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LOI GIGI THIEU

Di truyén hoc phén ti nghién civu cdu triic céc gen va s ven hdanh
cdc sdn phdm ciia chiing trong mot 1€ bao. Lanh vire nay klong nging dicge
phdt trién la nhe k5 thudr lién quan dén si thao tdc ADN, ARN va protein
thay doi mau le va manh mé ma cde Ky thudt dé ngay nay ditge goi ld cong
nghé gen.

Cong nghé gen ra doi da ddn 16i nhitng tién bo phi thirong trong thirc
tién y khoa va rong nong nghiép. Cong nghé gen la s¢i chi dé ciia Céng
nghe sinh hoc. Nho cong nghé gen nguoi 1a da va dang tao ra cdc loai ¢dy
rong, vat nudi bién déi gen nhdm cung cdp liiong thiee thite phdm mét cdch
doi dao va da dang; tao ra cde loai thuée, cdc sinh phdnm quy gid ddr 1ién dé
chita bénh; san xudt ra cdc bo kit chin dodn sém va chinh xde cdce bénh,; rao
ra cde vaccine (vacxin) phdan nr tdi 16 hop dé phong céc bénl virus (virut) va
nhiém khndn.

Ddc bi¢t liéu phdp gen — 1a phiong phdp chita bénh bang gen va thude
gen dang ditge thinh hanh, da gép phdn diéu tri va chita héi mor 6 mot s¢
bénh nan y nlur: xo nang, thiéu mdu hong cdu liem, bénh mdu kié dong, ung
thi vy Nl vdgy, ré rang cong nghé gen déng vai 1ro chii dao. Gan day vén
dé sdn xudt 16" bao phéi goc (16 bao mdm phos) dé phuc vu nghién citn va
diéu tri ciing dang ditoe ban cdi va phat wién ram ré thi cong nghe gen ciing
86p phdn quan trong, vai 1o clia cin Dolly va ky thudr 16 bao goc phoi da
ddy viéc diéu tri y hoc lén mét tdm cao hon nita.

Tébao goc phéi tao tir phéi nhdn bin véi 16 bao sinh diting cita nguoi
bénl 6 cac loi thé niur:

+ Khong bi hang rao mién dich can trd khi ghép vao co thé,

+ C6 thé nhan nhanh va biét hod 16t cd cde 16 bao va co quan dé thay
thé’

Dunq 16" bao gor ¢ thé diéu tri cde bénh hiém nghéo va xd hoi nlur:
bénh tiéu duong, bénh Parkinson, hénh ung thi mdu cde loai v.v..



Cong nghé gen la gi? Cac nguyén 1y co bdn ciia cong nghé gen va ing
dung cong nghé gen trong cde Il vie kindi 18 quéc ddn nhie thé nao?

Trong nhitng nam qua, chitng 101 d@ ¢& mot s cong trinh nghién ciiu
cidp Bo va edp Nha niede vé chan dodn som ung ting gan, ung thu vom hong,
wng thir vie va mot s6 bénd virus nén ¢é diéu kién tién hanh cde k¥ thude vé
conyg nghé gen. Do d6 dé gop phén lam sdang 14 nhitng vdn dé trén dong thot
dé dép iing duge nhu cdn ciia cde sinh vién dai hoe, cde hoc vién cao hoc,
cdc nghién ci sinh va niue cdu tham Lhdo ciia cde cdn bé giang day, can bo
nuhién o trong cde nganh cong nghé sinh hoc. y dicoe, nong lam thuy san;
chutng 16i bién soan cuon sdch “Cong nghé gen™.

Noéi dung cudn sdch gém 16 chutong dicge sdp xép theo thit e logic tiv
nguyén 1y co ban dén k¥ thudt, tr don gidn dén plitc igp cita mot neanht khoa
hoc hién dai. Riéng phdn iing dung chi dé cdp rat ngdn gon, vi nhiéu bai bdo
nhiéu sach khée lién guan déu d@ dé cgp dén. Trong qud trinft bién soan
chde khong tranh khoi nliing thiéu sét. Chitng 161 xin cdm ou sy déng gop
crict ede ban doc.

Ching 161 xin cdm on si déng gép ciia GS. Lé Dinh Luong, G5 Nguyén
Dinh Huyen, TS Ho Huinh Thuy Duong, PGS Hoang Thi Bich Ngoc vii
nhiéu tde gid khdc dd ght wrong phan “tai liéu tham khdo™ dd cung cdp cho
chitng 100 nhidu 1éi lidu bo ich dé cudn sdch hodn chinh hon.

Chiing 161 ciing chan thanh cam on Nha xudt ban Khoa hoc va Ky
thudt va Bién tdp vién dd bién 1dp va cho xudt bdn dé cudn sach ditge som
dén ban doc xa gén trong cd nudc.



MG PAU

CONG NGHE HUONG TGI TUONG LAI

The ky XXI la the ky cia cong nghé cao, mudi cong ngh¢ méi s& din
ching ta vao the ky ndy, theo nhu VS.News, TS, Duong Huyén téng hop tir
bio chi.

Loai ngudi dang dat chan vao thé ky XXI <6 I& tuong tai con nhiéu
dicu ky diéu ma tham chi dén cdc nha tién tri, cic nha tién dodn tai tinh nhat
cling khong hinh dung ra duge. The ky XXI 1a ky nguyen cla cong nghé
gen, Ry thudt vdt ligu siéu ddn, bionics, siéu vi dién ti, cong nghé siéu
nho... va con bi¢t bao nhiéu nhitng tién b6 khdc cua khoa hoc va cong nghe.
Su ket hop cta khoa hoc k¥ thuat véi cic ¥ tuong cha nhiing cdi dau vi dai.
Kha nang v6 han clia loai ngudi va cédc nhu cdu phét trién di day cudc cdch
mang khoa hoc cong nghé 1én dén dinh cao méi.

Md&: hom nay thoi né con 1 y tudng cla mot ai dé thi ngay mai né di
6 thé 1a mot cong nghé dugc dua vao cude song. Mudi cong nghé dugc cot
la ¢6 trien vong nhat trong thip nién Sap 1di cla the ky XXI la:

1. Cong nghé gen,

2. Cong nghé nano hay con goi 1a cong nghé siéu nho,

3. Sinh hoc di¢n 1 hay cdn goi 12 Tin sinh hoc (bioinformatics),
4. Dién ur quang hoc,

5. Xe hoi hydro,

6. K thuat mo phong siéu thc,

7. Si¢u dan nhidt do cao,

8. Cong ngh¢ tdi sinh the gidi dong vat cd dai,

9. Mdy tinh thong minh,

10. Nhimg vt liéu mdi.

V&i noi dung ctia cudn sdch nay, tic gii chi tap trung trinh bay vé cic
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khdi niém, nhitng nguyén 1y co ban cha ger va cong nghé gen mot tong
mudi hudng cua cong nghé cao:

- Sinh hoc phan tir ciia gen va cong nghe gen
- Céc khdi niém va nguyén 1y co ban cua cong ngh¢ gen

- Cong nghé gen trong nganh y va dugc hoc cling nhu nganh néng
nghi¢p hién dai.
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CHUONG 1}

KHAI NIEM VE GEN VA CONG NGHE GEN

Co so sinh hoc phdn tit cria gen chinh la acid nucleic (axit nucleic).
Né gom ¢ acid deoxyribonucleic (ADN} va acid ribonucleic {ARN). Acid
nucleic dong vai (1o quan trong trong viée bio tén ndi gidng vl truyén théng
tin di truyén cho thé¢ he sau. Trong t¢ bdo, acid nucleic ¢6 the két hop véi
protemn thanh nucleoprotein. Trudc kia ngudi ta cho ring, acid nucleic chi ¢é
trong nhan 1€ bao nhung bay gidr ching phé bién & cd ngodi nhan.

Ca ADN vd ARN déu 1a nhiing phan tr polyme dai gdm nhiéu
monome néi véi nhau. Trong ADN, monome dé c¢6 tén la deoxy-
ribonucleotid, con ¢ ARN, monome dé ¢6 tén 1 ribonucleotid. Mbi
nucleotid ¢6 mot bazo nito (din xuat purin hay pyrimidin) mot dudng
pentoza va mot nhém photphat,

Ban doc cd thé tim thay cong thiic cha cde nucleotid va ciau tric ADN,
ARN & bat ky mét cudn sich hod sinh hoc hoic sich di truyén hoe cling nhu
cac sich sinh hoc phin (¢ nao dé nén & day ching 6i thiét nghi khong ¢in
phdi nhdc lai. Ding vé phuong di¢n phan tir ma xét thi cde acid nucleic néi
trén ddp ting day du citc tiéu chuiin cha vat chit di truyén.

I. Vi né chia dung thong tin & dang bén vimg, c6 thé sao chép mot
cich chinh xdc dé di truyén cho cdc the hé sau.

2. Chiing ¢6 the 130 thanh nhiing phin tir khdc mot cdch ¢ co & dé
can cho cu tric va hoat dong ciia té bao.

3. Dong thoi cde acid nucleic ciing ¢6 khd ning biéh déi- ma di truyén
vit bién doi 1 hai mat cha di truyén hoc hién dai.

Ngay nay, nguoi ta ching minh duge ring ADN la vat chit di truyén
cua hau hét sinh vit, cdon ARN va viit chit di truyén cla mot s8 virus (virut).

Ciic vt chat di truyén cua t¢ biio nam trong cic nhiém sic thé, ¢ thé



phin biet duge ba loai nhiém sic thé dudi day:

I. Vo1 cac phage, nhiém sic thé cua chiing 12 nhiimg ADN trdn. chudi
hep (s0t kép), mach vong khong ¢é protein (d6 la phage).

2. Vi vi khudn, nhiém sic thé cang la nhitng phan th ADN trin chudi
kép. mach vong siéu xodn vi tap trung & mot viing goi la viing nhan khong
¢6 mang bao boc. Bén canh d6 vi khudn con ¢é mot loai ADN khic dang
v ono kép nho, d6 Ja cdc plasmid — ma ching ta s& duge doc nhiéu & phin néi

¢ cde veeta plasmid & cong nghé gen.

3. Véi cdc sinh vdt nhdan chudn (eukaryote) nhu nim men. co thé da
biao thi nhi¢m sac thé 1a nhing phan t& ADN soi kép nim trong nhin ¢
mang bao boc hin hoi. Ngodi ADN trong nhin, nhitng lodi sinh vat nhan
chuin khdc nhau ¢6 kiéu nhan khic nhau ca vé 6 lugng va hinh ding vatip
hop thanh bo nhiém sic thé. O dong vat, ngoai nhiém siic thé thudng ¢on ¢d
nhiem sic the gidi tinh duc vi gidi tinh cdi (Y va X).

Tat ca nhiém sac the dé bo chit gitta ADN va ndm protein histon cic
loal cting nhu gan /00 protein khéng histon o ra thé nhan (nucleosom).
Lugng histon gan biing lugng ADN trong nhiém séc thé. Protein histon hi¢n
nay gitr vai trd quan trong trong su diéu hod houat dong gen va bi¢t hod t&

bao. Con protein khong phii histon thi gdm cic enzym cin cho qud trinh sao
chép. phitn mi, dich mi, cdc polymeraza ADN. ARN nén luén luén bicn
dong trong sudt chu trinh cla € bao va rit khic nhau & cic (€ bio di duge
bict hod. Cic nhiém sac the thudng & cdc sinh vat ciing lodj thi giong nhau.
O nguol, nam gidi ¢é 44 nhiém sic thé lhu’cmg va hai nhiém sic thé gidi tinh
la X, Y va o nir gidi cling ¢6 44 nhiém sic thé thudng va hai nhidm séc thé
gidi tinh ki X, X,

Trong 1€ bdo cha sinh vat nhan chudn, ngoii ADN nhiém sic thé nhan
ngud ta con thay c6 mot s6 ADN & ty thé va lap thé & dang ADN trn, mach
kép va dong vong nam & ngoai nhan. Hién nay ngudi ta cing chu ¥ khat thic
cdc ADN niy nhit 13 cha ty the trong phan biét chiing loai giun sin, frong
phan biét hai cot, moé md vi cd trong chin dodn ung thu.

Ching ta biét rang, trong nucleosom vid ADN trong nhiém séc thé di
hon nhiéu so v6i nhiém sic the nd di duge thue gon it nhat gdn 100 lin va
gan véi histon tao nhiém sic thé ¢6 kich thude 100 nm va 300 nm & pha nghi
hay ldn hon nira & pha giia.

O pha nghi, khi nhudém ngusi ta thay chétl nhidm séc chia thanh hai
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loat rd rét: mot loai duge nhudm mau rdt nhat goi 14 chdt nguyén nhiém sdc,
con loai Kia dwoc nhuom miu rat dam goi la chdt di ihiém sdc. Chat nguyén
nhiém sac 1a cht chida ADN & trang thai hoat dong — phién md. Chat di
nhiém sac 1a chdt chita ADN & rrang thdi khong phién md duge va né s& sao
chép muon trong chu ky sinh sdn cua té€ bao.

Cin phan biét & day nhiém sic thé vi khuan chi mang mét trinh tu
ADN duy nhat, trong khi d6 nhiém sic thé ¢ co thé da bao (nhan chuin) lai
c6 nhiéu doan lap lai. Cdc sinh vat khic nhau cd s6 ADN lip lai khac nhau.
Cé doan tir vai cap dén vai tram cap bazo 1ap lai hang triéu lin trong gen va
thuong nim gan tm dong hoac & hai ddu cha nhiém sic thé, ching duge sao
chép mudn va khong duge phién ma. Con cdc doan 1ap lai hing chuc dén vai
ngan 1an thi dugc phién ma va cling thudng la ARN ribosom, ARN vin
chuyén vA histon.

Mot diém nifa ld ¢ co (hé sinh vat nhan chuin, da bao ¢é cic doan
khéng ma hod acid amin duge goi 1 /nfron va doan duge ma hod goi la
exon. Ca hai doan déu phién mi ra phan td tien chit cia mARN, nhung sau
d6 tién chat mARN coa intron bi cat di con lai tién chat mARN cla exon
dugc not lai véi nhau thinh phan tf mARN dé di vao ribosom dich ma thanh
protein.

Hién nay, ngudi ta xdc dinh duge intron cé mét vai 1ro trong qud trinh
biér hod ciu sinh vit da bio, chi khong phai nhitng doan ADN du thira nhu
di nghi sai v€ nd nhu nhing nam trude day.

Trén nhiém sac thé cha cdc sinh vat nhan so (prokaryote) ciing nhu
sinh vat nhan chudn ngudi ta con thdy mot hién tuong nhu sau: ngodi cdc
gen chiém vi trf ¢& dinh trén nhiém sic the thi ¢on ¢é nhing gen luu dong tix
vi tri nay dén vi tri khdc cia bo gen, ngudi ta goi dé 1a nhiing “yéu 5 di
truyen van dong’” hay con goi la “gen nlidy”. D6 la nhiing dogn ADN c6
kha niang xen vio mdt s vi tri trong bd gen va cling ¢6 thé tach rdi khoi bo
gen. Khi ching xen viio bo gen thi 1am bién déi di truyén con khi tich khoi
bo gen thi nhitng bién ddi khong con nita.

Ngity nay. ngudi ta xdc nhan nhiing gen nhdy dé ton tai mot cich pho
bién & tdt ca moi sinh vat 1am thay doi ciu tric cta hé gen, do dd anh huong
dén hoat dong gen.

Dong théng tin di truyén chidy theo mot chiéu nhu so d6 hinh 1.1
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(1)
TR

- - - DICH MA
SAD CHEP ‘ PHIEN MA J

Hinf 1.1. So d& ly thuyét trung tam cla Crick v& van chuy&n thaéng tin di truyén. {1)
Nhimg miii tén dugc Crick b sung thém vio nim 1970.

Qud trinh phién mi (transcription) va dich ma (translation) va sao chép
ADN (replication) tuan theo quy luat nay. mot 86 virus loai ARN thi ¢é
qua trinh phién ma nguoc (revertranscription) tao ra ban sao ADN tir ARN
h¢ gen cla ching,

Gen la don vi co s6 cha thong tin di truyén, ma cu thé 1a mot doan
ADN cua théng tin di truyén duge phién mi sang phan tr mARN, rdi sau dé
dich ma thanh mt protein nhat dinh. Cic gen ndm trén cac nhiém sic thé va
gen nao dinh vi & dau thi dé goi Ia locut ciia gen dé. G cdc sinh vit ludng
boi, cdc nhiém sac thé sip x&p thanh cdc cap tuong déng. Trén nhiém sic thé
tuong dong, tai cc vi tri twong {ng tén tai cic dang khdc nhau ciia ciing mot
gen goi la alen.

N6I dén cau tric cha mot gen, tirc 1a néi dén don vi phién mi tao ra
mARN nim gilta diém khoi diu vi diém két thic phién ma. Ben trong don
vi phién mi 12 mét doan trinh tr md hod cdn hai diu cla don vi phién mi
con ¢6 ving diéu hoa nguge hoic diéu hoa xuoi chia yeu 6 ting cudng
(enhance) hoac diém chi huy ciing véi promoto phdt dong vi diém bdm cila
enzym polymeraza ARN.

Cau uric gen cla sinh vat nhan so nhu vi khuin, cic gen thudng sip
x¢p thanh nhém trong operon. Trong cdc operon ¢6 ba loai nhém gen: cédc
gen cdu tric (S), gen phdt dong (P) va gen chi huy (O) di li¢én nhau.

Nim ngodi operon con ¢é gen iic ché ma hod protein Gc ché dé tic
dong lén gen chi huy. Kiém sodt am tinh déi véi operon, qua ngan chin
khong cho enzym polymereza ARN bim vao.

Trong cdc gen cau triic cha vi khudn thusng bé tri theo nhém nén san
phdm phién mi mARN thutng mang thong tin diung cho nhiéu protein, dé
goi la da cistron. Cdc phan tir duge 1éng hop cling mot ldc phit hop véi nhu
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cdu clla t& bao trong mdi thoi diém xdc dinh viv ddp fing duge nhanh chéng
voi didu kién méi trudng ludn bién doi. Operon fuc 12 vi dy dién hinh vé
cdch bo tri cdu trde hout dong cha gen vi khuan (s& néi & phin diéu hod hoat
dong gen).

Con ciu tric gen clia sinh vat nhan chudn thi phiic tap hon nhiéu va
nhan chuin ¢6 mang nhan bao boc, nén ADN nam cich biét khéi diem dich
ma & bio tuong. Viéc phat hién ¢ nhan chuan ¢é cic doan intron va exon
l2m viée hoat dong gen clia ching lai cang phiic tap. Viéc tao ra tién mARN
phii qua xu 1y goi L& qud trinh vt I ARN (ARN procesing) méi tao ra duoe
san phim mARN c6 hoat tinh chitc nang d¢ chui ra khoi nhén tham gia vao
qud trinh dich ma.

Cong nght gen " lién quan chit ché dén qud trinh bifu hién gen tic 1a
quit trinh phién md va dich ma cla gen. Phién md gom mot s6 giai doan, dé
Ii bit ddu enzym polymeraza ARN biim vao ADN, sau dé budc diu tong
hop kéo dai va két thtic chudi, cuéi ciing gidi phéng ARN ra. Khi ARN giai
phéng ra thi duge st dung ngay vao qud trinh dich ma dé tao ra polypeptid.
ARN cd ba loai: ARN thong tin (mARN), loai ARN vin chuyén (tARN) ¢6
gdn acid amin vi loai ARN ribosom (rARN). Ribosom la noi dién ra qui
téng hop protein . N6 12 chd dé cho codon clia mARN gip anticodon clia
tARN acid amin v nhu vay acid amin tuong ting duge tham gia vao chudi
polypeptid dang duge tong hop: Qud trinh dich mi cing trdi qua mot s6 giai
doan nhu giai doan 1ARN duge hoat hod gan acid amin, giai doan md dau,
kéo dai va két thdc tong hgp protein.

Cong nghé gen con lign quan dén qud trinh tich gen, phong dai gen,
141 16 hop gen, dong hod gen, phan tich gen vi gd lap gen ma cic nguyeén 1y
s& lan luot duge lam sdng 16 ¢ tat ca cdc chuong sau.

(1) TTien nay. tren (oin thé gidi ¢ mot s6 thudt nglr khic (tong s6 1a 12 thudt ngir khic
nhau) cling duge dung dé chi khai niém niy.

Tham khio t€n cde thuat ngit nay ¢ cusn “Nguyén 1y ky thuat di truyén do Nxb. KH&KT
xudt ban num 2001, r 5. 8TV,
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CHUONG 11

SUSAO CHEP - SINH TONG HQP ADN

Phin tong hgp gen tic 1a tong hop acid nucleic thi cusn sich hod sinh
nao ciing gidi thiéu, & day chi trinh bay mot s6 van dé khic biet vé 1dng hop
gen O cdc t€ bao sinh vat nhan so va 18 bio sinh vit nhin chuan.

1. Tong hop gen & cic € bao cla sinh vt nhin so (prokaryote)

2. Téng hop gen & cdc (€ bio cla sinh vat nhan chudn (eukaryote)

3. Su stra chita sai s61 trong qué trinh sao chép téng hgp gen, sinh téng
hop ADN

I. SINH TONG HGP ADN 0 CAC TE BAO CUA SINH VAT NHAN

S50
1. Nguyén Iy cia sy sao chép ADN

Gen 1a thong tin di truyén ciia moi sinh Vit ma co sG phin 4 clia né 1a
ADN. Théng tin nay duoc bdo tén trong qud trinh phén chia € bao, do vay
st phan chia ¢ bio duoc tign hanh sau qud trinh téng hop ADN.

St 16ng hop ADN hay con goi la sw sao chép (repitcation) citn cho su
bao ton thong tin di truyén tr ADN sung ADN.

Dua tén m6 hink cu triic cia ADN, Watson va Crick cho rang méi
s¢i ciia ADN xodn kép duge ding 1am khuon miu dé tong hop mét soi bé
sung theo quy luit doi base. Nhur vay tir mot phin tr ADN s& tao ra hai phan
tr ADN gidng hét né. D6 ta su sao chép ADN theo kiéu bin bio ton (semi-
conservation).

Thi nghiém ¢6 dién ciia Meselson va Stahl (1957-1958) da ching minh
gia thi€t tén L.coli duge nudi cdy qua nhiéu the h¢, trong méi trudng chi
chita "NH,Cl ("N 13 déng vi nang ciia nitrogen) lam nguén nitrogen duy
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nhit. Nhu viy nhitng ADN duge t6ng hop trong cdc the hé thi nghi¢m chia
"N, Suu d6 thay déi moi truong nuoi cdy, ding (“N) 1a "NH,CI, vi khudn
duoe phat trién trén moi trudng ndy qua vai thé hé. Nhu viy nhiing phan ti
ADN duoc tdng hop trong céc thé h¢ c6 thé chia “N. ADN duge chiét xuat
va tinh ché. Ty trong ADN duge xdc dinh bang si¢u ly t&m va ngudi ta da
phan biét dugc ADN nang chita °N, ADN thudng chita "N, ADN trung gian
chia PN v PN

Céc thi nghiém & trén cho thiy ddu tién ADN déu thugc loai ADN
ning '*N/N; & the he thd nhat (nuoi trong “NH,Cl) ADN thudc loai trung

gian “N/YN: & thé hé thit hai, mot nita ADN thuée loai trung gian UN/UN va
mot nira ADN thuoc loai binh thuting “N/“N (hinh 2.1).

5 ‘ 15 Bat déu ﬁn‘lﬂgﬁ;';ém
15 14 15 114 Thé hé tho nhat
N : N \ 1 N e ne /1
| ]
i I

Hinh 2.1. Thi nghiém cla Meselson va Stahl (1957-1958).

Thi nghiém di ching t6 rang, ADN ducc dung lam khuén mau cho su
t8ng hop ADN méi va ngudi ta khong thay sy khdc nhau giita ADN t6ng hop
duoc va ADN tu nhién lam mdi vi cdc tinh chat 1y hoa: do lang tram, do
nhét, trong lugng phén tlr, thanh phén céc base. o) trong cidc mo ciling vay, sy
t6ng hop ADN mdi xiy ra trén cd s& nhiing phan tt ADN c6 san vdi s xtc
tic clia ADN polymerase. Trudce tién hai soi cia phan tdr ADN bi tach ra ti
mot ddu mt, rdi méi doan clia nhitng soi da tach ra duge dung lam khuon
miu cho sy téng hgp mot sgi nucleotid bd sung véi doan ADN tuong tng:
nguyén liéu duge sit dung la cdc nucleotid triphotphat, enzym xic tic la
ADN polymerase, ¢ ché tong hop la nguyén ty béd sung doi base (A-T, G-
C). Nhu vay tir mot phan tir ADN cii (ADN me) xuét hi¢n hai phan tr ADN
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moi (ADN con). Trong mbi phin tir ADN cori, mét soi 1i clia ADN me va
mot s¢i do téng hap (hinh 2.2).

d ATP

d GTP ADN mot chuéi lam khuon ADN + PP
4 CTP ADN polimeraza .

d PTP

Trinh biy s0 d6 sao chép ADN theo co ché bdn bio t3n.

Tre Polime raza ATP
GTP ADN TP

77P ATP

Hinh 2.2. So db trinh bay cd ché sao chép - sinh téng hop ADN theo Kornberg.
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Do nguyén 1y bd sung doi base, phdan nt ADN con ¢6 cdu tric hoan
104n eiong ADN me. Viéc tdi sinh chinh xdc cdu tric cha ADN trong qud
trinh (dng hop ¢6 ¥ nghia sinh hoc rdt 1én trong viéc giir gin tinh dic hi¢u va
tinh chat di truyén ctia mdi lodi dong vat tir t€ bao nay sang ¢ bio khic, tir
the e nay sang the hé khic.

2. Cic enzym tham gia trong qua trinh sao chép ADN
2.1, ADN polymeraza

() I coli ¢6 ba loai ADN polymeraza tham gia vio téng hop ADN theo
chidu 5°- 3" goi 13 Pol 1. Pol H va Pol HI va dugc mi hoa trong cic gen
tuong tng la Pol A, PolB3, Pol C. Ca ba cnzym déu cé hoat tinh exonucleaza
3" — 5" nén ching cé thé cit bo nhimg chudi polynucleotid mdi duge 1ong
hop vit hoat dong nhu mot cdi mdy sita sai dé gitip cho sao chép dugc chinh
xdc. Hien wwong @6 goi 1a hién tugng doc sta (proofreading) .

Pol 1 do Kernberg chi¢t xudt tir E.coli xdc téc tong hop ADN tir cdc
deoxyribonucleotid triphotphat véi sy cd mat cia ADN Jam mdi, du ca bén
deoxyribonucleotid triphotphat va ion Mg++

(ANMP)n + dNTP ----> (dNMP)n+1 + PPi
cu thé 1
| sot ADN khuén + 4 dNTD ----- > ADN sdi méi

theo hudng 5°-3” dugc kéo dat

Pol I ¢6 tic dung ci hai chiéu, chiéu 573 vh chiéu 3°-5". Chiéu 3’
¢6 téc dung doc va sl chifa nhimg nucleotid sai, chieu 5 '5 con ¢co t’c
dung tach primer.

Pol I chua 16 vai trd nhung hinh nhu tham gia trong stta chiia.

Pol T ¢ vai tro chu yéu trong kéo dai chudi ADN méi theo chicu 5'-
3§ E.coli, cin ¢6 ADN khuon va méi vi khong ¢6 tic dung khai dau cho su
tong hop.
2.2. ADN helicaza

Ciu triic clia ADN helicaza gém ba protein ¢é chiic nang mo xoin kép
ADN la: DnaA, DnaB, DnaC véi cic nhiém vu khac nhau:

DnaA: nhan biét vi tif dac biét § diém ma diu.
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DnaB: md xoin kép
DnaC: can thié¢t dé Dna B 2iin vio diém mo diu.

Xoan kép mat di khi ADN helicaza di chuyén theo chiéu dai ¢t mot
sot don ADN

2.3. Toposomeraza

Chiic niang cla toposomeraza 13 ngan khong cho ADN xoidn kép trd
lal. C6 hai loai topoisomeraza:

Topoisomeraza logi I thio dang si¢u xoin. Chiing gan vio phan
ADN va cat mot trong hai mach dé thdo xodn. Sau thio Xoin, cnzym ndy lai
nor lai chod dur,

Topoisomeraza loai I ¢é kha ndng thido cdc nit nay sinh do cdc bién
doi ciu triic cla xodn kép vi cit ca hai mach. N6 chinh 13 ADN Iygaza trong
E.coli gilp cho helicaza thio vong dé dang véi 16c do 4500 vong/phat.

24, ARN primaza

ARN primaza ¢é chic ning téng hop nhimg soi ARN méi con lai 1
DnaG protein 1a enzym xde tdc tong hop nhiing sgi ARN méi ngin khoing
tir 10-60 nucleotid trén chudi cham.

Primaza ph6i hop v6i sdu protein khac tuo thinh cau tric khdc goi Ia
primosom va ¢6 chifc nang téng hop ARN méi nhdy ning lwgng cua su thuy
phan ATP. Thinh phén cdc protein tr ong primosom ¢é DnaT protein, protcin
n, protein n’, protein n’’, DnaC protcin vi Dna B protein (helicaza thdo xoan
ADN). DnaG protein 1a primaza né téng hop ARN méi.

o day can nhan manh mat diém 1a khong c¢6 mot enzym Pol nio trong

80 ba enzym Pol néi trén ¢6 1hé khoi diu cho vi¢e tong hop cdc sgi ADN

méi nén doi hoi phii ¢6 mét doan méi ngian dé cdc deoxyribonucleotid dinh

vio vi trén co s& dé cdc enzym Pol méi hout dong duge. Doan méi ngin dé

O [£.coli chinh 1d mét doan ARN dugc sinh ra bdi enzym primaza. Trinh tw
cic bazo trong doan méi duge dinh ra bdi cic nucleotid ciia 501 khuon ADN,

2.5. ADN ligaza

ADN ligaza la enzim néi cd¢ mau ADN kép, xlc tic viée néi cic miu
ADN kép. tao thanh lien ket phosphodieste gitia diu tin 3'OH ciia mau ADN
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kép nay v&i 5'P cia mau ADN kép khdc. ADN ligaza khong néi duge hai soi
don.

ADN ligaza ¢6 thé tham gia stra chita nhdnh ADN bi dit, néi Kin céc
ADN kép vong.

2.6. Protein dinh voi soi don ADN

Protein dinh vdi sgi don ADN (SSB = Single strand ADN binding
protein ) nay ¢6 tac dung:

- Protein dinh véi sgi don dé an dinh cau tric soi don, khong bi gdp
khic

- Protein ndy dinh véi sgi don, nhung khong phi lén cdc bazo dé cdc
bazo san sang lam nhiém vu khuon.

3. Cac giai doan sao chép ADN

C6 ba giai doan la: giai doan mo dau, giai doan kéo dai va giai doan
két thiic sao chép ADN

3.1. Giai doan mo ddu

Pé I giai doan nhdn dién diém md ddu. Cic protein tham gia vio giai
doan nay goi 1 nhitng protein md& ddu va gidp cho viée gin enzim primaza
vio khuon ADN.

- Céc protein m& ddu gom:

* Doan ori C chtia 245 cap bazo trong d6 ¢6 doan chia khod gin ADN
tao phic hop md dau.

* Protein HU gidng histon tao phitc hop mo.

* D B va Dna C tao phite hgp moi.

- Nhu vay hing nghin cap bazo duge thdo xoin dudi tic dung cia cic
protein néi trén thudc helicaza va gyraza. Dong thdi thdo xoin ¢é protein
dinh soi don SSB lién két trén dé dé &n dinh cau tric khong bi xoén (rd lai va
¢6 sy tham gia clia nang lugng thio xodn qua thuy phan ATP.

- ARN primaza (ADN G protein) gén vao phiic hop trén tao thanh
primosom v bit dau tong hop ARN mdi khoang tir 10 - 60 mononucletid.

Cic miu ARN méi nay ciing rit cdn xic tdc su tong hop cde doan
Okazaki.
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3.2. Giai doan kéo dai

- Enzym Pol 11T t6ng hop doan Okazaki néi ticp ARN méi, doan nay
kéo dai dén doan ARN méi 1iép theo.

- ARN mdi dau duoc tich ra do tic dung exonucleaza cGa Pol L. Ciing
chinh Pol I xiic tdc kéo dai ADN thé chd cho ARN méi.

- Enzym ADN ligaza noi cdc doan Okazaki lai vdi nhau bang lién két
phosphodieste,

3.3. Giai doan két thiic

- Giai doan nay con nhiéu van dé chua dupe sdng 16, 46 1a:

5T MY

TR

Helicase

Profemn bén ket 4}’
vl mach den
(558 protein)

Primosome

Primase

Cac vitri hoat dong
Coo DNA pal 1t

DPDNA polymerase
vg ligase
7 5" Mockh toi Mach chirm

Hinh 2.3. 83 d8 sao chép sinh téng hgp ADN & E. cofi. Kornberg, 1988.



* Sur sao chép két thic ra sao?
* Tai sao su sao chép khong 1iép tuc nita?
* Sot ADN durge tong hop tich ra nhu the no?

- Chi biét khi sao chép két thic, cic ARN méi bj enzym RNA phan
huy. Cdc ché hong do enzym ndy giy ra trén mach méi s¢ Iap lai nhey hoat
dong cua enzym ADN polymcraza 1. Con cic chd gidn doan trén cdc mach
mai thi dugce enzim ligaza ndi lai. Toan bd cdc giai doan néi trén 1a doi véi
tong hop chudi cham, con chudi nhanh tic 13 16c do tdng hop nhanh hon thi
¢6 1€ né duge tong hop mét cich lign tue duéi su xic tdc cta Pol IH (hinh
).

12
L

Badng 2.1. Tém tat cic enzym va protein tham gia
trong cac giai doan sao chép - sinh tdng hgp ADN

Giai doan md diu Giai doan kéo dai Giai doan két thic

ADN helicaza (Dna A, B, C} | - Pol Ill téng hdp doan Chuta biét 1 chi tiét;

ADN gyraza Ok.azaki nGi ti€p ARN - Sao chép két thue
(topoisomeraza) Mol - Tai sao khdng tiép tuc sao
ARN primaza (ADN G} chép nita
Protein dinh sgi dan (SSB) - ADN dugc tach ra nhu thé
- Cac enzym va protein nay | - Pol i vdi tac dung nao?
| 1am nhiém vu cdi xodn kép, | exonucleazatach ARN | _ ARNaza phan hly ARN méi
' 8n dinh c3u tric sgi don moi va xuc tac tong hop

- Pol | ¢6 tac dung 1ap day cac

tach ra va gan dugc ARN ADN thé vao cho ARN | 5 héng do ARNaza gay ra.

' primaza vao sgi khusn ADN | M3i bi tach ra.
dé téng hdp doan ngan
ARN méi.

- ADN ligaza ndi cac doan
Osaki trén mach méi téng hap

1. SINH :I‘GNG HOP ADN O CAC TE BAO CUA SINH VAT NHAN
CHUAN

Trong cdc sinh vat nhin chun (eukaryote), si¥ sinh san ciia 1& bao |a ¢
mét qua trinh sinh trudng, phan chia theo mot chu ky 1& bio. O cic (€ bao
soma (1€ bdo thin) chu ky t&€ bao gom bén giai doan (hinh 2.4).

G. S, G, M ba giai doan dau 13 giai doan nghi hay con goi la gian ky.
Ticp theo G, I giai doan M (mitosis) t€ bao phan chia ngtyén phan cho hai
1€ bio con. Sau d6 cdc (€ bio con lai bit ddu sinh sdn theo mot chu ky t€ bao
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méi. Ve thai gian déi véi mdi sinh vit khac nhau thi cdc giai doan vi chu ky
t€ bao ¢6 khic nhau. Chu ky & bao & sinh vat nhan chuan dién hinh thay déi
trong pham vi: giai doan G, tr 6 - 20 gi®, giai doan S tir 6 - 10 gid, giai doan
G, khoang 4 gid va giai doan M khoang 1 gio.

G, .G, . Khdng xay

ratdng hap
ADN

S: Xdy ra s¢
nkdn &ér
ADN

Hinh 2.4. Sd d5 véng sinh tdng hgp ADN trong su phan chia t& bao.

L. Giai doan G,

Cic nhiém sic thé it xoan van hon dién ra hoat dong sao chép. Hoat
dong nay gitp cho viée téng hop hiing loat cdc enzym va protein khdc khdi
dau cho viéc tong hop ADN dé cin thiét cho viéc nhan doi nhiém sic (he,

2. Giai doan S

Giai doan S 1a giai doan téng hop ADN



- Su sao chép - sinh tdng hop ADN & sinh vat nhan chudn ciing dién
ra nhu & sinh vat nhan so (prokaryote) 14 theo kiéu nira gidn doan (bin bdo
16n), tao thanh ting doan Okazaki ngan khoang 100 nucleotid. Sau d6 ching
no1 lai voi nhau thanh chudi dii.

2.1. Cdc enzym va protein tham gia sao chép ADN ¢ giai doan S

a. Cete enzym tham gia sao chép ADN

Cic enzym ADN polymerase tham gia trong giai doan nay gom cde
loai ADN polymerasc o, $§, v, 8. Chung khic nhau nhiéu vé cdc dac tinh ty,
hod, kh& ning sao chép trén nhiing khuén khac nhau va s lugng thay doi
tuy theo tlng loai sinh vit (bang 2.2).

Bdng 2.2. Cac enzym ADN polymeraza

Cac ADN polymeraza Chie ning

ADN polymeraza u Tdng hdp ARN méi (gidng enzym primaza & sinh vat nhan so)

ADN polymeraza |3 Téng hop ADN, sifa chira sai va hoan chinh mach mdi sau khi
cac mdi ARN tach ra (gisng ADN polymerase | & sinh vat nhan
50)

ADN polymeraza & Téng hop doan Okazaki ndi tiép ARN mdi (gigng ADN
polymerase Ill 8 sinh vat nhan s0)

| ADN polymeraza y Sao chép hé gen &ty thé

Ngudi ta ¢6 quan niém chung cho ring, polymeraza o duge sir dung dé
tdng hop ARN méi; polymeraza f 12 enzym sira chita sai s6t trong qud trinh
sao chép, potymeraza & tng hop doan Okazaki; con polymeraza y thi sur
dung sao chép hé gen & ty thé. O sinh vat nhan chudn bac thip nhu nim men
thi c¢ic ADN polymeraza ¢ trong nhan giéng nhu enzym ndy ¢ trong vi
kKhuidn v ¢é dic tinh doc swa (proof reading)

bh. Cdc protein thant gia sao chép ADN

Trong hé théng sao chép ADN & sinh vat nhin chuin cdn ¢6 sy tham
gia clia nhiéu protein khdc nhau bén canh cic polymeraza ké trén do 1

~ Protein khdng nguyén nhan t€ bao dang phan chia (PCNA-
proliferating cell nuclear antigen) ¢6 chic ning hoat hod polymeraza .

- Cdc nhan t8 sao chép A (replication factor A-RFA) va C (RFC) co

chiic nang cin cho hoat dong ctia polymerazi o ¥a o.
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2.2. Cdc giai doan sao chép ADN
a. Gial doan dan
ADN dugc thio xoiln nhd topoisomeraza vi nhan 16 sao chép RFA.
h. Gial doan hai

ARN moi (d6 10 nucleotid) duoc tdng hop nhd polymeraza o vi RFA.
Sau dé néi dai thém 20 nucleotid nhd REC.

c. Gial doan ba

PCNA- ATP chan polymeraza o lai va thiic day polymeraza & gin vio

toné> hop doan Gkazaki. Polymeraza o, dugc giai phong sang mach doi dién
tong hop lién tuc mach mdi.

2.3. Cdc replicon

O nhiém sic thé clia t€ bao sinh vat nhan chudn, qua trinh sao chép

Nhiém sic 1hé dong thing

+ - -} - ‘-—l—l-;
Diém khS/ 51 ﬂ;&;mhmw’z Didm khdy su' 3

&% P, PR
W%ﬂ”

ﬁephcon f Replrcax? 2 ﬁepftcoﬁ 3

3
£
%
X

e

Nbiém .s‘c;fc :‘bé‘ Ja’aﬂgf vong

e
o

E]

16 ma Fe

YEG

1

POARSIREASRRRRARRRRNNESNY

Diém khdi sy Mang /& béo
STo chép
Hinh 2.5a. Su sao chép ADN & sinh vat Hinth 2.5b. Replicon cda vi khuin

nhan chuin va sinh viat nhan sg
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ADN xdy ra trén nhiéu don vi sao chép goi la replicon. (hinh 2.5a). Méi
replicon ¢ mot didm khoi diu va hai diém két thic v chia khoang 100-
© 200kb & nguoi. Doi véi sinh vat nhiin chudn nhiém sac the chia nhieu don vi
suo chép nhir vay 1a cdn thiét dé kip thoi nhan doi mot s6 luong khong 16
ADN trudce lde phan chia trong khi d6 & E.coli chi ¢6 mot diém khai dau sao
chép duy nhil trén nhiém sic thé va sao chép dién ra hai chiéu nguoc nhau
Xudt phat tir diém dé (hinh 2.5b).

O ngudi ¢6 tir 20 dén 30.000 diém khdi ddu sao chép. T€ bao Hela ¢
181 100 don vi sao chép. Téc do sao chép khoang 1.000 dén 15.000 nucleoud
trong mot phit. Doan ADN gidu cic bazo GC duge sao chép trude, con
ADN gilu AT duge sao chép sau trong giai doan S,

- Phan tir ADN sau khi duge sao chép thi chi vai phit sau duge 6 chiic
thanh nucleosom trong dé ¢6 mit cic loal histon ciing vira madr duge 10ng
hop ra. Vi sau d6 khé phan biét gifta thé nhiém sic vira sao chép vai the
nhiém siic chua sao chép.

3.0 giai doz_m‘G2

Giai doan G, 12 giai doan két dac nhiém sdc the. K& dic 1a qud tiinh
cuon xoan nhiém sic thé & mic do cao hon dé chuan bi cho nguyén phan.
bang thoi & giai doan nay cling 16ng hop ra nhiéu tubulin, Cic wbulin duge
tring hop hod dé tao ra vi 6ng clia bg cdc thoi phan nhiém.

4.0 giai doan nguyén phin

Giai doan nguyén phan (M = milosis) 1& giai doan phin chia 1€ bao
thanh hai & blo con gidng hét nhau vé mat di truyén. Khi nguyén phéan bit
diu thi su téne hop gidm di sau d6 dung lai & k¥ gifia va rdi lat tiép tuc o ky
cudi. S¢ di ¢6 hién tuong trén vi lic didu do két dic cao nén thiéu nhiing
di¢m khoi didu sao chép, réi mang nhin, hach rthan ciing by vo.

1. SU SUA CHUA SAI SOT TRONG QUA TRINH SAO CHEP -
SINH TONG HOP ADN

Su stta chita trong qud trinh sao chép ADN 1a d¢ dam bio tinh on dinh

ctia ADN. Tinh ¢én dinh ¢ila ADN 14 két qua clia hai qud trinh sao chép va

st sal.
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- Neudi tu thay ring qud trinh sao chép ADN & E. coli sai 1am chi ¢
107 - 10" nucleotid, ma & E. coli ¢6 4.5.10° cap base. nén su sao chép ADN
xay ra o 10,000 1€ bao, mdi ¢6 sai st mot nucleotid.

= Mot thong tin khdc trong qud trinh sinh tong hop ADN cho biét trén
cidc mach tong hop méi, ty 1¢ sai sét chi khoang 10 - [0™. Lic diu ngudi ta
twong su chinh xde d6 13 do su kep déi chinh xdc cha cde bazo khi sao chép.
Nhung thue cht su kep doi, chinh xdc dé ciing chi & mdc sai st 107 - 107,

- Mat khdc ngudi ta biet ADN polymeraza 11 ¢6 t¥ 1¢ sai s6t [a 10

Tu nhitmg théng tin wén s¢ di ¢6 su sai khic néi tén 1 do ADN
polymeraza ¢ kha nang nhan biét cdc sai s6t cia minh v ldp e swa sai nén
mdi ¢ sur sai 86t Xdy ra & mure do rat thap; enzym ADN polymeraza via ¢6
hoat tinh t6ng hop (tir déu 5') vira cé hoat tinh phan hiy (tir ddu 3'). Nho hoat
tinh phan hay (uic 13 hoat tinh exonucleaza), né loai b6 ngay nuclcotid bi
gan nhdm va nh& hoat tinh téng hop (tdc 13 hoat tinh polymeraza) né gin
ngay vio bang nucleotid ding ciia né. D6 1a su sira chita tic thai cdc sal sot
neu trén.

1. Cice tice nhan sinh, [y, hoa gay thuong tén ADN

€6 nhi¢u tic nhan gay thuong 16n ADN,

- Thuong 16n do b6 sung doi bazg nhim trong qud trinh sao chép nhu
dii n6i & teen. O E. coli su kep doi chinh xdc ciing nhu & mitc dé sai sét
khodng 107-10",

- Thuong ton do nhi¢t do lam gdy lien két N - glycosyl deoxyriboza do
d6 phan to purin tich khoi ADN, Ngudi ta tinh méi ngay trén moi 1€ bio
ngudi €6 i 5.000 buzo purin bi tich ru theo kidu thuong dn niy.

- Thuong ton do tia t ngoai khir amin cia cic bazo nhu bién Cylosin
thanh Uracil, adenin thanh hypoxantin, guamin thanh xantin. Sy khir amin
cua cytosin thanh uracil xay ra véi ty le khodng 100 bazo / | gen/ 1 ngay.
Tia tr ngoai cha dnh sdng mat wdi con gay ra si dime hod hai thymin canh
nhau: C; - C, v C, - C; tao thinh hai lién két dong hod tri. Diéu nay lam
thymin mat kha niing tham gia {ién két véi cic adenin ciia mach bé sung.
Ngoii T = T ra dnh sdng mat wdi cdn gayraién két dime T = C, C = C nifa.

- Thwong t6n do céc tia vii try va phéng xa ¢6 nang lugng cao giy truc
ti€p cat duit cic mach lam bi¢n déi cic bazo hodc giy gidn 1i€p bing cich tao
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ra cdc ion superoxide O ¢ hoat tinh rat cae. Chinh cdc ion nay mdi di vao
ban phd cdc gen. '

- Thuong 16n do cic téc nhan hoid hoc thi rit da dang.

* Chang han nhu acid nito (HNQ,) va cdc tién chat ciia né nhuir NaNO,,
NaNQ,, Nitrosamin gay sy khir amin cla cdc bazo c¢6 amin nhu adenin,
guanin, cytosin dé thanh hypoxantin, xantin, uracil tuong ting.

e San phdm chuyén hod cha t& bao vi du nhu ion H* vd chuyén dong
nhict co thé loat ra dén 10.000 bazo purin/ 1 t€ bao / | ngay/ | nguoi.

e Nhimg chat alkyl hod nhu dimethyl sulfat ¢6 thé methy! hod guanin
thanh 6 - oxymethyl guanin.

» Cdc chit twong tu bazo nhu 5 - bromouracyl, 2-aminopurin... dé gay
su tham lan cho ADN polymeraza cip nhim trong qud trinh tdng hop.

e Thuang ton céng kénh do xudt hi¢n cic mach cicbon dai nhu
benzopyren lam méo mé, bién dang su xoin kép trén phan tir ADN.

e Thuong tén ADN c6 thé do hod chat ¢6 kha niing gin vio gilta cic
bazo cla phan tir ADN hay tryc tiép tao cdc lién ket cong hod i gilia hai
mach don v.v...

2. Cac h¢ thong sita chita thuong ton va co ché sira chiva
2.1. Hé thong phong ngita cdc tde hai vao gen
e Enzym superoxyt dismutaza phan hiy cic ion superoxyd (O7)
* Heé thong diéu hda can bing acid - bazo thi phan hily cic ion H'

» He thang khir nhu NADPH,, glutathion, sinh t6 E, A, C thi s& phd bo
cdc phan ing oxy hod ¢o hai.

¢ Hé¢ thong gan than thi tham gia Khir duge va loai bo nhiéu hod chat
gy doc.
2.2. Hé théng sua chira cdc thuong ton trong ADN

Pé sita chita cdc thuong 1on trong ADN, t&€ bao ¢6 hing loat cdc enzym,
protein tham gia. O E. coli ngudi ta bi€t c6 bon hé thong sta chifa, d6 la:
«. Hé thdng sita chita 1

Stra chifa bo sung doi bazo khong ding trong qud trinh sao chép. Hé
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nay gém 9 enzym va protein nhu: dime methylaza, ADN helicaza II, ADN
polymeraza III, exonucleaza I, ADN ligaza, protein Mut-H, protein Mut L,
protein Mut S, protein SSB.

b. Hé thong situ chita 2

Sira chiia timg bazo bat thudng ¢é nghia 12 khi thidu mot bazo (nhu
purin bi khir chinh tdc dung ciia nhiét ching han) hosic xuat hién cdc bazg
khong binh thuong xanthin, hypoxanthin, su alkyl hod cic bazo, su tao thanh
dime pyridin do tdc dung tir ngoai. Tham gia sira chita hé théng niy ¢é bon
enzym: ADN glycosylaza, AP endonuclaza ADN polymeraza I, ADN

ligaza.
c. H¢ thdng siva chita 3

Stra chita cd mot doan cau tric cia ADN. Tham gia stta chita hé théng
nay ¢o ba enzym chinh ABC cxonucleaza, ADN polymeraza I, ADN ligaza.

d. Hé thong sita chita 4

Sira chita trye ti€p d6i véi thuong tén dime thymidin do tic dong tia tu
ngeal va thuong ton guanin bi bién d6i tao thanh G- O - methyl guamin do
dot bign boi hod chat. Dot bién ndy hay xay ra nht.

Tham gia ska chita hé théng nay cé cic enzym ADN photolvaza,
cnzym G - O - methylguanin - ADN methyltransferaza.

* Enzym photolyaza, trong lugng phan t&r 54.000 dung nang lugng
nhin duge tr hip thu dnh sdng, c6 hai cofacteur I3 510 -
methyltetrahydrofolat vi FADH,. Dang kich thich cda FADH, s& chuyén
mot dién tr dén thymidin dime vi lién két.

* Con enzym methyltransferaza thi xdc tdc sy van chuyén nhém
methyl cua G - O - methylguanin dén nhém cystein cua mot phan 1 protein.
Do dé 1am mat nhém methyl ciia guanin.

2.3.Chii y

1. Ngoai ra t€ bao con ¢6 mot co ché d6i phé déi véi chc thuong tén ao
at trude su tin cong cta moi trudng. Co ché niy goi 1a co ché sira chita khin
cdp SOS. Nghién ctu sy trd 101 khan ciap SOS & E. coli ngudi ta thiy cde diu
hi¢u ting sao chép hon 15 gen khdc nhau ¢ chia cdc théng tin sta chifa
ADN. San pham protein clia cdc gen nay 13 RecA, RecB, RecC, RecF, Rec],
RecK...
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2. St hiéu biét vé cic hé thong sira chifa ¢ sinh vat nhan chuin con han
ché. Song biét chic ciing ¢6 nhitng diém tuong déng véi hé thong sira chita ¢
E. ocoli

3. Mic dit hé théng stra chita sai s6t hoat dong rat hiéu qua nhung doi
khi ADN ciing chiu nhiéu bicn dong vuot ra ngoai tim ki€m sodt cla he
théng siia chita sai st lam cho hé thang bat luc d€ xdy ra dot bi¢n nhu trong
trudng hop 5 - methyl cytosin desamin, nguoi ta bi¢t khoéng cé mot
glycosylaza ndo cé kha nang nhan biét sai sot dé loai bo va khi sao chép
bazo nay né nhan biét nhu mét thymin.

Mit khdc hi¢n tuong téi t6 hgp viu su 16n tai cde gen nhdy cling déu
lam cho ADN mat én dinh, thong tin di truyén thay d6i. Su bi¢n déi ctia
ADN nity ¢6 thé xay ra & ci t& bao sinh dudng lan & bio sinh duc. Néu bien
déi xdy ra & 1€ bao sinh duc thi lai duge di truyén lai cho the hé sau.

32



CHUONG 1l

SU PHIEN MA-SINH TONG HOP ARN

Su phién mi - sinh tdng hop ARN la nhirng qud trinh chuyén théng tin
di truy¢n tir phan tir ADN sang phan tir ARN. Ban chdt hoi hoc cla qud trinh
nay va qud trinh sinh t8ng hop ADN rit giéng nhau nhung chiing lai mang
mot y nghia sinh hoc khéc biét.

- Su giong nhau giita sinh téng hop ARN vdi sinh téng hop ADN la:

+ Chiéu cia tdng hop 12 5°-3°

+ Ning luong téng hgp nhd thuy phan ATP.

- St khdc nhau gifta hai qud trinh sinh tén g hop dé lai la:

+ Khuon ADN dugce bao tén trong qud trinh téng hop ARN.

+ ARN polymeraza khong cé hoat dong ciia nucleaza.

+ Qué trinh sinh téng hop ARN khong ¢6 su ¢6 mat ciia chat méi.

+ Qud trinh sinh t6ng hop ADN ¢6 tinh dn dinh cao, dim bao viéc
truyen dat nguyén ven bo gen, trong khi d6 su sinh téng hop ARN lai lien
quan dén tinh da dang va bién dong trong sy bi€u hién cic tinh trang di
truyén.

Gilia 1€ bao ¢ sinh vat nhan so va t& bio & sinh vat nhin chuin, qud
trinh téng hop ARN ciing c¢é khic nhau, Tuy déu gdm ba giai doan: khoi
déng. kéo dai va két thic, nhung sy khéc nhau lai la:

- B6 gen t& bao ¢ sinh vat nhan so nim ur do trong t€ bao chit, con bo
gen 1€ bao & sinh vat nhan chuin thi nim trong nhian duge bao boc bdi ming
nhan, '

- Cic yé€u 16 tham gia vio qué trinh khoi dong, kéo dai va két thic o
cdc € bao khic nhau.
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- Enzym téng hop 1€ bao & sinh vat nhan so chi ¢é mgt loai enzym li
ARN polymeraza, con & sinh vat nhin chuin ¢6 t6i ba enzym.

- O sinh vat nhan chuin mARN tao ra khong hoat dong ngay nhu la
mARN & sinh vat nhan so - mi phii qua mét loat bién d6i méi the hi¢n chife
nang hoat déng cua minh.

- mARN ciia sinh vat nhan chuin chi md hod cho mét protein con
mARN culia sinh vit nhan so ¢é nhiéu doan trinh tu vi mdi doan trinh tu lai
mi hod cho mét protein.

Duéi day 13 chi tiét cta qud trinh sinh téng hop ARN & mdi leai t& bao
ctia sinh vat nhan so va t&€ bao cta sinh vat nhin chuan'”’,

1. SINH TONG HOP ARN O SINH VAT NHAN SO

1. Mot so dac diém v¢é enzym ARN polymeraza

1. ARN duoc téng hop trén mot mach don ctia ADN ¢di xoan theo
nguyén tac bé sung doi bazo. enym ARN polymeraza tham gia quyét dinh
viée téng hop ra ARN tén khuon ADN.

2. ARN dugc tdng hop ra chi trén mot trong hai mach ADN dang lam
khuon. Dau tién 13 gin mot triinh tu dac biét trén mach chon lam khuon,
trinh tu dé goi la promoto.

Su phién mi dién ra theo chi€u xdc dinh (5°-37). Chiéu di chuyén cla
ARN polymeraza s& quyét dinh mach don nao su dung dé phién ma.

Nhu vt chudi thi hai déng vai tro gi trong chudi th nhat dang bi sao
chép. Chung ta khong thé néi rang, chubi thi hai d6 khong hoat dong. Nguti
ta da chiing minh ring, ARN dugc tong hop nhd enzym ARN polymeraza
duéi su hudng dan cua ARN tu nhién cé thé nhanh chéng tdng hop protein
trong hé thag vo bdo. Nhung nguge lai, ARN thu duge khi st dung ADN
bien tinh hoac ADN mot chubdi 1am khuén thi néi chung hoat dong ral yéu
trong qud trinh téng hop protein. Nhu vay chudi thi hai cia phan tad ADN
tuy khong bi sao chép nhung su c6 mit chia nd trong chudi ¢é tic dung la céi
khung dé giit cho chudi kia duge sao chép tao ra ARN hoat dong. Nhu vay

' Tir day 116 di, cdc thuat ngit sinh vat nhan so (prokaryote) va sinh vat nhan chudn
{eukaryole) tic gid goi tit 1a nhan so va nhin chudn— BTV,
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cdu tric phan tr ARN vin tén tai dang hai chuéi nhung chuéi ra Ia quan
trong doi véi viéc tao ra ARN ¢6 hoat tinh sinh hoc. Hinh 3.2 va 3.3 trinh
bay so d6 co ché tong hop ARN trén khuon mot chudi cia ADN xoin kép
trong t&€ bao va chi ra chd mé dau trong chu6i ADN duge sao chép.

3. Su phién mi tuy c6 mang tinh chdt chinh xdc cao song ARN
polymeraza khong c6 co ché sira sai di kem nén do chinh xdc van kém xa so
V6l qud trinh sao chép. Clng may mén 1a ARN dugc phién ma khong bao
210 sao chép lai nén ¢ sai sét cling khong thé anh hudng dén the hé sau.

4. Enzym ARN polymeraza & day con goi la ARNpolymeraza phu
thuéoc ADN (vi ¢6 phién ma trén khuon ADN). Enym nay téng hop ca ba
loai ARN (mARN, tARN, va rARN).

5. Cau tric cta phan tir ARN polymeraza c6 cau tric bac bon cuc ky
phtic tap, hang s6 lang 15S va gém nam chudi polypeptit. D4 1a:

Chuéi B’ (beta phdy)  trong luong phan tr  160.000

Chudi B (beta) trong luong phan tr  150.000
Chudi o (alpha) trong lugng phan tr  40.000
Chudi o (6mega) trong luong phan tir 10.000

Chudi o (xich ma) trong luong phan tir ~ 90.000

Cdc chubi nay hop nhat
lal v6i nhau bing cédc lien két
nang luong yéu nhu lien két
hydro, lién két ion, lién két Van
der Van (Van der Waals).
Trong phan t& enzym ARN
polymeraza ¢6 hai chudi (o) va
cong thic cau tao tat la: (B, B, _
®, 0,, ©) trong lugng phan tir e
vao khoang 500.000 dalton. K |
Ch,um c de dang: tac{q k].]fjl 5 enmime ] W
phic hop trén. Nhém dac hiéu Xich ma &
ctia enzym la (B, B, o, a,) goi
la “I6i enzym”, lam nhiém vu

T

Hinh 3.1. Trinh bay mét phan tir ARN
; ) A _ : polymeraza gém ndm don vj nhé tao nén I5i
Xuc tac tao thanh lien két enzym va yéu t& xich ma tham gia trong md

photphodieste giit cdc nucleotid dau cac chuéi cda qua trinh phién ma.

35



ngay ca khi ving mat yéu t¢ xich ma (o). Phén tich chi ti€t hon niia, ngudi ta
thay rang enzym nay lam dugc nhi¢ém vu xic téc t6i thiéu chi can hai loai
chudi chi yéu la o va f (hinh 3.1).

Mot ciu triic khidc ¢é ban chét hod hoc la protein, goi la yéu t6 ro (p).
NG hinh nhu khong lién két véi ARN polymeraza va tham gia trong mo dau
cdc chudi ctia qua trinh két thic cdc chudi polynucleotid da duge chiét ra tu
dich chiét E.coli.

6. So do 1dng hop ARN trén khuon ADN nho ARN polymeraza: tat ca
cic ARN té& bao, bt ct ¢6 chiic phan gi déu 1a san pham cha sy sao chép di
truyén. Co ché clia qud trinh d6 rat pho bién: mot enzym la ARN
polymeraza ¢6 mat & tit ca cdc co thé co t&€ bao, xic tdc bon triphotphat
nucleotid thainh ARN, nhung ciu triic ARN d6 thi in hinh trén mot trong hai
chudi cia ADN (hinh 3.2 va 3.3).

P’O’DAM, ARN polimeraza

‘/A oenry — /F?boza_a@l@ 40N (/‘4 _R f7®

l Guant? — /?/Eﬁoza_.©@@ E -
Xito zinn — Arboza _@ @_@_ polimeraza || /?—@

Léffawb _ A’x'éoza_Q ®\.@/ /e __-® %

"""""""""""" [0,0 7@

|;x}~o 7 or}’a)’az a;l

Hinh 3.2. So d& téng hgp ARN trén khudn ADN nhd enzym ARN polimeraza.
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Hinh 3.3. So dé trinh bay co ché téng hop ARN trén khudn mét chudi clia ADN xoin
kép trong té bao. Vi tri hoa thj (*) chi noi m& diu trong chuoi ADN dudc sao chép.
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2. Su m¢ dau, kéo dai va két thiie sy sao chép cac chudi polyribo-
nucleotid

Nhimng nghién citu vira qua vé co ché clia qud trinh sao chép di mang
dén nhing hiéu biét v6 cling quan trong lién quan dén sy mé diu. kéo dai va
két thie cdc chudi ARN (polyribonucleotid)

2.1. Yéu td xich ma va s mo ddu

Thi nghiem in vitro cho biét ring, ving mat y¢u td xich ma cé thé déi
khi van md ddu su téng hop ARN, nhung dé 1a do 16i trong su md dau.
Chuéi ARN tao ra nho “I8i enzym”™ ARN polymeraza nhung mé diu mot
cdch ngéu nhién trén hai chudi cia mot gen. Khi cé mit yéu t6 xich ma thi
chi ¢c6 mot chudi xdc dinh trong phéan tir kép ADN duogc sit dung. Diéu dé
ching minh ring, yéu t& xich ma nhan mot doan nucleotid dic hiéu dé mo
ddu téng hop ARN. Poan nucleotid dac hicu dé chinh la promotd. Sau khi
m& ddu sao chép xong, thi yéu 16 xich ma tu tich khoi phic hop “ADN-
ARN-151 enzym™ dé réi lai gdn vio mot “16i enzym” khdc vd md ddu cho
maot qua trinh sao chép khic lién tuc.

Hién nay nguoi ta con chua biét 16, trong tit ca cic & bao cic véu 1§
xich ma déu gicéng hét nhau hay khdc loai.

- Chi tiét dac diém cdu tric cla promoto 1 hai trinh tr gém sdu
nucleotid:

+ Trinh tu tha nhat nidm cach diém vi tri bit dau sinh téng hop ARN
10 cap buzo (trinh tuw — 10).

+ Trinh tu thit hai cdch 35 cédp bazo (trinh tu — 35).
- ARN polymeraza gin vio promoto theo hai budc:

+ Bude [ enym nhan biét va gin moét cdch long 1éo vao trinh tu —35
hinh thanh phic hop “déng”.

+ Budce 2: mot ving ADN trinh tr —10 duge thio xodn v mot soi don
ADN dudi dang tu do dugc dung lam khuén cho su téng hop ARN.
2.2. Su kéo dai chudéi polyribonucleotid

- Sau kln ARN dugc khodng tdm nucleotid thi nhin t6 xich ma (o)
tich khoi phiic hgp enzym dé enzym duge tu do trugt dai trén soi khuén
ADN va1 nhan t6 kéo dai (EF) tham gia.
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- Giai doan niy, ti€p sau giai doan md diu lam cho chudi ARN 16n 1én
theo hudng 5°-3° thi duge dam bdo bdi “161 enzym”™ ARN polymeraza. Npuoi
ta dd ching minh rang, trong di¢u kién t8i da mot phan tir cla “16i enzym”
nay trang hop 50 nucleotid trong 1 gy. Nhimg trong t& bao (in vitro) ngudi
ta thiy t6c do téng hop nay rat cham vi mot co ché chua 6.

- ARN mdi s& tich din khoi mach khuén ADN nhung vin trlr mot
khodng 12 nucleotid bat dau tir diém tang trudong véi lién két ADN. Phan
ADN cdi xoin dé phién mi thi lai duge ARN polymeraza lam xoin trd lai.

2.3.Yéuto'ro (p) va su két thic

Viéc két thic chubi poiyribonucleotid khong phai do ARN polymeraza
mi bGi mdt phén tir protein dic biét goi 12 yéu td ro (p), yéu td nay gom sdu
tiéu don vi (hinh 3.4). St phan doan tir cdc dich chiét cua E.coli cho phép
tich ra duge mot protein ¢6 trong lugng phin tir 200.000 lam dung su 16n
tén cha phan tr ARN. Yéu 16 16 nay doc nhilng dau hiéu dic trung nam
trong ADN khuon & chd mi & d6 phit hop véi chidu dai chinh xdc ctia mot
phan t&r ARN md hod cho mét hay nhiéu phan tir protein, Ngudi ta thiy cé
khoing 70 nucleotid méi téng hgp bao quanh y&u t6 r6 nén khi ¢6 mit cua
yéu 8 1o, cdc chudi ARN duge hinh thanh ciing nhu enzym ARN
polymeraza s& 1 tich khoi ADN khuén. Ving mat y&u to ro, sy két thic
chudi khong bi phong b&€ mi chudi ARN van tiép tuc 1dn lén.

Doan nucleotid hinh thinh nén dau hi¢u dimg va co ché nhan biét cla
né con chua biét tudng tan, song chi biét rang, mot cdu tric dic biét rén soi
khuén bao gdm hai trinh tr déi xdng bo sung tiép theo 1a mot loat sdu
adenin (mh phién ma 4 sdu uracyl). Ngay khi hai tinh v d&i xiing b6 sung
duoc hinh thanh trén ARN ching ¢6 thé bt cip thanh cdu triic “kep t6¢”
khong cho ARN polymeraza téng hop ti€p.

IL SINH TONG HOP ARN ( SINH VAT NHAN CHUAN

1. Mot so dac diém edn phan biét

1.1. Phan biét mot s6 ddic diém phién md giita nhdn so va nhdn chudn
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Bang 3.1. Mot s6 dac diém phign ma

-
STT | Cac dic diém Nhan so Nhin chuan
1 Enym téng Chl ¢6 mét loai C¢ ba loai ARN polymeraza phién ma cho
hop ARN, ARN polymeraza | c& ba loai gen khac nhau:
ARN hié 3 cho cé
phien ma cho ca -ARN pol i cho céc gen rARN
polymeraza ba loai gen
(ARN pol) rARN, mARN va | -ARN pof /f cho cac gan mARN
tARN -ARN pol /1f cho cac gen tARN va 55 ARN
2 Cac mARN va | Cac mARN, Cac mARN, rARN hinh thanh trong nhan
rARN TARN vita phién | dudi dang tién than. Sau d6 cn ¢ mét s&
ma ra la dugc bién ddi hoa hoc d& hoan thién réi mai
tham gia vao chuyén ra t€ bao chat dé tham gia vao dich
dich ma mé
3 | Sydién tién | Dién tién hai qua | Khong dién tién déng thasi vi qua trinh phicn
hai qua trinh trinh xay ra déng | ma xay ra & nhan, con dich m3 lai xay ra @
phién ma va thai & ngay té t€ bac chat |
dich ma bao chat vats
bao khéng cé
nhan.
4 86 lugng Mé&i mARN mé Mé&i mARN ma hoa cho 1polypeptid
polypeptid do | hoa cho nhidy {monocistronic)
mARN ma hoa | polypeptid
{polycistronic)
5 Tinh dap Ung Bap Ung ngay Khdng dap Ung ngay tdc théi véi didu kién
cla suf phién ngoai canh do ciu tric phirc hap histon
m3 protein qua bén chat, buéc phai trai qua qua
trinh bi€n d8i dai mdl 18ng 1é0 d& hoat dong
dugc.

1.2. Phan biét chiic nang cac ving ca gen phién ma

Gen thudng gap nhat ma hod cho mot protein gom ba viing I3 vitng 5°,
vung dugc phién ma va ving 3’ duge phan biét cdc chic ning nhw sau (hinh

3.5).
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Bang 3.2. Chirc phan ba viing gen

STT Ving gen

Chirc nang

1 Vung 5'

C6 doan diéu hoa hoat déng gen va doan hoat hoa sy phién
ma (vlng promotd c6 hép TATA)

2 Vung dudc phién

C6 cac intron va exon:

ma - intron dudc phién ma nhung bi loai bd trong qua trinh hoan
thién sgi mARN
- exon dugc phién ma va tao thanh mARN & t& bao chatdé
dich thanh protein.
3 Ving 3' Chua 16 chifc nang, c6 mét gen viing nay mang tinh diéu hoa

chuyén biét

Vi 1ri bat déu o
phién mava ¥ fribat

Ving cac frink

-

D0 hiu nhén biek

- I ; ddu dichm AATAAA
7J diév hoa e aw@/;c 1 z s
CAAY TATAY AT Vi trigdn dudi poly A
5 ’ L 57
Pmmorejﬁ
Ving 5* : Vung 3’

Ving plnia;ﬂ ma
|

Exon

Hinh 3.5. Sd dé mdt gen ma hoa mot protein

* Capping: phan tng gdn mdt 7-metyl guanin vao nucleotide dau tién cila moi mRNA.

2. Cac giai doan m¢ déu, kéo dai va két thic phién ma

2.1. Giai doan mo dau

ARN polymeraza II muén hoat dong phién md dugc phai gin véi
nhiéu yéu t6 phién mi (transcription factor - TF) ¢6 ban cht protein do la:
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* Dau tién 1a TF,IID nhan biét va gan vao trinh tu hop TATA- ma hop
nay nam trudc vi tri bit dau phién ma dd 25-35 nucleotid (& mot s6 gen hop
nay dugc thay thé bing tri giau GC) r6i lai gan tiép TE-IIA

* Lic d6 enzym ARN polymeraza II lai lién két véi TE-IIB dé gin vio
dugc phic hop trén- phic hop TFIID- TFIIA.

* ADN duogc tich thanh hai mach nho nang lugng tir ATP phan giai ra.
* Cuoi cung nhan t6 TFIIE cho phép enzym khoi dong su phién ma.
2.2. Giai doan kéo dai
' Enzym ARN polymeraza II dj chuyén trén mach khuon ADN nho
nhan t6 TFIIS dé téng hop phan tir ARN.
2.3. Giai doan két thiic
- Su phién ma ket thiic true diém gén duéi polyA con xa.

Hinh nhu két thic ¢6 lién quan dén nhiing cau tric dang “kep t6c” tiép
sau trinh tr giau GC (hinh 3.6).

(ADN) 5-CC CA
3-GGGT

ETTTTTITT GAACAAAA-Y

CGATTACTE SAAAAAAA CTTGTTTT-5

5'-CCCAGCCCGCCCUAAUGAGCGG GCUUUUUUUUU-OH 3'

§:CCCA - UYUUUULLU.OH
129 | W |
of]

Hinh 3.6. Trinh tu trén 1a mét trinh tu két thuc trén phan t& ADN. Trinh tu gira Ia ARN,
san pham phién ma cla trinh tu trén. Cau trac dudi I3 sy cudn gap cla trinh tu ARN
trén tao thanh dang “kep téc”.

3. Cac chat tic ché su tong hop ARN
- o Manitin ic ch€ ARN polymeraza cdc loai- con & t&€ bao nhan so thi
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tdc nhan tc ché la rifampicin.
- Actomycine D chita nhan phenoxazon chém vao hai bazo guanin va

cytosin gay bi¢n dang khuon, lam ngan trd tong hop ARN.

4. Su hoan thién ARN ribosom

Preribosomal ARN 455[:_ . -

1835 5.85 285

(@) Methyl hoa

B

Nhom methyl

l it baﬂ_frg Endonuclease

Cac ARNr hoan thién m 4 m

185 rRNA 5.85 rRNA 285 rRNA

Hinh 3.7. Hoan thién cac ARN ribosom & té& bao nhan chuan

Preribosomal
305 _
76 5 tRNA 2378 55
(45)
(a) Methyl hoa
v L
Nhom melthyl () Cal béing Endonuclease
Cae chdttn ung gian . ' -
pre £ RNA 255 55
Nuclease Nuelease
(c)
Cac ARN hoan
thién o T
165 rRNA TtRNA 235 rRNA 55 rRNA

Hinh 3.8. Hoan thién cac ARN ribosom va ARNt @ té bao nhan so
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O (¢ bao nhan chudn sau phién ma tao thanh preribosom ARN 458,
Phan 10 ndy duge methyl hod t¢i hon 100 nhém tgo ru cac rARN 188, 58S va
28S8. Cdc rARN ndy sé ghép lai v6i nhau (a0 nén cau tric bac bdn phic tap.
Phén cdc nucleotid khéng duge methyl hod s& bi phan huy. O t¢ bao nhan so
preribosom 1a rARN 30S. Phan tir ndy cting duge methyl hod moét s8 buzo va
20 nén rARN 168, 23S, 5S va tARN, phin khong methyl hod ciing bi thuy
phan dé foai bé (hinh 3.7 va 3.8).

5. Su hoan thién ARN thong tin

Két thiic su phien md lip tifc céc tién mARN trii qua mot qud trinh
bi¢n doi ngay trong nhan dé thainh mARN hoat déng. Qud trinh ndy gém tao
mu chup 7-methylguanin vio
dau 57 gdn duéi polyA vio ddu
3" va ciit bd cde intron néi lai (q)

Cic exon. X )
Ddv 1dn 5 cua ARN vai

- o - /¥ i b
50. Gan ma  chup 7- nhIm Hriphosphat

methylguanin e
rE PPPNp
- Bau 5° cha chudi tién
‘dLl ¢ ] Cl’l tt Phosphobydrolase
MARN i nucleotid triphotphat P
chiv tic dong cla enzym -
A . pp Np
photphohydrolaza  tich  acid ~BY GTP
phosphoric  con  lai  nhdm  Guongyitronsferase Gppp
diphotphat. PA.
- Dudi e dong cia Gppp Np oot
. ] -7. AdoMe
enzym  guanosyl  transferaza ,,,,,,,ﬁ,‘;f:ﬁ /fm“

GTP duoc gin vio vd gidi Adoticy
phéng pyrophotphat. mGppphy
- Sau d6 enzym guanosyl , AdoMef

2 . 2%0- methyly
-7 —ransferaza gin nhém methyliransferase
S s S AdoHey
methyl vio vi tri 7 cOa guanin &
o, b4 —_—
dau 5” cia mARN mGpepmNp
MU chup nay 14 16i can Dév #6n 5'cia ARN vdi m§

thi¢t cho qui trinh dich mi sau (»)
nay (hinh 3.9).
Hinh 3.9. Tac thanh mii 7 - methylguanosin
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5.2. Gdn dudéi poly A

- Tién mARN sg bi cit bd khoang 20 nucleotid nam trudc mot trinh tu
AAUAAA nhén biét phan ting cat.

- Réi enzym polyA- polynmeraza c6 sin trong nhan sé gan khoang
100 adenin & t€ bao nhan chuin bac thap, hoac khoang 250 adenin & dong
vat ¢6 vii vio ddu 3’ cia mARN (riéng mARN cua histon thi khong gan dudi
polyA).

- Mot protein goi 12 protein lién két véi polyA (polyA binding protein -
PABP) s& gin ti€p vao duoi polyA. Duoi polyA két hgp véi PABP lam cho
mARN trong thé 6n dinh va khai su dé dang cho viéc dich ma.

5.3. Cdt bo cdc intron va néi lai cdac exon voi nhau

- Qud trinh nay nhd ba trinh ty ndm trong intron déng vai tro quan
trong:

+ Trinh tu “cho” GU & ddu 5’ cla intron.

+ Trinh tu giau
cic bazo pyrimidin
bao quanh 1 A & gan :
dau 3’. 4

Tréu mRNA

Exon Infron Exon
pGU  PyPyPu AT PraAG [
l (3% ché néi gida

exon vda infron

+ Trinh tu
“nhan” AG ¢ dau 3’.

OH l?eu PyPyPu A P'mAG\ J

- Qua trinh cit im}:h thanh 1ndfF vong
noi lan lugt xay ra

nhu sau: (hinh 3.10).

+ DPau tién
mARN  dugc cit
ngay diém néi gita
exon lva dau 5’ cua
intron.

C5¥ va nél l

+ Sau dé mRNA frodng thank
guanylat ¢ dau 5’
ctia intron néi VOi
adenylat ndm gan 3’

L . Hinh 3.10. Qua trinh cét ndi intron va exon cua tién mARN
Cua intron (a0 ra “nut thanh mARN hoat déng.
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thong long” cua intron.

+ Cuéi cing diém nai gitta exon 2 va diu 3° cda intron dugc cit roi,
roi intron bi loai ra va cic exon | vi 2 noi lai v6i nhau hinh thanh mARN
hogt dong va qua 16 nhan ra t€ bao chit tham gia qud trinh dich mai. Qud
trinh cit néi nay cé vai trd cia sdu phan tir tir U, dén U, do cic ARN nho
cua nhan (snARN) ket hop voi mot 56 protein chuyen bi¢t trong nhan.
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CHUGNG IV

MAT MA DI TRUYEN,
SU DICH MA - SINH TONG HOP PROTEIN

1. MAT MA DI TRUYEN

1. Céc phan tir bao quén va van chuyén thong tin di truyén

ADN thi chifa chit bido quan va truyén dat thong tin di truyen, con
MARN thi van chuyén thong tin di truyén. S§ di c6 s vin chuyén thong tin
di truyén vi ADN chia chit thong tin thi nam trong nhin, ma tong hop
protein theo chuong trinh dinh sdn lai nam & bao tuong, vi vay phii can mot
yéu t¢ van chuyén thong tin di truyén ti nhén ra bao tuong, yéu té dé chinh
fa mARN.

2. Céach bdo quan vi van chuyén thong tin di truyén trong ADN va
mARN; cic bang chiing vé ma bo ba

Ta biél ring ADN ciing nhu mARN chi ¢6 bon loai bazo, trong khi do
protein lai ¢6 t6i 20 acid amin khic nhau. Vay bang céch ndo dé ¢6 bon bazo
d6 dich duge 20 acid amin nity.Do d6 budc npudi ta phai giai quyét hang
loat nhifng van dé 1y ludn va thye nghiém nhu saw:

2.1. S6 bazo biéu thi mét acid amin

Bang todn hoc ngudi ta thiy:

- CG mot bazo bi¢u thi mot acid amin thi bon bazo chi biéu thi dugc cd
bon acid amin.

- Néu hai bazo bidu thi mot acid amin thi bén bazo s& bicu thi 1a
4#'=16.

_ NEu ba bazo biéu thi mot acid amin thi bon bazo s¢ biéu thi 1a 4'=
64,
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Nhur vay, bo ba (triplet) bazo di va thira dé biéy thi cho tat ca cic acid
amin trong co thé sinh vat.

Ve sau, v¢ thuc nghi¢m ngudi ta cang thita nhin vé ma bo ba nay (sé
noi san).

2.2. Cdch sdp xép bo ba mdt md trén phan tit ADN vé mARN

Diéu Kién diu tien va tit yéu 1a bo ba mat mi nay phai gin nhau,
nhung c6 bén cich sap xép: 3a aa aa

-t - b -

i ' ] o, |

Y O
2. Céc bd ba cich nhau bing mot nhém khong ¢6 ¥ nghia

1. Cic b ba néi tié€p nhau

aa aa ap
A -t

A= L FTT g vt

3. Trong bo ba nucleotid, méi nucleotid clia né déu ¢é thé tham ya
vao ba bo ba khdc nhau. Ll L L Lt

4. B0 ba nucleotid nam trén hai chudi khdc nhau.

] L
-—h L =

I v 1

RS

Crick di ding riboflavin va céc loai acridin khic nhau dé ¢ kha ning
thém hofic bt mét nucleotid trong chudi mARN, do d6 ma ¢6 thé nhin dinh
dugc cdch sap xEp ndo trong bén cdch trén 13 ding: dé trén mot chudi ARN
thay mét nucleotid thi protein tao thinh chi ¢é meét acid amin thay déi ma
théi. Nhu vay chi ¢6 cach thit nhat ma thoi.

Cing bing chiing tryc 1iép chitng minh ma bo ba dugce rat ra tir thi
nghi¢m Il & thue khudn thé T,. Trong thi nghiém ndy ngudi ta gdy tao
nhitng dot bien mil (-) vi thém (+) mot cap bazo trén ADN.,

Vi du: ta 6 dogn ARN théng tin ¢6 thanh phan dudi day va khi d6
trén phan tu protein tuong Gng s& chi ¢é mét loai acid amin
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mARN: CAG CAG CAG CAG CAG CAG CAG CAG
acid amin 1 1 1 1 1 1 1 1

1. Néu bay gio xdy ra dot bién (-) lam mat di C & vi tri thit hai trén
mach ARN théng tin thi trinh tv cic b ba & thay déi va thanh phan acid
amin thay déi theo nhu sau:

-C

f

mARN: CAG AGC AGC AGC AGC AGC AGC AGC
acld amin l 2 2 2 2 2 2 2

2. Néu tiép theo lai xay ra dot bién (+) xen G vio giffa b ba thit hai va
thit ba thi mach ARN théng tin va thanh phan acid amin trén protein sé thay
doi nlur sau:

-C +G

mARN: CAG AGC GAG CAGCAG CAG CA G CACG
acitd amin | 2 3 1 1 1 1 1

3. Trén thuc t€ néu ma di truyén [2 ma bo ba thi xay ra lién ti€p ba dot
bién “mat” hoidc ba dot bién “thém™ lién ké nhau & ddu gen s& khong lam
thay doi nhiéu thanh phan acid amin trén protein tuong tng. Thi dy, trudng
hop xdy ra lién tiép dot bién (+) nhu sau:

+A +C +C
mARNkiéudai UUC CUG AAU UAU CGA GUU GCC AAA
acid amin 1 2 3 4 5 6 7 8
phe  leu asn tyr arg  val ala  lys

& didn dén bon bo ba bi bién déi trén phan tf mARN va giy ra nhung
bi¢n doi tuong g trong thanh phén acid amin cla protein.

mARN UUC ACU GCA AUU AUC CGAGUU GCC AAA
acid amin 1 9 7 10 10 5 6 7 8

phe  thr ala  leu leu arg val ala  lys

cac acid amin sal

Toan bd cic s6 lieu thu duge trong thi nghiém trén gen 11l & thuc
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khuan thé T, da chting td 1ap luan trén 13 ding. Vdy md di truyén la ma bo
ba vdi 3 bazo néi tiép nhau lién tuc khong ngdt qudng doc theo mot chiéu
va bdt ddu ti mot diém xdc dinh.

3. Gidi ma di truyén

Biét duge bo ba nucleotid xdc dinh mot acid amin vi phai di lién nhau
theo mot hudng chua dit, ma con phai biét bo ba nucleotid nio xdc dinh acid
amin nao.

Cong vigc nay hoan thanh dugc nhd thinh tuu cta Ochoa (1953) chiét
xuat dudge enzym polynucleotid phosphorylaza tlr vi khudn nén di gitp
M.Nirenberg vi Mathae (1961) dung enzym nay téng hop dugec mARN toin
pely U trong éng nghiem. Vé say M.Nirenberg di sir dung mot hé théng
tdng hop vo bao (khong ¢ cdu tric 1€ bio) dé giai ma di truyén. H¢ thang
dé 1a dich chiét t& bao E.coli ¢6 chia céc ribosom, cdic ARN vin chuyén, céc
enzym aminoacyl synthetaza, ARN théng tin, cdc axit amin vi mot s6 phu
gia khdc. Trong hé théng vo bao cdc axit amin ¢6 thé dinh lai v6i nhau dé
tao thanh protein. Phiin ing nay chi dién ra trong vong vai phat réi dimg lai.
nhung néu bé sung thém ARN thong tin méi thi viec dng hop protein lai
tiép dién,

Phdn ttng nay la mot phér minh ciwe ky quan trong, vi sau khi ARN
thong tin ty nhién ¢6 sin trong dich v bao duoc sir dung hét thi ¢6 thé dua
ARN théng tin nhan tao ¢6 thanh phin dinh trude vao hé thong vo bio va
xdc dinh xem loai protcin nio duge tong hop. Cic 1dc gia thay ring, khi dua
ARN théng tin chi chita toan uraxin (U) vao h¢ théng thi protein dugc téng
hop chi chifa toan axit phenylalanin. Tuong ty nhu vay, néu mARN dua vio
h¢ thong chi mang todn adenin (A) thi protein duge tong hop chi chita toan
lysin, néu mARN chi mang toan cytosin (C) thi protein twong tng chi ¢6
prolin. Vay UUU Ia bd ma ma hod phenylalanin, AAA 1a bé ba mi hod lysin
va CCC la bo ba md hod prolin.

Tiep sau d6 cic tdc gia di tong hop cdc mARN ¢6 thanh phan nhu
UCUCUCUCUCU...., AAGAAGAAGAAG.... vi di tim ra ¢dc bo ba mi hod
axit amin nhu: serin 1a UCU, leucin 13 CUC, lysin la AAG, arginin la AGA
vaaxit glutamic la GAA. i tiép tue thi nghi¢m theo cdch nhu vay va ket
hop v6i mot vai k¥ thuat khic, ngudi ta da fim ra toan bo 61 bd ba mi hod
cdc axit amin. Ba b ba con lai (UAA, UAG va UGA) nhu ngiy nay ching
ta da bict, 1a nhiing d&u hiéu két thdc chudi, con gol 1a b¢ ba vé nghia
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(nonsense) vi chitng khong xdc dinh axit amin nao. Nhu vay, foan bo md di
truvén da dwee gidi, thé hién d bdang 4.1.

Bédng 4.1. M di truyén

| 1
e ' Chir thu hai
v c G
LUl ooy ucu uuu UGy U
lJL leu tyr cys

i Luuc uce | .. Lucc UGC C
c { uu;cx} phe | | YCA UAA KT(M | UGAKT |Alc

h uu uCG UAG KT UGG trp |G| h

it | ¢ | (cuuU  ccu {CAU} b | (TCGU Ul

| CUC |y [ CCC L pro C CGC | 4| C

ot CUA CCA CAA} ' CGA At

h CUG. L cca cag) &' Lceo G| h
| ¢ AUU ~ACU)
el A | (ALY ACU { s {AGU} wr |V
| | < AUC Hjey ] ACCL AGC c
n || Aua ACA AAA AGA Alb
| . J lys agr

h | TAUG met ACG. AA AG Gla
E ‘ Gl ((Guu GCU {GAU asp| [(GGU U
It GUC [vul {) GCC| ala| LGAC eee | . |C

a
‘ GUA GCA GAAY Ly, ceA (57 | A

| ' | leuc GC GAG GGG G| |

(*y KT cum ma két thic
4. Cac dac diém coa ma di truyén

Phan tich biing mi di truyén chiing ta thiy c6 nhing dic diém sau:
4.1, Moi axit amin it nhdt cé hai md di truyén (codon), trit Trp va Met.

- Cic codon cung bidu thi mét axit amin thi goi 12 codon dong nghia
hay codon thoii hod: con ¢6 tén i codon khong dong nhat.

- Y nghia cta nhiéu codon cho mot axit amin chinh la co che bao vé
thong tin thé hién su tai tinh.

Vidu: GGC  khibitia UV GGU
gly gly

A
I~




Codon ¢6 thay déi tr C —» U nhung khong anh hudng théng tin di
truyén vi van biéu hién cho glyxin (gly).

- Trong ciéc codon dong nghia chi ¢6 nucleotil thi ba khic nhau; nhu
vay néu nhu axit amin nlo ¢6 i bén codon thi khi thay déi nucleotit thi ba,
ban chit thong tin di truyén khong thay dot.

4.2. Nhitng axit amin nao hay gdp trong phdn tir protein thi nhicu codon
dong nghia, trir his va cys, tuy it gdp nhung quan trong vi ¢6 nhém imidazol
va nhém —SH nén mdi né déu ¢é hai codon.

4.3. Nhitng axit amin ¢é ddc tinh Iy hod gdn giong nhau thi codon cia
ching ciing gan giong nhau chi khdc nhau & nucleotit thit ba. Vi du:

Asp GAU GAC
Glu GAG GAU

4.4. Trong truong hop axit amin c6 hai codon thi nucleotit tht ba thuoe
cung mot nhém hodc purin hoiic pyrimidin.

Vidy: phe: UUU vt UUC, nucleotit thit ba cia hai codon nay thude
nhom pyrimindin.

Leu: UUA va UUG, nucleotit thit ba ciia hai codon nay thudc nhém
purin.

Tir ¥ nghia ndy néu ta thay mot bazo trong cung mot nhém thi goi 1
transition, con néu thay khdc nhém thi goi 1 transvertion.
4.5. Nhitng codon vé nghia

Co ba codon ta UAA, UAG v UGA khong tmg véi mot axit amin nio
cd gol 12 codon vo nghia nhung lai déng vai trd bido hi¢u két thiic tong hop
chudi protein.

Codon AUG — met bio hiéu mé diu,
N formyl Met m& déu cho sy tong hop chudi protein cua vi khuin.
4.6. Ma bo ba mang tinh phé bién

O vi khuin dong vit, thuc vat déu ciing ¢é bo ba mi di truyén gidng
h¢t nhau.

4.7. Su doc théng tin di truyén (hi wan theo dinh luat déi bazo b sung ciia
bo ba mat mi gitta ADN vt mARN vi cila bo ba déi ma ctta tARN nhu sau:

N
Ll



ADN ¥ T 5
TAC

mARN 5’ T 3

(codon) AUG

1ARN 3 T 5

(anticodon} UAG

Protein NH2Met COOH

- 4.8. Tinh link hoat ciia md di truyén

- Inosin (I) trong anticodon ¢6 thé bo sung vao U, C, A, G déu duge ca
(woble hypothesis of Crick 1966). P4 goi la tinh linh hoat “trong két cap”.

4.9. Dot bién va md di truyén

C6 mot s6 tac nhan dot bién hod hoc gy ra déng hoén, di hodn, lam
mat hodc bé sung thém bazo v din dén thay doi axit amin trén mach
polypeptit.

Cé ba kiéu dot bién co ban lam sén sinh ra cdc protein khong hoat
dong biéu hién ra kiéu hinh:

a. Dot bién nhdam nghia

Mot cip bazo riéng 1é trén ADN bj bién déi lam thay doi cym ma
tuong tng trén mARN, do dé din dén mot axit amin khac trén chudi
polypeptit.

b. Dot bién vo nghia

Mot cip bazo riéng 1¢ trén ADN bi bién déi 1am thay déi cum ma
wong (ng trén mARN vo nghia (tic 1a mot tin higu két thic chudi trén
mARN), do d6 din dén mach polypeptit ngin hon binh thuong va khéng
hoat dong theo ddang chic nang ct.

¢. Dot bién dich khung

Mot cip bazo riéng 1é trén ADN bi mat hoac thém lam thay d6i mot
bazo trén mARN, md & d6 khung doc dich chuyén di mét nucleotit, do dd
din dén tao ra mot polypeptit khic thudng.



I1. SUDICH MA-SINH TONG HGP PROTEIN

1. Cic chat tham gia téng hop protein

Qua trinh dich mi - sinh tdng hop protein ¢ hang loat cdc yéu 18 tham

gia, trude hét ké ca cic yéu to truyén dat théng tin di truyén, cic acid amin
roi dén cdc enzym. cdc yéu 16 mS dau, kéo dii vi két thiic, cdc phan tlr cung

cip nang lugng, cdc ion v.v.

- Dudi day 1 bing li¢t ké cdc chit tham gia vi

vat (ro chife nang ctta chiing lrong sinh téng hop protein (bang 4.2).

Bang 4.2. Cac chat tham gia va vai tré - chire ning cla ching trong sinh

téng hop protein

Factors- EF)
-EFT (Tu, Ts)
- EFG (G)

| STT Cac chit Vai tré—chire niing
1 Cac acid amin {gdm 20 acid Nguyén liéu d& t8ng hap nén polypeptid,
amin khac nhau} protein
2 ADN Gen diéu hoa, gen khdi dang, gen cau tric
tham gia vao phién ma, dich ma,
3 Cac ARN (gom ba loai: mARN, | -mARN van chuyén thong tin tif ADN bing bé
rARN, tARN) ba ma di truyén dén chd tdng hap protein,
- rARN la ndi tdng hap protein
- tARN véan chuyén acid amin tudng ving dén
ngi téng hap protein.
4 Cac enzym {cé ba enzym quan | - Gén cac acid amin vai tARN tugng ng.
trong) - GAn acid amin thém vao peplid.
- AminoaxyltARN syntetaza - Van chuyén peptid
- Peptidyl syntetaza
- Peptidyl transferaza
5 Cac y&u 18 md dau (initiation Md ddu su t8ng hop chudi polypeptid
factars: |F)
- IF1
-{F3
-IF2
i B Cac yéu t6 kéo dai (elongation | Kéo dai su tdng hop chudi polypeptid




7 Cac y6u 16 két thic con goi I
yéu 10 giai phéng release Két thiic suf tdng hgp chudi polypeptid
factors- RF)
- RF1
-RF2
-RF3
8 ! Cac chat cung c&p nang lugng | - Cung cép nang Iugng cho qua trinh hoat hoa
-ATP acid amin.
- Cung cap nang lugng cho sy gin formyl Met-
_GTP ARN va cac aminoacyl-tARN khac vao
ribosom.
- Cung cap nang lugng cho sy chuyén vi tri
clia peptidyl-tARN tu vi ti A->B
9 Cac ion: CAan cho sy hoat ddng clia cac enzym
Mg?', NH," K*

Cidc loai ARN: ARN goém ba loai 1a mARN, tARN, rARN c6 mot s&
dic diém chinh dugc t6m tat trong bang 4.3.

Bdng 4.3. Cac dic diém chinh cla mARN, tARN va rARN

nhan ra bao tuong dé téng
hgp protein

mARN rARN tARN
Tylé% 5 80 15
Thdi gian Nhanh chéng dugc téng Lau hdn va bén hon |Lau va bén
s6ng trung | hgp va thoai hoa (khoang
binh hai gid d da bao con 5-10
phut & vi khudn).
Trong lugng | Knéng déng nhat tuy thude |70 S &vikhudnva  |4S (25.000 daiton)
phan tir vao chudi polypeptid ma né |80 S & da bao
md hod
Hinh dang | M6t sgi thang Cé hai tiéu don vi Cudn thanh hinh la ba
gan vai cac protein | ché
Ngudon géc ! TUrmét sgicla ADN G Tir mét sgi clia ADN | Tir phan sdi ADN 4 ngoai
dugc téng  |nhan vat qua hach nhan  |hach nhan
hop
Vai tro B& ba ma hod cla (coden) | Ngi dign ra 18ng hop |Mang d6i ma (anticodon)
mang ma di truyén trong protein va mang acid amin tugng

{mg d&n chd téng hgp
protein.




2. Vai tré clia mét s yéu t6 quan trong tham gia qua trinh sinh tong
hop protein

C6 rat nhiéu yéu 16 tham gia qu4 trinh sinh tong hop protein. Riéng vé
cdc dai phan nr di ¢6 t6i hing tram loat khac nhau (cdc acid, nucleic, enzym,
protein déc hi¢u...) tham gia qud trinh nay.

2.1 Vai tro cia ADN

Nhur ching ta di biét ADN tip trung chi yéu o trong rhan va li thanh
phin co ban cda thé nhiém sic. Vai trd clia ADN trong qua trinh t6ng hop
protein duge xdc minh chu yéu bdi nhung nghién ciu vé di truyén. Thuc
nghi¢m diu tién ching minh ADN 13 co s vat chit cha di truyén 12 cong
trinh ctia Avery, Mac Load va Mac Carthy (1944): dua ADN chict xuit ti
ph¢ cau khudn doc vao moi tr uong nuodi cdy ching phé cdu khudn khong doc
thi chiing khong déc bién thanh chung dgéc. Vay ADN ¢4 lién quan chat ché
voi tinh dic hiéu cla cdc protein cia vi khuan (cdc protein nay quyét dinh
tinh déc hay khong doc cta vi khudn).

Thi nghi¢m Krauss lai chtimg minh cu thé hon méi lién quan gita cdu
tric cua protein voi vai rd clia ADN: dua ADN chict xudt 1l hong cdu non
cua ngudi binh thudng (héng cdu nity 10ng hop hemoglobin A) vad luy
xuong bénh nhan thi€u mau hinh lidm (cé hemonglobin S) thi héng ciu non
trong tuy xuong bénh nhan téng hop duge hemoglobin A (binh thudng). Qua
cde dir Kign trén ta ¢6 thé két luan ring ADN quyét dinh edu tric ddc hiéu
cua protein duoc téng hop. Nguoi ta lam thi nghiém v6i he thdng vo bio
khong ¢4 nhén (¢ bao hoiic ADN thi thdly qud trinh tdng hop protein vin Xay
ra. Vay ADN khong truc tiép tham gia qud trinh t6ng hop protein.

Ngay nay ngudi ta da xdc nhan duoe ring, ADN la chat liéu bio quin
thong tin di truyen, phan to ADN chita dung toan bg cdc “tin tie™ vé ¢l tric
cua cac protein diic hieu ca 1€ blo vi cde “tin tic” dé duge di truyén lai the
hé sau.

MGi protein ting v6i mot doan cta phan tir ADN go1 13 xistron hay gen
cdu triic, trong dé méi acid amin dugc mid hod bing mot bd ba
mononucleotid goi 1a bd ba mat ma, tht ty cla cdc acid amin trong chudi
polypeptid (protein) dng véi thit tr cdc mononucleotid trong chuoi ADN
(hinh 4.1).
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Chuai polypeptid aa, - ad, - ady ... 4, - a

(gom 2t a.a)

I xistron ciia ADN T L
1 2 3 n-1 n

Hinh 4.1. Su tudng ing giita chudi polypeptid va
chudi cac bd ba mononucleotid clia ADN.

Ghi chi: a.a: acid amin
1: mdt mononucleotid

Nhiéu protein lién quan dén nhau vé mat hoat dong (thi dy céc enzym
xtc tdc nhiéu phan Ung ctia mdt qud trinh thodi hod mot chét nio do) ting voi
mot khic phan td ADN gém nhicu xistron. Nhimg xistron dé {gen cdu tric)
chiu su diéu khién clia mot gen goi la gen tac dong. Trén phan tor ADN con ¢6
gen diéu hod sinh sdn ra chat kim ham énh hudng t6i gen téc dong (¢ che hay
kich thich trang thdi clia chdt kim ham). Bén canh gen téc dong con cd gen
khoi dong 1 noi ti€p nhan ARN- polymeraza (enzym xiic tic sy sinh tdng hop
MARN) (hinh 4.2).

R \ I 0 S, S, S,
v Ei
R’

Hinh 4.2. Cac gen ctia ADN

R: gen diéu hoa R’: chat kim ham

O: gen tac dong P: gen khdi déng

S, S8, S;...: gen cdu trie

ADN ¢6 hai hudng hoat dong

- [hiedng thut nhdt: 1a sy sao chép hay nhan doi ADN Xdy ra & nhin (¢
bao khi phan chia (xem chuong 16ng hop ADN).

- Hidng thit hai: 1a diéu khién qud trinh sinh tong hop protein thong
qua su tong hgp ARN duge tong hop dua trén mau 1a mét sgi ADN (mang
thong tin vé cau tric protein). Cic thong tin tr ADN duoc chuyén sang ARN
va qua trinh nily goi la s phién md (xem chuong 16ong hop ARN). Sau do
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mMARN duge ding lam khuoén miu cho sy téng hop protein, cic théng tin tir
- mARN duoc chuyén sang chudi polypeptid, qué trinh ny goi 1a sw dich md.

2.2 Vai tro cua mARN

mARN la yé€u 6 van chuyén thong tin vé ciu tric protein theo mai di
truyeén quy dinh tir mot doan soi ADN dé dén ribosom dng hop protein.

Bit dau tir nam 1961, Jacoh va Monod néu cé mot loai ARN ¢6 dic
diém: chuyén hod nhanh chéng va ¢6 cau triic hod hoc tuong tu véi ADN.
ARN niy ¢6 tdc dung nhu khuon miu dé tong hop protein vi duge goi 1
ARN thong tin (mARN). Ddi song ctia mARN it ngin: chi 2-3 phiit & vi
khudn va 2-3 gitr & dong vat. mARN chiém gin 5% tong ARN cua t& bio.

Vai tro cha mARN dd duge xdc minh bang thue nghiém. Khi ot mARN
chiet xuat tir gan chudt véi dich ¢ bao nguén gdc dong vit khéc thi thiy ¢é
st tao thanh protein dac hiéu cla gan chudt. Nhu viay mARN truc (:€p tham
gia qui trinh téng hop protein.

NG chinh la chdt trung gian truyén thong tin tr ADN sang chuoi
polypeptid. Véi nguyén liéu 12 cic mononucleotid tuong ung, enzym xiic tic
la ARN polymeraza phy thuoc ADN (hay transcriptase), mARN dugc téng
hop dua theo khuon mau 1d mot sgi ADN. Su téng hop ndy tuan theo quy
ludit doi bazo nén phan tir lai mARN-ADN. Qud trinh d6 duge goi 1 su
phién ma (hinh 4.3).

Nhu vdy cdc thong tin & ADN vé cau tric clia protein nhit dinh da
dugc chuyén sang mARN va mARN duoc coi nhu ban sao cila mot doan

! doan phén

— - b

|

u

o lai A
1

Hinh 4.3. Su phién ma
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ADN tuong iing. Sau khi duge téng hop xong mARN tich khoi phan tr la
vit duoc chuyén (dudi dang két hop véi protein thanh phic hop goi la
inlormosom) ra bio tuong t3i ribosom.

Nhiing gen ciu tric hay xistron diéu khién sy téng hop nhiing protein ¢6
lién quan véi nhau vé mit hoat dong (thi du xdc tdc mot qua trinh chuyén hod
gom nhiéu phan tng lién tiép) tap hop lai thanh mot don vi chitc nang goi
don vi tdc dong (operon) dudi sy diéu khién clia gen tdc dong.Su sao chép thue
hién cho toin bo cdc xistron cta dom vi tdc dong tao nén mARN polyxistronic
mARN [ khuon mau cho su téng hop nhiéu chuéi polypeptid tuong ting (fiinh
4.4).

Hinh 4.4. ARNm polyxistronic (E,, E,,... cac enzym).

mMARN monoxistronic (hiém hon) dng véi mot gen ciu trac. Su sao
chép bat diau ¢ gen khoi dong (noi ti€p nhin ARN polymeraza). Su kéo dii
chuéi mARN di theo chiéu 57-3” va duge thuc hién & doan ADN nim ngodi
pham vi hach nhan. Cdc théng tin & doan ADN Ung véi chudi polypeptid
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nhét dinh duge chuyén sang mARN.

S6 bo ba mat mi & doan ADN tuong : ,
. . M ot . - g £+ Psu 5 l¢ .
Ung va bang s6 acid amin cla chudi P X PAUF
polypeptid.

A OH =— NJi gdn ad
1

Kich thuéc cla mARN wy
thude vao cdc chudi polypeptid ma né
ma hod. Né gobm 900 — 12000
mononucleotid ¢& trong lugng phan
e bing 3 x 107 - 4 x10° dai 5-50-
10°A" Y

23. Vai tré ctia ARN

Hoagland vi cic céng su
(1958) lam cdc thi nghiém éng hop
protein v&i mot hé théng vo bao gém Déi ma
ribosom (tdch tir E.coli) acid amin ! . ]
ghi dau, MgClz. ATP vi ARN chiét Hinh 4.5. C4u tric tong quat cla tARN
xudl tr pha 1ong cia 1€ bao. Ho nhan
thay trude khi duge sit dung dé tdng hop protein, cic acid amin kél hop véi
ARN hod tan. con goi Ia ARN van chuyén, viét tit la tARN (hinh 4. 5).

Chic nang (ARN duge thuc hién nhd cic cnzym dic hidu 3 cdc
amincacyl - tARN synthetaza. C6 20 amino- acyl-tARN synthetaza tuong
tng véi 20 acid amin.

Céc enzym niy 6 kha nang nhan biét cdc acid amin dic hiéu va ca
tARN tuong dng. Qud trinh gan acid amin vio tARN véi su tham gia cha
cidc enzym trai qua hai bude v ¢in nang luong kich hoat:

- Acid amin + enzym + ARP — enzym amynoacyl-AMDP + P,.
Enzym-aminoacyl-AMP + {ARN — tARN-aminoacyl + AMP +
enzym.
Nhu vy, chifc ning clia tARN 13 van chuyén cdc acid amin mot cach
diic hi¢u den noi tong hop protein. Vi vay ¢6 it nhat 20 loat tARN, ting véi
20 acid amin.

Ngay nay ngudi ta di biel khoing 40 loai tARN vi di xic dinh dugc
cau trée bac 1, 2, 3 cla nhiéu loai tARN. Phin tr tARN ¢6 khoang 75-85
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mononucleotit va ¢4 trong luong phan tl bing 25000-30000. Ciu trdc 10ng
qudt cla tARN nhu hinh 4.5, trong d6 chiing ta cha ¥ hai diém:

* Pau 5° thudng 1 p va dau 3’ bao git cing la bo ba mononucleotit
CCA trong d6 A (AMP) & tin cing va 12 noi tryc tiép gan acid amin (sa).

* PGl ma: 12 mot cudén gdm bay mononucleotit, trong dé ¢6 bo ba
mononucieotit Gng véi acid amin mid ARN ¢é nhiém vy vin chuyén mot
cdch dic hiéu. tARN c¢6 nam trung tam chuc nang:

- trung tam nhan acid amin:

- trung tam dugc nhan biét bl enzym (aminoacyl-tARN aynthetaza);
- trung tam tuong tc voi ribosom;

- trung 1am nhan biét bdi cic yéu td EF-G trong qui tyinh chuyén vi;
- trung tam déi mé dic hiéu doi véi acid amun duge van chuyén.

Khi tARN nhan acid amin tyong Gng thi trd thanh aminoacyl-tARNs
(aa-tARN). Phttc hop nay duge dua 16i ribosom va “déi ma” nhan biét ma
lwong tung o tARN theo quy luat d6i bazo, thi du: Lys-tARN bo sung vdi mi
cla lysin & tARN,, (hinh 4.6). '

Lys
i | %l Lys- tARN
L_J U C Vst ma
A A G Ma
| | |

Hinh 4.6. D6i ma nhan bidt ma tuang img

tARN duge 1éng hop dua trén khuon miu 1 mot soi ADN nim ngoii
pham vi hach nhan. Sau dé ching dugc chuyén ra ngoai bao tuong. Ching
chiém khoang 15% tong ARN cia t& bao.

2.4. Vai tro cita ARN ribosom

rARN chi¢m khoang 80% téng ARN cla 1€ bao. Ching duge tong hop
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G hach nhan, dua theo khuon
mau 13 mét sgi ARN. Sau dé
ching dugc chuyén ra mang
WGt néi nguyeén sinh v tham
gia cdu o ribosom - noi xdy ra
qud trinh 1ong hop protein.

Ribosom 13 nhiing tiéu
phin ribonuclcoprotein  bam
vao mang ludi ndi nguyén sinh.
Ribosom gém hai don vi nhd
c6 hing s6 ling khdc nhau.
Bing 4.4 trinh bay mot s6 dic
diém vé thanh phin hod hoc
cua ribosom (bing 4.4).

Trung tam

peptydylyp Trung fém amyn oaxyl

—_

g Cac ma
Bidng rnk (vi 1ri gan mARN 2

Hinh 4.7. Cac trung tam clia ribosom & E.coli

Bdng 4.4. Thanh phan hoa hoc clia cac ribosom & & bao nhan so va nhan chuin

Céc loai ribosom Ban vi lan Pan vi nho ]
Ribosom cla t& bao nhan 508 308
sd, 34 protein; RNAr 23 S RNAr: 16 §
loai: 708 RNAr: 58 21protein
Ribosom cda té bao nhan 60S 408
- chudn, 50 protein 34 protein
loai: 808 RNAr: 28 S RNAF 18 S
RNAr: 5,858
RNAr: 58
| Ribosom ciia ty thé déng 40 - 455 30-345
| vat, RNAr: 16 S 100 protein
‘ loai: 55 - 60S 70 protein RNAr 12 8

G vi khuin (Ia nhiing t&€ bao nhin s0), ribosom 12 tiéu thé ¢6 hing 56
lang 1a 70S, rong luong phan tu khoang 3.10° gém hai don vi nho ¢é hing
s6 lang lan luot 50S va 30S. Hai don vi nho nay ¢6 thé tr do hoiic két hop vai

nhau thanh ribosom 70S.

Ribosom 708 = Ribosom 508 + Ribosom 30S

O t¢ bao nhan chuin (thi du t€ bao dong var), ribosom 13 tidu thé ¢6

63



hiing 6 lang 1a 80S. ¢6 trong lugng phin tir bing khoang 4,5.10" va gom hai
don vi nho 60S va 408:

Ribosom 80S = Ribosom 60S + Ribosom 40S
- Ribosom 308 ¢6 hai vi tri A va P, vi trf A 12 vi trf nhan acid amin
(aminoacyl), vi tri P 1 vi tri nhan peptid (peptidyl tARN).
- Ribosom 308 gin mARN.

- Con polysom la nhiéu ribosom gan vao sgi mARN (hinh 4.8).

mARN —5 - (O 6
SRS

Rrbosam

Hinnh 4.8. Polysom

Nhu ching ta biét hiéu sufit ctia qua trinh dich ma ¢ khi dat t6i mot
tri¢u lién k&l peptid rong mot gidy. Nhung néu dé va cham ty nhién trong
moi trudng 1ong cha it ca cdc thinh phdn tham gia phin ing thi xdc suit o
duge mot lién két peptid 12 cuc ky hi€m hoi. Cho nén trong thuc 1€ cdc thanh
phin nay. chis y&u nhu mARN thong tin md hod va aminoucyl-tARN... phai
duge 1iép xtc véi nhau thong qua mai lién ket cua cdc thanh phan ribosom
(ribo-nuclcoprotein) noi trén thi méi dat duge hiéu niang dich mi cuc ky nhu
da trinh bay.

3. Cic giai doan ciia qua trinh sinh tong hgp protein

Qui trinh sinh téng hop protein (polypeptid) trii qua ba giai doan: giai
doan ma diu; giai doan kéo dai va gial doan ket thic.
3.1. Giai doan mo déiu

- Lin luot trai qua bon bude nhu hinh 4.9,

- Ribosom 70S khong hoat dong (gém ti¢u don vi 308 va ti€u don vi
308S).

_ Dudi tic dyng cia TF3, tidu phin 30S tich khoi 50S v r6i IF3 gin
véi 30S va tam 30S gan v6i mARN, Nhu viy trén bé mat 30S ¢6 b ba mit
ma AUG cla mARN s& mi hod cho acid amin la Met.

- Dudi tic dung cia IF1, formyl-Met-tARN va GTP gin vao 30S.
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- Dudi tic dung cia TF2,
GTP thuy phan thinh GDP va P
gidi phéng niing lugng cin thidt
gan 505 vio 308 va gidi phéng
ra ca ba yéu 16 IF1; IF2 vi IF3.

- Két qua 1a formyl Met-
tARN gan vido vi tri P trén tidu
phin 508, wong dng v&i bo ba
mo ddu AUG.

Zihosom 7O §
Khdng hoal ddng

3.2, Giai doan kéo dai

Gial doan nay ciing trai
qua bon budc ti€p theo nhu
hinh 4.10.

- Khi fMct-tARN gén vao
vi trf P clia ti€u phin 508 thi vi
tri A éng nhung & dé cé mot
b ba mat mi tuong tng vai
maot acid amin nio d4.

1@@—}mef~1ARN

i(g;fm‘?f M& m& ddu
a

- Duéi tdc dung ciia EFT
(Tu, Ts) aminoacyl-tARN (mai
n6 ¢6 b ba doi ma uwén mARN
¢ vi tri A cla ribosom) & gén
viio ribosom.

* Nitng lugng ciia lien két
gila fMet véi tARN bj chat dit
v dU cung ¢dp cho vide tao
thanh lién k&t peptid gifia fMet
vat acid amin vita téi.

- Dudi tdc dung cia EFG
(G), GTP bi thuy phan giai
phéng nang luong d€ cung cip
cho su chuyén vi clia peptidyl-tARN (¢ day chinh 13 f-Met-aa méi- ~tARN)
sang khu vi tri P ctia ribosom.

Hinh 4.9. Giai doan mé diu

* Sy chuyén nay chinh 1a sy trirot clia ribosom trén vl tri A. Mot mot
tn truot (rong duong vdi d6 dai mét ma (ba mononucleotid tren mARN),
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Fromg lam Trung Tém aminoaxyl CooH Tén coa

pepriayl tA) replipyl ARN
IER
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Dév higu
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t]
~PHE-S¥S . ALA - SER (¢ }
Paprydyl V. - R (Coon
Yreeris jeval chudi peptid #v de

4 maf

AL
P FERN A

5w

7 met Wrrm; (Pwe)
-erp

D D Ribosom
o8
N? B

Giai degn héo dar Gial Jogr kek fhic

Hinh 4.10. Céc giai doan kéo dai va két thic chudi polypeptid

- Viui A lai udng, bo ba mat ma & khu A lai md hod ti¢p tuc véi acid

amin khic.

Qua trinh 1iép theo lai lap lai nhu trén, nhd cdc yéu 16 kéo dat vi nhu

vity chudi polypeptid duoe kéo dai.

3.3. Giai doan két thiic

- Khi xuét hién bd ba két thic UAA, UAG hoic UGA cic yéu 16 két
thic RFI, RIF2. RF3 gin vao ribosom vi gdy ra su chuyén peptidyl-tARN tur
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vitri A sang P.

- Ldc ndy 6 vi tri A chita bo ba két thic s& khong ¢6 amino-acyl-1ARN

gan viwo ribosom nija.

- Lién két gitta polypeptid vi tARN cusi ciing bi thuy phin dudi tic
dung cua peptidyl transferaza. Nhu vy chiing ta ¢6 polypeptid, tARN cusi,

mARN tich khoi ribosom.

- Ribosom 708 lai duoc tr do va trd i gial doan khdi diu tich thanh

308 va 50S.

Tom tat bang cdc thanh phén cin thiét cho sy hoat hod acid amin, cho
ba giai doan trong qud trinh téng hop protein vd sur hoin thién cusi cung

{bing 4.5).

Bang 4.5. Tom tit cac thanh phan tham gia t8ng hgp protein & nhan sa va nhan chuin

Cac budc Cac thanh phan can thidt d t& bao | Cac thanh phan cian thist g t&
nhan sg bao nhin chuin

1. Su hoat 20 loai acid amin 20 loai acid amin

hoa acld 20 loal aminoacyi tARN sylthetaza 20 loai aminoacyl tARN syllhetaza

arnin 20 loai hoac nhidu hon tARN 20 loai hogc nhidu hon tARN

2. Giai doan | mARN _ Met-mARN

md dau Nfomylmethionyl tARN Ma AUG trén mARN ribosom 408:
M& AUG trén mARN ribosom 30S; | 60S
505 Céac y8u t6 md dau: elF,, elF.,a;
Cac yéu 16 md dau: iF,, IF,; IF,; elFb; elF c; elF;; elfF; GTP, Mg**
GTP, Mg**

3. Giaidoan | Ribosom 703 hoat déng (phirc hop Ribosom 805 hoat déng (phufc

kéo dai md ddu) hgp md dau)
Aminoacyl-tARN tudng (ng vdi ma Aminoacyl-tARN tugng (mg véi ma
Yéu td kéo dai; EF.Tu; EF.Ts; EF.G; | Y&U 16 kéa dai: elF,u; elF [; elF,;
peptidyl transferaza; GTP, Mg** peptidyl transferaza, GTP, Mg™"

4. Giai doan | M3 két thic trén mARN - Ma két thic trén mARN

kétthicva | Cac yéu 16 tach i RF,, RF, RF,, | Cac yéu 16 tach t0i: eRF, peptidyl,

tach rai ATP. transferaza: GTP.

"5 Sugap Cac enzym d&c biét va cac yéu to Cac enzym dic biét va cac yéu td
khie va cho suf tach rdi clla dean md dau. cho suf tach rdi clia doan mé dau,
hoan thién
cudicing |

67




CHUGONG V

PIEU HOA HOAT PONG BIEU HIEN GEN

Bi¢u hi¢n cha gen phai trai qua ba qud trinh thict yéu: sae chép, phién
md VA dich md. Nhung ba qua trinh ndy dién ra trong t& bao luén ludn phai
thich g v6i moi trudng ma moi trudng 1hi luén ludn thay doi. Vay su biéu
hién gen phai ducc diéu hod dé phit hop véi bicn déi chia moi trudng.

Diéu hod houat dong bicu hién gen ¢ nhidu diém khédc nhau giita &
bio nhan so va (€ bao nhan chudn, doé 1a:

1. O vi kuidn, co thé chi 1a mot & bao nén diéu hod biéu hi¢n gen & vi
khuidn ¢é nghia 12 diéu hod hoat dong gen & tai € bio dé vi nhu viy 1a d¢
dam nhiem moi chic niang séng con cla vi khuian. Nhung & co thé da bio,
mai 1€ bao chi i mot bo phan clia co thé nén diéu hoa hoat dong gen xay sa
véi cde yéu 16 trong ban thin t€ bao con chiu su diéu hodl clia todn b co thé
qua ndi tict va than kinh. Mat khdc co thé da bao ¢é kha ning biét hod -
nghia 1a méi loai t& bio chi dam nhiém mot s6 chuic nang nhat dinh, cho nén
sir s0ng con cla co thé khong phdi chi do mot 1€ bao quyét dinh nhu & vi
Khuian ma phai do mot tap hgp t¢ bao ddm nhiém.

2. O coihé b cao, ngay bd gen trong t& bio cling ¢ hang loat nhiing
dic tune riéng cla né khic véi 1€ bao vi khuin. Ching han, s6 luong ADN
trong t&¢ bio dong vat thi 16n hon nhiéu & fugng ADN trong vi khuan va
virus. Péng thai trong ADN cla cée t€ bio dong vat phé bién chida nhiing
doan nucleotid duge nhic lai ma khong ¢6 trong vi khudn. Mat khdc, (€ bio
dong vat khic véi 1€ bio vi khuan 1a c6 kha nang bi¢t hod, dicu dé ching 16
cd su thay déi cOa hoat dong gen.

Dua trén nhiéu quan sat vé hién tugng nay, ngudi ta thiy ¢d cic yéu 10,
ditc bict 1 cdc loai ARN Khic nhau trong cdc mé khédc nhau, mic dir ring
cdc 1€ bao cta nhitng moé nay ¢d mot b gen 2idng hét nhau. Ngudi ta quan
sdt thay nhitng t& bao déng vat ¢6 bod gen bao quanh mang nhin, mot phin
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doan gen cua nhitng t& bo d6 i cdi khuon dot véi loai ARN riéng cia minh
ma khong bi phién dich hoac chi ¢6 trong vung nhan. Ngoii ra con ¢é
protein acid va bazo- dac biét 1 histon khu (i thé nhiém sic.

3. O vi khudn do khong ¢6 mang nhin nén mARN duge phién mi ra
Uep xdc ngay véi bo mdy dich ma d€ tdng hop protein. Sy phién mi, dich ma
Xay ra dong thdi do dé sy diéu hod biéu hién gen chu yéu ¢ giai doan phien
md. Con o sinh vat da bio vi ¢ mang nhian nén phién mi xdy ra trong nhin,
dich mi xdy ra ngoai nhan. Mat khic phién ma vi dich mi khong xdy ra
dong thoi do dé 13 rang su dicu hod biéu hien gen c6 nhing giai doan khic
nhau va phic tap hon nhiéu.

Duéi day d mo hinh biéu hien gen 6 t¢ bao nhan so vi 1& bao nhian
chudn.

I. MO HINH PIEU HOA HOAT PONG BIEU HIEN GEN G TE BAG
NHAN SO

Sy dicu hoa bi¢u hién gen ¢ t€ bio nhan so chit y€u xay ra G giai doan
phién md. Co ché diéu hoa duce thuc hién cho y&u thong qua cic operon
(). C6 hai loai operon: operon cim tng téng hop va operon kim him tong
hap.

Moi lien quan vé mat phan tr va tinh di truyén gifia hién tuong gay
cam Ung sinh ong hop enzym da dugc Monod va Jacob sip XEp thinh mot
hé thong nhu saw: trén ma di truyén ADN cia nhiém sic thé & bio vi sinh
vit E.coli hojic vi khudn khdc cé chita ba loai gen hoat dong khic nhau.

- Gen cdi triic (S) quyét dinh cau trdce thiy ty cla chudi polypeptid cilia
enzym can téng hop qua ma thong tin di truyén ma né s& chuyén sao chép
sing MARN (ARN thong tin).

- Gen dién hanh (O) khéi dong qud trinh sao chép mARN theo miu
gen cdu trde ADN. vi trf cdia gen didu hinh nam ngay canh phia trude gen
cdu tric.

Nhieu gen ciu tric ap hop gin véi gen didu hinh tao thanh mot
operon.

- Gen diéi hod (r) mi hod cho sur tong hop mot protein dac hi¢u goi 1a
chdt kim ham R (repressor). Gen diéu hod nim xa operon ¢l khong nhat
thiet phii nam ngay bén canh.,
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1. Operen cam iing téng hop

Chit diéu hod R binh thudng & trang thai hoat dong, s& gin dac hi¢u
lén vi tri clia gen didu hanh O, kim hiim sy sao chép clia gen cau trdc. Néu
xudt hién trong moi trudng mot chit dic biét, & day goi chat gay cam ung I,
thi chat I s& gan vio phan tir R v R khéng gén dugc vdi gen dieu hanh O.
Gen diéu hanh O & trang thdi tr do & tic dong trén qud trinh sao chép khdi
dong su tdng hop mARN theo khuon miu ADN cla nhiem sic thé.

Mot vi du rit quen thude cla trudng hop gy cdm ung tong hop enzym
12 su tdng hop cam ting B-galactozidaza & E.coli voi chit gay cam ung la -
D-galactozid (hinh 5.1)

4————— OPERON ————»
(LAC OPERON)

r O s, 3, S,

AT I

C R hoat déng E, E, E, protein

Hinh 5.1. LAC OPERON

ADN

Khi I gin véi R s& lam cho R mat tic dung kim ham va O duge giai
phéng s& cho phép qud trinh sao chép mat ma vi qui trinh 16ng hgp protein
theo thong tin di truyén da ghi lai tién mARN.

Khi ta cho thém B-D- galactozid (chdt 1) vao méi trudng nuodi cly t€
bao E.coli, s& ¢6 su téng hop khong nhimg enzym f-galactozidaza ma ca hai
enzym c¢é lién quan 13 B-galaclozid permeaza va B-thiogalactozid axetyl
transleraza.

Ba gen ciu tric S, S, S, twong tng li z, y, a cong v6i gen di¢u hanh O
hop thanh mot don vi operon ¢6 1én 1a Lac operon.

Chét Kim hiim cta R Lac operon, ¢é tic dung diéu hod qud trinh 1éng
hap B-galactozidaza cung hai enzym ¢6 lién quan, di dugc tinh ché vi két
linh (& nam 1967. D6 12 mot protein ¢é phan ti lugng 150000 va duge cdu
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tao bai sy két hop cua bon don vi nho.
2. Opceron Kim ham téng hep

Chat kim ham dugc tao ra trong tudng hop nay mang ky hi¢u la R™ vk
binh thudng né khong hoat dong vi né dimg riéng hoin toan khong cé di luc
vOi operator. Khi nhin 16 kim ham két hop véi acid amin dic trung cla
operon s€ lam thay déi cau hinh khong gian khién né cé di luc cao véi
operator,

V6i sy ¢o mat cta mét chat goi la phu kim him C (corepressor), R” s¢
chuyén sang dang R hoat dong dugc. Phiic chat nay s& gan vio vi i dac
hi¢u cua gen diéu hanh O, chin tdc dong cla gen didu hanh nay trén qua
trinh sao chép gen cdu tric.,

Mot vi dy thuong duge néu nén trong trudmg hop kim him t6ng hop
enzym 1a sy kim ham tong hop histidin syntetaza boi sy ¢o mat cua histidin
(histidin [3 chdt phu Kim him C).

Operon sinh tong hop histidin d& duge tich tir S.typhimunrim. N6 bao
gom chin gen cdu triie ma hod cho cung mot hoat dong xuc tdc qud trinh

—— 9 gencai frie cua histidin synfetoza

OS5 S s s S se s, Sy Sy

Kim b (it £, E £ £ E £ £ £
Khéng hoat ham (histor) f 2 7 Ea s b 7 Fg

dong

Hinh 5.2, Operon kim ham tdng hop histidin syntetaza bdi histidin
C: Chat phu kim ham, khi né gan vao R’ s& chuyén thanh dang phifc chat R hoat dong.
R: gan vdi O va chan su sao chép 9 gen cdu tric cla histidin syntetaza khéng co su tdng
hdp enzym nifa.
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sinh téng hop histidin. Sy ¢6 mit ctGa histidin trong moi trudng nudi cdy s&
kim hdm sy tao thanh tat ca chin enzym cdn thiét cho viéc tong hop histidin.

Mot ki¢u operon kim hiam tong hop khéc i operon tryptophan (hinh
5.2).. Khi trong méi trudng cé tryptophan. repressor két hop véi tryptophan
gan lén operator. Cac gen cau tric cuia operon khong duge phién ma . Khi
moi trudng thi€u tryptophan, repressor khong gin duge vio operator do dé
operator thic day 10ng hop cdc enzym 1ao tryptophan.

II. MO HINH BI__EEU HOA HOAT DONG BIEU HIEN GEN 0 Tf BAO
NHAN CHUAN
1. Su khic biét vé mo hinh diéu hod hoat dong biéu hién gen

Su diéu hoa hoat dong biéu hién gen & t€ bio nhan chuan khdc biét 16n
so v6i 1€ bilo nhan so ca vé tin hi¢u cling nhu co ché diéu hoa. Bang 5.1 chi
ra su khdc biét do.

Bdng 5.1. Su khac biét vé didu hoa hoat ddng bidu hién gen
giira t& bao nhan sd va t& bao nhan chuan

S diéu hoa
hoat dong T& bao nhan so T& bao nhan chuan
biéu hién gen

Tin hiéu giéu Céc y&u 16 tin hidu gdm: | Cac phan tlr tin hiéu gém cac hocmon va

hoa - Y&u 16 dinh dudng va | S4¢ nhan 16 tang trudng dudc san sinh ra i
y&U 16 vat Iy clia méi cac cd quan chuyén biét rdi di chuyén dén
trudng. cd quan dich diéu chinh bidu hién gen theo

chugng trinh dinh s8n cho phit hop véi su
phat trién cd thé.

Cad ché diéu Chu yé&u & giai doan Bidu hoa bigu hign gen thé hién trong mei
hoa phienmdvacdché giai doan nhu: phién ma, dich ma, sau dich

didu hoa bidu hién gen | ma va cd ché didu hoa thay ddi theo moi giai

| théng qua cac operon | doan dé,

2. Co ché diéu hoi hoat dong biéu hién gen ¢ té bao nhan chudn

Co ché dié¢u hoa hoat dong biéu hién gen ¢ t&€ bdo nhin chuan thi phiic
tap hon va bao gém nhicu giai doan, dé la:
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- Dicu hoa bing cich bien déi cdu tric nhifm sic chat hay cfu tric
phan tir ADN.

- Di¢u hoi ¢ giai doan phién mi: kiéu dang Cis va kicu dang Trans,

- Bieu hoa & giai doan dich ma.

- Dicu hod & giai doan sau dich ma.

Dac biet trong di€u hoa & giai doan phien ma, chiing 16i s& gigi thicu
mot mo hinh di¢u hoa hoat dong gen ¢6 & co thé da bao béc cao va lién quan
tGi vin d¢ nay chiing t6i ciing s¢ gidi thidu mé hinh diéu hod biéu hién gen
thong qua mang t€ bio.

Dudi day s¢ trinh bay chi ti€t cdc vin dé m6 hinh diéu hoa hoat dong
biéu hi¢n gen dé:

2.1. Dieu hoa hoat dong biéu hién gen bing bién doi cdu triic

a. Bién dot cdu tritc nhiém sde chdt

Nhiém sic chit 1a cdu trdc lien két clia ADN v protein trong thon ky
hai 1an phan chia cli 1€ bao. Khi sy phan chia nhan bit diu, ngudi ta thay
nhiém sac chdt chda nhiéu ving "nhay cdm”. Cic ving dé chinh la {wong
tng véi cdc gen hoat dong cua t& bao. Khi cin biéu hién, cic gen dé sip xép
lat trong mot cdu triic nhiém sic chat diac trung thudn loi cho qud trinh sao
chép ctia phién ma.

Bo cing chinh la su diéu hoa ddu tién bing cich bién déi ciu trdc.
Dien hinh ctia kidu diéu hoa bién déi nay duge biét 15 La gia dinh cdc gen «,
¥. &, B cua beta -globin. Cic gen ndy duge sip xép lai lién nhau trong mot
cdu triic nhiém sac chit dac rung. O didu 5' clia cau trdc nhiém sic chat ¢6
trinh tur goi la LCR (locus control region).

Trinh ty ndy chiu trich nhiém diéu hod hoat déng bidu hién cia cic
beta globin. N6 mang bén vi trf nhay cam ¢6 kha ning 1iép nhan cdc protein
diéu hod dé phdt dong viée hoat dong phién mi.

b. Bién doi phan tir ADN

D6 I su metyl hod xdy ra rén ge cytosin nidm trong cap CG & diu §
s€ lam giam hoat doéng phién mi.

Cling c6 mot 56 gen chi bicu hién dugc khi ¢ sir sip xé&p lai trinh w
ADN nhur cdc gen cda kiéu gidi tinh & ndm men.



2.2. Diéu hoa hoat dong biéu hién gen ¢ giai doan phién ma
Trong giai doan ndy biéu hién hai kiéu di¢u hod hoat dong biéu hién
gen

1. Diéu hoa kiéu dang cis. tiic 1a bdn than cdc trinh ty ADN tham gia
vao qud trinh bicu hi¢n gen.

2. Diéu hod kiéu dang trans, tic 1 cdc protein didu hod tuong tic vao
cdc tinh tw ADN dé biéu hién gen.

a. Piéu hoa dang cis

Cic trinh ty ADN tham gia vae qud trinh biéu hién gen gém cé:
promold (promoter), enhanxo (enhancer) va silenxo (silencer). Bang 3.2
phin biét ba trinh tu do.

Bang 5.2. Biéu hoa dang Cis

Cac trinh Trinh tu promoter Trinh tu enhancer | Trinh tu silencer
tu Cis
Vitriva | - Trinh & nm & viing déu &' - Trinh ty & dau 5' Trinh tu vi tri
céu tric {ving khéng phién ma cla gen) | hodic 3' hoac & gilta | clng gidng
- Cach xa ving phién ma co kni | hodc ngay trong enhancer
hang ngan cap bazd. intron.
- Cau triac gdm hai phan 1 6 - Hudng xudi hay
Umg nhau vi chinh cac trinh ty dao ngugc cling
nay lai két hop véi protein diéu khéng lam mat hoat
hoa dang dime. tinh.
© Vai tra I - pigu khién su phién ma ciia - Gollanhém trinh | Goli la nhom trinh
i gen {gen nao trong t& bao dudc tir khuéch dai nghia | tu dap tat, tdc 1a
biéu hién thdi didm bidu hién, va | 13 1am tang bidu kim ham hay dap
chiu sy tac dung clia nhan o hién cla gen lén, tat sif bidu hién
diéu hoa nao). clla gen.

h. Bicu hoa dang trans

Cidc nhan 3 protein tham gia vio qud trinh didu hod hoat dong bicu
hién gen goi 14 protein diéu hod hay con goi [a nhan t6 trans. Cic nhan 16
nily ¢é nhiéu ving cdu tric chic ning doc 1ap nhau nhu viing chiu trich
nhiém gin nhin 16 trans vao trinh ty ADN 6 gdn gen cdu trdc; ving tic dong
Ién phién mi bing cich thay d6i hoat dong clia ARN polymeraza; viing gin
hocmon; viing gan cic ion dé tra 101 nhiing tin hiéu xuat phdt & ngodi hoic
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trong 1€ bao tir dé anh huong 16i hoat déng cla gen.

Bo pen don béi ¢ ngudi ¢d khoang 30.000 — 40.000 gen. Mdi mot
protein duge ma hod trong moét gen, tifc 1a mot doan ADN. Tat ca cdc gen
trong mot co thé da bao khong clng duge mi hod, bai vi nhu vay (4t i cie
t¢ bao sé€ khong khdc gi nhau. Diéu nay thuc t& cing di khong xay ra. Ngudi
ta cot bé gen don boi nhu mot bé sdch [6n, mdi trang 12 mot gen. Mdi t& bio
la mot cudn sdch. Phuong thie doc bo sach nay dugc gidm sat mot cich chit
ché, dén mic mdi mot loai t€ bao chi doc mot s6 trang no dé. Viée gidm sit
d6 chinh 1a “protein diéu hod™.

Mot protein dicu hod ¢6 thé tic dong lén nhiéu gen va mét gen chiu
anh huong cia nhiéu protein diéu hod. Cdc protein di¢u hod nhin biét chinh
xdc ADN v ¢6 dinh vio ARN nhd cic dang cau tric diic biét cla né tao
thanh vung c6 dinh, tai d6 cdc protein diéu hod sé lien két vai cic vi tri
tuong Gng trén ADN bang nhing lién két yéu nhu lién két hydro, lién két
Van-der Walls... Trong protein diéu hoi con ¢ ving tic dong, chinh ving
nay hoat hod ARN polymerase nhung viing nay cdn il duoc biét dén.

Gan vi cée s TSP ed cdc 15 Gan ve TEFCO e TAE ed
18°chade  Gan v phdy Cche | Chcrd’ 10 7chye Gan thdn cag 757
khoc chE fhire Sk cherl
C/ear HNE, HNF  NF Jv,c; C/Eap NFY  #HNE, TEHD
Gen

' aibumme

Vung fang cdé‘ﬁy

FPromoteur

150 cdp base i

T &

E 10500 cap base

Hink 5.3. M&i mdt gen chju sy diéu khién ca nhidu protein diu hoa

Gen albumin duge trang bi bdi nhiéu dean diéu hoa & gan gen hoac d cach xa viing gen goi
1& enhancer. Trén mél doan duge ¢6 dinh mdt protem dieu hoa nhu HNF,, NFY... Nhimng
protein nay chi cing cd mat trong gan, & dé gen cla albumin duge béce 16 va hoat déng.
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Thi du sur diéu hoa t6ng hop albumin & 1€ bdo gan chiu sy diéu khién
cla nhicu protein diéu hoa (hinh 5.3). Gen albumin cé nhiéu doan diéu hoa &
gan gen hoic & cdch xa ving gen cdu tric goi la viing ting cudng. Trén mdi
doan duge ¢6 dinh mét protein diu hoa nhu HNF,, NFY ... nhing protein
nay chi c6 mat trong gan, chi & trong gan ¢6 déay du cic protein diéu hoi gen
albumin mdi hoat dong tong hop ra albumin.

¢ Sirtuong tde cis —trans

Trinh ty cis v nhan 16 trans ¢6 thé tong tic dic hi¢u do sur tao thanh
nhiing lién két yéu giita cdc nucleotit cka nhan t6 trans va cdc bazo clia trinh
I Cis.

Vi phan tir ADN ¢4 cdu triic xodn kép ¢6 dinh trong khéng gian nén
cdc nhin 16 trans clng phai ¢é clu tric khong gian ¢6 dinh (wong ting thi
mai dat duge sur twong tdc bén vitng doé 1a ¢du trdc nhu da gidi thi¢u & trén
xoan - vong - xoin (helix - turn - helix), xodn - ntit - xoin (helix - loop -
helix) hoiic ngén tay kém (zine - figer) hoac diy kéo dime (leucine - zipper)
... Cde cdu tric nay ¢ dang dime khi gén 1én trinh tu cis (hinh 5.4, 3.5, 5.6
v 3.7).

Dud6i day 1a bang cdc dang protein di¢u hoa (bing 5.3)

Bidng 5.3. Cc dang protein diéu hoa

TT Pic didm Piac diém cau tric Thi du, chirc ning
Cdac dang

protein didu hoa

1 |Dang "xodn-véng-
xoan”

Protein ¢é cau hinh khéng
gian xoan-véng-xodn dé
vimg chai.

Protein HNF, trong hoat hca
operon d gan

{Helix-turn-helix}

2 | Dang "xodn-nut-xc4n"

{Helix-loop -helix)

Protein c6 cau hinh khéng
gian xoan-ndt-xoén .

Protein MAX ki€m tra su hiét
hod va tang sinh t8 bao ca.

3 :Dang “ngén tay kém”
{Zine-finger}

Protein ¢d chifa nguyén t6
Zn bao guanh bé7 bén acid
amin.

- Protein GATA, tham gia biét
hoa globin hdng cau.

- Protein thu thé cda hocmon
steroid.

4 |Dang "day kéo lgxin”

{Leucine - zipper)

Protein c& chifa loxin dang
day kéo fermetur

- Protein GCN, tham gia chuyé&n
hoa acid amin d men bia.

- Protein Jun va protein Fos
kigm tra sy tang sinh té bao.
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Hinh 5.4. Protein didy hoa HNF, Hinh 5.5. Protein didu hoa MAX

€6 dang "xodn - vang — xoén” HNF,, ¢6 vai
tré trang viéc phan hoa chire nang cla té
bao gan (t3ng hgp albumin).

€06 dang "xodn — nit — xo#n" kidm tra SU ting
sinh va sif biét héa cla 1€ bao.

L P el
e e T T T
[ -‘.“_-“‘-‘_

Hinh 5.6. Protein diéu hoa GATA, Hinh 5.7. Protein diu hoa GCN,

¢6 dang “Zinc-finger” tharn gia vao sy biét

¢6 dang *Fermeture éclai & leucines” tham
héa cta nhimg globin hdng cau

gia vao su chuyén héa cac acid amin & men
bia
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Hoat dong clia hocmon (hormon) trén biéu hién gen hocmon tuyén
gidp, hocmon steroid phai thong qua thu thé cta ching. Cdc thu thé hocmon
nay gan vao trinh tu cis cta gen dich. Khi ¢6 hocmon gan vao viung tiép
nhan hocmon ctia thu thé, sé lam thay déi cau hinh thu thé dan dén hoat hod
gen dich (d6 chinh la do thay ddi cau hinh khong gian clia thu thé).

- Su teong tdac protein - protein

Protein trans mot mit gin vao trinh tu cis ¢ dau 5' cua gen dich, mat
khdc tuong tic véi nhing protein di¢u hoa khdc.

Su tuong tdc gilia protein trans va cdc protein diéu hoa khdc cung véi
su gap lai ctia nhiém sac chat s€ tao ra mét cau tric thuan lgi cho su gan
enzym ARN polymeraza vao promoto cua gen dich. Lic d6 su phién ma cua
gen dich bat dau.

- Picu hoa hoat dong biéu hién gen bang chon loc promoto

Day ciing 1 kiéu diéu hod & t€ bao nhan chuan dwa vao su tuong tic
cis - trans nhung co ché hoi khdc la di¢u hoa bang chon loc promoto.

Dién hinh la gen o - amylaza, gen ndy c6 hai promoto, méi promoto
¢6 hoat tinh phién mi khdc nhau va chiu trich nhiém phién md mot loai
mARN nhét dinh dac trung cho moé (hinh 5.8).

Gen vatién mARN AUG

Hach
saqu

tar

Gan

Nao
Than
Gan

Hach
sautai

Hinh 5.8. M hinh diéu hoa biéu hién gen a- amylaza
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Con su chon loc promoto hoat dong lai tuy thudc cdc nhan 6 trans
hi¢n dién trong timg loai mo dy. Nhu vay chinh su tuong tdc gifta trinh wr cis
v nhan 16 trans dac tung cho mo s¢ quy dinh loai mARN duoc phién mi &
do.

- Cdc chdt ite ché sit téng hop ARN

Ngudi ta biet mot s6 chat e ché s sao chép ARN [ co s& nhan chuin
aiong nhu rifampicin dc ché ARN polymeraza & vi khudn, dé [a:

+ Alpha manitin &c ché ARN polymeraza & t& bdo ¢é nhan, ma chat
ndy ¢6 trong nam doc Anranita phalloid tc ¢hé cdc enzym, ARN polymeraza
t6ng hgp mARN, tARN, tARN vdi néng do khac nhau.

+ Actinomycine D ¢é nhan phenoxazone. Néu né chém vao giita hai
bazar guanin va cytosin gay ra su bién dang ADN khuon. ngan G su chuyén
dich ctia ARN polymeraza trong (6ng hop ARN.

2.3. Diéu hoa hoat dong biéu hién gen o giai doan sau phién md

MARN vira duge phién ma khéng duoe dich mi ngay ma phii trai
(quat mét chang dudng dai dé tudng thanh. O ching duong nay ¢é nhidu co
¢h dé diéu hol vé chat cting nhu v¢ lugng cic mARN & duge dich mi. Dé
L

- Loal bo intron v céch néi exon cta mARN cling 14 mot kiéu dicu
hoa sw ghép nai khdc biét cdc exon cia mARN so cip dé din 16i mARN c6
thé dua dén hinh thinh cic mARN d¢ dich mi khic nhau vit do dé din dén
cic prolein tao thanh cé chic nang biCu hi¢n khdc nhaw.

- Gian dudi poly A lim cho mARN truong thinh & thé én dinh.

- Lam tang kha nang dich ma nho khi sy dé ding.

- Gin ma chup 7 - metyl guanin [am cho mARN cang bén viing cang
séng lau thi ¢ lugng protein tuong ing duoc san sinh ra cang nhiéu, Pidy
nay co lien quan déin khd nang sinh san vo tan cia 1 bao ung thir.

- Su du trit cic mARN trong cdc € bao ciing 11 mot phuong tién dicu
hoa. C6 gen phién mi ra mARN nhung mARN d6 duoc du trir chdy thai cq o6
tin hiéu xuit hién thi mARN & dé méi duge dichra.

2.4. Biéu hoa hoat dgng biéu hién gen & giai doan dich ma
Dich ma 1 mot dang tiéu thu dy trir mARN. Tang cudng dich ma dé
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Kinh thinh nhiéu cdc protein c6 chic nang hoat dong trong t& bao. P46 cing
I3 mot cach diéu hoa hoat dong bicu hién gen.
Qua trinh diéu hoa nay phu thudc nhiéu viio cdc yéu 16 mag dau (IF),

yéu 16 kéo dai (EF) vi yéu td két thic (RF) ma trong phidn sinh tong hop
protein di gidi thiéu.

- . N - . a7 - a = a ~
2.5. Piéu hoa hoat déng biéu hién gen ¢ giai doan sau diclh ma

Cic protein dudgc tao ra sau dich md ¢ thé trdi qua nhiéu giai doan
hoan thién hod hoc nhu glycosyl hod, phosphoryl hod, axetyl hod... xoan
alpha, xoin beta, tao cau tric béc hal, bic ba, bac bon v.v... dé ¢6 chitc nang
thuc su trong 1€ bao doi hoi phai o su diéu hod hoat dong rit tinh vi va phic
tap.

Chii ¥: Ngodi cic loai co ch¢ diéu hod hoat dong trén con ¢6 co ché
lam suy yéu su sao chép vi co ch€ SOS (co che cdp cliu ngimg ngay sy sa0
chép mot céch khin cdp).

1. MO HINH PIEU HOA HOAT PONG BIEU HIEN GEN O CO
THE PA BAO BAC CAO

Cic thanh phdn cis vi trans vA su tuong tdc giffa ching trong qud trinh
phién mi dugc sdp x€p trong mot mo hinh diéu hod hoat dong biéu hién gen
& co thé da ble bic cao da duge Georger, Britien va Davidson (]969) mo ta
trong cudn sich "7¢ hao va s phdt trién” xudt ban nam 1981, o] day s¢
trinh bay vin tat, nhan manh mot 0 diém chinh cta cic mo hinh ndy:

Bo gen trong t& biio cua cd thé da bio bac cao ¢6 hang loat nhiing dac
trung riéng cla n6 khic véi 1€ bao vi khudn. Chang han:

- 0 luong gen nhicu gap béi;

- cdc gen ndy déu két hop véi protein:

- khu trd trong nhan va ¢6 ming nhan bao boc;

- ¢4 nhiéu don vi nhan 1én déng thoi (replicons);

- ¢6 thé dé& dang trao d6i nhitng doan gen trong thdi k¥ phan bao gidm
nhiém.
Ngay t6 chiic phan ta clia by gen t€ bao co thé bac cao ciling khic véi

vi khuan.
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- chia nhi¢u nhitng doan ADN nhic lai (ty 1& coi 13 1);
- chia ARN nhin (0,05 - 0.25);

- chtta protein kiém nhur histon (ty 16 0,7 - 1):

- chira cdc protein acid (ty 1é 0,25 - 1).

Nhiing dic diém rieng ké trén cia 18 chuic b gen & t& bao co thé bic
cao dua dén gia thuyét rang. co ché diéu hoa hoat déng gen & nhitng 1& bao
nay thi khdc véi co ché diéu hoa hoat déng gen & vi khuan.

Trong nhitng nam gan day, su diéu hoa hoat dong gen & co thé bac cao
dugc hudng vé vai trd ciia histon, cic ADN nhic lat, cic protein acid va cdc
ARN nhén vi bon 1y do sau day:

- Ching 14 nhitng thinh phan phin tr, duoc sip xép cau tao nén bo
may di truyén cia 1€ bio bic cao.

- Ching ¢6 mat & gen thudng xuyen,
- Ching duoc sin xudt ra bdi gen.

- Ching ¢ thé tham gia vio cic hoat dong ctia gen theo mot co ché ly
hod xdc dinh,

Nam 1969, Britten va Davidson di néu ra mot mo hinh gid thuyet vé
di¢u hod hoat dong gen & co thé bic cao. Trong mo hinh nay két cau Loat
dong ¢4 hai kiéu:

Kiéu 1, gébm nhiéu gen ti€p nhdn vd mot gen hop nhdt nim trong mot
hé thong gen tham gia diéu hod va 16ng hop mot loai protein nhat dinh.

Kiéu 2, ngugc lai, 16 chiic he thong gen 1a bao gém mot gen 1i€p nhin
va nhiéu gen hop nhat.

Ca hai kiéu bé tri d6 cita mo hinh da gidi thich 13 sy ¢ mat clia nhing
phan tr ARN nhan vi ADN nhic lai. Mot luong 16n nhitng doan nucleotit
duge nhac lai diy 6 thé déng vai trd clia nhimg gen dong hod hay ti€p nhan
trong mé hinh hai kiéu nay.

Trong s6 nhitng khai niém khdc. con ¢é gid thuyeét 16 chire chiie phan
gen cla Georgiev (1969). Trong mé hinh nity nhiing gen diéu hod lién lac
Vit gen ciu tric qua cdc phan tir protein diéu hod. Diém giong nhau ciix mo
hinh ndy véi mo hinh cita Britten v Davidson & ché chi ra duge vai trd
nhitng doan nucleotit nhac lui trong bo gen. Nhiing doan d6 nam trong viing
gen dién hoa. Biém khic nhau gilia hai mé hinh 1a chat didu hoa hoat dong
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cic gen trong mod hinh Georgiev 14 cdc protein diéu hoa, cdbn & mo hinh
Britten va Davidson la nhiing phan tir ARN nhan.

Nhin chung, mdi mot mé hinh t6 chic chitc phan gen néi trén déu chi
¥ dac biét dén phan tir ADN nhiic 1ai. Con ARN nhan, cidc protein diéu hoa
thi ¢c& mo hinh dé cap chat nity, ¢6 mo6 hinh d¢ cap chat kia. Vi vay, sy that
ra con rat nhiéu su kién doi hoi phii lam sdng 6.

Hién nay, dua trén nhimg tai liéu thu thiap dugc tir cic linh vuc nghién
ctru khde nhau cha sinh hoc phin t& ta ¢6 thé hinh dung mot su diéu hoi
hoat dong gen & ¢o thé bac cao v&i sy tham gia clia cdc thanh phan phin tir
ADN nhac lai, ARN nhin, histon vi protein acid. Cdc phan tu nay da duogc
phan tich k¥ mat Iy hoc, hod hoc va cau trac dudi kinh hién vi dién 4. Su
chuyén hod vi vai tro sinh hoc cia ching ciing duge nghién ciu ty my. Dua
vao nhimg thanh tuu dé, mét mé hinh diéu hoa chie phan gen ¢6 thé duge t6
chuc hoat dong nhu sau:

Vé phuong dién 16 chifc h¢ thong diéu hoa thi mé hinh gém cdc loai
gen khic nhau, ¢dc phan tr diéu hoa khic nhau, cdc chét gy cam dng va iic
ché va cdc sdan pham cla céc hoat dong gen.

Cic gen khdc nhau duge md ta trong md hinh ¢hinh 5.9} lim ngudi ta
nhd lai mot mo hinh gém mot gen hgp nhat va nhiéu gen ti€p nhan cla
Britten vi Davidson. nghia 1a mé hinh gém bén loai gen:

gen nhay cam;

gen hop nhit;

gen tiép nhin;
- gen san xuat.

Song, trén ban dé kél cdu hé thong diéu hod hoat dong gen thi mdi gen
nhay cdm di lién véi méi gen hop nhét, cdn méi gen sin xudt lai dinh lién
v&i moi gen 1i€p nhin.

Cic phan tir diéu hod bao gém histon acginin bao phti theo gen nhay
cam va gen ti€p nhin, con phan ti histon gidu lizin thi cit ngang cdc gen,
duy tri cdu tric xoin doi cha ADN. Protein acid va cic enzym thi di vao cic
gen & ché ¢6 mit cha histon. ARN nhan - loai phan t nho - san pham cda
gen hop nhit thi di vao cdc gen ti€p nhan.
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Ciic chit giy cam ting vi e ché€ 1a nhitng chdt néi tiét, chit cam tng
bio thai. chat gay phin bao, v.v... di vao va kich thich phuic hop cua histon
gldw arginin v gen nhay cam.

Con san phdm hoat dong cha cdc gen 1a cdc loai ARN. ARN nhin
phan tir nho 1A sin pham cGa gen hop nhit, ARN nhan phan tir 16n khong
déng nhat 1a sdn phdm cda cdc gen tiép nhan vi ARN thong tin 14 san phim
cla gen san Xuat.

I. Nguvén tic hoat dong cia 6 hinh

Cic ddu hiéu 1ir ngodi vao lién két véi histon acginin & gen nhay cam
theo hi¢u dng di khong gian v fam thic tinh gen nay trong tinh trang dang
ngdi ngt. Do dé toan bo hé théng gen trong tinh trang mé. Lic dé protein
acid buo gom ci ARN polymeraza duge tich tu & gen hop nhit. Gen nay
duoc kich thich v sin xudt ra SnARN. Sau dé cic SnARN dong thi véi
protein acid dugc chuyén tdi cdc gen 1i€p nhan, ma & diy cé histon giau
acginin loai khdc (chang han F2al) s& bi bién doi. Nhing gen ti€p nhan duge
giai phéng va SnARN ¢6 thé nhan biét duge chinh gen cua minh va do do
HnARN duge san xuit vA ARNm cing duge tao ra qua gen san xuat
HnARN ¢6 the 14 chit tién than cda SnARN, nhung cling 6 thé déng vai trd
khdc 13 m# hod nhiing protein diéu hod trong viing nhan chéang han.

2. Mot s nhan xét vé mé hinh

Mo hinh néi trén biéu hién mot cich chit ¢ché hon trong hoat dong
diéu hod gen. Mot bidu hién cy thé 12 khong ¢6 mot gen nao trong h¢ thong
14 khong duoc kiém tra. C6 sy didu hod tai ché trong nhitng gen dinh ket
nhau trén ban dd gen bdi histon va protein acid, dong thoi cing ¢6 mot su
dié¢u hoa chung trong toan bo hé thdng va nhicu hé théng béi SnARN. Nhu
viy su diéu hod tai chd phu thude vio su dicu hoa cla toan bo hé thong. Ca
hai su diéu hoa (tai chd ctia mdi gen va toan bo heé thdng ctia nhiéu gen) thi
lai phu thuoc boi diu higu clia moi trudng bén ngoai (phan bao twong). Nhu
vav mo hinh nay thiél lap timg budc coa sy diéu hoa.

O co thé sinh vat cin phii ¢6 moét co ché diéu hoa phiic tap va chit ché
ndi tren dé bio vé ndi giong va phét trién mot cdch binh thudng trong moi
rusng ma & ddy thudng xuyén ¢ nhiéu nhitng yéu 16 thuin loi hoidc khong
thuan lgi déi véi cdc gen. & day con biéu hién ring, bén canh chic phan
diéu hod, histon con déng mot vai trd 1am bén va bao v¢ nhitng gen quan
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trong trong h¢ thong di truyén.

Trong mo hinh nay, sy thiat ra gen nhay cam va histon giau acginin thj
quan trong bac nhit trong h¢ théng diéu hod., Nhing phén con lai cua he
théng thi chi hoat dong véi vai trd thu dong. Gen nhay cam thi ¢é khi ning
phan phéi ddu hiéu don gidn dén mot gen san xuat boi sir dung nhitng dudng
mach nhu di chi ra trong mé hinh. ma diu hiéu dé [a mot phan clta chuong
trinh dd duogc chuong trinh hod sin tir bio that. Histon gidu acginin bao pht
lén gen nhay cam thi ¢6 hi¢u ting dj khong gian.

Dié¢m trung tam clia gia thuyét nay 14 vai td cta bén phin tu: ADN
nhac lai, ARN nhan, histon vi protein acid. Nhiing phan (& ndxy di thé hien
duge vai tro cha ching trong mé hinh 18 chic vi dieu hod hoat dong gen
nay.

M@ hinh hién nay ciing néi len duge moi quan h¢ chit ¢hé giita nhan,
bao twong va mot tudng bén ngoai (€ biio tdc dong qua lai trén h¢ thong gen.
Boi vi sy hoat dong duoe cliu cdc gen trong hé thong dieu hoa phii 1 thuoe
vao cdce chit cam tng, e ché iy ngoal, cdc phan tr protein diu hod tir bio
tuong vao nhan, v.v...

Nhiing diéu khic nhau cia mo hinh nay véi cdc mo hinb trude day
cling da duge xdc dinh 3. Mo hinh ciia Britten vi Davidson thi chd ¥ nhidu
dén phan wr ADN nhic lai, ARN nhan vi dic bi¢t Ia vai trd cta ARN nhan
trong di€u hoid. M6 hinh cla Georgiev thi xdc dinh vai trd clia ADN nhiic lai
va protein acid. Con mo hinh hién nay deu chif ¥ dén cd bon loai phin tlr
tham gia trong 16 chite hinh thdi et thé nhiém sic.

Trong mo hinh hién nay, muc do thong tin duge phéng dai gip boi -
ma diéu dé khong tim thay trong moé hinh cda Jacob va Monod. & day mot
dau hi¢u thi duoc tra 161 nhiéu hudng. Diéu dé ¢6 nghia 12 mot diu hiéu ¢é
th¢ kéo theo nhiéu hoat dong enzym va mat hoat dong enzym thi lai kéo
theo nhiéu day hi¢u.

Su trd 161 da hudng trong da bao, hinh nhu duqc bi¢u hién & vai tro clia
histon acginin vi hiéu dng dj khong gian clia né. O day vai tro ciia histon
acginin rat gidéng nhu vai trd cta chat dp ché trong mé hinh cila Jacob vi
Monod. Nhu vay ¢6 thé nghi ring chat ap ch€ trong moé hinh Jacob vi
Monod tuy khong phai 13 histon, nhung cé I giong histon. Thém vio dé h¢
diéu hod niy vé co ban khong khdc véi hé diéu hod trong vi khudn vi né
ctng c6 h¢ gen di¢u hoa va h¢ gen thong tin. Tir nhiing biing chimg dé ¢é thé
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nghi ring: t&¢ bao vi khudn Ia td tién cta nhitng t& bao da bao.

Mot diéu nifa ciing cdn phan biét & day 1a hé gen & vi khuan theo Jacob
vh Monod thi luon luon 13 hé ma, hé sdn sang hoat dong. Nguge lai 0 co thé
bac cao thi hé gen trinh bay & day lai luon ludn & tinh trang déng, nghia la bi
tc ché, khong hoat dong. Co thé, ta mdi dé dang hiéu duge tinh trang biét
hoa t& bao & muc d6 hoat dong gen. T4t nhién trong m6 hinh nay con nhicu
diém dbdi hol phai ¢6 thue nghiém xdc nhan, v con phai 1am sdng t6 nhiéu
hon nira.

Hién nay ngudi ta coi nhiing thay déi ¢ vi trong phén tr histon - nhu
hién tuong metyl hod hay khir metyl axetyl hod va hi¢n tugng photphorin
hod hay khir photphat trén protein khong phai histon cling nhu sy hinh thanh
don vi ADP - riboza tit NAD - nhu dugc bao gém trong dié¢u hoa hoat dong
gen va cdc qud trinh khdc nhu co ché€ sira chita ADN, sy hinh thanh
polyamin, su gidi phéng cic enzym & lysoxom... cing déu dong vai trd trong
diéu hod hoat dong gen chia t€ bao - ma thé hién cu thé trong qud trinh phéan
chia t& bao.

IV. PIEU HOA HOAT PONG BIEU HIEN GEN THONG QUA
MANG TE BAO TRONG SU PHAN CHIA TE BAO

1. Thanh phin hoa hoc cua mang bao tuong

Ming bao tuong clia cdc t¢ bao dong vat gém chi yéu la protein, lipit
va mot luong nho chat dudng. O t€ bio héng cdu, cdc thanh phdn hod hoc
cha mang duac phén tich nhu sau: lipit chiém 35%, protein 55%, va gluxit
10%. O t& bao gan lipit chi€m khoang 40%, protein 60%, con gluxit thi dudi
1%. B& mat bén ngoai clia mang bio tuong thudng chifa gluxit, tich dién &m
bai vi duge lién két v6i nhitng nhém cacbocxi, photphat hay acid sialic.

1.1. Lipit. Thanh phin chl yéu cha mang bao tvong la photpholipit
55% trong dé lexitin chi€ém khodng 20%. Cholesterol chita nhiéu & mang
nay hon cdc mang khéc vh déng vai trd quan trong trong tinh trang ly, hod
clia mang bag.

1.2. Gluxit. Cic hexoza, hexozamin, fucoza va acid sialic thi lién két
chil yéu véi protein. Acid sialic thi nhay cAm véi enzym noraminidaza va
gdn véi protein bdi goc N-axetylgalactozamin & bé mat bén ngoai cua mang.
Mot lugng nhd acid sialic cling ton tai trong dang gangliasid (tic I
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glycolipit) trong mang bio tuong.

1.3. Protein. Protein bao gém glycoprotein va cdc enzym miing bio
tuong. flién nay ngugi ta biét 16i 30 enzym kine trii o mang nay. Nhitng
enzym thutng xuyén gap Ia niam nucleotitdaza, cic loat ATPaza. acid
photphataza, ARN-aza, v.v... Cé mét s6 protein ¢é thanh phan acid amin va
tinh chit gidng actin ctia co vi cla microtubul,

2. To chidc phan tir cia mang bao tuong

Mo hinh déu tién cta cdu tric mang ducc dé nghi bdi Darwson v
Daniellt bao goém hai I6p lipit véi su buoc vao cic phin t{f protein & hai phia
ngoai.

Sau d6 mo hinh da duoc thay déi. Protein khong cho bugc vao hai 16p
lipit ma con ngap trong d6. Hién nay protein lién két mang dugc phan thinh
hai loai: protein bén ngoai va protein xen vao trong. Protein bén ngoai thi
licn k&t y€u v6i mang, nguoc lai protein xen vdo trong thi lai lién k&t chat
ché v6i mang. Loai lién ket chit vao mang nay chi¢m khodng 70-80% toin
bo protein ming va bao gém cic enzym, protein khdng nguyén, protein vin
chuyén, cdc protein nhan hocmon, thuéc. Mot trong nhitng dac trung cila
enzym mang thong thudng doi hoi lipit dé hoat dong.

Hi¢n nay nguti ta quan niém t6 chitc phan t cia mang hinh thanh nén
mot cdu tric long, ma cdu tric nay phu thude vio ty 1& gilta photpholipit vi
cholesterol. Nguoi ta thdy ring cholesterol anh hudng manh & dén su sap
diit cua cic phan tir photpholipit. Néu thém cholesterol vio photpholipit thi
gdy ra mot tinh trang mdéi cla mang, s& tr& nén rat dam dic khi ¢ nhiér do
c4o va nguge lai, lai rdt long khi & nhiet do thap. Nhu vay, bink thudng
cholesterol ¢é mit trong mang gay nén mot tinh trang trung binh cla tinh
long ming phi hop v6i cic hoat dong sinh fy cua t€ bo.

3. Vai tro cia mang bao twrong

Mang bao tuong cia t& bio c6 nhiing chirc phan chinh sau day:

Ngan cich giita cic 1€ bdo véi nhau, giiia € bao véi moi truong bén
ngoal.

3.1. Nhdp noéi va xudt ngoai cdc chdt

Nhap noi titc 12 1ay cdc chat tir moi truong bén ngoai vio t€ bo. Trong
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trudng hop ndy, ngudi ta phan biét hai hién tuong: thuc bao va dm bao.

Xudt ngoai ¢é nghia 12 bai tiét cac chat duge san xudt ti t€ bao ra
ngoal moi trudng.

3.2. Su thdm cdc chdt

 Trong trudng hop tham cdc chat cua mang, ngudi ta ciing phan biét ra
su tham thu déng va thim chu dong.

3.3. S nhdn dién té bao va cdc chdt dinh két

Vin dé ndy rat phic tap, ngudi ta gan cho vai trd clia glycocalix nam &
bé mat bén ngoii cla t€ bio déng vai trd quyét dinh. VEé co ché€ nhén dién thi
chua & rang, song ¢6 nhiéu gia thuy¢t. '

a. Gid thuyét ciia Ehrlich Tylerweiss v&i goi ¢ bé mit t& bao mang
nhiing thanh phan giéng khdng nguyén va khang thé va ching nhan dién
nfiau theo kiéu két hop khdng nguyén khdng thé dé.

b. Gid thuyér nhitng yéu 16 dinh két ddc bi¢t ma nhiing yéu t6 do co
thanh phan hod hoc 1a glycoprotein. Chat ndy dugc tong hop trong t€ bio va
bai i€l ra moi trudng & dang hoa tan va lam nhiém vu dinh két.

c. Gid thuyét enzym co chdr do Roseman néu ra. Theo gia thuyét niy,
su nhan mat cic t€ bao va sur dinh két gitta ching thi dugc trung gian boi su
tdc dung trong hd gita co chit cacbohydrat va enzym glycosyl transieraza
trén bé mat cic 1€ bao.

d. Gid teyet tde ding twong hd giita céc phin tir proton trong céc phan
tir oligomer ctia Naijor qua lién két hydro giéng nhu két hop gilta céc chudi
o va B trong hemoglobin.

e. Gid thuyét ludi ma hod mang coa Changeu - Oosowa. Hinh anh chu
yéu cUa mo hinh nay la théng tin dac hiéu dugc ma hod trong su phin phoi
dia hinh cla nhiing codon mang. Ngoai ra con mdt s¢ gia thuyét khdc nita.

3.4. Sw di chuyén té bao

Cic 1€ bao muén di chuyén duge can phai dan truyén nhing luc sinh ra
trong nd véi moi trudng qua bé mat t€ bao. Do d6 mang (€ bao dong val tro
quan trong trong di chuyén t€ bao.
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3.5. Su sinh sdn va lon lén cida'té bao

Hi¢n nay, nguoi ta dé cap nhiéu dén vai trd cia mang bé mait t& bap
trong sinh san vi 16n lén cta (& bao. Mot hién tugng biét rat rd trong moi
truong 1€ bao 1a hién tugng tic ¢hé 1iép xic. Cic 1€ bio trong nudi cay sinh
$OL ndy néd dén mic ching cham nhau trén 16p bé mat cua moi trudng nuoi
cay thi ngimg, do dé su tiép xiic gdy ra hi¢n tuong (¢ ché sinh san t€ bio.
Ngoai ra ngudi ta con thay nhimg hién tugng khdc thong qua cic chit & bé
mat & bao dé kich thich hoac tic ché su phan chia & bao - ma co chd cla
nhiing hi¢n twong dé 13 s& duge gidi thieu & phin dudi day.

4. Di¢u hoa cita hoat dong mang trong su phan chia t€ bio

Hien nay, ngoai vai trd chinh cia gen trong hoat déng phan chia &
bao, ngudi ta con ndi nhiéu dén vai trd cia mang. Vay thoéng qua mot s co
che con ban cai sau day, ngudi ta gidn cho mang vai trd nay.

4.1. Mot lién quan giira mang véi hé théng Ca®* - cAMP - cGMP

Enzym adeninxyclaza nim & mang bdo tuong va enzym
guanilatxyclaza ciing nim & day, chiing tham gia tao ra cAMP vi ¢cGMP.
Nhiing enzym nay dugc hoat hod bdi cdc hocmon vi bi tic ché bdi ion Ca**,
Mot enzym khdc photphodiesteraza nim & trong bao twong lai thuy phan cic
cAMP va ¢GMP va duoc hoat hod béi jon Ca®,

Lugng cAMP v ¢cGMP duge hinh thinh nhiéu it qua hoat dong cia
cdc enzym mang va néi bio néi trén ddng vati trd quan trong trong phan chia
t€ bito nhu chting di biét.

4.2. Moi quan hé gita cdc chat nhdn ciia mdng véi hé thong
microfilament va microtubule

Trén bé mat 1€ blo ¢ chita céc chat nhén cé ban chit glycoprotein cla
nhicu loai - nhu chat nhan thude, chat nhan néi tiét 1, chat nhan cdc chat
kich thich sy phan bao v.v... Trong vi dudi d6 cla mang t&€ bao c¢d chita cic
microfilament va microtubule - 13 tap hop clia cdc thanh phén protein gidng
actin cua co, v.v... Hé thong nay lai duoc lién quan dén bo mdy phan bio clia
t¢ bao. Do dé khi mot bién diéu din ra moi trudng bén ngodi ¢é thé anh
huong dén ciu tric dudi ming qua phan tir nhdn glycoprotein. Tir su thay
doi nay dan dén anh hudng 1ong hop ADN va phan chia € bio.
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4.3. Tinh trang hod l6ng ciia mang

D6 ciing 13 mét y€u 6 hod hoc, tao dicu kién cho cdc chat kich thich
phan bao ké ca cdc tia xa tang cudng hoat dong bdi su di qua mang dé dang.

Van chuyén thic an tir mdi trudng phuc vu cho qud trinh phéan chia ¢
bao. Khi ¢é yéu t8 phan bao tic dung lén chat nhin bé mat & bio thi s€ lam
hoat hod cdc proton van chuyén clia mang vk qud trinh tang cudng van
chuyén qua mang dugc xdy ra. Diéu ndy dé hiéu, vi qud uinh phan chia 1€
biao ddi hoi phdi c6 su cung cdp nguyén liéu va nang lugng day du. Sy cung
¢dp nay nhd nguon thu thirc an duy nhat & méi trudng bén ngoai. Mang ddng
vai trd chil y&u & day 12 ting cudng van chuyén cdc thifc an dé vio bén trong
dé 1¢ bao su dung.

5. Quan hé gen - mang trong sy phan chia té bao

Can ctt vao nhitng van d¢ da trinh bay & trén, tdc gid trong quyén sich
t¢ bao va phdt trién da dé xudt mot mo hinh chung vé mdi quan hé gen -
mang trong phéan chia t€ bio - ma né bao gém nhitng hifu bi¢t va nhiing kién
thitc mai trong linh vuc nay.

Mo hinh trinh bay hai dong trong co ch& phian bao (hinh 5.10).
5.1. Dong mang

Nhiing kich thich gay phan bao tir moéi trudng bén ngoai di vao, tic
dung tugng hd vai thanh phin thich dng & bé mit t€ bio giy ra maot loat thay
déi  ming cé lien quan t6i cdc h¢ théng: Ca®* - cAMP - ¢GMP
microfilament - microtubule, su ting cudng van chuyén cédc chit va ion qua
mang, tinh 1ong mang, v.v... T4t c4 nhiing thay déi nay déu duge chuyén vao
nhan ma cu thé la trén thé nhiém sic hodc bang con dudng truc tiép, hoac
bang con dudng gidn tiép.

5.2. Dong gen

Khi ¢6 nhitng tin hi¢u & bén ngoai vao thi, nhiéu gen ¢é su cam ng va
tang cudng hoat dong. Vai trd cha mot loat cde hién tugng metyl hod axetyl
hod cdc histon, photphorin hod cic protein nhan, cic polyamin, cic ARN
nhan vd mot loat cdc gen (nhay cam, hop nhit, tiép nhan, san xudt v.v..)
hoat déng kéo theo.
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Hai ddng nay ph6i hgp tao diéu kién co cd vit chit cho t&€ bao phan
chia.

Vin dé ung thu, cha yé&u i sy tang san t€ biio. Vi vay Iy thuyét hai
dong trong sinh san 1€ bao binh thudng cling 13 co s§ dé tim hiéu sy bién
hinh t& bao binh thuong thanh t& bao ung thu.

3 € bao binh thudng. hai dong ndy hoat dong ¢6 su kiém tra v duge
diéu hod. Nhung & 1€ bao ung thu ching hoat dong khong dugc kiém tra. Cu
thé€ qud trinh ting san ngdy cing di xa mai, va cang tang san thi thé hé sau
ngdy cing xa la v6i thé hé ngudn goe bai nhitng bién di xay ra trong nhicu
lan phan chia nhanh tu tap lai vi khong kip dugce stra chita. Mat khéc tinh
long clia mang cling ngdy cang thay déi, két hop vdi nhimg tdc nhan virut,
hoa chat, phéng xa di vio 1am cho bo gen t¢ bao ¢6 nhitng bién déi séu sic.
Két qua tir ung thu ldc ddu cdn lanh tinh va ¢6 kha nang thudn nghich, di t6i
dc tinh va khong thuin nghich nita. Lai cong thém trong t€ bao ung thu ting
san Xudt cic enzym proteaza v enzym lyzosom. Leai ndy phan tan vao
trong ca nhan vd bé mit t€ bao, cang 1am thay déi sau séc ca cdu tric phan
tr thé nhiém sic ciing nhu bé mat t€ bao va dén dén di cin, tham ldu va xam
lan vio cdc t€ bao khdc. M6 hinh nay ngodi su tém 1at nhitng biéu hién nay
vé diéu hod hoat dong phan chia 1¢ bio binh thutng va ung thu thi cdn néu
ra phuong hudng dé hudng dan su tim ki€m tiép tuc trong tuong lai.
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CHUGONG VI

CAC ENZYM CAT, BIEN POI VA NOI ADN

Trong cong nghé gen, sau khi tich duoc ADN thi cdn phai ket cdu lai
phan tir ADN, phan tlr ndy goi 14 phan tr ADN téi t8 hop (recombinant DNA
molecule). DE tao ra phan tlr nay thi phai ¢6 veeto (vat trung gian chuyén
gen) cling nhue ADN duoce chon dong cén phai dugc cét & nhitng diém dac
bict va duge ndi tai véi nhau theo ki€u phai duge kiém tra, kiém sodt.

Cdt va n6i 1 hai thi du ctia k§ thuat thao tac tinh vi trén phan tir ADN
va dugc phat trién manh trén 30 nam nay. Nho su cAt va ndi ma cdc phén tu
ADN c6 thé duge ngan lai, dii ra, duge sao ra thanh ARN hoac tdi ban lai
phan tit ADN méi va cé thé b bi¢n déi do theém vao hodc tach ra nhiing
nhém hod hoc dac higu.

Tt ca nhitng thao tdc tinh vi dé dugc thuc hanh trong cdc ong nghiém
khong nhiing cung cdp co s0 cho su chon dong gen ma con cho nhiing hiéu
bigt trong nghién citu ¢o ban vé hod sinh ADN, cdu tric gen va sir kiém tra
ctia bidu hién cria gen.

Hin hét 16t cd cae thao tde k§ thugt cdt noi ADN déu 1ién hanh st
dung cdc enzym. Trong t€ bio, cic enzym nay tham gia vao cdc qud trinh
chi yéu nhu sao chép (replication) phién ma (transcription) cdc ADN, lam
gdy ADN, c6i xoan hoiac dura ADN ngoai lai vao (nhu su xam nhdp cda
ADN virut) stra chifa ADN bj bién di va tdl t6 hop lai gifia cic ADN khic
nhaw. Sau khi chidt xudt 1am sach tir céc dich chiét t€ bao. Nhiéu enzym tin
ring, c6 thé din ra nhitng phan dng ty nhién cha ching hoac nhimg phan
dng cé lién quan chit ché véi ching dudi nhing diéu kién nhan tao.

Cdt va noi gen dugc thuc hién bdi nhing enzym dugc gol 1a cdc
enzym han ch¢ hay con goi 14 enzym gidi han cé ten 1 endonucleaza han
ché (restrictase) diing cho sir ¢dt va cde ligaza ding cho su noi.
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I. CAC ENZYM HAN CHE

Mot $6 enzym han ché hay con goi la enzym gidi han cit phia trong
phin tir ADN thanh nhimng doan déc hiéu cda minh. Goi I3 enzym han ché
bot vi ngudi ta phat hién dau tien ching ¢6 mit trong nhiing vi khuan lam
han ch€ su 16n len cla virus gay bénh (thye khudn thé). Nhimg enzym nay
bido vé ADN caa vat chi truée ADN cla co thé ngoat lai. Song nhiing enzym
nay déu cé mat trong cdc t& bio, ma nhiing t¢ bao nay kéo theo nhiing
cenzym c6 kha nang metyl hod ADN cua vat chd. Diéu d6 lam bigh déi ADN
chu thanh co chit khong thich hop nita cho str tiéu hod bing enzym han ché.
Doi voi timg vi tri ADN xdc dinh riéng, metylase va enzym han ché luon
luon xdy ra & vi khudn nhu 1 cap song doi.

I'én goi enzym han ché ndy bat ngudn tir tén vi khugn duge ding dé
tich enzym nay. Ching han EcoRI 13 enzym han ché tach tir E.coli, con Bam
HI bat nguén tir Bucillus amyloliquefaciens (bang 6.1 va 6.2). Céch viét tén
va goi teén nhu sau: chit ddu tién 13 tén chi clia vi khudn hay goi 1a giong (E),
hat chif cua tlr sau chi tén lodi cira vi khudn (co), con cé the bé sung thém
chung xdc dinh (R) v chit s6 La Mi (I) {(II) 14 chi enzym dugce tich ra lan
ddu tién hay I&n th hai ¢ vi khudn d6 (EcoRI, EcoRIT),

Vidu: E. coli RI, E. coli RII
Escherichia coli R [ hoac II
Tén chi hay gidng | Tén loai (specics) | vi du: ching | La chit s6 La Ma

{genus) cla  vi
khuan. Tén ndy
phat viét hoa vi
6 thé viét tat £,

cla vi khuin. Tén
lodi viét thuong va
khong duoc viét
tat coli

méu 13 ATCC
11775

chi lin ddu hay
lan hai enzym
duge tim thay &
E.coli

Moi enzym han ché nhan biét va cit mot doan ¢6 chiéu dai 4-7 déi
base clia chudi dudi ADN. Sy cit ADN nhu vdy ¢6 the tao diu t hay diu
bang (Hpal) hoac ddu dinh {(BamHI) phu thuge vao co ché cit clia enzym
(hinh 6.1). Dau dinh dac biét duge sir dung trong cdu triic phan tir ADN laj
hay kham,
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Tao dau dinh

..GGATGG...

...CCTAGG...

Tao dau tix:
..GTTAAC...

.CAATTG..

-G
HamHI
..CCTAG
LGTT
Hpal
. CAA

GATCC...

G...

AAC...

TTG...

Hinh 6.1. C3t bing enzym han ch& BamHI va Hpal

Bidng 6.1, Cac enzym endonucleaza han ché va nhitng doan cét clia ching

Enzym han ché

Cac doan cat

C6 ngudn gdc tir vi khudn

T‘CGA
A G CHT

Bam Ul GiG ATCC Baciiius amylofique faciens H
CCTAGIG
Bgl li AMIGATCT Bacilfus globigi
TcTAGHK
Eco RI GIAAT _T_‘C Escherrichia coli Ry 13
CTTAGIA
Eco RIl ccCT Gf% Escherichia coli R245
GGACC
Hind Ill AMMAGCTT Haemophilus influenzeae R,
TTCGAIA
Hha i G lEE, C Haemophilus haemolyticus
i C1iGCG
| Hpa | G T TIA AC Haemophilus parainfluenzea
CAAITTG
Mst I! CCITNAGG Micrococcus stuartii
GGANTICC
Pst | CTGCAIG Providencia stuartii 164
GYACGTC
Taq | | Thermus aquaticus YT!
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Néu nhu trong pham vi phan tir ADN lai hay nucleotid dugc sip dat
mot cach ngau nhién, ngudi ta ¢6 the tinh dirgc s6 enzym cét toan bo phan tir
ADN. D61 v6i méi vi trf trong phan tir ADN ¢4 bén khi nang (A, C, G hoiac
T) boi vay enzym han ché nhan biét doan ¢6 chi€u dai bén doi base s& cit
trung binh ADN & méi 256 doi base (4% trong khi d6 enzym khic, né nhan
bi€t doan sdu doi base thi méi lan s& cit 4096 doi base (4%. Poun ADN di
cho s€ sap dit sin vi (ri cit déi véi nhiing enzym khdc nhau, mi cdi d6 cho
phép cdu tric bin d6 han ché,

Bdng 6.2. Mét s5 enzym gidi han

| Enzym | Vi khuan cé enzym Cac doan cit S& digm cit ADN virut
phage | Ad2 Sv40
BamH| Bacillus amyloliquefaciens GIGAT cc 5 3 1
] cctacle
Bgilli Bacillus giobigi Alc A TCT |5 12 0
TCTA G—}A
EcoRl E.cofi RY 13 GIAATTC 5 5 1
- CTTAGIA
Haelll Haemophilus egyptius G GiCc C 50 50 18
CCIGG
Hhal Haemophilus haemolyticus G ’C_G_IC 50 50 2
CIGC G
Hindll | Haemophilus influenzeae R, A&G__Q_T‘ T |6 11 6
TTCGAIA
] Pstl Providencia stuartif CTGCA|G 18 25 3
I lacaTc
" Smal | Serratia ccclcee |3 12" |o
GG GJC ccC

Cac methylaza

Ching ta can bi¢t trong intro ngudi ta sir dung cic vi tr{ methylaza dic
hi¢u dé cat bién cic ché nhan biét véi muyc dich bio vé ADN khéi bi
restrictaza (RE) tic dong. Vi ui methylaza chuyén nhém methyl tir S-
adenosin-L - metionin 16i cytozin hoac adenin nhat dinh cla méi soi thuoc vi
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tri nhan biét. Trong diu kién phong thi nghiém cd thé cai bi€n mot soi ADN
va nhu thé ciing di tao cho vi trf nhan biét trinh duge tic dong cua
restrictaza.

II. NHUNG ENZYM KHAC LIEN QUAN PEN CAC THAO TAC
TREN ADN

Ta ¢6 thé ké ra cdc enzym dé thuoce vo nhiing loai sau day:

- Nucleaza d6 i nhiing enzym cdt, 1am ngin hoac thodi hod cdc phan
tr acid nucleic.

- Ligaza 1a nhiing enzym néi céc phan ut acid nucleic lai v6i nhau.

- Polymeraza |a nhitg enzym sao chép céc phin tu acid nucleic.

- Cde enzym bién doi (modifying enzym) - 1a nhiing enzym tdch hay
cong thém cdc nhom hod hoc. '

- Topoisomeraza 1a nhiing enzym lam xoan én oc cao 4o hay coi
xoan tir cdc ADN déng vong khép kin.

Trude khi di vao chi tiét mdi loai enzym ndy, ¢6 hai diém ching ta
can luu y:

- Hiu hét cde enzym déu phin phdi 161 mot loai riéng 1€, song mot vai
enzym biéu hién nhiing hoat dong da dang mi nhing hoat dong do trai ra hai
hay nhidu loai. Ching han, nhi¢u polymeraza phéi hgp ca kha nang tao ra
phan 1ir ADN méi réi hoat dong thodi hod ADN dugc lién ket.

- Trong cic enzym cit, n6i ADN c6 nhiéu enzym tuong ty hoat dong
tren ARN di duoc bigt. Cic ribonucleaza duge dung dé tich ARN trong ché
phiam ADN 1a mét vi dy. Mac dii cdc enzym lién quan dén ARN ¢6 str dung
trong chon dong gen nhung ching ta khong néi & diy.

1. Cac nucleaza

Nucleaza 1am thodi hod phan tit ADN bang cich lam gy cdc lién ket
phosphodiester - ma lien két ndy gdn mot nucleotid vao cdi sau clia chubi
ADN. Do d6 ¢6 hai toal nucleaza.

- Exonucleaza - 12 nhiing enzym tach nucleotid & ddu tan clia phén tl
ADN.
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- Endonucleaza - 13 nhimng enzym c6 kha nang lam gay nhing lién két
phosphodiester bén trong phéan tr ADN.

St phan biét chinh giia cdc exonucleaza la nim trong s& cdc chudi dé
bi thodi hod khi phan tir xoan kép bi tan cong enzym dugc got 1a Bal 31
(dugc tich chiét tir vi kKhudn Alteromomas sepefiana  1& mot vi du vé
cxonucleaza né tdch nucleotid tir hai chudi cta phan tlr xodn kép.

Exonucleaza Il cua E.coli 1am thodj ho4 ch; mot chudi cita phan tir
xoan kép, giai phéng ra ADN chudi don.

Chinh ti¢u chudn dé6 ciing duoc dung dé phan loaj cdc endonucleaza. S
endonucleaza (tlr fungus acfegillus oyzae) s& chi lam gdy nhiing chudi don
trong khi d6 deoxyribonucleaza I (ADNse) nd duge chuan b tir tuy bo cit ca
cdc phan tlr chudi don vi chudi kép. ADNse I thi khong dac hiéu, trong dé
né tdn cong ADN & chudi phosphodiester bat ky bén trong. Két qua cusi
cing sau sw thuy phan niy ta c¢6 hén hgp cdc mononucleotid va nhiing
'oligonucleotid ngan. Mit khdc mot nhém chuyén biét cha enzym loai nay
dugc goi 4 endonucleaza han ché chi lam gdy ADN chudi kép & s6 luong
2161 han ctia cdc vi tei nhan dién dac hiéu.

2. Cac polymeraza

Polymeraza ADN I nhitng enzym ma ching téng hop mot chudi méi
bd sung vio khuon ADN hay ARN. Hau hét cic polymeraza chi c6 vung
xodn kép - ma ving d6 hoat dong nhur 1a primer cho viéc m& ddu su tring
hep.

Ba loai polymeraza ADN dugc dung thong dung trong cong nghé gen.
Dau tién 13 polymeraza ADN 1, enzym nay dugc tich ra tr £.coli. N6 buoc
vao viing chudi don ngin (hoac ché niir) trong phan tir ADN chudi kép vi r6i
tong hgp chudi méi mot cach hoan toan lam thodi hod chudi his hiéu. Vi
vy polymeraza ADN T 1a mot thi du vé enzym hoat dong hai hudng: téng
hop ADN va thodi hod ADN.

That ra hoat dong polymeraza va nucleaza ciia polymeraza ADN 1 thi
duge ki€m tra bdi nhimg phan khic nhau cia phén tir enzym va cé thé dugc
tach ra néu enzym bi giy theo con duodng dic biét. Phan cla enzym duy tri
chitc phan polymeraza thi duge goi Ia doan Klenow. Doan Klenow thigu
hoat déng nucleaza, né c6 thé 1éng hogp chubi ADN b6 sung chi trén khuon
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«<hudi don. Su d&p dung phéan 16n cda enzym nay la trong phén tich thit tu
ADN.

Loai thit ba cla polymeraza 1a enzym phién mid ngugc-reverse
transcriptaza, mot enzym gom trong sao chép clia mot vai loai virus - va la
cnzym quan trong trong cong nghé di truyén.

Reverse transciptase duy tri nhdt 1a diing cai khuon ARN. Khi nang
cua enzym tong hop sgi ADN bo sung vao khuon ARN la trung tam clia vin
dé chon dong phin tir ADN b6 sung.

3. Céc enzym 1am bién d6i ADN

C6 nhidu cnzym 1am bién di ADN bang cich thém hay tach cac
nhém hod hoc dic bigt. D6 la:

- Phosphataza kiém (tir E.coli hay rudt bé) lam tach ra nhimg nhém
phosphat cé mat ¢ ddu tan 5' ctia phin tdr ADN.

- Kinaza polynucleotid - tir E.coli bi nhiém phage T4 - ¢6 tdc dyng
nguoc lai enzym phosphataza Ki€m tdc 1a xiic tac gin nhdm phosphat vio
dau 5' tan tr do.

Transferaza terminal két thiic duoc tach ra tir mo tuy€n e cla bé - xuc
tac sur thém mot hay nhiéu deoxynucleotid vio ddu tan 3' cia phéan tr ADN.

4. Ciac topoisomeraza

Topoisomeraza 13 nhitng enzym ¢6 kha nang thay déi cdu tao hinh cua
ADN déng vong (nhu phan tir ADN cia plasmid) bing cdch dua viio hoic
tdch ra nhimg vong xody tron 8¢ cao cép.

5. Cac ligaza

ADN ligaza 1A mot enzym ndi quan trong trong 1€ bao vi chiic ning
clia né 13 sita chita cdc moi lien két photphodiester bi dit gdy mét cach ngau
nhién hodc do hiu qua cla viéc sao chép hodc tdi t& hogp ADN. Trong k¥
thuat di truyén, né duge su dung dé han gan nhimg ché gidn doan chudi
duong - photphat, nhiing gidn doan nay thudng dién ra khi ADN téi t6 hop
duoe hinh thinh bing cdch néi cdc phan tir ADN tir nhiing nguon khdc nhau.
Vi vay, nd duge coi la chat keo phan tir duoce sir dung dé két dinh céic miu
ADN véi nhau. Chdc nang nay 13 hét siic quan trong déi véi su thanh cong
cla nhiéu thi nghiém, vi vi vay ADN ligaza la enzym noi chu chot trong k¥
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thuat di truyén.

Enzym duoc sit dung nhiéu nhit trong cdc thi nghiém 4 ADN ligaza
cua T4, né duge tich chict tir cde 1€ bio L.coli bi nhiém phage T4. Mac du
enzym nay hiéu qua nhat khi han giin cdc khe hé trong cdc doan duge giir
vdi nhau bang cdc ddu dinh, né cling 6 thé néi cdc phan tr ADN diu bing
v6i nhau trong nhiing diéu kién thich hop. Enzym nay hoat dong (6t nhat &
37°C. nhung n6 duoc six dung & nhi¢t do thip hon nhiéu (4-15°C) dé ngan
ngua sir bién 1inh nhiét cha nhirng doan ket ciip ngin, cdc doan nay giit cdc
diu dinh ca cic phan t ADN véi nhau. Céich hoat dong ctia ADN ligaza
duoc minh hoa trén hinh 6.2.

(a)

RA
@ e |
- Q g
H

L celf T4

b N
NAD ATP

AMP -=f

ADN Jigase

c)

ADN 44 ndf

Hinh 6.2. Kiéu tac ddng cia ADN ligaza

Enzym nay ndi cac nucleotit théng qua cac diu 3-OH va 5-PO3- lidn ké do co mdt diém cit
{a). ADN ligaza dugc adenyl hoa bdi NAD® (E.coli) hoac ATP (phage T,). Sau db enzym nay
adenyl hoa photphat ddu 5' tai diém cit (RA 1a ribose-adenin), né tao didu kién hinh thanh
mét lién két photphodiester (b,c)
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Kha nang cit, sita ddi va n6i cac phan tr ADN di dua vio tay cdc k¥
st di truyén cong cu sic bén trong viéc tao ra cac phan tr ADN téi 16 hop.
Cong ngh¢ sir dung & day [a cong nghé thi nghiém trong 6ng nghiém, khong
doi héi cdc hé thong séng. Tuy nhién, mot kht doan ADN t4i t6 hop da dugc
t#o ra in vitro, nd thudng ¢an phdi duge nhén lén sao cho di s6 luong dé ¢6
thé st dung trong cdc phép thao tdc vA phan tich ti€p theo. Viéc nhan ban
thudng doi hoi phai ¢é6 mot hé théng sinh hgc, va vi vay, chiing ta cin xem
xé1 cdc hé théng séng khac nhau ¢6 thé sir dung dé nhéan ban cdc phan i
ADN tii 16 hgp.

Trong t€ bao, ligaza ADN la sita chita nhitng doan gy ciia chuoi don
trong qud trinh phan tir cdn xofin kép lai khi tdi ban, ligaza néi hai doan
rieng lé ciia ADN xoén. Vai trd clia cdc enzym d6 trong tdi t6 hgp ADN thi
clng & duge mo ta dudi day.

6. Su noi két cac phan tar ADN lai véi nhau

Giai doan cudi cling trong ciu triic phan tir ADN tdi td hop la noi két
phan tir vecto vd ADN duge chon dong, enzym xide tic qud trinh nay goi la
ligaza ADN. '

6.1. Kiéu hoat dong ctia ligaza ADN

T4t ca cdc t€ bao séng déu san xuat cdc enzym ligaza ADN nhung
enzym dugc str dung trong céng nghé gen thi thudng duge tich chiét va lam
sach tIr vi khuan E.coli ma vi khuan nay dugc nhiém vdi phage T4. Trong t&
bao, enzym nay mang chifc phan khd quan trong 1a sita chita bat ky su khong
lién tuc nao & trong mot chudi cha phan tir chudi kép. Mic du sy khéng lién
tuc ¢ thé xay ra boi su gdy phan tr ADN t& bao ching ciing ta két qua tu
nhién cla cdc qué trinh nhu t4i ban vi tai 3 hop ADN. Do dé ligaza ddng
maot vai trd thuc su trong t&€ bao.

Trong Ong nghiém céc enzym ligaza ADN dugc tich va lam sach st
chifa chuéi don khéong lién tuc nhung ciing lién két hai phan tir ADN hoic
hai dau tin cha ching.

6.2. Nhitng ddu dinh lam tdng lén hiéu qud ctia su noi buic

Nhitng doan déu ti thi duoce ndi véi nhau. Mac dii phan tng nay c6 thé
xdy ra trong 6ng nghiém, nhung khéng hiéu qua 1dm. Bai vi ligaza khong c6
kha niang cidm gilt phan tor dé€ ndi két ma phai chd sy két hgp mang dén
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nhiing dau tan déng thai. C6 thé su néi bude ddu 8 duoe Gén hanh & nong
do ADN cao dé 1am tang sy may min nhiing dau tan cla cdc phan tr di dén
v&i nhau doéng thoi.

Nguoc lai su néi budc clia nhitng déu tan bé sung thi cé hiéu qua hon
nhi¢u. Béi vi nhitng dau dinh ¢6 thé nsi doi base véi mot cdi khic bai lién
két hydro hinh thanh cau tric bén cho enzym fién hanh cong viéc.

6.3. Ddt nhiing dau dinh vao nhiing phan it cé diu tit

Nhu trén da néi, nhiing ddu dinh thich hop thi rat tét cho cic phan ta
ADN gén budc v&i nhau trong thi nghiém cloning gen. Thudng nhiing dau
dinh dé ¢6 thé duge cung cip bdi su ticu hod ca vector va ADN dugc xoay
dong véi cltng mot enzym cit han ché, hodc vdi nhitng enzym khic ma
ching gy ra cling ddu dinh. Song, diéu dg khong phai ludn luon ¢6 thé thuc
hi¢n duge. Tinh hinh chung 1a & ddy phan ur vector ¢6 nhiing dau dinh, con
doan ADN duge tao dong thi c6 déu tu. Trong tinh hubng dé thi mét trong
ba phuong phap sau day cé thé duogc ding d¢ dat nhimg diu dinh chinh xdc
vao nhitng doan ADN.

a. Cac linko

Linko ( linker) 1a nhitng manh ngén ctia ADN chuéi doi, tuy ¢& dau th
nhung chia vi tri cit han ch€. Ligaza ADN sé& xiic tic sy noi bude nhitng dau
tan cua cdc phan tir ADN ¢6 ddu 11 16n. Su ndi buge ddu i, ¢6 the duge tigh
hanh mot cich rat hiéu qua, do cde oligonucleotid (titc cic linko) dugc dua
vao hon hop néi bude & mot néng do cao.

Hon nita cdc linkg bude vao méi ddu tan cda phan tr ADN sé tao ra
cdu triic chudt. Su tiéu hod bang BamHI s& 1am gy chudt ¢ diy nhan dién
tao ra mot lugng 16n cde linko bi gay va doan ADN nguyén uy bay gid mang
nhing dau dinh BamHL Poan cai tién nay thi bay gid san sang dé nai buoc
vao vector tao dong va dugc cét han ché bdi BamHI.

b. Cac adapto

Mot phuong phdp thit hai dé buoc diu dinh vio phan tir tir ddu i 1
qua viéc sir dung adapto (adapter). Adapto - gidng nhu linko 13 nhiing
oligonucleotid ngan. Song khong gicng linko, adapter thi dugc tdng hop sao
cho mét dau dinh vio ddu kia ti.

Ly tudng clia qud trinh d6 1 tién ket ddu ti clia adapto vio diu ti cla
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doan ADN tao ra mot phan tif véi nhitng ddu dinh. Diéu nay c6 thé don gian
néu ding linko nhung phtic tap néu dung adapto.

¢. San xudt daw dinh gin val dudt homopolymer

K thuat gan dudi homopolymer 13 mot cdch dé€ san xuat ra nhimg dau
dinh trén nhitng phin t& ADN dau ti. Homopolymer 14 moét polymer don
gian trong dé tat ci cdc ti€u don vi thi nhu nhau. Vi du mot chudi ADN duge
tien hanh gin duoi 13 toan polydeoxyguanosin (poly dG). Khi gan dudi
ngudi ta ding enzym transferaza deoxynucleotid tin dé dua mot loat
nucleolid vao dau tan 3'-OH cua phan tad ADN chudi kép.

Di nhién dé c6 kha nang gin budc lai vdi nhau hai phan tir ¢ dudi
phai ¢6 cdc homopolymer & dang b6 sung. Thudng dudi poly (dG) cia ADN
duoc chon dong bude vio dudi poly dC cha vector.

Badng 6.3. Tém tit cic enzym théng dung ding trong ¢ong nghé gen:
cit, n&i va bién d&i ADN

Stt |

-

methyl vao A hay C &
v| tri cAt clia RE diéu
dé ¢é nghia la khi A
hay C dudc methyl
hoa thi RE khéng cén
nhan biét dudc vi tri
cat, vi vayADN vi
khuan khéng bi chinh
RE clia chung cat la
'nhd cd ché nay.

biét dude mot
trinh tu va cit
ngay tai doé
nén dudc st
dung trong
sinh hoc phan
tor.

- Loai RE, da
biét tdi hon
100 loai d vi
sinh vat.

Loai enzym Enzym Vaitrd, cdché | Ung dung trong céng
cu thé tic dung nghé gen
Céc enzym gidi han -RE |4 - Mdi RE nhan |- Dung cat nhéd bd gen
(restriction enzym-RE) |endonucleaza |biét duge mét | kh8ng IS clia sinh vét.
(gidi han dugc hiéu c6 kha nang  |trinh ty nucleotit . ping trong phuong phap
ngam la gidi han cia  |thuy phan dac trung tac dong dé thu dudc dang
sy xam phiém, e 1A [ADN mach {thudng 4-8) va _den mong mudn cé s&
ADN phage bi mét hé |d@6i mot cach  |trinh tu nay co Iong (on.
of b’ & b i e A { i ~ Ll A e
thon_g ,aAO \.r(.elcua .w . Iap.le‘“ U‘ . Ca"f truc .. |- Dung treng l1ap ban dé gidi
khuan tiéu diét khi vita | nhung vi tri palindromic ¢é p . . .
o a . . . . han dé so sanh bd gen gila
mdi x&m nhép, hg xac dinh. nghia la hai o xiaa o
thdng bao vé nay la : . | mach clia trinh | $2° lodi thong qua ky thuat
- g N2y - Co ba loai L RFLP (retriction fragment
RE} RE. RE,va |t hoantoan Y
1 By A length polymorphism = tink
Cha v: Methylaza la | RE; nhung chi | 91009 thau he0 4 ) ooy wien e cia trin
enzym gan nhdom ¢6 RE, nhan | chieu §-->3', do

dé vitri cit la
gidng nhau trén
hai mach.

- Cé kidu cét
dau bang (blunt
ends) va kigu
ct dausole
hay dinh
{cohesive ends)

t gioi han)
Chu y: 1ap ban dé cac diém
gidi han hidu vdi ngha 1a
phén ién cac doan ADN
déu cé cac diém nhan biét
d8i vai nhiéu enzym gidi
han khac nhau va thudgng
rat hiru ich néu ta biét vi tri
tuang d6i clia mdt sé diém
nay. K7 thuat dé l1am viéc
nay go la lap ban dé gioi
han,

-
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Cac polymeraza (ADN
va ARN polymeraza)
a} ADN polymeraza
xUc tac tdng hop ADN
theo chiéu 5-3

transcriptase)
cé ngudn goc
tUf retro virus
nhu Avian
myeloblastosi
s virus = AMY
va Moloney
murine
leukenia virus
= MMV,

khudn ARN theo
chiéy 3'-5' khi c6
mat cha méi.

ADN ADN pol | ¢é vai |- Xac dinh trinh tr ADN
polymeraza | |trd sifa saikhi  |theo phucng phap dideoxy
(ADN pef 1) $ao chép d vi nucleotit .
khudn e thé | 180 hgp mau do 6 do
g hdp ADN | hhang xa cao.
theo chigu 5'-3' s . .
va thu? phan - Xay dung cac vectd ti
ADN theo chigy |ADN mach don.
5-3'va 3'-5',
- Thuc t& ngudi
ta chi s dung
mét san pham
doan Klenow
clia pol | gitt
dugc hoat tinh
polymeraza va
exonucleaza 5'-
3' khéng mong
musn.
T, ADN - Cé hoat tinh Vi c6 exonucleaza 5'-3'
polymeraza  |gidng hét doan {manh hon nén dugc st
Kienow, nhung | dung nhiéu han khi can
cb exonucleaza |t3ng hap mau dé cé do
5-3 manh hon _ |phéng xa cao.
Taq Co hoat tinh Vi chiu nhiét tGt nén ding
polymeraza |sinh tdng hgp trong chay phan (mg PCR.
ADN
Enzym phién | Téng hop mach |- Thist 1ap ngén hang
'Ma ngudc ADN b3 sung  |cADN.
(reverse cADN vao

- Ti€n hanh phan img PCR
trén mARN.

- Xac dinh trinh t¢ cla axit
nucleic bang phugng phap
sif dung cac
dideoxynucleotit.
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b) Cac ARN
polymeraza

Ba loai ARN
polymeraza
hay dugc su
dung:

- SP,ARN
polymieraza
{cé ngudn gdc
tif phage xam
nhiém
S.typhimurium
)
-T,ARN
polymeraza.
- T;ARN
polymeraza
{hai loai sau
cb ngudn géc
tir phage xam
nhiém £.cofi}

Téng hdap mot
lugng tan ARN
tir ADN sau khi
gén vai promotd
thich hdp.

- Téng hop mau d& ARN
danh dau phéng xa hay hoa
hoc.

- Xac dinh trinh ty cda mot
ADN duge dong hoa trong
mdt vectd ¢d mang promotd
dac trung cho phage SPy,
Ty Tr :

- Nghi&n ciiu ban phién ma
clia ARN clia mot ADN da
duge dong hod.

Cac ligaza (ndi hai
doan ADN bang ADN
ligaza hay hai doan
ARN bang ARN ligaza)

- E.cofi ADN

N&i hai dau so

- Han gn nhiing chd gian

ligaza le doan va nhiing ddu mau
cac ADN tai t8 hgp lai voi
nhau.
- T4 ADN N&i hai dau - Han gén nhitng cho gian
ligaza (co béng vdi nhau. |doan trong chudi pentoza
ngudn gbe ti photphat,
phage T4 lay - N&i nhiing dau ADN i t3
nhiem cho hdp lai véi nhau.
E.coll)
- T, ARN N&i hai trinh tu |- Danh déu phong xa d dau
ligaza ARN bing lién | 3' cla ARN néu ding lam
két mau dd phan t.
photphodieste
T, Xue tac sif - Panh dau phong xa dau &'
plolynuclotit | chuyén nhém y- |clia ADN trong cac k¥ thuat
kinase {cé photphat cla xac dinh trinh tu ADN hay
ngudn géc tir |ATP cho d4u 5' |lam mau do phan tir trong
phage T4 xam | chia ADN hay cac k¢ thuat lai.
rhiém E.coli  |ARN

- Photphory! hoa cac trinh
ty ADN khang cé nhom (P)
dau 5' dé chuan bi cho
phan Ung ndi trong tao
dong.
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Céc nuclase (ADNse
thuy phan ADN:
ARNse thuy phan
ARN)

ADNse I {tir |- Thuj/ phan lién |- Loai cacADN tap nhiém
tuy bd) k&t nAm ngay trong phan doan ARN hay
sau mat protein.
pyrimidin trén | tag chd dt (nick) trén
chudi mach d6i | ApN trong ky thuat danh
hay don. dau mau do.
- Phat hién cac gen hoat
ddng trén nhiém sic thé.
Nucleaza S, |- Thuy phan - Phan tich cdu tric cac
(tir Aspergiflus | ADN mach ddn, |phan t(r lai ADN, ARN loai
oryzae) mach déi, phan | bo cac phan mach don cla
il lai ADN, ARN [mot dau so le trén ADN.
- Loai bé céac ciu true bac
hai {nut vong) trén ARN dé
; tao dau bang.
- Exonucleaza | - Thuy phan - Tao cau trdc mach don d
I {tr E.coliy  |tudn i cac mét $6 ving trén phan il

nucleotit ttr dau
335

- Enzym con ¢é
hoat tinh 3'-
photphotaza,
ARNse H.

ADN ding Iam ¢g chat cho
doan Klenow cta ADN
polymeraza | dé san xust
mau dé dac trung cho ting
mach.

- Tac ra nhimg dét bién mat
doan tai nhiing ving dac
biét trén ADN khi phéi hgp
véinucleaza §,.

ARNaza A {tit
tuy bo 90°C
1gid khdng
mat hoat tinh

- Cat mat cach
dac trung lién
két
photphodiester
nam ngay sau
m}c_')t pyrimidine
cta mot ARN

- DOng dé loai bd ARN
trong cac ché pham ADN
hay protein.

- Loai bd cac viing khong
DAt cap trén ARN trong
phan tir lai ARN va ADN.

mach dan.
ARNazaH |-Loalbd ARN |- Ding dé loai bé ARN sau
trong phan t¢ lai [phan fing phién ma ngudc
ARN va ADN. | dé tigp tuc tdng hap mach
thir hai cha cADN hinh
thanh mat ADN mach déi.
ARNaza lll va |- Cat ARN mach
v doi
ARNaza T, - CAt ngay sau
ARNazal, |G
ARNaza T, - Cat dac tnung

cho A

- B&c trung cho
A G CU..
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5 |Cac enzym slta ddi cac
dau cha phan tr ACN

Phosphataza
kiém (i vi
khudn va tir
Tudt bo)

- Cotac dung
loai bd nhom
photphat tif cac
dau 5' cla ADN
dé lai nhom 5'-
OH

- Dung loai bd nhém
photphat d dau 5' va ciing
diing né trudc khi bé sung
{P) c6 hoat tinh phdng xa
vao dau 5' khi dung
paolynucleotit kinaza.

Polynucleotit

- Cé tac dung bd

- Ding dé danh dau *pP

kinase sung (P} vao phéng xa

dau 5' cla ADN
Terminal - Lién tuc bé - DUng dé& thém dudi
deoxyribonucl | sung cac polynucleotit, dé tao ddu so
eotid nucleotit vao bat | le trong tao dong.
transferase  |cr dau 3’ ndo

dang tén tai.

- Diing dé b sung cac dudi
homopolymer vio phan td
ADN trudc khi thiét ké cac
phan tir tai t8 hgp.

- Danh ddu dau 3'-OH trong
phuong phap Maxam,
Gilbert.

Topoisomeraz
a

Thay déi tao
hinh caa ADN
déng vong bang
cach dua vao
hoac tach ra,
nhiing vong
xoay trén &c cao
cap.

- Cdi xo#n soi kép ADN dé
chung sao chép.
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CHUGONG vII

PHUOGNG PHAP TACH CHIET AXIT NUCLEIC

Thanh phan axit nucleic thudng & dudi dang nucleoprotein. Tich axit
nucleic ra khoi nucleoprotein theo so dé chi din ra & day. Toan bo so dé chi
ra thanh phan hod hoc tao axit nucleic (hinh 7.1).

’ Nuciecprotein

Protein

(M6t hay nhigu phan
t protein kiém, nhat
la histon va protamin)

Auxit nucleic
Ribonucleaza hoac
Deoxyribonucieaza
Mono nucleotit
| Monecnucletidaza
¢ {photphotaza)

r

' Nucleosid

:

&

Axit photphoric

|

Bazd nitg
{purin, pyrimiddin}

.

Budng 5 cac bon

(Riboza, Deoxyribozay)

Hinh 7.1, S¢ d8 cdu tao acid nucleic
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Chiing ta biét ring, bd gen ngudi chita khodng 3 x10” doi base, néu
chiéu dai trung binh méi gen 14 3 x10" doi base (3kb) thi toan bd genom c6
khoang 10% gen. Song thét ra bo gen ngudi chi khoang 30.000 gen va mot $0
gen ma hod con chua xdc dinh rd chirc phan.

Hai soi ADN xodn nhau va ¢6 niit ddm dac lai nho cdc phan tlr protein,
chil véu 1a protein kiém dé la histon. Sy dam dac nay c6 thé déng vai trd
diéu hod vi chic chan cé y nghia thyc tién. Khi ADN trong nhan &€ bao la
hinh soi thi kéo dai chi€ém khoang 1 m. Protein cta nhiém sic thé lam dam
dac phan ttf ADN lai va nhu vay ADN duoc bao géi trong nhan ¢6 thé tich
val pm’.

Trong cong nghé gen, ngidi ta cdn chidn bi it nhdr ba loai ADN khdc
nhai:

- Logi thir nhdt la ADN ciia toan bo té bdo, thuong doi hoi nhu 1a
ngudn nguyén lieu, tir 46 thu duge cdc gen dé 1am tich dong. Toan bo ADN
t& blo c6 thé 1a ADN tir sy nuoi cdy vi khudn, thue vat, dong vat hodc tr co
thé khdc ma ching dang duge nghién ciu.

- Loai thit hai la ADN ciia plasmid. Sy taich ADN plasmid tir nuoi cdy
vi khuan kéo theo nhiing giai doan co ban giéng nhimg giai doan tich ADN
loan bd t& bao.

- Loai thit ba la loai ADN ciia thuc khudn thé (phage) cling can néu
nh phirong tién vin chuyén gen can né. ADN ctia thuc khudn thé thi duoc
chudn bj tir cdc tiéu phan clia thye khudn the hon la tlr cdc € bao bi nhiém
né vi dé khoi bi bin bdi ADN vi khuan. Song cdn c6 k¥ thudt dé tich vo cla

thuc khuén thé. Trir mot sy ngoal 1& la dang nhan déi xoédn kép cta M, thi
chi duoc chudin bi & E.coli, mic ddu né 1a plasmid cta vi khuan.

L. SU CHUAN BI ADN CUA TOAN BO TE BAO

Tha tuc chudin bi ADN clia toan bo & bao tlr céc vi khuan nuoi cdy cd
thé chia lam bon giai doan:

- Nuoi cdy vi khudn cho 16n 1én va thu hoach.

- Phi vd t& bao dé giai phéng ndi dung bén trong.

- Lam sach ADN tir dich chiét té bao.

- Lam dam dac cdc miu ADN.
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1. Nuoi cdy va thu hoach vi khuan

Hau hét cdce vi khudn 16n Ién va phan chia khong ¢6 mot chiit khé khin
gl trong moi trudng 16ng ddy du cédc chat dinh dudng.

Song dé chuén bi cho viéc chiét xut t& bio, cdc vi khudn cin phai thu
& mot lugng thé tich nhd. Do dé khi thu hoach nuéi cdy thi phéi ti€n hanh ly
tam & néng do thap. vi khuan tr 1000 ml nuéi cay & dam do t€ bio 161 da thi
¢6 thé thu vio mot thé tich chi 10 ml hoac it hon.

2. Chuan bi sur chiét ADN tir té bao vi khuan

Té& bao vi khuan duge bae boc trong mot mang bao tuong vi mot thanh
cting. T4t ca cdc hang rao ndy s& bi phd vi dé giai phéng cac thanh phén clia
t¢ bao vi khuén. Phuong phdp phd v& &€ bao ndy duoc chia lam hai loai
phuong phdp: phuong phdp vat 1y va phuong phap hod hoc.

Phutong phdp vér Iy chl v€u 1am giy bang nhiing luc co hoc.

Pluromg phap hod hoc tht thuong dung nhitng chat hod hoc nhu EDTA,
lyzozym hay phéi hgp ca hal.

Lyzozym la mét enzym ¢6 mat trong long tring tring va trong nuéc
bot. N6 thuy phan nhing thanh phin triing hgp cta thanh t€ bao, con ETDA
ldy ion Mg, ma ion nay tham gia vao su duy tri cau trdc cla todn bo thanh &
bao, dong thdi EDTA ciing tc ché cdc enzym 1€ bao dé khoi 1am thodi hod
ADN. Ciing ¢6 khi can thém ca sodium dodecyl (SDS), chat nay phd mang (&
bao lam ly giai mang, tach rdi cdc phan tir lipid va do dé gay ra gdy mang &
bao.

3. Lam sach ADN tir dich chiét t&€ bao vi khuan

Trong dich chiét t€ bao vi khuidn c¢6 ADN, protein vi ARN. Vin dé dit
ra la phai tich dugc cdc thanh phan phiém ban ra khéi ADN dé ¢ ADN
dang tinh khiét; do d6 phai khir protein cla dich chiét bing cich thém
phenol hay hon hgp phenol va chloroform theo ty 1€ 1:1. Nhiing dung moi
hitu co d6 lam ket tha protein va giai phong ra ADN va ARN vio dung dich
long.

Khi ly tam cé ba 1p, trong'dé 16p 16ng axit nucleic & trén clng cé thé
hit ra bang 6ng hat. DE tdch hét protein cdn phéi 1am vai 1an nhu trén nhung
thudng dan dén ADN bj giy, do dé thudng xir Iy dich chiét 1€ bio v6i
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protease nhu pronase hay proteinase K trudc khi chi€t xuét bang phenol.

Nhiing enzym déinh gy polypeptid thanh nhimg don vi nho va nhiing
tiéu don vi d6 dé dang tich ra khoi phenol nhung hdu nhu con lan vé1 ADN
trong 16p nude. Con phan tir ARN, dac bigt mARN ciing dugc tich ra bdi xu
Iy phenol nhung hau nhu ciing con lan véi ADN trong 16p nude.

Chi ¢6 mot cdch c6 hiéu qua dé tich ARN 1A xir Iy thém vé1 enzym
ribonuclease, enzym nay thuy phan nhanh chéng céc phan tr ARN dé thanh
céc tiéu don vi ribonucleotid.

4. Lam dam dic cac mau ADN

Phuong phdp thong dung dé lam dam dic ADN la tha bing ethanol
trong su ¢6 mat ctia ion Na* va & nhiét do -20°C hay thdp hon. Ethanol tuygt
dGi s& 1am léng tha mot cdch 6 hiéu qua cdce axit nucleic trung hop va khi ly
tam cao t6c thi ADN léng xudng ddy vi do ludng su hip thu cha nd o budc
song 260 nm, diéu d6 phi hgp véi 50pg cia ADN xodn kép trong 1ml.

5. Sur chuin bi ADN ciia toan bo té bao tir nhiing co the khéc

Ngodi vi khudn, ADN toin bd 1& bao cha thuc vat, dong vat cling co
thé tién hanh tich chit € phuc vu cho du kién ti€n hanh cong nghg gen.
Céc giai doan ¢o ban trong sy lam sach ADN ciing giéng nhu trén chi c6 giai
doan nudi cdy v phd ming thi ¢d thé khidc, tuy theo timng loai t€ bao ma xur
1y thich hap.

I1. SUCHUAN BI ADN CUA PLASMID

Su tich chi€t va 1am sach plasmid tir su nudi cdy vi khudn giéng nhu
su chudn bi ADN toan bo t€ bao. S nudi cdy t& bao chira plasmid s€ dugc
16n 1én trong moi truong long, roi thu hoach va dich chiét t& bao duge chuin
bi. Dich chiét s& duge khi protein, ARN dugc téch ra vi ADN duge lam dic
lai boi k6t tha bang ethanol.

Song ¢6 mot su khdc bi¢t co ban gilta lam sach ADN plasmid vi ADN
toan bo (€ bao, dé la trong ché phim plasmid, ADN cin phai tich khoi mot
luong 16n ADN nhiém sdc thé clia vi khudn,

Téch riéng hai loai ADN nay rat khé khan nhung diéu dé dac biét
quan trong, néu nhy plasmid dugc ding nhu phuong ti¢én dé ti€n hinh thuan
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hod gen. Sy c6 mat mot hugng nhod nhit cda sy nhiém ban ADN vi khuin
trong phong thi nghiém thuin hod gen c6 thé din (6i nhitng két qua khong
thich hop.

Th4t may man, ngudi ta d& tim ra mot vai phuong phép ¢é thé tich
ADN vi khudn khi lam sach plasmid. D6 13 nhitng phuong phdp dua trén su
khdc nhau vé tinh chat ly hod giita hai loai ADN. D6 13 kich thude plasmid
I6n nhat ciing chi chi€m 161 8% kich thudc ciia nhiém sic thé vi khuin
E.coli. Do d6 k¥ thuat tach phdn nt ADN nhé khoi phdn ur ADN Ién ¢ thé
cd hifu hiéu trong su lam sach plasmid nay.

Ngoai kich thude, ADN plasmid va ADN vi khuin khic nhau vé ciu
hinh. ADN plasmid ¢6 hinki thé' vong, con ADN cla nhiém sic thé vi khuin
ciing vong nhumg trong qud trinh chudn bi dich chiét 1€ bio thi loai ndy ludn
luén bi gay dé cho nhitng doan théng. Phuong phdp tach cdc phin tir vong
khoi cde phan ti thing duoc sit dung dé [am sach ADN plasmid.

I. K¥ thuat tach dua vao kich thugec ADN

Xir ly bang EDTA va lysozym ducc din ra trong sy ¢6 mat cia dudng
(sucrose). Sau dé ly gidi (& blo s& duge gy ra béi thém vao nhiing chdt phd
mang khong mang ion nhu triton X-100, con chdt phd mang mang ion nhu
SDS s& gay ra lam giy nhiém séc thé. Phuong phdp niy bao toan ADN cia
vi khuan | rat it bi gdy. Nhu vay khi ly tam s& dugc chat dich sdng trong dé
chira hiu nhu toan bod ADN.

2. Ky thuat tich dua trén co s¢ hinh thdi cau tric ADN
ADN plasmid ¢6 hai hinh thit vong:
- Mot la hai chudi nguyén ven nhung cuén vong trén ¢ cao do.

- Hai 1 vong md- trong d6 mot hodc hai chudi bj nit ra.
2.4 Su bién tinh kiém

C6 mot day pH hep, & d6 ADN khong xodn tron d¢ thi b bién tinh,
con plasmid xodn tron &e thi khong, Néu them NaOH vao dich chiét t& bao
de pH dat (6i 12-12,5 thi lién két hydro trong phén tir ADN khong xodn trén
6c & bi gdy, 1am cho sgi xofn kép cdt ra va hai chudi polynucleotid téch
nhau.

Néu nhu bay gitr thém acid vao, nhing chudi ADN vi khuén bi bicn
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tinh s& tu lai thanh maot khai on xon. Ly tam s& vén thanh mét mang khong
hoa tan, téch khéi ADN plasmid trong dich noi.

Ciing trong phuong phdp ndy, dudi mét s tinh hudng, dac bict 1a ly
oidi 1€ bao bang SDS va lam trung hod bdi acetat natri thi hdu hét protein va
ARN ciing sé khéng hoa tan va duoc téch ra & giai doan ly tam. Su chiét
xuat phenol va xif 1y cnzym ribonuclease co thé ciing khong can thi¢t nhu
phwong phép bi¢n tinh kiém dugc st dung.

2.2 Ly tam trong gradient néng d¢ ethidium bromite cesium chlorid

Gradient néng 4% duoc tao ra bdi ly tam dung dich chlorid cesium
(CsCl) & t6c do rat cao. Boi vi su tién trién gradient & lyc ly tam cao s€ kéo
cfc ion cesium va chlorid xudng ddy ong. Cdc dai phan ti sinh hoc c6 mat
trong dung dich CsCl khi duoc Iy tam s& hinh thanh cdc giai ¢ nhiing diém
khdc nhau trong gradient.

ADN dam dé n6i vio khoang 1,7g/em3 vi nhu vy n6 s€ di chuyén
dén ving cé do dam nay ca CsCl. Protein ¢6 dam do ndt thiap hon nén né 6
dinh éng ly tam, con ADN thi v6n lai & ddy éng ly thm.

Khi ly tam gradient ndng d¢ trong sy c6 mat cta ethidium bromide
(BiBr) ¢6 thé duge ding dé tich ADN xodn trén 6c ra khoi phan tit ADN
khéng xodn trén de.

EtBr lién két véi phan tir ADN giita doi base dinh két, gy ra cdi xoan
mot phan cha sgi xoan kép, con phan ur xodn tron ¢ cao do khong ¢ dau tu
do nén it lien két v&i EtBr. Nhir vy sie ly tam gradient noéng do EtBr+CsCl
ia phitong phdp rdt c6 hiéu litc dé thu hoi ADN plasmid tinh sach.

3. Su phéng dai plasmid

Plasmid duoc nhan 1én nhiéu lan trong vi khudn chi khi vi khuan dé
ngling san xudt protein. Vi vay trong qud trinh nudi cfly phai thém
chloramphenicol, chit rc ché tdng hop protein thi trong vong 12 gio tr 20
plasmid trong mot vi khudn sé tang t6i 4000 plasmid.

IiL. SU CHUAN BI ADN CUA THUC KHUAN THE

Doi véi thue khusn thé (phage) thi bit ddu nguyén liéu khong phai 1a
tich chict tir t& bao, bai vi cac tiéu phan thuc khudn thé ¢4 thé thu duge mot
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lwong 16n tir moi trudng ngodi 1€ bio cha nudi cdy vi khuan bi nhiém. K/ iy
fam moi iruong nudi cdy, vi khudn ling xudng ddy, con cdc tidu phdn ciia
thiee khudn thé néi lén rén. ADN ciia Hure khudn thé duoe 1dch bang khit
protein khoi vo ciia né.

Toan b qua tinh tich chiét nay don gidn hon phuong phip tich ADN
cha toan bd 1€ bao vi clia plasmid. Song su tich chidt vi lam sach v6i mot
lugng 6 ¥ nghia cia ADN thuc khuan thé 1a dsi tuong ciia cong viéc phai
lam.

Cii khé khan chinh, dic biét vé6i thue khuin thé lamda (A) la Iam tang
sy nuoi cdy nhiém khudn. Su chudn d6 161 da cia thue khuén thé lamda vao
khodng 10"/ml, th chi mdi ¢6 duge 500 ng ADN. Vay thé tich nudi cay
phi 16n & hing 1000 dén 2000 ml thi méi da s6 lugng ADN thu duac.

L. Suu tap thuc khudn thé tir sy nuoi ciy bi nhiém khusn

D¢ lam giam dich treo tir 1000-2000 ml xuéng dén 5 ml hay dudi nita
d€ tién hanh chiét xuat ADN cin phai ly tam. Song cdc tiéu phan thuc khudn
thé thi qud nhd nén dé chéng vén lai khi ly taim phai [am tha véi polyethylen
glycol (PEG). Day la thanh phan trimg hop chudi dai, trong su ¢4 mat clia
mudi, thi né hip thu nuéce do dé gay ra su tap hop cdc dai phan i nhu céc
ti€u phin cua thue khudn thé dé ket tha. Taa nay thu duge bang ly tam réi
hoa tan tr¢ lai trong mot thé tich nha.

2. Lam sach ADN tir céc tiéu phan cia thue khuin thé lamda

Khi protein cita tha PEG, r6i ho tan trd lai thi cin thiét bai vi tia niy
cling chifa mot Iuong nhat dinh méanh vun, ¢é 1& bao gom ca ADN t€ blo
duoc coi chudi. Nhimg tap bdn dé duoc téch ra béi gradient noéng d¢ CsCl.
Dai bang ti€u phdn ADN cta thuc khudn thé & trong gradient CsCl 13 tir
[,45-1,50g/cm’. Thu dai bang d6 va tach CsCl bing thdm tich, chiing ta duge
ch& pham thyc khudn thé tink sach. Tir ché pham ndy, ADN c6 thé dugc tich
chi€t boi xir 1y phenol hoac enzym protcase dé thuy phan Idp protein do
khodc bén ngoai cha thuce khudn thé.

3. Lam sach ADN caa M,

Dung tdi ban chudi doi ciia M,;, ma né gidng nhu s§ ban sao
plasmid, rdt dé lam sach giéng nhu phuong phdp chudn bj plasmid. Dich
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chiét 1¢ bao duoc chuan bi bi nhiém véi M,; va dang tdi ban duge tdch ra
khoi ADN vi khuan bdi ly tam gradient néng dé EtBr - CsCl.

Song dang chudi don cha bé gen M, dugc chita trong tiéu phin thuc
khuin thé. Cic t¢ bao nhiém khuin Iuén luén bai tiét cde ti€u phin M,; vio
trong moi trudng. Lugng 10'/ml hodc trén nira van ¢6 thé thu duge mot céch
dé dang khi nuéi cdy. Do ¢6 néng do cao nhu vy nén mot lugng c6 ¥ nghia
cia ADN M, , chuéi don ¢6 thé dugc chudn bi tir sy nuoi ciy vdi dung tich 5
ml hoiic it hon. Hon nita cdc t€ bao bi nhiém khong ly gidi nén khong c6 su
nhiém ban nhitng manh vun trong dich treo cta thue khudn thé. Giai doan ly
tam gradient néng do CsCl rdt it cAn cho M, ; nhung lai cdn cho thyc khuin
thé lamnda.

IV. CAC PHUONG PHAP TACH CHIET AXIT NUCLEIC CU THE

Moi nghién ctu va Gng dyng sinh hoc phan tir déu bit ddu bang viéc
thu nhan mot luong axit nucleic du 1én va tinh sach dé tién hanh cdc thi
nghi¢m k& 1iép. M&i quan tam hang ddu cla cdc k¥ thuat tich chiét axit
nucleic 1 thu nhan duge cic phan i nay ¢ trang thai nguyén ven to1 da
khong bi phan huy bsi cic tdc nhan co hoc (phan tir bi gay do nghién, lac
manh) hay hoa hoc {phan 1l bi thuy gidi boi cdc enzym néi bao giai phong
ra moi trudng khi 1€ bao bj phd vo). Cic axit nucleic cdn dugc tiach chiét
trong diéu kién nhi¢t do thap dé dc ché hoat dong cha cdc enzym nodi bio
{desoxyribonucleaza — ADNza va ribonucleaza- ARNza).

1. Phuwong phap tich chiét ADN

ADN 12 phan ti ¢6 kich thuée 1dn, do do trong thao tic cin tranh moi
tdc nhan co hoe hay hod hoc qud manh ¢6 the lam diit gay phan tnay.

C6 nhidu phuong phép tach chict ADN t€ bao. N6i chung, cic phuong
phép tich chiét co ban dé déu duge tién hanh theo ba budc:

1.1 Buocl

Phd mang 1& bao va mang nhdn (1 bao cukaryote). Thong thudng 4
bio, mo duge nghién trong mot hén hop chdt tdy (nhu SDS, sarcosyl) va
proteaza K. Khi d6 mang t& bio, mang nhan s& bi v& va giai phong ADN ra
ngodi moi trudng va phan huy cdc protein lién két véi ADN.
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1.2. Bugc 2

Loai bo cdc thanh phdn khong mong muén trong mau, chi véu la
protein bang cdch lic miu manh trong dung dich phenol vi cloroform, dung
dich nay c6 tic dung lam bién tinh protcin déng thai khéng hol tan axit
nucleic, sau khi ty tam sé& taa thanh I6p ndm gilta pha nudc v pha phenol,
cloroform. Thu nhan axit nucleic.

1.3. Buéce 3

Tuia axit nucleic, nhdm ti nhan axit nucleic dudi dang cé ddc, bio vé
axit nucleic tranh bi phan huy cita enzym; mat khac cé the hoa tan chiing lai
trong dung dich theo ndng d6 mong mudn. C6 thé tia axit nuclejc trong
cthanol (2,5 dung tich ethanol/ ldung tich mau), moi trudng cé néng do
muoi cao, nhiét do thap. Tuy nhién ciing cé thé tia trong isopropanol (1 thé
tich isopropanol/ | thé tich miu). khong cin muéi. Sau khi thu nhan axit
nucleic, can tia cdn phai rla trong ethanol 70% dé loai bd mudi hoiic
isopropanol dinh vio. Dugi day 12 so dé tién hinh theo ba budc (hinl 7.2).

Chat ligu

'

Budc 1 —_ > Pha va@ mang

!

Loai bd protein, ARN {lam sach
’ Budc 3 —_— Tha va thu nhan ADN

Hinh 7.2, So dé tién hanh tach chiét ADN
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Phicong phdp cu thé tdach chiét ADN theo Blin va Stafford

Buéc 1 '

Phd v@ mang: st dung PBS, két hop ly tam 6000 vong/ phut dé phd v
mang va rua t€ bao, sau dé s dung EDTA 1am ttc ché ADNza; SDS la chat
tdy rta manh phd v@ lién két nucleoprotein va sacaroza (phan giai histon va
lipid}, déng thdi tach riéng ching ra. D€ loai bo tap chét bin nay phai ding
enzym thuy phan proteaza K, qua trinh nay can dugc theo déi qua ndng do
wong cla dung dich, thdi gian x{r 1y t8i thiéu 1a 30 phit.

Buoc 2

Logi b6 tap chdt: qud trinh nay su dung hai 1an phenol bdo hoa voi mét
lugng twong tng va maét lan chloroform. Cac chat ndy lam bién tinh manh
protein va khi ¢ dang bién tinh thi protein khong hoa tan trong nudc, con
ADN hoa tan trong nude. Sau khi Iy tam 8000 vong/ phit thi hén hop dugc
chia lam ba phan: dung dich trong chita ADN & phia trén, dich rang & gilta
la protein, duéi cing la phenol. Qud trinh 14y dich trong dé dugc ADN phai
hét sdc can thin méi dat yéu cau.

Biwe 3

Tiia ADN: st dung c6n tuyét d6i véi thé tich 2,5/ 1 thé tich méiu clia
dung dich chiét két hop ly tam 14000 vong/ phiit, sau khi dd dé lanh qua
dém hofic dé lanh ¢ -20"C trong 3 gits. Ti€p tuc rlra cén 70% ly tam 14000
vong/ phit, tién hanh hai ldn dé loai bd mudi, ta thu dugec ADN t& bao.

2. Phuong phip tach chiét ARN

Cdc phan tr ARN khong bén, dé bi phin huy boi cdc enzym 13 cac
ribonucleaza (ARNza-ARNse). Hon nita, cdac ARNza lai ¢6 mat d khap noi
{¢6 rat nhiéu cdc tdc nhan thudng ding dé loai bd cnzym (viée xir Iy nhiét do
90°C trong 1 giv khong 1am mat hoat tinh ARNza). Vi nhiing 1y do do, viéc
téch chiét ARN doi hoi nhiéu bién phdp than trong dé trdnh moi tap chal bdi
cdc ARNza tir méi trudng: thao tic trong diéu kién vo tring, moi dung cu,
hod chat déu duge khir trung biang nhiét hay hod chat, tranh moi tiép xiic v6i
dung cu bing tay tran ... :

2.1 Phuong phdp tdch chiét ARN tong sé

Phuong phdp nay gom cdc budce niur déi véi ADN. T¢ bao, mod duoc
nghién trong mot dung dich gém chat tdy (nhu SDS, sarcosyl), mét tdc nhan

[18



gay bi€n tinh protein manh (guanidinium thiocynate), mot chat khir (2-
mecaptoethanol). Hai loai chat sau ¢6 tdc dung itc ché cdc hoat dong cla céc
ARNza noi bao va tich cdc protein lién két khoi phan tir ARN,

Céc protein dugc loai bo khéi méu qua xir ty phenol: chloroform va ly
tdim. ARN hoa tan trong pha nuéc duge tha bing ethanol thu nhin qua ly
tam. ARN ¢6 thé dugc bao quan trén moét nam dudi dang tha trong dung dich

c¢thanol hoic déng lanh & -70°C trong nudc ¢6 chia ARNsin (mot chat uc
ché ARNza).

2.2. Tdch chiét tARN, mARN, rARN

Khoing 80% tdng s6 ARN 1€ bao la ARN ribosom (rARN),
khoang15% 1a ARN van chuyén (tARN). Cic ARN nay co kich thudc vi
trinh ty xdc dinh va c6 thé dé dang tich riéng bing k¥ thuat dién di, ly tam

v... ARN thong tin (mARN) chi¢m khodng 1-5% tdng s6 ARN c6 kich
thude va trinh ty da dang. Tuy nhién chiing ¢6 dic diém chung la cdu tric
dudi poli A (c6 thé len t6i 100A). Dua vio cau triic nay va dac tinh lién két
b6 sung A-T clia nucleotit ¢6 thé taich ARN thong tin ra khoi mau bing sic
ky i luc trén cot oligo (dT)-cellulose. Hién nay dd xudt hién nhitng bo méu
thir (con ¢6 tén 1a kit) sur dung cdc vién bi tir c6 mang oligd (dT) trén bé mét.
Sau khi cdc ARN thong tin bam 1én bé mat cdc vién bi nay dugc ly tam tach
ARN thong tin. Phuong phép nay cho phép tich ca nhimg ARN thong tin c6
khot lugng rat nho.

3. Tinh sach axit nucleic

Céc axit nucleic ¢6 thé duge tinh sach nhd mot s6 k¥ thuat nhu siéu ly
tam, sac kv hay dién di.

3.1. Siéu ly tam

Siéu ly tam trén mot gradien lién tuc cesium chloride (CsCl). Trong
qud trinh ly tam, dung dich CsCI dam dac trong éng ly tam s& tu dong hinh
thanh mot gradien ty trong tang ddn tir miéng 6ng xudng diy ng. Cic axit
nucleic di chuyén trong 6ng duéi tic dung clia luc ly tam, dén vi tri ty trong
bing tv trong ong. Lop nay s€ duge thu nhan lai sau ly tam. Do phan gidi
cua mot gradien 1y trong ndy c6 thé dat téi 1% don vi ty trong cho phép phan
tach hai phén trr giong hét nhau, trong dé mot phan tir duge danh dau bing
dong vi ning. K¥ thuat nay dugc ding dé tinh sach plasmid va phage.
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Siéu ly tam trén dém CsCl (gradien khong lién tuc). Hén hop nhiéu
axit nucleic ¢6 1y trong biét trudc khdc nhau duge dat trén mot 16p dung dich
CsCl. Trong qua trinh ly tam chi nhitng phan tir ¢ ty trong cao hon ty trong
16p dém mdi di chuyén xuyén qua 16p dém. Thong thudng, ong ly tam bao
gom nhigu 16p dém c6 ty trong tang déan tir miéng dén ddy Sng. axit nucleic
cdn tinh sach s& nam & mat phan cédch giita hai 16p dém. Ky thudt nay duge
dung dé tinh sach mot luong phage.

Si¢u Iy tam trén gradien sacaroza. Dung d€ phan tdch tho mot hén
hop c6 kich thude chénh léch nhau nhiéu kilé bazo (kb); ing dung trong
chon loc cdc doan ADN c¢6 kich thuée xdc dinh trong viéc 1ap ngan hang
gen.

3.2. Sdc ky

Véi phuong phép sic ky ¢é cdc loai sdc ky sau day:

a. Sdce ky di Iic wen poly U- sepharoz hay trén oligo (dT)- celluloza
dung dé tinh sach ARN thong tin.

b. Sde ky loc gel dung trong phan tdch céc axit nucleic va cdc nucleotit
tr do sau qua trinh tao mau do (probe) danh dau.

c. Sdc ky trao déi ion trén vi cot dé thu héi nhig Iuong rat nhd ADN.

d. Sdc ky 1ong hiéu sudt cao (high performance liquid chromato-
graphy), day 13 mét k§ thuat mdi ¢6 do phan giai rat cao duge dung trong
tinh sach cdc oligonucleotid téng hop (do phan gidl mono nucleotit),
plasmid, phén tdch ciac doan ADN.

3.3. Pién di

Phuong phap nay gidi thi¢u chi tiét & muc 4.2,
4. Phan tich dinh tinh va dinh lugng axit nucleic
4.1. Phuong phdp dinh luong bang quang phé ké

Phuong phdp ndy khong that chinh xdc nhung cho phép udc lugng
twong doi néng do axit nucleic c6 trong mau. Nguyén téc dua vao su hap phy
manh dnh sdng tir ngoai & budc séng 260 nm clia cic bazo pyrimidin. Gid tri
mit d6 quang & budc séng 260 nm (OD 260 nm) cla cac snau cho phép xac
dinh néng do axit nucleic ¢6 trong mau. Mot don vi OD 260 nm tuong (ng
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vé1 mot nong d6 1a 50ug/ ml cho mot dung dich ADN soi d6i; 40 pg/ ml
cho mot dung dich ARN hay ADN soi don.

Tuy nhi¢n, cdch tinh nay chi ding véi cdc dung dich axit nucleic sach.
D¢ kiém tra do sach cla dung dich, ta ¢6 thé do thém gid tri OD & 280nm:;
280 nm la budc séng ma & dé cdc protein hédp thu dnh sdng cao nhat nhung
cdc protein ciing hip phu dnh sing & budc song 260 nm nhu cdc axit nucleic
va do do lam sai léch gid i that cia nong do axit nucleic. Ding dich axit
nucleic dige xem nlur la sach khong tap nhiém protein | ki ty s6° OD
260nm/ 280nm ndm trong khodng 1,8 déi véi ADN tink khiét va 2 0 doi vor
ARN tinh khiét.

4.2. Phuong phdp dién di

Plurong phdp nay ditoc sit dung réng rdi trong phan tich dinh tiih vi
irong viée thu nhdan mdn axit micleic. Do 1a phuong phdp chit yéu lam cho
cdc doan axit nucleic hién thi truc tiép.

a. Nguyén idc ciia phitong phdp

Duya vio dac tinh cdu tao cla cdc axit nucleic. Céc axit nucleic I3 cdc
dai phan t sinh hoc rich dién G6m déng déu trén khap bé mat nén khi chiju
tic dong clia dién trudng chiing sé di chuyén vé cire dicong. Tinh linh dong
cUa phan tir phu thude vao hai chi tiéu 1 khoi lwgng phdn nr tie 1a s6 lugng
nucleotit hay cap nucleotit (ADN mach dai) va néng dg cdc chdr cdu thank
gel.

Hai loai gel dugc st dung trong nghién ctu axit nucleic 13 gel
polyacrylamide va gel agaroza (agarose). Viec chon loai gel ciing nhu néng
dd cic chat tao thanh gel phu thude kich thude trung binh ctia céc doan axit
nucleic.

b. Gel agrose

Ddy la loai gel thong dung nha.' thao tdc don gidn, thudng diing de
phan tach cdc doan cé kich thuée tu’cmg doi 16n trong khodng 0,5-20 kb (kllO
buzo). Gel duge dé trén mot gid thé nim ngang va di¢n di thuc hién theo
phuong ndm ngang.

Cdc axit nucleic trong gel agaroza s& dugc hién hinh dudi tia tir ngoai
(UV) nh& mot hod chit 1a ethidium bromide. Chat nay ¢6 kha nang gin xen
vao giita cdc bazo clia axit nucleic va phét quang dudi tac dung cla tia ur
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ngoai (A = 300 nm), axit nucleic s& hién hinh dugi dang nhiing vach do da
cam. Tiép theo, so sinh kich thude ctia axit nucleic v6i kich thude da biet
ctia marker chuan (gém nhiéu trinh ty ADN ¢6 kich thude di bié&l).

c. Gel polyacrylamide

Dung dé tich cdc doan c6 kich thude < 1000 bp (cap bazo) (bang 7.1),
tuy nhién thao tdc v6i gel polyacrylamide phitc tap hon gel agaroza. Do dé
gel nay chi thao tdc v&i muc dich dac hiéu nhu:

- Tinh sach céc oligonucleotid tdng hop

- X4c dinh trinh tr doan ADN nho

- Téch cdc doan ADN nhé ¢6 chiéu dai < 500 bp

Gel duge d6 giira hai tdm thuy tinh v phuong dién di thuc hién theo

chiéu thang dimg.

Bang 7.1. Dac tinh phan tach cua cac gel agarose va polyacrylamide

Loai gel Pham vi phan téch {cip baza)
0,3 % agaroza 50000 dé&n 1000

0.7 % agaroza 20000 dén 300

1.4 % agaroza 6000 dén 300

4 % acrylamid 1000 dén 100

10 % acrylamid 500 dén 25

20 % acrylamid 50 dén 1

d. Dién di trucng xung dién

Phuong phép dién di trudng xung dién (pulse field gel eletrophoresis)
st dung dé phan tach cic phan ta ADN rét 16n > 50 kb, Khong thé phan tich
duge bang gel agaroza du ¢ noéng do t6i thiéu 1a 0,4% (dudi 0,4% gel qua
mém khéng thé thao téc dugc).

Nguyén tic cla loai dién di nly dya vio sy thay déi hudng dién trudng
trong qué trinh dién di. M&i lin hudng dién trudng thay doi thi phan tir ADN
phai tu dinh hudng lai. Thoi gian can cho sy dinh hudng tuy thuoc vao kich
thudc cha phan tl, phan o chng dai thi thoi gian ty dinh hudng cang 16n
khién cho né di chuyén cham hon mét phan tir kich thude nho.
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e. Tinl sach axit nucleic bing dién di trén gel agroza

Sau khi dién di, cdc vach tuong tmg vt ADN cén tinh sach dugc phat
hi¢n va thu nhan lai theo mot trong céc phuong phip sau;

- Phan agaroza chita cdc vach dé duge cdt ra va ADN duoe thu nhan
sau khi da khuyéch tdn tir gel agaroza vio mot dung dich dé¢m thich hop.

- Mot "giéng nhd" duge khoét trong agaroza ngay trudc vach ADN.
"Giéng" nay dugce bom diy dung dich dém va dién trudng duoc tdi lap. ADN
di chuyén vao "giéng" chita ddy dung dich dém va dugc thu nhan laj.

- Di¢n di duge thuc hién trong mot gel agaroza dac biét nhu (nhu
nusieve hay seaplaque) ¢6 diém néng chay thap (65°C). Khi agarose da
hoan toan tan chay, ADN dugc thu nhan lai sau nhiéu cong doan tich chiét
va tua.
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