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Analysis of CheA-CheYp Affinity and Adaptation Error
in Bacterial Chemotaxis

YURI MATSUZAKI, " tt¢ SHINICHI KIKUCHI 11t
and MASARU TOMITA 1t

The chemotaxis system in FEscherichia coli consists of a series of signal transduction path-
ways which respond to changes in the environment. As one of the most extensively stud-
ied signaling mechanism, the molecular structure of the chemotaxis pathway has been well
characterized, enabling a number of analyses and model studies. Two key elements of the
chemotaxis pathway include the amplification of signals from attractants and the accuracy of
adaptation. Recent simulation studies using models incorporating receptor crosstalking, or
the coupling effects of receptor activity and crosstalk of signaling molecules among different
chemoreceptors, have suggested possible mechanisms for signal amplification. However, the
adaptation behavior of these models has yet to be analyzed. In this study, we concentrated
on how receptor crosstalk affects adaptation stability and error minimization of the system.
By decreasing the affinity of CheA and phosphorylated CheY, we found that the model can
adapt to attractant concentrations ranging from 0.1 uM to 10 mM with a decreased error rate
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from 8% to 2%.
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Fig.1 Signaling pathway of bacterial chemotaxis.
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Table 1 Parameters for receptor activity and ligand

binding.
m=0 m=1 m=2 m=3 m=4
Eqmo [e%S) —124 —-11.5 -16.0 —30.5
Eqm1 [} 15.8 14.3 11.0 11.0
Kom - 486 1679 124 2.32x 107*
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Table 2 Coupling strength between different types of
receptors.

qu/ q =0 q =1
Tar (g = 0) —6.85  —0.680
Tsr (q =1) —17.9 —3.54
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Table 3 Initial concentrations of proteins.

oooooo 000 pMO
Tar 2.5
Tsr 5

CheR 0.235
CheB 2.27
CheY 18

CheZ 14.5
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Table 4 Chemical reactions used in this model.

FEEEEEEEEEE ks kr
MCP OODOOOOOOO T
T} + CheBp <= T}, CheBp 1 x 108 1.25
TmCheBp — T,,_1 + CheBp 0.155
MCP OO0ODO0ODOO0D

Tm + CheR <= T;,CheR

5 x 106 1.0

TmCheR — Ty, 11 + CheR 0.819
Mcpoooooooooo f

T* — T*p 15.5
CheB 000

CheBp — CheB 0.35

CheB OOOD0OOOOO
Tp 4+ CheB — TpCheB 5 x 106
TCheB <= T + CheB 16
TpCheB <= T + CheBp 16

CheY 00O
CheY <= CheYp
CheYp + CheZ — CheY + CheZ

CheY 0O0OOOOOO
Tp + CheY — TpCheY

5 x 106
5 x 100

1.24 x 1073 4.5 x 102
1 x 108

5 x 106

TCheY <= T 4 CheY 7.5 5 x 108
TpCheY <= T + CheYp 20 5 x 100
Twm 0 Tgmax 0000 mO00Om=0,1,---,40000000
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Table 5 Four kinds of models simulated in this work.

MCPOOOOO
Tsr-Che 0000

oooo ooo
Tar OO0 Morton-Firth, et al. 15) Mello and Tu 13
oo Bray, et al. ¥ 0ooooo0oo

06 0.1pxyMOD 10mMOOOOOODDOOOOOOOOTsrO
Che J0DOOD0ODDOOOOMCPODOOOOODODOOOD
pOoo0oO0oOoO0oOoO0O0obOoOooooobobooobooooooog

Table 6 Adaptation error of the models.
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Fig.2 Phase space plot of response size and adaptation

error.
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(b) Ambient aspartate: 0.1mM
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Fig.3 Phase space plot of response size and adaptation

error.
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