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In eukaryotes gene expression
IS regulated at different levels

1 - Transcription

2 — Post-transcriptional modifications
3 — RNA transport

4 — Translation

5 - mRNA degradation

6 — Post- translational modifications

NUCLEUS CYTOSOL mRNA

degradation 5
control

1 2 3
transcriptional RNA RNA
control processing transport translation protein
control and control activity . .
localization control Inactl\fe
control 6 protein

igure 7-5 Molecular Biology of the Cell 5/e (© Garland Science 2008)




Transcription

For most genes the initiation of RNA transcription is the most

Important point of control

Coding
Strand
\ ITTITTITITITIITTTTIT
Template
Strand




Genetic analysis carried out in the 1950s provided the first

evidence for the existence of gene regulatory proteins

(“transcription factors”) that turn specific genes on or off.




Switching the tryptophan genes
on and off

promoter

1
start of transcription
l—h—

-35 L =10 +1 +20
operator

inactive repressor

‘ I}NA polymerase

tryptophan L\ '

active repressor

GENES ARE ON GENES ARE OFF

Figure 7-35 Molecular Biology of the Cell 5/e (© Garland Science 2008)




Control of transcription In
prokaryotes

NEGATIVE REGULATION

(A bound repressor protein prevents transcription

bound repressor

protein \.
—

o ——— fr—
TO REMOVE

REGULATORY /\
PROTEIN ‘ “

FROM DNA

ADDITION OF LIGAND
SWITCHES GENE ON BY
REMOVING REPRESSOR
PROTEIN

GENE OFF
LIGAND BINDS '

GENE OFF

LIGAND BINDS
TO ALLOW
REGULATORY
PROTEINTO
BIND TO

DNA

REMOVAL OF LIGAND inactive repressor
SWITCHES GENE ON

BY REMOVING

REPRESSOR PROTEIN

Figure 7-37 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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POSITIVE REGULATION
bound activator protein promotes transcription

bound activator RNA polymerase
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Bacteria Sigma Factors to
regulate gene transcription

RNA polymerase with RNA polymerase with
bacterial sigma factor viral sigmalike factor

early genes

Figure 7-43 Molecular Biology of the Cell 5/e (© Garland Science 2008




Gene regulation in eukaryotes
Involves many more proteins

general

transcription RNA polymerase I gene
gene regulatory proteins

factors regulatory
1 proteins
N 900e gene X —— A

= I quﬂa‘b .

HE
7 TATA L ]
regulatory spacer DNA I ‘

1

sequence promoter

the gene control region for gene X

Mediator

RNA transcript
Figure 7-44 Molecular Biology of the Cell 5/e (© Garland Science 2008)




Transcription initiation in
Eukaryotes




Transcription control

RNA polymerase Il requires 5 general

Bacterial RNA polymerase requires 1 TES

general TFs, the o subunit

Operons — sets of related genes

transcribed as a unit Regulate each gene individually

Controlled by many (sometimes
hundreds) regulatory proteins, which
may act over very large distances.

Each gene is controlled by one or few
regulatory proteins

Mediator, a 24-subunit complex
promotes the contact between RNA
polymerase and regulatory proteins

RNA polymerase is the only contact
area for gene regulatory proteins

Not available Chromatin provides opportunities for
transcriptional regulation




cis-elements are present in both
prokaryotes and eukaryotes

Table 7-1 Some Gene Regulatory Proteins and the DNA Sequences That They
Recognize

Bacteria Lac repressor 5’ Bldh"'}'cla'}'(lz%?clzcla%'ll'ﬂuri 1
3/ TTAACACTCGCCTATTGTTAA

< IR
ACACTCAATCGAGTGA

Lambda repressor TATCALF(FG? CAGAGGT
CTEGCEETCTCCA

iy CEPTATITEEToRS
GCCTCCTGACAGGAGGC

e S
GTACATTAA

o MBI
TACTGAGTA

Drosophila Kruppel AACGEE A
TTGCCCAATT
et SIETTAR
CCCTAATCT
Mammals Sp1 GGGC(IE?

1
[s{sls e alel

Oct1 Pou domain

AT
TACGTTTA

akr THARS
ACTATC
MyoD CAAATG

1 I I I |
GTTTAC

ps2 PRI
CCCGTTCAG.

*For convenience, only one recognition sequence, rather than a consensus sequence (see
Figure 6-12), is given for each protein.

Table 7-1 Molecular Biology of the Cell 5/e (© Garland Science 2008)




Eukaryotes show three levels of
transcriptional regulation

1 - Chromatin structure In gene regulation
2 - RNA and transcriptional modulation of gene expression

3 - Transcription factors regulating gene expression




Chromatin structure in gene regulation

core histones
i i %\O\W\\/ 2
linker DNA of nucleosome DNA double helix nm

“beads-on-a-string” nucleosome includes
form of chromatin ~200 nucleotide

pairs of DNA
NUCLEASE
DIGESTS
LINKER DNA

“beads-on-a-string”
form of chromatin

30-nm chromatin

- fiber of packed
*m J e % "awe - nucleosomes

released £ Iy section of
nucleosome ' }} 11nm chromosome in
core particle | extended form

DISSOCIATION
WITH HIGH
CONCENTRATION

OF SALT condensed section

of chromosome

octamern:

147-nucleotide-pair
h'“°"f €©' DNA double helix
centromere

DISSOCIATION entire
’\ mitotic 1400 nm

chromosome

( 1 1 1 NET RESULT: EACH DNA MOLECULE HAS BEEN
P w¥L 4o Ap PACKAGED INTO A MITOTIC CHROMOSOME THAT
H2A H2B H3 Ha 1S 10,000-FOLD SHORTER THAN ITS EXTENDED LENGTH

Figure 4-23 Molecular Biology of the Cell 5/e (© Garland Science 2008) Figure 4-72 Molecular Biology of the Cell 5/e (© Garland Science 2008)




Chromatin structure in gene regulation

Histone talils

H2B tail

H2A tail H3 tail
V

H2A tail = @

H4 tail

H2B tail

H3 tail

Figure 4-33a Molecular Biology of the Cell 5/e (© Garland Science 2008)




Chromatin structure in gene regulation

Histone code

s ® o8 N oo I 33{" 3¢*

GRGKQGGKARARAKTRSSRAGLQFPVGRV j
5 9 13 15 KS RKS
9210 14 1718 23 262728

Figure 4-44a Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Figure 4-39b Molecular Biology of the Cell 5/e (© Garland Science 2008) x Ch romosome inactivati’(’ n
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Chromatin structure in gene regulation

Histone code for
transcription initiation

Writing and
reading the histone -

code during o el Ny N

transcription et T .

transferase chromatin

Inrtiation B ; remodeling

complex TFIID

histone acetyl transferase

H4KS
HAKB—& N H3K14
“',‘ "

gene activator protein \
. &

chromatin remodeling
complex

gene activator protein
histone

+
kinase

histone
kinase i
histone
code for
transcription REMAINDER OF TRANSCRIPTION
initiation MACHINERY ASSEMBLIES

'

TRANSCRIPTION




Chromatin structure in gene regulation

Activators alter chromatin structure to stimulate
transcription initiation

— m
chromatin remodeling

complex remodeled nucleosomes

histone chaperone

1 j TATA
gene activator protein é é é .6 U éé %
L

histone removal

(OOOOOQ histone chaperone
OO0O00O0000 — o
general transcription

39
TATA TATA factors, Mediator, and RNA
& 2 polymerasell
1

histone-modifying histone replacement
enzyme

] i

specific pattern of
histone modification

— TRANSCRIPTION

Figure 7-46 Molecular Biolegy of the Cell 5/e (© Garland Science 2008)




Chromatin structure In gene regulation

Six ways In which eukaryotic gene repressors operate

activator_ ..,— actlvatmn surface
competitive

I repressor
DNA

binding TATA
bmdmg site

binding site for repressor

for activator

Figure 7-50a Molecular Biology of the Cell 5/e (© Garland Science 2008)

L5

surface ‘—I—' '—l—'

binding site binding site
for activator forrepressor

Figure 7-50b Molecular Biology of the Cell 5/e (© Garland Science 2008)

masking the
activation ————

o . binding site
binding site oy activator
for repressor

direct interaction
with the general
transcription factors

Figure 7-50c Molecular Biology of the Cell 5/e (© Garland Science 2008)
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histone methyl transferase

S
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VWVV
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to methylated histones

histone methylation
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RNA and transcriptional
modulation of gene expression

Small RNA
directed TGS

Although the exact function of
AGO1 and AGO2 in transcriptional
silencing is not known, it is
possible that the positively
charged Argonaute proteins
promote sequence-specific
association between RNAs and
their complementary targets

RNA/RNA

RNA/DNA

Hawkins and Morris
Cell Cycle 2008 7, 602




MIRNA processing and mechanism
of action

CLEAVAGE
4

“CROPPING”
A

Anha NUCLEUS

CYTOSOL
CLEAVAGE

“DICING”
A

Argonaute and

other proteins 3'_: 5' RISC

extensive match less extensive match
%_ AAAAA @A \nmrr
| S—

} “sucine”

III!I?IIIIIIIIIIIII.
ATP

RISC released
AAAAA

TRANSLATION REDUCED
transfer of mRNA into
rapid mRNA DEGRADATION P-bodies and eventual degradation
Figure 7-112 Molecular Biology of the Cell 5/e (© Garland Science 2008)




SIRNA-mediated chromatin
formation

double-stranded RNA

Argonaute and i Argonaute and
other RISC proteins other RITS proteins

\l/ \l/
RS L) @ '

PATHWAY NOW FOLLOWS ONE OF l
THOSE SHOWN IN Figure 7-112
{

RITS (RNA-induced
transcriptional
HISTONE METHYLATION silincing)

DNA METHYLATION
TRANSCRIPTIONAL REPRESSION

l RNA polymerase

Figure 7-115 Molecular Biology of the Cell 5/e (€ Garland Science 2008)




Transcription factors regulating
gene expression

Transcription factors (TFs) - proteins that show sequence-specific
DNA-binding and that are capable acivating or repressing gene transcription.

Basic + Transcription
achiner

Promoter

Transcription coregulators (coactivators/corepressors), chromatin
remodelers, histone acetylases, kinases, and methylases play crucial

roles in gene regulation, but lack DNA biding domains and therefore are
not classified as TFs .




Schematic diagram of a prototypical
transcription factor

TFs contain DNA-binding domain (DBD), signal sensing domain (SSD),
and a transactivation domain (TAD)

The transactivation and signal sensing functions are frequently contained
within the same domain

The order of placement and the number of domains may differ in various
types of TFs




Transcription factors regulating
gene expression

Gal4 activation

domain
Gal4 Gal4 DNA-binding
protein domain > 7 gene for galactokinase

O O s S TS w-

| GENE ON
————————— T RN A

TATA

(B)

Modular Gal4- [

LexA

structure [

protein

LacZ gene

recognition sequence
for Gal4

L LacZ gene

recognition sequence * GENE ON

for LexA . mRNA

Figure 7-45 Molecular Biology of the Cell 5/e (© Garland Science 2008)




Transcription factors regulating
gene expression

Transcriptional synergy

NO TRANSCRIPTION

b &

1 UNIT OF TRANSCRIPTION

b 4
& X

Figure 7-48 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Different types of tanscription factors

The DNA-Dbinding helix-turn-helix motif

Figure 7-10 Molecular Biology of the Cell 5/e (@ Garland Science 2008)




Different types of TFs

DNA binding by a zinc finger protein
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Figure 7-14 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Different types of TFs

Leucine zippers dimerize

Leucines on hydrophobic
faces of helices interact

Basic region Basic region
binds DNA binds DNA

B T
VAN AN

wrt text m*.wEFlfD com




Different types of TFs

Heterodimerization of leucine zipper proteins

Heterodimerization expands the
repertoire of DNA sequences that TFs
can recognize




Different types of TFs

Helix-Loop-Helix (HLH) dimer bound to DNA

Inhibitory regulation

active HLH homodimer inactive HLH heterodimer




Transcription Factor Families

281 357 383 451 555
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Eukaryotic Transcriptional Regulators

Predicted # proteins
Gene family £ Dm  Ce S.c.

Predicted # proteins
Gene family Ar.  Dm.  Ce S.c.

InterPro or
Transcription factors GenBank Transcription factors

MYB superfamily E2F/DP

InterPro or
GenBank Search

000716/Q64163

MYB-(R1)R2ZR3
MY B-related
APYERERP
A2 sublamily
ERERP sublimily
RAV-like
bHLH
NAC
C2H2 (Zn)
HB
MADS
bZIP
WRKY (Zn)
GARDP
Gl-like
ARR-B class
C2C2 (Zn)
Dol
CO-like
GATA
YARRBY

HAP2 type
HAP3 type
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Drl
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HSF

rer
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C3H-type 1 (Zn)
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bty

Nin-like
ABLIVEL
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[PRODOGTS
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P13434
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Q02516
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CPP (Zn)
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I

LFY

(Mher
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Smad
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STAT

AP-2
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TSC-22/Dip/Bun
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ps3
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SP2IMGAZ
ABFUAZFI
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RFX
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CAA09028
AAAZO093
AAC49750
AAAIIR2O

IPRMII628
AAA28325
IPRO01699
IPROOO4TE
IPROO127S
IPROO1523
IPRODIS27
IPROOD4S1

BAATGYS6
CAAIIN92
IPRIMII21T
CAAIGR42
AAALLITSY
IPRODOSS0
CAAJISKES3
CAA42629
BAATGTIO
IPROOL13S
CAAISY0
IPRODIOS3
CAABIBSS
CAARINE]
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Other transcriptional
regulators
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HMG-box

ARID

JUMONJI

PcG; E(z) class

PeGs Esc class
3

AAC39440
IPRO0OS10
IPROO1606




Plant TF families and their function

AP2/ERF (144) Development (flower/seed/root); metabolic pathways;
stress response; hormone response (ABA/C,H,)

bHLH  (139) Development (trichome/root/carpel) abiotic stress;
secondary metabolism; light responses;

MYB (190) Development; secondary metabolism; defence response;
abiotic stress; hormone response (ABA/GA;); cell cycle; light

C2H2(Zn) (112) Flower/seed development; abiotic stress; light

NAC (109) Development (meristem); auxin-response; virus resistance; x

HB (90) Development (several); sucrose signalling; cell death; «

MADS (82 Reproductive organs development; flowering time/abscission;
bZIP (77) Flower/leaf/photomorphogenic development; seed-storage;

defence response; hormone response/biosynthesis;
WRKY (72 Defence response; *

C2C2(Zn) 04y  Seed development/metabolism; flowering time; circadian

rhythm; « * Abiotic stress

Riechmann 2002 Transcriptional regulation: an overview. The Arabidopsis Book




Transcriptional regulatory network
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