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SINH TONG HOP
DNA, RNA, PROTEIN
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NOI DUNG

1.1 CAu truc ctia DNA

1.2 Qua trinh sao chép DNA

1.3 Giai ma thong tin di truyén: RNA (phién ma) va
protein (dich ma)

1.4 Diéu hoa phién ma & sinh vat nhan so

1.5 Diéu hoa phién ma & sinh vat nhan chuan
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| Prokaryote vs. Eukaryote Chromosome

0‘ Prokaryote

( r Central histone - Nucleosome

Spacer histone [’
AP Biology R{L_; 1”‘” .
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1.1. DNA structure

https://www.youtube.com/watch?v=0_-6JXLYS-k
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1.1. DNA structure

Guanine

Cytosine
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FIGURE 2.3 A rod-ribbon model of CH \G
double-helical DNA. The rods repre- 2 \
sent the complementary base pairs, o=
and the ribbons represent the deoxyri- o
bosﬂmbmﬁphate backbones. TS. Nguyén Ngoc Phuong Thao 13
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RNA vs DNA

[V vanLANG

OH OH

The Chemical Structures of Deoxyribose (left) and Ribose (right) Sugars
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] e RNA vs DNA
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1.2. SAO CHEP DNA
VANLANG ne=.
(DNA REPLICATION)
. DNA single-strand
lagging PNA DNA polymerase 11| binding proteins
Slrélmri ligase poiymlerase | | prirrllase /[\ helicase
5 1 "
3 F 1 P 4 X \ =7
5 | 5
s | !
leading strand parent DNA
_ DMNA gyrase
overall direction of replication =
“replication fork
https://www.youtube.com/watch?v=TNKWgcFPHqw&ab_channel=yourgenome
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1.2 SAO CHEP DNA
(DNA REPLICATION)
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1 Tach mach doi, hinh thanh chac ba sao Helicase, gyrase, single-
chép (replication fork) tai vi tri khdi dau  strand binding protein
sao chép (replication origin)

2 Tao RNA primers Primase
Tao soi b6 sung theo chiéu 5’-3 DNA polymerase lll,
Leading strand: lién tuc primer, dNTPs
Lagging strand: doan okazaki primase

4 Loai bo RNA primers Exonuclease
Thay thé& bang cac dNTPs DNA polymerase |

5 NGi cdc doan okazaki DNA ligase
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1.3. PHIEN MA VA DICH MA
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1.3.1 Phién ma
(FROM DNA TO RNA)
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https://www.youtube.com/watch?v=_Zyb8bpGMRO0O&ab_channel=ArmanHossain

¢ "mRNA transcript direction of transcription
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1.3.1 Phién ma
(FROM DNA TO RNA)

[No._lquétinh | Cécnhantthamgia

1 Thao xodn, m& mach, cic protein bam Transcription factors, RNA
dinh 1én s@i DNA tai vung promoter polymerase

2 Kéo dai chudi polymer, chiéu 5’ dén 3’ NTPs, RNA polymerase

3 Két thic phién ma Yéu t6 két thuc (terminator)

4 Tach s@i RNA va DNA

5 Gan nén 5’ va dudi polyA

6 Intron splicing Spliceosome

7 Di chuyén mRNA vao té bao chat

* RNA polymerase | transcribes genes encoding ribosomal RNA (rRNA)
* RNA polymerase Il transcribes messenger RNA (mRNA).
* RNA polymerase Ill transcribes genes encoding transfer RNAs (tRNA)
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1.3.2 Dich m3
(RNA to PROTEIN)

7] vanLanG

https://www.youtube.com/watch?v=NDIJexTT9j0&ab_channel=RedMedBd

large ) )
subunit ____large ribosomal subunit

E site A site

MRNA
binding
site

small ribosomal subunit
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. 1.3.2 Dich ma

[No._lQuétinh | CécnhantSthamgia

1 Initiation (bat dau) tao phirc hop ribosome, mRNA,
ribosome, mRNA, tRNAMet tRNAMet
-Tiéu phan nhé ribosome bam lén
mRNA, nhan dién codon khai dau (AUG)
-tRNAMet bam I&n codon khéi dau
-Tiéu phan 16n lién két véi tiéu phan nho
tao phirc hop

VANLANG

large
ribosomal
subunit

initiatior

small
ribosomal
subunit
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1.3.2 Dich m3
(RNA to PROTEIN)

n“ L
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1 Initiation
2 Enlongation (kéo dai) Ribosome, cac tRNA,
- tRNAanticodon2 §&n vj tri Acceptor (A) mRNA

-lién két peptide véi Met

-tRNAMet bi deacylated, dich qua vj tri Exit
(E)

-tRNAznticodon2 dfj chyy&n qua vi tri Peptidyl (P)
-.... C&* nhu thé chubi protein dugc kéo dai

la rge
ribosomal
subunit
_-_
B 5 3
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1.3.2 Dich ma
(RNA to PROTEIN)

1. codon recognition

VANLANG
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3.translocation

Dich ma: giai doan kéo dai (Enlongation)
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1.3.2 Dich m3
(RNA to PROTEIN)

(] vanLans

1 Initiation

2 Enlongation
Termination: tai codon két thuc, yéu t& Ribosome, Release
release factor chiém |4y vj tri A. Qua Factor, mRNA

trinh tao chubi polypeptide ngirng

@
'*’*’ﬁﬁ free peptide

STOP codon - .
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TABLE 21 Genetic code and codon usage in E. coli and humans (continued)

A R Frequency of use inc
E coli Humans
- ~ coc Alanine 025 0.40
v VANLANG AAG Lysine 024 0.60
UNIVERSITY I c m a AAA Lysine 076 040
H AAU Asparagine 030 044
AAC Asparagine 061 056
AUG Methionine 100 100
AUA Isoleucine 007 oM
AUU Isaleucine 047 035
AUC Isaleucine 046 051
ACG Threonine 023 o
) ) . ACA Threonine 0.1z 027
TABLE 21 Cenetic code and codon usage in E. coli and humans ACU Threonine 0 023
ACC Threonine 043 038
Frequency of use in: ucc Tryptophan 1.00 100
Codan Amino acid E colf T ucu Cysteine 043 042
. ucc Cysteine 057 0.58
CCG Clycine 013 023 UCA Stap 030 06l
GCA Clycine 00 026 UAG Stop 0.09 0.17
. S UAA Stop 062 022
GGU Glycine 038 018 UAU Tyrosine 053 042
GGC Clycine 040 033 UAC Tyrosine 047 058
GAG Glutamic acid 0.30 050 UUTJ[CJ g::nylatnfm g—i‘) 3:3
GAA Glutamic acid 070 041 ol e iz i)
GAU Aspartic acid (.59 044 ucA Serine 012 015
CAC Aspartic acid 041 056 HE'C" g::z g':‘; 3;2
GUG Valine 034 048 AGU Sorine 01 014
CUA Valine 017 010 AGC Serine 027 035
: fale’e} Arginine 008 019
Guu Valine 029 017 CCA A e 010
GuiC Valine 0.20 {15 CGU Arginine 042 0.00
: oG Arginine 037 019
foa Alay e e A ACG Arginine 003 02
GCA Alanine 022 022 AGA Arginine 004 021
GCu Alanine 019 028 CAG Glutamine 069 073
- CAA Clutamine 031 027
(comtinued) cAu Histidine 052 a41
cac Histicline 045 059
cuG Leucine 055 043
cua Leucine 003 007
cuu Leucine 01 012
cuc Leucine 010 020
uuG Leucine 011 012
UUA Leucine 011 006
coce Proline 055 o1
% . CCA Proli 020 027
11/4/2021 TS. Nguyén Ngoc Phwong Théo ¢ca i 016 029
acc Proline 010 033
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Cau hoi ngan - Elearning
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1.4. PIEU HOA PHIEN MA O
PROKARYOTES
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s CAC MO HINH PIEU HOA CHINH

A. Uc ché (negative regulation) RNA polymerase thuc hién
phién ma bdi repressor protein
— Inducer: khi yéu t6 bén ngoai méi trworng kich hoat thuc
hién phién ma
— Co-Repressor: khi yéu tb bén ngoai méi trwdng bat hoat
phién ma
— Effector: tir dung chung cho inducer va co-repressor

B. Kich hoat (positive regulation) RNA polymerase thyc hién
phién ma bdi activator protein
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ki CAU TRUC GENE O PROKARYOTES

=35 -10 +1
i
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* Promoter © RBS Structural gene Terminator
5y v p2 " —
DNA NGOG \/’\/\i’\/\/\/‘v \"7,. 9

Activation Repression

* Operon: 1 hodc nhiéu CDS

* Coding Sequence (CDS): start codon, stop codon

*  Promoter (-35 box: TTGACA, -10 box (Pribnow box): TATAAT )

e TSS, Transcription Stop Site

* Operator: viing trinh ty xung quanh vi tri bam dinh ctia RNA polymerase
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31

31

T M6 hinh diéu hoa 1

—s=J| Mo transcription
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@ AT —m- R: Repressor protein

L E: Effector
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k
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FIGURE 224 Induction of the on state for transcription of a bacterial operon. The
repressor protein (R) binds to the operator region and blocks transcription. The
binding of an effector molecule (E) to the repressor protein changes the conforma-
tion of the repressor protein. The repressor protein-effector (RE) complex cannot
bind to the operator region; thus, A polymerase can transcribe the opern.
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M6 hinh diéu hoa 2

FGURE 2.25 Induction of the off state for transeription of a bacterial operon. The

binding of a corepressor maolecule (C) to an inactive repressor protein (IR) changes

the conformation of the repressor protein. The corepressor—repressor protein com-

lex (IR-C) binds to the operator region and blocks transcripticn of the operon by
A polymerase.
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IR: inactive repressor
C: co-repressor
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Vi du 1: Tryptophan operon

When tryptophan is present, the trp repressor binds
the operator, and RNA synthesis is blocked.

Promoter | B Operator ) | trpE | trpD | trpC | trpB | trpA |

RNA Polymerase S ‘_ Tryptophan

In the absence of tryptophan, the repressor dissociates
from the operator, and RNA synthesis proceeds.

Promoter Operator | trpE | trpD | trpC | trpB | trpA |

RNA Polymerase ™=

 Repressor

5 genes tham gia sinh téng hgp tryptophan: trpABCDE
OFF: khi trong moi trwong da co Tryptophan

11/4/2021 ON: khi trong moi trudngk%gg'gﬂ'mégg@m Thao
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OFF: w/o lactose

ON: w lactose

11/4/2021

Vi du 2: Lac operon

In the absence of lactose, the /ac repressor binds the
operator, and transcription is blocked.

promoter operator IIacZ lacY | lacA

RNA polymerase* repressor

In the presence of lactose, the lac repressor is released from
the operator, and transcription proceeds at a slow rate.

promoter | operator | lacZ | lacY | lacA |

RNA polymerase ———>

repressor

lactose

3 genes ma hod enzyme chuyén hod lactose: LacZYA
Repressor: Lacl

TS. Nguyén Ngoc Phuong Théo
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A O hinh diéu hoa
Activator-
binding site
e Promoter i
L RNA
\ Transcription|
proceeds
(a) protein
Promoter Ji
RNA
Activator protein —_ 7 L
Activator-
binding site
)
* RNA polymerase bam dinh y&u vao promoter
* Activator gitip RNA polymerase nhan ra promoter: thay d&i cdu tric DNA
hodc tuong tac vdi RNA polymerase
* Vi tri bam dinh vé&i activator cé thé cach xa vi tri promoter (vai trdm base
pair)
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ST \/i du 3: maltose catabolism

Activator-
binding site

Oe)mal Promoter ) malE ). malf ) malG )

(@)

Activator-
binding site

.)Jmal Promoter

i m — b — [Transcription proceeds]
—-/
Maltose activator protein

Inducer
(maltose)

Maltose activator protein: MalT
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s Ung dung: IPTG inducible promoter
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1.4. PIEU HOA PHIEN MA O
EUKARYOTES
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4 ’ ~n DN by [N
Cac murc do diéu hoa phién
~ >
ma O eukaryotes
* Cau tric soi chromatin
* Khéi dau phién ma
* Qua trinh “ché bién” sdn pham RNA: splicing, 5’ methyl
guanosine, 3’ polyA
e Qua trinh van chuyén sgi mRNA
* PO bén clia sgi mRNA
https://themedicalbiochemistrypage.org/regulation-of-gene-
expression/#Histone_Modifications,_Chromatin_Structure,_Transcriptional_Regulation
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S Diéu hoa trwde phién ma

Chromosome

S e
&D:.mid}égé
Gos®

Soi DNA dugc nén lai cung véi cac histone. Cau truc sgi NST phai dwoc thay d6i

Loops and Folds

dé cac enzyme ti€p xtic DNA va thyc hién phién ma.

« Acetyl hoa histone gitp ndi ldng soi chromatin dé thyc hién phién m3
* Deacetyl hod histone: déng

* Methyl hod, ubiquitin hod, phosphoryl hod histone...
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, Céu tric gene
VANLANG z
s la t& bao nhan chuan
RNA transcript
-100 -80 -25 +1
| Enhancer |- {GChox  CAAT box
Proximal Promoter  Core Promoter  Protein-coding Gene
Specific TF Specific TF Basal TF
TF =transcription factor E=exon I =intron RNAP =RNA polymerase
General structure of a eukaryotic gene and its major regulatory regions
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Cac yéu t6 phién ma
(transcriptional factors-TFs)
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DNA 00

RNA polymerase Enhancers

Gene
& Q Promoter
Promoter Transcription
Enhancer: viing DNA Tachors 0 ;)
thwong xa CDS, noi cac 0%

TF bam vao RNA polymerase - \":

TF: cac protein diéu hoa,

bdm Ién vung enhancer

=
va gilip RNAP bam vao W
promoter dé khéi dau P
phién m3 of DNA

@~ = Transcripion
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Sl Qua trinh process soi RNA

Exons

,———===”——| e

l Transcription

l?'::;cript [ -:- H . - ﬂ
l

Splicing cuts out introns,
pastes together exons

v | NS o SN
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TOM TAT

1.1 CAu trdc ciia DNA

1.2 Qua trinh sao chép DNA

1.3 Giai ma thong tin di truyén: RNA (phién
ma) va protein (dich ma)

1.4 Diéu hoa phién ma & sinh vat nhan so
1.5 Dieu hoa phién ma & sinh vat nhan
chuan

11/4/2021 TS. Nguyén Ngoc Phuong Théo 45

45
CHUONG 2:
CONG NGHE DNA TAITO HOP
NGUYENNGQCPHUONGTHAO
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