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The Cytotoxic Effect of Vibrio vulnificus Hemolysin on the
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V. vulnificus is an estuarine bacterium which causes septicemia and shock in susceptible patients.
The organism produces a hemolytic cytolysin (VvH), which has a membrane damaging effect on
erythrocytes. To clarify the mechanisms by which VvH might contribute to virulence, we examined
its effect on macrophages.

When mouse peritoneal macrophages were harvested and co-cultured with hemolysin-positive
V. vulnificus strains (100 bacteria/ cell), about 60% of the macrophages were killed; macrophages
were not killed when co-cultured V. vulrificus strain CVD 707, a VvH-negative deletion mutant.
Exposure of macrophages to filtered culture supernatants (2.5 HU/ml) and purified VVH (3 HU/
ml) resulted in an increase in dead cells (80 and 90%, respectively), as determined by the trypan
blue dye exclusion method and LDH release from macrophages was also increased (70 and 65.5%,
respectively). The cytotoxic effect of VvH on macrophages was both the dose- and time-
dependent. The VVH caused damage to the macrophage membrane and was blocked significantly
by preincubation with cholesterol (p<0.01). Fetal bovine serum showed remarkable inhibition of
VvH synthesis by V. vulnificus and inhibited VVH activity in culture supematant. Cell viability
was increased by 35% (p<0.01) and LDH release decreased by 28% (p<0.01) when macrophages
were incubated with V. vuinificus (100 bacteria/ cell) in DMEM-10% FBS for 2 hr. Bacterial
clearance activity of mice against V. vulnificus CVD 707 was decreased by pretreatment with 10
HU of VvH.

This result suggests that the VvH can impair the membrane of macrophages and may play a
role in the pathogenesis of V. vulnificus septicemia.
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Table 1. Vibrio vulnificus strains used in this study

Hemolytic Colony

Strains activity morphology Comments
. wild strain isolated from a patient
V vulnificus MO6-24/0 + opaque with septicernia
, Tn4 insertion into CPS synthesis
V vulnificus CVD 752 + translucent gene of MO6-24/0
V vulnificus CVD 707 _ opaque marker exchange in hemolysin gene

of MO6-24/0

HE3IE

Agel A8F FHE 6~85H D1 n}9
FAL A BAAT. o) F He2E FLPIHA
7t 8 BF2ASAA 71 $8A AL

gYse 2a| % YA

2% NaClo] 3% heart infusion brotho]| 4} 6~
7A1F B¢ 200 pme 2 M E v Gt} wj gl &
10,000 x g2 3087t APA 7 F Ao 2 RH
Kim 5'72] Wyl uia} £ 4 FAHH

SYnol By £

4848 B, At AAF £Y 284 &
L A AETE &A= ATE o] &3
Okada 5o} Wi*ol wha} AR F, Alse-
ver §do] HHFQ AN AF FFFE PBS
233 A AAHT F HFH 22 1% (viv)] Al
E 35U HEE 1 ml T 1 mgd 2] bovine serum
albumino] 37} o] Q)= phasphated buffered saline
(PBS-BSA)dl| H-HAl7it). 384 PBS-BSAE
24l &3} 328t} 96 well round bottom plated]]
2t wellg 50 w14 P53 AP 7 E{98 50 we
A7Vt 37T 1217 B¢ AN F, &
HA Z2 A7) 2ugd s e s 4T
oA 1082 X gich 8849 Arle &4 &
g ozl $8L A4 Wsel G5z veh)
At

ol 27y cHAH 2| Ha

e

CD1 v}¢-22] E7h) 2 mle] thioglycolateE& F
Abeta 39 Fof) 10 mle] EH o] 85 x] g
RPMI 1640 W o 2 E73S A Hsla] B}
TE A3 ERAEE Yo FolEA ¢
S MFg ez 23] AT F, AEE 1x10%mle]

EFEE HH o] ArE RPMI 1640 vl Follof) 25
Al7]13L, ©]& 24 well tissue culture plate =& 8
chamber slide glasse}] @ 31 1417t B¢t wjoF F2hA)
AT WF F W RE ATE IR A
of AAG ¥ e Agol AL}

2o cHA Mz ol CHEE M Z=H

2 g nl$2 24 £E DMEM & RPMI-
1640 ¥R o] 10° celymle] FE 2 3 A5} 2 0.5 ml
& slide glass chamber plateo]] wjj 3F3l 3 6A] 71 Hl}
U AT FAd =E 2849 3082E 3/
74A) o oksted Al E wfFl -2 w232 0.004% try-
pan blueZ FAgc) Hu|F AN QME F2
AEe) AR ke Aol Qe AX 5 24
gk nle 2 B2 Q7S g0 3 2
el dAAxe] gEF5S B7) A8M &, 1x10°
CFU/mI®] ¥ S & 55 1 mle] 7 A H4L n¢
2 B2 F43 2413 T AAEE B
3te] trypan blueZ. A 3te] Ao} Q= MEL} =
o] &= M EE ALsich

Modified MTT Method

MM Ee] EFe] AAMEY 9Tz vE
Zezol 54 A& FA57] 913 Todaol ¥
W Wwa@sel MITE 2439 5 345
Dimethythiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT, Sigma Co.)& PBS¢] 5 mg/mie] F =2 3
Mg 2 02 um9 fiter2 73 3 4T B
SHAA AL&EH . A A EE 96-well platesol]
50 pi Este] 2A17E SF ol FE F W FF A
EE AATY 8471 FFE ARE S0y
23:8}0] 12]17F ¥} QFE 3, 20 ulS] MIT solution®
A7Fstel 4~6213 M FBTh ME MRS v

-253 -



AJAF 5 WA XX thit V. vulnificus Hemolysin®] A L =4

T PBSZ A3 31 100 e 10% SDS-0.01 N HCl
£ Y1 plate mixer2 7PHA EES £ F 37T
CO;, incubatoroll A Ao} X xjgtct. Th-&F 50 pl
9} n-propanolE 3 7}sle] formazand &A1 &
490 nmo| X FHREE S P}

HEZS4 %38 Y% LDH Assay

S8a g Ade] Ao 3 A Eete] &4
ol 9] 3t lactate dehydrogenase (LDH) -&2] 9] o} &t

Z2 & colorimetric Cytotox 96 kit (Promega Corp.,
Madison, WDE 7435t AHg3tdth 24 d=
TOoEE obF AX AA A & AL gy
£ AH8S o, RE A X9 43d e &4
2] LDH| f2l& lysis 8402 MEF H3
F A BE ARSIt M EEAH] S (percentage
of cytotoxicity)2 (experimental release - spontaneous
release)/(total release-spontaneous release) x 10022

Adst o

Table 2. Cytotoxic effects of V. vulnificus on murine peritoneal macrophage in vitro

V. vuinificus strains

% Viable cells after incubation for 1 hour (average + SD)

MO6-24/0
CVD 752
CVD 707

Control

48.4+10.79"
46.6+11.24"
94.3+4.03
96.5+3.44

Each value was determined after incubation and is the average of three individual experiments; 4 hours log-
phase bacterial cultures were used with a macrophage/bacteria of 1:100.

Viable cells were determined by trypan blue exclusion method.

*p value < 0.01 (V. vulnificus MO6-24/0 or CVD 752 versus V. vulnificus CVD 707 and control)
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Figure 1. Effects of V. vulnificus infection on LDH release from macrophages. Macrophages were incubated
with V. vuinificus MO6-24/0 or CVD 707. LDH activity in the culture supernatant was measured using the colo-
rimetric Cytotox 96 kit (Promega Corp). Each value is the average + standard deviation from 3 experiments.

-254 -



Ihn Soo Im, et al: Cytotoxicity of V. vulnificus Hemolysin on Macrophage

JEPNTEES TNERIE S 2

AN A gt S50 o7 v
A L840 GFL 2A18H7) 98kd, 10 HU9
SYAE w2 BE FASAY £8
A FAMEE & 3089 1.0x10" CFUS] V. vulnificus
CVD 707¢ EZU 2 A1 241 Fof| v}
£2:9] 4& A3t YT 5E pour plate Y
o g3ste] ZFsHTh AT MES A A=
T 2% NaClo] €% trypticase soy agarE A}l-8-3}
At

P | o}
AT F0l 2T CHAl M|z &4
V. vulnificus 9} w}-9-2 B4 tl &l A x7ke) A

IHAE B Gk, npg-2 BN A A)

£ &3 vjtsiiy HPEFE AR sk B3t
duhes AFPW 27 2ILE YAste
TF (M06-24/0 2 CVD 752)2 1A17t B¢t 2%
] FF A E] FIFFEe AE S &7 F
HOZHE FelHo] ojA gl on FaE o
A Ax] 4 50% F=7F AIEE Ao #F
Atk 28 £E4E YA Eete TFQ
CVD 7072} 35wl ¢a daMEe A8 &35
A gkgron &4 dlzEI ozt A fU
T} (Table 2). thA A ] A atof] &4do] 2
AEE AE gteowRE ¥o 2 LDH #8F
of Ve thaMNEE AFFF MFg 34
LDHY] &2 A= &33ta] AddFo) g3
NEERE ZZ3ASG. £E42E YAbste MO6-
24/0 439} W Fg A M E= 241758 LDH
o] 7t 9o A F7e vhE £HAE YA+
8tA] B3l CVD 7073} w3t o] A Eofl M &=
LDHS] 27} #3=%] &gt (Fig. 1). kA
Aol BHldhe £840 98 Az s &4
2L 4 5 UAA

Al Bitel 2l HEIE 8ol 25 ChA A
ZOo| &=At

AP T FE 2% NaClo] T-H¥ L brothol] 6A12F
W Fe & gy o] §329] FEE 23
Y v F3 MO6-24/0% 32 HU/ml?] £ 52
L£E4LE YL F Yo FF CVD 7078 &
48 A YAHstA esioh (A FEA A= o)

-255-

Figure 2. Light microscopy of peritoneal macrop-
hages after treatment with V. vulnificus culture super-
natant. Macrophages were treated with culture super-
natants of V. vulnificus M0O6-24/0 (A) or CVD 707
(B) for 1 hour at 377, fixed with ethanol, stained
with Giemsa solution and examined by light micro-
scopy (400x magnification).
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Figure 3. Effects of culture supernatants of V. vulnificus on LDH release from macrophages. Macrophages
were cultured in media containing the culture supernatants of V. vulnificus. MO6-24/0 or CVD 707 at 37C for
1, 2 and 3 hours. LDH activity in the culture supernatant of macrophages was measured using the colorimetric
Cytotox 96 kit (Promega Corp). Each value is the average + standard deviation from 3 experiment.
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Figure 4. Effect of V. vulnificus culture superna-
tant on the viability of macrophages. Macrophages
were incubated on 96-well plates (S0 pl/well) for 2 hr
and non-adherent cells were removed by vigorous
washing with RPMI-1640. Test samples in the media
(50 pb) were added to each well and cells were cul-
tured for 1 hr. Then, 20 pl of the MTT solution was
added to each well and the cells were cultured for 4
hours. After incubation, unincorporated MTT was re-
moved by aspiration, the cells were washed and then
100 p! of 10% SDS-0.01 N HCIl was added to each
well. After mixture were mixing slightly on a plate
mixer, the culture plates were incubated overnight at
37T in a 5% CO, incubator. Optical density was qu-
antitated on an ELISA reader at 490 nm after adding
50 ml of n-propanol.
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Figure 5. Kinetic changes in the viability of macro-
phages and LDH release after treatment with various
doses of purified V. vulnificus cytolysin (VvH). Ma-
crophages were incubated with DMEM media con-
taining VvH at final concentration of 0, 0.16, 0.32,
0.63, 1.25, 2.5, 5, and 10 HU/ml. Macrophages were
incubated with each dose of VvH for 30, 60, and 120
min at 37C.

CVD 707& vp$-29 B Z 29 A7 F 24]
2t o BN dAMNEE 2aldld A Ee

100 ~100
. =12 (%)
9 1 6 (%) T :
< 3(%) A
2 8o ~0-12(LDH) 80 <
3 —~ 6(LDH) &
& 60{lv_3dDH L 60 §
[0} o
[«] [0}
£ 40 40 ©
Q. I
o 0
S 20 L 20
s

0 o 0

No-Treat Cholesterol

Figure 6. Effect of cholesterol on cytotoxic activity
of V. vulnificus hemolysin to macrophages. Choles-
terol (10 pg) and hemolysin were mixed in DMEM
and incubated at 37°C for 30 min. Macrophages were
incubated with DMEM media containing cholesterol-
treated VvH at final concentration of 3, 6 and 12 HU/
ml. Macrophages were incubated with each dose of
VvH for 1 hour at 37°C. Each value is the average +
standard deviation from 3 experiments.
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Figure 7. Effect of cholesterol and FBS on cyto-
toxic activity of V. vulnificus to macrophages. Macro-
phages were incubated in DMEM media containing
10 pg/ml of cholesterol and/or 10% FBS with V. vul-
nificus MO6-24/0 (100 bacteria/cells) at 37°C for 1
hour. Each value is the average * standard deviation
from 3 experiments.
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Table 3. Effects of cytolysin on host bacterial clearance against V. vulnificus CVD 707

No. (logyp) of bacteria in blood at 2 hours after IP inoculation

Control mice

Cytolysin-injected mice

4.661+0.03
5.3710.10

Each value is the average + standard deviation from 3 mice per group.
p value < 0.01 (control mice versus cytolysin-injected mice)

80 -
70 1
60
50 -
40
30 1
20 A

% of Survial Macrophage

MO/O CvD 707
Tested strains

Figure 8. Viability of peritoneal macrophages after
intraperitoneal infection with 10° CFU of V. vulnificus.
Each value is the average - standard deviation from
3 experiment.
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