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aAn interaction was counted whenever a Na+ ion/water oxygen was within 2.5 Å of any (non-H) atom of the
residue
bData for the calculation were taken in increments of 1 ns during the trajectory. The first 25 ns of the simulations
were not included in the calculation
c PomB-S27

Ampr, ampicillin resistant; Rifr, rifampin resistant; Cmr, chloramphenicol resistant; Pof+, normal polar flagellar 
formation, Pof-, defective in polar flagellar formation; Laf-, defective in lateral flagellar formation; PBAD, arabinose 
promoter; PespA, cspA promoter.

Table S2. Strains and plasmids used in this study 
Strain and plasmid Description Source or reference 
Vibrio alginolyticus strain 
NMB191 
 
Escherichia coli strains 
DH5α 
BL21(DE3) 
 
Plasmids 
pBAD33 
pHFAB 
pTSK37 
pTSK6 
pCold4 
 
pCold4-pomAB-His6 

 
ΔpomAB Rifr, Pof+, Laf- 
 
 
Recipient for cloning experiments 
Host for protein expression 
 
 
Cmr PBAD 
pBAD33/PomAB 
pBAD33/PomAB (Δ41-120) 
pET-22b(+)-pomAB-his 
Ampr PcspA 

(Cold shock expression vector) 
pCold4/PomAPomB-his6 

 
43 
 
 
 
Novagen 
 
 
44 
45 
46 
S. Kojima 
TaKaRa 
 
This study 

 
�



aMeasured between Cα atoms of the two atoms at the border of the membrane spanning 
region for each TM helix. Data on membrane-spanning regions were taken from the 
paper33. 
bChannel-1, where structure change and sodium binding occurs, is formed between 
subunit 2 of PomA and subunit 1 of PomB.
c TM-B of PomB only has two subunits, 1 and 2 and there is no value.
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Elution fractions

(A)

(B)

Fig. S1. (A) Elution profile of purified PomAB complex by gel filtration chromatography using 
Enrich SEC 650 10-300 Column (Bio-Rad). (B) The proteins of the eluted samples were 
separated by SDS-PAGE and detected by Coomassie brilliant blue staining. 
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Fig. S2. Na+- or K+-induced difference ATR-FTIR spectra of the PomA/PomB mutants. The 
upper panel showed difference ATR-FTIR spectra of "20 mM -minus- 0 mM" NaCl (upper 
traces) and KCl (lower traces) were measured in the PomA-T158A (red), PomA-T186A (green) 
and PomB-D24N (blue) mutants. The lower panel showed the corresponding Na+- or K+-
induced spectrum measured in PomA-D31C mutant (magenta). A perfusion buffer contained 
10 mM MOPS-Tris, pH 7.0, 5 mM MgCl2 in the presence/absence of 20 mM NaCl or KCl. All 
the spectra had been subtracted by baseline drifts as described in the experimental section. 
The Na+- and K+-induced spectra measured in the WT were overlaid for comparison (black 
dotted line, same as trace-a. and trace-d. in Fig. 5A).



Fig. S3. Binding affinity of Na+ to the WT PomA/PomB estimated by ATR-FTIR. The 
difference ATR-FTIR spectra of "Na+-bound -minus- free" were measured in the WT, using 
the buffer (10 mM MOPS-Tris, pH 7.0, 5 mM MgCl2) containing NaCl at different 
concentrations of 0.5, 2, 10, 20, 50, and 100 mM. After baseline subtraction, the intensities 
of peak/trough at 1662(+)/1648(−) cm−1 (square) and 1115(+)/1061(−) cm−1 (circle) in each 
spectrum were calculated and plotted against the concentration of NaCl. Both can be 
representative for the intensities of IR changes due to Na+-binding to the WT, mainly in the 
Na+-selective site. Dotted lines were obtained from curve fitting using the Hill equation, with 
parameters of dissociation constant Kd and the Hill coefficient values; 3.5 mM and 0.9 for the 
1662(+)/1648(−) cm−1 and 6.5 mM and 0.7 for the 1115(+)/1061(−) cm−1, respectively.



Fig. S4. (A) and (B) Distance between Cɑ atoms of D24 (PomB) and T/A158 (PomA) 
during the simulation for channel 1 and 2, respectively. Origins of mutant data are 
placed at the relative time in the WT simulation, from which their simulations were 
started (2 ns and 50 ns for T158A-2/T186A-2 and T158A-50/T186A-50, respectively). 
(C) and (D) Distance of D24 (Oδ1) and T/A158 (Oγ1/Cβ), respectively (in channel 1), to 
the nearest Na+ atom at any time. 
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Fig. S5. (A) (i)-(v): Individual force vs. z coordinate profile for 10 SMD runs. (vi) All individual 
SMD profiles (plots (i)-(v)) superposed and colored according to run type, as shown in legends. 
(B) SMD force vs. z coordinate before averaging (grey). Data consist of superposition of data 
points of all 10 runs for each set. Black lines represent averaged data such that each point is 
an average of the 500 points around it. Total number of data points in each panel is 50110, in 
terms of distance, each data point is an average of points roughly 0.5Å around it. (C) 
Coordination number of Na+ ion during SMD simulation shown separately for protein atoms (i), 
and water molecule (ii), and combined (iii). All other details are similar to those in Fig. 7.



Fig. S6. Applied force during the SMD simulation vs. z coordinate of the moving Na+ ion. 
For each panel, data were averaged over individual SMD simulations using the 1, 2, 3, 5, 
8, and 10 first simulations. Averaging of data was performed in a similar way as in Fig. 7. 



Fig. S7. (A) Left and right: channel regions of PomAB (blue, red, and magenta) and ExbBD
(cyan, orange, and pink) 36 fitted according to channel 1 of PomA (TM3) with the TM regions 
(residues 129-196) of ExbBD (chain A, left and chain D, right). PomAB structures used for 
fitting are the initial model (left) and an MD snapshot after 105ns of simulation (right). Thr and 
Asp residues of both proteins are presented in stick representation and color-coded as shown 
in the left panel. Each helix is colored with the same color as the emphasized residues on it. 
Middle: ExbBD hexamer (PDB id: 5ZFU) emphasizing chains A and I (blue) and chains D and G 
(red). Thr and Asp residues are presented as spheres and color-coded as shown in the figure. 
Channels were assigned as follows. Each ExbD unit was paired with the three ExbB units 
closest to it. An alignment was performed against PomAB channel 1 for all possibilities. The 
ExbB unit that resulted in the best fit (lowest RMSD) was selected as the matching pair for each 
ExbD unit. (B) Sequence alignment results for PomA and ExbB. Alignment performed with the 
protein-protein BLAST® (blastp) using the Compositional matrix adjustment method. %identity 
was determined as 27% (13/48), %similarity was 50% (24/48) 5 gaps (10%) were inserted. The 
total BLAST score was 20.8. Range used for alignment in PomA were residues 144-205 (TM3) 
and for ExbB, residues 129-196 (TM part of the channel). Information about identities and 
similarities is shown in the ID/SIM rows. A letter indicates the 1-letter code of an identical 
residue, a plus sign indicates similar residues. (C) Distances (between Cα atoms, in Angstrom) 
between Thr and Asp residues in PomAB and ExbBD channels. Coordinates for ExbBD were 
taken from the Cryo-EM hexameric structure (PDB id: 5ZFU), coordinates for PomAB taken 
from a snapshot of the WT-MD simulation after 105ns. T148 and T181 belong to ExbB, D25 
belongs to ExbD, T158 and T186 belong to PomA, and D24 belongs to PomB. Channels were 
assigned as described in (A).



Fig. S8. Ramachandran plot for the final model of PomAB used for the MD simulations. 
Analysis was performed in Procheck 54. Due to renumbering of residues some residues are 
presented in the plot with different residue numbers as follows. PomA-S167 presented as 
S24, PomA-K173 as K30, PomA-A178 as A35, and PomB-L35 as L24. Letters in 
parenthesis indicate the chain number, chains A-D for PomA and chains E, F for PomB.



Fig. S9. Main-chain (A) and side-chain (B) parameters for the final model of PomAB used 
for the MD simulations. Analysis was performed in Procheck 33. The value for the target 
structure is represented as a solid black square. Purple band represents the results from 
well-defined structures at each resolution. The width of the band corresponds to a 
variation of one standard deviation about the mean. 



 
 
Fig. S10. Helix propensities of TM-B residues of PomB during MD simulation, for the initial 
(modeled) structure of TM-B of PomB, and for the initial structure of TM-B of MotB (after 
the second stage of “Evaluation & selection” in Fig. S1 in the literature19). Residue 
numbers are shown for PomB sequence, sequence alignment with MotB for the relevant 
parts are shown in the bottom. Data shown for channels 1 and 2 at the top and bottom 
panels, respectively, and for 100-400ns and 300-400ns on the right and left panels, 
respectively. For residues in which the propensities in the initial state and during the 
simulation are equivalent, the “PomB-initial” marker overlaps the “PomB-MD” marker and 
is not visible. 
  



 
Fig. S11. Helix propensities of TM-3 residues of PomB during MD simulation, for the initial 
(modeled) structure of TM-3 of PomB, and for the initial structure of TM-3 of MotB (after 
the second stage of “Evaluation & selection” in Fig. S1 in the literature19). Other 
descriptors are the same as for Figure S10.  
  



 
Fig. S12. Helix propensities of TM-4 residues of PomB during MD simulation, for the initial 
(modeled) structure of TM-4 of PomB, and for the initial structure of TM-4 of MotB (after 
the second stage of “Evaluation & selection” in Fig. S1 in the literature19). Other 
descriptors are the same as for Figure S10. 
  



 
Fig S13. TM-3 and TM-4 of PomA and TM-B of PomB with the embedding membrane (for 
clarity of the figure, the front region of the membrane is not shown) for channel 1, shown 
for the initial (modeled) structure (top) and for snapshots from the MD simulation after 105 
ns (middle) and 305 ns (bottom). Protein regions are colored according to secondary 
structure (alpha helix in purple, turn in cyan and coil in white). T158 of TM-3, T186 of TM-4 
and TM-B of PomB are shown in stick representation in blue, red and purple, respectively. 
Arrows mark the border between helical (bottom) and non-helical regions. Residue pairs 
between which helices are broken written above the arrows where the residue name on 
the left is the top residue (the non-helical residue).  
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Fig. S14. Full length blots of cropped images in the main text. A part of the blots 
of (A) and (B) are shown in Fig. 2D and Fig. 3B, respectively. Marker, molecular 
weight marker (unit: kDa).
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Fig. S15. Full length blots of cropped images in the main text. A part of the blots 
of (A) and (B) are shown in Fig. 4A and B, respectively. Marker, molecular weight 
marker (unit: kDa).
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