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Studies on Extracellular products of Vibrio anguillarum—1I.

Studies on Pathogenicity of Extracellular Products of
. Vibrio anguillarum in Fish

W oE E'-3 E %
Shih-Chu Chen and Cheng-I Liu

Abstract

Vibrio anguillarum, cultured in brain heart infusion broth containing 1.5%
NaCl, was centrifugated and collected supernatant to extract its extracellular
products as VA-0-70 by 70% ammonium sulfate. The other extracellular
products labeled as VA-70-80 was also extracted by adding 80% of ammunium
sulfate to the supernatant of VA-0-70. VA-0-70 was shown its active proper-
ties of hemolysin and protease, and was inactivated by potassium periodate
and by heat it 121°C for 20 minutes. VA-0-70 and its D-II fraction appeared
the same three protein bands in SDS-PAGA. Of which, the molecular weight
of these protein bands were approximately calculated as 67K, 37K and 21K,
respectively. _ !

The toxicity of VA-0-70 to mice was higher than VA-70-80. The LDs, of
VA-0-70 in mice (IV), eel (IP), loach (IP) and milk fish (IP) were tested as
155 pg, 375pg, >2000ug and 59 pg, respectively. Milk fish inoculated with

" VA-0-70 showed typical lesions of Vibriosis. Marked hemorrhage was noted .
in pectoral, ventral fins and in some parts of the body surface. Focal necrosis
were found in some parenchymatous organs such as liver, kidney and heart.
Owing to the lesions found'in the experimental cases, VA-0-70 is presumed
to possess the main pathogenicity factors of V. anguillarum to cause Vibriosis
in fish.

H E
i Vibrio anguillarum B2 NAE (Vibriosis) Z#g7k# (Haastein et al., 1972;

Levin ef al, 1972; Smith 1961) Ry k&M (Hacking ef al, 1971; Muroga et al, 1967) &)
EEAESEDT 0 KLGIREN MEAMBEHOREERHY - EXE V. anguillarum F¥
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g E B4 (Chen and Liu 1972; Tung et al, 1985) ##& (Liu 1981) B %&f (Kou ef al,
1976) o

AENBA BECHAYBREBNBEMETEABHEIB. o W » 1957 £ 1972 /) ' &
A AHBAREFHETERS 15% (Chen el al, 1972) » T 1975 FRFETREE 70% (Huang
1977) o

2 & eSE MBI ER 2 RN | Aeromonas hydrophila (Allan et al., 1981; Tune et al., 1982
a. b) ~ Pseudomonas spp (Fukumori et al., 1983; Li 1967) ~ Edwardsiella Tarda (Salati et
al., 1983; Ullah 1983) R V. anguillarum swEAEdRAEY (extracellular products) Z
WBERE o ’ ' '

V. anguillarum 2 @RENEMREEOFEE (hemolysin activity) (Inamura et al, 1984;
Kodama et al., 1984; Moustafa et al, 1984; Munn 1978; Toranzo et al, 1983) &S HS
#@ErEiEH (Protease activity) (Inamura ef al., 1984; Kodama et al., 1984) o

V. anguillarum 2 @RAEDHE&E - BAS - BA& - L8R BREERHRM » 5 RRESE
BiHmEkkiE (Kodama et al, 1985; Munn 1980) + ¥ &AM CHSE-214 cell AHMARRA
e (Kodama et al., 1984) (BN E BRZEUMFAMERELRES ’ '

FRBEARERC MENEDELBER TUATEBRBREEARAEDRERABAAR
FrIERFRT  UBREARAEDREARBEZWRE -

; HOE R KK
—~ BREH ~
MERBEEEARBAERRAF IR Vibrio anguillarum (RIFB ACTIE) REHEHK
 AEHERRREEEERR R -
o pRGHE
O R
BEHEENERERS  A/NER 35~40g ) BES 30~34cm R 100 L AREMETREEZS
BkiEF ) KBS 26°C - HBZBANITERIEHARIRRRRI N - BRRRZBANE~

B EEKE+HES A formalin 20 ppm BHEHE 18 /I 1 HR 2 K& BRARBRZHR
B o

EhaR
HESEEEEKRIDSHE BES 2~25g MARBANESHIFERNEMNATA -
O #:

BERETE  SRESBES 11~13g #ES 9~1lcm» SERNEBARSERHAED )
= S48 B > JE 8K 1L Benzalkonium Chloride 1ppm B3 X » (KBR 26°C) HMPLARH
WEEMR: a
BHEKERRFEELH  BES 12~14g ) BERS 8~10cm ' A% 40£ BB KHEREE
TRER » XBS 26°C » TEBNEHARIERFEYN - BRREZABARLL Benzalkonium
chloride 1ppm & 3 XEH/HUARBA -

=~ V. anguillarum fafost EHZ R RALF QR RAMERE @ WA DL

V. anguillarum BRI EDZ RN
V. anguillarum (AC716) &R 5ml 44 1.5% NaCl % Brain Heart Infusion broth
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(BHI broth) » 1 28°C » 18 IBEEERERR 1000ml 24 1.5 % NaCl BHI broth - % 28°C
» 18 /NBEHE 0 72 4°C T o Ll 4500X g ML 30 S o R EEH O Bl 0.45 pm RBIEEIR BN 70%
TGRS BRI 4°C BIE 1B ZHRE4C L 8000X g ML 20 4 ' RITBY Y 1E L
BBz ARYEBR VA-0-70- B LR INETIELE 80% + 1t 4°C THEAE 1/ REEE 4°C
s L 8000X g MO 20 SH - HEBRFBZRBYER VA-T0-80 - 8 7 e B L A 3 T L 0.85%.
NaCl g % 4°C » B4 0.85% NaCl &7 48 ANB§ > LL 045 pm RBMBME » SEEHFNAFT
20°C i o ‘
OER&RMEMT (Biorad Protein Assay) :
&1l Bio-Rad B BEREERAEZ (Hanson etc 1984 & Kessler 1975) » {# /] Bovine
Serum Albumin £% €M B MR LR R o

ERaRRBAHF:

1.8 FmeREasE (Ion Exchange Chromatography)
s EYy (VA-0-70) EAFEL 001 M BBREER T EFYy DEAE-cellulose £ (1.6
X50cm) + 7 pH 7.0 FR#MES 30 mi/hr + FEFLIESE 280 nm WEXE (Optical density
.0OD (&) fEBREAMRAEE  RERKHLsE 4°C THE 5 D-I fraction. BKHALL I M

NaCl B s D-II fraction e
2. SDS-RFERLBE AT KE (Sodium dodecyl sulfatepoly acrylamlde gel electrop-
horesis):

B8 12%% lower gel » BERAEA low molecular weight & high molecular weight
- marker (pharmacia) o Z£ 200 {R¥§ » 50 % HE 3/ 0 Ll coomassie brillant blue R& -

v~ KR tmA kA3t A FHEAR

LIRE MRS EDe © VA-0-70» VA-70-80 » D-I Fraction E D-II fraction- #&% 03ml
% 500 pg ZRIBEBRIESN 22~25g HERAL BHI broth (500 #g) % 0.85% NaCl #BIRES
HENBE  UMERIERZFEYS L HBRRERE R -

E~tapsh A% (VA-0-70) ZHhEAEHRASEFRAR

EYR(LBER !
1. Hﬁﬁéﬁﬁ&i@ﬁ
£l 1.2ml & VA-0-70 (& 2000,ug BE®) B4 S5mg MESH (1:250 Difco) » # 37°C
B PIRBELYE 1 NBE » HLL 10mg Soybean Trypsin Inhibitor (Type-I1-S Sigma St [ouis
Mo) EZEBARKME 15 S8 URKE VA-0-70 FHZ¥R -
2.ZBARE
5 1.2ml & VA-0-70 #n 1.2ml Ethyl ether » BZUSIRIB A » AMBEGE R 4°C kKGR A+ 1]
iK% o Ethyl ether LARZSPREBET(# 2 BiK o
3 BB ¢
pl 12ml 2 VA-0-70 #n 1.2ml 1/90M BB AERRAEHERE 15 i€ 4C T U
0.85% NaCl EiFE—7z » 31l PEG 20,000 ##E&LL 1.2ml 0.85% NaCl BRBRABSAEYD -
43REM
4 12ml = VA-0-70 £31% 37°C~ 56°C R 80°C & fF 30 4 » LR 100°C & 121I°C
THEE 20 S8k

» i
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OB FREERE *
ENREREOSRERRNE
(1)4T o B B2 W 2 B 0
e AT EERM e RE T BW kK (Phosphate Buffer Saline Solution,
PBSS pH 7.2) B0 400X g 15 B8k o ML EEBEMEK » KRELL PBSS HK 0.5% 4 Bk MITHE o
RENFLEENERBASEHENE (1984 Kodama etc) o

W anguzllarum wmp kA (VA-0-70) 1 @R AEHTF L MIHERBAA

LD ZRRE -

1.,88:

s ED (VA-0-70) UARREBAEBEH/ B BT LDs, ZRIE#AB6E HH4E-H1
Wz 5@ AFEL 1000 #g » 500 pg » 250 pg + 125 pg B 62 pg RENRIESL 0 55 6 AL 0.85% NaCl
HIRE A BB o

20\ B4~ BE - REH:

st (VA-0-70) U\Tﬂﬁé’ﬁﬁﬁﬁﬂﬁﬁa s BAREEM (z&tﬁ&&kﬁﬁiﬁﬁ%S% i
48 5 B) FREBERMER LD, » XLl 085% NaCl EEEHBEHRB - EE -~ N B&R &
%&%ﬁﬁﬁfﬁﬁtﬁﬁfﬁﬁﬁ’ﬁ °

ORBRESFERRKRE @

L£ABAHYEEABRAEET ﬁn%i&?ﬂ%%%‘%"a’Z%ﬂEiﬁﬂ&ﬁﬁ ' WERHBTIRZRE
BHREIHEARRERRE - #@Hﬁﬁmﬁ§2§$%ﬁﬁﬁ E-EB-UL-B -BREE-H
meEEREER 10% q’ﬁﬁm%ﬁ(ﬁ?& BRAKAEY R » YHERE—FIT (Hematoxylin-
Eosin; H&E) $E®ER o

# 2
V. anguillarum taRikEHZ L BQKRAMZAEQHANSH R

&3V, anguillarum RN EVZ IR
Ll 4~5 [EREEE A 5ml BHI Broth 2% 18 /"Bt » H1§ 5ml BHI Broth A 1000 m!
BHI Broth &% 18 /NEs# » Ll 70%taMstm o BA RN EHFILUES 20 mg MRAEY - Ll
W @A EY 0mg &K 8ml Z 0.85% NaCl» BETTRER ST FTLIEEHEKEE -
s (@i #iS D-1 fraction # 85mg 3 E-EKEKH 15 mg - ERHEKEN 58% (B1) e
©SDS- BAGRIZENR Xk (SDS-PAGE) S#iER !
s EYy VA-0-70 E4#ife D-1I fraction L, SDS-PAGE ETH# ° VA-0-70 B $#k
{r. D-II fraction ﬁgfﬁﬁe (phamacia) H&&R » VA-0-70 AR=BEES BN (Band) !
g@tfe D-11 fraction WS #EAMAR » KA TFESMNB 67K~ 37K & 21K o

=~ dmBsh Ed VA-0-70 X LR AAT HF BRI MELR

OBEEBEH
B Y VA-0-70 /e Bz 34 5 B BME S (Potassium Periodate) B » (B3 Try-
psin AAEHH o L& Ethyl ether & 100°C ZHEAARE VA-0-70 2% A% 12I'C-
20 ARBHUBEREHE (K1) -
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Fig. 1. Elution profile of DEAE-cellulose ion exchange chromatography
of extracellular products (VA-0-70). The material was absorbed
onto a column (1.6X50cm) equilibrated with 0.01 M sodium phosp-
hate buffer (pH 7.0). Unabsorbed material was washed out with
the buffer at a flow rate 30ml/hr. The absorbed material was
then eluted with 1M NaCl. Arrow shows the start of the elution
with 1M NaCl.

Table 1. Effect of various treatment on lethal toxicity of extracellular
products of V. anguillarum (VA-0-70) in mouse

Treatment ‘ No. of death/total
Trypsin : 4/4
Ethyl ether ' . 2/4
Potassium periodate 0/4
37°C for 30 minutes 4/4
56°C for 30 minutes 4/4
80°C for 30 minutes 3/4
100°C for 20 minutes 2/4
121°C for 20 minutes _ o . P ‘ 0/4
Uﬁtreated ‘ . - 4/4

Mice were injected with treatment or untreated with VA-0-70 by IV. Original
material before treatment contained 500 #g of protein per 0.3 ml.

OBREHME ©
1AM :
RS ES VA-0-70 RS ~ RF RE&ZAMRTEMRKENE » £SREETHAMAEDAEE
Mm% BEHREASHHZEONEETER BB 16 £ 8K 32 ERBEFARN 4096 £ -
CEOBRSMEBERZNE : .
VA-0-70 #£7X1F pH AT (5.0-11.5) HENFIEL S WKL ELE » Tl pH {E 9.3-107 ¥
fil 155 ek A 3R o

=~ V. anguillarum Z RFtalisb ES3 a8 R 2
V. anguillarum @iy VA-0-70 H VA-70-80 > %#® » X VA-0-70 BETTRER
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A Futifez D-1 & D-II fraction $NE BT R EARRERBAAEY » bl D-1I fractionZ
HHBE (F2) -

w ~ V. anguillarum st E4 VA-0-70 HLeRBABHERA BRI RREARLLE
* ' |
LD, ZRE :
mpnEy VA-0-70 2 RRESEBEFRES PEE B S 884 - BB ARRIB S REUR

OB E - A - B BARRBHE LD 238 155 28> 375ug ~ 59 pg BRATE 2000 g (R3) °
HR&REEENRENEYHABANERRR R s AR EHE

Table 2. Toxicity of different fraction of extracellular products of V.
anguillarum in mouse

Material . Inocu}l?cﬁei(xﬁgl/\(}fg mD Icsleoz;‘c?xf/total
VA-0-70 500 4/4
VA-70-80 . 500 1/4
DEAE-cellulose

Peak I (D-I fraction) 500 1/4
Peak 1I (D-II fraction) 500 4/4
BHI broth control 500 0/4
0.85% NaCl — 0/4

Table 3. Lethal toxicity of extracellular products of V. anguillarum (VA-
0-70) in mause, eel, milk fish, and loach .

Amount of inoculation No. of

Tes‘t animal protein (pg/animal) death/total 2-wk-LDs,
Mouse 1000 4/4
(av) 500 4/4
250 3/4 155
125 2/4
62 0/4
Eel 2000 8/8
(Ip) 1000 7/8
500 6/8 375
250 3/8 )
125 1/8 '
Mitk fish 250 8/8
(IP) 125 6/8 59
.62 5/8
31 1/8
Loach 2000 1/5
(Ip) 1000 0/5 > 2000
500 0/5

. LDso Calculated

by Behrens-Karber Method._
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LphaR:

& VA-0-70 Tﬂ&ﬁﬁéﬁﬁ)ﬁi&%’rd\éﬂ R 24 PNREBEEY ) RRTIRNEE © K
Sp KRR EEEHSSRERIBEMR 2~3 HAET 3BT RWEKEL FREEEAERER
MIER o T » FFBERB ML (focal necrosis). AFAREAS RataREREERERS (A
2) HMBERBETMEKE - E&Eﬂ%/]\”h&ﬂﬂ@%%ﬁﬂiﬂﬁ&ﬁﬁﬁ V BANEBERERREZ
LEBAE (B3) o W&TE#&%EM@%&EZME&%%E% (E4) °

T 2HEE&:

AEAEE 24 JEREMBERRY MR 48 /J\E#W?Et%&ﬁér fﬁﬁk%ﬁﬁ*%&ﬁ T BRI RR
R e S M o MR BARERIMIEA (E5) - FRTEEBX: » BBHRAEER
o 45T > FRSEZZRNATEH  HEBELRATRBRAZIRSE (F6 ~7) o #4 FF ARIR
MERALRFRAEES o ORRT BB » KEBHHERNOIBERRLLE. LREZARE
WRARS (H8) - SRANMERD  RREELRESTNERBERER y A ZRERRRE
FRAEBHHALERATMIER (B9) - BEIRBUSEREBRR/E - RERAD » HFERE

- BEMBETE -

38 A&

pRE s NRFERNL AR - BE- ?ﬁ%&ﬂﬁ&é%%ﬁﬁ%ﬂim o EEMFEBHAERR B
OREBTRBRBATLL  (BEERE o

3.’ B: .

B VA-0-70 ZEAKRER W REERAETR-RBRECT FRZEBHARRBEEZRER
ft o

5] ]

ARBWANER V. anguillarum B EYE2% Inamura % 1984 & Kodama & 1984
HiE o MU RRPNARERERERF o 1§ V. anguillarum EEA 5ml 4% 15% NaCl z
BHI Broth 3 18 /%% » Hi§ 5ml BHI Broth #lA 1000 ml &4 15% NaCl Zz BHI
Broth £& 18 /8 Ll 70/?@?&%&?&“&{’? lll‘ﬁﬁ—fu\ﬁmtﬂﬁﬂﬁﬁ &ﬁ&d\éﬁ?—ﬁﬁ
Ferk > s EY o ST =

AR®LL SDS-PAGE ﬁ&ﬁﬁﬁ?ﬁﬂZﬂ}ﬁ#E% VA-0-70 ZEE’EXLﬁﬁ?a » BB VA-
0-70 & # D-II fraction HEREHRAZ=EZAE 7 TESHB 67K 37K R 21K s Kodama
& 1985 #¢ V. anguillarum B‘iiﬂk?ﬂ!ﬂﬂﬂ-ﬁ%ﬁj‘%ﬁ_ﬁﬁsﬁ {\3m D-II fraction §)
BHBESTFREERZE  WES 78K 65K K 39K M D-II fraction Z4FEMAB 66K - 60K
B 38K o ZRBENZ @A EHR Kodama SFEEATH TR R A LT E
BARAED 2z FEARAER
| BRmRAEDTEBERFE  ARRERZ VA-0-70 S BRI » 3 Trypsin &
HHEHH » & Ethyl ether & 100°C ZREBFBIEREY » (B%E 121°C 20 @S NFHRZHEE
o @itk iR Kodama % 1985 R Moustafa & 1984 Bis A ERAEHER > MEFY Ethyl
ether ZHEBHHAFER - ZERNA Inamura ¥ 1984 FazaRAEDHENEREK © In-
amura FERZERAEHHEBERERE £ 60°C i 10 SENBERIEBRZEN ) ME
70°C BFABERZBX

AR EnRUEERRAEOBERER AR ZAMKIIKELRSE > BERREE
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B ABFHNZEAT  BEEASSEHPURFZESRATHKE o Moustafa % 1984 B Ko-
dama % 1984 » JREH V. anguillarum ZHENEWABENREE EHRB -F - RZE B A
g (0BMm)~ PEE BT B¥E B4 BARSASUHERRETAZEORR - V. anguill-
arum FiAAEZ A—BEELSEABESMET - Kodama % 1984 BT ZEHELE pH 86
95 Bik o {1 VA-0-70 MBMAREILEEL pH 10 B o & A MBI RKIBALE o

Bl VA-0-70 & VA-70-80 fHgiRIES A/EBLLRKESRBUR VA-0-70 ZZH &5 - I8
L 0% IR EENZ R4 EY VA-0-7T0 RELFURENBEELER 80% s FNm B SR AT 2R FE
Mz VA-70-80 S o EEARBAMN V. anguillarum @ias ERZBRE - U VA-0-T0 BHE
TERY o VA-0-70 %884 - AEA - BEHEIEBZEEABRBRHABAZEERE K LD:so
5 59 ug s T/NE RS 155 pg + HABEE 375 pg » MRBAEHEZER N BAR 2000 zg o EH
fEE VA-0-70 1 » SN THFRY 0 ENKEE - R AN BREVHRE M LA B A ~
SRELCESEDMEMHSE Bt V. onguillarum ZHEBRAEHTERERAERZERZTHRET °
Kodama % 1985 % Inamura % 1984 REHMERZ V. anguillarum mﬁ@%ﬁ%%‘%@&i})%
FRFRERE LDy HE B2 WRABARBHZEREARIIMRSE -

i -
&4 159% NaCl 2 Brain Heart Infusion Broth B2 Vibrio anguillarum » {8 70
YA RS A LA RN A ESS VA-0-70 5 REEMABTGREN LEEE 802
HIEIN S @A ERS VA-70-800 [l VA-0-70 RIXE/LBHREBAAAE hemolysin 7 protease

i HEEABAGERE  BHBRBBFITEL  URE 12I°C Wi 20 & KEAlEREE
& o @ SDS- RAKMKEAEKITEEER VA-0-70 & VA-0-70 & DEAE-cellulose

Explanation for Figures

Fig. 2. Liver. Mouse received 0.3 ml (500 zg) of VA-0-70, IV. Marked focal necrosis
was found. Hepatocytes underwent pyknosis, karyorrhexis and karyolysis.

X200, H & E.
Fig. 3. Kidney. Mouse received 0.3ml (250 pg) of VA-0-70, Iv. Marked necrotizing
- change of renal tubules.-X400, H & E. PR

Fig. 4. Spleen. Mouse inoculated with 0.3ml (500,ug) of VA—O—7O IV Some of the
lymphocytes in the lymphoid follicle underwent pyknosxs karyorrhexis and
karyolysis. X200, H & E.

Fig. 5. Milk fish inoculated with 0.5 ml (250 ug) of VA—0—7O IP Marked hemorrhage
was found in the ventral and pectoral fins, 36 hrs post inoculation.

Fig. 6. Liver. 36 hrs post inoculated with 0.5ml (250 ug) of VA-0-70, IP. Marked
multifocal and extensive lesions of lique factive necrosis were noticed. X400,
H & E. » ,

Fig. 7. Liver. Milk fish inoculated with 05ml (125pg) of VA-0-70, IP. Marked
pyknosis, karyorrhexis and karyolysis in the hepatocytes. X400, H & E.

Fig. 8. Heart. Milk fish inoculated with 0.5ml (125pg) of VA-0-70, IP. Showing
exudative accumulation in the interstitium of the myocardium. Some of the
cardiac fibers underwent fragmentation. X200, H & E.

Fig. 9. Kidney. Milk fish inoculated with 05 ml (125g) of VA-0-70, IP. Marked
necrosis involved both renal tubules and hematopoietic tissue, X200, H & E.



— 58 — B A -3 F %




ME MRS ER 2R, — 59 —

% D-II fraction ¥AASHMABAR » HAHTRS 67K 7K & 21K
U VA-0-70 & VA-70-80 ﬁ‘S‘JﬁﬁFJﬁE%‘fﬁ@d‘EEbﬁﬁﬁﬁﬁ y FERLEL VA-0-70 2858

o VA-0-70 #/@aR (V) - 84 (IP) - B#% (IP) REAEA& (IP) FZ4EERE (LDso) 451

B 155g 375 g~ >2000 g B 59 pg e B EAR VA-0-70 ZHEHRERTZAERFRY el

% RS R A 2 AR 2T R BT ~ FFE - BREOKRERTHETLSE - Bk V. anguillarum 2
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