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PrettY Nt Maching!
Think aS an ¢ngintCr/proJrammer

SYbio= 10 look aT biolo3Y aS 4 T¢ChNologY
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\ baCTCrial CRKMoSENSorS |
\ The ConCCrt of adaptation |




(rYo-CICiron microSCoPY of TSr ChCMor€CCPTor aSSEMbIICS i €. Col

KhurSidard €1 dl. PNAS 2008105
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- high IVl VIEW & Properties |

receptor array Ultra-SENSitive enging

MPUES/i9aNd gOgOgOgOgogO %
QOO

\ SNSitiviTy |

MUTTYPC

dddPTationt | Aifferenc enging, netd to Stay in the €nging zone

Monday, 3 October 2011



\ loW IEVEl VIEW |\ Conformational SSnalig in ChemoreCeeor 3xz-Mers |
\ favourtd bY +ig | \ favourfd bY +(H3 |

Kinasg off
3=0

favours +(H3
N¢Jative B

‘ KhurSiJard €1 al. PNAS 2008105 '
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- (ontact & CtaIHC Jrark |

Conformation/activity
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' AloSTEriC Irarh & The 2 feCabaCkS |

| Jlobal NEIatiVe b Via CheB |

l0Cal NEIaTiVE Fb Vid MCTh

‘ rCTUr 10 <d» '

tnaine

Monday, 3 October 2011



\ Al0STEriC Jrarh 2 |

Conformationdl SprEad (BrayY €1 al199) |
\ AMplification H hCXadonal [atTice |

"""""" (40 1T 1Cd To0 B of Th¢ S el |
\ arraY STructure maticrs . |
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| PRrfeCt adaptation - Conceptualy |
\ W. Fortfana 2008 IECTurg Nnotts |
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' PRrfeCt adaptation - Conceptualy |
\ WITATIVE KiNCTICS |

(hCR Saturattd - Oth ordfr kiNgTicS
flux NdCPENaEnt of input
free Lsetto 0 110 lzo l 0 110

30

CheR at saturation

. 25F |
20F
,.\\0(\ l aspartate r
NS
S O
& 3 s

0 500 1000 1500 2000 2500

time

(hCB Saturattd - IST ordlr kiNCTiCs
flux a€rEndent on input
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3 4ifference Calculator |

CheR at saturation
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free L set to 0 l 10 l 20 l 0 l 10

\

[0

time

| T— —

- NEW INJECTE (i3aNdS CaPTure black reCCrorS

- humbgr of INPUTS 10 IST ordfr r¢d r¢action 4¢Cr¢ases,
hNCE rCd VEIoCiTY dCCr¢ases

- 3r¢en raction iS Oth ordCr So VEloGiTY StaYS The Same, So
reen rePIENISKES The StoCk of frE€ black r¢CCrtorS

(4i39iN3 in ThE r¢SErve of WhitE rECCptors)

- UNtil Their NUMbEr rEackes itS pre-inJECTion IEVEI

(oW fEWEr Whitt r€CCrtorS around - Still €noudh 1o

Saturate Jreen)




T

CheR at saturation

&\00 l aspartate

o
£S
\3

—>

O receptor : .

‘SC(OHaI inJeCtion of 10 i3andS at 1ime 2000 3¢S 8 Smallkr rtSponst - Wl\‘!?'
‘ WhY d0CS The IEVEI of black r¢turn 1o The initial Value? '
‘ at Some point Ireen Wil £ail 10 Saturatt (WKY?) and then The PrinCielt SIoWY breakS don '
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3 Kappa Mod€l of RIS SiMPIE S‘ISTUH'

htP://kdppalanduade.ord
'bind LS1' L(x),S(x~1) -> L(x!1),S(x~1!1) @ 'k1'
‘unbind LS1' L(x!1),S(x~1!1) -> L(x),S(x~1) @ 'kl-'
'bind EaSO0' Ea(x),S(x~0) -> Ea(x!1),S(x~0!1) @ 'kla'
'‘unbind EaS0' Ea(x!1l),S(x~0!1]) -> Ea(x),S(x~0) @ 'kla-'
'flip01l' Ea(x!1l),S(x~0!1) -> Ea(x),S(x~1) @ 'k2a’
'bind EbS1' Eb(x),S(x~1) -> Eb(x!1),S(x~1!1) @ 'klb'
'unbind EbS1' Eb(x!1l),S(x~1!1]) -> Eb(x),S(x~1) @ 'klb-'
'flipl0' Eb(x!1l),S(x~1!1) -> Eb(x),S(x~0) @ 'k2b'

gmod :
gmod :
gmod :
gmod :
gmod :

%0bs:
%0bs:
%0bs:
%0bs:

%$init:
%$init:
%$init:

(Ea())
(Eb())

(5(x~0))
(L(x))
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[T] > 500 do $ADD 10 (L(x))

[T] > 1000 do $ADD 20 (L(X))

[T] > 1500 do S$DEL [inf] (L(x?))
[T] > 2000 do S$ADD 100 (L(x))
[T] > 2500 do S$DEL [inf] (L(x?))
'Sltotal’' S(x~1?)

'SO0total' S(x~0?)

'Slfree’ S(x~1)

'SO0free' S(x~0)

'L' L(x?)



http://www.nature.com/msb/journal/v7/n1/full/msb201155.html
http://www.nature.com/msb/journal/v7/n1/full/msb201155.html
http://www.nature.com/msb/journal/v7/n1/full/msb201155.html
http://www.nature.com/msb/journal/v7/n1/full/msb201155.html

‘ KaPPd - STOChASTIC VErSion '
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120 | | | | |
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Slfree
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100 - | Vel of SHFEE IS Constant deseitt inJections (b | :
T3t - bound 3|
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60 _
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\ a (artoon Mod(l |

integration of the full set of kinetic equations (not the MM approximation).
parameters: &, = 103, k_; = 104, k'Y = 1,5 = 1,k = 0.1, £¥) = 0.001,

P =1,k =1, E, = 10, E, = 100, S = 200

\ d I£SS Carfoon mod4tl |
\ With 3=0 (S3uarg), a=I (Circlt) |

0 . 0
D-—I il— P

Ay \\/\// VA
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\ baCitrial ChEMoSENSorS |
\ a MiXCd Party of r¢CCrtorsS |




+A-iJ: 3 JOES dOWN

MiXt4 reCePior drra ProPagation bY Coupling

NCIative FB: 4 Jo€S up adain
(faStCr for B-1YPE)

ATIPC B-TYC

3 J0€S baCk To Normal (ddartation)
(H> haS Jong hJKEr for AS

‘ Lan €1 al. M5B 2011, 7:175 ' ‘ (Hs IRVEIS €NCO4C ThE CREMICAI 1aN4SCare '
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\ TiME SCAES |

We can distinguish three different time scales (in increasing order):
- [, a the ligand binding and conformation (including conformation spread on the lattice) sub-
state space
-m, B, R, A, Y and the engine control
- RY lattice composition and structure (including transcriptional control, excluding hypothetical
fast local rearrangements by conformation spread) -not considered here.

This leads to a natural split of the model into a quasi-equilibrium part, described via an
energy assignment, for the ast time-scale, and an other one for the dynamics of methylation.

Monday, 3 October 2011



\MOACI |, €NErgy part - fast time SCak, ‘Iu%i-tﬁuilibriuml

The energy F(q,l,a,m) of a receptor of type q in state ([, a,m) is defined as the sum of the
following 3 types of terms:
- RR-coupling with C,, < 0 a symmetric function (this term depends on the R-neighbours of
R, it is responsible for the conformational spread):

E(R%(a): R (a')) = aClyq (a’ — 1/2) (1)

- LR-coupling with K the dissociation constant of the L, : RY(a) complex:

E(Lq: R%(a)) = log K — log|L,] (2)

- ma-coupling with m, ¢ the set point for methylation of an active RY, oy < 0:
E(R%(m, a)) = acy(m — my,) (3)

The above fixes the probability p(q, [, a, m) that a given g-receptor is in state (I, a, m) as a function
of [L,], its level of methylation, and the conformation of its neighbours.

‘ Lan €1 dl. M5B 2011, 7:175 '
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\ ModCl 2 - diffCrential part/m¢Thylation IEVEIS |

In the second part of the model, we need to describe how the CheB, CheR dynamics kicks in.

d/dtp(q,m) = (1—a)-kL(p(g,m—1)—p(g,m))+a-kE(p(g,m+ 1) —p(g,m))

where:

- p(q, m) is the probability that an R? is in methylation state m,

- k%, k% are the rates at which an R? is methylated/demethylated by the associated enzymes
CheR , CheB,

- a is either the activity state of the said R?, or the average activity (a,) of the R? population
(mean field), or the global average (a) over the population of all receptors (regardless of their

type).

‘ Lan €1 al. M6 2011, 7:175 .

Monday, 3 October 2011



aVeradt activity of an Rv4 in
METhYI-STate m

6_ Znn HC(q717a,7q/)_Hm(Rq(mvo)) + 6_ Znn HC(q717a/7q/)_HZ (q71)_H’m(Rq (m,O))

(@gm) = e—Hm(R1(m,0)) 4 o—Hi(q,0) 4 o= X, He(g:1,0,¢')—Hm (RY(m,0)) 4 o— 32, He(q,1,07,q")—Hi(q,1)—Hpm (R(m,0))

\To’ral averagt activity of an Rvﬁ]

(ag) =) plg,m)(ag,m)

m

RN fil4 2pProx: PO - P - 4t » 4df P
rCPIACE He(n) With Hol o) 23 SoIVe F?XS’OWHI ;ﬂ R
TSROV 3T O I ] {30 S P % <o
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abouT ThE MEN fil4 aPProX:
ot Can S0 40 4 MontE-carlp Simuldtion - mor¢ [atr
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blUC=A=I=IJaNd Tar3CT
€d=B=2=0Th{r r¢CCPTorS

0 0.3 0.6 0.9

d= (TIViTY
N> = dVEragt Merhylation
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\ Montt-Carlo Simulation |

0N 4 30530 SUAr [aTiC

activity

180 uM MeAsp

—<a>

methylation
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\ Courlingssignal amelification A€PENACNT on 1attice |
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- Pretty 1eat macking! |
(4OUBIE) NCIATIVE FF)’S] 15ng Conformational Couping |

- SI9NAl-SPECHfiC MemorY & adartation |

bUT ... AMPlifICAtioN dCPENAS on ThE rECCPtor NETWork
- 684 To ModCl TS NETWork iTSEIf
\morc SUbTIC qUESTioNnS: MixCd TYPC r¢partition haS an INFUENCE on funCtion? on Structur? |
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how Would You ModifY ThiS MaCkit and 10 40 Wk31?|

Think of Th¢ MolCuldr ComponentsS NEW and old

ThE ModEling aseeCts)

The SECUriTY ProbimS S Wel

That IS What Th¢ IGEM Computation asks ..
(aNd ThEN of CoursSE You 3¢t to TrY o build The SYSTEM for r¢alh

ED 16am for IGEMII Won aJain beSt Modtl Prize at The redionals!)
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