sraopgarslAl Al 12 7 Al 2 5(1999)
J. Fish Pathol., 12(2): 89~99 (1999)

2] 3 OflEHE shockO| Vibrio vulnificus2|
o0 0|X|l= HE

e - WxE

AFoierz s|gmhsten st shd shhet

e ST SR R SR

V vulnificus ATCC 27562772 io} €& 42°C, 2087 ¥ 6% &g, 10872 EAZRE o
SDS-PAGEAIA A28 1671%]9] heat shock proteinthsps)# 107}2]€] ethanol shock protein®] LEFSTE
Lethal temperatured)] 2317180 vz} @ 228 7}t 29 thermo tolerance”t RS #ARAA 2
s AAE P8R F 27 A¥e Belg vighyAze] ELISAYXE Outer Membrane Protein(OMP)el
A 2o HeIure-S UEPIOD western blottingS-E+= Inner Membrane Protein(IMP)ellA{5= 62 kDa, OMP
A= 69 kDago] & WA g LEPYCH ethanol 57 WHEolMi: IMPOlA s 48 kDa. OMPOA &=
27 majorZollA g ik Alo] HASUTE anti-V vulnificus® B et 34 SHAHAME E T4
uke ol FA7F YA FA Hlsl] &34l wUTh

Key words : Vibrio vulnificus, Heat shock, Ethanol shock, ELISA. Western blotting

Vibrio vulnificus®) 7142 1 9ol #Hois

L QIztZE hemolysin(Shinoda et al., 1985) Al
E9  cytolysin(Gray and  Kreger,  1985),
collagenase(Smith and Merkel, 1982), protease

(Miyoshi et al., 1987), siderophore(Simpson and
Oliver, 1983), phospholipase(Testa et al., 1984),
gollo] Hol s (Wright er al., 1981) &2
A EHEY Z(Fiore er al, 1992)0] H.ialg wf
olth, B3] Holle olefdt HAE oVlske &
o150l A Mycobacterium leprae, Mycobacterium

uberculosis(Young et al. 1988), Legionella
pneumophila(Hoffman er al., 1989). Coxiella
burnetii(Vodkin and Williams, 1988), Borrelia

burgdorferi(Carreriro et al.. 1990ys3 22 ¢
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Zg3A gk ol2igt A& oA Ude] Hsps
chil g Eo] MlellA dAjHoz FAo] =9 of
5 gl Fo] oA ErhE a8 HedE o
eh}r) sh= zlog RIE Q) olE #YA
HiFgol &42RE Yo He dEHd 83
zol ¥l glogy dubdow 2 A Ue
7babsmel 25oo) Wa) o] o= i(stomach)elA] ]
e pH, bile salt. nutrient®] 73, anaerobiosis,
ethanol, heavy-metal ions, viral infection &3}
7o el 7hA v Aok Ao Aol 9fsid
Hspse faia oA e QA2 o]27]7h7]
Fyelsta ohekslAl vehta dsel S It
(Bowdre et al., 1983; Morimoto et al.. 1994:
Neidhardt et «l., 1984: Yura er al.. 1993). ©]A
H Hspsi= ME& 37 wslol gk swessE
Bl zpAle] AMEE BEale] AEGS T =5
9] Eolx Wolute] AAE zfTFsle] WEA B
g ol AN oA Fa5 FAoRE HE
sh= Ao HTETHWatson e al., 1990). B
3t Hspse 71549 548 wdslr] ¢l
molecular chaperone® & E21#) 7]k s o
stressoll 2lal WAdE chlFEo] QA EHERS
wokzr), 12]3L non-stress F:7 8ol A19] Hspsv
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W 2l9] folding ¥ unfolding® &7 vl Zo)
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SIAlAL, B Al thE receptorst A gHsied
AEuiel ofE vl 7lF 23 9 AE o
el &7 Alo]e) ofFolw Hojshs Ao
BIEY Sl tHTesta er al.,

al.. 1978). Chaperonins(chaperonin 60, chaperonin
10), Hsp70, Hsp90 S 72 stress proteinsiA]
HEEeE ufEe deE g moleculdr
chaperone®.2 ﬂ’r““’] Ao stress7t gl 4
ol .= Al ¥Eufol FX-&7) f.—KHE&T/HMonmoto et
al., 1994).  Escherichia coli®  Salmonella
nphimurium’s 3 7re- HlzrollAl e Hspst: oF
1770 B2 olF thi &<l ZH2=Z GroEL,
GroES. DnaK, Dnal, GrpE 5ol #|3Ee| #4&=
<& $#18} thermotolerance. DNA replication(DnakK,
Dnal, GrpE). RNA synthesis(d70),
synthesis(LysU), protein processing(GroEL,
GroES)®} protein degradation(Lon)el] #]8h= 7
o2 318 HH(Neidhardent et al, 1987). o]}7+
o] Hspsoll thet Mo deldts] F9 o] Fz}bg
of wa} Vibrio2] Hspsoll st H-t= vlald F
ol A A=A Vibrio choleraeZ 502 &
it 7150l fak WAL AvhJeevanjyot and
Ghosh, 1995; Sahu er al. 1994). 18} V
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ELISA(enzyme-linked immunosorbent assay)
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S FoF 6% ethanolol Al 1087 g F7
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welloll 3%2] bovine serum albumin(BSA)°] #

7Fel 0.05% Tween-202] PBS(phosphate buffered
saline)-T 2H&24-& 100 uly B8l d2ox 2
Al7F &9k blockingdFth 0.05%2] tween-20°]
#7189 washing 259 PBS-TZ plae 33
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2 el 9o vhEojzl gAE 12} I
2 sl PBS-TZ 1008] 3|4 100 well
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alkaline  phosphatase(AP)conjugate & 10009}
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§F Z p-NPP(p-nitrophenyl pnosphate)”} 3 7}
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2oflA] OB WEEAIRD §- k- ] 8l 3M
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Western blotting
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Fig. 1. Survival profiles of Vibrio vulnificus ATCC
27562 after heat shock treatment. Cells on mid-
exponential phase(3 X 10° cells/ml) grown at 30°C were
heat-shocked at each different time. -4 -, 42°C; -A -,
45°C, «3- | 50°C: -@-, shift-up a temperature from
30°C to 42°C for 20 min prior to the exposure at 50°C.
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Fig. 2. Survival profiles of Vibrio vulnificus ATCC
27562 after stimulation with ethanol. Cells cultured at
30°C 1o mid-exponential (3 10° cells/ml) stage were
shocked with different concentrations of ethanol. -4 -,

0% ethanol; -A -. 5% ecthanol; -@- . 6% ethanol; - X -,
7% ethanol; - -, 10% ethanol.
FAAGEHG G gAe FEHe o] FEEA

oSt Harg AEgo] 7|t 50°CE &4
d F7H2 7t H-follvs 5HL AESI HES
o] tjgts] ol AP e A7te] gl wet
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A 10E-E AR ERIFIT (Fig. 2).
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Fig. 3. General scheme for isolation of heat shock
proteins (Hsps) in membrane of Vibrio vulnificus ATCC
27562.

S B A Aol Yeld dhilAles d 5
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H7195® AAel IMP F-E3 OMP #&&
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A pAHog golslwch 2 A3 IMP RES
d FHS 9xge i Eg d F7 §9
abchul 2l ol A 88, 66, 62, 58, 36, 35. 31, 28,
18, 16, 13 kDa2] ®#}3Fe] 28 Thag 1l
319l OMPE-E2] gtk zlol= 69, 58, 31, 26
kDa®] Hsps7} A7 #4=USE skt
A ollgke FZAE] IMP FE-& vl
o 74 kg Axo et 62, 35, 28, 18. 16,
13 kDat ERC™ H§ 84, 60 kDa7t A&l
dge] vl oeivt € 34 vk A EolAM
LERY 88, 66, 58, 36, 31 kDa®] whze vje}
Uz et 2l d F3 OMPolAlE Allxe
LERG 69, 58, 31, 26 kDad oNehE 74|
2 A EA] gkren] ©R] 21, 19 kDagl AF-}
ol chAnte] NFA A9EE EAsKATHFig.
6).
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Fig. 4. SDS-PAGE analysis of heat shock protein (Hsps)
localized intracellularly in the V. vulnificus ATCC 27562
shifted the 42°C after culture at 30°C. Lanes: A:
Molecular weight marker; Phosphorylase B (97.400),
Bovine Serum Albumin  (66,200). Glutamate
dehydrogenase (55,000), Ovalbumin (42,700), Aldolase
(40,000). Carbonic anhydrase (31.000), Soybean trypsin
inhibitor (21,500), Lysozyme (14,400} a. cytosolic
proteins of cells grown at 30°C. ¢, inner membrane
proteins of cells grown at 30°C; ¢. outer membrane
proteins ot cells grown at 30°C: b. cytosolic proteins of
cells grown at 42°C: d. inner membrane proteins of cells
grown at 42°C; f, inmer membrane proteins of cells
grown at 42°C.

Fig. 5. Comparison to the SDS-PAGE analysis of
intracellular localization of heat shock proteins (Hsps)
and ethanol shock proteins that cells grown at 30°C were
transterred to 42°C and were 6% ethanol concentration
in V vulnificus ATCC 27562.

Lanes: A: Molecular weight marker; Phosphorylase B
(97,400), Bovine Serum Albumin (66,200), Glutamate
dehydrogenase (55,000), Ovalbumin (42.700). Aldolase
(40,000), Carbonic anhydrase (31,000), Soybean trypsin
inhibitor  (21.500). Lysozyme 14,4005, a. cytosolic
proteins ot cells grown in 6% ethanol; ¢, inner
membrane proteins of cells grown in 6% ethanol; e
outer membrane proteins of cells grown in 6% ethanol;
b, cytosolic proteins of cells grown at 42°C; d, inner
membrane proteins of cells grown at 42°C: f, inner
membrane proteins of cells grown at 42°C
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Table 1. Comparative ELISA reactivity
intracellular localizational heat shock membrane proteins
(Hsps) and ethanol shock membrane proteins with rabbit
anti-Vibrio vulnificus ATCC 27562 serum

ELISA reactivity & affinity(%)

each of

| FE Y 2]
il
UL

AL
(L L

Antigen IMP*++  OMP**+ lysg[eeli**
Normal cell 0.623(27) 1.073(46) 1.113(48)
Heat shock cell 1.604(69) 2.316(100)  1.12(48)
Ethanol shock cell 1.773(76) 1.488(64) 1.022(44)
Second antibody used was anti-rabbit IgG (whole

molecule) alkaline phosphatase conjugate and diluted
with 10" by PBS buffer Absorbance at 410
nm.Abbreviations: IMP. inner membrane protein; OMP.
outer membrane protein***Loaded [00ul of each
preparation.

ELISA®} western blottingi OlB8F MR &
&

1) ELISA

d 27 2 oere 2 #AoA sed 2 et
g Ayl ogdel HAUAES Algsty] fiste]
ELISAYS &A% 23t A dAleh & Sa4%
o] cell lysates zhzt OFEH I} vbeAZH W E
7] 7k 48%S) RH$AS JERATH R B
#Aet @ 74 #3 25 IMPETRE OMPY] W
Aol mton A FA MEoA E2lE IMP
o} OMPE Hlug s ZH 69%9% 10092
OMPol| M i PAde] A viebdrh ¢ olehg
7 cell lysatet OF3 Po] W whg-2 Yu++
#9] cell lysate®} H]S8bA] vpeRstTh 283 A
A A IMPU OMPETE A& ethanol 37
Aol IMPY OMP7F %2 #HAAAGE el
ch. ethanol 57 AlZoA #ej¥ IMPE= OMPH
o =& WS WERITHTable 1).

2) Western blotting

4 &7 9 oleke 7 AEE SDS-PAGE d
/19% st LERG Aol 7H7t2] total cell lysate
oA}  Hgl® cytosolic protein  HHE
membrane proteinol| 4] H2]¥ IMP, OMP2] whil
A g JEZAEsa%) blotting A7 §F &
Hlgl O} wEAA HAstY dWdE HE
& Aa € FH 98 F9 cyoplasmic
membrane protein ¥ 2] IMPolA{= 62kDadl 4]
7 Wed wbgo] yebyttt. HESH OMPolAe]

densitometric

Fig. 6. Comparison to scans and
integrations of the SDS-PAGE gel stained with
Coomassie brilliant blue R-250 of heat shock proteins
(Hsps) and ethanol shock proteins shown in Fig. 5.

a: Phosphorylase B (97.400). b: Bovine Serum Albumin
(66,200), ¢ Glutamate dehydrogenase (55,000). d:
Ovalbumin (42.700). e: Aldolase (40.000), . Carbonic
anhydrase (31,0005, g Soybean trypsin inhibitor
(21,5001, h: Lysozyme (14,400). A. B : Quter membrane
proteins of 6% ethanol-shocked. of 42°C heat-shocked,
respectively.
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Fig. 7. Western blotting of the intracellular heat shock
proteins (Hsps.) with rabbit anti-Vibrio vulnificies ATCC
27562 serum. a. ¢ and e, heat-shocked (42°C) proteins ot
outer and inner and cytosolic membrane and b, d and f.
cells grown at 30°C (control). respectively.
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1985). B3] 71715 o=t 71e} g AsAbE-E
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5t ATHChung et al, 1997. Edwin,
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Fig. 8. Western blotting of the intracellular heat shock
proteins (Hsps) and ethanol shock proteins with rabbit
anti-Vibrio vulnificus ATCC 27562 serum.

a, ¢ and ¢, cytosolic and inner and outer membrane
ethanol-shocked (6%) proteins of cells grown in 30°C
and b, d and f. heat-shocked (42"C), respectively.
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o2l YA #Adel vhsAdel st

Vivo }E\ltda Halod glolatyh 37°Ce ARl
o}7] ol v vulnificusell théked AU A4
L1291 30°Col M 37°CEL 7°Cel ieds Tl ¢
A0 g 1L FEsleA ESIROU 4
a5 Hsps ABA5e] 3fol7h dxz JejubA] o
ek 2Ef 42°C =F 208l A dast
sHAl 2 412l AEEo] FHHS L o] F PR
Ho] 3142 VR ol& Escherichia coli 73

it)

2ol WalA £ A% F swolule] kel
Hsps7t WA sh= Zsbe vlad o 238 vet
WOk Yamamori er al. 1978) Sahu er al

(1994)7} AP V. choleraed X9} 42°C, 2087
o] & 7 dhgaks Ao Uxsktt. 3 lethal
temperature i V. vulnificus =7& 7}847)
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Z A7 lethal temperature®] ™ 8t thermoto-
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Zfst7] WFEo R AMEEY E coli
1

4b& 2] thermal  swessoll o §F
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Table 2. Agglutination test of heat-shocked and normal cells with rabbit anti-normal V. vulnificus and rabbit anti-heat

shocked V. vulnificus serum

Two fold dilution of antiserum

Cell Antiserum”
1:2 1:4 1:8 1:16 1:32 1:64
Normal cell N A+ 4+ + + o
Normal cell

Heat shocked cell HH- ++ + + + —_

Heat shocked cell +++ +H+ + +H + +

Heat shocked cell

Noram! cell - + + + + +

“Rabbit antiresum against Normal cell and heat shocked cell,

1}

Agglutination,
“'Nonagglutination.

tolerance®} H]5%l 9L Vehi T 2ok (Pardasani
and Fitt. 1989) 22]3 Jeevanjyor’t ¥ %7 xt
2 Bo] AN EoliMe= A AL} vk thermal
Gtreqe‘)ﬂ ek #A A v "4 YolmeS
gk Asp Ao Yt de-S vERAR STk
(Jeevanjyot and Ghosh, 1995). € %7 ®kg &
of AEA TAHE A 1L 98 42°C, 208
7h =& & vkl Al qarkosyl2E A 2|dte] Fe
& the AJAE HspsE ERlsith 1 At 88,
62, 58. 48. 36, 31 kDaol ¥xEg 7} 6714
o] uteiuldo] (otal cell lysate] 2§ whole
membrane protein®*] #RIEU}. o7& M Fl
o)z IMPet OMPE b7} Holste] #abels
Sujo] IMPIME 88. 66, 62. 58, 36, 35, 31,
28. 18, 16, 13 kDa®] wtchuido] AF =N
OMPo A+ IMP9} Blwsl] B o ¥ e 7}
A2l 69, 58, 31. 26 kDa®] Hsps7t A7 A
Mg ek ol AE Sahu(Sahu er dl,
1994) o] HAFE3 V choleraecd| X2l € &7 wt
go] dxt 167P7<l°] M2 Tzle] A HIJL
sto] Bul Hapake ohEA gk Aol vlsed spale
ol d &4 EHMJOI A sk A
A 7t IMP, OMPe} A Hdel elaiA A4
¥ 0¥3l4E ELISA, western blotting§ 23|
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A FAEc gedo]l & 7hsAde] Ao Ak
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Effects of heat and ethanol shock on
the membrane proteins of Vibrio vulnificus

Moon-Soo Heo' and Cho-Rok Jung*

Facultiv of applied Marine Science, College of Marine Science.
Cheju National Universiry, Cheju 690-756,
*Division of Biological Science, College of Natural Science,
Pusan National University, Pusan 609-735, Korea

New sixteen heat shock proteins (Hsps) and ten ethanol shock proteins were appeared on the analysis
with SDS-PAGE when cultivation temperature for the Vibrio vulnificus ATCC 27562 strain was shifted-
up to 42°C from 30°C for 20 mins and treated with of 6% ethanol for 10 mins, respectively. Even the
induction of thermotolerance in V. vulnificus was coincided with the induction of Hsps if the pre-shock
was adjusted to thermal temperature. Outer membrane proteins (OMPs) that were purified from the
membrane of cells after heat shock showed more immunodominant pattern to the immunized rabbit anti-
V. vulnificus O serum in enzyme-linked immunosorbent assay (ELISA). On the western immunoblot
analysis it was confirmed that both 62 kDa IMP and 69 kDa OMP in the Hsps and 48 kDa IMP a
major OMP in the ethanol shock proteins were reacted with rabbit anti-V. vulnificus O sera.
Agglutination titer of the heat shocked V. vulnificus with rabbit anti-V. vulnificus O serum was higher
than that of the untreated bacteria.

Key words : Vibrio vulnificus, Heat shock, Ethanol shock, ELISA, Western blotting
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