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Appendix Figure S1- Sodium proton antiporter assays and lipidomic analysis of purified
TqgsA.

A Growth complementation sodium proton antiporter assay in LBK medium with 200 mM NaCl.
The starting ODeoo Of all the cultures was maintained around 0.06-0.07. Western blot analyses
for the expression of the exporters are also included in the plot. E. coli NhaB couldn’t be

detected via Western blot either due to low expression levels or inaccessible Strep-Il tag.



B Similar growth complementation sodium proton antiporter assay on LBK agarose medium
with 200 mM of NaCl with E. coli NhaB as a positive control.

C Acridine orange assay profiles for Al-2 exporter TgsA on the left and the positive control
EcNhaB on the right.

D Lipidomic analysis of GDN-purified TqsA. E. coli lipids, phosphatidylethanolamine (PE),

Phosphatidylglycerol (PG) and cardiolipin (CL) were observed.
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Appendix Figure S2- Electrostatic potential surface maps of TqsA and YdiK.

A, B Electrostatic surface potentials of TqsA (A) and YdiK (B) calculated by APBS are colored
ranging from blue (+10 kT/e) to red (-10 kT/e).

C Close-up view on the charges around the docking site of Al-2 in TgsA.
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Appendix Figure S3- Structural features of Al-2 exporter, TqsA.

A Cross shaped architecture formed by helices H2 and H5 at the interface of scaffold and
transport domains in TgsA is highlighted. Yellow is used for the scaffold domain (N-half) and
blue for the transport domain (C-half).

B “Leucine zipper like motif” covering the tilted antiparallel helix bundle (H3 and H4) of the
TgsA monomer is illustrated in this subsection.

C Loops suspected essential for the elevator motion of the transport domain in TgsA are
focused on in the figure.

D The dimer interface within the homo-pentameric complex is highlighted in the figure for
TgsA. The interacting residues are shown in red. The major interacting residues are located
at the N- and C- terminus of TqsA. Loops connecting helices H3-H4 and H4-H5 also appear
essential. The dimer interface and the interacting residues were calculated using PDBePISA.
The estimated solvation free energy AG for the formation of the dimer interface is ~39.7

kcal/mol.
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Appendix Figure S4- Upf0118 critical motifs placement and Native-MS on TqgsA variants
A A sequence comparison of TqsA and Upf0118 is shown, especially focusing on the motifs
harboring functionally critical residues of Upf0118. The residues reported essential for the
transporter activity of Upf0118 are highlighted in green and the residue K215 essential for pH
response of Upf0118 member is shown in red (Wang et al, 2020).

B Relative Al-2 binding study on TgsA variants using Native-MS is shown in the figure. The

samples include the wild type represented as WT, single mutants, and a quadruple mutant



with multiple mutations near the proposed binding site shown as 4M which comprises four

mutations N234L, P237A, N238L and E280Q.
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Appendix Figure S5- Interaction analysis of Al-2 exporters with Al-2/DPD using Native-
MS.

A Two spectra for TqsA are shown in the figure, the upper one after the addition of DPD and
the lower one devoid of any substrate. The peaks corresponding to the pentameric TgsA in
both spectra are highlighted in purple. For clarity, a zoomed-in view of the 17- charge state is
shown on the right as an inset. CDL in the figure represents a cardiolipin molecule. The binding

of DPD to pentameric TgsA is evident from the shift in the peak centre.



B The spectra of TgsA in C8E4 detergent with and without the addition of Al-2 show that the
protein is majorly in the monomeric form and the additional peaks developed around it in the
upper spectrum are highlighted in purple which indicates Al-2 interaction with the protein.

C The spectra of YdiK in C8E4 also showed a similar behavior that was observed in the case

of TgsA in b, further confirming that YdiK also binds to Al-2 (highlighted in blue).
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Appendix Figure S6- Comparison between cryo-EM and AlphaFold predicted structures
of Al-2 exporters: A, B: Two orthogonal views of superimposition of the cryo-EM and
AlphaFold predicted monomer structures of TqsA (A) and YdiK (B). The monomer structure
is shown as a ribbon diagram in the pentameric complex. Cryo-EM structures of TqsA and
YdiK are shown in brown and blue respectively. The predicted structures are shown in grey
and low confidence areas with a per-residue confidence score lower than 70 are highlighted
in red. The magnified view of the superimposed helical hairpins is shown on the right for both

proteins.
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Appendix Figure S7- AlphaFold predicted monomer structures of YhhT and PerM.
Both the predicted structures are shown in grey with two different views, A: YhhT and B: PerM.
The low confidence areas in the structures are highlighted in red. The helical hairpins for both

the predicted models are shown magnified on the right.
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Appendix Figure S8- TqsA single particle processing workflow. Detailed single particle

cryo-EM workflow adopted for TqsA dataset is described.
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Appendix Figure S9- YdiK single particle processing workflow. Detailed single particle

cryo-EM workflow adopted for YdiK dataset is shown.
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Appendix Figure S10- Multiple sequence alignment of the Al-2 exporters. Homologs
considered include Al-2 exporters from E. coli (TgsA, YhhT and PerM), Brucella abortus

(Uniprot: AOA7U8JIH7), Paenibacillus mucilaginosus (Uniprot: F8FLY5), Bacillus subtilis



(YueF, Uniprot: 032095), H. andaensis (Upf0118, Uniprot: AOA1W5X0D5), B. subtilis (Ytvl,
Uniprot O50485), Bacillus pseudofirmus (YCT2, Uniprot: Q04454) and Clostridium difficile

(Uniprot: Q188A3).



Appendix Table S1- Primers used in the study

Primers Sequence (5’-3’)

TqgsA_fwd GAGGAATTAACCATGGCAAAGCCGATCATCACGC

TqsA_rev GTGGCTCCAAGCGCTCTCTTTATTGAGATCGCTTAACAGAACGG
YdiK_fwd GAGGAATTAACCATGGTAAATGTTCGTCAGCCCAGGG

YdiK_rev GAGGAATTAACCATGGTAAATGTTCGTCAGCCCAGGG

YhhT_fwd GAGGAATTAACCATGGAAACCCCTCAACCCGATAAAACG

YhhT_rev GAGGAATTAACCATGGAAACCCCTCAACCCGATAAAACG

PerM_fwd GAGGAATTAACCATGCTCGAAATGTTGATGCAATGGTATCG

PerM_rev GTGGCTCCAAGCGCTTTCTTGCGCGATTTGCCCA

Ag_740_fwd | CAGGAGGAATTAACCATGAACAAACTCTCCCTTTTCGTTTATCTATTTTT

Aq_740_fwd

CGGGTGGCTCCAAGCGCTAATACCTGAGTGAACTCTTCTCCTGTAAATT




