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Abstract — Vibrio vulnificus cytolysin has been incriminated as one of the important virulence deter-
minants in V vulnificus infection. In the present study, the effects of Vibrio vulnificus cytolysin on platelets
were examined. Vibrio vulnificus cytolysin induced platelet aggregation and increased intracellular calcium
concentration ([Ca®*}) of rat platelets. These effects were abolished in Ca®*-free buffer (2 mM EGTA).
Cytolysin also potentiated ADP- and collagen-induced platelet aggregation. Lanthanum (2 mM) inhibited
cytolysin-induced platelet aggregation. However, another Ca®* channel blockers, verapamil (20 uM) or
mefenamic acid (20 uM) did not block cytolysin-induced platelet aggregation. Osmotic protectants, sucrose
(50 mM) and raffinose (50 mM) suppressed platelet aggregation by 35.9% and 63.4%, respectively. ¥
vulnificus cytolysin increased membrane conductances of platelet membranes. These results suggest that
cytolysin-induced platelet aggregation is mediated vig lanthanum sensitive-calcium influx which resulted

from the pore formation by V vulnificus cytolysin
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Fig. 1-Effects of Vibrio vulnificus cytolysin on platelet
aggregation. Panel A shows typical recordings of
aggregation in platelet-rich plasma induced by the
cytolysin. Platelet-rich plasma was preincubated for
5 min at 37°C before addition of the cytolysin. Panel
B shows dose-dependent increase of aggregation
rates induced by the cytolysin. Values are given as
mean T s.e.m. of five independent experiments.
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Fig. 2 —Effects of V. vulnificus cytolysin on intracellular
Ca** concentration (ICa®"],). Panel A shows typical
traces of [Ca2+]i change recorded in platelets loaded
with fura-2. Platelet suspensions were treated as
described in Fig. 1. Panel B shows dose-dependent
increase of [Ca2+]i. [Caz"]i change in response to 30
HU cytolysin was taken as 100 %. Values are given
as mean £ s.e.m. of four independent experiments.
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Fig. 3 - Effects of extracellular Ca®™ on platelet aggre-
gation (A) and [Caz"]i increase (B) induced by
cytolysin (3 HU). V. vulnificus cytolysin-induced
platelet aggregation and [Caz*]i increase were
monitored in the presence of extracellular Ca™ orin
the 2 mM EGTA buffer.
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Fig. 4 — Effects of various agents on cytolysin-induced
platelet aggregation rate. The following drugs were
applied 2~5 min before addition of cytolysin (3 HU);
cyt (cytolysin 3 HU), Ver. (verapamil 20 uM), Mef.
(mefenamic acid 20 uM), DIDS (100 uM), Suc.
(sucrose 50 mM), Raff. (raffinose 50 mM), EGTA 2
mM, Lan. (lanthanum 2 mM). Values are given as
mean * s.e.m. of five independent experiments. *;
Significantly different from control group(p<0.05).
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Fig. 5 — Effect of temperature on V vulnificus cytolysin-
induced platelet aggregation. Platelet suspen-
sions were preincubated at 4°C for more than 5
min before addition of V vulnificus cytolysin (3
HU/ml). In panel B, platelets were resuspended
in fresh buffer to remove V vulnificus cytolysin
and incubated at 37°C.
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Fig. 6 — Effect of V wulnificus cytolysin on platelet membrane. Trace shows the current obtained from rat platelet
membrane after incubation with 3 HU V¥ vulnificus cytolysin. The bath and pipette solutions were K-5 solution
which did not contained CaCl,. Membrane potential was held at -60 mV and the filter for tracing reproduction was
set at 300 Hz. The number beside the current trace indicates the number of the unit currents. Dot-line indicated

in C (control) shows the base line current.
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Fig. 7 - Effects of V. vulnificus cytolysin (1 HU) on ADP-
and collagen-induced platelet aggregation in pla-
telet-rich plasma. ADP (1 uM) and collagen (coll,
1 ug/ml) was added after preincubation with
cytolysin (CT, 1 HU) for 3 min. V. vulnificus cyto-
lysin (1 HU) potentiated ADP- and collagen-induced
platelet aggregation. Values in panel B are given as
mean T s.e.m. of four independent experiments. *;
Significantly different from ADP or collagen treated
group(p<0.05).

o] o]& olFo] ksl & el FUch ey
ol2ist poreZ F3 Ca’*9l olFo] [Ca®t) T7H
AR At HeAls 45 dod olF 931y
V. vulnificus cytolysin®] 3433k= pored] o84
ATE ulEE 3] At Pag AoR AlgErh

CytolysinO| ADE collagen2| S%s0l 0|Xi= ¥
#F — V. vulnificus cytolysin®] 4% 335l v|x&=
qeEg dolry] §dled daw &4 1A ADPS
collagen?] A S35l vRA= W vulnificus
cytolysin®] FES ZARIALH S-S do7A W=
cytolysin® 5= 1 HUmIE A3k, ADPQ
uM) = collagen(l pg/mlye st Ax}, tiziol
Hjale] Hl3 A5 (@) S7kek AR dEe] #

Vol. 43, No. 6, 1999

=] 9dckFig. 7). E3t, ADPS} collagenoll 2§+ AHA)|
LARke-2- 7l Felg ot Vo vudnificus cytolysin &
Aatofr v7kH-g-3lo] wHEE I

4 £

1. Vibrio vulnificus cytolysin® &% 2JEH 07
Hoge A Fosldon oF&#| ADPY collagen®]
A5 drads JeERIIch

2. V vulnificus cytolysin® &% JEHOE A
W [CaME TPz H, IR Ctg AA
&8V vudnificus cytolysinel €13t [Ca®*), E71e}
7 s E waEA ootrh

3. Lanthanum(@ mM)& V vulnificus cytolysinel
A dawe] ST [CaT) THE AdLgiont
verapamil(20 uM) 2 mefenamic acid(20 uM)¥=  cy-
tolysinol] 2J3+ it $HE ApdsbA] E3lih

4. Osmotic protectant?! raffinose(50 mM)®} sucrose
(50 mM)= V vulnificus cytolysinell 23t A% §
e AR A

5. V vulnificus cytolysin® 2o ojEHog g
2% SR [Ca¥) F7HE fredte) dad AR
o] A=LE F7MIF

olael A¥ A= V vunificus cytolysin©]
lanthanumel] 74438 Hol= ARE Ealo] AL ¥
9] Ca?*g AT UZ 49719, olF Bdlo] Faw
e FEESs Ho FUCh obgT] W vulnificus
cytolysin®] "4 32 cytolysin®] ME® pore
Aol AdE A7 Alrdr)

2 #

1) Hollis, D. G., Weaver, R.E., Baker, C. N. and Thorn-
berry, C.:Halophilic Vibrio species isolated from
blood cultures. J. Clin. Microbiol. 3(4), 425 (1976).

2) Farmer J. . 3d. : Vibrio (“Beneckea”) vulnificus, the
bacterium associated with sepsis, septisemia, and
the sea. Lancet 2, 903 (1979).

3) Blakes, P A., Merson, M. H., Weaver, R. E., Hollis,
D. G. and Heublein, P C.:Disease caused by a
marine Vibrio. Clinical characteristics and epidemio-
logy. N. Eng. J. Med. 300(1), 1 (1979).

4) Oliver, J. D., Warner, R.AA. and Cleland D. R.:



808 A - A - o8 - 2k

Distribution and ecology of Vibrio vuinificus and
other lactose-fermenting marine vibrios in coastal
waters of the southeastern United States. Appl
Environ. Microbiol. 44(6), 1404 (1982).

5) Wickboldt, L. G. and Sanders, C. V. : Vibrio vuinificus
infection. Case report and update since 1970. J. Am.
Acad. Dermatol. 9(2), 243 (1983).

6) Gray, L. D. and Kreger, A. S.:Purification and
characterization of an extracellular cytolysin produ-
ced by Vibrio vulnificus. Infect. Immun. 48(1), 62
(1985).

7) Kreger, A. and Lockwood, D.:Detection of
extracellular toxin(s) produced by Vibrio vulnificus.
Infect. Immun. 33(2), 583 (1981).

8) Miyoshi, S. and Shinoda, S. : Role of the protease in
the permeability enhancement by Vibrio vulnificus.
Microbiol. Immunol. 32(10), 1025 (1988).

9) Smith, G. C. and Merkel, ]J. R.: Collagenolytic
activity of Vibrio vulnificus: potential contribution to
its invasiveness. Infect. Immun. 35(3), 1155 (1982).

10) Kreger, A., DeChatelet, L. and Shirley, P, : Interaction
of Vibrio vulnificus with human polymorphonuclear
leukocytes: association of virulence with resistance
to phagocytosis. J. Infect. Dis. 144(3), 244 (1981).

11) Desmond, E. P, Janda, J. M., Adams, E L and
Bottone E. J.: Comparative studies and laboratory
diagnosis of Vibrio vulnificus, an invasive Vibrio Sp.
J. Clin. Microbiol. 19(2), 122 (1984).

12) Simpson, L. M. and Oliver, ]. D.: Siderophore
production by Vibrio vulnificus. Infect. Immun. 41(2),
644 (1983).

13) Testa, J., Daniel, L. W. and Kreger, A. S.: Extra-
cellular phospholipase A, and lysophospholipase
produced by Vibrio vulnificus. Infect. Immun. 45(2),
458 (1984).

14) Wright, A. C. and Morris,, J. G. Jr. : The extracellular
cytolysin of Vibrio vulnificus : inactivation and rela-
tionship to virulence in mice. Infect. Immun. 59(1),
192 (1991).

15) Uemura Y., Sakon, M., Kawasaki, T, Shiba, E.,
Kambayashi, J. and Mon, T.:The correlation
between Ca®" influx and inositol 1,4,5-triphosphate
(IP;) formation in platelets stimulated by various
agonists. Biochem. Int. 20(5), 853 (1990).

16) Park, S. D., Shon, H. S. and Joh, N. ].: Vibrio

vulnificus septicemia in Korea : clinical and epidemi-
ological findings in seventy patients. J. Am. Acad.
Dermatol. 24(3), 397 (1991).
17) Khoo, H. E., Hon, W. M., Lee, S.H. and Yuen, R.:
Effects of Stonustoxin (lethal factor from Syranceja
horrida venom) on platelet aggregation. Toxicon
33(8), 1033 (1995).
Bhakdi, S., Muhly, M., Mannhardt, U., Hugo, E,
Klapettek, K., Mueller-Eckhardt, C. and Roka, L.:
Staphylococcal -toxin promotes blood coagulation via
attack on human platelets. /. Exp. Med. 168(2), 527
(1988).
19) Rho, M. C., Nakahata, N., Nakamura, H., Murai, A.
and Ohizumi, Y.: Activation of rabbit platelets by

18

N

Ca®* influx and thromboxane A, release in an
external Ca’*-dependent manner by zooxanthella-
toxin-A, a novel polyol. Br. J. Pharmacol. 115(3), 433
(1995).

20) Kim, H. R., Park, S. D., Park, J. W, Jeong, M. H,,
Kim, J. S. and Park, B. H. : Purification and charac-
terization of cytolysin produced by Vibrio vulnificus.
Kor. J. Biochem. 24, 7 (1992).

21) Bernheimer, A. W. and Schwartz, L. L. : Isolation and
composition of staphylococcal o-toxin. J. Gen.
Microbiol. 30, 455 (1963).

22) Hamil, O. P, Marty, A., Neher, E., Sakmann, B. and
Sigworth, E J.:Improved patch-clamp techniques
for high-resolution current recording from cells and
cell-free membrane patches. Pfl gers Arch. 391(2),
85 (1981).

23) Grynkiewicz, G., Poenie, M. and Tsien, R. Y. : A new
generation of Ca’* indicators with greatly improved
fluorescence properties. J. Biol. Chem. 260(6), 3440
(1985).

24) Kinlough-Rathbone, R. L., Packham, M. A., Reimers,
H. J., Cazenave, J. P and Mustard, J. E : Mechanisms
of platelet shape change, aggregation and release
induced by collagen, thrombin, or A23187. J. Lab.
Clin. Med. 90(4), 707 (1977).

25) Rink, T. J. and Sage, S. O.:Calcium signaling in
human platelets. Annu. Rev. Physiol. 52, 431 (1990).

26) Miyamae, T, Oshima, K., Morikawa, T. and
Hagiwara, M. : Calcium-induced platelet aggregation
in washed platelets from Guinea pigs. Pharmacol.
51(3), 180 (1995).

J. Pharm. Soc. Korea



