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SUMMARY
(FE8E)

Vibrio vulnificus is a pathogenic marine bacterium, which
produces severe infection in individuals with certain underlying
disease. The mortality of septicemia by this bacterium exceeds
60%. And fear for this bacterium reduces seafood consumption
dramatically during summer season. A simple, sensitive, and
specific detection method for this bacterium could make it possible
to identify the causative agent in the early stage of the infection,
which could decrease its mortality. In addition, it could increase
economic benefits of fishermen by reducing fear for consumption
of seafoods in summer.

In this study, monoclonal antibodies to V. vulnificus were
prepared and utilized in the development of two detection methods.
The guantitative microplate assay could detect 10,000 cells, showed
little cross-reactivity to other bacterial species, and could be
completed in 3 hours. The qualitative membrane assay could
detect 1,000 cells, showed little cross-reactivity, and could be
completed in 2-25 hours. The methods could detect V. vulnificus
in seawater collected in July, in artificially contaminated seafood,

and also in a patient serum.
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Vibrio vulnificuse vl 23 3¢ 71F g ulRBol A 43
T 594 Add, o] FAlol 29€ sl AR FHEA H
ZHAY 2d€ 2, 2, A 2e HAE WA & At
A ZFETD. Algel ZEE Z 4o o5 A4, HE, =4y, A8
T o THEn. o] HEYLAHYFL 4T AL 60 % oY, =
Hel B 80 %ol 7t7h-g Alg &S Boled, 53] ¢4 Udolu
L BEF 2L B AE, AYrisel ANEE Atgol A pIHE
Aog @A U2, vyt go| BAY a7t g1, HAE
S HAAHDAAM dRog2 Yol A FHdAAME o Az #4E
7bs/del vlg EolM AEFY AR HY NG S AF2 g @
Z47F A s o d 106 o]Ado] o] A ZFel o Algstn
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Feldete ATl v FEWZO] Fo} £ *o FHA
g BAY F oy Aol vtz Eeidd 17] g, saE
Adge Fg REE AR} Ko gozx a1 FLA
g FdiE Aot a2y &drld F&o] F7t89d V. vulnificus
o] Fajo] Yol wel, o] Tl ¥ APYF F vRYLHIF
o] AA3A ). vlHe e RYF LS Yo APL Ty} dad] we

lo

>
rlo fo ma

§
e

1 Tacket.CO., F.Brenner, and PA.Blake., 1984. J. Infect. Dis. 149:558
2 Klontz KC., M.Schreiber. and RA.Gunn, 1988. Ann. lntern Med. 109:318
3 Kelly MT, 1982. Appl. Environ, Microbiol. 4:820
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A ulx Rgo] 7l Aol #zst Apdste S diFEol7] WE
o ] Fi¥ AfoZ A4HT g} oo wa} BB HY
F9 2Ao] oA BEFHY o] Hel iy FXAT A
27t ARHo 2 BargozM oE Aidte oVH Y FUAE
o] B2 ZAH oge Az U AAHolH. V. vulnificus®] IR
229 ¥4 R ol U olHe F4AAY FHAHE 2H
o, o] Azl i w23, URHAN, oo & HE UHY
Mol AFE AAolct ol o] MiHA P AEH A
goz Mg AFAE 9 F A4 VY ok V. vuinificus® &
X gelig old 2dd HAAIES AT + UA H7) WE o] A
Tol g ZFES Alded ABE £ A Fo=2H, HEHET
of g HAF FTEo| A sAE 2vo FNAQA FAE LYXNT
T dA ez HUEL FUde o HojZAA BBE B

A E5E & 5 AL Ao},
2" A7 are] 2

2 A7 232 ZY &9 ¥F T 44H Alsd &
U F, 2 T AES e 87 Asd EA3te P94 AT
A V. vuinificus€ S AU FE A F A= @
olfdte ALAHA FAYE MLde o o]& A A

TolE V. vulnificus Qo HIE3lE ¥SA & "©EE

2
L ]

,‘
2
ln J

e YHE #9dtn, 2ahdsdde o] G2 EYANEE YA
olg9 54& ZABIY ol A=t g2 FANE AEE o

4 Rippey.SR., 1994. Clin. Microbiol. Rev. 7:419
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NaEX:. H4=2

M2 HIESAH M= o AEYH oY

A A &

FAE ol &AM HFE HESE enzyme immunoassay HHL
duty oz HYo] astx, ALEA 2 ARE ¢ F JUve FF
€ 72 A Y gFEA A eSS o Koj4ol
WolA EFTEUE AYyoz At o @Hol oy,
G2 EFAE FEA A vlE dHHo2 uwrgAo] o} o] F
g43te AT ZEYP Ao oge] UGS, w2y G2
AE olf3te AEYe Hue 9$A F affinity’t & G 2EY
Aol A3 ole] &F e FEAFE WY Yo FE=Y
gt Aztdc ol Ay Ad % FFHY GEEYANE YA
M wtgAol & AE Ads ALSstE, sensitivityE ol7] A
ofg] £F9 assay format® B JEEE AlFsEd.

A2A Ay L =y

1. Materials
V. vulnificus ATCC 275629} myeloma cell Sp2/0O-Agld=
American Type Culture Collection(Rockville, Md.)2% €, 7|g} A&

#35& Korean Collection for Type Cultures(Daejon, Korea)Z%-

5 Nakamura.RM. 1992. pp. 3-22. In RM.Nakamura(ed.) Immunochemical
assays and biosensor technology for the 1990s. ASM, washington,D.C.
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B TYsd. £ dgel AgE [AFFFEL Table 13 2t
New Zealand White rabbits$} BALB/c mouse: wj&AdSE4E}
A U3}t Heart infusion broth(HIB), marine broth, nutrient
broth, agar= Difco(Detroit, Mich.)JA} #£€ o] 834}t Dulbecco's
modified eagle medium (DMEM), fetal bovine serum(FBS)& Gibco
BRL(Grand Island, NY)2 %8 F&% 209, 96 well microplate, 25
T flask & AlXujge] Algsle Y3& AFL ComingAl AEL
A8t 7€l YukAleFE Sigma(Saint Louis, MO.)$} Boehringer
Mannheim(Germany) 2. 2 88, N7 w3 & Al4EL DifcoR2 FE T

Ydte] ALE3IRA

Table 1. Bacterial strains

Vibrio vulnificus ATCC 27562

Vibrio fluvialis ATCC 33812

Vibrio alginolyticus ATCC 17749
Vibrio furnissii ATCC 35016

Vibrio parahaemolyticus ATCC 33844
Vibrio carchariae NCIMB 2717
Pseudomonas aeruginosa ATCC 27853
Enterobacter faecalis ATCC 19433
Staphylococcus aureus ATCC 12598
Aeromonas hydrophila ATCC 7966
Serratia marcescens ATCC 21074
Enterobacter cloacae ATCC 11438
Proteus vulgaris ATCC 13315
Escherichia coli ATCC 11775
Klebsiella pneumoniae ATCC 25306
Salmonella typhimurium ATCC 29631
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2. Preparation of antigens

GAE A7) A Yo W WEWY EE ¥Rz A}
€371 98 V. vulnificus ATCC 275628 HIBo A wjFatgch, AT
TE 53371 A#ME HI agar plateE ol &3t AF$ Y3}
602 nmol A9 FFEE ¥RFEAR 2Yste EHEY S YHsld
LA 3R 6.

HI agar platedl ] A" colony 2 7€ HI agar slantdll &2
3t 30 ColA 12417 wid@ ¥ 200 mle HIBol HZF38td 30 T
oA URulFsRT. 24 A BiYg Fol 10,000 x golAd 20 £
dEdstd AXE 2ot 2% PBSol degdg M Eoj
formaldehydeE 1 %7} S Al H7bslq A 0A 30 2 M3 o}
% PBSZ 10 x 10° CFU/mlg ¥%7t A 81482 sodium
azideg 0.1 %(W/V)7} HA #7184 4 C o] BaASAEAM HAFo
ALg-3+ o

3. Immunization

7}. Immunization for polyclonal antibodies

V. vulnificus ATCC 27562 3¢<€ 10,000 x golA] 15 £3F 944
¥ty Zom PBSZ 28 Mo & ¥, 20 x 10° CFU/ml 9] $%
7t =7 PBSol d€3ch 05 miel 9L & %239 Freunds
complete adjuvant®} 4°] emulsion e 2 WHE }-&, New Zealand
white rabbitsoll I 3FALEHYG. 3 F Fo) 2L g YL pe

£39] Freunds incomplete adjuvant®} 419} emulsion A'E| € ©le=

6 Chung.MS., RM.Rim. TB.Uhm, and MK.Park, 1997. J. Microbiol. 35:87
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oS, rabbitoll FYF WPgo2 FALs Yl 2nd immunization 2 F
g 79 ¥ 4%9 ¥Ag Fsle ELISA Wyes €39 #Nds}
€ F33%Add. ¥AYst7t & rabbitel 2nd immunization 3F ¥
of & WYOR 3rd immunizationst, 79 ¥ AFNA HYaY
o 2 AL 424 2 A FAs T Al 4 TollA 12417 F
G BAF 9GS, 200 x g2 15 ¥ AR HS d3 -0
T ol B3 AM Ao o] &3t

Y. Immunization for monoclonal antibodies

PBSell I’b‘l% V vulnificus "’J%J:é: 10 x 10° CFU/mle =2
PBSel @3t 44 22 ¥99 Freunds complete adjuvant
¢} 4ol emulsion AEiZ TE o 200 W W .5 F ®© BALB/L
mouse®] EFFAEch 3 F Fo e ¥ UL gL Y
Freund's incomplete adjuvant®} 439 mouseo] 2nd immunizationst
o, 2nd immunization2 2 %€ 74 ¥ mouse? tailZ¥E A9
d4E FH3ld ELISA w¥oez Qe ARG 713 &L
gAH7tE Holx moused 2nd immunizationQZRE 3 F o
2E U9 PYL g5z FAFASR 72 At ¥ fusiond Fol

o] &3} At

t}. Assay of antibody titer

mouse$} rabbitdll A FUFALA g A YHARE #AdU] 9
3t enzyme-linked immunosorbent assay(ELISA)E AlA|&tdc). o)
Fio wdE 48 8488 HAY vg AFPsigied, coating
antigen® 2 AM-® V. vulnificus 39& well' § 2 x 10 cellg A&
&t 4CA A 12417F §<F coatingdtth 1% BSA §o2 303

TOUGBZINE 1 28-S RIS I gL sl

NH=EH  GRTENE S 2B 23 ML/ SHR



blocking® ©&, 33 N8 ¥4 ANgE H7istd A 24 1417
¢ R3St Developer antibody2E goat  anti-rabbit
IgG-alkaline phosphatase conjugate(Sigma A3687)E = goat
anti-mouse IgG-alkaline phosphatase(Sigma A2420)2 A &2
g4ste] Hrleta, 424 1N ¢ wFEHY. NPPE 7)A
2 AH83le] 2N )3, 405 nmol MY FREE =AYt

4. Fusion, selection and cloning

fusion partnerd]l Sp2/0O-Agl4 myeloma cell€ 10 % FBS, 10
mM Hepes, 0.1 % 50 mM B-mercaptoethanol® 3 7}3F DMEMol
HF3 37 C, 5 % CO: incubatorol X 10 & AX ujs %
fusion 4@l AH8-3 At 33 immunization 39 o] mouse F-E)
spleend FT & 22 7 U] spleen cell suspensiong vwlAst¥ T} 2
x 10" 9 myeloma cell® 1 x 10° spleen cell& 43 50 %(V/V)
PEG 1 ml& 1 & % M3 HAsstd HESHL S8 g
DMEM<o 2 843l &2 FAXNAC hybridoma growth factor
supplement(Boehringer Mannheim)& #7138 96 well plate?] well
% 30 x 10" 9 myeloma cello] 7tE& plating® thg 37 T, 5
% CO: incubatoroll A 24 AlZt &< vl g3ttt HAT mediume 3
7kt hybridoma cell€ Ad¥xo2 AetA Q. hybridoma
colonyZt well B4} 30 % Lo Eatd A5 AL 3l ELISA
2 #ARLE FAY o] ELISAolME developer antibody 2
goat anti-mouse polyvalant Igs(G,M,A)-alkaline phosphatase
conjugate(Sigma AQ162)E AA Fx2 AME3tAt. V. vulnificusol
e FAE AWM s hybridoma cellE€ limiting dilution'd" o]

83t cloningdl] HEF2 ZYsiict FUY HEFTe AN

NZEXN HEESME 0/SE HIEL2T 2EY NY /=2y
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5. Characterization of monoclonal antibody

7}. Isotype determination of monoconal antibodies

gde AHEXFEo By e JIFEFANE  isotype
mouse-hybridoma subtyping kit(Boehringer Mannheim)& A} 3l
ELISA ¢} Ouchterlony gel immunodiffusion ¥}®o 2 AARs .

L}, Reactivities of monoclonal antibodies

GHE AXEFEC] AY3les GEEFAE FoAA FEydd A
of AbEE WA Eojio] & Mg HHIr] A3 ol F
e A2 AdF W ggAdE ZAAGY FAE FHE
AEuF 45 AL V. vulnificus ATCC 275628 X3l 14F59 A
T AXEo] &z} coating® microplate] A% HIslo] wbgAZ)

&, 2&¥E. A= goat anti-mouse polyvalent Igs(GM,A)
-alkaline phosphatase conjugate® A}-#3&to 73 &3ttt

6. Production of ascites fluid

Adagd GSEFANES dFoz A48 AA olE8g #ulsl
= hybridoma cell 10’ 42 pristane-primed mouse® &7}o] FA}s}
o ascites fluidel #FAHE Lttt FAFE 1-25F Foll ascites
fluidE 2ox, o]lg27H FAE HFAFANATAA 2).
7 Hamilton.M.J., and W.C.Davis, 1995. pp. 17-28. In W.C.Davis(ed.)
Monoclonal antibody protocols. Humana Press Inc., NJ.

8 Catty.D. and C.Raykundalia, 1988. pp.137-167. In Catty.D.(ed.)
Antibodies, Vol.1. IRL Press. Washington.DC.
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7. Development of detection methods

& dFdME AAE SZEFA E4G2E )88 96-well
ELISA plate& A}43= microplate assay(Figure 1)9¢ PVDF
membraneS A8 3} membrane assay(Figure 2) 5 2712 &Y

€ NL3sch

pNPP

\~+p

ANTI-MOUSE IgG-AP CONJUGATE

E4G2 MONTLONAL ANTIBODY

V. vulnificus CELLS

RABBIT POLYCLONAL
ANTIBODIES

MICROPLATE WELL

Figure 1. Format of microplate assay.

SOTBAOT/I3 1023 — R R B /2L

NEEX HSEEHE 088 HIELIQRS Y WY/ s8R



LUMINOL

ANTI-MOUSE IgG-AP CONJUGATE

LIGHT
E4AGZ2 MONTCLONAL ANTIBODY

V. vulnificus CELLS

PVDF MEMBRANE

LUMINOL

E4G2-AP CONJUGATE

V. vulnificus CELLS

PVDF MEMBRANE

Figure 2. Format of membrane assay.
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7}. Microplate assay

o] HA&YANAME coating antigen®E rabbit anti-V. vulnificus
polyclonal antibody &, blocing #9422 1% BSA £94&, EEANER
2% V. vulnificus ATCC 27562, detector antibody2c ©EE2%
AN EAG2E, developer antibody®+¥ goat anti-mouse IgG-alkaline
phosphatase®, 282 7|24 2& NPPE AH&3t4tl. coating2 4TCol
A 12X B AN ynA Z gAle A2dA 308 Tt
AN 4 AN HA T & FA3tS A8t rabbit
polyclonal Abe PBSZ 200 Hj, E4G2¢} goat anti-mouse
IgG-alkaline phospahatase conjugatet blocking solution®.2 2}z
3,0008H, 20,0008 343t AL-g-3Hch.

1}, Membrane assay

o] BolN FgHze GZTEYLH EAG2TE AHEdRen,
242 ¥017] 989 chemiluminescent substrate®& A}£-3trch
Ag Aol AAHoez 71X A& 4 T alkaline phosphatase
o] J&g A7 Yl EES A58 100 ColA 5 £3F heatingd}
o A}g-3tATh

PVDF memberane& 100% methanol®} Tris-buffered saline
(TBS, 20 mM Tris, 500 mM NzCl, pH 75)22 #3A ¥
filtering unit (Millipore)el] A&ttt 1 mle A8 & FAPIZ F
HAA ATEE membraned] FAAZE TBS solution 3 mlE ¥
FA A WL F blocking solution(1% BSA solution in TBS) 1 ml&
SR At filtering unit®2%E membrane& Aol 2 miY

9 Fowler.SJ. 1995, pp. 115-127. In WC.Davis(ed.) Monoclonal antibody
protocols. Humana Press Inc.. NJ.

A0IB/07/18 14032 NS/ 2w
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blocking solution®ll ¥ 30%2F 4204 VN&sAA LA A 2
ml®] wash solution (TTBS, 0.3% tween 20 in TBS)o| S5¥3 &
st A thg, 1 mle E4G2 G2 &AL 4(1/600 dilution in
1% BSA in TTBS)ol ¥ 3 30¥ ¢ AHIAAN S35t 2 mi
TTBSel 5% A X3 A7E 28 wEF odF, 1 mi9
anti-mouse IgG~AP conjugate €< (1/3000 dilution in 1% BSA in
TTBS)o| 30 ¥ ¢ A" LAsc. H9} o] AVIE 43 wE
% th-& 300ul®] chemiluminescent substrate solution (Bio-Rad)dl 5
3 Ao, 24=e ¥ A& & Polaroid film 667(ASA3000)2
o] &3} chemiluminescent detection unit (Camlight 501)2 7 &3}
At

# 3 membrane assayd 48 Al dEA7| 3 HEFAE Y
F71 A% ANER GEE8%A E4G2E alkaline phosphataseol] 3
AFAA(HE2A 2) E4G2-AP conjugateE ol £3c WY E Ak
&qch o] Wyl E4G2E 9522 Ase AVt AAEHE
REg A Uojx] 4¥LS o] AA3A

HE OI8E 8z Y HE/s8F



A3E 23 2 unF

1. Preparation of antigen

mouse$}t rabbite] FF FUFY HEYe] FFAXEZ 0|48 V.
vulnificus 275628 M@ 4 &R+ viable count®} 602 nmoAlA Y &
BEE o] 8434t Viable count$} turbiditystel @A+ Figure 33}

Figige
1.5
-
N
)
= /
I
()]
(&)
[y
3
5 0.5
(/2]
o
<
O 1 1 o |

0.0E400 5.0E408 1.0E409 1.5E409 2.0E409
Colony Forming Units/ml

Figure 3. Turbidity and Viable Count
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2. Preparation of monoclonal antibodies

HAXGH ¥ hybridoma celld AFE FA37] A¥t] feeder
cell2A mouse?] peritoneal cells# thymus cells, 28 3 hybridoma
cloning supplement®] ZEI}E AlgF A Figure 4% 2o
Colony 3A€& peritoneal cellel ZA$ 875%, thymus celld] %%
83.8%, 22l hybridoma cloning supplement®] 7-%- 86.9%°]%1t}.
NGE AR BE FR Aolzt PRl WE, o] Fo L4

t 299 $87l 9= feeder cell 4l hybridoma cloning supplement
g Alg3tgich
90
© 88
2
Q
2 86
‘»
O
Q 84
(Ve
@)
X 82
80 1 i
peritoneal thymocytes hybridoma
macrophages grow th factor
supplement

Feeder cells or culture supplement

Figure 4. Effects of feeder cell and supplements on hybridoma

growth
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21et GE2YUME A FIE vNE A8 QAYSL A}
o gE2EFA WAL &g}l (Figure 5).

Immunization
5 weeks old female BALB/c mice
Ist, ip., whole cell antigen in Freund’'s complete adjuvant
2nd, ip., whole cell antigen in Freund’s incomplete adjuvant
3rd, iv., whole cell antigen alone

!

Fusion
3 days after 3rd injection
myeloma cell: spleen cell = 1:5
fusing agent: PEG1450, 45% (V/V)
!

Post-fusion incubation
plating in medium supplemented with supernatant of mouse
lymphoma cell line and lipopolysaccharide
HAT addition after 24 hours of incubation
HT addition after 4 days of incubation
replacement of half of HT medium every 3 days

|

Screening by ELISA
when the growing colony reaches about 30 % of well

!

Cloning
by limiting dilution
in medium supplemented with supernatant of mouse lymphoma cell
line

Figure 5. Procedure for the production of monoclonal antibodies

to V. vulnificus
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cloning 3L AA(Figure 6) AF Y22 V. vulnificusll & @
Z83d & Bu)d= 27 719 hybridoma cell lines& {3t A A3
A" Fo] BREEA fé@ql AM&-3 %ot

Figure 6. Photomicrograph of hybridoma cells in cloning process
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3. Isotypes of monoclonal antibodies
ELISAZ 2A3 1 gel diffusion method2 A&AF GSEYA
£ 9 isotype2 IgG7t 13%F, IgMe] 14F°] A A (Table 2).

Table 2. Isotypes of monoclonal antibodies

. Isotype
Antibecy game Heavy chain Light chain
P3A3 IgGl Kappa
AllC8 IgGl Kappa
GSG10 1gGl Kappa
ASES IeG2a Kappa
A2D10 IgG2b Lambda
A4El IeG2b Lambda
D11D11 IeG2b Lambda
EAG2 IeG2b Kappa
Al0A8 12G2b Kappa
D4G10 IeG2b Kappa
H6A2 IgG2b Kappa
H11H6 1eG2b Kappa
3T2E6 IgG2b Kappa
H3HS IgM Lambda
TI1ES IgM Lambda
3T1C4 IeM Lambda
3T2D1 IgM Lambda
HIC10 IgM Lambda
H1G3 IeM Lambda
H3F10 IgM Lambda
3T3B5 IeM Lambda
H3El IeM Lambda
P2F1 IeM Lambda
T2B5 IgM Lambda
H3G7 IaM Lambda
T2C3 IgM Lambda
T1E4 IgM Lambda

EOIBO7T/18 14288 G KW B 2l gLl ol
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NEEXM 2

4, Reactivities of monoclonal antibodies to Vibrio species

gdg AEFESo] Byt dYSSFAEY V. vuhnificus® o
€ Mg FEo A v§AE ELISAZ SA3tAcHTable 6). A8
& 27%9 ¥AE FAM 24 A7l immunogenS 2 AMEE V.
vulnificus©l A AY T w42 BAY. V. parahaemolyticus
T kA Ao disiMe AMd & #$AS Jeddey, UniA
FHNE FAM B 4$67%)°l V. vulnificus & 7l ¥g43 L
B, V. vulnificus® V. parahaemolyticus AFolol= Add g Aol
IHHL A R Agdrh

21359 SYEEHAE FoA V. vulnificusdl @ B4l =
1 yejz AlgEe dig (ZapukgAel ¥ 8F IME A}
2 ooF AF3A

&3 D4G10= A8 5% Vibrio & Mg 25l ofs
g dg BY, Vibrio £9 FF epitoped H$3te AU
Azt wmelM o] 8AHE Vibrio €9 HAEH €88 +
g ggdd.
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Table 3. Reactivities of monoclonal antibodies to Vibrio species

Ab reaction to

name vulnificus V. parahaemplyticus V. fluvialis V. carchariae V. furnisii

P3A3 61 38 45 145 85
A11C8 191 141 60 36.5 15
G9GI0 765 55.5 375 43 17
ASE5 1345 115 15 315 05
A2D10 2306 71 19 575 32
Al0A8 2152 95 55 525 245
D4GI0 2018 727 455.5 2445 575
H6A2 714 20 125 175 6
H1IH6 1107 7965 602.5 61 1575
3T2E6 121 46 1 16 7
H3H5 532 2285 495 116 99
TI1E5 191 67 13 495 31
3TIC4 1735 490.5 685 314 142
3T2D1 1395 235 7 27 165
HICI0 1555 69 37 755 38
HIG3 348 190 30 139 57
H3F10 605 12 3 135 15
3T3B5 2175 155 8 295 11
H3El 2945 885 165 69.5 34
P2F1 333 630 86 297.5 1205
T2BS 2545 125 37 1195 81
H3G7 228 623 295 522 330
T2C3 9115 611 138 387 297
TIEA 1125 54 45 38 175
A4El 7425 335 85 25 14
E4G2 9955 42 255 2 23
DIIDI 7275 193 218 105 2325
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5. Ascites production

V. vuinifficusdll @ wgAdo] 3 g A Feo de ma
BEgAo) ol HEW Jde FEY 5 o HAHE @S
E¥AE RYlse cell lineE-€ BALB/c mices] B7ol FAsto
ascites& WEJT. WS ascites fluide] FANH/IE ZFHso
(Table 4) G747} 7} =& E4G2 A& T §sle ascitesZHE ©
ZeFANE FA L

Table 4. Properties of ascites preparations

. volume [AbY', total. Ab, isotype
(ml) units/ml units

P3A3 4.2 23.1 97 IgGl, kappa
T1E4 114 >3200 >36000 | IgM, lambda
TI1ES 22.4 484 10800 | IgM, lambda
3T3B5 23.2 237 5500 IgM, lambda
3T2E6 10.7 18 192 IgG2b, kappa
H1G3 218 458 13000 IgM, lambda
A4El] 7 82000 570000 |IgG2b, lambda
E4AG2 18 56000 1008000 |IgG2b, lambda

! Ab titer of immune mouse sera was assumed to be 10,000 units/ml.
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6. Microplate assay

V. vulnificus®& Eol3 o2 H#EFY & Ae Scdtn U3
¥ HEE MLyl fstd E4G2 9dEEFAME ol &=
sandwich ELISA %] Al8=H+e & 48§29 HFH v=E
AAsA .

Capture antibody 2+ rabbit anti-V. vulnificus polyclonal
antibody & AF&3l =, o8 ¥=2 sS4t Agd 2o,
10,000 vl 3 A o]3}dl A signale] X3t=%7] W&ol capture
antibody 10,000 ¥} 3] 4 3t A}-83 5 cH(Figure 10).

1000 - - ——— —

‘\'—\.\.\ —e— 1.0E+407
800 [——- \ —0—1.,0E406 |
600 |— e \

Absorbance(405 nm

400 - \
200 &/4___0\0\
0
100 1000 10000 100000 1000000

Dilution of polyclonal antibody

Figure 7. Determination of coating concentration in microplate

assay
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Detector antibody! E4G2¢] o2 B =& AT A3,
3,000 vl 34X signalel Hdlolr] uwjFol, detector
antibody<= 3,000 vl 2 4 3}a] A}& 3% HFigure 8).

800
-~ —e—6.0E406
E —0—2.0E406
v 600
o
s
S
c 400 brZre oo
[4+]
£
(o]
8 200
<

O 1 ! 1 1

40 120 360 1080 3240 9720 29160 87480

Dilution of E4G2

Figure 8. Determination of E4G2 concentration in microplate

assay.
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Developer  antibody & A}8% goat  anti-mouse
IgG-alkaline phosphatase®] A& Fx& Al¥E ZAa, 1600
ol &4 o]3lellA signale]l E3HHUZ] W&o, developer
antibody < 1,600 ¥l 3]4 3} A}&3 I (Figure 9).

2000
—0—3.0E06
—O— 1.0E46
“E 1500
c
D
(=
=
S 1000
c
©
=
(o]
[72]
2 500
0 1 1 1 1 1 1

400 800 1600 3200 5400 12800 25600

Dilution of anti-mouse IgG-AP

Figure 9. Determinationon of anti-mouse IgG-AP in microplate

assay.
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ojFdeM #YE HYZHEEL AH43E sandwich ELISA9 A
T @19 9 E AYs ) nicroplate well B AZ § 104 %
8 1074 linear signalo] E}stth(Figure 10). = A& @A 10°
AEoln Hoj FF BAE 107 AXolic

10000

E.

c

8 1000 g

3 B

@

O "

c

S

s 100

n

0 L

<
10 [ W ERET] | r v rpiul ro gl Ll Lod
1.0E403 1.0E404 1.0E405 1.0E406 1.0E407 1.0E408

Nunber of V. vunificus per well

Figure 10. Detection range of microplate assay.
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ol A&y & o HFFE dF ZAUNZTHS NEHA
o o A AYEE 5F 2 Vibrio speciest 25 3% vighe] aapuk
& HEUA L, d& & &8te 939 AZEL 1% mgez
&40l F3] vv| & H(Figure 11). o] Ao GASE8 A E4AG2
7t AAN3tE Y epitopes V. vulnificusl Tt AL EPHo=
EAdes Aoz Yyydrl,

190

A405
8

1

[p— | I i 1 [ 1 I p—

o

1234567 891011121314
Bacteria

Figure 11. Reactivity of bacterial strains in microplate assay
1, V. vulnificus ATCC 27562; 2-6, other Vibrio species; 7-14,

non-Vibrio species
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7. membrane assay

membrane  assaydllAlE  AETAE MM A
chemiluminescent substrate& A3ttt o] HAE YA E I3 &
%] alkaline phosphatasecl® 9g& 4 & chemiluminescent
substrate® A& #7] W&o Algde AT AXSA ESAE + A
T alkaline phosphatase®] A& glol7] 93l ZE AF A7FE
< 100 TollA 583 AMad oL 4. A4 7tde o3
E4G29 W& V. vuinificus 3Q epitoped] Foll digh HA o BEZ 4]
gatdct. € A€ & V. vulnificus -AIX9 € A2tz ¢ HAX
9] E4G2°] Wi gk ¥+g/Ad & microplate assay2 #43% Azl wrgA
of o}t R AHFigure 12). @WelA membrane assayollA] Al @A E
7} AHAIH o2 7FX)2 Qe alkaline phosphataseol 93t false

positive reaction® 7}eA€ AAY + AU

1600
1400 |
1200 |
41000 |
<800
<600 |
400 |
200 |

—o— non-heating
—8—heating ’

1E44 4E94 2EH5 6EH5 3EH6 1.EH07
Dilution

Figure 12. Effect of antigen heating.
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o] A& V. vulnificusoll ¥k &AL HE HHAE AP
At E4G2-AP conjugate® ALEHL 99 E4G2 A9} AP
conjugate® HWEZ AL8e A% 25 10° A E 7R (Figure 13, 14)
ZZo] 74539, microplate assay® A& EA(0° A X))} 10 )
N7E ARE AU AT 10' AX ol E signald FRE
Aol & HAF 4 AA7] W] AFHA EAdE HE3}A IR
o meA o] FEye 10° ol&el V. vuinifficus MEE FAste
FAAL HYPo s #8Y + A& A2 I

CELL NUMBER
0 100 1000 10000

100000 1000000 10000000

Figure 13. Detection limit of membrane assay using E4G2-AP

conjugate.
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CELL NUMBER
CELL 0 10 100 1000

10000 10000° 10000

Figure 14. Detection limit of membrane assay using E4G2 and

goat anti-mouse IgG-AP conjugate.

*10000 cells of V. parahaemolyticus, **10000 cells of V. fluvialis
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Vibrio 49 5% A#E010° AX)ol g 2awsde ANEE 2
3 mapkgAdel YERA] FtthFigure 15).

Figure 15. Reactivity of Vibrio species in membrane assay.
Al, V. carchariae; A2, V. parahemolyticus: A3, V. fluvialisi Bl, V.

alginolyticus, B2, V. furnissi; B3, V. vulnificus
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M FEUEe] S3E 29 1A A3 2o

Table 5. Summary of developed methods.

DETCTION
METHOD T HOURS
B ) LIMIT (CELLS)
MICROPLATE ASSAY 30 10°
FORMAT 1 25 10°
MEMBRANE
ASSAY .
FORMAT 2 2 10
-— 38 -
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A4d A&

I.27}A) ZA&¥o) MehYrh.
- microplate assayt A% 2MYoez 49 4 o}
* membrane assaysv 4 PAYoez ¥89 £+ U}

I hge $Y5e wes,
©2-3 AT Uel 2EE 4+ 9

. 27he) AY At Wasa) Qo
. £dd Aol WasA Yok

I sidd $YPYEL FolYo|

- AA 8 F2 non-Vibrio straing2 ¥ wrgAo] i)

+ AAM 5 F9 V. vulnificusel 918l Vibrio strainE& A9 ¥rgA
€ Bolx @t

V. 7igd wyse i,
* microplate assay®] Z&3%AE 10000 M Xo)t},
- membrane assay® F& A& 1000 A Xo)},
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A 3 & A N H

OH

AR A &

& A Z enzyme-linked immunoassay®ll ©]&3}7] s A,
culture supernatant &2 ascites fluid2% & 3AHNE £esld &%
7 & Aoz UEE Aol oY A4l 8o F53 Fo|4ol
31 AT FE2YWE AEsty] YEME o FHHel dFHolgtn
Aztdot. V. vulnificus®] ZEWE MEste & AdFoME capture
antibody2 A& ¥ t}Z &84 9 detector antibody2 AlE4E GEE
g £EE Eol7] A8 o€ AHANUY. FH membrane
assayd AY GAE Fol7] Y8 AHAE GFEYAE alkaline
phosphatasedl] Z¥AIA A @ A3

A2 Az R AW

1. Purification of polyclonal antibodies

AFZA 1A Fvld Eze] WYY 100% ammonium
sulfate 8L 78l 45% ESAI g, 4 TolA 12 A1z %A
sk 10000 x g oA 15 ¥ f4EYo UHES Zoq
PBSel =< og Q4L B4 EIEE AAsA 10
mM Tris-HC] buffer, pH 8691 $43% t}3 DEAE-Sephacel ion
exchange column (3.0 x 6 cm)ol A 2ldAdct, wash buffer2+ 10
mM Tris-HCl buffer, pH 86& AH83&4%21, columnel #34 3%
A& linear NaCl gradient (0-05 M)2 A3l #FEFAIAH. flow

20107/ 13 14 25— & KIS/ 2 %L 3
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P3P =)

iy

ratet ¥ 2 mlelRen, & FY< 280 nmelA e FFxet A
A7lE ZAHsAY. FAGE SAs= ELISAYA S developer
antibody2A goat anti-rabbit IgG-alkaline phosphatase(Sigma
A-3B11D)E AH&3tAA.

2. Purification of monoclonal antibody

ARHA 194 BAHF¥ E4G2 ascites fluidel 60 mM sodium
acetate buffer, pH4.08 1:29] 8| &2 7832, 0.1 M HCIZ AM&3
o pH 482 ZAs¥ct. Wt AA caprylic acid®E 0.3%7F = A A
A3 PolFE o, A2elA 30 3 muUElAAM x5 ¢ oHO),
10000 x g2 303t Y Lesty F5Y& Zox PBSH F4@

¥ ammonium sulfate §4& F7ste] 50% X astATt FLAA
30 B3 dH3) s & ohg 10000 x g A 15 £3F 44 &}
o FAE 2t 2%9] PBSol % ¥ PBSZ F43yd.

!

3. SDS-PAGE

g AHARY Fgd F¥ HEE  gddr] AdA
SDS-PAGEE 4 A3t} Bio-Rad A} minigel apparatus® A}&
3ttt 105% seperating gel® 7% stacking gel® Alg3l¥od,
120 Vel 60 ¥ &< A7MAIF ) Coomassie brilliant blue R-250
02 Gt JEHAU.

4. Preparation of E4G2-AP conjugate
G228 E4G29 alkaline phosphatase(Sigma P0905)E& 1:39]

10 Harloe.E. and D.Lane, 1988, p. 300. In Antibodies a laboratory manual

Cold spring Harbor Laboratory. NY.
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2 4& og 25% glutaraldehydeE 0.2%7F SAl ¥71sln 42
dM 241 T EASAFCHD, 100 mM  lysine®} 100 mM
ethanolamine€ #¥#& PBSE #H7lstd gL FAAY ¥,
Sephadex G-25 colﬁmn°l] T HAIA desalting3t itk 05% BSA,
0.05% NaN3, 25 mM MgCI2& ##§ PBS¢ 1:29] 8]&=2 4& ¢
¥ 4 Coll 2B8HA Yo 288

11 Harloe.E. and D.Lane. 1988. p. 349. In Antibodies a laboratory manual
Cold spring Harbor Laboratory. NY.
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A3d A3 2 n@

1. Purification of polyclonal antibodies

anti-V. vulnificus polyclonal antibody® 4% E79 WAYY
o227y ¥AE ¥’ U4 F, DEAE-Sephacels ©]£€% ion
exchange chromatography® ZA ¥+ Figure 163 Zt}, 33+ NaCl
gradient 02 M R-&dA FEHA. o|F Aol & 7 #Yg =
of, =20 T ol BustdA Ayl AL83%l.

6 0.6
5 0.5
o 4 0.4
[5)
| =4
3
5 3 03 S
(7]
<
2 { 0.2
1 1 0.1
0 0

4 22 41 59 78 93 102111120130139148157 167 176 185

Elution volume, m!

Figure 16. DEAE-Sephacel chromatography of polyclonal
antibodies. .
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2. Purification of monoclonal antibody

ascites fluid2 %€ caprylic acid®} ammonium sulfate& 3 2|3}
o EAG2 UZEYNE Bal¥ AT Table 63 gt o EaAYe
HE 52 91%°INe, ascites 11 mIZFE 1520000 unitse] &
AE s 28 #F F AR A =& SDS-PAGE=
23 ged, £AFo] 60,000 =2 ety albumino] caprylic
acid Aol #HM olF AAHoz AAHLE & F UAew, FA
€ E4G29] heavy chain®l #z}3& 50,00001913 light chain® &3}
ZF2 29,000 ©]3t H(Figure 17).

Table 6. Summary of E4G2 purification

Purification | Volume,

[Ab), units/ml|Total Ab, units|Yield, %
step ml

Ascites 11 152000 1672000 100

Caprylic acid

7| 46000 1564000 94
treatment
Ammonium
sulfate 4 380000 1520000 91
precipitation .
- 44 -
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MW I 0 M vV V VI

205,000
116,000
97,400
66,000

45,000

29,000

Figure 17. SDS-PAGE of E4G2 preparations.
[, O, O: Molecular weight standards

IV: Acites fluid

V: Caprylate treated sample

VI: Purified antibody

- 45 —
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Al 4 & 2F U AMA IR 4

AE A E

€ dFdA AMEE V. vulnfficusell A HEPES A9 83
ANat JENEd HEE F A= AE A& B ¥F A5
T 8, dgolA 22 874 2F, § uAg e AYEigen, 9
d Na2e GARTH B JBTF A9 Y S AL

£

A2d Az R UH

1 g9 A 2 4

e Gl AHTY ¢ AP} AL 7 7 F A
o2%E 5¥¢ 2&FE 8¥ 3¢dd ZA 2F FHo= AT
AP SHFEL -20Co BHEIAM Ao Alg5Hct

-20Co Ra¢ sl A48 Al & F3 microplate assaay
(M54 1 F2)2 #4394

2, 87 7T ¥

25 #4759 ®es VVE agar, CSPS agar, OLDS broth,
H NA 59 vWiAIE o] & Az widdzn 2 /tx A8ty Age
F3toq &32lst s ch(Figure 18).
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Sea water

Spread onto VVE agar plates; incubate 18-24 h, 35T
Blue and blue-green colonies (lactose+)

Pick and streak onto CSPS agar plates; incubate 18-24 h, 35T
Yellow colonies (cellobiose+)
Oxidase test
Oxidase +

Inoculate OLDC and streak NA plate; incubate 18-24 h, 35T

Purple reaction in OLDC is decarboxylase +,

and no growth on NA indicates halophilic +

Add 5 drpos of Kovacs reagent to OLDC

Formation of a red ring is Indole + (confirmed V. vulnificus)

Figure 18. Procedure for the isolation of V. vulnificus from
seawaterl2)

12 Miceli.GA., WD.Watkins, and SR.Rippey. 1993. Appl. Environ.
Microbiol. 59:3519

- 41~
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%ol YYPor P VATFEL microplate assayd] L&A
g zAMEAY. Agol ALEE HAF £E 10 cell

4. HAE A5 4

HAE Ag2e HAFE APstdck. viAF S AU Hag
ZHAA A AT AEE AAG 10 go v o Fx9
V. vulnificus ATCC 27562 @ €94 10 mlE #7183 4Co 244
AT, WA ¥ EFAE mixer2 24 oS PBSol ¥g
e 100 miZ2 TS 4T 22 F¢ @A wajsig o
1000 x g2 1583 Y4Estq B84 nAE AAs D, 45 Rl
EA e V. vuinificus® %€ microplate assay® & A3t}

5 94 259 wBgA

YZdga oHdidte] A E w2 HE vEodyE: @x
AN £2F JETFF 10 F& EUWAT. microplate assayol A
o] #FE ¥EAE V. vulnificus ATCC 275629 vl 24359
.

6. 2 g3 ¥4

1997'd 7do 24T v Beu¥F A9 YL AJYYw
Boigte] M E HALZRE AU o] 83 YY) A V.
vulnificus AT 4 & microplate assay2 & A3},

HE OISBetHlI22I20e Y L /=28



A3d 23 % 1@

1 &+ 4

SYRE 8Y Atol9] dF A g e EAEE V. vulnifficus ATE
ZAHE 23 Figure 199 2o dada Mt R ANEE
A 78 T 7B AR SHYAM o] MZE HJAY F AN
o YRR AREE FE A AR XM A2 EA FFE

g + g
20000 .
=
P —— Afsljot
= -8 L5l{o}
10000 ' A .

05/15
05/29
06/12
06/26 [
07/10
07/24
08/07
08/21

Cate

Figure 19. Analysis of seawater samples
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¢

%9 V. vulnificus strains< £33 AtH(Figure

oo
2]
oxl
]
N
o
i

o oo

Figure 20. Growth of environmental strain on CSPS agar plate.

Yellow cells are cellobiose positive.
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10° MEE AHBslM 059 we4de EE ZFFQ V. vulnificus
ATCC 27562¢ ¥]2¥ A& Figure 213 2tk APe 559 874
ZFE 3 33 13% o149 WAL ¥a P& ool YA
U, 25& 5% olste] wgde UEue MZ $7t e Aol A
Zo] ozl g0l Wyt o] AIE R FFE Vol A Y ul4
Fzol Zol7t AAY 49 epitopes] WEol Apol7t EAEr] BB
2 g,

20.0%
15.0%
10.0%
5.0%
0.0%

Reactivit

12 3 4 5

Environmental Isolates

Figure 21. Reactivity of environmental strains
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3. Analysis of seafood

HAE Fol ZASE V. vulnificus AIXE HAE871 A& v
go] AN o2 dAHF HFEL /I ¥ microplate assayE &
Mg A} Figure 229 2ok A& &0l 55%°18E HEUo] vlA]
g AA Ao o AE A EYE v A2z wdEd.

100

Detection (%
i
O

1.0E407 3.3E406 1.1E406 3.7E405 1.2E405 4.1E404 1.4E+404

Cell number

Figure 22. Detection of V. vulnificus cells in seafood.

Detection (%) = measured cell number/added cell number x 100.
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4, YBFF BEA

1° MZE AR 39 1059 YAFF9 microplate assayol A9
B2 A2 V. vulnificus ATCC 275629 vlag Az 759 A Sde
10% ole e e B HEo olgigel AU 3F e Feole
5% ol3te] wre-A4L uveldle], AF F7 & Afode FE od
$o] mto.

20.0%
>
E 15.0%
E')B 10.0%
ar 5.0%
0.0%

12345678910
Clinical Isolates

Figure 23. Reactivity of clinical isolates
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5. Analysis of patient serum

B2 Yoo EAsE V. vulnificus AT BE37) do) $4 ¥
do] AF AEE W= A E XA PBSS A FE €3
o] 22 el AlFE ¥ microplate assaydlA e W& Hlng A3
o]E Ateld] #o@ Aol7t S ¥ & ANk (Figure 24).

800 B PBS
600 CJ Human
| Serum

400
200 =

A405

1.E46 1.E405
Cell Number

Figure 24. Effect of human serum on assay,

TIE=%- -c2=38Y 2 0|25t H HR|QRC 2EY g/ s 8



AA vBef¥8F F219 YAHL microplate
cells/ml®l V. vulnificus ATE FAYT & AU}
EF Has 49 x

7% 50 x 10°
(Figure 25). ©] #<2 10 3 ZAx9o HYFozA

10°¢] %i ek,

97407 "CH@ﬁBUK

E 10-FOLD DILUTION
MICROPLATE ASSAY

Figure 25. Eneumeration of V. vuinificus in a patient serum
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