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Supplementary Figures
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Figure S1: Time serials for the distances between ligands and Tar. Distances between the center of

masses (COM) for ligands and (a) receptor or (b) R69’ (awell-known key residue for binding) in the

binding pockets were shown with simulation times. In the systems with 2 Asps, the corresponding distances

for the 2 Asps were averaged.
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Figure S2: RMSF of Tar dimer in the simulated systems. RMSF for the A and B monomers of Tar
dimer in the simulated systems were shown in panels (@) and (b) respectively. Residues are numbered

conventionally according to their apperances in the full amino acids of Tar in E. coli in UniProt.
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Figure S3: ANM based normal mode analysis for the apo system. The structures for ANM model was
based on (@) the crystal structure (PDB code: 1LIH) and (b) the averaged structures in MD trajectories in the
apo system, respectively. The projections of PV and the first two eigenvectors in PCA (e1, €2) on the
eigenvectors were shown with the left vertical axis. The reciprocals of the reduced square intrinsic mode
frequencies comparable to the eigenvalues in PCA were shown with the right vertical axis. The reciprocals

were divided by the sum for all modes to get the normalized values.



Figure S4: The structure changes along the first two normal modes. (a) and (b) are for the first and

second normal modes based on the crystal structures (PDB code: 1LIH).
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Figure S5: The first principal component in the Tsr simulation systems. (a) The movement of the apo
system within the first principal component were illustrated by the structure extrapolations along the

eigenvector. (b) The projection distributions for the simulated trajectories along the eigenvector pei in the

apo and holo systems.
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Figure S6: Conformation clusters described by the two dominant principal components. The figure is
an extension to Figure 6 in the main text. (a) The apo system without ligand. The holo systems bound with
(b) 1 Asp, (c) 1 CHDCA, (d) 1 cis-PDA , and (e) 2 Asps. Conformations are clustered by the distributions.
The clusters are labelled by orange captial letters with arrows. We call the holo system with 2 Asps “Two
ligands” here to indicate the symmetric binding effect that is irrelevant to the taxis functions (attractant,
antagonist, or repellent) of two ligands. The conformation clusters were counted by the method described in
the Supplementary Methods part. The boundary of all clusters are illustrated by the convex hull containing

the grids in the cluster using different colored lines with dots.



Figure S7: Different conformations stabilized by different properties of CHDCA and cis-PDA. The
MSMS molecular surface was shown in Chimera! with the electrostatic potential calculated by APBS
package® mapped colors. To show the binding pockets, the three key residues (F150, R69” and R73°), and
the ligands (if exists) simultaneously, we set the surface near the three key resides and ligands transparent.
Three key residues in the binding pockets were shown with sticks colored as magenta colors and the ligands
were shown as ball and sticks. (a) and (D) are the typical structures for clusters in the apo system that are
homologous to the E and D conformations respectively. (C) is a typical structure for E conformations in 1

CHDCA system, and (d) is a typical structure for D conformations in the 1 cis-PDA system..



Figure S8: Pockets for the conformations in the 1 Asp system. The surface and colors were the same as
in Supplementary Figure. S7. (a) and (b) are the front and back views for the typical structure with A-like
conformations in the apo system. (C) and (d) are the front and back views for the typical structure with B-
like conformations in the apo system. (€) and (f) are the front and back views for the typical structure with B
conformations in the 1 Asp system. (g) and (h) are the front and back views for the typical structure with B’

conformations in the 1 Asp system.



Figure S9: Pockets for the 1 CHDCA stabilized conformation. The surface and colors were the same as
in Supplementary Figure S7. (a) and (b) are the back views for the typical structures in E-like conformations

in the apo system and the 1 CHDCA system bound with a CHDCA in the front pocket. They are the back

views for Supplementary Figure S7a and S7c respectively.
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Figure S10: Fractions of contact maps for hydrogen bonds between ligands and Tar. The atoms of
ligands were labelled in the bottom and the atoms in the receptor binding pockets were shown in the left. In

the 2 Asps system, the corresponding distances for the 2 Asps were averaged.
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Supplementary Tables

Table S1. The simulation systems

# Template Ligand Function Atoms Name

1 ILIH - - 83,308 apo

2 2LIG 1 Asp Attractant 80,445 1 Asp

3 2LIG 1 CHDCA Antagonist 80,457 1 CHDCA
4 2LIG 1 cis-PDA Attractant 80,443 1 cis-PDA
5 2LIG 2 Asp ND? 80,456 2 Asps

# No direct experiment measurements in ultrahigh concentrations.

Table S2. The projection characteristics on the first two principal components

System  #of Clusters  Cluster Labels  Density Peak (nm)  Probability®  Ensemble Average (nm)

(2.19,-0.39) 0.20
(-2.19,-0.39) 0.20
apo 5 NL®? (0.27,0.81) 0.23 (0,0)

(141,-147) 0.07
(-1.41,-1.53) 0.07
A (0.15,0.75) 0.60

1 Asp 3 B’ (-0.03,-0.93) 0.13 (0.25,-0.10)
B (1.53,-1.83) 0.15
C (0.15, 1.17) 0.52

1 cis-PDA 3 D’ (1.29,-0.57) 025 (0.73,0.26)
D (1.65,-1.41) 0.15

1 CHDCA 1 E (0.63, 1.05) 0.89 (0.44,0.93)

2 Asps 1 F (0.39,0.33) 095 (0.17,0.59)

a The clusters were not labelled in the apo system. b The results were obtained from the projection
distributions (see Supplementary Fig. S6 for the cluster boundaries and Supplementary Methods for the
counting details).

Table S3. Ligand-receptor binding energies in the holo systems

System Clusters A G (kcalsmol™) AG? (kcalsmol™)
A -54.4+4.0 -14.6+1.4
1 Asp B’ -55.3£3.6 -14.5£1.3
B -50.4+4.1 -14.7+1.5
C -56.8+4.6 -13.3£1.2
1 cis-PDA D’ -56.9+4.0 -13.3£1.1
D -54.5+4.1 -13.4+1.1
1 CHDCA E -51.0+£8.5 -4.5+3.8
2 Asps F -50.943.3 -15.8+1.3

2 Free energy contributions by the interactions between the ligand and the a4 main chain atoms of Y149,
F150, Q152, and the side chain atoms of T154.
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Supplementary Methods
Calculating the probabilities for the projection clusters

The clusters in Supplementary Table S2 were obtained by searching the local density peaks of the
projection distributions shown in Figure 6. We have noted that Rodriguez and Laio® have developed an
automatic and robust clustering method based on searching local density peaks. We thus used an adapted
method to count the cluster probabilities. Since the number of the structure coordinates in our trajectories is
quite large, we used the distributions of the trajectory displacement projections along the first two principal
components (Fig. 6) as the clustering objects. That is to say, we used the densities on the grids, searched the
local density peaks, and assigned a cluster number to each grid according to the method developed by
Rodriguez and Laio®. The advantage of this protocol is that it gives qualitative results and keeps the
positions of the density peaks equal to those manually picked. In practice, we dropped the grids with quite
small densities (less than 0.05 nm™ here) to further accelerate the calculations and sharpen the clusters with
clearer boundaries. Once the clusters were determined, the cluster probabilities were calculated by integrate

the densities on the grids.
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