>
o

—Experiment
“8 O Model (individuals) o —Model

— == Model (binned) e
£ 20 == Data n 08
Q % 05
e Vo
=15 P(cw,t)

0.3
c 10.2
ke ' 0.2
-—
E 10 1015 01
Q.
(O 01 % 1 2 3 4 5 8 7
'8 5 10.05 Fold Overexpression

C .

0 O Model
> 003 O Data
2 01 @ 002
o : 0.01 ® 43]

8‘ 0.2 —Model E 0 0®

™ me= Data £-001 O%

0.3 @
: E -
0 01 02 03 04 05 00 00
i -0.03
CW bias a0
004, 0.2 04 06 08 1

receptor activity

Figure 2 — figure supplement 1 | Comparing the model to single cell and population averaged
measurements. The same set of model parameter values is used for all the plots. A. Adaptation time and
motor clockwise (CW) bias. Bottom: normalized histogram of motor clockwise bias in the population. Top:
The mean and standard deviation of adaptation time in each bin of CW bias. Red lines: experimental data
from Park et al.[1]. Black lines: model. Circles: Individual cells from the model. Color: probability density.
B. Population-averaged CW bias as a function of fold changes in mean expression level of all pathway
proteins after Kollmann et al.[2]. Red: data from Kollmann et al. Black: model. C. Population-averaged
methylation rate as a function of population-averaged receptor activity obtained by exposing cells to
exponential ramps of methyl-aspartate as described in Shimizu et al.[3]. Red circles: data from Shimizu et
al. Black: simulation of model.
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Figure 2 —figure supplement 5 | Effect of time restrictions on foraging performance.
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Figure 2 — figure supplement 6 | Effect of time limits on near/far foraging trade-offs. Trade-
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Figure 2 — figure supplement 7 | Effect of source concentration on performance. Performance calculate and plotted as
described in Figure 2 — figure supplement 3, but for different concentrations at the source. Left block (“Foraging”): foraging
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Figure 2 — figure supplement 8 | Effect of CheY-P dynamic range on performance. Left block (“Foraging”): foraging
performance for near (200 pum) and far (1000 pum) sources and increasing CheY -P dynamic range, which was changed through the
total number of CheY molecules, Yo, as described in the SI. Right block (“Colonization”) same as left block but for colonization.
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Figure 4 — figure supplement 1 | Fitness trade-offs under alternate models of selection. A.
Model of discrete physiological transitions applied to the chemotactic foraging challenge. Each
individual replicate is given a number of progeny (0, 1, or 2) based on a two-step function of the
nutrition they achieve from chemotaxis. For each phenotype, the foraging fitness is the average
progeny across replicates. The effect of more (red) and less (blue) stringent nutrient requirements
are compared. Survival requirement: 0.5 pmol (blue), 0.75 pmol (red), Division requirement: 2
pmol (blue), 3 pumol (red). B—-C. Beginning with the foraging performance trade-off in Figure
4B, application of the survival model in A gives rise to either a weak (B) or strong (C) fitness
trade-off, depending on where the thresholds and steepness are low (blue curve in A) or high
(red curve in A). D. Probabilistic model of survival applied to the chemotactic colonization
challenge. Each individual replicate survives has chance to survive depending on how soon it
arrives. For each phenotype, the colonization fitness is the probability to colonize measured over
all replicates. The effect of more (red) and less (blue) stringent survival functions are compared.
Time threshold in both cases is 1 min with dependency 1 (blue) or 10 (red). E-F. Beginning with
the arrival performance trade-off in Figure 4E, application of the selection model in C gives rise
to either a weak (E) or strong (F) fitness trade-off.



Table S1.

Receptor Parameters

Name | Description Type Value Reference
& Basal energy of receptor cluster Fixed 6 ksT Shimizu et al. 2010[1]
& Receptor energy change per methyl Fixed -1 ksT Shimizu et al. 2010[1]
group addition
KTOE‘R Tare—meAsp diss. constant Fixed 18.2 yM Shimizu et al. 2010[1]
Ken Taron—meAsp diss. constant Fixed 3000 uM Shimizu et al. 2010[1]
K'?sﬁR Tsror—meAsp diss. constant Fixed 104 uM Endres and Wingreen,
2006[2]
Koo Tsron—meAsp diss. constant Fixed 10° uM Endres and Wingreen,
2006[2]
Nrar Number of Tar receptor dimers Fixed 2 (6%) Shimizu et al. 2010[1], Li
and Hazelbauer, 2004[3]
Nrsr Number of Tsr receptor dimers Fixed 4 (0%) Shimizu, et al. 2010[1], Li
and Hazelbauer, 2004[3]
Signaling Parameters
Name | Description Type Value Reference
ke Catalytic rate of CheR Fitted 350 st this study
Ky Equilibrium constant of CheR activity Fitted 300 uM this study
Ko Catalytic rate of CheB Fitted 266 s* this study
Ky Equilibrium constant of CheB activity Fitted 200 uM this study
ap CheA autophosphorylation rate Fitted 12551 this study
as Rate of CheB phosphorylation by CheA | Fixed 15uMts? Stewart, Jahreis, and
Parkinson, 2000[4]
ds CheB autodephosphorylation rate Fixed 05s? Stewart, 1993[5], Kentner
and Sourjik, 2006[6]
ay Rate of CheY phosphorylation by CheA | Fixed 50 uMt st this study
dz Rate of CheY desphosphorylation by Fixed 5uMtst this study
Chez
Motor Parameters
Name | Description Type Value Reference
@ Basal switching frequency Fixed 1.3s? Sneddon et al., 2012[7],
Cluzel et al., 2000[8]
01 Transition energy of motor Fixed 40 keT Sneddon et al., 2012[7],
Cluzel et al., 2000[8]
Kb Dissociation constant of CheY-motor Fixed 3.06 uM Sneddon et al., 2012[7],
interaction Cluzel et al., 2000[8]
Simulation Parameters
Name | Description Type Value Reference
v Cell speed Fixed 20 um st Sneddon et al., 2012[7],
Berg and Brown, 1972[9]
Drot Rotational diffusion Fixed 0.062 rad s* | Sneddon et al., 2012[7],
Berg and Brown, 1972[9]
Krot Post-tumble redirection angle Gamma Fixed 4 Sneddon et al., 2012[7],
distribution shape parameter Berg and Brown, 1972[9]
Grot Post-tumble redirection angle Gamma Fixed 18.32 Sneddon et al., 2012[7],
distribution scale parameter Berg and Brown, 1972[9]
D Diffusion coefficient of methyl-aspartate | Fixed 550 pm?s? | Lewus et al., 2001[10]




k Nutrient pickup rate Fixed 104 This study
pmol/uM/s
Gene expression parameters
Name | Description Type Value Reference
<T> Population mean receptors per cell (Tar | Population variable, | 15000 Li and Hazelbauer, 2004[3]
+ Tsr) fixed during fitting mol./cell
<A> Population mean CheA proteins per cell | Population variable, | 6700 Li and Hazelbauer, 2004[3]
fixed during fitting mol./cell
<W> Population mean CheW proteins per cell | Population variable, | 6700 Li and Hazelbauer, 2004[3]
fixed during fitting mol./cell
<R> Population mean CheR proteins per cell | Population variable, | 140 mol./cell | Li and Hazelbauer, 2004[3]
fixed during fitting
<B> Population mean CheB proteins per cell | Population variable, | 240 mol./cell | Li and Hazelbauer, 2004[3]
fixed during fitting
<Y> Population mean CheY proteins per cell | Population variable, | 8200 Li and Hazelbauer, 2004[3]
fixed during fitting mol./cell
<Z> Population mean CheZ proteins per cell | Population variable, | 3200 Li and Hazelbauer, 2004[3]
fixed during fitting mol./cell
X Conversion between mol./cell and pM Fixed 833
for proteins uM/mol./cell
Ars Translational coupling coefficient Fixed 0.485 Lovdok et al., 2009[11]
between CheR and CheB
Agy Translational coupling coefficient Fixed 0.210 Lovdok et al., 2009[11]
between CheB and CheY
Avz Translational coupling coefficient Fixed 0.250 Lovdok et al., 2009[11]
between CheY and ChezZ
n Intrinsic noise scaling coefficient Population variable, | 0.125 this study
fitted during fitting
10) Extrinsic noise scaling coefficient Population variable, | 0.26 this study
fitted during fitting
Table S1. Parameter Values and Variables.
*Values in parentheses were used when directly comparison to Shimizu et al., 2010[1] to reflect
the Tsr knockout mutation used in that study.
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