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Fibrinogenolytic properties of natrahagin (a proteinase from
cobra venom) and its effect on human platelet aggregation
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ABSTRACT

AIM: To study the fibrinogenolytic properties of
natrabagin and its effect on platelet aggrepation.
METHOD: SDS-PAGE, fibrinogenolytic activity
assay, platelet aggregaton. RESULTS: Upon
incubation of fibrinogen with natrahagin at the ratio of
50:1 (wsw), A,-chains of fibrfinogen were almost
completely hydrolyzed in 5 min: however, at least 6 h
was needed for the complete degradation of -chains.
Fibrinogenolytic activity of natrahagin was 0.349 £
0.044 g-min~' * g~! as determined by its ability to
reduce the clottable fibfinogen. On the other hand.
natrahagin concentration-dependently inhibited platelet
aggregation induced by ristocetin in platelet-rich plasma
and thrombin (80 U-L~') in washed platelets with ICy,
{95 % confidence limit} of 56 (40— 79) and 3.3 (1.4
-8.0) mg-L~!. No inhibitory effect was found on
collagen- and ADP-induced platelet aggregation even
when the dose of natrahagin reached 200 mg- L~'.
CONCLUSION:; Natrahagin is an a. 7-fibrinogenase
with an inhibitory effect on plaelet membrane
glycoprotein Ib ( GPIb)-dependent platelet aggregation .

INTRODUCTION

Biological effects of proteinases from cobra
venoms are seldom reported, especially those acting on
blood coagulation and plateler functions!”.  Although
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evidence has indjcated that Chinese cobra { Naja naja
atra) venom can effectively inhibit the aggregation of
platelets and the formation of thrombosis'?, the
components responsible for these remain unknown.
Recently. two proteinases from different cobra venoms.,
mocarhagin and F1, were reported to inhibit platelet
aggregation and degrade fibrinogen™™ . By using
similar purification methods for mocarhagin, a
proteinase designated as natrahagin was purified from
Chinese cobra venom in our laboratory. The goal of
this study was to investgate its fibrinogenolytic
properties and its effect on platelet aggregation.

MATERIALS AND METHODS

Reagents and instruments Crude cobra (N
naja atra ) venom was provided by the Institute of
Snake Venoms of Guangzhon Medical College.
Natrahagin was purified to homogeneity as judged by
SDS-PAGE from the crude venom according to the
method reported by De Luca M, ef af'®, except thar
Sephedex G-150 was used instead in gel filtration.
Collagen. ADP, o-thrombin, rstocetin and bovine
fibrinogen were purchased from Sigma, USA.
Aggregometer { Model SPA-4} was made in Shanghai,
China; Mini-Protean [[ electrophoresis system, Bio-
Rad, USA: Phenol reagent was a gift from Professor
CHANG Hou-Chang of the Pharmacological Department
of the First Military Medical University.

Specific cleavage of fibrinogen This was
shown on SDS-PAGE of 12.5 % polyacrylamid gels.
After incubation at 37 € for 5 min separately,
natrahagin 7.5 g*L~! 64 pL and bovine fibrinogen 24
g+ L1 1.0 mL, both in TS (Tris-HC] buffer 0.01 mol
-L-!, pH 7.4, contzining NaCl 0.15 mol- L1},
were mixed and incubated at 37 C. At 5 min. 30
min. 3 h. 6 h, and 24 h, a sample of 50 pL was
withdrawn. The sample was denatured and reduced by
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immediately adding to the sample buffer ( containing
2 % SDS and 5 % mercaptoethanol ) and heating in
boiling water for 3 min,

Fibrinogenolytic activity ~ This assay was
carried out according to the method reported by Huang
et al' with slight modification. Brefly, 0.8 %
fibrinogen solution €.2 ml and natrahagin solution 50
¢L, both in TS. were mixed and incubated at 37 °C for
various intervals. To the above mixwmre, imidazol
saline buffer 3.8 mL containing edetic acid 2.5 mmol -
L"! and thrombin 2.6 kU-L™'was added. At least 60
min was allowed to form fibrin clot before it was
removed. The clot was washed with sufficient distilled
water, then the water was sucked our with filter paper
before it was put in a tube containing 1 mL 10 %
NaOH and boiled for 30 min. To the tube, 1 mL
water and 3 mL 20 % Na.CO; was added. mixed and
finally 1 mL of phenol reagent, Twenty minutes later,
the absorbance was measured at 540 nm.

Platelet preparation  Blood of 7 healthy
voluntary male donors, aged from 21 a to 31 a, who
had not taken any dmugs for at least 2 wk, was
withdrawn from venae mediana cubid (9 ml from
each)} and collected into sodium citrate ( 129 mmol *
L=, 9:1 vol/vol). Platelet-rich plasma (PRP) was
obtained by centrifuging at 200 % g for 10 min. After
the removal of PRP. the remmnant blood was then
centrifuged at 2000 x ¢ for the additional 20 min, and
the platelet-poor plasma ( PPP) was collected and mixed
with PRP to give a platelet count about 3 x 101! -L-1.

Washed platelet preparation PRP was
mixed with TS containing edetic acid 0.02 mol*L ' in
a ratio of 4:1 {vol/vol), and centrifuged ar 2000 x g
for 10 min. The platelet pellets were washed twice
with TS containing glucose 0.01 mol - L1, then the
platelet count was adjusted to 5 x 10M L=t

Platelet aggregation PRP or washed platelet
suspension 180 pL was placed in a curvette and stirred
with natrahagin or control solution 10 L at 37 C for 6
min, then agpgregating agent 10 pl. was added ¢ final
concentration; ADP 10 gmol-L~!, collagen 200 mg -
L~!, ristocetin 1.2 mg-L~!. thrombin 80 U-L"').
The inhibition rate of platelet aggregation was calculated
as follows: Inhibition (%) = { Coa-Npa V7 Cray X
100 % ( Cp, and N, represent the maximal
aggregation rates of control and natrahagin group
respectively ) .

Statistical analysis Data were expressed as
¥ = 5 and compared with r test.

RESULTS

Specific cleavage of fibrinogen At the ratio
of 1:50 (w/w), natrahagin almost completely degrad-
ed A, -chains of fibrinogen in 5 min. Slow degradation
of y-chains became more apparent as incubation
prolonged . and the band of y-chains was barely seen at
6 h . At least 7 new bands could be detected by naked
eves at 24 h apart from 3-chains (Fig 1).
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Fig 1. SDS-PAGE analysis of reduced bovine
fibrinogen after incubation with natrahagin. Line 1
and 2, control; Line 2 to 7, groups freated with
natrahagin,

Fibrinogenolytic actvity Natrahagin possess-
ed a ﬁbﬁﬁogemlytic activity in a concentration- and
time-dependent manner. The specific activity of natra-
hagin on reducing clottable fibrinogen was estimated to
be (349+ 44) mg-min~'-g~! based on the result of
experiments repeated for four times (Fig 2).

Platelet aggregation  Natrahagin concentra-
tion-dependently inhibited ristocetin- and thrombin-
induced platelet aggregation. ICg; (95 % confidence
limit) was 56 (40— 79) mg-L~ ' and 3.3 (1.4-38.0)
mg - L™! determined by the results of 6 and 5
experiments respectively. The same doses of natra-
hagin for ristocetin-induced platelet aggregation, fe 25
- 125 mg - L™!, were also applied in ADP- and
collagen-induced platelet aggregation in PRP, however,
natrahagin exhibited no inhibitory effect, even when the
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Fig 2. Fibrinogenolytic effect of natrahagin ( mg
L-!) on reduction of clottable bovine fibrinogen.
n=4 experiments. X<+ 5.

dose was increased to 200 mg *L~}(Fig 3) .

DISCUSSION

The results in this study indicated that¢ natrahagin
was mainly an o-fibrinogenase.  However. the
degradation of A -chains by natrahagin did not render
fibrinogen incoagulable. SDS-PAGE showed that
natrahagin almost completely hydrolyzed A -chains of
fibrinogen in 5 min at the ratio of 1:50 (w/w), but
the coagulability of remnant fibrinogen was little

affected as manifested by fibrinogenolytic activity
assay. This observation paralleled that of proteinase F1
from MNaja rigricollis, which acted on only A,-chains
of fibrinogen'*. Unlike proteinase F1. natrahagin
possessed weak Y-fibrinogenolytic activity. And this
might be responsible for the gradual lost of coagulability
of fibrinogen as incubation prolonged. What effect
natrahagin might exert on the formation of fibrin clot or
thrombosis had not yet been explored. Some evidence
had indicated that. due to the loss of one of the two
complementary polymerization sites required for side-
by-side association of fibrin protofibrils, fibiin clot
formation was defective afier fibrinogen was treated
with o-fibrinogenase'®” .

GPIb functions as a receptor for von Willebrand
Factor { YWF) and thrombin, It has been well
established that ristocetin induces platelet aggregation by
bridging GPIb with YWF® . Natrahagin inhibited
platelst aggregation in PRP induced by ristocetin
suggested that it blocked either GPIb or vWF.
Inhibition by natrahagin of thrombin-induced platelet
aggregation in washed platelets, where YWF was
eliminated, indicated that patrahagin acted on GPlb.
As for ADP- and collagen-induced platelet aggregation,
natrahagin did not exhibit any significant inhibitory
effect, although natrahagin cleaved A -chains readily .
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Fig 3. Inhibidon by natruhagin for platelet aggregation induced by thrombin in washed platelets (n = 5

experiments) and ristocetin in platelet.rich plasma (n =6
ponding controls.

experiments]. £+ 5. "P<0.05, *P<0.01 vs corres-
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This result agreed with the hypothesis that Yy-chains,
rather than A -chains, were the major sites responsible
for the interactions between fibrinogen and plateletst™® |
The ability of natrahagin to hydrolyze -chains was so
weak that, even at high dose, it did not reduce the
aggregation rate of platelets.

Another proteinase that acted on GPIb from cobma
venoms was mecarhagin, which was purified from
Naja mocambique mocambigue venom, and reported to
cleave the binding site for vWF and o-thrombin in
GPIL®) and P-selectin glycoprotein ligand receptor
( PSGL-1 }'*. As we used similar purification
methods for natrahagin with those for mocarhagin, and
as both proteinases inhibit GPIb-mediated platelet
aggregation. it is reasonable to assume that natrahagin
bear similar proteolytic properties against GPIb and

PSGL-1. And these will be determined in the near
future.
REFERENCES

1 Ouyang C, Teng CM, Huang TF, Charaterization of snake
venom components acting on blood coagulation and platelet
function. Toxicon 1992; 30; 945 - 966.

2 FenY, Tan H. Lui ZL. Yu QS, Guan JX. Experimental
study on the antithrombotic effect of cobra venom,  Acad J
Guangzhou Med Coll 1996; 24 9-12.

3 Ward CM, Andrews RK, Ian Smith A. Bemdt MC.
Mocarhagin, a novel cobra venom metalloproteinaze,
cleaves the platelet von Willebrand Factor receptor
glyooprotein Tbo.  ldentification of the sulfated tyrosine
anicnic sequence Tyr-276-Glu-282 of glycoprotein I as a
binding site for von Willebrand Factor and o-thrombin.
Biochemistry 1996; 35; 4920 - 38.

4 Evans JH. Purification and properties of a fibrinogenase
from the venom of Naja migricollis. Biochim Biophys Acta
1984; 802 49-54.

5 Kini RM. Evans HI. Inhibition of platelet aggregation by a
fibrinogenase from Ngjg nigricoflis venom is independent of
fibriongen degradation.  Biochim Biophys Acta 1991:
1095; 117 -21.

6 De Luca M, Dunlop LC. Andrews RK, Flannery IV Jr,
Edling R, Comming DA. e al. A novel cobra venom
metalloproteinase, mocathagin, cleaves a 10-amino acid
peptide from the mamre N tenninus of P-selectin
glycoprotein ligand receptor, PSGL-1. and abolishes P-

selectin binding. I Biol Chem 1995; 270; 26734 - 7.

7 Huang TF. Chang MC, Peng HC, Teng CM. A povel o-
type fibrinogenase from Agkistrodon rhodostoma  snake
venom.  Biochim Biophys Acta 1992; 1160. 262 - 8.

8  Kamiguti AS, Slupsky JR. Zuzel M. Hay CRM. Proper-
ties of fibrinogen cleaved by jarahagin, a metalloproteinase
from the venom of Bathrops jararaca. Thromb Haemost
19945 72, 244 -9,

@ Ruggeri ZM. von Willebrand factor.
99: 559 -64.

10 Kamiguti AS, Hay CRM. David R. Theaksion G, Zumel
M. Insights into the mechanism of haemorrhage cansed by
snake venom metalloproteinases. Toxicon 1996; 34 627 —

Vet = )

ER BE i % 3K O B¥ natrahagin KR LFEARM

J Clin Invest 1997;

51 B 2 A I /45 3 5 B g
/éf77,5
FEHR, ZER!
a— e
(B—FEXFHYIRN, MW 510515, FEH)
rectvafagin
xR BEwEE; EOR-sEmRE -85 M

HEM D)OEEREE; MITHE, & n8;
m$ﬁﬁﬁge%

Elf): PF5K natrahagin K IFA EEL EHRERK
i/ EEEMEN. HE. SDS-PAGE. KB
#EQREENE, I EEELTR. ZR.
Natrahagin 54 B EH H LA 1:50 (w/w) ¥ H, 5 min
HAHILPRERER, BN T2ERNE T
6h; HAKBEAEESAFTOEMEER 0.349
0.044 g min~'-g~!. Natrahagin ¥ FE 4 i ¥ 3 3
i F FC B T & > 4R 0 3R A0 8% M B (80 UL
FEE I R B, IG5 (95 % Al 5B )45
56 (40-79)M1 3.3 (1.4-8.0) mg-L-'. {HEp
{i# natrahagin 3% 200 mg'L.~!, ¥ ADP MK HiE SR
/MR EEFLIMEEM. 4. Nawshagin &~
o rTARECQEEER, THEHEDH 0 DE
BEEL bArermhEREE.

(FEEzt 2 f544)



http://www.cqvip.com

