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Chuong 1
CAU TRUC GENE, SU BIEU HIEN GENE VA CO SO

PHAN TU CUA DI TRUYEN

1. GIOI THIEU

Tt khi thuat nglr “gene” dugc dat ra boi nha thuc vat hoc Ban Mach Wilhelm
Johannsen vao nam 1909, khai niém gen dugc moé ra. Luc dau, gen dugc cho 1a mot
thue thé triru twong khong c6 mot ¥ nghia vat chat — cau tric ndo. N6 c6 ¥ nghia dbi
v6i nhitng nha ty nhién hoc quan tdm dén sy di truyén cua nhitng bién ddi c6 loi
cung cap vat lidu cho tién hoa.

Vao nhitng nim dau thap nién 50, thi nghiém ctua Seymour Benzer trén locus
rll cia T4 bacteriophage da giap dinh nghia gene dudi dang mot don vi chirc nang,
goi 13 “cistron”. Khai niém cistron mo ta cistron 1a mét chudi DNA lién tuc ma hoa
cho mot polypeptide thong qua sy phién ma ra RNA. Nghién clru sau hon cua
Charles Yahofsky va Harvey Itano d cho ra gia thuyét “1 cistron-1 polypeptide”.
Khai niém gene-protein dugc xac dinh doc 1ap boi Sydney Brenner va Charles
Yanofsky va m6 hinh operon do Francois Jacob va Jacques Monod dua ra vao
nhitng nam dau thap nién 60 ciing tan thanh khai niém cistron nay. M6 hinh operon
giai thich su phién mi mot cistron duoc didu hoa nhu thé nao, trong khi mé hinh
gene-protein ching minh rang mot dot bién trén gene (cistron) gdy ra su bién do6i
trinh ty amino acid trén protein. Vi vdy, mo hinh diéu hoa sy biéu hién cistron (gene)
thong qua twong tac promoter-operator di gitp thdng nhét nhitng khia canh vé ciu
trac va chirc nang ciia gene thanh mot khai niém gene duy nhét.

Khai niém gene nay di duoc xem xét mot 1an nira thong qua nhitng kham pha
doc 1ap duoc cong bd vao nam 1977 boi Phillip Sharp va Richard Roberts, theo sau
d6 13 mot chudi nhitng cong bd twong tu. Nhimng kham phé nay chimg minh rang
gene khong nhét thiét ton tai nhu 1a mot chudi DNA lién tuc ma nd con cé thé tdn
tai mot cach ngit quing: ving mi héa cliia mot gene (cistron) bi ngit quing boi
nhiing trinh ty khong ma héa xen k& (intron). Gene duoc phién ma cho ra mot chudi
dai goi 1a “heterogeneous nuclear RNA” (hnRNA) hay “tién-mRNA” (pre-mRNA).
Viéc xir Iy nhiing “tién-mRNA” lién quan dén ba sy kién: gan mii chup (capping),
polyadenyl hoa va cit ndi (splicing). Gan mii chyp 13 gin thém mét cai “mi” (™' G)
vao base dau tién cia mRNA & dau 5'; polyadenyl hoa 13 viéc gin thém mot chudi
dai cac nucleotide Adenyl (khoang 200-250 & eukaryote) vao dau 3’ cia mRNA; va
cit ndi (splicing) 13 viéc loai bo cac doan intron tao thanh mRNA trudng thanh.
Nhitng vung gene c6 hién dién trén tién-mRNA ma khong hién dién trén mRNA
truong thanh dugc goi 1a “intron”, nhitng doan hién di¢n trén mRNA trudng thanh
goi la “exon”. Thuat ngir exon va intron dugc dua ra bo1 Walter Gilbert.

Su phat trién cua khai niém gene timg phan (gém exon va intron) trén da
khong 1am mét di khai niém cistron, né van ding ddi véi nhitng gene khong co



intron nhu & nhitng gene prokaryote va mot sé eukaryote. Thuét ngit “cistron” hién
nay da dugc thay thé bang thuat ngit “khung doc mé” (ORF).

Cung voi sy hiéu biét ngay cang cao vé ciu triic va chirc ning cua gene, qué
trinh va sy diéu hoa phién ma, sau phién ma, dich ma va sau dich ma, da cé nhiéu
kham pha day bat ngo, thach thic khai niém gene timg phan. Mot vai trong sb
nhirng kham pha nay nhu gene tai cu trac, promoter khac thuong, nhiing giai doan
khac nhau ctia sy cat ndi khac thudng bao gdm ca nhimng exon bén canh intron, gene
chong lap (nested genes), trans-splicing mRNA, su sap xép RNA (RNA editing) va
cit ndi protein (protein splicing) dd nhan manh hon nita tinh luu dong cua ciu trac
gene eukaryote vuot qua khoi mo hinh exon-intron. Quan diém truyén thong vé sy
trong tng mot ddi mot gitra gene, mRNA va trinh tu polypeptide d khong con 1a
mot chl & phd bién nita; nd c6 thé thich hop véi nhidu gen eukaryote nhung khong
phai tat ca.

Mic du c6 nhiéu ngoai 1¢ ddi voi quan h¢ gitra trinh tu gene-mRNA-
polypeptide, mé hinh exon-intron van 1a mé hinh chii yéu trong viéc tim hiéu cu
tric phén tir va chic ning cia nhitng gene eukaryote. Bai tiéu ludn nay sé& thao ludn
vé cau truc cua gene eukaryote dién hinh va sy biéu hién cua chung.

2. CAU TRUC GENE

Co thé dinh nghia mgt gene 1a toan bo trinh tu nucleic acid can cho su téng
hop mét phan tr san phdm c6 chirc ning (polypeptide hay RNA). Dwa vao dinh
nghia ndy, mot gen bao gdm nhiéu hon nhiing doan nucleotide mi héa cho trinh tu
acid amin ctia mot protein. Mot gen bao gém cé nhirng trinh ty DNA cin cho viéc
téng hop mot phan tir RNA. O nhiing gen eukaryote, nhiing ving diéu khién phién
mi duoc goi 1a enhancer ¢6 thé ndm & vi tri cach ving ma hoa 50 kb hoidc hon.
Nhitng ving khong ma hoa quan trong khac ¢ eukaryote 1a nhitng trinh tw danh du
su cat & dau 3’ va sy polyadenyl hoa, goi 1a ving poly (A), va danh dau su cat nbi
(splicing) nhitng doan RNA phién mi, dugc goi 1a vung cit nbi. Dot bién trén
nhirng tin hi¢u ché bién RNA nay lam ngan chan sy biéu hién cia mot mRNA chirc
ning va do d6 ngin chin biéu hién ra polypeptide. Mic du hau hét cac gene déu
duoc phién md ra mRNA mi héa cho protein, tuy nhién rd rang 1a mot sd trinh tu
DNA dugc phién ma thanh nhitng RNA khong ma hoéa cho protein (vi du, tRNA va
rRNA). Tuy nhién, vi nhitng DNA mi hoa cho tRNA va rRNA c6 thé giy ra nhiing
kiéu hinh dic biét khi n6 bi dot bién, nén nhirng ving DNA nay thuong dugc quy 1a
gene tRNA va rRNA, mic du san pham cudi cing cua ching khong phai 14 protein.
Ngoai ra con c6 nhiéu loai RNA khac ciing duoc phién ma tir gene khong mé hoa
protein.

2.1. Monocistron — Polycistron

Nhitng phan tt mRNA ¢ vi khudn déu 13 polycistron, nghia 1 mot phéan tir
mRNA (vi du mRNA ma hoa tir operon Trp) chura ving ma héa cho mgt vai protein
hoat dong v&i nhau trong ciing mot qua trinh sinh hoc. Nguoc lai, hau hét mRNA ¢



eukaryote déu 13 monocistron, nghia 1a mdi phan tr mRNA chi mi héa cho mét
protein duy nhat. Sy khac nhau giita cic mRNA monocistron va polycistron niy
tuong ing véi sy khac nhau co ban trong qua trinh dich ma cta chung (s€ dugc noi
13 & cac phan sau).

Trong mdt phan tir mRNA polycistron & vi khuan, ving gan ribosome nam &
gan vi tri bat dau ving ma hoa protein, hay nhiing cistron trong mRNA. Sy khéi sy
dich mi c6 thé bat dau tai bat cr vi tri ndo trong nhitng vi tri ndy, san xut ra nhiéu
loai protein khac nhau (hinh 1la). Tuy nhién d6i v6i hau hét nhilng mRNA
eukaryote, cAu tric diu mil chup 5’ chi thi cho su grfm vao cua ribosome va dich ma
bat dau tai vi tri codon AUG gan nhit (hinh 1b).
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Hinh 1: So sanh cdu triic gene, sw phién md va dich ma ¢ prokaryote va
eukaryote

(a) Operon tryptophan (tryp) ¢ E.coli gom 5 gene (mau xanh dwong) ma héa
cho nhitng enzyme can thiét cho sw tong hop tryptophan. Todan bé operon diwogc
phién ma tw mot promoter thanh mot phan tr mRNA dai va lién tuc (mau do). Sw
dich md mRNA nay bdt dau tai 5 viing khdc nhau, tao ra 5 protein khdc nhau (mau
xanh 14). Trdt ty cia cdc gene ndy trong nhién sdc thé cia vi khudn song song
twong g voi thir tw chire nang lién tiép ciia cdc protein dwoe md héa trong con
dwong tong hop tryptophan.

(b) 5 gene ma héa cho cdc enzyme can cho qud trinh tong hop tryptophan ¢
nam men (Saccharomyces cerevisiae) nam trén 4 nhiém sdc thé khdc nhau (IV, V,
VII va XI). Méi gene dwoc phién md tir promoter ciia chinh né tao ra doan phién ma
so cdp duwoce ché bién thanh phdn tir mRNA chire ndng md héa cho ra mét protein
don 1é. Chiéu dai ciia cdc nhiém sdc thé trén dwegce thé hién & bén phdi va tinh bang

kilobase (10° base).
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2.2. Intron — Exon

Khac v6i nhimng gene khong chira intron & vi khuan va nim men, hau hét nhiing
gene ¢ dong vat va thuc vat da bao déu chira nhitng doan intron duoc loai bd trong
sudt qua trinh ché bién mRNA. Trong nhiéu truong hop, nhimg doan intron trong mot
gene dai hon déng ké so vé6i exon. Vi du, trong mot gene ma hoa cho mdt protein cod
kich thudc trung binh chtra khoang 50.000 cdp base, hon 95% la intron va nhiing
ving khong ma héa ¢ dau 5’ va 3’. Nhiéu phén tir protein 16n ¢ nhiing sinh vat bac
cao c6 nhitng domain lip lai, dwoc ma héa béi nhimg gen bao gdm nhitng doan exon
tuong tu lap di 1ap lai va xen k& bdi nhitng doan intron cé chiéu dai bién thién.
2.3. Sw td chirc cac gene va DNA khong ma héa trén nhiém sic thé

Bo gene cua nhiéu sinh vét chira rat nhiéu DNA khéng chirc ning. So sanh
ban dau trén tong DNA nhiém sac thé trong mdi té bao & nhiéu loai goi y r?mg da sd
DNA ¢ céc sinh vat khong ma hoa cho RNA hay co bat ky mot chire ning cau tric
hay diéu hoa nao rd rang. Vi du & nAim men, rudi gidm, ga va ngudi duge nhan thiy
1a ¢6 lwong DNA trong bo nhiém sac thé twong tng v4i cip do phirc tap cta ching
(lvong DNA lan luot 1a 12; 180; 1300; va 3300 Mb). Tuy nhién, trong sé dong vat
c6 xwong, nhitng lodi c¢6 luong DNA trong mdi t& bao 16n nhat lai 1a ludng cu -
nhimg loai chéc chan 14 it phirc tap hon so v&i ngudi ca vé cdu trac 1an hanh vi. Rat
nhiéu loai thuc vat ciing ¢6 sb lwong DNA nhiéu hon dang ké so v6i nguoi. Vi du
nhu tulip c6 s6 lugng DNA gap 10 14n so v&i nguoi. Ngoai ra, lwong DNA trong
mdi té bao ciing bién thién dang ké giita nhitng loai c6 quan hé gan giii v6i nhau.

Viéc gidi trinh ty va xac dinh chi tiét cac doan exon trén DNA nhiém sic thé
dd chimg minh ring bd gen cia nhitng sinh vat eukaryote bac cao chira lugng 16n
DNA khong mé hoéa. Vi du nhu, chi mét phan nhé (khoang 80 kb) trén cum gene B-
globin ¢ nguoi 1a ma hoa cho protein (hinh 2). Hon nira, so vdi nhitng ving DNA
khac & dong vat c6 xuong, cum gene B-globin thudng giau nhiing trinh ty ma hoa
cho protein, va nhitng doan intron trén gene globin ngin hon dang ké so véi nhiing
doan intron trén nhiéu gene khac ¢ nguoi. Nguoc lai, mot doan DNA 80 kb & nam
men S. cerevisiae chira nhidu trinh ty ma hoa gan nhau, rat it intron va DNA khong
mi héa. Mat do gene bién thién rit 16n giira nhitng ving DNA nhiém sic thé nguoi
khac nhau, tir nhitng ving “giau gene” nhu cum gene B-globin cho dén nhitng ving
“sa mac” nghéo gene. Trong sd 94% DNA bo gene ngudi dugc giai trinh tu, chi
khoang 1,5% la twong tng véi cac trinh tw ma hoa protein (cac doan exon). Hau hét
cac doan exon & nguodi chura tir 50-200 cdp base mac du doan exon & dau 3’ & nhiéu
don vi phién ma dai hon nhiéu. D6 dai nhirng doan intron & ngudi ciing bién thién
dang ké: nhiéu doan dai khoang 90 cdp base, mdt sb khac thuong dai hon rat nhiéu,
trung binh 3,3 kb. Xép xi 1/3 DNA bd gene ngudi duge cho 1a duoc phién ma thanh
nhing doan tién-mRNA, nhung khoang 95% nhiing trinh tu nay déu 1a intron, duoc
loai bo trong qua trinh cit ndi RNA.
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Hinh 2: So sanh mdt dé gene trén moét viig = 80 kb & nguwdi va ndm men
[Phan (a), xem F. S. Collins va S. M. Weissman, 1984, Prog. Nucl. Acid Res

Mol. Biol. 31:315; ph?ln (b), xem S.G. Oliver va cs, 1992, Nature 357:28.]

Su khac nhau dang ké vé lugng DNA khong chitc ning & nhiing sinh vat don
bao va da bao co thé 1a do nhirng ap luc chon loc khac nhau trong sudt qua trinh tién
hoa. Vi du nhu, nhirng vi sinh vét cin phai canh tranh lwong chit dinh dudng co
giéi han trong méi truong, do d6 viéc kiém soat trao ddi chat 1a mot dic diém then
chét. Vi sy tong hop DNA khéng chirc ning can c6 nhiéu thoi gian va ning luong
cho nén ¢6 1& da co ap luc chon loc dé loai bo DNA khong chirc ning trong sudt qua
trinh tién hoa cta vi sinh vat. Mt khac, chon loc ty nhién & nhitng loai dong vat c6
xuong phan 16n dwa vao hanh vi cta ching. Ning luong dau tu vao viéc tong hop
DNA Ia khong dang ké so véi nang lugng trao ddi chét can cho sy van dong cua cac
bép co; do d6 co rét it 4p luc chon loc dé loai bo DNA khéng chirc ning nay.

2.4. Cau triic gene ma hoa protein dién hinh & eukaryote

CAu trac cia mot gene ma hoa protein dién hinh & eukaryote duoc minh hoa ¢
hinh duéi day. C6 3 phan chinh: mot ving canh 5’ (5'-flank) & ddu 5’ ciia gene; mot
vung dugc phién mi & gitra; va mot vang canh 3’ (3' -flank) & déu 3’ cua gene.
Promoter nim & dau 5’ clia gene.
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Hinh 3: Cdu triic mét gene eukaryote dién hinh

Trén hinh thé hién mach sense, mach khudn, TATA box, vi tri mii chup (vi tri
bdt dau phién ma), tin hiéu poly(4) (AATAAA & DNA va AAUAAA & RNA), vi tri
cho va nhdn sw ghép néi trén intron (GT...AG & DNA; GU...AG ¢ RNA), ciing nhu
qud trinh ché bién tien-mRNA. Trén hinh cho thdy doan exon 1 va mét phan nhé &
dau 5’ ciia doan exon 2 la nhitng doan khéng ma héa, do dé chiing cdu tao nén 5'-
UTR.

2.4.1. Viung duwgc phién ma

Ving phién mi cia mot gene gdm 3 phan: mot ving 5’ khong dwoc dich ma
(5'-UTR — 5’ -untranslated region), mgt ving ma hoa amino acid (con dugc goi la
khung doc mé hay ORF), va vung 3’ khong duoc dich ma (3'-UTR).

i vé6i bat ky mdt gene nao, chi mét trong hai mach cua DNA 1a dugc phién
ma. Mach dugc phién ma dugc goi 1a mach khudn (template) hay mach antisense.
Mach khong dugc phién ma kia dugc goi la mach sense vi hai ly do: dau tién, trinh
tu cua nhitng base trong mach khong phién ma tuong ty nhu trinh ty base & mRNA
(ngoai trir T & DNA thay vi U & RNA) cho nén trinh ty nhitng codon & mRNA dugc
phan anh ¢ trinh ty base cua mach khong phién ma; thi hai, tinh phan cyc 5’ —3' &
mach khong phién mai ciling tuong tu nhu mRNA. Tét ca nhiing gene nam trén cung
mot DNA nhiém séc thé co thé sé khong dugc phién ma tir cing mdt mach DNA.
béi véi mot vai gene, mot mach co thé 1a mach khuon, trong khi ddi véi nhitng
gene khac, mach kia c6 thé 1a mach khuon. Do sy phién ma ludn dién ra theo chiéu



5'—3’, va do mach DNA khuén va RNA duoc tong hop tir nd 1a ddi song song, nén
vi tri ctia promoter tu dong xac dinh mach nao ctia DNA c¢6 thé dugc dung lam
mach khudn cho sy phién ma.

Sy biéu hién dau 5'- va 3’-UTR c6 lién quan dén ca mRNA va gene. Ving 5'-
UTR ctia mot gene (va mRNA) 13 toan bo trinh tu tir vi tri bat diu phién ma (ving
mil chup) cho dén nucleotide truéc codon khoi su dich md (ATG & mach khong
phién ma — sense strand cua DNA; AUG & mRNA). Tuong tu, vung 3'-UTR cua
mot gene (va mRNA) 1a toan b trinh tu bit dau sau codon két thuc dich mi
(TAG/TGA/TAA & mach khong phién ma cia DNA; UAG/UGA/UAA & mRNA)
cho dén nucleotide trudc dudi poly(A) (hinh 3). Do d6, hai ving 5'- va 3'-UTR cua
mot gene bao gdm tat ca nhitng exon khéng mé hoa, nhitng phan khong ma hoa cia
exon va thinh thoang gdém ca intron.

2.4.2. Vung canh 5' ciia gene
2.4.2.1. Promoter

Mo hinh operon dugc dé& xuit bai Jacob va Monod d3 dwa ra khai niém
promoter nhu 14 mot phan khong thé thiéu cua gene hay don vi phién ma, 14 noi ma
RNA polymerase gin vao. V6i nhimng tién bo vé ki thuat tao dong phén tir, nguoi ta
da phan tich va xac dinh duoc rat nhidu cic trinh ty promoter thong qua phéan tich
x6a bo (deletion analysis). Pac diém quan trong nhat cia trinh ty promoter do 1a
ching diéu khién su khéi su phién ma cua mdt gene dac hi€u, va vi tri ciia chiing
dugce ¢d dinh tuong ddi so véi vi tri bat dau phién ma.

Do sy phién ma dugc tién hanh theo chiéu 5'—3’, va RNA vira méi tong hop
c¢6 dinh hudng ddi song song voi mach khuén DNA nén vi tri ciia promoter sé& tur
dong quyét dinh mach nao trong hai mach DNA cua gene d6 s& duoc phién ma. Co
rat nhiéu ving promoter dugc goi 13 “promoter trung tim” (core/basal promoter),
“promoter lan can” (proximal promoter) va “promoter ngoai bién” (distal promoter)
dua trén chirc ning va khoang cach ctia chiing so v6i diém khoi dau phién ma. Poi
lac nhitng trinh ty diéu hoa phién mi ndy ndm & ving thuong ngudn cla promoter
trung tdm dugc goi chung 13 nhitng “trinh ty promoter thuong nguén” (upstream
promoter elements). Ngoai promoter ra con ¢ nhirng trinh ty DNA khac cling dong
gop trong viée diéu hoa sy biéu hién gene bao gém enhancer, silencer, ving diéu
khién locus (LCR) va nhirng trinh tu cach ly (insulator elements).

Thong thuong, vi tri bit ddu phién ma duoc quyét dinh boi hop TATA va trinh
tu khoi dau, hodc dbi vai nhitng promoter khong cé hop TATA, vi tri nay dugc
quyét dinh bai trinh tu khéi dau va trinh tu promoter ha nguén, tat ca déu nim bén
trong promoter trung tm. Ving promoter trung tim gitp hinh thanh phirc hop tién
khoi sy phién ma (PIC) & gan vi tri bat dau phién ma. Phuc hop PIC bao gom RNA
polymerase va nhirng nhdn t phién mé chung (GTFs) — nhitng nhan t can cho sy
khéi sy phién ma bdi RNA pol II. Tuy nhién, hiéu qua va tinh dac hi€u trong viéc
nhén biét promoter phu thudc vao mét vai trinh ty khac (va nhiing protein tuong tac



v6i ching) nim xa hon vé phia thuong ngudn trong promoter lan cin. Vung
promoter 1an can 1a noi gan ciia mot nhom cac nhan t6 phién ma khac — cac nhan t6
hoat hoéa phién mi. Nhiing protein hoat hoa nay twong tac v6i nhirng ciu trac co
ban. Mot vai cac nhan td hoat hda co thé co tinh dic hiéu véi mo va duoc goi la
“nhiing nhan td phién ma dac hi¢u” hodc “nhan td hoat hoa dic hiéu mo”.

a) Promoter trung tim

Promoter trung tdm 1a trinh tu tiép giap, din dat sy khoi dau phién ma chinh
xac boi RNA poly I1. N6 1a vi tri gin ctia RNA poly II va cac GTF. Thong thudng
n6 dai khoang 35 cip base va kéo dai ca vé phia thuong ngudn 13n ha ngudn cua vi
tri bat dau phién ma (-35 dén +35). Promoter trung tdm c6 thé chira hai hay nhiéu
hon trong s6 cac motif sau: hop TATA , trinh ty khoi dau (Inr) va trinh ty promoter
ha nguén (DPE).

b) Promoter lan cian

Promoter 14n can dai khoang 250 cip base va c6 thé kéo dai ca hai phia cta vi
tri bat dau phién ma (-250 dén +250). Tuy nhién, theo tai liéu, nhitng trinh tu xa hon
-250 vé phia thuong ngudn ciing duge goi 1a “trinh tu promoter 1an can”. Thong
thuong no 1a noi gfln céc nhan tb phién ma dac hiéu hoac nhan t6 hoat hoa. Hai trinh
tu hoat hoa phién mi niam trong promoter ndy géom hop CAAT va hop GC. Hop
CAAT gin nhén t6 phién ma NF-I (nuclear factor I, con goi 1a NF-Y, CTF va CBF),
nam & vi tri khoang nucleotide 75 phia thuong ngudn tinh tir vi tri bat ddu phién ma
va ¢oO trinh ty thoa hi€p la GG(T/C)CAATCT. Hop GC co6 trinh ty thoa hiép 1a
GGGCGG, nam & vi tri nucleotide 90 phia thuong ngudn tinh tir vi tri bit dau phién
m4, 14 noi gin nhan t6 phién ma Sp1 (specificity protein 1). Hop CAAT va GC hoat
dong gidng nhu céc trinh tu enhancer vi chung c6 thé hoat hoa sy phién ma khi
dugc dat & mdt trong hai hudng bén trong promoter lan can.

¢) Promoter ngoai bién

Thuat ngir “promoter ngoai bién” duwoc dung dé chi cac trinh tw ndm xa hon vé
phia thuong ngudn ciia promoter trung tdm. C6 rat nhiéu vi du vé su két hop gitra
promoter 14n cin va promoter ngoai bién trong viéc diéu hoa phién ma. Ca hai
promoter cia gene déu thé hién su dic hiéu ddi véi mo va chira nhiéu cac trinh tu
diéu hoa phién mi dic biét, dugc nhan biét bai cac nhan t6 phién ma dic hiéu mo.

Ngoai ra, thinh thodng nhitng trinh tu bén trong intron cling dong vai tro khong
thé thiéu trong viéc diéu hoa ting cudng phién ma dugc goi 13 nhitng trinh tu gidng
promoter bén trong intron (Salguerro S. va cs, 2000). Nhém tic gia cho ring mot vai
intron cling c6 dac diém tuong ty promoter,nhu trinh ty giéng TATA, hop CAAT.
2.4.2.2. Cac trinh tu diéu hoa khac (Enhancer, Silencer, LCR, Insulator)

Rét nhiéu cac trinh ty diéu hoa phién ma cé thé nam & vi tri cach xa gene
khoang mot vai kb ca vé hai phia tinh tir vi tri bat dau phién ma. Mot vai trong sb
nhing trinh ty ndy kich hoat sy phién mi nhu enhancer va LCR, trong khi mot s6
khac hoat dong nhu nhing tic nhan tc ché phién ma nhu silencer. Nhitng ving niy



chtra nhiing trinh ty nhan biét nhiéu loai protein gén DNA dac hiéu véi trinh tu co
lién quan dén su diéu hoa phién ma.

a) Enhancer va Silencer

Enhancer c6 thé gitip ting cuong téc do phién mi bang cach ting cudng van
dung promoter. Chiing 13 vi tri gén cta cic nhéan t6 hoat héa phién ma dic hiéu. Mot
doan enhancer c6 thé diéu khién su phién ma cua nhiéu hon mot gene theo kiéu
khong phu thudc vao vi tri va chiéu huéng. Nhiing trinh tu enhancer ¢ thé nam o vi
tri gan véi vi tri bat ddu phién ma, phia thuong nguén 1an ha ngudn va tham chi con
c6 thé nim bén trong intron. Hop CAAT va GC dé cép & trén 1a nhiitng trinh ty
enhancer dong vai trd khong thé thiéu trong promoter 1an can ¢ hau hét cac gene.
Nguoi ta cho rang enhancer dem nhiing nhan t6 hoat héa gin vao né twong tic véi
nhirng nhan t6 phién ma gin véi promoter bang cach udn cong DNA. Tir d6, chung
lam tang ndéng do cac nhan t6 hoat hoa gan promoter va nhitng nhéan t6 niy twong
tac truc tiép hodc gian tiép v6i promoter dé khoi sy qua trinh phién ma.

Nguoc lai véi enhancer 14 silencer, chiing {rc ché sy phién ma bang cach gin
v6i nhitng nhan té e ché phién ma, tir d6 hoat dong nhu 13 yéu t6 diéu hoa am.
Silencer c6 thé hoat dong khong phu thude vao chiéu, vi tri va khoang céch, va
chung ciing c6 thé nam bén trong intron.

b) Ving diéu khién locus (LCR)

LCR (locus control region) 1a mot loai trinh tu tdng cuong phién ma khac.
LCR ting cudng sy phién mi clia mot cum cac gene lién két voi nhau bang cach tao
ra mot hinh dang nhiém sic thé mé bén canh locus. Tir d6, LCR c¢6 thé tac dong
manh dén mac do hoat dong cia mot vung nhiém sic chit dién hinh (euchromatic)
clia mot nhidm sac thé. LCR duoc xac dinh dau tién & locus B -globin & nguoi.

¢) Insulator

Insulator (trinh tu cach ly) 1a mt trinh tu ranh gi6i gene quan trong. Khi gan
vao nhiing protein gan insulator, ching sé& bao vé promoter khoi nhitng tic dong cia
cac yéu td diéu hoa gin d6. Insulator ¢ hai dang chirc ning: chirc ning ngin chin
enhancer va chirc niang hang rao di nhiém sic chét (heterochromatin).

Chtrc ning ngin chin enhancer lién quan dén viéc ngin chin su twong tic
gifta mot enhancer va promoter khi insulator ndm & vi tri giita hai trinh tu nay, va tir
d6 ngan chan su hoat héa ctuia enhancer ddi voi promoter. Vi mdt enhencer co thé
tac dong dén nhiéu hon mot promoter nén chirc ning e ché c¢6 thé ngin chin tac
dong bira bai ctia mot enhancer 1én nhidu promoter va bat budc chiing chi tac dong
1én mot promoter dac hicu.

Chtrc ning hang rao di nhiém séc chét (heterochromatin barrier) lién quan dén
viéc bao vé mot ving nhiém sic chat dién hinh (bao gom nhiing gene v4i nhing
promoter hoat dong) khoi viéc trd thanh di nhiém sdc chat béng cach bt hoat tac
dong xam l4n cua di nhiém séc chat g?ln ké. Mot sd insulator so hita ca hai chuc
nang ngin chin va hang rao, trong khi mot s6 khac chi c6 mot chirc ning.



2.4.3. Vung canh 3' cua gene

Vung canh 3' cia gene kéo dai xa hon vung 3'-UTR va chura nhitng tin hi¢u
két thac phién ma.

O vi khuan (prokaryote) c6 hai kiéu két thic phién mé: phu thudc rho va
khong phy thudce vao rho. Két thiic phién ma khong phu thude rho can c6 hai cau
truc dac trung can cho cé hai kiéu két thuc: (1) mdt trinh tu co thé tao ra cdu tric
thong long (stem-loop) va (ii) mot ving giau U & phia cudi cia cdu trac thong long.
CAu trac thong long thudng chira mot ving giau GC nam cach ving giau U khoang
10 base. Su hinh thanh ciu trac thong long nay 1am cho RNA poly nging lai, tir d6
két thac su phién ma.

Két thiic phién ma phu thudc vao rho dwgc phat hién & khoang phin ntra cac
gene cua E. coli. Rho 13 mét nhén t6 két thuc phién ma gin vao RNA, 1a mot protein
c6 hoat tinh helicase va ATPase phu thugc RNA. Vung két thiic phién ma phu thudc
vao rho thuong 13 giau C va nghéo G. Trong sudt qué trinh phién ma, nhan té rho
gan 1én trén RNA dang duoc kéo dai ¢ vi tri dai khoang 75 nucleotide va phia
thuong ngudn ciia ving két thiic phién ma. Sir dung hoat tinh ATPase ciia no, rho di
chuyén doc theo RNA va c6 1& v6i van téc nhanh hon RNA pol di chuyén trén mach
khuoén. Khi RNA pol ngung tai vi tri két thuc, rho bét kip n6 va st dung hoat tinh
helicase dé tach doan mach lai gitta DNA-RNA, tir d6 két thuc sy phién ma va giai
phong RNA va RNA pol.

O Eukaryote nguoi ta van chua biét nhiéu vé sy két thiic phién ma. Tuy nhién
ngudi ta co thé khai quat né dua trén nhitng hiéu biét hién tai. Mdi loai RNA pol st
dung mot co ché két thuc phién ma khac nhau. Déi véi pol I va III, viée dung lai &
trinh ty két thuc ¢ ving canh 3' c6 vé dong vai tro quan trong trong viéc két thic
phién mi va giai phong RNA va pol. Nhitng nhdn té giup ding phién mi co thé
khong nhat thiét 13 nhitng nhan té giai phong. Nhitng tin hiéu két thuc ciing nhu
nhing nhan t6 két thiic va giai phong c6 thé rat khac nhau & nhiing loai eukaryote
khéc nhau.

3. SU BIEU HIEN GENE
3.1. Pon vi phién ma

O vi khuan, mot don vi phién mi bao gdm mot cum cac gen tao nén mot
operon, dugc phién ma tr mot promoter xadc dinh thanh mot doan phién ma duy
nhat. Néi cach khac, ta c6 thé phan biét dugc gene va don vi phién mi & prokaryote.
Nguoc lai, & eukaryote hau hét cac gene va don vi phién ma la nhu nhau, va hai
thuat ngit nay thuong c6 thé duoc st dung thay thé cho nhau. Tuy thudc vao sd
phan cia doan phién mi so cdp, don vi phién mi & eukaryote duoc phan thanh 2
dang: don vi phién ma don gian va don vi phién ma phuec tap.

Mot don vi phién ma don gidn (simple transcription unit) tao ra mdt doan
phién ma so cép, doan phién ma nay s& dugc ché bién dé tao ra mot dang mRNA
duy nhit, ma hoa cho mdt protein don 1¢. Tat ca dot bién trén cac doan exon, intron



va nhirng vung diéu hoa phién ma déu c6 thé anh hudng dén sy bi€u hién cua
protein dugc ma hoa boi mdt don vi phién ma don gian (hinh 4).
B0 kb
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Hinh 4: Don vi phién md don (simple transcription unit)

Mot don vi phién ma don gidn gom mét viimg md héa cho mét protein, kéo dai
tir mii chup dau 5° cho dén ving poly(4) ¢ dau 3’ va cdc vimg diéu hoa cé lién
quan. Cdc doan intron nam xen ké giita cdc doan exon (hinh chit nhdt mau xanh) va
duoc logi bo trong suot qua trinh ché bién cdc tien-mRNA va do dé khong hién dién
trén phan tir mRNA chire ndng don cistron (monocistron). Nhitng dot bién trén viing
diéu hoa phién ma (dét bién a, b) c6 thé lam giam hay ngan chan sy phién md, tir
dé lam gidm hay xéa bo sw tong hop protein dwgc ma héa. Mot dét bién bén trong
doan exon (dot bién c) co thé tao ra mot protein bat thwong. Mot dot bién bén trong
doan intron (dot bién d) cho ra vi tri cdt noi mdi, két qua tao ra mot mRNA bi cat
néi khéng binh thwong, ma héa cho ra mét protein mat chirc nang.

Trong khi d6, don vi phién ma phirc (complex transcription unit) kha phé bién
o sinh vat da bao va doan phién ma RNA so cép ¢ thé duge ché bién theo nhiéu
cach, ddn dén hinh thanh cic mRNA chira nhirng doan exon khac nhau. M&i mRNA
déu 1a monocistron va dugc dich ma thanh mot polypeptide duy nhét, véi sy dich
ma khoi su & AUG dau tién trén mRNA. Trong hinh 6, ¢ nhiéu loai mRNA khéc
nhau c6 thé dugc tao thanh theo ba cach: (1) St dung nhiing vi tri ndi khac nhau tao
ra nhitng mRNA c6 cung nhiing exon & dau 5’ va 3’ nhung khac nhau ¢ nhiing exon
bén trong; (ii) St dung nhiing vi tri poly(A) khéc nhau tao ra nhirng mRNA cé cung
nhirng exon dau 5' nhung khac ¢ nhitng exon dau 3'; (iii) Str dung nhitng promoter
khac nhau tao ra nhitng mRNA khac nhau & nhitng exon dau 5’ nhung giong nhau &
nhiing exon dau 3. Mot gene duogc biéu hién mot cach ¢ chon loc & hai hay nhiéu
loai té bao khac nhau thi thuong dwgc phién mi tir nhitng promoter khac nhau dic
hiéu v6i loai té bao.
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Hinh 5: Don vi phién md phiec (complex transcription unit)

Pon vi phién md phirc tao ra nhitng doan phién ma so cdp c6 thé dwoc ché bién
theo nhiéu cdach khéc nhau: (i) Néu mot doan phién ma so' cdp cé chira nhitng vi tri cdt
noi khdc nhau, né cé thé dwoc ché bién thanh nhitng mRNA véi ciing nhitng exon &
ddau 5’ va 3° nhung khdc nhau & nhitng exon bén trong; (ii) Néu moét doan phién ma so
cdp ¢é hai vi tri poly(4), né cé thé dwoc ché bién thanh cdc mRNA véi nhitng exon dau
3’ khdc nhau; (iii) Néu cdc promoter khdc nhau (f hodc g) dwoc kich hoat & nhitng
dang té bao khdc nhau, thi mRNAI - duoc san xudt ¢ mot dang té bao ma trong do
promoter f duoc kich hoat - sé c6 mét exon (14) khdc véi mRNA2 - dwoc sdn xudt &
mot dang té bao khic ma trong do promoter g duoc kich hoat va exon 1B duoc su
dung thay cho 14. Nhitng dét bién ¢ nhitng viing diéu hoa (a va b) va nhitng dot bién
bén trong exon (c) giong nhau ¢ nhitng mRNA khdc nhau c6 anh hwéng dén nhiing
protein mda hoa boi ca hai mRNA duoc ché bién khdac nhau do. Nguoc lgi, nhitng dot
bién bén trong cdc doan exon (d va e) khdc nhau & nhitng mRNA khdc nhau chi ¢é tac
déng dnh hwéng dén protein dwoc md héa tir mRNA do. Poi véi nhitng gene dwoc
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phién ma tir nhitng promoter khdc nhau & cdc dang té bao khdc nhau, nhitng dét bién &
cdc vimg diéu hoa khdc nhau (f va g) chi c6 tic déng anh hwéng ¢ dang té bao ma
trong do doan promoter do dwoc hoat hoa.

Hinh du6i diy mé ta ba cach ché bién RNA khac nhau xay ra trong qué trinh
biét hoa gidi tinh & Drosophila. Thong thuong mdt mRNA dugc tao ra tor mdt don
vi phién ma phuc & mdt vai dang té bao, va mét mRNA khac duoc tao ra & nhirng
dang té bao khac. Vi du nhu sy khac nhau & cach ghép ndi & nhiing doan phién ma
fibronectin so cp & té bao fibroblast va té bao gan s& quyét dinh liéu protein tiét ra
¢6 bao gdm nhitng domain déng vai trd bam vao bé mit té bao hay khong.
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Hinh 6: Chudi diéu hoa cdt néi diéu khién su dinh doat gioi tinh o phoi

Drosophila

Chuéi diéu hoa cdt néi diéu khién sy dinh doat gioi tinh thong qua sy biéu
hién cua cdc gene sxl (sex-lethal), tra (transformer) va dsx (double-sex) o phoi
Drosophila. Hinh chi thé hién cdc doan exon (hinh chir nhdt) va intron (duong gach
den) - noi xdy ra si diéu hoa cdt noi. Puong dirt khiic mau dé thé hién sw cdt néi
(splicing) tién-mRNA ¢ con cdi va twong tw dieong mau xanh thé hién sw cdt néi ¢
con duc. Duong doc mau do bén trong cac doan exon biéu thi cdc codon stop bén
trong khung doc - cdi ngdn chdn sw tong hop protein chirc nang. Chi nhitng phdéi
cdi méi san xudt protein Sx| chikc ndng - protein irc ché viéc cdt néi giiva exon 2 va
3 trong tien-mRNA sxl (a) va giita exon 1 va 2 trong tién-mRNA tra (b). (c) Nguoc
lai, viéc gdn mang tinh diéu phoi ciia protein Tra va hai protein SR, Rbpl va Tra2,
hoat héa viéc cdt néi giita exon 3 va 4 va sw cdt/polyadenyl héa A, ¢ dau 3’ ciia
exon 4 ¢ tien-mRNA dsx & phéi cdi. O phédi duc — phéi thiéu Tra chikc nding —
protein SR khéng gdn vao exon 4, va do dé exon 3 dwoc néi vao exon 5. Céc
protein Dsx khdc nhau san sinh ¢ phéi due va cdi - két qud cia chudi diéu hoa ct
néi - ¢é tac dung ke ché si phién ma cdc gene can thiét cho su biét héa gici tinh
cua gioi tinh kia. [Sta lai ttr M. J. Moore va cs, 1993, in R. Gesteland va J. Atkins,
eds., The RNA World, Cold Spring Harbor Press, trang 303-357.]
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Déi véi trudng hop don vi phién mi phirc, quan hé gitta mot dot bién va mot
gene khong phai lic ndo cling trung thyc hay truc tiép. Mot dot bién & cuing mot
vung diéu hoa hay mot doan exon ¢ nhitng mRNA khac nhau s& anh huéng dén tat
ca nhirng protein khac nhau dugc ma héa bdi cuing mot don vi phién ma phac. Mat
khéc, nhitng dot bién trén mot exon chi hién dién ¢ mot trong ) nhitng mRNA
khac nhau thi chi anh huéng dén protein dwgc ma hoa boi mRNA do.

3.2. Su phién ma & gene ma héa protein va sy hinh thanh mRNA chirc ning

Khai niém don gian nhit ciia gene d6 1a mot “don vi DNA bao gdém thong tin
chi dinh su téng hop ciia mot chudi polypeptide hay mot phan tir RNA chuc ning
(nhu tRNA).” Va mot phan rat 16n trong gene mang thong tin dé tao nén phan tir
protein, va chinh nhirng ban sao RNA cta nhitng gene ma hoa protein nay cdu thanh
nén nhitng phan tr mRNA ciia té bao. O virus mot phan tir DNA chi chira mot vai
gene, trong khi & nhitng dong thuc vat bac cao mdt phan tor DNA & mdi nhiém sdc
thé co thé chira dén vai ngan gene.

Qua trinh tong hop RNA (phién ma) chi don gian 14 sy sao chép lai ngdn ngir
g6m bdn base cia DNA bao gébm A, G, C va T thanh ngén ngit gdm bon base twong
tu cia RNA, chi trir U thay thé cho T. Mit khac, qué trinh tong hop protein 13 sy
phién dich lai ngon ngir trén thanh ngdn nglr 20 amino acid cua protein. Dudi day la
qua trinh hinh thanh mRNA chirc ning tir cac gene mi hoa protein dién hinh.

3.2.1. Su polymer héa ribonucleotide

Nhu di dé cap o trén, trong subt qua trinh phién ma, mot mach cia DNA déng
vai tro la mach khuon, quyét dinh tht ty cua cac monomer ribonucleoside
triphosphate (rNTP) dé hinh thanh mot chudi RNA bd sung. Cac base trén mach
DNA khudn bét cap voi cac tINTP bo sung, cai ma sau do dugc g?in lai voi nhau
trong phan tng polymer hoa dugc xuc tac bd1 RNA polymerase. Sy polymer hoa
lién quan dén sy dn mon bai 3' oxygen trén chudi RNA dang dai ra 1én a phosphate
ciia nuclotide tiép theo, hinh thanh nén lién két phosphodiester va giai phong
pyrophosphate (Ppi). Theo co ché nay thi phan tir RNA luén luén dwoc tong hop tir
dau 5' 2 3' (hinh 7).
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Hinh 7: Su polymer hoa ribonucleotide boi RNA polymerase trong qud trinh
phién ma

Cac ribonucleotide Sdp duoc gén vao dau 3’ ciia mach RNA dwoc chi dinh béi
sw bdt cdp giita base tiép theo trén mach DNA khuén va ribonucleoside
triphosphate (rNTP) bo sung. Mot lién két phosphodiester diegc hinh thanh khi RNA
polymerase xuc tac mot phan ung giita 3' O cua mach dang dai ra voi o phosphate
ctia mot rNTP bdt cap chinh xac. Mach RNA luon duoc téng hop theo huong 5' >
3" va nguoc lai voi chiéu phdan cuc cua mach khuon DNA.

3.2.1. CAc giai doan phién ma "

Trong sudt qua trinh khéi sy phién ma, RNA polymerase nhan biét va gin vao
mot vi tri dac hi¢u — promoter trén DNA mach d6i (Hinh 9-budc 1). Nhitng RNA
polymerase nhin can rat nhiéu nhan t6 protein khac nhau — cac nhan t6 phién ma
chung — dé giup ching dinh vi promoter va khéi dau sy phién ma. Sau khi gin vao
promoter RNA polymerase thdo g& hai mach DNA dé cic ribonucleotide
triphosphate c6 thé tiép can duoc véi cac base trén mach khudén. Cac RNA
polymerase trong té bao thdo g& khoang 14 cip base xung quanh vi tri bat dau phién
mi trén DNA (budc 2). Sy khdi sy phién mi dugc cho 13 hoan tit khi hai
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ribonucleotide ciia mot chudi RNA dwgc ndi véi nhau bang lién két phosphodiester
(budc 3).
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Hinh 8: Ba budc cua qua trinh phién ma

Trong sudt qud trinh khéi sw phién mda, RNA polymerase tao nén mét bong
phién md va bat dau sw polymer héa cdc ribonucleotide (rNTP) tai vi tri bdt ddu
nam bén trong viing promoter. Khi mét ving ciia DNA dwoc phién md, mach con lai
da tach ra dwoc phuc héi tré lai thanh cdu tric xodn kep. Pau 5’ ciia mach RNA roi
khéi RNA polymerase thong qua mét rdnh bén trong enzyme. Suw két thic dich ma
xay ra khi polymerase gip mot trinh ty két thiic déc hiéu.

Sau khi mét vai ribonucleotide di duoc gin vao, RNA pol tach khoi promoter
va cac nhan t6 phién ma chung. Trong sudt giai doan kéo dai mach, RNA pol chay
doc theo mach DNA khuén ting base mét, dong thoi thao g& mach d6i DNA ¢ phia
truéc nd va phuc hdi mach doéi ¢ phia noé vira di qua (budc 4). Lan luot timg
ribonucleotide mot duoc thém vao dau 3' cia mach RNA mdi sinh trong giai doan
kéo dai phién ma bdi polymerase. Enzyme ndy van duy tri mot ving thao go
khoang 14 cip base, duoc goi 1a bong phién ma. Khoang chirng 8 nucleotide & dau
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3' cia mach RNA dang téng hop van con bét cip base voi mach DNA khuén trong
bong phién ma. Phic hop kéo dai phién ma bao gdom RNA polymerase, DNA khuén
va mach RNA dang dai ra. Phirc hop nay cuc ky 6n dinh.

Trong qua trinh két thac phién m3, phan tr RNA di hoan thanh, hay doan
phién ma so cap, dugc giai phong khoi RNA polymerase va polymerase tach khoi
mach khuon DNA (budc 5). Nhitng trinh ty dac biét trén DNA khuon ra tin hiéu
cho RNA polymerase két thuc phién ma. Sau khi dugc giai phong, RNA pol tu do
c6 thé phién mi cho ciing mot gene mot 1an nita hodc mot gene khac.

3.3. Bién ddi tien-mRNA thanh mRNA chirc niing ¢ Eukaryote "' !

O cac té bao prokaryote khong c6 nhan, sy dich md mot phan tt mRNA thanh
protein c6 thé bit dau tir dau 5' cia mRNA ngay trong lic dau 3' van dang duoc
téng hop boi RNA polymerase. Néi cach khac, sy phién ma va dich mi c6 thé xay
ra dong thoi & prokaryote. Tuy nhién, ¢ té bao eukaryote nhan dugc tach khoi té bao
chét — noi dich mé xay ra nén khong gian cuia hai qua trinh phién mi va dich mi 1a
khac nhau. Hon nita cac doan phién ma so cip mdi chi 1a nhimng tién-mRNA, can
phai trai qua mot vai bién ddi — goi chung 14 qua trinh ché bién RNA dé hinh thanh
nén magt phan tt mRNA chuc nang (RNA trudng thanh). Phan tt mRNA nay sau do
phai dugc van chuyén ra té bao chat trude khi né c¢6 thé duoc dich mi thanh protein.
Vi vy, su phién mi va dich mi khong thé nao xay ra dong thoi & nhimng té bao
eukaryote.

3.3.1. Gin mi chup 5° "' P!

Dau tién, tit ca cac tién-mRNA & eukaryote déu duogc bién doi & hai dau cua
n6, va nhitng bién doi nay dugc gitr lai trén mRNA truéng thanh. Tai dau 5' cua
chudi RNA vira méi duge tach khoi RNA pol 11, ngay 1ap tirc no duoc tac dong boi
mot vai cac enzyme két hop tong hop nén mii chup 5', mot 7-methylguanylate lién
két v6i nucleotide cudi cuing ctia RNA bang mot lién két 5', 5' triphosphate.

Mil chup duogc viét 1a ™ Gppp, viét tit 1a m’G hay ™ G. Céu tric mii chup m'G
kinh dién duoc goi 1a “cap0”, hi¢n dién & tat ca cdc mRNA eukaryote. Cap0O duoc
thém vao theo mot phan tmg gdm ba budc: dau tién, dau phosphate tan cung (y-
phosphate) duoc thuy phan bdi RNA 5’ triphosphatase tur triphosphate cua
nucleotide dau tién cia tién-mRNA thanh diphosphate; tiép theo, RNA
guanylyltransferase xuc tic su két hop giita mot GMP va diphosphate cia
nucleotide dau tién nay thong qua lién két 5'-5', nhd d6 khéi phuc lai triphosphate &
tan cung; cudi ciing, RNA (guanine-7)-methyltransferase xtic tic su methyl hoa vi
tri N’ ctia guanine. O dong vét c6 v, hoat dong cua triphosphatase nim & dau N va
hoat dong ctia guanylyltransferase ndm & dau C cua cing mot polypeptide, nhung &
nam men, chiing dugc xdc tic boi nhitng enzyme riéng biét.
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Hinh 9: Nhitng cdu triic mil chup trén mRNA ¢ eukaryote

O eukaryote bdc thap, qud trinh gan mii chup chi tao ra cap0. O eukaryote
bdc cao, qud trinh gdn mii chup cé thé tao ra capl va cap2 bang nhitng bién déi
nhw methyl héa 2'-O trén ribose ciia nucleotide 1 va 2 ciia tién-mRNA, sw methyl
héa N'ciia base dau tién trén tién-mRNA néu nhw base dau tién la adenine.

Nhitng enzyme gin mii chup dugc dua dén tién-mRNA bang cach gin vao
domain dau C (CTD) dugc phosphoryl héa cia RNA polymerase II (RNA pol II).
Pubi CTD chitra nhiéu doan gdém 7 peptide 1ap di lap lai c6 tinh bao ton cao voi
trinh tg théa hi¢p (consensus sequence) la Tyr-Ser-Pro-Thr-Ser-Pro-Ser
(YSPTSPS). S6 luong lap lai bién thién tir 26 & nAm men dén 52 & dong vat cd vu.
Niam trong s bay amino acid trong motif théa hiép nay la nhitng diém tiép nhan
phosphate, va sy phosphoryl hoa 1a mét sy bién d6i sau dich ma chi yéu cia dudi
CTD in vivo. Sy mét kha nang di vao qua trinh ché bién cia nhitng doan phién ma
tao ra boi RNA pol I va III dugc cho 1a do sy mat dudi CTD & nhitng enzyme nay.

Viéc gin mil chup c6 hai chirc ning chi yéu: (1) ngin chin sy phan hay
mRNA truée khi truéng thanh, do d6 1am ting tinh 6n dinh cia mRNA; (2) dong
g6p vao qua trinh khéi sy dich ma — mgt qué trinh phu thudc vao mii chup. Ngoai
ra, nhiing phat hién gan day chi ra rang mii chyp ciing déng mot vai trd cha yéu
trong viéc trc ché dich mi diéu hoa boi miRNA (microRNA-mediated translational
silencing).
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3.3.2. Gin dudi poly(A) "

Su bién d6i & dau 3' cua tién-mRNA lién quan dén su phan cat boi mot
endonuclease dé c6 dugc mot nhom 3'-hydroxyl tu do — vi tri gén mot chudi cac
adenylic acid boi enzyme poly(A) polymerase. Két qua tao ra mot dudi poly(A)
khoang 100-250 base dbi véi dong vat co xuong. Poly(A) polymerase 1 mot phan
cua phtrc hop cac protein co thé dinh vi va phan ciat mot doan phién ma tai vi tri dac
hiéu va sau d6 thém vao cac adenyl theo mot qua trinh ma khong can c6 mach khuén.

3.3.3. Cit ndi (splicing) "

Budc cubi cung trong qua trinh bién d6i ctia nhiéu loai mRNA & eukaryote d6
1a cat ndi RNA (RNA splicing): qua trinh cit bé nhitng doan intron bén trong doan
phién mi va tiép sau d6 1a qua trinh nbi lai cac doan exon mi hoa.
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Hinh 10: Tong quan qud trinh ché bién RNA tao RNA truong thanh &

eukaryote

Gene f-globin chita ba exon ma hoa protein (ving ma hoa, mau do) va hai intron
khong ma hoa xen ké (mau xanh). Nhitng doan intron lam dut quang trinh tw ma hoa
protein giita cdc codon cho amino acid 31 va 32, 105 va 106. Sy phién md cac gene ma
héa protein & eukaryote bdt dau trieée trinh tw ma héa cho amino acid dau tién va kéo dai
qua khéi trinh tw md héa cho amino acid cudi ciing, két qua tao ra nhitng ving khong ma
héa (mdau xdm) & cudi doan phién ma so cdp (tién-mRNA). Nhitng viing khéng dwoc dich
md (UTR) nay dwoc giiv lai trong sudt qud trinh trén. Pau 5° dwoc gdn thém mii chup
(m’Gppp) trong sudt qud trinh hinh thanh doan phién ma RNA. Doan phién ma nay kéo
dai qua khéi vimg poly(A) (poly(A) site). Sau qud trinh cdt tai viing poly(4) va qud trinh
thém vao mot chudi A tai dau 3°, qud trinh cdt noi (splicing) théo bé cac doan intron va
noi cdc doan exon lai véi nhau tao thanh phin tir mRNA B-globin truéng thanh gom 147
codon ma hoa cho amino acid.
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