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Abstract. The purification and characterization of an extracellular protease produced by pathogenic
luminousVibrio harveyistrain 820514, originally isolated from diseased tiger pral@n@eus monoddn

was presented in this paper. The purification steps included ammonium sulfate precipitation, with columns
of hydrophobic interaction chromatography and anion exchange on fast protein liquid chromatography.
The protease is an alkaline cysteine protease, heat labile, inhibited by iodoacetamide, iodoacetic acid,
N-ethylmaleimide,p-chloromercuribenzoate, angtchloromercuribenzene-sulfonic acid, and showed
maximal activities at pH 8 and 50°C, having a molecular mass of 38 kDa as estimated by SDS-PAGE and
gel filtration column. In addition, the protease was also completely inhibited by,@n@IHgC}, but not

or only partially inhibited by other inhibitors tested. Furthermore, 2-mercaptoethanol was the most
effective reducing agent in the activation of the enzyme. The present protease is the first cysteine protease
found inVibrio species.

Vibrio harveyiis commonly isolated from various habi- one metalloprotease produced by alginolyticus S3y
tats, i.e., warm marine waters, surfaces of marine anihave also been described to be toxic to lar@strea
mals, light organs of certain marine fish and cephalopodsedulis [34, 35] and juvenileEpinephelus malabaricus
and intestine of aquatic animals [3, 36, 42-44, 48].[26], respectively. Three extracellular alkaline metal-
Recently, the virulence of this species has been recogchelater-sensitive proteases producedvbiarveyiiso-
nized in a small but growing list of marine animals |ated from sea water have also been reported [10, 11].
especially in cultured penaeids in Asia and Australia [2, 6. owever, no information is available concerning the
15,17, 22, 25, 29, 30, 38, 40, 51, 54]. Mass mortalities Ofgyiracellular protease(s) produced by pathogshicar-
Penaeus monodand larvae or juveniles associated with veyiisolated from diseased penaeids.

Iuminogs vibrios .have been .observed in hatqheries or " |nthe present paper, an exoprotease has been puri-
fam?s in Australia [.Afo]’. India [17], Indon_e3|a [54], fied from the extracellular products &fibrio harveyi
Thailand [15], the Philippines [2, 25], and Taiwan [6, 29, strain 820514 to apparent homogeneity by a combination

51] . of ammonium sulfate precipitation, hydrophobic interac-
Various extracellular proteases produced by a num-

ber of Vibrio species isolated from sea water, fish, andtlon chromatography, and anion-exchange chromatogra-

shellfish have been isolated and examined with regard t8hy on fast protein liquid chromatography. The_purified
their enzymatic properties and/or virulence. Most of PrOl€ase appears to be a cysteine protease by virtue of the

these studies are on the enzymes (mainly proteases) froffilliPition of enzyme activity by iodoacetamide, iodoace-
Vibrio anguillarum since its foremost importance is as a tic &cid, N-ethylmaleimidey-chloromercuribenzoate, and
pathogen in fish [8, 9, 14, 31, 33, 53]. Two extracellular P-chloromercuribenzene-sulfonic acid, and the partial or

proteases produced By alginolyticusNCMB 1339 and ~ complete resistance to several inhibitors of serine prote-
ase, acid protease, and metalloprotease. The relationship

of this protease to previously identifiddbrio proteases
Correspondence td.-K. Lee and cysteine proteases from other organisms is discussed.
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Materials and Methods sodium chloride gradient at a rate of 1 ml/min. Aliquots of 1 ml in

] ] ) Eppendorf were stored at70°C.
Bacteria and extracellular products (ECP). Luminous V. harveyi

820514, originally isolated from diseased tiger prawerfaecus mo-  Molecular mass determination.Phastgel gradient (8—25%) polyacry!-
nodor) in Taiwan in 1993, was used in this study [29]. Stock cultures of amide (Pharmacia) was employed in sodium dodecyl sulfate-
strain 820514 were grown on tryptic soy agar (TSA; Oxoid, Basing- Polyacrylamide gel electrophoresis (SDS-PAGE) and used to check the
stoke, supplemented with 1.5% NaCl) for 24 h at 27°C. Two swabs ofPurity of fractions and determine the molecular mass of protease.
these bacteria suspended in 5 ml phosphate-buffered saline (PBS) pBharmacia low-molecular-mass calibration kits were used as marker
7.2 were spread onto TSA+1.5% NaCl) overlaid with sterile Proteins. Electrophoresis was conducted on the PhastSystem (Pharma-
cellophane and grown for 24 h at 27°C. The ECP was harvested a§ia) according to the recommendations of the manufacturer. After
previously described [27]. Briefly, 15 ml of PBS was added to the electrophoresig, the gels were stained with Cogmgssie briIIianF blu_e R
surface of the cellophane overlaying TSA1.5% NaCl) and spread 250 (Pharmacia). For mp_lecular mass determination by'gel filtration
completely. The harvested bacterial suspension was then centrifuged Sfromatography, the purified protease from the FPLC-anion exchange

25,000g for 60 min at 4°C; the pellet was discarded. The supernatant®!Umn was lyophilized, resuspended in PBS (pH 7.2), and 200 ul
fluids were passed through a 0.22-um filter (Millipore, Bedford), and applied to an FPLC Superose 12 gel filtration column (Pharmacia) that
the ECP was stored in 1-ml aliquots at70°C. Total protein was had been calibrated with standard marker (blue dextran, 2000 kDa;

measured by the method of Bradford [5] with bovine serum albumin asbovine serum albumin, 67 kDa; ovalbumin, 43 kDa; ribonuclease, 13.7

standard. Protease activity was measured by hide powder azure (H PAﬁDa; Pharmacia). The sample was eluted with PBS at a rate of 1 mi/min.

digestion as previously described [27]. Briefly, the enzyme solution (0.1protease zymogram.Purified protease was electrophoresed as the
ml) was incubated and shaken with 25 mg HPA in 2.4-ml PBS at 37°Cprotocol described above for SDS-PAGE except that 2-mercaptoethanol
for 15 min. On addition of 2.5 ml 10% trichloroacetic acid (TCA) and was absent in the sample buffer (non-reduced) and the sample was not
after centrifugation, the absorbance of the supernatant was measuredigéated. After electrophoresis, the gels were stained with silver stain
600 nm. Blanks were prepared by addition of 10% TCA to substratereagent (Pharmacia) for protein staining or overlaid with gels contain-
prior to the proteolytic assay. One unit of protease activity is an increaséng 1% agarose and 0.3% sodium caseinate in PBS foat25°C for

in absorbance of 0.01 unit. Caseinase, gelatinase, and phospholipapeotease zymogram. Following removal of the overlay, the zymogram
activities were detected by placing samples in wells cut in agarose (1%gels were stained with Coomassie brilliant blue R 250.

in PBS, pH 7.2) containing 0.2% (wt/vol) sodium caseinate, gelatin, and

lecithin, respectively, and incubating in humidified chamber for 24 h atdOpttlmu_m tPH’ c;ptmt\_um temkt)etrra]\ture, _:m(;i thetrmostablllty. For
25°C. Hemolytic activity was measured by a standard microtitration etermination of optimum pH, the puriied protease preparation was

method with sheep erythrocytes as described previously [27]. agded to various PBS buffer (vol/vol, 1:9_) with pH adjusted from‘3 to 10
with 1 N HCI and/or IN NaOH, and then incubatedrf@ h at 4°Cprior

Purification of extracellular protease. To purify the extracellular to the protease activity assay (in duplicate) as described above. The
protease, proteins in the ECP df harveyi820514 were precipitated highest protease activity was used as control (100% of relative activity).
with 90% saturated ammonium sulfate (Serva, Heidelberg) for 60 min afor determination of optimum temperature, aliquots of the purified
4°C, collected by centrifugation at 25,00 for 60 min at 4°C, protease were incubated with HPA and assayed (in duplicate) as
suspended in 50 ml deionized distilled water, and dialyzed against 3lescribed above except that the enzymatic activities were determined at
liters of deionized distilled water overnight at 4°C. This dialyzed 5. 20, 25, 30, 35, 40, 45, 50, 55, 60, 70, and 80°C, separately. The
sample was then mixed with an equal volume of @mmonium sulfate  highest protease activity was used as control (100% of relative activity).
in 100 mu phosphate buffer, pH 7.0, then fractionated by fast protein For determination of thermostability, aliquots of the purified protease
liquid chromatography (Pharmacia, Uppsala) with a hydrophobicWere incubated for 30 min at 4, 10, 20, 30, 40, 50, 60, 70, and 80°C,
interaction chromatography (HIC, Phenyl Sepharose High Perfor-Separately, and then directly put into an ice water bath prior to the
mance, Pharmacia) column equilibrated with Ammonium sulfate in ~ Protease activity assay (in duplicate) as described above. The protease
50 mu phosphate buffer pH 7.0. Fractions (4 ml) were eluted with 50 aCtivity of t_hg sample incubated at _4_°C was used as control (100%_ of
mm phosphate buffer, pH 7.0, at a rate of 1 mi/min. The fractions relative activity). Aliquots of the purified protease were further lyophi-

possessing protease activity were pooled, dialyzed against deionizifd: @nd the autodigestion of the enzyme was checked in SDS-PAGE
distilled water overnight at 4°C, lyophilized, and then resuspended in P described above.

M ammonium sulfate in 100 mphosphate buffer (oH 7.0) prior to @  Enzyme inhibition. The effects of antipain (Sigma, St. Louig);
further application to the same HIC-FPLC column with the same cysteine (Sigma), dithiothreitol (Merck, Frankfurt), ethylenediamine
protocol. The fractions possessing protease activity were again pooledetraacetic acid (EDTA; Sigma), ethylene glycol-Bis{mino-ethyl
dialyzed, and lyophilized as described above, and resuspended in 20 mether) N,N,N,N’-tetraacetic acid (EGTA; Sigmajans-epoxysuccinyl-

Tris (hydroxmethyl) methylamine (Tris buffer, pH 8.0) prior to fraction- | -leucylamido-(4-guanidino) butane(E-64; Boehringer Mannheim
ation by FPLC-anion exchange column (Q Sepharose High PerforGmbH, Mannheim), iodoacetamide (Serva, Heidelberg), iodoacetic
mance, Pharmacia) equilibrated with 20unTris buffer (pH 8.0).  acid (Sigma), leupeptin (Boehringer Mannheim GmbH), 2-mercaptoeth-
Fractions (3 ml) were eluted with a sodium chloride gradient at a rate ofanol (Serva), N-ethylmaleimide (Servap-chloromercuribenzoate

1 ml/min. The fractions possessing protease activity were again pooledPCMB; Sigma), p-chloromercuribenzene-sulfonic acid (PCMBs;
dialyzed, and lyophilized as described above, and resuspended im 20 mSigma), pepstatin A (Serva), phenyl-methanesulfonyl fluoride (PMSF;
Tris buffer (pH 8.0) and fractionated by FPLC-anion exchange columnSigma), Na-p-tosyl-I-lysine-chloromethyl ketone (TLCK; Sigmal)-
(RESOURCE Q, Pharmacia) equilibrated with 2@ ffris buffer (pH tosyl-l-phenyl-alanine chloromethyl ketone (TPCK; Sigma), sodium
8.0). Fractions (2 ml) were eluted with a sodium chloride gradient at adodecyl sulfate (SDS; Serva), CaGBerva), CdG (Merck), CuCh

rate of 1 ml/min. The fractions possessing protease activity were agaitfMerck), HgCh (Merck), and ZnGJ} (Merck) on the protease activity
pooled, dialyzed, and lyophilized as described above, resuspended in 20ere examined. The concentration of each reagent was indicated in
mm Tris buffer (pH 8.0), and fractionated by FPLC-anion exchange Table 2. After incubation at 37°C for 60 min, the changes of protease
column (Mono Q, Pharmacia). Fractions (1 ml) were again eluted with aactivity were determined by HPA assay as described above.



34 CURRENTMicroBioLoGY Vol. 35 (1997)

1.6 ’— 1.0 ~1.0 0.6 1.0 r 1.0
14+ E j g
X 0.5+ / X
—0.8 ~08 g /08 08 g
1.2 /E\ = =
! 5 0.4 5
10 05 Los & 065 |06 &
o~ 0.6 ~ -~ 0. 0.6 &
| g7 l -

—0.8- 8 I —03+ .

2 : :. 3 4 [} 04
<05 (e 2 r4Er0 g
g & 0.2 2
< Q
0.4 5 2 5
0.2 ~02 3 02 02 &
s 0.1 8
0.2 & ) &

0.0 \ ; ; ; et —1o0 Loo 0.0 4o mpreepesteey Nt AL Moo Loo

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 45
Fraction number Fraction number

Fig. 1. Profile of FPLC-hydrophobic interaction chromatography (1stFig. 2. Profile of FPLC-anion exchange chromatography of pools of
FPLC-HIC) of extracelluar products (ECP) of strain 820514. Samplefractions 18-25 from the 2nd FPLC-HIC. Sample was applied to Q
was applied to Phenyl Sepharose High Performance column and elute8epharose High Performance (QHP) column and eluted with stepped
with stepped gradient of 1 todammonium sulfate in 50 mphosphate  gradient of 0 to I» NaCl in 20 mu Tris buffer pH 8.0 at a rate of 1

buffer pH 7.0 at a rate of 1 ml/min. mi/min.

0.16 4 110 ~10
Results al c

0.14 S
ECP of V. harveyi strain 820514. The ECP of strain 012 08 *Mé
820514 were harvested after 24 h of incubation of the ~ 5
culture at 27°C. The ECP showed caseinase, gelatinase7™"’ Fos = o6 &
and lecithinase activities in tests on the agar plates. Thez 0%~ L I
protease (HPA digestibility) and hemolytic activities of < .06 ] 04 2 -0 E
the ECP were 551 units/mg protein and 24 hemolytic , , | g
units/mg protein, respectively. s r02 |02 §
Purification of extracellular protease. ECP proteins of ookl A N e Lo )
strain 820514 eluted as two major and two minor peaks in 0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30
the first FPLC-HIC, with protease activity eluting be- Fraction number

tween 0 and 0.&n ammonium sulfate (Fig. 1). Fractions Fig. 3. Profile of FPLC-anion exchange chromatography of pools of
(34-40) possessing protease activity were pooled, digftactions 46-59 from the RESOURCE Q c_olum‘n. Sample was applied
lyzed, lyophilized, and eluted as two major and one minor® MOne Q column and separated as described in Fig. 2.
peak in the second FPLC-HIC, with protease activity

eluting between 0.1 and 0.55M ammonium sulfate

(da_tg not shown). Fraquons (18_25). possessing pro'[eaﬁ\ﬁolecular mass determination.The protein profiles of
activity were pooled,.d|alyzed, I)_/ophlllzed, and eluted aS:rude ECP and pools of proteolytic fractions in each
one major and two minor peaks in the FPLC-Q Sepharos urification step are shown in Fig. 4A. Pools of fractions

gigh Perfc:jrn:)ag ce,,\:Iv itglpr(?:tgasg ac::ivitytglutingsb‘letl/lv: € 0-14 collected from FPLC-Mono Q produced only one
~ M and U.oMm Na .(. 9. 2). ractions ( o ) ingle 38-kDa polypeptide band in SDS-PAGE and,
possessing protease activity were again pooled, dialyze herefore, termed purified protease. Autodigestion of the

lyophilized, and eluted as three major and two minor urified protease apparently occurred during lyophiliza-
peaks in the FPLC-RESOURCE Q, with protease act|V|typon’ since nearly no band was stained in SDS-PAGE

. ti
eIutm_g between 0.5 and O.I@ NaCl (data r_10.t shown). Q]:ig. 4A). The molecular mass of the purified protease
Fractions (46—-59) possessing protease activity were agal : . .

) i °“was further confirmed by an estimation made by passage
pooled, dialyzed, lyophilized, and eluted as one major, o
. . . through an FPLC-Superose gel filtration, and also deter-
and four minor peaks in the FPLC-Mono Q, with proteasemined to be about 38 kDa (Fig. 5)
activity eluting between 0.8 and 0.5 NacCl (Fig. 3). 9-9)
Fractions 10-14 collected from the major peak producedrotease zymogramPools of fractions 10-14 collected
a single polypeptide band (Figs. 3, 4) in SDS-PAGE. Thefrom FPLC-Mono Q also produced only one single
purification of the protease is summarized in Table 1. Apolypeptide band in non-reduced SDS-PAGE, and this
purification of approximately 12-fold with a yield of band exhibited caseinase activity in its protease zymo-

4.4% was achieved. gram (Fig. 4B).
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labile. In addition, the purified protease was autodigested
after further lyophilization (Fig. 4A), suggesting that the
enzyme was not stable even at low temperature.

A

Protease inhibition. As shown in Table 2, the purified
protease was completely inhibited by iodoacetamide,
iodoacetic acidN-ethylmaleimide, PCMB, and PCMBs,
indicating that the enzyme is a cysteine protease. In
addition, the protease activity was also completely inhib-
ited by CuC} and HgCl,, and only partially inhibited by
CdCl, ZnCl,, antipain, EGTA, E-64, pepstatin A, PMSF,
and TLCK. However, activation of the enzyme activity
was obtained with.-cysteine (1.5 m), dithiothreitol,
leupeptin, 2-mercaptoethanol (1.5 higher concentra-
tions (i.e., 5, 10 m) of PCMB, TPCK, SDS, and Cag&l

A better inhibition of protease activity by PCMB was
obtained only in low concentration (i.e., 1mj)) but in
contrast the inhibition by-cysteine or 2-mercaptoetha-
12 3 4 5 6 71 8 nol was obtained in high concentration (1&mFurther-
more, nearly half of the protease activity was inhibited by
EDTA.

kDa

94—
67—
43—

30 —
20 —
14—

Discussion

Previous studies of the proteases frdtrharveyifound

that there are three types of metal-chelater-sensitive,
alkaline proteases produced by the organism with a
molecular mass of 84 kDa (tetramer of 21 kDa) [10], 49
kDa, and 46 kDa (dimer of 23 kDa) [11]. However, the
bacteria used in those studies were sea water isolates. In
our present study, we were able to purify the 38-kDa
protease, determined on SDS-PAGE and FPLC-Superose
12 gel filtration (Fig. 4, 5), from extracellular products of
pathogenicdV. harveyiisolated from diseased tiger prawn

P Zp (Penaeus monoddby column chromatography on FPLC-

Fig. 4. (A) Protein profile of each purification step on SDS-PAGE CAni .
(Phastgel, 8-25% gradient). Lane 1, marker proteins (1.0 pg); lane ZHIC and FPLC-anion exchange (Table 1). The purified

purified protease from FPLC-Mono Q (0.1 pg); Lane 3, purified protease rev_ealed homqgenei_ty_ on SDS'PAGE_ (Fig.
protease after further lyophilization (0.1 ug); lane 4, pool of fractions 4A,B), and its enzymatic activity was shown in a

46-59 of FPLC-RESOURCE Q (1 ug); lane 5, pool of fractions 34-45matching zymogram gel with casein as substrate (Fig.
of FPLC-Q Sepharose High Performance (1 pg); lane 6, pool ofgRB).

fractions 18-25 of the 2nd FPLC-HIC (1 ug); lane 7, pool of fractions e e .
34-40 of the 1st FPLC-HIC (1 pg); lane 8, ECP (1 pg). The Phastgel The purified protease exhibited optimum enzyme

was stained with Coomassie brilliant blue R 250. (B) SDS-PAGE activities at pH 8.0 and at 50°C; these results are similar
(non-reduced, Phastgel gradient 8-25%) and protease zymogram (ck0 the results reported by Fukasawa et al. [10, 11]. The
sein agar overlaying gel) of the purified protease. Lane P, purifiedenzyme showed a fairly wide range of optimum pH from
pro_tgase, stained with silv_er stain reggent_;_lane ZP, zymogram 0f tg 10 (Fig. 6), indicating that the production of this
purified protease, stained with Coomassie brilliant blue R 250. . - .
protease by the pathogenicharveyimight play a certain
important role in marine environment and/or in tiger
Optimum pH, optimum temperature, and thermosta-  prawn. The purified protease was inactivated at tempera-
bility. The purified protease showed maximal activities attures above 60°C (Fig. 6) and was completely autodi-
pH 8.0 and at 50°C (Fig. 6). For thermostability study, thegested during further lyophilization (Fig. 4A), suggesting
relative protease activities of protease aliquots incubatethat the enzyme is heat labile.
at temperatures above 60°C were lower by more than Inenzyme inhibition examination, the purified prote-
30% when compared with the activity when incubated atase was completely inhibited by certain cysteine protease
4°C (Fig. 6), indicating that the purified protease was heatnhibitors: iodoacetamide, iodoacetic acid, N-ethylma-
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Table 1. Summary of purification of the protease from the extracellular products (ECP) of lurkibaosharveyistrain 820514

Total protein Total activity? Specific activity Purification factor Yield
Purification step (mg) (units) (units/mg) (fold) (%)
Crude ECP 115.6 63,696 551 1.0 100.0
90% ammonium sulfate fraction 39.0 29,796 764 14 47.0
Hydrophobic interaction chromatography
(Phenyl Sepharose High Performance)

First application 9.4 13,470 1,433 2.6 21.0

Second application 5.8 12,342 2,128 3.8 19.0
Anion exchange chromatography

Q Sepharose High Performance 4.1 10,849 2,646 4.8 17.0

RESOURCE Q 1.8 9,756 5,420 9.8 15.3

Mono Q 0.4 2,821 6,716 12.2 4.4

aHide powder azure was used as the substrate for protease assay.

0.30 120 4 O+ pH optimum
£ Blue dextran
(Mr=2,000,000) - Temperature optimum

100

0.25 —

& Thermostability

£ Ribonuclease 80

0.20 (13,700)

Ovalbumin
(43.000)

Purified
rotease

0154 60
<

Albumin 40

(67,000)

Relative activity (%)

0.10 4

20
0.05

O'OO\II\\\IVI\IIIIII
S 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Fraction number T T T T T T T T 1
Fig. 5. Profile of purified protease eluted from FPLC-Superose 12 gel

filtration column. Elution was with PBS, pH 7.2, at a rate of 1 ml/min. _ . . . .
The column was calibrated with standard markers (Pharmacia), an§!9- 6 Profiles of pH optimum, temperature optimum, and thermostabil-
points of peak elution are indicated. The molecular mass of bluglty Of the purified protease. For pH optimuni.{-), the PBS buffer is in

dextran, bovine serum albumin, ovalbumin, and ribonuclease are 200(5,he pH range of 3-10 and h“?e powder azure (HPA,) }A(as used as
67, 43, and 13.7 kDa, respectively. substrate; for temperature optimurl-), protease activities were

assayed at 5, 20, 25, 30, 35, 40, 45, 50, 55, 60, 70, and 80°C, separately,
and HPA was used as substrate; for thermostabilily-f; aliquots of

— . the enzyme were incubated for 30 min at 4, 10, 20, 30, 40, 50, 60, 70,
leimide, PCMB, and PCMBs; but was not or only and 80°C, separately, and then directly put into an ice/water bath prior to

partially inhibited by other protease inhibitors (i.e., acid i Hpa assay.

protease: pepstatin A; metalloprotease: EDTAand EGTA;

serine protease: PMSF) (Table 2). It was also completely

inhibited by CuC} and HgC}, while only partially threitol, were not so effective compared with 2-mercapto-
inhibited by CdC}, ZnCl,. Compared with the results ethanol (5 nw). Low levels (1, 5 nm) of L-cysteine or
reported by Fukasawa et al. [10, 11], our purified proteas@-mercaptoethanol were able to activate the enzyme,
was similarly inhibited by CuGland HgC}, butwas only ~ while 10 nm might denature the enzyme as also demon-
partially inhibited by EDTA, ZnCJ, and CdCJ. There- strated by Pike et al. [39] in a study on cysteine proteases
fore, our present cysteine protease may not be the sanfeom Porphyromonas gingivalisHowever, the reason
protease(s) reported by these authors [10, 11]. Activatiotthat PCMB can activate the protease activity at higher
of the enzyme activity could be obtained with someconcentration of itself, in spite of its inhibitory effect at
reagents, i.eL-cysteine (1, 5 m), dithiothreitol, leupep- lower concentration, is still unknown.

tin, 2-mercaptoethanol (1, 5w), higher concentrations The cysteine proteases (also termed thiol protease,
(5, 10 mm) of PCMB, TPCK, SDS, and Cag(Table 2);  sulfhydryl protease, or hydrolase) in mammals include
2-mercaptoethanol (5m) (a cysteine protease enhancer) several intracellular proteolytic enzymes (cathepsins B,
was the most effective reducing agent, while the otheH, L, and S) [1, 18, 45, 46], but the best-known members
two cysteine protease enhancarsiysteine and dithio- of this class are the plant proteases such as papain,

Temperature (°C)
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Table 2. Effects of various concentration of reagents on the activity of protease different from the papain family Cysteine prote-

Vibrio harveyiprotease.

Concentration Relative activity

Reagent (mm) (% of control)
None 0 100
Cysteine protease inhibitor:
E-64 1 100
5 69
lodoacetamide 10 25
lodoacetic acid 10 0
N-Ethylmaleimide 10 0
p-Chloromercuribenzoate 1 28
5 105
10 120
p-Chloromercuribenzene- 5 45
sulfonic acid 10 0
Acid protease inhibitor:
Pepstatin A 5 63
Metalloprotease inhibitor:
EDTA 5 50
10 60
EGTA 5 90
Serine protease inhibitor:
Phenylmethanesulfonyl fluoride 5 66
Broad-spectrum protease inhibitor:
Antipain 1 100
5 82
Leupeptin 5 123
TLCK 5 77
TPCK 5 103
Other reagent:
L-Cysteine 1 115
5 153
10 30
Dithiothreitol 1 116
2 103
2-Mercaptoethanol 1 203
5 300
10 74
Sodium dodecyl sulfate 5 106
Divalent metal ion:
CaChb 5 106
CdCh 5 79
CuCh 5 9
HgCl, 5 1
ZnCl, 5 85

EDTA: ethylenediamine tetraacetic acid.

EGTA: ethylene glycol-big-amino-ethyl ether) N,N,NN’-tetraacetic

acid.

E-64:trans-epoxysuccinylk-leucylamido-(4-guanidino)butane.

TLCK: N-a-p-tosyl4.-lysine-chloromethyl ketone.

TPCK: N-tosyl+-phenyl-alanine chloromethyl ketone.

ases.

Apart from the cysteine proteases found in animals
and plants, the enzymes have also been demonstrated to
play important roles in the disease process of some
infectious agents such as viruses (picornavirus family)
[50, 55], bacteriaR. gingivalisand Streptococcus pyo-
geng [4, 13, 39], parasites Ehtamoeba histolytica
Myxosporidian parasitePlasmodium falciparcugmand
Trichomonas vaginaljs [19-21, 41, 47, 49, 52], in
Alzheimer’s disease [28], and in apoptosis (programmed
cell death, mammalian interleukin-g-converting en-
zyme (ICE)-like proteases) [16, 23, 24, 32]. However, no
such cysteine protease has ever been found to be pro-
duced byVibrio species. As the majority of proteases
previously studied ifvibrio species are metalloproteases
[9, 14, 26, 31, 33-35, 53] and serine proteases[7, 12], and
only a few non-vibrio (e.g.P. gingivalis and Strep.
pyogen} bacterial cysteine proteases [4, 13, 39] have
been studied so far, therefore, we conclude that our
present study is the first isolation and characterization of
a cysteine protease frowibrio species known to date,
and thus may contribute to the further understanding of
bacterial cysteine proteases.

Since the present purified protease was found to be
different from the cysteine proteases previously studied
in many respects, it was extensively characterized in
inhibitor studies. Inhibition and activation studies showed
that it was a cysteine protease and that 2-mercaptoethanol
was the most effective reducing agent in the activation of
the enzyme. The enzyme was, therefore, suggested to be a
new cysteine protease found in the ECR/dharveyi
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