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Purification and Characterization of the Extracellular
Hemolysin of Vibrio furnissii

Moon-Soo HEO

Faculty of Applied Marine Sciences, Cheju National University,
Jeju 690-756, Korea

The extracellealr hemolysin produced by pathogenic Vibrio furnissii was isolated and purified by ammonium sulfate precipitation and
followed by DEAE-Sephadex A-50 (1st and 2nd) ion-exchange and Sephadex G-100 gel permeation chromatography. The molecular
weight of the purified hemolysin was 61kDa. The enzyme activity was inactivated by heating at 60 for 5min, and inhibited by
additions of Cu**, Zn'* and a high concentration of cholesterol. Lysis of human erythrocytes by the enzyme was temperature
dependent, and optimal temperature of the enzyme was 37C. The purified hemolysin was unstable at pH 6.0, 6.5 and 10.0. The
optimal concentration of human erythrocytes on hemolysins was about 1.5%. The purified hemolysin was active for erythrocytes from
three animal species including mouse, rabbit and rat, and was the most active against rabbit erythrocytes. B blood group of human

erythrocytes also showed a high sensitivity to the enzyme.
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A =

Vibrio fluvialise Furniss et al. (19979 93 19779 A& A
Argte) Fdo gy #eHAeH I AsEE gl Vibrio
£2& Aeromonas® H|X3H AW ok RoZT FAHo £}
%8¢ “group F Vibrio” 2t #£F5 Atk 3 Hug et al. (1980)&
e 4E AY T Bangladeshd] HAMSA oA 223
I group EF 63 £73ATh I F Lee et al. (198D 93
1981d 4 7HAEE Rl 154709 d59 Aol AEHY Vip-
rio fluvialisetX FBEAD. V. fluvialise XETF LEA 9
7t2E HA3E aerogenic TF % 7k & A8 A % anaero-
genic #F 5 F 719 biogroups2 & AR o 1981'd Bren-
ner et al.= DNA fA8AE B8 aerogenic strain V. fluvia-
lis$he ¥x9 Folgde RE UL B2 V. fumissiizh B3
3.

V. fluvialis$t V. fumissiite AQEZANX £&7} 7hsat g
AN BeEe T2 V. fuvialis®ol Aot 231} 19839 F4
A%E BAEZNH V. fumissii= LEHA FLHTLE AR
AL HAtel SloIX 1 715& V. fluvialis$t frAME Rolgtzn B
2 (Bonner et al, 1983).

WA Vibrio spp.5 V. parahaemolyticus, V. vulnificus, V. me-
tchnikovii, V. hollisae, V. damsela, V. alginolyticus, V. mimicus,
V. cholera 39X $458= HAAHARAEZM = $82 (hemoly-
sin =& cytolysin), proteases, phospholipases$} siderophores %

o2 7hA7k slen, o 7hedl §¥ie FEIAE FRAHY

0 )
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%o} (Kreger and Lockwood, 1981; Shandera et al, 1983; Testa
et al,, 1984; Kreger, 1984; Harshman and Sugg, 1985; Honda et
al, 1985; Ju and Kim, 1988; Yasami, 1988). =& V. alginolyti-
cusE Adne ¥R 4o A BF, AL FE F
o2 A9 #AH3It} (Blake et al, 1979; Brake et al, 1980).
ABMA V. furnissiic 93FANM] £ BRI o YA
L¥ke B ATE V. fluvialise) 284 Pio] B Bug Q&
WV furnissii)l W I Bz} o}F ¢tk (Donald, 1982). o
g B =82 V. fluvialis} KA V. fumissiid] $84E e
A 1 B3y 548 HEINAD

s T

=1

=13=5!
o

M=z
A d2F
V. furnissii NCTC 11328 258 42 ISP ANATLY T,
Shimada SH}EEE Eokute}l ALg3lygt},

o uidn 88 HA

(1) AMEHix o o

7% AYHYTE 713 A4FH WA (Green Cross Co)E A
vk wiA 2 AFEEE o, 1% NaClE 7} HI (Heart Infusion,
Difco, USA) A} A& thFulF wi A 2 A& Th AHE 759
BEL 1% NaCl¥ 7ts HI HAMA 10mLo V. furnissiis 1
W3 21k e F, 30T A FY ARG vjge A
T2 glycerold EHEA HFFx 40% (vwv)HA o -70C
oM BEFHH .

gL BESY gl TFY ujFE B FFH F 3
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F3ta] 1% NaCl84o 2 A3 F FAA Ao =%, 37C
ol A 18~24A1F A X Wl ¥t 640 nmANA FFE & 08~10
A 2338 2% (vv)7h FA FF3H 30T, 200 pm 2HLZ
e u gy

(2) ¢ g4 &3

4829 2% AY HEY FHAL FF EYEH 3704 2
AZE S A 3 QARESY 59 540nmelA g FRE
2 2389 o] o wrgA9 FAAle] 0.1% BSA (bovine se-
rum albumin)€ ¥#3 PBS (0.067M Na,HPO., 0.077M NaCl
pH 7.0)8 AH&3t4lt} (Testa et al, 1984). ZF ¥+&-Alol 1% Triton
X-1000 9% AYF £¥9 FHE 100% £¥2 A{ALH,
B AgdA £¥84 ¢ 93 (1HUE 20% $89 oz R
ot A e Bradford et al. (1976) W% FFPez A
A,

(3) guMenz A

353 MFd (Aw=12~15< A4E8 (15000Xg, 30 min)
FFATEE o FAARFEES 40% 7t HA 7Heto 4TAA
syt xE F AR (15000Xg, 20 min) 3t AAEE 3
85t 34 AAEE 01 M NaClg 7H8 0.05M Tris-HCL
(pH 7.5) ¢35 99 ¥9A 59 ¢3do2 2~397 F4A7|7H
A g A 398 a2y

(4) lon exchange chromatography

FE3 FAT FAYERF AAELS d4EY (25000Xg,
20 min) 3t} £84 AAES AAAZY ¥, DEAE-Sephadex A-50
column (27X30cm) AZetEIHAE HA . 01 M NaCl
€ 78 005M Tris-HCl (pH 7.5)22 DEAE-Sephadex A-50
columng HEA F AEE FYHAT Y ¢FYo2 HF
Z g d g 288 AR o, €59 0.1 M NaCIZ 0.1 M~1M
TR APTFHE dol F3 dAE $EAAY 85 ¥ Y
A8 Hot 2 o2 u# AW EIYYE AAFHAG. WA ¥4
HHE ol 4FAg n@srty FEE 4T F d4Ed
(25000Xg, 20 min) 3] 44 EFE AAsL 139 YT
2002 2% o]2 @ AZvtEIYAE HAFAL o] A #&
L ANTE 25mLE Fgen 1 YL 4~5mLE FHt

(5) Gel permeation chromatography

27 o] nE ARSEIYNZREH 4 FHE Eot 0IM
NaCl& 7H3 005 M Tris-Cl (pH 7.5) #Fd40o2 F#3] FA4A
2 F, 4Esd 59 ¢Fdo2 HYPS AU Sephadex
G-100 colum (26X90cm)el A7tste FYd #F4o2 §2AA
t o] ) 4L AT 12mLE e 174 £8E 6mLE
gt

S0 SEHEY EY

Davis¥ (Davis, 1964)¢ £33} A &AL AA8% o). SDS-
PAGEE Laemmli¥ (Laemmli, 1970)22 AA5Q1, #2479
28 Andrewd (Andrews, 197008 AH4-31¢ic}

SE 47 AN A
AA §Y4 87 454 AL A%l 27, k2, qEG
Aol 474 WYl WFE Agdtel $Y FHE YT,

2 ot

28 a4

7% BF HETE /M A WAR FANEFE AT
o 18~24A17 MY A3, EFFE $EUHE FA 24
$8¢& doAd (Fig 1.

Fig. 1. Hemolsis on the 7% sheep erythrocyte blood agar plate
after 18~24 hours incubation.

S8 o M

(1) Y & &M ARE X

BEZAA 640nmAA T {57 FFE 12~157 B A
7R WG H, AR (15000Xg, 30 min) 3t ZE5HL 3
F3IYL, S5 F FF5d FAARES 44 40%7 A
7hete] meratE A 4T A 18~24A13F MAAA A3 =Gt
oje) 3750 mLe WY 4T5Ro2RE 48mLe FIUEFE AR
£ d%en F 9dde 2600mgolRL, £¥49 4L
1.7X10° HURS (Table 1, Fig. 2).

(2) 1%} DEAE ion exchange chromatography

ey AAEE 01M NaClg 7t 005M Tris-HCI (pH
75) (o138} TBS) ¢Fdo2 2~3U7 &3 £d& & Aa n
d 7l EAA F, 4% (25000Xg, 10 min)3te} £44
E34& AAsY TBSZ ¥ ¥3}¥ DEAE-Sephadex A-50 column
(27X30cm)ol FHAA 174 olen@azeteag A& 43S
T o] W] f&& 25mL/hE AT 1He] £ smLE &Y
% FZA2 F column ¥ 9 2~3u]o] 3 F3= TBSE F#3
FhAZo2A vEJLEEL D BEES AAT O, 01 MH?
1 M9 NaCl¥ 7Hg TBS2 AATHE 2ol §& dMde &2
A 458 vy F3E 9 48 SHAA 84 298
=3t
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Table 1. Purification of hemolysin from Vibrio furissii

da

4

Total Protein

Total Activity Specific Activity  Relative

Purification step Vol. (mL) (mg) (HU) (HU/ug) Activity Yield (%)
Culture supernatant 3,750 3.5X10° 46X10° 0.13 1 100.0
Ammonium sulfate precipitation 48 26X10° 1.7X10° 0.65 5 37.0
DEAE-Sephadex (1st) 150 430 43X10° 10 77 93
Concentration after 2nd DEAE-Sephadex 6 109 39X10° 36 277 85
Sephadex G-100 gel permeation 54 25 24X10° 96 366.0 52

Broth culture 5r ! ST
Centrifugation (15,000X g, 30 min) v - b
g 1.0 1 4t
Supernatant < = ‘E
E 1.5 \E/ _8
Ammonium sulfate . 2 O &
centrifugation (50%, 40% saturation) e 0.5 L‘)“ J40.5.3
n Z £
Precipitate 1.0 -g
Dialysis . . 0.1 f
centrifugation 20 20 120 160
Supernatant Fraction number (5ml/fraction)
Fig. 3. Elution profile of ion-exchange chromatography on
DEAE-Sephadex A-50 (1st).
Ammonium sulfate preparation was applied on co-
DEAE-Sephadex A-50 ion exchange chromatography (lst) lumn of DEAE-Sephadex A-50 which was equilib-
rated with 0.05M Tris-HCl buffer containin 0.1 M
NaCl. Elution was carried out by the application of
linear gradient of 0.1~1M NaCl.
DEAE-Sephadex A-50 ion exchange chromatography (2nd) _
2.0 1.5 +
<
- B
Concentration by immersible (CX-10 L1t 5
! 107 41,0 5,
3 ! =
S 1.0k : E
Sephadex G-100 gel permeation chromatography .qﬁ) E %
) 050 JosE
Fig. 2. Flow diagram of the purification of hemolysin from V. rg 0.5 é‘ 2
furnissii. g
]
0.1 T
10mLel YHFNE Hatel 3 mgel BAL AP, & — -
Y49 B4 43X10° HUSD (Fig. 3, Table 1). 80 120 160
(3) 2% DEAE . . . Fraction number ( 5ml/fraction)
X ion exchange chromatogra
g Erapmy Fig. 4. Elution profile of ion-exchange chromatography on

14 de $379E TBSZ 2~393 FAHE ¥ 27 021
¢ A2ctEIdNE AN 14 st U8 4 % 42 2
Aoz dgleh 220 mLe) FAFAE 33 (Fig. 4, Table 1).

(4) Immersible CX-100| 2|8t 5=

23} ion exchange chromatography2%-8 3+ TARYE
gel permeation®] )& immersible CX-1022 ¥ZA]# 220 mL
oA 6mLE At F IREFL 109 mgel UL, §8LY &
A& 39X10° HUZ Yt (Fig. 4, Table 1).

DEAE-Sephadex A-50 (2nd).

Preparations from its ion-exchange chromatography
was applied on a column of DEAE-Sephadex A-50
equilibrated with 0.05M Tris-HCl buffer containing
0.1 M NaCl.

(5) Sephadex G-100 gel permeation chromagraphy
27} ion exchange chromatography ¥ ¥%€ A&& TBSE
253 J43e Sephadex G-100 column (2.6X90 cm) ol AH7}3}
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|

o] gel permeation chromatographyE HA 84t} 6~7mLYy Al
EE A7teten, ol § §4& 2mL/hrl 2 AL 1A &
& 6mLE 3H V. fumnissiid) 84 9/l B8 2x &
F849¢ Jesied, & 98 AEFL 25mg, £ 4L 24X
10° HUKAT}. Gel permeation®] @A A 968 FAI 0w 34
€2 52% 2 JERt (Fig. S, Table D).
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Fig. 5. Gel permeation of Sephadex G-100.
Hemolysin solutions from V. furnissii was applied
on a column equilibrated with 0.05M Tris-HCl (pH
7.5) buffer containing 0.1 M NaClL

x| Bt S2lstEy HE

A £¥84e ¢x HAE %Y ANGFE ANNE A &
a7t vd 9= Yeido FAHAEES AR (Fig. 6).
A 8HAE SDS gel 7195t EA% AF V. furnissiid
£849 FaEo] 63kDaol oM, subunite ExEA ol
monomer$] A2 ALRHAT (Fig 7.

AA L8219 ExAFE Sephadex G-100 gel permeation®l 2
& 7 23, V. furnissii®) £84 9 BAFL 61kDas g g
%ot (Fig. 8).

284 ANdAMY A £8LE 60T, SENA 8Ao] 100%
A45oeng olgA £¥42 et} (Table 2). 02~12
mM9 Cu?*, Zn** 9 H7HA B 4849 42 BF AHHA
on cholesterol® A% 1~10pgymLe oA A=A
(Table 2). BA £849 £¥7&E glo] L&Y 482 |
eyttt (Fig 9). 489 33 25+ 37C~47CE Yyt 37C
o4 SHUY &8 s s& FHE £8o] dojur] A&
o] 508 Fo 100% &Y 18CANE 60F Fol oF 88% 9
£8o) dojur] AFAY. T 8 A9 oA EF Fxof
0Eg A% 4¥AM FYTY Fx7 FE4E £89 Axe
Aaggoen T FEE 1.0~20%90A4 71 & $8¢ 4
At (Fig. 10). £89 1o pH 6.0, 6.5, 100 (4T, 244137
oA EetAstie} (Fig 11). $8AE 71844 ¥& dzFdMe
608 #2271 A3 £8o] dolubA F}Th

S2 87 44y

E7|, vh-2, RES ALY 4714 48 E AH8stoq ¥ 7

Fig. 6. Disc polyacrylamide gel electrophoresis of the purified
hemolysin of V. furnissii.

4 AP Y& 2H, E7dA 7 =
A BAgo e BE EdFAAM da
t} (Table 3).

L
ge BEAe delg

i} &

V. furnissii®] 2ol % A 4L A3 ML BE FE &
d2A AEATLE FAEA] AT §~16A2 2 FAEY, 99
T 294FY HAF T 579 894 g g2 ez W
2502th (Hickman et al, 1984). £ F2] B4 B3 A7 &
1981'd Lee et alol 9% YI ME (adrenal tumor cel)ol o3}
AXHAT AR F 714 848 Yelle 54 48 B
17} A o] 2& e FudA o (191)7} Bud A
FAYE . V. furnissiie glucose 2 EA 7t2E AA4d e Aoj2
V. fluvialis®) biotype &2 B TH7} Brenner et al. (1983)0] 23
V. fumnissii2 WAL, 4F58A4FY F4979 EA25H
25 gopg oy F4 4 AHE A% A7 g
24& A w gl a3y 19839 V. furnissii®l B o1F
AZHA B E444dd B3 BRI FHoz A EIF
At ojgd RolE 4 I th Brenner et al. (1983)2 AALY
JAo2A V. furnissii¥ &L V. fluvialis®} FAHE Fojg=
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Fig. 7. SDS-PAGE of the purified hemolysin.
Lanes: 1 and 8, molecular weight markers; 2, culture
supernatant; 3, supernatant of ammonium sulfate
precipitated fraction; 4, precipitate of ammoium sul-
fate-precipitated fraction; 5, DEAE (2nd) fraction; 6,
G-100 fraction (V. fluvialis); 7, G-100 fraction (V.
furnissii); 2,3,4 and 5; in case of V. fluvialis.

= 1.0 [
5 Lysozyme
£ 0.8 |
E Chymotrypsinogen A
C
£ 0.6 |-
v Ovalbumin
£
E 0.4 |
—
U
[
0.2 Bovine albumin
| i | | T I I |

2 3 4 5 6 78910
Log MW (x10%)

Fig. 8. Estimation of molecular weight of hemolysin by the
method of Andews. (@); V. furnissii.

g vl Ao V. fumissiie 8 £F9 54 242 AN
ES WU F8F 48 T Aoz 44HAY, o
8 =4 EA2Me FAF FEEL, Y84 protease, cytotoxin
Honda et al., 1985; Testa et al, 1984).

3o
i)

Ao

4

Table 2. Inactivation of the purified hemolysin by heat, choles-
terol and divalent cations

Treatment Residual activity (%)
None? 100.0
37C, 30 min 100.0
60C, 5 min 0
100C, 1 min 0
Cholesterol (ug/mL)®
100.0 134
10.0 450
1.0 920
CU2+ <)
1.0 0
0.2 0
Zn** (mM)
12 55
0.6 85.6

a); No heat treatment.

b); Final concentration of cholesterol in hemolysin solution.

¢); A concentration of 100 ng of hemolysin per mL and an
equal volume of the indicated concentrations of the reage-
nts were mixed and immediately subjected to the hemolytic
activity assay.

100

80
5
-;, 60
£
g 40

20

M
10 20 3 40 60
Incubation time (min)

Fig. 9. Kinetics of erythrocyte lysis by hemolysin as a function

of temperature,

Samples (1 mL) of a suspension (2% v/v) of wa-
shed human erythrocytes were incubated hemolysin
of SHU for 5 to 60 min at 18C (A), 30T (W), 37C
(@), 43€ (A) and 47C (O) and absorbance of the
supernatant fluids was determined at 545nm and
compared with that of control.

AEAA e WA vBgde F Z9 HIA JAER 373
He A 7hed £84c AYHA G%oH, V. fumnissiid) §8
29 AAd #¢ Baie A57A gt £ =29 91245 v,
furnissii®] $¥4 = Sephadex G-100 gel permeation HA oA
Zkz} 117 HU/pg™ 96 HU/pg®) ¥1E4& Yo 116% 4 5.
2%9 &2 44 AAHUG. = L8429 Ay i B
HE F o 5~6A1T Foll o] FoARh AAY viA g BAL gel
permeation WANA V. furnissii®] $¥2e Ex3o] 61 kDal
Z venth o) o] (1917 R g §¥4e} Bage] X
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Fig. 10. Effect of erythrocyte concentration on hemolysis by
hemolysin.
Samples (1 mL) suspensions of washed human er-
ythrocytes were incubated with 1 mL of 50ng of
purified hemolysin per mL (5 HU) at 37C for 30
min. Then, the mixtures were centrifuged and the
Asw of the supernatant (O) was determined. The
percent hemolysis (@) was also calculated. Lysis of
100% was taken as that of the supernatant of each
concentration of erthrocytes treated with 1% Triton
X-100.
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Fig. 11. Kinetics of erythrocyte lysis by hemolysin as a func-

tion of pH.

Samples (1 mL) of a washed human erythrocytes
suspension (2% v/v) in PBS (adjusted to pH 6, 6.5,
7, 8,9, and 10) were incubated with purified hemo-
lysin (SHU in I mL of PBS-BA (Bovine Albumin)
at pH 6, 65, 7, 8, 9, and 10) for 5 to 60 min, and
the supernatant fluids of the mixtures were obtai-
ned and the absorbance was compared with that of
control, 1% Trion X-100-lysed erythrocyte suspen-
sion.

< 2 & 92t =% ammonium sulfate A AN 40% %
50%04 $847 HUZE FHEHAUT £3 FAHLPBLE Disce
9 SpS A A7 GEANA dYd HeE By AAHINSE §
A&H L, subunite EA3A o} monomerd ROZ ALEHY
ool o) (19D7F Bud At dAFS B 4 AU

Table 3. Specific activities of the purified hemolysin for lysis
of erythrocytes from various animal species

Specific activity

Source of erythrocyte (HU/pg of Hemolysin)

Human blood group

A 25

B 40
AB 27
0 15
Mouse 64
Rabbit 120
Rat 90

HAE £¥4E do BT o]dA ¥4 (Table VAT
ul, 0.1% bovine serum albumin®] H7}olE BT 60C, 5S¢
dxgA) £8840] 100% 2AEHATh ol V. metschinikovii®]
4849 e 43& Yehld (Yasami, 1988). o] $¥84%e
27} %ol 29 Cu?, Zn* el & £¥ G AHHA=H, ol
& FoleEo AHATs §¥4x9 HAYF A DAV} oY
AP Fole] A ¥ A3 QA A Fol29 7t 2
ol 9 tipid bilayerd] HX WA ZAZ M F{FFA4Y 1A
e Az A% Aoz A9sold & AA (Avigad and Ber-
nheiner, 1976; Harshman and Sugg, 1985). Y¥tH 22 thiol-acti-
vated &#8AE cholesterold] 93l A=, o] §HA FA
cholesterol®] 93] ¥4 c] A on Ao QT cho-
lesterol®] ¥& G¥HA A thiol-activated #8AE Aslete o A
£33 %9 oF 1008 24 o) V. metschinikovii $84 9 FA}
8th (Cohen et al, 1940; Avigad and Bernheiner, 1978). A A
£8409 £87)3d QlojA B £¥8ie 2EYEA YRS
2 Jeggd (Fig 9). 34 43829 4% 5% 879 B34
g A3 B9 77} 7 B4l wdoH HE ohyx,
A golo ENY2 FrAdol wedl, AR BAFY ¥ 7
FAo] WA @& AL V. metschinikovii® £8A%} FASIT
(Harshmand and Sugg, 1985). 38 Alg g3 o] FF 3lojA
£ B3 A3 gA 71 BEAol 3o 08 AN 7
FeAol Bl o ¢3¢ BY A"H #FFAo) 7dds
o2 AZts|o}ATt (Table 3). F3 B A7oA A A
ANy AAEE E7A FARE 9, FA BN EF,
B, AT HAE Fwaged ot of (1I9D7 Bad F4%
AR Po B AgdMe AF HAE Fusigd. £34 4
Ao Bdzle FAAE GAANAM JIdHe Aoz A,
B 8847 ABELE F4eER T8 B 79 Hd4d F3A
Moz AA A dxE ALeFEAE F2ye e H9A AR

2l
S9o) A3 BUAL AET Fol AZEAojAor drka AT

deb vy, oy ]

(@) ok
prd =

WIA uBaLQ 49 Vibro furnissii®l #3845 ZeHA 3L
) KR
- 2

1 2385 54, 424 293 A
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AEZ Y, g 2L 2FHE dit

£¥849 AT ammonium sulfate precipitation, DEAE-Se-
phadex A-50 (1st$} 2nd) ¢} Sephaedx G-100 gel permeation ch-
romatography® AH 738 AHAHUOH IH5&e A% 11.6%
9 52%2 dedth Ar]dEHoz §849 FAE e 2
% gd WY A4S BRY F UG EAFL 61kDaold
on E% SDS-PAGE Z subuinte &34 &t FAE
£82E doll BUAZ o]dA £8208 Cut, Zn** 9 choles-
terolo] o3 £¥EAo] BF A=A

£87)3 Ao 2RgEN] $HFoEN HFH £
Lx¥ 37C~47C2 JEIRY. HA4 849 pH ¢4B 4L pH 60,
6.5, 100014 Z+z A8t A e

4884 UM A €T vxE 1.0~20% 0k £3 7
FE 879 244 AY 20 F £84 25 BN MR
F40] o AFe] EFdME BE IFAA tdh =
Z54E vengidth

rflo oy oft

=1

HAtel =

20009 % FHET 21 AHgel g3t ALH U5

it
Mo
rlo

&
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rok

a

Andrews, P. 1970. Estimation of molecular size and molecular weights
of biological compounds by gel filtration. Methods Biochem.
Anal, 18, 1~12.

Asao, T, Y. Kinoshita, S. Kozaki, T. Uemura and G. Sakaguchi. 1984.
Purification and some properties of Aeromonas hydrophila
hemolysin. Infect. Immun,, 46, 122~132.

Avigad, LS. and AW. Bernheimer. 1976. Inhibition by zinc of
hemolysis induced by bacterial and other cytolytic agents. Infect.
Immun., 13, 1378~1388.

Avigad, LS. and AW. Bernheimer. 1978. Inhibition of hemolysis by
zinc and its reversal by L-histidine. Infect. Immun., 19, 1101
~1112.

Blake, PA, HA. Merson, RE. Weaver, D.G. Hollis and P.L. Heu-
blein. 1979. Disease caused by marine Vibrio, clinical charac-
teristics and epidemiology. N. Engl. J. Med., 300, 1~12.

Bradford, M.H. 1976. A rapid and sensitive method for the quantita-
tion of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal. Biochem., 72, 248~260.

Bonner, J.R, AS. Coker, CR. Berryman and H.M. Pollock. 1983.
Spectrum of vibrio infections in a gulf coast community. Ann.
Intern. Med., 99, 464~476.

Brake, P.A, RE. Weaver and D.G. Hollis. 1980. Diseases of human
(other than cholera) caused by vibrios. Annu. Rev. Microbiol,
34, 341~354.

o

4

Brenner, D.J,, FW. Hickman-Brenner, V. Lee, A.G. Steigerwalt, GR.
Fanning, D.G. Hollis, JJ. Farmer, RE. Weaver, SW. Joseph and
RJ. Scidler. 1983. Vibrio furnissii (formerly aerogenic biogroup
of Vibrio fluvialis). A new species isolated from human feces
and the environment. J. Clin. Microbiol.,, 18, 816~828.

Cohen, B, M.E. Perkins and S. Putterman. 1940. The reaction bet-
ween hemolysin and cholesterol. J. Bacteriol,, 39, 59~71.

Davis, BJ. 1964. Disc electrophoresis. Method and application to
human serum proteins. Ann. N.Y. Acad. Sci, 121, 404~416.

Donald, EL. 1982. Detection of toxins produced by Vibrio fluvialis.
Infect. Immun,, 35, 702~714.

Furniss, AL, JV. and TJ. Donovan. 1977. Group F, A new vibrio,
Lancet., 11, 565~578.

Harshman, S. and N. Sugg. 1985. Effect of calcium ions on staphy-
lococcal alpha-toxin-induced hemolysis of rabbit erythrocytes.
Infect. Immun., 47, 37~49.

Hickman-Brenner, FW., D.J. Brenner, A.G. Steigerwalt, M. Schreiber,
S.D. Hohmberg, L.M. Baldy, CS. Lewis, NM. Pickens and J.J.
Farmer. 1984. Vibrio fluvialis and Vibrio fumissii isolated from
a stool sample of one patient. J. Clin. Microbiol,, 20, 125~137.

Honda, 1, M. Arita, T. Takeda, M. Yoh and T. Miwatani. 1985. Non-
01 Vibrio cholerae produced by two newly identified toxins
related to Vibrio parahaemolyticus hemolysis and Escherichia
coli heat-stable enterotoxin. Lancet,, 11163~168.

Hug, M1, AKMJ. Alam, DJ. Brenner and G.D. Morris. 1980.
Isolation of vibrio-like group, EF-6, from patients with diarrhea.
J. Clin. Microbiol,, 11, 621~634.

Ju, JW and Y.H. Kim. 1988. Purification of hemolysin of Vibrio
parahemolyticus 02.K3. J. Korea Soc. Microbiol,, 23, 46~468.

Kreger, A. and D. Lockwood. 1981. Detection of extracellular toxin(s)
produced by Vibrio vulnificus. Infect. Immun,, 33, 583~595.

Kreger, A. 1984. Cytolytic Activity and virulence of Vibrio damsela.
Infect. Immun., 44, 326~335.

Laemmli. 1970. Cleavage of structual proteins during the assembly of
the head of bacteriophage T4. Nature., 227, 680~ 687.

Lee, IV, P. Shread, AL. Furniss and T.N. Bryant. 1981. Taxonomy
and description of V. fluvialis sp. nov. (synonym Group F
Vibrios, Group EF6). J. Appl. Bacteriol,, 50, 73~80.

Shandera, WX, JM. Hohnston, B.R. Davis and P.A. Blake. 1983.
Disease from infection with Vibrio mimicus, a newly recognized
Vibrio species. Cinical characteristics and epidemiology. Ann.
Intern. Med., 99, 169~179.

Testa, J, LW. Daniel and AS. Kreger. 1984. Extracellular phospho-
lipase A and lysophospholipase produced by Vibrio vulnificus.
Infect. Immun., 45, 458~460.

Yasami miyake. 1988. Purification and Characterization of Vibrio
metschnikovii cytolysin, Infect. Immun,, 56, 954~967.

o[t} &, 1991. Vibrio fluvialis®}h Vibrio furnissiitl MX 9] §84e &
g AT FAU L WAL Y] =&,

20019 79 7Y AF
20019 99 39 +9



