Chapter 6: Regulatory Networks

6.1 Introduction To Regulatory Networks
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Overview

® Transcription & regulation mechanisms
® Regulatory network structures (gene circuits)




Regulatory Mechanisms

Cells Must Regulate Internal Processes

= Metabolic processing

m Cell cycle functions
¢ Growth
¢ DNA replication/repair
¢ Mitosis
¢ Preparation phases
® These require careful
control of gene expression
* Expression level Repaon Y
¢ Timing
¢ Coordination




Cells Must Adapt To Their Environment

Light

Heat

Signals

Cell Activities Are Organized Into Pathways
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Regulation
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Regulating Transcription Is A Key Construct

® Transcription factors (TF) regulate transcription
¢ Promoters control transcription initiation (cis-regulation)
¢ Enhancers control transcription from afar (trans-regulation)

= Most genes are involved in regulation

ancer 3

activators

co-activators

basal factors

# DNA binding sites




Regulation Mechanics

start of transcription
-

® TFs bind to promoters/silencer TATA box

regions and to RNAP polymerases .l .

= TFs regulate transcription rate ._.
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TRANSCRIPTION BEGINS

TATA Bmdlng in Prokaryotes: TF o,

http://www.web-books.com/MoBio/Free/Ch4D3.htm

Oy, binds to the TATA promoter;
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TATA Binding in Eukaryotes

TATA-box Binding Protein (TBP)

Examples of TF Structures

A repressor

bHLH-Zip domain




Distant Regulation By Enhancers

Nitrogen Regulatory protein C
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DNA loops to facilitate NTRC-RNAP interactions

Activators & Repressors
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An activator
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transcription. In
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oceurs only whe:
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The LAC Operon
J. Monod & F. Jacob 1960’s

m| acZ and LacY play key role in lactose catabolism
m Regulation: activate/repress Lac to regulate sugar availability

regulation constitutive

B lacA R

repressor Promoter
-galactosidase:
Glucose cleaves lactose into  permease:
glucose & galactose  supports
/ \. transmembrane
lactose flow
Lactose transacetylase

O/No

The LAC Operon

m Operon: a functional genome segment (regulation+functions)

= Monod & Jacob: discovered the regulatory mechanisms
¢ Used mutations to investigate regulation
¢ |dentified promoter/repressor regulation

m Animation site: nttp://www.youtube.com/watch?v=EsWhrJ51Y6U

regulation
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repressor + 4 Operator
Promoter

CAP activator

DNA CRP site Bound by RNA polymerase 57\ \J ™ 3 mRNA
[ 1
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|
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Lac Repression

A P http://www.uphs.upenn.edu/biocbiop/images.html
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Lactose inducer

releases the repressor
The repressor twists
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Lac Activation

® | ow glucose =» activates generation of CAMP
= cAMP = binds with CRP; adjusts helix to fit DNA grooves
8 CAP=CRP+cAMP = accelerates RNAP binding to promoter

(a) CRP-cAMP binds to a site near the (b) RNA polymerase holoenzyme binds to
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Control Paradigm

CAP activates RNAP

v
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A
repressor Operator
—_—
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CAP .
T deactivates
CRP .0 repressor
cAMP Low glucose
activates activates cAMP
cAMP Receptor
P CRP
Feed forward activation + feedback repression
19
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The Cell as a Regulatory Network

If C then D

|
. C
If B then NOT D

If A and B then D

gene D

® Genes + signals = wires F_/geneB
= Transcription = gates

If D then B

21

The Lac Operon Circuit

If D then lactose

lactose
If lacl AND lactose then NOT D

|

LDT

ﬂcAMP} }CRP}

A

If CRP AND cAMP AND NOT Lacl then D

If NOT glucose then cAMP
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The Cell as a Regulatory Network
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Regulatory Networks Can Be Complex

Genetic regulatory network controlling the development of the body plan of the sea urchin embryo
Davidson et al., Science, 295(5560):1669-1678.

LIl colored boxes indicate post gastrutar domains of expression genes

S 1) - 0sk3 K e Mosoderm Endoderm
w6 e ] [ e SRS, 15
Cleavage
Endo-Mes - : T
wads Hicpll e
] i |

Kox a On

one Damon ]
l! n‘: —’{—'—aol:—] = AMYF
’ i
In definitive
territories

- s s e e i i
gNBNig!g drle 1m0 4 pos gt
Dt P Apobec  Kskapo OICT Gelsolin “Endol6 | terminal or
peripheral
i - - genes 25
J_L\C|
ﬁl—‘ii" Syl 2 e The digital code of DNA
%n e iE,:l—‘ )
i Leroy Hood! and David Galas
wmﬁl—" .H.LI:'W —= pe “,;;, o Nature, Jan 23, 2003
Mat. N | 1
3 SucHiw f ir . b, Anenlargement of the promater
—jm i regicn of a gene, called endo 76,
FoxA
. that hejps modulate the
| ey development of the endoderm. It
contains 34 binding sites
- = [rectangles) for 12 differsnt
m transcription factors and cofactors
o el ol ‘5@ filustrated as rectangles or
. ... ollipops, respectively). Six
f2a0 s F £ oc B A midules (A-G) of ranscription
factors and binding sites carry cut
- discrete functions o
Gdots P m‘ developmentally requlate endo 76,
Mu s
CYCB1 U R cBz CG1P OTXZ CG2 SPGCFICG3  CG4 I—’ . L .
=c R = T = «, Diagram depicting the logical
structures of the A and B control
circuits during sea wrchin
P developrent,
26

13



Example: the A-phage
genetic switch

T4 Phage
(smithsonian, Oct 2000)
AL R T e RS A S A R e S A

A Phage Infects E. coli

® Phage injects its genome into the E-Coli 1 %%
= Switches between two states: P T /
e Lysogeny: dormant duplication \@
e Lytic cycle: rapid regeneration & lysis TN ¢ o
Ptashne, A Genetic Switch, Cell Press,1992 s Supercoiling
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The Phage Is A Switch

DNA
Virus particle — {ka) Attachment
— Cell {host)
a o] % % ﬁ Lytic pathway Lysogenic pathway =

= ﬁ em ¢/ ViralONA
replicates

Coal proteins Viral DNA
synthesized; virus is integrated
particles assembled into host DNA

/ \ Normal cell growth

vas (—)(—
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Visible effects
on DNA during
viral infection

T4 phage

DNA

Pre-infection Post-infection
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A Genetic Map

cro, a second Regulator of A
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The Switch
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A Network Model of Lysis-Lysogeny

Repressor dimers

? return to bind sgjtch 2

Crog K Formation/decay of
Crop === °’|: l— cro dimers

Formation & decay of

cl2 (dimer) ~—~—_|

cl generates repressor —||

RNAP transcription = |

80%

Arkin et al. (1998), Genetics 149(4):1633-48
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Another Model

NoT: &= AND: D)
Kinetic model required: 27

o] e
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@D Gene product P Teminator site

Promoter M Antisense gene @ Postreaction — Signal path
gene product

McAdams, Shapiro (1995), Science, 269(5524): 650-656
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Key Questions

Understanding Regulation

= How to discover regulatory network pathways?

= How to discover TFs/Binding sites (motifs)?

®= How to model the operations of regulatory networks?
= How to apply the models to analyze expression data?
= How does evolution change regulatory networks?

36
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