bang 1. 1 Su gay nhidm daéng thsi Pneumococcus Ioal ¢6 doc tinh S (da
chet) cling v&i loai 1anh R 14 nguyén nhan géy chudt chét

Loai Pneumoacoccus nhiém cho chuc}t Két qua sau khi nhiém
Vi khudn loai S o Chudt chét
Vi khuén loai R : Chuét s8ng
Vi khudin loai S da chét (do nhiét) Chudt séng
Vi khuéin loai S cling nhiém véi loai R _ Chudt chét
Vi khun S da chét cling nhim vi khudn loai R Chudt chét

Thi nghiém chuyén ADN la (gen la) vao t& bio déng vat khéng
don gidn nhu 481 véi vi sinh vat. Phai dén ddu thap ky 70 thé ky XX
thuc nghlem méi thanh ¢éng trong viée dua ADN la vao t&€ bao dong - -
vat nudi cdy cling nhu vao té bao’ trl.mg lam xuat hién tinh trang mdi.
Quaé trinh nay dude goi 1a chuyén nhiém (transfection). Ban chét
- clia bién nap & t& bao vi khudn va chuyén nhlem 4 t&€ bao déng vat déu
khién cho ADN la tdn tai trong genome cla t& bao nhan va 1am xuft
hién _tinh trang méi. Hon nia, ADN. 1a va tinh trang méi duge di
truyén cho th& hé sau. Diéu dé cho th&y ADN 1a vat liéu di truyén c6
thé tén tai trong céc loai t& bao cua céc ¢d the khac nhau ma van gill
dugc chitc ning cia ADN.

Ngay nay, chic néng cua ADN trong viée luu trit thong tin di
truyén va chuyén thong tin d6 cho cac thé hé sau duge biét dén & rit
nhidu ¢g thé sinh vat khac nhau tit vi khudn d¢én dong, thue vat bac
cao va con ngudi. Tuy nhién; trong mét s8 virus, phén ta ARN gui cac

chitc ning d6. Ching ta sé xem xét den nhiing trudng hgp thidu s6 nay
trong chudng 2.

1.3. CAU TRUC NHIEM SAC THE

Tép hop chia tit ci vat lidu di truyén cé mét trong t& bao ddm bao
sy tén tai vd phén chia clia té bao dude goi 14 genome. T& bao
prokaryot khong c¢6 mang nhén nén genome tén tai trong t€ bao chat.
Ngude lai, hAu hét genome trong t& bao eukaryot phan bé trong nhan
cach bidt véi t& bao chat bdi mang nhan. Ngoai ra, mot phén rit nho
nhung quan trong ctia genome eukaryot phén b& trong cac bao quan
nhu ty thé, luc lap. Di sao, mdt trong nhiing diém gidng nhau giita hai
loai t& bao 12 genome (ADN) déu lién két véi protem de tao nén clu
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~ tridc khéng gian dac tha cho tiing loai t€ bao. Trong t€ bao prokaryot,
ADN nim trong cfu tric hach nhin (nucleoid), con trong t& bao
* eukaryot ADN ndm trong cfu tric sgi nhiém sdc (chromatin). Khi t&
" bao bu:dc vao phén chia (gidm nhiém hoic nguyén nhiém), cac sai
nhidm sic co diic lai va quan sat rd rang. Lic do, sdi nhiém séc duac
- goi 12 nhifm sdc thé. Kich thuéc cha nhifm séc thé va sgi nhidm sic
thay d8i rat 16n. Vi du, khi t& bao bude vao phan chia thi nhidm sic thé
nhé nhét clia ngudi co dac lai va ¢ chidu dai khoang 2um. Khi t& bao §
giai doan gian ky (t& bao khéng phan chia) thi nhidm séc thé dudi ra
dat dén chiéu dai khoang 14.000um. Ngoai ra, nong d6 ADN trong t&
bao rét cao. Vi dy, ndng d6 ADN trong t€ bao vi khuén vao khoang
10mg/ml, trong virus 16n hon (500mg/ml), hofic trong nhan t& bao
eukaryot khoang 100mg/ml. Trong thuc nghiém, khi ADN ton tai o
nhiing néng d6 16n nhu thé, ching tao nén dung dich ¢6 d6 nhét rat
cao. Vi vy, cAdu héi cdn bd ngd chua duge giai dap 12 trong té’ bao, bing
cach ndo ma protein tudng tac duge véi ADN khi ADN co nong dd dam
dic nhu vay.

1.3.1. Nhidm séc thé vi khuin ¢6 cau tric hach nhan (nucleoid)

Khoang 80% ADN cé mit trong t& bao vi khuéin duge phan bd trong
hach nhén (nucleoid). Hach nhén khong ¢6 mang nhin bao bgc. ADN
nim trong hach nhéan lién két véi protein d€ hinh thanh nén ciu trdc
" khéng gian dic thi. Mot s8 protein nhu HU ho#ic H, tham gia déng géi
ADN trong c#u tric hach nhan. Hach nhan c6 thé phin chia thanh
. khodng '50-100 ving khac nhau; mdi viing duge goi 12 mét “domain”.
Céy tric cha mét domain gdm khoang 40kb & dang sidu xodn. Cac
domain dinh két vdi nhau d nhiing doan ADN nhit dinh. Diéu &6 gidp
cho toan bd genome (hach nhén) ¢é cfu tric nhu mét béng hoa gém
50-100 canh dinh k&t véi nhau tai nhi hoa (Hinh 1.8). Su md xodn
cua mét canh (do dit giy hodie do phién ma térg hgp ARN) khéng lam
anh hudng dén chc einh khdc. Hai enzym ADN gyrase va ADN
topoisomerrase gid vai trd chinh cung ph01 hgp véi phice protein lam
nhiém vu tao c¢inh hoa cho ADN vi _khuan. Thuc nghiém da phat hién
dude it nhit 4 protein tham gia phitc ndy, trong 46 protein HU ¢6 ¢chitc
néng tuong ty nhu histone & t& bao eukaryot. Méc dii ¢6 cfu tric rat
khac véi histone nhung HU tao thanh 151 duge quén quanh bdi doan -
ADN khoang 60bp. Nhu vay, protein HU ¢6 chiic ning tudng tu histone
trong viéc quy dinh nghiém ngit cfu tric khéng gian cfia sgi nhidm sic
thé. Tuy nhién, ching ta chua xéac dinh dudge che 16i nay ¢6 phén bd déu
dan hay chi tap trung ta1 "nhi hoa™ nucleoid.
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Protein.

Hinh 1.3: M& hinh ¢du trac nucleoid 3 E.coli gdm 50-100 vong siéu xoén két dinh vai 1B
protein va sgi ARN. Khi cé dit gay xay ra 8 mét vang siéu xo04n, nhidm sic thé chi md
x03n cuc bd d viing nay {theo Snustad va Simmons, 2000).

1.3.2. Nhidm séc thé eukaryot gém cac vung di nhiém sac

(heterochromatln) va nhiém séc thuc (euchromatm)

Trong nhén t& bao eukaryot ADN lién két véi protein tao nén Sdl
nhidm sic. Céac soi nhidm séc cb clu tric xodn, g&p khic hinh thanh
cfu tric sgi truc. Khi t& bao & giai doan gian ky (khéng phén chia),
tiing soi nhidm sic rdt khé phan biét véi nhau. Tuy nhién, & giai doan
t& bao sép butdc vao phan chia thi s¢i nhifm sic co die lai. Lic d6
chiing dude goi 1a nhiém sic the vii dudng kinh khoang 30nm.

Quan sat dudi kinh hién vi chén tit cho théfy 8G1 nhidm séc gom
cac ving co dam déc hoic khﬂngJ €0 dsc xen k& lan nhau. Vang dam
diac duge goi 12 vung di nh;em sde (heterochromatm) Phén 16n
cac viang di nhlém séc hiu nhu khﬁng thay d6i ngay ca kh1 t& bao

“budc vao phﬁn chia; chung dm}c gm 13 vang di nhlém sic bao tha
(constitutive heterochromatm) Mét-s& vung di nhlém séc c6 thé xudt
hién mdi hodc bi€n m&t khi t& bio trai qua chg giai doan sinh trudng
biét hoa ching dudc goi. 1a vung di nhiém- séc bt én (facultatlve
heterochromatm) “Ving nhiém séc khong co dic duge goi 14 nhtem
sdec thuc (euchromatin). Nhiém séc thyc chi co'dac khi. t& bao chudn
bi phén chia. Trong giai doan gian ky, viing nhifm séc thyc phan bg
ral ric khip trong nhan. Hiu hét cic gen phédn b& trong viing nhiém
séc thyc trong khi cic doan ADN lap lai va mét s0 rit it gen (cac gen

nay & trang thai khong hoat djng) phan b6 trong viing di nhiém sfc

bao thi. Ngoai ra, ving di nhiém sic sao chép cham hon cac ving
nhi&m sée thuc trong qua trinh tai ban nhidm sfe thé. Dic biét, trao

d01 chéo hiu nhu khéng xay ra ¢ ving di nhiém sic gifia hai nhiém |

shc thé tuong déng.
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, Nhﬁng tinh chﬁt dép biét trén cta viing d1 nhiém sdc dude sinh
“hoc hién dai quan tam dén vao nhitng ndm cudi thap ky 20 th& ky XX.
Sy hinh thanh va duy tri cfu tric di nhidém sic phu thude vao mic 46
methyl hoa cia cytosine va histone, mic d§ khit acetyl cia histone.
Thue nghiém cho théy, khi khu bo cac nhém methyl trén phin ti ADN

“vi histonie thi viing di nhidém séc gifin ra va mot s6 gen phan bd trong
viing d6 ¢6 thé duge phisn ma.

Bing k¥ thuit 1am tiéu ban t& bao nhuom v6i chdt mau Giemsa,
chiing ta c6 thé quan sat duge nhiém séc the gdm céc bing c6 mau
nhudm & mic d6 khac nhau. Ching phan bd n&m ngang nhidm séc thé
va duge goi 14 cac bang G (G-bands). S8 lu(mg bang G ciing nhu d6
rong cla ting bang dic trung cho ting nhidm sic thé. Vi vay cac bing
G duge s dung trong phén biét kiéu nhan (karyotype) Piéu tha vi la
cAc vung ném gilta cac bing G ch thanh phan G-C 16n hdn so véi chinh
‘bang G. Vi du nht, nhiém sic thé déng vat ¢6 vd ¢6 thanh phin G-C
trung binh khoang 40%, trong d6 30% phan bd trong cic bang G con
khoang 65% phan bé trong viing nidm giiia cac bang. Tudng ty nhu &

ving nhidm sfc thite, hdu hét cac gen phan bd 6 vang nidm giiia céc
~ bing G (viing ¢6 mau rit nhat).

1.3.3. Tam déng (centromere) clia nhiém sac thé eukaryot

_ Trong qué trinh phén bao, cac s¢i vi ong tubulin kéo nhiém sic
thé v& hai cyc cha t€ bao. Mot ddu sgi vi 8ng duge cd dinh & trung thé,
dAu kia dinh.vao vi tri dic biét trén nhidm séc thé thong qua phiic
protein (I-Iinhl 4) .

BN Protem hen ket vdi Protem lign két voi
RN ADN tqn tam déng scl vi 6ng tubulin

Hinh 1.4: Tam déng gém trinh tu' nucleotlde c&n thiét cho U phan ly cha nh|ém sic thé
trong qua trinh phan bao. Phlc protein tudng tac vdi-tam ddng. Phdc nay lien két vai soi vi
&ng tubulin théng qua cac protein trung gian khac:
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Vi tri déc biét nay dude goi la tam déng ( centromere) Sut ¢6 méat
cha tdm dong 14 diéu kién tién quyét dé nhidm sdc thé phan ly chinh
xéc trong phan biao. Khi nhidm sic thé bi dit giy thanh hai phén, -
trong d6 mo6t phan chiia tdm dong, thi chi ¢6 phdn chda tim déng ton
tai trong cac t&€ bao con. Phin khéng c6 tAm ddng bi mit trong qua
trinh phin bao. Nht vay, mdi nhidm sfc.thé ¢hi cAn mét va duy nhat
mdt tim ddng ma thdi. Trong mot 8 truong hgp dot bién chuyén doan
khién cho mdt nhim sfc thé c6 hai tdm dong. Khi phén ly, chc sdi vi
éng dinh vao hai tdm dong c6 thé kéo nhidm sic thé theo hai hudng
khéc nhau giy dat gdy. Mat khac khi chuyén d8i vi tri cha tam dong
tit nhiém sdc thé nay sang nhiém séc thé khac thi qua trinh phén ly
cta nhidm sic thé véi tAm dong la vn khéng bi dnh hudng. Do 46,
trinh tu nucleotide tai tdm ddng dudng nhu chi lién quan dén nhiém
va dam béo phén ly chinh x4c cia nhidm sic thé.

Tam déng eukaryot don gidn nhat 14 tdm déng nhidm séc thé ndm
men S.cerevisiae chi gém 125bp. Tuy nhién, hdu hét cie tdm dong
eukaryot déu chita cac doan ADN lap lai lién ti&p. Vi du, & nim
S.pombe, & rudi gidm Drosophila, & thuc vat Arabidopsis, cac doan
ADN ngén lap lai nhiéu 14n tao thanh tdm d6ng tuong Gng véi chidu
dai khoang 40-100kb (S.pombe), 200kb (Dresophila) va 16n hon 500kb
(Arabidopsis). ‘

1.3.4. b4u mat (telomere) clia nhiém sic the eukaryot

Nhlem shc thé trong nhin té bio eukaryot ton tai ¢ dang thang
Hai d4u mmit nhidm sdc thé (con goi 1a telomere) bao gdm céac trinh tu
ADN lap lai va ¢é chita doan nucleotide 3 dang s¢i don; doan nay cé
kha néng hinh thanh cfu tric cép téc (hair loop). Telomere duge xem
nhu 12 cfu triic cln thidt dé ddm bao nguyén ven chidu dai cia nhiém
séc thé. Trong thuc nghiém, cac doan nhifm sic thé tao ra do bi dit
gdy vi mot tic dong bat ky c6'kha nang két hgp vdi nhau tao nén phén
ti méi. Tuy nhién trong t& bao, céfu trdc telomere ngdn can viéc ndi
ghép nhitng doan ADN b#t k¥ wvho hai dfu nhifm sfc thé. Thyc
nghiém da thiét ké thanh cﬁng plasmld dang thing c6 mang ddu muit
telomere cita nhidm sde thé Tetrahymna gidp cho plasmid tré nén bén
viing trong cac thé hé t& bao nim men trai qua nhiéu ldn phan chia.
Khi thidu cac telomere, plasmid dang thing bi diit giy nhanh chéng.

Telomere ¢é cdu tric tuong ty nhu nhau ¢ sinh vat eukaryot béc
thap;, bAc cao va d nguct. Telomere bao gdm 100-1000 doan ADN ngén
lip lai lién ti€p. Doan ADN ngén d6 ¢6 thé bidu dién duéi dang Cn(A
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;;-_'hoi_ic;_ T)m'chd moi co thé sinh vat eukaryot; trong d6 n>1 va m=1-4. S8
'l4n 14p lai chia Cn(A/T)m c6 thé ting hodic giam sau moi 14n phéan bao.
N6 ti€p ngay sau cic doan lap lai 14 mot chudi giau G-T 6 dang sdi don
“dai khoang 14-16 nucleotide. Chinh doan giau G-T dang s¢i don ¢6 kha

ning tao thanh céu tric cip téc bao vé ddu tan cing cha nhidm sie
thé (Hinh 1.5). Chiéu dai cia doan ADN nim trong cfu tric cap tée
khoang tit 5-10kb. Do ddu miit gém cac dogn ADN lap lai nén céc déu
miit ¢6 kha ning trao déi chéo khi hai nhidm sic thé tuong ddng tao
cip trong phén bao. D& tranh hidn tugng trao d6i chéo khong cén
khién mdt nhidm séc thé cb telomere dai ra va nhidm séc thé kia co
telomere ngin lai; t& bao ngin cAn trao d6i chéo bang cac protein
tuong tac véi telomere hoac bdi co ché sita chita ADN.

~ AG
T G

T G
WTTAGGG TTAGGG

S III||(IJ
wamwnm AATCCC AATCCC AATCC

Hinh 1.5: Doan nucleotide & dang sgi don tai ddu 3' clia telomere tao can voi doan bS
sung tach ra tir dang sgi ditp ndm ngay truéc d6. Sy tao cp ndy hinh thanh nén cAu tic
cap téc'd ddu tan cung cla nhiém sic thé. Phan ing tao c&p dugc xdc tac béi protain
TRF2 (theo Lewin, 2004).

Trong qué trinh tai ban nhiém sic thé, dau telomere duge duy tri
nhd enzym telomerase. Hoat tinh cta enzym khéng phat hién duge
trong cac t& bao da biét hoa. Vi mét 1y do nao d6 ma t& bao bude vao
phan chia nhung khéng ¢6 enzym telomerase thi ddu mut nhiém séc -
thé s& bi ngin din qua cac 1an phan bao. Do dau mut ngén nén nhiém
shc thé khong bén vilng, dé bi dut doan hodc chuyén doan. Vi thé,
trong L& bao ung thu (t& bao phan chia lién tuc) cac nhiém séc thé thay
d8i hinh dang va xu&t hién nhidu phén ti ADN la, ¢6 kich thudc nhd.

1.4. GENOME (HE GEN)

Genome chita toan bd thong tin di truyén dam bao hoat dong sdng
cho t& bac. Da s& genome vi khudn phéan b8 trén mét nhiém séc thé &
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"dang vong khép kin va c6 kich thude nhd so vil genome eukaryot.
Ngugce lai, phdn genome trong nhén t& bao eukaryot thudng rat 16n va
" phénbd trén cac nhidm sée thé dang thang. Théng tin di truyén khong
chi niim trong trinh ty nucleotide (genetic information) ma phuy thubdc
4t nhiéu vao ciu hinh khéng gian cia nhiém séc thé (di truyén ngoai
gen- epigenetic information). o : '
Nhitng théng tin di truyén lién quan dén tinh trang (gen), dén
trinh tu nucleotide dsc bidt, dén do dai cua cc doan ADN, dén vi tri
nhan biét cha enzym gidi han cit dac hiéu ADN, dén tinh da allen ...
dugc cac nha sinh hoc dua vao ban dé genome. Ban d6 ma khoang cach
gidia cac vi tri duge tinh bing don vi nucleotide duge xem 14 chinh xac
nhat. Ban 4 nay duge goi 1a ban db vat 1y (phisical map). Ngoai ra
¢dn ¢6 mot 8 loai ban @4 khéc. Vi dy, ban &4 di truyén (genetic map)
cho bift mai lién hé vé vi tri cha cic nhém gen vdi nhau hay cia cac
chi thi (markers) trén nhidm séc thé. Cac chi thi nay c6 thé 1a hinh
thai (bidu hién tinh trang), sy da ‘dang cua protein (protein
polymorphisms), da dang 49 dai chia cic doan gidi han (restriction
fragment length polymorphisms-RFLPs), da dgng do dai cac trinh ty
don gidn (simplé sequence length polymorphisms-SSLPs), hodc da
dang céc doan ADN duge khuéch dai nglu nhién (randomly amplified
polymorphic DNA-RAPD). Khodng cach giita céc vi tri trén ban dé di
truyén duge tinh bing cM (centiMorgan) dya vao tin sd trao ddi chéo.
Hai vi tri cang gAn nhau thi gita chiing cing khé xay ra trao d6i chéo
trong phan bao gidm nhiém. Tuy nhién, trac d6i chéo khéng xay ra
 nhu nhau & moi vi tri trén nhidm sdc thé nén don vi centiMorgan
khéng phan anh chinh xic khodng cch gifta cdc vi tri trén ban @6 di-
truyén. Trong thuc t€, sinh hoc phén tu k&t hop gita ban dd vat 1y va
ban d6 di truyén 48 bist chinh x4c khodng céch giita cac gen (tinh
trang), gifia cic chi thi phédn td lién quan d&n nhitng tinh trang eén
nghién citu. I ’ '

_ Genome khdng phai don thudn 12 tap hgp cha cic gen. Genome
caia vi kKhuin va sinh vat eukaryot bac thép thudng khong 16n v cac
gen phan bd sat nhau. HAu hét cic gen nay chi c¢6 mdt ban sao trong
~ genome va rét it bi gian doan bdi caec doan ADN khéng chlia mé di
truyén (intron). Ngugc lai, thanh phdn ADN chia cic gen chi chiém
mdt ty & rat nhd so véi todn bd genome trong t& bao eukaryot bic cao.
Céc gen trong t& bao eukaryot bac cao thuong chita nhiéu intron va
phan bd xa nhau. T nhing ném 70 th& ky XX, bang cAc thi nghiém
gy bao hoa dot bién, céc nha di truyén hoc 6 thé xac dinh dudge 88 gen
nim trén mot doan nhidm séc thé. Ngay nay céc k¥ thuat phén tich
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"ADN h1en dai (cac phép lai Southern, Northern, mlcroarray 3, cho
phép xac dinh s8 gen hoat dfng trong mét t& bao. Vi dy, & t&€ baio ndm
men (sinh vt eukaryot bic thap) c6 khodng 4000 gen hoat déng, con

~ t€bao ddng vét c6 vii khodng 10.000 - 15,000 gen. Nhu vay, néu dd dai

trung binh cia mét gen khoang 10000bp thi tdng s§ chiu dai cic gen

“ hoat d8ng trong mét t& bao eukaryot cling chi chi®ém 1-2% genome.
Hay néi cach khac chi mdt phdn rat nhé genome eukaryot mang thong
tin di truyén cén thiét mi cho protem tham g'za hoat ddng sdng cua t&

bdo. So sanh kich thude genome clia mét s loai gdn nhau trong bac

thang tién hoa (ttc 13 c6 d% phdc tap lodi tuong ty nhu nhau), ciing
nhu kich thudc genome ciia nhitng loai cach xa nhau (tic 12 ¢6 tinh
phic tap khac nhau) cho thdy: kich thuée genome khéng phai luén ty
1€ v4i tinh phic tap cta loai. Vi dy, genome ctia ngudi ¢6 kich thude
khoang 3,3x10%bp, trong khi dé genome cac loai ludng cu dai tudng tu
¢d 3,1x10°bp hoiie cha thuc vat cé thé dat dén 10"bp. C6 18 nao loai
ludng cut lai ¢6 tinh phiic tap nhu co thé ching ta ? Mt khae, ngay
trong cling mot lodi, chiing-ta cling nhan thiy sy mau thuin vé kich
thude genome. Vi dy, rudi séng trong nha (Musca domestica) c¢b
genome cd 8,6x10°bp, 10n.gdp 6 lan kich thudc genome rudi gidm

(D.melanogaster) v6i genome ¢ 1;4x10°bp. Ngoai ra, kich thude

genome ctia cac quin thé ludng cu thay d6i tit 10°bp dén 10"'bp (khéc
nhau gép 100 14n). V4n dé€ thu hit sy quan tdm cla sinh hoc hién dai

14 vi sao ngay trong ciing mét loai kich thudc genome lai bién thién

nhiéu nhu vay ?

K&t qua bude dau so sanh genome gitta cdc lodi sinh vAt vdi nhau

cho phép rat ra ba dic diém néi bat. Thit nhat 13 céc gen phén b§
khéng theo quy luat trong genome. Thé hai 1a kich thuée genome thay
doi khong ty 18 véi tinh phitc tap cha logi v cudi cung 1a s6 higng
nhi&m séc thé cung rit khac nhau ngay giita nhitng loai rat gin nhau.

~ Néu phin-tich chi tiét d6i v4i mft gen nhat dinh thi vi trf cac intron,

cac exon, cac doan ADN didu khién hoat dqng cha gen v.v... déu la
nhiing yéu t8 quan trong d8 so sanh tim ra méi quan hé g]ﬁa céc loai.
Ngoai ra, téng 88 gen néi- chung, s§ Iugng céc gen c6 nhleu ban sao’
trong genome, ty 18 chc logu ADN lap lai v thanh phin cla ching,
ciing nhu syt di chuyén cua cic gen ti genome riéng bidt ciia céc bao
quan (ty thé, luc lap) sang genome trong.nhan déu chiu 4nh hudng cha
thdi gian, déu phén 4nh qua trinh tién ho4 cla cac loai. Mt khac, aé
cé duge sy so sAnh chinh x4c hon, toan dién hon, cdn xét dén cfu tric
sdi chromatin, cau hinh khéng gian ba chléu cua nhidm séc thé ciing
" nhu cta toan b genome trong nhin.
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1.4.1. Genome cua té bao prokaryot (t& bao nhan sa) - _ -

Genome cha t& bao prokaryot thudng duge nghién cfu trén d6i
tugng vi khuén. Genome vi khuéin khéng 16n nén s8 lugng genome cha’
céc loai vi khuén duge xac dinh trinh tu¢ ngay cang nhidu. Nha dé céc
‘théng tin dit ligu vé ciu tric hé gen prokaryot, su phén b8 cic gen,
cach thitc kiém soat hoat déng cing nhu chic nang cua ching ngay
cang phong pht va trd nén rd rang. ‘ '

. Genome prokaryot ¢ kich thudc nhé hon rat nhiéu so véi genome
eukaryot. Ban canh nhidm séc thé chia phén 16n thong tin di truyén,
t& bao prokaryot con c6 nhiéu loai plasmid. Trude day, plasmid dudc
xem 13 nhitng phan t& ADN dang vong chia ‘cac gen khong quan
trong. Vi du, plasmid thudng mang gen lién quan dén tinh chong chiu
khéang sinh. Liic dé, t& bao vin c6 thé tén tai ngay khi thigu vAng cic
gen nay. Tuy nhién, khai niém plasmid dugc md rdng ra khi thue
nghiém tim thay mot s& t& bao prokaryot c6 chita phan tit ADN kich
~ thude nhd, d dang thing v mang cac gen tuong ty nhu plasmid dang
vong. Vi vay, plasmid duge hidu 12 nhitng doan ADN kich thudc nho
mang mot s& gen khong quyét dinh sy séng con ctia t& bao. Trong tu
nhién, mdt loai plasmid d61 khi ¢6 mat trong cac loai t&€ bao prokaryot
khac nhau. Mat khac, plasmid c6 kha ning bién nap ti loai t&€ bao
prokaryot nay sang loai khac. Vi viy, mic du co chita gen nhung
plasmid dudng nhu khéng duge xem 1a mét phén clia genome. o

~ Héu hét genome prokaryot nhé hon 5Mb (5.000.000 nucleotide) va
thudng duge phan bd trén mét nhiém sic thé dang vong. Mét s6 t& bao
. prokaryot c6 genome 12 phan td ADN dang thing. Dic biét, mot s&
genome prokaryot 13 phén ti ARN, hoic ké&t hgp ca hai loai ADN vi
' ARN. Ngoai ra, genome prokaryot ¢6'thé bao gdin cic gen phén bd trén
- che doan thing ADN, hoac trén ca hai loai phén ti ADN dang thing
. va dang véng: Vi du, nhiém she thé dang thing duge phat hign 1an dau
tién & Borrelia burgdorferi vao nam 1989. Nhidm séc thé nay dai
910kb gbm 853 gen. Bén canh d6, 1€ bao Borrelia burgdorferi con cd t6i
17 plasmid dang vong va dang théng véi tong chiéu dai 12 533kb lién
quan, téi 430 gen. Hau hét céc gen phén bd trén plasmid khéng quan
trong, chi c6 mot s8 it gen can thigt cho qua trinh tdng hgp purine va
protein mang t& bao. Do d6, trong téng 8 17 plasmid, mot vai plasmid
chita céc gen nay dude xem la mdt bd phin caa genome trong t& bao
Borrelia burgdorferi.

Mic di vi khuén duge xem la déi tugng dién hinh cho t& bao
prokaryot, virus ciing thu hat su quan tam dic biét béi ching giy ra
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nhﬁng bénh hiém ngheo cho d(“mg, thue vﬁt va ngucn Virus gﬁy tan t&
“bao vi khudn (thuc khudn thé) duge phat ‘hién diu tién vao nim
.1910. Ngay nay, rit nhiéu loai virus khéc nhau duge phén lap tit cac
-té' bao chil, hodc 13 t& bao vi khudn, hodc 14 t& bao eukaryot (dong,

thue vat va nguoil). Virus duge xem 12 sinh vat nhd bé nhéit ma con
ngudi biét.

Genome virus thudng duge bao boc bcn ldp v& protein. D61 véi mdt
80 virus dong vat, vé protein con duge bao phi bdi l6p mang lipid ¢6
ngudn gdc tit t& bao chi. Genome virus cé thé 14 phan tit ADN. hofc
ARN, hoiic bao gdm ca hai loai. ADN/ARN & dang sgi d6i hoac sgi don.
Do tinh chat phiic tap cua genome virus nén c6 thé phan loai virus dua
vao loar phén t# acid nuecleic c&u thanh nén genome (Hinh 1.6).
Genome virus khéng chita cic gen mé cho céac protein hodc ARNr cén
thiét cho bd may ribosome, ciing nhu khéng chiia cac gen lién quan
d&n con dudng téng hgp ning lugng. Virus ‘chi€m dung” tit t& bao chl
_tat cA nhiing gi ¢in thiét dé tang sinh tao ra cic the virus méi.

genorhe ADN ' genome ARN

Hinh 1.6: Phan loai virus xim nhlém t&' béo d@ng vat dua vio th&nh ph&n genome
v cach thire hinh thanh khudn dé phian M tac ARNm virus. .

Genome-c6 thé 1a phan tif ADN sgi kép hodc sdi dan. Sad khi virus xAm nh;ém vao 1€ bao
chil, denome cb th& dugc phién ma tryc 1i&p hotic dugc iam khudh dé tdng hop nén khudn
méi can.thidt 6& phién ma tao ARNm. Sgi ky hidu (-) la s 06 trinh. tu b6 sung voi trinh ty
trén phén i ARNm (theo Lodish va cs., 2000) ’

Qui trinh té.ng sinh ctia thu'c khuém the T4 khi xAm nhlém t& bao

- chu vi khuén duge nghlen cttu kha chi tigt. Thye khuin thé T4 bam
" trén bé mit t& bao vi khuén. Tlep dén genome T4 (ADN) duge tdng vao
trong t& bao vi k‘nuﬁm ¢on 18p vo protein & lai ben ngoél Dleu dang luu
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" ¥ 1a genome T4 c6 mot 88 cytosine gén nhém hydroxylmethyl CH,OH &
vi tri 8 (k¥ hidu 1a HMC-hydroxyl-methylgytossine). Hon nita, HMC
" con bi dudng hod (gén thém cAc dan xudt ctia glucose). Nhd d6, ADN
‘efia T4 tranh dude sy phdn hay bai chinh céac nuclease do T4 téng hap.
Nhiing nuclease nay tac déng 1én genome t& bao ‘chu.
Mét s8 virus c6 genome la phan-tit ARN. Ching dude goi chung
" 1a retrovirus. Vi dy, virus gay suy gidm midn dich (HIV-human
immunocdeficiency virus) bao gbm hai phén ti1 ARN gi6ng hét nhau va
enzym phidn mé nguge (enzym téng hop ADN, trén khudn ARN) duge
déng g6i trong 1dp vo protein.

1.4.2. Genome cua té bao eukaryot {t& bao nhan thuc)

Genome ciia t& bao eukaryot bao gom céc nhidm séc thé phan bd
trong nhan v ADN phén bd trong mot s bao quan nhut luc lap, ty thé.
Tuy nhién, do hdu hét s8 lugng ADN ciing nhu cic gen tap trung chu
" y&u trong nhan nén ADN (nhiém shc thé) phan b trong nhan dudc cac
nha sinh hoc quan tam rat nhidu.

Cac nhifm séc thé 13 cac phén tit ADN lién k&t véi protein. Ching
tén tai & dang théng. Khong c6 m&i Lién hé rang budc ndo gifia ba
théng s6 sinh hoc: 86 lugng nhidm sée thé, kich thude genome va tinh
phiic tap caa loai. Vi du, nfm men S. cerevisiae dudc xem 14 sinh vat
eukaryot bac thdp nhung lai c6 &6 luong nhidm séc thé nhidu gap 4 lan
rudi gifm D. melanogaster. Ngoai ra, kich thuéc genome ky nhéng ldn
g&p 30 14n genome cia ngudi nhung s& lugng nhidm sic thé chi bing
mét nia. Hon nila, mét s0 nhiém géc thé 6 kich thude rét nhoé (cic
nhidm séc thé mini) nhung c6 mat dd phan b3 cic gen rat cao. Vi
dy, genome ctia ga gdm 39 nhidm sc thé, trong d6 6 nhidm séc- thé
binh thudng-chiém 66% ADN nhung chi c6 25% céac gen phan b trén
6 nhidm sic thé d6. Ba mudi ba nhiém séc thé con lai déu 13 nhiém
séc thé mini chi€m 1/3 ADN va c6 t6i 75% cac gen. Nhitng so sanh 1y
thii nay cho th&y sy bi hiém giia ti€n hoé va cdu tric genome trong
céc sinh vt khac nhau ma hién tai sinh hoc chua tim ra cAu tra 1oi
thich dang. . o

Kich thuéc genome trong nhan eukaryot thay ddi t 12Mb (ndm
men S. cerevisiae) dén 120000Mb (thuc vat F. assyriaca). Genome bao
gdm thanh phan ADN khong liap 1ai va ADN lap lai. Phén 14n cac.gen
phén b& trong thanh phén ADN khong 14p lai va s§ lugng cha ching
téng cung vdi tinh phc tap cta loai. Tuy nhién, didu dic bist huu ¥ 1a
tinh phiic tap.khéng chi phu thude vao $6 Iugng gen ma con dude xac
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dinh bdi thanh phidn ADN lap lai. Vi vay, khéng phai luén ludn tén'tai
méi tuong quan ty 1& thufin gifia kich thuée genome va tinh phtc tap
cla lodi. Vi du, kich thudc genome ctia ngudi khodng 10°bp trong khi -
~genome mdt s§ lodi ludng cu hodic thyc vat c6 thé dat dén 10"'bp.
Genome cha ngudi di duge gidi ma hoadn toan (ndm 2001) bao ghm cac
thanh phin ADN duge trinh bay trén Hinh 1.7,

Genome ngudi

i 3000Mb )
Gen va cac . ' ADN nim ngoai
trinh ty c6 thé gen 2100Mb
14 gen 900Mb r . .
‘ ¥ - v 3
ADN mang || ADN khéng ADN l4p lai it ADN 1ap lai
mi di truyén | | mangmadi | | v2khonglip 420Mb
{exon) " truyén |- .13_11 168_0Mb .
90Mb 810Mb — l l
Intron, ADN lap lai ADN lap lai
o phin lién tiép phén bé rai
hin ditt khéng | | (ADN v¢ tinh, rac (LTRs,
phan ¢4 dich ma tidu vé tinh,  SINEs,
doan cua ' vi vé tinh) " LINEs,
gen ‘Pseudogene |~ ° ) transposon

Hinh 1.7: Cac loal ;ADN trong genome ngudi (theo Brown, 2001).

1.4.3. Methyl hoa ADN trong genome eukary.dt

Ban than ADN trong genome eukaryot chiu cac bién ddi do gén
thém cAc nhém chitc khac nhau. Vi dy, hién tugng methyl hoa cytosine
hodic adenine. Nhilng thay d6i nay ¢6 tinh dic tha cho timg ving
nhidm sic thé, tac dpng d&n cdu tric khéng gian chia s¢i nhiém séc va
tham‘gia kiém soat hoat déng clia cac gen. Nhiing dic thi cfu hinh
riéng cta ting viing nhidm sic thé duge di truyén cho thé hé sau. Sai
léch trong cfu trie khong gian cla soi nhidm sic ¢6 thé lam xuft hién
tinh trang méi ngay khi trinh ty nucleotide khong sai hong. Do dé
phan t& ADN c¢6 chita hai dang thong tin: théng tin di truyén (genetic
information) quyét dinh bdi trinh ty nucleotide va thong tin ngoai
gen (epigenetic information) quyét dinh bdi tinh phite tap vé c&u

L
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‘hinh khéng gian clia genome. Hién tugng methyl ho# xay ra'vdi ca
ADN prokaryot va eukaryot. Tuy nhién methyl hoa ADN 8 prokaryot
duge xem nhu 13 mét cd ch& bio vé genome, trong khi & eukaryot,
methyl hod déng vai tré quan trong trong dang théng tin thi hai, Do
chinh 13 mét trong cac co ché kiém soat hién tugng danh ddu ADN
ADNA zmprmtmg) tdc 14 tinh trang cua gen dugc biéu hién phu
thude vao ngudn géc di truyén tit bd hay me. Cén luu § “DNA -
imprinting” hoan toan khac véi di truyén theo gidi tinh.

Met.hyl hoa ADN c¢6 § nghia dic biét ddi véi hoat dong cua gen
eukaryot nh&t 1a cac gen trong qua trinh phat trién hinh thanh cé
thé. Phan {ing methyl hod xay ra & nhiing vi tri d4c hiéu. Khoang 2-7%

_ ADN 6 t& bao dong vat bi methyl hoa. HAu hét nhém methyl dude tim
thiy & cytosine (C) phan bd trong cip nucleotide CpG. Ty 1& cytosine bi
methyl hoa thay ddi r&t khac nhau gidia céc loai. Hiu nhu khéng phat
hién duge cytosine bi methyl hod ¢ ndm men S.cerevisiae. Khoang 10%
cytosine bi methyl hoa d ddng vat cé xuong séng va 30% 4 thuc vat.
Chi dén nim cudi ciing cia thap kv 20 thé& ky XX mdi khang dinh duge
¢6 hién tugng methyl hoa ADN 6 Drosophila. Tuy nhién, chi ¢6 khoang
0,4% toan b hé gen rudi gidm bi methyl hoa. Hon nila, cytosine gin
gdc methyl ndm trong cdu tric CpT va CpA chit khong phai trong trat
tu. CpG (nhu d6i vdi dong vat bac cao). Dic bidt & thuc vat bac cao,
hién phén ing methyl hoa c6 thé xdy ra véi cytosine trong moi céu
tric CpG, CpNpG va CpNpN, trong d6 N = A, T hoéc C.

Khi dua che gen bi methyl ho4, hogc bi khit methyl vao genome t8
bao nhan (thi nghiém chuyén gen) thi chi nhitng gen khéng ¢6 nhém
methyl méi hoat dong. Mit khae, ving ADN khéng ¢6 nhém methyl
thudng tring véi viing ¢b cic vi tri nhay cam ADNase. Thyc nghiém
nhan th&y rat nhiu gen khi dang p}nen ma tong hop ARN déu khong
¢6 nhém methyl & viing chita promoter va exon thi nhit (ddu 5", mic
di céc exon ti€p sau va phia ddu 3' ¢6 ch®a nhém nay. RS rang methyl
ho# c6 tac dung ngin can gen hoat ddng. Nguge lai, néu khit nhém nay
thi gen lai dugc hoat hoa. Do dé dé phan bidt véi CpG bi methyl hod,
" chc ciip CpG khéng ¢ géc methyl, p di lap lai nhiéu 14n 8 phia trude
~ ddu 5' cha gen khoang 1-2kb duge goi 14 cum CpG (CpG island).
Khodng 56% cac gen trong genome ngudi duge phan bd gan vdi cum
CpG. Nhiing gen hoat dong trong moi Joai t& bao (goi 12 gen quan gia-
housekeepmg genes) déu c6 cum CpG khong bi methyl hoa. Tuy nhién,
ddi véi cée gen dic hidu (chi hoat dong trong t8 chic chuyén biét) thi
phan {ng methyl hoid cum CpG cla ching duge kiém soat chit ché.
Cum nay khong bi methyl hoa trong t& bao cAn dén san phidm clia gen

L] . . .
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_phung lai bi gin gbc methyl trong nhing t& bao ma gen khéng bidu
hién. Nhu vay dé mét gen hoat dong, ngoai viée xudt hién cac vi tri
" nhay cdm véi nuclease ghn promoter, ADN & viing chita gen cin bi khi
nhém methyl. Khi dua ADN d4 bi methy] hoa vao t& bao, né tidp tue bi
methyl hoa khéng ngiing qua mdi 14n nhan déi ADN. Ngude lai, néu
- dua ADN khong ¢6 nhom methyl vao t& bao, ching khdng bi methyl
hoé sau mbi 14n tai ban. RS rang, methyl hod cytosine 1 co ché& kiém
* soat tidu cuc hoat dong ciia gen. Tuy nhién, cAn Iuu ¥ mdt s8 gen dac
biét vin duge phién ma ngay khi vang diéu khién (vi du nhu promoter)
6 chita nhém methyl, D614 do vang diéu khién cia gen duge nhan’
bidt dic hiéu bdi protein hoat hoA ma protein nay chi tuong tac véi
' ADN théng qua nhém methyl 6 cytosine. . i
. Phan Gng gdn nhém methyl vao cytosine duge xdc tac bdi cac
" enzym methyltransferase. C6 thé phan biét cdc enzym nay thanh 2
nhom, Nhém thit nhét 1am nhiém vy duy tri gbc methyl 8 nhitng vi tri
¢ytosine trén sgi don ADN vua duge téng hgp trong qué trinh tai ban
ADN. Viée gin gdc methyl méi nay dya vao nhém mCpG trén sgdi
khuén. Ching duge goi chung la céc enzym duy tri nhém methyl
_{maintenance methyltransferase).- Nhom thit hai gém cac enzym Xvc
tac phan dng gén gdc methyl vao vi tri cytosine trén phan ti ADN ma
vi tri naty trude d6 khong cé nhém methyl. Vi du, gén nhém methyl vao -
‘cum CpG 4 promoter khi cdn kim ham hoat déng cia gen. Ngodi ra,
qua trinh methyl hoa cytosine trong trat ty CpNpG, hoiic CpNpN doi
héi protein va cdc phan ti ARN kich thudc ngin (20-25 nucleotide) dé -
nhan bist nhitng eytosine d6. Nha d6, cflu tric sgi nhiém séc ciing nhu
hoat ddng cha gen bi thay d6i. Enzym demethylase }Jam nhidm vy khid
nhém methyl § ADN chua duge tim théy trong t& bao dong vat. Két
qua nghién ciu gin day (2002-2005) cho thiy mdt 86 enzym tham gia
_ slia chita ADN ¢é lién quan’ dén -viée loai bd cytosine, mang nhém
methyl. Lie 46, doan ADN chita "C bi loai di va thay th€ béi cytosine
khéng mang nhém methyl. R T
1.5. ADN TRONG CAC BAO QUAN CUA TE BAO EUKARYOT -

Dé&i véi t& bao eukaryot, ADN khong chi phin bd trong nhin ma
cdn cb mit & cac bio quan ty thé va hic lap. ADN phén bé trong bao
quan cén duge goi 18 ADN ngoai.nhén (extranuclear genome). Tuy
nhién, ADN ngoai nhan khéng déng nghia véi ADN tén tai trong t&
bao chigt (vi du, mét s& plasmid tdn tai trong t€ bao chét). ADN cla
bao quan chita cAc gen mé cho cic san phim cin thi€t cho bao quan.

L
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ADN bao quan khong tudn thi dinh luat Mendel khi phén ly trong

phén bao giam nhidm hoac nguyén nhiém. Vi dy, trong quéa trinh thu
" tinh, t& bao triing chi tiép nhan genome don boi ma héu nhy khéng
ti6p nhan t& bao chét ti tinh tring. Do d6, phéi chi cb ty thé cha me
ma khong ti€p nhan vat héu di truyén ngoai nhén ctaa bs. Day 1a hién
tugng di truyén theo me ( maternal inheritance). Ngoai ra, trong phan
bao nguyén nhiém, sy phin chia khong ddng déu cac ty thé v& hai t€&
bio con cb thé xdy ra ngau nthién. Day 14 sy phan ly khong Mendel hay
con goi 1a sy phén ly sinh dufng {(somatic segregation). Do diéu kién

moi trugng 6 bao quan, va nhan khac nhau nén trong qua trinh tién
" ho#, ADN & bao quan c6 nhiing &iém khac biét so véi ADN trong nhén.
Vi du, ¢o ché thi ban oiia ADN bao guan khac biét so vdi ADN trong
nhan, do d6 ty 1& sai bt trong téi ban cling khac nhau. Thue nghiém
da ching minh trong t& bao dong vat cé vi, ADN ty thd dot bién
nhanh hon nhiéu so véi ADN trong nhan. Nguge lai, trong t& bao thye
vat, ADN ty thé lai 4gt bién cham hon so vdi ADN nhén.

‘Hiu hét phan tit ADN trong cac bao quan & dang mach vong. Tuy
nhién ciing ¢6 mdt s8 trudng hdp, chis yéu & sinh vat eukaryot bac
thip, ADN trong bao quan c6 thé tdn tai 8 ca hai dang mach vong va
mach thdng. Vi dy, phén tii ADN trong ty thé cua Paramecium,
Chlamydomonas va mbt s0 loai nim men tudn huon 1a sgi ADN mach
thing. _ B : '

M5i t& bao thutng c6 chia nhidu ty thé hoae lyc lap. Hon nita, mdi
bao quan cb thé c6 chita nhiéu phan 21 ADN. Do d6, s6 higng ADN ty
thé (ADNmt) hoac ADN luc lap (ADNcp) c6 thé dat d&n hang nghin
ban sao trong mdt t& bao. Vi dy, mét t€ bao ngudi c6 té 800 ty thé, mdi
"ty thé c6 khoang 10 phén ti ADNmt, nhu vy mdt t& bao cb dén 8000
. phan ti ADNmt. T& bao tring cua ddng vt ¢6 v ¢6 chita tdi 10° ban
sa0 caa ADNmt. Mot cach tudng @, 58 lugng. Ipe lap trong mbi t& bao
thuc vat thay doi tit 20-40, mdi luc lap ¢6 chita s lugng tudng tu (20-
40) phan tit ADNep. & thuc vat bac thip, s& Iugng luc lap trong mot té&
bao ciing nhu s6 lugng ADNep trong mét lyc lap 16n hon so v t& bao
thyc vat bac cao. Vi dy, vi tao- Chlamydomonas chita khoang 1000
phan t& ADN luc lap trong mét té bao. Ngoai ra, kich thuée phan tu
ADN & bae quan khong ty 18 véi tinh phttc tap cta ca thé. Kich thude
phén tit ADNmt c6 thé thay d4éi vt rong tit 16-17kb & dong vat cb
xucng sbng dén 2500kb & mot s6 thue vat ¢6 hoa. Kich thude ADNcp &
thue vat thay déi tit 200kb & thye vat béc thap dén 140kb & thuce vat
béc cao.
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Do kich thuée nhé hon nhiéu so véi genome trong nhan hén ADN
8 céc bao quan chita s8 lugng gen it han va céc gen phan bé sit nhau -
' hon (khodng cach giita hai gen r4t nhd, tham chi chi vai nucleotide).
- Phén ti ADNmt hay ADNcp chita nhiing gen mé cho protein thuc hién
chitc nang chuyen hoé dac tha cha ty thé hay luc lap. Ngoai ra ADN
~ trong ty thé va luc lap cdn chtia gen ma cho ARNr, ARNt va protein
ribosome dung riéng cho bao quan.

1.5.1. ADN ty thé

Trinh tu nucleotide ctia ADN ty thé (ADNmt) & mét s sinh vat da
duge xac dinh. K&t qua nay gitp ching ta hiu 8 hon c&u tric va sip
xé’p téc gen trén phan tit ADN cha bao quan. O ddng vat cé xuong
séng, ADNmt ¢ kich thude nhé gdm céc gen khéng ¢6 intron va hau
nhu khong ¢6 khoang tréng giita cac gen. Vi du, ADNmt ciia nguoi gdm
16.659bp tuong dng véi 37 gen, trong d6 22 gen méa cho cic phan td
ARNt, 13 gen ma cho céc polypeptide lién quan dén phan ing oxy ho4
khit. 3 ndm men, ADNmt cé kich thuée 16n hon so véi dong vat
(78.000bp) do mdt s6 gen co intron va khoang céch gifta cac gen kha
16n. ADNmt ndm men ¢6 it nhat 33 gen, trong s6 nay ¢6 2 gen ma cho

"ARNr, 23 gen ma cho ARNt, 1 gen ma cho protein ribosome va 7 gen
ma cho polypeptide tham gia phan ng oxy hoa khii. Dic bidt, ADNmt
cha thye vat c6 kich thude 16n nhat va ciu tric phie tap da dang nhit.
Trinh t4 ADNmt cha Marchantia polymorpha, thyc vat nguyén thuy
khéng c6 hé mao dan, dd dugc xac dinh hoan toan. Day 1a phin td
mach vong c6 kich thude 186kb tudng iing véi 94 khung doc md (ORFs).

. _Trong s8 94 ORFs nay, thuc nghiém méi xéc dinh dude mdt s8 gen ma

88 lugng intron cha mét gen 1&n dén 32. D6i vdi thue vat ¢6 hé mach,
'ADNmt con 16n hon nhigu. Vi dy, ¢ ngé hay dua h&u, ADNmt tuong
{ing véi 570kb.va 300kb. O cac loai thie vat bac cao, cac gen c6 thé
phén b& & vi tri khac nhau trén phén ti ADNmt mic dii sdn phim clia
gen ¢6 ciing mét chiic ning trong té bao.

1.5.2. ADN Iuc lap

Thue vat c6 ba 10a1 luc lap khac nhau tuy thuoc vao hgp chat ma
chiing ¢6 nhu tinh bot, cAc she t8 hodic cic chit béo. Ca ba loai nay déu-
¢6 chita phan tit ADN (ADNcp) véi kich thude thay déi tit 85 dén 292kb
4 téo va 120 dén 160kb & thue vat bac cao. Dic biét & mot s thuc vat
nhu tdo xanh Acetabularia, ADNep lén dén 2000kb. Phan ti ADNcp
cia mot s8 thye vat da duge xac chnh trinh ty nucleotlde Luc lap
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thude 14 Nicotiana tobacum ¢6 ADNcp gom 155844bp tudng {ing véi
khoang 150 gen. : o :

' 86 lugng phéan ti ADNcp trong mbi t& bao phuy thude vao s8 luc
lap trong mdt t& bao vi s& ADNep trong mbi luc lap. Vi-dy, t& bao tdo
don bao Chlamydomonas reinhardtii chi c6 mét luc lap chiia khoang
100 phan t& ADNcp. S6 gen phén bd trén ADNcp bao gém gen ma cho
ARNr, ARNt, protein ribosome va mbt s polypeptide tham gia phan
{ng quang hgp, hip thu ning lugng anh sang mait trdi.

1.6. KHAI NIEM GEN

Khéi niém diu tién vé gen duge hinh thanh dua vao két qua thi
nghiém, trudc hét 1a cac thi nghiém di truyén ¢6 dién cha Mendel
G.Johann (ndm 1865). T phép lai gifia cac cdy dhu cé nhiing tinh
trang khac nhau va theo d&i sy di truyén caa ching, Mendel di dua ra
k&t luan méi tinh trang dude quyét dinh bdi chc allen cha mot gen. Mot
gen cb thé c6 nhidu allen eling quy dinh mét tinh trang. T8 hgp ciia hai
allen quy dinh mie 46 bidu hién cua tinh trang d6. Tiép theo, véi mdt
loat cac thi nghiém ti&n hanh trén rudi gidm Drosophile, Morgan,
T.Hunt va cong sy (nam 1909) da nhan thiy mdt s6 tinh trang dudc
quydt dinh khong phai do céc allen clia mdt gen ma do nhiéu gen. Diéu
quan trong hon nila, dya vao tAn s& trao déi chéo gidia hai nhim sdc -
'thé tudng déng trong qua trinh phan bao giam nhiém (meiosis),
Morgan c¢6 thé 1ap duge ban 46 di truyén (genetic map) cho phép xac
_ dinh vi tri cha gen trén nhiém sc thé. Hai gen cang gan nhau thi tan
s6 trao d6i chéo gilta ching cang nhé. Trén thyc t&, ban 6 di truyén
~ cho biét vi tri cha nhitng gen lién quan d6n cac tinh trang, hodc cac dbt
bin ma khoang cich gilta chiing duge tinh biing tin sb trao d6i chéo
{cM). Tuy nhién, trao a8i chéo khong xay ra nhu nhau & moi vi tri trén
sgi nhidm séc thé khién cho khoang céch giifa céc vi tri trén ban d6 di
truyén khong phai ltic nao cling ty 18 véi tén s6 trao d6i chéo.

 Trudc nim. 1940, vi tri cac gen trén nhidm sic thé duge xem nhu
_ che hat cudm trong mot chudi. Trao d8i chéo duge xem la chi xay ra
gifta cac gen ma khong thé x3y ra trong mdt gen. Vi vay, céc nha di
truyén hoc bude ddu tién 44 két luén s6 b riing gen 12 don vi di truyén
nhd nhat ¢6 thé bi dot bién va mot gen quy dinh mdt tinh trang va trao
ddi chéo khong thé xdy ra trong mdt gen. Nhut vay hai tinh trang
khong gidng nhau c6 thé phén bigt duge thi phai do it nhit hai gen
khéc nhau quy dinh. R3 rang, khai mém vé gen ban ddu nay chi cho
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: phép xac dinh méi tuong quan theo kidu mdt d6t bién - mét tinh trang -

'mbt gen.

. Trong thye té&, viée xéc dinh tAn s& trao d6i chéo @€ tim ra mdi
- lién hé giita hai gen gip rat nhiéu khé khin do phal sang loc céc ca

"thé’ ¢6 trao d8i chéo tit sO lugng rat 1dn cic ca thé & thé hé con chau
* qua cac phép lai khac nhau. Mit khac, mét tinh trang cé thé duge

*quy dinh bdi cac gen riéng biét. Nhuge diém nay dugc khéc phyc nho

_ thi nghiém bé trg chiic ning (complementation tests). Vi dy, khi két
hdp cac t& bao ndm men Neurospora dang don bgi bi dot bién.cé cung
mdt bidu hién 13 mat kha ndng moc trén mdi trudng thidu histidine,
chc nha di truyén nhén duge mdt s& t& bao ludng boi cb thé phuc hoi
kha ning sinh s6i trén mdi trudng khong c6 histidine. Két qua phép
lai giita cac dong t€ bao ddt bién cho phép xac dinh tinh trang nay
lién quan dén hai gen khac nhau trong con dudng sinh téng hop
histidine. Dua vao tin sd trao dm chéo, cAc gen nay cé vi tri phén b&
& nhitng diém khéac nhau trén ban 48 di truyén. Nhu vay, thi nghlem
bé trg chitc ning cho phép phan bigt tiing gen trong nhém gen cung
quy dinh mot tinh trang.

Céc nghién cdu tiép theo do cac nha’ di truyén Clarence P. Oliver
va Melvin M. Green thuc hién trén rudi gifm da phat hién thay trao
déi chéo c6 thé x4y ra ngay trong mét gen. Dic bigt nhd vao viée kham
phéa ra ciu tric ADN, Yanofsky C. va cdng sy 14n dau tién da dua ra
bing chiing rd rang vé trao déi chéo xay ra gitta cac nucleotide cua mét
gen khi nghlen ciu gen ma cho enzym tong hop" tryptophan g E.coli.
* Nho.céc k&t qua dic biét quan trong trén ma khai niém vé gen da duge
hoan thién hon. Lic nay gen duge xem 13 mét doan nucleotide mang
ma di truyen cho céc acid amin ctia mdt sgi peptide. Tt khai niém ban
déu cho rang, mm gen 13 mét hat cudm cha mot chubi (chudi dé chinh
12 mét nhidm séc thé trong genome) va trao d8i chéo eiing nhu dét bién
‘chi xay ra gita cac hat cudm thi cac nha di truyen hoc da tim duge méi
- 1ién hé tuyé€n tinh gilta cic ma di truyén bod ba cia mdt gen véi trat ty
acid amin trén sgi polypeptide.

- Khéam phéa ra ma di truyén bd ba (triplet codon) dudc cong bé vio
nhu:ng nam dau thap ky 60 thé ky XX khi chudi polyU duge st dung dé
t&ng hdp in vitro chudi peptld polyphenylalanine. Ba nucleotide UUU
12 mdt ma di truyén cha mdt acid amin phenylalanine. Nhu vay, té
“hgp cua bén loai nucleotide (A, C, G, T) sé tao ra 64 ma bd ba, trong do
61 ma 12 clia 20 acid amin. 3 ma con lai (stop codon) dung dé két thic
qué trinh tong hdp protein. S§ ma bd ba nhiéu hon s8 acid amin nén ¢6
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‘hién tugng nhiéu mi bo ba ma cho cing mét acid amin. Hién tugng
nay duge goi 14 thodi hod ma. Vi du, alanine duge ma bdi 4 ma GCN
trong d6 N=A, C, G, T. Ngoai ra, trong mft s8 truong hgp hi€m gip &
vi khu&n E.coli, ma ding UGA duge dich ma cho acid amin
selenocysteine ho#c mé ditng UAG duge dich ma cho pyrrolysine. Day
13 céc acid amin khéng nim trong s 20 acid amin da biét. Phén ti
ARNm mé cho cac protein cd chiia selenocysteine thudng ¢6 cfu tric
khéng gian SECIS (selenocysteme insertion sequence) khién cho bd
may téng hop protein nhén bi€t ma UGA khéng phai 13 stop codon.
Csu tric SECIS thudng gip trong ving chita ma di truyén déi véi
ARNm vi khudn nhung lai hay phén b trong viing 8' khéng dich ma
cia ARNm eukaryot. ‘

M4 di truyén bd ba hiu nhu khéng thay d6i va thong dung tit vi
khuén dén cac sinh vat eukaryot béc cao. Hién tugng sai léch cia mi
xay ra khéng nhidu. Vi du, 8 déng vat nguyén bao (mycoplasma), mé
dimg UGA duge quy dinh cho tryptophan. Sai léch ma bd ba xay ra cé
tinh hé thong véi ciec gen cua ty thé. Tuy nhién, do ma di truyén cé
tinh chét thoai hod nén khéng phéi tat cA cic mi cia mot acid amin cb
tan sudt s dung nhu nhau ngay trong mét loai va gita cac loai. Vidy,
¢6 6 ma bd ba cho mét acid amin arginine, trong dé ma CQU duge vi
khugn st dung nhiéu nhit (0,42), duge sit dung rét it (0,09) 8 ngudi.

— El , 11 E2 Iz E3

' IPSng_th ARN
El . E2 . E3 -
o A ARNm-1
EL e __Es

Hinh 1.8: Phién mé & gen eukaryot.

Qua trinh Ia chon, cit cac intron (1) va ni cac exon (E) theo céc th(r ty khac nhau 48 tao
ra cac phan tf ARNm chi ging nhau & mét s6 exon (E1 va E3). Chung mé& cho hai chudi
polypeptide ¢6 chiic ning khéc nhau trong t&€ bao. : :

Nhiing nghién ctu trén gen eukaryot da v&p phai nhitng vudng
méc khong thé giai thich theo khai niém vé gen da néu ¢ trén. Vi du,
ma di truyén trén gen eukaryot khéng ndm k& ti€p nhau lién tuc nhu 3
gen vi khugn. Nhitng ma d6 bi ngét doan bdi nhiing trinh tyf khéng
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-chita ma. Cac doan chita ma duge goi la exon, doan khéng chita ma
dudc goi 14 intron (Hinh 1.8). Hon nita, mét 56 dét bién nim trong
ving khéng chita ma di truyén nhutng cd thé gdy anh hudng dén tinh
trang. Mot s6 gen khéng mé cho sdn phdm protein ma chi phién ma
thanh cac sgi ARN. Dét bién & nhitng gen d6 ciing giy tac dong dén
tinh trang do cic gen khac quy dinh. Vi vy, ti cac khal niém vé gen
duge hinh thanh va thay ddi dan dé phit hgp véi cac két qua thi
nghiém, sinh hoc phan tt ngay nay dinh nghla mét gen nhu sau: Gen
la mét doan ADN cédn thiét cho sy téng hop mét polypeptide c6
hoat tinh, hodc mét phdan tiz ARN lién quan d’en hoat déng cia
té bao. Nhu vay, mot gen khﬁng phai chi bao gém ving chda ma di
truyén (codon region) ma cén gdm cac doan ADN (cac ving ADN diéu
khién (regulatory elements), cén thiét cho vige phién ma. Mt khae, c6
nhiing doan ADN ¢6 cdu tric hay trinh tu nucleotide rit gibng gen
nhLIng chung khéng duge phién mé, hofic khéng bidu hién chite nang gi
nén chiing khéng thé duge xem 1a gen.

C6 rat nhiéu cdu hoi tha vi dude dit ra nhu cfu tric chung cha
cic gen trong genome proKaryot va eukaryot khac nhau nhu thé nao?
Céac intron cua gen eukaryot c¢é nhiém vu g1‘7 Téng s6 cac gen cta co
thé chi€m bao nhidu phén tram kich thudc cha genome? Cé bao nhidu
gen hoat dong chuyén biét trong médt loai t&€ bio? 6 bao nhiéu .gen
hoat dong trong nhidu loai t& bao bidt hoa khie nhau? C6 pha1 tat ca
céc gen déu can thiét cho su tén tai cla t& bao bdi vi mdt s8 gen bi dbt
bién khéng giy ra thay d8i trong hoat déng sbng cha t& bao. Phai
ching nhiing gen d6 chi lidn quan d&n phan ung linh hoat ctia ¢g thé
trong diéu kién séng bién thién khéng ngimg? D& c6 thé phén nao tra
161 duge nhitng cdu hdi trén, ching ta cb thé st dung k¥ thuat xac dinh
trinh ty genome d8 tim ¥a cac khung doc mé ORF, tic 14 cic trinh tu
c6 kha nang phién ma. Ngoai ra, chiing ta. ¢6 thé phan tich tat ci cac
loai ARN caa céc gen hoat déng trong tiing loai t& bao, tite 12 hudng
nghién cu franseriptome, hay- phan tich tit ca cac protem cd mat -
trong t& bao, huéng nghién ctu proteome. Tuy nhién, diéu cdn chi ¥
1a: do nhiéu loai ARNm eukaryot c6 thé duge hinh thanh nhé p}nen ma

tit mbt gen v trai qua cit ndi luan phién (trmh bay chi tiét & chuong
2) cho nén s6 luqng ARN c6 thé nhidu hon s6 ludng gen trong genome.
Hon niila, mot s8 gen mi cho multiprotein nén s& lugng protein nhidu

hon s6 gen.
1.6.1. Cac gen trong genome vi khudn
Vi khuén séng ky sinh trbng t&€ bao chi déu ¢6 kich thude genome
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"nhé hon 1,5Mb. Chiing c6 s6 lugng gen it nhit do da cit gidm bot
nhitng gen ma cho c4c san phim chuyén hoa chat dinh dudng. Nhiing
chat nay do t& bao chl cung cdp. Vi dy, ky sinh 'tm‘mg don bao
Mycoplasma genitalium duge xem nhu 14 sinh vat ¢ genome nhé nhit -
va c6 s8 ludng gen t&i thidu cin thidt dé duy tri sy séng. So sanh s&
lugng gen phan bd trong nhﬁng genome ¢d kich thudc nhé nhit nhu
M. genitalium, M. pneumoniae cha phép danh gia duge sd lugng gen
t8i thifu cén thift dé duy tri sy sbng cho cd thé don gian nhit.
- M. genitalium cé 4170 gen va M. pneumoniae c6 679 gen. So sanh cac
- gen va chdc ndng cta chiing & hai loai vi khuén nay cho phép ude tinh
80 gen t&1 thiu cAn ¢6 dé duy tri sy s6ng 1 256 gen. Tuy nhién nhd ky
thuat di truyén phén ti giy dot bién dinh hudng chinh x4ac tiing gen,

thuc nghiém da xac dinh réng it nhét cin c6 300 gen dé dam bao su
' s6ng cho vi sinh vit don gian nhat. '

Cac vi khudn ¢8 duge xem nhu 14 dang tén tai trung gian gilta
prokaryot va eukaryot. Vi du, M. janaschiii phin bao tudng tyu nhu
prokaryot nhung bd may kiém soat hoat ddng clia céc gen “vn hanh”
gidng nhu trong t& bao eukaryot. Tuy nhién, kich thudc genome ciing
nhit s8 lugng gen trong t& bao vi khuﬁn cd khc’mg nhiéu hon so véi vi
khuén. Kich thude genome vi khuin b thay d01 tir 1,56-3Mb, tudng Ung
véi sO gen tir 1500-2700 gene. :

Vi khuéin chiu nhiét (thermophlle) Agquyfex aeolicus duge xem 1a vi
sinh vat tdn tal trong ty nhién cé klch thude genome nhd nhit 1,5Mb
véi 86 lugng gen can thiét 13 1512 gen. Vi khudn Gram () dlen hinh
Haemoph;lus mﬂuenzae c6 1743 gen. Do d6, chung ta ¢6 thé xem 1500
gen 13 56 lu(}ng gen t51 thiu cdn ¢ déi véi vi khudn tén tai trong tu
nhidn. Mgt s6 vi khudn c6 kich thudc genome va s§ Tugng gen 16n
tudng ty nhu n&m men (eukaryot béc thap). Vi du, vi khuén S. meliloti,
hotic M.loti sng ¢6ng sinh cd dinh nitd trong ré ciy 6 genome 16n hon

7Mb va ¢6 khoang han 6000 gen. Day 12 nhiing vi khuén c6 genome va
s& lugng gen 1dn nhit. -

E.coli duge nghién ciu “chi tidt nhé.t va duge xem la dé1 tugng mé
hinh cta di truyén, hoa sinh va _smh hoc phén ti. Genome E.coli- gom
4.639.221bp véi 4288 trinh tu ¢é cée dgc tinh ciu tric cua gen ma cho
protein (putative protein coding sequences). Mot phan ba s6 trinh ty
nay da dude xac dinh la cac gen trong khi 38% chua hét dude chiic
ning. Cac trinh ty nucleotide duge gia dinh 14 gen nhung chua biét
~ san phdm protein ma chiing ma cho thi duge goi chung 13 khung doc
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md (open reading frame-ORFs). Mot khung. doc mé thudng bat ddu bdi
~bd ba mé di truyén cho methynonine (start codon) va két thic bdi mot
trong s6 ba mé ding tdng hgp protein (stop codon).

K&t qua so sanh trinh tu nucleotide etia toan bd genome E.coli vii
céc trinh ty ADN luu trit trong ngan hs‘mg dit liéu cho phép phat hién
6 gen mdi md cho ARNE, 12 gen liénr quan dén sinh téng hop va lap rap
" roi (flagella) ciing nhu 2 gen méa cho cac enzym tham gia vio con
dudng phan hiy cae hop chat hitu co vong. R& rang viéc so sanh trinh
i genome gitta E.coli va cic sinh vat prokaryot khac dic biét ¢6 ¥
nghia trong viéc x4c dinh cic gen méi ciing nhu chite nang cla ching.
Ngoai ra, khi so sanh s8 lugng gen tham gia vio mét quéa trinh sinh
hoc 6 cée vi khuéin khéc nhau cho phép dénh gi4 s§ lugng gen t8i thidu

cin thiét cho qua trinh d6.'Vi du, qua trinh trao déi chat lidn quan dén
~ khoang 243 gen & E.coli, 112 gen & Haemophilus influenzae nhung chi
cin dén 31 gen & Mycoplasma genitalium. Ngoai ra, viéc so sanh céc
gen gidng va khac nhau gitia cac vi khuin c6 quan hé gén giii trong
tién hoa déc biét cé y nghia dé xac dinh nhiing gen riéng biét cta tirng
loai, tife 12 nhiing gen chi thi ding dé phan biét loai nay véi loai kia.
Vi dy, trong s& 470 gen c6 & M. genitalium thi 350 gen cling ton tai 3
Bacillus subtilis. Nhu vay chi c6 120 gen tao nén su khac biét giiia hai
loai vi khudn nay. Tuy nhién, nhiing nghién ctu vé cich thic hoat
ddng ciia cac gen riéng biét nay, chite nang cua tiing san pham protein
ma gen mi cho, ciing nhu cac qua trinh hoa sinh ma ching tham gia
chua dua dén két luan rd rang vé vai trd cla 120 gen dac thu cho
M. genitalium. ' : - ‘
- Mac du 6 kich thuéc nhd hon nhiu so véi genome eukaryot,
nhung genome prokaryot ¢6 mat d¢ phén b céc gen cao hon. Khoang
85-90% genome chita ¢ac gen. Nhu vay s6 doan ADN khéng chita ma di
truyén it hon, téc 14 khoéng cach giita cdc gen ngin hon, Vi duy, khodng
cach trung binh giita hai gen & E.coli 14 118bp. Céc gen va ORFs chiém _
87,8%; cac gen ma cho ARNs chigm 0,8%; con théanh phin ADN l3p lai
khong chita gen chi chi€m: c6 0,7%. Mit khéc hdu hét cac gen &
prokaryot déu ton tai don ban (single-copy gen) va cac gen khong bi
gidn doan bdi nhitng doan khéng chita ma di truyén (cac intron).

Trong genome prokaryot, mét s& gen phén b8 canh nhau va chiu

su diéu khién chung cua mét promoter, tic la ching duge phidn ma
sang cung mét phéan tit ARNm. Cdu tric nay dudge goi 14 operon. Nhu

" vAy mdt operon gom hai hay nhiéu gen nim canh nhau trén mét doan
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~ nhidm séc thé. Thong thutng d6 1a cac gen cing tham gia vio mdt.con
dudng chuyén hoa, vi du, cic gen ma cho cac enzym cn thiét cho qué-
* trinh chuyén hoa glucose. ' o B
. Do cb chung promoter diéu khién cho moi gen nam trong mdt
operom; chi ¢6 mot loai phén tit ARNm dude téng hgp tit mdt operon
(mang théng tin di truyén caa tat ¢4 cic gen ndm trong d6). Néi cach
‘khéc, qué trinh phién ma cla cic gen trong mdt operon xay ra dbéng
thdi va phan td ARNm dic trung cho operon duge goi la ARNm-
polycistronic. Tuy nhién diéu cén ghi nhd 13, qua trinh dich ma trén
phén ti ARNm-polycistronic xay ra hoan toan doc 1ap voi nhau. Moi
doan tudng ting véi mot gen trén phan ti nay déu c6 vi tri bam cua
. ribosome, ¢6 ma bit ddu va két thde tdng hgp chudi polypeptide riéng
bist. Do d6 tdc dd tong hgp céc protein trén mdt phin td ARNm
polycistronic hoén toan _khéc nhau (Hinh 1.9). -

P ter (P) Operon '
romoter
B I Ot N N

Gen 1l Gen 2 Gen 3

lPhién mé tao ARN théng tin (ARNm)

5 /M 3
Phén ti ARNm-polyeistronic

' l Dich m# téng hop protein xay ra riéng biét

() T SISV

Proteinl  Protein2 ~ Protein3
b)
Protein2 °
()
Protein 1 Protein 2 .

" Hinh 1.9: C#u tric-operon trong genome vi khudn.

Qué trinh phién ma xay ra ddng thai, tao phan 1 ARNm-polycistronic nhung qua trinh dich

mé x3y ra hoan toan dc lap. Tat ca cac gen (a) hodic timg gen (b) hodic mét s& gen (c)

trén phan' tir ARNm-polycistronic dudc dich ma theo yéu' cu clia t8 bao. (Vi tf +1 chi
" nucleotide déu tién durc phien ma sang phén tit ARNm; P- promoter). ' '

1.6.2. Cac gen trong genome virus

~ Khi virus xam nhidm t& bao chi chi cb gehome cua virus duge dua
vio bén trong t& bao chli. T& bao cha ¢é thé trai qua hai trang thai,
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*“ho#ic bi v3, hodic genome bj chén thém genome cua virus. Dol véi trang
" thai ddu tién (goi la trang thai sinh tan), genome virus dugc phién ma,
"',tal bdn va tao ra cac thé virus méi. Lic d6 t& bao chu bi tan vi céc
virus mdi giai phéng ra ngoai méi trugng. D61 véi trang thai thd hai .
(trang thai tiém tan), genome virus sé chén vao genome t& bao chu; do
' 46 c6 thé di truyén cho céc t€ bao con. Trang thai tiém tan- cd thé
chuyén d8i thanh sinh tan trong nhiing diéu kién thich hgp.

A . ' > ADN

lphien mé

5" = - + 3' ARNm-1

5’ - 3’ ARNm-2

l Dich mi
B ARARAARS
Protein 2
Protein 1 N
B

Hinh 1.10: Hai protem dudc mé bdi mbt doan ADN duy nhat do hai khung doc ndm gdi
18n nhau (A) ho3c do khung doc clia gen tht'! hai n&m trong khung doc clia gen this nhat {8).

Qué trinh sinh tan lién quan dén hai nhém gen cia virus. Nhém

_cac gen hoat déng ngay sau khi virus vita xdm nhiém vio t& bao chu

va nhém gen hoat ddng ti€p theo sau khi genome virus bt ddu tai
ban. Hai nhém nay dude goi- 13 nhém gen sém (early genes) va nhém
gen mudn (late genes) Nhém gen sém ma cho céc nuclease phin huy
ADN cta vi khufn va céc protein 1am nhidém vu dc ché hoat tinh cta
ADN polymerase, ARN polymerase vi mot s protein cta t& bao chi.
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Déc biét mot s& protein ctia nhém gen sdm cb chiic niing bién d6i ARN
polymerase cta vi khudn khién cho enzym nay khéng nhan biét duge
promoter ciia gen vi khuén. Vi thé hoat ddng ctia che gen vi khuén bi
_kim ham. Hon th&, ARN polymerase ctia vi khuén tiép tuc bi bién déi

de ngufng phién mé clc gen sdm nhung nhan b1et promoter ciia cic gen
mudn cua virus. .

Genome ctia thyc khuén thé $X174 13 mdt phan t& ADN sgi don
dang vong gom 5386 nucleotide. Thute nghiém cho thiy genome $X174
mi cho 11 protein véi t8ng s6 2300 acid amin. Tuy nhién, toan bd
genome $X174 chi c6 thé tuong ting véi 1795 miA bd ba khi moi
nucleotide déu tham gia cac ma (6386 nucleotide/3 nucleotide cia mdt
ma =1795 ma bd ba). Do d6, s6 mi by ba cta toan bd genome ¢X174
khéng da cho 2300 acid amin. Thuc nghiém d chiing minh sy thiéu
hut nay 14 do hai gen nam géi 1én nhau (overlapping genes), hoic do
gen nay nam trong gen kia (genes-within-genes). Hién tugng hai gen
ndm £6i 18n nhau va gen ndm trong gen déu lién quan dén mot doan
ADN c¢6 hai khung doc (ORF) léch nhau, méi khung tudng ting v mot -
protein (Hinh 1.10). -

1.6.3. Cac gen tron‘.g Q'enome eukaryot

Mot trong nhitng.sai khéc cd ban trong ciu tric gen gifia sinh vat
prokaryot va eukaryot 1a hlen tugng gen bi gian doan (interupted
gene). Hién tugng ndy dude kham pha 14n dau tién nam 1977 va duge
tim th&y phd bién & mei sinh vat eukaryot. Sau dé hién tugng ndy -
ciing dude phét hign & mét s8 thyc khuén thé (bacteriophage). Khi so
sanh trinh tu nucleotide trén mot gen vit phan td ARNm dudge phién
mé tif gen d6, cic nha-khoa hoc phat hién th&y gen c6 chia nhing
doan khéng mang ma di truyen Nhiing doan nay khong tim thay
trong phan td ARNm duge st dung lam khudn a8 tong hgp protein,.
Ching dudgce goi 14 cac intron. Nhu vy bén canh viée chita mang ma di
truyén (goi 1a exon), da s8 cac gen eukaryot con chita cic intron. Céc
intron dugc phién mi sang phén tlt tién thin ARN nhung tidp do
ching bi cét ra khéi phan ti2 ARN. Do céc intron khéng mang ma di
truyen nén dot bién x4y ra trén ching thudng khong duge bidu hién &
cAu tric cua chudi polypeptlde Tuy nhlen mot 86 d6t bién xay ra &
intron cb the ngén edn phan dng cht b6 intron, do d6é tao nén phan ti
ARNm sai hdng khéng sit dung duge dé dich ma téng hop protein.

() sinh vat bac cao, cac gen ma cho protem hay ciac ARNt, ARNr
hau nhu déu bi gidn doan. D¢ dai trung binh cha exon khoang 200bp
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trong khi cfia intron c6 thé 16n hon 10kb hodc tham chi dat t6i 50-
60kb. Ngoai ra, hién tugng cac gen nim gol 1én nhau (overlapping
_ genes) rit hiém xay ra 6 ADN nim trong nhén te bao eukaryot. Hién

" tugng nay hay gdp trong genome prokaryot va v6i gen phén bd trong
cac bie quan ctia t& bao eukaryot.

Kich thudc genome prokaryot thudng ty 1& thuén véi 86 lugng gen
phin bé trong genome. Sy tdn tai cla céc intron kich thudc rét 16n so
v4i exon da phan nao khién cho sy ty 1& thuan dé bi mét di. Thyc t&
cho thdy sinh vat eukaryot bac cao ¢6 s6 lugng gen 16n hdn so vél
eukaryot bac thdp nhung su tang 56 gen khéng ty 1& vdi sy thng bat
thudng kich thude genome. N&m men S.pombe va S.cerevisice duge
xem 13 co thé dan bao eukaryot don glan nhit c6 86 gen khoang 5000-
6000 gen. Nhu vay, sd gen cuaa nidm men khéng nhiéu hon cua vi
khuén c¢dng sinh nhung kich thude genome nidm men’ tang gén gép 2
lan (12,5-13MDb). Diéu tha vi la chi khodng 5% céc gen cua S.cerevisiae
trong "khi 43% gen cua S.pombe, chita intron. Piéu khd 1y giai hon niia
12 rudi gifm D.melanogaster duge xem 12 sinh vat phic tap hdn giun
tron C.elegans trong ti€n hod, nhu:ng s6 ligng gen cua rudi gidm.
(13 600 gen) chi chiém khoang 70% cua giun tron (18.500 gen), méc da
rudi gifm c6 genome 16n hon. Thuc vat bic cao nhu Ita cé khoang 8000
gen khong xu#t hién & prokaryot hofic déng vat co vi. Duong nhu -
nhiing gen nay dam bao chitc ning déic hiéu cho thye vat nhu qua
trinh quang haop.

Bén canh viée xuét hién intron lam tang kich thudc gen eukaryot,
kich thudc chudi peptlde cung ting lén tit prokaryot dén cukaryot.
Chubi peptide d vi khuén ¢6 va E.coli ¢6 kich thudc trung binh khoang
270-300 acid amin, ¢ nAm men 8. cerevisiae va giun tron C.elegans
khoang 440-480 acid amin. 86 lugng protein cé kich thude 16n (500
acid amin) rat hi®m & prokaryot nhung chiém dén 1/3 téng s& protein @
eukaryot. Ngodi-ra, khoang cach gilia cic gen khac nhau ciing tao
nén sy tang kich thudec genome trong khi s& lugng gen khéng thay
d8i. Céc gen prokaryot phan bd rat gin nhau, tham chi chi cach nhau
1 nucleotide. Tuy nhién, cac gen eukaryot phéin b xa nhau tit vai kb
dén hang chuc kb. Nhiing trinh ty nidm gﬂa cac gen thudng lién
quan dén cac cd che klém soat hoat dong caa gen (trinh bay ch1 t1é't
trong chlmng 2). :

Phan tng cit néi. 1ntron exon xay ra le chc loai ARNm, ARNr va
ARNt clia t& bao eukaryot. Dé tao ra phén ti ARN hoan thién, viéc cit
bd intron, ndi cac exon tudn theo ,._n_li{h}g quy l_u_at nghidm ngit va
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. chinhkég' dé d3m béo thi ty cha ching. D& véi da 86 cac gen
- eukaryot, céc exon tit phan ti ARN tién thén dugc néi véi nhau tao
*."nén phan ti ARN hodn chinh. Hiém trudng hop ndi cic exon cla cic
. phér td ARNm khéc nhau. Didu dang lua ¥ véi ADN cua ty thé va luc
. lap, intron ‘cda gen nay c6 thé 13 exon ctia ‘gen khic va san phém
" protein cia hai gen d6 6 chic nang hoan toan doc lap. Ngoai ra, mot '
- g8 gen dugc phién mé tao phéin tit ARNm nhung ching khéng dudc
~ dich ma. Nhiing phén % ARNm nay vin trdi qua phan dng cht ndi
intron-exon tao nén phén ti ARN hoan chinh. Tuy nhién, phan tl
ARN nay tiép tuc duge phin huy thanh cic phan tit ARN kich thudc -
nhé 21-25 nucleotide (micro RNAs — miRNAs). Céc phan ti miRNAs
tham gia vao nhiéu qua trinh kiém soat hoat déng cha mét sb gen
trong genome, chll yéu & qua trinh sau phién mé. Trong co ché& kiém
soat nay, miRNAs lam nhiém vy nhén bi€t ARNm cua mot s6 gen
khéc dé phan hiy cdc ARNm nay. Déy la mét cd ché kiém soat hoat
dong cha gen sau phién mé dude phat hién vao nhiing ndm cud thap
ky 20 thé ky XX.

1.7. PHAN LOAI GEN _

(6 thé phéan loai gen thy theo s6 lugng ban sao cla gen cd mit
trong genome, hodic theo chiic niing cla cac san phim do gen ma hoa.
Khoang mdt nita cic gen dé hi&t trong genome dfng vat cb xuong stng
dbu c6 che ban sao gidng hét hode tuong tu (s6 ban copy 6 thé tit 2 dén
20). Khoéng 1/4 s§ gen ma cho protein 1a céc gen don, ban (single copy’
gene), khéng tén tai ban sao thd hai. Céc gen cb trinh tu nucleotide va

'~ chic nang tuong dong b th x&p vao ho gen. Ngodi ra con, c6 nhing

~ trinh ty nucleotide gitng véi mét gen d3 bist nhung trinh tu d6 khong
duge phién mé hodc khéng duge dich ma. Ching dqi_jc goi 1a gid gen
(pseudogen). Mot s8 gen gbm nhiéu ban sao gifng hét nhau 13p di lap

~ 1ai lién tuc trén mét vang nhidm séc thé (tandem repeat genes). Vi du
nhu, gen ma cho ARNr, / Nt, histone vv... ‘Nhu viy, cac gen eukaryot
ch _thé phén thanh céac logi chinh nhu sau: gen don ban (single-copy),
cée. gen thupc mdt ho gen (family genes), gen lap di lap lai lién tuc
.(tandem repeated genes) va cAc gen gia (pseudogen).

1.7.1. Cac gen trong cing mét ho gen

Céc gen hinh thanh tit mdt gen t& tién ban dAu duge x&p vao mot
ho gen. Céc ban sao trong ho gen khong bt bude phai gidng nhau
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. hoan _to‘fm do trong qua trinh tién hoa ching chiu nhiing d8t bi&n nhu

o " thém, mét, thay th€ hogc chuyén doan cac nucleotide. Céc gen trong

cung mot-ho c6 thé phan bd tap trung thémh mdt nhém (tren mot

- nhidm sic the) hoc phén tan trong genome (trén cic nhidm shc thé
' . khac nhau). 84n phim cha céc thanh vién trong mét ho ¢6 chiic nang

* gifng hét nhau hoic c6 lién quan dén nhau. Tuy nhién cac gen nay
thudng hoat dong & nhiing thdi diém nh4t dinh va trong cic loai t& bao
biét hoa khac nhau. Khi mét thanh vién trong ho gen bi bit hoat,
thanh vién khéac c¢é thé duge hoat hoa thay thé mac da binh thudng
thanh vién thit hai khéng hoat dong cling véi gen ban d4u. Hién tugng .~
t3n tai nhidu ban sao giéng hodc tusng ty clla mdt gen c6 thé gay ra do
sai léch trong trao d8i chéo giita hai nhiém séc thé tuong déng trong
phan bao gidm nhiém (meiosis). Diéu d6 1am cho mot nhidm sic thé c6
86 Iugng ban copy téng 1én trong khi nhidm séc thé kia c6 sd lugng
gidm di (Hinh 1.11).

Nhiém.séc thé 1

_ Nhibm sdc thd 2 .
o lTrao déi chéo
—ll———- Nhifm sdcth§ 1

’ ———n—_— Nhidm sfic thé 2

Hinh 1.11: Sai léch trong trao d8i chéo giita hai nhidm sic thé (mGi nhidm sic thé cé hai
ban sao cia mét gen) khign mdt nhlérn séc thé chi mang mdt ban sao trong khi nhiém séc
thé th(r hai Mang ba bén sa0. : _

Cac gen globm cha ngum 19. vi d1,1 dién ]:Linh v8 mot ho gen. TE bao
trong ¢o thé trudng ‘thanh c6 globm ton tai d dang tetramer gém hai
chudi polypept1de a v3 chubi B. T& bae. méu ctia phéi ciing chida globin
& dang tetramer nhung gém hai chuc'n tudng ty o va tudng ty B. Cac
gen ma cho chudi a va chudi tusng ty o déu t_huqc mdt ho gen trong
khi cac gen ma cho chudi B va chudi tuong tu B thude ho gen khéac. Hai
ho gen nim trén hai nhifm séc thé khac nhau. Ho gen globin a chiém
28kb trén nhidm sic thé 16, gdm 4 gen £, ul, a2 va 0. San phim caa
hai gen al, &2 giéng hét nhau. Ho gen globin: # chi€m 50kb trén
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nhidm sic thé 11 gdm 5 gen hoat dong (e, Gy, Ay, 8, P) va*‘modt
. pseudogen yp. San pham cua hai gen Ay va Gy ¢hi khae nhau duy
nhit ¢ mot acid amin tai vi tri 136 (Glicine va Alanine). Hoat ddng cta
_cac gen trong hai ho gen o va 8 phai duge phéi hgp dong théi sao cho
88 lugng hai loai polypeptide duge tac ra mét cach tuong dbng vdi nhau
v& mit s8 lugng. Ngoai ra, trong méi ho con ¢6 mét s6 thanh vién khac
mi san phim cha ching 461 khi- vAn duge si dung. Céac chudi
~ polypeptide lién két véi nhau tao ra cac dang globm khéng glong nhau
va dugc sit dung 8 nhitng giai doan phat trién khac nhau clia cd thé
: (Bang 1.2).

Béng 1.2: Cac dang globin thay d&i trong qua trinh phat trién & ngudi

Giai doan phat trién Hemoglobin

M5 phoi (8 tuan) £2e2, E22, ule2
Thai nhi (3-9 thang) o2y2
'Co thé trudng thanh (t khisinh) | a252 (~ 2%), 02p 2 (~07%), a2y2 (~1%).

_ Bén canh ho gen mi cho globin tap trung tai hai ving trén nhiém
sic thé 11 va 16, ho gen ma cho aldolase dugc xem 1a vi du dién hinh
- vé su phan bd rai rac cia mot ho gen trén eéc nhidm sic thé khac
‘nhau. Ho gen nay gdm 5 gen thanh vién phin bé trén 5 nhiém séc thé
3, 9, 10, 16 va 17. M#c du phan tan trong khép genome, cic gen nay cb
dg tudng déng rét cao vé trinh ty nucleotide cing nhu trinh ty acid
amin tudng Ung

1.7.2. Gen Iap di lap lal lién tuc

Trong mdt s& trudng hdp cé blet 80 hIqmg Cac thanh vién trong ho
gen rit I6n va chiing ¢ trinh ty nucleotide gxﬁng hét nhau. Cac thanh
vién caa ho gen thuong tap hdp thanh cée nh6m phén bd trén céc
nhiém sdc thé khac nhau. Mdi nhém ¢6 thé bao gdm tit hai dén hémg
tram gen, gen no néi tifp gen kia. Viéc 1ap &i lap lai lén- tlep cac ban'
sao cha mdt gen trén mot doan ADN (tren mét vang nhiém sic thé) c6
thé nhdm muc dich dap ting nhanh, d& s lugng rit 16n san phim cia
‘gen khi t& bao y&u cdu. Vi du, cén dap ing klp thdi cc phan td ARN
ribosome cho giai doan sinh trudng nhanh (tng hgp protein), hodc cic
loai protein histone cho qua trinh tai ban ADN. 88 lugng céc gen ma
‘¢cho ARNr thay d6i tit 7 & E.coli, 100- 200 & eukaryot bac thip dén vai
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‘tram 0. dong vét bac cao. Trong nhan t& bao eukaryot hAu hét cie gen
ma cho ARNr tap trung thanh tu!ng nhém chi€m mét viing trén nhiém
séc thé (ving ADNr). ARNr gém céc loai chinh ARNr-5S, ARNr-5,88,
ARNr-18S va ARNr-288 (tudng Ung vdi hai tiéu phan nhd va lén cua
ribosome). Phan ti ARNr-58 duge ma bdi gen riéng biét va duge tong
hdp bdi ARN polymerase I1I. Genome ctia nguoi ¢6 chia khoang 2000

_ gen ma cho ARNr 58. Tt ca cac gen nay déu tap trung trén mét vang
¢tia nhidm sfc thé 56 1. Ba loai ARNr 5,85, 188 va 288 dudge téng hdp
tif mot gen boi ARN polymerase I (Hinh 1.12).

Mét dan vi phién ma tudng \'ing vdi mdt phan ti tién thain ARNr
188 585 288 ' 188 585 288 '

Vang ADN (ITS) ndm gilta cie doan nucleotide
mi cho.cac ARNr khac nhau duge phién mé sang
phan tit tién than nhung sau d6 sé& bi ciit di.

Hmh 1.12: M&t don vi phién ma {mdt gen ma cho ARNr) mang thong tin di truyén cho ba
loai phan ti ARNr 188, 5,88 va 28S. Gen nay dugc 1ap di 1ap lai lién tuc, Khoang cach
gilfa cac gen thay ddi tuy theo timg loai sinh vat.

Hinh 1.12 bidu didn ciu trac }ap lai lién tiép clia gen ma cho ARN
ribosome. Phan ti tién than ARNr duge phién mi tif gen, sau dé bi cit
bdi cac ribonuclease tao thanh cic phan tit ARNr 188, 5,83 va 28S.
Poan nucleotide nim gifta cac phan tit ARN nay s& bi phan hay. Méi
mdt gen mé cho ARNr duge goi 14 mét don vi phién ma. Cac don wi
phién ma gidng hét nhau va lap lai lién tidp, khodng cach gitia ching
thay df;i tuy theo loai, tham chi ngay trong cling mét loai. Genome g
ngudi cb khoang 280 ban sao cua gen ma cho ba loai ARNr, tap trung
thanh 5 ving (mbi vung ¢6 td 50- 70 ban copy), phan b6 trén 5 nhiém

she thé 13, 14, 15, 21 va 22. 0] dong vat ¢6 vii, mdi gen thudng chiém
13kb, ndm céch nhau khoang 30kh. Khoang cach nay cé vai trd trong
khéi ddng qua trinh téng hap ARNr hodc gitip cho ARN polymerase dé
dang bam vao promoter: .

. Gen 'ma cho protein histone cling ton tai nhléu ban sao 1ép lai lién
tiép trong genome. Protein histone tham gia lién k&t véi ADN dé hinh
thanh cdu tric nucleosome. Cé bén 10__2;11 histone khéc nhau H,A, H,B,
H, va H, tudng téc véi nhau tao cfu tric 15i. Ldi nay duge quin quanh
bdi doan ADN 146bp tao thanh nucleosome. Histone H, lién két véi
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ADN niim giiia cic nucleosome. Histone chiém khoéng 0,5-1% téng $0
protein ctia t€ bao eukaryot. Viée téng hop protein nay xdy ra trong
" sudt 1/3 chu ky t& bao (5 pha ). Tuy nhién phén td ARNm histone c6

théi gian ban séng ngin (vai phit). C6 18 vi 1y do d6, ¢ rét nhiéu gen

ma cho histone (50-500) phan b3 thanh cAc nhém trén nhiém sic thé.

Chiing nim néi ti€p nhau, mdi nhém chiém khodng 5-6kb (8 dbng vat
¢6 xuong s6ng) (Hinh 1.13). Ciing gidng nhu nhém gen ma cho ARNr,
khoang cach gidia cAc gen trong cing mdt nhém va khoang cach gilia
chc nhém thay d8i tit loai ndy sang loai khéc, tham chi thay d6i ngay
trong ting ch thé. : _

Nhoém gen 1ap lai
N - — 1
H, H, H,B H; H,A ;| , H.A

Hinh 1.43: Ban dé phan bd cac gen mé cho histone & Cau gai (A) va & Rudi giam (B). M&i
nhém dugc 1ap di 1 lai trén mat viing nhidm sic thé. Chigu t8ng hop ARNm cho moi logi
histone khang gidng nhau (chiéu mdi tén), ‘ching t3 ngay trong Mt nhém, cac gen hoat
déng doc 1ap nhau. ' ' . .

Cé thé phan biét chc gen ma cho histone thanh hai nhém. Nhom
gen thi? nhét gbm che gen ma cho histone dung trong qué trinh tai ban
ADN. Nhém gen nity khong c6 intron va phén tif ARNm phién ma tit
‘chting khéng c6 dudi polyA. Pay 1a diéu khac biét véi cac ARNm
_eukaryot. Nhom gen thithai gbm nhiing gen ma cho histone tham gia
vao qua trinh bién ddi cfu trde khong gian cia nhidm sic thé (lién
quan d&n théng tin di truyén ngogi sinh). Céc gen thugc nhém nay cbd
chita intron va phin tit ARNm tudng {ng 6 gan dubi polyA.

'_1 .7.3. Pseudogen (gen gia) | |

Moi thanh vién trong mét ho gen déu c6'thé hoat déng thy thude
trang thai t& bao. Tuy nhién c6 nhiing thanh vién ma khéng bao gid
phat higén dugc san phdm cha ching mac du ching gitng hét hoac c6
trinh tu nucleotide tudng ddng rat cac véi cic thanh vién khac. Nhiing
gen d6 duge goi 1a cac Pseudogen (tam dich 13 cac gen gia, thudng Ky
hidu 13 ). ' _ :
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Pseudogen khéng tao duge sin phém cusi cung 14 protein, méc du
. chiing c6 thé dugc phién mi téng hop ARNm. C&u triic pseudogen cé
* thé chi gbm toan exon, hodc gém céc exon va intron, ho#c ¢é trinh tu
nucleotide ging hét hay tuong td cic gen hoat déng khac nhung
khéng ¢6 promoter. Thye nghiém cho thay dét bién da X4y ra d cac
pseudogen khién qué trinh phién m3 khéng thé khéi dong dugé, hoje
* khién qua trinh tdng hgp ARNm dung khong diing chd, hodc ngiin can
phan @ng ¢t néi intron-exon tao phén t& ARNm. Tham chi ngay khi
phin tit ARNm duge tao ra, né di chia cic tin hiéu lam diing qua
trinh t6ng hgp protein sém hon cin thidt, '
Hiu hét cac ho gen ddu cé cac pseudogen, mic di véi sé lugng rat
nhé. Cac gen nay cé thé xust hién do sai l&ch trong trao d6i chéo gitia
cic allen cia hai nhidm sdc thé tuong dong. Theo thdi gian, cac dot
 bién thém, bét, chuyén doan hogc thay thé nucleotide ngay cang tich
tu trén cac pseudogen. Ngoai ra khéng thé logi trit kha nang enzym
reverse transcriptase tong hgp phan td ADN irén khuén méu cac
~ ARNm va céc ban sao ADN nay dude ghép vao genome. Do dé,
pseudogen thudng khéng c6 promoter, khéng chita intron,

1.8. THANH PHAN ADN KHONG CHUA GEN TRONG GENOME

Nhu di trinh bay trong phin genome vi gen, ching ta biét ring
h&u hét genome prokaryot chita cac gen don ban. Diéu nay ¢6 nghia,
déc diém c@a genome prokaryot 1a bao gém chd y&u cac doan ADN
khéng lap lai. Nguge lai, tong s6 gen eukaryot ké ¢4 intron chifm mbt
phén rat nhd trong genome. Hon nita, khong phai cac gen phan b&
mét cich déu din trong genome. C6 nhitng ving réng (~ 500kb) trén
nhiém sic thé khéng chia mot gen nao. Hon 20% genome cta ngudi
la nhi@ng viilng ADN khéng chita gen. Cau héi thua vi dét'ra 1a ADN
khéng chita gen ¢6 dic diém va chite nang nhu thé& nao trong genome,
trong tién hoa? . = ' ‘

 "Dac dié?lm cla nhitng viing ADN khong c6 gen la chita nhitng trinh
td nucleotide lap lai. Chiing c6 thé lip lai lign tuc trén mét ving
nhiém sdc thé, hosic phéan bé rai rac khép trong genome. Chiéu dai cla
doan 1&p lai ¢6 thé chi tit 1-2 nucleotide d&n vai kb, Di#c biét mét sd
doan ADN liplai c6 kha nang di chuyén tit vi tri ndy sang vi tri khac,
'Cht’mg duge goi chung la transposon. Transposon ed kha nang di
chuyén dgc lap va duge xem 13 §.dang hoat déng (active). 88 lugng
transposon ¢ dang hoat dgng rit it trong genome. Tuy nhién, ¢ lugng
céc trinh ty tudng ddng véi dang hoat ddng chiém ty 18 r4t 16n; hau hét
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chiing khéng ¢6 kha nang di chuyén doc lap va duge xem la & dang
khéng hoat déng (inactive). Trong genome ctia ngudi, transposon hoat
déng hodc khéng hoat déng chiém dén 45%. Transposon giii vai tro
.quan trong trong viéc hinh thanh va duy tri ciu trie khéng gian cing
nhu trat ty sip x6p cac nucleotide cia nhidm sic thé.

Khi di chuyén, cac transposon gdy ra viée sdp xép, t8 chiic lai
genome cta tiing ca thé nhu tao cac doan ADN méi, hodc thay d8i chiie
nang hoat dong eva cic doan ADN G vi tri ching ghép vao va tach ra.
Lhung ¢6 thé di chuyén téi vi tri bat ky va hodn toan khéng yéu cau
mdl quan hé nao gitta hai vi tri méi va cii. Khi tach ra khéi vi tri cd,
transposon cd thé mang theo cac dogan ADN phu cén, giy sy mat doan
tai vi tri ci. Nguge lai, khi ghép vao vi tri mdi, ching giy ra hién
tugng thém doan hofc chuyén doan & vi tri méi. Do d6, transposon
gidng nhu cac vector chuyén chd ADN tit ngi nady sang ndi khéc trong
mdt genome, hodc til genome nay sang genome khéc. Ngoai ra, trao
d6i chéo giita céc transposon tuong déng & hai vi tri khac nhau trén
mét hoac trén hai nhiém sic thé cling tao ra nhitng bién d8i tuong tu.
Nhitng bién dbi d6 d&n dén sép x8p lai genome, tao tinh da dang gida
ching va tinh dic thi riéng cha ting ca thé. Dac biét, sy thay d6i vi
tri clla céc transposon con ¢b thé gay anh hudng d&n hoat déng cua cée
gen phén bd xung quanh ngay khi ching khéng lam thay d8i trat tu
nucleotide ¢ nhting géh nay. Do d6 hoat déng cua céac gen lién gquan
‘d&n sy di chuyén cta transposon (thudng 13 cAc gen nim trong
transposon) dugc klem soat rdt chit ché. Co ché kiém soaL chu yéu
théng qua bién d8i c&u tric khong gian ving nhidm séc thé chira

transposon nhu methyl hoa ADN, mpthyl hoa histone H,, deacetyl
hlstone H,v.v...

Cach thue di chuyén va ghép vio genome cla cic transposon tuan
theo hai cach lién quan dén dang trung gian ADN hoic ARN. Nhiing
doan ADN nao ma sy di chuyén ctia ching gin lién véi dang trung
gian ARN dugc goi 12 retroelement, hosc ADN retrotransposon. Viée di
chuyen clia retrotransposon xay ra tuong ty véi cach thic xdm nhiém
ctia virus ma genome cua ching 1a phan tit ARN (nhiing virus nay
duge goi 1a retrovirus). Mot khi da xdm nhiém vao t&€ bdo, ARN cua
retrovirus dudc sao chép boi reverse transcriptase tao ra ADN. Phan
ti ADN nay sé duge ghép vao genome cha t& bao chi. Khi virus sinh
s6i, phan ADN dé lai duge diing d¢& phién ma tao ra cac phan ti ARN
‘méi can thiét cho vide déng géi tao virus mdi. Cac transposon ADN cd
kha nang thay déi vi tri trong genome eukaryot khéng qua dang trung
gian ARN chi€m ty 1& it hon so véi cAc retrotransposon. Vi du, &
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genome ngudi, chi cé khofmg 100 loai ADN transposon. Tuy nhién
ADN transposon c6 mdt ¥ nghia dic biét quan trong ddi véi su da dang
" hoa genome. Dic diém cha transposon 1 ¢é hai trinh ty nucleotide véi

d6 tuong déng cao nhung ldp lai nguge chidu nhau & hai diu
transposon,

1.8.1. Transposon trong genome vi khuan

Céc transposon ddn gidn nhét & vi khufin dude goi 1a doan gén IS
(Insertion Sequences). Chung cé thé ndm trén chromosome hoic trén
cac plasmid. Dé dién ta viée ghép cta IS vao vi tri nao d6, ky hiéu hai
1an d&u hai ch&m duge st dung (). Vi du, A :: IS1 mé ta transposon
IS1 gin vao genome cha bacteriophage A. Transposons vi khufn
khéng giit mot chie ndng nao trong t&€ bao, Trinh ty nucleotide & mbt
dau IS thudng lap lai nhung nguge chiéu so vé1 ddu kia. Hai trinh ty
¢ hai ddu mét IS duge goi 1a trinh ty lip lai nguge chidu (inverted
repeat). Vi dy, cdu tric cia mét IS ¢6 trinh tt nhu sau: GGTAT-X, -
ATACC (trong d6 n 1a s8 nucleotide ndm gitia hai ddu lap lai ngude
chidu). Ngoai cic IS, § vi khuén cdn c6 cic doan ADN cé kha ning di
chuyén_ véi kich thude dai hon, ky hiéu la transposon Tn., Cac Tn
thudng phan bd trén plasmid (phin td ADN dang vong, kich thude
thudng khéng 16n) va c6 kha ning ghép xen vao bdt ky vi tri nio
trong genome. Chung thudng mang théng tin di truyén ma cho cac
protein chdéng chiu khang sinh. Gidta IS vA Tn c¢6 mdi quan h¢ vé
trinh tu cde nucleotide. Cic Tn thudng dude gidi han & hai dau bdi
mot loai IS nao d6. Hai IS 8 hai ddu clia mdt transposon cé thé cling
chiéu nhau (Bang 1.4).

Béng 1.4 Cau trac thudng gip cla transposon. IS* khdng chire ning

" Transposon IS trai (ISEL) Gen marker clia Transpcson 1S phiai (ISR)
Tn903 - 18803 | kan® (khang kanamicine) 15903
™10 < A1S10Ls tef? (khang tetraciline) IS10R
.Tn5. | 1S50L* kan® (khang kanamicine) ISS0R

Bang 1 4 mo ta cau trac cua mot 80 transposon Cac transposon
nay déu mang gen mi cho tinh chéng: chiu khéng smh (R) va hai dau
cua du‘.dc gi61 han bdi t‘.rmh tu. nucleotlde cta hai IS sap xép nguge
chiéu nhau: Dléu Tuu. y 1a ha1 tnnh tu d ha1 dau cé thé co chitc ndng
hoac khéng ¢6 chitc nang I8,
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1.8.2. Transposon trong genome eukaryot

Transposon eukaryot dyde nghién cird kha chi tiét d6i véi ngd va
rudi gifm. O ngb, hai transposon Ac va Ds duge xem 1a vi du kinh dién
vé transposons. Ching cing thufc vao mdt nhém transposon, déu cbd
hai trinh ty lip lai nguge chiéu gidng nhau. Di chuyén cha cac
transposon Ds phu thue vao sy ¢ mét cia Ac. Trinh ty nucleotide
ctia Ac gdm 4563bp (5 exon), duge gidi han hai dAu bdi 11bp lap lai
nguge chidu. Mei Ds déu c6 doan ldp lai nguge chifu giéng nhau mic
du chifu dai cha ching thay d6i (Hinh 1.15).

CAGGGATGAAA : TTTCATCCCTG

Ds9

Ds2dl

' Ds2d2

Ds6’

Hinh 1.45: C8u tric cha transposon Ac/Ds. Transposon Ac chifa' gen m@ cho enzym
transposase; gen nay cd 5 exon. Hai d3u Ac gidi han bdi 11bp 18p lai ngude chiéu. CacDs -
o6 chidu dai khac nhau déu do Ac bi 4ot bién mét doan (ph#n & trdng). Tuy nhién tat ca
cac transposon Ds nay déu dudc gidi han bdi 11bp 1ap lai ngugc chiéu.

Céc transposon d ngd thudng ghép vao gin céc gen, lam réi loan.

' hoat déng cla ching din dén vige xuft hién tinh trang mdi nhung-
khéng gay dot bién chét. Sy di chuyén clia transposon ghép véio vi tri

allen clia mot gen bat ky trén nhidm séc thé x3y ra o t& bdo soma sé

tac dong dén biéu hién cia allen dé trong qua trinh phat trién cta cay.

Trii qua phan bao nguyén nhiém, con chau cha t& bao chia allen ddt

bifn d6 & ¢6 bidu hién tinh trang méi (thudng quan sat duge § hinh

dang, mau séc cua hat ngd). Thay d81 nay xdy ra trong qué trinh phat

trién soma dugc goi 1 "variegation" hay con goi 12 hién tugng mosaic

(xuét hién cac d6m). -
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. "3 rudi gi&m Drosophila melanogaster, transposon P ¢6 kha nang
di chuyén duge phat hién khi tién hanh lai gitta con duc dong P véi con
c4i dong. M. Héu hét con lai F1 bi bit duc, nhidm shc thé bi dat gay,
&at bign. Hién tugng rdi loan di truyén nay chi x4y ra theo mét chiéu,
titc 1a phép lai gifta con céi dong P v6i con dyc dong M vén tao ra cac
con lai binh thudng. Hién tugng nay gay ra do genome cua céc ci thé
thude dong P c6 chita transposon P. Cd ché kifm soat sy di chuyén cla
P phu thudc vao yéu t& ton tai trong t& bao that cha tring (di truyén
‘theo me). Khi y&u t& nay c6 mat thi ching kim ham su di chuyén caa
P. Vi vay, t€ bdo tring cia con ci dong P thu tinh véi con duc dong M
vAn cho con lai binh thudng. Tuy nhién, t& bao tring dong M thu tinh
véi con duc dong P cho phép P di chuyén gy ra nhing r51 loan bat
thudng trong c&u trdc hé gen. Ditu d6 khi&n con lai bi bat duc hodc cb
cac tinh trang la. ' '

L]

Quan sat quin thé rudi gifm trong thién nhién cho thay s6 lugng
P thay d8i tit vai ban sao dé&n 50 copy/genome. Hon nita, nhiing loal
rudi gidm phat hién trude nam 1950 déu khéng c6 P trong genome.
Phai ching P chi méi xuft hién trong genome rudi trong nhiing nam
cudi thé ky XX. Lidu su ¢6 mit cia ching ¢6 phai do virus xam nhiém
rudi gidm giy nén? Hién tugng tuong tu cling duge quan sat thay g vi
khuén bi nhidm thye khudn thé mang IS. Yéu t8 IS xuét hién trong
genome Vi kht_lﬁn thong qua qué trinh ti€p hgp (transduction).’

1.8.3. T-ADN di chuyén tir genome prokaryot dén genome
eukaryot : :

Hién tugng transposon di chuyén tit genome prokaryot sang
genome eukaryot duge nghién ettu chi ti&t d6i véi trudng hgp T-ADN di
chuyén tir Agrobacterium sang thuc vat hai 14 mim. Cac gen vi khuén
¢6 kha nang di chuyén va hoat.dong trong t& bao thuc vat nam trén
‘plasmid Ti (Tumor inducing) cha A. tumefaciens gay bénh nét san. Cac
_ biéd hién bénh & cAy gy ra do hoat dgng cha mot s& gen vi khudn da

duge chuyén vio genome ciy chi. Ciing gidhg nhu eac khéi u dong vat,
céc t& bao thuyc vat ¢d ADN vi khuén ghép vio genome bi chuyén sang
trang thai mdi, & d6 sy phat trién va biét hoa ctia chiing hodn toan
khéc véi cae t€ bao binh thudng. o

T-ADN 13 mot doan ADN c6 chiéu dai khoang 23kb (tuy thudc vao
tiing loai A.tumefaciens) nim trén plasmid Ti. Hai d4u cha doan ADN |
nay c6 chita 25bp lap di lap lai gidng nhau hoan todn chi sai khic
nhau & hai nucleotide. Céc nucleotide déu bén phai gilt vai trd quan
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trong trong viée cit T-ADN. Cac nucleotide ddu bén. trai déng vai trd
trong viée ghép T-ADN vio genome cdy chu.

T-ADN gbm hai nhém gen. Nhom thi nkét gdm cac oncogen ma
cho cac enzym tham gia vlo phan Ung téng hgp cac hoocmon sinh
trudng auxin va cytokmm Chi khi T-ADN dugc ghép vao genome thye
vat, cdc oncogen nam trén T-ADN mdi hoat dong Do dé t& bao cay chi
nao c6 T-ADN ghép vao genome lap tic phat trién khong binh thudng
do rd1 loan hoocmon sinh trudng ma T-ADN mi cho. Tai vi tri cdy bi
nhiém A. tumerfaczen xuat hién cac nét san 14 tap hgp cua cac t& bao
binh thudng va t&€ bio c6 genome bi bién déi.

Nhém gen thi hai c6 mit trén doan T-ADN gdm cic gen mé cho.
céc enzym tham gia tong hdp nhiing phdc chat dinh dudng cin thiét
cho sinh trudng va phat trién cia vi khuém Ching duge goi chung 1a
opines. Vi khuén st dung opines nhu nguqn cacbon va nitd. Diac biét,
khi T-ADN mang gen ma cho mdt loai opine nao d6é thi ngay trén
plasmld Ti, nim J ngoai doan T-ADN, ¢ cac gen tham gia qua trinh
chuyen hoa loai opine nay, gidp cho vi khuén sinh trudng va phat
trién. Didu dang Wi y la opme dude tong hgp lai trd thanh tin hmu
kich thich hoat dong cha operon chita cac gen ddng hoa opine dé nam
trén plasmld Ti. Vi opine 13 protein dugc ma bdi cac gen vi khuén, sy
c6 mit cua chung trong t& bao thue vat duge xem 1a chi thi dé phat
hién sy chuyén ghép thanh céng ctia T- ADN vao hé gen thue vat.

Argobacterium c6 kha ning dua céc gen la vao genome thuc vat.
Vi vay, ching duge st dung nhu cac vector chuyén chd gen mot khi cac
gen gy not san trén T-ADN bi thay thé boi gen nghién chu. Ngoai ra,
promoter cua cac gen trén T-ADN déu 13 nhiing promoter hoat dong
manh trong t& bao nhan. Vi vay chting duge st dung lam promoter bao
c4o, hodce promoter diéu khién gen ‘la trong k¥ thuat chuyén gen. Ky _
thuat nay duge tng dyng rat rong rai trong ndng nghlép Vi du, dua
céc gen chdng chiu sdu bénh, gen chiu dude mdi trudng tréng trot khéc
nghiét... vao céic cay tréng quy hi€m hoic cho ndng sudt cao.

1.9. si\P XEP LAI GENOME-

Mac dit dude xem la én dinh va bao toan trong cac t& bao sinh
dudng, genome ciing trai qua nhiing bién déng thay déi cac doan
ADN tat nhing thoi dlem nhét dinh trong phat trién. Nhiing bién
déng nay cb thé 1a sy sip x&p lai, tang hodc tham chi mit di mot sd
doan ADN clia genome, chil yéu ¢ genome eukaryot bac thdp. Su sip
' "xep 131 genomo hau nhu khong xay ra 0 t& bao mam sinh duc ma chi

. 48




\quan sat duoc & chc t& bao si;lh dudng. O dong vit, hién tugng nay
'_ra't hiém g&p ngoai trit truong hgp cée gen lién quan d€n phan {ng
mién dich cGa cd thé.

1.9.1. Thay daoi dang giao |5h6'i © nAm men S.cerevisiae

§ Hién tugng sip xép lai genome don gidn nhit xdy ra 6 nim men
S.cerevisice nhim muc dich thay d6i dang giao phéi. T& bao nfm men
" don bdi c6 thé tdn tai ¢ hai dang giao ph8i a va a. TE& bao ¢ dang nay
¢6 thé chuyén ddi thanh dang kia,mét cach tu phat trong ty nhién.
Dang giao phdi duge quyét dinh bdi trinh ty nucleotide d mdt ving
nhat dinh trén nhidm sic thé s6 3 cia n&m men. Ving nay duge phién
mi nén goi 12 cassette hoat ddng (active cassette). Khi t& bao & dang
giao phoi a thi trinh ty nucleotide quyét dinh dang a sé& c6 mi#t &
cassette hoat d6ng. Nguge lai, khi t& bdo & dang « thi trinh tu nucleotide
quyét dinh dang o s& c6 mit 6 cassette hoat déng. Nhu vay, trinh ty g
_ cassette hoat ddng bi thay déi din dén su thay d6i dang giao phéi.
" Cassette hoat dong phan b& trén nhidm séc thé s8 3. Hai phia clia
cassette nay 12 hai trinh tu quy dinh dang giao phéi a va a nhung ca
hai déu khong dude phién ma. Vi vay hai trinh tg nay duge goi la
- cassette tinh (silent cassette). Trinh tu cia mét casette tinh quy dinh
dang giao phéi o (hodc a) ¢6 thé duge phién ban va thay th& cho trinh
tu quy dinh dang giao phéi a (hodc o) dang tdn tai d cassette hoat
déng. Nhd d6, trinh tu & cassette tinh vAn duge git.nguyén nhung
-phién ban cla trinh ty d6 dude thay thé& cho trinh tu & cassette hoat

" déng. Khong thé xay ra su thay the gitia hai cassette cing dang giao -
phti (Hinh 1. 16)

. .cassette tinh  cassette hoat ding - cassette tinh
HML -~ . MAT ___HMR

_ l Chuyen déi dang asang O -

Chuyén d8i dang {1 gang a l —

X
_:‘

a

‘ﬂ?L

. : 7 b
- ; A
.Y .

- Hinh 1.18: Chuyén ddi dang giao phdi & ndm men . cerevisiae.
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"Phan tich cfu tric va cd ché kim him phién ma 3 hai cassette
tinh cho théy sy b&t hoat cta ha1 cassette déu gén lién véi hién tugng
methyl hoa acid amin lysine nam tai vi tr{ thit 9 (K9 — tinh tu dau
NH,) ctia histone H,, protein tham gia tae cdu tric nucleosome.
Methyl hoa lysine 9 dugc xem la chi thi phén tl cGia cdu tric di nhiém
"séc vi hién tugng ndy ludn quan sat duge 8 nhitng vang nay. Do d6,
viing nhiém sic & hai cassette nay bi co déc lai khié€n cho céc gen & d6
khong thé phlen mi. Methyl hoa histone tham gia vao cd ché kiém
soat hoat déng chia gen chl yéu 8 mic dd cau tric khdng gian cua s¢i
nhidm sic ; cd ché nay duac goi chung bét hoat gen (gene silencing).

1.9.2. Thay ddi khang nguyen bé mat g ky sinh triing don bao
Trypanosome

Trypanosome 12 loai ky sinh trung don bao giy bénh ngl & nguoi
va mit sd dong vat. Chung trai qua mét s& 1an bién d6i hinh thai khi
“duge truyén ti¥ rudi chau Phi sang vit cha. BEé mit té€ bao
Trypanosome dugce bao boc mét 16p don gdm 5x10° phén tit cia mét loai
glycoprotein (k¥ hiéu 12 VSG-variable surface glycoprotein). Day chinh
14 khang nguyén bé mit claa Trypanosome khi ching xdm nhap vao
vat chil. Diéu dang chi ¥ 14 trong cd thé vat chi, Trypanosome cb kha
ning thay déi khang nguyén bé mat, trung binh khoang 1-2 tuan/lan.
Do dé ky sinh tring tranh duge phéan ing mién dich ciia t& bao chu.
Mot loat Trypanosome ¢6 thé tao ra it nhat khoang 100 VGS ti kln
nhiém cho dén khi giy chét vat chi. C6 nhiéu loai Trypanosome xAm
nhép cac te bao chu khac nhau. Trypanosoma brucei nhiém trén dong
vat nhung khong gy bénh cho ngudi duge nghién ciu kha ky. Ching
¢6 thé thay d8i VSG mbdt cach ngiu nhién véi tdn s& 10 dén 10° qua
mot 14n phén bao vi kha ning nay khéng phu thudc he thong mién
dich cfa vat chu. Co thé khéng sén xuft kip thdi céc khang thé dé
phan ung lai cac khang nguyén khi chung lién tue dudc d6i méi trén bé

mit Trypanosome.

Khang nguyén bé& mit do gen hoat dong g mot vi tri dac b1et trong
hé gen nam gin telomere; vi tri nay duge goi 12 ban sao hoat dong ELC
(expression-linked copy). Ban sao hoat d0ng:ciing tudng tu nhu
cassette hoat d6ng ¢la n¥m men. Cac gen ma cho cac dang VSG khac
nhau ndm J cac vi tri khic nhau trong genome. Nhﬁng vi tri nay duge
goi 1a ban gen gdc (basic-copy gene); mét ban gen gde tuong ty nhu mét
cassette tinh. 8§ lugng ban sao hoat déng khodng 20/genome va s&
higng ban gen gfc cb thé nhleu hon 1000. Tuy nhién, ch1 c6 mdt ban
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sao hoat dong tai mét thoi diém nhét dinh, cling nhu chi mét ban gen
goc duge lya chon dé thay thé ban sao khi chuyén déi khang nguyén.
Qua trinh chuyén déi khang nguyén bé mit phu thudc vao su chuyén
d8i gen tit mot ban gen gdc thay thé cho gen dang ton tai & ban sao
hoat dong. Chuyén déi gen ma cho khang nguyén bé méit nham muc
dich hoat hod gen ma cho khang nguyén bé mit méi thay thé cho
khang nguyén ton tai trude d6. Khi mét gen dang hoat dong bi thay
th& bdi mot gen khéc thi tuong tng véi viéc xudt hién khang nguyén
méi va loai bo khang nguyén ci.

Phan tich vi tri cua ban sao hoat dong nam gan telomere cho thay
vi tri nay bi giéi han bdi cac doan trinh tu lap lai. Déc biét, ban sao
hoat déng c6 thé duge phién ma bdi nhiéu promoter phén bd tu 4kb
dén 60kb phia truéc ORF cta VSG. Mot trinh tu c6 kich thude dao
dong trong khoang 2500-3500bp tit ban gen géc sé thay thé trinh tu d
ban sao hoat dong biing co ché trao déi chéo. Kich thudc nay 16n hon
ORF ctia VSG (mdt VSG gom khoéng 500 acid amin). Hau hét trinh tu
khéng thude ORF niam ¢ dau 5 cua gen (Hinh 1.17). Nhing trinh tu
nay dudng nhu anh hudng dén promoter nao duge khdi dong phién ma
cting nhu co ché cét ndi exon-intron cua ARNm.

N

Yol M

l Phién ma

l CAt ngin ARNm

l Néi 35 nt vao dau 5 ARN
351t
WM~ -
ARNm hoan chinh

Hinh 1.17: C4u trac ban sao hoat déng cua VSG.

Ban gen gdc sao chép vao ban sao cé kich thudc 16n hon ORF cua VSG. Ban sao dugdc
phién ma tir promoter phan bd xa dau 5' clia gen VSG tao ra phan tlr ARN dai chita ca
trinh tu I4p lai n&m trudc va sau ban sao. Phan tlf nay sé dudc bién ddi ngan dan va dugc
thém 35 nucleotide vao dau 5’ dé hinh thanh ARNm hoan chinh. Phan tif ARNm nay dugc
dich ma téng hop VSG.
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Phén t1ch trinh tu nucleotnde cha 'ARNm ca VSG ‘¢cho thdy 35
nucleotide d&u tién khong phai 14 cac nucleotide d& cb mé.t 3 bén sao
hoat dong Néi cach khac, 35 nucleotide nay duge nédi vao phan tl
~ ARNm cua VSG theo cd ch& cit noi trans- sphcmg (tnnh bay chi t16t
trong chddng 2)

'1 9. 3 Nhan ban tao cac ban gen mdi tir genome

Khi nudi céy cac t& bao déng vat ¢ vi trong mdi truong dac biét,
-ADN ta1 mot s6 vi tri trong genome duge nhén lén. Vi du dién hinh
" nhat 13 nubi cdy cac t& bao ung thu trong méi trudng chia ddc t&
methotrexate. Chit nay e ché hoat tinh cua enzym dihydrofolate
reductase (DHFR) giit vai tré trong téng hdp cac nucleotide cia ADN.
Céc t& bao ung thu nudi cdy trong md trudng c6 chidt déc nay phéat
trién thanh cac quén lac khang lai dde t8. Khi nbng do chit doc ting
din, néng ¢6 DHFR cing ting theo, c6 thé dat t61 1000 14n 16n hon
" mic binh thudng. Néng 4o enzym tang do s8 lugng cac gen mé cho
chiing tang. S& lugng gen ¢ thé thay ddi tit 40-400 gen.

Qué4 trinh nhén ban s8 gen dhfr gdbm nhiéu bude, dién bign cha
tiing budc chua duge xac dinh 3 rang. Thuc nghiém cho th&y, khi sang
loc trén mdi trudng ting din ddc t8, ban sao gen DHFR chi ting trén .
mét nhiém séc thé tudng ddng, tic la s6 lugng gen dhfr nim canh
nhau lién tiép tang d6i v6i mdt allen, cdn sb y lugng gen dhfr khong thay
d6i d6i véi allen trén nhiém sfc thé kia. Ngoai ra, ciac doan ADN (100
1000kb) chita 2-4 gen dhfr (~31kbigen) duige sao chép tit nhiém she thé
binh thu’.dng tao ra cac nhiém sic thé rét nho, khong c6 tam dong. Cac
nhi2m séc thé mini nay ghép vao cac nhidm séc thé binh thudng khac.
Qua trinh nay 13p di l3p lai v4 qua mét g6 1an phan bdo nguyén
nhidm, t& bao ndo mang s lugng 16n cac gen dhfr cang ¢6 diéu kién
phat trién thuén 1gi trong rn01 trutdng chita déc to.

1.10. CHUYEN NHIEM ADN LA (GEN) vA‘o TE BAO EUKARYOT

Qua trinh dua ADN la (gen) vao t& bao eukaryot dudc goi la
chuyén nhiém (transfectmn) Chuyén nhiém thudng xay ra véi xae
sufit rit thép, gom nhigu bude. Thi nghlem chuyén nhifm diu tién
thue hién khi bd sung cac nhifm sic thé & metaphase {(hoic cac doan
ADN tinh sach) vao t& bao nudi cdy. Mot & rit it t& bao sé nhan nhiém
shc thé; tao ra nhiing t& bao chuyen nhidm khéng bén (transient
transfectants) do cAc nhifm séc thé la bi ddo thai nhanh chéng. Mét.
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36 doan ADN (smh ra do nhidm sdc thé la bi ditt gay) dchc chén vao
genome cta t& bao nhan tao nén dong té€ bao chuyén gen bén.

. Trong dong t& bao chuyén nhidm khéng bén, ADN la khéng chén
- vAo genome nhung vin tén tai bén trong t& bio. Trong dong t€ bao
'~ chuyén nhidm bén, ADN la duge duy tri bén sau khi dé chén vio

" genome. Trong ca hai trudng hgp bén va khong bén, ADN la néu la gen

" thi vAn hoat dong nhu nhau. Do d6, cfn phai ¢6 chi thi phin tit dé
phén biét chinh xac hai dong t& bao nay. Chi thi phén ti thudng duge

chuyén nhidm ciing véi gen la. Qua trinh nay duge goi 1a déng chuyén
nhidm (cotransfection). Mot trong cac chi thi phan £ hay duge sl
dung 14 gen tk mi cho thymidine kinase, enzym xdc tac phan Ung téng

'hgp thymidine triphosphate, tién chét cin c6 trong qué trinh téng hop
ADN. Gen ¢k s& duge chuyén nhiém ciing gen la vio t& bao khéng c6
gen tk. Gen tk cing véi gen la thudng duge ghép mét cach nghu nhién
vao genome t& bao nhan va thudng tap trung thanh céc ban sao lip lai
lién tue. S8 lugng ban sao ting 1én khi didu kién chon loc céc t&€ bao bi
chuyén nhiém ting 1én. Diéu luu ¥ trong mbi dong té& bao chuyén
nhidm bén, gen tk va gen la chi ghép vao mdt vi tri, mac du vi tri nay
phén b8 ngiu nhién trong genome té' bao nhan

- .
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Ch wdﬁg 2
TAI BAN VA SUA €HUA ADN

~ Phén chia t& bao 6 moi ¢d thé ti prokaryot 4é&n eukaryot déu do1
hdi qué trinh nhan d6i (tai ban) ADN x4y ra chinh xac. Téc do tai ban
dat khoang 500 nucleotide/gidy 0 vi khuén: va 50 nucleotide/gidy 3
dong vat. Cé nhifu enzym va protein tham gia qué trinh nay tao
thanh b may tong hop ADN, trong d6 enzym ADN polymerase dong
vai trd quan trong nhét. Trong t& bao prokaryot, tai ban dugc bit diu
tit mdt vi tri duy nhat trén nhiém chc thé va gin lién véi qua trinh
phan chia tao ra hai t& bao con. Trong (& bao eukaryot, tal ban XAy ra
trong phase S nhung t& bao con trai qua phase G2 rdi méi bude vao
phén bao. -

T4i ban ADN 12 mét qué trinh phtc tap, trong dé phén ti ADN
duge 1am kKhudn 48 téng hop nén mdt phén tii méi gidng hét khudn.
T4i ban ADN duge nghién cdu d4u tién véi vi khuén E. coli bi dot bién,
goi 12 cac t& bao dna. N&u ADN khéng tai ban thi t& bao E. coli khong
phén chia, tic 1a khong 6 kha ning duy tri sy s6ng. Do d6, nghién clu

“tai ban ADN chi ¢6 {hé tién hanh trén céc dong t& bao d6t bién nhay
cam nhiét do (temperature-sensitive mutants). Dy la nhiing t& bao cb
thé tai ban ADN binh thudng 4 37°C nhuing tAi ban sé bi nging khi
chuyén t& bao sang 42°C. Hau hét cac dong dna thu nhan tu thuc
nghiém 13 nhiing dot bign lién quan dén enzym tham gia triyc ti€p vao
téng hop soi ADN méi. Mot s6 it dong t& bao dna c6 dot bién lién quan
dén khudn va phic protein chuén bi cho khdi dong tai ban. Tai ban
ADN bao gdm céc bude cd ban sau: _

1) Phitc protein tuong thc v6i trinh ty nucleotide dac biet dé bét

d4u qua trinh tai1 ban. Trinh ty nay dude gol la tém tdi bdn (origin).
Tai tAm tai ban, phén t& kép ADN phai dude tach thanh cac sgi khuon
dang don. L

2) Phiic replisome gom nhidu protein tham gia téng hgp sgi don
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* ADN méi trén khudn mfu sgi don ¢ii. Phic replisome kKhong t6n tai &
“darig ty do-(tc 1a khéng thé ton tai d6c lap nhy ribosome) ma ludn "
' lutn lién két v6i ADN khuon. Khi phiic repliosome di chuyén trén sgi
%huén ADN, hai sgi don cta khubén tiép tuc bi md xoén, hal s¢i ddn
: _'mc’!i duge t,é'ng hop dya vao-hai khudn sgi cii. - o
3) K&t thac téng hop ADN. Hai phan ti ADN giéng hét nhau
tudng tac véi phiic protein (histone, phi histone...) dé ¢b cau trac khong
gian. .

~ 2.1. REPLICON

‘Tyinh ty nucleotide chi tai ban mét 14n duy nhéat trong mét chu ky
t& bao duge goi 1a mdt replicon (tam. dich 1a don vi tdi bdn).
Replicon thudng chita vi tri bit dau tai ban (origin) va ¢6 thé c6 ca vi
tri k&t thae tai ban. Vi tri origin dac biét quan trong vi né lién quan
dén cac véu t6 cAn thidt cho qua trinh tai ban. _

_ M5 t& bao vi khudn chi c6 mot nhiém she thé. Nhidm sic thé do
dudc xem 13 mot replicon vi chi cf_ﬁ mot vi tri origin. Do 46 khi genome
vi khudn bat ddu tai ban thi s&'két thic bing viéc hinh thanh hai
genome (hai nhiém séc thé) méi ¢8 phan vé hai t& bao con. Nhu vay,
chiing ta c6 thé xem tai ban nhidm sic thé vi khuén duge kiém soét boi
~ ¢d ¢ch& mét ban sao duy nhét (single-copy control).

Tuy nhién, t& bao vi khufn con chila cac logi plasmid la nhing
phan ti ADN dang vong c6 kich thude nhé hon nbiém sdc thé. Mot
plasmid ¢ thé chi cé6 médt ban copy trong mot i& bao. Plasmid nay chi
t4i ban (nhan d6i) mdt 14n giéng nhu nhidm séc thé dé phan chia vé
hai t& bao con. Do d6, tai ban cha loai plasmid nay cling duge kiém
sodt boi co ché mdt ban sao duy nhit (single-copy control). Ngoai ra,
mot s§ plasmid ¢6 thé ton tai nhiéu ban copy trong mdt t& bao; tic 1a
s& lugng plasmid nhiéu hon 1 (titc la nhidu hon s8 nhidm sdc thé).
Nhitng plasmid nay nhén d6i nhidu 14n ngay khi t& bao khéng phéin
chia. Chiing duge kiém soat bdi cd ché& da ban sao (multicopy control).
Genome virus sau khi xdm nhim t& bao chi ciing chiu su kiém soat
da ban sao. T o S :

 _—Cenome eukaryot gbm nhidu nhiém sic thé; mbi nhidm séc thé
" - c6 nhifu origin. Do d6 genome ‘eukaryot gdm nhifu don vi tai ban
replicon. Céc replicon nay b thé tai ban tai thdi diém khac nhau. Tuy
nhign tat ca replicon eukaryot déu gidng nhau 13 ciing chi tai ban mot

1an duy nhét trong mét 14n phan bao. Nhu vay, replicon ctia genome vi
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khuéin va ctia genome trong nhan t& baoc eukaryot déu chiu kim soét
béi co ché mét ban sao. , . o
‘Replicon ¢6 thé ton tai trén phan ti ADN dang thing hojc dang
vong. Vi trf tai d6 s¢i ADN dang téng hgp dude goi 13 chee sao chép
(replication fork). Chac nay bit ddu xust hién tai tam tai ban va di
chuyén doc theo mét, hoge ci hai chigu trén sgi ADN khuén. Néu chi ¢6
mét chac sao chép xuft phat tit mot tdm tai ban; tdc 14 chac di chuyén
theo mét chifu trén sgi khudn thi qua trinh tai ban dude xem la don
chiéu (unidirectional replication). N&u ¢ hai chac sao chép xudt phat
tit mot tAm t4i bdn va di chuyén theo ca hai phia thi qua trinh tai ban
duge xem 13 hai chiéu (bidirectional replication) (Hinh 2.1).

Tam t4i bin - Chagc sao chép
. .

Hai chgc sao chép di chuy#n theo hai chidu nguge nhau
o - 4m sao chép

N g

~ Hinh 2.1: Chac sao chép hinh thanh tr tam tai ban (origin) va di chuyé’n- vé hai phla nguge
nhéau trén phan tir ADN khudn. ADN khuén c6 thé ton tai & dang vong hoac dang mach
théng. : - A

Hai chac sao chép di chuyén véi t3c d6 nhu nhau trén phin ti
‘khuén dang vong (genome vi khuén). Méi chac sao chép s& c6 mét
diém ditng téi ban. Diéu tha vi 12 chac sao chép nay phai di qua diém
ditng eta chac sao chép kia trudée khi hai chac gip nhau va két thic
qué trinh tai ban (Hinh 2.2). Vi mét Iy do ndo d6 ma mdt chac di
chuyén nhanh hon chgc kia thi né sé di qua diém ditng chung nhung bi
- chan lai & diém ké&t thic ctia riéng minh. Tai day, chac di chuyén
nhanh s& dgi dé gip chac di chuyén cham. Cach thitc sép x&p cac vi tri
ditng t4i ban nhu & genome vi khudn duge goi 12 “bly chac” (replication
fork trap). '
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Diém gip nhau cha
hai chac sao chép

Diém ditng ctia
W% chac sao chép 1

/ Chac sao chép 2

Téam tai ban

Diém ditng cua
chac sao chép 2

Chac sao chép 1

Hinh 2.2: Phan b8 cic diém dimg clia hal chac sao chép trén nhidm sic thd vi khuan.

Chac sao chép thir nhat b4t budc phai di qua diém dimg cla chac sao chép thi hai va
nguge lal. Sau d6, hai chac sé g3p nhau tai dlém két thac tai ban,

2.2, ADN POLYMERASE

ADN polymerase 14 enzym xic tdc phan {ng tdng hgp ADN. Té&
bao prokaryot va eukaryot déu c6 nhidu loai ADN polymerase ¢6 hoat
tinh khac nhau. Chi mét s§ it enzym tham gia t8ng hop méi (denovo)

sgi ADN con cdc ADN polymerase khéc git chitc ning phu trg trong
- tai ban hodc lién quan dén qua trinh slia chita céc sai hong ADN
(Bang 2.1). Hiu hét cac ADN polymerase c6 hoat tinh chi khi tao
phic v6i mot s6 proteln khac, Nhﬁng protein nay tham gia md xoén

s¢i kép ADN, duy tri dang soi don, dam bao tudng tac bén clia enzym
voi sdi khubn v.v.. .

Bang 2.1 trinh bay cac loal ADN polymerase va chite nang cta
“chiing & vi khuén E.coli. ADN polymerase I c6 hoat tinh 1én nhat trong
dich chiét tit t& bao E.coli chg nén rit khé phat hién dude hoat tinh
cia cac loai ADN polymerase khic. Vi thé, dich chiét ti t& bao dot bién
gen polA hay duge sif dung trong thi nghiém téng hgp ADN in vitro. '

-'B'éng 2.1: Cac loai ADN poiymerase & vi khuan E.coli va t& bio eukaryot

ADN polymerase E.coli

Chire niing chinh

' ADN polymerase | (PolA)

. Sita chita ADN va chifc néng phu trong t4i ban

ADN polymerase il (PolB)

Khdi dong lai chac tai ban khi ADN bi tn thucng trong khi
tai ban :

ADN polymerase Il (PolC
- replicase)

Téng hgp mdi sgi ADN trong qué trinh tai ban
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RDN polymerase IV va 'V

Cho phép tai ban ADN vugt qua nhimg vi tri sal héng trén
sdi khubn

ADN polymerase eukaryot

ADN polymerase a

Tdng hop ADN trong nhan, c6 66 chinh X&c cao

ADN polymerase &

“Téng hop ADN trong nhan, cé d6 chinh xac cao

ADN polymerase €

T4ng hop ADN trong nhan, c6 dé chinh xac cao

ADN polymerase y

T8ng hap ADN trong ty thé, c6 46 chinh xac cao

ADN polymerase

Sira chita ADN (BER) c6 d6 chinh xac cao

ADN polymerase &

| Téng hap ADN vugt qua dimer T-T

lT&DN polymerase 1

Sira chita ADN

[ADN polymerase t

Can thiét cho phan bao giam phan

\ ADN polymerase x

Sifa chifa cac dét bién mat hoac thay thé nucleotide

Mot s& thye khuédn thé c6 gen ma cho ADN polymerase,
thye khudn thé T4,
khudn thé déu ¢6 h
hoat tinh dgc slta (proofreadin
ADN polymerase cla thyc khudn thé pha
thye khudn thé ma cho, hodc protein cua
phtic c6 nhitng hoat tinh dé.

Trong nhén t& bao eukaryot, ADN
d4u thAi ban; hai enzym ADN polymeras
gia téng hgp mdi va sta chita

vi du,

T5, T7 va SPO1. Tdt. ca céc enzym cua thuc
oat tinh téng hgp ADN theo chidu 53 va ¢

g) exonuclease 3’8, Tuy nhién,
i tudng tac véi protein do
t& bao chl dé tao thanh

polymerage o cin thiét dé bét
e p (beta) va ¢ (epsilon) tham
ADN. Trong ty thé, ADN polymerase y

(gamma) c6 chiic ning ta1 ban ADN.-

2.3. TONG HOP ADN

~ ADN dugc tai bén
ban dAu dude tach thanh hals

theo cd ché ban bao toan. Phan tid ADN khudn

di don; mbi s¢i don 13 khudn dé t8ng hop

nén mét s¢i don mdi. S¢i méi ¢6 trinh ty nucleotide b8 sung vOi sdi

khuén. Sau qua trinh tai ba

n sé c6 hai phén td ADN gidng hét nhau;

mbi phan t& ADN gdm mdt s¢i don ciiva mbt sgi méi.
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Mdi do ARN polymerase téng hgp

. OH 3 -
PTITTC LI LI LIl g
ADN polymerase téng hgp

ki ¥

SITITIITTTOITITTT LIl ¢
~ DAu 3’ OH tac ra do sdi don bi ditt

5‘ - 3!

A I A O A
s -Tonghdpm 5

_g,'IIIIIIIII!III]IlIIII[III .

Protein dinh nucleotide ¢6 3'-OH tu do

5'1"!11!!IIII||II|ItI|IIIII

o

ADN polymerase tong th
l'llll.|!llllll'1||l|11|||| .

o

5
3

Hinh 2.3: P3u 3’ ¢6 nhdém OH tu do ducc tao ra dé cho ADN polymerase thém nucleotade
vao trong phan ing tong hop ADN {theo Lewin; 2004).

Déu tién, lién k&t gilta hai s¢i don ctia ADN khuén bi bé gay, sqi
kép mé xo0én tao chac sao chép ¢6 cdu tric hinh chit Y (replication
fork). ADN polymerase khdng ¢6 kha ning bat ddu phan jing tit céc
nucleotide riéng 1& ma doi héi mdt doan oligonucleotide ngén ¢6 nhém
OH tu do & ddu 3. Doan ngén nay dude goi 1a méi (primer). Dau 3’ cb
nhém OH tu do ¢6 thé tao ra bing nhiéu cach (Hinh 2.3).

“Enzym ADN polymerase thém cic nucleotide vio ddu '3’ cua mdi
dé téng hgp nén sgi don méi theo mdt chiéu nhét dinh tit 53" Do d6
trén sgi khudn thi nhat (leading strand), mét sgi don duge téng hgp
lién tuc theo chiéu tit 5'>3'. Trén sgi khuén thit hai (lagging strand)
nguge chidu va bd sung vdi s¢i khudn thi nhit, ¢6 nhiéu soi ngin dudge
tdng hgp mét cach gian doan. Cic dogn ngin nay duge goi 14 doan
Okazaki. Chiing duge ndi véi nhau bdi ADN ligase d€ tao thanh mot
sgi lién tuc. O prokaryot, doan Okazaki dai khodng 1000 dén 2000
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nucleotide, con & sinh vat eukaryot doan nay chi dai khoang 100 dén
200 nucleotide (Hinh 2.4). Nhu vay, tai ban ADN trén sgi khudn kép
x4y ra mot cach ban lién tuc (semidiscontinous replication).

S8B protein

ADN polymerase I vi ADN ligase 3’ 5

Hinh 2.4: Mé hinh chac sao chép ADN. SSB (single strand binding) protein gii¥ cho sgi
~ don dubi théng. Helicase md xo4n sgi ADN khuén. Primase t8ng hop mdi ARN. Mai nay

sau A6 bj thay thé bdi doan nuclectide do ADN polymerase | t6ng hgp. Cac doan Okasaki
duge ndi véi nhau bdi ADN ligase.. '

Trong qué trinh ti ban, enzym helicase st dung ATP md X0an
phén td khuén tao ra hai s¢i don. Nhd d6 chac sao chép di chuyén dé
tdng hop s¢i ADN méi. Do téng hgp ADN chi thyce hién theo mét chiéu
tit 5—3' nén mot sgi don khudn phai duge giit & trang thai ty do dén
mot d6 dai nhét dinh ¢t dé tdng hop soi lagging. Trang théi ty do cla
sgi don ADN duge duy tri nhd tudng téc véi protein. Nhitng protein cé
kha ning tudng tac véi s¢i don ADN duge goi 12 SSB (single-strand
_ binding protein). Vi khuéin E.coli c6 khodng 12 loai helicase khac nhau
tham gia vao tdng hdp, stia chiia va tai t8 hgp ADN. Helicase thuing
tén tai dudi dang multilmer tao ra nhiéu vi tri tudng tac véi ADN.

'Hau hét céc phéan tit ADN polymerase ¢é xu huéng tng hgp mot
. doan ngén cac nucleotide rdi tach ra khdi khudn. Didu nay c6 giip cho
enzym nhanh chéng rdi khéi doan Okazaki da téng hgp xong va quay
vong rit nhanh dé téng hgp doan tiép theo ngay trén mot sgi khudn.
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" Tuy nhién, xu thé tach khdi s¢i khuén gdy bét 1¢i cho enzym khi ting
. "hgp sgi ADN dai lién tyc. D& khéc phuc diéu nay, phan ti enzym dudge
gift lai trén sgi khuén ‘nhd mdt cfiu tric protein dic biét glong nhu
_ ¢hiéc kep. Kep nay cho phép enzym bam viing chic khi chuyén dong

* trén soi khuén nhung dong thoi dam bdo cho enzym rdi khoi khudn
nhanh chéng khi qué trinh téng hgp két thiic (Hinh 2.5).

ADN polymerase

Protein cd l
ciu tric kep ™

Hinh 2.5: Céu tric kep protein gilt ADN polymerase bam chéc vao sgi ADN.

Do phén td ADN ¢6 chu tric dang xodn nén trong qua trinh nhén
d6i, cit 10 base.md xoan dé téng hgp tai chac sao chép thi sdi dbi d phia
trude chac lai Bi xo4n 1 vong. Nhu vay khi chac chuyén déng doc theo
8¢ khuén s& khién sgi nay x0dn lai rat nhanh. Hién tugng dé cing xay
~ra tuong ty khi md xoén dé tong hop ARN. Chinh enzym ADN
topoisomerase dong vai trd md xofn dé khdc phuc sy xoén tit lai cla
- phén tit ADN khudn. ADN topoisomerase 1a mét loai nuclease dac bigt

bé giy lién két phdsphodiester gitia céc_base trén mdt sdi don tao ra
mot vEt dut gidi phong hai ddu sgi & dang tg do. Cac dAu do6 s& quay
dé md xodn. Sau do lién két. phosphodiester lai duge phuc hoi va
enzym duge tach khéi phan t ADN. C6 hai loai ADN topoxsomerase
Loai I chi tao vét dut trén mot sgh don con loai II tao vét dit tren ca
hai sgi cua phan ta ADN kép

Tai ban ddu mut cac nhifm sdc thé eukaryot xdy ra hoan toan
khéc biét so v8i cac vung khéc nhdm ddm bdo tinh nguyen ven cua
dau muat. Vi du, thuc khu#n thé T4 hoic phage A da gidl quyét van dé
nay bang cach bién d61 nhidm sfc thé dang thang sang dang vong tron
ho#c tao ra cac phan td ADN multimer trong qua trinh ta1 ban. Dau
mit phidm sic thé eukaryot thutdng chita céc trinh tuy ngén lip lai. S8
14n lap lai ¢6 thé thay d6i béi telomerase. Do d6, viéc duy tri dau miit
khéng nhét thit phai phu thude hoan toin vio qué trinh tai ban.
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2.4. DAM BAO TINH GHINH XAC TRONG TAI BAN ADN

~ Sai sét xay ra trong qué trinh téng hgp ADN chi khoang 10° (cd
10° nucleotide dude tai ban thi c6 mot sai s6t). T4n s6 nay nhd hon rét
nhidu tin so tao lién két sai léch gilta cic base. Vi du, lién két gitia T-
G hay C-A c6 tin s§ khoang 10°. D6 1a do cac nucleotide khi gin vao
soi ADN dang tong hgp phai chiu sy kiém tra theo co ch& "doc sua".
Nhd dé6 bat ky mdt nucleotide nao tao lidn két khong dding véi nguyén
tic b sung déu bi phat hién va loai bd. :

Cg ¢hé kiém tra "doc stia” phu thude vio tinh chat dac bigt cia
enzym ADN polymerase. Khac véi ARN polymerase, ADN polymerase
khéng ¢6 kha ning ndi hai nucleotide v6i nhau dé bat diu tdng hyp soi
méi. Enzym nay doi héi phai c6 mdt dogn nucleotide ngan c¢é ddu tan
ciing mang nhém OH g vi tri 3'. Day 1a vi tri nucleotide mdi duge gin
vio moi. Chi c6 nucleotide tao cdp theo nguyén téc b8 sung véi
nucleotide trén s¢i khudn méi duge gan vao vi tri &' nhd lién két
phosphodiester. Phan ing nay do ADN polymerase dam nhiém. Moi
sai s6t khong tuan theo nguyén tic b8 sung déu bi enzym phét hién va
loai ra. Tinh chét exonuclease nay ¢ha enzym chi xay ra theo hudng
3.5 trén sgi dang tong hgp gitp cho enzym ¢6 kha nang tu sita sal
(sélf correcting). Nho dé tAn s& dot bign rat nho. :

" Lién két theo nguyén thc b sung cha nucleotide cudi cung tai ddu
3' ctia mdi véi khudn déng vai trd quyét dinh giap ADN polymerase tu
stla cac sai hong. Ngude lai, ARN polymerase xic tic qua trinh téng
hgp ARNm khong c6 tinh chét ty "doc sita”. Piéu-may mén 1a cac sai
s6t trong phan it ARNm khong thé chuyén sang cdc thé hé sau. Hon -
nita sai so6t nglu nhién trong phén ti ARN khong c6 vai tré quyét dinh
céc hau qua di truyén. ARN polymerase ¢d thé t6ng hop nhiéu phén tu
ARNm tit mdt gen ma khong cdn doan oligo mdi ban dau. Tén s d6t
bién ty phét x4y ra trong ca hai qua trinh téng hgp ARNm va téng hop
protein khoAng 10, B

3 vi khudn E.coli, mét s8 dgt bién lam tang manh tin s bién 4é1

ty phat cac nucleotide trén sgi ADN mdi. D6 1a cac dot bign xéy ra o

cée gen quy dinh tinh chit doc glia exonuclease 3'—5 cua ADN

polymerase. Vi vy rit nhidu sai s6t xay ra ma khong bi phat hién aé

sla chita, Tuy nhién ching c6 thé duge sia theo mét cd ché khac goi 12

co ch& doc sua cac lién két tao cép sal (mismatch proofreading hoéc

mismatch repair). Cd ch& nay khac véi co ché stia chita ADN (DNA

_repair) vi né khong phu thudc vao sy nhan bift nucleotide la ma dya

vao sy méo mé cdu tric sgi kép do che lien két tao cap sai gila chc
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base khong bd sung véi nbau. Diéu dac bigt 1y thu 1a tinh chit doc stia
thieo ¢d ché thi hai chi cAt bd nucleotide khong b8 sung d sgi mdéi ma-
khong dong cham dén nucleotide trén sgi khudn (tic 12 nhéan biét duge
nucleotide ghép doi sai léch trén sgi vifa téng hdp). '
GAn day mét s protein cb vai tro tudng ty cAc protein tham gia ¢d
ché doc sita tao cip sai d vi khuén duge phat hién & sinh véat eukaryot.
(3 ndm men, khi cac gen ma cho nhiing protein nay bi dét bién, ty 18
cai s6t trong tai ban ADN c6 thé ting hon 100 1dn. D& phan bigt gila
s¢i méi va s¢i khudn 6 1& phiic pratein nhén bidt vét dit gay hay gap
trén sgi ADN vita dudc téng hgp. Vi sao xudt hién cac v&t nay la mét
vAn dé cin 1am sang to. Tuy nhién thuc nghiém cho thdy ching giong
nhu c4c tin hidu gidp cho ed ché doc sia nhén ra sgi ADN mdéi.

2.5. TAM TAl BAN (ORIGIN)

Hai sgi don ADN bjt ddu tach nhau ra tai vi trf ddc biét goi 1a
tam tai ban hay con goi 14 tdm sao chép (replication origin - ori).
D6 véi vi khudn, ndm men va mdt sd virus ky sinh trén doéng vat,
genome caa ching thudng chi ¢6 mot tdm tal ban ky higu 1a oriC. Tam
t4i ban cla genome vi khuan E.coli c6 chia hai doan ADN 9bp va 13bp
14p lai nhidu 14n tao nén tam tai ban c6 kich thude 245bp. Tai ban
duge bit dau khi phitc gdm 6 protein (DnA, DnB, DnC, HU, Gyrase va
SSB) tuong tac vdi doan 245bp. Protein DnA nhan biét tam tai ban;
phuc ;irotéi_n-DnB-DnC ¢6 hoat tinh helicase sit dung ATP dé ma xodn
's¢i khudn; protein HU tudng tac v6i ADN 1am uén cong s¢i khudn;
protein QGyrase su dung ATFP _dé thao ciu tric sidu xodn do chac sao
* chép di chuyén trén sgi khuén. _ .

Tai tAm tai ban, doan ngén ARN duge ding lam méi dé ADN
polymerase bit ddu t8ng hop s¢i ADN méi (s¢ leading). Doan ARN nay
c6 thé duge phién ma tit promoter ném phia trude tAm va két thic tai
tam. Nghién ctiu tai ban tai tAm sao chép cta thyc khuén thé cho thay
t4i ban chi b4t ddu khi ARN polymerase phién ma tai promoter ndm
ngay phia trudc tdm tai-ban. Nhu vay phién ma xay ra 8 xung quanh
tAm o6 thé c6 hai chite nang. Thiz nhdt, phién ma lam thay doi cdu tric
ctia ving chita tdm sao chép giip phuc protein ti€p cén’'vdi trinh td
nucleotide tai d6. Thi hai, phién ma két thdc tai tAm sao chép va tao
ra sgi ARN c¢6 ddu 3’ chita nhom OH ty do; nhd d6 ADN polymerase
_ khi dong téng hgp bing cach thém nucleotide vao ddu 3’ do.

T4i ban bét ddu & tAm sao chép trén genome thyc khudn thé A yéu
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" cfiu protein O va protein P mé bdi hai gen cha thye khuén thé. Tam
sa0 chép orid nim ngay trong gen mé cho protein Q. Phitc protein O-P
tudng tac véi trinh ty nucleotide & orid va tuong tac voi DnaB (protein
oia t& bao vi khufn). Protein O tudng téc véi cac trinh ty 13p lgi cha
orid, con protein P tudng tac véi DnaB dé git DnaB tai tAm sao chép. .
~ Nhu vay protein O ¢6 chifc ning tuong ty DnaA con protein P tudng tu
. DnaC cta E.coli. Protein P cia thyc khuén thé c ché hoat tinh

helicase ciia DnaB. Chi khi ndo protein P roi khéi tim sao chép thi
DnaB mdi md xoén dé tdng hop sgi ADN mdi. Tam sao chép orid gbm
trinh tu ngin (18 nucleotide) 1dp 1ai 1a vi tri tudng tac v&i protein O va
doan giau A-T ndm ngay sau dé. Doan giau A-T rit nhay cam véi
nuclease S1, enzym nhéan biét va phén cit ADN khong bat cap bd
sung. Nhu vay lién két b8 sung gifta hai s¢i khudn & doan gidu A-T bi
dit hinh thanh chac sao chép. '

C&u tric tam sao chép cha vi khuédn va thyc khuén thé cing nhu
cach thie khai dong tong hgp ADN tai hai loai tAm 46 c6 nhiing diém
tuong déng nhau. Tém sao chép cha virus dong vat SV40 hoat dong
tuong ty nhu oriC va orid. Protein antigene T do virus mé tudng tac
véi nhiing trinh tu lap lai ngén trong genome. Dic biét antigene T cb
hoat tinh helicase phén huy ATP nén virus khong cAn protein ¢é chie
nang nhu DnaB. o _ : :

D6 véi sinh vat eukaryot, trén mdi nhidm séc thé c6 nhiu tim
t4i ban. Cac tam nay (20 dén 80) thudng tap trung trén mét doan ADN
tao nén don vi sao chép (replication unit). Khoang céch gilia cac tdm
141 ban trén mot ddn vi thay d6i tit 30kb dén 300kb. Ngoai ra, khéng
. phai moi don vi sao chép déu hoat dfng cing ‘mét lac. Ngay trén cling
" .mdt nhidm séc thé, cac vung khéc nhau duge tai ban J cac thoi diém
khéc nhau. Mot diéu ly thi 12 hoat djng ctia ching khong xay ra nglu
nhién ma theo mdt trat tu nhat dinh, Trong phase S, cAc vung ADN di
" nhidm séc duge nhan d61 mufn trong khi viing chia gen dude nhan déi
<dm. Hon nita, cAc gen hoat ddng trong moi loai mé t& bao (dude gol la
chc gen quan gia - "housekeeping genes”) duge nhan doi rat sém trong

khi cac gen chi hoat dgng trong mot 58 mbd t& bao nhat dinh s& nhan
* 461 s6m trong t& bao d6 nhung nhén déi rit mudn trong céc t&€ bao ma
gen khéng hoat dong. o

2 6. KIEM SOAT KHGI DONG TAI BAN TAI TAM SAO CHEP

Tam sao chép 1a vi tri ddu tién tai d6 ADN duge tong hop, Mat khi
toan bd sgi ADN méi chua duge téng hgp xong thi tdm sao chép khoéng
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~ duge khoi dong cho lan tai ban tiép theo. Diéu nay cé nghia 1a qua
" trinh t4i ban khéng xay ra theo kiéu cuén chi€u; chi khi nao phén ti
mdi ADN duge t8ng hop xong thi ldn tai ban tifp sau méi cé thé bit
dfu. Co ché& nao kiém soat tAm sao chép tuén thl ding nguyén téc d6?
Phan tich trinh ty clia tdm sao chép oriC & vi khudn E.coli cho
thdy, oriC gém mét trinh tu ngén GATC 1ap lgi 11 14n, trong dé moi
adenine déu bi methyl hoa & vi tri N;. T4i ban ADN xdy ra theo cd ché
ban bao todn. Vi vay sau khi tai ban, tm sao chép chi bi methyl hod
ban phan; trinh t4 GATC trén sg¢i khudén ¢6 nhém methyl nhung trinh
 ty GATC trén sgi méi khong bi methyl hoa. Adenine trong trinh ty
GATC chi bi methyl hoa toan phén sau khoang 13 phit tinh tit khi
téng hop ADN bit 84u. Phan dng methyl hoa ddi hdi enzym Dam
methylase. Phii ching do chi bi methyl hoa bin phin ma tdm sao
chép khéong thé khdi déng téng hgp ADN ? Thue nghiém cho thiy khi
bi&n nap plasmid ¢6 tdm oriC vao t& bae a6t bién dem™ (t& bao khong
- ¢6 kha nang tdng hop enzym Darm) thi kha néng nhan d6i cha plasmid

* " hoan toan phu thubdc vio oriC c6 bi methyl hoa hay khong. Néu nhu

plasmid chia oriC bj methyl hoa toan phén thi plasmid sé nhén dai
tac ra cac plasmid mdi ¢d oriC bi methyl hoa ban phin. Sau dé cac
plasmid nay khéng thé tai bin duge nita. Tuy nhién, néu nhu plasmid
mang oriC khéng bi methyl hoa thi plasmid tai ban mdt cich binh
thudng gidng nhu trong t& bao c6 gen dam*'. Nhu vay, hién tugng
" methyl hoa ban phén tai tAm sao chép ngin can tAm nay khéi dong tai
. ban. Chi khi duge methyl hoa toan phin thi tdm sao chép mdi c6 thé
" budc vao 14n tAi ban tiép theo. Methyl hoa toan phin oriC xay ra sau
khoang 13 phiit tinh tit khi téng hgp ADN bit ddu tai oriC. Trong
khoéng-thdi gian nay, phlen mé tal promoter clta gen dam bi Gc ché
khlé'n hidng protem Dam giam di.

2.7. TAI BAN THEO CO CHE VONG TRON LAN (ROLLING CYCLE
REPLICATION)

Trong qua trmh tal ban ADN sql ADN khudn c6 thé tén tai dudi
dang théng hoac dang vbng, ] dang s¢i déi ho#ic sgi don. Nhiing dang
khudn nay duge stt dl\;mg dé tong hap. nén bin edo gidng hét ching v&
hinh dang (tron hodic thang) v cfiu tric (461 ho#c don). Tuy nhién,
phén tit ADN sgi d6i ¢ th,é 1am khubn dé téng hap sgi don hoge nguge
lai. Do d6, ¢6 nhidu cach thidc tai ban ‘ADN khéc nhau. Méi lién hé
gitia hinh dang cfiu tric caa 391 khuon va sgi cén nhén d6i 1a yéu td
quyét dinh cich thic tai ban ADN '
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Phén.tif ADN dang vong trong t& bao vi khudn dugc tai ban theo
c6 ch& m6 ta trén Hinh 2.2, trong 46 lién k&t gifta hai s¢i don bi pha v3
tai tam sao chép. Tuy nhién, phan tit ADN dang vong ctia thuc khudn
thé dugc tai ban theo cach thitc khéc bigt v8i ADN vi khuén. Qud trinh
téng hap s¢i ADN méi duge bét ddu tai mot vét cht thude tdm sao chép
trén mdt sgi don khudn, gidi phéng ddu 3'-OH ty do. Déu nay dude sd
dung nhu mdi dé ADN polymerase t6ng hop sgi mdi tao cadp b8 sung
véi sgi khudn khong bi cit. Nhu thé, chac sao chép sé di chuyén lién
‘tuc vong quanh sgi khudn. M&3i 14n chac sao chép di chuyén hét mot
vong thi mt s¢i don ADN duge tdng hgp xong: Sgi mdi tach khoi sgi
khuén dé chac sao chép di chuyén vong tiép theo. Cach thite tong hgp
nhut thé tao ra s¢i don ADN dai ghm céc ban sao k& ti&p nhau lién tyc
(Hinli 2.6). Céach thiec nay dugc goi 1A tai ban thea vong tron lan
(rolling cycle replication). :

. , Vit ditt trén mit sdl
ADN dang vong ADN, tao ddu 8-OH

i .¥-0H

5P
Téng hop sei _
ADN mdi_ .~ ' :
e/ \

quanh khuén
ENS——

5,

Hinh 2.6: Cd ch@ tai bin véng tron lin {rolling cycle replication).

Qué trinh t8ng hdp sgi ADN méi dudc bt ddu tai mdt vét cAt gidi phong ddu 3'-OH ¢ do.
Déu nay dudc am khudn dé tdng hap sdi don méi.

Sgi ADN téng hgp theo cd ché vong trdn lin goém nhiéu ban sao
lién tiép. Cac bén nay €b thé duge cht roi nhau dé tgo thanh ting ban
ridng bit; m&i ban gifng hét phan t& khuén ban ddu. Ti€p dén, mdi
bén don 1é cb th§ tao thanh phan tl dang véng (Hinh 2.7). Tai ban
theo ¢d ché vong trén lan thudng dude st dyng dé nhan ban mdt gen
ho#i¢c mot genome v6i s6 Iugng nhifu trong thai gian ngén. Vi dy, tring
&ch sau khi thu tinh phat trién rit nhanh nén yéu cdu rft nhiu ARN
ribosome cho bg may téng hop protein. S% lugng ARNr duge dap ing

.o 4



dﬁy da do gen mé cho ARNr duge nhén ban theo co. ché' vong t;rén lin
tao n&n s6 lugng gen rit lén trong mét. khoang thdi gian nhét dinh

trong quéa trinh phat trién phéi. Ngoai ra, genome ctia thyc khuén thé
cling duge tai bén theo co ché nay.

Sgi da ban gdm nhiéu ban sao

5’
. / - \ Céc bén sao duge cit rdi nhau
Soi ddn da ban nhén \_\_—\
i thanh sgi ké . ' f
déi thanh s¢h kép o / Chuyén d8i sang dang vong

Chuyén d6i sang dangk

Hinh 2.7: Sgi don da ban 18ng hop theo cd ché vdng tron lan dudc chuyén d& sang sdi
d6i ¢b dang vong (theo Lewin; 2004).

" 2.8. TAIBAN ADN & VIRUS

2:8.1. Tai bén ADN cda thyc khuan thé

_ Genome thyc khuén thé $X174 1a s¢i don ADN dang vong, k)’r hiéu

14 s¢i dudng (+). Sgi nay duge dang lam khuén dé téng hop s0i bd sung,

* ky hibu 12 sgi &m (). Hai s¢i duong vA 4m tao thanh phén tit s¢i d6i

" dang vong. Lic nay, prot.em A mi bdi gen virus bam vao sdi (+) tai vi -

tri tAm sao chép va cit sgi d6 dé tao ra ddu 3-OH ty do. Ddu 5’ ty do
lién két véi protein A trong subt qué trinh tai ban.

St dung ddu 3’ tu do, sgi (1) duge théo ddn ra khoéi sdi () va 8gi ()
méi dude tdng hop thay thé vi tri cia sgi (+) cii theo cd ché vong trén -
lan. K&t qua sau mot vong tai ban, mdt phan ti ADN sgi dbi dang
vong va mdt sgi (+) dang vong duge tdng hgp (Hinh 2.8). S¢i () ti€p tue

.1am khudn dé€ téng hgp sgi () va lap lai qué trinh tdng hgp. Nhu vay,
6 lugng khudn ting 18n rdt nhanh nén s6 higng genome virus (56' :

lugng sgi duong) ciing ting rit nhanh. Sgi ) duac déng g6i trong vo
protein tao thé virus méi.
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agi (+ Déng goi trong
+— —» v protein tao

sdi (+) 3 OH - |
5P vongtrdnlin
: —_—

thé virus mdi

Hinh 2.8: Té’ng hap genome $X174 sdi dan dang véng theo co ché vong tron ian.

2.8.2. TAl BAN TU DAU MUT PHAN TU ADN DANG THANG

~ Genome adenovirus va ¢29 1a phin ti ADN dang thing. T4i ban
dudc bt ddu tit mdt trong hai ddu mit cda phén tit ADN thing. Déu
tan cling 5 ctia sgi khudén ADN tuong tac voi protein cna virus. Protein
nay tudng tac véi nucleotide cytidine (C) va ADN polymerase. Nucleotide
cytidine c6 ddu 3-OH ty do duge ding dé tong hop s¢i ADN méi. Nhu
vay, nhd tudng téc véi protein, nucleotide C déng vai trd cia mdi dé ADN:
- polymerase thyc hién phan Ung. Téng hgp ADN tao ra mot phan tl
 mdi vA mdt sgi don ADN. S¢i nay chuyén sang cfu tric dang vong nhag
lién két bd sung giita céc trinh ty tudng dong & hai ddu muit (Hinh 2.9).

5 . _ _ 3
g 1t 11 TTTT1111 5 .

Protein virus l i
5 . ADN pqur_neralse S

B s Y 0 8
5 Ill.l;l-ll._l__lillllll_lll."ll 3
5’ R . - : 3'
3 o o . 5
55 5 P
g | R I.I I 5’

Hinh 2.9: T4i ban ADN bt dau tif mét trong hai ddu mat clia phan t¥ ADN dang thing
nhd protein c6 kha nang tuong tac véi ADN & diu 5 va tugng tac véi ADN polymerase.
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2.9. TA| BAN TELOMERE CUA PHAN TU ADN EUKARYOT

Tt ca chc enzym ADN polymerase ma ching ta biét déu khéng cb
kha nang téng hgp s¢i ADN mdi tit cac nucleotide tu do. Hon nita, -
ADN polymerase chi téng hop theo mot chiéu nhit dinh t 53" Do
dé, trong qui trinh tai bén nhidm sic thé eukaryot, cdc enzym nay.
dudng nhut rit khé dadm bao nguyén ven chidu dai va tinh chinh xéc
ctia ddu tin ciing telomere trén sgi ADN méi (sgi lagging). Trong t& bao,
enzym telomerase thyc hién chic nang tai ban cac dAu mit telomere.

Telomerase 13 phiic ribonucleoprotein ¢6 hoat tinh thém cac
nucleotide tu do vio dfiu tan cing cta sgi don ADN dya viao khuén
ARN c6 mit trong phic. Sgi ARN clia telomerase tao cip véi trinh tu
gizu C+A lip lai & dau telomere. Mot trong nhiing protein tao nén
phtc telomerase cé hoat tinh phién ma ngugc tit ARN sang ADN. Nhd

"6, cac trinh tu lap lai & dau mit telomere duge kéo dai theo hudng
5'—3'. Sau dsy, doan mdi nay dude dung lam khuén dé ADN polymetase
hoan thién chc ddu tan ciing cua s¢gi ADN méi (Hinh 2.10).
_ Telomerase ¢6 kha ning téng hgp cac doan ngén lap lai § telomere
nhung khong kiém soat dude s8 lugng cae doan dé, tie la khéng kiém
soat dude s6 lugng cac doan 1ap lai. Chiéu dai telomere phu thuge vao
hoat tinh clia céc protein véo telomere 1am anh hudng dén hoat tinh
ctia telomerase. Trong genome sukaryot, gen mi cho telomerase hoat
déng trong cac t& bao & giai doan sdm ctaa phdi. Cac t& bao soma cla
ngudi tai ban ADN trong didu kién gen mi cho telomerase khong hoat
dong. Vi vay, do dai telomere bi ngén dén qua cac chu ky phan bao.
Giita d6 dai cla telomere vi thoi gian stng clia t& bao c¢6 méi rang buge
nh&t dinh. Khi telomere cang ngén thi t€ bao cang khé phan chia
chinh xéc. Cac hién tugng dit gay, chiyén doan nhiém séc thé xay ra
cang nhiéu khi telomere cAng ngin. Cac t& bao nim men trd nén gia
¢i (khéng phan chia va chét) khi khong con telomere.

Mic db telomere gdm cac doan nucleotide ngin _lﬁp lai nhung trao
d8i chéo khong x4y ra do protein dédc hig¢u'bam vao telomere. Trong thi
-nghiém nudi cfy t& bao, hau hét che t& bao déu gia hoa va chét sau mét
8 14n phan chia nhat dinh. Tuy nhién, mét 58 t& bao bat binh thuong
vAn phén bao do nhifm séc thé cha ching c6 telomere dai ra, hau qua
cla trao d8i chéo khdng can xGng. Nhiing t& bao nay thuong mang dot
bidn litn quan d&n cd ché stia chia sai hong trong tao cip bé sung giila
hai sgi don ADN. '



Telomere
ETTGGGGTTGGGGTTGS
g AAXCECL

l’l‘elomerase bam vao telomere

ﬁTTGGGGTTGGGGTTG 3 \
¥ AACCCCaaccccaaccccaac 5

3 ARN cua telomerase
Thém G vao s¢i don cia
telomere dua vao khudn ARN

5’TTGGGGTTGGGGTTGQ &
3 AACCCCaaccccaaccccaac 5

3 ARN cua telomerase
1 Téng hgp dua vao khuén ARN'

5'TTGGGGTTGGGGTTGQGGTT 3
a AACCCC&&CCCC&&CCCC&&C 5
y 4

s 1 Telomerase dich chuyén vé phia diu 3’

E’TTGGGGTTGGGGTTQGQGTTGQ 3
3 AACCCC }acccc aaccccaac ¥

g

Hinh 2.10: Telolerase gém sgi ARN va phic protein c6 hoat tinh phién ma ngugc (phién
ma trén khudn ARN sang ADN). Sgi ARN lam khudn dé tdng hop trinh tu 1ap lai d sgi ADN
don clia telomere (theo Lewin; 2004).

2.10. TAI BAN ADN TY THE

Tam sao chép cua nhiém séc trong vi khuédn va trong nhan t€ bao
eukaryot c6 nhiing tinh chit dién hinh: déu 1a trinh tu dac hig¢u dude
nhéan biét dudi dang sdi kép va 1a vi tri c6 lién két b sung bi dut gay
48 bét dau qua trinh tong hgp. Tuy nhién, tam sao chép ctia phan ti
ADN nim trong ty thé lai c6 diém khéc biét véi ADN trong nhén.
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Trong ty thé, phan tid ADN c6 cdu triic sql d6i dang tron. Ca hai
sgi déu mang gen md cho cac san phdm cén thidt véi ty thé. Chiu
: ph1én mé cua cic gen trén sgi phia ngoai (s¢i H) ngﬂq}c v{i chiéu phién
mi cla céc gen trén sgi phia trong (soi L). Dac biét, méi s¢i ¢6 mqt tdm
sao chép riéng ctia minh, trong d6 tAm sao chép sgi H ¢6 thé tén tm '
 dudi dang mot dogn ADN don 1é. Hon nita, bét ddu tai ban khéng xay
- ra ddng thoi & hai tAm riéng bigt (Hinh 2.11).

D loop
sgi L :

|

Téng hop s¢i L méi, sgi L
cii tach din khai khubn,
D loop réng din.
 Sgi H mdi duge tdng hop
" khi D loop di chuyén dén vj
— ~ trf tAm sao chép trén sgi L.

\ |

\

N&i 11§n / Néi lién

mach véng © mach ving

Hinh 2.11: C&u tric D loop tai tAm sao chép trén sgi don H clia ADN ty thE ddng vat.

Mdi soi don trén phan tu ADN ty thd cé6 mdt tam sao chép riéng biét. Khdi déng phién ma
trén hai sgi nay khéng xay ra tai cong mdt theési didm (theo Lewin, 2004)
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777 DAu tién, sgi mbi ARN duge t6ng hop tai tam'sao chép trén sgi H '
. khién s¢i L bi tach ddn ra khéi sgi H. Doan nucleotide trén sg¢i L bi
 thch ra do bit ddu téng hop s¢i H, tao nén cffu tric goi 1a “D loop™
(displacement). Tai ban dude thye hién v6i khudn 12 sgi H, do d6 tién
trién etia phéan {ng tdng hop 12 mt s¢i L mdi duge kéo dai va sdi L c
' bi téch dén ra duéi dang s¢i don, tic 1a “D loop” cang ring dan. Khi D
loop gidn rong dén vi tri tAm sao chép trén sdi L thi tai ban clia s¢gi L.
mdi bét ddu. Nhu vay, hai tim sao chép khéi dong tai thoi diém khac
nhau, mi tdm tuong dng vdi mdt chac sao chép, chac nay di chuyén
nguge chiéu chac kia. o
" Phén t& ADN ty thé ¢6 thé e¢6 mot hoic nhidu D loop. ADN ty thé
trong t& bao ddng vét ¢b via ¢b mdt D loop véi chiéu dai khodng 500-
600bp. Sgi ARN maéi tao eap khéng bén véi trinh tu ctia D loop. Do thai
diém tai ban cta hai sgi don H va L khong xay ra dong thoi nén khi sqi
H téng hgp duge 1/3 thi sgi L. da téng hop xong.
Phan ti ADN trong lue lap st dung tdm sao chép tudng t¢ nhu D
loop dé tai ban.

2.11. CHU TRINH TE BAO

Trong t& bao eukaryot, tai ban nhidm sic thé (xdy ra & phase S)
chi 12 mét giai doan trong chu trinh t& bao: Chu trinh t& bao 9 sinh vat
eukaryot dugc xem gdm 4 giai dogn. Ba giai doan G1, 8 va G2 duge goi
chung 1a gian ky (interphase). Dién bién mdt chu trinh té& bao duge
thyc hién theo ding trit ty tit G1 sang pha S, dén G2 va két thic bdi
giai doan phan chia t& bao M. Pién trinh nay chi x4y ra theo mot chiéu
ma khéng thé dio nguge lai.

Trong giai doan G1, ngay sau giai doan phén béao nguyén nhiém
 (mitose), t& bao hoan thién kich thudc riéng dé ddm bdo ¢6 dh moei diéu
kién c4n thiét cho giai doan nhan déi ADN. 3 giai doan G2 sau 8, t&
bao kiém tra qué trinh nhan d6i ADN, ddm bao qua trinh d6 xdy ra
khong ¢6 bit ky mot sai sét nao. Sau d6 t& bao méi chuyén sang phéin
chia. Nhu vay, t& bao thuc thi hé théng kiém soat chit ché chu trinh t&
- bao (cell-cycle control system), djc bidt tai cac diém kiém tra nam giiia
hai giai doan (checkpoints) dé quyét dinh sy chuyén tiép. Nhiém vu
ctia hé thohg kiém soat 12 ddm bao tinh chinh xéc cta qua trinh nhin
461 ADN, phén ly nhidm séc thé vé hai eyc va hinh thanh hoan hao hai
t& bao-con. Khi ti€p nhan cac tin higu khéng binh thudng (tu cac dién
bién trong qué trinh phan bao hodc t¥ méi trudng bén ngodi), hé théng

.
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ki€m soét ¢4 thé difu khién chu ky phan bao cham hoke ditng 1ai 8 mét -
 diém kiém tra. Piém ding trong pha G1 duge goi 13 diém bt ddu -
"Start” (3 ndm men), hodc don gidn goi 1a diém kiém tra G1. Khi hé
-théng kiém soat vugt qua diém G1, chu trinh phan bio chuyén sang
-pha 8. Tudng tu nhu & pha G1, khi hé théng vugt qua diém kidm tra
. G2, chu trinh phén bao duge phép bude vao pha M (Hinh 2.12).

L ' Kich thude t& bao
Diéu kién méi trudng thuén lgi
Pif€m kiém tra G2 M

G2 Go

Chu trinh t& bao

Diém kiém tra G1
Kich thuide t8 bao
Kiém tra nhan d6i ADN
*+ Diédu kién méi trudng thuin lgi

Hinh 2.12: Cac tin hiéu méi trudng va tin higu phan hdi tif cac dién bién xay ra trong qua
trinh phén chia cho phép t& bao vugt.qua cac diém kiém tra G1 va G2. Tai cac di8m G1 va
G2, hé théng kiém soat phan tich cac didu kign cén va di truéc khi cho phép. i€ bao

chuyén sang pha tiép theo.

Hé théng kiém soat hoat dong dua vao phite gdm hai ho protein.
D6 1a cac protein kinase phu thude cyclin (cyclin-dependent protein
kinase), vi€t tit 1a Cdk va nhém protein cyclin. Cdk c6 hoat tinh
phosphoryl hoa protein dic hiéu tai cac acid amin serine/threonine.
Tuy nhién kha ning nay cha Cdk duge kiém soat bdi cyelin, M3i Cdk
c6 thé lién két véi nhidu cyclin khéc nhau dé tao thanh phite Cdk-cyelin
“¢b hoat tinh dic hiéu, tite 14 quyét dinh protein bi phosphoryl ho4. R&
rang ba sy kién: tao phitc Cdk-cyclin; hoat ho4 phitc va phéan ra phic
- 1a nhiing bude chuyén. rit quan trong difu khién toan bé chu trinh
- phén bao. Céc protein cyclin ¢6 thé phan 1am ‘hai nhém chinh; "eac
cyclin lign két v6i Cdk trong pha G2 d€ t& bao buéc vao mitose (nén goi
1a mitose cyclin) va cac cyclin lién két v6i Cdk trong pha G1 6 chu
trinh chuyén sang pha S (nén cén goi 1a GI cyclin). Nhiing nghién cftu .
d4u tién trén n&m men cho thdy mét nhém protein Cdk tham gia hé
théng kiém so4t chu trinh +& bao § ca hai diém kim tra G1 va G2. Tuy
nhién & déng vat ¢6 vi, mbi diém kiém tra duge kidm soat bdi it nhat
mét nhém Cdk riéng biét. Hoat tinh ciia Cdk gép phédn quyét dinh t&
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‘bao tdn tai ¢ mt pha nhit dinh hoéc chuyén pha. Vi mdt 1y do nio d6
" ma nhém Cdk phu trach & mot didm kiém tra duge hoat hod thi t& bao
- bude sang pha ti€p theo bat chap cac nguyén liéu cin thiét (protein,
" ADN..) dé hoan thién pha d6 c6 déy di hay khong. R6 rang sai sot d
hé théng kiém soét b th8 khién t& bao phén chia lién tuc. '

2.12. SUA CHUA ADN h

Nhu ching ta da biét, hdu hét sai sbt trong qua trinh téng hop
"ADN dude nhan biét va sita chita nhd hoat tinh doc stia cua ADN
polymerase. Tuy nhién, chc thc nhan 6 bén trong t& bao (cac chat oxy
hod, cac goc tu do... khong 11én quan dén tai ban) cling nhu cac tac
nhan mdi trudng (chifu xa, sdc nhiét, cac chat ddc...) déu c6 kha ning
gdy ton thuong sai héng ADN. Xuat phét ti quan diém cta cAc nha
vt 1y va hoa hoe, mbi ngay ADN cfia mot t& bao trong cd thé chiing ta
mét di khoang 5000 base purine (adenine va guanine) do xdy ra phan
tng khit amin (lién két N-glycosyl v&i deoxyribose bi bé giy do dao
. dong nhiét). Tuong tu nhu vay, sy bién ddi tu phat ti cytosiné thanh
uraxine xay ra véi ty 1& 1000 base /genome trong mot ngay. Ngoai ra,
tia t& ngoai cha mat trdi c6 thé thic ddy phan tng tao cip bén ving
gitta hai pyrimidine nidm canh nhau trong chudi ADN (vi du nhu tao
dimer giita hai thymine). RS rang c&u triac ADN xét theo lign két hod
hoc phai chiu cac d6t bién tu phat vél tén s8 kha cao.

Tuy nhién, trong thye t&, phéan td ADN cb ty 16 dot bién ty phat
&t th&p, téc 1a thong tin di truyén trén phan i ADN duge bao toan
4t cao. Chung ta c6 thé danh gia ty 18 dot bién xdy ra ty phat cin cd
vio trinh tu acid amin cha mét logi protein c6 mét g cac loai sinh vat
khac nhau. Ty 18 88 acid amin khéc nhau dudc so sanh vdi s6 nim ma
hai lodi cing xuét phat tu mét ngudn géc ban d4u (duya theo cdy pha
ha), Sy sai khéc d6 do cac dot bi€n & méc d6 gen, tic 12 & cic
nucleotide. Tit diy ¢6 thé danh gia duge thoi gian cén thigt dé xay ra
mdt dat bign & mitc-dd ADN. Gén day, ky thuat xac dinh trinh tu cho
phép so sanh trinh tyt nucleotide & mot s8 viing khong chda gen trong
genome clia céc loai c6 quan hé gén giii trong tién hod. Két qua thu
duge phit hgp véi phuong phéap dya vao su sai khéac céc acid amin cua
mot protein. Ca hai phudng phap ‘déu cho thiy, dé xdy ra sy thay d6i
tu phat d&i v6i mot acid amin ctia mét protein c6 400 acid amin thi cAn
modt thdi gian khoang 200.000 nam. Ty 16 ot bién rat thap nhu vay
chitng t5 ring trinh ty nucleotide cha phén td ADN rat bén vitng. Mot
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en o6 kh‘”mg 103bp mang mé d1 truyén (tudng fmg véi clc Protem s

kich thudc trung binh trong t& bao) chi 6 mdt d6t bién sau'10° th€ ha.
K&t qua nay phi hgp véi tinh todn theo qué trinh tién o4, tite 1a pha’

' hop véi ty 16 dot bién xdy ra & mdt gen 1a 200.000 nam/mot dot bién.
Véi t§ 16 dot bién réit thap thi 6 protein quan trong trong té bao sé c6

- khoéng 60.000 loai khac nhau. Chi cn ty 1& nay téng gip 10 14n thi s6
protein khac nhau chi con khoang 6000 logi. R3 rang, ty 1& 46t bién cao
s& khién cho qua trinh tién hoa phai du?ng lai & nhlmg lodi sinh, vat
khéng thé da dang va phic tap hon rubi gidm.

Dé bao toan cac dic tinh cia lodi, théng tin di truyén chita trong
céc t€ bao sinh due nhit dinh phai duge bédo vé tranh khéng xay ra céc
ddt bi&n ty phat véi tdn sd cao. Mit khac dé dam bao an toan cho ting
c4 thé, thong tin di truyén trong cac t&€ bao soma cling duge bao vé
tranh nhiing dgt bién gay réi loan phat trién ho#c tham chi gay chét.
Tinh bén vitng cla t& bao sinh duc va t&€ bao soma déu phu thude vao
tinh bén viing cha ADN. Cg thé duy tri sy sdng cia minh ciing nhu
d&m bdo sy trudng tén cha thé hé sau biing c4ic ¢d ch& tai ban ADN

ngay khi t8n thuong déng thoi tién hanh sité chifa sai héng bing nhiéu '
cach thitc khac nhau. :

HAau hét cac dot bién ty phat trén phén td ADN xay ra hang ngay
ho#c do céic tdc nhén bén ngoai gay ra (UV, tac dong vat 1y, hoé hoc...)
dugc khéc phue bdi 3 cach thic sita chita chinh. Thit nhét 14 slia chita
phuc hdi tryc tiép (direct repair); thd hai 1a cit bd sai héng va sia
chita lai dya vao trinh ty b8 sung (exmsmn repair, recombination
repair) va thit ba 1a chéng chiu céc tén thuong trong cac trudng hgp
" ¢An thift nhu dang tai ban hoic dang phién ma (inducible damage
tolerance). C4 ba céch thitc sita chila déu lién quan dén san phé"m cla
nhiéu gen. Khoang 130 gen tham gia sda chila cAc loai tén thuong
trong genome ngudi (Bang 2.2).

_ Sﬁa chita tryc tiép thudng hén quan dén enzym photolyase va hai
loai sai hong trén phén ti ADN la cyclobutane-pyrimidine dimer
(CPDs) va pyrimidine (6-4) pyrimidone (6 4PPs). C& hai loai sai héng
nay déu gy bién dang clu tric xofin cha ADN. Photolyase cé kha
nang s dung nang higng 4nh séng dé thyc hién phén tng lam thay
d8i cac lidn két hod hoc dé nucleotide trd 1ai dang binh thudng. Phan
{ing stia chita ADN béng photolyase xay ra trcing rit nhléu smh vat

prokaryot va thuc vat.-

Pa s8 sai hong ADN dugc stia chila bing con dudng thit hai. Co
ch& nay phai stt dung thong tin dl truyén chia ¢ mét trong hat sgi don
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ADN. Khi trinh tu nucleotide trén mét soi bi thay déi thi sgi thtt hai

(lién két b8 sung véi sgi thﬁ'nha‘t) duge diing 1am khudn dé sita chila

-sai s6t. Trong truong hgp ca hai s¢i don déu bi tén thuong, sai hong c6

thé dlIdc sta chita nh3 doan nucleotide tudng déng tdén tai dau dé

trong hé gen. Cd ché chéng chju tén thuong st dung mét s6 loai ADN

polymerase déc biét va cac protein lién quan (thude ho protein Y) ¢6

khd niing vugt qua nhitng sai héng trén sgi khudn trong qua trinh tai

ban ADN. Nhu viy, cic sai hdéng van tén tai nhung qua trinh tai ban
ADN van xay ra. Tuy nhién tinh chinh xac cua nhiing enzym nay

trong phan Gng tong hop ADN ¢6 nhidu han ché.

Bang 2.2: Mét s& cd chd va céc gen lién quan d&n sira chira tdn thuong
' ADN trong genome ngudi (theo lewin, 2004).

 Cd ché sira chita ADN t&n thuong - 1. I'i_.rcjng gen lién quan
Slta chita tryc tiép 1
CAt bd cac base sai hdng o . _ 15
CAt bd cac nucleotide sai hang R _ 28
Stra chia tao c&p bd sung sailéch - 11
‘Sifa chifa dya vao trinh ty tuong déng 14
S(ra chita khang dita vao cac doan ADN tuong déng 5
| Sir dung enzym 6 hoat tinh khac nhau : 16

2.13. CAT BO BOAN ADN B| SAI HONG

_ Tuy thudc vao loai sai hdng ma doan ADN duge sa chita bing
cach loai bd cac base (base excision repau'-BER), ho#c loai bd nucleotide
(nuc]eotlde excision repair-NER). Trong cd ché BER, mdt s6 dang sai
‘héng ADN ho¥c cic base khéng thich hop bi loai bd boi cac enzym
ADN glycosylase. Enzym lam nhiém vu phén huy lidn két N-glycosidic
gita base va phan ti duong. Khi dudng deoxyribose cia ADN bi mat
base purine (APurinic) ho#c bi mat base pyrimidin (APyrimidic), thi
chiing duge nhén biét bdi enzym déc hidu c6 tén goi AP endonuclease.
Vi duy, d6t bién khit purine x3y ra véi tln s8 cao nhdt 1am phan ti
dudng bi m&t lién k&t v6i base purine. AP endonuclease cit lién két
phosphodiester & vi tri 5' clla dudng dé loai bé dudng ra khéi ADN.
Sau d6 ADN polymerase vd ADN ligase tham gla slia chﬁa vi tri bi
cdt bd do




" 243.1.-SUA CHUA ADN THEO CO CHE LOAI BO BASE HONG (BASE
. EXCISION REPAIR - BER) o B ERSE T

. Céc base sai héng duge nhan biét va ¢4t ra khai phén tit dudng bdi.
- - ADN glycosydase. M&i loai enzym ADN glycosylase nhén bi&t mot loal
base dot bién va cht base d6 ra khdi ADN béi phén éng phidn hiy cau
néi N-glycosidic gitta dudng va base. Hién nay da phat hién duge 6 loai
ADN glycosylase gbm céc enzym nhan biét va cit bd.cac base bi khi
amin, cac base c6 vong lién k&t bi hd hay c6 lién k&t déi C=C bi dot
bién thanh lién két don C-C v.v... Khi ADN glycosylase ct bd base
héng, phan ti dudng duge bdc 19 tao thanh vi tri c6 tén goila AP. Vi tri
nay dude nhan biét bdi AP endonuclease. Sau d6 ADN duge stta chita
nhd ADN polymerase va ADN ligase. '

Vi du vé hoat dong ctia uracil ADN glycosylase loai bo uracin khoi
lién két sai 1ech U-G duge mb td trén Hinh 2.13. Tuy nhién enzym nay
khong nhan biét duge cic cytosine bj methyl hoa 3 vi tri Cy. Cac
eytosine nay khi bi khi amin thi trd thanh thymine (cht khéng phai
uracil). Do d6 x3y ra lién két sai T-G. Cac T ddt bi€n nay khong duge

(' bj kht amin trd thanh U
GCTUATCC

CGCAGTAGG
l Uracyl ADN glycosylase
GCT ATCC '

CGAGTAGG

l AP endonuclease
GCTCATCC

CGAGTAGG
ADN polymerase l ADN ligase
GCTCATCC

CGAGTAGG
Phén t& ADN hoan chinh .
khéng edn sai héng

Hinh 2.13: C¢ ché loai bd base hdng bdi ADN glycosylase. Enzym uracil ADN-
glycosylase nhan biét va cit U khdi lién két U-G (lic nay ta ¢ hign tugng cylosine bi khit
amin). Budng deoxyribose thidu lién két véi base dugc nhéan biét boi AP endonuclease va
dugc sita chida. o :
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nhan bidt boi uracil ADN glycosylase hay bt ky enzym ndo. Do )
~ trong qué trinh nhin d51.ADN, sgi khuén c6 T d6t bién sé tao nén lién
k&t b& sung véi A trén sgi méi. Vi vay dot bién dude truyén cho céc thé

* -hé gau. Cytosine c6 mang nhém 5'-methyl chinh 1a mdt trong cac diém
néng (hot spots) dé& tao ra cac dot bién tut phat.

5 13.2. Sita chita ADN theo cd ché loai bd nucleotide hong
{(nucleotide excision repair - NER) '

Loai bd nuecleotide sai héng 14 cd ché nay cho phép loai bd va sta
chiia bat ky sai hdng nio cia ADN bao gbm céc lién két dimer T-T, T-
C hoic C-C, tham chi cd doan gdm nhiéu nucleotide khong duang. Co
ché& nay c6 sy tham gia clia phiéu protein & nhan biét tim ra sai hong
trén phan td ADN. Mot khi cac 181 duge phat hién, enzym ADN
helicase s& cit hai phia cita sgi don mang 151 (khéc véi cd ché néu trong
2.12.1. chi cét ting base riéng bigt). Doan nay sau d6 duge tong hop
méi nhd ADN polymerase va ADN ligase (Hinh 2.14).

dim_er _
CTACGGTé}ACTATGG

GATGCCAGATGATALC

| ADN i_'_mlic‘aé:e_ l

CTACGGTé}ACTATGG

GATG_C'CAGATG_ATACC

ADN polymerase l ADN ligase'.
CTA . GG

GATGCCAGATGATACC

Voo

CTACGGTCTACTATGG

GATGCCAGATGATACC
Phan tit ADN khéng chita dimer

Hinh 2.14: S’a chita ADN theo co ch& loai bd ADN héong bdi ADN helicase.
Sau khi phifc c&c enzym nhan biét sai héng dimer (pyrimidine dimer), ADN helicase cit
hai phia cGia sgi don chifa dimer, loai bo mdt doan ADN. ADN polymerase va ADN ligase
¢ nhiém vy thay thé doan bi it Phan tir ADN trd lgi nguyén ven khong c6 dimer.
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G vi khuén c6 3 enzyrn chinh lién quan ¢€n co ché siia chita NER
1a UvrA, UvrB va UvrC. Ching c6 thé k&t hgp véi nhau tao phiic ¢6
hoat tinh endonuclease phu thudc vao ATP (ATP-dependent
endonuclease). Dau tién, hai phan ti UvrA lidn két véi mdt UvrB tao
phite. Phitc nay chi tudng tac véi ADN sai héng. Tiép dén ning lugng
do ATP bi phan hiy lam cho UvrA tach ra khéi ADN. Nhi vay su ¢
mit cua UvrA nhim gitp cho UvrB ¢6 kha ning bam dinh vao ADN.
Sau khi UvrA tach ra, UvrC tuong tac vdi UvrB va véi ADN lam cho
ciu tric khong gian caa ADN bi thay déi. Phtic UvrBC s6 cét sgi ADN
6 hai phia ctia vi tri ¢c6 dimer. V&t cit & phia d4u 3' s& cach vi tri sai
héng khodng 3-4 nuclectide. V&t cit & phia ddu & sé& cach vi tri sai
hdéng khoang 7 nucleotide. Nhu vay doan sg¢i don chia dimer dai
khoang 12 nucleotide bi loai ra khéi phén ti ADN nhd protein UvrD.

- Protein UvrD c6 hoat tinh helicase khién phén t& ADN md xoén cuc

bd, loai bd doan bij cit ra. V&t hd thidu 12 base trén sgi don ctia phan

td ADN duge stia chita bdi ADN polymerase va duge nd1 lién bdi ADN
ligase.

Phiic endonuclease UvrABC cung phéi hgp véi mét s6 protein ma
béi cac gen thude co ch& SOS dé nhén biét va thuc hién cit bd doan sgi
don theo co ch& NER. Hdu hét (99%) céc trudng hop stia chita theo co
ch&€ NER 4§ vi khuéin E.coli déu cit mot doan sg¢i ddn dai 12 nucleotide
gdm ca nucleotide héng. Khi hé gen bi t6n thuong, cic gen dang phién
ma dugc uu tién slia chita trude. . Phitc protein m& bdi cac gen mfd c6
kha nang lién két véi phic gbm 3 thanh phin ARN polymerase + ADN
khuén (bi hong) +ARN. Nhd d6 phie nay c6 thé vugt qua vi tri héng
trong qua trinh phién mi. Ngoai ra protein Mfd ¢ thé tudng téc vai

- UvrA, thidc diy phite UvrA-UveB lién két véi vi tri ADN hdng.

Co ché stta chita NER & sinh vét eukaryot xdy ra {udng ty nhu & vi
khuédn. Poan ADN bi ¢t thudng dai 30 nucleotide va rat hifm trudng

hgp dat dén 1500 Trong khi dé & E.coli, doan bi cét thay d6i tit 12 dén
2000 nucleotide.

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

Phén t& ADN c6 thé phéi chju nhitng thidt hai sai hong ning né
nhu khi bi chiéu tia t{ ngoai (UV) hodc khi chiu tac dung cla cac chét
gy ung thu (carcinogens). Lic d6 khéng phai chi mét s¢i don ADN bj
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. hong mé ca hal sgi b1 dut gy mét di mot 56 nucleotlde Thong tindi -
truyen clia doan hong bi mét hoan toan nén khéng ¢d sgi khuén de stia
chiia theo cac ¢d ch& théng thuong. Trong trudng hgp nay, t& bao cdn
mdt gidi phap duy nh&t dé tang kha ning séng sot: doé 1a stia chila
ADN mdt cach ngiu nhién véi ty 18 sai sot, dot bién cao nhung di sao-
vAn duy tri duge sy séng. D6 chinh 1a cd ché& sita chiia ADN "Error-
Prone'. Ro6 rang riang chép nhin cic nucleotide sai dua vao phén ti
ADN dé qua trinh tai ban AND, hodc phién ma van duge duy tri con
hon 1a bi ngitng hoan toan. Nhu vay slta chita ADN theo cd ch& nay
ciing chinh 12 mét trong nhﬁng nguyén nhan giy nén tinh da dang cua
ADN. Trong khi ty 18 sai s6t cha cd ché doc sita trong tai ban hodc sua
chita BER va NER rit thap thi sda chita Error-Prone lam tang dot
bién: tuy nhién nhitng dot bién nay lam ting kha nang chdng chiu cua
cd thé d8i véi nhitng tic nhan gay tén thuong genome. :

' Sita chita Error-Prone duge phat hign 1an ddu tién khi dua ADN
thuc khudn thé bi tén thudng vao t& bao E.coli da bi chiéu xa tia ta
ngoai UV. Phan ti ADN thuc khuén thé duge stda chita nhung dong
‘thdi xuat hién cac 4ot bién méi. K&t qua nay cho thay chidu xa UV da
hoat hoa céc gen lién quan dén viée gay dot bign. S4n phém cla nhiing
gen nay da tac dong 1én ADN cua E.coli ciing nhu cfa thyc khudn thé.
Bing cac thi nghiém di truyén, vai trdo quan trong caa hai protein
UmuC va UmuD & E.coli tham gia cd ché siia chita "Error-Prone" duge
phat hign. Dot bién hai gen nay khlen cho t& bao E.coli bi chét sau khi
chidu xa. Nhu vay, mic du protem UmuC va UrmuD lam ting ty 18 dot

bién nhung ching ting kha nang séng sot cho t& bao khi genome bi
tén thudng.

Protein UmuC va UmuD cb kha néng gin céc nucleotide vao s¢i
ADN b4t chip khéng tén tai sgi khuén. Nhu vay . hai protein nay c6 thé -
tic ch& hoat tinh tu slta exonuclease 3»5' chia ADN polymerase hoic
chinh chiting 12 mét loai ADN polymerase ‘d4c biét. Cac enzym ADN
polymerase IV va ADN polymerase V ¢6 kha ning vugt qua sai hdng

trén sgi khudn (nhu vugt qua vi tri cé dlmer) dé tidp tuc tdng hgp
ADN.

Ngoai ra khi ¢a hai sgi don- ADN déu chiu d6t bi€n nhung néu
trong genome cdn ¢b it nhit mat ban sao gidng hét doan bi héng, lde d6

doan hong ¢ thé duge phuc ché nhd cd ché trao ddi cheo ding ban copy
lam khudn.
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'2.15. SUA CHUA ADN GHEP POI LECH (MISMATCHREPA'IR)

T& bao ludn ki€m tra tinh chinh xéc v& cfu tric vi trinh tu
nucleotide ctia phén td-ADN trude khi bude vao phase S, tic 1a trude
khi tai ban ADN. Mét 8 sai hong c6 thé xdy ra tif lin tai ban trude
(sai s6t khéng bj phat hién bdi co ché doc sita) hoic xuét hién sau khi
t4d ban (khéng bi phat hién bdi co ché BER, NER). Nhiing sai héng
" nay khién cho hai nucleotide trén hai sgi ddn khéng b8 sung vdi nhau
hofic gy nén sy thay d8i ciu tric cuc bd do mét vai nucleotide bét di
‘hay chén thém vio mét sdi don. Su thém, b6t mét vai nucleotide c6 thé
xuit hién do sy trugt cia sgi khudn ciing nhu sdi dang téng hop &
" nhilng doan ADN l4p lai trong phan ting t6ng hop ADN. Nhitng sai
héng ndy din dén sy sai léch trong bét cip giita hai sgi ADN b3 sung.
Do d6, t& bao-cb co ch& nhan biét va siia chita sai léch bit cip. Tuy
‘nhidn d day cén phdi phan biét duge sgi don duing véi sgi ddn ¢
nucleotide sai, ho#ic ¢6 vai nucleotide bi thay thé, hodc thém bat.

G"ATC A

CT"AG

Sai s6t trong thi ban tao sai
léch bét cip gita Ava C

GmATC A

CTAG C . .
Nhan biét sai léch dya
'y Va0 ™A trén sgi khudn
G"ATC A

————— —
CTAG S
Sita chila sai léch dua
. _ vao A trén s¢i khudn -
G ATC A o
. L !'. ) M N N
===C----T AG_'=_=========I T o
. © Methyl hoé A trén
.y cihai sgi don ADN
“‘ATC/_".A_" '
CT‘“AG T g

Hinh 2.15; Nhén blét va sua chua sai lech bél cap ADN sinh ra trong qua trinh ti ban dua
vao hién tu'dng methyl hoa ademne trong tnnh tUr GATC trén sgi khudn.

81

« & GT-TB&UD



Nucléotide sai hong c6 thé khang bi phat hién béi cd ché doe sia
cia ADN polymerase trong qua trinh téi ban. Piéu 46 dén dén’sai léch
bt cip gilia s¢i ADN khuén va soi ADN dang duge téng hgp. Sai'léch
bét cap nay duge phat hién do sgi dang dudge téng hop chua bi methyl
hoé trong khi adenine A & trinh t¢ GATC trén s¢i khudn bi methyl
hoa. Do d6 c6 thé phan biét sgi méi véi sgi khudn. O vi khudn E.col:,
adenine A trong chudi GATC bi methyl hoa tai vi tri N® bdi enzym
Dam methylase (DNA adenine methylase). Khoang thdi gian sgi ADN

méi vita duge tdng hop nhung chua bj methyl hod di dé co ché stia
' chlta ghép doéi léch nhan biét sai héng (Hinh 2.15). Vi khudn E.coli
mang dot bién & gen dam mé cho ADN methylase ¢6 ty 1& 4ot bién tu
phat ting cao. Enzym nay cung phéi hgp véi céc protein MUT trong co
ché sita chita bit cip sai léch. Bén canh téi ban, trao déi chéo c6 thé
lam xust hién nucleotide sai héng gay sai léch bét cgp (cac di ghép ddi-
heteroduplex). Trong truong hgp nay ¢ hai sgi ddn déu chiia nhém
methyl nén sda chita xay ra véi higu sudt thap va tinh chinh xac
khéng cao. : :
Trong t& bao E.coli, cd ché slia chia ghép d6i léch doi héi san
ph&m cha bdn gen ky hiéu la mutH, muiL, mutS va uurD (mutator).
Chiing dugc goi 1a “mutator” bai djt bién & nhiing gen nay tac dong
.~ d6n tinh bén viing chinh x4c clia qua trinh tai ban ADN. Protein MutS
nhin bidt vi tri ghép doi léch. Kha ning nay phu thuge vao loai sai
lach, vidu G:T'va A:C dé& nhan biét hon G:G. Protein MutS ¢6 hat vi tri
tudng téc véi ADN, Vi tri thit nhat nhan bigt bt cip sai 1éch. Vi tri
thé hai gitip MutS di chuyén doc s¢i ADN dén ndi ¢6 trinh tu GATC.
Do MutS déng thdi tudng-tae véi ADN tai hai vi tri nén dogn ADN
gifta hai vi trf d6 bi ufn cong c6 dang vong. MutS lién két véi MutL tao

phitc MutSL. Khi gip trinh t¢ GATC, phic MutSL tudng tac voi
MutEH. Protein MutH ¢6 hoat tinh-endonuclease phan cét ddu 5 ngay
tai vi tri G chia chudi GATC khéng chita nhém methyl. Enzym nay doi
héi phiie MutS-MutL, ATP va mdt s§ cation hoé tri 2 &€ dAm bio hoat
tinh phén cét trong khi UvrD (helicase) cdn thiét dé 1oai bd doan chia
nucleotide khong tao cip. UvrD 14 loai 3" % helicage nén exonuclease
loai bd doan bi 16i nhat dinh phéi b hoat tinh cét b cac nucleotide
theo chidu 3' —5'. Co ché siia chita ghép doi 1éch duge minh hoa trén
Hinh 2.16. o '
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- Mut8 Mutl. . MutH "

¢ 4~ ©

G™ATC ——

CTAG — ~
MutS nhén bigt
vi tri bit c8p sai

G"ATC

CT AG

G™ATC

CT AG

. Phitc cac

w.  Protein Mut
N, cit doan ¢
| - saisot

l. Uvri)

GPATC

ADN polymérase ' 1 ADN ligase
_ G"'ATC o

CT"'AG
Phéan tit ADN khéng co che nucleotlde bt cép sai

Hinh 2.18: Cd ché sira chu'a bﬁt cip sal léch & E.coli.

Protein MutS nhan biét vi tri 18i va phifc protein. MutSMutH/MutL fuong tac véu sdi dup
. ADN tao c4u tric vong tai doan cb loi. Protein MutH cit sgi don tai vi trf GATC va protein
UvrD md xodn dua doan chifa 16i ra. Doan ndy sau dd bi phan hiy bdi endonuclease.
Khoang tréing dudc sira chita phuc hdi nhd' ADN potymerase va ADN Ilgase

2.16. SUA CHUA ADN DYA VAO TRAO Dél CHEO (RECOMBINATION
'REPAIR SYSTEM) :

T4t ca cac loai te bao déu c6 nhiéu cach thuc siia chiia phan tu
ADN bi t8n thuong. Viéc Iya chon con dudng nio phu thudc vao kidu
tdn thucng va trang théi sinh 1y cla t€ bao. Cd ché cit bé doan chia
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~sai hong (NER va BER) duge sit dung chit y&u trong nhiéu truong hgp

“t8n thudng khac nhau. Tuy nhién, trong qué trinh tai ban ADN, néu
s¢i khuon bi ton thudng thi sgi t8ng hop trén s¢i khuon héng duge suia
¢hiia theo cd c¢hé dya vao trao d6i chéo gitta hai trinh ty tudng ddng.

Tén thudng trén mdt sgi khuén
5 e

3: 5’

l Tai ban ADN

5’,‘|'.|1___r||-t|||3
b M . =5
" | | -
i 0

l Sia chiia ADN dya vao trao ddi chés

ST 0 e e Y 0

4

Ly ’ : : 5
5 ' ; kY

l Hoan thién sgi ADN nhd trao d6i chéo

¥ : 5
A O

Hinh 2.17: Si¥a chifa sai héng (thiéu doan) trén soi duge tdng hop dya vao trinh tyf khong sai
trén sgi tuong ddng. Boan ADN khéng t8n thudng clia sgi khudn thay thé cho doan b thigu,

Trong qué trinh tai ban ADN, hai phan i gidng hét nhau duge
tng hop dya vao hai s¢i khuén. Khi mot sgi khudn bi ton thuong thi
cae loai ADN polymerase-déc biét c6 thé tiép tuc téng hop vugt qua vi
tri sai héng trén khudn. Tuy nhién, sg¢i duge téng hop cb thé chita cic
sai hdng khéc nhau (thigu hut hodic thay th& nucleotide). Do d6, sau
‘tai ban, phén ti ADN dang s¢i doi 88 gom 2 s¢i don di hop ti (hetero-
duplex sequences). Nhiing sai hong d6 duge khéc phuc nhd trao d6i
chéo gitta hai phéan ti ADN sau téai bin (Hinh 2.17). Trong t€ bao

E.coli, qua trinh téng hop ADN bi dimg do sai hong trén phan td
khudén déu tao ra cac tin hidu cdp citu (SOS response). Nhiing tin
hi¢u nay lam téng cudng hoat déng ctia hon 15 gen bao gbm chc gen
tham gia stia chita ADN. Déu tién cac tin hidu hoat hoa protein RecA.
& dang hoat dong, RecA phén hity protein #c ch€ cic gen lién quan

n

dén co ché SOS, gitp cho qué trinh tong hgp ARNm va tdng hgp
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protein tudng dng dugc ting cuong. Céc protein duge tong hop cb hai
tac dung. Thit nhét, ting s5 lugng cac enzym cdn cho qué trinh sia
chita ADN nén s& t& bao séng sét ting. Thit hai, khi néng d6 mdt s
protéein thude co ché SOS téang tam {hoi & kéo theo ty 18 dét bién tang
(do ban thin cic gen nay cling chiu céc ddt bién). Diéu nay khong cb
1¢i cho trude mét. Tuy nhién trong ldu dai nd tao ra nhiing thuin lgi
lam tang tinh da dang di truyén trong quén thé cac t&€ bao vi khudn.
Nh d6 co héi tao ra cac t& bao mang dot bién nhung khoé manh va
thich dng v4i mdi trudng ciing téng theo. '

2.17. SUA CHUA ADN TRONG TE BAO EUKARYOT

Cac cd ché& stia chita ADN ma ching ta vita xem xét dude nghién
cfiu chi tiét & vi khuén E.coli. Nhiing cd.ché nay cing dugc biéu hién &
sinh vt eukaryot S.cerevisiae. Khi, chigu xa gdy tén thudng ADN va
phan tich chc dong n&m men dgt bién cho thay céc gen lién quan dén
 gita chita ADN & n&m men c6 thé x€p vio 3 nhém chinh. Nhém tha
nhét gém céc gen RAD3 tham gia con dudng cit bé ADN sai héng
(excision repair). Nhém thi hai 2dm cac gen RADS tham gia sta chiia
ADN sau tai ban (post-replication repair). Nhom gen thit ba gbm- céc
gen RAD52 tham, gia siia chiia-ADN theo co ché& tudng ty trao ddi chéo

tudng déng (recombination-like repair). Déc biét, ADN dit gay ca hai
sgi con duge sia chita*theo cd ch€ khéng phu thude vao trinh ty tuong
déng (non-homologous end-joining - NHE.J). Theo ¢g nay, hai doan
ADN dit gay duge ndi véi nhau (Hinh 2.18).

Hai doan ADN dat gdy

Nhén bigt diu dit gay 1 Cit bd chic nuclectide sgi don -

||

e 11 N hai dfu véi nhau

5

- Sqi ADN sita chila theo NEHJ

Hinh 2.18: N&i hai doan ADN dit gy 3 hai sqi don theo cd ché khong phy thudc vao
trinh ty tiong d8ng (NHEJ). .
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) Té' b&o E. coh c6 3 Iogl ADN polymerase a, 11, III) tham gia tdiban
ADN trén s¢i khuén binh ‘thudng. Tuy nhlén, vi khuéin con ¢6 ADN
polymerase IV (md bdi gen dinB) vd ADN polymerase V (ma béi
umuCD); nhiing enzym nay ch thé thay th& ADN polymerase binh
thudng tai vi tr{ sai hong trén s¢i khudn. Nhg 46, tii ban ADN van
ti€p tuc ngay khi sgi khudn bi tén thudng. Cac enzym ADN
polymerase dic bidt cling dudc tim th&y trong té& bao eukaryot. Vi du,
gen rad30 & nfm men hoiic gen XPV 4 ngudi déu ma cho ADN
polymerase n c¢6 khd néng vugt qua nucleotide sai hong. Vi du, hai
thymidine (T) trén mét sgi khudn cé thé lién két v6i nhau tao dimer T-
T. Dimer T-T dugc nhan biét va sita chita bdi cd ch€ cit bd doan sal

héng. Tuy nhién khi dimer T-T chua dudc sita thi ADN polymerase 7
- 88 bit chdp tifp tuc téng hgp. Sy khéc nhau gifta céc loai ADN
polymerase ddc biét ctia vi khufin va eukaryot & chd enzym vi khuéin
thém nucleotide bt ky (theo kiéu “error-prone”), con enzym eukaryot .
thém nhitng nucleotide nhat dinh vao vi trf cin sta chita. Vi dy, khi
gip lién két giita hai thymidine (T) trén moét sgi khudén (dimer T-T),
enzym vi khufin s& ty déng thém nucleotide bat ky vao sgi dang téng
hop dé vugt qua vi tri héng. Trong trudng hdp ndy, enzym & eukaryot

s& thém chinh xéc cip A- A vao sgi dang. tong hgp, tuong fng véi T-T
trén sg¢i khudn. :

‘Piéu thd vi 1a stta chita ADN & nfm men cé lién quan dén phién
ma. Sia chita cic gen dang phidn ma (gen hoat dong) dude uu tién
trudc so véi nhitng gen khéng hoat dong. Tham chf ngay tai mdt gen,
s0i don chita mé di truyén (dude phién ma) duge utu tién trude so véi
- s¢i b8 sung. Thyc nghiém chiing minh ring protein RAD3 c6 hoat tinh
helicase trong sita chita cit bd dogn sai héng con 14 y&u t& lién két véi
ARN polymerase I trong qué trirth phién ma. '
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Chuong 3 _ S
PHIEN MA VA KIEM SOAT PHIEN MA

Phisn mé 13 qué trinh tdng hgp nén céc loai ARN dua trén khubn
14 mdt trong hai s¢i don cla phan it kép ADN. Qua trinh phién ma
tao ra cac loai ARN chie nang nhu ARN ribosome (ARNr), ARN van
chuyén (ARNt)... Nhiing loai ARN nay khéng chita mé di truyén cho .
protein nén chiing khéng duge dich ma mic da sy tén tai cha ching
gin lién véi qué trinh dich ma. Chi c6 cac ARNm duge dich ma thanh
protein. Ngoai ra, trong t&€ bao con nhidu loai ARN c6 kich thuée nhd
vA chite ning khac nhau. Ching duge goi chung la ARN khong mang
mi (non coding ARNs). Mac du khong chifa céc ma bg ba cho acid
amin nhung théng tin di truyén trén nhiing phan ti niy céin thiét cho
hoat dong khac nhau cla t€ bao. Ching tham gia tryc ti€p vao qua
trinh tai ban ADN (& telomere), 1am thay &8 trinh tu nucleotide, kiém
soat bidu hién ctia céc gen, thay déi vi tri céc doan ADN trén nhiém.
. gic thé ciing nhu thidt 14p c&u tric khéng gian cta ADN § cac ving di
nhidm séc (heterochromatin formation). Do d6, cac ARN khong chiia
mé di truyén cé téc déng tryc tiép dén phan ti ADN mang mi di
truyén. Ngoai ra, ARN tham gia cac co ché& kiém soat qua trinh phién
- m4, kiém soat sau phién mé nhu cit ndi intron-exon (RNA splicing),
doc stta ARN (RNA editing), phén cit ARNm (post-transcriptional gene
silencing), Kim ham hoat dong clia cc gen nhdy (transposon silencing) v.v...
" Qué trinh phién m gom nhiéu budc ndi tiép nhau, mbi bude déu
.chiu sy kiém tra chit ché bdi cac co ch& dan xen l&n nhau. Vi dy, trong
nhan t& bao eukaryot, mdt gen bét ddu hoat dong khi c&u tric cia nd
trong nhidm sic thé phai dude thay d6i (co ché khit methyl & cytosine,
bidn déi modt so lidn k&t & histone, cb su.sép x&p lai cac doan ADN
v.v..). Nhiing thay d6i 6 khién mgt promoter trd nén nhay cam véi
DNase. Vi viy, promoter dudc xem la dang tdn tai & trang thai sdn
sang hoat déng khi n6é khong bi methyl hoa va d& dang bi phan cit boi
DNase. Chiing ta nhan thay kiém soft cu tric Khong gian, théng qua
c4u tric nucleosome, trd thanh yéu t8 ddu tién cho phép mt gen
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chuyén tir trang thai bat hoat (silent state) sang trang thai sin sang
cho khdi dong phién mi (active state).

Trong chuong nay, ching ta dic biét quan tdm den ph1en ma vi
kiém soat phién ma tso ra cic s¢i . ARN mang mi di truyén cia
protein: cac phén tit ARN théng tin (ARNm). Kiém soat phién ma lién
quan d&n tuong téc giita cac yéu. t& cdn thiét cho khdi dong phién ma3,
chc phic kiém tra viéc b4t ddu va két thic tdng hgp ARNm. Diém
khéc nhau cd ban gifta phidén ma & t& bao prokaryot va eukaryot la
khdi ddng phién mi trén gen eukaryot ddi héi phitc gém nhiéu protein.
Do cu tric t€ bao prokaryot v eukaryot khac nhau nén ARNm
eukaryot duge phién ma trong nhén nhung phai van chuyén ra t& bao
chat dé 1am khudn cho qué trinh dich-ma. T nhan ra d&n ngoai t& bao
ch&t, phan t&t ARNm duge bién d6i va chiu su kiém tra vé s§ lugng
" cling nhu thong tin di truyén c6 trén ARNm. _

T& bao E.coli chi c6 mft loai ARN polymerase xiic téc cho phan
ing t8ng hgp tAt ca chc loai ARN, ké ca ARNm. Trong té& bao eukaryot,
phan ting tdng hop ARNm duge xtc tac bdi ARN polymerase 11, trong
khi ARNr (188 5,88 va 288) duge tdng hgp bdi ARN polym‘erase Iva
ARNt duqc téng hop bdi ARN polymerase III. Phén ing tong hgp
ARNm gbm céc giai doan khdi ddu phién mi tai promoter, téng hop
_ phin ti ARNm va k€t théc tdng hop tai vi tri ditng thich hop. Chung
ta cfn phan biét mot 58 khai niém sau:

1) Yéu t& phién ma (transcription factor) 1a protem cén thiét dé

- khéi déng phién ma, 'Yéu t§ phién ma co thé tuong tac vdi trinh ty
nucleotide d#c biét, tudng tée véi yé’u 8 phlen ma khéc hodic tuong téc
v6i ARN polymerase.

 2) By may phlen 'ma ¢d ban (basal transcnpt:on apparatus) phuc
gbm cac yéu t& phién ma dd dinh vi tai promoter truéc khi ARN
polymerase bam vao d6 dé khéi dong phién ma. '

3.1, MA DI TRUYEN B BA

Mét ma di truyén gém 3 nucleotlde tudng tmg véi mét acid amin;
vi vAy ma di truyén con duge goi Ia mi. bd ba. TS Ligp cta bdn loai
nucleotide khac nhau tao thanh 64 ma bg ba, trong d6 61 ma (ng véi
chc acid amin, 3 ma dung d& két thic phan {ing tong hgp protein. 61 ma
ndy duge nhan biét béi cic d6i mé trén phan ti ARNt d4c hidu cho
acid amin, cdn 3 ma ditng (stop codon) duge nhan bidt bsi protein cb
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7 vai trd clia yéu

t6 két thie dich ma. 61 ma di truyén chi tuong tng vdi

20 acid amin. ' .

o Nhu vay, nhiéu ma bd ba ma cho mét acid amin (Bing 3.1). Céc
‘m3 nay duge goi 14 ma thoai hod. Rat 6 thé s6 m4 nhifu hon s6 acid
‘amin gidp t& bao c6 kha néng dy trit théng tin di truyén, ting tinh
.thich nghi véi méi trudng. Khi mét ma bi dot bi&n thi cé the duy tri su

' song nhd cde ma di truyén thoai hoi khée.

Bang 3.1: Ma di truyén b ba va hidn tugng thoai hoa ma

Thay d8i nucleﬁtide thit ba clia ma
Uuu UCU UAU} UGU
Ph . C
vuc | UCe UAC ™ uee S
Ser
UUAY UCA ma dizag| DOA _ ma dimg
UUG UCG UAG UGG
CuUu e Trp
cuc (7 [ccu CAU CGU
) Gln

CUA CCC pr | CACT CGC {
CUG_/ CCA CAA}HiS CGA

_ CCG CAG CGG,
AUUY ACU AAU}_ AGU

: As i Ser
AUC p 11e |ACC Thr | AAC ] AGC
AU ACA | AAA} L. |AcA
| ACG aac) ™™ | ace
| AUG Met

GuUU [Guu GACT GGU
GuC va | GUC . |GAC GGC |
GUA (™™ |aua ™® [GAAT . |GGA [ "
GUG) - | Gug GAG GGGJ

Tutdng tac glﬁa mﬁ bq) ba vdi d6i ma trén ARNt khéng doi h01 s
tao cip chinh xac gida 3 nucleotlde cia mit ma di truyén (trén phén
td ARNm) véi 3 nucleotlde cua 461 ma (trén phén td ARNY). Vi duy,
nucleotide U ddu tién ctia, d&'i ma c6 thé nhan bigt nucleotlde thitba A
~ ho#ic G caa ma di truyén (Bang 3. 2) :
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Bang 3.2: Tudng téc gilta ma bd ba
va d3i ma khéng dua vao su tao cép bé sung

Vi tri thir nhat cla dai mé Vj tri thit ba ca ma b ba
U . Aholic G
C G
A : u
G ' C hoacl)

Ma di truyen trinh bay trong Bang 3.1 14 nhitng ma phé bién véi
m01 d01 tugng tit prokaryot dén eukaryot. Tuy nhién, trong mot sd
tru‘dng hop, mi di truyén thay d6i. Hau hét nhiing thay d6i x4y ra véi
mi diing (stop codon). Vi dy, ¢ ddng vat don bao Mycoplasma capricolum,
md UGA khong duge dich 14 ma diing (stop codon) ma lai trd thanh ma
cho tryptophan. Diéu nay cé thé lién quan dén 4ot bién & gen ma cho
yéu t& nhan bigt ma ding. Ngoai ra, ma di truyén cé thé thay d6i nhu
truong hgp CUG ma cho leusine bi doc thanh ma cna serine (6 ndm
Candida). Hién tugng nay lién quan dén dbt bién & gen ma cho ARNE.
Trong thuc t&, dt bién xay ra d d61 ma ctia ARNt c6 thé nhan biét do6t
bi€n trong ma bd ba (gen) nhu moét mé binh thudng. Lic d6, trinh tu
acid amin trén chudi peptide hoan toan binh thudng mic da dot bién

‘ van ton tai trén gen ma cho peptlde d6. Trong trudng hgp nay, dot bién
trén gen ARNt tic ché bidu hién clia dét bién trén gen ma cho protein.

Hién tugng dot bién thit hai tic dong dén bidu hién cha dot bién tha
nhét duge goi la d6t bién tic ché (suppressor).

_3.2. PROMOTER

Nhu d& trinh bay trong Chucng 1, cau trdc cia mét gen gdm 2
phan chinh: phin mang cac ma di truyén va phan chta cac nucleotide
lién quan d&n chic nang didu khién phién ma tirt ADN (gen) sang sgi
ARN. Vi tri nucleotide diu tién trén ADN dugc phién ma sang ARN
duge ky hiéu 1a +1. Véi quy dinh nay, cdc nucleotide nim trong phén
diéu khién (& ving 5’ phia trude vi tri +1) sé duge ky hidu la vi tri (-).
Ving diéu khién cla gen bao gdm promoter va cac trinh tu dac biét

{(response element) duge nhin biét bdi cac yéu ' phién ma (transcription
" factor). '

Promoter la trinh ty nucleotide cdn thiét 4 ARN polymerase bam
vao bit ddu phién ma. Trinh ty nay ndm ngay trudc vi tri (+1) & cac
gen prokaryot. Tuy nhién, promoter clia gen eukaryot thudng duge

1 90



xem xét gém vi tri nhan biét bdi ARN polymerase va cic trinh tu déc
bigt nhan bift béi y&u t6 phitn mi. D6 1a do phién ma trén gen
prokaryot ¢6 thé xay ra ngay khi mét minh ARN polymerase bam vao
promoter trong khi diéu ndy hiu nhu khéng x3y ra véi gen eukaryot.

Tién hanh thi nghiém gay dot bién thay thé hoac mét doan cac
nucleotide etia promoter cho phép xac dinh chinh xic cac nucleotide
khﬁng thé thigu d8i vdi khdi ddu phlen mi. K&t qua cho thay promoter
cua gen mi cho protein thudng gém 2 trinh tu riéng biét phén bd ngay
trude diém khoi diu phién mé. Trinh ty co ban cia promoter {core
promoter) thutng gém cac nucleot1de 6 vi tri -10 dén vai nucleotide sau +1
déi vai gen vi khuin hodc gém cac nucleotide & vi tri -40 dén +20 d6i
vl gen eukaryot. Hiu hét trinh tit cd ban 6 gen prokaryot va eukaryot
deu ¢6 chita mdt doan ngin giau A-T 01 12 hép TATA. Hop TATA & vi
tri -10 & promoter vi khudn nhung phén b8 & vi tri -25 & promoter
eukaryot. Khi promoter chi ¢6 trinh tit ¢o ban thi mic d6 phién ma Xay
ra rat thap Miic db phién ma téing rat nhifu khi promoter co thém

“trinh ty nim phia trude trinh ty ¢g ban. Trinh ty thd hai nay thudng
ndm d vi tri -35 d8i véi gen vi khuén, hosc vi tri -70 dén -90 & gen
eukaryot. ARN polymerase vi khudn ¢ thé ty né nhan biét promoter
va khdi dau phién ma. Tuy nhién ARN polymerase II khong thé tu
minh khdi déng phién ma néu nhu khéng c6 su trg gidp cla cac y&u té
phién ma. :

Diéu cln luu ¥ 1a mét sd gen khong ¢ cfu tric promoter dién
- hinh, hoac cac gen hoat déng & nhung diéu kién khac nhau doi héi
ARN polymerase lién két vdi cac yéu t6 khac nhau. D&i véi vi khuian
chi ¢6 mdt loai ARN polymerase, nerng 16i enzym c6 thé lién két véi
céc yéu to sigma (o) khac nhau dé phién ma. Vi dy, ¢ diéu kién binh
thuong, ARN polymerase vi khudn c6 chia y&u t& Gz phién ma. Khi
nhiét dé6 méi trttdng tdng cao, ARN polymerase cua vi khudn sé lién
két véi yéu t§ o,, dé nhén biét promoter ctia cic gen hoat déng khi
nhiét ¢o tang bat thudng (ciac gen chiu shock nhiét). Khi méi trudng
thi€u ngudn dinh dudng nitd thi yéu t8 o,, duge sit dung dé€ phién ma.
Déc biét ARN polymerase chita o5, nhan biét promoter tu vi tri -24 dén
-12; trong khi véi cic t3 sigma khéc, enzym nhan biét promoter tit vi
- tri -35 va -10. Dudng nhu y&u t8 o5, ¢6 vai trd nhu y&u t6 phign ma déi
vi gen eukaryot. Cic y&u t& sigma tham gia cdu tric cha ARN
polymerase dé nhén biét cac promoter khac nhau duge trinh bay trén
Bang 3.3.
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Bang 3.3: Cac y&u t& sigma cla E.coli tham gia ARN po!ym_erase khai déng
_phién mé trong c4c diéu kién mdi trudng khac nhau

Gen Yéu 18 sigma Didu kién sir dung
pobD T Binh thudng
rpokE © Og _ Sd8c nhiét
rpoH - Oue S8c nhigt
rpoN 54 Thidu nitg
pas . Og Stress

fliA O2s (O N Tao roi

Promoter clia gen eukaryot ma cho protein duge nhén bigt bdi ARN
polymerase II. Tuy nhién enzym chi tudng tac véi promoter sau khi hin
hét cac y&u t6 phién ma da c6 mat § promoter (Hinh 3.1). Ngoai ra,
phién mé& 8 cac gen eukaryot con doi hdi che trinh tu tidng cudng
(enhancer). Trinh tu ting cudng thudng dic tha cho ting gen hoic
nhém gen, trinh tu nay c6 thé phan bs phia trude, sau hodic ngay trong
gen. Trinh ty téng cudng 12 vi tri tuong tac véi yéu t& hoat hoa. Piéu
nay c6 thé din dén thay déi cuc b ciu tric doan ADN chita promoter,
hofic 1am téng ndng d céc y&u t& hoat hoa tai promoter. Nhu viy, vai
trd clia trinh ty ting cudng 1A téng mic d6 phién ma trén promoter.

3.3. PROTEIN THAM GIA KHOI DONG PHIEN MA

Qua trinh phién ma trén céc gen eukaryot duge kiém soat chil yéu
8 giai doan khéi ddu. Giai doan nay phy thudc vao tuong tac giita cac
y€u t& phién ma véi nhau, hodc véi céc trinh ty nucleotide dic biét.
Két qua cta nhiing tuong tac dan chéo din dén tdng cudng hoac Ge ché
ARN polymerase t6ng hgp ARN. Céac yéu t8 cb chiic ning téing cuong -
hoat dong phién ma duge goi 12 y&u t& hoat hoa (activator). Cée yéu td
c6 chic néing de ché€ hoat dong phign méa duge goi 13 y&u t& kim ham
(repressor). Céc y&u t6 hoat hoa va kim ham d8u c6 thé lién két véi cac
protein khac d€ diéu chinh hoat tinh ctia minh. Protein lidn két véi
y&u t& hoat hoa gitp y&u t& hoat hoa thue thi nhiém vy duge goi 1a yéu
td ddng hoat hoa (co-activator). Tuong tu, protein lidn k&t vdi yéu
kim him dé ttc ché phién ma thi duge goi 12 y&u t6 @éng kim ham (co-
repressor). Hiu hét céc y&u t8 phién ma c6 nhidu domain. M3i domain
¢6 vai trd déc hiéu dam bdo tuong tac voi ARN polymerase, véi ADN,
hodic véi cac protein khac. '
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TATA

ARN polymerase IT

Hinh 3.1: Cac y8u t& hoat hoa tao phitc tai promoter 38 ARN polymerase If bt ddu phig
ma trén gen mé cho protein trong t& bao eukaryot.

Yéu t& hoat hoa (activator) ¢ kha ning nhan biét va tuong ta
v6i trinh ty nucleotide dac biét nhu promoter (nim trong viing dié
khién phia trudc vang mang mé di truyén cia gen), hoiic tudng téa
v6i trinh ty ting cudng {enhancer) ndm cach xa gen (phia trude, phi:
sau hodc ngay trong gen). Su c6 mit cia y&u t& hoat hod gitip ARD
polymerase I dé& dang tuong tic véi promoter va bit diu phan {in;
téng hop ARNm. Nhu vay, chife ning caa activator 1a ting cudng &
d6 khéi ddng phién ma tai promoter. Mot s& activator hoat dong lidr
tuc. Tuy nhién rat nhiéu activator chi hoat déng tai nhiing thoi dién
va chi ¢6 mit trong mét s8 mé t§ chic nhit dinh. Déc biét nhiin;
activator kich hoat cdc gen ma san phdm cia chiing cin thiét trong
giai doan sinh trudng phat trién cla co thé. Hau hét cac activato:
hoat déng theo thdi gian va khéong gian sé nhén biét va tuong tac v
nhiing trinh ty dic hiéu cla riéng tUng nhém gen hodc tiing ger
riéng biét.



t8 kich thich (inducer). Mot promoter cg thd ¢6 nhiéu vi tri cho yéu t&
hoat hod ciing nhu nhidy vi tri cho y&u t8 kim ham, Tuy thude vao vi-
tri trén ADN, hose sU ¢6 mit cha cac inducer ma ¥&u t6 kim ham e
ché& phién ma 3 cac mite d6 khae nhay, -

3.4, KIEM SOAT KHGI DONG PHIEN MA

3.4.1. Kiém soat tiéu cyc — vai tro cia y€u t& kim ham

Operon lac & E.coli 12 operon dau tién duge phat hién v nghién
¢du kha chi tiét tit nam 1961 ba; Jacob va Monod. Hoat dbéng cha
operon nay duge kiém soat theo co ché'tiéu eife, tic 1a phién m3 trén
operon lac bi tc ché bd; yéu t8 kim ham: protein Lacl. Protein nay 13
san phim ctia gen lucl nim ngay phia trude operon lac. Protein Lacl
chi ¢6 hoat tinh khi tén tai 6 dang tetramer. C&u trde vi cg ché kidm
804t operon lgc duge trinh bay trén Hinh 3.2 '

Khi tén tai § dang tetramere, protein Lacl ¢4 2 vi tri tuong tac. Vj
tri thi nhit tuong tic vdi doan nﬁcleotide thude viing promoter clia
operon lac. Doan nay chinh 1a operator (0). Vi trf thi hai c6 thé
tuong tac véi co chit B-galactosides, hoic cac chit c6 cAu tric hoa hoc
tusng tu co chat, hose mét s6 phin t& dic biét nhu isopropyl- .
thiogalactoside (IPTG). Thyc nghiém nhan thay hoat déng clia operon
lac ting r&t manh khi ¢ mit cita nhiing chit c6 kha ning tucng tac
v6i vi tri thi hai trén protein Lacl. Céc chit c6 dée tinh kich thich
hoat déng clia cac gen duge goi chung 13 chit cam ung (inducer). Khi
khéng ¢6 chat cam Ung trong mdi trudng, qué trinh phién m3a trén
operon lac bi kim hiam do protein Lacl bim vao operator. Tuy nhién
khi ¢6 mat chat cAm Ung, protein Lacl tuong tac. véi chat cam {ing nén
bi thay d8i cfu tric khong gian. Do d6, mét khi da tuong tac véi chat
~ ¢dm Ung thi protein Lacl khéng c6n khé nang bam vio vi tri dc ch&
nia. Lic nay khdi déng phién ma trén operon lac khéng con bi kim
h&m nén s6'lugng phan t& ARNm tdng nhanh.
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Protein repressor Lac I (dang tetramer)
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R e ety
ARNm

lacl Promoter/Operator lacZ lacY lacA

Khong phién mél
Operon lac khong hoat dong

B ~ Inducer (chat cam
pootan ing, vi du nhu ¢d chat
B-galactosides)
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ARNm polycistronic
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B-Galactosidase Permease Transacetylase

Hinh 3.2: C4u tric operon lac & vi khuin E.coli. Hoat dong clia operon lac dugc kiém soat
theo ca ché tiéu cuc. (A): Khi khong c6 chat kich thich, protein Lacl bam vio operator cla
operon lac ngan can ARN polymerase bt dau tng hgp ARNm. (B): Khi cé chat cam (g
xudt hién, chat cdm (ng tuong tac véi Lacl lam thay ddi cu trac cta protein tc ché
- (repressor) khién protein (¢ ché khéng bam dugc vao operator. ARN polymerase bam
dugc vao viing promoter dé tdng hgp ARNm.

3.4.2. KIEM SOAT TICH CUC - VAI TRO CUA YEU TG HOAT HOA

Kiém soat bidu hién cta operon lac & E.coli khi trong moéi truong
khong c6 glucose dude xem 1a vi du dién hinh cho vai tro cua yéu to
hoat hoa tham gia khdi dong phién ma. Glucose 13 moét trong céc
dudng can thiét cho t& bao vi khuin phat trién. N6 dudge t& bao st dung
tryc ti€p, nhanh chéng va don gian nh4t ma khéng yéu cAu téng hop
mdi bat ky enzym nao. Khi glucose cung v6i mot s6 dudng khac nhu
lactose, arabinose ciing c6 mat trong méi trudng, t& bao chi si dung
glucose va kim ham hoat déng cta céc operon lién quan dén chuyén
héa cac loai dudng khae. Hién tudng nay dudge goi 1a tc ché qua trinh
di hoa (catabolite reppression).



Cac nha hoa hoc phat hién rang, khi vi khuéin thiu glucose, ching
sé tang cudng tdng hgp nucleotide cyclic adenosine-3,5'-monophosphate
(cAMP). S6 lugng cAMP ting 1én gidng nhu tin hiéu b4o dong vé nguy
cd chuyén hoa. Hon niia, khi b8 sung cAMP vio méi truong cé chia
glucose va cac dudng khac thi hoat dong ctia céc operon lién quan dén
chuyén hoa céc dudng nay khong bi dc ché ma ngude lai dude hoat hoa.
Nhu vy cAMP déng vai trd quan trong bat md hoat dong ctia mét s6
gen ngay khi ching dang 6 trang thai bi kim ham.

a) Méi trudng co6 glucose (cAMP it), khéng cé lactose

CAP@\_/

laclI I Promoter | Operatorl ZI YI A
v
ettt *
2

Lael Operon khéng dude phién ma

bj Mi trudng cé glucose (cAMP it), c6 lactose (inducer)

i P e

lacl Promoter Operator Z ¥ A

v 0 BRI IS B, u o
] R >
Lac Lactose AN

c¢) Méi truong khéng cé glucose (cAMP nhiéu), cé lactose

N

lacl Promoter |Operator Z ¥ A
1
+ /"_'
[ ) 2
o0 >
Lac Lactose b

ARN

Hinh 3.3: Kiém tra hoat déng cla operon lac bdi hai protein Lacl va CAP.
(a) Néu mdi trudng khéng co lactose, ARNm-lac khéng dugc téng hdp ngay khi c6 hoic
khdng c6 glucose vi Lacl bam vao operator. (b) Khi c6 lactose, Lacl khéng bam dudc vao
operator nhung do cé glucose nén cAMP khéng dudc tdng hdp dan dén phitc chat cAMP-
CAP khéng dudc tao thanh. Do d6 hoat ddng clia operon yéu. (c) Khi méi truang khong cé
glucose nhung c6 lactose, operon dugc hoat hoa theo ca hai cd ché, do d6 lugng ARNm-
lac dugc téng hop dat cuc dai (theo Alberts va cs., 1994).
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Phan tich céc dong t&€ bao d6t bién chi c6 kha nang sit dung
glucose cho th&y ¢cAMP cin tuong tac véi mdt protein dong hoat hoa
khac. Thye nghidm d4 phan lap dude protein nay va goi la protein hoat
hod qua trinh di hoA (catabolite activator protein-CAP). Trong thi
nghiém téng -hop ARNm invitro d6i véi operon lac, s6 luong ARNm
tdng rdt nhiéu khi thém cAMP va CAP vao phan tng. N&u chi thém
mot trong hai chit d6, s§ lugng ARNm chi chi&in 5% so v&i khi ¢ mit
ca hai. Nhu vdy ngoai viée bi didu khién. theo c¢d ché tidu cye bdi
protein Lacl, operon lac cdn chiu sy kiém soét theo cg ché tich cyc nho
phic chdt cAMP-CAP. Phiic nay tudng tac véi promoter giy uén cong
sg1 ADN, béec 1 vi tri bam cho ARN polymerase (Hinh 3.3). Nhu vay
operon lac chiu su kiém soat ¢tia hai.cd ché. Qua trinh chuyén d6i giita
hai cg ché nay phu thude vao didu kién trong t& bao va mbi trudng.

3.4.3. KIEM SOAT KHOI DAU PHIEN MA THEO CO CHE SUY GIAM —
VAI TRO cUA CAU TRUC CAP TOC !

Operon tryptophan gém 5 gen mi cho céc enzym lién quan dén
viée téng hop tryptophan. Khi méi trudng thidu acid amin nay, hoat
déng ctia operon téng gip 10 l4n. Nhu vay, sy c6 mit caa tryptophan
trong mdi. trudng kim ham operon tryptophan. Tuy nhién, tryptophan
khong phai 1a tic nhan gay Gc ché bidu hién cha operon. Chiing gid vai
tré cha chét déng e ché (co-repressor) khi tudng téc véi repressor dé
ngin can hoat déng cia operon tryptophan. Nhu vay, operon nay duge
diéu khién theo ¢o ché tiéu cuc do chinh san phim cudi cing ctia
operon. Co ch& kiém soat dic bist nay duge goi 12 We ch& phan hdi
(féedback inhibition). Ngoai ra, operon tryptophan cdn chiu su kifm
soat ngay khi phién ma da bit ddu theo co ch& suy gidm trinh bay trén
Hinh 3.4, :

ARNm ARNm

ARNm

Hinh 3.4: Ciu tric bic hai clia phan t ARNm phign ma tir operon tryptophan.
Cau tric nay gilt vai tro kiém soat phién ma suy giam tao ra phan tr ARNm khong hoan
chinh (do phién mé bj két thic sém). Tuy nhién kiém soat phién ma suy gidm phuy thudc
vao sy co6 mit cla acid amin tryptophan trong méi trudng. (A)- Khi maéi trudng thira
tryptophan. {B)- M6i trudng thigu tryptophan, (C)- Khong co sif tb’ng hdp enzym. .
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Phin tich trinh tu nucleotide trén phan t& ARNm polycistronic
ctia operon tryptophan cho thay doan nucleotide gém 160 base nim
trudc diém dich ma déu tién (méa cho Methyonine) déng vai trd diéu
khién qué trinh phién mi tac ARNm trén operon tryptophan. Doan
nay dudc goi 13 doan gdy suy giam "attenuator" c6 chita 4 chudi
nucleotide ngé‘n ¢6 trinh ty tuong. déng nhu‘ng ngugde chiéu. Do d6 4
chubi nay 6 thé lign két tao cap vdi nhau, tao ciu tric "hairpin" (tam
dich 1a edu trie ¢dp téc). Tuy nhién, do mic dd tudng ddng khac -
nhau nén khi xay ra lién két tao cip giita chting thi tinh bén caa tung
cédp khac nhau. Tuy thudc vao sy cb miit cha tryptophan trong méi
trugng ma xay ra cac kiéu lién két tao cip giia hai chudi tao ra cac
cdu triic cip téc khac nhau. Nhd d6, su téng hgp cic enzym cin thist
cho phan {ng tao ra tryptophan dude kiém soét phil hgp v sy doi hoi
ctia t& bao d6i véi loai acid amin nay..

Chubi nucleotide 1 trén doan suy gidm "attenuator” c6 chia céc
mi di truyén cla tryptophan (Trp). Khi méi trudng ¢6 nhiéu Trp, cac
ARNt van chuyén 'I‘rp cho ribosome dich m& trén chudi 1 nay dé dang
tim thdy Trp trong t& bao. Do 46 ribosome vugt qua chudi 1 nhanh va
bao triim 18n chudi 2. Lic nay chi ¢é chubi 3 va 4 lién k&t véi nhau tao
cu tric cfp téc gdy tin hiéu ngiing tong hgp phan td ARNm. Luu §
réng ¢ vi khufn, qua trinh phién ma bdi ARN polymerase x3y ra déng
thdi véi qué trinh dich ma bdi ribosome. C&u tridc cip téc trén phén tit
ARNm 13 mdt trong nhitng yéu ciu cin cé dé ARN polymerase nhin
bi€t vi tri ditng qua trinh phién méa. Ngude lai, khi méi trudng thiu
Trp, chc ARNt khé tim thdy Trp, do dé ribosome phai chd doi 1au &
chudi 1. Lite nay chudi 2 ty do nén tao liéh két v6i chudi 3. Tuy nhién
c8u tric cdp téc ndy con cach xa vi tri bam cha ARN polymerase nén
khong anh hudng dén viéc téng hgp ARNm. Nh3 dé phéan tii ARNm
ctia operon tryptophan dugc tao ra mét cach tron ven.

3.5. KIEM SOAT PHIEN MA TREN GEN EUKARYOT

Kiém soat kh&i ddu phién ma trén gen eukaryot khong don thuin
phu thudc vao tudng téc gitia cac y&u td phién ma véi promoter hay véi
enhancer. Phién mé con lién quan chit ché dén sy thay d6i cuc bé va
tam thoi c8u tric khéng gian cha s¢i nhifm sic. Nhd d6 cac yéu t&
phién ma c6 thé tiép can véi promoter hodc enhancer. Chiing ta hay
xem xét co ché thay d8i & mic d6 phén t d6i v6i ADN va 16i histone,
hai thanh phéan chinh c¢a sgi nhidm séc.
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3.5.1. Phan img methy! & promoter

Kiém soat phién ma théng qua methyl hoa ADN c6 thé quan sat
bing nhiéu cach. S dung cac dang déng phan cia enzym gidi han (cac
endonuclease c&t ADN tai nhiing trinh tu nucleotide nhat dinh — xem
chudng 5) d€ ¢t promoter cta nhiing gen dang phién mia (hoat dong)
hodc gen khong phién ma (b4t hoat). Két qué cho thay ADN bi phén cit
phu thuge vao nh6m methyl § cytosine c6 mit trong vi tri eit. Promoter
cla gen hoat déng khéng ¢6 nhém methyl nén bi cit d& dang trong khi
promoter cua gen khong phién ma bi methyl hoa nén khéng bi cit.

Bén canh viée st dung enzym gidi han, c6 thé dung hoa chat -
azacytidine. T& bao c6 thé diung chat nay thay thé cytidine trong qua
trinh tai ban ADN. Tuy nhién, soi ADN méi khéng thé bj methyl hoa
duge nia. Bing cach nay ¢6 thé lam cho cée gen khong bi methyl hoa
vA tré nén hoat déng. Thyc nghiém cho thay khi b& sung 5-azacy-
tidine trong méi trudng, cac gen trén nhidm séc thé X bat hoat chuyén
sang trang thai hoat dong. Khi loai bé t4t ca céc gdc methyl & cytosine
trong vang promoter cia gen y-globin thi gen niy méi hoat dong. Mat
khac, promoter ciia nhitng gen hoat déng lién tuc (gen quan gla —
housekeeping gene) déu khong chia nhém methyl. Nhu viy, methyl
hoa ADN la mét cich thitc ki€m soat tidu cuc phién ma cta céc gen
eukaryot., I_)é'chuyén tit trang thai bat hoat sang hoat dong, nhém
methyl bi khit eytosine. Tuy nhién, enzym nay chua duge tim thay
trong t& bao ddng vat. K&t qua nghién ctu gin day (2002-2005) cho
thay mét s6 enzym tham gia stia chita ADN ¢6 lién quan dén vide loai
- bd cytosine mang nhém methyl. Lue dé, doan ADN chita ™C bj loai di
va thay th€ bdi cytosine khéng mang nhém methyl,

3.5.2. Phan dng acetyl hoa histone

Thong thudng acetyl hoa va khit acetyl & histone lién quan dén
hoat héa hay kim him hoat déng clia gen. Mai loai histone ¢6 thé duge
gén nhém acetyl d nhitng vi tri déc hiu bdi cac enzym rigng biét. Didu
d6 géy ra nhiing tic dong khac nhau dén biéu hién cta gen. Ngoai ra,
qué trinh acetyl hoé con lam thay d6i c&u triic cta phite didu bién
chromatin (remodeling chromatin complexes). Phiic nay cd chiic nang
phé v3 tam thdi ciu tric 181 histone hay dich chuyén nuclecsome trén
s¢i nhiém sic. Ching thudng tucng tic véi vung N-terminal cla
histone. Khi viing nay ¢6 mang nhém acetyl, phitc diéu bi&€n chromatin
6 thé lam cho cac histone H,A-H,B bi di chuyén ra khéi ciu tric 15
nucleosome. Nha d6, cac promoter duge bde 16, cho phép qua trinh téng
hgp ARNm duge bit dau.
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Béng hoc cta phan ung acetyl hoa va khit acetyl rdt linh dong,
phie tap, phy thude vao hoat tinh cla cac enzym lién quan. Bién déi
thuén nghich gita hai dang acetyl hoa va khl acetyl ciia histone phu
thude vao hai loai enzym histone acetyl transferase (HAT) va histone
deacetylase (HDACQC). Hai enzym nay ddi héi cae protein dong hoat héa
(coactivator) véi HAT hoic déng Gc ché& (corepressor) véi HDAC. R3
rang, hai qué trinh acetyl hoa va khi acetyl c¢6 tac dung ngudc nhau
trong viéc lam thay déi edu tric s¢i nhiém sic va hoat déng cha céac
gen. Cac enzym deacetylase HDAC lam gidm midc db acetyl hoa
histone, d&n dén kim ham qua trinh phién ma. Nguge lai, enzym
acetyl transferase HAT ting cudng mdc do acetyl, kich thich qua trinh
phién ma. Mit khac, canh tranh gitia hai phén tng acetyl hod va khi
acetyl gidp s¢i nhiém séc thay déi csu tric linh hoat, dap vng kip thsi
vdi ting cudng hodc kim him hoat ddng ctia gen.

3.6. KIEM SOAT KET THUC PHIENMA U
3 VI KHUAN G G

Qué trinh tdng hdp ARNm duge
ditng lai khi ARN polymerase gip tin
hiéu két thic (terminator). Tai vi tri ¢
tin higu két thuc, lidn két giita 3 yéu t&
(sgi ADN khuén, sgi ARNm via ARN .
polymerase) kém bén viing. ¢ E.coli, tin
hiéu nay lién quan dén cdu trte dic bidt
ctia phan tit ARN do trinh tu nueleotide
ném phin cusi cha gen quy dinh.

Phién m# & khodng 50% céc gen vi
khuin thudng két thic & vi tri sgi
khuén ADN ¢6 doan nucleotide lap lai :
nguge chiéu giau GvaC. Cac nucleotide Ge' uvuuy
1ap lai nguge chidu ¢ thé lién két vai L e
nhau theo nguyén tdc b8 sung tao cgy  Hinh 3.5. Cau triic cip toc hairpin
tric cdp tée. Cau tric nay lam ARN E:n:?nu;:;r;: ggiuw-:? ! h‘f!“ i ding

5 phién ma & vi
polymerase ditng hogc chuyén déng khugn. o
cham (thdi gian ditng khodng 60 giay). Céu tric nay tao ra do lién két giita
Tuy nhién dé lam enzym tach ra khéi Eﬁ:gucnme::ccllerc;gﬁt"'a\?é '3‘ Ug‘cgﬁ
khuén ADN, tiép theokcéu tric Ca‘ip_téc ip bdi chudi base U. Enzym ARN.
14 cAc nucleotide A ndi nhau lién tiép. polymerase bi dimg lai va rdi khoi
Lién két A-U giita ARN va ADN 1d cac  khudn tai vi tr dac hiéu nay. Phain t(r
lién két y&u nén cin it nang lugng d§  ARNm dugc 18ng hop hoan chinh
bé géy chiing (Hinh 3.5). (theo Lewin, 2004). |
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Ben canh ciu trdc cdp téc, phién ma ctia mot 8 phan td ARNm
_.dl.tdc k&t thic véi su tham gia eda protein Rho ¢6 hoat-tinh hehcase
Protein nay giip ARN polymerase két thic tdng hop ARN tai vi tri
chinh xéc. Do @6 cac phan ti ARNm cé kich thude nhut nhau. Trong
trudng hdp nay, vi trf k&t thic ciing thudng chita cdu tric cip téc
~nhung sau dé khéng ¢6 chudi nucleotide A. Co ché& k&t thac ph1en mi
béng protein Rho d&n nay con chua duge xac dinh mét cach rd rang
_Tuy nhién, rit ¢6 thé hoat tinh helicase ctia protein Rho cét dat lién
két gita ADN/ARN khi&én ARN polymerase diing téng hgp "ARN
(Hinh 3. 6)

ARN polymerase

) ADN . ARN polymerase bét ddu
- : téng hgp ARNm

Protein Rho bam vao vi tri
rut trén phén tit ARN

5

!

Vi tri diing nhan biét bdi Rho  protein Rho gay dit lién két

| ADN/ARN tai vi tri k&t the.

- Phan tii ARNm tach khdi

ARNm khudén ADN, tach k}_lé’:i ARN
polymerase va protein Rho.

Rho
% ‘ARN polymerase

Hinh 3.6: Ca ch& hoat dgng clia profein Rho.

Protein Rho nhan bidt vi tri dac hiéu (rut sne) trén ADN va 1am ngimg phan ing t8ng hop
ARNm. th do céc phan (f ARNm déu cé kich thuée chinh xac nhy nhau. :

3.7. TIN HIEU NGI\N ci\N DUNG PHIEN MA 3 PROKARYOT

Ngin céan ditng phién méa ngay khi ARN polymerase da gap tin
hiéu ké&t thic 1a mdt co ché& kiém soat phién mi cée gen d thyc khuin
thé phage va operon ctia vi khudn. Tin higu két thic phién ma c6 thé
bi bé qua mot khi ¢6 cée tin hiéu ngin can du?ng phién ma (anti-
termination). Lic d6, ARN polymerase tiép tuc tong hop kéo dai s¢i
ARNm cho dén khi gap tin hiéu két thic khac. Ddy thuc sy la mot
hinh thitc kiém soat dé bat md (cé phién ma) ho#ic d6ng (khdng phlen
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ma nita) d6i véi cac gen ndm ndi ti€p nhau nhu & genome thic khuédn
thé hodc cac gen nim phia cudi operon & vi khuén.
Cd ché ngin can ditng phién ma duge phat hién 14n déu g thue
‘khu#n thé. Ngay sau khi nhidm vio t& bao E.coli, hai gen sdm nhét
(immediate early genes) cha phage duge phién ma tit hai promoter Py,
va Py (nim sat canh nhau) bdi ARN polymerase cha E.coli va duge
dich ma ngay lap tic. S¢i ARNm phién mi tit Py duge dich ma thanh
protein Cro cdn thiét dé thuc khuin thé x4c dinh hinh thiec x4m
nhiém sinh tan hay tiém tan. S¢i ARNm phién ma tu Py, duge dich mé
thanh protein N. Day 12 protein chéng két thic phién mé. Do dé ARN
polymerase khong diing & vi tri k&t thie méc di hai gen N va ero cé Vi
tr{ k&t thic duge nhan biét béi protein Rho (ctia t& bao chi). Nha 4o,
. ARN polymerase vi khudn ti€p tuc phién ma céc gen k& ti€p trén
genome thuc khuén thé. Vi tri nhan biét bdi protein chdng diing phién
m3 thudng nim trude vi tr két thiic. Khi tudng the voi vi tri-cia minh
(vi tri nut), protein N s€ tudng tac véi ARN polymerase, giip enzym
vugt qua tin hiéu k&t thic hojc ngan can hoat tinh cua prétein Rho
(Hinh 3.7).

Promoter Terminator

Hinh 3.7: ARN polymerase k&t thuc phién ma tai vi tr ding terminator (A). Khi cb& mat

protein ngan can dimg phién ma, ARN polymerase vugt qua vj tri két thic tiép tuc phién

ma t3ng hop phan tr ARNm dai han (B). Trén genome thytc khudn thé, protein chdng
dimg phién mé nhan biét vi tri nut nam phia trudc teminator.
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- 3.8. KIEM SOAT KET THUC PHIEN MA & EUKARYOT

~ T& bao eukaryot sit dung it nhat 3 loai ARN polymerase dé phién
mé. Mac da vi tri ditng chinh xéc cho mdi loai ARN polymerase chua
dude xac dink rd rang nhu déi véi E.coli nhung c6 ché ditng c6 nhiéu
diém tuong ddng gidta vi khudn va t& bao eukaryot. Qua trinh tdng hop
ARNTr bdi ARN polymerase I duge két thic bdi protein cé chiic ning
tudng tu Rho. Protein Rho cha vi khuin tudng tc véi ARN polymerase
nhung y&u t6 ditng tong hgp ARNr 3 eukaryot tuong tac véi trinh tu
nucleotide nim ngay trong gen. Phan tng téng hgp ARNt bdi ARN
polymerase III s& két thic khi enzym giap chudi poly U nhung khong
do1 hoi cau trie edp tée.

Promoter - Vitripoly A  Diing téng hgp ARNm
(TATA) AATAAA .
. CPSF CPSF‘ .
+CstF | | TCstF CPSF
+ CstF
ARNm
5’

5 Sgi ARNm da duge
. t8ng hgp xong

Hinh 3.8: Phdi hop giifa vi trf polyA. (AATAAA) va phitc protein trong qua trinh t8ng hgp
ARNm. Phifc CPSF va CstF lign két vdi ARN polymerase H. Dén vi tri polyA, factor bj

phan ly khéi enzym khién enzym khong thé ti€p tuc t8ng hop ARNm. béng thdi Poly(A)
transferase thém dudi polyA vao dau 3' cha ARNm,

‘Cho d&n nay vi tri ditng chinh %éc qué trinh t8ng hgp ARNm
trong t& bao eukaryot vAn chua duge x4c dinh. Tuy nhién véi hiu hét
cac gen ma cho protein, phan {ing duge diing lai sau khi ARN
polymerase II vugt qua vi tri dic bidt AATAAA (goi 14 vi tri polyA).”
‘Trong thi nghiém invitro; viéc loai bd vi tri polyA hoic gy cac 4ot bién

tai @6 déu khién cho phan t& ARNm dugc tong hop rit dai do enzym
" khéng x4c dinh duge vi tri diing. Co ché& kiém se4t ding tdng hgp
ARNm khi ARN polymerase II di qua vi tri polyA vin chua sing to.
Nhitng két qua thuc nghiém budc ddu cho th&y day 1a vi trf lién két
cta phitc gdm protein CPSF (Cleavage and Polyadenylation Specificity
.Eactor) va protein CstF (Qleav‘age Stimulation Factor). Phdn COOH
cla tidu don vi 16n nhit cia ARN polymerase II cdn thiét cho viée
them dudi polyA. Do d6, viée ké&t thi¢ phién ma va thém dudi ¢b thé
x4y ra déng thdi trong nhén t& bio eukaryot (Hinh 3.8).
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3 9. BIEN BOI PHAN TU ARNm TRONG TE BAO EUKARYOT

Sau khl dtidc phién ma, phan ti tién than ARNm eukaryot phai
~ traj qua ba thay d6i ¢6 ban trude khi duge dang 1am khudn dé tong hOp
protein. Trude hét ARNm duge gin dudi polyA vao dAu 3', gin "mi"

WG vao ddu 5' (& vi tri 2' cia duong ribose) va cht ndi intron-exon
thanh phan t& ARNm hoan chinh. Phin @ng methyl hoa tao ciu tric
mii gitip cho ribosome nhén biét duge phan td ARNm va bam vao né.
C#u tridc mii cdn gitp bdo vé dau 5' cia ARNm khéng bi phén cét bdi
exonuclease. '

3.9.1. Polyadeny! hoa diu 3’ ctia ARNm so cap (Pre-mRNA)

Trong t&€ bao ddng vat, tét cid phAn tu ARNm, trt ARNm cua
hlstone déu bi polyadenyl hoa & dau 3, tlc 12 moi ARNm déu duge
gén thém dudi polyA sau khi ddu 3’ bi cit bdi endonuclease. Phan ing
~ gén polyA doi hoi trinh ty AAUAAA nim phia trudc vi tri gdn dubi ti -
10-35 nucleotide. Céac gen mang ddt bién g trinh ty nay phién ma tao
ARNm khéng dudi v bi phén huy rit nhanh. Trinh ty AAUAAA duge
goi 12 vi tri polyA (polyA site). Ddu tién, khoang 12 nucleotide A duge
gén vao ti tir, Ti€p dén, khoang 200-250 nucleot1de A duge thém vao
r&t nhanh tao thanh dudi polyA. S

'Sauy khi c6 dudi polyA va mi ™G, ARNm phal trai qua qué trinh
cit bd cac intron trudc khl dude van chuyén ra ngoai t& bao chit.
_ Khoang 30-40 nucleotide nam & bién gidi gilta intron va exon rit quan
trong dé phén Ung cit intron xay ra chinh xéc. Dot bién céc nucleotide
ndm & trung tAm mtron khéng anh hudng d&n phan dng nay. Dic biét
trong cfu tric cia mdi intron, hai nucleotide déu tién GU ¢ ddu 5 va
hai nucleotide AG tan cing & ddu &' gilt vai trd quyé't dinh. Chéng
. dudc bao toan 6 mei intron va 14 vi tri nhan blé't dé ¢t intron ra khoi

phén td tién than ARNm

- 3.9.2. Phan u'ng cat ndi exon-intron

Phén t& ARNm sd cip c6 chita cac trinh ty khéng mang ma di
truyén (céc intron). Cac intron duge cht di va cac exon duge 16l véi
nhau theo ddng trat tu tit ddu 5'— 3’ tao thanh phén tt ARNm hoan
chinh. Pdu tién bién gidi exon-intron- 3 ddu 5' ctia phan tu tién thén
ARNm b1 cit. Tlep dén, nucleotide 5'pG & ddu intron vira bi cat lién
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~ két'vdi 2'OH cla adenine nim cach du kia (phia 3" khodng 25 base.
. Lién két nay _khié'n cho intron cé cHu tric vong. Sau cung, bién gidi

' intron-exon & ddu 3' chia phan ti ARNm bi cét, intron bi loai ra va hai
exon duge ndi véi nhau (Hinh 3.9). -

Vi tri tao cfu tric vong (branch point)

l

El {pGU A AG| E2

5’ exon-Intron _ l _ 3 exon-intron

E—OH pGU | | A AG| E2

QN

AAGIEZI S A AG

E1 [OH : El | E2

'Minh 3.9: Phan (mg loai b intron ra khdi phin tir ARNm.

‘Sau khi bién giéi gilia exon-intron & d4u 5' bi cat, cdu trac vong clia intron dude tao ra
do lign k&t 5'-2' gita G cGa ddu 5' v6i A ndm gdn ddu 3 cla intron. Viéc cat tai
noi ti€p giap gilla intron-exon & dau 3' ¢clng nhu viéc ndi hal exon v&i nhau xay ra
" déng thai. ' :

Phan ng cit bd intron doi héi sy tham gia clia mot s& phén ti
snARN kich thude nhé (small nuclear RNA). Ching lién két véi
protein tao thanh phuae ribonucleoprotein (snRNP). M?i phitc snRNP _
thudng chiia mét phan tit ARN va khodng 10 protein khac nhau. Mot
s6 protein dgc hi¢u cho ting loai snRNP, mdt sd khac chung cho cac
snRNP. Phan ti snARN cia snRNP c6 kba niang tao lién k&t theo
nguyén téc bd sung véi cac doan nucleotide 8 ving bién gidi 5’ hodc 3
giita exon va intron. Mot s& snARN ¢6 thé lién két véi intron hosc véi
cac snARN khéae. Nhitng lién két nay giii vai trd quan trong trong
phan fing logi b6 intron. S

Thyc nghiém da tim ra it nh&t ¢6 6 phén tit snARN ky higu tit U,
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dén U, tuong tng véi 6 snRNP. Phan ti snARN U, lién két véi 15-20
nucleotide tai noi tiép giap 5 exon-intron, snARN U, lién két véi
khodng 20 nucleotide tai doan chita A (vi tri tao ¢fu tric vdng cua
intron), con snARN U5 lién két vdi céc nucleotide tai viing bién 8'
‘intron-exon. Ngoai ra cidc snARN U4, U6 c6 kha ning tudng tac vl
nhau va tudng tac véi U2, Us. Moi tudng tac giila cac snRNP déu lam
thay d6i c&u tric khéng gian chia phan td ARNm, mang céc ddu néi
ctia exon lai gin nhau, tao cfu tric dgng vong clia intron, xic téc cho
phén Gng ct bd intron va ndl exon véi nhau.

Trong thye t&, moi snRNP va céc protein tham gia phan tng cit
bé intron tao nén mot cau tric c6 thé quan sat dudi kinh hién vi dién
ti goi la cac sphceosome Ching c6 kich thudc tuong ty nhu
ribosome, bao gom cac lin k&t ARN-ARN, ARN -protein va protein-
protein. Mot s6 protein clia spliceosome 12 chc enzym helicase phén
giai ATP, giai phéng nang lugng 1am thay d61 c&u tric khéng gian cia
phén tit ARNm.

3.9.3. Cac intron c6 kha ning ty cit ra khm phan tér ARNm -
Phan ing self-splicing

Trén day ching ta da xét phan ng cét bo intron, néi hai exon véi
nhau tao phin ti ARNm hoan chinh nhd xiic tic cua cic snRNP va
protein (trong cdu tric spliceosome). Ngoai ra, mét s6 phﬁn t tién
thdn ARNm ¢ ty thé hode luc lap cé kha nang loai bé cac intron ma
khéng cén sy tham gia cua cac snRNP ho#c proteln Néi cach khae, cac
intron nay c6 thé ty cit ra khoéi cac phén. tU tién thin ARNm va cac
exon duge néi véi nhau. Chung duge chia 1am hai nhém khac nhau
tuy thude vao cach thic xay ra phan @ng.

-Intron nhom T: Phan ng cit intron nhém 1 ch1 yeu ciu phéan tu
tién than ARNm (cé chita intron) va nucleotlde G ¢6 nhém OH & vi tri
3. Sy c6 mit cua guanosme nay dan dé'n viée cdt tai bién gidi 5’ exon-
intron, déng thdi G dude gén vao ddu intron vita duge gidi phong (bing
viée chuyén lién két phosphate tif dudng ndy sang dudng khac ma
khéng 4nh hudng dén liéh k&t phosphodiester). Dau tu do 3'OH cha
exon s& tudng téc véi ndi tidp giap 3' intron-exon. Tiép theo hai exon
duge ndl véi nhau va intron tdn tai 6 dang ciu trdc vong. Céu tric nay
sau d6 s& chuyén sang dang théng (Hinh 3.10).
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Hinh 3.10: Phan (mg self-splicing cia cac intron nhom I,

Phan (ihg nay chi doi héi sy tham gia clia Gg,. Trong qua trinh ty cAt intron, phosphodiester
duoc chuyén tie phan 0 dudng nay sang phan tr duing Khac (phan ung transesterification).

Intron nhém IT: Céc intron thudc nhém nay cling ¢6 kha néng
tu ct ra khéi phan ti tién thin ARNm. Ching c6 chita GU & ddu 5' va
¢o ché tu cht x4y ra tuong ty phan fing 461 héi xdc téac cia snRNP
(Hinh 3.11). Tuy nhién, trong phin dng tu ¢t nay khong hé c6 sy
tham gia ctia bt k¥ factor ndo ngoai ban than phén ti tién thain ARNm.

5 E1 |pGpU p|l E2 |¥®

Elp

o[ B2 |®

I
7N\
’ Gpag-

Ny

UpGpAp

5| B2 Ipl E2 |¥& +

_ Hinh 3.11: Phan (ng self-splicing cia cac intron nhém 1.
Nhém 2'OH clia A ndm gan 3' intron-exon tuidng tac véi ddu 3' clia exon 1. Ndi tiép gidp 5'
exon-intron b bé gay tao céu tric véng cho intron. Tiép theo phan img ndi hai exon vdi
nhau, intron dugc gidi phéng ra dudi dang vong. - '
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Piéu dang luu y, cac intron nhém II ¢6 cau tric khong gian rat phtc
tap. Céc doan nucleotide trong intron c6 thé tuong tac tao cip véi
nhau. Su thay déi cdu tric nay lam cho phén ttt ARNm cé6 kha niang tu
xiic tac cho phan dng cat bo mot doan nucleotide cua chinh né. Nhu
vay chinh ciu truc khong gian phuc tap cua intron nhém II déng vai
tro cua cac snRNP trong spliceosome.

3.9.4. Phan (mg trans-splicing ndi hai exon ctia hai phan tir ARNm

Phan ting nay khong doi héi cac snARN hodc cac protein. Chinh
phan ti ARN cho exon thi nhit déng vai tro cia cic snRNP. Mit khac
phan ti ARN nay c6 kha nang nhan biét vi tri 5' exon-intron 4 phan tu
ARN tht hai. Nhu vay cac ARN tham gla phan ting trans-splicing tu
xtc tac cho phan tng. Phan tng nay xay ra véi hau hét ARNm cua
trypanosome, giun tron hoac luc lap trong t& bao thuc vat. Phan tng
trans-splicing thuong xay ra v6i nhiing phén ti tién thAn ARNm c¢6
intron chta trinh tu nucleotide ldp lai ngude chiéu (Hinh 3.12).

i Exon 1 Intron 1 Exon2
ARNm 1 B

|

Exon 1 Intron 1 Exon2

ARNm 2

Hinh 3.12: Cis-splicing va Trans-spllcmg c6 thé xay ra véi nhiing phan ti tién than ARNm
c6 trinh tu nucleotide 1ap lai ngugc chiéu phan bé trong intron.

3.10. KléM SOAT SAU PHIEN MA O TE BAO EUKARYOT
3.10.1. Po dai cua dudi polyA

Phan dng gin dudi polyA (~200 A) vao cac phéan td ARNm
eukaryot xay ra trong nhan té bao. Mot khi da chuyén ra ngoai t& bao
chit, dudi nay bi cat ngan dan. Tuy nhién trong thuc té&, khong phat
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! f-"hlén duqc du01 polyA nio ngén hon 30 A. Do d6 dudi polyA ngé.n nhét

. dé phén té@ ARNm khong bi phan hiy cé thé 14 30 A. Dic biét, dé ddm
. bao db bén ving cha dudi, cac nucleotide A con duge thém vao. Néi

_each khac, viée thay d6i d6 dai dudi polyA duge kiém tra rit chat ché.
Trong t& bio n&m men, dudi polyA dude bao vé bdi protein bam vao
 dudi (PABP). Khi dudi bi ngén di, PABP tach ra kh01 dudi khién
" ARNm bj kht polyA. Tigp dén mit ™G cing bi khu bd va phan ti
ARNm nhanh chéng bi phan-huy ti dau 5’ (Hinh 3.13).

PABP (polyA-binding protein) bdo vé dudi polyA

—

l PABP téch ra khi polyA bi ngdn<10-15 nt

G
A —  AAAAAAA
lloai bd dubi poly A
mTG
&

l loai bé mia ™G

l phan hily ARNm

Hinh 3.13; B5 dai dudi poly'A énh'hucng d&n dé bén vitng clia phdn t ARNm.

Trong t& bio n&m men, dudi polyA bi cit ngén di s& kéo theo viéc khUf hoan toan dudi nay
cling voi khit mii ™G, Phan t& ARNm mét dau va dudi nhanh chong bi phan héy tir dau 5'.

- 3102 Bo ben vung cla ARNm

Trong t& bao vi khudn, ca¢ phén tu ARNm thuong bi phan hiy
r&t nhanh. Thdi gian ban hiy cla ching thay déi ti 3- 5 phut ngay
- khi. ¢6 hoiic khﬁng cd chc chit cam dng (inducer) trong mdi trudng. Do
d6 khi. t& bao vi khuan moc va phﬁn chia trong khoang thdi gian 20-
30 phut céic ARNm cén @uge tal tgo méi 5-10 l4n trong mbi lan phan
chia. Khi t€ bdo ydu cdu mdt s8 enzym, ARNm cin thist d& téng hop
" cace enzym. d6 duge phlen mi nhanh chéng. Khi t&€ bao khéng con nhu
_ cdu, qua trinh phién ma dlmg ré't nhanh va cac phan ti ARNm lap
tic bi phéan hay. .

Enzym nuclease chiu trach nhiém phin hay. ARNm dén nay van
chua duge xéc dinh rd rang. D61 véi mot s6 5 ARNm polycistronic cia cac
" operon nhu lac hoac trp, ching bi phan cit bdi endonuclease tao ra cac
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monocistronic tudng {ng vél Ling gen trong opéron. Khoang cach gitia
chc monoeistronic khéng chita ma di truyén, do d6 khong duge che
chén bdi ribosome nén chiing dé bi cét bdi endonuclease. '

Cac ARNm prokaryot duge téng hogp ciing nhu bi phan huy rat
nhanh, do 46 vi khugn c6 thé thich tng nhanh nhay véi nhiing thay
ddi ctia méi traidng. Ngude lai, cac ARNm eukaryot khé bén viing. Vi
dy, ARNm. mé cho B-globin c6 thdi gian ban hiiy khoang hon 10h. Tuy
nhién efing c6 nhitng loai ARNm c6 thdi gian ban hay chi 30 phat hoic
it hon. Thudng d6 14 nhitng ARNm ma ¢ho cac protein 1am nhiém vu
diéu khién hoat déng cua gen.

C#u tric IRE & 3 UTR
A - M_MU\__—AAAAAA

l aconitase gin vao IRE

JANE— CTOOTTUL _ Asaasa

' lMai trudng c6 Fe

aconitase+ Fe .

mTG_ ' )

A M\___AAAAAA
| lphancétARNm

waG ] - ..I .

N UL U anansa

Hinh 3.14: Cau trdc IRE & viing 3'UTR trén phan tir ARNm. Protéin gan vao 6 bao vé
ARNm. Khi protein tach khéi IRE, ARNm bi phan cit bdi nuclease.

Cé4c phéan ti ARNm eukaryot kém bén do ching mang cac doan
nucleotide dic bidt tai ddu 8' kich thich sy phén hiy ARNm. Thue
nghiém cho théy, khi doan nucleotide giau A va U 4 vang 3' khong
dich m& cha phan tit ARNm kém bén duge ghép vao mdt s ARNm
‘bén viing khac, thi nhitng phan td nay tré nén kém bén do dudi polyA
bi cét ngén nhanh. Nhu vy doan nucleotide gidu AU kich thich sy
phan hiy ARNm thong qua viée giam d§ dai dudi polyA. Ngoai ra,
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mbt s& ARNm cé chlta v1 tri déc hidu d ddu 3' duge nhan biét bo‘l. .
- endonuclease.

Chiing ta biét rang hai ddu cla ARNm c6 céc ving 5' va 3’ khong
dich ma (UTR-untranslated region). Pdu 5 khéng dich ma c6 thé 1a vi
tri tudng tac cua mot s0 protein c6 chiic ning kim ham qua trinh dich
m3. Khi d6 ribosome khéng thé dich chuyén trén sgi ARNm khién cho
qué trinh dich ma bi kim him hodn toan. R& riang trong trudng hop
nay, ARNm van duge tdng hgp mét céch binh thudng nhung protein
khéng duge tao ra. Mét cach tuong ty, ddu 3' UTR ciia mot s6 ARNm
6 c8u tric kidu cip tée. DAy cling 1a vi tri tuong thce vdi protein nhim
béo vé ARNm khéi nuclease. O t& bao eukaryot, kiém soat sau phién
m# theo cAch thitc trén duge phat hién d8i vdi phan Gng téng hop
ferritin - protein lam nhiém vu tao philc véi cde nguyén ti sit. Khi méi
trudng khong ¢b sét, cac phan tit ARNm ferritin bi aconitase (protein
repressor) bam vao ddu 5'; do d6 khéng c6 protein ferritin duge tong
hop trong t& bao. Khi ¢é sit trong mdi trudng, aconitase lién két véi
st va roi khdi ARNm ferritin. Liic nay ferritin duge tdng hgp véi s&
lugng l6n gép 100 14n so v6i lide ban déu (Hmh 3.14).

3.10.3. ARle (micro RNA)

Thong thudng, cic protein giit vai tré cha dao kiém soat qua trinh
phién ma cfing nhu dich mi, Tuy nhién hoat déng chia mdt sd gen lai
duge Idiéu khién bdi cde ARN ¢é kich thude nhé 21-27 nucleotide.
Chiing duge hinh thanh khi s8 lugng ARNm cha gen dich (gen chiu sy
diéu khlén) tdng qud mic trong té bao. Co ch€ hinh thanh cdc ARNmi
dude md ta trén Hinh 3:15. ARNmi bat nguon tit cac sgi d6i ARN, hoac
soi ARN chia cée trinh ty lap lai nén ¢6 thé tao thanh ciu tric sgi doi
tuong.tut cip téc. Nhiing phéan td ARN dang s¢i d6i nay nay bi cit ngin
bdi ARNasge ITT (Dicer). Céc sgi ngén phén ly thanh sgi don, duge goi 12
ARNmi, dé tao phitc. Phitc nay sé phan cit ARNm théng tin hodc dc
ché ribosome tdng hgp protein. Hoat. tinh cha phic phu thuéc vio
tudng tac bo sung giiia ARNmi va ARNm (phén tt ARN dich).

3.10.4. Phan img doc sta ARNm - "RNA editing”

Phan tng doc sita ARNm 1am thay d8i trinh ty nucleotide ctia
phéan td ARNm. Phan @ing nay xay ra trong t& bao chit. Cac nucleotide
cia mdt s8 phan t ARNm bi loai bd hofc bi thay th&, mét s&
nucleotide khac duge thém vao. Nhu vay trinh tu nucleotide trén phan
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-::._'tu ARNm khac véi gen (ADN) mé. T dé phﬁn tu ARNm dude phlen ma.

- Phan Ung nay dude phat hién d4u tién d6i véi ARNm ma cho protein 8
coty thé cua trypanosome. Céc phén ti ARNm nay mang them mit val
* nucleotide U khac véi trinh tu trén gen ADN.

ARN dang s¢i d6i-dsARN ARN dang s¢i ddi tao loop , :
TOTTTOTRIR LA e JITITALIILT lo‘?p_
\' ARNase (Dicer) /
u F 4
SEENEE TTILITT . Seidéi ARN ngén
“ X

ABRNM =17 SEELENEES

N

o : ARNm
—l'—rllltlulitllllAA-’\AAA ||é!5||||||||;AAAAAA
RN I I
ARNm ARNmi
Ribogome
lPhﬁnhﬁyARNm i
TITTTTT T Ngan cin ribosome tdng hgp protein

v . Hinh 3.15: Phén tr ARNn1| dude hinh thanh tir sgi doi ARN.

ARle 4 dang sgi ddn, khoang 21-27 nucleotide, c6 trinh ty tuong dbng voi ARNm.

ARNmMi tham gia phirc protein d8 phan huy ARNm hosc ngan can ribasome téng hcp
protéin.

Céc nghién cdu tidp theo cho thdy phan td ARNm trong ty thé
caa t& bao thuc vat hdu nhu deu trai qua phan ing "RNA editing".
Tuy nhidn dé&i véi.céc ARNin - nay, chi c6 su thay th& nucleotide C
bang U ma khéng cé hién. t'..tdng thém vio hoéc loai bé cac nucleotide
khéc. Trinh ty cac acid amin & protein chd thé thay d6i dén 10% hoic
hon nita so véi protein duge mé bdi phan tit. ARNm chua trai qua
phén Ung nay. Phan ting "RNA editing" duge thuc ‘hién nhd cie phan
tit ARN dai khoang 40 - 80 base. Cac ARN nay goi 12 ARN phu trd,
ki hiéu 14 ARNg (guide RNA). Ching duge téng hgp doc 1ap véi nhau.
Diu 5' cia ching c6 thé tao lién két vdi ARNm chn slta dél, con déu
3' mang dudi polyU. Cac nucleotlde U duge chuyén true tiép tit dudi
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" nay sang ARNm. Qua trinh doc sita didn ra tit ddu 3' va tiép tucvé e
- d4u 5' cha ARNm. Cé thé ¢6 nhidu ARNg tham gia sita d8i mdt phén
td ARNm. ' ' .

e E gen apo-B (456£_¥bp)

lPhién ma sang ARNm
5 oome— : » 3
ARNm
RNA editiny
|
., \ c , Protein 512kDal
5 > 3 ( ¢6 trong gan va rudt)

A \ |
_ ‘Protein 250kDal

(chi cé trong rudt)

Hinh 3.16: Thay d8i thong tin di truyén trén phan tit ARNm clia gen apo-B bdi cd ché
"ARN editing”. Chiéu dai phan tir ARNm khong ddi nhumg nucleotide U thay thé C tao ra
mot ma dimg t8ng hgp protein (stop codon).

$ dong vat, cac phin tid ARNm it trdi qua phan tung "RNA
editing".” Truong hgp ddu tién duge phéat hign d6i véi gen apolipo-
protein B (apo-B) dai. 4563bp, 12 gen don ban trong genome nguoi
(Hinh 3.16). Tit gen ny hai loai phén tif ARNm duge tdng hgp. Ching
chi khéc mhau bdi mét nucleotide C bi thay th& bdi U. Do d6 lam xufit
hién mdt mi (stop codon) dﬂﬁg. phan {ng téng hgp protein. Protein
ngin tuong tng véi logi ARNm ndy 6 khéi lugng phén tit 250kDal va
chi t3n tai & trong rudt. Phén tit protein 512kDal tudng itng vdi ARNm
khong bi doc sita tén tai § ca gan va rudt.
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_ | Chuong 4 o
DICH MA TONG HQP PROTEIN

Protein ¢6 thé 12 mét hosic nhidu chudi peptide tudng tac v6i nhay;
m&i chubi gdm cac acid amin lién két véi nhau (Bang 4.1). Phan tng
téng hop chudi peptide xay ra ¢ ribosome dinh vi trong t& bao chét.
Ting mé di truyén b ba trén phén td ARNm duge nhan bidt bdi ddi
ma trén phan t& ARNt nim trong phiic aminoacyl-ARNt. Tuong tac
gifta ma bd ba va @61 ma chi duge thyc hién trong bd may ribosome véi
sy trg gitip cha cac yéu t§ cén thigt. Khi hai m& nay khdp nhau chinh
xéc, ribosome chuyén mét acid amin ti ARNt sang s¢i peptide. Viéc
gén chinh xac acid amin vao ARNt duge thuc hién nhg cae enzym
aminoacyl-tRNA synthetase. Trong qué trinh téng hgp protein, ca 3
loai ARN chinh trong t&€ bao (ARNr, ARNt, ARNm) tap trung va tuong

tac véi nhau trong b may ribosome. ' '

Bing 4.1: CAc acid amin va cach vist tit

Acid amin Vigt tat Acid amin - Viettat
Serine Ser S Isoleucine lle !
Threonine Thr - T Methyohine Met M
Cysteine Cys c Phenylalanine Phe F
Tyrosine - | Tyr Y Tryptophan - | Trp W,
Asparagine | Asn N Proline Pro P
Glutamine Gin a Aspartic acid Asp D
Glycne | Gly G | Glulamicacid - Gu | E
Alanine Ala Ta Lysine : Lys K
Valne | val v Arginine Arg. R
Leucine | Leu BIE Higtidine His H

- Phan tit protein c6 cac clu tride khae nhau. C&u tric bac mot
chinh 12 trinh -ty acid amin tao nén phén tit d6. Ciu tric béc hai hén
quan dén cfu hinh khéng gian cyc bd timg_ phén cha protein. Vi dy,
cfu tric xoén a-helices hay cdu trée 14 B-sheet... Cac lién két hydro
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- gilt vai tro quan trong trong viéc hlnh thanh va duy tri cAu tric blic 2
. cha protein, Céc vung khéac nhau trén phén t& protein cé thé sip x&p
trong cfu tric xoén o va cfu tric 14 B. C&u tric bic ba phan anh cfu
hmh khéng gian ba chiéu cha todn b§ phan tif protein. C&u tric nay
~ thé hién 6 sy g&p khdc cudn lai cha phén t protein phu thude chi yéu
: - vao céc logi lidn két y&u nhu lién két cdu disulfide (giita hai acid amin
‘¢6 chita gdc sulfua). CHu tric bic bdn cha protein dic trung cho ciu
~hinh khéng gian khi cac chudi peptide tuong tac véi nhau ‘tao ra
© protein multimer. Tuy thudc vio ciu tric bac 3 va bac 4, ¢6 thé phan
biét protein thanh cic dang protein hinh cdu, protein hinh sgi... M6t
‘phén td protein cé thé chuyén tit cfu hinh khong gian nay sang ciu

hinh khéng gian kia tudng {ing vdi cic hoat tinh khae nhau cua
protein..

M5t s8 protein c¢6 trinh ty acid amin terng dbng cao tai mot hay
vai doan oligopeptide. Dogn d6 thudng lién quan d&n mét chiic nang
chuyén biét cta riéng nhiing protein chita doan d6. Poan tuong déng
cao niy dude goi I1a viing bio thi (conserved region). Ching ta cdn
phén biét cac khai niém vé motif, modul va domain cia mot phén
tl protein, B4t cit viing bao thil nao (& cac gen hogc protein) déu c6 thé
goi 1a box hay motif. Khi motif gin véi mét chic ning nhat dinh thi
duge goi 1a modul. Mot modul c6 thé gdm mét vai motif ndm canh_
nhau trong c&u triic bac mot. Mot domain duge xem 13 mét phﬁn cua
phén ti protein c6 xét d&n céu tric bic bén nén khéng nhét thiét phai-
gdm céc doan peptide ndm canh nhau (téc 13 ¢6 thé kKhéng phu thude

‘vao0. cHlu tric bac mot). Sy phén bigt 15 ré’ng cho phép thiét ké&; diéu
‘khién ciing nhu hidu duge chifc ning clia cic protein chimeric. Mot
rodul c6 thé dqu thém vao hofc 18y di khoéi mét protein bhg cach
gay 46t bién thém doan hodic' m&t doan ADN mang ma di truyén {ng
v8i modul dér Tuy nh1én, khﬁng t.hé ﬁp dung tudng t.u dé thay dﬁl cic
domdin chia protem.‘ o -

- Tinh bén viing m'pmtem phu th,uéc vﬁo ch{tc ning khac nhau
- ctia ching. Cac' protem didy khidn' hoqt Adng cus gen ¢6 thé chi ton tai
vai phiit, trong khi tAc protein cfu. tric Hoge' pmtem Ay trid (coIlagen
" hemoglobin). ¢6° thé bén: vitng trong v&i tinfin; Qua trinh phén hiy d6i
méi protein phu thuﬁc vao phan ing cha t& bao v6i cé.c tin hidu tit méi
“trudng hodc tit cic t& bao khéc trong co thé. M#t s8 protein khéng bén
: thudng c6 chila doan peptide giau prohne, glutamine, serine va
threonine, goi 13 "PEST site”. Dogn nay dude nhan bigt &€ phan cét
protein. Ngoai ra, protein con bi phén hay khi tuong tac véi ubiquytin
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(protein ¢6 khéi lugng phén t nhé), hoic bing con dudng tu thub bao
(microautophagy).

4.1. PHAN UNG TONG HOP PROTEIN

Protein téng hgp trong bd may ribosome. Ribosome 1 phiic ca
cac loai ARNr véi protein (Bang 4.2). Protein tham gia cdu thanh
ribosome duge goi 14 r-protein. Mic di ¢6 sy sai khac vé kich thude
phén ti ARNr va s6 lugng protein nhung ribosome ¢6 tinh bdo thi cao
vé cdu tric trong tién hod tit vi khuéin, d€n ddng, thuc vat bace cao (bao
gdm ca ribosome trong t& bao chit va trong cic bao quan). Trong moi
dé1 tugng, ribosome gom 2 tiéu don vi 16n va nho. Trong t& bao E.coli,
tiéu don vi nho (308) gdm phén ti ARNr 168, va 21 r-protein; tiéu don
vi 16n gédm ARNr-238, ARNr 58 va 31 r-protein. Hau hét (51) r-protein
duge ma boi mét gen trong genome E.coli. Trong t€ bao eukaryot, tidu
don vi nhé gém phén tit ARNr 188 va 33 r-protein, trong khi tiéu don
vi 1én gdm cac loai ARNr 288, 5,88, 58 va 49 r-protein. Tiéu don vi nhd
dam nhéan cic chitc ning quan trong cfia ribosome vi tai day cé cac vi
tri lién két véi ARNt (vi tri A va P), v6i ARNm va tiéu don vi 16n. Tiéu
don vi 18n ¢6 hoat tinh enzym xic tac phan tng tao lién két giita céc
acid amin (petldyl transferase). Céc ribosome trong baa quan c6 thé
thay d6i s lm;mg phan td ARNr tit 30% dén 70%. Cau tric phic tap
gitip cac. vung cuc b cia ribosome thuc hién chitc niang déc thi nhu
trung tdm xdc tic phdn Ung téng hgp, vi- tri tudng tac vél aminoacyl-

~ ARNt, ARNnH vé chuﬁi péptide dang tong th

| ' Bing 4 2: Cac phan tu' ciu thanh nén rlbcsome & prokaryot va sukaryot

Ribosome |. = Prokaryot - -' Eukarryot _
CARNF | -$8lugng " ARNr Sé lirgng
- © -protein . - protein
Tidudonvinhé | 168 | - 21 | . 188 33
Tidudonvilen | 58,238 | 81 .| 55,588,285 | 49

M&i ARNt c6 hai vi tri- dgc hidu: phia d8u 5 c6 trinh tu
"anticodon” 14 vi tri tugng tac v8i mi bd ba trén phédn t0 ARNm, con
dau 3’ 14 vi tri lién két véi nhém carboxyl (COOH) chia acid amin tudng
ing v4i mi bd ba d6. Lién két nay duge thuc hién qua 2 bude nhd xiic
tac cita enzym aminoacyl-ARNt synthetase (Hinh 4.1). Budc thit nhat
1 acid amin dugc hoat hoa, bude t1é'p theo la gén a01d amin vao ARNt
déc hiéu cho acid amin dé. '
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aminoacyl-ARNt :
synthetase :

ATP \.

acid amin—=_"* 3

- aminoacyl-

aminoacyl-ARNt ;
synthetase ° aminoacyl-ARNt

synthetase

acid amin-ARNt

Hinh 4.1: Qua trinh gin acid amin vao ARNt thong qua 2 budc.

Thit nhat: acid amin dudc hoat hoa tao phifc trung gian aminoacyl~AMP. Phific nay gitt
tugng tac vdi enzym dé chuyén sang budc gan acid amin vao ARNL. Ca hai budc nay dudc
x(lc tac bdi enzym aminoacyl-ARNt synthetase.

Phan ting téng hop protein c6 thé chia 1am 3 giai doan chinh: bét
d4u téng hop chudi peptide, kéo dai chudi va két thic phan dng. Giai
doan déu tién yéu cau ribosome tucng tac voi ARNm va phan ti ARNt
da gin acid amin dau tién. Giai doan tiép theo 1an lugt tao lién két
peptide giita cic acid amin theo dung ma di truyén trén ARNm. Giai
doan két thuc lién quan dén viée tach ribosome ra khoi chudi peptide
va ARNm. '

Dé bit dAu phan dng tong hgp, tiéu phan ribosome nho bam vao
ARNm véi su hd trg cua cac yeu t6 khoi dong (initiation factors-IFs). 0
vi khuén, tuong tac gitia tiéu phan nho 30S ribosome/ARNm phu
thudc vao su tao cip b6 sung gita ARNr va ARNm. Trinh tu
nucleotide gin ddu 3’ ctia 168 ARNr va trinh ty phan b phia trude ma
bd ba cua acid amin dAu tién (trinh tu Shine-Dalgarno) trén ARNm.
Pau 5 cua phan tti ARNm c6 thé mang nhiéu mi codon cua
methyonine ndm canh nhau. Tuy nhién chi ¢6 mét trong s6 d6 sé la ma
bit dAu chudi peptide. Chinh mét vai nucleotide ndm ngay sau mé nay
& quyét dinh su lua chon chinh xéc. Doan Shine-Dalgarno (UAAGGAGG)

thudng ndm trudc ma dau tién dng v6i Methyonine khoang 7 dén 13
nucleotide.

Trong t& bao eukaryot, cac phan ti ARNm déu cé cdu tric mi
™G & ddu 5. HAu hét ARNm virus ciing ¢6 mi 6 dau 5’ dé tan dung
bd may téng hop protem caa t& bao cha. M ™G dude nhan biét bai
phiic cac yéu to can thiét dé bit dAu dich ma. Phiic nay gom protein
eIE4E (nhan biét mi), e[E4A (ma x04n cAu tric khoéng gian ¢ dau 5’
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" cha:ARNm), eIE4G (tign két véi cac thanh phén khéc dé thae ddy sy
ht;ip thanh phdc khdi déng). Théng qua phitc nay ma tidu phén
ribosome nhd 408 tudng tac v4i ARNm va bit ddu do tim ma b ba
ctia methyonine. D&i véi t€ bao eukaryot, ma b$ ba cho methyonine la
AUG, nhung d6i véi vi khuén, md GUG va UUG doi khi ciing duge
diing cho methyonine. Cac yéu t& kh&i déng s& tach ra khi tiéu phan
nhd tim thdy ma AUG va tiu phén nhd sau d6 sé hop nhat véi tiéu
phan 16n ribosome tao ra bd may t8ng hop hoan chinh. Phéan ti ARNt
- djc biét (initiator tRNA - tam dich ARNt khéi dgng) mang
methyonine (acid amin ddu tién) 12 phan td duy nhét cb kha ning
gén vao vi tri P ma khong di qua vi tri A. Nhu vay moi chudi
polypeptide déu duge bat ddu bing methyonine. Lic nay, ma bd ba
cho acid amin thit hai trén phén t& ARNm nim vao vi tri A sén sang
lién két véi d6i ma trén ARNt mang acid amin thit hai. Chudi peptide
chudn bi dude kéo dai. '

Moi chudi peptide déu bit ddu bing acid amin methyonine. bé
phén bidt methyonine ddu tién véi cac methyonine nim trong chudi
peptide, t& bao E.coli cling nhu ty thé gin ARNt khdi ddng vii
methyonine bi formy! hod. Phén td nay duge k¥ hidu fARNt-fMet
(hogc fMet-ARNt™*). Phan dng formyl hoa xay ra khi methyonine
gin vao ARNt. Nhd d6 phic fARNt-fMet khong thé tham gia vao gial
doan kéo dai chudi do vi tri lién k&t vdi acid amin ti€p theo da gén
nhém formyl. Tuy nhién, viéc gén thém nhém formyl c6 § nghia lam
ting hidu qua cua tdng hgp protein vi methyonine khéng c6 nhém
formyl vin c6 thé bit ddu chudi peptide. Tinh déc higdu duy nh&t cha
fARNt-fMet gdn vao vi iri P do phén ti fARNt quyét dinh. T& bao
" E.coli ¢6 hai logi ARNt nhan biét fMet va Met. C#u tric cuc bd cta
‘hai loai ARNt nay khac nhau & phén lién quan d&n lién ké&t voi acid
amin, Khi giy d6t bién céc nucleotide trong ving nay, phéin ti fARNt
- 'c¢6 kha ning vAn chuyén methyohiné trong giai dogn kéo dai chubi
peptide. Tinh dc higu clia ARNt thé hién rd trong t€ bao eukaryot, ¢
d6 methyonine ddu tién cia chudi peptide khéng bi formyl hoa. Céu
tric dac biét cha ARNt khdi d6ng duge nhén biét bai y&u t6 bét ddu
dich ma IF2 (initiation factor 2). Yé&u t§ nay gip phic fARNt-fMet
vao thang vi tri P (bd qua vi tri A) & ribosome. Nhém formy! 8
methyonine & bi khit va sau d6 chinh methyonine bi cht khdi chudi
peptide. Phan dng cét bd methyonine xay ra khi chudi peptide cé
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_ .'khoang 15 a01d amin hoac khi chubi da dat qué nua ch1eu dai cédn
. tong hop. _
- Giai doan kéo dai chu01 polypeptide vé cd ban 14 gidng nhau & t&
bao prokaryot va eukaryot (Hinh 4.2). Giai doan nay ddi hdi su tham
* gia cia céc y8u t& kéo dai chubi peptide (elongation factors - EFs). Co
thé xem giai doan kéo dai gbm nhleu chu ky 1ap lai, m&i chu ky ¢6 ba
buéde cd ban nhu sau:

Bude 1: Phitc aminoacyl-ARNt tudng tac véi vi tri A Ba nucle-
otide cua anticodon (trén ARNt) tao efp b8 sung véi ba nucleotlde cla
codon trén phén t ARNrm. : :

-Bude 2: Dau carboxyl clia chu01 polypeptlde dang gan véi phan tl
~ ARNt & vi trf P dugc téch ra v chuyén sang tao cAu ndi peptide véi
acid amin lién k&t v6i phén ti ARNt & vi tri A. Day 13 phan Gng cha
chét duge xvic tac bdi enzym peptidyl transferase véi su tham gia cia
cAc ARNr thude tiéu don vi 16n cia ribosome. Litc nay ARNt & vi tri P
duge gidi phéng ra § dang tu do, khéng lién két véi acid amin, Phén tu

ARNt nay dugc chuyén sang vitri B 4é€ sau d6 giadi phéng ra khoi
.ribosome.

!

Bude 3: Phitc ARNt-chudi polypeptlde dvi tn A duge chuyén sang
vi tri P. Ribosome djch chuyén di chinh'xac mdt mi b ba (mdt codon)
doc theo phin tt ARNm. Budc dlCh chuyén nay bao gdm dich chuyén
caa tidu don vi 16n réi sau_do tlé’u don vi nhé méi dich theo. Ribosome
.dich chuyén dsi héi sy tham gia cha yéw t& EF-G ¢6 hoat tinh thiy

phan GTP. Phan tng thém 1 acid amin vao chudi peptide chi hét 0,05
" gidy & E. coli. Do @6, chudi peptide gém 300 acid amin du‘dc tﬁng hop
- trong khoang 15 gidy.

- Qua trinh téng hop chudi peptide két thic khi mét trong 3 mi
dlmg (UAA, UAG, UGA) trén phan td ARNm cd miit ¢ vi tri A. Cac ma
nay duge nhén blet bdi chc yéu t8 ditng téng hop (RFs release factor).
Khi nhén biét ma dirng, cic RFs'¢6 mat § vi tri A s& thay déi hoat tinh
cta peptydyl transferase khién enzym thém phan ti H,0 vao diu
COOH caa chudi peptide. Chudi peptide tach khéi phan ta ARNt & vi
tri P; sgi ARNm rdi khoi ribosome?® hai tiéu phdn ribosome tach rdi
nhau. Tiéu don vi nhé tuong tic véi ARNm nhd sy trg gip-ciia cic yéu
t6 khéi dong dich ma. Sau khi tim duge ma ddu tién, tidu don vi nhd
hgp.nhat vc'si_tiéu don vi 16n hinh thanh bd may ribosome hoan chinh,
t16p tuc qua trinh téng hgp chubi peptide méi (Hinh 4.3).
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Met~AA2 ARNt ~AA3

Vi trf P ikt A Vi tri A

ARNm

Hinh 4.2: Qua trinh t8ng hgp protein.

DAu tién ARNt mang methyonine vao vi tri P trén tiéu don vi nhd ribosome. Sau do, tiéu
don vi nhd tuong tac véi va dich chuyén trén sgi ARNm dén vi tri ma AUG dau tién. Tiéu
don vi 16n ribosome sé tao phic véi tiu don vi nho tao thanh bé may ribosome hoan
chinh @& t8ng hdp chudi peptide.
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 Céc y&u t§ khdi

ding dich ma A@

Tléu dan vi nho "\Hai tifu don vi'tich ra

Ribosome rii
I khéi ARNm

Ribosome

Hinh 4.3: Su quay vong cla ribosome trong qua trinh tong hop protein.

Phtc hai tidu don vi 16n va nhé tach nhau say khi ribosome tdng hop xong chudi peptide.
Tiéu don vi nhé tuang tac vai yéu t§ khdi déng dich ma aé sau d6 tuong tac vét ARNm.
Khi d4 tim thdy ma khdi ddu AUG, y&u 1§ khdi dong dich ma tach khdi tiéu daon vi nhé va
hai ti€u don vi hgp nhét tigp tuc mdt chu tinh méi.

Mot sgi ARNm c6 thé duge dich ma déng thdi bdi nhiéu ribosome.
Vi dy, trén sgi ARNm ma cho peptide fibroin (protein & trong sia ¢6
khéi lugng phén ti 200kDa) ¢6 t6i 50-80 ribosome déng thoi dich ma.
Qua trinh téng hdp protein tidu tén néng lugng hon bt ¢ phan ng
sinh hod nao xdy ra trong t€ bao. It nhé&t c6 bén phan ti cao nang bi
phén hily d€ tao ra mot cAu néi peptide: hai phan ti diing d8 gén acid
amin vao ARNt, phén ti thit ba dung trong budc thit nhat va phan t
th tu dung trong buéc thit ba: Mat khac mdt phén td ARNm cé thé
mang théng tin cho ba khung doc khac nhau (tudng ting véi ba chubi
~ polypeptide khéc nhau), cho nén viéc chon chinh xdc khung doc khi
bit ddu phan tng tdng hgp protein rit quan trong.

4.2. TINH CHINH XAC CﬁA PHAN UNG T6NG HOP PROTEIN

Tén s8 sai sot xay ra trong phan ung tong th protein thép, chi
khodng 10 S 10, Dléu nay cho th&'y phén ing tdng hgp protein duge
kiém soét chit ch& tit phan ung gén acid amin vao ARNt. dén 3 giai
doan trong qué tnnh tﬁng hgp. Phan fmg gén acid amin vao ARNt
dw;c xic tac bdi enzym ammoacyl ARNt synthetase. C4u trdc phan ti
cia enzym gﬁm nhiéu ‘domain’ v&1 chite néng khac nhau (Hinh 4.4).
Mot enzym s8 nhfin bi6t ding ac1d amin dic hidu ma né cin vin
chuyén trong s8 céc acid amin khae eling tdn tai trong t& bao chét. Néi
cach khac, mot enzym méng blét se tuong tng véi acid amin.
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Tuong tac vdi ARNt Tuong téac tao oligomer
m
Trung tAm xuc téc Tuong tac véi dél ma trén ARNt

Hinh 4.4: Enzym aminoacyl-ARNt synthetase c6 thé bao gém 3 ho#c 4 domain cé chuc
nang khac nhau. Riéng cac enzym dang multimer méi c6 domain tao oligomer.

Sai s6t c6 thé xay ra khi enzym gin nhdm acid amin vao ARNt
hodc ngude lai. Vi du nhu, cysteine c6 thé bi gAn nhAm vao ARNt caa
alanine (cysteyl-ARNt*®). Tuy nhién nhiing sai s6t nay duge phat hién
va loai bd nhd su khong tuong thich vé céu tric khi phtc acid amin-
ARNt di vao ribosome. Day 1a hoat tinh doc stia (proofreading) cua
enzym synthase. Mot khi da doc sta xong thi ARNt ¢6 nhiém vu mang
dtng acid amin dé vao ribosome; d6i ma trén ARNt tudng tac v6i ma
trén ARNm va acid amin dugc chuyén sang chudi peptide. Bang con
duong hoa hoc, cé thé thay thé acid amin duing bang acid amin sai
trong phtc acid amin-ARNt. Vi du, cysteyl-ARNt®* (ARNt mang
cysteine & trang thai hoat hod) c6 thé thay thé& thanh alanyl-ARNt®"®,
Trong phan tng téng hop protein in vitro, alanine (acid amin sai) dude
chuyén tit phitc alanyl-ARNt®* vao chubi peptide, méc du d6i ma trén
ARNt®* tao cip véi ma bd ba cho cysteine trén ARNm. Diéu nay cho
thdy tinh chinh xac cua céac acid amin trong chudi peptide phu thudc
vao phan tng gén acid amin véi ARNt. Néu sai s6t khong bi phat hién
thi acid amin sai vAn noi vao chudi peptide ngay khi d61 ma caa ARNt
va ma bd ba cia ARNm hoan todn tuong xdng v41 nhau.

Sai s6t xay ra trong qua trinh tong hgp & ribosome chu yéu do
ribosome trugt léch khong ding 3 nucleotide (mét ma bo ba) hodc bo
qua ma bd ba trén phan tit ARNm. Diéu nay gay sai sét tuong tu nhu
dét bién léch khung doc hodc dot bién lam maét vai acid amin (Hinh 4.5). -
Hién tugng trugt phu thudc cht yéu vao clu tric phan tid ARNm.
Ngoai ra, ribosome cé thé chdp nhéan acid amin khéng ding véi ma bd
ba trén ARNm. Diéu nay xay ra khi ARNt bi dot bién hoéc c6 thay déi
‘trong ciu tric khong gian. Vi du, moét vai ARNt ¢6 kha nang nhan biét
mé dung tong hop nhu modt ma bo ba cua acid amin nao dé6. Thuc
nghlem cho thiy, tAn suit tuong tac khi chi c6 2 nucleotide cia ma bd
ba va d6i ma b sung véi nhau chi sai khac khodng 10" dén 10? 1an so
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vfnkhl ca 3'nucleotide c_ﬁa. ma vi d6i 'mé déu b8 sung véi nhau. Nhu =
© vy, tudng téc gifia mé bd ba trén ARNm va d6i ma trén ARNt khong

phai 1a didu kién duy nhit quy€t dinh tinh chinh xsc. Thuc &, tuong

" téc tao cap b8 sung tao difu kién 48 ARNr aminoacyl-ARNt tuong tac

v6i ARNr. N&u khéng xy ra tucng tac gitia ARNr 168 va aminoacyl-
ARNt, phitc aminoacyl-ARNt sé& bi dao thai ra khoi vi tri A trén
_ribosome. ' -

NNN GGA UGA CT...........GGA TAG NNN
Nhay vugt ma (bypass) '

NNN GGA UGA CT...........GGA TAG NNN
Dich ma binh thudng '

NNN GGAUGACT............GGA TAG NNN
Léch mé (framshifY)

Hinh 4.5: M@i s8 sai s6f trong qué't'r'mh dit_:h ma t8ng hop protein gay ra do hién tuong
ribosome di chuyén 18ch ma trén sgt ARNm. .

Hién tugng ribosome trudt ma di truyén trén sgi ARNm dude
virus, n&m men sd dung a8 kidm soat dich ma tao ra cac polyprotein.
Khi 46, co ché kiém soat dude goi ]2 dich ma ludn phién (alternative
transcription). Trong t& bao ndm men, hai gen tya vi tyb nam canh
nhau. Hién tugng dich mé luéin phién cho phép tit mot sgi ARNm téng
hgp duge cac protein Tya va polyprotein Tya-Tyb (Hinh 4.6).

Protein Tya

Khéi ddu _ K&t thic K&t thic
- lechmé
I ST LEPLL LA e A
- Polyprotein Tya-Tyb I

Hinh 4.6: Cd ch& dich ma luan phién lam dich khung doc d& t8ng hop hai protein Tya va
polyprotein Tya-Tyb tif mot phan tf ARNm phién ma tit Ty trong t& bac ndm men. -



43, PROTEIN PUGC VAN CHUYEN VE DICH KHI DANG HOAC DA
TONG HOP XONG -'

Trong t& bao, protein dugc t8ng hgp dé phan phdi vé céc dich khac
nhau: hodc tiét ra ngoai t& bao, hojc phan bd trong bao quan, trong
nhan, trén mang, hode ton tai t do trong t& bao chat. HAu hét cac
protein tit ra ngoai hofic phén b6 trén mang duge téng hop bdi
ribosome bam trén mang ludi ndi chét. Con dudng van chuyén nhiing
protein niy vé dich duge bét ddu bing wvidc dUa'}th’mg vao trong
khoang mang ludi ndi chit ngay khi dang dugc téng hgp (co-
translation translocation). T mang 1uéi ndi chAt, protein chuyén
sang Golgi rbi duge phan phéi vé cac dich. Céc protein ¢6 dich phin b&
& trong nhan, ty thé, luc lap dude t8ng hop bdi cac ribosome ti do trong
t& bao chit. Con dudng van chuyén nhitng protein nay vé dich chi
bit ddu sau khi protein da hodn toan dugc téng hgp xong (post-
translation transslocation). D bat it kiéu van chuyén nao, protein
d6u cin c6 mot tin hiéu din vé dich cla riéng minh. Dac biét v cac
protein di qua mang luéi ndi chét, ching déu ¢6 tin hiéu dan di vao
mang lugi ndi chét. Sau d6 nhing protein nay ¢6 thé cin tin higu dan
‘djc hidu cho titmg dich riéng, hofic dude van chuyén thu dong dén
mang t& bao. : S
4.4. PROTEIN Bl VAO MANG LUGI NQI CHAT

Pin hidu din (signal sequence) cin thiét @& protein di vho mang
61 ndi chét ngay khi ribosome dang téng hgp chiing. Vi th& cac
ribosome “bam sat” trén bé mat cta ludi ndi chit khién cho bé mat ludi
nodi chat trd nén “sin sti” khong tron. Do d6 nhitng vung luéi ndi chat
6 ribosome bam vao duge goi 12 ludi ndi chat hat; con ving khéng ¢

ribosome goi 14 1161 né1 chat tran. Ving 1udi ndi chit tron con duge go
'1a viing lugi ndi chét chuyén ti€p (transitional ER), vi day 12 ndi hinh
thanh cac tdi van chuyén protein va Ypid di tit luéi ndi chit dén Golgi.
“Trong mot s& loai t& bao nhu t& bao gan, viing ludi ndi chét tron chiém
phén 1dn mang ludi ndi chat va 1a noi tap trung cac enzym tham gia
chuyén hoa, téng hop lipoprotein va cac enzym xtic tac phan dng Khi.
doc che chat hoa tan trong lipid. Khéng cb sy khéac nhau gifta cac
ribosome tu do va ribosome bam trén mang. Moi ribosome déu c6 thé
bét dAu téng hop mdt chudi peptide bt ky & trong t& bio chét. Chinh
tin hidu van chuyén dic higu nim & ddu NH, cla chudi peptide sé dua
ribosome d&n b& mat véi luéi ndi chat. Do nhiu ribosome cing tham
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. gla tong hgp peptide trén mét sgi ARNm nén sgi dé luon gén vl bé’l
mét lutcn ndi chat hat '

_ 4.4.1. Tin hiéu dan

Tin hiéu van chuyén gbm khoang 12-30 acid amin trong dé cb
- khoang 6-12 acid amin ky nuéc. Poan ky nude git vai trd quan trong
d68i véi tudng tac giita tin hidu bit ddu van chuyén va thu cam tudng
Ung ndm trén mang ludi ndi chit. Néu gay dot bién loai bd vai acid
amin trong doan ky nudc, hodc thay thé& ching bang céc acid amin
- khée nhdim giy bién d6i dién tich thi protein khéng duge van chuyén
vao trong khoang ndi chit. Khéng c6 sy tuong ddng gidng nhau gida
‘cac tin hiéu van chuyén clia cdc protein mic di chiic nang chinh clia
tin hiéu 14 dua protein dang téng hgp vao trong khoang ludi ndi chit.
Tin hiu sé bi cit khdi protem va bi phén huy bdi protease cO mat &
trong khoang.

Thyc nghiém cho thdy, bat ci protein nao duge ghép véi tin hidu
thi protein d6 sé di vao khoang ndi ¢héit. Vi du, globin 14 protein phén
bé trong t& bao chit. Khi ddu NH, cha globin duge ghép véi tin higdu thi
globin bi ti&t ra khdi t& bao. Thue nghidm x4e dinh dude qua trinh van
chuyén vao khoang ndi chit duge bt ddu khi doan peptide ra khdi
ribosome c6 chiéu dai khoang 70 acid amin. DAu NH, duge dua vio
trong mang ludi ndi chit ngay khi sgi peptide chua dude téng hop
xong. Nhu vay, qua trinh téng hop va van chuyén véi hdu hét cée
protein c¢6 chidu dai 1én hon 100 a01d amin s& xay ra mot cach dong
thoi. :

Lién két dau tién gitia ribbsome vi mang ndi chat doi héi phie

SRP (signal recognition particle). Phiic niy nhin biét mdt cach dic

hiéu tin hiéu van chuyén cla protein. Phit¢ SRP gdm c6 6 protein khac

nhau va mé6t phén t 7S ARN (~300 nu_cleot;ide) ¢6 trinh ty b8 sung véi

ARNr. Sau protein thanh phin khéng thé tao phic khi thi€u phan ti

78 ARN. Khi tin hig¢u van chuyén xudt hién va chudi peptide dang

tdng hgp c6 dd &6 dai nhat dinh thi SRP tuong tic véi tin hidu, véi

‘ribosome v v4i thu thé nim trén luéi ndi chét. Tudng tac dé gidp
ribosome dudng nhu bi dinh sat trén bé& mat ludi ndi chat. Thy thé clia

SRP dudge goi 1a "docking protein" gdm hai'chudi polypeptide o (ndm

‘trén 1uéi ndi chat) va B (ndm xuyén qua mang hiéi ndi chat). Thi
nghiém- tong hgp protein in vitro cho thiy, khi khong ¢6 microsome
_(c&u trac hinh thanh tit luéi ndi chét trong qué trinh tach chidt) thi
phitic SRP sé gy ngling qué trinh téng hgp protein khi ddu NH, ra
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khéi ribosome. Nhu vay, SRP khong chi ]Jam nhiém vu mang véc chudi
peptide dang dugc ribosome téng hgp dén bé mit 1udi ndi chat ma con
¢6 chiic nang ngén can qua trinh tdng hop protein hoan chinh néu nhu
thi€u vang luéi ndi chit. Phiic SRP c6 ba domain quy dinh ba chic
nang khac nhau: tudng téc véi tin hidu trén protein, tuong tac véi
docking protein va tudng tac véi ribosome lam ditng tam thdi qua trinh
tdng hgp protein (Hinh 4.7). ;

KHOANG TRONG LUGI NQI CHAT Tin hisu dén bi

cit khoi ddu NH,
Chubi peptide %

translocator

TE BAO CHAT

Hinh 4.7: Ribosome bam vao mang Iudi néi chat nhd thu cam SRP nim & trén mang.
Phitc SRP ton tai trong t& bao chat lién két véi tin hiéu dan (d4u NH,) clia chui peptide va
véi ribosome. Sau khi SRP da tao phifc vdi ribosome va peptide, SRP tudng tac vdi thu
cam clia né trén mang Iudi ndi chat (theo Lewin., 2004).

4.4.2. Translocator — kénh van chuyén trén mang lugi ndi chat

Sau khi SRP da lién két véi thu thé ctia riéng né trén mang noi
chit, ribosome tiép tuc téng hgp protein. Phic SRP tach khoi ribosome
va chudi peptide duge chuyén sang phiic protein nim trong cdu tric
mang ndi chat. Phitc nay dude goi 1a translocator, c¢6 chitc ning nhu
kénh dan cho phép protein di vao trong khoang néi chat.

Translocator gdm 3-4 tiéu phdn khac nhau; méi tiéu phan gém 3
protein ndm xuyén qua mang ndi chit. Thuc chit translocator 13 phiic
tao cdu truc kénh cho phép polypeptide di xuyén qua mang. Binh

thudng khi khong ¢6 chudi polypeptide cin dua vao trong khoang thi
~ translocator sé déng. Translocator nhan biét tin hiéu van chuyén trén
chudi peptide va s& md ra cho phép chudi polypeptide duge dua din
vao trong khoang. Trong sudt qué trinh dua chudi peptide vao khoang
ndi chat, ribosome nam sat translocator bit kin sao cho khéng c6 bét
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cﬁ thanh phén nao § bén trong khoang, dac biét 1a cac cation Ca'?, lot .
Ta ngodi (Hinh 4.8).

" Qué trinh dua protein vio trong khoang ndi chét doi héi GTP. Ca
" SRP va thu thé clia né déu c6 hoat tinh phan hiy GTPase. Khi protem
_chuyen tit SRP sang translocator trén mang thi SRP tach khéi thy thé

_cua né. Ca hai bude chuyén nay déu c¢in nang lugng do SRP va thu thé
cia né phén’ huy GTP tao ra.

~ TE BAO CHAT

ARNm .  Ribosome

Mang ludi ndi chit

KHOANG TRONG LUOI- NC)I CHRT

Hinh 4.8: Cu tnic cla franslocator tao kénh dén cho phép chum polypeptlde duge van

chuyén qua mang Wi ndi chét vao trong khoang khi dang dudc nbosome téng hgp (theo
Lodish va es., 2000).

Khéng pha1 maoi protem van chuyén vao luéi ndi chat trong khi
dang duge tdng hgp. M6t s8 proteéin, vi du nhu cae protein ¢ khoi
lugng phan tit nhd, duge téng hop trong t&€ bao chét. Sau d6, ching
duge duta vao 1uéi ndi chit thong qua translocator 0 vi khuéin, proteln
SeA (sec-secretation) ¢é hoat tinh ATPase tham gia cfu tric cda
translocator. Protein nay phén b8 & mét ngoai ludi nfi chit, tiép xic
v6i t& bio chat. M3i khi mot phan tit ATP bi phén hiy, mét phén cla
protem SecA sé& déy sgi peptide viia dude tSng hgp vao kénh. Déi véi
" mot sd protein kich thude nhd, ching thtmng duge téng hgp tron ven
bdi cac ribosome phan b8 ty do trong t& bao chit. Khi d6, cac protein
chaperon tdn tai sin trong t& bao chét s& lién k&t v6i doan peptide ra
khoi ribosome. Nho d6 chudi peptide khong ¢6 cfu trac gip khic va '
duoc van chuyén vao trong khoang luéi ngi chit. Nhu vay, cac protein
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¢b ciu trac khéng gian khong thé di qua kénh translocator dé vao bén
trong mang ludi nd1 chét. :

4.4.3. Hinh thanh c¢au trac khdong gian clia cac chudi peptlde_
trong khoang ludi ndi chat

C#u tric khong gian duge thigt 14p nhd cac lién két gidta hai acid
amin trén chudi. Dac biét lién két disunfide (S-S) giita hai cysteine gid
vai trd quan trong dam béo efu tric thich hgp cing nhu hoat tinh cia
cAc enzym va hoocmon. Lién k&t S-S dude hinh thanh nhd enzym
disulfide isomerase (PDI) phén b& bén trong khoang mang hidi ndi
ch&t. Enzym ndy xuc tac cho phén dng oxy hoa nhém SH tao cau
disunfide gitia hai cystein efia cing mdt chudi peptide hodc gila céc
chubi khac nhau. Chudi nhe immunoglobin Ig c6 hai ciu 8-8. Khi
chudi nay dang duge téng hgp va van chuyén vao khoang ndi chét, cau
8-S duge thist lap cho hai cystein nint gdn ddu NH, ngay khi cystein

thit ba chua duge gén vao chudi Ig. Didu dé ddm béo cho sy tao cau S:8.
chinh xaec.

Bén canh phan ting tao cu n6'1 S- S chuo1 peptide duge gdp cudn
theo mét trat tu d#ic thu riéng ‘¢ha peptide d6. Vi du, clu tric
multimer ca protein duge hinh thanh: ngay trong khoang Iudi néi
~ chat. Chinh cdu 8-S gidp cho viée gip khiic duge chinh xac. Két qua
thi nghlem cho thé.y 3 chudi monomer Hemagglutinin HA (protein ciu
tric vo virus gAy bénh ctm) lién két tgo thanh phén ti HA dang
trimer hoan chinh & trong khoang udi ndi chét sau khi cée céu
disulfide trén mdi sgi duge tao thanh. Khi mét chubi monomer HA
mang cac d6t bién mé&t, thém hofic thay th& acid amin, moi dang
monomer ciing nhu trimer ¢6 c&u triic khéng thich hgp déu bi gitt lai
trong khoang ndi chét chit khong duge van chuyén vé dich.

Céc protein vao trong khoang con dm)c gita chila cdu trac khong
gian sai léch, hodc cdu tric polymer khéng thich hgp nhd céc
chaperone (BiP) va mét s§ enzym phan bd trong khoang ngi chit.
Tuong tu nhu trudng hgp HA, két qua nghién ciu protem ol-
antiprotease do t& bao gan tiét vio mau nhim. dc-ch€ hoat tinh enzym
elastase cho thay, khi al-antiprotease cé glutamate d vi tri 342 bi thay
th& bing lysine thi chudi peptide nay khong ¢ ¢4u hinh thich hgp. Do
d6 ching bi gil lai trong khoang mang ludi ndi chét ma khoéng duge
£i€p tuc vAn chuyén dé tiét ra ngoai. Lic dé té&. bao gan bi trudng phong
1&n bt mang luéi ndi chat caa nd chia ddy protein al-antiprotease &
dang cdu tric sai 1&ch. Su tich lay cac protein ¢6 cAu tric khoéng ding
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" 58 hoat hoé -gen ma cho nhiing protein lam nhigm vy sia chlda'sai .
" hong nhu chaperon, peptidyl-prolyl isomerase va disunfide isomerase...
© .Mt khi t& bao gan khong cung ciip da c:l-antiprotease, elastase vhn c6
" hoat tinh. Enzym ndy sé& phén hily mang ludi hép thu oxy 4 phéi. Vi
" vy bénh nhin méc bénh di truyén Caucasian vdi cac triéu chitng khé
thd, t3 chitc phdi bi thoai héa bdi elastase. - .

4.4.4. Qua trinh dudng hoa protein

Sau khi da vao trong khoang ludi ndi chit, cic phén ti protein
bi dudng hoa 48 d3 dang phan loai trong qua trinh van chuyén dén
ting dich. Chudi oligosaccharide lién k&t véi nhém amin cia acid amin
asparagine thong qua N-acetylglucosamine (GleNAc). Do lién két

v6i nh6ém amin, chudi oligo duge goi la N-oligosaccharide. Chudi
N-oligosaccharide gém 14 gdc dudng (Glo);(Man)g(GlcNAc),, trong db
Gle-Glucose; Man-Mannose; GlcNAc-Gluco-N acetyl glucosamine. Acid
amin asparagine bi dudng hoa thuong c6 vi tri asparagine-X-serine/
threonine, trong d6 X 12 acid amin b4t ky. Ba acid amin Asn-X-Ser/Thr -
& vi tri duong hoa duge goi 1a sequon. Khéng phai moi sequon déu
dude gén oligosaccharide. Do d6, cac acid amin bén canh sequon hodc
ban than cdu tric khéng gian cia protein cd lién quan dén qué trinh
dudng hod nay. Ngoai ra, chudi oligosaccharide co thé lién két
v6i nhém hydroxyl cua acid amin serine hodc threonine thong qua
N-acetylgalactosamine (GalNac). Chudi nay cling €6 thé lien két vai
nhém hydroxyl cha acid amin hydroxylysine thong qua galactose.
Do lién két v6i nhém hydroxyl nén chudi ndy duge goi 13
O-oligosaccharide. Tuy nhién, rét it protein bi dudng hoé G nhém
- hydroxyl v phén ing nay, néu c6, thudng xay ra & Golgi.
 Chudi N-oligosaccharide gdm 14 nhém dudng duge giit & bén
trong khoang ndi ch&t nhd lién k&t véi dolichol. Khi phén tit protein
& vho trong khoang ndi chit, c& chubi saccharide duge chuyén sang
* protein. . Phén ¥ng “duge “thyc -hién, nhd enzym oligosaccharyl-
transferase ghn:d phia . trong ~mang ER.  Enzym chuyén oligo-
saccharide: "(G'Ic)\-"(Man'_);,(.GlcNAc)ggéz_;'ng-.‘k:h't__.t5i,-i peptide ngay khi dang
duge vin chuyén vao khoang. Tuy nhién ngay sau 46, glycoprotein lai
chiu bign i tiép: Ching bi cit bét di ba gdo dudng (Glo), béi
" 3 enzym khac nhau. Lic d§ oligosaccharide trén chudi polypeptide
" chi con lai (Man)s(GleNAc),. Dugng nhu ba géc dudng nay c6 vai trd
' danh d&u nhitng chudi N-oligo d& duge hoan chinh. Sau khi loai b
3 gbc dudng, phan ti protein duge chuyén sang cis-Golgi. '
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4.5. VAN CHUYEN TU MANG LUGI NOI CHAT VE BicH

Sau khi d4 hoan thién ciu tric khong gian thich hgp va trd thanh
glycoprotein nhd gin ohgosacchande vao asparagine 4 sequon, cAc
- protein trong khoang mang 1udi ndi1 chat sé duge van chuyén dé&n Golgi

nhd chc nang tai ¢6 ngudn géc tit mot s8 vang dac biét trén mang luéi
nd1 chat

O trong Golgi, ¢chuidi oligosaccharide ti6p tuc chiu nhiing bién déi
tuy thude vao tiing loai protein. Ngoai ra, phan Gng dudng hoa cb thé
xay ra vdi cac ac1d amin serine, threonine. Ca hai qua trinh dudng ho#
va khii dudng x4y ra & trong khoang 1u6i ndi chét va Golgi cha t&€ bao
eukaryot ma khong 6 trong t& bao prokaryot. Rt c6 thé sy c6 mit clia

oligosaccharide gitp cho céac protein tranh duoc tac dung cua cac
- protease trong khi sy khit cac dudng khée nhau chudn bi cho protein
dude van chuyén ¢6 chon loc vé cac vi tri caa riéng minh.

Tt Golgi, protein duge van chuyén chon lgc dén cac dich khéc
nhau trong t& bao nhu mdt s8 bao quan, mang t& bao hodc duge t1ét ra
ngoai. Vi dy, dé van chuyén céc enzym vé lysosome, cAc enzym nay
phai duge phosphoryl hoa tai phén ti dudng mannose trong chu01
ohgosaccharlde (M6P). Vi vay, cac enzym duge phan biét vdi cac
protein khac va duge nhén biét boi thu thé dic hiéu nim trén mang
trans cua Golgi. Thu thé tuong tac véi nhém M6P va "déng g6i" cac
enzym vao trong nang tai. Nang nay tach ra kh01 mang phia trans-
Golgi.. Trén ‘dudng van chuyen che enzym vé lysosome, nang ¢6 thé
d.ung hop v6i mot 85 loa1 nang khac. pH trong cac nang thay d6i tit
trung tinh (pH= 7 dé’n khoang 5,5. Sy thay ddi pH nay khién lién két
gitia thy thé va enzym tré nén khong bén vitng. Céc enzym duge ty do

trong nang va dung hgp vio lysosc)me, g1a1 phéng cdc enzym vao bén
trong (noi cé pH=bH).. :

Sy thleu véng mot vai enzym trong lysoaome 14 nguyén nhan giy
nén mot s& bénh di truyén. Gen md cho cdc.enzym nay hoén toan
khong bi d6t bign. Tuy nhién, enzym khong c6 mit 6 lysosome la do
thiéu s6t trong qua trinh sang loc nhén dién chung dé van chuyén vé
lysosome. Vi duy, néu khong duge phOSphOI'yl hoa & M6P thi cac enzym
sé khong dudgce dua vé lysosome mic dit ching c6 mét trong Golgi.

D1 vhi t€ bao eukaryot, cac thu thé cac protem céu tric mang t&
bao, cac proteoglycan glycoprotein cling nhu mjt s& protem khae lam
nhiém vu truyén tin hiéu gitia céc t€ bao duge van chuyén theo con
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dudng tist ngoai bao (exocytosis). Hiu hét cac protein c&u trée duge - -

van chuyén lién tue (tigt lién tuc), trong khi cac protein hod tan, mdt
s6 ho__ocmoﬁ, che chit din truyén thin kinh hofc cac enzym chi y&u
van chuyén mét.cach chon loc. Céc protein van chuyén chon loc thudng
duge téng hop va tich trit trong cac nang tiét (secretory vesicle). D6 la
nh_ﬁng nang ‘dac biét dudc bao pht 16p clathrin & phia ngod. Cac
protein chifa trong nang ti8t dudc goi 1A protein ti€t. Néng dd protein
tiét trong nang rdt dam déc (c6 thé tang gip 200 14n so v6i néng do
trong Golgi). Nha d6 t& bao ¢b thé tift ra mot s6 lugng 16n ngay khi cd
thé yéu cAu. Mt nang tiét chon loc ¢b thé chita nhidu loai protein tiét
v6i néng dd khac nhau. Cac nang tiét s& dung hop v8i mang t& bao va
nha cac chat tist ra ngoai. : ' ' '.

Khi vita téng hop, da & protein tiét déu & dang khong c6 hoat tinh
do chiing mang cac doan peptide khong cin thiét & cac dAu COOH va
' NH, (nén gol 14 cAc pre-protein), ho#c do ching dude téng hop dudi
dang polyprotein (goi chung 1a cac pro-protein), sau d6 dudc phén cht
tao ra cac phan tit c6 hoat tinh. Ching chi 6 hoat tinh khi c6 mat
trong nang tiét hay tham chi chi khi'da tiét ra khdi t€ bao. Didu nay
tao didu kién thuan lgi cho van chuyén cae protein c6 kich thude rat
ngan. O dang polyprotein (cac doan peptide gidng hét nhau dude lap di
lap lai lién tuc) ching duge nhan bigt va déng gbi dé dang hon vao cac
nang tiét. Mat khac day c6 16 ciing 12 bién phap bao dam an toan cho
'8 bao tranh tac dung caa cac enzym. Ching chi ¢ hoat tinh khi duge
c#t giit trong nang ho#c duge tiét ra khéi t& bao. -

4.6. VAN CHUYEN PROTEIN MANG (MEMBRANE PROTEINS)

Céc protein tham gia hinh thanh c&u tric mz‘mg.chﬁ'i: nguyén sinh
hay mang cac bao quan dude tdng hop va van chuyén ddng thdi vao
mang 1udi ndi chat. Tuy nhién, ching khéng dude giai phéng vao trong
khoang ndi chét ma vin gii lai trén mang. Chiéu phén cuc cua nhiing

protein nay ¢ trén mang ndi chat, tiela chidu phén b§ ddu NH,' (ho#e
COO-) & bén trong khoang ndj chit hay bén ngoai t& bao chét, s& gidng
hét nhu sy phén cye tai vi tri trén mang dich (mang-dich c6. thé 14 mang
nguyén sinh chit hay mang cua cie bao gu'an). Trong qua trinh van
chuyén tit 1uéi néi chat dén vi tri dich, tinh phan cyc caa protein mang

khéng thay d6i. Nhu vy, sy phén cyc cua protein thudc cdu tric mang
duoc hinh thanh ngay khi ching dang duge dua vao Jusi ndi chat.
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Trudng hgp don gian nhdt 14 van chuyén protein téi mang ma
protem nay chi ndm xuyén qua mang mét 14n. Trong truong hgp nay,
mdt s8 proteln ¢6 phidn ddu COO™ niam trong t& bao chit con phin dau
NH," nim phia ngoai mang. Tuy nh1en, mot sd protein khae phén cuc
ngude lai; chang cé didu COO™ nam phia ngodl mang con phén déu-
NH," nim phia trong t& bao chit. Chung ta xem xét trudng hgp van
chuyen chubi peptide ¢6 ddu COO~ n&m trong t& bao chit con phan diu
NH,' ndm phia ngo2i méang. Chudi sé& ¢6 hai tin hidu dac biét. Tin hiéu
thi nhdt 1a tin hiéu din nhu dd md t3 phén trén. Khi chudi peptide di
vao khoang, tin-hidu dén bi cét khoi chudi peptide, giai phéng dau
NH;" vao trong khoang. Chudi pepltde tiép tuc duge dua vao khoang
cho d&n khi tin hiéu thd hai di qua translocator thi bi giit 1ai. Do d6 -
doan pepitde ndm k& tlep sau tin hidu thit hai (chtta ¢du COO") khdng
dude dua vao khoang nia. ‘Tin hidu thi hai bi gitt ¢ translocator cho
dén khi tdng hgp chudi peptide két thic. Diu COO- clia chudi nim bén
ngoai t& bao éhé.t Sau d6, tin hiéu thd hai s& di chuyén ra khoi
- translocator va nam xen vao 16p phospholipid caa mang nd chat. Luc
nay chudi peptide duge ¢ dinh tai mang nhd tin hiéu thit hai xuyén
qua lép- phosphohpld Tin hiéu thé hai nay dude goi la tin hiéu dung
vin chuyen (stop-transfer signal). Tuy nhién né coén c6 chic ndng

gén git chuol peptide xuyén qua mang (membrane- anchor signal)
(Hmh 4.9). .

D& vdi protem mang ¢6 ddu COO™ ndm bén ngoal mang va dau
NH3 ndm phia trong t& bao chit, chiing duge van chuyén va ¢b dinh
tai mang khl dang duge tdng hgp. Tuy nhién, nhling protem nay chicé
mot tin hidu, tin hiéu néy ddng thoi ddm nhiém ca hai chiic ndng: chie
nang din va chic néng ¢ dinh trén mang ndi chat. Diéu cén luu ¥ lac
niy tin hiéu khong phai 1a doan peptide nim ngay phia ddu NH;". Do
~ d6, chudi peptide nim phia trude tin higu duge t&ng hop tu do trong t&
. bao chat. Khi doan tin hiéu duge tong hdp di ra khdi ribosome, né duge
‘nhén biét bdi phitc SPR dic hiéu va chudi peptide duge dua dén sat
mang noi chit. Tin hiéu di vao translocator va doan peptlde nam phia
" sau tin hiéu di vao trong khoang ndi chat. Tin hidu duge gid lai tai
translocator cho dén khi téng hgp chudi peptide két thiic. Phan dé‘m
COO" dudc giai phéng vao trong khoang. Sau do, tin hiéu sé di chuyé én
ra khoi phite protein & translocator va dinh vi trong 16p phospholipid
cha mang. Lic nay, chubi peptide nim xuyén qua mang c6 ddu NH;"
nim ngoai t& bao chét va dau COO™ phin bé phia trong mang.
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Hinh 4.9: Van chuyén protein mang.

Céc protein thugc cau tric mang dugc gitr lai & mang noi chat nhd tin hiéu dimng ndm sau
tin hiéu van chuyén (A), hosc nhd mét tin hiéu dam nhan déng thai hai chitc na&ng van
chuyén va dimg van chuyén (B va C). Bau NH," bi dua vao trong khoang néi chat (B) hay
phén bé phia ngoai té bao chat (C) phu thudéc vao su phan cuc clia cac acid amin n&m
phia trudc va sau tin hiéu.

Protein phan cuc trén mang ndi chit sé duge chuyén dén mang
t&€ bao nhd cac tdi tidt. Tdi tidt hinh thanh tit ving mang néi chat
chita protein ¢§ dinh ndm xuyén qua. Nhu vy, néu protein c6 diu
NH;" ndm trong t& bao chit va ddu COO- & trong khoang thi tdi ti6t
duge hinh thanh sao cho ddu NH," s& nim phia ngoai tai tiét. Tai tist
chd protein tiét sé tiép hop véi mang va ddm bao protein giit ding
chiéu phan cuc giéng nhu & trén mang ndi chit. Néu chubi peptide 1a
protein cdu tric mang nguyén sinh chat va c6 ddu NH;" phan bd bén
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ngoal mang, thi ddu NH,* cia chudi nay bi dua vao trong khoang néi
chét. Sau d6, tui tiét duge hinh thanh co ddu NH;" nidm phia trong
tai. R& rang, sy phan bf cla cac ddu NH;" va COO" trén mang nai
chat da duge quy dinh phi hgp véi sy phan bd & vi tri dich cudi cung
(Hinh 4.9). ' ' '

47. ‘TI'N HIEU DAN PROTEIN T8NG HOP TU DO TRONG TE BAO
CHAT VE DicH '

Mie dia hai bao quan ty thé va lyc lap déu cé genome, c6 b may
téng hop protein riéng nhung ching khéng ty cung cdp dt tdt ca
protein cho hoat dong cha minh, S8 protein thisu hut duge van chuyén
£t t& bao chat vao. Hau hét nhitng protein nay déu duge téng hgp tron
ven b(_”ji céc ribosome ty do trong té bao chét. Chiing ¢6 chia tin higu
dan d4c hidu cho titng bao quan. D& phin biét véi tin hiéu din vio
mang ludi ngi chdt, tin hiéu din vé& bao quan thuong dugde goi 13
leader sequences (tam dich la tin hi¢u dén dau). Tin hidu nay ciing
bi cdt khéi protein sau khi protein da di vdo trong bao quan. Ngoai ra,
cac protein c¢6 chitc nang trong nhén eukaryot ciing duge tong hgp ti:(_m
ven trong té bao chit rdi mdj van chuyén vao nhén,

Protein di vao bao quan hoic vao trong nhén phu thudc vao tin
hiéu dan ddu. Khac véi tin hidu din vao ludi ndi chit, tin hidu din dau
phai ¢6 ciu tric khéng gian déc thu duge nhan biét bdi thu thé trén bé
mat cia bao quan, hodc trén mang nhan. Tin higu dan diu khéng c6
tinh bao tha déi véi cac protein di vao ty thé, hosic di vao Iye lap. Tuy
nhién, tin hidu nay ¢t dé ddm bo din protein vé ding dich. Thyc
nghiém cho thiy, khi ghép tin hiéu nay vdi protein phan b trong t&
bao chat thi protein nay sé di vé bao quan. Sau khi xay ra tuong téc
gita thu thé va tin hiéu, protein duge ddy tir bén ngoai va kéo tit hén
trong dé di qua mang. Ning lugng phan huy tit GTP duge ditng d¢é
“diy” va dé “kéo” § hai phia ctia mang.

Cau tric dic bigt cha ty thé va luc lap gdm nhiéu khoang. Protein
cla hai bao quan niay cé thé phén b8 & khoang trong, khoang ngoai
hofic ndm giita cac khoang. Do dé protein e¢dn c6 thém cac tin hiédu
khéc dé v& ding vi trf. Céc tin hiéu nay thudng ndm k& tiép tin hiéu
dén dau. Tuy nhién, chi sau khi tin hidu d&n ddu bi ¢4t thi tin hiéu
ti€p theo méi duge boc 16. Ban than tin higu thd hai ciing bi cit khoi
protein sau khi protein di dén dich. Nhu vay, ching ta hinh dung
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" protein di vao ty thé hay luc lap e6 thé ¢6 nhiéu tin hiéu, mbi tin higu
" 1a mdt dich trung gian trén con dudng van. chuyén. Cac tin hiéu duge
nhan biét bai thy thé dac hiéu va & qua kénh dﬁn khac nhau. Vi dy, ¢
sy khéc biét rd rang vé cfu tric cla translocator nim trén cac mang
‘bén trong ty thé vd mang ngodi gifla ty thé véi t& bio chit. Protein
phai di qua translocator trén mang ngodi rdi méi di qua translocator
trén mang trong dé vé cac vi tri khac nhau trong ty the Diéu nay ciing
xay ra tuong ty d61 véi luc lap.

Chiing ta xét trudng hop dién hinh déi véi van chuyén protein vio
nhén té& bao eukaryot. Nhan duge phén cach vdi t& bao chat bdil mang
nhan. Mang nhan ¢6 cdu tric hai 16p. Trén méng nhin ¢6 nhiing vi tri
tai d6 hai 16p mang ti€p xdc véi nhau. Vi trf ndy duge goi 13 cdu tric
siéu 18 clia mang nhan (nuclear pore complex). Cac protein ciu
thanh nén sidu 18 duge goi chung 14 nucleoporin. Mang nhan té bao
ddnk vat c6 khodng 3000 sigu 15, Siéu 156 khéng chi cho phép protein di
vao nhan ma con dé cac loai ARN ho#c cac phiic ARN-protein di ra
ngodi t& bao chét. Vi du, r-protein di vdo nhan va tao phic véi cac
ARNr tao thanh céc tiéu don vi ribosome 16n va ribosome nhé riéng
‘biét. Sau d6, titng tiBu don vi duge van chuyén qua sidu 156 ra ngoai t&
bao chét. .

Cau tric siéu 16 cho phép cac protein ¢6 khoi lugng phéan td nhé
hon 50kDa qua lai mét cich thu ddng theo sy chénh léch néng db.
D6i véi nhitng protein ¢6 khéi lugng phan ti 16n hon 50kDa bét bude
chiu kiém soat ctia cd ch& van chuyén tich cuc (¢6 tidu hao ning
lugng). Diu cin chd ¥ 13, di van chuyén tich eye hay thy dong,
protein di qua sidu 18 déu phai c¢6 tin hiéu din cho phép di vao (goi 1a

tin hidu dinh vi trong nhan — nuclear localization signal - NLS),
" ho#ic cho phép di ra (tin hidu di ra khéi nhin — nuclear export
signal - NES). Thu thé tudng tng cia tin hidu NLS la importin,
con thu thé dac hiu cho tin hiéu NES la exportin. Trinh ty acid
amin cia céc tin hidu nay khéng c6 tinh chat bio todn gilta céc loai
protein di_vao nhan hoic gilta chc protein di ra. Do dé, cdu tric
"khéng gian cuc bd xung quanh tin hleu NLS va NES Anh hIIdng dén
tinh dc hidu clia protein di qua siéu 13.

Thu thé 1mp0rt1n va exportin khong dinh wi tren méang nhin.
Chuing sang loc nhan biét protein di vao hodc di ra qua siéu 16 dé rdi
dua protein dén gin siéu 15. Dé&n lugt minh, cac thu thé tucng tac véi
nucleoporin. Tiép d&n, protein duge diy qua sidu 16 (Hinh 4.10).
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Hinh 4.10: Van chuyén protein vao nhan di qua sidu 1.

Thu thé importin tuong tac véi NLS, sau d6 tudng tac véi nucleoporin & siéu 16. Protein &
lai trong nhan con importin di ra ngoai t€ bao chét (theo Lewin, 2004),

4.8. PROTEIN CHAPERON

Hoat tinh cta protein khéng chi phu thudc vao trinh tu acid amin
hay c&u tric bac 1 ma duge quyét dinh bdi cdu tric khong gian (bac 2,
3 va 4). D& dat dugc mot c&u hinh chinh xac, qua trinh gap khic va
sap xép cac chudi peptide véi nhau ddi héi su trg gitp cha cic protein
c6 tén goi 14 chaperon. Ngay trong khi dang dudc tong hdp, soi
peptide dugc chaperon bam vao dé ngin can lién két giia cac acid
amin cua cac sg¢i gAy sai léch hoac anh hudng dén ciu tric khong gian.
Hon niia, chaperon c¢6 thé tuong tac véi protein dé duy tri cAu hinh
khéng gian ma protein da c6 ; nho d6 kiém soat hoat tinh ctia protein
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hodc tao thuan lgi dé vén chuyen protem vé dich. Ngoai ra, trong mét
s trudng hop, chaperon ngan can nguy cd ldng dong protein, hodc phitc
céc protein khi néng d6 clia chiing tang cao trong t& bao chat.

Hsp70 (heat shock protein) 14 ho cic protein chaperon phé bién
trong t&€ bao vi khuén cling nhu t& bao eukaryot {phén bd & t& bao chit,
trong khoang mang Iuéi néi chat, ty thé va luc lap). Protein Hsp70 ¢
hai viing véi chitc ndng khac nhau : viing phia ddu NH, ¢6 hoat tinh
ATPase, con phia ddu COOH c¢6 khi nang tudng tac véi co chat
(protein). Khi lién két véi ATP, Hsp70 bam vao ¢d chit va tach ra rit
nhanh. Tuy nhién, khi ATP phan huy thanh ADP, qua trinh nay xay
ra cham. Thay d8i lién két ctia Hsp70 giita ATP va ADP phu thude vao
hai protein Hsp40 va GrpE. Hsp40 giip phitc Hsp70-ATP tucng téc
véi co chét (protein). ATP phan huy thanh ADP dé thay déi sy gdp
khiic cha protein, ADP dude thay thé bdi ATP nhd GrpE. Chu trinh sé
1ap lai trén doc chiéu dai s¢i peptide nham dam bao tinh chinh xac cho
cdu triic khdng gian cta protein.
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Chuong 5 |
KY THUAT ADN TAI TO HGP

Ky thuit ADN tai t8 hp lién quan dén viée cdt, ndi cac doan ADN
¢6 ngudn goc khac nhau tao thanh phan tit ADN c6 chic nang; tic la
phéan ti nay c6 thé duge phién mé, dich ma, tai ban tao s lugng lén
trong t& bao hodc trong invitro. Phan td ADN bao gém cac doan ADN
ma trat ty sép xép cla ching khong ton tai trong ty nhién duge goi 12
ADN tai t& hgp.

Thiét k& phan ti ADN tai t6 hop duge bit dau véi cac enzym. VI
du, enzym gidi han endonuclease (restriction endo-nucleases) c6 kha
nang cit cac doan ADN 1én thanh cac doan nhd hon. Tiép dén, cac
doan ADN dudgc ndi v&inhau nhd ADN ligase. Hon nita, néu nhu phén
ti ADN ¢6 mang tam tai ban thi s& lugng cia ching tang cao sau khi
duge dua vao t&€ bao vi khuén. Vi du, mdt doan ADN ¢6 chita gen duge
it ra tit genome ngudi va duge ghép vao plasmid (c6 tAm sac chép) tao
thanh phan td ADN tai t0 hgp. Phén tl nay dudc dua trd lai t& bao vi
khuén. Sau 24 gid nudi cily; khodng 10" phén tit ADN gifng hét phan
t% ban dfu dudc tao ra. Do 6, s6 lugng doan ADN mang gen clla ngusi
ciing duge nhan ban lén theo. Liic nay doan ADN d6 xem nhu di duge
tach dong va cac plasmid mang ADN la dude goi 1a vector tach dong
(cloning vector). N&u nhu vector c6 mang promoter va céc tin higu k&t
thic phién méi phua hop thi doan ADN duge phién ma va dich ma tong
hgp protein theo cac mi di truyén trén doan ADN. N&u nhu vector
tach dong duge dua vao t§ bao dbng vat, ADN la cd thé ghép vao
genome va t& bio biéu hién tinh trang mai. ' '

Vén dé dat ra 1am th& nao tach duge mdt gen riéng biét ra khoi
genome? Lam thé nao xéac dinh dugde phén tit ARNm tudng ng véi mot
gen? Khi d4 ¢6 gen, ching ta ¢6 thé téng hdp duge protein inviiro va
invivo hay khéng? Mat khéac ching ta cb thé diéu khién hoat dong cla
gen sau khi da thay A (gay dot bi&n) trinh ty nucleotide hay khéng?
Prong cd thé, da s6 cac gen hoat déng mot cach chuyén biét, tdc la
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chiing thudng bidu hign & mdt s8, hodic tham chi trong mot loai t& bao

* biét hoa & nhiing thdi diém nh4t dinh, véi mic d6 bidu hién khac nhau.
Lam thé& nao dé tim ra duge cac gen d6 va bift duge chiic nang cta .

~chiing? Ngoai ra ¢6 nhiing can bénh do d6t bi€n gen giy ra (bénh di
truyén) nhung sdn phim cha gen chua xic dinh duge. Lam thé nao dé
phin lap duge gen va tim ra nhiing bié’n-d& d mitc dd ADN lién quan ~
dén bénh? v.v... T4t ca nhung vdn d€ néu trén da va dang duge sinh
hoc phén tif giai quyét, déc biét nhd ap dung cac k¥ thuat tach dong va

*'t4i t& hgp ADN.

5.1. CAT ADN BANG ENZYM GIOI HAN (RESTRICTION ENDONUCLEASE)

Enzym gifi han (restriction endonuclease — RE) ¢6 kha néng nhan
bi&t va phéan cit ADN tai vi trf ¢6 cac nucleotide sép xép theo mot trat
tu. Tuy thude vao khoang cach gidta vi tri nhan bi&t va vi tri cit dé
phén biét enzym gidi han thanh cac loai khée nhau. Cac enzym nhén
bidt va cit ngay tai mot vi tri dude x8p vao loai II. Pay la nhiing
enzym duge si dung nhiéu trong k¥ thuat ADN tai t6 hgp. Ching chi
yé&u duge tach chiét tix cac vi sinh vat. Viée goi tén clia cdc enzym tuin
theo quy téc nhu sau: Chit ddu tén enzym 1 chit diu tén cha giéng vi
sinh vat tit d6 enzym dugc tach chigt. Chi nay phai duge viét hoa. Hai
chii tiép theo khéng viét hoa bat ngudn ti& tén loai vi sinh vat. Ca 3
ch¥ d4u tién déu in nghiéng. Tiép theo 2 chi nay co thé 1a mét chit
viét hoa nita dé chi chung vi sinh vat da st dung. ‘Cuéi cung thuong la
chil s6 La Mé chi thd ty enzym dude phat hién ti lo&n vi sinh vat d6
(do mot loal vi sinh vat c6 nhiéu loal enzym gidi han). Vi du, EcoRI va
EcoRII ]a cac enzym gidi han tach chiét dau tién (I} va thi hai (ID t
vi khuén Escherichia coli Ry13. -

Enzym giéi han nhan biét va cét trinh ty ddc hiéu gbm 4 dén 8
nucleotide. Dic diém cda cic trinh tu nay 13 d8i xtng (palindrome);
tie 12 trinh ty nucleotide tai vi tri cét trén hai sgi don déu gidng nhau

“theo cung mét chiéu (5— 3’ hodc 3’—) 5. Enzym c6 thé cdt hai sgi don
. ADN 'tgi ciing mdt diém tgo ra hai déu cdt bing phing. Nhiing enzym
dé dm;ic gol la enzym cét diu bang. Bén canh d6, tai vi tri nhan biét,
 enzym gidi han cb the cit hai soi don ADN léch nhau vai nucleotide

' tao ra hai ddu’ 6 cac s¢i dan so le nhau. Nhiing enzym nay duge goi 1a
enzym cét ddua ao 10 (Hmh 5.1). Enzym tao dau so le rat théng dung
trong ADN tai t0 hqp do ADN. ligase ndi cac doan ADN dau S0 le vii
hu,eu suat cao hdn x‘ﬁt nhléu so v(jl cac doan dau bing
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Hinh 5.1: Enzym giéi han nhan biét va cit ADN @ trinh tif nucleotide sip x&p dac hidu tao
ra hai doan c6 déu bang (Hpal) hodc cac ddu d4u so le { EcoRl). Cac doan ADN dudc ndi
v&i nhau nhd ADN ligase. Dac biét bai doan ADN cb dau so le tao ra bdi mdt enzym s& ndi
v8i nhau d& dang hon nha fién két b sung tai hai dauso le.

Xéac sudt phén bd cdc vi tri nhén biét clia enzym gi6i han sé gidm ty
18 nghich véi s8 nucleotide ¢ vi tri nhén bist. ADN chita bén loai
nucleotide A, T, C, G khéac nhau. Xac suit dé 4 nucleotide sap x&p theo
. mbt trat tu s& 12 (U/4)* = 1/256. Nhu vay, trung binh mdt doan ADN dai
956 nucleotide s& c6 mot vi tri clia enzym giéi han nhén ‘bist 4
nucleotide sdp x&p theo mot trat tu xéc dinh. Xac sufit nay giam xudng
1/4000 khi vi tri gdm 6 nucleotide. Nhu vay, khi phén cit mot genome
c6 kich thudc xac dinh, 6 lugng va chifu dai cla cac doan tao thanh
phu thude vio vige lya chon 86 nucleotide § vi tri nhan biét cha enzym
gigi han. Ngoai ra, cdn cha § dén hién tugng methyl hoa ADN dc ché
mét s6 enzym nhén bidt vi tri cé cytosine hoic adenine bi methyl hoa. Vi
du, Hpell vd Mspl déu nhan biét CCGG nhung hoat tinh ctia ching
thay d6i tuy thude vao nhém methyl gén vao C dau tién hay C tiép theo.

5.2. PHAN LY CAC DOAN NUCLEOTIDE CO KiCH THUGC KHAC
NHAU BANG KY THUAT DIEN DI | : -

Phan ti acid nucleic tich dién 4m nén ching chuyén déng tl cuc
Am sang cuc duong trong dién trudng mot chidu, Cac doan ADN (hoac
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‘ll

- ARN).c6 kich thutde khac nhau duge phén ly bing phudng phép dién di

© . trén. gel agarose' (dién di ‘ngang), hofc gel polyacrylamide (dign di

ding). Cac phan tif ADN ¢6 kich thude 16n (~.10°-10™") duge phan ly
bing dién di trén trudng xung diy "pulsed-field". Nhiing doan dai tir
vai chue nucleotide dén 10.000bp duge phén ly trén gel agarose hoac
. acrylamide véi néng d¢ khac nhau. Néng d9 gel 16n phit hgp véi cac
~“doan ADN ngén. Vi dy, nhiing dogn ADN ngén 200bp sai khéc nhau
khéng qua 10bp c6 thé phén bist trén gel agarose 4%. Tuy nhién, néng
6 agarose khéng thé ting cao do gel gion, dé gdy va c6 dién tré Ién. Vi -
- vay, gel polyacrylamide ¢ uwu th& hon so véi gel agarose -trong viéc
phén ly cc doan ADN ngén, ¢6 s6 lugng nucleotide chénh léch nhau it,
mic di khau chuén bi va thsi gian dién di véi gel polyacrylamide 1au
hon. Gel polyacrylamide ¢6 kha ning phén gidi nhitng doan ADN han
kém nhau mot nucleotide (phudng phap xic dinh trinh tu nucleotide).
- Ngoai ra, ARN thudng dién di trén gel ¢6 thém formadehyde ngin can
ciu tric ghép d6i ¢ sgi ddn ARN va e ché ARNase. Sau khi dién di,
cac doan ADN, ARN trén gel c6 thé quan sat duge dudi tia tlt ngoai khi
ching duge nhuém véi ethidium bromide (EtBr), hoic c6 thé quan sét
bing mit thudng khi nhudm bac hay duge danh ddu bing céc chat
phat mau khac nhau. Ngoai ra, ADN, ARN con. duge phat hién bing
viéc gin phéng xa (P*, H® hosc 8%). Phuong phap danh dau phéng xa
rdt nhay, cho phép phat hién lugng mau rat nhd (ca ng).

5.3. XAY DUNG BAN B0 V| TRI CUA ENZYM GIOI HAN

Céc doan ADN bi cét bdi enzym gi81 han dugc goi 13 céc doan gisi
han (restriction fragment). Xéac dinh vi tri cta cac enzym gidi han trén
phén tit ADN cho phép xiy dyng ban d6 vi trf gi6i han. Ban dé nay rat
cé.§ nghi trong'viée xac dinh thd tu sép xép ctia cac phan doan ADN
thu nhan duge tit mét doan 16n hon (Hinh 5.2). .

~ Gid sit ching ta ¢6 mét doan ADN phén lap dugc tit ngan hang
(xem chi ti€t phin 5.7) nhung chua bist vi tri cha cAc enzym gi6i han
trén doan nay. S dung riéng biét ho#c cling phéi hgp céc enzym khae
nhau dé c4t dogn ADN d6 thanh cac phin doan nhé hon. Dién di cac
phén dogn @& x4c dinh kich thuéc caa chiing. Can e vao sy phéi hgp
- gila céc kich thude d4, ching ta bidt duge trat tu phan bé clia cac

enzym trén doan ADN, tdc 1a chidng ta xdc dinh duge ban dé vi trf gidi
han clta doan-dé (Hinh 5.2). Vise 12p ban d6 vi trf gigi han cho phép so
sanh ciing mét doan ADN trong genome cua cac ca thé khic nhau. Vi
du, so sanh cac vi trf gisi han trén doan ADN mé cho ARNr ¢6 ¥ nghia
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trong nghién cttu tinh da dang di truyén va qué trinh tién hod. Ngoai
" ra, ban d6 vi tri giéi han r&t hitu ich cho k¥ thuat tach dong va cong
nghé gen (DNA clonning and engineering).

ADN
Enzym 1 :
Enzym 1%‘-2/ l Wym 2
I 8kb
| kb
Dlen . I -5kb
di
[ -III. 3kb
S
v L ' 2kb

Tit két quad cdt voi cdc enzym suy ra:

2kb | 5kb l 3kb
Vi tri cit cia enzym-1 Vi tri cdt cha enzym 2

~ Hinh 5.2: Kich thuoc cac doan ADN cung bi ¢4t bdi hai ho3c timg enzym riéng biét glup

cho viéc xac dinh trat tu cac vi tri cat chia cac enzym d6 va xac dinh ban dd gidi han cla
phéan tr ADN.

5.4. CAC VECTOR TRONG KY THUAT TACH DONG

D& ¢6 thé luu tri va nhén ban mét doan ADN (hosic 1 gen) dén
mot s& lugng mong mudn, mot trong cic phudng phap thong dung la
gin doan ADN d6 vio vector. Sau d6 vector duge dua vao t& bao nhan.
Su dung bd may tai ban ADN cta t& bao nhén, vector dm;sc tai ban tao
ra s& lugng 16n céc ban sad gmng hét v‘ector ban déu. Véi nhtmg nhiém
vu nhu vay, vector cin phai ¢6 céac dic tinh co ban sau

— C6 vi tri dé ghép ndi doan ADN la vao (vi tri da dlem tach dong-
polycloning site). Day 1a nhiing vi trl duy nhét trén vector (Hinh 5.3).

— (b6 tam sao chép (origin of replication) dugc nhén biét bdi bd
may tai ban ADN ctia t& bao nhén, cho phép vector tai ban mot cach
tich cife trong t& bao nhan.
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- C6 gen chi thi (selactable marker gene) gitip cho viéc phan bigt t&
bao nhan vector mang ADN la véi cic t& bao khac. Gen chi thi thudng
1a gen quy dinh kha néng chéng chiu khang sinh.

‘EcoRI | BamHI Xbal Soll  Pstl  Sphl HindlIl
r*—L\ —*— r—H r—'*'*\ r—*—\ r—L\r—*ﬁ

GAATTCGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTT
CTTAAGCCTAGGAGATCTCAGCTGGACGTCCGTACGTTCGAA

Vi trf da diém

Gen khing

Tam sao khang sinh

chép ORI

Hinh 5.3: Cac y&u t8 cd ban va ciu tric vi tri da dié’_n'l tich déng cia vector.

Vi tri cét clia cac enzyme gidi han dugc 'ky hiéu bdi cac mai tén. EcoRI-Escherichia coli
RY 13, BamH\-Bacillus amyloliquefaciens H, Xbal-Xanthomonas badrii, Sall-Streptomyces

albus, “Psll-Providencia stuartii, Sphl- Sfrepromyces phapochromogenes va Hindill-
Haemophilus influenzae R, :

Vector ¢6 thé tdn tai trong t& bao vi sinh vat (vi du nhu plasmid
trong t& bao vi khuén), hodc trong t& bao eukaryot (vector YAC trong
t& bao ndm men). Ngoai ra, vector duge thidt k& ¢6 Kha nang tén tai &
trong cac loai t& bao prokaryot va eukaryot (vector con thoi). Tuy thude
vao kich thudc ctia cée doan ADN cén luu gift ma chon cac vector khac
nhau. Vi vay, viéc lua chon va thiét k& vector phuy thudec vao muc dich
nghién ctu. HAu hét cac vector sit dung hién nay 13 cdc phan t ADN
tai t8 hgp, Ching duge thiét k& nhidm dat duge hidu suat st dung té1
vu nhat cho ting muyc dich nghién cttu. Phd bién nhat 13 cac plasmid,
genome cua bacteriophage (goi tit 1a phage hay A), cosmid, cac vector
BAC YAC (Bang 5 1)

- Bang5.1: M3t s3 loai véctor_ thong dung trong k¢ thuat tach dong

Vector ' " Nhan ADNa t3i da
‘Plasmid ' . 79kb
Phage : - "~ 10-15kb
Cosmid i - 45-50kb
BAC |- 100-300kb
YAC. 1000kb (1Mb)
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_544.PLASMID
" Plasmid 1A nhitng phan ti ADN dang vong, tdn tai trong t& bio vi. |

_ khu#n vA nim ngodi nhiém séc thé. Plasmid' ¢ kich thudc thay ddi

" trong khodng 1kb d&n vai tram kb. Trong tyt nhién, plasmid c6 thé tai

‘ban ddng thdi véi nhidm sie thé, hoic ¢6 kha nahg tai ban dbe 1ap.
Théng thudng, cac plasmid tai ban doe tap thudng c6 kich thude nho
(2,5-4kb) va c6 s0 lugng ban sao 16n trong mét té€ bao vi khuén.
Plasmid thudng mang nhing gen chéng chiu khang sinh, vi vay nhiing
gen d6 duge s dung nhu cac chi thi (marker) dé chon loc t€ bao chita
plasmid. ' )

Plasmid ddu tién dude si dung trong k§ thuat tach dong 1a
pSC101 chi ¢6 mdt gen chi thi quy dinh tinh chéng chiu tetracyline
(tet”) v mdt vi tri EcoRI duy nhat dé ghép ADN la vao. Dy la plasmid
tdn tai sin 6 trong tu nhién. Ngay nay ¢6 r&t nhiéu loai plasmid khéc
nhau duge thiét ké ¢6 mang hai hodc nhidu gen chi thi va vi tri da
diém tach dong gdm nhifu vi tef nhan biét cla céc enzyme gidi han.
Kich thudc chia cac plasmid dugc thi€t ké sao cho khong 16n gitp
plasmid nhén ban rit nhanh trong t& bao nhan. Dac biét, vi tri da
diém cta plasmid thuong duge thift k& nim trong mét gen chi thi. Khi
doan ADN xen vao tai mdt trong cac diém nay, ching gay bat hoat gen
chi thi. Do d6, t& bao nhan plasmid géin ADN la s& khong tdng hop
duge san phidm cta gen chi thi. Sy thi€u véng sin phim cta gen chi
thi c6 thé lién quan dén sy chuyén mau cia méi trudng nudi cdy. Vi
thé, dua vao mau séc, ching ta chon loc dude t& bao nhan plasmid gin
ADN la. Vi du, céc plasmid pUC c6 vi trf da diém ndm trong trinh ty
‘cia gen chi thi mé cho B-galactosidase. Khi pUC cb gin ADN la,
enzym khong duge téng hop. Néu ching ta cho vAo mdi trudng nudi
¢y ¢d chiit clia enzym, co chét khéng bi chuyén hoa nén t& bao nhan
pUC gin ADN la s& c6 mau tring. Nguge lai, nhiing t& bao nhan pUC
¢6 gen chi thi nguyén ven, chiing sé c& mau xanh taora do cd chét bi
chuyén hoé béi p-galactosidase. L '

Cée plasmid kich thude nhéd thuong thich hop véi cac doan ADN
khéng dai quéa 7-9kb. Khi doan ADN c6 kich thudce 18n hon, trai qua
mét s6 14n nhén ban, doan nay bi ngén dén hodc bi loai khdi plasmid
do t& bao ¢6 xu hudng dao thai ADN khéng cén thiét. Qua trinh dua
plasmid vao vector dude goi 1a bién nap. T& bao c¢6 kha nang tiép nhan
plasmid duge goi 1a t& bao kha bién. ' '

Khi vector ¢6 chita promoter nhdm muc dich phién ma doan ADN
la trong t& bao nhén thi sé dugce goi 14 vector biéu hidn (expression
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vectors). Thong thudng cac vector duge thiét k& c6 chita promoter
manh khong doi héi cc protein hoat hod, do d6 lugng ARN phién mi
tit ADN la dugc téng hop rat nhidu. -

5.4.2. PHAGE

~ Bacteriophage (thyc khudn thé) c6 uu diém dic bigt 1a kha néng
Xam nhlém t& bao chl rat cao va sb hmng thé phage mdi tang rét
nhanh. Do d6, hiu hét cac vector thuc khudn thé duge thigt ké dya vao
nhiém séc thé cia thue khuén thé A (lamda). Nhiém sic thé thuc khuén
thé gom 48.502bp ma cho 46 gen. Khi xAm nhiém vao t€ bao vi khuén,
ADN cua phage duge "d6ng géi " trong vo protein. Khi "dong go1", kich
thudc nhidm sic thé A khong cdn phai chinh x4c ma cé thé thay dsi
nhung khéng nhifu qua 5% hodc it hon 25%. Su dung tinh chét ty '
nhién nay, doan ADN la dudc thém vao nhidm séc thé cha phage. Lic
nay nhidm séc thé A trd thanh vector. Cac vector phage mang ADN la
dude cho xAm nhidm vao t& bao vi khuén. Chﬁng tai ban va gay trang
thai sinh tan (pha hiy cac t& bao chl) va giai phéng ra cac phage mdi.
Béng hinh thitc d6, ADN la dugde nhén 1én cung v nhiém sic thé phage.

Cau tric va chile nang cia tét ca cic gen phén b8 trén nhidm séc
thé A da dugdc xac dinh hoan toan. Cac gen lién quan dén trang thai
tiém tan chifm khoang 1/3 nhiém sic thé A (khodng 15kb). Ching c6
thé bi loai di ma khong lam anh hudng dén hoat déng ciia nhiing gen
gly trang thai sinh tan. Vi thé chung dudc thay thé boi ADN la. Do dé
dd dai caa ADN dua vao nhiém séc thé A c6 thé dat dén 15kb. Khi
nhlém vao t€ bao chi (t€ bao vi khudn), chc vector phage mang ADN
mét kha ning ton tai d trang thai ti€ém tan. Ching tai bén va gy
trang thai sinh tan, giai phéng ra nhiéu thé phage méi.

Vector phage ¢6 kha ning ti€p nhan doan ADN c6 kich thude 16n
" d&n 15kb. Dic biét, phage M13 1a phan ti ADN sgi don ¢6 kich thude
6,4kb. Do tinh ch&t dic biét nay, vector phage M13 thuong duge sd.
dung khi xac dinh trinh ty doan ADN la chén vao vector.

5.5. BUA ADN VAO VECTOR

D& dua mét doan ADN vao vector, vector phai dugc cit bang enzym
gidi han tai mot vi tri duy nhat trén vector. Hai ddu vét cit sé dqu nd1
vdi doan ADN bing enzym ADN 11gase dé tao thanh phéan ti tai 6 hop.
Khi hai d4u doan ADN va hai ddu cit clia vector ¢6 cac nucleotide tudng
déng thi hidu qua néi ghép ‘dude ting 1én nhiéu. Vi vay, doan ADN va
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vector thiding dude cit vi ciing mdt logi enzym gi6i han tao dau so le. -
Céc ddu nay ¢6 trinh ty bét cip dinh véi nhau tao didu kién thuén g
cho ADN ligase ndi ching véi nhau. Uu diém chia phuong phap nay la
diing chinh enzym giéi han d6 14y lai duge doan ADN tit vector chia
chiing sau khi vector nay duge nhan 1én trong té bao. Tuy nhién trong
phan tng néi cAc ddu cdt véi nhau, ¢6 thé chinh hai du cha vector dugc

-~

néi lai, hosc hai hay nhiéu doan ADN 18 véi nhau trude khi ghép vao
vector. Dé tranh nhiing nhuge diém dé, hodc 12 vector (3 dang théng),

hodic 12 doan ADN sau khi bi cat bdi enzym gidi han, duge xd 1y voi
phosphatase 8 loai nhém P ra khoi ddu 5' (Hinh 5.4).

A Vector va ADN la duge cit bing enzym giéi han
» 5} 5, 3‘
’ ¥ 3! 5)

N

. ) AD
e \ Ligase /

Phan tit ADN tai t8 hop

B Cét vector bing enzym gidi han

P
OH
C .
_ P Ligase
~ OH '

. " Vector Vector trd ]a1 dang ban ddu
Phosphatase

OH

OH Céc dfu chua ndi do mét

nhém P s dude khic
phuc nhd cd ché sia
chita ADN clia t& bao

Lipase \ g
OH P / Phén ti ADN t4i t8 hgp

Hinh 5.4: (A) Vector va ADN dudc cAt bBi mdt enzym gidi han tao cac dau so le thuan Igi
cho viéc dua doan ADN véo vector. (B) Sif dung phosphatase khit nhém phosphat (P} &
d4u 5 cha vector d& tranh sy tao lai dang vong ctia vector khéng chita ADN la.
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© 5.6.NGAN HANG ADN TONG SG (NGAN HANG GENOME)

Genome (hay gon goi 12 hé gen) & t& bao eukaryot c6 kich thude rit
16n. Didu d6 khién chiing ta gip nhiéu khé khin trong thao tac thyc
nghiém khi ching ta cht y&u lam viée trén mdt gen nhét dinh. Vi vay,
ching ta ¢6 thé tach chiét ADN tdng s0, sau d6 ditng enzym gidi han cit
thanh céc doan; dua cac doan ADN vao vector, chuyén cac vector vao t&
bao nhan va tap hop tit cd cic t& bao nhan tao thank mét ngan hang.
Khi cAn nghién effu mét gen ndo d6, chiing ta chi viée chon gen nay t
ngan hang. Mét cich chi ti€t hon, ching ta ¢ thé xay dung ngin hang
clia titng nhiém sic thé hodc cha titng ving trén nhidm séc thé. Nhu vay
thong tin di truyén ciia mgt di tugng sinh vat bat ky b thé duge cat gid
trong cac loai ngdn hang khac nhauy, tuy thudc vac muc dich sit dung.

D& dua toan bd genome clia mét sinh vat vio mét ngan hang, trude
hét phai tach chiét vA tinh sach genome tit d&i tugng d6. Tiép dén,
genome dude cit vdi enzym gidi han thanh cac doan ADN c6 kich thudc
thich hgp véi loai vector ma ngudi nghién ciu da lya chon. V&i mét
genome cb kich thudc nhat dinh, dé thu duge doan ADN dai ¢én chon
enzym nhan biét s6 nucleotide 18n (8 nucleotide). Ngude lai, dé thu dude
cac doan ADN ngén thi nén chon enzym nhén bigt s& nucleotide it (4
nucleotide). S& doan ADN trong trudng hop thd nhat sé it hon so véi
‘truong hgp thit hai. Hon niia, mét gen cé thé bi cdt thanh cic doan ADN
" do vi tri nhan bi&t clta enzym ndm ngay trong gen. D& han ché kha
ning 46, tha thuit cia phén tng cit ADN 13 cdn phai khéng ché thai
gian cting nhu ndng d6 cla enzym sao cho phan dng cit xay ra khong
hoan toan dé moi vi tri nhan bit khong bi cAt déng thai. Do d6, phan
ting cit xay ra c6 tinh ngiu nhién véi t4t ci cée vi tri nhan bigt cla
enzym. Nhd d6 mdt gen c6 thé duge bao toan ngay khi né cida vi tri cit -
trong gen. Sau phan {ing, cac doan ADN dugc dua vao vector thich hop.
Vector cang dude cat bing chinh enzym st dung cdt ADN genome. Tap
hgp ctia moi vector chita ADN genome duge dua vao t& bao nhan va tao
thanh ngin hang ADN genome (Hinh 5.5).

M&i vector clia ngin hang dude goi 14 mot dong (clone). D51 véi
mdt ca thé, st dung cac loai vector khac nhau, ¢6 thé xay dung dugc
cAc ngan hang ADN genome chiia cidc doan ADN dai, ngdn khéac nhau
(Hinh 5.6). Tuy nhién ¢ac ngan hang niy khéng hé cé sy khac biét vé
théng tin di truyén. Nha st dung déng thdi nhiéu loai ngan hang, viée
lap ban d3 di truyén, ban d3 nhiém sic thé, nghién citu cfu tric va
chiic. ning mot gen trd nén dé dang. Ngin hang ADN téng s8 dude sl
dung rat phd bién dé phan lap mét gen nguyén ven gdm exon va intron
ciing nhu cac ving ADN diu khién ndm phia ddu 5 cta gen.
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ADN genome

Th
/ Gen \
L cbet] |
SO0 A

Vi tri cit ctia enzym gidi han

Xt Iy véi enzym

gidl han
et | VO 8 il
8% s
g
Cét hoan toan
oL | S

Phéan cat :
khong —_ ] D_
hoan toan

— 1 [ Fe |

Hinh 5.5: Enzym gidi han phan cit ADN t3ng s6 khéng hoan toan nén cac vi tri nhan biét
khéng bi cit dong thai. Do do, phan (ing cét xay ra c6 tinh ngau nhién vdi tat ca cac vi tri
nhan biét clia enzym. Diéu d6 tranh mot gen cé thé bi cét thanh cac doan nhd do vi tri
nhan biét clia enzym nadm ngay trong gen.

I - ] VR R
N SRR i e ]
A. Dua vao vector cosmid (cac doan ADN dai khoang 50kb)

f i i f L
[z iz Wi

B. Dua vio vector BAC (ciac doan ADN dai khoang 100kb)
YAC

{. 777

'é
Phage L i e —
eS———_———
: i L)

C. Xay dung ngin hang theo ciu tric contig

Hinh 5.6: Xay dung cac loai ngan hang ADN genome cuia ciing mét d&i tudng.
Cac dong (clone) ndm géi Ién nhau tao diéu kién thuan Igi cho viéc phan lap gen, xac dinh
ban d6 genome. Cau tric mét contig gdbm cac dong tudng (ng vdi nhitng phan doan nho
cat ra tif mot doan ADN 18n hon. Cac ngan hang dudi dang contig d3c biét can thiét cho
viéc xac dinh giai ma toan boé genome. :
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 5.7.NGAN HANG CAC ADNc (cDNA LIBRARY)

Ngan hang ADN téng s8 chita tét ca céc logi ADN c6 mat trong
genome. D61 vdi genome eukaryot, thanh phin ADN chia gen chi
chiém 1-2%. Vi vay, s lugng cac dong chita gen chi€m ty 1& tudng tu
trong ngin hang ADN téng s8. Hon nila, cac gen eukaryot thudng cb
intron véi kich thude 16n hon rét nhiéu so véi exon. Diu d6 gbp phin,
phtic tap hoa quy trinh phén lap mét gen (mdt dong) tit ngin hang
t8ng s5. Xuat phat tit thue t& céc phan td ARNm chi ch{ia cac exon
nén kich thudc ARNm khéng l6n (deo dfng xung quanh 3000
nucleotide). Tap hop tét ca cac phan tit ARNm tach chidt tit mot loai t&
bao x4c dinh dai dién cho tit ca cac gen hoat déng trong loai t& bao do.
Vi vay, thay cho viéc thao téc trén gen (ADN), chiing ta khai thac ti
ARNm mét s6 thong tin vé cdu tric, chic ning ctia gen, cla san phim
protein ma gen ma cho. V&n dé 1a cin sao chép théng tin tit ARNm
sang ADN do s8 lugng mbi loai ARNm khong nhidu va ARNm rit dé
bién tinh nén thao tac véi ching khong thuan lgi.

P& khéc phuc nhuge diém nay, ching ta st dung enzym phién mi
nguge Reverse transcriptase d8 sao chép chinh xdc théng tin tit sdi
ARNm sang ADN. Enzym nay tong hop sgi don ADN b8 sung dya vao
sgi khudén ARNm. Sgi kép ARN/ADN dude xi ly véi kiém hoac
ribonuclease H (phan hiy sg¢i khudén ARN) chuyén thanh sgi don
ADNec (complementary DNA). Tiép sau d6, ADN polymerase I t8ng hgp
s¢i don ADNe thit hai dé ¢6 dugc sgi d6i ADNe hoan chinh. Phan td
ADN bé sung dang sgi d6i duge goi 1a ADNe. Cudi cting, cac phan tit
ADNec duge dua vao vector.

Phén tit ADNc ¢6 hai ddu bing. Do higu sufit qua trinh dua chc
doan ADN ddu bing vao vector thap nén hai dAu cia ADNe duge xi 1y
trude khi dua vao vector. Phan t&'ADNc ddu bing duge ndi vdi cac
oligonucleotide ngin nhd enzym ADN ligase. Nhiing oligo nay duge
téng hgp nhén tao c6 mang trinh ty nhén biét cia mt hodc vai enzym
giéi han tao ddu so le. Sau d6, ADNc duge phan ¢kt véi enzym dé tao
dfu so le. Budc cudi cing 1& dua ADNe VAo vector da cit bang chinh
enzym d& xd 1y véi ADNe. Do kich thuée ADNc khéng l6n nén plasmid
duge chon dé nhan ADNc. Cée cy thé cta qua trinh tao ADNc duge md
ta trén Hinh 5.7. S . ' '

Tap hgp tit cd che ADNe tudng dng v6i moi ARNm ¢ha mét logi t&
bao (mdt loai md) duge dua vao plagmid. MB5i vector nhan mét phan td
ADNec. Tap hop t&t ca cac plasmid chita ADNe dude chuyén vao t& bao
nhan. T4p hgp t4t ca céc t&€ bac nhan chia ddy db ADNc cta mdt loai
t& bao (loai md biét hod) tao thanh ngin hiing ADNc cua loai t€ bao
(loai md) d6. Lic nay mdi ADNc trong ngén hang thudng duge goi la
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mét dong (mét clone). Diém khac biét giita ngAn hang ADN genome v
ADNc la mdi co thé c6 nhiéu loai ngén hang ADNc khac nhau, mbi
ngan hing dic trung cho mét loai md t8 chitc ding d€ tach chiét
ARNm. Sy khéc nhau chi y&u gilia hai loai ngin hang ADN genome
vA ADNc 13 & thanh phin ADN. Bén canh dé6 s8 lugng dong (clone)
cling nhu kich thude cac doan ADN trong ngén hang ADNc nhd hon
.nhiéu so véi ngin hang ADN genome. - '

5 - ARNm

AAAAAAA 3
1 gén mbi oligoT
5 ARNm AAAAAAA ¥
. TTTTTTTT 5
Reverse transcriptase 1 téng hop sgi ADN bd sung
5 i AAAAAAA T
' 3,( TTTTTTTT 5

Phé hu sgi ARNm |
a( ' TPTTTTTIT 5
ADN polymerasel téng hop sgi doi ADNe

C . _ » AAAAAAA 3
TTTTTTIT &
ADN ligasel néi1 linker chita vi tri S
: TTTTTTTT
S1 nuclease lcét d4u biing sdi ddi ADNe

AAAAAAA
rrrrrrrTl S S
ADN ligase | nd} linker chita vi trf R

R IR _ " AAAAAAA
PITTTTTT

l Cét vdi hai enzym Sva R
- AAAAAAA
TTTTTTTTL S

8t 8

R

|

Pua ADNe vao vector da cét vdi hai enzym S vA R

. Hinh 5.7: Téng hop ADNgc tir ARNm. . -
Enzym reverse transcriptase t3ng hgp sai don ADNc trén khudn ARNm (st dung méi
oligoT tao ¢3p b8 sung véi dudi polxhj. Sdi don ARNm bi phan hiy trong diéu Kién kiém
hosc bdi ribonuclease H. S&i ADNc thif hai dugc t8ng hop trén khudn ADNc thif nhat nhd
ADN polymerase |. Phan tir ADNc (dang s¢i kép) c6 céc dau bang duoc ni vdi hai loai
linker S va R. Linker la doan oligonucleotide tdng hgp nhan tac ¢é mang vi tf nhan biét
- cha enzym gii han, Do dé khi dua vao vector, ADNc dudce.giir ing chiéu.
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5.8. SANG LOC MOT DONG TU NGAN HANG ADN

_ D& dim bao chon duge mdt dong cAn nghién cftu tit ngin hang,
chiing ta cdn tinh toan 58 dong cAn thidt 18y ra tit ngan hang ding vao
vide sang loc. Vi du, genome rudi gidm co kich thudc khoang 10°kb
duge cAt ra thanh cac doan trung binth 40kb. Ngan hang chita cac dogn
ADN nay can cb it nhat N ~11.513 dong dé dam bao mot doan ADN
b&t ky sé c6 mat trong ngan hang véi xac sust P = 99%. S8 N duge tinh
theo cong thite sau: ' '

N = [In (1-P))/[in (1-1/n)] = {In (1-0,99))/ [in [1-(40/100 000)]!

Trong dé: n 1a s6 doan ADN cht ra tit genome. N la s6 dong cin
14y ti ngén hang 48 dam bao sang loc duge mot dong véi xéc sufit P.
Nhu vay, dé sang loc mot déng ti ngan hang genome rudi gidm, viéc
ddu tién 13 ching ta phai 14y tu ngan hang it nhét 12 11.513 dong (Day
13 11.513 khufn lac hodc 1a 11.513 transformants nén d8 dang dém
duge khi pha loéing nudi efy trén méi trudng).

Sang loc mdt dong trong & hang trigu dong ti ngan hang ADN
ctia sinh vat bic cao doi hoi nhidu thao tac va thol gian. Sang loc
nhiing gen mé cho enzym (amylase, protease...), hay gen quy dinh tinh
¢héng chiu (khang lai khang sinh, doc dugc...), hodc gen khuyé&t dudng
c6 thé thue hién d& dang hon dya vao hoat tinh enzym, kha nang moc
trén mdi trudng cé doc dude, hodc b8 khuy8t chiic nang. Qué trinh
sang loc nhitng gen nay dude goi chung 13 chon loc di truyén (genetic
selection).

Sang loc gen chdng chiu khéng sinh dude xem 1a trudng hop dién
hinh cfia chon loc di truyén. Vi dy, gen khéng lai peniciline duge sang
loc d& dang tu ngan hang ADN genome cua Salmonella typhimurium
khi cac vector cia ngan hang duge bién nap vao té€ bao nhan E.coli.
Nhitng t& bao nay duge trai trén méi trudng cb chiia peniciline. Duy
shét dong t& bao nhan vector mang gen pen’ c6 kha nang tgo khudn
lac trén moi trudng nay.

Ngoai ra, cic gen tham gia mdt sd con dudng chuyén hoa trong &
bao cung ¢d thé sang loc d& dang theo céch thiic chon lgc di truyén nhd
thi nghiém b8 khuyét chitc nang. Vi dy, mudn chon duge céc gen ma
cho enzyme tham gia sinh tdng hop histidine 4 S. cerevisiae thi co thé
x4y dung ngén hang ADN genome n&m men gom céc vector tai t& hdp
duge bién nap vao t& bao E.coli khuyét dudng khong ¢6 kha ning tong
hop duge acid amin nay. Quéa trinh sing loc chi tuyén chon dong t& bao
tao khudn lac trén moi trudng khéng c6 histidine.
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Khi phudng phap chon loe di truyén khéng thich hgp trong tuyén
chon, ky thuat lai acid nucleic dya vao sy tao cdp giiia cac trinh ty
tuong déng va ky thuat mién dich dda vao tudng tac khang nguyén-
khang thé ¢6 mét vai trd quan trong dé sang loc duge gen hoac ADNc
clia gen can nghién citu. Chfmg ta cing nhau xem xét nguyén tic cla
k# thuat lai acid nucleic va ng dung dé sé.ng loc mgt dong tit ngan
hang ADN.

- 5,8,1, Nguyén tic cta ky thuit lai acid nucleic

Chiing ta déu biét ring, cac phan ti ADN & dang sdi kép c6 thé
md xoén thanh hai chudi don dudi tac dung nhiét. Lic d6 ching ta néi
phan tit ADN bi bién tinh (denaturation). Tuy nhién, khi duy tri & diéu
kién thich hgp thi hai chudi don cé thé lién k&t tao cip trd thanh chudi
xodn kép. Liic d6 ching ta ¢6 phan tng phuc hdi phan ti ADN
(renaturation). Diéu kién dé tao nén s¢i kép 1 s8 lugng céac nucleotide
trén hai sgi don c6 kha ning tao cap b sung phai dat dén mot ty 1é
nh&t dinh. Ching ta goi ty 1& nay 14 mie d6 tuong dong (vé trinh tu
nucleotide). Mitc d§ tuong déng cang lén thi dé bén viing clia soi ddi
cang cao. Mic 4 tuong déng nay thé hién & nhiét d¢ cdn thist dé gay
bién tinh 50% (nhiét dé Tm) phan t& dang sgi dbi (Hinh 5.8). Ching ta
goi chung céc phén ti dang s¢i déi nay l1a cac phan ti lai. Nhu vay,
phan {ing lai khéng phai chi xay ra véi hai sdi don cia mét sgi kép ma
c6 thé xay ra vdi cac phan tit ADN, ARN khéc nhau, hogc gitta mét s¢i
ADN va mdt sgi ARN. Vi du, phén t& lai ADN/ADN tao ra giita hai sgi
don ADN c¢6 nguén gdc tit cic gen trong mdt ho gen. Phén ti lai
ADN/ARN c6 thé tao ra giita trinh tu clia mét gen (ADN) véi phén ti
ARNm phién mé tit gen d6 hodc tit gen cd dd tuong dﬁng cao v0i gen
cia ARNm. -

N ghlén ciu dong hoc phan ing lal (dua vé.o su bién d8i Tm) cho
phép phén tich thanh phén céc 109.1 ADN tham gia phan dng. Vi dy,
gay bién tinh r6i lai phyc hdi ADN tdng 86 (ADN genome) tach chiét tu
té& bao eukaryot ching ta gé thu duge cac phidn doan khéc nhau. Hai
phan doan chinh gém thinh phén ADN khéng 13p lai va thanh phin
ADN l3p lai. Khi ching ta ti€p tuc bién tinh ting phan doan riéng
biét, Tm clia phén doan th nh&t hiu nhu khéng thay d6i qua céc 14n
bién tinh phic héi 14p lai. Tuy nhién, Tm cta phén doan thi hai luén
nhd hon gia tri Tm d4u tién. Ching ta 6 thé gidi thich két qua d6 nhu
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sau: thanh phin ADN 1ip lai gdm céc doan kha tuong ddng nhau. Do
d6, sau khi bién tinh 14n thit nhét, cic sgi don cta nhitng doan tuong
d8ng c6 thé lai véi nhau trong phan ing phuc hoi ngay khi khong phai
moi nucleotide trén hai sgi don d6u c6 kha ning tao cip bd trg vdi
nhau. Nhu vay phén ti ADN lai (sau khi phuc hdi) ¢6 chiia nhiing
khodng tréng (khéng cb lién két hydrogen giita hai sgi don). Khi gay
bién tinh 14n hai, nhiét lugng dé bé giy cac lién két sé it han so véi lan
diu do ¢6 sin nhiing khodng trong d6. Vi vy dudng cong bién tinh lan
hai d6i v6i thanh phdn ADN lap lai ¢6 gia tri Tm nho hon so vdi gia t]‘.‘l.
Tm so véi 14n bién tinh ban diu, hodc so véi khi bién tinh ADN téng
s8. Ngddc lai thanh phidn ADN khéng l3p lai chi gbém céc doan ADN
khong gidéng nhau. Do 46, sau khi bién tinh 14n thit nhat, hai s¢i don
clia mot sgi kép sé tao cap véi nhau va lap lai trang thai ban dau. Liic
nay khong xay ra hién tugng lai gitia hai sgi khéc nhau vi thanh phan
" nay khéng chita céc sgi tudng dbng nhau. Do khéng c6 céc khoang
tréng gitia hai sgi don nén nhiét d Tm khéng thay d6i & 14n bién tinh
thit hai so véi 1dn dau.

% bién tinh
1\

90 +

60 L

> °C
60 70 80 90

Hinh 5.8; Péng hoc phén ung Ial ctia thanh phén ADN I3p lai (ADN gém cac trinh iy
nucleotide tuong dong).

Gia tr] TmO cGa lan bién tinh thit nhét kn han Tm1 cda i4n bién tinh cac phan tif lai. Phan
it (ai hinh thanh irong phén (mg lal gilta cc sgi don clia 1én bign tinh thir nhat.

5.8. 2 Pieu klen cua phan unglai

Khi thay d6i nhlét dd hoac thanh phﬁ.n, néng dﬁ céc chét trong
dung dich cia phén {ng lal, tic 13 thay ddi tinh chat ché nghiém
ngit cta diéu kién lai, kha nAng tao ra céc phén ti lai bén gitta cic
s¢i don ADN!ADN ADN!ARN va ARN/ARN phy thude rit nhiéu vao
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mitc d6 tudng déng. Trong didu kién lai ngat nghéo, phén tl lai chi
tdn tai khi hai sgi dogn ¢6 dd tudng déng rit cao. Vi du, ARNm chi lai
vé#i mot sgi don cid gen phién ma tao ra ARNm dé. Trong diéu kién
- phan @ng lai binh thuong, phin td lai tao ra tit cac sgi don cd dd
tuong ddng nhat dinh. Vi dy, cic gen trong mét ho gen cd thé lai véi
nhau. Khi mét thanh vién trong mét ho gen da biét, ching ta c6 thé
phat hién dude ca ho gen céan cit vae cac phén ti lai véi thanh vién
nay. Nhu vay, khi biét mét doan ADN ¢b trinh tu x4c dinh, doan dé
duge dung 1am déu do (probe) dé phat hién céc trinh ty tuong ddng
lai v&i ddu do (Hinh 5.9).

Gen al da biét va duge dung

w " A& -
lam d4u db lai véi ADN téng s8 Ho gen A gom nhidu
chita toan b ho.gen A ~ gen tudng dong

al¥ ... al* V &1

------ " | 3 /
al¥ e, _ a3

al* l : l t
Lai trong 50% ' Lai trong 50%
formamide d 82°C formamide & 42°C

---------------------------
a
a

Diu do al* laivé
che thanh vién
trong ho gen A

> Hinh 5.9: Thay d8i difu kign lai s& thu duge cic k&t qua khac nhau.
Trong didu kidn khic nghiét, ddu do a1 chl lai véi dang doan tao cap bd sung chinh xac.
~Trong diéu kién d& dang han, d8u do ¢4 thé lai vi cac doan tuong dong.

Thay d6i didu kién lai duge 4p dung cho phép phét hién ddt bién
chi 13 ‘mét nucleotide. Vi dy, bénh thidu méu héng cdu hinh o1 hiém
‘x3y ra béi thay d6i cha mdt nucleotide duy nhét (GAG — GTG) @ gen
ma cho chudi’P globin. D& chdn doan thai nhi mang hai allen d5t bién
cha gen niay (modt nhin t¥ b3, mdt nhén td me), hai chubi
oligonucleotide (~20 base) dugc tdng hgp nhén tao. Oligo thit nhat Ung
v6i gen binh thudng, oligo thi hai dng v6i doan gen mang ddt bién.
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Nhu vay hai ddu dd nay chi sai khac nhau mot nucleotide. Trong diéu
kién lai rdt nghiém ngét, céc oligo chi lai v4i doan nucleotide tudng
ting khi céc lién két b8 sung chinh xac tuyét d8i. Do 46, tich ADN ti t&
bao clia bao thai va cho lai véi dau dod 12 hai oligo cho phép phén biét
dang binh thudng va dang dot bién cta gen ma cho B globin. Thai nhi
mang hai allen khi€m khuyét thi ADN tach ra chi lai vdi mét loai oligo
tuong dng véi doan dgt bién.

Trong qué trinh ti&n hoa, mét gen mdi c6 thé duge tao ra do td
hop nhifu phin khéc nhau cia céc gen, hodc do thay d6i dan dén tu
mét gen ban ddu. HAu hét cac gen trong mét ho gen ¢6 chite nang lién
quan dén nhau va thudng phdn b8 rai rac trong genome. Khi mét
thanh vién trong ho da duge phén 14p, cac gen khac trong ho dude xac
dinh nh¢ phép lai thuc hién trong diéu kién kém chat ché (dau dd
chinh 1a thanh vién da biét). Phuong phéap lai nay duge st dyng rit
hitu ich trong nghién ctiu sinh hoc phén t. Vi dy, toan bd céc gen ma
cho protein tudng tac véi ADN lAm nhiém vu diéu khién hoat déng
_cla gen trong phat trién m6 phéi & rudi gifm Drosophila duge phat
hién nhd phép lai d diéu kién khdéng ngit nghéo. S dung cic doan
nucleotide clia cac gen c6 ngudn gdc tit rudi gifm lam dau do, céac ho
gen tudng ty 6 genome ngUdl va chudt duge phat hién nhd chinh k¥
thuat lai.

5.8.3. PHUONG PHAP BANH DAU DAU DO

D& phat hién phan td lai, ddu dd thudng duge danh d&u bing cach
gan v chit phat mau (huynh quang), hotic v8i ddng vi phéng xa. Méi
kidu danh d4u c6 nhitng wu nhuge diém b trg cho nhau. Vi du, danh
d&u bang ddng vi phéng xa nhay ré tién hon so véi danh d&u huynh
quang. Tuy nhién, thao tac va xi 1y chat thai phéng xa ddi héi thiét bi
bao vé va chi phi t6n kém. Cac ddng vi phéng xa théng dung trong k§
thuat danh dfu gém P*2, 8% va H®. Mat loai d6ng vi c6 kha ning xuyén
sdu, nang lugng chiim tia phat ra va thoi gian ban ra khac nhau. Do
d6, tuy muc dich sang loc (mue dich phép lai) ma chon ddng vi thich
hap. Vi du, lai ddu dd truc ti€p véi 1at cit t& bao (lai tai chd-insitu) thi
$% duge Iya chon do chium tia phat ra ¢6 nang lugng thip, khéng cé
kha nidng phat tdn réng nén tin hiéu rd nét. Phudng phap danh diu
ddu do bing chét phat huynh quang déi hdi chi phi cao hdn nhutng
dam bao an toan.
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ADN

5 3
o LITTIITHIITI s
Bi&n tinh,
Gan mbi nglu nhién
5‘IIIIIII|IHIlIl|
gl hun JNNEEEESUN NN

dATP*, dTTP, dGTP, dCTP,
ADN polymerase

PONNFNAFERRRNNER
5 3
l Téng hop ddu dd

. L P
Cé.c dﬁu dé R T &,
danh diu " .
*
PO 0 O 1 T
3 g

Hinh 5.10: Tao dau dd bing phuong phap t8ng hdp ADN sit dung mdi ngau nhién va

nucleotide danh dau (*). Sau phan img, sé iugng dau do danh dau tang nhidu so vai lugng
khuén ban déu

Phuong phéap théng dung dé danh diu dfu do la tdng hgp ADN
véi mbt trong bdn loai nucleotide da gén véi déng vi phéng xa hodc vl
ch&t phat huynh quang. Boan ADN chon lam dau dd duge dang lam
khudn trong phén ting tdng hgp ADN sit dung mdi ngéu nhién chi gom '
6 nucleotide. Méi nghu nhién c6 kha nang tao cip & nhiing vi tri bt ky
trén sgi khuﬁn ADN polymerase s& thém nucleotide danh ddu vao dau
3’ chia mdi ngAu nhién ¢é tdng hgp nén sgi ADN méi ¢6 chita nucleotide
danh dau. Phuong phép nay cho sé hugng ldn cic diu dd danh diu
nhung chi thich hgp khi doan ADN khuén c6 kich thude vai tram
nucleotide trd 1&n (Hinh 5.10). - '

5.8.4. PHUONG PHAP SANG LOC CHUNG (SCREENING)

Khi ap dung k¥ thuat lai acid nucleic dé 14y duge mdt ddng (mot
doan ADN) ti ngan hang (ADN genome hodc ADNc), nhét thiét phal
¢6 dAu dd dic hidu. D6 14 mot doan ADN c6 trinh tu nucleotide gidng
hét ho#c ¢6 db tuong dong cao véi mdt phén bat k¥ cua doan ADN cén
tim. N&u cAn sang loc mét gen ma san phidm protein cia gen da biét,
dau do cb thé duge tdng hgp nhan tao dua vao trinh ty acid amin caa
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protein. Do tinh chat thoai hoa cla ma di truyén nén ching ta khéng
nhén duge trinh ty nucleotide chinh xac. _Diéu nay khong anh hudng
nhidu téi két qua sang loc do phép lai chi ddi hoi 4§ tuong déng nhit
dinh gitia dau do va ADN cén tim.

Phuong phap phd bién dudge 4p dung trudc day dé sang loc (screemng)

mot dong ti ngin hang duge md ta trén Hinh 5.11. S8 lugng N t&€ bao
vi khuén (mang plasmid), ho#c céc phage (mang vector A hay cosmid)
_ cua ngin hang duge nudi cﬁy trén cac dia petri, moc thanh cac quin
lac. Dt 1én trén bé mit mbi dia mét mang sao cho cac quén lac duge
chuyén tit dia sang mang (thudng 13 mang nylon cé 4i Iyc lién két cao
v&i ADN). X1 Iy mang véi kiém dé pha v t& bao, gdy bién tinh ADN va
¢6 dinh chiing trén mang. Sau d6 cic mang duge G vdi dung dich chita
ddu do dic hidu. Pau do nay duge danh ddu phéng xa ho#c hoa hoc
Dau do sé lai véi ADN ¢6 trinh ty b sung vdi chinh né. Vi tri cha quén
lac mang dong lai s& duge phat hién va dugc tach ra khoi cac quén lac
khac. Cac quin lac ndy tiép tuc duge nudi c8y va qué trinh sang loc
nhu trén duge lgp lai trong diéu kién lai chit ché hon nhiam gidm
thidu cac dong lai khéng dic hidu. Dung dich lat chia dau do dung
trong 14n sang loc ddu tién duge su dung lai trong cac lan sang loc lap
lai. Nhu vay, sang loc cho phép xéc dinh chinh xac dong mong mudn
‘trong s6 hang triéu dong ¢6 mit trong ngén hang.

Diéu cin luu ¥ khi sang loc ngén hang ADNc, dau do phai chita
trinh ty cha exon. Diéu kién sang loc mdt déng ti ngdn hang ADN
genome thudng khong doi hoi khit khe nhu sang loc tif ngan hang ADNe.

Mang

© - Vi tri quén lac chia

dong lai vdi dﬁg do

Dat mang 1én dia ) - B
¢6 che quén lac l Lai mang vai @
: diu dd danh dau
Chuyen quén la;lk~ /
. Xu lymang

1&n m&ng
Hlnh 5. 11 Sang loc quin lac mang dﬁng cdn tim tir ngdn hang
Mang chifa cac quén lac ditgc goi la. c4c replica. Ching dude xUr ly véi kiém va nhiét do
trudc khi lai véi ddu do gﬁn phéng xa hoc phat huynh quang. Sau khi lai, vi tri quan lac lai
v@i ddu doé dugc phét hién trén phim ty ghl phong xa hoac dya véo tin hiéu phat mau.
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Ngoal ra néu khang thé da biét, cé thé st dung ky thuat mién .
dich dé sang loc gen (ADNc) ma cho khang nguyén. Luc d6 cin su
- dung ngin hang ADNec chia cac vector bidu hién gen (expression
vector). Khang nguyén duge téng hgp tit dong mang ADNc mé cho
- khang nguyén dé. Khang thé dude danh ddu (bding phéng xa hodc héa
hoc) lam dAu dd. Dau do lai véi khang nguyén va vi tri dong t& bao
duge phat hién. Mét khi dong ADNc duge phén 1ap, cé thé s dung né
lam dau do dé sang loc ti€p gen tudng ng trong ngin hang ADN
genome. Hién nay, dé sang loc mdt hay nhiéu dong trong ciing mét
lan, ky thuat PCR ho#c mlcroarray ¢6 rat nhidu uu diém, cho phép
chon dugce cac dong mong mudn mdt cach nhanh chéng va chinh xac.

5.9. CAC KY THUAT LAl ACID NUCLEIC

Nguyén téc cia phuong phap lai acid nucleic 14 dua vao phan dng
tao ra phan tu lai nho lién k&t bs sung gma hai sgi don ADN, hodc hai
sgi don ARN hay ADN/ARN., Didu kién clia phan Ung lai phu thudc
chit y&u vao nhiét do va nong 4o mudi trong dém. S¢i dich lai véi dau
dd danh d&u bing phéng xa (P*) dude phat hién nho phim cé do nhay
véi phéng xa. Mic di gia thanh cao nhung dam bao an toan cho ngudi
s dung nén cac chit danh d&u khéng phéng xa ngay cang chiém uwu’
thé trong cac phong thi nghiém hién dai.

Phudng phép lai ADN véi ddu do duge st dung cht y&u d& phén
bist mdt doan ADN trong s8 cac dogn khac ma kich thuée cha ching
khéng 18n. Vi du, sau khi phan 1ap duge mét doan ADN (mét dong) tit
ngéAn hang, ching ta ding k¥ thust lai dé dinh vi chinh xéc gen phan
b& trén doan ADN dé, x4c dinh c&u trdc cta gen (phan bd cha exon,
intron). Ngoai ra, lai ADN genome (cAt bang chc enzym g’ldl han) véi
d4u dd dic hidu chia mdt gen cho phép danh gia s6 ' ban copy cia gen dé
trong genome. Phép lai gita ARNm véi d4u dd cho phép xac dinh kich
thudc phén t ARNm, dinh I\Idng §6 ban phién ma (transcripts) va xac
dinh hoat ddng ctia gen J cac t3 chie biat hoé.

5.9.1. Phugng phap Southern blots

Phudng phap lai Southern blots do Edward Southern phat minh
nhim phén biét mdt doan ADN nhét dinh trong s6 cac doan khac bi
cit bdi enzym gidi han. Co thé goi doan ADN cén tim la doan ADN
dich. Phuang phap nay ddi hoi ddu dé dic hidu lai véi ADN dich. Diu
dd c6 thé 1a ADN hoéc ARN va ¢6 trinh tu nucleotide tudng déng cao
véi ADN dich.
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Diu tién ADN bi cit bdi enzym giéi han thanh cac doan cé thé
phén ly trén gel agarose. Sau d6 cac s¢i kép ADN (trén gel) bi bién
tinh (do x4 1y vdi kiém) va duge chuyén sang mdt mang (thudng 1a
mang nylon hodc nitrocellulosse). Budc chuyén nay dude goi 13 ky
thuat blotting. Blotting ¢6 thé thuc hién bing cich thdm thiu mao din
(ddi héi nhidu thdi gian-thudng tién hanh qua dém) (Hinh 5.12A), hoac
sit dung may hit chan khéng (chi hét khoang vai gid). Sau d6 mang -
chia ADN duge xit Iy nhidt (thudng 2h & 80°C), hoiic dude chifu tia ti
ngoai (vai phit) d& ¢6 dinh ‘ADN trén mang. Mang nay dude G trong
dung dich chita ddu dd ddc hidu d& danh dgu. Vi tri cla doan ADN lai
vdi ddu dd duge xdc dinh nhd phim hodic hod ch&t dic biét (Hinh
5.12B). Phudng phip nay rit nhay cho phép phat hién dude doan ADN
xuéit hidn mét 14n (don ban) trong genome (~1/10% khi chi ding 5pg
ADN genome. '

A VAt néing
" Tap gifly thdm hit dém
‘Mang nylon Tdm gifly I6t trén mang

Gel agarose —— T-:{m gidy 1ot dudi gel

—Tam gidy dan dung .
dich dém lén gel

h\)ung dich dém

Bé dé

B

ADN genome (hodc doan ADN -
phén lap ti ngan hang)

1 Cét vai enzym gidi han
" _ 'Blotting- o] Lai véi ddu
Chifu | [ == " chuyén ADN d& (ADN
b ma | tif gel agarose’ NWY hodc ARN da
s sang mang dénh dau) -
- | [NR] ——

Hinh 5.12: (A)-Blotting chuyén ADN i gel agarose sang mang bing phuong phéap thdm
thdu mao déan. Sau khi chuyén, mang chifa ADN gidng hét nhu trén gel, Mang dudc xir Iy
nhiét hosic chidu tia UV dé ¢f dinh ADN. (B)- K§ thuat Southern blots sif dung d& phat
hign doan ADN mong mudn. :
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" Lai Southern dudc Gng dung vao viée danh gia cic ban copy cla
gen trong genome, xdc dinh céc exon, intron cia mdt gen, phat hién
36t bién thém, mét doan, xac dinh tinh da hinh d6 dai cac doan cit bdi
" enzym gi6i han.... Khi st dung céac chi thi phan tit (marker ADN) khéc
nhau laim d4u do, chiing ta c6 thé phan biét duge cac lodi, cac loai dong
hinh, céc c4 thé dudi loai. : |

Hinh 5.13 mé ta tng dung cia ky thuat lai Southern trong viéc
phat hién tinh da dang cic doan ADN cét bdng enzym giéi han
(Restriction Fragment Length Polymorphism - RFLP). Trong thuc té,
khi so sanh genome chia céc thé trong mét lodi, ching ta nhan thiy
thay déi trinh tu nucleotide & mét s& doan ADN khong hé c6 biéu hién
tinh trang. Tuy nhién, thay d8i d6 c6 thé 1am thay d6i vi tri nhan biét
cha enzym gidi han. Vi du, thay d6i mdt nucleotide c6 thé lam mat vi
tri nhan biét, do d6 khi cit bdi enzym thi thu duge cic doan ADN dai
ngin khac nhau. Sy tén tai eda nhiing doan nay trong tu nhién tao
nén tinh da dang céc doan c6 chiéu dai khac nhau, duge goi la RFLP.

Cac vi tri cit cila enzym E1

A £l E1  E1 Cé}g}v&i
— N |
-_— —|B
) Piu dé
B ) E Cat véi u o Lai véi
. E—
B S — RFLP
Mat 1 nucleotide Yam thay ddi Diu do
vi trf nhén bidt chia E1 - _
. - A
C mn El El  Catvéi . _
e — . Ei —_— '
— N—y— —— :— = - Cécdogn RFLP cé
TN ' - 46 dai khéc nhau
- . _ - Déu dd :
Thém : '

Hinh 5.13: Tinh da dang cac doan ADN bi cit bdi enzym gidi han.

(A) Doan nhiém sic thé bi enzym gidi han E1 cét tai 3 vi tri tao hai doan ADN. Mét trong
hai doan nay dugc phat hién nhd phuong phap Southem blots. (B) Su thay dsi cla
nucleotide tai mot vi tri c&t khién enzym khong nhan biét dugce vi ti d6 nita. Chi c6 mét
doan ADN (luc nay dugc xem nhu mdt RFLP) dudc phét hign.qua phép lai. (C) Khi xay ra
a6t bién thém doan, doan ADN bi cat dai han, '

Khi ni@t RFLP rit phd bign trong quén thé, su khac nhau gidta hai
¢4 thé c6 thd xac dinh duge nhd RFLP dé. Vi vay, cdc RFLP duge xem
13 chi thi phan tit ADN d€ phén biét sy da dang cia genome. Chiing ta
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“

¢t thé sit dyng RFLP d€ tao ddu do cho phép lai Southern. nham mic -

~_dich phan tich mdi quan hé huyé&t théng giita cée ca thé (Hinh 5.14).
Vi tri cét ci‘la enzym gié.i han

E1 E1l E1° El El

¥y ¥ ¥ X
l me . BS Me Con
3 Dau do RFLP
El ' ' E1 El E1 — — ?
Y v Y bd )
Dau do RFLP Lai véi ddu 4o .
Cét v Ell
S :-——- — ——— _ K&t qua Southern
I b

' Hinh 5.14: K§ thut Southem blots sif dung déu do RFLP trang phan fich quan hé huyét thdng.

_ Khi mét RFLP phan b§ canh mdt gen thi xac suft dé RFLP phéan
“ 1y cang véi.gen trong phén bao gidm nhiém phy thuje vao khoang
cach-gita RFLP véi gen do. Né&u RFLP va gen cang gin nhau, xac suft
dé chiing ciing dude truyén cho mét ¢4 thé con chau cang 1én. Do do,
RFLP duge st dung lam déu dd dé phan lap gen dot bién. Théng
thudng dé phén 1ap. duge gen lién quan dén bénh di truyén, cb thé
ding cac mat_‘k’er_.RELP-_dé ac dinh vi tri cua gen d6 dya vao pha hé
'1én gbm nhifu ngudi. Sang Toc cac c& thé ma RFLP va tinh trang duge
thé hién ddng. thai, “Réf nhidu gen gay- bénh & ngudi & dude tim ra
biing phuong phap st dung RFLP. . T
5.9.2. Phuong phap northern blots o
Céac budc. cia phuong phép nay tudng ty nhu Southern blots
nhung & day ARNs duge lai véi ddu do ADN ho#c ARN. Phuong phép
 nay duge 4p dung 4é xic dinh s8 lugng ctng nhu kich thude cac phan
o ARNm c6 trong t& bao. Diu tién ARN tong s8 dudc tach chiét khoi
t& bao. Sau 46, ARN dudge chuyén sang mang va dudc 1ai véi dau dd dac
higu. Pau dd ¢6-thé 1a ARN hosc ADNe. Kich thudc ciing nhu s6 lugng
ARNm lai véi ddu do duge phat hién dua vio vi tri clia bing lai va do
dam nhat clia nd. Nh& phuong phap nay, cb thé so sanh s8 lugng
ARNm ctia mdt.gen hoat dong bink thudng va khi bi dot bién ciing nhu
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| nghlen cﬁu mtic dd hoat ddng cha médt gen & cac to chitc blét hoa khac
nhau hay chiu cac tac déng bén ngoai.

" D&i v6i nhitng gen ma 80 1u0ng ARNm dudc tong hop it, trude khi
tién hanh lai Northern, c6 thé 1am gidu ARNm bang vige tach riéng
. clning ra khoi cac loai ARN khac. Khi cho ARN tfng s qua cdt gn
: polyT, cac ARNm mang dudl polyA sé dude gift lai trén cdt trong khi
cac ARN khac b1 loai. Riia ¢t biang dung dich thlch hop dé thu ARNm.

* 5.9, 3‘ Ky thuat lai tai cho {lai insitu)

Phéat trién tif phép lai Southern blots, ky thuit lai insitu st dung
chc ddu do danh ddu (doan nucleotide hodc khang thé) dé lai véi ADN,
ARN hoic véi protein § ngay trong t€ bao ma khéng cin tach chiét
ching. Céc ddu do oligonucleotide thudng duge danh dau bing phuong
phap hoa hgce (chat phat huynh quang). Ching duge téng hop tit cic
nucleotide mang nhitng lién két hoa hoc dac biét. Cac ddu do sau khi lai
dude phat hién nhd cac protein khac nhéan biét céce lién két hoa hoc nay.

Sy phan b cac phén tit ARNm trong t€ bao dUOC phat hién nho
phén tng lai insitu. Khi nghién ctiu véi ARN, nhidm séc thé khong 4 &
pH cao, do d6 ching giif nguyén ¢ trang thai sgi d6i va khéng lai duge
vGi mbi. Nho phu’dng phap nay ma cac biéu hién clia gen ¢ miic d§ -
phién mé co thé quan sat duge trong t€ bao. Vi du, véi md phéi rudi
gifm' Drosophzla chc t& bao 8 nhiing vi tri khac nhau trong qua trinh

phat trién ca the duge phat hién nhd dya vao kiéu cach hoat dong clia
cic gen lién quan. ~

© 5.10. XAC D|NH TRINH TY NUCLEOTIDE -

TU cudl nhu:ng nim 1970, trinh ty cac nucleotide trén phén t
ADN duge xéc dinh m6t cach ddn gidn va nhanh chéng nhd sy ra ddi
clia hai phudng phéap khac nhau: phddng phap hoé hoc va phudng phép
enzym. Tuy nhién, ti nhiing nim cudl cua thap ky 20 thé ky XX, trinh
t¢ nucleotide dugc xéc dinh trén may doc tu dong ngdy cang phd bién.
Uu diém cla phuong phép ndy la gidm céc thao téc, tiét kiém hod chit
va trinh ty doc dugc dai hon hén so véi cac phuong phéap trude d6.

-Céac phlidng phap xac dinh trinh ty déu lién quan dén ky thuat
dlen di cdc doan ADN dang s¢i don trén gel polyacrylamide. Dic diém
ctia nhiing doan ADN nay 1a c6 kich thude sai khae nhau 1 nucleotide.
Trén cac may xac dinh trinh tu h1en dai, gel acrylamide duge nhbi
trong cic mao quan va cac théng s8 cua qua trinh dién di nhu dién thé,
nhle;t d8, thaoi gian cung nhu luu cat di@ héu ‘duge kiém soat tu dong
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5.10'1 Phuong phap hoa hoc Maxam- Gilbert .

' Phutcmg phap nay sit dung céc chit hoa hoc cdt dit sdi ADN tai

N mgt loai nucleotide dic hiéu (Hinh 5.15). D4u tién phén ti ADN dang
- kép duge dénh dau P* tai ddu 5. Sau d6 hai sgi don tach roi nhau do

bién tinh nhiét. Chiing duge xd Iy véi cac chét hoa hoc.sao cho chi mét

leai nucleotide bi pha hiy. ,Trén hinh v& d6 12 nucleotide A, Néng 46

cic chét hod hoc duge kidm tra chiit ché sao cho chi mét nucleotide bi

phé hiy trén méi s¢i don ADN. K&t qua hang loat cac doan ADN c6
- kich thuéc khac nhau duge tao thanh.

Cac doan ADN tao ra do bi be gdy dugc phén ly trén gel
polyacrylamlde v chi ¢6 doan nao bi gin P23 dfu 5' méi quan sét duge.
Kich thudc ciia chiing tudng ting véi khoang cach tit ddu 5' ¢6 danh dau
dén vi trf ctia cc nucleotide bj bé giy trén phéin t ADN. Sit dung ca¢
chat ho4 hoc khac nhau phd huy 4 loai nucleotide bing 4 phén ing
riéng biét. San pham thu duge clia 4 phén Ung nay duge phan ly cung
nhau trén gel. Doan ADN ngén nhit ¢6 danh dfu phéng xa chay nhanh
nhat dudi tac dung cua dién trudng. Can cit vao vi tri cac vach quan sat.

" dugce trén gel ma xac dmh trinh ti eac nucleotide (Hinh 5.15).

Sgi don ADN duge danh d&u phong xa P® & ddu 5 T C G A
P® .. TGCACTTGAACGCATGCT 3 ' 3 I
Hoa chit pha hiy -
- nueleotide A tao ra -
cic dogn ADN ¢6 d6 -—
dai khéc nhau -
PZTGCACTTGAACGC - TGCT -
P2TGCACTTIGA = .CGCATGCT - - =
. P TGCAC'I’I‘G . ':_-, - ACGCATGCT - -
Pa2 TGC Co o :EQAACGCA:I_QCT : -
: . 7 ’ i
iy

Che doan gﬁn P quan: ' @ﬁc dogn khﬁng g&n pu ¥ '
st auQc tren gel dxan dx n&n kh&ng quan sé.t dm;c Ihé-’n dl trén gel acnrlamlde
" Hinh 5.15: X4c dinh trinh mueueouaabang-phmgphap hod hoc.
(A) Ti€n hanh 4 phén (g ddc 1ap, sir-dung 4 hoa chiit khac nhau, mdi hoa chat chi pha

hlly mét-loai nucleotide nhat dinh (frong hinh vé d6'1a A (adenine)) {B) San phdm ciia

. 4 phan (ing duyc chay dién di dong thdi trén gel polyacrylamlde TrInh i nucleotide doc tir
dudi Ien theo chiéu 5'5 3",
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5.10.2. Phudng phap enzym Sanger (phudng phap tao dau tan
cling clia chudi- chain terminator method) :
Chia kho4 cia phan {ng nay la st dung dideoxynucleotide khong
¢6 nhém OH & vi tri 3' trong phén ting tdng hgp ADN. Do d6 khi enzym
‘ADN polymerase gén ching vao sgi ADN thi qué trinh téng hgp bi
ngiing lai. Vi vay phudng phap nay con dude goi 1a phudng phap dideoxy
(dideoxy method). ' :
Sgi 61 ADN
5 GCATATGTCAGTCCAG 3
3" CGTATACAGTCAGGTC &
Bién tinh nhiét va géh mdi

}

4 CGTATACAGTCAGGTC &'

P2.GCAT-oy :
ADN polymerase
: . l - dNTPs (nhiéu)
ddATP ddTTP ddCTP "ddGTP
P¥ .GCATA P" .GCATAT P* .GCATATGTC " P2 .GCATATG
P -GCATATGTCA P" -GCATATGT P® GCATATGTCAGTC  P*.GCATATGTCAG

P .GCATATGTCGTCCA P*-GCATATGTCAGT P -GCATATGTCAGTCC P* -GGATA’I‘(_':‘TCAGTCCAQ

i =

©

Dién di trén gel acrylamide

Hinh 5.16: Xac dinh trinh ty nucleotide béng phuong phép enzym (phuong phép Sanger).
Dideoxyribonucleoside -triphosphate (ddNTP} ain vao sgi ADN dang téng hop sé lam
ngimg phan dng. Nhd dé thu dudc cac doan ADN hon kém nhau chi mét nucleotide. Cac

doan nay dugc quan sét trén gel acrylamide khi méi duge danh ddu phéng xa P¥ ho#c
" danh d&u huynh quang.
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Déu tidn, soi d6i ADN (sgi khuén cdn doc trinh ty) bi bién tinh
tach thanh hai sgi don va duge lai véi méi, Mdi 13 mét s¢i don gdm vai . '
“-chuc nucleotide ¢ thé lién két véi mot trong hai sgi don ADN theo "
nguyén téc tao cip b6 sung. Sau dé 4 phan dng riéng ré duge tién
hanh déng thai. M5i phan éng 12 h8n hgp cla ADN khuén, méi, enzym
ADN polymerase, mdt loai dideoxynucleotide va 4 loai deoxynucleotide
theo ty 1& 1:100. Cac s¢i don ADN duge tdng hgp ¢6 do dai khéac nhau
do dideoxynucleotide gin ngﬁu nhién lam ditng phan {ng. San phém
cha 4 phan Gng cung duge phan ly trén gel polyacrylamide cho phép
phéan biét hai sgi don ADN hon kém nhau mét nucleotide. Céc vach
ADN quan sat duge nhd ¢6 gén phéng xa P* vio méi hodc vao mét
trong bon loa1 nucleotide bmh thUUng (Hmh 5.16).

5.10.3. XAC BINH TRINH TU NUCLEOTIDE TREN MAY TU BONG

Trong nhing nim gan day, mot s0 phtidng phép xac dinh trinh tu
mdi dd xuét hién. Bén canh k§ thuat thong thudng sit dung cac gel dé
phan ly cic phén td ADN c6 49 dai khac nhau, cac kj thuat mé hén
quan dén phat hién huynh quang cla cac nucleotide bi danh déu,
phan tich trinh ty ADN bing _.kh01 phé: hodc lai véi céc doan
oligonucleotide dugc tdng hop nhén tao. Nhiing ti€n b nhanh chéng
trong linh vy kinh hién vi dién ti cho phép quan sét chi tigt cfu tric
b& mit ciia phan t& acid nucleic va phéan bidt titng nucleotide. Ngoii
ra, k¢ thuat lai st dung t4m chip gén ¢§ dinh céc oligonucleotide cho
phép phéan biét duge hon 50000 phin td ADN khac nhau. Trong tuong
lai gAn, k¥ thuat lai nay c6 thé gin hang nghin oligo trén mét tam chip
nhd va trinh ty nucleotide duge phén tich ty déng bing cic chuong

trinh phidn mém may tinh. Diéu d6 cho phép xéac dinh trinh ty mét
cach nhanh choéng.

Phuong phap tao ddu tan cang clGa chudi duge cai tién cho phép
xac .dinh trinh ty trén may doc ty dong (automatic sequencing), su
dung cac KIT khéac nhau, trong d6 ddu tan cing duge danh dau bang
cac chit phat huynh quang mau (dye terminator sequencing). Phin
~ iing gin cic nucleotide dinh d&u vao sgi ADN téng hgp trén sgi khudn
duge ti&n hanh trén may PCR. Vi vay, ky thuit nay cdn duge goi la
chudi doc trinh tu (cycle sequencing). Sau d6, sin phdm PCR duge dién
di trén gel acrylamide cé d6 phan giai cao, cho phép phﬁﬁ biét duge cac
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' .s0i don ADN hon kém nhau 1 nucleotide: Qua trinh chay dign di duge
“thye hién trén mAay ty ddng va két qua duge phén tich bdng cic chudng
trinh may tinh chuyén dung.

_ N
ll:ABnGTAM\BGGTEGBEGGAGGGTGGGGATGBAATTAA |

Hinh §.17: Trinh ty nucleotide xéc dinh trén may ty c_!qng {Perkin-Elmer-377).

Mbi nucleotide dugc bidu hién bdi mét dinh, tudng Ung véi modt mau. Mdt phén (mg doc ty
dong ¢& kha nang xac dinh duge khodng 1000 nucleotide. Trinb tur nay duge phan tich
bling cac chuong trinh phan mém trén may tinh ndi tric tiép voi may doc tu dong.

Trén ciac may doc ty ddng hién dai, thdng thucng bén loai
‘nucleotide duge danh d&u Bing cac ch&t phat huynh quang khac nhau:
Dédu doc laser trong may sé& kich hoat cac ch&t nay khién chung hép
thy va phét ra cdc mau, méi mau ing v6i mét loai nucleotide va dudc
hién thi bing moét dinh (Hinh 5.17). Théng thudng, phan ing gin
nucleotide vao sgi ADN téng hgp trén sgi khudn duge thyc hién trén
may PCR. Hai loai nucleotide dGTP. v& dTTP dugc thay th& bdi dITP
va dUTP nhdm han ché sy tring lap cc dinh. Sin phdm PCR thudng
dude tinh sach, loai bo cac nucleotide va primer thita trudc khi dua vao
may doc ty déng. Trinh tu doc duge trén may tu dfng thudng dai
khodng 600 dén 1000bp. Uu diém ctia phudng phap nay 1a két qua doc
dude dua truc tidp vao chuong trinh may tinh, gidm bét céc sai s6t do
doc bing mét giy ra. Hon nila, phdn dng PCR khong ddi hdi lugng -
ADN khuén nhiéu nhung cac sg¢i don ADN cin doc duge khuech dai lén
rat nhiéu lan

Trong céac chudng trinh nghzén cltu xac dinh trinh tu hé gen cta -
mdt s6 dfi tugng cu thé nhu du &n gen ngudi, arabidopsis v.v...,
- genome dudge cit titng phén bdi enzym gidi han thanh cic doan c6 kich
thuée 16n ¢6 cae ddu ndim gdi 18n nhau (xem'phéin ngin hang genomic
DNA). Chiing duge dua vao vector (thudng 14 phagemid hodc BAC) va
dude 18y ra mét cAch nglu nhign dé xac dinh trinh ty. 86 liéu duge

phan tich trén may tinh d& tim ra céc dogn trang véi nhau. Bat ky
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khoang trong (gap) nio gu‘ia cac doan da blé't s& dut;ic fac dinh khi
thiét k&' pnmer dya-vao trinh tit & hai dau tan c\‘mg cna khoang tréng.

Trinh. tu he, gen cling nhu céc loai ADN (céc doan ADN genome,
- ADNg, cac doan dieh ADNec-expressed sequence tags-EST ...) duge xac
~ dinh ngdy cang nhiéu & cae sinh vat khac nhau. Do d6 vide luu trit s6
lidy, phﬁn tich, so sanh va sip xép ching da thic ddy su hinh thanh
- mit hudng nghién cftu méi, tam dich 14 tin sinh hoc (bmmformatms)
Méi lién quan mat thiét gifia trinh ty nucleotide va protein da khién
linh vic méi nay phat trién rat nhanh chéng. Ba ngin hang dit lidu
chinh hién nay luu trit hdu hét cac thdng tin vé ADN la EMBL (thude
Vién Tin hoc chéu Au- European Informatics Institude), GenBank
(thude Trung tim Cong nghé Sinh hoc clia M§-US National Centre for .
Biotechnology) va DDBS (thuoc Ngan hang dit liéu ADN caa Nhat-
DNA Database of Japan).

5.11. MOT SO KY THUAT XAC DINH TUONG TAC GIJA ADN VA PROTEIN

5.11.1. Phucng phap "DNA footprint”

Phudng phap nay cho phép xéc dinh chinh xac cac nucleot1de duge
_ protein bao vé che chén khéi tac dung phan huy ciia ADNase (Hmh 5.18).

5 10 . 15

.Protein
., tudng téc
Xae -
dinh \ *
trinh | 22 Liggp1°.

tu
ADN

20
i5
Footprint

10

I

{11101 it

Hinh 5.18: Phirdng phap "DNA footprint™ x4¢ dinh vj tri tuong tic clia protein vai ADN

Khi lién két véi cac nucleotide, protein b3o vé cho ching khéi tac dung cGa nuclease. Do
d6 nuclease chi cit ADN & cac diém nam ngoawr trf lign k&t, tao ra cac doan ADN khac
nhau. Trén gel thu dudgc vét lr6ng "DNA footprint" tuong {ing vdi vi tri dudc bao vé bdi lign
két ADN -protein.

167



Nhé d6 khi dién di trén gel acrylamide, cac doan ADN tudng ting v6i vi
tri tuong tdc khéng xuit hién trén gel, tao ra nhing vét trong
"footprint”. Phudng phap nay tudng ty nhu kj thuat xac dinh vi ‘tri

'_tddng tac cua ARN polymerase trén sgi ADN khudn trong qué trinh
téng hgp ARN.,

5.11.2. Phuong phap xac dmh bang dién di cham {gel retardatlon
assay)

~

Phuong phap nay cho phép xac dinh phlIC ADN hoac ARN lién kct
v6i protein khi so sénh tdc d6 di déng caa ADN, hodc ARN iy do vdi
phtic ADN-protein hoac ARN-protein dudi téc dung cta dién trudng
khdng d6i. Do tuong tac véi protein nén phic chuyén dong cham (vi
vay goi 14 gel retardation). Tiép sau db, protem lién k&t vai ADN, hodc
ARN c6 thé dude xac dinh bing cc khang thd. Khi ¢6 mat khang thé,
t6c d6 di dong cta philc khang thé? protein-ADN cang bi.cham hon.
Doan nucleotide tai vi tri tuong tic cling duge xac dinh chinh xac khi
st dung cac oligonucleotide canh tranh (competor oligonucleotide).
Néu chudi oligonucleotide canh tranh ¢6 trinh ty bd sung véi cac base
trén sgi ADN hosc ARN, chubi s& canh tranh véi protem trong phan
ing lién ké&t v4i ADN hay ARN. Do dé, protein khéng thé lién két véi.
ADN ho#ic ARN nita. Trén gel khéng quan sat duge nhiing béng di
dong cham (Hinh 5.19). '

'ADN Protein

S

Bang dién di tuong ting véi phite
= . ADN-protein chuyén déng cham

Bang dién di dng véi ADN tu do
— ——— |* khéng lién két vdi protein '

Hinh 5.19: Phurong phéap xéc dinh bing dten di cham cho phép phan biét doan ADN
ty do va phirc ADN-protein. .

Khi c6 lign két vai protéin, bang ADN chuyén dong trén gel cham hon so vdi béng ADN tu
do khéng lién ket
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5.12. PHAN NG PCR (POLYMERASE CHAIN REACTION)

Mét doan ADN b4t ky c6 thé duge nhan 1én nhanh chéng hang ty
" 14n ma khong cAn dua vio t€ bao vi khudn, Diu d6 xay ra trong phan
ing t8ng hop in-vitro sit dung ADN polymerase va cac oligonucleotide
(cAc méi-primers). Dé chinh 1a két qua tuyét voi cua phan dng PCR,
tam dich 1a chudi phan ng téng hgp. Ky thuat PCR duge Kary Mullis
tim ra da gitp cdc nghién e¢tu v& ADN néi riéng, vé sinh hoc phén tl
néi chung dat duge nhitng thanh tyu dang-kinh ngac. Nhg phan ing
“nay, mdt doan ADN § mot vung bét ky trong genome duge khuéch dai
1én rat nhidu l4n khi trinh ty nucleotide & hai ddu doan ADN d6 da
bi&t. Dita vao trinh ty dé, céc cap oligonucleotide dugc téng hop nhan
tao m&i oligo tao lién két b3 sung vdi ting sg¢i don. Ching duge s
dung 1am méi dé téng hop ADN jnvitro nhd enzym ADN polymerase.
Dic biét phan tng PCR chi d6i hoi médt 1110r1g ADN lam khuén ban diu

rit nho (5 10°ng).

Mot phan dng PCR’ gom nhiéu chu ky. M01 chu ky phan iang doi
héi ba bude (Hinh 5.20). Pau tién, ADN khuén duge xtt ly nhiét do
giy bién tinh thanh hai sgi don. Buée tiép theo, nhiét do giam
xubng cho phép cac méi (s§ lugng rat 16n) lién két tao cip bd sung
véi hai sgi don ADN khuén. (Do s8 lugng mdi 1dn nén lién két gilia
méi va ADN khuén %3y ra chiém uu th& so véi lién két phyuc hdi
~ giiia hai soi don). Trong bude thit ba, hén hgp ADN va méi duge u

"v6i enzym Taq polymerase va bon loai deoxyribonucleotide
' trip_ho.sphate. Doan ADN nim giita hai méi duge téng hop. Khi cac
chu ky duge lap lai, cac doan ADN vira duge t6ng hop & cdc chu ky
trude trd thanh khudn miu cho chu ky sau. 88 lugng phan tit ADN
tao ra ting gip ddi sau mdi chu ky. Chi sau vai chu ky ddu, san
phém tao ra chn yéu 14 cde doan ADN c¢6 kich thudc bing dung_
khodng each gitta hai mﬁl Sﬁ' chu ky l3p lai trong mdi phan ing
PCR thudng 12 khéng qua-50 va méi chu ky thuong kéo dai khoang
5 phit. Khi 88 chu ky 14n hon 50, nong ‘@6 ANTP, méi va hoat tinh
chia-Taq bi suy giam nghiém trong trong khl nong d6 sgi khuén tang
cao. Diéu d6 (c ché phan dng PCR
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" Hinh 5.20: Phén g PCR

Hai chu ky dau tléﬂ cua phén ung duu:: né ta trén hInh Ve, Tu‘ mot phan t ADN 1am
khuén, sau méi chu ky gém 3 budc: bién tinh (1), g&n méi (2) va 8ng hop (3) thu duge 4
phén 1. Squ- m@t 35 chu ky, o luqng squ ADN ¢6 kich thu'éc duy nhét chlém uu thé tuyét
d6i trong phén u'ng : . RS L

v

N (2“- 2n)

n: 88 chu ky 2n 86 phan tuaé chlﬁu daj kh&ng xac dmh x: 58 phan tr khuén ban déu;

N: S& sdi t6ng her dwc_trong phén (rng. ™ 86, phén t&r 6 chidu dai bing khodng cach
gitra hal m& R o "

5. 12 1. Mqt so yeu to énh hu‘cfng den phé'm ing PCR
) Cdc méi (pnmer) '

'M&éi dung trong phan ung PCR thutdng c6 chidu dai tir 10 dén 40
nucleotlde, tuy thudc vao mic 46 khugch dai dac hiéu déi véi trinh tu
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o dlch (trmh tu cAn khuéch dai). Viéc 111a ¢hon trmh o chc mbi trén mot

. doan  ADN (mét gen) ¢6 tinh chat quyét dinh déi véi phan Gng PCR.
~ Trong da s trudng hgp, mdi ding cho PCR nén thoa mén mét s6 yéu
- cfu nhu sau: |

— Ty 18 GC & cc méi thudng chi€ém khodng 40-756% dé dam béao
lien k&t gin mdi v6i khudn -bén ving. Tuy nhién, trinh ty
dinucleotie GC khong 1ap lai qua nhiéu trong mdt mdi.

— Khoang cach gifta hai méi thudng khéng dai qua 3kb.

Céc mdi khong c6 cac nucleotide b8 sung a6 tranh hién tugng hai
méi bét cip voi nhau. Hon nita, trinh ty cha titng mdi khong )
duge tao cfu tric cip téc do lién két gidla cic nucleotide ngay
trong mot méi. '

~ Nhiét 46 Tm cta hai méi khong qua chénh léch nhau nham dat
dudc sy bat cap toi uu gilta cac m01 véi khuén d cing mot nhiét
dé gan mdi. .

— Sgi ADN dudc téng hdp khi dau 3' cha méi da lidn két véi
khuén méc du diu 5' ¢6 thé tu do. Do dé ddu &' clia méi ¢ thé
duge gén thém linker, hodc doan nucleotide difu khién
(promoter). Nong d6 méi khoang 0,1uM dén 0,5uM. Néng db
thuong dude xac dinh dua vao gia tri OD do g 260nm

b) Lién két giita méi va ADN khuﬁn

Méi gén vao sgi khuén ADN nhd lién két tao cap bo sung giita
ching. Lién két nay phu thude théi glan nhiét 4o, nong dé méi cling
nhy néng d6 sai khuén, Khl ndng d6 mai rat 16n so véi nong doé khuén,
' thdi gian gin méi véi sdi khudn khéng can thist qua l4u. Nhiét d6 &
- giai doan nay phu thude chi y&u véao chiéu dai cha mdi va ham lugng

_ GC. Khi oligo mdi gom 12 dén 15 nucleotide, nhlet dd gan mdbi khodng
40- 45°C.

Nhiét d§ 72°C la nhiét d6 thich hgp. i v6i hoat tinh cia Taq
polymerase. Day 1a enzym ADN polymerase ¢6 hoat tinh tong hdp
ADN va bén & nhidt 48 cao. Khi nhiét dé thay déi ti giai doan gin méi
lén 72°C & giai doan tdng hgp; cac mdi ngén thudng bi bién tinh tich ra
khéi sgi khudn. Ngoai ra, trong trudng hgp méi duge tdng hop xuit
phét ti trinh tu acid amin thi lién két gitta. mbi véi ADN khuén khong
hoan toan bd sung do tinh chat thoai hoa cua ma di truyén. Do d6, mdi
loai nay d& dang téch ra khoi sgi khudn d nhiét 4 téng hgp ADN 72°C.
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: Vi:'véy trong trudng hop niy, thdi gian gdn méi c6 thé kéo dai hon so
véi méi ¢6 trinh tu xuit phat truc tiép ti doan cdn nhin ban. Rd rang
nhiét d6 va thdi gian 6 giai doan gdn méi dic bibt quan trong; nhiét do
gqua cao gy bién tinh, nhiét d§ qua thé&p tao ra cac lién két khong dac
higu (méi c6 thé bam vao vi tri bat ky c6 46 tuong déng chi khéng dam
béo chinh xéc). Ngoai ra khi ADN khuén chi€m ty 18 rit nhé (vi du
mét doan ADN trong genome), thdi gian cén thit d€ mdi tim ding vi
tri lién két ddc hiéu va tao cip véi khudn thudng khoang 2 phiit trong
mdt s8 chu ky ddu tién. Diéu dang luu ¥, khi chi vai nucleotide & dau 3'
cla mdi da lién két véi khuon thi Taq polymerase sé kéo dai 501 mbi
thanh sgi ADN mdéi bat chdp mdi chua hen k&t hoan toan véi khudn &
dau 5.
¢) ADN khubn

Phan Gng PCR ¢6 vu -diém la chﬁp nhin ADN khuén khéng tinh
sach -(cadc miu hinh su), khéng doi hdi’ diéu kién bao quan lanh (cac
mAu sinh phdm khé), lugng ADN cAn rit it. ADN rit da dang, c6 thé
12 ADN genome tach ra tit t& bao, ADN tit cic ngdn hang genome hoic
ADNGe, cac ADN bét ky; ARN téng s6 hodc ARNm. Néng d3 ADN khuén
thudng < ng véi ADNe, hodic <ug véi ADN genome.

d) Nong d6 mét s6 ion

Trong méi trudng, mot s& ion c6 dnh hudng dén phan dng PCR. Vi
du, ion Mg*? kich thich phan ting tdng hop ADN, trong khi KCl tc ché
"~ gud trinh khuéch dai doan ADN dai.

5.12.2. Mot s8 ing dung cta phan ing PCR
a) RT-PCR (Reverse transcriptase-PCR) |

Phan dng nay duac tién hanh nhim nhén ban cac ADNe tit khuon
ban diu 13 ARNm. Diu tién, ARN téng s8 hodc ARNm duge lam
khuén dé tdng hgp cac ADNc s¢i don nhd enzym phién ma ngude
Reverse transcriptase. Ti€p dén cac ADNc nay duge nhan ban trong
phan tng PCR véi cip mbi dic hidu. Nhu vay; ching ta khéng nhit
thi€t phai sang loc ADNe tit ngan hang cling thu dudec modt phén ti
~ ADNc d3c hiéu cho mdt gen. D61 véi mot cap mdi dic hidu cho mat gen,
s0 lugng san phdm RT-PCR tng véi cac mAu ARN ti cic loai t& bao
khac nhau cho phép so sanh mitc d phidn mi cta gen dé. RT-PCR
duge xem 13 phan ing ban dinh lugng d6i véi ARNm.
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" Hinh 5.21: K&t hgp cdc phan dng PCR ad thay the céc rlucleotide trong mét doan
ADN da biét.

Mai thigt k& (mdi A va B) mang cac nucleotide thay thé. Ky thugt nay cho phép gay dét
bién tai vi tri mong mudn trén mot doan ADN (gen).

b) RAPD-PCR (Random Amplified Polymorphics DNA -PCR)

Ky thuat nay cho phép nhén bén ngiu nhién céc doan ADN cé
kha nang bit cip véi mbi ma khong doi hoi sy chinh xac déc hiéu. Do
46, n&u hai miu ADN khuén c¢6 nhidu trinh ty tuong ddng thi sau
phan ung RAPD-PCR, ching ta sé thu duge cic doan ADN c6 kich
thudc giéng nhau. Do khﬁng yéu cdu tinh dac hidu nén méi dung trong
phéan dng nay thudng 13 mdi chi ¢6 10 nucleotide va nhiét d§ gian mdi
khéng cao. K§ thuét RAPD PCR thuong dudge Gng dung trong phén
tich quan hé ho hang, xay duyng cay phén loéu '

c) PCR tgo dot bté’n dinh hudng

Duge ap dung dé xiy dyng phén tit ADN tai t6 hdp, dua vao, hoic
bé di, hodc thay the cic nucleotide trong mdt doan ADN. Cac
nucleotide cAn gay dot bién’ dutdc thigt k& ném trong trinh ty clia moi.

K¢ thuat nay phéi hgp san phim cha céc phan ing PCR véi nhau nhu
mb ta cu thé trong Hinh 5.21.
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'5.43, MOT S6 UNG DUNG CUA SINH HOC PHAN TU
5.13.1. San xuat vaccine tai td hop
Vaccine duge dua vao cd thé nhim muc dich 1am ting khé ning

dap dng miédn dich, dic biét v cac tac nhan gy bénh vi' sinh vat.
Nhiing vaccine kinh dién duge sin xudt dya trén vi Xhuén, virus da bi
chét hodc ddc luc claa chiing bi suy giam dé khong gay bénh. Tuy
nhién, nhiing vaccine kinh dién nay van c6 mot ty 1§ nho tae hai kKhong
mong mudn cho ngudi sit dung. Vi vy, vaccine thé h¢ mdi sit dung
cong nghé ADN tai t§ hgp 42 thu nhan vaccine ¢6 hoat tinh dac hiéu
cao va dam bao an toan. Cong nghé ADN tai t8 hop st dung vho san
<uit vaccine gém nhiing budc cd ban nhu sau: '

_. Dua gen ma cho khang nguyén cha vi Xhudn hofic virus gay
bénh vao vector biéu hién c6 promoter manh; rdi dua vector vao té bao -
nhan. T& bao nhén ¢6 thé 12 prokaryot ho#c t& bao dong vat nudi cay.
Thu nhan va tinh sach khang nguyén ti nhiing t€ bao nay dé san xuit
vaccine. : ' :

— Gay dot bién, hodc loai bd cac gen quy dinh ddc tinh cia chang
vi khuén hogic virus giy bénh. Nhd d6 nhing chiing dot bién khong -
cdn nguy hiém nhung vin c6 kha ning tao khéng nguyén dic higu cao.
- Chiang duge st dung dé sén xudt vaccine. :

5.13.2. San xuit cac hgp chat ¢é hoat tinh sinh hec phuc vu va
" nang cao chit lugng cudc séng o

_ 83n xusit khang sinh: Ngudn khéng sinh trong tu nhién chi yéu
duge tim thiy &.vi sinh vat. Qué trinh chon loc moi trudng nudi ciy
ciing nhu sang lgc chc ching vi sinh vat cho khang sinh d¥c hiéu va cé
" n#ng suat cao rt tén cong sc va chi phi. K§ thuat tach dong ADN cho
phép tao ra todn b che dong gbm nhiing gen tham gia vao qué trinh
t8ng hop khang sinh. Nho vy, chiing ta kiém soat va didu chinh mot
céch cha ddng todn bd quy trinh san xuit khang sinh & quy md cong '
nghiép. ' B ' .

_ San xuét hoocmon: Mgt s§ bénh di truyén gay ra do dot bién g
gen ma cho hoocmon gay thiéu hut hoocmon. Ky thuét gen da . phan
lap ADNc cha nhiing gen mé cho cac hoocmon d6 va dua ching vao
vector ¢6 promoter manh. Vector tai t8 hgp duge bién nap vao t& bao
nhan; tit d6 cac protein tudng ing dudge tach chiét va tinh sach.
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'~ 8an _xué’t_'khéng thé don déng: Khang thé don dong c6 rat
‘nhiéu ng dung trong chin doén va didu tri bénh, dgc biét 1a didu tri
ung thu. Chéng ta c6 thé phan biét t& bao ung thu véi t& bao lanh
nhd khang nguyén trén bé mit t€ bao ung thu. Khang thé don dong
dac hidu vdi khang nguyén duge san xust nhd kj nghé ADN tai t8
~ hgp. Khang thé nay duge ghép ndi véi déc t8, hode véi déng vi phéng
* xa rdi duge dua vao cd thé. Nhd khang thé chi lign két dic hidu véi

: khang nguyén trén bé mit t& bao ung thu nén chi nhiing t& bao nay
' b1 tiéu digt.

5. 13 3. Chan doan mam bénh

~ Chén doan bénh truyén nhidm: Cac ky thuit kinh dién trong
chén doan bénh do vi sinh vat giy ra ch y&u dya vio nudi ciy t&€ bao
hay xét nghi@m sinh hoa. Diéu niy ddi héi thoi gian thao tac va mat 4o
- vi sinh vat trong mau bgnh phdm phii dat dén mat s lugng. nhit

dinh. Hién nay, ky thuat PCR, k¥ thuat lai ADN duge ap dung dé xét
nghiém nhanh, chinh xéc sg ¢6 mét cla vi sinh vat gdy bénh. Cé thé
néi, ky thuat PCR 1a xét nghiém khéng thé thidu khi cdn chén doan
céc bénh truyén nhiém & cac phong xét nghiém hién dai. Didu cdn luu
¥, do d8 nhay ctia PCR rit cao nén cac thao tac thuc hién phai ddm bao
khéng bi nhiém nguén gen la véi mau bénh phim.

— Chén doan céc ddt bidn gen va tu vin trude sinh: Cac bénh di
truyén giy ra do dét bién gen hAu hét 14 dot bién lan va thudng dé lai
hau qua rit ning né cho gia dinh va x& héi. Mot s6 bénh di truyén do
thig€u hut hoocmon hay enzym chuyen hoé ¢o thé khic phuc duge néu
nhu du?o'c chéin doAn sém. Ngoai ra, mot sb bénh di truyén chua cé bién
phéap khéc phué glam thiéu héu qua. Vi vy, chdn doan d6t bién gen &
giai doan thai nhi sém rét ¢é ¥ nghia trong tu vAn di truyén trude sinh
d61 vdi céc gia dinh ¢é tlen st bénh.

2.13.4. LIEU PHAP GEN

Liéu phap gen duge hidu. la thay the gen hdng (gay bénh) bing
"gen lanh. Liéu phap gen c6 thé thuc hién ¢ hai mic dd: thue hién véi t&
bao soma (t& bao sinh dudng) hoic trén t& bao sinh duyec.
~ Liéu phéap gen thuc hién vdi t€ bdo soma ngudi dugc thyc hién 14n
d&u tién vao ndm 1990. Mot bé g4j 4 tudi méc bénh khong c6 kha nang
dap ing mién dich do dét bién gen ma cho enzym adenosine déaminase
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v i

{(AD'A);'.;Iin_'-khbng ¢6-enzym nay, t8 bao lympho T bi chét do cs chéft
“tich tu. T& bao bach cAu ciia bé gai dude nudi ciy va nhan gen lanh mé

cho enzym. Sau d6 nhitng t& bao chuyén gen dudc truyén cho bé gai.-
* Em bé gi nay da nhén dong t& bao ctia chinh minh, nhiing t& bio ¢6
kha ning téng hop enzym ADA. Nh d6 kha niing dép {ng mién dich
cfia bé gai trd nén binh thuong. .

Tiép sau d6, nhiéu bgnh nhan ciia can bénh nay ciing Guge diéu
tri bing lidu phap gen. Do thdi gian s6ng cha t& bao bach cau ngin nén
banh nhén phai duge truyén t& bao lién tue. D& khic phuc nhuge diém
ndy, t& bio mim tuy xuong duge 14y ra tit bénh nhén va dude chuyén
gen ADA. Sau d6 nhing t& bao mAm da nhan gen duge dua trd lai
bénh nhan. Day 1a nhiing t& bao c6 kha nang san sinh ra cac t& bdo
bach cdu méi. Liéu phap gen véi t& bao mAm 43 dudc ap dung thanh
céng trong diéu tri cho 2 bénh nhi vao nam 1993. '

5.13.5. Chuyén gen tao cac ddng, thyc véat cé nding suat chat
lvong cao '

_ Déng vat chuyén gen: Chudt chuyén gen 1a ddng vat md hinh su
dung trong nghién cdu phuc va y hoc nhu tac dung cha thude, mién
dich, cdy ghép tang, tim hiéu co ché gy bénh, cac higu phap gen...
Ngoai ra, mét s6 dong vat nhu bo, cliu, Cé...- chuyén gen thé hién
nhiing tinh trang mong mudn nhu ch&t lugng thit va siia tét, san
lugng 18ng ting cao, ting trudng nhanh. - :

w

— Thyc vat chuyén gen: Thyc vat chuyén gen thé hién nhiing tinh
trang mong mudn nhu ¢6 ning sudt cao, c6 tinh chéng chiu siu bénh
‘hay diéu kién mdi trudng (han, min...) khéc nghiét. Nhitng gen quy
dinh céc tinh trang nay dugc phan lap ti vi sinh vat hay thuc vat khac
1oai va duge dua vio 6 bao thuc vat chl yéu théng qua Agrobacterium
tumerfaciens. Vi du, cac gen cry quy dinh tinh khéng con trung sdu
bénh phan lap ti vi khuén Bacillus thuringiensis dugc chuyén vao
nhiéu loai thye vat nhu bdng, thudc 14, khoai tdy.... tao nén céc gidng
c6 tinh chdng chiu sdu bgnh. , '

Hoat déng khong mong mudn cla mot s8 gen & mdt s6 thoi diém
sinh trudng c6 thé bi dc ché nhd ky thuat chuyén gen dé phién ma tao
cac soi antisense-RNA. Ap dung chuyén gen bing k¥ thuit nay lan
dAu tién vao nam 1994 da tao ra nhilng gidng ca chua qua cing, chin
chAm rat thusn tién cho thu hoach va vén chuyén. Enzym
polygalacturonase ¢6 hoat tinh lam dit gy mang t& bao lam ca chua

176



mém v chin. Gen mé cho enzym nay dutdc chuyén vao t& bao ca chua

theo chidu nguge lai. Do d6, cic phan tit ARN d&i nghia (antisense
" RNA) dude phién mi tif gen chuyén va sé tao phén tu kép vdi ARNm
ngin can ARNm duge dich mé.

5.13.6. Chon loc uu thé lai

Céc gidng cay trong, vat nudi co tmh trang quy (nhung phai quan
sat duge) thudng do cée phép lai di truyén kinh didn doi hdi rat nhiéu
thoi gian va cdng stc sang loc. Ngay nay, céc chi thi phén ti, vi du,
. RFLP, ADN wi vé tinh (m1crosate1ht.e DNA), duge st dung dé chon loc
nhing tinh trang mong mudn (uu thé lai). Sy khéng phén ly doc lap
' cia mdt tinh trang v chi thi phén t di truyén cho phép sit dung chi’

thi d6 dé sang loc céc cé thé c6 wu thé lai. Uu diém cia céch chon nay
1a tinh trang khéng nhét thigt phai thé hién ra bén ngoai.
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GIAI NGHIA THUAT NGU CHUYEN DUNG

‘e activator: protein hoat hod. Protein tudng tac véi ADN lam
ting tdc db khdi dong phién ma § promoter.

e allen: mdt trong nhidu dang ctia gen phén bg trén nhidm sac -

thé tuong déng. Mot gen ¢b 2 ho#e nhifu allen (da allen).

« allosteric transition: sy thay d61 clu tric biac 3 hoac bac 4 cia
protein do tdong tdc vél phin tu khoi luong nhd. Tudng tac nay lam
thay d8i hoat tinh cta protein.

e ' alpha (o) helix: ciu trdc béc 2 ela phén ti protein tao nén do
mot doan peptide Cuon x04n nhd lién két gida nhém carboxyl va amin.

. anneahng gin méi. Tuong tac ctia. doan oligonucleotide v
khuén ADN hodc ARN.

. antlbody khar’lg the La phan tu: protein tudng tac vl khang
nguyén tai mét vi tri déc hiéu va kich thich co thé loai bd khang
nguyén d6 bang cac 6 ¢hé& khac nhau.

e anticodon: d&i ma. La trinh tu 3 acid nucleic trén phén ta ARNt
tao ciip b6 sung véi mot ma di truyén bd ba trén phan td ARNm. Lién
két bd sung cho phép acid amin do ARNt van chuyen duge gin vao
chudi peptide dang duge tdng hgp.

_ ¢ antigen: khang nguyén. Bit ci phan ti nao kh1 xAm nhip vao
co thé c6 kha nang kich thich-su tao ra khang thé va tudng téac dic
hidu véi khang thé dudge goi la khang nguyén.

e antisense ARN: phin tt ARN déi nghia. Phﬁﬁ ti nay co trinh -
tu bd sung véi trinh ty ARN khée, thutdng 1a ARNm dé han ch@ sy tao
ra ARN dé hosc ngén can qua trinh dich ma trén ARNm.

. autonomously replicating sequence (ARS): tAm tai ban (6 nfm
men). Trinh ty ADN trén nhiém séo the dam bao kha nang tai ban cho
nhiém sic the dé.

178




e bacterlal artlﬁcnl chromosome {BAC); vector tach dong c6 kha
nang nhém doan ADN kich thuoc 16n, dugc thiét k& dda vio plasmid F
ctia 'vi khuén E.coli. :

" . bacteriophage (phage) virus ¢d kha nang xAm nhip vao té& bao
- vi kKhudn. :

_ . basal promoter tAm promoter. V1 tri nam trong promoter
“eukaryot. tal d6 phiic khdi ddéng phién ma bAt dAu hinh thanh.

s base excition repair: sua chlia loal base. Co ché stia chila ADN
) trong do base sai hong loai bé va thay the mdl

o base pair: cip base. Hai nucleotide bé sung véi nhau boi lén
két cAdu hydrogen. Khi duge vidt t’lt “bp” ¢6 nghia 1a don vi chiéu dat
. ngin nhat cia phan td ADN kép.

e blund end: ddu bing. D4u tan cing cha sgi kep ADN ket thic
_bang hai nucleotide lién k&t bd sung vdi nhau.

o cDNA (complementary DNA): phan tt1 ADN bé sung duge phién
ma tit ARNm bing enzym phién mé ngude. ¢DNA khéng chita intron,

~chi gdm exon so v ADN (gen} o Lrong hé gen (genome).

¢ centromere: tdm dong. La doan nhidm séc thé tai dé hai nhidm
sde ti dinh vao nhau trong phin bao nguyén nhiém. TaAm dong 1a vi tri
dé phite protem kinetochore bam vao va tuong tac véi cac sgi thoi v& -
sic kéo nhidm sac thé vé cac cye.

. chaperone tén gol protem ¢6 kha nang hodc ngan can sy cudn
glp sal cua protein dich hoic tao thuan 1gi cho protem dich gép cudn
chinh xac. '

. chape.ronin' phic protein trg gidp viéc gap khic tao ciu tric
khdng gian.caa nhing protein khac.
. » checkpoint: vi tri (diém} trong chu trinh t& bao tal do sy chuyen :

gida 2 phase duge quyét dinh phu thuje vao su dap Ung déy du céc
dléu kién cén c6 cho phase tiép theo.

e ‘chromatin: nhiém séc chit, bao gom ADN, histone va protem
nohistone phén bé trong nhan te bao cukaryot. Trong giai doan phan
bao & metaphase, chat nhidm séc co dic thanh nhwm séc thé.

. chromatm remodeling:. dlcu bién chat- nhiém séc. Qua trinh
1Am thay dé8i edu tric va vi tri cia 'nucleosome trén sch nhidm séc.

e cis-acting: tac dong ndi sinh. Thuong dung dé chi doan ADN -
kiém soat hoat ddng cua gen nim trén cing mdt nhidém sic thé. O
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t& blo prokaryot, y&u t& tac dong ndl sinh thudng ndm gin gen bi
kiém soat. Tuy nhién, & t&€ bao eukaryot, cis-acting ¢6 thé phan bé rat

- Xa gen.

* clone: thuang dé? chi mét nhém t& béo chiita cing mét loai phin
tt ADN tai t8 hgp.

¢ cloning vector: phin it ADN ¢6 kha ning mang doan ADN la
va kha nang tai ban trong t& bao nhan phan ti 4o,

* competent: thugng ding cho céc t& bao vi khuan c6 kha ning
nhén phan td ADN la,

¢ consensus sequence: trinh ty bao thi. Doan ADN c¢6 trinh tu

tuong dong cao nhung khong gidng nhau hodn toan va quy dinh mot
chiic néng dic biét. :

¢ constitutive héterochromatin: dj nhlem séc thé bén. Vang nhidm
shc thé c6 cau trie co dac ben viing.

. const1tut1ve gene: gen ludn ludn & trang thai hoat déng trong
moi loai t& bao chia cd thé.

¢ contig: tAp hgp ctia nhiing doan ADN niam gdi lén nhau.
'» cotransformation: déng bién nap. ‘Hai hay nhiéu gen ciing nim
" trén mét phan ti ADN duge bi&n nap vio t& bao vi khuin.

s crossing over: trao d8i chéo. Qua trinh trao d8i vat chat di

truyen gitia hai nhidm sie thé xay ra do ddt gay, trao ddi va néi 1a1 vdi
nhau.

* CpG island: ddo CpG. Doan ADN giau CG nim trude gen
eukaryot. Hiu hét cac gen hoat dcmg déu c6 dao CpG khéng bi methyl
hoa & cytosine. - : - -

' » degenerate: thoéi hoa Thufdng dung dé ch1 trinh ty nucleotide
ma cho céc acid amin khi nhiing acid amin néy dudc mé bdi hai (hodc
nhiéu hon) ma bo ba. . -

o delayed-onset mutatlon dot bisn cham Nhﬁng dét bién nay ¢hi
c6 Anh hudng & giai doan mudn trong thai gian sdng clha cd thé.

¢ de nove methylation: thém cac gdc methyl vao cytosine ma
trude dé khdng bi methyl hoa.

e DNA fingerprint: cic bang lai nhan duge ti phép lai ADN
southern blotting gitta hé gen clia dél tu‘dng sinh vat véi ddu do dac
hiéu.

» DNA photolyase: enzym phat hign duge & vi khudn va thuc vat
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Tels) kha ning su dung ning lugng anh sang trong phan ing sla chiia
ADN. .

» DNA shufﬂing ky thuat phat trién dya trén phan dng PCR 48
tao nén nhiing phén tit ADN t4i t8 hop c6 chiic nang sinh hoc hoan
thién hon. Vi dy, tao nén gen mé cho protein ¢6 phd hoat dong réng
_ hd_n va ¢6 hoat tinh cao hon enzym ton tai trong ty nhién.

* domain shuffhng k¥ thuat tao gen mdi. Ky thuat nay sép x&p -
nd cic doan ADN cta mét hodic nhidu gen vii nhau; méi doan mang ma
di truyén clia mot viing chlie ning clia mot hodc cac protein khac nhau.

» dot-blot hybridization: ky thuat lai giita ddu do ADN hosic ARN
véi ADN hoac ARN § nhiing néng do da biét ¢8 dinh trén mang.

' » endocytosis: nhap ndi bio. Qua trinh thu nhéan vat chit ti bén
ngoai t& bao nhd nhitng tai cb nguén gée tit mang t& bao.

* endogenous retrovirus (ERV): hé gen cua retrovirus d dang

| hoat dong hodc khong hoat dﬁng ghép xen trong nhiém sic thé cua t&
baochi, .

. enhancer: doan ting cudng, lé.m nhiém vu kiém soat hoat ddng

cla gen va c6 thé phan b& cach xa gen Doan nay rit hiém & hé gen
prokaryot.

® episome: plasmid ¢6 kh ning chén ghép vao nhidm sic thé ctia
t& bao nhan.

* epitope: quyét dinh khing nguyén. La phan dic biét thude
phén tl khang nguyén tudng tac v6i khang thé.

» euchromatin: chat nhiém séc. La nhiing doan it co d#c cia chat

nhiém sic trong giai doan gian ky. Chét nhiém séc chita hdu hét cac
gen & trang thai phién ma.

e exocytosis: xua’t ‘ngoai bio. Qua trinh tiét xuat cac chat ra ben
ngoal t& bdo nhd cée tdi 116t dung hgp v8i mang té bao.

_ . exon la nhﬁng phén clia mot gen c6 mit trong phéan ti ARN
' hoan chinh. Nhﬁng phﬁn tid ARN do t.on tai trong t€ bao chét, bao gdm
ARNm, ARNr va ARNI; e

K expressed sequence tag (EST) trmh tu xuét phét ti cADN dugdgc
dung dé x4c dinh nhanh cac. gen trong hé gen. '

s expression clomng k§ thuﬁt ADN t4i t& hdp duge st dung dé
phén lap cADN hoic doan ADN cla hé gen (genome) dUa vao cac dic
tinh chifc ning clia protein du’dc ma bch cADN hoiic doan ADN d6 ma
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khoéng cAri phéi tink sach protein nay. Ky thuat ADN t4i t3 hgp tao ra -
s8 lugng lén protein nhd tach dong cADN hay gen tudng ing, voi
protein d6. .

s expression vector: nhiing plasmid hoac genome virus chuyén

chd gen hoiic ¢eADN vao € bao nhan thich hdp. Protein do ¢cADN hoac
gen ma cho dude tdng hop trong L& biio nhan.

o facultative heterochromatin: vung di nhlcm sfic khéng bén. Cau
tric di nhiém séc thudng xudt hién ¢ mat s6 gen khdéng hoat dong
trong mdL s6 t& bao hoaic & mdt s6 thii didm clia chu trinh t& bao.

s fluorescent in situ hybridization (F1SH): ky Lhuat lai huynh-

quang gitta cac dau (marker) gAn huynh quang va nhiém sic thé dé
x4c dinh vi tri cia chi thi trén nhiém siic thé.

+ footprinting: d&u van tay. Ky thujt xac ‘dinh trinh tu ADN hoiic
ARN tuong tac véi protein. Phan i acid nucleic dd danh dau (bang
phong xa hoéc bang chat phat huynh quang) bi cit vai nuclease khi
thidu hoic khi ¢6 mat clia protein, Khi ¢6 mat protein, doan nucleotide
tudng tac véi protein duge bao vé nén khong bi cat bdl nuclease. So
sanh sy xufit hién cdc bang cdt trong hai trudng h(jp, cho ph(,p XAC
dinh duge trinh ty -n_ucleot-lde tuong tac véi protein.

* frameshifting: chuyén khung doc. Sy di chuyén c6 kiém soat
~cua ribosome tu mdL khung doc nay s'mg khung doc khéc ¢ vi iri phin
" bé trong gen.

. ['us10n protcin protein dung hdp' Protein tao nén do sy dung
hgp caa hai polypeptide, hodc hai hay nhleu phén cua cic chu01
polvppetlde duoc ma bdi cde gen kha¢ nhau.

s. gel retardatlon analysis: k¥ thuat XAc dmh vi tri tu(mg tac cua

protein véi ADN dua vao d6 di dong cua ADN va. phl.ic ADN-protein
trén gel dién di.

e gene: don vi mang thong Lin dl truyén. 3 mie do ph'm tl, gen la
doan ADN bao gdm'ca exen, intron va doan nucleotide Iam nhiém vy
kiém soat phién ma, cAn thiét dé tao ra san 'phﬁm_cht’l‘c nang cho hoat
dong sdng cta t& bio. Vi viy, gen mi cho protein va cac phéan tit ARN.

) éene control: cac cd ché kiém soat hoat dong cua gen, bao gobm
gial doan phién ma, sau phién ma, dich ma va sau dich ma.

» gene convesion: chuyvén hoan gen. Hién tugng cdc allen cua mt
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; ge_r'i chuyén hodn ch'o.__ nhau trong qué trinh trao ' déi.chéo. &'?hﬁn"bé.o.
_gidm nhidm. ' - IR
 “gene expression: biéu hién cia gen. Qué trinh (;h.{lyén déi thong -
‘tin di truyén tit gen thanh tinh trang. s ¥ a

. genes-within-genes: gen trong gen. Khai niém dung dé chi hién

£UQng gen thd hai ndm trong intron caa gen thit nhat.
e genetic code: ma bo ba nucleo;aidq trén ADN, hoac ARN ma cho
mét acid amin ctia phan tit protein. - o
» genome: hé gen. Tf‘;‘hg 6 thang tin di truyén (ADN hodc ARN)
¢6 mat trong t& bao hofc cd thé, ' :

* genomic DNA: hff;gen & dudi dang ADN.

« ‘genotype: kiéu gen. Khai niém dung cho alen caa mit gen hodic
rong hon 13 toan bd cic k&t cAu di truyén cia mdt t€ bao hoc mdt ca
thé. |

e growth factor: phan t& polypeptide (tdn tai o bén ngoai L& bio)
tugng tac véi thy thé trén bé mat té biao gay ra chudi phan ung truyén
tin hidu vao bén trong t& bao, dan dén sy tang sinh, biét hoa t& bao.

e guide RNA: doan ARN ngin tham gia doc sta ARNm barng vide
xéc dinh vi tri trén ARNm, tai d6 mot, hodc vai nucleotide duge thém
vao lam thay d6i trat ty ma di truyén trén ARNm so vol ma trén ADN,

o hetechromatin: viing nhidm séc the, tai d6 nhiém sic thé co dac
va cac gen thudng ¢ trang thai khéng hoat dong trong gial doan gian ky.

e heteroduplex: sgi kép ADN c6 chita ¢ac nucleotide khong tao
cip bo sung véi nhau. ' : '

« heterokaryon: t& bao cé tit-hai nhén trd 1én, tao ra do dung hgp
¢tia hai hay nhidu t& bao khéc nhau. _

e heterozygous: di hop td. T& bao ludng bdi hodc co thé c6 hai
allen khic nhau cua mét gen. ' : '

« homology: su tuong déng vé trinh tu nucleotide, hoiic acid dmin,
~ hofic cAu tric cuia mgt bd phéan biéu hién cung chung ngudn gbc ban
- dau, CAn hau ¥, analogy cang phan anh sy tuong déng vé cdu truc hodc

chite ning nhung khéng cé'st_i }ién quan trong ti€n hoa. .

e homozygous: dong hop tu. T& bao ludng bdi hode cd thé co hai.

alleri ctia mot gen giong hét nhau. . :

« hybridization: su két hop caa 2 s¢i don nucleic bd sung vii nhau
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dé tao ra phén tit kép. Sy két hgp d6 cb thé x3y ra giita 2 sgi don ADN,
giiia Sdl don ADN va ARN hoic gita 2 sgi ARN.
e« intron: nhitng phén cia s¢i ARN ddu tién vita duge phlen ma tut

 ADN sé bj logi bd trong qui trinh bign déi phan t4 ARN d6 thanh
| phﬁn tu ¢6 chitc ndng sinh hee.

e intein; doan ngén trén sgi polypeptide bi cét di sau khi dich mé
két thic. Day 14 mét cach thitc bién déi sau dich ma dé c¢6 duge phéan
tit protein cé hoat tinh.

e isoform: nhiing protein c6 hoat tinh gidng nhau mdic di chung
c6 su khac nhau vé trat ty acid amin.

e karyotype: s& lugng, kich thude, hinh dang clia todn bd céc
nhidm séc thé trong t&€ bao nhan thye § giai doan metaphase.

e kilobase pair: 1000 c#ip base (1000bp).

« kinetochore: c&u tréc protein phén bd tai tdm dong, tai d6 sgi
thoi v6 sic bam vao d8 kéo nhidm sée tl vé cac cyc. Kinetochore déng
vai trd rét quan trong trong viée di chuyén nhifm sée thé vé hai cuc
trong anaphase. ' '

e knockout gene: kj thuat giy bdt hoat gen mot cach chon lge
bing cach thay thé€ gen d6t bién cho gen binh thudng cda co thé.

e label: k¥ thuit danh dfu mét phan ti béng chit phit quang
hoac biing déng vi phong xa. Nhd d6 ¢6 thé x4c dinh vi tri, hogc dé tinh
~sach.phan ti, hodc d8 theo ddi qua trinh di chuyén cha né trong chudi
_cac phan 1ing hoé hoc. '

‘s LINE: trinh tu nucleotide lap lai phan b& rai rac trong hé gen,
thudng cé hoat tinh transposase. _ '

e linker DNA: ADN nﬁm giiia hal nucleosome, tugng thc véi
histone H,: : . \

. locus Vi tri ctia gen trén nhlem sic.thé. M01 allen cta mdt gen
déu phén b& tai mdt locus. . '

s LTR element: doan ADN lép 1@1 tan cung bdl hai trinh tu 13p lai
dai (long terminal repeats).

+ maintenance methylatlon methyl hoé bio toan. Duy tri ghc

methyl trén sgi ADN vira duqlc tai ban dlIa vao goc methy] san cé trén
s¢i khudn,

» MAP kinase: enzym c6 hoat tmh chuyen gbc phosphat tir phéan
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_ tid ATP vao co chat (hoat tinh kinase) trong chudi phan fing t& bao tra
16i kich thich d6i véi cic y&u t& kich thich sinh trudng,

* mapping: xac¢ dinh vi tri nhén bift chia céc enzym giéi han
(restriction map), hodic xac dinh trat tu sap x€p clia cac gen (genetic

mapping), hodc vi tri chinh x4c cia cdc gen (physical mapping) trén
- nhidm sdc thé.

¢ microsatellite DNA: ADN vi vé tinh. Trinh ty gdm 1-4 nucleotide
13p lai lién tuc trén nhiém sic thé. ADN vi vé tinh con duge goi la
trinh ty don gian 14p lai lién tuc (STR-simple tandem repeats).

¢ minisatellite DNA: ADN tiéy ve tinh. Trinh ty gém vai chue
nucleotide lap lai lién tue trén nhidm sic thé. Loai ADN nay cén duge

goi 1a trinh ty thay d6i va lap lai lién tyc (VNTR-variable number of
tandem repeats).

* mitosis-promoting factor (MPF): yéu t& khdi dong phian bao.
MPF la protein di ludng cuc gom eyclin va kinase phu thude cyclin
(Cdk), thuc day st co ddc nhiém séic thé, pha vo mang nhén, bit t& bao
budc vao phan chia. Mitosis- -promoting factor con duge goi la
maturatlon -promoting factor (yéu t& khdi déng chin).

. moblle DNA element: doan ADN khong ch mot vi tri ¢ dinh
trén nhiém sic thé trong t& bao cha moi c4 thé trong mot loai.

* monoclonal antibody: khang thé don dong dude tao ra tir cac t&
bao xudt phat tit mot t& bao B ban diu, Khang thé don dong cé tinh
dﬁc hiéu v6i chi mét k,hang nguyén.

s motif: thuang dung dé chi clu tric’ khﬁng gian cuc bd cha
protein ma c&u tric d6 lién quan dén mét chic néng:

s multigene famlly nhém céc gen, ndm canh nhau hodc phén b&
rdi rac trén nhidm sdc thé, c6 trmh tud nucleotlde tuong ty véi nhau.

. mutagen téc nhén (hoa hoe;c 1y) gay dot bién.

. nonhomologous end-joining (NHEJ) ed ché stia chuta phan ti
ADN khi ca hai s¢i don déu bi ddt gay t6n thuong.

e northern blottmg ky thuit xac dinh phan tit ARN dac hiéu tiy
cac ARN khac bang viée lai. dau dé danh dfu (labeled probe) véi cac
ARN.

¢ nucleolus:” hach nhan. C#u truc nim. trong nhin t& bao
eukaryot tai d6 ARNr duge phidn ma va bién ddi dé ké't hgp véi protein
tao ra tidu phin nbosome
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e nucleosome: ciu tric gdm 146bp ADN quin quanh 15i protein
histone, tao nén ciu hinh khéng gian cta s¢i nhiém sic.

e oligonucleotide-directed mutagenesis: d6t bién dinh vi. Xy
 thuét gdy dot bién gen bing viée thay th€ mot (mdt s8) nucleotide clia
. gen bang nhiing nucleotide theo ¥ mudn. thong qua s dung oligo téng
hgp nhan tao ¢6 chlia sfin c4c nucleotide mong muén nay.

e operator: diém kiém soat tidu cuc cla gen vi khufn hode virus.
Piém nay thudng 1a trinh tu ngén cz‘ic_nucleotidc phan bé ngay trudc
viing ma di truyén cia mét gen, Day 14 vi Lri tudng tac vdi protein tc
* ch® ngin can khoi diu phién mé cha gen.

e. operon: Lap hop cAc gen nam canh nhau duge kiém soat bdi mot
promoter, do dd operon duge phién mid tao nén mdt phin tu
polycistronic ARNm. Ciu LI'UL operon chi gip d vi khuan.

» origin of replication: vi tri trén trinh ty ADN ta1 do qué trinh
tai ban ADN duge bit dau khai dgng

e polymerase chain reaction (PCR): phan tdng trang hgp nhén
ban ADN. Ky thuat cho phép nhén ban dic hidu mdt doan ADN trong
56 tap hop rat nhiéu doan khéc nhau.

» phage (thuc khudn thé phage): virus xAm nhiém vi khuan vacod
thé gay chét té bao vi khudn.

* phage display: k¥ thuat cho phcp xéace dinh cac protein ¢6 kha
. nang tudng tac véi nhau.

¢ -phenotype: kiéu hinh (tinh trang). Cac-dic tinh ¢6 thé quan sat
dude cua t&bao hodc cd thé tudng dng véi mét kiéu gen.

. pheromo'ne tin hidéu truyén tin. LA nhing phén ti kich thudc
nhé phat di tit mdt ca thé lam thay doi tap tinh, hO'iC hoat ddng cla
gen & ca thé khic cang lodi.

_ s pinocytosis: nhap til bao. Hién tugng cAc tail trong t&€ bao chét
thu nhan khéng dac hidu cac giot 1ong tit bén ngoai té bao vao. '

» plaque assay: k§ thuat cho phép xac dinh s§Tugng céc thé virus
xam nhidm trong méu vt bing viéc nudi cdy cic nong dd pha loing
clla mAu vat trén bé mat t& bao chli cha virus va tinh d&m céac vt tan
do virus giy ra.

. plasmld phéan tu ADN kich thude nho dang vong nam ngoai
nhiém sic thé, ¢6 kha nang tu tai ba_n trong t& bao. Plasmid thudng
dung lam vector tach dong trong k¥ thuat ADN tai t8 hop.
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. pomt mutamon .ddt bién chem Thay the hoéc thém, bot mﬁt :

: _nucleotlde lam thay déi hoat ddng cha gen ¢ mie dd phién ma (neu dot

_ blen 3 vung dléu khién ctia gen), hoac lam xuét hién mé dung téng hdp
(stop codon) hoac lam thay déi khung doc ma (ORF) n&u dot bién nam

"o ving mang ma di Lru)m cua gen, '

. polyaden_\fldtlon thém dudi polyA vao ddu 3’ cua phan tut
ARNm cukaryot.

o polyadenylation editing: thém dudi polyA tao nén ma ding téng
* hop protein trén phan td ARNm trong Ly thé dng vat. Day duge xem
1a co ch& doc sita ARNm bang viéc thém dudi polw\ viio ddu 3’ cua
phin tu ARNm k6t thice 14 U hodic UA.

» positional cloning: xac dinh vi trf va phin lap gen dot bién dlh
vao liétn keL di truyén va cac chi thi AD\T phin LA,

e pre-ARNm: ban phién ma ARNm sd cap Phién ban duac bién
 déi thanh ARNm dang 1am khudn dé dich ma.
e primary transeript: ban phién mé sd cAp. Ban phién ma nay

con trai qua qua trinh bién 481 dé b (hu'L ning hoat Linh_sinh hoc déc
trung cho ting loal phén ta ARN. s

s primer. mdi. Doan nucleotide ngan (hli’l nhom O (i do & déu
tan cang &, co trinh o b6 sung véi sgi khudn don vi 14 noi bit dau dé

tong hop 3¢i mér.
. prlmoa,ome phUc protein tham gia tai ban ADN.

. p10b0' dau do. Doan ADN hoitc ARN gin dong vi phéng xa hoic
chat phat qurmgj dung 48 phat hign trinh ty nucleotide tuong ddng véi
doan d6. Dau do thm}ng dung trong cac phép lai acid nucleic.

» promoter: diém khdi dau phién ma.

e proofrendimng chinh sta. Khai niém nay hay dung trong tai ban
ADN dé chi hoat tinh exonuclease 3'— 5’ cia ADN polymerase loai bd

cac nucleotide khéing tao cap véi khuon nhling bi gin nham vao soi
dang tong hop. )

e prophage: chi tr fmg thai tiém tan clia genome thuc khuén thé khi
genome nay ghép vao nhiém séc thé: te bao chii 4 trang thai tiém tan.

e proteome: tap hgp tat ca che protem cb mat trong t& bao,

. pseudogcnc: gen gia. Mot gen khéng c6 chiic néng sinh hoc.
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. readmg frame: khung doc. Trinh tu nucleotide gdm bdi 86 cta 3
hucleotide (ma bd ba) trén phan t ARNm, tinh tit vi tri bat ddu dlch
mi (start codon) d&n vi tri diing téng hgp protein (start codon). Mot s6
phén tit ARNm cd thé tng v6i 2 khung doc khac nhau.

e receptor: thu thé. Bat cii phan td protein ndo tudng tac dac.
hiéu v kich thé (ligand) ¢ bén ngoal te bao va khdi dong chudi phan
{ing bén trong t& bao tra 151 kich thé. -

. » recombinant DNA: ADN tai t8 hdp Phan td ADN dugc tao ra
do st ghép ndi caa cac doan ADN c6 ngudn goc khéac nhau. K¥ thuat
tao phan tid ADN tai t6 hgp thudng dua vao viéc cht ADN c6 nguén gbc
khéc nhau bang enzym gidi han va n6i chiing béng enzym ligase.

e recombination: téai t§ hgp. Qua trinh trao d8i cac doan

nucleotide giita hai phan tit ADN, hoac nhidm séc thé tao ra mit t8
hgp méi.

e repetitive DNA: trinh tu ADN 1é.p lai nhléu hon hai 14n trong
bt gen hodc trong hé gen (genome)

e replicon: viing ADN duge sao chép tit mdt tam sao chép.

+ restriction enzyme enzym gidi han. Chung nhén bidt trinh tu
nucleotide dic hidu va cit phan tii ADN s¢i kép thirnh cac doan.

¢ restriction fragment length polymorphism (RFLP): da dang cac
doan ADN duge cit boi enzym gidi han do sy da dang vé vi tri nhén
‘biét ctia enzym.

¢ retrotransposon: doan ADN c6 kha nang di chuyén trong genome
théng qua dang trung gian 1a ARN nhd qua trinh ph1en mé ngugc.

o retrovirus: virus xdm nhidm t& bao eukaryot c6 genome la _
ARN. TAi ban genome cua retrovirus tral qua buéc phién mi nguge tao
ADN. ADN nay dudc ghép vao nh1em séc thé t& bao chh. Tai ¢6, ADN
duge phlen ma tao ARN genome vad ARNm dé dich ma téng hop
protem cua virus.:

* reverse transcrlptase enzym phlen méi nguge cod hoat tinh téng
hop sgi kép ADN tit sdi don ARN.

« Rho- dependent t:ermmator vi tri két thiie phlen méa trén ARNm d
prokaryot, tai d6 sy k&t thic phu thude vao "protein Rho.

e RNA-depedent RNA polymerase: enzym phién ma téng hap s¢i
ARN trén khuén ARN. '
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o RNA editing: doc slta ARN. Trinh tu nucleotide trén phan tit
ARNm bi thay d6i.

« RNA splicing: cét intron, néi exon. -

e satellite DNA: ADN vé tinh. Nhiing trinh tu nucleotide 14p a1
tao thanh céc bang vé tinh trong ly tAm theo gradient.

-

o secretory vesicle: tii tiet. Nhing bao quan nhd chia cac chat -
dugc tist ra ngoal t& bao. '

. sequencé tagged site (STS): trinh ty nucleotide duy nhat trong
genome. .

e silencer sequence: trinh td nucleotide khoi dgng sd co dac cuc
15 trén sdi nhiém séc thé, ngin can protein kiém soét phién ma tuong
tac vai vang diéu Kkhién cfia gen nim cach d6 vy tram bp.

* simple-sequence DNA: doan nucleotide ngan ldp lai ién tiép,
thuong phan bd & tam dong (centromere) va ddu mit nhiém séc thé
(telomere).

. e southern blotting: k¥ thuat xac dinh phén tl ADN ti nhiing
doan ADN khéc bing viéc 1a dau do danh dau (labeled probe) véi
nhitng ADN d6. ' '

+ spliceosome: phuc ribonucleoprotein bam vao phan td pre-
ARNm 44 thuc hién phan Ung cAt ndi intron-exon.

e TATA box: hop TATA. Doan nucleotide bao thu ¢ promoter
eukaryot, tai 46 phuc khéi déng phién mé tueng tac vl promoter hodc
v6i nhau. = :

e trans-acting: tac dong ngoai sinh. Thudng dang @& chi san
phdm cia mdt gen khi sin phdm d6 c6 kha ning khuéch tan trong t&
bao gy tac dong 4&n hoat déng cua mot 6 gen khac trén cung mot

nhim séc thé; ho#c trén céc nhidm she thé. _

o transcription unit: ddn vi phidn mé. Doan ADN dugc gi6i han '
béi diém khdi dau va fidm k&t thée phién ma cho mot sd ARN. Sgi
ADN nay c6 thé con trdi qua qua trinh bién déi thanh cée phén td
ARN chic nang. " _

o transfection: chuyén nhiém. Qua trinh chuyén gen hogt dong
vio t& bao nudi cay d€ nghién cétu tac dong cha gen do. -

e transformation: bién nap. Qué trinh dua ADN la vao t& bo
nhim gay bién d6i hg gen oka t& bao mot cach bén ving va -dudge
truyén cho th& hé sau.
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e transgene: Gen dLm(‘ tach dong va duge chuyén vao h(, gen cua

t& bao dong, thuc vat. tai dé gen la tén taj bén ving va dudge di truyén
cho thé hé tiép sau.

e transposon: ADN di chuyén. Poan ADN c¢6 kha ning di chuyén
trong hé gen.

* vector (dung trong giéi han sinh hoc phan td): tdc nhan mang
ADN dé chuvén vao t& bao hoéc cd thé.

» Western blotting: ky thuat cho phép xac dinh prott,m dac higu
‘bang khang thé danh dau.

» wild type: dang binh thugng, tén tai trong ty nhién khéng
mang bat ky dét bién. Khai niém nay duge diing cho mét phan ti, t&
bao hoac mét co thé. Dai véi co thé, c6 thé gm la loai dai.
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