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next 5 classes
- Bintu 1: actual modeling and calibration of simple TF systems
- Blntu 2: the thermuod Yywa mie model (’cheorg of the above)
- Blowitz*: combinatorial sywnthesis of Bintu-Like promoters
- model-driven destgwn, Jim Collins

- Marchisio § Stelling (Bloinformatics 24, 1903 - 2008):
compositional building of bio-brick models

... and then we do detailed modeling for another 5 classes
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(prok) transcriptional logic - Terminolog Y

The activity of a gene might be regulated by that of other genes
with products called transcription factors (TFs)

depending on concentrations and other parameters TFs bind more
or less regions on DNA strands upstream of a gene: calleo
promoters

specific TF targets on DNA are called operators (subsets of
promoter, terminolog Y va ries).
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(prok) transcriptional logic - Terminolog Y2

TFs can pa'w with small molecules: CRP with cAMP, LacR with
allolactose, Mel= with meellblose, ete; usually this activates
activators, and represses repressors (monotony)

once tn place TFs interact with the RNA polymerase (RNAP)
determining the promoter activity (roughly the transcription rate,
but transcription is complex in detail/more Later)

the T+ active form Ls said to be induced, and the chemical partner
Ls called the tnducer
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Let us Look at a few examples (theoretic) - binary “gates”

Buchler et al, PNAS
100(9)
— T—

dectding whether
AND or OR wneeds a
discretisation -
more Later
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caveat: these simpLe parts can be combLned!

can become
hugetgj
complex in
ewke.
development
(pavidson’s et
al on sea
urchiw)
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this class ...

various combinations of activators
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1. smeLc actlvation: CRP/P,,

e —

F = (1+f [Al/KA)/ (L +LALl/Ka

a ratio, le a multiplicative factor

Log-Llog plot:
[crP,"T = active (dimer) TF
fold-change F

pamms:

Ka= eq dissociation constant
f= cooperation > 1
s=sensitivity/steepness
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2. activation ana helper: cl/Prm
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2. co-activation: CRP,MelR/Penm
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4. duwal activation: crRP,cl/P
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5. dual activation with direct aoopemtiow: CRP,cl/P
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next class ...

- various combinations of repressors

- thermo model for the derivation of the expressions for F

e

e
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deLLbemteLg simpLe promoters

| |
L — Elowitz et al. Mol Syst Biol. 2007 2:145 g

T — E—

The paper reports the synthesis of about 200 promoters glued to a
reporter gene;

the obtained PNA constructs can be seen as binary functions
(most have 2 operators so 2 TF they can Lnteract with).

The constructs are simple promoter architectures, a priori no TF-
TF contacts and no operator overlap.

Constructs are classified in an original way as real-valued
biwarg functions and then sequenced (why?)

T ——— T ————————
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A self-documenting automated blo-brick factory!

yet output of a promoter::gene not a Boolean valued function of
the concentrations of its TF/inputs (lac promoter has 4 output
levels):

could take “low” value of a few molecules per bacterium (1 M)

“high”” value 1,000 molecules per bacterium (1M)
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a combinatorial Library of random prowmoter architectures

4096 of which 222 sequenced cassettes:

21F unlgue

of which 27 biwarg (twofold response under 2 TFs)
promoter = distal::core::proximal, device = promoter:g-luciferase
TFs= Arac, LuxrR (activators) -activated bg Lara, VA

TetR, Lacl (repressors) -itnactivated bg aTe, (PTG

o —————
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The Library - sequence work
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The Library - sequence work
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The Library - sequence work
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The Library - sequence work
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The Library - sequence work

——->

distal core proximal -

M D T B 1T 1y AraC
LLL 000 T i T Ty -
L I ) L s 1

L) i o ] s L o s T
M T T ey =
m||| | i [yh

m—— B LuxR
L1 L s s 1 g
L8 I | L L N 11
M T T TetR
M TR T Ty -
| '] Tl L1
I L] Il T
T N "I ™ T
T O
I N
r—— *‘-
R o S = S A o S St i S . 2 o

B —————

Monday, 28 September 2009




The LLbra ry - sequence work
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The LLbra ry - sequence work
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The search s Limited to neighbourhood of existing operators; it is
really variation

The observation Ls discretized (how robust s that?); who Ls
Listening to the outputs intervals;

lacks a composition/tmpedance study; endogenousness?

specificity, nawme space: possible to engineer chemical/TF
specificity? wrt what is this complete?

— —

SR R A T i 5SS e o L e

Monday, 28 September 2009



typology (construction of the phenotype)

- -
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regulatory range: exp-on/EXP-off [eaveat: this is always >1 by

oefl

LogLe type: from or L=0, to and L=1

symmetry: from a=o0 (complete sy mme’crg) to A=1 (olepewdewog
LA only 1 input) [works only for biwarg functions]
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typology (construction of the phenotype)
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tapoLog Y (2)

The level of TF is controlled u.wolirectl,g bg chemticals, and
repressors are repressed, whtle activators are activated.

So whatever the construct is, the attached function is monotonice
LnCreasing.

The classification scheme -writing b1 <b2<bz<b4 for the
nereasing sequence of responses (by mownotony b1, and b4 are
obtained for 00 and 11 tnputs)- is:

- the dywnamic range r= log (b4/01) in log scale

- the asymmetry a=Llog (b=z/b2)/r the b= to b2 gap normalised to
r <o Ln O ({uLLa sy mwmetrie) to 1 (unary function)

- the awol—itg L= (log (b4) -1/2(log (b=) + log (b2)))/r which is O if
b4=bz=b2, 1 (an OR) if bz=b22=b1 (an AND)

- ————— —— ..
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model of RR promoter activity
under dual repression (Bintu)

B e ————

The v, a, and Ltr'w\,itg above can be defined tn terms of the micro-
trinity c1, c2, omega measuring the joint activity of a pair of
rEPressors

P(R1,R2)=A/(c1 R1+c2 R+tomega ¢l c2 R1I R2)

A max promoter ao’civitg

c1, c2 TF effictencies (at excluding RNApol)

owmega=coooperation (>1)
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Looking for Mr Nice component

computational models of transcription (eg “Transcriptional
regulation by the numbers” Curr Opin Genet Dev -2005)

evolution driven desitgn (eg “Birected evolution of a genetic
clreult” PNAS 2002)

combinatorial approach (this paper)
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