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Regulation of an Outer Membrane Protein, OmpW, Expression and Its Biological Function in
Salmonell typhimurium. Ah Young Yoo, Jong Earn Yu, Jiseon Yang, Young Hee Kim, Chang Ho Baek',
Jeong-Il Oh and Ho Young Kang*. Division of Biological Sciences, Pusan National University, Busan
609-735, Korea, The Biodesign Institute, Arizona State University, Tempe, AZ85287, USA - Outer mem-
brane proteins (OMPs) expressed in the Gram negative bacteria such as Salmonella play multiple func-
tions including material transports, adhesive factors and reception of external signals. This study has
been focused on an OmpW protein known as a protein required to form a hydrophobic porin in outer
membrane. We have constructed a S. typhimurium CK10 mutant deleting an omplV gene on
chromosome. The CK10 strain was more tolerant to SDS than the wild-type strain did. As increase
of salt concentration in the culture media, significantly decreased amount of OmpW protein in cells
were detected. The maximum OmpW protein was expressed in the absence of salt supplement.
However, the growth of CK10 strain was indistinguishable compared to that of the wild-type strain
at the variable osmotic conditions. The biological role of differential OmpW expression in response
to osmotic conditions remains to be investigated.
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AstATt. Salmonella typhimurium@} Escherichia coliv Luria-
Bertani (LB) A4} A == 15% agars 71t LA A&
Abg-8ke] 37°Coll M Wi Fatie7]. F8A= 28T BF 4
Zho] Wi e oo 2 FERE H7MEHAth ampi-
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cillin, 100 pg/ml; streptomycin, 50 pg/ml. Asd” 2
FS 93t diaminopimelic acidE 50 pg/mle] FE=Z
713 TH8]. Allelic exchange oA suicide Z2t2v=
el 1= sacB A5 o] 838k suicide Z2k27] = DNA
A& 739 AEE Yl 5% sucroseES E3El= LB 1A )

A& AHESHAHI]



Table 1. Bacterial strains and plasmids used in this study
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Relevant characteristics

Reference or source

Strains

Escherichia coli

E. coli DHb5a

Transformation host for cloning vector, F, ®80dlacZAM15 A(lacZY A-argF)

U169 recAl endAl hsdR17(n,my’) phoA supE4d T thi' qyrA96 relAl promega

E. coli BL21 (DE3) Host for overexpression, F* ompT hsdSg(rs ms) gal dem (DE3) promega

E. coli x7213 E. coli DH5a derivative (Aasd), Km', DAP required 16
Salmonella

S. typhimurium x3339 SL1344 hisG, Str", wild-type 15

S. typhimurium CK10  x3339 derivative, hisG AompW This study
Plasmids

PGEM-T vector Cloning vector for PCR product, ColElori, Ap Promega

pMEG 375 Suicide vector, R6Kori, Ap'Cm’ Megan Health Inc.

pProEX"HTb Overexpression vector Lac 1%, ColElori, Ap Invitrogen

pBP22 0.6 kb ompW BamHI-HindIll product in pPRoExHTb, overexpressing OmpW, Ap"  This study

pBP29 1.8 kb DNA ligated 5'-flanking and 3'-flanking of ompW in pGEM 5ZT, Ap"  This study

pBP31 PMEG-375 derivative recombinant suicide plasmid for AompW, Ap'Cm' This study

HtMol DNA =%t E. coli BL21 (DE3)S 1 mM¢] IPTG7} £0il= vl 0

® Ao o] 2oQ thie] DNA 24 Sambrook A HlFSHES A%, kel OmpW whijdo] s E AS

Ll
soll 93l 71| W Fako] FA3HHTH10]. Rubidium
chloride &e] ¢Jsf #AZ¥ E. coli competent HEE-2
heat-shock o2 FAHE AT FH2 F2el A
&3t7] 913 DNA ©8s 97] 98l PCR SF71HE& A
SR, ol FAAES EdRo)E Fstet® AL
kAt

SDS-PAGE

99 d X85S 2x digestion bufferd] &3} 3}TH11].
SalE dMA A EE 95°CollA 52 E¢F hEE §, Hd

phoresis (SDS-PAGE)ell <J& £zl3t4ith. 228 dds
< Coomassie brilliant blue G-250 (Sigma)< 53+ G447} 2
A e 24 g T =gA FAlsglt

OmpW EiElo| DS 95t KfxEt Betan|=el 15

671 9] histidine (Hissx) 7152 EA 5 )7 OmpW T
A% UF AN AN BT B8 A9H B
A4 3LE AAE o] At ompW FHAE S, typhimu-
rium x3339 GAA DNAE FHOZ &3 primer 4[5-
geggatcecacgaageeggagaa-3' It 5'-geaagettagaaacgatagee-3']
& 0]4¥ PCRS 53l 0.6 kbo] DNAE S5 ¥, 1 DNA
£ pGEM-T vector (Promega)dll E2J3t] F7dA < A
ERSHLVES FEEAL, o|2FE A2 06 kb
BamHI-HindIll DNA ©9& o] Bdd) Abes=
3 vector] pPRoEXTMHTb (Invitrogen)oll A dste] =%
E8 2P| E pBP22E 7531 thFig. 1A). pBP22E& 7HA =

SDS-PAGEE &3l &<latsith12].

S tphimurium  x33390 ompW SRS ZEAF|Y|
A5t RHZE suicide E2A0|=9| 75

ompW +734+9] 5 flanking DNAE S. typhimurium &4
DNAE F¥ 22 &} primer *[5-gctctagagtcacggtaaacgga
ctt-3' 7 5-geggateegteattatgttaacgecagtec-3-S AHS-3F PCR 5
ol s Ak 09 kbe] 5ZFH DNA TS pGEM-T vec-
tor (Promega)°l F2YatAth 22 WHOZ ompW F+3 A}
] 3 flaking DNAE primer “3[5-gcggatecggggtegactegegtga
tgttgtg-3' 7 5-gegeggeegactgeege-3] AHEF PCRE &3l &
Z3l 4 DNA 275 5 flanking®] £01)+ plasmidol
F243te], 1 A7} 0.6 kbe] 3 ompW ORF7} 2511
ompW 722+2] 5 flanking DNA$} 3 flanking DNA7} 0]
A= P9 =g DNA 9HE 71 & Eek20] = pBP29o]
55 At} pBP29ZFE B2 1.8 kbe] Xbul-Notl DNA T
< suicide Z221] =2 pMEG3759] MCSell 24 3%
™, o] AZH suicide FH2VEE pBP3IE WA
(Table 1).

Immunoblotting

SDS-PAGEE %3 ©¥d N85 £2|¢ 5, transfer 44|
(BioRad) %} Towbin’s Buffer (TB)E AH&-3t4 polyacryamide
gel W ¢ @l A =S nitrocellulose membrane (Schleicher &
Schuell) &2 o] 5 A # TH13]. Towbin 5l <3| 7]&¥ nfe}
Zo] 5% skim milkE -3k Towbin's Saline Buffer (TBS)
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(A)

P«c --— @aag aaa cag acc atg tcg tac tac cat cat cat cat cat cat
RBS met ser tyr tyr his his his his his his

Hisg,

gat tac gat atc cca acg acc gaa aac ctg tat ttt cag ggc gcc atg
asp tyr asp ile pro thr thr glu asn leu tyr phe gln gly ala met

spacer region YTEV protease cleavage site

WP REBBEW — - EE RS

BamHI ompW ORF Hindlll
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Apal, tre
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Puull

(B) 1 2 3 4
31— ey m——

21—

Fig. 1. Overexpression of the OmpW. (A) Physical map of the
recombinant plasmid pBP22. The map of the pBP22
plasmid carrying a omplV gene is presented. Regions
for the Trc promoter and the Hisgx-tagged in-frame fu-
sion of ompW in pBP22 are enlarged. (B) SDanalysis of
overexpressed OmpW. The Hiss-tagged OmpW ex-
pression in E. coli BL21 (DE3) harboring pBP22 was in-
duced by addition of 1 mM IPTG into LB cultures
media. The protein was purified through Ni*'-sephar-
ose affinity chromatography. The purified proteins
were subjected for SDS-PAGE. Lanes: 1, E. coli BL21
(DE3)/pProEX™HTb vector control; 2, E. coli BL21
(DE3)/pBP22; 3, 0.3 pl of protein sample purified
through Ni**-sepharose affinity chromatography; 4, 1 l
of purified protein.

ol 4] 3 A1zt F<F membranes blockingA17] ¥, 2 43] 34
OmpW 5ol 2 Q) 92274 13+ FA| s} &7 2 A3 kAR
ot TBSZ 4~ 3] A # 3 membraned] 22} & ¢1 horseradish
peroxidase-conjugated donkey anti-rabbit Ig (Amersham)E

5% skim milk/TBSel 1:1,0009] HI&Z 843t 2 A7t 52
S AT TBSZ 4= 3] A& g membrane2] OmpW T
£ HO; (Sigma)9} 4-chloro-1-naphthol (Sigma)©] 3
N A e A2 AAHE A2 BT, ¥
2 53 FAAAT,

[ DN r

FAstet 2442 zeta-potential 37
S 58 242 5 AoH14]. Salmonella %NS ALY E

0] 0.85% NaClZ 23] M A3ttt 243 343 A
N 9] zeta-potential& ELS-8000 (Otsuka electronics)

SDSoi| CHst LHA 24

LB BAM) R o) A 25 A17F vl kSt Salmonella A EE $A
o] A dFE MHE F 05%9] SDSel| 10827 =Z3)
Ak A7 B AE ol o e A SAY
S B3 gelstdry. A3E SDSE A 2shA] &S AT o
3 SDS-A 2|3 A9 AEHEE e

2 o

OmpW il
=M o] M
OmpW 818 9] Salmonella) ol A <] <&
By - gig o] % ATE Yt §
q
o

2ol maH, gH|

At

% Ompw Eo0[&Mol CiE

N R
d OmpW E-0]

4ol D224 FAT AVAZ Stk A BB
2 499 gawade ¢4e 28 }o:l W2 ol

A T

dme (HlSéx) ANE2 EAH R OmpW FL& Lash=
AAE 283t A5 3 Wolr 2 upo} o] &
WA dHS A SATd ompW FHAE THAE ompW I
ZTAV|E pBP2E 753813l (Fig. 1A). pBP22E 7F
E. coli BL21 (DE3)& 1 mM9] IPTG7} E91%0& Wi
o 1 Hj kst As A A dU A 5% o]t ¥
Hisg--OmpW "/]'H“ o] == 3S SDS-PAGE
3 &35k H th(Fig. 1B). ZH# A4 Hise-OmpW Tl
AlEE el G5 EAsaL, dFEe OmpwW &4
£799] inclusion bodyE F/4d3ta o] o] HA 7hehe
S & 4 S th(data not shown). & A= ¥4
Bo] i Apgo] R R WA 8 M urea
At £849 OmpW “@jds 7H&3lstglom,
Hise-OmpW T 4. Ni*'-sepharoseS ©]-&-3 21344 4
A A= EIHRIE T3 F 375 mg] Hisg-OmpWE &
AThHFig 1B).

OmpW Sol3¢ t2&84 A Aitedls New
Zealand White (NZW) E7]& o] &34t} 12 &4 9
3t7] Aol E7|2FH 243 d3len oL ofF &
272 ARSI oF 500 pgell sigst= HAl OmpW @
AL T (vv)Y complete Freund’s adjuvant (Sigma)$} 2
Jé}_’ o }ste] 124 | Fdoz ALl ElE
& NZW E7] =9 7}71 O& F9ol 3~43 2 ol
FARA. 12 | 357 A $ol B7] 79| A
EFH A& ddon, T 12 W wop 22

F4S incomplete Freund’s adjuvant (Sigma)e} &3}3}

1y YAZS o]L35te] 6719 histi-
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of 28 WHog JaFAett. BV Z5H
2,000 rpmol A 5 # 53k A4 R 5} K—H g
31, OmpW 5o]ZQl A7} E3E o 3] J%
23ttt Immunoblotting 23}, 4~ 3¢
A o] F-o oF OmpW S-o] 431 A7} A4
AANSH, OmpW T2 Hlw# ghel o] vtk
o

4 A th(data not shown).

O:Ll"
ot
rie,

e |

ompW TR B SAHO|IF| =

OmpW Tl Z o] A8 ZAlol F Q3 ompW A Eddo
FE AAst7] sk oF 600 nte] ompW A7 AEH
AZ3 suicide ET2VE pBP31S 353G th(Table 1).
ompW FAAE AEA717] $18lA E. coli x7213 (Asd) 5
of Y%= pBP31S S. typhimurium TFZ AFE T3l ©
SAIAHT 14} crossovers &3l A Salmonella®] 944 DNA
= suicide E2t2=w]7} 7]10]E0|7F 552 ampicillin 348
Al WS 54d< ol8-ste] ekt 23} crossoverdl A‘H
AN DNAZREE AZF suicide ST2v S AL o
T+ suicide Z2}2v] =9l E3E positive selection marker
2l sacB AL EAS &85t 5% sucrose’} E3HE HjA]
dA Agte MTES2RE L2 5 UA 5% sucrosed]
WS 7 shue] EdmolFE dgsiglan, ’HE’—.J%\} =

Ao W] ompW 32} A4S parental 751 x33399}
Aol ompW F-Eol| dFsl= PCR AHe 27] HluE
ol glstnh. ompW AR ol B3t primer 4 [5-getctaga
gtcacggtaaacggactt 37} 5- gcgcggccgcctgccgc—?]& o] &3}y
PCRE 33 & =Z 5 DNAY Z7)E ¥l 3k A3} x3339
T3] G4 DNAZRE oF 2.4 kb, AompW EA W 0] 9]
A7 DNAZFE < 18 kbe] DNAZ €& 4 A Th(Fig.
2A). o] #F7} S. typhimuriumAAE FA8k7] A A

F7F 7HAE streptomycin ZAA ol tigh WA =AM 2
3 o] A WA ‘/}E]rlﬁt’i o] #& Lgto] ofdS
FAE = AT GFE F7 primerd-S o]8-3ke] T
St PCR AHEE9] 2715 Hlaste] 113 AompW %‘?ﬂtﬂ"]
F5 CK10°.2 B39 thTable 1). oA A2 Omp
5ol A2l A& o] &3 immunoblotting 23}, CK10 w0l

s
a3

A& OmpW @81 50182l immuno-reactive 1 =

g gloen= o] & 3| allelic exchange™ < ©] 83
typhimurium ompW 2= %‘E‘?ﬂoh‘J TZo] B3t
< 49% + AUT(Fig. 2B).

7] $l5tod CW%QM A Fds vt ol
LB A ¢} HAauA BTN CK109 AL opFo} &
2ol HolA ke AOE Hol ompW FAAY AL
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X3339 CK10(AompW)
A) (B)
kb 1 2 3 4 5 6
43 1 2
2.0 Rl ‘
0.5 a-OmpW

Fig. 2. Construction of a deletion mutant of the ompW gene.
(A) Genetic confirmation of ompW deletion. DNA frag-
ments were amplified from the chromosomal DNA of
the wild-type (x3339) and CK10 (AompWV) strain by PCR.
Lanes: 1 and 4, 5 flaking DNA of ompWV; 2 and 5, 3’
flanking DNA of ompW; 3 and 6, 5 flaking-ompW-3
flanking DNA. (B) Confirmation of ompW deletion by
immunoblot analysis. Salmonella cells were cultured in
LB broth to stationary phase. Cell pellets were subjected
to immunoblot analysis as described in Material and
Methods with rabbit sera (obtained from the 5th immu-
nization of OmpW) diluted to 1:200 (v:v). Lanes :1, S.
typhimurium X3339; 2, S. typhimurium CK10.

Salmonella®] in vitro Aol QoJH & FIL A Fe
Ao 2 e 4 g3l th(data not shown). YHHA o=z T3t
=4 Ao 9u g A S 3

Fg AERYE EAEC ¥t dojve Bt Aok &
AFoMe ot ddY 3 T[S OmpX7t 2¢4
coli€] zeta-potentialell ¥M3}7} dojtaS b
[14]. CK102 kAo HI3] T =2 zeta-potential 3|
Ve )lom, o] ofAFol| HIs| Hstgte] B Woe A
o] w]gttH(Table 2A). o123 A X Ed3te] Wl SDS9}
o] $4AEE VA e BAERY] WA e dES
nE 5 Stk o] FQlstr] fste] ofFe CK10

o

=

ym
=
oly
=
N
30

o mlm O,

Salmonellas 0.5% SDSell 10&7F =&A7 ¥, 433 5%
Z B Aetal LB nA A A Hj Feto] dopde do £E
ZAstAt. SDSl| =ZHAS W oMFE =FAITIA &
Sh= wot HlaskglS ™ 10% éE«l AEE F2ES B
T}H(Table 2B). ¥FH, SDSel =% ¥ CK10 ¥+ SDSo| =&
HA gk wet 2 AEs l 718 Hsg Aow Hop
ompW 27k SDS WAl tha &S 713 +52
T AT ol FL OmpW @4} 3t SD QH A4
Al ZEolet7| Rt OmpWe frioll e Az 4
o HMstE Q13 SDS9He| e Ahg-of w3} HH%E—OIE}JI wo

Ao,

NaCle| s=0f mE Ompwe| kel s}

IO 54 Al et e Ae Al ool 9|5t
kg A4S FHsA He ol o dde
A E o] 87 20 whgt 2 A 2dE O Fo
AE 3 A 3} OmpW«] o B3k 7hsAd o] A A E
AT, Salmonella®] Al OmpW Tl d o] W& o] o] gk 4
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Table 2. Characteristics of omplV deletion mutant

(A) Measurement of Zeta-potential

Strain' Relevant genotype Zeta-potential” (mV)
x3339 wt 24
CK10 AompW -1.13

'S. typhimurium cells, x3339 and CK10 grown in iron-replete
growth conditions were appropriately diluted in saline and
then subjected to measurement.

*Zeta-potential presents the index of dispersion of particle thus,
indicates the charge of surface on Salmonella cells. The lower
value demonstrates the better dispersibility.

(B) Influence of OmpW on Salmonella tolerance to SDS

0.5% SDS Survival of Salmonella
Strain stressed —
conditions AV SD Ratio (%)
N 57.2 9.7 100
X383 S 50.4 108 88
N 433 8.8 100
K10 S 435 8.8 100

The viability of cells was determined by counting colonies after
culture of appropriately diluted Salmonella suspensions ex-
posed to saline or 0.5% SDS for 10 min. Abbreviations: N,
non-exposed to SDS; S, exposed to SDS; AV, average; SD,
standard deviation.

FEA 3 2HH=A AFS LotE ] Ast ompW
promoter®l| lacZ reporter frAAE FHAZ AXFTTE
A &, g w29 NaCl7k 3 7He MacConkey + lac-
tose Hj Aol wj kst reporter frAAFS] WHS FAFstLA}
sttt 3kA19F MacConkey Bl 2|l 2}&Fe] NaClo] 3 7hH
Salmonella 7+5-2] A 7} A ?"SHQ-‘E /ol BEHo] o]
St O 2 E ompW FAAMY] EEE AT 4 9 th(data
not shown).

Reporter 725 AHESH 7HR 2 Q1 W iAol 24 4]
S F OmpWo] 2@ wigs #2417 95t 0 M3 1 M9
NaCle] #7}d LBAA A& @AY BAZA il F
Salmonella ko419 OmpW @¥A o8& immuno-
blotting & &3l &< 0}9&\1} 1 M9 NaClo] #H7F= &
OmpW9| W&o 43 Zashe As &Asglon o
3l ompW ] HE °ﬂ NaCl9| F& =, 25 &30
T8 dA AGS F QAT (Fig 3A). o1& EUE 7
% AE g].ﬁoﬂ,q,] quoﬂ OmpW Gl go] of gk

il

\‘0{

FFE 01 Mur 1 Me] NaClO] zwa LB < A 1) 2] o X HH
FaaA 600 nm BHFel| M| FREE FHA AFS B
st tHFig. 3B). 7 #F EF =2 59 NaClo] 3715
AS W 21 Aol tha AAEHE= ﬁ% gstR o, ofa
Fo CK10 EAHO|F Afol9] A% P Afole #ET +

(A)

(B)

Fig. 3. Effect of NaCl on growth and OmpW expression. (A)
OmpW expression in S. typhimurium grown in different
NaCl condition. S. typhimurium wild-type cells were cul-
tured in LB broth containing 0 or 1 M NaCl to stationary
phase. Cell pellets were subjected to immunoblot analy-
sis as described in Material and Methods. (B) Growth
of S. typhimurium strains under different salt condition.
S. typhimurium x3339(circles) and CK10(triangles) cells
were grown in 100 ml LB broth containing 0.1 M(open
symbols) and 1 M NaCl concentration(solid symbols) at
37°C for 18hr with shanking. The growth was measured
at every 2 hr incubation by optical density at ODgyp. The
data is average of triplicated samples.
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= &2 OmpW WA S8tk ompW 47+ 2
&9 EAWOIFE TH3b K102 Fysiglor, ok
Fob 1 5884 54 vlud 23 spsel tig Aol
tha S7HHE S0 5 A%l OmpW So]2Ql tE 24
FAE A OmpW o] HEAT o AHg-stglt

Z.
)

(@)
1o
off

E7F ol AFE OmpW @i 4 o] o] 7Hast
o] Hujel 27 NaClo] sj#| =
7FE A G%s Agoltt. wEtA OmpWe Salmonella 0]
AEE A tgstet BT Ao R o fE o] gAAHoR
oo A5S AR s AESE stelA
Salmonella®] &= OmpW T¥jde] AEo] & 9
N AE 9= |
OmpW L& 9 Bﬂi‘ﬂ} AYE A
sfjof & "Zﬂi =

o
A&

E00079).
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