i
I i

| | q A
w Regulation of Gene Expression

MMMMMMM

A ERKFEUMEFR
EIMEFES D FEVFHRE

M Southern Medical University Email: zhoujueyu@126.com Tel: 61648209




=2 [ ] &

Grone

g DN A, s— i - A v e —

PIREE R vy 2 0
Posttranscripivnal
l ?Fg i}é 7]'] I IJI'C'MH.‘?TQ' i Jnmm

— egradation
b&?ﬂm RNA Maturs mRNA AN
XYY

Translation

LB QA EESEA?
FEEREAR m ()

»

MZ = Posttranslational ' '

J ﬁ'n\l'*- H 19% processing l/ Protein
degradation

= Modified

BrREMEAR poein § |

- s
factive) 4 JH



1| 2 3| &4 |8 6 7 ]
v

'“I(‘ r
A4
‘x‘i\'i"\‘.:a.u"-(_!g “
AR RN LAE R ERED

17 18 19 20 2 22

AR AR KT ARTART




The fundamental problem of chemical
physiology and of embryology is to
understand why tissue cells @ not all
express, all the time, all thie potentialities
inherent in their genonie.

—Francois Jacob znd Jacques Monod

Jourinal of Molecular Biology, 1961
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Frangois Jacob lacques Monod, 1910-1976
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temporal specificity cor stage specificity

why in the infant not in the aged ones?

° éE.—/\fl:% I‘*E
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Muscle Cell

Genes for...

Glycolysis enzymes  On

Muscle contraction  On
proteins

Glucagon Off
Insulin Off
Hemoglobin Off

Alpha Cells

On
Off

On
Off
Off

Beta Cells

On
Off

Off
On
Off

White Cells

On
Off

Off
Off
Off

Red Cells
(Immature)

On
Off

Off
Off
On
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Different proteome

Same genome
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Lactose Galactoside permease
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Metabolism of lactose

lac operon
£ A i
RMNA polymerase e
DNA T % A

B- % 8% 3 8

52



% The Nobel Prize in Physiology or
” Medicine 1965

“for their discoveries concerning genetic/control of
enzyme and virus synthesis”

lacques Monod, 1910-1976

In 1961, Discovered operon theory through studies of
Lac- mutants \bacterial cells unable to utilize lactose)
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5S4 (Inducer):

FLPESR FLEERUIPTG (BRAEP-D-FXF-F 53

Absence of inducer

Operator - lac operon ———

Repressor binds to
operator, preventing
transcription of lac operon

Repressor

11
) g

Presence of inducer

@ |
Inducer B-Galactosidase /
Permease

@ Trans-

acetylase
Inducer-repressor Transcription and
complex does not translation of
bind to operator lac structural genes
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Er:%w Lac Operon

i e U B

Play | Pause Audio | Text
The expression of genes can be transcriptionally regulated. Such
regulation is a critical feature of both eukaryotic and prokaryotic
organisms.
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Cap binding

site

CAP protein—cyclic AMP complex

Double-stranded DNA

A

Start site
for transcription

Figure 10-51 Activation of Transcription by the CAP
Protein-Cyclic AMP Complex Binding of the CAP
protein-cyclic AMP complex to its DNA binding site causes
DNA to bend, bringing the CAP protein close to RNA poly-
merase.
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iﬁw Combination of Switches: the Lac Operon

Glucose present - lactose present

Play | Pause ® Audio | Text

When lactose is present, a lactose isomer binds to the repressor and inactivates
it. This prevents the repressor from binding to the operator site.
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Eﬁw The Trvptophan Repressor

ﬂm_- C [ trpB (trpA (|

Play | Pause | | Audio | Text
In the bacterium Escherichia coli,a group of five genes code for enzymes required
to synthesize the amino acid tryptophan. All five genes are transcribed together
as a unit called an operon.
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1 i a0 100 140
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{b} Translation of trp leader
High tryptophan Low tryptophan

B' —
2
—_—3
Wy 2-3 stem-
loop
RMNA forms
polymerase
4 terminates
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L Acetylation
Methylation

A Phosphorylation
ey

M i‘\ / Histone modifications
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|
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Nucleosome \ Nﬁ \C@_@) N¢ \C@
| [l I I
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I I
H H

Chromosome DNA methylation
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Histone code hypothesis

— L =3 Ny
‘HEE H R
-
s . TS oh
Hpac 4} HAT A op 4y H3 H
Kinase H2A Ac-SGRGKQGGKARA.. AVLIPKKTESHHKAKG K -COOH
Mey pc AC 4. Me Ac 1 5 119
A - Koy Me Ac K Ac Me
Nn:‘@-ﬁ 18 :g\Af o QAV!"w\K Qe
10 = KY 23 14%s K - I - o
28 £2 27 10 g\N A Az P |Ag A
1 H2B NHo-PEPVKSAFVPKKGSKKAINK..VKYTSSK-COOH
20 on 5.5 5 12 1415 20 120 (123 in yeast)
1 5 8 12 16 M:.K-:’Z E’K:Q
s.K~K-K'K Me Ac K-AK c
®Ac Ac peAc Ac Ac Me Me Me
e F Az AgP P & MelAz> Rz MelAe>P Me Me
Ac Ac \
o AcpKmmity Ac H3 NH>-ARTKQTARKSTGGKAPRKQLASKAARKSA.GVKK..EFKTD ..

15 12 234 91011 14 1718 23 262728 36 79
K \
1 /
3/5 i
o 19 "\120
- "

- C P Me | G Az Ac> Me
“® &
H4 Ac-SGRGKGGKGLGKGGAKRHRKVLRDNIQGIT ..
On) 1 3 5 8 12 16 20 :
@ Current B|Oiogy

The histone cncue aypothesis predicts that the post-translational
modifications cf histones, alone or in combination, function to

direct specific and distinct DNA-templated programs.
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Transcription factors
RMNA polymerase

Transcription t © Acetylation

Methyl-CpG 4 ] Histone deacetylase
binding pmtainso l o
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Transcription © Deacetylation
| N Transcription factors
‘, ; ] :

Chromatin compaction
Transcriptional silencing
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FWM=(EF (epigenetics)

- AMZEF—18, Zepigenesis (B mR) A=
genetics 49 /& Ak 79

c REAREEZBRFBRFINEF oA B R AR T H AL
S L

« Epigenetics refers to heritable alterations in
gene expression that do not entail changes in
nucleotide seguence.
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@ DNA methylation Maintenance DNMT de novo DNMT
Hemimethylated DNA . Recruited by EZH2 and G9A (HMTs) |
- - Interaction with nucleosomes
It is recruited to methylated %
DNA by URHF1 containing methylated DNA
Directly repressed by miR-29b

Indirectly repressed by miR-29b,
through SP1 DNMTS3A is recruited by HRR3me

)

: i Acetylation Methylation Phosphorylation
b Histone modifications Ciaca Y ey
HDAC1 and 2 can be SETDB1 and Suv3%h H3S10ph blocks H3K9me
recruited by MeCP2 g . [HMTs) are recruited
MBD1 ;
mir-449a targets HDAC1 ' Ly s H3S10ph facilitates H3
9 . KDM1B (HDM) is required recognition by GCN5 (HAT)
to establish matemal
SET7 (HMT) regulates genomic imprint @ JAK2 phosphorylates H3,
DNMT1 stability LSD1 is & subunit of the releasing HP 1«
among others... / NuRD complex / y
_ _ SWI/SNF ISWI Mi-2 INO80
C Chromatin remedeling
miR-9* and miR-124 mediate . NURF recognizes the CHDS expression is SWR1 removes the H2A-H2B
the BAF to npBAF switch H3K4me3 repressed by CpG island dimmers and replaces them
methylation with H2A.Z-H2B dimmers
- : H4K16ac inhibits chromatin
BRM is recruited by MeCP2 | 1 ornodeling by ISWI MBD3 is an integral ———
subunit of Mi-2/NurD p400 activity
ISW2 excludes SWI/SNF SET domains (HMT)
from promoters by recognize ISWI-remodeled HDAC and 2 are integral H2Aph enhances INO80
postioning nucleosomes /  nucleosomal species / components of Mi-ZNuRD// recruitment /
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INcRNAZ £ 8 219 Th&E

Long non-coding RNAs (IncRNA) are non-prat2in coding
transcripts longer than 200 nucleotides {feirkel 2013)

©
RNA decoy microRNA sponge RNP companent
, ’, microRNP
Transcription factors IncRN A ;3 ( ’ \S\@ Protelns
y - 7\ @ INCRNA
IncRNA 'MRNA )
\/‘\ 2 IncENA nteracting proteins

—Ela—m!h

o

==

INcCRNA
Chromatin modifiers mRNA

o Recruiron: o)
chroraiin modifiers \
6Translatlon Sphclng Degr p—
inhibition modulation
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b EleiliNA

X Ad.&:}

Jon petition between
crnonical- and back-splicing

ElciRNA enhanced
transcription

|
|
|
.

A%

Splicing and transcription

Phosporylation,
ubiquitination,
acetylation etc.

Regulation of RBP
dependent functions

Translation

Eroteiy scal“olding
Figure 2. Putative functions i circRi'As in cancer. (a) Many circRNAs are likely to function as miRNA sponges or decoys. Binding of miRNAs to
circRNAs may release targe { m81UAs from miRNA-dependent degradation resulting in more efficient translation. (b) Exon-intron circRNAs have
been shown to associa®e with RN A pol Il and enhance the transcription of their parental genes via interaction with U1 snRNP. Splicing and
transcription of many gene_ ey also be indirectly requlated through a competition between canonical splicing and back splicing. However, it
is largely unknowin which factors may impinge on the balance between circRNA and canonical linear splicing. (¢) CircRNAs with binding motifs
for an enzyme ana.its suhstrate may function as scaffolds facilitating co-localization and reaction kinetics. (d) CircRNAs with RNA-binding
protein-binding moti= miay function as sponges or decoys for proteins and thereby regulate their activity. (e) CircRNAs with IRES elements
and AUG sites may, uinder certain circumstances, be used as templates for translation; however, it is currently unknown if this has any

relevance in cancer.

130



B RIKIEE

—. BSUKFEREE

(=) WAERATHRREEZERE
ik S A S P

PRAERS, REABAERESSAHIETE
& ¥ ie K DNARF.

& 3T (prom

Al

75 3B R
i

LA (silencer)

131



RBEhF

D ENX #RNARLEsLELL S E RN —4
BERIER A, 2V aE A FAL R
B —ANVA L8 oh gk 4R 4%,

@ %5

SR T: TATASE; HITATAS R %% KA 45
B BP R A BR B R 69 B B T

m CAATE . GC&IFtF

m LHFEERD, aECRINRB BT,

132




5'

B RIKIEE

80 ~ -110 20 ~ -80 25~-30 3
T YN s 0
CG CAAT TATA
box hox box

TATA: ZHEFRFHRER.

CAAT
} FEHIE R ISR
CG

133



B RO

= s i e i gy SESRRIA R
- - -Jccaata GC& i TATAS l— -
AN~
o LSRRl g
AYAYA VoV NN
B EE B o FRIHE B

134



1858

D ENX THHEFALLL E(1-30Kb), &2 LR
IR AR R, IR TAHFTELWDNAR
7,

@ ¥5m,

IEHER . LG — (THRARE LAY
BAF) . BAFE .

Mg E3F, XHERERT, B THEE RN
W, ARSI TF, BT ELERFEER,

135



2E SRR
JLEA T

D EX WA MR T it G 54 4F A
A 3L 75 I XA B 74 nPRIAE R,
@ He A6/ ARARTH, SEREFR
AL MG AE o

F 2DNAF Z|BR 7T AME Ay Bk, X°T AE
A RNBERATTAARERXATER, LTRET
MmN AL RE TR

136



He RIS ETE

(Z) RXNEABEFSIRN{EREE
= EREFRIETEE

f

)-

e SDNAEIEFFINHEE/EFAMEE
¥, UFRiAEER. BESIMNIER THS
M EE 5, B REEFET

i
s

137



B RIKIEE

B

LA 4,54 e

. \
LIE=w b O RHRE

BCARAE R & 8 5 XAF H & &

138



B RIKIEE

HTBE 4y 2
EX%EREF: RNARSBEL G 3T 44650
WLEW—EEa R

FRERET: ANAIAESEFITLM, RE
GARNEZHFREL, QEHZTATET
AT E T

HRAGERT: SR TES
ERAGIET: SHRTES

A W

139



B RIKIEE

Basal factors and special factors
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Aa:ti:';ws General transcription factors
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iPS ( induced pluripotent stem cell, i ESZEE-2HiE )

2006 mouse iPS

2007 human iPS

Shinya Yamaﬁaké

Vi) | “-‘\ W \
Ui MR 618 R |
(| R A {1 A A
\ \ I 1
\ ) AN AL | iR W
VSRR (IR | 1SR
i\ RIS | g B\
' T AL ALY | 1l ™ | \
M.,_(ﬂ | ““H‘ INLT | il AR
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Cell. 2006 Aug 25;126(4):663-76.
. 2007 Nov 30;131(%):861-72
Science. 2007 Dec 27;318(5858):1917-20.
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3 Reprogramming CLINICAL APPLICATIONS
i Factors: =
W -Octd  -Kif4 Ectoderm:
RN - Sox2 - e-Myc - Skin replacement
4 == y - Nerve grafts
‘l .\ﬁ” & * & s Mesoderm:
3 < 1r - Fat
Patient gl = " -
m Eﬁ @ = Cartilage
bom - ™) - Muscle
—‘&% = -Bone
e W " Endoderm:
/__-f:& i - Solid organ
Somatic L replacemen t
Adult Cells =

Mouse Fibrobalsts
Human Fibrobalsts

IPS Cells
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iPS ( induced pluripotent stem cell ESZEE-F4Hb )
2006 mouse iPS Wi "
2007 human iPS | |
2008 Diseases iPS

2009 from iPS to viable mice

NATURE 461, September 3, 2009
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iPS (induced pluripotent stem cell {ESZaE-F4HAE )
2006 mouse iPS
2007 human iPS
2008 Diseases iPS
2009 from iPS to viable mice
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Reprogramming Cells

Examples of transcription factor overexpressicn or
ablation experiments that result in cell fate changes

a b c d e f

Fibroblasts Monocytic Fibrablasts B cells B cells Exocrine cells

precursars

D ® ©
b
Cct4
s Pdx 1
GATA1 Sox2 | C/EBPa Pax5 Ngn3
Kif4 ablation MaiA
Mye 2
A\ \J \J Y Y
“w® o a @
%gkﬁ“ %ﬁéy :
Erythroid-
Muscle megakaryocytic iPS cells Macrophages Toeks, Islet -cells
cells : : macrophages
cells, ecsinophils 156
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RNA T i (RNA interference, RNAi)

dsRNA
& URNA sense

antisense antisense

inject

C. elegans
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3 3% LRNA 93 4tdsRN

Mex-3 mRNA detection in embryos
by in situ hybridization

Fire Aetal Nature 1998 391:806-811
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The Nobel Prize in
Physiology or Medicine
2006

Photo: L. Cicero Photo: . l"'.-"|III|I|I.EI'I'|
Andrew Z. Fire Craig C. Mello
Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physiology or Medicine 2006 was awarded jointly
to Andrew Z. Fire and Craig C. Mello “for their discovery of RNA

fnterference - gene sifencing by double-stranded RNA"
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Comparison of Regulation of Gene Expression
Between Prokaryotes and Eukaryctes

Prokaryotes < &ukaryotes

- FAEDNAZ S ERITHIER Yes Yes
- RBEREHFN No Yes
BRI\ F B EEE Yes No

« NEIBTHE No Yes

« BRTR Yes No
* fliPoly (A) No Yes
- ERGKREIE No Yes

« FhEIRE Yes Yes 190
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