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The effect of Nala mgncolhs venom on fibrmogen and highly crosslmked fibnn was examined by SDS-polyacryl- 
amlde gel electrophoresls of the reduced products of venom treatment The venom contains a proteolytic activity 
which degraded the Aot-chaln of fibrmogen, but had no apparent effect on the B/S- or 3,-chains of the molecule 
The venom also readily degraded the t~-polymer of highly crosslinked fibrin, without apparent cleavage of the 
~-cham or the 7-duner of fibnn The venom had no observed effect on plasmmogen, indicating that the effects on 
the Aot-chaln and the or-polymer are by direct achon of the venom, and not due to activation of plasminogen The 
fibrinogenolysls was inhibited by EDTA or 1,10-phenanthroline Inhibmon with EDTA could be reversed by the 
addmon of Zn 2+ The fibnnogenolysls was optunal between pH 7 and 8, consistent with the expected pH 
opttmum for a Zn 2+ metalloproteinase. 

Introduction 

Many snake venoms contain enzymes whtch affect 
blood coagulation [1] Thrombm-hke protemases, 
wluch cleave flbrmopeptade A from the Aa-cham of 
fibrmogen and inmate clot formation, have been 
found m several venoms [2] Ancrod, from the 
venom of Agklstrodon rhodostoma, and batroxobm, 
from the venom of Bothrops atrox, are the most 
studied of these thrombm-hke enzymes, and are 
used clmxcally as defibrmogenatmg agents 

Some venoms also show fibrmogenolyhc achvlty, 
which leads to degradation of the fibrmogen molecule 
w~thout concomitant clot formahon The fibrmo- 
genolytlc actlwtles of venoms have not been widely 
studied Although fibrmogenolytlc enzymes, hke 
thrombm-hke enzymes, might also have the potential 
to deplete fibrmogen levels m clinical sltuahons, 
they are generally felt to be protemases with broad 
speclficxty Fabrmogenolyt~c protemases have been 
demonstrated m the venoms of snakes of  the 

Crotahdae and Vlpendae famlhes [3-7]  These 
enzymes mhlb:t coagulation, possibly due to 
extenswe degradataon of the fibrmogen molecule, 
although two protemases :solated from Tnmeresurus 
mucrosquamatus were shov, n to cause hunted 
cleavage of fibrlnogen [8] 

Venoms from the Elaptdae family of snakes, which 
mcludes cobras, characteristically have httle or no 
protemase activity as detected by the digestion of 
casein [9-14] Studies of the fibrmogenolytlc actw- 
lty of cobra venoms have yielded conflicting results 
[15-17] In studies of the m vitro antxcoagulant 
effect of the venom of spitting cobra, Nala mgrwolhs, 
we found that the major anticoagulant proteins of the 
venom are phosphohpases A2 [18] In this paper, I 
present evadence for cleavage of the Aa-chaln of 
fibrmogen and the a-polymer of h:ghly crosslmked 
fibrin by N mgncolhs venom The cleavage of the 
Aa-cham of fibrmogen was associated with a prolon- 
gation of the thrombm tune whxch could contribute 
to the m VlVO anticoagulant effect of this venom. 
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Materials and Methods 

Materials N nlgncolhs venom was obtained from 
Miami Serpentarlum Human fibrlnogen was prepared 
from normal plasma by the glyclne precipitation 
procedure [19], or obtained from Kabl Group, Inc 
(Greenwich, CT) Topical thrombln was obtained 
from Parke-Davis Prothrombln.deficlent human 
plasma was prepared by the procedure of Blggs and 
MacFarlane [20] Human plasmxnogen was purified 
by affinity chromatography on lyslne-Sepharose 
[21] All chemicals used were reagent grade or better 

SDS-polyacrylamtde gel electrophorests Cylindri- 
cal gels containing 5 or 7 5% polyacrylamlde and 5 3 
M urea were prepared by a modification [22] of the 
Weber and Osborn procedure [23] Samples con- 
tainmg 10% 2-mercaptoethanol/l% SDS/about l 0 gg 
protein were heated at 100°C for 3 rain prior to 
electrophoresls After electrophoresis at 3 mA/gel for 
16 h, gels were stained and destalned by the proce- 
dure of FaIrbanks et al [24] 

Thrombln clottmg ttme Thrombln was dduted 
with 0 03 M ammonium acetate, pH 7 4, to give 1 2 
NIH unlts/ml Clotting times were determined by 
transferring 200 ~1 fibrlnogen sample into the reac- 
tion cup of a Baltunore BmlogIcal Laboratories 
fibrometer, and starting the fibrometer by the addi- 
tion of 100/A diluted thrombm 

Results 

The effect of N ntgrtcolhs venom on human 
fibrlnogen was studied by incubation of the venom 
with fibrlnogen at 37°C for 24 h Samples from the 
incubation mixture were removed at tuned intervals 
for electrophoresls The results (Fig 1) show progres- 
swe degradation of the Aa-chaln of fibrlnogen by 
incubation with the venom A low proportion of 
intact Aa-chams remained after 2 h incubatmn There 
was no apparent effect of venom on the B/~- or 
3,-chains of fibrmogen, even after 24 h incubation 
(data not shown) With the degradation of the Aa- 
chain, a cleavage product appeared as a diffuse band 
on the gels, at a position corresponding to a molec- 
ular weight of about 30 000 A second peptlde, with 
a molecular weight of about 18000 was also seen, 
partially obscured by one of the venom components 

Plasma fibronectm is a contaminant of the tom- 

merclal fibrlnogen used in these studies Flbronectm 
is visible as a sharp band near the top of the gels, and 
is partially degraded by N ntgrtcolhs venom (Fig 1) 
Subsequent studies with purified plasma fibronectln 
and fibronectln-free fibrlnogen have confirmed that 
the venom-generated peptldes, which migrate faster 
than the reduced fibrinogen chains in the SDS-poly- 
acrylamlde gel patterns, come from the Aa-chaln of 
fibrlnogen rather than fibronectln Flbronectln 
appears as a minor contaminant with normal sample 
loads, as seen an later figures 

The venom-treated fibrlnogen remained clottable 
by thrombln throughout the 2 h period while the 
Aa-chaln was being degraded, although the clotting 
time gradually increased to over 3-times the control 
level (Fig 1) After 30 rain Incubation of the 
fibrlnogen with venom, a flocculent precipitate was 
visible in the incubation mixture, but a firm clot was 
not formed unless thrombln was added 

The effect of the venom on highly crosshnked 
clots was also tested ThrombIn-formed clots of 
prothrombln-deficlent plasma were incubated for 
4 h to allow the fibrm-stabIhzlng factor of the plasma 
to crosshnk the 7-chains to form dlmers and the 
a-chains to form polymers, as seen in the control gel 
(Fig 2) Treatment of the highly crosshnked clot 
with N ntgrtcolhs venom resulted in degradation of 
the a-polymer, but there was no apparent effect on 
the /3-chain or 7-dlmer of crosslinked fibrin The 
major cleavage product(s) from the a-polymer 
appeared lI1 a diffuse band slightly below the position 
of the intact /3-chain on the reduced SDS-polyacryl- 
amlde gels, indicating a molecular weight of about 
45 000 

Clearly, the effect of N mgncolhs venom on 
fibrinogen and fibrin might be explained as the 
indirect result of venom activation of plasminogen 
contaminating the fibrmogen preparation To test this 
posslblhty, human plasmlnogen was incubated with 
N mgncolhs venom or with streptokanase, and the 
products were examined on SDS-polyacrylamIde gels 
(Fig 3) Treatment with streptokmase converted the 
plasmmogen to plasmm, as indicated by the charac- 
teristic spht products observed on the gel In contrast, 
N ntgncolhs venom had no apparent effect on 
plasmmogen 

Several protelnase mhlbitors were tested to see if 
any could prevent the degradation of the Aa-cham of 
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Fig 1 SDS-polyacrylam,de gel electrophoret,c patterns of flbrmogen treated with N ntgrtcolhs venom for the indicated tlrne 
periods The timed mcubaUon contained 1 mg m1-1 human fibrmogen and 0 25 mg m1-1 N ntgrtcolhs venom m 0 03 M 
ammonmm acetate, pH 7 4 At the md]cated samphng times, 200-/zl ahquots were transferred to a fibrometer cup to determine 
the thrombm clotting time Clotting time (means ± S D for nine determinations from four separate experiments) are indicated 
below the samphng times Also at the sampling times, 180-/tl ahquots of the mcubat]on were added to test tubes containing 5/~1 
0 5 M EDTA Samples containing 25 ,ug protein were reduced and apphed to 5% polyacrylamlde gels The gels were intentionally 
overloaded to show the cleavage products 
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Fig 4 Eflects of various protelnase lnhlbltlors on the fibrmogenolytlc activity of N ntgrtcolhs venorr Tubes containing 240 ,ug 
venom m 0 5 ml 0 03 M ammomum acetate, pH 7 4, were premcubated tor 1 h at 23°C with each inhllzltor Flbrmogen (1 mg dis- 
solved m 0 5 ml 0 03 M ammonium acetate, pH 7 4) was added and the tubes were incubated for 2 h ~t 37°C Samples were then 
removed for electrophoresls Gel a, no inhibitor, gel b, 2 mM phenylmethanesultonyl fluoride, gel c, ] 00 ,ug/ml soybean trypsin 
inhibitor, gel d, 1 mM 1,10-phenanthrohne, gel e, 1 mM 4-hydroxymercunbenzoate, gel t, 2 mM dlthloerythrltol and 2 mM 
EDTA, gel g, 1 ~tg/ml pepstatm, gel h, no venom 

Fig 2 (Left-hand figure) SDS-polyacrylamlde gel electrophoretlc patterns showing the effect of N nzgrtcolhs venom on highly 
crosslmked fibrin Clots were formed by adding 50 t~l prothrombm-deflclent plasma, 100 ~1 0 1 M Tns-HC1, pH 7 5/14 mM CaC12 
and thrombm (1 NIH unit) The clots were kept at 23°C for 4 11, washed with deiomzed water, blotted and transferred to tubes 
containing 200 ~1 0 5 m1-1 N mgrtcolhs venom in 0 03 M ammonium acetate buffer, pH 7 4, or 200 #1 buffer alone After mcu- 
batlon at 37°C for 4 h, the clots were washed with delomzed water, blotted and transferred to 200/zl solution containing 5 0 M 
urea/0 05 M sodmm phosphate, pH 7 0/1% SDS/10% 2-mercaptoethanol 20-#1 ahquots of these samples were electrophoresed 
Gel a, thrombm-lormed clot without venom, gel b, thrombm-formed clot with venom Clots which were dissolved m the electro- 
phoresis buffer immediately after the 23°C incubation gave the identical pattern seen m gel a 

Fag 3 (Right-hand figure) SDS-polyacrylamlde gel electrophoretlc patterns showing the lack of effect o f N  ntgrtcolhs venom on 
human plasmmogen Solutlons contammg 100 tsg plasmmogen and 15 ~g venom or 5 #g streptokmase in 100/sl 0 03 M ammo- 
nmm acetate, pH 7 4, were incubated for 3 h at 37°C Samples contalnmg 10 ~g plasmlnogen were removed from these incuba- 
tions, reduced and electrophoresed as m Fig 1 Gel a, plasmmogen alone, gel b, streptokmase-treated plasmlnogen, gel c, venom- 
treated plasmmogen The minor bands on gel c were contributed by the venom, as indicated by a control gel with venom alone 
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Fig 5 Restoration of fibrmogenolytlc activity by addition of Zn 2+ to EDTA-treated venom Incubations contained 250 /~g/ml 
venom and 1 mg/ml fibrmogen m 0 03 M ammonmm acetate, pH 7 4/0 2 mM EDTA/1 0 mM of the chloride salt of various 
metals After 2 h at 37°C, samples were removed for electrophoresls Gel a, EDTA alone, gel b, EDTA and Zn 2÷, gel c, EDTA and 
Ca 2+ 

Ftg 6 pH optimum of the fibrmogenolytlc activity o f N  mgncolhs venom Incubations contained, m 1 ml, 0 034 M Tns-maleate 
buffer of the appropriate pH/1 mg flbrmogen/0 25 mg venom After 1 h incubation at 37°C, the reactions were terminated by the 
addition of 20/~1 0 5 M EDTA, and samples were removed for electrophoresls The incubation pH is mdmated under each gel 
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fibrmogen by the venom Fig 4 shows that the serme 
protemase mhlb:tor, phenylmethanesulfonyl fluoride, 
and the ttuol protelnase mtubltor, 4-hydroxymercun- 
benzoate, shghtly inhabited fibrmogenolysls Soybean 
trypsin inhibitor and pepstatm, on the other hand, 
had no apparent mlubltory effect Flbrmogenolysls 
was most mhlb~ted, however, by the metallopro- 
temase mhlbltors. 1,10-phenanthrohne and EDTA 

The fibrmogenolytlc activity was tltrated with 
EDTA, and it was found that a final concentration of 
0 1 mM EDTA was sufficient to completely inhibit 
the cleavage of fibrmogen by the venom An experi- 
ment was performed to see ff adding back divalent 
metals to EDTA-treated venom could restore fibrlno- 
genolytlc activity and the results are shown m Fig 5 
It is obvious that Zn :÷ is able to restore fibrlno- 
genolytlc actw~ty to the EDTA-treated venom when 
added in slight excess over the amount of EDTA 
Ca 2÷ was not able to restore the actlwty (Fig 5), nor 
could Mg 2÷, Fe 2÷, Cu 2÷, Mn 2+, Co x+, N12÷, Cd 2÷ or 
Sn 2+ 

The pH optimum of the fibrmogenolytlc activity 
was determined m mcubatmns of fibrmogen and 
venom buffered over the pH range between pH 5 and 
9 The results (Fig 6) show that the fibrmogenolytlc 
effect is optmaal m the range of pH 7-8 ,  since no 
intact Aa-cham remained at the end of the lncubatmn 
period for mcubatmns buffered at those pH values 

D~scussmn 

The Aa-chaln of fibrmogen appears to be suscep- 
tlble to cleavage by many protemases, including 
endogenous plasma protemases [25,26] The novel 
aspect of the present work is the demonstratmn that 
N mgrtcolhs venom contains one or more protemases 
with the specific ablhtles to cause a 1Lrnlted cleavage 
of both the Aa-cham of fibrmogen and the a-polymer 
of highly crosshnked fibrin These activities were 
found despite the absence of any generahzed proteo- 
lytlc actwlty m the venom [9-14]  

The venom cleavage of fibrmogen might be com- 
pared to the plasmm cleavage of fibrmogen and 
fibnn, except that the venom actlwty was lmalted to 
only the Aa-cham or the a-polymer, whereas plasmm 
causes more extensive degradatmn of these substrates 
Because of its broad specificity, plasmm can readily 
be assayed by momtonng its degradatmn of casein, 

whereas N mgncolhs venom has httle or no effect on 
casein However, the venom apparently cleaved the 
a-polymer just as readily as it cleaved the Aa-cham 
of fibrmogen Plasmm, on the other hand, does not 
cleave the a-polymer as readily as the Aa-cham [27], 
despite its broader specificity and its ultimate ablhty 
to extensively cleave highly crosslmked fibrm 

The sge(s) of cleavage in the Aa-cham and the 
a-polymer are not known, but some reformation can 
be obtained from the electrophoretlc patterns of the 
products The disappearance of the a-polymer band 
of highly crosshnked fibrin after venom treatment 
shows that the venom cleaves at least one pept:de 
bond between crosshnklng sites of the a-chain 
Recent evadence indicates that the crosshnks of the 
a-polymer join acceptor glutamme residues at posi- 
tions 328 and 366 m the a-chain [28] with donor 
lysme residues near the carboxy terminus [29] 
Cleavage of one peptlde bond between these acceptor 
and donor regions would be sufficient to degrade the 
a-polymer to monomer size fragments, provided the 
donor residues of one a-chain crosslmk only with 
acceptor residues of one other a-chain It seems 
hkely, however, that the venom acted at more than 
one peptlde bond, since the only observed product 
had an apparent molecular weight of  about 45 000, 
smaller than the monomer molecular weight of 
66 000 This 45 000 molecular weight species m:ght 
represent a crosslmked peptlde contammg the two 
peptldes, with molecular weights of 30000 and 
18000, obtamed from venom cleavage of the Aa- 
chain Smaller soluble peptldes might be lost in the 
clot-washing procedure and thus be undetected on 
the gels More accurate molecular weight charactenza- 
hon and ~solatmn of the products obtained with the 
purified protexnase(s) will be required to estabhsh 
the relatmnshlp of the products from cleavage of 
both fibrmogen and fibrm 

The venoms of Elaptds have not prev:ously been 
considered sources of fibrmogenolytlc and fibnno- 
lyric protemases because of their weak proteolytxc 
actwlty The present work estabhshes the presence of 
these actlvmes m the venom of N ntgrtcolhs and 
mdacates that the fibrmogen cleavage ~s due to a zinc 
metalloprotemase The punficatmn of the protemase 
responsible for these activities is m progress Efforts 
are also underway to determine the specific peptlde 
bonds cleaved m the Aa-cham and the a-polymer by 
the venom 
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