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Abstract—The biochemical properties of the fibrinolytic protease of 50,800 Da isolated from the venom of
Aghistrodon blomhoffi brevicaudus were characterized. The enzyme hydrolyzed the carboxyl side of arginine
in the synthetic chromogenic peptides, N-Benzoyl-Phe-Val-Arg-pNA and N-p-Tosyl-Gly-Pro-Arg-pNA, and the
enzyme activity was inhibited by phenylmethylsulfonylfluoride indicating that the enzyme belongs to the serine
protease family. The protease showed maximum activity at pH 7.5 and inhibited by ZnCl,, CuSQ, but not
by soybean trypsin inhibitor, pepstatin A, 2-mercaptoethanol and EDTA. The Km value determined with N-
p-Tosyl-Gly-Pro-Arg-pNA was 0.2 mM. The thrombolytic activity of the purified enzyme was evaluated by
platelet aggregation test in rabbits. While the platelet count ratio in blood of the rabbits injected with thrombin
alone declined from 1.0 to 0.6 within 7 min and maintained around 0.6 for 24 hours thereafter, the ratio
rapidly recovered from around 0.6 to 0.8 in 1hr, to 1.0 in 24 hrs when the rabbits were sequentially treated
with thrombin and the purified enzyme. The result showed that the serine protease from A blombhoffi brevicou-
dus of 50,800 Da had a thrombolytic activity iz vivo and the enzyme might be developed as a therapuetic

agent for the treatment of thrombic disease.
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S el AAReR FHg3t A2 tiabe] Ha
)tk Markland, Jr., 1991).

A2 ZARSC] o €A Lo B3 A
MR BALE £ CrotalidaeTell 3he SAFE-2 Aghi-
strodon  acutus(Chaoho®} Huang, 1977), Agkistrodon
rhodostoma(Chaoho 5, 1983), Agkistrodon contortrix co-
ntortrix(Retzios®} Markland, 1988; Guan &, 1991), Ag-
kistrodon contortrix laticinctus(Toom 5, 1970), Agkistro-
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don contortrix mokasen(Moran=} Geren, 1981), Crotalus
atrox(Bajwa 5, 1980; Nikai 5, 1984; Pandya<} Budzy-
nski, 1984; Komori 5, 1985; Willis2} Anthony, 1988;
Chiou %, 1992), Crotalus basiliscus basiliscus (Retzois2}
Markland, 1992), Crotalus adamanteus(Markland <} Da-
mus, 197)), Crotalus molossus molossus(Rael &, 1992),
Lachesis muta(Diniz2} Oliveira, 1992)2} Trimeresurus
mucrosquamatus(Chaoho 5, 1977; Nikai 5, 1985) %
¢]ch 28] 2 Viperidaeoll 5= 54152+ Bitis gabo-
nica(Bajwa =, 1982)8} Cerastes cerastes(Daoud<} An-
thony, 1986) | ¢l.Z, Elapidae¥} )] &3l FAE2E
Naja nigricollis(Evans, 1984) S-¢] gich ¢] AF5L&
2R gl Ea) d 4] AR BHE A)zbsie] FFH 83
AzA e 7FeAE 2AsRe AZAE oA el

B Ao A Crotalidaed}ol &3 gHr4k E4}9)
Agkistrodon  bromhoffi brevicaudus®] FoZHE oF
50,8002 ¥-=}=k& Z}A|AL fibrind fibrinogen 3l 5°]
Ge A2z R asE FA st Bustgck(A 5,
1995). £ dFeAe of T ELe] A3t E
AL ARG R, AAE 5401 B4 $3E €
g Fashe THol dEXE e

AE ey

MEHE=E

gA88 FHE deolir) A7 g4 SHAA A
Holl= 37149 ] E7|(New Zealand White, A+-54#
FESTATFDE At FHAIIEA AP AHS-5ka
T}

Alef

2 Ao 2189 synthetic chromogenic substrates,
phenylmethylsulfonyl fluoride (PMSF), soybean trypsin
inhibitor, pepstatin A= Sigmaxlelx] F4l3le] Al-g3}
gown 7g} Ak EF olakE A3 Atk
Alse EHA|

7% S2 el A TE Agkistrodon blomhoffi bre-
vicaudus(HEA}, A AIRAPDZRE AEH-S A FH 3]
71 541995)2] vpyel] 2]3le] p-aminobenzamidine affi-
nity chromatography2} DEAE ion-exchange chromato-
graphyE o]-&s}ted 50,800 Dae] <kl B3l &8 A A s}
.o, A= whaae SDS-Polyacrylamide gel elect-
rophoresis (SDS-PAGE)el| 2]ste] = #3A-E 413}
Ak
HAE|EAL] 7|F 5014 ZEA}

AAN B 717 BolAE FALEZ] $3le 971X 9
synthetic chromogenic peptide substrates& A}$-3}ed
E484¢ 2489tk 20 mM phosphate buffer (pH
8.0) 800 WS Eppendorf tubedl] Y3 t}-2-3} o] Fu]¥
synthetic chromogenic peptide® 3 mMe] A 20 mM

Table 1. Chromogenic substrates and their solvents

Chromogenic Stack
substrate Solvent conc.
N-succinyl-Ala-Ala-Ala-pNA*  DMF** 20 mM
N-Benzoyl-Phe-Val-Arg-pNA Methanol 10 mM
N-Benzoyl-DL-Arg-pNA DMF 30 mM
PGlu-Gly-Arg-pNA Phosphate buffer 10 mM
N-Benzoyl--Tyr-pNA Acetone 30 mM
pGlu-Phe-Leu-pNA DMF - 20 mM
N-Methoxysuccinyl-Ala-Ala- Ethanol 20 mM
Pro-ValpNA
N-p-Tosyl-Gly-Pro-Arg-pNA Methanol 20 mM
N-Benzoyl-Pro-Phe-Arg-pNA Methanol 10 mM

*spNA, para-nitroanilide; **DMF, N,N-dimethylformamide.

phosphate buffer2 3]4&}e] zZ}z}4] tubeol] 100 y/*
E3 g Aol 37T RAAZ F AA E415 pg/mi)
100 g5 9a ¥WH-AlA 405 nmol 48] 13718 F3%
Wsks Aok

HAlgA2 =Y pH £H

AAEAS HAF pHE EA37] $13te] pH 4.0414
957kA1 8] FHE g3 o] WHEgrh pH 4.0904
6.07}*1+= 50 mM citrate buffer, pH 6.0¢] 4] 8,07} =
20 mM phosphate bufferE, =3 pH 8.0¢4 957}
A= 50mM Tris-HCI bufferZ pH zte]Z} 057} = A
wE5o] zhzhe]l 24398 880 ¢ 10 mM N-Benzoyl-Phe-
Val-ArgpNA 20 & 23 AAE2(13 pg/ml) 100 4 &
sl 4ojA] 37Cell 4] 3027t incubationsld e} Incu-
bation ¥ 50% acetic acid 100 W& tvis}edA] ®H8-&
AA 217131 405 nmol| 4 8] FHEE A3 ch
2oloj2a SRR S4A g§M9H 2R0| AR
Aol D|xl= &

F-7]0] &7 il H e EA JAA|Fo] Hai Ao vl
e dFE LolRy] 8 HF FE 20mMA Y
MgS0,, CaCl;, KCl, NaCl, CuSQ,, ZnCl; ¥ EDTA<}
#Z% % 03mM 22| pepstatin A, 2-mercaptoethanol
2 3.0 mM phenylmethylsulfonylfluoride (PMSF)<} 0.7
M soybean trypsin inhibitor (STDE A}&-3}e] w4
A& =259}t 20 mM phosphate buffer(pH 7.5) 825
well #g-5x B} 10x 552 7 o] 257 A A £
100 A5 syl AAEZEA0 pg/ml) 50 dBE 4]
37Col 4 1047} incubationdlit}h. Incubation ¥4 ch-
romogenic substrate¢l 2mM N-Benzoyl-Phe-Val-Arg-
PNA 25 WZ go] 37CeA 2087 ©}4A] incubationt
th& 50% acetic acid 150 =2 ¥H-5-& AR A|FII 405
nml| A FFEE FA AL
HHEAQ Kinetics

A EA9 Kmakd VmaxE =437 938k chro-
mogenic substrate?! N-p-Tosyl-Gly-Pro-ArgpNAZ |
%5 01, 0125 02, 0.3, 05, Z18]x 1.0mM= 34
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27452 243811 Lineweaver-Burk plot2 2 &
Al shodct.
E7lM HNELe S d4f S 53

Ao & 249 3 ixdd dig AHA 29
Tale& E7A £43%7) Hg 49L Wuet Hoakd
i (1974)¢) e)ste] 3wkE- AlA]slgin), FoleE]] E7)
o= thrombing, #vle]8] E7l¢lE salined 5ml/
min®] £%Z ear veino] FJshgdck 4] throm-
bing FE+& 0.1 unit/mlelgly, FL8ke 279 A$
kg3 1unite] HA stgch F4A ey FF 783
128-9)) 3.8% sodium citrate”} 0.2 m/ Eo9l= FA7) S
Abg-sle] zhzhe] m7)e) AAwe 2R P2 A H s}
o] 2mle] A stk e]oA thrombing FI§ F
uid] ®7] £ Fwuige] AAMAEAE 4mi/ming] SEE
ear veinel|l F<lstddc), F9J4] HA9] FEE 2 ug/my
o]l X, 832 Y m/% 200 nge] HA shelct A
FF 1A1ZE, 6R17E 124]7k5 24217) Fof| Z4zbe] B
725 A= FAsA e AFIAk AJHIY 2
z+2] P2 w2 EDTA/formalin buffer(pH 7.4) 2 m/e]
Z-13)E polystyrene tube$} EDTA buffer(pH 7.4) 2
mie] F3LE tubeol] 2t} 05 mi¥ Yol A & A
2ol A 15687 AAAF k. AX % platelet rich plasma
(PRP)YE A7) #3] 150XgellA 8%E7F dAlHEe]st &
PRF 0.5 m/-& 1% ammonium oxalate$} 55-7F o] &7
AAPE-S o] 83l i =5 A1, o] o] 43 pla-
telet count ratiog A 4belsich

EDTA/formalin buffer(pH 7.4)= Wu2} Hoaks] =Hy
(1974)<l 2ls 0077 M EDTA 3mi, 4% formalin 5 mi,
10XPBS solution 2 mie] F7F4 10mie] ¥ &2 4o
wrE9.2m, EDTA buffer(pH 7.4)= 0077M EDTA 3
ml, 10XPBS solution 2 mlel 27 15mie] vl&=
o] ghEe] Algslgnh ol $-3% Y4de] EDTA)
os)] FelxE ¥k EDTA/formalind] 9#A& 2215
7] gevles A4S ©]43 Aotk Platelet count ra-

Table II. Hydrolysis of synthetic chromogenic substrates by
the fibrinolytic protease from A. bromhoffi brevicaudus

Synthetic substrates (0.3 mM)* Activity (AAys/min)
N-Succinyl-Ala-Ala-Ala-pNA 0
N-Benzoyl-Phe-Val-Arg-pNA 0.041
N-Benzoyl-pr-Arg-pNA 0.001
PpGLU-Gly-Arg-pNA 0.001
N-Benzoyl- -Tyr-pNA 0
pGLU-Phe-Leu-pNA 0
N-Methoxysuccinyl-Ala-Ala-Pro-Val-pNA 0.001
N-p-Tosyl-Gly-Pro-Arg-pNA 0.038
N-Benzoyl-Pro-Phe-Arg-pNA 0.005

*Each synthetic substrate was incubated in 20 mM phosphate
buffer(pH 8.0) with the purified enzyme(l5 ug/ml). The initial
rate of absorbance change was measured at 405 nm.

tio® Tole A& kst R
2Platelet count ratio=

Platelet-count in EDTA/formalin PRP
Platelet-count in EDTA PRP

HeZn

HHlgEAe 54 =A}

97}x) 2] synthetic chromogenic peptide substrate®
AH4-3ked AR E49] 7]A Bo] & 2ARE Z 3 N-Ben-
zoyl-Phe-Val-Arg-pNA2} N-p-Tosyl-Gly-Pro-Arg-pNA7}
AR A 74 HolH oz HigsligickTable D).
w2} o] 2] A#e| A& o] F chromogenic peptideE
717 ALgsignt. AAEAe 34 pHE N-Benzoyl-
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Fig. 1. Effect of pH on enzyme activity of the fibrinolytic
protease purified from A. bromhoffi brevicaudus. The purified
50,800 Da enzyme (1.3 ug/ml) was incubated with synthetic
substrate N-Benzoyl-Phe-Val-Arg-pNA (0.2 mM) in the buf-
fers of different pH as described in Materials and Methods.
p-Nitroaniline released by the amidolytic enzyme activity was
measured by the absorbance change at 405 nm.

Table III. Effects of inorganic ions on the purified enzyme
activity

Ton (2 mM) Enzyme activity (% of control)
Control 100
MgS0, 100
CaCl, 913
KCl1 944
NaCl 94.4
ZnCl, 73.6
CUSO4 454
EDTA 94.4
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Table TV. Effects of protease inhibitors on the purified enz-
yme activity

Inhibitor Enzyme activity
(final concentration) (% of control)
Control 100
Pepstatin A (0.3 mM) 100
2-Mercaptoethanol (0.3 mM) 99.1
Phenylmethylsulfonylfluoride (1.0 mM) 93.7
(3.0 mM) 20.6
Soybean trypsin inhibitor (0.7 uM) 94.8
0.6
0.5 F
=
£ 0.4+
o
2
3 03 f
E
2
. 02r
>
Vmax = 5.46 pmol/L/min
01 Km = 0.20 mM
0.0 ! 1 | ] 1 1 1 [

1 L] L L L

~5-4-3-2-10 1 2 3 4 5 6 7 8 9 10
1/[Substrate], mM ™
Fig. 2. Lineweaver-Burk plot of the kinetics of fibrinolytic
enzyme from A. bromhoffi brevicaudus. The purified enzyme
(1.0 ug/ml) was incubated with various concentrations of the
chromogenic substrate, N-p-Tosyl-Gly-Pro-Arg-pNA, in 20
mM phosphate buffer, pH 7.5 at 37C. The initial velocity
of releasing p-nitroaniline was measured by the absorbance
change at 405 nm.

7594 Hare) &AL vehieFig. 1) JA] o]
Age pH 75 274 AA] st} A &4E ZnCl,
of 28] 25% °]4k, CuSO.f &3 50% oA Aol
A H%l.2v} MgS0,, CaCl, KCl, NaCl, EDTA §&
FogAe Ay dug T2 Zsfgdri(Table IID). =3
AAH HA-= serine protease inhibitors] PMSF 3.0
mM FXoA 80%AHE Ao A=t 1.0 mMol
A AL A7} §=] 243k soybean trypsin inhibitor,
pepstatin A, 2-mercaptoethanolel] 2]sledx 7|9 o
H=x] okgitH(Table IV). N-p-Tosyl-Gly-Pro-Arg-pNAZ
NHZ AREst A% Kmghd 020 mMelgix
Vmaxt= 5.46 mol/L/mine]¢ichFig. 2).
HHEL e HAE Fdls A

g4 g 849 Yawe] S-Hol I AAE9
EillE AP BTG 0183519 in vivooll A AA81e]c)h

10’.—. " . c-—\\—.;é.
. 0.4 ,..\\/
n“.”. . Salme
-EO.B_ v Thrombin

g » Thrombin + Enzyme
&)
EO.";_ 3
3\ AT
.ﬂ // v
0.6~ /\*

0.5

pa

\'/ 1 1 1 1 L La— !
0 1 2 3 4 5 6 12 24

—_

=
—

Time(hr)

Fig. 3. Thrombolytic activity of the purified protease from
A. bromhoffi brevicaudus. New Zealand White rabbits were
injected with saline, thrombin, or thrombin plus the fibrinol-
ytic enzyme, and the platelet count ratio was determined
at designated times for each animal as described in Materials
and Methods. Each symbol represents mean value of triple
experiments. The arrow points the injection time of the puri-
fied enzyme.

Saline9hs 4% E£7]2] platelet count ratios 1.0
BAS-S W thrombinT-E FU3} E7)9] platelet
count ratio= thrombing- §< & 1064 Fq] 78 F
0677 "olx 24417F Eo|E 1 &% 2|3kt
Aol thrombing 3 128 % AANASTZS T3
E7)e A B4 F< FAe platelet count ratioZ} 0.7
ofspgl et AAIEAE FUE F 1AZE <ol 0.871A]
3 B3935 6417 FollE 0.971A] 28] 24A]17F Fofl=
10747 3)==ickFig. 3).
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Al BALe) UAZ:Q) A blomhoffi brevicaudus(3 A
AR AN2RE fibrinogen¥} fibring & 4+ slv A
2¢ A4A9 aMPEHELsg sty 1 B4 FA
sigich. AARARY 7]A FolAE ZAEA o] F o] 4
ste] 545 FRE7] HE s " ovbded AAF
971x) 71A& AM4Ele] B4EHE ESA5AE B 5
o] & ehlle 7|3 trypsin substrate® AHS-E=
N-Benzoyl-Phe-Val-Arg-pNA<2} plasmin-like activity S
2E S ELEA GE ) ARael 5, 19992

A}-4-%4= N-p-Tosyl-Gly-Pro-Arg-pNAe]ict. o] 72 &
2]%l &47) arginine?] carboxyl sided HaA|7ch=
AL vER)=d], o]9} 72 arginine esterase AL
serine proteases®] A o]tiGuan %, 1991). AA &4
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PMSFel 2]3le dAx=gEdl ol2idh Axp= <] 50,800
Da®] o] &A47] serine proteasee Eolgr 73z o
A A1) p-aminobenzamidine affinity columnel] 2]3}e]
+2 ¥l arginine esterase AL iAok AbA
A AE B2l g Bs) §2-7) serine proteasee] &
e B4qle 7 E] Ajalelch

Markland, Jr(1991)9] #F<] 2]3}H a-chain fibrin
(ogen)ell E-¢]%} fibrinogen ¥ A4 F& 23,000~33,
5009] #-A}=FS 71A]+= metalloproteinaseo]™ pS-chaing
BolH o R Faldle 34t F2 oF 31,0009 EA=E
7}A) = serine protease £fo|th £ A Al Eelgk
22l 50,8002 A4 achaind B-chaing EF 23
st F2 fchaing v A€oz Fasigich 2=
2 o] AaE AEAA 939 AFdMe RaEA e
£59] fibrin(ogen) ¥sla428 Azro] =Hch =)
Chung¥} Kim(1993)-& A. halys®] Eox &=k 51,000
2] fibrin #HELE Felsle] Haslglon ¢ A4e
J2A7HA] Wl B AN g Faoh Ay A
S Mol olr) & 2 FEajeke] 51000024 B A
el A9l A9 o8l 28 serine proteaseo]
ate] wlsegh 7)A Eo)Ae Wk £ A4 2F N-
Benzoyl-Phe-Val-Arg-pNA®}  N-p-Tosyl-Gly-Pro-Arg-
pNAC of3te] H2& FA& Bolglon MgSO, CaCl,
KCl, NaCl S2] o]2o¢|i} EDTA] 2)sle] &EAEA 0]
A3kS wWhx] 99kew, pepstatin A, soybean trypsin
inhibitor$} 2r-2 protease inhibitorel] 2J3fdx =3 E
REA] gkokel. o]Ae F HAv) BF trypsindle ohE
F-29] active site® 7}A L L& AAk) Ty 5
e AAede Fad AejdE EAsied, A F
847} 2% fibrinogen Aa-chain®} Bf-chainel] 2h&8ht
B Age E4F F2 Bfchaing WA Fojs wry
Chung®} Kim(1993a, b)9] &A% Aa-chaing #A &
3teck =3 Chung® Kimeo] 2128 F4% 2mM
InClyell £)3}e] 85% A= ¢lem 30 uM 2-mercaptoe-
thanolel] €3ledi= 100% A=t E A g4+
FTEFEY InChel 93l 26.5%qk0] JAHA LT
0.3 mM 2-mercaptoethanolel] 2]sledz 2] o &k vz
egket. Chung® Kime] &4l 30 mM<S PMSFd] <)
stod A3 JAEG ot £ A3 F4E 1.0 mMe)
Ao AA=A] sz 30 mMel s o 80% A= o
PMSFel] tj&t ZrpAdx xpo|7} o1& RojFgic
o] gt o] HEL F BT} AP o] gIAwNE AR 2
TE2F JMAL S £429E ARt Kmge §F &
27F 25 v5g wee] So] 919 k0.2 mMs} 0.36
mM) H]s=gt E4FTo)A Vmaxzhe £ A8 347}
108 o] wslkek

AA &7} AANANME A& AL 5 g
AE dotrr] §3) BT dad e A¥g

Algtgiel, daae 48 FAss Fe9lAtel™ cou-
lter countert} B A Abgtel] 2)s) vl A AYstA $F
248 4 olt}, =3 Wusl Hoak(1974)9] B 1) wpzm
$Ad 24ge EDTAR E0i3lE bufferd A& 44
2l o] A==}, EDTAS} formaline] ®% So9l& bu-
flero| XM= 338 A2 aA =] Baix%] ok7] wifol
150X goll A1 887t dAdE=]ol ofs) 2oR gk &
HHolodve B4R Bad 5= glvh wala o] why e
25 thrombing F¢jsle] a2 $42]7] E7)A
A 3} og7]o] opA] AAELE FYste] 53
HA] 9L f2] "4 8 £33} platelet count ra-
tioE A4kt AAELE FARRE A= wm ok
Thrombin®h-g- 918+ E7)el|A2] ratioZ} 0.67F%] e
A 2427k A& HE 9hd, AAE 425 FUIT B
oA ratiow 24A17F Fell AR} £F9l 1.07}A] FHE
Hol A" 3471 AT 49 A5 2AR0S
o Qg B3] 1A12F ool 0.87}1%)], 64]7F atell 0.9
7hA] FERHE o] #AH @Az Qe wAE ¢ gl
w4 AFeY AL 7M5AS Hed Foh o)FEA F
A a9 Rl oE Bol WE AL X 3iA] ¢
kAt el F47} fibrinogene fibrin. 2 HEHA]|H
2A1g dAsE 242 ¢l ez A4 a¥ER
g2 573 e AdfAe] e Qg A
WA & cfofel =75 A7) ¢ste] o] 50,800 Da2]
B E A o) o) AATG SAF QA4 Y A4 sl
W Ao e ¥ Aoz Azdo.
“ =
=4t EAFQl Agkistrodon blomhoffi brevicaudus 2.5
Bl Feld 50,800 Da?] fibrin £33 713 shi g
R0 Aslety A& 24181509 v, N-Benzoyl-Phe-
Val-Arg-pNA¢}  N-p-Tosyl-Gly-Pro-Arg-pNAs)] o §}o]
== 71AE)dE ehgl s PMSFe ¢stele o
A= 9iort EDTA oJsteds a)=x] o} AA AL
7} serine proteases] 45l= &A9S A4} ). o)
AAEALL AA Yl Ae] AR SS 1Wo)9ste] E
7)ol A SAELR Bos A]P-S AAstedck Throm-
binghg FJ3F ¥7)e) 4= platelet count ratioZ} 1.0
A 062 F43] Holx 24417t A&= 9.2y, thro-
mbin¥} HAELE A4t Fabsted S w platelet
count ratio”} 0.6+ 127k ¢kl 0.8%, 647k o=
09%, 1221 24417} Fol= 1022 3E5Hqc) 23
22 AA=E 50,800 Da2] &7 in viveoA] A=
HAaw2 FE 5 g Hol F93, weld 9
oA #xle® Qi AWe) xgAe Y leAS
A A8k ok
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