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domain-& z+37 glcH24). OmpR° Al o4 ctulalel OmpF
o} OmpCe #alg A F=v], ompColl s LS
7kl #AJ-E Wola, ompFel WA= it Frlel A&

38 2T eldich). el zz

#A4e ol )

5E] ¥Ho] OmpR-binding site(OBS)s7} g1z, o] sitesol]
OmpRo| £& o @x] o]Fo]zrk(13,22). OmpRe] DNA-bind-

g AL EnZel o3 L3k el e,
Z, OmpR2 ¢l4k3}¥)9l S o) v] %2 DNA-binding af-
flmtvM vepRdTH(18).

o) Aol Felt= Cheys} OmpRe] F-24 F4My
7} domain®| 7)-zo. 28, 7344 AEE FAa o
HHl°1 Z+7] $]8 N-domaine}|+= CheYE z}37, C-domaine]]
+ OmpR¢] DNA-binding domain®. 2 <& 2] C-terminal
half—?z’— 2 g3t A Chp' g wbEo] L 3 I} ompF/
ompCell v]x|= Qe ZALEACHS). & A ellA= Chp
o) ompFS} ompCols) 2+ 7|3-& F95t7] S Chpe)
in vivo 3413} ompF/C2] upstream regionoll ¥t in vitro
affinity & ZAbslgdcl. -2 A2 Chpel ompF/C2] OmpR-
binding sitesell thsl ZAH oz Agtsle] o]5 porin wHY
2lo) whgof kg mlAE AR vjepyton], Chpel <l

Ak} 2 1ze) wislel) wE DNA ZAgH w3l in vivoo) in
vitro A3 oA 2% oabx] | okglct :\:51- Chp3} OmpRo]

ompR §AA1e] wrele] edakg vlAe Ag BEeA T, o
A AFokE WakAZE W) EnZ ioﬂw o412 ompR
of wralo] Wisksbz o] vhehdel.

ME 3 gy

oF 3 E2fA0i=

DNA #2t 344 of 4= DHS50S AR2-slel o, 7 99]
assay ‘o2 MC41003} 72 Fe A58 AH8-8ksich(Table 1).

pMS107(6)-% EcoR13} Scal©® elgk F pTTQ192]
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Table 1. The strains and plasmids used in this work
<Strains>

CheY-OmpR thai 2l

Strain name Parent Genotype Source
MC4100 araD139 A(argF-lac)U169 rpsL150 relAl flaD5301 ptsF25 Laboratory collection
deoCl1 thiAl
RU1012 MC4100 envZ:Km ®(ompC'-lacZ’)10-25 M. Inouye
CK272 MC4100 D(ompC'-lacZ’)10-25 CH. Kim
MS3 MC4100 envZ::Km This work
MS22 MC4100 flhD* ®(ompC'-lacZ)10-25 This work
MS24 MS22 cheZ292(Am) eda::Tnl0 This work
MS25 MS22 eda::Tnl10 This work
MS32 MC4100 fIhD* cheZ292(Am) eda::Tnl0 This work
MS33 MC4100 fihD* eda::Tnl0 This work
MS35 HB180 cheZ’ This work
MS37 MS35 ompR::Tnl0 This work
MH1160 MC4100 ompR101 T.J. Silhavy
MH1461 MC4100 envZ473 T.J. Silhavy
BS114 MC4100 AompR zhf::Tn10 S.H. Bae
<Plasmids>
Plasmid Containing genes Reference
pTTQ19 bla, lacl
pAT428 bla, ompR, envZ (13)
pMY150 bla, ompC (12)
pMS107 bla, chp ©)
pMS110 bla, chp, lacl* This work
pMS114 bla, PompR::cat fusion This work
pMSI115 tet, PompR::cat fusion, pACYC184 origin This work

lacly A %33} Scal/EcoR] fragment$} ligation3}
o] pMS110% Igich. ompRY) ZZREE ZH= cat fusion
& pAT428(13)% Avalz} Sl 2 Aelste] 2 <F 530
bp9] fragmentE pKK232 8% Salle g A2 ¥ Klenow frag-
mentZ fill-ingh & Aval© 2 |3}t vectors} ligationd}od
pMS114Z XﬂJ_?S}‘iiE}. pMS115% pMS114Z Neol3} Sspl
o2 Ae} & ok 15kb fragmentE Neold} Pwllz A2}
3} pACYC184 vector$} ligations}e] 39}

B-Galactosidase assay@} CAT assay

B-Galactosidase assay®} CAT assays= TB(1% Trypton, 0.25
% = 1.0% NaCl), 35°Cell4] mid-log phase(ODgsw 0.4-0.5)
742 718 celle WA Faetadrt. B-galactosidase assay+
Miller(1972)(11)} #}9l-S- wlgk7, CAT assay= Rodriguez
51983yl ol A= up & we} saEklc

Fluorometry

Acetyl phospateo]] ]gh whuijde] QuAbstE A 5H] ¢
d HFEAHPE ol &gt A4tEt fFfeows 88
mM MgCl, 100 mM Tris-HCI(pH 7.0)& AR&s}dx, Al
(CheY T Chpye 3uMe| F%& ARE-3}gir}. Tryptophane
z719) ¥Be 7AE3l7] 98] excitation waveE 295 nm
2 AF2-319l om 346 nme| emmision time scan O 2 =3
3}oirt. Actetyl phosphate® H7}sti oF 18 Fol| emmi-
siono] HEol| =xtdh Zhe Y, Dol Yl gl

o] vhehlls 3H& el 7= sigich

Chp purification

pMS1072 34 Askgk MC4100- & ampicillin - containing
L broth 3Le| 1247k 7] & harvestdlx TE buffer(20
mM Tris-HC], pH 8.0, 0.5 mM EDTA) 50 mlo| &7, 233}
B7] 2 celle 71 Zo ultracentrifugeZ dho] The AlE=d
< olo] TEZ cquilibriations! Affi-Gel Blue(Bio-Rad) 733 (2
cm X 20 cm)ell loading3}3Z, 1.0 M NaCle] 7}=l TE buffer
2 453 uo] Chp°] 3 fractlon‘: s E.‘},lft}. 22 frac-
tionE-& % TER &%
s}31, DEAE- sepharose 2+ o] loading%]—v NaCl gradient(O—
0.5 M)Z £Z3lgith. o714 9 Chp fraction5-& t}A]
Sephacryl S-200¢ loadingdt ¥ 20 mM Trls—HCl(pH 8.0)2
2 £33l 95% o)) A% Chpg Jdct. ¢]& Cen-
tricon© 2 =3}o] 0.220 mg/mle] FE& 54}

Gel retardation assay

pMY150% Xbal, EcoRl, Bglll, HindlII2 2}2 DNA A#
< Akgsisdn). 4 A AR OmpR = Chp A 0-40
pmole-2- 4 mM acetyl phosphateZ #7}gF PBB buffer(10
mM Tris-Cl, pH 7.4, 5mM MgCl;, 10 mM NaCl, 0.5 mM

EDTA, 5% glycerol, 50 pug/ml BSA, 0.05% NP40, 1mM
DTT)¢} #7}slA] ¢-2 PBB buffer(final 20 pl)oll A1e] Ak

o] 2087t FolF ¥ low-ionic strength gel(6.75 mM Tris-
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Cl, pH74, 38mM sodium acetate, 0.5 mM EDTA, 4%
acrylamide, 0.05% bisacrylamide, 2.5% glycerol)el] loading3}
o 100 Vo] A Ho1F=olcl. olu) running buffer =
6.75 mM Tris-Cl, pH 7.4, 3.8 mM sodium acetate, | mM
EDTAE Ag3tgich A7|9d% 3 gelg ethidium bromide
2 @ A%l UV-transilluminatorAloll A 241 8kedc).

Immunoprecipitation

7} 8 1x HI salt, 0.2% glucose, 0.01% thiamine 1} %]
oﬂfﬂ ODmm 0.377}/<] 77] ﬂ 0.9 ml’“‘% 27H9] 1.5ml tube=®
%7151, & tbeoll= Ix HI salt® 0.1 ml ®7}s}v o2
tubeoll= 3 M NaCl, 1x HI saltZ 0.1 ml A7}gF & 35°Co)
208 7F whA| g} of 7)ol zbdb 15 uCie] FS-methionine g
A7bslar, 357Col| 3087 v} FolE T gLoz 27}
108 &, 4°CollA] 441 3-2] (14,000 rpm, 3 min)3}5. Ix HI
salt® 23] #lojFr) oA dAalBe]st & cellFRL 50 wl
9] Lysis buffer(10 mM Tris, pH 7.5, 1 mM EDTA, 1%
SDS)Z Fo]u 587 #alvh Al E-elale] ArEaluke 40
pl whdle] 2 tube & 7|37, Antibody binding buffer(50
mM Tris-HCI, pH 8.0, 0.15M NaCl, 0.1 mM EDTA, 2%
Triton X-100) 0.96 ml& A7}sped = AojFEch o] 10
wE o] scintilation counting-2- 3}o] dpmzt-g 2 A 3lo]
7+ sampleo] AA dpm& WeldE #32] sampleo] anti-
Chp Al FAS 10l 718l 4°Coll 10417} Eobr &
Protein A Se- pharose CL-4B(Sigma) 5 pl&- A 7}3fod 4°Coj|
A AR Eeg 3417 of Wk ek, A Reld ¥ A
&8 05M NaCl solution(0.5M NaCl, 0.5% Triton X-
100, 100 mM Tris-HCI, pH 8.0, 5 mM EDTA, 0.1% SDS) 1
mlz 28] #lo]Erh A Ee 30 ul2] 1x SDS sample buf-
fer(mercap- toethanol- 9] ¥l buffer)s Hr7}sta 337} 32
o4 =9l & 12% SDS-PAGES $8)s}1, Geld wedA
X-ray filmell o] E7F 7h4ghc}

M

o}

Chp2 M|ZE 2|9} cHfAo|
2 0|t

3hdwd Chpe] whalofS #43}7] 918l lac promoter
th-goll chp Trxﬁ}% 2z, lacl! §HAE E3shs pMS
11022 MC4100-5 3 & 3ks}5, Chp wHalok& IPTGR
FAslo] OmpFe2} Om pC2] & ekS total cell SDS-PAGE
oA Fhabsodch. Fig. 1(A)d|A] viehts ule} Zro] Chpol

OmpF2}t OmpCo| W0 HEt

T
I

48] Z7h= OmpCeFS 0|3, OmpFe] oF& ZE7HA7)+=
A o@ viepdeh ole]dh Chpel eddfo] =2 A 4
Foll4] vhebh=Aloll W& Ak 8] s ompCrilacZ

transcriptional fusion(23)0] 9l CK272/pMS1102] B-galac-
tosi- dase €4S =8 wglch IPTGel| 2]sf Chp 2 &
S7HHE ® ompC:ilacZ &o] Tl 7heF Zhasledct
(Fig. 1(B)).

7 A 7122 OBS(OmpR-binding site)ol] &t ompR3}
o] Aol 23t 7R, ompCol| A= AL ol A, ompF
ol A HAL 53 mwF RNAES E8 o o] 242
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Fig. 1. Chp effect on the OmpC and OmpF expressions. (A),
Overnight culture of MC4100/pMS110 grown in TB were 1/100
diluted to fresh TB containing 0.25% NaCl (Low Osmolarity)
and TB containing 1.25% NaCl (High Osmolarity). IPTG (final 1
mM) was added at the start of the fresh culture, and the cells
were grown to mid-log stage with shacking at 35°C. Total cell
proteins were electrophoresed on the SDS-polyacrylamide gel
(12%) and stained with Coomassie-blue. OmpF, OmpC and
OmpA bands are indicated by arrows. (B), Overnight culture of
CK272/pTTQ19 or CK272/pMS110 grown in TB were 1/100 di-
luted to fresh TB (open bar) or TB containing 1 mM IPTG
(closed bar), and the cells were grown to about O.D 0.5 with
shacking at 35°C, and their (3-galactosidase activities were as-
sayed. The ompC::lacZ expression was represented as Miller
Unit (11).

A s]ofalct. o]of sl o] =2]EsiTh

& 744 715k 7]2He Chpo] ompRe] &S A3}
71v} EnvZe} OmpRe| A3 2-4-g whsligielad Chpel OmpF/
OmpC vlgiokol| ek g3prp Aol 4= glu). o]o thalA
= Holl A (A} 4) Adsloict.

Chp2| EM2 31N MBS0 Qs Z=HBA] gb=Cl

Chp®] N-terminal half= CheYZ FAEo] glerz C-
terminal half¢] DNA-binding &4lo] N-terminal half®] 1Ak
3h Ao wet wsE g st o) E 2] H
8 Chpgtidel gk Cheze] &35 FA3}sct. CheZe=
CheY?] 2elatsls Falshe Al 24, cheZ A2} A
ghxlod gla= 74§ CheYe] Qlabsbrt Frbsles o o
4 lth21). MC41002> A %34 master operon?] flhD F-
Hz2p7 At o] ql7] wlF-oll cheZE EF3E ZE F3A
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Fig. 2. Chemotactic signaling and the Chp activity on the OmpC/
OmpF expression. (A), MC4100(flhD "), MC4100/pMS110, MS
32(flhD', cheZ )/pMS110 and MS33(flhD", cheZ")/pMS110 were
grown in TB or TB containing 1 mM IPTG to about O.D 0.5
with shacking at 35 m/. Total cell proteins were electrophoresed
on the SDS-polyacrylamide gel (12%) and stained with coomas-
sie-blue. (B), CK272(flhD")/pMS110, MS24(fihD*, cheZ )/pMS
110 and MS25(fIhD*, cheZ")/pMS110 were grown in TB or TB
containing ImM IPTG to about O.D 0.5 with shacking at 35°C,
and their f-galactosidase activities were assayed.

Azbs} Hu Al AEEo] wale] @A AR ck®). wet
A £ gl MCA100fIhD™ cheZ  allele(MS24)2} cheZ'
allele(MS25Y& wHE3 o7|el zbz} pMS110S £318 #5
2 A3ty F FFolA2] OmpC/OmpF #H3io] w3k Chp
4% w skl ch(Fig 2(A) and (B). 2 23} ChpEilel
ek cheZe] F3= HeolA| skt

ChpQ| QIAMSHEIOIMSHE CheYQ} FAFSHAI LO{LIX| L,
ChpQ| QlAks} H=J} DNA-bindingS HSIAI7|X|= =Lt

Chpe] ZAJo] CheZel| o)a] Wis}s]x| & 7Fe3t ol
E& vhg3 2o 3lA, Chpel 14k} AR o] FolA]
A oA, =4, CheZ7} Chpe) 214slE 214714 &
a7, AR, Chpe] CheY #-¥ <14k3}7} DNA-bindingel]
s wHA FIe A 55 PHE 4 ok meiA,
Chp#} <l4bste}l DNA-binding 2H4] w3} of -5 Hr} A4
Aoz xRl Chpe] Q1A= CheYE in vitrool|A]
QlAkskA) A 4 9li= acetyl-phosphate - A}-8-3}91 77, DNA-

CheY-OmpR whldle] Abex4 121
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Fig. 3. Fluorescence intensity decrease by acetyl phosphate in
CheY and Chp. The purified proteins(CheY and Chp) were di-
luted in 8.8 mM MgCl,, 100 mM Tris-HCI(pH 7.0) at 3 mM con-
centration, and the fluorescence was measured after it reaches to
steady-state at each concentration of acetyl phosphate. Excitation
wave length was 295 nm; fluorescence intensity was monitored at
346 nm.

binding % = gel-retardation assay 2 &3 5}sic}.

CheYoll= 3119 tryptophano] ZA)abe] 1 $)x]+= 58
residue 2 Ql4F3}El= Asp-579] vlE Hol| &gt} Tryp-
tophan residue= 295 nm 3}3}e] WO 2 o3 7|(excitation)=] 3]
< o 3 e ez deA gleh CheYe] Tip-58%
295 mme| spgo g 7] 7S W U4 #HE& W] CheY
7b QlarslE|QlS wvs o g5 abale] ZRaxdhe}(10). AT
of Z34 Al ADAN Chevsl SlASH: kinased)
CheAel] 9]l o]Fo]=|=d), in vitrool| 4] acetyl phosphate<}
carbamoyl phosphate 52| &4l o= 1 Ql4t7]7}
CheY 2 Aus]= Zlo] ¥ Srk(10).

olgfdl AMlE AR, &AAFE Chpe| Ql4kS e} &l
AbELE CheYo] QlAbs}/etelAbstel wlarsleict. Fig. 32
CheY2} Chp2] acetyl phosphateel] 2|3} ¢l4FE}E- vieh=
o, Chpel 33e] o] =A iehles 71 Chpe| C-termi-
nal halfell 37§9] tryptophano] ©| Zzjs}7| wlfoeg xRl
t}l. Acetyl phosphateol] 2%+ 3]} 7}4%]7} CheY<2} Chpell
4] 7¢] zko] L} R acetyl phosphatee] )&} olAlsl=
T Ao Ae] Faddviy & 4 9lrh w3 CheYo}
Chp% acetyl phosphate & ¢14F8}A]Z] & acetyl phosphate
7} 413 bufferel] #4335} phospho-CheY$} phospho-Chpe]
golxts) £2E A3l W, CheY2} Chpo] #°] vl&:
3} 45 & vleh)giti(data not shown).

Chpe] <lAl3}el] uwlE DNA-binding *w2] W3} of 32
otolr 7] 8] Chp-& acetyl phosphate @ QlAFs}FA] 7] 31,
ompC FAA7} FRE 9l pMY150(12)2] Xbal/Bglll
ckH(2F 0.6 kb, ompC promoter EZH)el| that gel-retardation
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Fig. 4. Binding of purified OmpR or Chp to the ompC promoter.
The ompC containing plasmid, pMY 150 was digested with Xbal,
EcoRl, Bglll and HindIll. The ompC promoter region was in the
0.6 kb Xbal-Bg/ll fragment(indicated by arrow). The restriction
fragment mixture was incubated with either purified OmpR(left)
or Chp(right) in PBB buffer(see the ‘Material and Methods’) add-
ed 4 mM acetyl phosphate(P) or none(U). After the incubation,
the samples were subjected to polyacrylamide gel electrophoresis.
The amounts of the proteins (OmpR or Chp) used were the fol-
lowing: 0, none; 1, 5 pmole: 2, 10 pmole; 3, 20 pmole; 4, 40
pmole. Following electrophoresis, the gels were stained with ethi-
dium bromide and then photographed.

assay & -3&}odeh. - A3}, Chpg acetyl phosphate® <l
A A AE ompC promoterel] thEt bindinge] Z7}sbA| oF
gkt e A3 S OmpRE sHB9HE W= acetyl phos-
phate2 214F8}A]71 OmpRe] DNA-bindingo] Z7}3he- &
4> 9l odth(Fig. 4). ChpEf alAkz}ell 2]3 DNA-bindinge] 2
71k A sk Rat ompC promotersl] g Eo] A (specifi-
city) OmpR#} 7Fo] epytel(Fig. 4).

welad, Chpg ompC promoterel] thall OmpR3} 7 A= o
2 FolHsl g & = 9lon), OmpRI}s= &e] 20 2
o] N-terminal half®] <l4bs}ell ofaf] Z7}w)2] ob=rla

22 e 4 ok,

Y, o

Chp?2| &S ompR transcription® E7J}IA|ZIC

Qol|A] olF35=o] Chpe ompF &S
ompC &g 7k 7ic). o]+ gel-retardation 48l
2] Chpol OmpR?Jr w2712 2 ompC promoters]] So
AgS &}7) wfFofl OBSol| thEk OmpR2}2] 74 2 o
g e g B 4 olvk aevt ompF Z7ket ompC 7k 4
= ompR & AAdl e vreld 4 97| el
Chpo] ompR W&ol od3kg wlx|=x]e] gk zAPL &
st} o]l & 9|8l ompR promoterg ZH cat fusion
plasmid(pMS115Y5- A z3tgich o] PompR-cat fusion®] CAT
(chloramphen- icol acetyltransferase) €43-5- ompR' 32}
ompR ol 4 vlael M9k& w ompRe| A= CAT
Go] of 35m 7hadtdom, chp FAAE Z= pMS
110& ompR 7ol =idl-g w) CATE o] 2u) 7}3F &
7}skedch(Fig. 5).

eI A5H: OmpRol e ALz el
= 2 vehdeh ald, HAR s el gl

olN -

7 A

7|4
EU3S

I
}
|

Jm
oo kR
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)

o3

- =7k
= Chpel|
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OmpR and Chp effects on
the ompR transcription
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Fig. 5. OmpR and Chp effects on the ompR transcription. Wild
type(MS35/pMS115), ompR (MS37/pMS115) and ompR /Chp
(MS37/pMS115, pMS110) were grown in TB to mid-log phase
with shaking at 35°C. Cells were harvested and resuspended in
TDTT(50 mM Tris-HCI, pH 7.8, 30 uM DTT), and sonicated to
be used for CAT assay.

oA % ompR&HA AAZL Z7)slm g, OmpRo|v} Chp
o) ompR bl A4 A3iskel B4 Aol o]
et 7 Al ubyel o3k ez AzEch &, OmpRely
Chpel ompR HA} oAz} 2] ";}‘d% 74 ]7”4 ompRAA}
o S b B R B

ompR2| MAR= HiX| AMFQUO| HEF Hi=C}

ole} zto] OmpRO] o2 8321 WS oA sle] e}
b= A7kel OmpRe] DNA bindingo] Z7}15&= 24, =,
u 2] AFE9ES izo] 7}, hyperkinase @A) S #|v]= EnvZ %
slwo] Al (EnvZ11) iF5ollA ompRS] Wdlo] Z7tslx
EnvZ7} gtz Qli= Frel 4= ompRddle] 734d A
22 7lg et oot 2 78 ZAbslr] ¢slA anti-Chp
antibody 5 ©]8-3}] total cell lysateol 4] OmpR-& HAZ A
(Immunoprecipitation)ste] SDS-PAGEd|4] #-Alsldch( Al 8
AN o R e W 7354 ompR3} envZ7} RS obA)E ol MC-
4100014] AH¥Esto] =8 o} OmpR2] ofo} oF 3uf Z7}3}
7107 vhepykar, cnvl/]— 243= envZ:Km o3¢0 MS3:=
MC4100%.t} OmpReofo] 7443 7o g vpepypo}. il
envZl] Edwol Aol M= 2l HE F7RF Ao 2 eyt
tH(Fig. 6). ompR W& ek-S- PompR-cat fusiond o] §-3}o] &
el 73"}’: ole} g4kabA| vhebtti(data not shown).

olelgt A3z vi#| ARt emZel 23 OmpRIAHE}
A%} ompR §AALe] Whalo] o3k wlAlth: Z1& e}
) 2ev), emvZiKm FFo A% wix|AEeke] &30}

vefubs o2 pol ARl 9al ompR ury A
EnvZ/OmpR fo'&. o o ARE BME doldrin
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Fig. 6. OmpR expression is affected by the medium osmolarity
and by EnvZ activity. Wild type (MC4100), AompR(BS114),
envZ::Km(MS3) and envZ11(MH1461) were grown in 1x HI salt,
0.2% glucose, 0.01% thiamine to OD 0.3, and each culture in-
cubated with *S-methionine in low osmolarity medium(no NaCl)
or high osmolarity medium(0.3 M NaCl). The detail method is
described in the ‘Materials and Methods’. L, low osmolarity; H,
high osmolarity. OmpR bands are indicated by arrow.
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ABSTRACT: CheY-OmpR Hybrid Protein Acting on the Osmoregulatory System

Minsu Ko and Chankyu Park* (Department of Biological Sciences, KAIST, Taejon 305-701)

In the previous study(6), we constructed the CheY-OmpR hybrid, Chp, which affects the expressions of ompF
and ompC genes. Here we further characterize these effects and present the regulatory mechanism based on in
vivo and in vitro data. Although Chp retained the sequence-specific DNA-binding ability, it was not possible to
enhance transcriptional activity, suggesting that it may act as a competitive inhibitor to OmpR. The DNA-binding
affinity of Chp was not modulated by phosphorylation of its CheY portion. Chp was able to increase ompR tran-
scription. Furthermore, it was found that the wild-type OmpR also exerts the same effect. which is also con-

trolled by changes in medium osmolarity and in EnvZ activity.





