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Abstract—Fibrinolytic and fibrinogenolytic activities of the venoms from the Korean snakes, Agkistrodon caligi-
nosus, Agkistrodon saxatilis and Agkistrodon blomhaoffi brevicaudus were compared by fibrin-plate method and
polyacrylamide gel electrophoresis, respectively. The venom from A. blomhoffi brevicaudus showed the highest
degree of fibrin(ogen)olytic activity, and a protease with the (ibrin(ogen)olytic activity was purified by p-amino-
benzamidine affinity chromatography and DEAE ion-exchange chromatography. The purified enzyme had a
molecular weight of 50,800 and a capability to degrade the Bf-chain of fibrinogen preferentially to the
Ao-chain, but not the j-chain. Fibrinolytic activity of the purified enzyme was approximately 3.8 plasmin

unit/mg protein.

Keywords ] Korean snake venom, A. blomhoffi brevicaudus, protease, fibrinolysis, fibrinogenolysis, thrombolysis.
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A5 B2 ek WA AARE wol AEHI Y
84 X BARE streptokinase®t urokinase’F 912
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748t APSAC(anisoylated plasminogen-streptokinase
activator complex)$} urokinasee] #]s}ed Hzo] gt
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A 240 tPA A = o] e 3] X SR Adel gt
A77F =2 glcHWojta 5, 1989; Collen®} Lijnen,
1990). &% 2F9 gaeoz FE Fe¥ bat-PA=
tPART} "xle] wish 2008 Z3pHe) o HL o=
ey 9l o (Gardell 5, 1989), A& ool A F27 lu-
mbrikinase® 7€ EAE AFHZ 9ok
184 7] 8] Al Z-e hgm 288 e EFeo] glEel
BuEgont AlEe 2 RE ] dA G4 skl et
AT-E 19703 o) Fel wijg Fs] AyEHZL =l
Z2 (rotalidae, Viperidae<} Elapldaeﬂroﬂ 3= =
AFEe] Foll gl g a7} B2 540t 3E Y Qe
Hog BRIEe] gl (Markland, Jr, 1991). el =
CrotalidaeX}el] &3l A saxatilis, A. blomhoffi brevi-
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candus®}; A. caliginosus 5 3F0] 4415l ¢lcHGloyd,
1972). Yabuki $(1991)-2 A. caliginosus =2 Z3¥ kini-
nogenases A543, Chungy} Kim(1993a, b)-2 Ag-
kistrodon halysEHF-6] P ENF AAste] a4
E4E& Huske 5 2 X e 2o} glgl et o] sk
Faolt g2l QA wlE] w-p ZEA o]Fe
A ook 53] EAES] gAY FA-E85el
gk A7E ALY o] FAAL 1A e AHelth

AL F2 3" PAe) fibrine] Z23Fste) A4
7] a2 fibrin £ I $3" d2AwE F
A7) FHL €3 49A7) el ¥ FHOE
A7), wEla £ ATl e Fllel] A4 3= 3%
EALRZEE AFE-S A3 3}e] fibrin®} fibrinogenel] ©) gk
3 TS vlwsty 7 o] s & ASE vield
ArRAHA. blomhoffi brevicaudus)®] =2Z2H-E X
NEAE AAST 2 BAHLS FAEI T

Ak

A=

A7 xe] LEx A Fst 322 ZA} = Agkistro-
don blomhoffi brevicaudus(AR A}, A A EAD, Agkist-
rodon caliginosus(E-A}, &=+ AR ahel Agkistrodon sa-
xatilis(AA A}, Ared ARAHZRE AFSE JFHsEE —20
CollA BE 2P Aol AME-stc)
Al 2 XE

B ¥ e+= DEAE-Sephacel(Pharmacia}), Centri-
prep-10 (Amicon+h), p-aminobenzamidine, fibrinogen 2
plasmin(Sigma+h)E AHE-stelew 298 Aok HF
o]ab-& AT}
Fibrin 235 &8

Fibrin #3%¢] 713 & A5E Ad37] ¢
U] MAslE 359 FAZRE 22 A gl
2 fibrin £3]%& v]m =3¢t Fibrindd o3l &
#%-2 Astrup®} Mullertz2] #H(1952)¢ #Hyslo] x
Abslgd) &, 2]E 9cem<l Petri dishell 2% fibrinogen
4 mi, 0.05 M barbital buffer(pH 7.8) 2 m/, 20 mM CaCl,
2miS 25U thrombin 1 miz} A&£3 o) F3 AL
ol A 307k A A1 A fibrin plateE WEA}. 7 4152
A 5 S 1mg/ml HA FHaste] zZHz 10 gH
platee] A3 Z 37Ce| 4 244)7F incubationdle] £
gee] vel= g9 dAS A oFA =T
©2% plasmin 0.1U/ml, 0.5U/mi¥% 1.0U/ml $4-&
% AHs AFEY) drbe) wlaEsich, AA A4
fibrin #3852 thg3 2o] FAslsvl &, platedel
okl ) ZZ plasmin 0.1 U/m/, 0.5 U/mi3} 1.0 U/ml £
10 A4, €4 dl=72=2 10mM phosphate buffer
(pH 8.0)8, 28|z AARA(HEE 5= 360 ug/miT}
266 ug/m)E 27 10 W¥ HAHZ 37Co A 1847}

incubationgt ©}-2 fibrino] Fal =] A7) 99 AL
£x3tejch B ¥ standardE AF2E plasmind
m/%} Sigma unit2.® ehfqeles], 1 Sigma unit2 3
WHO unitel] s wgtc}
Fibrinogen &3l &8

Fibrinogen® =z} polypeptides] &t A5 2 A=A
Hxe] EBolx REHS5S Ware T WHH(1942)F
Chaoho®} Teng?l HMH(1976)2 WA sle] ZA sttt
2, 02% fibrinogen 03 mle A% =Ex AAE(63
ug/ml) 0.3 miz} 4}e] 37Cel| 4] incubation &4 incu-
bation A]&F # 0, 2, 5, 10, 20, 30, 60, 120%- 7} 18024
Ztzy 50 W® el 50 W] treatment buffere} 43¢
58-7F 34l % 10% running gelollA SDS-polyacryl-
amide gel electrophoresis(SDS-PAGE)S A AJ&}gc}
Para-aminobenzamidine affinity chromatography

B 5 4 A A 2] p-aminobenzamidineS- epoxy-
activated Sepharose 6Bl immobilizationA]# column
(15X 6 cm)ol] 2312 Z ek o]oA] 0.5 M NaClS &3l
0.1M Tris-HC] buffer(pH 8.0) 100 m/=} 0.5 M NaCl&
43+ 0.1 M sodium acetate buffer(pH 4.5) 100 m/-&
AlSgle] 60 mi/he] F&5 22 AAAFE &, 20mM Tris-
HCl buffer(pH 8.0) 100 mi-& %2 %oz EX]HA
HY A Zth Fibrin ¥s-50) £& A blomhoffi brevicau-
dus®) E(E XX 280 mg/m/) 0.5m/& 20 mi/he
G202 Joadingdt ¥, 1M NaCle 3-8 20 mM
Tris-HCI buffer(pH 8.0)2 A}4-3}%] 60 mi/he] F&22
A& 3sldch ¢]o] 4 0.1 M Glycine-HCI buffer (pH 3.4)&
40 mi/he] &2 8 FHA|A dRENELE 22AA
280 nmel| A FF=F 573t elution profile g 2%tk
7t B9 Sske 3mie]l HA sHen, §-&4¢d=
B2 Agge Tris 20 mge vz 9] 599 pHS
8.00] FEE 3lo] chude] HAS gt} YoM g
2t oA Bsle] tisle] fibrinogend} fibrin B3 %
Al AA]sle] sl Rsla4+E galstd e SDS-
PAGE| €3] Exl2k-g F3 3ot}
DEAE ion-exchange chromatography

2ol wHx)¢] DEAE Sephacel column(0.9X11.5
cm)2 10 mM phosphate buffer(pH 8.0)2 34|73} B9t
Mol WP 7tk Yell4 7]&3)r affinity chromatogra-
phyel] £Jsle] 4L &-F FEF nhfalgpe] T FIHL
X o} Centriprep-102& #5417 1 mie loadingsleitt.
o]¢]4] 10 mM phosphate buffer(pH 8.0)2 A}-&-ste 30
ml/he] §<¢ 2 NaCl =5 0 Mdl A 0.25 M7}#] 0.05
M4 dAHe 2 Zo|n 8&3)9r) §&3e] g2 &
HES 280 nmell 4] 355 Z43lo] elution profiles
dark HelA 2o 7 A FEof dis}e] fibrino-
gend} fibrin B85 A1PL AAEte] iR ast B
glslgl o SDS-PAGEe] ¢jste] EajeksE £A8t4
o},
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SDS-polyacrylamide gel electrophoresis(SDS-PAGE)
29 F WA AL AR Qe waRe) d2e
#alsly, fibrinogene] ik ¥l 5+ £A3}7] A8 10
% separating gel®} 5% stacking gelitel4] 25 mAR
AR-2 244 AH SDS-PAGEE AA|stelx Coomassie
brilliant blue staining®® P42-g &eldlgit)

A9 fibrinogen®} fibrinof| CHSE Edls TAf

Fulell AAlsl= FA1l A blomhoffi brevicaudus, A.
caliginosus 9}t A. saxatilis®] E 2 2 fibrinogen™} fibrinel|
3k Eaf 5L zAslg o Al7ER ALSE A saxatilisE
Aeg F74A AFE-2 fibrinogen®] Aa-chaing Bp-
chain®c} w2 283l ew y-chaind] )= 3}
43 dstck(Fig D). =3 2 A5 aids=s
mg/ml2 3l 10 4= fibrin platesl] A8l A7)
S-S =45 A3NFig. 2) A blomhoffi brevicau-
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Fig. 1. SDS-PAGE analysis of human fibrinogen degradation
by three different Korean snake venoms. Crude venom (0.3
ml) was mixed with 0.3m! of 0.2% fibrinogen solution and
then incubated at 37C. After the designated time indicated
under the gel, 50 4 of the incubated solvtion was removed
sequentially and subjected to SDS-PAGE analysis as descri-
bed in Materials and Methods. M, molecular weight marker.

dus®] Eo] 1327 mm?2 X A caliginosus(113.0 mm?)r}
A. saxatilis(50.2 mm® X o} fibrin 2-3)%e] £9om pla-
smin standard<e} ¥)@ gk |71= <F 1.4 plasmin unit/mg
proteinel] sfdsteich, o) A blomhoffi brevicaudus<)
APE- o B HE ol B 542 AA %t fibring} fibrino-

Fig. 2. Fibrinolytic activity of three different Korean snake
venoms. Ten mililiters of barbital buffer as a negative control
(A), plasmin standards (0.1 U/ml, B; 0.5U/ml, C; 1.0 U/mi,
D), and diluted venoms (1.0 mg protein/ml) from Agkistrodon
blomhoffi brevicaudus (E), Agkistrodon caliginosus (F) and Ag-
kistrodon saxatilis (G) were applied to a fibrin plate and incu-
bated for 24 hr at 37C.
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Fig. 3. Elution profile of the proteins in the venom from
A. blomhoffi brevicaudus obtained by p-aminobenzamidine af-
finity chromatography. After loading of protein (140 mg) of
crude venom onto p-aminobenzamidine-Sepharose column,
unadsorbed proteins (fraction No. 1-60) were washed with
20 mM Tris-HCI buffer (pH 8.0) at a flow rate of 60 m/ per
hour. Adsorbed proteins (fraction No. 61-80) were eluted
with 0.1 M glycine-HCI buffer (pH 3.4) at a flow rate of 40 mJ
per hour.
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Fig. 4. Elution profile of the proteolytic enzyme obtained
by DEAE ion-exchange chromatography. Concentrated pro-
tein samples eluted from p-aminobenzamidine affinity column
was applied onto the DEAE ion-exchange column. Proteolytic
enzyme was eluted with 10 mM phosphate buffer (pH 8.0)
containing 0.2 M NaCl at a flow rate of 30 m/ per hour. Inlet:
SDS-polyacrylamide gel electrophoretic analysis of the puri-
fied enzyme. Lane 1, protein obtained at 0 M NaCl concent-
ration. Lane 2, purified enzyme obtained at 0.2 M NaCl con-
centration. M, molecular weight marker,

genol] gl Eajsol AERE ZAbsHETH
Al=9l "

A. blomhoffi brevicaudus2] 52258 iR E4+E
A 57) 98 p-aminobenzamidine affinity chromato-
graphy2 A Al sk4d ¢} (Fig. 3). 20 mM Tris-HCl buffer(pH
8.0)2 Mol 23 E3} 0.1 M glycine-HCI buffer(pH 3.4)
2 8227 ¥3¢& fibrin-plate methods ©]-&3tod
fibrin £35S 2AEEE vl 0.1 M glycine HCl buf-
fer2 233 F&o] fibrin Halso] 48 =& &
Qstici A ANA|3A 22). o] EFe| dispe] SDS-
PAGES AA1& Az}t 2702 bandE H4E + UK
=8

el 49} 7o) affinity chromatography® S 1%
A g gl B35 wo} 21|17 DEAE ion-exchange
chromatography-5 A A]8}gic}. NaClel 528 0 Mol A
025 M742] A2 FolwA wlds £539S
W OM3} 020 M Fxols A peakd AT F
oleichFig. 4). o5 #¥-2 SDSPAGEZ EAste]
N2 24& 289 vk 0M NaCl FEAAE 270,
223 02M NaCl ¥EdA= oF 50,8009 Ex}eF2
72 9 bande] @ AE HAF 5 AcHFig 4
Inlet). ©) B-&Ee)] sl fibrinogens? fibrin &35
F Attt
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Fig. 5. SDS-PAGE analysis of fibrinogen degradation by the
purified enzyme from the venom of A. bromhoffi brevicaudus.
M, molecular weight marker. Purified fibrinolytic enzyme (18.
9 ug) was incubated in 0.6 ml of 0.1% human fibrinogen solu-
tion at 37C. After designated time indicated under the gel,
50 u/ of the incubated solution was removed and subjected
to SDS-PAGE.

8]e| 4] 7]4% ion-exchange chromatographyel] 2|3}
o] @2 il RIS dgte] SDS-PAGEE ©]§-3le
AA L4 fibrinogen ¥H5& ZAPShch w9 &
2= 020M NaCl FXxdA Za=ld <F 50,800 Da2]
thil A o] fibrinogen?] Ao-, B2} y-chaing BfS-chaing
60%-qle]) wh=A Aehfglew Ag-chaind 3] e}
o] 18027 AT 8] Bdlelx) EEk A, y-chaind]
= AH JFLS vxA] Z3I9ckFig. 5). DEAE-co-
lumne| 4] O0M NaClell 2]8}¢] washing® 23] oz}
&% fibrinogen #3352 SDS-PAGEE o]&3}e] Al
st ¥} Bp-chain®tle 2 Aa-chain "% T dg
A ¢ gk E G AAEE), o] 8L SDS-
PAGE #}ell A 5 7} o]4te] band & R.of ﬂﬂﬂ@ FA o]

Z23}z] okg-2 vl 5{'}1‘«]'(F1g 4, Inlet). =3} fibrin-
plate methodE o]&-3to &A% AN AL fibrin F
s52] specific activity ¥ 3.8 plasmin unit/mg pro-

teino] ¢it}.
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2

¥ Pl gl fibrinogen 847 Calt &
Aslell ADPel s} &Adgslo] A Rkl fibrino-
geno] o) F&Ae] Agstel PAPE FAHAA VT
oA =Ho(Ernste} Susanne, 1993), ] 3% d4
o) fibrine) EF=] HAL A5l Aok #AH
¥A-g 23 x7)7] YA streptokinasert urokinase<h
-o ZFA A9l HALAAE AFEFe] ot A,
o, 24 &4 W, A 5o Babgo] FAAE
o} =gt :L’” A A 72 Aol AF7HA
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o2 agale e spte] 27 web ek
At A3 71HE 4% 5F f €884 AN
whol| gk 77t #arsbA s s 2 K Collen} Lij-
nen, 1990; Moake<} Levine, 1985).

£ ATl s Tl Malskz Al F2] FALS Fe
W&l fibrin E3l 58 TAlsted 7H o] w2 Aghist-
rodon blomhoffi brevicaudus?) E°.2 F¥| peptidase
inhibitor 2 4] serine proteasese] E-o]& 33 Ale] ¢l&=
p-aminobenzamidine-g& A}-§-g+ affinity chromatography
2 fibrin ¥8l5& Hol= £8-& FE3isr) o] £34
ol AHr)dsd ZF 2709 bandE RS
o] 5o ion-exchange chromatography® 22} A8l
u SDS-PAGEZFel| 4] £#}eko] 2F 50,800¢] &4 band S
A& Uk

AA A9 ¥e1%5-& fibrin plated AMg3sle] F:ARE
A7} oF 3.8 plasmin unit/mg proteine] JA-S 7).
o] fibrin plateel] A}2-% fibrinogenel|+ plasminogen®]
FA)EA] ke m g o]7l& plasminogen activatorE 5
8ol z}-8-51= plasminogen activator} urokinase$h=
del AAELr) Ay Fd I3 AR fibrined]
Fedve AME delle] gl A2 T4
717E& 713 ALz N AN tsAdE BT
sith =3k AAE 49 fibrinogen E-AAL FAbskeiwd
v} fibrinogen®] Bf-chaing A#do 2 Bl 2hgo)
Aes Hlstdrh olg e AHE AAE HEAv)
+HE gawg AR 4 9lew ¥F fibrinogen
TEE 25 ¥3He] AS AXe Ag o} AL
HEE do £ 7 A& gnAHCerek 7, 1986;
1987). Z3p= A A A] @At p-aminobenzamidine
affinity chromatography] fractionS3} DEAE ion-ex-
change chromatography<|+] 0M NaClZ washingd
fraction®] fibrinogenolytic &4E2 =¥ Bp-chain ¥
= Aa-chaine] ©] 5-0]39] 7122 el Ae-chaino
BolHol B9 fibrinogenolytic activitySel A3}
A F o FEE 4832 AdeE Add.

Fibrin %2 fibrinogen #35-& 2+ A5 E4E2
Markland(199D)]l #lsbal A 2 /-2 & 5 Qe
AR+ @-chaind] E¢]A ) metalloendoproteinase 5
Z 4 arginine esterase Aol gl EA}gke] 20,0007 4
34,000 Bx=o)n disulfide bondE E&3es A= &
#HA glrh FHAE Bchainel] SolH o2 H23= &
22 HAF 23,00060 A4 33,500 Ax9] serine protei-
naseol| 439 arginine esterase 4§ o)z PMSF
(phenylmethanesulfonyl fluoride)r} DFP(diisoproryl-
fluorophosphate)ell 2sted A s] ), H2}ak 46,0000 4
58,000 A}eo]®] q@-chain E°]& gl metalloendoprotei-
nase7} BE Aol glovt & A2 50,800 A=
2719 p-chain Fo]Hql 27} 3 M. ¢ickPan-

dya%} Budzynski, 1984; Evans, 1981; Evans, 1984;
Evans®} Barrett, 1988).

Chung#} Kim(1993a, b)-2- Agkistrodon halys2] ve-
nomell 4] 51,000 Da 7)€} fibrin #35¢ A T4
Eaddoty ®aslginh o] &4E glycoproteine] ™
HEAq) olm|i il AdEAe] 2)gle] amino terminal
K3 9] 57} Agkistrodon contortrixsl| 4] ¥2]3} protein
C activatorg} A= ZHog HaFHYrl wE o
51,000 Da 37]9] & A9} B Ago) 1] 50,800 Da2] &4
< ol AN B-AERE 7 AR 1 AL A8 EEkA
Chung®} Kim# 51,000Da &4+ fibrinogend o
chaind $A" o= B3 steioc) B A3 el 50,800
Da 5= fchaing EolA o 2 2aaldct Iajmg
B AgdA Fad Zav AF7HA 93 A gle fibri-
nolytic BAohe o} A2 Ao 842 AJzhdo)

olate] A¥ ZHFE QoFshd, fibrind} fibrinogens
3 2ze] 9v AEHEASE p-aminobenzami-
dine affinity chromatography$} DEAE ion-exchange
chromatography 5 %3 AAE 4= glody, o] AAFEA
< 60% <te| BB-chaing A=A ez BF3toz fi-
brinogensl| &k 7}3F Haf o] 9182 Felslsich 2%
o] &40 AqFEA Q] £A1L AV QA el ¥
A4slze] A dstd HEFL 7o)}

zZ E

ol MAlsle EAlel Agkistrodon blomhoffi brevi-
caudus(A2AY, HA| AR AV, Aghkistrodon caliginosus(=-
Ab, Bar ARG} Aghistrodon saxatilis(CA A}, Aket
ARRADZRE AVE-S A3 sle] fibrinigend} fibrin &
Mes TAVEL] vl@Idw wl A blomhoffi brevicau-
dusE5-¥ AHE A}Fo] fibrinigend} fibrin £-3]%¢]
+5hE ZQldlgdr}. o] EAME o 2 HE p-aminobenza-
midine affinity chromatography¢} DEAE ion-exchange
chromatographyE ¢|23}e] SDS-PAGE AbellA] w1ty
band& “eti< A <F 50,8009 45 A A st
A &AL °F 38plasmin unit/mg protein®] fibrin
35 el glon, fibrinogend] Aa-, BS-% y-chain
% Bp-chain® Hr}l Addzo g Hasigct =z s
B AgelA 2] - HAg PHEHELE fibring fib-
rinogeng E3 5= FHe] 9low] YA HeH -4
HEAZN ALE 71eAde) U ALE AZ.

ZIAle| ks
B A1E selsled 208 7An)e] d¥ = 1993395

FEAEARAS TEHA A7) Ao 2lste]
Zasted7lol A=,
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