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Supplementary Table S1. Ssp/Tae4 family proteins and corresponding adjacently-encoded

immunity proteins.

Organism Ssp/Tae4 protein Adjacent Immunity Protein
UNIPROT Genomic UNIPROT Genomic Closest Rap
identifier or name identifier identifier or name identifier
Agrobacterium Q7CUP8_AGRT5 Atu4347 A9ICGGI_AGRT5 Atu4346 Rapla
tumefaciens C58 (SMA2260)
Burkholderia Q1BN86_BURCA Bcen_4030 Q1BN87_BURCA Bcen_4029 Raplb
cenocepacia AU1054 (SMA2262)
Cronobacter sakazakii A7MQ14_CROS8 ESA_03935 A7MQ15_CROS8! | ESA_03936 Rapla
ATCC BAA-894 (SMA2260)
Enterobacter cloacae D5C6F6_ENTCC ECL_01542 D5C6F7_ENTCC ECL_01543 Rap2b
ATCC 13047 (SMA2266)
Enterobacter FS5RYK9_9ENTR FSRYK8_9ENTR Rap2b
hormaechei ATCC (SMA2266)
49162
Erwinia amylovora D410Q7_ERWAC EAMY_3018 D410Q6_ERWAC EAMY_3017 Rap2a
CFBP1430 (SMA2265)
Erwinia tasmaniensis B2VH84_ERWT9 ETA_06210 B2VJE3_ERWT9 ETA_06220 Rap2a
Et1/99 (SMA2265)
Escherichia coli B354 D6J6Z7_ECOLX ECEG_03250 D6J6Z8_ECOLX ECEG_03251 Rap2a
(SMA2265)
Pantoea sp. Scl H8DNR2_9ENTR S7A_11480 H8DNR1_9ENTR S7A_11475 Rap2b
(SMA2266)
Pseudomonas syringae Q42ZP52 _PSEU2 Psyr_4040 Q4ZP51 PSEU2 Psyr_4041 Raplb
pv. syringae B728a (SMA2262)
Salmonella Newport B4SV53_SALNS SNSL254_A0303 | B4SV54_SALN SNSL254_A0304 | Rap2a
SL254 (SMA2265)
Salmonella Typhi CT18 | Q82963 _SALTI STY0307 Q82964_SALTI STY0306 Rapla’
(SMA2260)
Salmonella Q931S4_SALTY STMO0277 Q8ZRL5_SALTY STMO0278 Rap2a
Typhimurium LT2 (SMA2265)
Serratia odorifera D4E4R6_SEROD D4E4R5_SEROD Raplb
DSM 4582 (SMA2262)
Acinetobacter BOVVE3_ACIBS p2ABSDF0033 BOVVE4_ACIBS p2ABSDF0034 (Rap2a)®
baumannii SDF (SMA2265)
Serratia marcescens Sspl SMA2261 Rapla SMA2260
Db10
Serratia marcescens Ssp2 SMA2264 Rap2a SMA2265
Db10

' Note that this is not the same protein as the one identified as a Tai4 protein in this organism by
Russell et al., 2012; that protein, ESA_03932, is an orphan Tai4 protein of the Rap2b type not
immediately adjacent to Tae4

2STY0306 (SciQ) is approximately twice the size of other Rap proteins, resembling a fusion of two
adjacent Rapla proteins

¥ p2ABSDF0034 is shows only very weak sequence similarity with Rap2a
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Supplementary Figure S1. Immunity protein binding and secretion is not impaired in
Sspl and Ssp2 C50A mutants. (A) Size exclusion chromatography analysis of complex
formation between Sspl (C50A) and Rapla, top, or Ssp2 (C50A) and Rap2a, bottom. 10
nmol of the protein indicated, or of each protein in the case of the mixtures, was separated on
a calibrated Superdex 75 10/300 GL column. (B) Immunoblot detection of Ssp2 in the
secreted fraction of the strains indicated: wild type S. marcescens Db10 [WT]; mutant lacking
Ssp2 [Assp2]; Assp2 mutant carrying plasmids expressing wild type Ssp2 [+Ssp2(WT);
pSC541] or the C50A mutant of Ssp2 [+Ssp2(C50A); pSC1230]; and a Type VI secretion
system mutant [AT6SS] expressing wild type Ssp2.
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Supplementary Figure S2. Superimposition of Sspl (orange ribbon) and EcTae4 (green
ribbon). The catalytic triads (histidine, cysteine and aspartate) are shown as sticks and
divergent regions are shown in the boxes.
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Supplementary Figure S3. Superimposition of the catalytic residues of Sspl, PaTsel and
EcTae4. The color code is N blue, O red, S yellow then C positions for Ssp1 orange, PaTsel
grey and EcTae4 green.
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Supplementary Figure S4. Sequence alignment of Sspl and selected homologues. A.
Structure-based sequence alignment highlights the conserved secondary-structure content
(orange cylinders and sheets) in this group of four endopeptidase effectors. Residues involved
in disulfide bond formation are coloured yellow. The catalytic histidine and cysteine residues
are marked in cyan. The alignment was generated using ClustalW and the figure was prepared
using ALINE (Bond & Schittelkopf, 2009). B. An alignment of S. marcescens Rap2a with
Tai4 from E. cloacae and S. Typhimurium. Sequence numbering and secondary structure has
been drawn based on the Rap2a crystal structure (without signal peptide - brown). Strictly
conserved residues in all four sequences are encased in black, conserved in two or three in
shades of grey with the conserved cysteines involved in disulfide bond formation highlighted

in yellow.
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Agrobacterium tumefaciens MAVNFDTLYSNYPSS - - -DPSHPNYLSQRDLFTE IGWESF IGN PHNHETEA I BVEl 1 AFVKSGIN I VPSSHR 1QKGP YABKG IE VNMRRLATLM-KRTS YLBEPD 100
Salmanella Typhi -- PLFSVLKSNHNSS - - -SFESPDFVDSKDF YAGIGYDOGKLG- - - - AQFE MTEAA VAL IKSGVKFKGRLLP IKEGKWKGRS IETGAKNLADIL-SQATVFGKP A 100
Ssp1 5. marcescens PL¥RQLKSSHYSS - - -DYSSPGYLAAE AVYAE IGYELDTLL-KONPGYANTEAVAIME L ALLKTG IS FKGR - LP IKKGAYKGK T IEPGAKLLADQL - HRS 55 FGKAK 102
Cronobacter sakazakii P LFQQLKMNHYSS - - - TDGS ADF VDARDVYAE 1GYDYDD 1 1 -KVNQAFKMTEAVEME L ALLKCNYP FDGR - F | IKAGAYKBRK IESGAKLLADQL - YKS S AFGKAE 102
Acinetobacter baumannii MAVITAAAGGQSS A IQAKRPLES TLWS - - - - - - - - NYPVKMA- - APDVYGLVMGGOALALYKENP TG ANACALBLERS LNYGGMP [KQS - - - TEGYKVKGSDNKPYLLRWREMITFVEQNLGK AD 112

Serratia odorifera - -MGARPRFL AAWT AARN I YDPNDAL VKV - -KNT IGGAVKRNFE [P A- -5 AGGWE s CAVAMS Y VENYTGHP VPR - - - - 15QL TVS BADKKWYFFRVMRDLVVY L TK TWGKPD 102
Pseudomonas syringae - PFETAAWAASOH I YDPVAPEKRY - - AEVIGGFMAKN INNPD--PSTKWRNTEAVELEY ILNYSGLK IPK- - - -VSKQTVS BADOHQYFFRWS NLKS FLE THWEKPE 101
Burkholderia cenocepacia PS FAVAWAAS QR | YDP ANSGERV - - AKV IGGYWE KNVNNPN- - P TERWS NTEAVEME'Y | LGE AGMV IPR- - - - IPEQTWS GRONRQYF FRVRDL IR FLEQRWGK AE 101
Ssp2 5. marcescens PS5 FQQAWQRFSE |- - -NVD I TDV- -GKK IGGNWGLM IELGVNDP LQGF THACA | MBIy TLNYSGFKVERG- - - - AWK TVS GKDKNWY | YRVRD | INFLNYKFGKPD 100
Erwinia amylovora

Erwinia tasmaniensis

PAFLOAWQRFSE |-~ -MIDVSSV- -GKK I GGNWGAN | MLGEQDPSQGF THAEA | YTLNYSGARVERG- - - - VWK TVS GDDKNWY | YAVKDLL T YMHKK YGKP D 101
P AFLQAWQRFSE |- - -MIDVSSV- -GKK IGGNWGAN I TLGEQDP AQGF THAEA | YTLNYSGAKVERG- - - - VWK TVS BDDKNWY | YRVKDL LT YMHKK YGKP D 101

Salmonella Typhimurium S ENE AWLAFRKY - - - NHSVADV - -GS | |GGNVGKN I TGGY FONACP | BIVBly VENATGFP | ARN- - 5P YAKVS GADNKFY | YRMNDMIDY L THTMGKP D 95
Salmonella Newport PS FME AWLAFRKY - - - NHS VADY - -GS | IGGNWGKN I TGGY - - - - - - FONACP | BIMBIY VENATGFP I ARN- - -SPYAKVYS GADNKFY | YR¥NDMIDYLTHTMGKPD 95
Escherichia coli PS FME AWS AFGKW- - - NFPVADV- -GR | IGGNWGQN 1SGGY - - - - - - FENMACP IBMBIY VLNATGFS ISRS - - -SPYATWSGSDKKFY | YRWNDMIEHLTQ IMGKPD 95
Pantoea sp. POFS ARWNRFSEV- - -NVSVEKY- -GEKLGGNVE AN I ASG | ACP | [IVB| Y VLN Y TGVP VP AN- - - SRYATVTGKDKKR YMFR MNDMMDF LVS VFGKPD 97
Enterobacter cloacae P AFGAAWNRFKE V- - -NVNVEQU- - GK L LGGK WQHN IDAG | - - - ACP | BIVB| vy VENYCG IPVPSN- - -SKYATVTGS DKKRYMFRWKDMI AF LP TVLEKAD 97
Enterobacler hormaechei - - MAP AFGAAWNRFREWV- - -NVNVETV- -GKLLGGKVQHN IEAG I AP | YVLNYCGVP IPSN- - -SRYATVTES DKKRYMYRMKDMIAFLP TVLENAD 94

Conservation

----------------- 397292377500010---4031135--4227671932742252------512 3585277327130---0222364 334415644547750340427 573
Consensus
—————————————— MMMMR PS F++AWS +F +E + YDPNVS V+DV+DGK + IGGNVGKN | ++G+QDP +QGFONACAIRMS YVLNY +G+P IPRN-LP +KYATVSG+DKKWY | YRV +DMI +FLT+VFGKPD
130 140 150 18 170 180 190 200
Agrobactenium tumefaciens PyT- - - -PATARNG |GARNEVVAFNN 1PGHiT-coE-BioLvRee-sEATOBAS ABYY - - - oo - nsET IwFlP Boasras 188
Salmonella Typhi WW- - -RDPTKFQTE LGNKKGWVF FWK | DGRINGGS GBS BIDL 1EP T -5 AGAVEHS HEYF - - - - - - - - SCKQIWFWEER - - -~ 184 [ gopq/Rana
Ssp1 5. marcescens IFF--NAPDA-EKG | GNKKGYWVFFNK | TH¥D - -GG-HIDL IEPE -NSLLTEHSHEYF- - - - - - - - - MNCKE VWEWE RS - - - - - 183
Cronobacter sakazakii 1¥T- -DRRSG-GQALRNRRGYWFENVVNGNG - - GG - HIDLLEPEGNNAF TEHS MELP DCKE IWFWE LK 184
Acinetobacter baumannii IAFKPKNNEDYVSSOLREKKG | I IF - K VS GWGDASG - WNGS DEGDS EYF IHSTPNV- -RTTD I FFWNER - - - - - 180
Serratia odorifera LWV- -NYPQLPVSQLANKKGL I LF - E VS GWDNAGS - WNGS QES DHEYF - - NQPGTHYS TPRANFWELP - - - - - 188
Pseudomonas syringae WV KYPPSDGGALARKKG | ILF -E 1S GWTDAKG FDGNLEYDHEYF - - NEPDVNYRTOTANEWS LTS 167
Burkholderia cenocepacia  GV- - -KYPPSNGGP LAGRQGWLLF - E VS GWS DAQG - FNGRTEYDHEYF - - NEPGARYRTDR ANFWS K 186
Ssp2 S. marcescens KT |- -KNPT--PSDFSKDKGILVF - TVPGWNDASG - WHGTTESDHEYFP - - - - - - - - KSNEAS IWLLK 158
Erwinia amylovora KIV--KNPT- -PGDFQNLKG I LVF - AVNGWS DAS G - WHGS VESDHEYFP - - - - - - - - ISNEGS IWLLK - 159
Erwinia tasmaniensis KIV--KNPK--PGDFONLKGILVF - AVNGWS DASG - WNGS VESDHEYFP - - - - - - - - ISNEGS IWLEK 158
Salmanella Typhimurium LIV--NNPK--QSDF IGKKG | 1VV- KGHGWS NARG - WNGS 15 DOEHL LNDF DNGF FVPEVGTLW I LP - 181
Salmanella Newport LIV--NNPK--QSDF IGKKG | IVV- KGHGWS NARG - - -WNGS IESDOEHL LNDPONGPFVPEVGTLWILP - - - - - 161
Escherichia coli LVI--NNPT--PGDFTGKKG | IVV-KGHGWS NARG - WNGS VES DOEHL LNDPDNGTFVPEVG I LWVEP - - - - - 181
Pantoga sp. LTV- -RSPK- -PASFNGKOGL | VF - QGNGWS NARG WHGN 185 DS EHF LGGAENGTFVPDVAS LW LK 163
Enterobacter cloacae 1SV--SSPT--PAQFAGKQG | I IF- TGHGWLDATG - WHGN 1 €5 DDEHF LGS PGNGS F IP TNATFWS LK - - - - - 183
Enterobacter hormaechei MTV--TSPT--PSQFAGKQG I IF-SGHGWS DATG - WHNGN | E5S DDEHF LGS PGNGSF IPGS ATLWS EK - - - - - 180

Conservation . II a I Hll- I . 1
383336 27173134 - 2

240--1052--14 ----54724 372 54---------2 62274 I

Consensus
L+W--KNPTS -PSDFAGKKG | IVFNKVHGWS DASG-HVT L IEPE -WNGS ICSDHCYFL++PPNG+F +PEE A+FIWLK - - - - -

Supplementary Figure S5. Multiple sequence alignment of Sspl and Ssp2 with other
Tae4 proteins. Alignment was generated using MUSCLE (Edgar, 2004) and visualised using
Jalview (Waterhouse et al., 2009). Red arrows show the amino acid residues forming the
catalytic triad. The Sspl-like proteins associated with Rapla-type immunity proteins are also
indicated. The Tae4 homologues are labelled by organism and their identities are as follows
(UNIPROT identifier, genomic identifier): Acinetobacter baumannii (BOVVE3_ACIBS,
p2ABSDF0033), Agrobacterium tumefaciens (Q7CUP8_ AGRTS, Atu4347), Burkholderia
cenocepacia (Q1BN86_BURCA, Bcen_4030), Cronobacter sakazakii (A7MQ14_CROSS,
ESA 03935), Enterobacter cloacae (D5C6F6 ENTCC, ECL_01542), Enterobacter
hormaechei (FSRYK9 9ENTR), Erwinia amylovora (D410Q7_ERWAC, EAMY_3018),
Erwinia tasmaniensis (B2VH84 _ERWT9, ETA 06210), Escherichia coli (D6J6Z7 ECOLX,
ECEG_03250), Pantoea sp. (H8DNR2 9ENTR, S7A 11480), Pseudomonas syringae
(Q4ZP52_PSEU2, Psyr 4040), Salmonella enterica serovar Newport (B4SV53 SALNS,
SNSL254 A0303), Salmonella enterica serovar Typhimurium (Q931S4_SALTY, STM0277)
Salmonella enterica serovar Typhi (Q82963 SALTI, STY0307), Serratia odorifera
(D4E4R6_SEROD). See also Supplementary Table S1.



Supplementary Figure S6. Distinct placement of the immunity proteins inhibits different
peptidoglycan endopeptidases. Four polypeptides are shown in ribbon style; Sspl is colored
orange, EcTae4 is green, one subunit of EcTai4 is grey and one subunit of Rapla is cyan. A
least-squares overly of Sspl and Tae4 was carried out and this then highlights the different

positions that the immunity proteins occupy when they bind and inhibit their cognate effector.



