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Chu ky té bao G

* Pha M (mitosis, phan bao): té bao phéan chia
thanh 2 té bao con.

* Ky trung gian (interphase): gitta 2 1an phan chia té bao (phan bao).
Biéu hién gen xay ra & tat ca cac giai doan cda ky trung gian:
* Pha G, (gap 1): tang trudng té bao trudc khi tong hop ADN. Té bao da ngirng
chu ky (té€ bao co, té bao than kinh): & trang thai ddc biét, goi la G,,.
* Pha S (tdng hop ADN): ADN nhan ddi. Cudi pha S, moi nhiém sic thé nhan doi

lwvong ADN, gdm 2 nhiém sac tl (chromatid) gidng hét nhau dinh nhau & tdm
dong (centromere).

* Pha G, (gap 2): tang truwdng té bao sau khi téng hop ADN trudce khi phan bao.
ADN d3 nhan d6i duoc kiém tra 16i trudc khi phan chia té bao.



C4u truc nucleotid

e Acid nucleic (ADN va ARN) duoc |ap ghép tlr cac nucleotid

* Nucleotid gobm 3 thanh phan:
* Base co nito
 Duong 5 carbon (pentose)
* Phosphat



buong pentose

 Acid nucleic (nucleosid, nucleotid):
phan loai theo pentose
* Pentose la ribose = ARN (acid ribonucleic)

* Pentose la deoxyribose - ADN (acid
deoxyribonucleic).
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Nucleosid Nucleotid
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Danh phap base, nucleosid, nucleotid

Base Nucleoside Nucleotides

Adenine | Adenosine AMP (dAMP) | ADP (dADP) ATP (dATP)
(Deoxyadenosine)

Guanine | Guanosine GMP (dGMP) | GDP (dGDP) GTP (dGTP)
(Deoxyguanosine)

Cytosine | Cytidine CMP (dCMP) | CDP (dCDP) CTP (dCTP)
(Deoxycytidine)

Uracil Uridine UMP (dUMP) | UDP (dUDP) UTP (dUTP)
(Deoxyuridine)

Thymine | (Deoxythymidine) (dTMP) (dTDP) (dTTP)
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Acid nucleic

* Acid nucleic:
* polymer cta cac nucleotid,
* lién két 3/, 5’-phosphodiester (hhom phosphate ndi carbon 3’ clia dwong nay vOi
carbon 5’ cua duong ke tiép).
e MO0i sgicé 1 dau 5’ va mot dau 3’ = tinh phan cuc
* Nhém phosphate & dau 5’
* Nhém hydroxyl & dau 3'.
 Trinh tu base trong mach acid nucleic: ghi theo truyén théng, chiéu 5'>3’
(trai sang phai).

« O t€ bao nhan thuc, ADN thuong ¢ dang soi doi (dsDNA, double-stranded)
va ARN thuwong ¢ dang soi don (ssARN, single-stranded).
* Ngoai lé: mdt s virus chira bd gen ssDNA hodc dsARN.



Thidu: 5'-TCAG-3' (TCAG)

* Néu viét nguoc, can ghi dau: 3'-GACT-5’
* CS thé ghi vi tri phosphate: pTpCpApG

* Trong phan tlr ADN cé thé thém chir “d”
(deoxy): dTACAAdG

Cac cap base nodi vdi nhau qua lién két hydro




C4u truc ADN

 Hai soi doi song (hgugc chiéu).

* Hai sgi bd sung nhau:
* Aludn ludn gan véi T (2 lién két hydro);
* G ludn ludn gan vai C (3 lién két hydro)
- trinh tu s@i nay quy dinh trinh ty soi kia.
* Llwvong A=T1,G=C
- tdng purin = tong pyrimidin (dinh lut Chargaff).



C4u truc ADN

* Hau hét ADN trong ty nhién la phan tl
xoan kép phai: ADN Watson-Crick (B-
ADN).

* Truc xuong song du‘o’ng phosghate ki nwéc
cua tirng soi & phla ngoai chudi xoan kép.

* Cac cap base nodi véi nhau qua lién két
hydro & trung tam.

* C6 khodng 10 cidp base cho moi vong xoan.

* Dang xoan kép trai: hiém gip, xay ra &
cac doan giau G-C, duoc goi la Z-DNA.
Chirc nang chua rd, cé thé lién quan
diéu hoa gen.
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Bién tinh va hdi tinh cta ADN NN

Double-stranded DNA

. ADN,xoén kép co thé bij bién tinh do pha v& lién két hydro [[}]Eﬂ?turﬂﬂﬂﬂ
va bat cap base: (heat)

* “néng chay” soi d6i thanh 2 s¢i don tach biét

* khoéng mat lién k&t cong hoa tri W

* cacyéu to thuong gap: nhiét, pH kiém, hod chat nhu formamide W
va urea.

 ADN sgi don bi bién tinh cé thé hdi tinh (bat cip lai) néu Single-stranded DNA
tinh trang gay bién tinh dugc g& bo tir tur.

. Henaturation
* Thidu: lam lanh tir tr phan t& ADN bj bién tinh do nhiét.

(cooling)
* Hoi tinh (bat cip) cac soi ADN bd sung |a budc quan trong

trong Southern blot va PCR. W
« ADN mbdi gan véi chudi ADN dich: phan &ng lai. "

Double-stranded DNA
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To chirc ADN: Nucleosome va Chromatin

Sensitive
+H Without HI / to nuclease
:l» 10 nm

30 nm

Euchromatin
Heterochromatin
| Expanded view of
a nucleosome Niidiasliis
Expanded view H2A
Cau trac nucleosome va nucleofilament & Nhan & ky trung gian

ADN eukaryote
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pd

Pbong goi ADN o té bao nhan that

More active |Less active

DNA double helix 10 nm chromatin 30 nm chromatin 30 nm fiber forms loops attached Higher order
(nucleosomes) (nucleofilament) to scaffolding proteins = packaging

Euchromatin Heterochromatin

Té bao & ky trung gian chra 2 loai chromatin:

* Euchromatin: m& hon, san sang biéu hién gen; gdbm cac nucleosome (soi 10 nm) gan
long 1éo vai nhau (quai 30 nm)

* Heterochromatin: dic hon, lién quan dén cac vung chromosome khdéng biéu hién gen.



To chc ADN: Nhiém sac thé

* Trong phédn bao, tat ca ADN déu dac lai giip phan tach cac chromatid
con. Day la giai doan duy nhat trong chu ky té bao thay dwoc cau truc
nhiém sac thé.

 Bat thwong NST cé thé dwoc danh gia trén NST phan bao bang ky
thudt phén tich karyotype (NST ky gitra) va ky thuat banding (ki dau
hodc ki gitra sém), gitp xac dinh |éch bdi, chuyén doan, mat doan,

dao doan va lap doan.
MITOSIS

interphase prophase metaphase anaphase telophase 18



NHAN DOl ADN
(DNA REPLICATION)



Nhan doi ADN

* Thong tin di truyén dwoc truyén tir cha me sang con cai nho su nhan
d6i cua ADN cha me.

* Hinh thanh 2 phan t&r ADN gidng hét ADN cha me.

* Khi ADN nhan ddi, 2 soi b6 sung ctia ADN cha me tach r&i nhau hoan
toan. Moi sgi dung lam khudén tong hop soi boé sung méi (nhdn déi
bdn bdo tén).

* Trong qua trinh phan chia té bao, moi té bao con nhan modt trong 2
phan t&r ADN giong hét nhau.



Nhan déi & nhiém sac thé
prokaryote va eukaryote

Prokaryotes

Origin of replication

Eukaryotes

Multiple origins of replication

Centromere

Sister chromatids are

separated during mitosis

Panel A

Cell
divigion

Panel A: Nhan doi
NST eukaryote
trong pha S Centromere

2 ds DNA ds DNA
e (sister chromatids)-.___

Panel B
3 ¢
3 ki
|1 u
! |
2 ¥
-
3 .
-
4 -
Drawingofa  Drawing ofa Photograph of a stained replicated
replicated stained replicated  chromosome. The individual
chromosome  chromosome chromatids and centromere are
(metaphase) difficult to visualize in the photograph

Panel B: NST eukaryote da nhan doéi



So sanh tdng hop ADN va ARN

DNA
Polymerase
DNA Template

3'C-
EI

-G-C-C-G-A-A-C-T-C-T-G-G-A &'

Primer required for

DNA synthesis (5'—3')
using dNTP substrates
primer

3' C-A-T-G-A-C-T-
5 I

-C-T-C-T-G-G-A 5'

Mispaired deoxynucleotide
removed (3'—=5" exonuclease)
dTMP

A-C-T-C-T-G-G-A &'

High-fidelity
l DNA synthesis

3' C-A-T-G-A-C-T-A-G-C-C|G{A-A-C-T{C-T-
5" A-T-C-G-G{CT-T-G-A-G-A-C 3'

RNA
Polymerase
DNA Template

3' C- -G-C-C-G-A-A-C-T-C-T-G-G-A &
Primer not required for

RMA synthesis (5'—=3")
using NTP substrates

3' C-A-T-G-A-C-T-
5' [ A-U-C-G-G-

A-C-T-C-T-G-G-A &'

Mispaired nuclectide
not removed

3' C-A-T-G-A-C-T- A-C-T-C-T-G-G-A &'

Low-fidelity
l RNA synthesis

5' | AU-C-G-G{U-U-U-G-A-G-A-C |3

<) C—A—T—E-A—C—T—A—G—C—B@#A—C—T



Chromosome

Free nucleotides DNA polymerase

Leading strand

Original
(template)
DNA

(N Helicase
‘{aggmg _.>

strand
Thymine

amm» Cytosine

e Guanine DNA polymerase

rrr

Original (template) DNA strand,

Replication
fork

amm» Adenine




CAC BUOC TAI BAN ADN

Nhan biét trinh tu base tai vi tri bat dau nhan doi.

2. Helicase pha v& lién két hydro ndi cac cdp base = 2 soi ADN me bat
dau thdo xoan va tao chac ba tai ban.

3. Protein gdn ADN soi don (SSB) gan vao phan soi don clia moi soi
ADN, ngan tai lién két, bao vé khong bj thoai hoa bdi nuclease.

4. Primase tong ho*p doan mo6i ARN ngan (khoang 10 nucletotid) theo
chiéu 5'>3’, bat dau tir vij tri kh&i dau cia moi sgi me, theo khudn
cla soi me. Can doan moi ARN do ADN polymerase khdng thé khéi
dong tong hop ADN; chi kéo dai chuoi tir dau 3’ cda doan mdi co
san.



CAC BUOC TAI BAN ADN

5. ADN polymerase Il bat dau téng hgp ADN theo chiéu 5'>3’, bat

dau tir dau 3’ cua tirng doan moi ARN.

* Soi ma&i tong hgp bo sung va déi song véi soi me dung lam khudn. Soi nay
duoc téng hop lién tuc = soi dan.

 Soisau duoc tong hop khdng lién tuc 0 dang cac doan nh(’? (khoang 1000
nucleotid), goi l1a doan Okazaki. Mo6i doan Okazaki dwoc bat dau bang sy tong
hop doan m6i ARN, sau dé ADN polymerase 1l hoan tat téng hop ADN theo
chiéu 5'>3".

e MOi chac ba tai ban c6 mot soi dan va mot soi sau.



CAC BUOC TAI BAN ADN

6. O t€ bao nhan thit, RNase H g® bo cac doan moi ARN va mdt ADN
polymerase (chua rd) lap khoang trong v&i ADN.
O t€ bao nhan so, DNA polymerase | g& bé doan mai (5’
exonuclease) va téng hop ADN mdi, bat dau tir dau 3’ cla doan
Okazaki lan can.

7. ADN polymerase té bao nhan that va té bao nhan so déu cé kha
nang “doc sra” nho hoat tinh 3’5’ exonuclease.

* NE&u ADN polymerase mac 16i trong qua trinh téng hop ADN, base khong bat
cap 0 dau 3’ dugc go bo trwdc khi tiép tuc tong hop.

8. ADN ligase bit diém dut (nick) gitra cac doan Okazaki = soi ADN
lién tuc.



CAC BUOC TAI BAN ADN

9. ADN gyrase (ADN topoisomerase Il) tao truc xoay phia truwdc chac
ba tai ban. Khi helicase thao xoan ADN tai chac ba tai ban, ADN phia
trwdc tr& nén xoan hon, tao siéu xoan duwong. ADN gyrase tao siéu
xoan Am bang cach gay dit 2 soi ADN, di qua cac soi ADN thong
qua cho dut, va sau dé bit lai 2 soi.

* Quinolone la nhdm thudc &rc ché hoat ddng topoisomerase. Acid nalidixic tiéu

diét vi khuan bang cach &rc ché ADN gyrase. Chat (rc ché topoisomerase Il té
bao nhan that (etoposide, teniposide) la nhitng thudc chéng ung thw cé ich.



DNA ligase

Lagging strand template ' | R I Myq\ 5’
Primer . I \ 1' \ | | |.d|3,
¥ o

mer

Helicase/primase complex
Old Okazaki fragment

Okazaki fragment

G \ T

DNA gyrase

DNA polymerase dimers Newly synthesized
Leading-strand template synthesizing DNA .eada',fgsﬁmd
Single-strand binding protein Sliding clamp of the
B-subunit

B zoom
28



So sanh tai ban ADN & té bao nhan so va té

bao nhan that

Vi tri nhan do6i (khéi dau)

Thédo xoan s¢i d6i ADN

On dinh sgi khudn d3 thio xon
Tong hop doan méi ARN

Tong hop ADN

Soi dan

Soi sau

(Cac doan Okazaki)

G& bd doan moi ARN

Thay thé ARN bang ADN
Két ho'p cac doan Okazaki

Théo bo siéu xoan duong phia
trwdc chac ba tai ban tién trién

Tong hop telomere

M6t vi tri khdi dau trén NST
Helicase
Protein gan ADN soi don (SSB)

Primase

ADN polymerase llI
ADN polymerase llI

ADN polymerase |
(5’3" exonuclease)

ADN polymerase |
ADN ligase

ADN topoisomerase I
(ADN gyrase)

Khéng can

Nhiéu vi tri kh&i dau trén NST
Helicase
Protein gan ADN soi don (SSB)

Primase

ADN polymerase a + 6
ADN polymerase a + 6

RNase H
(5'=>3" exonuclease)

ADN polymerase 6
ADN ligase

ADN topoisomerase |l

Telomerase



Chromosome

Telomere |
.  Telomere
e Telomere | | |
e trinh tu 13p lai & cdc dau cta phan tl ADN trén NST té bao nhén
that. S A% o Shelterin proteins  Single stranded

| DNA-binding

9 n ARe A n A D n V4 n \ AN \ 3, “ ' ' @
* ngan ddn sau moi lan nhan do6i o phan lon té bao binh thuwong = """z« ‘/A protein complexes
J { )f,'gyt’;_f_'\ ;. 0 0 . /

(ADN polymerase khéng thé hoan tat tong hop dau 5')

130 hoa té bao do telomere trd nén qué ngan, NST khong thé XA

thuc hién dwoc chirc nang va té bao chét. / L
Repeated G-rich

double-stranded

° DNA sequence Single stranded
Telomerase s

* enzyme O té€ bao nhan that gitp duy tri telomere: thay thé trinh tu telomere bj mat
trong tai ban nho:

 chta khudn ARN ngan bd sung vdi trinh tu telomere ADN,
* c6 hoat tinh telomerase reverse transcriptase (hTRT)
 hoat tinh binh thudng chi hién dién & té bao phoi, té bao sinh san va té bao goc,
khéng cé & té bao soma.
* ndng do khd cao & té bao ung thu > ngdn nglra telomere tré nén ngan dan, gép
phan vao tinh bat t& cda té bao ac tinh.



Reverse transcriptase

 La ADN polymerase phu thuéc ARN can khuén ARN dé tong hop ADN
mai.

e Retrovirus, dang chu y la HIV, st dung enzym nay dé tai ban bd gen
ARN.
* U'c ché bdi AZT, ddC, va ddl.

 Té bao nhan that cling chira hoat tinh reverse transcriptase:
* Lién quan dén telomerase (hTRT)

* Duwoc ma hoa boi cac retrotransposon (b gen virus con soét lai @ ADN nguoi)
cé thé dong vai tro khuéch dai mot so trinh tu 13p lai & ADN.



Stra chitra ADN

» Cau trdc ADN c6 thé bj ton thuong do tiép xic hod chat, tia xa. Qua
trinh nhan déi cling cé thé gan khéng dung cac base.

* Nhiéu hé théng stra chita cho phép té bao duy tri tinh én dinh bd gen.
Néu té& bao cho phép tdi ban ADN st dung khudn bj tén thuong, cé
nguy cao dua dot bién vao ADN mdi = tang nguy co ung thu.

* Hau hét sira chita ADN xay ra & pha G1 cla chu ky té bao nhan that.
Stra chira bat cap sai xay ra & pha G2 dé sira chira |6i tai ban.



Nguyén Enzym nhén biét/cdt | Enzym sira
thu'o'ng nhan chira

Dimer
thymine

(G,)

Base bat
cap sai (G,)

Khir amin
cytosine

Blrc xa UV

LOi tai ban
ADN

Ngau
phat/nhiét

Endonuclease cat
(thiéu trong
Xeroderma
pigmentosum)

Dot bién mot trong 2
gen, hMSH2 hoac
hMLH1, khoi dong sira
chira bat cap sai ADN,
dan dén ung thu dai
trwc trang khong da
polyp di truyén—
HNPCC.

Uracil glycosylase AP
endonuclease

ponmerase
ADN ligase

ADN
polymerase
ADN ligase

ADN
polymerase
ADN ligase

I uv
3 T=T 5

A A
5I I I 3I

Excision endonuclease

Xeroderma pigmentosum (XP)
(excinuclease)

» Extreme UV sensitivity
* Excessive freckling

+ Multiple skin cancers
+ Corneal ulcerations

5 3

A A
|

5 Ll L1 3

Nick I DMNA polymerase
—

sl Nl 5I

5| sl

l DMA ligase

I
T
A
|

5 3

Sy hinh thanh dimer thymine
va stra chira cat 33



PHIEN MA ARN
(RNA TRANSCRIPTION)



Cac loai ARN

* ARN ribosome (rARN)
* Loai ARN phong phu nhat trong té bao

. Tﬁ?énhh phan cau truc nén ribosome, gan vdi protein ribosome dé tao ribosome hoan
chinh.

e ARN van chuyén (tARN)
* Loai ARN phong phu thu 2
* Van chuyén acid amin dén ribosome dé lién két vdi nhau trong qua trinh tong hop
protein.

* ARN thong tin (mARN)
* Mang thong tin xac dinh trinh tu acid amin cGa protein dén ribosome
* La loai ARN duy nhat duwoc dich m3
« R4t khdéng déng nhat vé kich thudc va trinh ty base do twong rng vdi hang ngan
protein kﬁéc nhau.



Cac loai ARN

* ARN nhan khéng déng nhat (hnARN [heterogeneous nuclear] hay pre-
MARN):
 Chithay & nhan té bao nhan that
 Tién than cia mARN, duoc hinh thanh trong qua trinh xt& ly sau phién ma.
* ARN nhan nho (snARN)
e Chi thdy & nhan té bao nhan that
* Chtrc ndng chinh la tham gia vao cat ndi (loai bd intron) mARN.
e Ribozyme
* Phan t& ARN cé hoat tinh enzyme
* CO & ca té bao nhan so va té bao nhan that.



Phién ma: khai niém va thuat ng

* ARN polymerase dinh vi gen trong ADN bang cach tim vung promoter.
* Promoter la vi tri gan ARN polymerase.
* Viéc gan nay xac dinh vi tri phién ma bat dau, s¢i ADN dling lam khudn, chiéu
phién ma dién tién.
* Khéng can doan mai.
* ARN polymerase di chuyén doc theo sgi khudn theo chiéu 3’ 25/,
tong hop san pham ARN theo chiéu 5’ >3’
e S&r dung NTP (ATP, GTP, CTP, UTP) lam co chét.
* Khong doc stra.
« San phdm ARN b6 sung va déi song véi soi khuon.



Phién ma: khai niém va thuat ng

* Soi ma hoa (d6i khudn) khéng dwoc dung dén trong phién ma

* Trinh ty twong doéng véi phan tlr ARN, ngoai trir ARN chira uracil thay vi
thymine trong ADN.

* Theo truyén thong, trinh tu base ctia gen dwoc ghi trong sgi ma hoa (5'>3’).
* Trong vung |an cén cla gen, hé thong danh s6 duoc dp dung dé xac
dinh vi tri base quan trong.
e Base dau tién duoc phién ma thanh ARN: base +1 cla vung gen.
* \/é phia trai (5', nguoc dong) diém khéi dau, base la-1, -2, -3, ...
* /& phia phai (3’, xudi dong) diém khéi dau, base la +2, +3, ...

* Phién m3 két thdc khi ARN polymerase gap tin hiéu két thuc.



Phién ma ADN

Upstream Downstream
“EEEss———— E—-

Transcription unit
— P )

St_art Terminator
site l,

-10+1+10 Coding (antitemplate) strand

5' 1N E— 3 RNA polymerase
3' SIS 5| transcribes DNA
DNA Template strand ‘template strand

}53. 'RNA tra_nsr:ript S
'synthesized 5'—3'

RNA 5
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Dong thdng tin di truyén tir ADN dén protein

Coding strand

. . DNA coding strand is
DNA 5 AlIGGGGCHCAGCGACS [ o 0 the mRNA

(except T for U)

' . DNA template strand
Transgrjpm_}n STACCCCGAGTCGCTG > is cnmplementary and

Template strand antiparallel to the mRNA

mRNA 5 All[GGGGCJCAGCGAC3 = Directionof
1 franscription

Translation | | I | I [ [ | Codons

| | " "
| = AT Direction of
Protein NHz ‘Met Gly <Leu (Sep) (Asp)COOH translation

40
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Biéu hién gen m3 hod protein & té bao nhan so

DNA Transcription
TATA
—a5 tﬁ; ‘ ATG Caoding region A
N/ 9’
3 T
Promoter
5" Untranslated 3° Untranslated
reglcrn (UTR) region (UTR)
Transcription
Transcription terminates
mRNA GC rnich stem
Shine-Dalgarno AUG UGA Y and loop
sequence _______* Coding region =
5 . | 1 vuuuuu 3
| |
| |
5 UTH 3 UTRH

Translation

H-N - Protein - COOH
41



Biéu hién gen m3 hod protein & té bao nhan so

1. Nho& yéu té sigma, ARN polymerase nhan biét va gan vao vung
promoter.
e Promoter vi khuan chira 2 trinh ty “consensus”: Pribnow box (hay TATA box)
va trinh tu —35.
. Ell;orpoter xac dinh vi tri khdi dau phién ma va dinh hwéng enzyme trén soi
uon.
* ARN polymerase tach 2 sgi ADN khi doc trinh tu base trén soi khudn.

2. Phién m3a bat dau & vi tri cdp base +1. YEu t6 sigma duwoc gidi phdng
ngay khi phién m3 bat dau.

3. Polymerase I0Gi tiép tuc di chuyén doc theo sgi khuon theo chiéu 3’
dén 5', tong hop mARN theo chiéu 5’ dén 3.



Biéu hién gen m3 hod protein & té bao nhan so

4. Cudbicung, ARN polymerase di chuyén dén tin hiéu chdm dit phién
ma =2 ngwng phién m3, giai phong phan t& mARN hoan chinh.

2 loai yéu t6 cham dirt phién m3 thuong gap & gen té bao nhan so:

e Chém dut déc 1dp rho: ARN mai tu gap tao quai kep tdc giau GC, theo sat sau
la nhdm 6-8 U. Hai ciu truc nay khién ARN tach khoi khuén ADN.

» Chdm dut phu thudc rho: YEu t6 rho gan vao ARN mdi, di chuyén vé phia ARN
polymerase dang dirng & vi tri két thic. Sau dé rho chiém cho ARN
polymerase tir dau 3’ cia ARN.

mRNA strand

RNA polymerase pauses at the
Terminator and rho catches up



Biéu hién gen m3 hod protein & té bao nhan so

6. Phién ma va dich ma cé thé xay ra déng thoi & vi khuan.
e Khéng cé qua trinh x& Iy mARN (khdng intron), ribosome ¢ thé bat dau dich
ma trudc khi phién m3 két thuc.
e Cac ribosome gan vao trinh ty Shine-Dalgarno & vung khong dich m3 5’ (UTR,
5" untranslated region).
* Tong hop protein bat dau & codon AUG tai dau ving m3 hod va tiép tuc cho
dén khi ribosome gap codon két thic & cudi vung ma hoa.

7. Ribosome dich m3 theo chiéu 5’ dén 3’, téng hop protein tir dau
tan amin dén dau tan carboxyl.



Vung gen polycistron ma hoa cac protein khac
nhau

Promoter
AUG  UAA AUG UGA AUG  UAG Q
stron """””-H -H -H 3"*””?
Polycistronic 1
mRNA / /
Shine-Dalgarno Shine-Dalgarno Shine-Dalgarno

Each gene is translated independently

HoN—Protein-COOH  HoN—-Protein-COOH  HzN—Protein-COOH
1 2 3
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Pon vi phién m3 & té bao nhan that

Poly A addition
DNA ATG TAG signal
| i i
Promoter  Exon 1 | Exon 2 i
70 -25 ——— Intron | o : 5
CAAT TATA | N | | .|_ >
box  box 5" Untranslated 3" Untranslated
region (UTR) region (UTR)
+1 Transcription
terminates
Transcription ..
Poly A addition
AUG UAG signal
' Exon 1 i Fxon 2 ,
— Intron | ] Y
Pre-mRNA S | ] | B 37
L | | |
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XU ly pre-mARN & té bao nhan that

Poly A addition
AUG UAG signal
| i i
| Exon 1 | Exon2 |
| | ! | '
| ¥ | Intron | v |
PremRNA 5 T . 3
[ |
I
5 UTR 3 UTR
| N
Capping and Poly-A Poly A addition
AUG addition (nucleus) UAG signal
: l | |
| Exon 1 | Exon 2 :
Cap P L v
¥ ¥

hnRNA —

5 UTH 5 Splice 3 Splice 3 UTR
donor acceptor
site site

Splicing by spliceosome (snRNA) (nucleus)

3 B
Excised intron Poly A addition
(lariat) degraded signal
L in nucleus :
AUG Exon 1 UAG Exon?2

Cap i | I | v

[ ¥ [ ¥ |
mRNA 5 :;?pp AAAAAAAA T
Poly-A tail
| Y

5 UTR 3 UTR

Transport to cytoplasm
and translation

HsN-Protein-COOH

0 [ | Infron | |
5 R AAAAAAAA 3°
Gppp l T L1 Poly-Atai

Cdc cach cat ndi khac nhau dbi vdi pre-
MARN ban dau & té bao nhan that

Primary pre-BNA transcript

AUG UAA
! Intron 1 Intron 2 Intron 3 '
5Bxent | Exon2 | Exend [Exon4| 3
Splicing Splicing
variation #1 variation #2

5 [E@mi|_Exon2 [Exond| >

MANA #1

5 [Exon 1 EXORSIExon 4] &

MRNA #2
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rARN tARN

3" end
I—OH < Activated amino
Prokaryotic Ribosome Eukaryotic Ribosome c acid s attached
I
5 end I
70S 80S > 18 a
20S G-C
subunit 60S . Hads %::%
subunit 5.8S =
— GG
i . 28S RNA :
30S 16S RNA 40S 18S RNA
subunit ~ subunit P~

- Anticodon sequence (CAU)
pairs with codon in mRNA.
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Hiéu chinh ARN

* MOt sO té bao diéu chinh trinh tu nucleotid dac hiéu trén phan t&
ARN méi dwoc tong hop.

* GOmM: thém, xo4, thay doi base cac nucleotid (VD: khir amin clia
adenine).

* Gap @ MOt s6 phan t& mARN, rARN, va tARN & nguoi.

* Thi du: khir amin cytosine thanh uracil trong gen apoprotein B.
Apoprotein B100 biéu hién & gan, apoprotein B48 biéu hién & rudt.
Tai rudt, mARN duwoc bién tap ti trinh tw CAA thanh UAA (codon két
thuc) = tao apoprotein B48 ngan hon.



DICH MA (TRANSLATION)
VA CAU TRUC PROTEIN



Dich ma

 Giai doan th 2 trong biéu hién gen; dich trinh tu nucleotid cdia phan t&* mARN
thanh trinh tw acid amin cua protein.

e M3 di truyén: moi quan hé gitra trinh tu nucleotid trong ADN (hodc ban phién m3a
ARN cua nd) va trinh ty acid amin trong protein.
« M0i acid amin dwoc quy dinh b&i modt hodc nhiéu bd ba nucleotid (codon) trong ADN.

* Trong dich ma
* mARN: ban sao hoat dong cua gen.

* tARN: phan t& chuyén d6i, ghép cdp codon cia mARN véi acid amin duoc quy dinh = trinh
tu thich hop

* Ribosome (phtrc hgp protein va rARN): noi xay ra dich m3, phdi hop twong tac gitta mARN,
tARN, cidc enzyme va cdc yéu td protein can cho téng hop protein
* Nhiéu protein trai qua qua trinh diéu chinh sau dich ma trudc khi thwe hién chirc
nang trong té bao.



First
Position

M3 di truyén End

U

Uuu
UucC
UUA
UUG

CuUuU
CucC
CUA
CUG

AUU
AUC
AUA

AUG

GUU
GUC
GUA
GUG

Met

—

Val

Second Position

UCu
UCC
UCA
UCG

CCU
CCC
CCA
CCG

ACU
ACC
ACA
ACG

GCU
GCC
GCA
GCG

C

]
j
j
j

Ser

Pro

Thr
Ala

A

UAU
UAC } Tyr

UAA

CAU :
CAC His

gﬁg} GIn

AAU}
aacS Asn

AAA
AAG} Lys

GAU
GAC} Asp

GAA
GAG} Glu

UGU
UGO} Cys

UGA Stop
UGG Trp

CGU

CGC
CGA }‘ﬂ‘rg
CGG

AGU
AGC} Ser

AGA

AGG ( Ar9

GGU
GGC
GGA
GGG

Third
Position
(3' End)

HO>>0C HP>0O0C OHPOC

HOrOC
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anticodon

tRNA

hod acid amin

+ I:|{ //O
H3N —(|3—C\

R 0] -
NN T
HsN f(‘DfC\ p 3" end
H 0" 5 end|l.

Amino [
acid ATP AMP + PPi
NN AN
aminoacyl-tRNA »
synthetase .
bt
anticodon

Aminoacyl-tRNA

Tao lién két peptid

Peptide Bond

O O O O
@ I I @ I T e
HN-CH-C-O" 4 HgN-CH-C-O HoN—CH-C-N-CH-C-0

CHp CHy — CHe CH,

(|3H2 <|3H2

S| S

CHj OH (|3H3 OH

Met Tyr Met-Tyr

€@ Bond breaks

tRNAMet
Ol [
® I

HeN-CH-C—0

&

CH

| ° /
CH, @ New

é peptide

| bond
CHs

4 CH»

A

tRNAUWT
6o © [

HaN-CH-C—0

OH

Tao lién két peptid tai ribosome trong dich m3
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Khé&i dau P Yo iadie ﬁ%

A 3" /met
I ) / } el M
5 cap/ Of Shine- met-tRNA; (Eu)
20 (Eu) Dalgarno or
E (Pr) fmet-tRNA; (Pr)
U V4 \ o
. Kéo dai
O
‘O
b @ AminoacyltRNA binds to A site @ Peptide bond forms. Peptidyl @ Translocation of ribosome 3
O GTP transferase in large subunit nucleotides along the mRNA
EF-TU and EFTS (Pr) GTP
Q eEF-1(Eu) EF-G(Pr)
Shiga toxin inhibits eEF-2(Eu) _ _
N¢e) (cuts 28S rRNA) Pseudomonas and diphtheria
( ) toxin inhibit (ADP-ribosylation)
eEF-2
P
5' A

3 Completed protein released from ribosome
STOP CODON Ribosomal subunits separate
in A Site mRNA Released

Cham drt

Alan COOH

Lys
Leu
HzN-(e) HgN-metLel'I
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Polysome

e Phan t&* mARN rat dai so vdi kich thuwdc ribosome = ¢ cho cho vai
ribosome dich ma vao cung thoi diém.

* Do ribosome dich m3 mARN theo chiéu 5'=3’, ribosome gan dau 3’
nhat c6 doan peptid md&i dai nhat.

* Polysome ton tai tu do & bao tuwong hodc gan vao mang lwdi ndi chat
tho (RER), phu thudc vao protein dang duwoc dich ma.



PRIMARY
STRUCTURE

Gap cudn protein va cac bac cau truc

Amino

Acids § : A
Khi dugc hinh thanh tir ribosome, protein gap cudn } ‘uo\}
thanh cau truc 3 chiéu can thiét cho hoat tinh sinh hoc. i
Nhin chung c6 4 bac cau truc protein: %}{:}
e Bac 1—trinh ty cac acid amin duoc gen quy dinh.

* Bac 2—chuoi acid amin gap lai thanh ciu truc 6n dinh
vé nang luong.
* Hai dang thuvong gap: a-helix, B-pleated sheet
* Dugc tang cwong badi lién két hydro.
* MOt protein cd thé cd 2 loai ciu tric bac 2 nay; mét s -
pertein, nhu collagen, chi chira ciu tric bac 2 dac trung A\
riéng. -

(- helices 3 sheets



Gap cuon proteln Va CadC bac Cau Truc ikl
n ’ N ’ A S A . , [3- sheets
* Bac 3—cac cau truc bac 2 duoc sap xép tao ra hinh dang
3 chiéu cd trat tw cao (TD: cac domain cta phan tir 1gG).
 Tao hinh dang cho protein (hinh cau, sgi).
* Duoc 6n dinh bdi lién két yéu (hydro, ki nudc, ion) va, trong SUATERNARY
mot so protein, lién két cong hoa tri manh disulfide.

e Cac tdc nhan nhu nhiét, urea pha v& cau tric bac 3 = bién tinh
protein = mat chirc nang.

~ ({ -helices

* Bdc 4—nhiéu protein co nhiéu tiéu don vi =2 twong tac
gitra cac tiéu don vi = cau truc bac 4.

Collagen o chain 57



Chaperone

* G3p cudn protein la buwdc quan trong trong tong hop protein.
* Chaperone: loai protein chuyén biét ho tro qua trinh nay.

* Chaperone thuc hién chirc nang & nhiéu khoang té bao, trong do6 co
mang luwdi ndi chat (noi tong hop protein chinh).

« Khong gap cudn = pha huy protein.



Proteasome va ubiquitin

* Mt s6 phién ban protein khong gap cudn ding cach - bj danh dau
dé pha huy bang cach gan cdng hoa tri véi nhiéu ban ubiquitin.

* Polyubiquinated protein dwoc dwa vé proteasome dé pha huy.

* Proteasome la cac phirc hop |&n trong bao tuwong, cé hoat tinh nhiéu
protease = tiéu hoa protein hong thanh peptid.

* Proteasome ciing déng vai trod trong tao peptid khang nguyén dé trinh
dién boi cac phan tr MHC 16p 1. Lo
U ] Proteasome U
U

>_“U

— PEptide
fragments



Bién doi dong hod tri trong luc va sau dich m3

Ngoai viéc hinh thanh lién két disulfide khi protein gap cudn, cac thay

doi doéng hoa tri khac gom:

* Glycosyl hoa: gan oligosaccharide khi protein di qua mang ludi noi
chat va bd Golgi

e Ly gidi protein: cat lién két peptide dé tai ciu truc protein va hoat hod
(proinsulin, trypsinogen, prothrombin)

* Phosphoryl hod: gan phosphate nh& cdc protein kinase

e y-Carboxyl hod: tao vi tri gan CaZ*

* Prenyl hoa: gan nhém lipid farnesyl hodc geranylgeranyl vao mét s6
protein gan mang.
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DNA

mRNA
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ATG
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