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Supplement

Supplementary Figure S1. Domain structures of GspE and cytoplasmic domain of GspL and homologs
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Domain bar diagrams of GspE and cyto-GspL homologs. For domains that are homologous in structure
to GspE, the percentage sequence identity is given compared to Vv GspE. (A) GspE and homologous
ATPases with electron microscopy reconstructions or crystal structures. Vv GspE: Vibrio vulnificus GspE.
Vc GspE: Vibrio cholerae GspE. Tt PilF: Thermus thermophilus assembly ATPase PilF. Pa PilT:
Pseudomonas aeruginosa retraction ATPase PilT. Aa PilT: Aquifex aeolicus retraction ATPase PilT. Af
GspE2: one of three related ATPases in Archaeoglobus fulgidus; Sa Flal: Sulfolobus acidocaldarius Flal.
(B) cyto-GsplL and homologs with known crystal structures. The white bar in T4aPS Tt PilM indicates sub-
domain 2B that is missing in T2SS cyto-GspL. W cyto-GspL: Vibrio vulnificus cytoplasmic domain of GspL.
Vc cyto-GspL: Vibrio cholerae cytoplasmic domain of GspL. Tt PilM: Thermus thermophilus PilM. EPEC
cyto-BfpC: enteropathogenic Escherichia coli cytoplasmic domain of BfpC.



Supplementary Figure S2. Family sequence alignment of GspE

al BA BB o2 pC
_______ —_— [E——— 2020200080240 co—
LB )
3 10 29 0 ¢ 0 9
Vvul EpsE . .MVDILDTAP...SYRREFSFANRFPKMVLEVEHPERPPVLYYVEPLNAQALVEVREVLKQTPVPQAIAARAL R ERIRQLMEDIESD .
Vcho Eps2 . .MTEMVISPAEBRQSIRRIMIFSFANRFPKLVLDWNEDPSQASIYYLAPLSNEBALVHITRKEOVVKEAFQLIBLSQA R RQLMEDIEADS
Vpar EpeE . .MVDMLDTAP...SMRRUAIFSFANRFELVLETEHPERPPILYYVEPLNPAALVLIVRLIVLKRSFVPQAIDKESE RQLMEDI DS
ETEC GepE . .MVPVAQEPT..ANTVRIAJYSFSRRFSLVAWCEAS. . .LEILHVEPLSLSVLQULQUGLNAPFTLRQIDEAEY R RQLMEDLHSA .
EHEC GopE ..MSRVVQNVS..ESRP REIWVAEGPLNVTTVSAEAL RQMMAEI B.
Kpne PulE ...... MTPAA. .ERRP REIVAAMPFRLERLEEE R RRMMADI B.
Bchr OutE ..MSDQPVHTS..ELRPVIAIFAFARAQQILLLQDESASAAEBVVCVPETPALALLEVREVAGVALTVSQVSPEEL R RRLMEDIEND.
Pcar OutE . .MSDVASQII..EBLRPIISIFAYARSQQILLLQRENDASLQTICVAQTPPAALLEIAREIIAGCSLRIEBRVTDE 1 RRMMEDIENE .
Ahyd ExeE .MAAYQLDDTSLPAALPEIMIFAFARNFGVVLTERQG. .TPLLLCRPGVAPQTULEVREVAGCAFEVEQLGSD RQLMEDLENE .
Paer XcpR MMTAPLPDIAAPAAPPRR QLIFAGRRLPLKALGED L H ALIMQLAEBDLEGS .
PG
..... Ao Ra0a0RANg —_—
— -
170 180 190

Vvul EpsE sTsSAR@A 8 R K RI
Vcho_EpsE APSEIKIAS SRy DIARKREPQDCR RI
Vpar_ EpsE TPSEl A ViR ENGAD IAEBKR RI
ETEC_GepE RPGLIKIAA VERIT LL
BHEC GspB RLELINEAA H5 R RI
Kpne Pull RPQLY A }4 5 R RI
Echr_ OutE RPQLIQAA NS R DIARKR.‘PQDCR RI
Pcar_OutE RPQUIKIAA 8 R Dx:\slnypqncn RV
Ahyd ExeE RPEL A S| 5 R RI
Paer XcpR EPKLIEIAA VERII RV

of BL

Vvul EpsE R 8CK M EDPMELI B
Vcho_EpeB MTAENHDNPRRLIKR 8CK EDPMEIIBY
Vpar_EpsE MTPSVHDNPRHLIGH] 8CK EDPHEEIS
ETEC GepE LSQQLTAQLRQLLH 7 8CK ED PHEF $9
EHEC GspE MSQQNQRHIDALIRR BCK

Kpne PulE I IEIYEL

Echr_OutE
Pcar_Out®
Ahyd ExeR
Paer XcpR

MAEHHRRQLDTLIER
EMSERNRQLLDSLIHR
MTLANRNIISELIR

L]
H
H
E
A
LTASMTPALLRQVDGLIAR]
B
B
K
Q

alo ]

.............................. PEY —
340 3s0 360 400
Vvul Epsi -l'rnuz»muubnqnpnvv[;vcsxno ETARIAVQASLTCHLVESTLETN QDEKEFYEA
Veho_EpaE vlTPARrLRAlLRQDPDVVI*VGHHD’BT NIAVQASLTGHLVESTLHTNG P EPYEA
Vpar_ EpsE MTPARELRAILRQDPDVVEVGEIRD JRTANIAVQASLTGHLVESTLETN s EPYEA
ETEC GepE EMTPARGLRAILRQDPDVVEVCEIRDAERTAEIAVQASLTCHLVIISTLHTHE PDERQPAPA
EHEC CspB SLRAILRQDPDVVHVCRIRD ZRT PRERQPCQV
Xpne Pull EMTPARELRAILRQDPDVVEVCRIRDE=RT PHERQQEPA
Bchr Out® EMTPARELRAILRQDPDVVEVGRIRDZET PSERQPYTI
Pcar OutE EMTPARELRAILRQDPDVVHMVGEIRD BT SDESQPQPV
Ahyd ExeE EMTFARELRAILROQDPDVVEVGEIRDAET I PDSRAPRPI
Paer XcpR SMTFARELRAILRQDPDVVLVGEIRDJET PAMKEPYRA
BQ BR wld
— — 000000000 200000000000  L002000000
410 4290 459 469 479 480

Vvul EpsE DKEQRKLFGAKKKDALTLYRA K HEALMVDOKVQE HAEBAGLIQAMDKYIREHTPSIESDEL

Vcho _EpeE DKEQRKLPDSKKKEPLILYRA R LLVDDALQELHMHSEACLIQAMEKHIRATTPSILID L

Vpar EpeE DSEQEKKLFPGMAERSESLILEHRA LVDETVQELMHAREAGLHQEVEKAVRNHETPS IHS DIEL

ETEC GepE TDEEKRLLGITDARTVTLYHP VVDATLRDLMARQAGLILELKRYVRQHSAGILISNSI

EHEC GspE STELAMDMDIPPE..TTIWQP i HELLIDDRIRTAMYQGEGUILGITRLAGSRYLTLE R

Kpne PulE NADTAHQMEIAPG..TALWQP HIAALLVDDRVRMAMHRGENLVTLIQQLGTDYMTLEIRAMR

Echr OutE DHEQAEQTGLAAG..TTLYHP R{*3 HEJALLIDDTVRAAMHRGESLILGIARMLGAKRVTILIQ L

Pcar_OutE DPVQABQMGIAPG..TLLHNP 4 HEIAVL INDDVRAAMHARSDGUIMATIAQILGGSRTTILIQ L

Ahyd ExeE TEQERLAMGMELAPDQQVWRP VIDEAVREAMHSASGLILAIBRLIRDHTPS IEIRD(ST SRV

Paer XcpR DEAECALLGVDPAAPPTLHRA VVPDDHEMRSLEHANESSEIQEMTRAEARTSGPS ILIDDERRIIVLEEVRTVELNILEXEIRER . . . .

Representative aligned sequences from a broad family of T2SS GspE. Shown are Vibrio vulnificus, Vibrio cholerae, Vibrio parahaemolyticus, enterotoxigenic
Escherichia coli, enterohaemorrhagic Escherichia coli, Klebsiella pneumonia, Erwinia chrysanthemi, Pectobacterium carotovorum, Aeromonas hydrophila,
Pseudomonas aeruginosa GspE homologs. The secondary structure elements of Vibrio vulnificus GspE are annotated at the top with N1E in blue, N2E in pink and
CTE in red. The bar above the alignhment indicates key residues in the interactions of N1EecytolL (blue), cytoLeCTE (green), CTE®N2E’ (purple), and AMPPNPeCTE
(red). Walker A and Walker B motifs are shown in black boxes.



Supplementary Figure S3. Family sequence alignment of the cytoplasmic domain of GsplL
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Aligned T2SS cyto-GsplL sequences from representative species. Shown are Vibrio vulnificus, Vibrio
cholerae, Vibrio parahaemolyticus, enterotoxigenic Escherichia coli, enterohaemorrhagic Escherichia
coli, Klebsiella pneumonia, Erwinia chrysanthemi, Pectobacterium carotovorum, Aeromonas hydrophila,
Pseudomonas aeruginosa cyto-GspL homologs. The secondary structure elements of Vibrio vulnificus
cyto-Gspl are annotated at the top, with subdomain I in black, Il in blue and Il in yellow. The bar above
the alignment indicates key residues in the interactions of B-interface (brown), a-interface (orange),
AMPPNPeCTE (red star), cytoLeCTE (green) and N1EecytoL (blue). Black arrows indicate complete or
highly conserved residues in the a-interface.



Supplementary Figure S4. The asymmetric unit of V. vulnificus GspEecyto-GspL crystal
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Three GspEecyto-GspL complexes in the asymmetric unit. N1E of GspE in shades of blue, N2E-CTE of
GspE in shades of red, and cyto-GspL in shades of green. Each grey ellipsoid indicates one GspEecyto-
GspL complex. Dashed-blue line indicates possible connections of N1E and N2E, with distances ranging
from 33 to 41 A. Primers denote complexes in neighboring asymmetric units (that are not shown).



Supplementary Figure S5. Electron density of nucleotide in the V. vulnificus GspEecyto-GspL structure

A (2Fobs-Fcalc) difference electron density at the 1.5 sigma level. Proteins are shown in ribbon with
CTE in red, N1E in blue, cyto-GspL in green. AMPPNP is shown in sticks with carbon in yellow, nitrogen in

blue, oxygen in red, phosphorous in orange. Mg is shown in cyan sphere. The phases were calculated
without including nucleotide coordinates.



Supplementary Figure S6. Sequence alignment of T2SS cyto-GspL homologs
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Representative aligned sequences from T2SS cyto-GspL and T4aPS PilM subdomains | and Il. Shown
are sequences of T2SS cyto-Gspl from Vibrio vulnificus, Vibrio cholerae and Pseudomonas aeruginosa,
and T4aPS PilM from Vibrio cholerae, Pseudomonas aeruginosa and Thermus thermophilus. The
secondary structure elements of Vibrio vulnificus cyto-GspL and Thermus thermophilus PilM are
annotated at the top and bottom, respectively, with subdomain | in black and subdomain Il in blue. The

a-interface residues are highlighted in green (bottom).
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