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Vivelo cudnificur, an opportunistic buman pathogen, seereles o metullopratease (VVP) The YVP inoculuted into 4 guines pig is known {o generute

bradykinin through activiiion of the Hugemun Factor-plasema kallikrein-kinin system. VVP was shown ta possess the ubility to astivate the tuman

systemn through the same meehanism ng that elarified in the guinea pig system, namely, VVP eonverted both human zymogens (Hageman fuctor

and plasma peekallikrein) ta active snzymes (activated Hagemasn fuctor und plasma Rallikrein), and the then generated kallikrein liberated

bradykinin from high-molecular-weight Xininogen. Hawever, in the presence of plusima gemacroglobulin (@,M), the VVP action was drastically

deereased. This finding suggests that the human sysiem might be activited only at the interstitisd-tissue spuce which contains negligible amounts
ol asM or in the bloodstream of the individuuls whose plusma 2,M level s exiremely reduced.

Kinin genemtian; Bacterial metalloprolease; Vibrin

1. INTRODUCTION

Vibrio velnificus is an opportunistic human pathogen,
and the infections are characterized by edema and uleer
formation on the skin (1 -4]. We previously found that
exocellular metalloprotease [5] (V. vidnificus protease:
YVYP) contributed to the farmation of the edema [6]
because YVYP inoculated into the dorsul skin of 4 guineu
pig enhanced vasculur permeability through activation
of the Hageman fuctor-plasma kallikrein-kinin system
[7]. The first step in the activation of this system had
been believed to be the activation of the Hageman fac-
tor, and then the activated Hageman factor converts
plasma prekallikrein to kallikrein [8], Plasma kallikrein
thus generated has two actions: activation of Hageman
factor, and liberation of bradykinin {rom high-molecu-
lur-weight kininogen [9]. However, Molla ef al, {10] re-
pertad the activation of both guinea pig zymogens by
VVP. indicating that VVP activated the guinea pig sys-
temn through a novel mechanism.

Recently, the actions of two metalloproteasss from
Pseudomonas aeruginosa (elastase and alkaline pro-
teinase), which are known to activate the guinea pig
system through the activation of Hageman factor [10].
on the human system were studied [11,12] It was con-
firmed that both metalloproteases also activated the
human system but the activation mechanisms are differ-
ent from those in the guinea pig system. Namely, the
elastase activated both Hageman factor and plasma pre-
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kallikrein. whereas alkaline proteinase activated prekal-
likrein very peorly,

Although VVP has also been reported to activate the
human system [7], the direct action of this metallopro-
teuse on the human zymogen(s) remains to be clarified,
Thus, we investigated the mode of action of YVYP on the
humun system and found thut VVP activated the system
through the same mechunism as in the guinea pig.

2. MATERIALS AND METHODS

2.1, Subsiences

VVP (45 kDu) was purified from V. wiednifieus strain L-180 [5).
Humun Hageman factor (74 kD), plasma prekallikeein (35 kDa) and
highmoleculur-weight kininogen (78 kDu) were purchased from En-
zyime Researeh Lubaratories Inc. (South Bend, IN USA). All of these
humin plasma proleins were demonstrated to be homogeneous by
SDS.-PAGE. Bavine plasma @,-macrogiobulin (a,M: 730 kDa) was
abtained from Boehringer-Munnheim {Germany). and the amouat of
astive ;M was determined by measuring the inhibilory effect on
trypsin [13). Normal end coagulation faclor-deflcient human plasma
were purchased frem George-King Bio-Medical Ing, (Overland Park,
KS USA),  Curboxy-phenylulanyl-arginine-<4-methyl-coumaryl-7-
amide (Z-FR-MCA) and s-butyloxycarbonyl-glulaminyl-glyeyl-argin-
ine-MCA (Bac-QGR-MCA) wese obtained from Peptide Institute Ine.
(Minoh, Jupan).

18G antibody against human plasma &M (anti-&,M 13G) was pre-
parad as lollows: | mg of purified human plasma &M (8igma) emul-
sified with an equal volume of Freund's complele adjuvant was in-
jested subcutaneously into the back skin of a rabbil wiih 2-week
intarvals, and the antiserum was oblained 7 days after the third injec~
tion. The 1gG fraction of the antiserum was prepared by ammonium
sulfute {ruslionation followed by ufMinity-caluma chromatography on
a Protein A Superose HR 10/2 column (Pharmacia LKB. Uppsala.
Sweden), uhd Lhis preparation was used as anti-a,M 1§G. | mgolthis
antibody was found to neutralize an equivalent of 70 pmo! of the
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purified human plasma &:M. Ta prepare the control rabbit G, suline
emulsified with the adjuvant wus injected subzulaneously.

2.2, Generadian af plisma kallikeein and activated Mageman fuctor in
homar: plasma by VP

Human plasma (0.1 mi} preinsubated with control 13G (3.0 mg) or
anti-a;M [gG Q.0 mg) wt 4°C for 20 min was diluted with 0.9 inl of
the ussuy bufTer {30 mM Tris-HCI bufler supplimented with 0.9%
NaCl, 0.02% NuN,. 0.0!% bovine serum wlbumin und 0.05%
polybrens: ptl 3.0). This 10-fold diluted plasmu wus incubated with
un appropriate conceniration of VVP ut 30°C in the presense of 0,2
miM Z2-FR-MCA {the subsirate lor plasma kallikrein [14)} of Boc-
QGR-MCA (the substrate for activated Hugeman faclor [15]). The
ingrease in Ay due to the liberation of T-amino-d-methyl-coumurine
LAMC) was mensured with 4 spectrophotometer. und the umount of
AMC liberated was euleulited.

2.3, Activarion of purificdd i ploxing prekellikrein by VP
2,3.1. Hydrolysis ol Z-FR-MCA by VVP-geneiated plasmu kallikrein
Human plasmi prekallikeein (36 nM) in | ml ol the assay bulfer was
incubated wilh YVP (0~20 nM) at J0*C in the presence of Z.FR-
MCA, and the generation ol amidaase activity taward 1he substrite wus
mensured. To test the efteet of &M on the VVP uetian, VVP (20 aM)
wis uilowed to net an prekullikrein in the presence of 30 nM of buvine
plasmy a,M.

23,2, Release of bradykinin from high-molegular-weight kininogen
by YVP.gencrated plasma kallikrein

VVP (4 nM) and prekallikrein (36 M) were allowed to reast at
30°C for 20 min, and then, VVP was inactivated by the addition of
0.1 mM phosphoramidos und 10 mM e-phenanthrotine. Thereafler,
this solution (0,15 ml)containing VVP-genernted kallikrein wis mixed
with human high-maleeulir- weight kinipagen (100 pmol in 0.25 ml
of the assay bufTer) or 0.25 ml of heat-trented (G0°C for 30 min) human
plasma. After incubatian at 20°C for 10 min, the reuction was stopped
with trichlaroacetic ueid solution (final concentrution ol 6%), und the
brudykinin content in the supernutant was determined by enzymes
immunoussay with MARKIT-A Bradykinin {Duinippon Phurmuceu.
tienl Co.. Suita. Japan) according to the manual.

24, Activarion of prrified anan Hageman fuctor by V¥ P
24.4. F{ydrolyiis ol Doc-QTR-MCA by VVP-nctivated Hugeman
uetor
Human Hugeman fuetor {68 aM) in | ml assay bufTer was mixed
with VYP (0-20 nM). Aler the nddition of Bee:QGR.-MCA, genera-
tion of the hydrolytic aetivity toward the subsirale was measured at
30°C. To tesl the effect of .M. V¥YP (20 nM) wus ineubated with

Hugeman factor in the prescnce of 40 nM of bovine phisma
G:M‘

242, Brudykinin generation through sonversion of prekitllikrein to
kallikrein

YVP (4 nM) and Hugemun fueter (68 nM) were allowed to react at
30°C fer 20 min, and then, VVYP was insetivated, This solulion (0,25
ml) containing ¥YVMactiviited Hageman fuclor was added 10 0,25 ml
of the mixture of prekullikrein (3.6 pmol) and kininogen {100 pmol)
or heat-treated human plusma (0.25 ml) supplemenied with 3.6 pmol
of prekallikrein. Afier the ingubation it 30°C for 10 min, the reiction

was stopped, and the bradykinin content in the supsrnutant was deter.
mined.

3. RESULTS AND DISCUSSION

3.1, VVP action to peptide-MCA substrate

Almost all metalloproteases including P. ¢eruginosu
clastase have besn known to be ‘N type' proteases be-
cause these enzymes hydrolyze the peptide bond al
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amino graup side of the P\’ amino ucid residue [16,17].
However, some baeteriul metalloprotenses such as P
aeruginosa alkaling proteinase were recently reported to
be ‘C type’ proteases which hydrolyze the pepiide bond
at carboxy group side of P, amino acid residue [18]. So,
this type metalloprotease possess the amidelytic activity
toward wvarious kinds of peptide-MCA substrates.
Therefore, we initially examined the action of YVYPB to
ten kinds of peptide-MCA substrates including Z-FR~
MCA and Boe-QGR-MCA. VVP (200 nM) was incu~
bated with 0.2 mM of the substrate at 30°C for 20 min.
and the liberation of AMC (rom the subsirate was
measured. YVP did not hydrolyze any of the substrates,
indicating that VVP, like £. aeruginosa clostase. is one
of the *N type’ metalloproteases.

3.2, Generation of plosmea kallikvein by VVEP

YVP was added to diluted human plasma, and gener-
ation of the amidolytic activity toward Z2-FR-MCA was
examined (Table I). Since diluted normal human
plusma employed for the experiments contained 150 nM
of active oM. a sole plasma inactivator for VVP
[19,20], generation of the amidolytic activity was very
poor when 100 nM VVE was added to control 12G-
treated normal plusma, while in the study using normal
plasma treated with anti-ce.M [gG, steady generation of
the hydrolytic activity toward the substrate was ob-
served after the addition of 10 aM of VVP. On the ather
hand. no amidolytic activity was detected when YVYP
was allowed to act on prekallikrein-deficient plasma.
indicating that the observed amidelytic activity toward
Z-FR-MCA was attributed to the activity of plasma
kallikrein generated by YYP.

To confirm the generution of plasma kallikrein by
YVP, a mixed solution of human Hageman lactor (68
nM}, plasma prekallikrein (36 nM) and kininogen (1350
nM} was incubated with YVP (0-20 nM} at 30°C, and
the generation of plasma Kallikrein was meusured by
using Z-FR-MCA, YVP generated the plusma kal-
likrein in a dase- and time-dependent manner {data not
shown).

3.3, Direcr activation of e plasma prekaltikrein by
vve

Diluted Hugeman factor-deficient plasma or purified
prekallikrein was incubated with VVP, and the resulting
generation of the amidolvtic activity toward Z-FR-
MCA was measured. VY P was demonstrated to activate
prekallikrein and to generate Kallikrein in a dose- and
time-dependent manner (Fig. 1). Then, we examined the
bradykinins-releasing ability of YVP-generated plasma
kallibrein. Plasma kallikeein generated by the incuba-
tion with VVP was mixed with kininogen or heat-
treated human plasma (the crude kininogen prepara-
tion). This mixture was incubated at 30°C and the
amount of bradykinin liberated from kininogen was
determined. YYP-generated kallikrein was shown 1o re-
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Fig. 1. Activatian of human plasma prekallikrein by VVP, Twa series of experiments, which yielded very similar resulis, were performed, and the

résulls presented are (ram one series of expariments, (A) Hugeman fuctor-deficient human plasma (0.1 mi) treated with anti-a.M 1gG was diluted

to 10-fald with the assay buffer and was iscubated with VVP (0-50 nM} at 30*C in the presense of 2-FR-MCA, and AMC liberaticn {rom the

substrate was measured, (B) YVP (0=20 nM} was added 1o purified human prekallikrein (36 aM) in a tetal of 1 mi in the assay bulTer. After the

additian of Z2.FR-MCA, AMC liberation {roms the subsirale was mensured at J0*C. The line with triungles denole the time—course of the
prekallikreln detivation abserved with 20 nM WVP in the presence of 40 nM &M,

lease significant amounts of bradykinin from both puri-
fied and crude human Kininogen preparations (data not
shown). Thus, it is possible to conclude that VVP di-
rectly aets on the human plasmu prekallikrein and eon-
verts it to kallikrein which is able to interact with both
the synthetic peptide substrate (Z-FR-MCA) and the
nutural protein substrate (high-molecular-weight kinin-
agen).

34, Divecr activation of uonan Hageman fuctor by VVP

Diluted prekallikrein-deficient plasma or purified
Hageman factor was incubated with YVP, and the gen-
cration of the amidolytic activity toward Boc-QGR-
MCA wuas measured. As shown in Fig. 2. significant
generation of the amidase activity was observed by the
addition of VVP, indicating direct activation of this
human zymogen by YVP. Besides, the ability of VVP-
activated Hageman factor 1o convert plasma prekal-
likrein to kullikrein was studied. Y¥P-activated Hage-
man factor was added to the mixture of prekallikrein
and kininogen or heat-treated human plasma supple-
mented with prekallikrein, Thereafter, this solution was
incubated at 30°C for 10 min, and the amount of
bradykinin generuted was determined. The results indi-
cated that VVP-activated Hageman factor generated
bradykinin through conversien of plasma prekallikrein
to active enzyme (data not shown). These findings show
that the human Hageman factor, like plasma prekai-
Likrein, is directly activated by the ¥YYP and the YVP-
activated one possesses the capacity to act on buth pep-
tide and protein substrates.

3.5. Inhibirary effect of .M

The data shown in Table I suggests that YVP added
to human plasma is immediately inactivated by plasma
;M aven in the presence of target human zymogens.

Because the activity of human «.M obtained commer-
cially was very low, to clarify the inhibitary effect of the
a.M. the zymogen-activating ability of VVP was studied
in the presence of bovine plasma @M. By the addition
of the inhibitor. the hydrolytic action toward the pep-
tide-MCA substrate was decreased drastically (Figs. 1
und 2). Since the plasma a,M had no eflect on the
amidelytic activities of activated Hageman factor (Pro-
togen AG, Swilzerland) and plasma kallikrein (Proto-
gen AG), these results indicate quick inactivation of
YVP by this plasma inhibitor resulting in the decreased
activation of human zymogens. From these findings, it
can be suggested that the VVP is able to act en the
humman zymogens only at the interstitial-tissue space in

Table |
Ceneruton of plasmy kallikrein in human plasma by YVP*
Plasma 158G VYVP  Hydrolysisof Z-
FR-MCA
(n™M)  {omol of AMC
liberated)
MNormai plasma Contro! 1gG 0 1.2£0.26
50 1.220.18
100 25x0.13
Normal plasma Anti-z:M 153G 0 1.6x019
10 4.2+0.19
25 1.7+ 0.39
Prekallikeein-defi-  Anti-2,M [gG 0 0.0
cient plusma
100 0.0

*Human plasma 0.1 ml) preincubated with control 1gG or anti-z.M
E3G wus diluted with 0.9 mi of the assay bufler. This 10-fold diluted
plasma was incubated with an appropriate concenlration of YYP at
30°C for 5 min in the presence of 0.2 nM Z-FR-MCA, and the exient
of hydrolysis of the substrate wus determined. Resulls are the means
285D (n=30r4).
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Fig. 2. Activsuion of human Hageman fnctor by VVP, Two seriex of experiments. which yvielded very similar results, were perlormed, and the resulis

presented ure from ane series of experimients, (A) Prekallikrein-deficient human plasma (0.1 ml) treated with anti-a:M [3G wus diluted to 10-fold

with the assuy bulfer. This diluted plasma (1 mi} and sa appropriale sonsentration of VVP were incubited at 30°C in the prescase of Boe-QGR-

MCA (the synthetic substrute for uetivated Hageman luctor), aad liberution of AMC frons the substrale wis measured. (B) YVP (0-20 nM) wax

added to purified human Hageman factor (68 nM) in o tatal of | milin the astay Bufler, Alter the addition of Doe-QGR-MCA, AMC liberation

fram the substrate was meagured a8t 30%C. The line with triangles densies the time-asurse of the prekallikrein ativation observed with 20 nM YVYP
in the prescace of 40 nM 2,M.

which negligible amount of @,M is contiined [20.21] or
in the bloodstream of the individuals whose plasina
level of the inhibitor is extremely reduced.

3.6. Concluding remarks

Recently, Molla et al. {10] studied the action mades
of some hacterial metalloproteanses to guineu pig Hage-
man factor-plusma prekallikrein-kinin system and di-
vided them into two groups: ane activates Hagemin
factor but not plasma prekallikrein, and the other acti-
vates both zymogens, However, this grouping may not
be applicable to the human system, since two metal
loprotenses from P. aeruginosy were shown 10 uctivate
human system by dilferent mechanisms from those clar-
ified in the guinea pig system [11.12]. In contrast te
Psevdemonas protenses, YVP was found to activate the
human systern by the same mechanism as that in the
guinga pig system. VVP acted directly on both human
zymogens, and plasma kallikrein generated by direct
and indirect actions of YVP liberated bradykinin from
highsmolecular-weight kininogen.

V. vulnificies is the causative agent of wound infection
and primary septicemia [1-4]. The wound infection is
characterized by the development of edema and
erythema around a new wound exposed to seawater,
The primary septicemia is often accompanied by sec-
ondary skin lesions, such as bullaz and necrotic ulcer,
In addition, extreme hemo concentration due to edemu
fluid accumulation has been reported sxperimantally in
mice injected with living bacterial cells [22]. Therefore,
the factor(s) that possess(es) the ability to enhance vas.
cular permeability and to form edema appear(s) to be
an important virulence factor of the vibric. Previously,
YVP was demonstrated to be the most probable edema-

318

forming factor produced by the organism [6]. However,
any evidence [or in vive YVP production has not been
obtained. Results obtained in the present study seem to
suppolt our current hypothesis on the contribution of
YVPin V. wielnifictes infections. Namely, vibrio invades
nto the interstitialstissuc spuce and elaborutes VVP,
which induces the generation of mediator(s) for inflam-
mation. enhancement of wvascular permicability and
leakage of plusma constituents. Since the plasma from
the healthy body includes sufficient 2,M, the VVP is
immediately inactivated by forming the VVP-2.21 cam-
plex. which is rapidly excluded by receptor-mediated
endocytosis, However, the inflammatory activity of
YVP muy be prolonged in individunls whose plasma
&M level is reduced by some underlying diseases or
severs septicemia [23].
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