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e chromatin e protein modifications
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Gene regulation allows...
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DNA regulation
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transcription factors .
e proteins that bind to a promoter region
e promoter : regulatory region upstream a gene
let’s take a closer look to a promoter before...
o eees
[ X XX

gene and its surroundings : bacteria| ::

e Promoter/Operator

[ -35 ‘ 10 Startpoint

TTGACA 16-19bp TATAAT 5-9 bp

DNA: Hexamer Pribnow Box +1
TBQTMG?BA%ESCMa% TE\OAEI:?t45ABZ\a:EDTEEH'w
function: RNA pol recognition  transcription bubble ~ WWW.ergito.org
site starts
cAMP-CAP footprint Repressor footprint
RNA polymerass footprint Figure 10-9. Diagram of the lac
operon transcription control
Z:E _f La [ i ; | : | 1 ] .: region. (Lodish et al, 2000)




gene and its surroundings : eukarya

e Promoter + enhancing region

GGGCGGE — CCAAT ——— TATA.————
-100 bp
—30 bp

mAMNA

200 bp

Transcription is controlled by a promoter and enhancer

Enhancer Promater Gene
L/ AVAN
=100 bp ~200 bp upstream of startpoint

Contains several
closely arranged
sequence

elements that bind
transcription

Separation of
enhancer from
promoter may
be several kb

Contains dispersed sequence elements
that bind transcription factors.

Only the elements in the immediate
vicinity (<50 bp) of the startpoint for

transcription are fixed in location

Gene regulation

» Figure 14-19. The promoter region in
higher eukaryotes. (Griffiths et al, 2000)

= genes organization:

bacteria vs. eukarya
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Figure 9-1. Comparison of bacterial
operons and simple eukaryotic
transcription units.

(Lodish et al, 2000)




transcription factors

e proteins

e different functional
domains

e DNA binding

e protein interaction

e catalytic
Xxxx"*xxx K Figure 1.
x)é‘ c*j xx% :;; WormBook
s

Gene regulation

|
1
E
major groove %
N— I G N
/ \‘ﬁ
"yC N I H— N
h= ¢
N

/

NI H— N

miner groove

Figure 7-27. One of the most
common protein-DNA interactions.
(Alberts et al, 2002)

gene regulation overview

positive control:
TF activates

negative control:
TF inhibits

Induction and repression can be under positive or negative control

NEGATIVE CONTROL
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transcription factors

e induction : positive control
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Figure 13.3. Action of ] _
steroid hormones 5 Transcription
(Cooper, 2000)




transcription factors

e thyroid hormone

Absence of hormone

Thyroid
harmaone

Figure 13.4. Gene regulation by the
thyroid hormone receptor
(Cooper, 2000)
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transcription factors
e induction : negative control
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transcription factors

e induction : negative control

e lac operon
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Glucose controls expression of lac operon
Glucose available: lactose is not imported
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Figure 14-14. Negative and
positive control of the lac
operon by the Lac repressor
and catabolite activator protein
(CAP), respectively. (Griffiths et
al, 2000)
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transcription factors

e repression : positive control
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transcrlptlon factors .
e repression : positive control
e Rb protein and cell cycle
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Figure 23-32. The pathway that controls cell
cycling via Rb protein. (Alberts et al, 2002)




transcription factors

e repression : negative control
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transcription factors

e repression : negative control

e trp repressor + trp
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Figure 7-34. Switching the tryptophan
genes on and off. (Alberts et al, 2002)
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»
initiating transcription : overview

e physical barriers : allow transcription
e integration of signals : positive
e not an on / off behaviour : continuous levels

strongly ncuw‘tmg
assembl y neutral assembly of
rcgulalu ry proteins

strongly =z _
inhibiting
protein

spacer_jy \ \ Figure 7-57. Integration at a

promoter. (Alberts et al, 2002)

PROBABILITY OF
weakly o INITIATING

activating TRANSCRIFTION
protein
assembly e
TATA
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initiating transcription : overview

X XXX x

e proteins have a coordinated action § % %
Soug, #oe

e signalling is a key player

e integration of signals

Activation

e combination of regulation types
e complexity through combination

Figure 1.
WormBook
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RNA regulation

RNA regulation

e RNA stability

e interference RNA

START RNA
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Figure 7-87. Possible post-transcriptional
controls on gene expression.
(Alberts et al, 2002 )
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RNA stability

e check for errors
e repair or degrade

if loss of poly-A binding proteins
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Figure 7-103. Two mechanisms of eucaryotic

mRNA decay. (Alberts et al, 2002)

interference RNA

e eukaryotic defense
e degrades dsRNA
e mainly virus genome

e evolutionary mechanism !

e widely used in genetic
engineering




interference RNA

e eukaryotic defense bt srnded A srioge gein
e degrades dsRNA

e mainly virus genome

e evolutionary mechanism !
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e widely used in genetic FonaTON 07
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Figure 7-107. The mechanism of RNA
interference. (Alberts et al, 2002)

= transcription attenuation : §§:
trp operon os

e already has a trp repressor

The control region of the trp operon codes for a leader peptide

. Indole-glycerol  Tryptophan synthetase
® CO d es fo r p roteins t h at Protein  Anthrarilate synthetase syntﬁemse ;

B chain A chain

Gene trpE trpD tpC trpB tpA f
produce tryptophan, wem » E— e
. . Control region
an amino acid \
Promoter Cperator  Leader Attenuator
. L1

e attenuation

e 2ary mechanism
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H : Lead tid
e provides fine control Slildies E _
terminator
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transcription and translation : se2e
o0
prokaryote vs eukaryote :
Wfﬁm\?: Nucleus
jWJf.B Primary
A — £ transcript
H:Ucrssmg\]/ ) Cytosol
Ribosome Ribosome
Mascent
protein Nascent
protein
PROKARYOTE EUKARYOTE
Figure 28.15. Transcription and Translation. (Berg et al, 2002)
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e with low trp, binds to 2 15‘“”3“‘"’" . 1 . l 1 .
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b} Translation of trp leader

. . High tryptophan Low tryptophan
e if sequences 2 & 3 bind O
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e if sequences 3 & 4 bind ANA forms
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Figure 11-3. Mechanism of attenuation of trp RNA polymerase

operon transcription. (Lodish et al, 2000)  transcription
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protein regulation :
e protein modifications ~ r

e protein-protein interaction
e activation

e inhibition

e cofactors

Figure 7-43. Activation of transcription initiation in
eucaryotes by recruitment of the eucaryotic RNA
polymerase Il holoenzyme complex. (Alberts et al, 2002)




protein modifications

e phosphorylation

e one major protein
modification

e activation
Cp s Figure 3-63. Protein
e Inhibition phosphorylation.
(Alberts et al, 2002)
e others

e acetilation

e metilation

glycosylation

attachment of lipids qene regutation

serine
side chain
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protein-protein interaction :

e activation

Activation

e interaction of protein
subunits causes gain of
function

e example

e coordination of
transcription factors

Gene regulation

Figure 1. WormBook




protein-protein interaction

e inhibition
* interaction of protein causes lost of G fractive
: DD G
function D
(CAME
e example o
o subunits of CAMP-dependent kinase |«

Figure 7.38. Regulation of
cAMP-dependent protein
kinase. (Alberts et al, 2002)
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cofactors :

e adds functional groups to a reaction

e permits protein to catalyse a given coon  coon

reaction %
e examples

e Fe at heme group in hemoglobin .

e Zn? at Zinc finger domain _
o NAD*, FAD*, NADP* at redox reactions 4,

Figure 3-53. Retinal and
e synthesised or eaten (vitamins) heme. {Alberts et af, 2002)
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Global regulatory mechanisms :

e sigma factor

e SOS response

Gene regulation

afactor

sigma factor \gg e . -

ANA polymerase

R
L
SIGMA PROMOTERS RECOGNIZED )
FACTOR
o’ most genes {5
o032 genes induced by heat shock _
028 genes for stationary phase A
and stress response }
028 genes involved in motility N
and chemotaxis %
o> genes for nitrogen AN \ .
metabolism ) LD ‘T—‘
RMA
Table 7-2. Sigma Factors of @

. coli. (Alberts et al, 2002) Figure 6-10. The transcription cycle of bacterial

RNA polymerase. (Alberts et al, 2002)
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sigma factor : heat shock :

e caused when temperature > 40 eC

e triggers abundant o32

e transcribes a huge set of genes — heat shock proteins
(hsp)

e function : survival in suboptimum temperature
e hsp prevents cell from dying
e hsp keeps protein from being unfold

e hsp are proteins widespread in all organisms

Gene regulation

SOS response in E. coli o

e caused when replication is blocked
e drastic change in environment

e excess single strand DNA triggers active RecA
e unblocks =15 genes

e function : survival in altered environment
e increases cell survival after DNA damage

® copies genome, even error-prone
harmful for a single bacterial cell
burst of genetic variability, chance of a surviving mutant

Gene regulation
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