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SBM -5

Using engineered scaffold interactions to reshape MAP kinase pathway
signaling dynamics
(2008) Lim et al Science 319
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us: abstmctjargow of solid/liquid DD/PP/PD wires

to discuss at the end
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us: abstract jargown of solid/liquid DD/PP/PD wires

to discuss at the end
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QOAL: hook +ve and -ve feedback (FB) on a scaffold =: solid PP-wire

Exa m;Le: a buffered negative FB;

Constitutive expression
of DECOY zipper
(high affinity)

NB: the FB is via transcription -
te a solid DD-wire

unlike sa 3 ERK's onn So0S

ouT

Inducible expression
of negative modulator

BELI EF/perspectLve:

1) the manipulations to come -because they are very successful, simple as they are-
establish the flexibility (aka reprogrammability, versatility, plasticity, evolvability)
of signalling networks; 2) they wirror what variation/selection does
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the patient
nttp://veastpheromonemodel.org
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the patient
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o factor @ ®

hooking Stes the "wmating" scaffold to its 2 modulators -via a tri-Fe

T — T
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concatenations and wires

Uses 2 blo-engineering "wires"

1. heterodimerisation PP liquid wire
pairs of lewcine zippers (available in different Kd's -over a range of 10%)

2. transcriptional DD solid wire
mating-responsive promoters Prmr (available in different strengths pFIGL or pPRM2)

This gives the following concatenations (aka fustons):

- proteins: Ste5:zip, Msgh:zip’', Ste20:zip’

(the Last two knowwn to have respecti\/el,g -ve, +ve tinfluence on response)
-genes: Pmr: :Msgb:zip’, Pmr::5te20:zip’, and Pmr::GST:z1p
(neutral -used as a decoy)
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concatenations and wires (cont’)

[ — T

Synthetic Scaffolds

heterodimerisation (protein/protein) liquid wire
(B I G ¥ o H -
STES Promoter STES Zipper STES Terminator

Recruited Effectors
transcriptional (DNA/DANA) solid wire

Apal | ATG K Xhol BamHI TAG N Notl
Promoter Effector/Decoy Zipper ADH1 Terminator
ADH1 MSG5
cyc1 STES50
STES GST
FIG1
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R —
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concatenations and wires (cont’)

T —
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concatenations and wires (cont’)
Leucine zipper pair affinities

T — ——
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The constructs/5 steps

1. separate compilation:
constitutive Msg5:lzip, Ste2o:lzip < we verify that they are indeed wmodulators

2. stmple -ve and +ve FB with tnduced -ve or +ve modulators < Loops

2. tuning the above with various Lzip and promoter strengths

4a. constitutive -ve and tnduced +ve, and sy mme’cricaLLg <= introducing conflict

4. constitutive decog and tnduced -ve, and sy mmetrioaLLg <= =yd party
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1. constitutive Msgs:lzip, Stexo:lzip <= we verify that they are tndeed modulators
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2. slmpLe -ve and +ve FB with tnduced -ve or +ve modulators < Loops
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2. simpLe -ve and +ve FB with tnduced -ve or +ve modulators < Loops
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2. simpLe -ve and +ve FB with tnduced -ve or +ve modulators < Loops

N ——— T ——
Time course
Synthetic IN g’ T 50 , :
negative —
feedback l B E 40} ;
2 8 wf
¢ §§ o0l
4 | = 2 10 Negative
@ — ) a9 feedback
@i 0 . . .
P > 0 50 100 150
Time (min)
ouT
Synthetic v
positive | IN Dose-response
feedback l (t =90 min.) Positive
feedback

1 ny =2.4220.19

w
8

1wt
3 ny =1.12 £ 0.08

{ Negative
1 feedback
Ny =1.15 £ 0.12

:

Fluorescence / cell
N
S
o

3 2 - 0
10 10 10 10
o-Factor (uM)

Monday, October 13, 2008

13



2. tuning the above with various Lzip and promoter strengths

i

Vary recruitment strength

oy
IN 2c4
strong =
! g El WT
4 <==med. g § o0 | Weak zipper
< weak a g
l 'E S 10+ Medium zipper
[__ > = . ) - Strong zipper
o L E=00 5 100 150
Time (min)
r *
Vary promoter strength
IN - ' v .
! - wr
8 E 30t s~ . & -
4 T E ' Weak promoter
(R [CoD £5 20f / N.
l I .‘g'_g 10t * @ ¢ 9Strong promoter
23
our | Lam— SE 005 o0 750
= Time (min)
——

Monday, October 13, 2008



2. tuning the above with various Lzip and promoter strengths
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2. tuning the above with various Lzip and promoter strengths
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4a. constitutive -ve and tnduced +ve, and symmetrically <= introducing conflict

0000

Constitutive expression

'N of negative modulator IN 0°

1 o
4
I 4 |
e +
ouT OUT Inducible expression
of positive modulator
7 *

Constitutive expression

T of positive modulator IN

OUT nducible e sion
of high afﬂr):rr;”
negative modulator

J T — T

B

Monday, October 13, 2008

15



4a. constitutive -ve and tnduced +ve, and symmetrically <= introducing conflict

0000

Constitutive expression
'N of negative modulator IN OO

—
o 4
g]« <§L
(o, + ]
dr.

ouT OUT Inducible expression
of positive modulator
T — B

Constitutive expression
IN of positive modulator

.

Lo

OUT jnducible exrrosslon
of high affinity
negative modulator

*

B —

e

URtrasensitive Switch

2
o
|
|

Circuit |
nH = 2.84
+0.19

Fluorescence / cell

10° 107 10" 10°
a-factor (uM)

e

Monday, October 13, 2008

15



4a. constitutive -ve and tnduced +ve, and symmetrically <= introducing conflict
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4b. constitutive dcaog and tnduced -ve, and sy mme’cricaLLg
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4b. constitutive deaog and tnduced -ve, and sy mme’cricaLLg
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4b. constitutive dcoog and tnduced -ve, and sy mme’cricaLLg
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Vv Elo approach where all this is done at once combinatorially?
V This Ls all golng through a slow transcriptional step

V is it concentration/gradient or binding??

V lewcine-zipper physically flexible?

C Te— ——
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aside: the behaviour classifiers (CTL-ish)

r

Dynamic Behavior Classes

------

......

’ Weak
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....... High
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......
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- - -
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*

Dose-Response
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--x

' WT dose-response

' Weak activation

' Switch-like activation

[pheromone)

P ——
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