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1 Full list of proteins enriched in OMV in comparison with the membrane fraction. References regarding the proteins as
virulence factor (VF), immunoreactive (IR), components of the capsule-like complex (CLC) or otherwise connected to

virulence are cited.

Gene FTS FTT FTL Enrich

Protein name name Locustag Locus tag Locus tag ment® Ref.

outer membrane protein of unknown

function FTS 0008 FTT 1747 FTL_0009 424.2 IR (Golovliov et al., 2013; Kilmury and Twine, 2011)

outer membrane protein OmpH ompH FTS 0538 FTT_1572c FTL_0536 254.3 IR (Chandler etal., 2015; Kilmury and Twine, 2011)

hypothetical protein FTS_1462 FTS 1462 FTT 1334c FTL_1494 246.4 CLC (Champion etal., 2018)

hypothetical protein FTS_1201 FTS_ 1201 FTT_0975 FTL_1225 126.9 IR (Chandler etal., 2015; Kilmury and Twine, 2011)
secreted (Konecna et al., 2010), up-regulated in dsbA

hypothetical protein FTS_1538 FTS 1538 FTT 0484 FTL_1579 126.5 mutant (Straskova et al., 2009)

hypothetical protein FTS_0495 FTS 0495 FTT 0423 FTL_0493 102.0 up-regulated in dsbA mutant (Pavkova et al., 2017)

hypothetical protein FTS_0572 FTS_0572 FTT_1538c FTL_0573 101.6 VF (Wallgvist et al., 2015)

hypothetical protein FTS_0814 FTS 0814 FTT_1137¢ FTL_0822 73.0
IR (Chandler et al., 2015), up-regulated in vivo in

chitinase family 18 protein FTS 1485 FTT 0715 FTL_1521 69.8  mice (Twine et al., 2006)

hypothetical protein FTS_0402 FTS_ 0402 FTT_1303c FTL_0411 60.9 IR (Kilmury and Twine, 2011; Twine et al., 2010)
VF (Binesse et al., 2015; Melillo et al., 2010), IR
(Kilmury and Twine, 2011), secreted (Konecna et al.,

peroxidase/catalase katG FTS 1471 FTT_0721c FTL 1504 56.7 2010)

histidine acid phosphatase FTS 0029 --- FTL_0031 56.5 VF (Mohapatra et al., 2008)

beta-lactamase class A bla FTS 0870 FTT_0611c FTL 0879 48.9  secreted (Konecna et al., 2010)

hypothetical protein FTS_1681 FTS 1681 FTT_0165c FTL_1724 44.8

hypothetical protein FTS_0755 FTS_ 0755 --- FTL 0755 384

gamma-glutamyltranspeptidase ggt FTS_ 0764 FTT_1181c FTL_0766 37.6  VF (Alkhuder etal., 2009)

rhodanese-like family protein FTS 0824 FTT_ 1127 FTL 0834 355

pyrrolidone carboxylylate peptidase  pcp FTS 0203 FTT 0296 FTL 0207 35.5 IR (Havlasova etal., 2005)
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hypothetical protein FTS_1495
hypothetical protein FTS_1272

DNA topoisomerase | topA
protein-disulfide isomerase
exodeoxyribonuclease VII large

subunit XseA

hypothetical protein FTS_0815
hypothetical protein FTS_0974
single-strand DNA binding protein  ssb
outer membrane lipoprotein

hypothetical protein FTS_0065
hypothetical protein FTS_0452
hypothetical protein FTS_0570
hypothetical protein FTS_0659
membrane protein of unknown
function

superoxide dismutase (Cu-Zn)
precursor

hypothetical protein FTS_1749
FKBP-type peptidyl-prolyl cis-trans
isomerase

hypothetical protein FTS_0424
hypothetical protein FTS_0092

ttg2

sodC

hypothetical protein FTS_0571
hypothetical protein FTS_0317
hypothetical protein FTS_0414

dGTP triphosphohydrolase dgt
peptide methionine sulfoxide

reductase msrA

FTS_1495
FTS 1272
FTS_ 0417
FTS 1514

FTS_0754
FTS_0815
FTS_0974
FTS_0013
FTS 1885

FTS_0065
FTS_0452
FTS_0570
FTS_0659

FTS 0515

FTS_0371
FTS_ 1749

FTS_1020
FTS_0424
FTS_0092

FTS_ 0571
FTS 0317
FTS_0414
FTS_1470

FTS_1906

FTT 0704
FTT _0364c
FTT_0906¢
FTT 0507

FTT_1190c
FTT _1136¢C
FTT_0540c
FTT 1752

FTT_0211c

FTT_1676
FTT 0385
FTT_1540c
FTT_1402c

FTT 1611

FTT 0879
FTT_0066

FTT 1043
FTT 0913
FTT 1777c

FTT_1539c
FTT_0825c
FTT_0903

FTT 0720c

FTT 1797¢c

FTL_1532
FTL_1299
FTL_0426
FTL_1550

FTL_0754
FTL_0823
FTL_0994
FTL_0014
FTL_1939

FTL_0073
FTL_0451
FTL_0571
FTL_0661

FTL_0514

FTL_0380
FTL_1793

FTL_1042
FTL_0434
FTL_0104

FTL_0572
FTL_0317
FTL_0423
FTL_1503

FTL_1960

35.3
34.1
26.7
25.2

24.5
23.5
23.4
23.4
21.9

20.4
19.9
19.0
18.9

18.3

18.0
17.5

17.2
16.4
155

155
15.0
14.6
13.9

13.4

IR (Straskova et al., 2015), up-regulated in dsbA
mutant (Pavkova et al., 2017)

up-regulated in dsbA mutant (Pavkova et al., 2017)
up-regulated in dsbA mutant (Pavkova et al., 2017)
IR (Havlasova et al., 2005)

VF (Rockx-Brouwer et al., 2012), IR (Janovska et al.,
2007Db)

IR (Kilmury and Twine, 2011)

IR (Chandler et al., 2015; Kilmury and Twine, 2011)
up-regulated in dsbA mutant (Pavkova et al., 2017)

VF (Melillo et al., 2009)
up-regulated in dsbA mutant (Pavkova et al., 2017)

IR (Pavkova et al., 2006)
IR (Kilmury and Twine, 2011), CLC (Champion et
al., 2018)

IR (Straskova et al., 2015)

up-regulated in macrophages (Wehrly et al., 2009)




hypothetical protein FTS_0493
outer membrane lipoprotein
group A colicin translocation tolB
protein

OmpA family peptidoglycan-
associated lipoprotein
hypothetical protein FTS_1430
Vacl like lipoprotein

hypothetical protein FTS_1664
outer membrane lipoprotein

hypothetical protein FTS_1187
D-alanyl-D-alanine
carboxypeptidase

OmpA family protein

Type IV pili, pilus assembly protein

OmpA family protein
hypothetical protein FTS_1068
ATP-dependent Clp protease
proteolytic subunit

hypothetical protein FTS_0983
outer membrane lipoprotein LolB
rare lipoprotein B family protein
hypothetical protein FTS_0415
hypothetical protein FTS_1319
hypothetical protein FTS_1023

hypothetical protein FTS_0093

methionine sulfoxide reductase B

blc
tolB

pal

omlA

dacD

fopA
pilF

clpP

loIB

msrB

FTS_0493
FTS 1846

FTS_0332

FTS_0334
FTS_1430
FTS_ 1598
FTS_1664
FTS_0061

FTS 1187
FTS_1034

FTS_1295
FTS_1005

FTS_0323
FTS_1068

FTS_0883
FTS 0983
FTS 0143
FTS 1185
FTS 0415
FTS 1319
FTS 1023

FTS_0093

FTS_0370

FTT_0198
FTT_0840

FTT 0842
FTT_0768¢
FTT 1591

FTT_1639c
FTT_1680c

FTT_0989
FTT_1029

FTT 0583
FTT_1057c

FTT_0831c

FTT 0624
FTT 0550
FTT 0270
FTT 0991
FTT_0904
FTT_0760c
FTT 1040

FTT 1778¢c

FTT 0878c

FTL_0491
FTL_1897

FTL_0334

FTL_0336
FTL_1459
FTL_1637
FTL_1709
FTL_0069

FTL_1213
FTL_1060

FTL_1328
FTL_1029

FTL_0325
FTL_1097

FTL_0892
FTL_1005
FTL_0150
FTL_1211
FTL_0424

FTL_1045
FTL_0105

FTL_0379

13.1
12.7

12.6

12.5
11.9
11.9
11.6
115

10.7

10.7

10.6
10.6

10.5
9.9

9.9
9.7
9.6
9.5
9.0
9.0
8.7

8.7

8.5

secreted (Kinkead et al., 2018)

IR (Janovska et al., 2007a)
VF (Ren et al., 2014)

up-regulated in dsbA mutant (Pavkova et al., 2017),
up-regulated in macrophages (Bent et al., 2013;
Wehrly et al., 2009)

VF (Ren et al., 2014; Spidlova et al., 2018)

VF (Rowe and Huntley, 2015), IR (Hickey et al.,
2011)

VF (Ren et al., 2014)

VF (Robertson et al., 2014), IR (Kilmury and Twine,
2011)

down-regulated in dsbA mutant (Pavkova et al., 2017)

IR (Kilmury and Twine, 2011)

IR (Fulton et al., 2011; Golovliov et al., 2013; Post et
al., 2017; Twine et al., 2010)

VF (Saha et al., 2017), up-regulated in macrophages
(Wehrly et al., 2009)
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hypothetical protein FTS_1229
hypothetical protein FTS_0642
hypothetical protein FTS_0195
hypothetical protein FTS_1076
uroporphyrinogen decarboxylase
beta-lactamase class A
membrane-bound lytic murein
transglycosylase

competence lipoprotein ComL

X-prolyl aminopeptidase 2

hypothetical protein FTS_1279
hypothetical protein FTS_1540
Type IV pili secretin component
hypothetical protein FTS_0163
organic solvent tolerance protein,
OstA
3-oxoacyl-(acyl-carrier-protein)
reductase

lipoprotein of unknown function
2-octaprenyl-3-methyl-6-methoxy-
1,4-benzoquinol hydroxylase

outer membrane protein of unknown

function

hypothetical protein FTS_0685
hypothetical protein FTS_1018
hypothetical protein FTS_1324

protein-disulfide isomerase

hemE
blaA

mitA
comL

pilQ

ostAl
fabG
IpnA

ubiF

FTS 1229
FTS_0642
FTS 0195
FTS_1076
FTS 1769
FTS 0937

FTS_ 1165
FTS 0701

FTS_0868

FTS 1279
FTS_1540
FTS_0792
FTS 0163

FTS_1557
FTS 1110
FTS 0412
FTS 0727

FTS_ 0537
FTS_0685
FTS 1018
FTS 1324

FTS_1067

FTT_1416¢C
FTT_0289c
FTT_1095¢
FTT 0047

FTT_0681c

FTT 1271
FTT_1244c

FTT_0609

FTT _0369c
FTT_0482c
FTT 1156¢
FTT 0243

FTT_0467
FTT_1375
FTT_0901
FTT_1217c

FTT 1573c
FTT 1260
FTT_1045c
FTT 0755

FTT_1103

FTL_0645
FTL_0199
FTL_1107
FTL_1812
FTL_0957

FTL_1189
FTL_0700

FTL_0877

FTL_1306
FTL_1581
FTL_0800
FTL_0168

FTL_1597
FTL_1139
FTL_0421
FTL_0727

FTL_0535
FTL_0684
FTL_1040
FTL_1359

FTL_1096

8.2
8.0
7.8
7.2
6.7
6.3

6.1
6.1

6.1

6.1
5.9
5.8
5.7

5.5

4.9

4.8

4.8

4.6
4.5
4.4
4.3

4.1

up-regulated in dsbA mutant (Pavkova et al., 2017)
IR (Post et al., 2017)
IR (Whelan et al., 2018)

IR (Kilmury and Twine, 2011)

up-regulated in macrophages (Bent et al., 2013)
VF (Kadzhaev et al., 2009), up-regulated in
macrophages (Wehrly et al., 2009)

VF (Rockx-Brouwer et al., 2012), IR (Straskova et al.,

2015), up-regulated in dsbA mutant (Pavkova et al.,
2017), up-regulated in macrophages (Bent et al.,
2013)

VF (Horzempa et al., 2008; Wallgvist et al., 2015)

VF (Rohmer et al., 2007)

VF (Lai et al., 2010)

IR (Straskova et al., 2015), down-regulated in
macrophages (Bent et al., 2013)

IR and protective (Forestal et al., 2008; Savitt et al.,
2009; Sjostedt et al., 1992; Thakran et al., 2008)

IR (Straskova et al., 2015)

VF and IR (Qin et al., 2011, Straskova et al., 2009,
2015)




hypothetical protein FTS_0283

phospholipase D family protein
hypothetical protein FTS_0573
hypothetical protein FTS_1129,
FTS_ 0101

hypothetical protein FTS_1139,
FTS 0111

outer membrane protein tolC
precursor

hypothetical protein FTS_1178
chorismate mutase

serine-type D-Ala-D-Ala
carboxypeptidase

hypothetical protein FTS_0568
TPR repeat-containing protein
hypothetical protein FTS_1845
sugar transamine/perosamine
synthetase

malate dehydrogenase
hypothetical protein FTS_0037
glyceraldehyde-3-phosphate
dehydrogenase/erythrose-4-
phosphate dehydrogenase
ferrochelatase

hypothetical protein FTS_1135,
FTS_0107

lipoate-protein ligase B
competence protein
phosphoheptose isomerase
soluble lytic murein
transglycosylase

tolC

dacB

whtl

mdh

gapA
hemH
lipB

gmhA

slt

FTS_0283

FTS 1531
FTS 0573
FTS 1129
FTS_ 0101
FTS 1139
FTS 0111

FTS_ 1817
FTS 1178
FTS_0041

FTS_ 1024
FTS_0568
FTS_0201
FTS 1845

FTS_0600

FTS_0967
FTS_0037

FTS 1117
FTS 0813
FTS_1135
FTS_0107
FTS_1032
FTS_1866
FTS_0060

FTS_ 0467

FTT_1506

FTT_0490c

FTT 1537c
FTT 1355
FTT 1710
FTT 1346
FTT 1701

FTT 1724c
FTT 0998
FTT 1650

FTT_1039
FTT_ 1542
FTT 0294°
FTT_0199

FTT_1455c

FTT_0535¢
FTT 1653

FTT 1368¢

FTT 1138
FTT 1349
FTT 1704
FTT 1031

FTT_1681c

FTT 0400

FTL_0287

FTL_1570
FTL_0574
FTL_1161
FTL_0115
FTL_1170
FTL_0124

FTL_1865
FTL_1202
FTL_0043

FTL 1046
FTL_0569
FTL 0205
FTL_1896

FTL_0601

FTL_0987
FTL_0039

FTL_1146
FTL_0821
FTL_1167
FTL_0121
FTL_1058
FTL_1916
FTL_0068

FTL 0466

4.1

4.0
3.9

3.9

3.7

3.7
3.7
3.7

3.4
3.3
3.1
3.1

3.0
2.9
2.9
2.8
2.8

2.7
2.7
2.7
2.7

2.7

up-regulated in macrophages (Raghunathan et al.,

2010)

secreted into macrophages (Broms et al., 2012)
VF (Broms et al., 2016; Robertson et al., 2013)

VF (Doyle et al., 2014; Gil et al., 2006)

dsbA substrate (Qin et al., 2016)

IR (Kilmury and Twine, 2011), CLC (Champion et

al., 2018)
IR (Straskova et al., 2015)

VF, up-regulated in dsbA mutant, secreted (Pavkova et

al., 2017)

VF (Broms et al., 2011; Lindgren et al., 2013; Rigard

etal., 2016)
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FAD binding family protein

polar amino acid uptake transporter
LysR family transcriptional
regulator

rRNA methyltransferase
glycerophosphoryl diester
phosphodiesterase

glutamine amidotransferase subunit
PdxT

membrane protein of unknown
function

hypothetical protein FTS_1352
signal recognition particle GTPase
glutamate-1-semialdehyde
aminotransferase

DNA mismatch repair protein

U61 family peptidase

membrane protein of unknown
function

hypothetical protein FTS_1607
cytosol aminopeptidase

histidine acid phosphatase
hypothetical protein FTS_0394
hypothetical protein FTS_1048
elongation factor Ts

outer membrane efflux protein
FOF1 ATP synthase subunit delta
dephospho-CoA kinase
P-pantothenate cysteine ligase/P-
pantothenoylcysteine decarboxylase
glycine dehydrogenase subunit 1

mreA

lysR
spoU

ugpQ

fth

hemL
mutL

pepA

tsf

atpH
coak

gcvP1l

FTS_0702
FTS_0183

FTS_0038
FTS_1062

FTS_1476
FTS_1509

FTS_0430
FTS_1352
FTS 1213

FTS 1255
FTS 1536

FTS_1636

FTS_0429
FTS_1607
FTS 1445
FTS_0996
FTS_0394
FTS_ 1048
FTS 0222
FTS_0687
FTS 1754
FTS_0307

FTS_0801
FTS 0481

FTT_1243c

FTT_1652c
FTT 1108

FTT_0726¢c
FTT_0512

FTT_0919
FTT 0732
FTT_0964c

FTT 0927
FTT 0486

FTT 0101

FTT 0918
FTT 0128
FTT 1318c
FTT 1064

FTT 1015
FTT 0314
FTT 1258
FTT 0061
FTT 1487

FTT 1147c
FTT 0409

FTL_0701
FTL_0187

FTL_0040
FTL_1090

FTL_1511
FTL_1545

FTL_0439
FTL_1384
FTL_1239

FTL_1283
FTL_1576

FTL_1678

FTL_0439
FTL_1646
FTL_1479
FTL_1021
FTL_0403
FTL_1075
FTL_0225
FTL_0686
FTL_1798
FTL_0307

FTL_0808
FTL_0479

2.6
2.6

2.6
2.5

2.5

2.5

2.4
2.4
2.4

2.3
2.2

2.2

2.2
2.2
2.2
2.2
2.2
2.1
2.1
2.1
2.1
2.0

2.0
2.0

IR (Kilmury and Twine, 2011)

IR (Kilmury and Twine, 2011), dsbA substrate (Qin et
al., 2016; Ren et al., 2014)

VF (Salomonsson et al., 2009; Twine et al., 2005)

VF (Mohapatra et al., 2013)

IR (Golovliov et al., 2013; Kilmury and Twine, 2011)
VF (Algahtani et al., 2018)
IR (Chandler et al., 2015)

up-regulated in macrophages (Wehrly et al., 2009)




glycosyl transferase, group 1

major facilitator transporter
hypothetical protein FTS_1593
hypothetical protein FTS_1258
sigma54 modulation protein
potassium-transporting ATPase
subunit A

S49 family serine peptidase
shikimate 5-dehydrogenase

preprotein translocase subunit SecG

FOF1 ATP synthase subunit beta
hypothetical protein FTS_0055
chitinase

branched-chain amino acid

aminotransferase protein (class 1V)

hypothetical protein FTS_0170
hypothetical protein FTS_0282
hypothetical protein FTS_0297
hypothetical protein FTS_0318
hypothetical protein FTS_0333
NAD(P)H-dependent glycerol-3-
phosphate dehydrogenase
hypothetical protein FTS_0401
hypothetical protein FTS_0639
hypothetical protein FTS_0738
methyltransferase

radical SAM superfamily protein
hypothetical protein FTS_1221
hypothetical protein FTS_1270
hypothetical protein FTS 1318

waaG FTS 1403

yhbH
kdpA

arok
secG

atpD
chiB

ilvE

gpsA

FTS 1492
FTS_ 1593
FTS 1258
FTS_ 1155

FTS 1832
FTS_0007
FTS_0169
FTS_ 1734

FTS 1751
FTS_0055
FTS_ 0083

FTS 0122
FTS 0170
FTS_0282
FTS 0297
FTS 0318
FTS 0333

FTS_0363
FTS_ 0401
FTS_0639
FTS 0738
FTS_0765
FTS_1004
FTS 1221
FTS 1270
FTS 1318

FTT_0792

FTT 0708
FTT 1596
FTT 0924
FTT 1281c

FTT 1746
FTT_0238
FTT 0081

FTT 0064
FTT_1686c
FTT 1768c

FTT 0251
FTT_0237c
FTT_1507
FTT_1493c
FTT_0826¢c
FTT 0841

FTT_0871
FTT 1302

FTT 1206

FTT_1058¢
FTT_0956¢
FTT_0362c
FTT 0761c

FTL_1429

FTL_1528
FTL_1633
FTL_1286
FTL_1179

FTL_1883
FTL_0008
FTL_0173
FTL_1779

FTL_1795
FTL_0060
FTL_0093

FTL_0131
FTL_0174
FTL_0286
FTL_0300
FTL_0318
FTL_0335

FTL_0372
FTL_0410
FTL_0642
FTL_0738
FTL_0767
FTL_1028
FTL_1247
FTL_1297
FTL_1353

1.9

1.9
1.9
1.8
1.8

1.8
1.8
1.7
1.7

1.7
oMV*
oMV

oMV
oMV
oMV
oMV
oMV
oMV

oMV
oMV
oMV
oMV
oMV
oMV
oMV
oMV
oMV

IR (Kilmury and Twine, 2011), up-regulated in
macrophages (Wehrly et al., 2009)

VF (Brunton et al., 2015)
IR (Kilmury and Twine, 2011)

IR (Kilmury and Twine, 2011; Twine et al., 2010),
CLC (Champion et al., 2018)

IR (Kilmury and Twine, 2011)
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2-dehydro-3-deoxyphosphooctonate

aldolase kdsA FTS 1499 FTT 0701 FTL 1535 OMV

hypothetical protein FTS_1731 FTS 1731 FTT_0083 FTL_1776 OMV IR (Kilmury and Twine, 2011)
aspartyl/glutamyl-tRNA

amidotransferase subunit A gatA FTS 1797 FTT 0020 FTL 1842 OMV

2 OMV/membrane enrichment coefficient; ® FTT_0294 corresponds to the two distinct genes FTS_0200 + FTS_0201 in FSC200 and it was
erroneously annotated as a pseudogene in SchuS4 in the KEGG database (Dieppedale et al., 2013); © FTL_0439 in LVS is a fusion protein of
FupA/B, in FSC200 and in SchuS4 it corresponds to two separate proteins (FTS_0429 and FTS_0430; FTT_0918, FTT_0919) (Siebert et al.,
2019); ¢ exclusively found in OMV and not in membrane fraction
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