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The complete amino acid sequence of brevilysin H6 (H6), a zinc-protease isolated from
Gloydius halys brevicaudus venom, was determined by a manual Edman degradation
method. H6 has an amino-terminal pyroglutamic acid and consists of a total of 419 resi-
dues. An N-linked sugar chain is attached at Asn-181. The molecule is composed of three
domains (metalloprotease, disintegrin-like and cysteine-rich domains), as commonly
found in other high molecular mass metalloproteases from snake venoms. In the
absence of calcium ions, H6 is autocatalytically degraded with a half-life of 47 min to
give 29 and 45 kDa fragments, which correspond to residues 208419 and 99419 of H6,
respectively. Thus, the autoproteolysis seemed to start from the cleavage of either the
Leu®-Leu® or Asp®™-Ile™ bond. Calcium ions suppressed both the formation of the 45
kDa fragment and the rate of autoproteolysis. Calcium ions also contributed to the sta-
bility of H6 against pH, heating, urea and cysteine. More than twenty-five peptide bonds
adjacent to hydrophobic residues in the metalloprotease domain were progressively
cleaved during the autoproteolysis.
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Snake venom metalloproteases and mammalian reproduc-
tive proteins belong to the reprolysin subfamily among sev-
eral zinc-containing metalloproteases. They are character-
ized by the presence of a conservative zinc chelating se-
quence, HEXXH, as an essential part for the proteolytic
activity (I). The different molecular sizes of reprolysins
reflect the numbers of domains: metalloprotease, disinte-
grin-like, and Cys-rich domains (2). According to Hite et al.
(3), venom reprolysins are divided into four classes (P-I to
P-IV) based on the domain structure of the proteins and
genes. The P-I class comprises a low molecular mass metal-
loprotease that is composed solely of a metalloprotease do-
main. The intermediate type metalloproteases (class P-II)
have an additional disintegrin-like domain, which is homol-
ogous to those of platelet aggregation inhibitors (disinte-
grins). High molecular mass proteases (class P-III) consist
of the all three domains, and the P-IV class has a C-type
lectin sequence at the end of the Cys-rich domain. Mamma-
lian metalloprotease/disintegrin proteins such as fertilin (4)
and EAP (5) have additional EGF-like, transmembrane,
and cytoplasmic domains.

Brevilysin H6 is one of the main proteins in G. halys
brevicaudus venom (6). This enzyme is a glycoprotein with
a molecular mass of 60 kDa. It shows weak hemorrhagic

!In this article, the name Gloydius was used instead of the old
name Agkistrodon for Mamushi snakes.
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activity (minimum hemorrhagic dose = 8.6 pg) and rapidly
degrades the Aa-chain of fibrinogen. H6 is assumed to be a
metalloprotease since it contains a zinc ion and is inacti-
vated by metal chelating agents. Calcium ions enhance its
proteolytic activity up to about 400%.

In a previous paper (7), we reported the isolation and
amino acid sequence of a 29 kDa protein from the same
venom. This protein (p29K) exhibits weak inhibitory activ-
ity as to human platelet aggregation. Moreover, p29K was
suggested to be derived from brevilysin H6 through auto-
catalytic degradation. In order to confirm the structural
relationship of p29K to H6 as well as to clarify the features
of the autoproteolysis, we have determined the complete
amino acid sequence of brevilysin H6. On the basis of the
primary structure, the scissile peptide bonds during the
autocatalytic digestion of H6 were determined. We also
examined the effect of Ca?* on the stability and autopro-
teolysis of the enzyme.

MATERIALS AND METHODS

Materials—Brevilysin H6 was purified from G halys
brevicaudus venom as described previously (6) except that
10 mM CaCl, was added to each solvent. Arginylendopepti-
dase (Arg-C) from mouse submandibular glands, pyro-
glutamate aminopeptidase from porcine liver, and endopep-
tidase Asp-N from Pseudomonas fragi were purchased from
Takara (Kyoto). Achromobacter lyticus lysyl endopeptidase
(Lys-C), carboxypeptidase Y from yeast, V8 protease from
Staphylococcus aureus V8, and all other chemicals were
obtained from Wako Pure Chem. (Osaka). FTC-casein was
prepared according to Twining (8).

SDS-PAGE and Amino Acid Analysis—SDS-PAGE was
carried out on a 12% gel by the method of Laemmli (9). The
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amino acid composition was determined with an automated
amino acid analyzer (Jasco) after samples had been hydro-
lyzed with 0.25% phenol-2% thioglycolic acid—6 M HC] at
110°C for 20 h in evacuated and sealed tubes.

Sequence Determination—Brevilysin H6 was reduced
and S-carboxymethylated (CM) according to Hirs (10). CM-
protein (4 mg each) was digested at 37°C with Arg-C (E/S =
1:50) for 4 h in 50 mM phosphate buffer (pH 8.0), Lys-C (E/
S = 1:100) for 6 h in 20 mM Tris-HCI (pH 9.0), or S. aureus
V8 protease (E/S = 1:100) for 6 h in 0.1 M NH,HCO,. CM-
protein (6 mg each) was also cleaved chemically with o-
iodosobenzoic acid (6 mg) in 4 M guanidine-HC1-80% acetic
acid—2% p-cresol at room temperature for 20 h or CNBr
(100 equivalent) in 70% HCOOH for 24 h. Some large pep-
tides were further digested with endopeptidase Asp-N (E/S
= 1:100) in 50 mM phosphate buffer (pH 8.0) at 37°C for 6
h. Digestion with pyroglutamate aminopeptidase (0.02 U/
mg substrate) was carried out in 10 mM EDTA-10 mM
dithiothreitol-50 mM phosphate buffer (pH 8.0) at 37°C for
5 h. The digests were lyophilized, dissolved in 0.1% TFA,
and then fractionated by reverse-phase HPLC on a TSK-gel
ODS-120T column (0.46 X 25 ¢m, Tosoh) in 0.1% TFA with
an appropriate gradient of acetonitrile.

The amino acid sequences of peptides were determined
by manual Edman degradation using the 4-N,N-dimeth-
ylaminoazo-benzene-4'-isothiocyanate/phenylisothiocyaate
double coupling method (11). Amino acid derivatives were
identified by the HPLC method (12). The C-terminal se-
quence of H6 was determined by carboxypeptidase Y diges-
tion as described previously (7).

Assay for Endopeptidase Activity—Endopeptidase activ-
ity was measured at 37°C using 1% casein in 0.2 M Tris-
HCl (pH 8.5) as described by Satake et al. (13). In some
experiments, 0.2% FTC-casein was used and the increase
in fluorescence was measured with a FP-550A spectrofluo-
rometer (Jasco) at 520 nm with excitation at 490 nm (8).

Stability of the Enzyme as to pH, Heating, and Urea—
The stability of H6 was examined at various pHs in 50 mM
veronal-HCl (pH 3.8-9.0) or 50 mM Gly-NaOH (pH 8-
10.9). After the enzyme solutions (0.3 mg/ml) had been kept
at 37°C for 1 h, the residual activity was measured as de-
scribed above. Thermal stability was examined in 10 mM
TES-NaOH (pH 7.0). After the enzyme solution (0.42 mg/
ml) had been stood at 0—70°C for 15 min in a water bath,
the residual activity was measured. The enzyme solution
(0.3 mg/ml) in 50 mM TES-NaOH (pH 7.0) containing 0—4
M urea was pre-incubated at 25°C for 5 min, and then the
residual activity was measured. To evaluate the effect of
Ca®* on the stability of the enzyme, 2-10 mM CaCl, was
added to the preincubation mixture.

Autoproteolytic Digestion of H6—H6 (1.0 mg/ml) was dis-
solved in 50 mM Tris-HC! (pH 8.5) or 20 mM CaCl~-50 mM
Tris-HCI (pH 8.5), and then incubated at 37°C for 6 and 24
h. Forty-five microliters of the reaction mixture was mixed
with 15 pl of 4% SDS-50% glycerin-10% 2-mercaptoetha-
nol-25 mM Tris-HCI (pH 6.8), and then subjected to SDS-
PAGE as described above.

For isolation of the fragment peptides, H6 (5 mg) was dis-
solved in 0.5 ml of 50 mM Tris-HCl (pH 8.5) and then incu-
bated at 37°C. Large fragments were isolated after 24 h by
ion-exchange HPLC on a column of TSK gel DEAE-5PW
(0.75 X 7.5 cm, Tosoh) with a gradient of 0.1 to 0.4 M NaCl
in 1 mM CaCL-20 mM Tris-HCI (pH 8.0). Small peptide
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fragments were obtained after 60 h by reverse-phase HPLC
on a Biofine RPC SC-18 column (0.46 X 25 cm, Jasco) with
a gradient of acetonitrile in 0.1% TFA.

For kinetic experiments on autoproteolysis, H6 (0.8 pM)
in 50 mM Tris-HCI (pH 8.5) containing 0.1 mM L-cysteine,
1 mM CaCl,, or 10 mM CaCl, was incubated at 37°C for 5
min to 8 h. The reaction was stopped by mixing aliquots
(100 pl) with 25 pl of 100 mM EDTA and then 50 wl ali-
quots of the mixtures were subjected to HPLC on a pBon-
dasphere C8-300A column (0.39 X 15 cm, Waters). Elution
was achieved with a gradient of 20 to 70% of acetonitrile in
0.1% TFA for 23 min and monitored at 220 nm. H6 was
eluted at the retention time of 20.2 min. The concentration
of the remaining H6 was determined from the peak area,
which was measured with a 807-IT integrator (Jasco).

RESULTS

Amino Acid Composition of H6—The amino acid compo-
sition of the purified enzyme is shown in Table I. The pro-
tein had a high content of acidic amino acids, cysteine, and
glycine. This agrees well with its isoelectric point of 4.8 (6).

Sequence Analysis of H6—Digestion of CM-H6 with Lys-
C and Arg-C gave several peptides (K1-K21 and R1-R9,
respectively) after separation of the digest by reverse-phase
HPLC (data not shown). Because peptide K7 was heteroge-
neous, it was further purified on the same column to yield
two peptides, K7a and K7b. Since peptide K20 was too
large to determine its whole sequence by the manual se-
quencing method, it was further digested with Asp-N to
yield ten peptides (K13D1-K13D10) (data not shown). CM-
H6 was also subjected to chemical cleavage at Met-X bonds
with CNBr to give peptides M1-M13.

Edman degradation of peptides M12 and W4 liberated no
amino acid. Because direct sequencing of the intact H6 and
CM-H6 was also unsuccessful, the N-terminus of the pro-
tein might be blocked, probably by a pyroglutamyl residue.
Therefore, the intact H6 and peptide M12 were sequenced
after digestion with pyroglutamate aminopeptidase. In the

TABLE 1. Amino acid compositions of brevilysin H8 and its
autoproteolytic fragments, p29K and the 45 kDa protein.

. . H6 p29K 45 kDa protein
Amino acid @ar Sr ) @ )
Asp 605 60 29 421 42
Thr 18.1 19 7 10.8 12
Ser 25.1 26 13 22.0 23
Glu 38.2 37 25 30.7 31
Pro 20.8 21 13 18.4 19
Gly 36.0 35 22 315 31
Ala 21.0 21 10 16.2 16
Cys 35.5 35 28 332 35
Val 228 25 10 14.4 16
Met 113 12 4 76 9
Tle 17.8 20 4 13.8 15
Leu 22.5 23 7 12.2 12
Tyr 226 23 12 16.3 18
Phe 104 10 4 8.4 8
His 155 15 6 12.9 13
Trp 2.4 4 1 12 2
Lys 22.9 23 14 153 15
Arg 9.6 10 3 38 4
Total 419 212 312

*A, data obtained on amino acid analysis; S, values calculated from
the sequence.
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case of peptide M10, no amino acid was detected at cycle
14. The presence of a following sequence, Cys(CM)-Ser,
indicates that an N-linked sugar chain is attached to resi-
due 14 (Asn-181) of this peptide. Because the information
derived from the peptides described above is still insuffi-
cient to correlate the sequences of fragments, we used some
peptides derived on V8 digestion and chemical cleavage at
Trp-X bonds with o-iodosobenzoic acid. The amino acid
compositions of all the peptides agreed well with the
sequence (data not shown).

The arrangement of fragments along with the complete
amino acid sequence of H6 is summarized in Fig. 1. The
cleavage site of peptide K16 does not agree with the speci-
ficity of Lys-C. Since the sequence of K16 corresponds to

i 10 20 30 40 50 60 10 80 0 100 10
CERYNPFRYYELYLVADKGMY TKNNGDLDK I KTRMYELAKNLND | YRYMY IHYALVGYE INSDGDK | TYTPNVODTLSSFAEWRKTDLLTRKXHDNAQLLTALDFNGPTIG
A A A A A A AA A A A A A

Pyr-Hé
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the N-terminal part of p29K, this peptide may be derived
through autoproteolysis of H6, as described below. The pro-
tein was composed of 419 amino acid residues amounting
to 46,439 Da. Residues 208419 of H6 were completely
identical to the whole sequence of p29K (7), which com-
prised disintegrin-like and cysteine-rich domains.

Effect of Ca®* on the Stability of H6—As we have already
reported, calcium ions enhance the activity of H6 (6). The
effects of Ca?* on the stability of the enzyme as to pH, heat-
ing and urea were examined. In the absence of Ca?*, the
enzyme was most stable at pH 6.8 (Fig. 2A). The addition of
calcium ions significantly stabilized the enzyme, and the
full activity was maintained in the pH range of 5.6 to 8.5
(Fig. 2A). H6 was heated in 10 mM TES-NaOH (pH 7.0) at

K6 K21 K17 ke K19
RYNPFRYY GIVTK S o TRUYELAKNIND ) YRYMY Ix ITVIPNVODTLSSFAENRK}®  KHDNAQLLTAIDFNGPTIG
s MYELANNLND 1 YRR KloLLTef8
YVELVLVADKGHVTKNNGOLDx YMY IHVALYGVE 1WSDCOK | Tx KKHDNAQULTAIDFNGPT 1
Pyr-M12 u3 YELANNLND | YRV ! RKTDLLTRXKHDNAQLLTAX

RYNPFRYYEx YTKNNGD DK IKTRM

Y tHYALYGYE 1WSDGDX | TYTPx
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i S S i s v W y St 4 HEGIERLeR
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(R6) SYGIVQDYSPINLYLSYYMAHEMGHNx

YAYIAX M13 Ml
CHPKRSYG1VQDYSPINLYLSVxX AHE

DYACIMGATI x

L]
lG-LNLG tHHDGSYCSCGDYACIM

L K16
DF INDHNPECIVRx. .. |VSPPYCGNELLE

"]
GATISHEPSTFESxCSYIQCWDy W7
DHMPEC | YNEPLGTD | YSPPYCxx

230 240 250 260 270 210 290 300 30 320 130
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(K16) K2yg K4 k15 K18
VEEECDCSTPENCGMECCx XSG accncceqon” SYSCTECRE HPECDPAEHCTORSSECPADyFcEAPCLDNTCYCTRGRCP ATHGCTAL
vig W6
CCDAATCKLKSGSQCGHGDCCE PECDPAEHCTGQSSECPADVEHKNGX YHACYALNCADYYD
QCKFSKSGTECRE N o
340 150 360 370 380 330 400 410 419
AEDSCFESNTKGNYYGYCRKENGIK | PCAPEDVKCGRL YCKDNSPGQNNPCKMF Y SNEDEHK GYL PG TKCGOGKVCSNGHCVDVATAY
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X
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Fig. 1. Summary of amino acid sequence analysis of brevilysin
HS. Peptides derived from H6 on digestion with Lys-C (K), Arg-C (R), acid. ¥ indicates a sugar chain linked to an asparagine residue. Ar-
Asp-N (D), V8 protease (V), CNBr (M), or o-iodosobenzoic acid (W) are rowheads indicate the sites of autoproteolysis.

shown above the sequences. <E denotes b-pyrrolidone-2-carboxylic
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Fig. 2. Stability of brevilysin H6. (A) Stability at
various pHs. H6 was pre-incubated in 50 mM
veronal-HCI (pH 3.8-9.0) or 50 mM Gly-NaOH (pH
8-10.9) in the absence (0) or presence (o) of 2 mM
CaCl; at 37°C for 1 h. (B) Thermal stability of H6.
The protease was stood for 15 min at 0-70°C in 10
mM TES-NaOH (pH 7.0) in the absence (0) or pres-

30 40

pH Temperature (C)
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ence (@) of 2 mM CaCl,. The residual activity was
measured in 0.2 M Tris-HCI (pH 8.5) at 37°C using
casein as the substrate.

60 70
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37-70°C for 15 min in the presence and absence of 2 mM
CaCl,, and then the residual activity was determined. The
activity was markedly reduced above 40°C (Fig. 2B). The
addition of Ca?* ions increased the thermal stability by
10°C.

The caseinolytic activity of H6 dose-dependently de-
creased on the addition of urea (Fig. 3). However, the pres-
ence of 4 mM CaCl, significantly prevented this loss of
enzyme activity. The activity of brevilysin L4 (14), a low
molecular mass metalloprotease from the same venom, was
also decreased by urea (Fig. 3). In contrast to H6, calcium
ions did not affect the stability of brevilysin L4.

Cysteine is a strong inhibitor of H6 (6). We next deter-
mined the effect of Ca?* on the inhibitory action of cysteine.

Residual activity (%)

Urea (M)
Fig. 3. Effect of urea on the protease activity of brevilysins
H6 and L4. Brevilysins H6 (circles) and L4 (triangles) were pre-in-
cubated in 50 mM TES-NaOH (pH 7.0) containing urea with (dosed
symbols) or without (open symbols) 4 mM CaCl, at 37°C for 5 min.
The residual activity was measured in 0.2 M Tris-HC] (pH 8.5) at
37°C using FTC-casein as the substrate.
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Fig. 4. Effects of thiol compounds. The activity of H6 was mea-
sured in the presence of Lcysteine (0), D-cysteine (a), Lcysteine plus
1 mM CaCl, (e), or the reduced form of glutathione (o) using 0.2%
FTC-casein in 50 mM Tris-HC! (pH 8.5) at 37°C for 10 min.
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As shown in Fig. 4, IC,, of Lcysteine was about 0.2 mM.
Calcium ions markedly protected the enzyme activity, and
ICy, increased to 0.5 mM. D-Cysteine was also effective.
Another thiol compound, glutathione, had little effect (Fig.
4).

Autoproteolytic Digestion of H6—Autoproteolysis of many
P-IIT type metalloproteases takes place, which yields a
large fragment with a molecular mass of 29-34 kDa (15,
16). However, the peptide bonds that are split during this
autoproteolysis have not yet been determined in detail.
Since H6 also undergoes such autoproteolysis (7), we exam-
ined the effects of Ca?* and cysteine on the autoproteolysis
of H6. The rate of autoproteolysis was dependent on pH
and maximal at the optimum pH of the enzyme (data not
shown). The reaction was rapid at pH 8.5 in the absence of
Ca?*, and obeyed first-order kinetics (Fig. 5). The first-order
rate constant (&,) was calculated to be 0.0145 min~! at 37°C

Concentration of H6 (uM)

Incubation time (h)

Fig. 5. Time course of autoproteolysis of H6, and the effects of
calcium ions and cysteine. H6 (0.8 uM) was incubated at 37°C in
50 mM Tris-HCI (pH 8.5) in the absence (0) or presence of 0.1 mM
cysteine (e), 1 mM CaCl, (s), or 10 mM CaCl, (a). After the reaction
had been stopped with EDTA, aliquots were subjected to HPLC on a
wBondasphere C8-300A column (0.39 X 15 cm), and then the concen-
tration of the remaining H6 was determined.

M 1 2 3 4 5 8 7
67k L
- - -
45k e - - ==
29 = - o - -
25k —
124k 1+ S

Fig. 6. SDS-PAGE analysis of the autoproteolysis of brevil-
ysin HB. H6 was incubated at 37°C in 50 mM Tris-HC! (pH 8.5) in
the absence of CaCl, for 6 h (lane 2) and 24 h (lane 3), or in the pres-
ence of 10 mM CaCl, for 6 h (lane 4) and 24 h (lane 5). Lanes 1, 6,
and 7 are the purified H6, p29K and 45 kDa protein, respectively. M,
marker proteins: bovine serum albumin, ovalbumin, carbonic anhy-
drase, chymotrypsinogen, and cytochrome ¢ (from top to bottom).
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151-156
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117-126+191-207 (S1)

157-170(S)

179-190 (S3)

Fig. 7. Separation of fragment pep-
tides derived from the autoproteoly-

tic digest of H8. After the intact H6 had
been incubated in 50 mM Tris-HCl (pH
8.5) at 37°C for 60 h, the reaction mixture
was applied to a Biofine RPC SC-18 col-
umn (0.46 X 25 c¢cm). The numbers above
the peaks are the corresponding residues
in the sequence of H6. Cystine-containing
peaks are designated as S1-S3.

|
EN
(e}

]
[\®]
o

Acetonitrile (%)

10 20 30 40 50 60
Retention time (min)

and pH 8.5. The addition of an inhibitory concentration of
cysteine (0.1 mM) had no effect on the autoproteolysis (&, =
0.0147). On the contrary, calcium ions significantly sup-
pressed the reaction. The k, values were calculated to be
0.0046 and 0.0007 min~! for 1 and 10 mM Ca?*, respec-
tively.

Autoproteolysis of H6 was also followed by SDS-PAGE
(Fig. 6). In the absence of Ca?*, two new bands of 29 and 45
kDa were observed. On the other hand, the 45-kDa band
was not detected in the presence of 10 mM Ca?* ions.

The 29 and 45 kDa proteins were purified from a 24-h
autodigest of H6 by ion-exchange HPLC on a DEAE col-
umn (data not shown). Both proteins showed no proteolytic
activity but retained the inhibitory activity as to the aggre-
gation of platelets. The amino acid composition of the 45
kDa protein is shown in Table 1. Direct sequencing of the
29 kDa protein yielded the sequence of IVSPPVXGNE,
which corresponds to the N-terminus of p29K. The 45 kDa
protein had the sequence of LTAIDFNGPT, which corre-
sponds to residues 99-108 of H6. Thus, the Leu®-Leu® and
Asp®™-Tle™ bonds were proved to be the most susceptible
as to the autoproteolysis of H6.

When the intact H6 was incubated at 37°C for 60 h, sev-
eral peptide fragments were generated, as shown by re-
verse phase HPLC (Fig. 7). The locations of these frag-
ments along the primary structure of H6, which has deter-
mined by amino acid and sequence analyses, are also
presented in Fig. 7. The last peak was identified as p29K
on SDS-PAGE. The sites in H6 split on autoproteolysis are
indicated by arrowheads in Fig. 1. More than twenty-five
bonds were cleaved. The amino sides of the peptide bonds
adjacent to hydrophobic residues such as Ile, Leu, Val, Met,
Phe, and Tyr were preferentially attacked by the enzyme
itself.

Location of Disulfide Bridges in H6—HS6 has a free SH
group (6), while no free cysteine residue was found in p29K
(7). Furthermore, no disulfide bond linked p29K and the
rest of H6 molecule. The amino acid composition of a cys-
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tine-containing peptide (S1) in Fig. 7 corresponded to the
sum of residues 117-126 and 191-207. S3 was estimated to
be derived from residues 179-190 by amino acid analysis.
The sequences of these peptides were also confirmed by
Edman degradation, that is,

M-X-H-P-K-R-5-V-G-1
" I-M-D-H-N-P-E-X-I-V-N-E-P-L-G-T-D
83, F-8-X-X-S8-Y-I-Q-X-W-D-F

The results indicated that two disulfide bonds link Cys-118
to Cys-198 and Cys-182 to Cys-187. Another disulfide bond
was assumed to be present between Cys-165 and Cys-158
or 160, thus indicating that Cys-158 or 160 is a free cys-
teinyl residue. Sequencing of Cys-containing peptide S2
gave no clear result.

DISCUSSION

The sequence of H6 was established by manual Edman
degradation of overlapping peptides generated with a vari-
ety of selective cleavage procedures. H6 consists of 419
amino acids and its calculated M, is 46,439. The difference
between this value and the apparent M, (60,000) deter-
mined on SDS-PAGE would be due to the presence of a car-
bohydrate chain at Asn-181 and the tight conformation due
to the high content of disulfide bridges. The latter suppress
the binding of SDS molecules to proteins and retard their
migration in a gel.

The amino acid sequence of H6 was compared with those
of venom metalloproteases (Fig. 8). H6 is a P-III class pro-
tein possessing a three domain structure: metalloprotease
(residues 1-203), disintegrin-like (regidues 204-296), and
cysteine-rich (residues 297-419) domains. The cysteine res-
idues of H6 are highly conserved in each domain. A conser-
vative zinc-chelating sequence of reprolysins (HEXXHXX-
GXXH) (21) is located at residues 143-153. H6 showed the
highest similarity to jararhagin (18), a metalloprotease
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Fig. 8. Sequence a]ignment of venom metalloproteases and d (Crotarus atrox) (19); pTri, trigramin precursor (T' gramineus) (20).
disintegrin precursors. H2, H,-proteinase (Trimeresurus flavoviri- The residues are numbered according to the sequence of H6. The

dis) (17), Jar, jararhagin (Bothrops Jararaca) (18), HR1B, hemor-
rhagic factor HR1B (T flavoviridis) (2); Ht-d, hemorrhagic factor Ht-

from Bothrops jararaca venom (88.3% identity).

The metalloprotease domain of H6 also showed high sim-
ilarity to P-I class metalloproteases (Fig. 8). Although many
venom metalloproteases exhibit hemorrhagic activity, some
P-I class proteases such as brevilysins L4 (14), H,-protein-
ase (17), fibrolase (22), and adamalysin II (23) are non-
hemorrhagic. However, there seems to be no obvious char-
acteristic of hemorrhagic and non-hemorrhagic proteases
with respect to the sequences in their metalloprotease do-
mains. The hemorrhagic activity of H6 is related to its pro-
teinase activity since the removal of Zn** ions with EDTA
abolished both activities, and the thermal stability of the
protease activity correlated well with the hemorrhagic
activity (data not shown).

P-III class metalloproteases are autocatalytically de-
graded to give a fragment with a molecular mass of about
30 kDa (15, 16). H6 also loses the proteolytic activity dur-
ing incubation at the optimum pH through autoproteolysis
(7). Hence, its protease activity cannot be used to evaluate
the rate of autoproteolysis. Instead, we directly measured
the remaining H6 by HPLC. In the absence of Ca?*, H6
rapidly produced two large fragments (p29K and a 45 kDa
protein), which corresponded to residues 208-419 and 99—
419 of H6, respectively. This indicates that the autoproteol-
ysis was initiated by splitting at either the Leu®™-Leu® or
Asp*-1le*® bond. The half-life of H6 was 48 min at 37°C
and pH 8.5 in the absence of Ca?*. According to Takeya et
al. (16), the half-life for the proteolytic activity of HR1A
was about 5.5 h, and the degradation was completely sup-
pressed by 10 mM Ca?*.

On the other hand, the presence of 10 mM Ca?* in-
creased the half-life of H6 to about 16.5 h. Furthermore,
Ca?* significantly suppressed the formation of the 45 kDa
protein (Fig. 6). The Leu-98 and Leu-99 residues are
located in the C-terminal part of B-strand III, and a long

RGD sequence of trigramin is underlined.

loop starts at the ends of these residues in adamalysin II
(23) and H,-proteinase (24). If the metalloprotease domain
of H6 has a similar conformation to these proteinases, pro-
tection against cleavage at the Leu®-Leu® bond by Ca?*
may suggest that the ion binds to the loop near these resi-
dues and thereby stabilizes the tertiary structure.

Scissile peptide bonds are widely distributed in the met-
alloprotease domain (Fig. 1). Venomous metalloproteases
generally cleave peptides and proteins on the amino side of
peptide bonds adjacent to hydrophobic residues (25). All the
peptide bonds split on autoproteolysis met this rule, as
shown in Fig. 1. The peptide bond inside the disintegrin
and cysteine-rich domains was not split even after 60 h. It
is noteworthy that p29K resisted the proteolytic attack by
trypsin, chymotrypsin and S. aureus V8 protease. This sug-
gests that the C-terminal half of the H6 molecule has a
tight conformation due to many disulfide bridges.

Jararhagin-C, a 28-kDa fragment of jararhagin, was
reported to inhibit platelet aggregation (15). Only ten resi-
dues are different in the sequences of jararhagin-C and
p29K (95% identity). H6 and p29k also inhibit human
platelet aggregation (7). That H6 exhibits strong a-fibrino-
genolytic activity (6) may partly be explained by rapid con-
sumption of fibrinogen in platelet-rich plasma. However,
Jia et al. (26) reported that the platelet inhibitory activity
of atrolysin A, a hemorrhagic metalloprotease from C.
atrox, i8 attributable to its disintegrin-like/cysteine-rich do-
main. Moreover, they proved, using synthetic peptides, that
two acidic residues in the RSECD sequence, in lieu of the
disintegrin signature sequence (RGD), are essential for the
inhibition of platelet aggregation, and that the cysteinyl
residue must be constrained by participation in a disulfide
bond with another cysteinyl residue. The MPECD sequence
at residues 273-277 in H6 may participate in the disinte-
grin-like activity.

J. Biochem.
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