The complexity of
cellular networks

Warning: Statistical physics.
It only works on average.

http://regan.med.harvard.edu/CVBR-course.php




3. Noise in genetic regulation

, RNA Polymerase 1

¢~ Noise in TF Y
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- Where does noise come from? -

{ Extrinsic ¢ Intrinsic \
noise ® global to 1 cell X X noise ® inherent stochasticity

® variable among cells of regulation

Fluorescence

Fluorescence




- Noise in E. Coli -

® very strong promoter
* scilenced repressor

® weak promoter
®* WT repressor

* high inducer levels

recA null strain: very noisy! |

(recA rescues stalled replication forks)

Relative fluorescence

ressor




- Dissecting intrinsic

~ Noise in transcription % TOERRESE L 8 . Noise in translation J
initiation ' F i 8 E o’
® mutations in ribosome

* varying levels of inducer S binding sites
* mutations in promoter regions B M’ * changes in start codons
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- Not so fast with the conclusions!

Noise in transcription % Sreeme= L Noise in translation
initiation /4 '

® mutations in ribosome
binding sites
® changes in start codons

® varying levels of inducer
* mutations in promoter regions
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- Cascading noise and phenotypes -
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4. The lo

ic of genetic re

ulation
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- XOR is hard! -

[ ; | ! pot
FOXO1|Low Low H1GH HiGH| Logic gate Expressiont v 01lLow Low HiGH HIGH Logic gate EaDss o Nk OR
heatmap heatmap = P ot
NFkB |Low HIGH LOW HIGH NFkB |Low HIGH LOow HIGH 9 O g3 = @ “ ik
Indifferent | [ NOT (FOXO1 O.. O p N 5
ndifferen % , -
LOW LOW LOW LOW HIGH LOW LOW LOW
< to both ox0 e OR NFkB) ” Al Bt Gd- @ gz
pol
62 |Low/Low Low mign| FOXOL AND 610 [HicH Low Low Hien| FOXO XOR anh NAND /’f
NFkB (NOT NFkB) - #

FOXO1 AND G §4-Ga-
G3 |Low Low HIGH LOW G11 |HiGH Low HIGH LoW| NOT NFkB Lg ——.

(NOT NFKB) - PO O
G4 JLOW LOW HIGH HIGH FOXO01 HIGH LOW HIGH HIGH ( A OR B } AND |: A AND B }
G5 |Low HiGH Low Low (NAiLF::(zl) NoT Foxot | [ 4 o\ AP

g A XOR “-
G6 |Low HicH Low HIGH|  NFkB wFroxol) L ALB ] 5 g =
ol W OR NFKkB 2 ﬂ «yary g 2 1000
B f 0 0 P 0 D 0. 1)
HiGH|Low | FOXO1 XOR uieH{H1GH{H1eH|Low| NOT (FOXO1 Al B1 AZ™~B2 | 10 10 [B]
" AND NFKB) 100 -
, - fA |
' Indifferent [A] 1000
LOW HIGH HIGH HIGH 0

C (B AND A) OR (A AND B)

AP %,
e
1000
- ]

0 jB]

Any
exprimental
evidence?

L0
(A Lo !




- Gates of the E. Coli sugar genes -

L-fucose

L-rhamnose

Transcription
Factors

l

maltotriose

l

D-galactose

Transporters

L-arabinose

Rhamnose
N rhaBAD

Maltose
J malPQ

Galactose
F galETKM

Arabinose

O rhaSR

o

mM)
w >
Q Q
| B g
&3 >
&)

CAMP (mM)
[02]

-

Y L malEFc

cAMP (mM) |
[92]
(]
Q
‘la
=lm

-

rhamnose(mM)

CAMP (mM) |
- (9] o

09 94 36
galactose(mM)

o

M) .,

(o]

cAMP (m

-

0.1 27 43
arabinose(mM)

Fucose
Q fucA O

£ 0.1 25
¢ fucose(mM)

40




How are regulatory signals

i intertwined? -
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- The feed forward loop -

a T pnEH S PR e ST S By ———
Coherent FFL i Coherent Type 1 FFL ]
Coherent Coherent Coherent Coherent DA
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type 1 type 2 type 3 type 4

® filters transient signals Sign-
® delayed turn-on t sensitive |
* immediate shutdown delay




- Coherent feed forward loops
in E. Coli -

b Arabinose system Lac system ON step of S, OFF step of S
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- Incoherent feed forward
loops in E. Coli -

cAMP

galactose

/ /2
N-FFL  (Simple regulation)

® pulse generation
® response time acceleration




- Ordering in multiple ouftput
modules -

Z, threshold

Z, threshold
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- Multi-output Feed Forward Loop -

- Class 1 flhpC —— Master

regulator
— . B g_?. Q Condition A:
Class 2 fliL 2 g No pre-existing flagella
Class 2 fliE —
Class 2 flifF — {
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Class 2 figB — £
_| Class 2 flnB —
. Activator
Class 2 fiA ——— ojuss 3
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Slides and organized citations: on line by next week...
(conference interfering)

Slight change in plan:

Regula’rory models that mimic phenotype and dynamics

»,__‘THEN Transcriptional regulation from microarray data

5. Regulatory models that mimic

phenotype and dynamics 1
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