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Supp. Figure 1 Sgro et al. (2019)
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Supplementary Figure 1. X-T4SS VirB1 protein alignment. Multiple Sequence
alignment of VirB1 proteins from the X-T4SSs of Xanthomonas citri 306 (X_citri; da
Silva et al., 2002), Stenotrophomonas maltophilia K279a (S_malto; Crossman et al.,
2008), Lysobacter antibioticus 76 (Lys_anti; de Bruijn et al., 2015), Lysobacter
enzymogenes C3 (Lys_enz; unpublished; GenBank accession CP013140), Luteibacter
rhizovicinus DSM16549 (Lut_rhiz; unpublished; GenBank accession CP017480),
Dyella jiangningensis SBZ3-12 (Dy_jiang; Bao et al., 2014), Dyella thiooxydans
ATSB10 (Dy_thio; unpublished; GenBank accession CP014841), Hydrogenophaga
crassostreae LPB0072 (Hydrog; unpublished; GenBank accession LVWD01000013),
Neisseria mucosa C102 (N_muc; unpublished, GenBank accession GCA_000186165)
and Neisseria flavescens SK114 (N_flav; unpublished; GenBank accession
ACQV01000009). The soluble lytic transglycosylase domain is indicated and
terminates at a highly conserved Ser residue. The position of this Ser residue
corresponds precisely with the cleavage site of VirB1 proteins from A. fumefaciens
strains that result in the production of the VirB1* fragment that is subsequently secreted
in that species (Zupan et al., 2007). Alignments were performed using Clustal Omega
(McWilliam et al., 2013) and Figures were produced with JalView (Waterhouse et al.,
2009).



Supp. Figure 2 Sgro et al. (2019)
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Supplementary Figure 2. X-T4SS VirB2 protein alignment. Multiple Sequence
alignment of VirB2 proteins from the X-T4SSs of Xanthomonas citri 306 (X_citri; da
Silva et al., 2002), Stenotrophomonas maltophilia K279a (S_malto; Crossman et al.,
2008), Lysobacter antibioticus 76 (Lys_anti; de Bruijn et al., 2015), Lysobacter
enzymogenes C3 (Lys_enz; unpublished; GenBank accession CP013140), Luteibacter
rhizovicinus DSM16549 (Lut_rhiz; unpublished; GenBank accession CP017480),
Dyella jiangningensis SBZ3-12 (Dy_jiang; Bao et al., 2014), Dyella thiooxydans
ATSB10 (Dy_thio; unpublished; GenBank accession CP014841), Hydrogenophaga
crassostreae LPB0072 (Hydrog; unpublished; GenBank accession LVYWD01000013),
Neisseria mucosa C102 (N_muc; unpublished, GenBank accession GCA_000186165)
and Neisseria flavescens SK114 (N_flav; unpublished; GenBank accession
ACQV01000009). Alignments were performed using Clustal Omega (McWilliam et al.,
2013) and Figures were produced with JalView (Waterhouse et al., 2009). Analysis of
these X-T4SS VirB2 protein sequences using the NetSurfP-2.0 algorithm (Klausen et
al., 2019) predicts the presence of two central helices separated by a positively
charged Ala-His-Lys-Arg (AHKR) loop. The first predicted helix corresponds to helices
alpha 1 and 2 in the F and pED208 sex pili structures and the second helix likewise
corresponds to alpha 3 in those structures (Costa et al., 2016). The secondary
structure predictions also suggest the presence of a helical segment in the second half
of the C-terminal extensions of all of the X-T4SS VirB2 proteins except for that from H.
crassostreae whose C-terminal extension is significantly shorter (not shown due to the
dispersion in Clustal Omega sequence alignments in this region). The conserved
AHKR motif in X-T4SS VirB2 sequence (+ve loop) maps onto the positively charged
loop between a helices 2 and 3 in the structures of the F and pED208 sex pili (Costa et
al., 2016). In the F and pED208 sex pili structures, the loop residues interact with the
head groups of bound phospholipids in the pilus lumen (Costa et al., 2016). Signal
peptide prediction was performed using SignalP software (Petersen et al., 2011).

Signal peptide cleavage is predicted to occur at the conserved Ala residue.



Supp. Figure 3 Sgro et al. (2019)
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Supplementary Figure 3. X-T4SS VirB3 protein alignment. Multiple Sequence
alignment of VirB3 proteins from the X-T4SSs of Xanthomonas citri 306 (X_citri; da
Silva et al., 2002), Stenotrophomonas maltophilia K279a (S_malto; Crossman et al.,
2008), Lysobacter antibioticus 76 (Lys_anti; de Bruijn et al., 2015), Lysobacter
enzymogenes C3 (Lys_enz; unpublished; GenBank accession CP013140), Luteibacter
rhizovicinus DSM16549 (Lut_rhiz; unpublished; GenBank accession CP017480),
Dyella jiangningensis SBZ3-12 (Dy_jiang; Bao et al., 2014), Dyella thiooxydans
ATSB10 (Dy_thio; unpublished; GenBank accession CP014841), Hydrogenophaga
crassostreae LPB0072 (Hydrog; unpublished; GenBank accession LVWD01000013),
Neisseria mucosa C102 (N_muc; unpublished, GenBank accession GCA_000186165)
and Neisseria flavescens SK114 (N_flav; unpublished; GenBank accession
ACQV01000009). Prediction of transmembrane helices using a variety of algorithms
points to either one (HMMTop, TMpred, TMHMM, PSORT) or two (TMHMM,
TOPCONS, PredictProtein, PSORT) TM helices for these proteins, all found in the
region between residues 15 and 57. Therefore, the precise topology of the X-T4SS
VirB3 proteins within the inner membrane is not at the moment clear. Transmembrane
helix predictions were performed using the following algorithms: PredictProtein (Rost et
al., 2007), HMMTop (Tusnady and Simon, 2001), TMpred (Hofmann and Stoffel, 1993),
TMHMM (Krogh et al., 2001), TOPCONS (Tsirigos et al., 2015) and PSORT (Nakai and
Horton, 1999). Sequence alignments were performed using Clustal Omega (McWilliam

et al., 2013) and Figures were produced with JalView (Waterhouse et al., 2009).
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Supp. Figure 4 (cont.) Sgro et al. (2019)
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Supplementary Figure 4. X-T4SS VirB4 protein alignment. Multiple Sequence
alignment of VirB4 proteins from the X-T4SSs of Xanthomonas citri 306 (X_citri; da
Silva et al., 2002), Stenotrophomonas maltophilia K279a (S_malto; Crossman et al.,
2008), Lysobacter antibioticus 76 (Lys_anti; de Bruijn et al., 2015), Lysobacter
enzymogenes C3 (Lys_enz; unpublished; GenBank accession CP013140), Luteibacter
rhizovicinus DSM16549 (Lut_rhiz; unpublished; GenBank accession CP017480),
Dyella jiangningensis SBZ3-12 (Dy_jiang; Bao et al., 2014), Dyella thiooxydans
ATSB10 (Dy_thio; unpublished; GenBank accession CP014841), Hydrogenophaga
crassostreae LPB0072 (Hydrog; unpublished; GenBank accession LVWD01000013),
Neisseria mucosa C102 (N_muc; unpublished, GenBank accession GCA_000186165)
and Neisseria flavescens SK114 (N_flav; unpublished; GenBank accession
ACQV01000009). Walker A and Walker B boxes and motifs C, D, and E were identified
with reference to the Thermoanaerobacter pseudethanolicus VirD4 structure described
in Wallden et al. (2012). Alignments were performed using Clustal Omega (McWilliam

et al., 2013) and Figures were produced with JalView (Waterhouse et al., 2009).



Supp. Figure 5 Sgro et al. (2019)
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X_citri_B5/1-275 EPPKGDGSSSWLPSWIPADLLSIGKTLVAGAVMKGAFEAIKSDTPAGMERLEIDKD
S_malto_B5/1-264 ALKGKP- - ---- - GviIsQL-------- VKTAALERALHVD- - - -------------
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Dy_jiang_B5/1-273 ALRGSS- - - - - - - SM I GNA- MQGV I FAAAFSAN- - - - - - - - --
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ALKGS+GSSLTL+ S+LG+ALLSIGKTLVQGAALKAALEA+ ESR++ STGYKLRIDKD



Supplementary Figure 5. X-T4SS VirB5 protein alignment. Multiple Sequence
alignment of VirB5 proteins from the X-T4SSs of Xanthomonas citri 306 (X_citri; da
Silva et al., 2002), Stenotrophomonas maltophilia K279a (S_malto; Crossman et al.,
2008), Lysobacter antibioticus 76 (Lys_anti; de Bruijn et al., 2015), Lysobacter
enzymogenes C3 (Lys_enz; unpublished; GenBank accession CP013140), Luteibacter
rhizovicinus DSM16549 (Lut_rhiz; unpublished; GenBank accession CP017480),
Dyella jiangningensis SBZ3-12 (Dy_jiang; Bao et al., 2014), Dyella thiooxydans
ATSB10 (Dy_thio; unpublished; GenBank accession CP014841), Hydrogenophaga
crassostreae LPB0072 (Hydrog; unpublished; GenBank accession LVWD01000013),
Neisseria mucosa C102 (N_muc; unpublished, GenBank accession GCA_000186165)
and Neisseria flavescens SK114 (N_flav; unpublished; GenBank accession
ACQV01000009). Note the two absolutely conserved cysteine residues separated by a
loop of variable length. Alignments were performed using Clustal Omega (McWilliam et
al., 2013) and then manually adjusted to align the putative signal peptide cleavage
sites as predicted by the SignalP algorithm (Petersen et al., 2011). Figures were
produced with JalView (Waterhouse et al., 2009).



Supp. Figure 6 Sgro et al. (2019)
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Supplementary Figure 6. X-T4SS VirB6 protein alignment. Multiple Sequence
alignment of VirB6 proteins from the X-T4SSs of Xanthomonas citri 306 (X_citri; da
Silva et al., 2002), Stenotrophomonas maltophilia K279a (S_malto; Crossman et al.,
2008), Lysobacter antibioticus 76 (Lys_anti; de Bruijn et al., 2015), Lysobacter
enzymogenes C3 (Lys_enz; unpublished; GenBank accession CP013140), Luteibacter
rhizovicinus DSM16549 (Lut_rhiz; unpublished; GenBank accession CP017480),
Dyella jiangningensis SBZ3-12 (Dy_jiang; Bao et al., 2014), Dyella thiooxydans
ATSB10 (Dy_thio; unpublished; GenBank accession CP014841), Hydrogenophaga
crassostreae LPB0072 (Hydrog; unpublished; GenBank accession LVWD01000013),
Neisseria mucosa C102 (N_muc; unpublished, GenBank accession GCA_000186165)
and Neisseria flavescens SK114 (N_flav; unpublished; GenBank accession
ACQV01000009). Analysis of the VirB6 sequences using a several different algorithms
(HMMTop, TMpred, TMHMM, PSORT, TOPCONS, PredictProtein) predicted 5, 6 or 7
transmembrane (TM) helices for these proteins. For convenience, seven putative
transmembrane helices are indicated for the sequences most often identified by these
algorithms. We note that the juxtaposition of transmembrane helix pairs 3/4 and 5/6
could be indicative of a single transmembrane helix in these regions. Therefore, the
precise topology of the X-T4SS VirB6 proteins within the inner membrane is not at the
moment clear. Transmembrane helix predictions were performed using the following
algorithms: PredictProtein (Rost et al., 2007), HMMTop (Tusnady and Simon, 2001),
TMpred (Hofmann and Stoffel, 1993), TMHMM (Krogh et al., 2001), TOPCONS
(Tsirigos et al., 2015) and PSORT (Nakai and Horton, 1999). Alignments were
performed using Clustal Omega (McWilliam et al., 2013) and Figures were produced
with JalView (Waterhouse et al., 2009).
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Supplementary Figure 7. X-T4SS VirB7 protein alignment. Multiple Sequence
alignment of VirB7 proteins from the X-T4SSs of Xanthomonas citri 306 (X_citri; da
Silva et al., 2002), Stenotrophomonas maltophilia K279a (S_malto; Crossman et al.,
2008), Lysobacter antibioticus 76 (Lys_anti; de Bruijn et al., 2015), Lysobacter
enzymogenes C3 (Lys_enz; unpublished; GenBank accession CP013140), Luteibacter
rhizovicinus DSM16549 (Lut_rhiz; unpublished; GenBank accession CP017480),
Dyella jiangningensis SBZ3-12 (Dy_jiang; Bao et al., 2014), Dyella thiooxydans
ATSB10 (Dy_thio; unpublished; GenBank accession CP014841), Hydrogenophaga
crassostreae LPB0072 (Hydrog; unpublished; GenBank accession LVWD01000013),
Neisseria mucosa C102 (N_muc; unpublished, GenBank accession GCA_000186165)
and Neisseria flavescens SK114 (N_flav; unpublished; GenBank accession
ACQV01000009). The globular NO domain and regions involved in VirB7-VirB9 and
VirB7-VirB7 interactions are indicated, based on studies on the VirB7 protein of X. citri
(Oliveira et al., 2016; Sgro et al., 2018; Souza et al., 2011). The N-terminal signal
peptide for export into the periplasm and Lipobox are also indicated. Note that the D.
thiooxydans VirB7 protein is annotated with an N-terminal extension and that a
possible alternative start codon (Val26) would produce a polypeptide with a lipoprotein
secretion signal similar to the other VirB7 proteins. Alignments were performed using
Clustal Omega (McWilliam et al., 2013) and Figures were produced with JalView
(Waterhouse et al., 2009).
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Supplementary Figure 8. X-T4SS VirB8 protein alignment. Multiple Sequence
alignment of VirB8 proteins from the X-T4SSs of Xanthomonas citri 306 (X_citri; da
Silva et al., 2002), Stenotrophomonas maltophilia K279a (S_malto; Crossman et al.,
2008), Lysobacter antibioticus 76 (Lys_anti; de Bruijn et al., 2015), Lysobacter
enzymogenes C3 (Lys_enz; unpublished; GenBank accession CP013140), Luteibacter
rhizovicinus DSM16549 (Lut_rhiz; unpublished; GenBank accession CP017480),
Dyella jiangningensis SBZ3-12 (Dy_jiang; Bao et al., 2014), Dyella thiooxydans
ATSB10 (Dy_thio; unpublished; GenBank accession CP014841), Hydrogenophaga
crassostreae LPB0072 (Hydrog; unpublished; GenBank accession LVWD01000013),
Neisseria mucosa C102 (N_muc; unpublished, GenBank accession GCA_000186165)
and Neisseria flavescens SK114 (N_flav; unpublished; GenBank accession
ACQV01000009). VirB8 proteins from X-T4SSs have a sequence that aligns well with
the VirB8 periplasmic domains from many other sources (see main text). X-T4SS VirB8
proteins all have C-terminal extensions that are enriched in Ala, Glu, Gly and Pro
residues (AQGP-rich C-terminal extension; see Table 2). Analysis of the VirB8
sequences using several different algorithms all predicted a single transmembrane
(TM) helix for these proteins. Transmembrane helix predictions were performed using
the following algorithms: PredictProtein (Rost et al., 2007), HMMTop (Tusnady and
Simon, 2001), TMpred (Hofmann and Stoffel, 1993), TMHMM (Krogh et al., 2001),
TOPCONS (Tsirigos et al., 2015) and PSORT (Nakai and Horton, 1999). Alignments
were performed using Clustal Omega (McWilliam et al., 2013) and Figures were
produced with JalView (Waterhouse et al., 2009).



Supp. Figure 9 Sgro et al. (2019)
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Supplementary Figure 9. X-T4SS VirB9 protein alignment. Multiple Sequence
alignment of VirB9 proteins from the X-T4SSs of Xanthomonas citri 306 (X_citri; da
Silva et al., 2002), Stenotrophomonas maltophilia K279a (S_malto; Crossman et al.,
2008), Lysobacter antibioticus 76 (Lys_anti; de Bruijn et al., 2015), Lysobacter
enzymogenes C3 (Lys_enz; unpublished; GenBank accession CP013140), Luteibacter
rhizovicinus DSM16549 (Lut_rhiz; unpublished; GenBank accession CP017480),
Dyella jiangningensis SBZ3-12 (Dy_jiang; Bao et al., 2014), Dyella thiooxydans
ATSB10 (Dy_thio; unpublished; GenBank accession CP014841), Hydrogenophaga
crassostreae LPB0072 (Hydrog; unpublished; GenBank accession LVWD01000013),
Neisseria mucosa C102 (N_muc; unpublished, GenBank accession GCA_000186165)
and Neisseria flavescens SK114 (N_flav; unpublished; GenBank accession
ACQV01000009). Signal peptide prediction was performed using SignalP software
(Petersen et al., 2011). Signal peptide cleavage is predicted to occur at the conserved
Ala residue. N-terminal and C-terminal domains and intervening linkers are indicated,
based on the X. citri VirB9 cryo-EM structure within the core complex (Sgro et al.,
2018). Alignments were performed using Clustal Omega (McWilliam et al., 2013) and
Figures were produced by with JalView (Waterhouse et al., 2009).
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Supplementary Figure 10. X-T4SS VirB10 protein alignment. Multiple Sequence
alignment of VirB10 proteins from the X-T4SSs of Xanthomonas citri 306 (X_citri; da
Silva et al., 2002), Stenotrophomonas maltophilia K279a (S_malto; Crossman et al.,
2008), Lysobacter antibioticus 76 (Lys_anti; de Bruijn et al., 2015), Lysobacter
enzymogenes C3 (Lys_enz; unpublished; GenBank accession CP013140), Luteibacter
rhizovicinus DSM16549 (Lut_rhiz; unpublished; GenBank accession CP017480),
Dyella jiangningensis SBZ3-12 (Dy_jiang; Bao et al., 2014), Dyella thiooxydans
ATSB10 (Dy_thio; unpublished; GenBank accession CP014841), Hydrogenophaga
crassostreae LPB0072 (Hydrog; unpublished; GenBank accession LVWD01000013),
Neisseria mucosa C102 (N_muc; unpublished, GenBank accession GCA_000186165)
and Neisseria flavescens SK114 (N_flav; unpublished; GenBank accession
ACQV01000009). General features mentioned in the text are indicated, based on the
X. citri VirB10 cryo-EM structure within the core complex (Sgro et al., 2018): N-terminal
cytosolic region, the hydrophobic transmembrane (TM) helix predicted to pass through
the inner membrane, the proline-rich periplasmic portion of the N-terminal domain with
an intervening helix that interacts with the VirB9 N-terminal domain, the C-terminal
domain, and the helices (a1 and a2) and intervening loop that form the antenna and
pore through the outer membrane. Transmembrane helix predictions were performed
using the following algorithms: PredictProtein (Rost et al., 2007), HMMTop (Tusnady
and Simon, 2001), TMpred (Hofmann and Stoffel, 1993), TMHMM (Krogh et al., 2001),
TOPCONS (Tsirigos et al., 2015) and PSORT (Nakai and Horton, 1999). All predicted
the N-terminal transmembrane (TM) helix for the X-T4SS VirB10 proteins. Alignments
were performed using Clustal Omega (McWilliam et al., 2013) and Figures were
produced with JalView (Waterhouse et al., 2009).



Supp. Figure 11 Sgro et al. (2019)

Linker B

’ N-terminal domain JLinker Al
L L] 1.40

1.0 120
X_citri_B11/1-346 --MTIDDSPTAR

Y
=3

N_muc_B11/1-339 - - - - - MDELNST
N_flav_B11/1-339 - - - - - MDELNST

$| H SBE DEVLIEQSADV
S_malto_B11/1-347 - - MDAEV SPLALV|SS| G H SIBT NQ.L QDGSL
Lys_anti B11/1-345 - - MDTDNSP | N G HSKT[EQ QTHVL
Lys enz B11/1-346 - - MDSDNSP | Q S| HNKT[EQ STASV
Lut_rhiz_B11/1-346 - - - - MDDGAL S| ETRTEA GANT |
Dy_jiang_B11/1-346 - - - - MAEEPLVD Q S| Q TIHA DARGI
Dy_thio_B11/1-343 - - - - - MDDRMIA H S| Q LRTHE| VQQGIGE
Hydrog_B11/1-349 MTEHLNDEPV Q G TIEN
S s
SilEs

=
X

=
m O
o
=

]
ITI<

SEGSISE
LNGELSP

LNGEL

P

Conservation

8 6 76 8 58547 5598 4 32 43

Consensus

MTMDMDD+ PLA+ | SNDFLDYQYEVLGITEF++ SPDVTEICINRPGELYLETRGGWQRVEVPSLTFDRARQFCTAVVNESNTGQRITDADPVVSLTFPTGQRAQFVIPPACDAGKVSITIRLPSKHTKTL+QYQEDGFF+QILEQ+GS+ SE

a2C N , Walker A | \ Asp box \ C-terminal domain , Walker B \ , Hisbox |
T

160 170 180 Y90 200 210 220 230 240 250 260 270" 280 '

290 300

X_citri_B11/1-346
S_malto_B11/1-347
Lys_anti_B11/1-345
Lys_enz_B11/1-346
Lut_rhiz_B11/1-346
Dy_jiang_B11/1-346
Dy_thio_B11/1-343
Hydrog_B11/1-349

> -

ZZA4AZIIOZZZ
12}

OO0OZIO0O0>»rO0ITOT
ZZOD DD ZZmO
A—H4H4-d4-4<--T1<

O >> 0000 nn>>

N_muc_B11/1-339 S| PHE| S
N_flav_B11/1-339 S PH E| Si
1alm [ [ . [ [
ull I n ol ]
3 4 64 43 6 24 856 37 8 3 34 8 364 3 g 54

Consensus

QDRELLELRAQRNYAEFFKKAVLYKKNIVVSGATGSGKTTFMKSLVNHIPDDERLVTIEDARELFI+QPNVVHLLYSKGGQS+ SNVTAKSCMEACLRMKPDRI ILAELRGDESFYFIRNCASGHPGSITSCHAGSTEQTWDQLALMVKAS

C-terminal domain (cont.)
320

TLRGG- -
AQGQEG-
AHAE- - -
QLAAN- -
ALGADGG
QADGNQG
AAAGH- -
KLALES-

X_citri_B11/1-346
S_malto_B11/1-347
Lys_anti_B11/1-345
Lys_enz_B11/1-346
Lut_rhiz_B11/1-346
Dy_jiang_B11/1-346
Dy_thio_B11/1-343
Hydrog_B11/1-349

VTV UVZIAZZ>2Z
DOO>mMmoO —

N_muc_B11/1-339 T KT- - - - - -

N_flav_B11/1-339 [ KT- - - - - -
conenaion [ g | M lunn

2 8 4 44 7 67 8 4 5 8 394000- - -

Consensus

NEGSGLEF+VIKRLLMMT IDIVVHIKAHAGQRY ITGIDFNPGRALAG+ GG



Supplementary Figure 11. X-T4SS VirB11 protein alignment. Multiple Sequence
alignment of VirB11 proteins from the X-T4SSs of Xanthomonas citri 306 (X_citri; da
Silva et al., 2002), Stenotrophomonas maltophilia K279a (S_malto; Crossman et al.,
2008), Lysobacter antibioticus 76 (Lys_anti; de Bruijn et al., 2015), Lysobacter
enzymogenes C3 (Lys_enz; unpublished; GenBank accession CP013140), Luteibacter
rhizovicinus DSM16549 (Lut_rhiz; unpublished; GenBank accession CP017480),
Dyella jiangningensis SBZ3-12 (Dy_jiang; Bao et al., 2014), Dyella thiooxydans
ATSB10 (Dy_thio; unpublished; GenBank accession CP014841), Hydrogenophaga
crassostreae LPB0072 (Hydrog; unpublished; GenBank accession LVWD01000013),
Neisseria mucosa C102 (N_muc; unpublished, GenBank accession GCA_000186165)
and Neisseria flavescens SK114 (N_flav; unpublished; GenBank accession
ACQV01000009). General features mentioned in the text are indicated. Walker A,
Walker B, Asp and His boxes involved in nucleotide binding are based on the
correspondence between the sequence alignment and the analysis of VirB11 homologs
in Krause et al. (2012). Features in the linker region between the N- and C-terminal
domains were identified based on the analysis of Hare et al. (2006). Alignments were
performed using Clustal Omega (McWilliam et al., 2013) and Figures were produced
with JalView (Waterhouse et al., 2009).
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Supplementary Figure 12. X-T4SS VirD4 protein alignment. Multiple Sequence
alignment of VirD4 proteins from the X-T4SSs of Xanthomonas citri 306 (X_citri; da
Silva et al., 2002), Stenotrophomonas maltophilia K279a (S_malto; Crossman et al.,
2008), Lysobacter antibioticus 76 (Lys_anti; de Bruijn et al., 2015), Lysobacter
enzymogenes C3 (Lys_enz; unpublished; GenBank accession CP013140), Luteibacter
rhizovicinus DSM16549 (Lut_rhiz; unpublished; GenBank accession CP017480),
Dyella jiangningensis SBZ3-12 (Dy_jiang; Bao et al., 2014), Dyella thiooxydans
ATSB10 (Dy_thio; unpublished; GenBank accession CP014841), Hydrogenophaga
crassostreae LPB0072 (Hydrog; unpublished; GenBank accession LVWD01000013),
Neisseria mucosa C102 (N_muc; unpublished, GenBank accession GCA_000186165)
and Neisseria flavescens SK114 (N_flav; unpublished; GenBank accession
ACQV01000009). The X-T4SS VirD4 proteins have a so-called canonical VirD4-like
architecture (Llosa and Alkorta, 2017) with two N-terminal transmembrane helices
separated by a ~30 amino acid periplasmic loop. The cytosolic C-terminal domain can
be divided into a nucleotide binding domain, with conserved Walker A and Walker B
motifs, and an intervening all-alpha domain. Domain and Walker A and B motif
assignments were made with reference to the VirD4/TrwB structure (Gomis-Riith et al.,
2002). Transmembrane helix predictions were performed using the following
algorithms: PredictProtein (Rost et al., 2007), HMMTop (Tusnady and Simon, 2001),
TMpred (Hofmann and Stoffel, 1993), TMHMM (Krogh et al., 2001), TOPCONS
(Tsirigos et al., 2015) and PSORT (Nakai and Horton, 1999). All predicted the two N-
terminal transmembrane (TM) helices for the X-T4SS VirD4 proteins. Alignments were
performed using Clustal Omega (McWilliam et al., 2013) and Figures were produced
with JalView (Waterhouse et al., 2009).
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