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1 Experimental details

Microorganism

Escherichia coliK-12 (MTCC 1302) lacking Trg receptor was used throughoig th
study. The strain was obtained from MTCC, IMTECH Chandigartia.

Media

The motility buffer (MB) contained (/I of distilled water) ¥IPQy, 11.2 g; KHPOy,
4.8 g; (NHy)>SOy, 2 g; MgSQ. 7H,0, 0.25 g; PVP, 1 g; and EDTA, 0.029'gLuria-
Bertani (LB) broth contained LB (/I of distilled water) 25 gryptone medium con-
tained (/I of distilled water) tryptone, 10 g and Nacl, 5 gffBient concentrations of
chemotaxis medium was prepared by adding different amaimteAsp to the motil-

ity buffer under sterilized conditions.
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Growth conditions

The growth conditions of the bacteria are critical to thecgss of the experiments.
In the present work, the bacteria were grown as per the fallpywrocedure: One
loop full of culture from the slant was inoculated into LB nieednd allowed to grow
for 9 hours in the exponential growth phase. The incubatias always carried out
at 37°C and 240 rpm. After the culture was grown for 9 hours, 1 ml &f ¢ulture
broth from LB medium was transferred to tryptone medium diahad to grow for
6 hours (exponential phase). To ensure that the cells apetito tryptone medium,
10 ml of sample was transferred to tryptone medium and grogainafor 4 hours
(early exponential phase). The biomass was separated ing ta@ ml of the culture
into sterilized tubes and centrifuged at 4000 rpm for 10 r@auThe supernatant was
decanted and the settled pellet was gently re-suspendédrinl inotility buffer. The
above procedure was repeated three times before intraglhhareells into the capillary.
High levels of bacterial motility were observed on viewitng tcells under an optical
microscope. Finally for the chemotaxis measurementss eate introduced gently by
touching the pellet with the mouth of the capillary. The camtcation of cells in the

capillary was determined using agar plates.

Establishment of 2-NBDG gradients

The micro-capillaries were first sterilized and then werekead with graduations spaced
at 0.25 cm along its length. The concentration gradienteiest established using
different concentrations of 2-(N-(7-nitro-benz-2-ox&-tliazol-4-yl)amino)-2-deoxy-
glucose (2-NBDG, a fluorescent glucose) solutions usinglitydbduffer. In order to
calibrate the intensity of 2-NBDG solutions, a 5 cm plug oNBDG solution was
drawn in the capillary and the ends were sealed with wax. Thwedscence intensity
was found to vary linearly with 2-NBDG concentration up t@0@M. The calibration
chart is shown in Fig. S1(A).

Experiments were performed for establishing steady liseacentration gradients

of 2-NBDG. A 4.5 cm liquid plug containing a fixed concenteatiof 2-NBDG was
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drawn in the capillary followed by about 0.5 cm plug of a mttibuffer without 2-
NBDG. Approximately 16 bacteria/ml were taken into the capillary by contacting
the pellet (as described earlier) with the mouth of the &apil Then, the capillary
ends were sealed with wax. A schematic diagram of the miapHary experimental
setup is shown in Fig. S2. Using a microscope with an 4X (nicakaperture =
0.13) objective lens, the fluorescence intensity of 2-NBD#&& weasured overQ X
< 1500 um as a function of time shown in Fig. S1(B) and the results aoeva in
Fig. S1(C). It is noticed that within the first 1.5 min, thednsity profiles attains the
steady state and there is a negligible change in the comtiemtprofile up to 30 min.
These profiles were robust and easily reproducible and wareffected neither by the
cell movements nor by the consumption of 2-NBDG by this straturther, for the
guantification experiments, MeAsp was used instead of 2-8BDis assumed that
the gradients obtained with MeAsp is identical to 2-NBD@gsithe molecular weight
of the two are similar and so the diffusivity in water would@be approximately the

same.

Quantification of chemotaxis

Image analysis was used to quantify the movemenE odli. This involves the anal-
ysis of moving objects in image sequences. In this sectipecifications of optical
microscope, image processing and procedure for calcgl#tia cell movements are
discussed.

Specifications of optical microscopkX71 Inverted Microscope (Olympus, Japan)
was adopted as the optical microscope. Images were takeg bgolution VF Cooled
Monochrome camera (Media Cybernetics, Japan). Brighd-{B#) illumination with
magnification of 40X objective lens (hnumerical aperture 2.

Image processing procedurenage-Pro Plus 6.0 image analysis program was used
to locateE.coli in each frame and follow its motion in subsequent framess Pho-
gram uses a single stack TIFF image which contains 500 s&gLi€HrF images taken
at an interval of 0.11 s. In every experiment two stack imagese recorded at 500,

1000 and 150Qum. Note that, the image captured using 40X magnificationsmnc
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passed a physical area measuring ¥6020 m?.

Procedure for calculating the cell movemeifit minimize errors in finding the cell
movements, the following two assumptions were made. Rhstcells moving close
to each other or overlapping cell movements were negle&econdly, the cells not in

the field of view for the entire time series (minimum 1.1 s) &veeglected.

Using Matlali®, each stack image was thresholded so as to clearly distingeils
from the image background. Then, with the help of the auttkiregy option, the move-
ment of cells along the gradient direction (x) was trackea sequence of images. The
raw data containing spatial location of each cell as a fonatif time was exported to
an Excel file. The procedure for calculating the movemenetifaver a period of time
was straight forward. Starting from an initial position hetfirst frame, the displace-
ments between two consequent frames 0.11 s apart were dwetetrihe tracking data

with time was collected from six identical experiments foabysis.

2 Model equations for the intracellular pathway

As mentioned in the main text, the modeling of the intradalipathway, closely fol-
lows that of Barkai and Leiblet.Let T; represent the concentration of receptor com-
plexes withi residues methylated ar@l(L) denote the probability that the receptor
complexT; is active when the concentration of chemoattractarit. isThe receptor
complex can be in one of five methylation states with0, 1, 2, 3 or 4 methyl groups.

The total concentration of active receptors is given by,

TA = gai (LT, (S-1)

while the total concentration of inactive receptors is gibs,

4

T = %(1— ai(L))T:. (S-2)
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The binding kinetic equation for active receptor complegiigen by,

T+ L= [TA (S-3)
The total active receptor complex concentraffghis given by,

T =T+ ([TAL (S-4)

whereTA is free (non-ligand bound) active receptor complex coregion and TAL]
is the ligand bound active receptor complex concentratispectively. The fraction of

free active receptor complex concentration from the abquation is given by,

& K

TA  K+L

(S-5)
whereK_ is the ligand dissociation constant. Similarly, the frantbf ligand bound

receptor complex concentration is given by,

TAL) L
A KL+L

(S-6)

The total probability of the receptor complex being in aetstate is the sum of the
probabilities of the ligand bound and non ligand bound beéingctive state and is

given by,

L 0
a-L a;’K
ai(L): ! L

Ki+L K_+L

(S-7)

where the parameters assigned the following numericatgawen = 0, at = 0, a}

=0.1,a;=0.5,a;=1,00=0,a9=0.1,00 =0.5,0{ = 0.75,a9 = 1 andK_ =1 uM.
These values are taken from Morton-Firth et3a@nd are estimated from the free

energy states of methylation and the ligand occupancy eftec complex for MeAsp.

The corresponding phosphorylation rate equations withctireesponding rate con-
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stant$ are given by,

%itp = 235(TA)A—100(Ap)Y — 10(Ap)B (S-8)
% = 100(Ap)Y — 30(Yp) (S-9)
% = 10(Ap)B — (Bp) (S-10)

Here,A, Ap, Y, Yp, B andBy represent, respectively, the concentrations of CheA,phos
phorylated CheA, CheY, phosphorylated CheY, CheB and pgiwgfated CheB. Li
and Hazelbauérhave measured these chemotaxis protein concentrationdgdaype
and are given byA + Ap =5.3uM, B+ Bp=0.28uM, Y +Y, =9.7uM and CheRR)
=0.16uM. The total receptor concentration (Tar+TS+ Ty + To + T3 + T4 = 17 uM
andR = 0.16 uM reflecting the reportedifindings that both Tsr and Tar participate in
sensing aspartate.

The Barkai and Leiblérmodel assumes that CheR) pinds to the inactive recep-
tors (T') and the phosphorylated CheBy) binds to the active receptor$®). As-
suming that, the methylation and demethylation reactiofief’s Michelis - Menten

kinetics, the rate of demethylation and methylation is gikg, respectively,

_ ko(Bp)

8= ko TA (S-11)
_ k(R

R Ket T (5-12)

where k, = 0.6s 1 andkg = 0.75s 1 are the rate constants akg = 0.54uM andKg
= 0.39uM are the Michaelis constarftfor receptor demethylation and methylation,
respectively.

The rate of methylation is proportional to the concentratib inactive receptors
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(1-ai(L))Ti, and the rate of demethylation is proportional to the cotre¢ion of ac-
tive receptorsi(L) Ti. For the receptof, the rate of demethylation iss ai(L) T
and the rate of methylation i (1— ai(L)) Ti, the mass balance equations for the

corresponding receptor can be given by,

dTo

ot = "R ao(L))To+reay(L)Ty (S-13)

% = —rr(1—ay(L))Ta +reaz(L) T2+ rr(1—ao(L))To—rear(L)Ty  (S-14)
% = —1Rr(1— 02(L))Ta+rgas(L) T3+ rr(1—a1(L)) T —reaz(L)T,  (S-15)
% = —rr(1—03(L)) T3 +rgaa(L)Ta+rr(1— a2(L)) T2 —rgas(L) Tz (S-16)

— 4 = rR(1- a(L))Ts — reaa(L)Ts (5-17)

Using Matlal®, we solved simultaneously the steady state phosphorglagiac-
tion equations and the mass balance equations for the cgsephe optimum parame-
ters of the simulated model are reported in Table S1. Thélslefdigand concentration

gradient obtained from experiments and used in simulatiemeported in Table S2.
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Figure S1: (A) Linear Calibration curve; Fluorescencenstyy with varying concen-
tration of 2-NBDG (B) A magnified view of the micro-capillasgt-up (C) Stable Lin-
ear Gradients; Measured concentration profiles for twoigras: t = 1.5 min (black
line) andt = 5 min (blue line) forG = 0.016M/um,t = 1.5 min (red line)t = 5 min
(green line) and = 30 min (pink line) forG = 0.16 uM/um respectively.
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Figure S2: Micro-capillary experimental setup for estsiilig methyl-aspartate gra-
dients. x = 0 is located at the end of the pellet with a ligand concemratiy. The
experimental values dfy and the established gradiet@)(is given in Table S2 and
these conditions were used in the model simulations
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Table S1: Parameters used to simulate the model

Description Presentstudy  Reported

CheA concentration&) 5.3uM 5-5.3uM (3479

CheY concentrationv() 9.7uM 9.7-18uM (3478
CheR concentratiorR) 0.16uM 0.16 - 0.3uM (347§
CheB concentratiorB) 0.28uM 0.28-2.27uM (3479
Receptor concentration (Tar+Tsr) LK 5-17uM (*7)

Ligand dissociation constar() 170 uM 1 - 100000uM (%919
CheR catalytic rateKR) 0.39uM 0.099 - 0.39uM (3478
CheB-P catalytic rateK() 0.54uM 0.54-5.5uM (347§
CheR Michaelis-Menterk() 0.624 51 0.255 - 0.819°st (3479
CheB-P Michaelis-Menterkg) 1.2s? 0.155-6.3s5! (3479
CheA autophosphorylation rate 235's 15.5-50st (3479
CheY phosphorylation rate 1QM-1s 1 3-100uM-1s1 (3479
CheY-P dephosphorylation rate 30's 14.15-30.1s (3479
CheB phosphorylation rate pmM-tst  3-30uMls (3479
CheB-P dephosphorylation rate 15 0.35-1s1 (3479
Steady state CheY-P concentration R 2.2-4.4uM (71113
Intracellular Hill coefficient () 50 10 - 50 (11319

11
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Table S2: Gradients and ligand concentratior &t0 obtained through experiments.
These conditions were also used in the model simulation.
S.No. ConcentratiorLg, uM) Gradient G, uM/ pm)

atx=0cm
1 16 0.016
2 80 0.08
3 160 0.16
4 1600 1.6
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