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SI Materials and Methods

Bacterial Strains and Media. The Vibrio parahaemolyticus RIMD
2210633 derivative strain POR1 (RIMD 2210633 AtdhAS) (1)
and its derivatives, as well as Vibrio alginolyticus 12G01 and its
derivatives, were routinely cultured in marine LB (MLB) broth
[LB broth containing 3% (wt/vol) sodium chloride] or on marine
minimal media agar (2) at 30 °C. Escherichia coli DH5a and
E. coli S17 (A pir) were routinely cultured in 2x yeast-extract and
tryptone broth at 37 °C. The medium was supplemented with
kanamycin (30 pg/mL for E. coli and 250 pg/mL for Vibrios
species) or chloramphenicol (25 pg/mL), when necessary, to
maintain a plasmid.

Plasmids. For arabinose-inducible expression of vp1389, vp1416,
and vti2, the genes coding the sequences were amplified and
cloned into the pBAD/Myc-His vector (Invitrogen), in which the
antibiotic resistance was changed from ampicillin to kanamycin,
or into the pBAD33 vector (Addgene). Empty pBAD/Myc-His
and pBAD?33 vectors were used to provide resistance to kana-
mycin and chloramphenicol, respectively.

Construction of Deletion Strains. Gene deletions were performed as
previously described using the pDM4 vector (3, 4) for vp1388,
vp1388-vp1389, vpl415, vpl415—vpl416, vpal263, vpal263—vti2,
vI2G01_02265, vi2G01_02265-~v12G01_02260, and vI2G01_01540
(V. alginolyticus hepl). Construction of POR1AAcp! was described
previously (4).

Bacterial Killing Assays. Bacterial killing assays were performed as
previously described (4). Cells were cocultured at an ODg ratio
of 1:4 (prey/attacker) on MLB (for V. parahaemolyticus attacker)
or LB (for V. alginolyticus attacker) agar plates for 4 h at 30 °C in
triplicate. Where appropriate, plates were supplemented with
0.1% arabinose to induce expression from plasmids. Each ex-
periment was done in triplicate and repeated at least twice, with
similar results. A representative experiment is presented. A two-
tailed Student ¢ test was used to determine significance between
indicated sample groups unless stated otherwise.

Proteomics and MS. V. parahaemolyticus cultures of POR1AopaR
[type 6 secretion system (T6SS1)*] and POR1AopaRAhcpl
(T6SS17) were grown in triplicate in 50 mL of M9 minimal
media with 3% (wt/vol) NaCl media containing 20 pM phenamil
for 5 h at 30 °C. Media were collected, and protein was pre-
cipitated as previously described (4). Protein samples were run
10 mm into the top of an SDS/PAGE gel, stained with Coo-
massie Blue, and excised. Overnight digestion with trypsin
(Promega) was performed after reduction and alkylation with
DTT and iodoacetamide (Sigma-Aldrich). The resulting
samples were analyzed by tandem MS using a QExactive mass
spectrometer (Thermo Electron) coupled to an Ultimate 3000
RSLC-Nano liquid chromatography system (Dionex). Peptides
were loaded onto a 180—pum i.d., 15-cm long, self-packed column
containing 1.9 pm C18 resin (Dr. Maisch, Ammerbuch, Ger-
many) and eluted with a gradient of 0-40% buffer B for 60 min.
Buffer A consisted of 2% (vol/vol) acetonitrile (ACN) and 0.1%
formic acid in water. Buffer B consisted of 80% (vol/vol) ACN,
10% (vol/vol) trifluoroethanol, and 0.08% formic acid in water.
The QExactive mass spectrometer acquired up to 10 high-en-
ergy, collision-induced dissociation fragment spectra for each full
spectrum acquired.
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Raw MS data files were converted to peak list format using
ProteoWizard msconvert (version 3.0.3535) (5). The resulting
files were analyzed using the central proteomics facilities pipeline
(CPFP), version 2.0.3 (6, 7). Peptide identification was performed
using the X!Tandem (8) and open MS search algorithm (OMSSA) (9)
search engines against a database consisting of V. parahaemolyticus
RIMD 2210633 sequences from the National Center for Bio-
technology Information, with common contaminants and reversed
decoy sequences appended (10). Fragment and precursor toler-
ances of 20 ppm and 0.1 Da were specified, and three missed
cleavages were allowed. Carbamidomethylation of Cys was spec-
ified as a fixed modification, and oxidation of Met was specified as
a variable modification. Label-free quantitation of proteins across
samples was performed using SINQ normalized spectral index
software (11).

To identify statistically significant differences in protein amount
between T6SS1* and T6SS1™ strains, SINQ quantitation results for
three biological replicates per strain were processed using the
power law global error model (PLGEM) package in R (12, 13).
Protein identifications were filtered to an estimated 1% protein
false discovery rate (FDR) using the concatenated target-decoy
method (10). An additional requirement of two unique peptide
sequences per protein was imposed, resulting in a final protein
FDR <1%. Spectral index quantitation was performed using
peptide-to-spectrum matches (PSMs) with a g-value <0.01, corre-
sponding to a 1% FDR rate for PSMs.

The dataset of tandem MS results was uploaded to the Pep-
tideAtlas repository (www.peptideatlas.org/PASS/PASS00442;
accession no. PASS00442).

Bioinformatics. The N-terminal sequence from VP1388 (GI|28898162,
range 144-297) identifies conserved sequence motifs (PhhPhR and
GhhYhhh) near the N terminus of numerous bacterial sequences.
One of these sequences (GI|520945140, range 1-249) was queried
against the nonredundant (NR) database using the position-spe-
cific iterative (PSI)-BLAST application of BLAST+ (14) [10 iter-
ations, E-value cutoff of 0.005, collecting all subject GIs (NCBI
protein sequence identifier)] to collect all potential MIX (marker
for type six effectors) sequences. Collected sequences were filtered
to include only those from complete genomes in the Reference
Sequences (RefSeq) database (15) and were clustered using
CLANS (16). Sequences from five resulting broad groups were
independently aligned using the MAFFT server (17), and were
colored according to conservation using Jalview (18) to high-
light hydrophobicity patterns surrounding the conserved motifs.
The corresponding domain sequences from each of the five
multiple sequence alignments were aligned manually using the
motifs and surrounding hydrophobicity patterns and PROMALS3D
(19) alignments of representatives as a guide. Motifs were high-
lighted with WebLogo (20).

The domain organization of representative sequences was
defined using Batch Entrez and conserved domains (CD)-search
(21) with default cutoffs. Identified domains were sorted ac-
cording to E-value, and incomplete domains with E-values
>1.6e-4 were excluded from counts (excluded partial domains
include mainly low-complexity sequence, such as coiled coils and
transmembrane helices). Two low-complexity coil domains with
E-values better than the cutoff were also excluded. Domains
identified within this lower E-value range (0.01-1.6e™*) that
were also identified in other sequences with higher confidence
were included in the counts (i.e., 38 LysM domains were iden-
tified with an E-value range from 0.00015 to 6.8¢™'*). Unknown
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sequences represent 855 sequences that identified no additional
domains and 58 sequences that identified domains with low-
complexity regions that were excluded. Given the presence of
a number of excluded transmembrane helix (TMH)-containing
domain predictions, Phobius (22) was used to predict TMHs in
the C-terminal sequence of all unknown MIX-containing pro-
teins. Several of the sequences with TMH-containing domains
predicted by CD-search that were excluded due to low confi-
dence were submitted to the HHpred server (23) for domain
validation. All of the submitted sequences identified various
colicin pore-forming toxins (ranging from 9-93.3% probability)
in their predicted TMH-containing regions.

T6SS components VrgG (GI|28898168, range 1-525) and
haemolysin coregulated proteins (Hep) (GI|256599595, range 1-
163) were queried against the NR database (two iterations with
an E-value cutoff of 0.0001 and 10 iterations with an E-value
cutoff of 0.001, respectively, collecting all subject GIs) using PSI-
BLAST (14). Subject sequences were filtered to include only
those from complete genomes in the RefSeq database (15), and
VrgG sequences were clustered using CLANS (16) to purge
false-positive hits. Species containing the resulting VrgG and
Hcp sequence representatives were sorted and compared with
those containing MIX using GeneVenn (24).
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Fig. S1.

V. parahaemolyticus AopaR strain kills E. coli in a T65S1-dependent manner. Viability counts of E. coli prey 4 h after coculturing with V. para-

haemolyticus POR1Ahcp1, POR1AopaR, or POR1AhcpTAopaR attacker strains. Mixed cultures at an ODgqo ratio of 1:4 (prey/attacker) were spotted on MLB
plates at 30 °C for 4 h. Asterisks mark statistical significance between prey sample groups at t = 4 h (P < 0.05).
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Fig. S2. vp1389, vti2, and vp1416 encode T6SS immunity proteins. Viability counts of prey strains before (0 h) and after (4 h) coculture with the attacker strain
POR1 mixed at an ODgg ratio of 1:4 (prey/attacker) on MLB plates containing 0.1% arabinose at 30 °C are shown. Prey strains used were as follows:
POR1Avp1388-vp1389 (A), POR1Avpa1263-vti2 (B), and POR1Avp1415-vp1416 (C); they contained an arabinose-inducible expression vector that was either
empty or encoding the putative immunity protein. Asterisks mark statistical significance between sample groups at t = 4 h based on a one-tailed Student t test
(P < 0.05).

MIX Hcp

VgrG
Fig. $S3. MIX-containing proteins are found in bacterial species that encode additional T6SS components. A Venn diagram comparing species with MIX-containing

proteins (red) identified in the RefSeq database of complete genomes with those containing valine-glycine repeat protein G (VgrG) domains (green) and Hcp
domains (yellow) is shown.
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Fig. S4. MIX regions are grouped into five clans. Pairwise BLAST scores of all identified MIX sequences were used to cluster similar sequences into groups
depicted in a 2D representation. Nodes are colored and labeled according to visual grouping: MIX | (green), MIX Il (magenta), MIX llI (blue), MIX IV (cyan), and
MIX V (red), with connections between nodes representing pairwise BLAST scores better than E = 0.0001. MIX sequences of known T6SS effectors are labeled.
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Fig. S5. Alignment of MIX sequences. Multiple sequence alignment of MIX representatives (partial sequences and redundant sequences removed at 90%
identity cutoff) is shown. Sequences are labeled to the left by National Center for Biotechnology Information Gl number, species, and gene name, with residue
numbers corresponding to the first and last alignable residues indicated to the left and right of the sequence, respectively. Domain neighborhoods sur-
rounding the MIX-encoding gene (represented by X, colored according to group as in Fig. S4) are indicated on the left, with T6SS components highlighted in
blue (VgrG), lavender (Hcp), and gray (proline-alanine-alanine-arginine), and linked Duf4123 highlighted in yellow. uk, genes with unknown domains. The
TMH column represents MIX-encoding genes that have predicted TMHs. Residue positions are highlighted according to group-wise conservation: mainly
hydrophobic (yellow), mainly small (gray), mainly basic (blue), mainly acidic (red), mainly S/T (orange), and MIX motif Y (black). Unalignable regions between
conserved core secondary structures (indicated above alignment) are omitted, with the number of deleted residues shown in brackets.
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Fig. S6. T6SS functional network. A network of connections representing genomic neighborhood and gene fusion scores was derived by the STRING database.
Nodes that represent conserved T6SS component COGs are labeled (black) and connected with solid lines for confident (>0.7) neighborhood (green) and gene
fusion (red) scores, or with dashed lines for neighborhood scores (green) with medium confidence. One additional COG that was not defined as a conserved
T6SS component yet retains a large number of confident connections is labeled in gray.
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