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Summary 

The snake venom of Echis coloratus was found to abolish the hemagglutinat- 
ing activity, hemolytic activity and in vivo infectivity of Sendai virus. The active 
factor (Echinhibin-1) was purified by gel filtration on Sephadex G-50, followed 
by chromatography on DEAE-Sepharose and CM-Sepharose. Echinhibin-I is 
a protease with a molecular weight of  about 25 kDa, an isoelectric point of  7 
and is stained by PAS, indicating that it is a glycoprotein. It showed a strong 
azocollase activity that was stable up to 68°C and at pH values of 4.5-10.5. Ten 
/~g/ml were sufficient to abolish the hemolytic effect of  the virus on human 
erythrocytes when incubation was at 37~C for 2 h, while 20/~g/ml abolished the 
hemagglutinating activity. Addition of Echinhibin-1 after the adsorption of 
Sendai virions onto washed erythrocytes at 4~C did not inhibit the subsequently 
hemolytic activity at 3T~C, indicating that Echinhibin-I interferes with virus 
adsorption to the cells. Of various protease inhibitors, only Na2 EDTA and o- 
phenanthroline inhibited the antiviral activity of the purified factor, indicating 
that it is a metalloproteinase. In vivo, mice inoculated intranasally with the 
virus pretreated with Echinhibin-1 developed well and gained weight, whereas 
untreated virus-infected mice lost weight and died within 1 week. Intravenous 
administrations of  the purified factor up to 80 ~g/mouse produced no signs of 
toxicity and subcutaneous injections caused no hemorrhagic activity, while the 
whole venom is very hemorrhagic with an LDso of 250 ~g/kg for mice. 

Echinhibin-l; Antiviral protease; Snake venom; Sendal virus 
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Introduction 

Antiviral activity may be directed at any of the stages of viral replication, the 
first of  which is the adsorption to the host cell. Numerous agents have been 
proposed for the treatment of viral diseases in the past three decades. Most of 
these compounds interfere at a stage following penetration of the virus into the 
cell (see, for example Furman et al., 1986: Vrang et al., 1987; Ngan et al., 1988; 
Oxford et al., 1989: Tabba et al., 1989; Rooke et al., 1990; Yao et al., 1992). 
Current antiviral agents have demonstrated benefit only in a limited number of 
viral infections, and all have significant potential for toxicity (Chou and 
Merigan, 1986). 

Snake venoms are complex mixtures of toxins and enzymes that show 
different activities on biological systems. Proteases are widely distributed in the 
venoms of Crotalidae and Viperidae (Emery and Russel, 1963; Stahnke, 1966; 
Tu et al., 1969: Tu, 1977; Markland, 1983). Some of the proteolytic enzymes are 
correlated with specific biological activities, such as hemorrhagic activity 
(Ovadia, 1978, 1987; Bjarnason and Fox, 1988-89), bradykinin-releasing 
activity (Sato et al., 1965) or thrombin-like activity (Sugihara et al., 1978). In a 
preliminary attempt snake venoms were used against poliomyelitis (Sanders et 
al., 1953, 1954): subcutaneous injections of several neurotoxoids derived from 
the venoms of the cobras Naja/lava and Naja na/a interfered with the course of 
experimental poliomyelitis caused by intracerebral infection with the Brunhilde 
or Lansing virus strain in Macacus rhesus. Padgett and Levine (1966) used the 
venoms of the cobra Naja naja and the krait Bungarusfasciata as crude enzyme 
preparations to rupture the outer envelope of the virions in order to study the 
fine structure of murine Rauscher leukemia virus. 

Among various snake venoms screened in vitro in this laboratory as 
inhibitors of Sendai virus (Borkow and Ovadia, 1992). the snake venom of the 
viperid Echis coloratus had the strongest inhibitory effect on the hemolytic 
activity of Sendai virus. This viperid snake is found in the Middle East. This 
work deals for the first time with the isolation and characterization of the active 
factor from the venom of the snake Echis coloratus. The purified factor - 
Echinhibin-1 - abolishes the following activities of Sendai virus: hemaggluti- 
nating, hemolytic and in vivo infectivity. 

Materials and Methods 

Materials 
Venom. Venom was obtained at our laboratory from healthy specimens of 

Echis coloratus kept at the Serpentarium of the Canadian Center for Ecological 
Zoology, Tel-Aviv University. The venom was 'milked' into separate vials, 
pooled, lyophilized and stored at - 2 0 C  until used. 

Columns. Sephadex G-50 (superfine), CM-Sepharose  and DEAE- 
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Sepharose were purchased from Pharmacia (Uppsala, Sweden). The gels were 
swollen and prepared as recommended by the manufacturer. 

Virus. Parainfluenza Virus type I (Sendai virus, Z strain) was injected into 
the allantoic sac of  1 l-day-old embryonated chicken eggs, harvested 48 h after 
the injection, and purified by established procedures (Henis et al., 1985). The 
virus was resuspended in 160 mM NaCl/20 mM Tricine (pH 7.4) and stored at 
-70~C.  Virus hemagglutinating activity was measured and expressed in 
hemagglutinating units (HAU). One ml of virus contained about  30 000 HAU. 

Blood. Fresh human blood was obtained from the blood bank at Tel- 
Hashomer Hospital, Israel, and stored up to one month at 4:'C. Prior to use, 
erythrocytes were washed with PBS (pH 7.2), and diluted to 2% (v/v) with the 
same buffer. 

Method~ 
Interaction o]" Sendai virions with human erythrocytes (Hemolysis 

assay). Erythrocytes from fresh human blood were washed and diluted to 
2% (v/v) with PBS (pH 7.2). One ml of these diluted erythrocytes was 
incubated for 15 min at 4~C with 100-300 HAU aliquot of  Sendal virions. 
Excess virus was removed by washing twice with cold PBS (pH 7.2) and the 
pellet was gently vortexed and resuspended in 1 ml of  PBS, pH 7.2. The mixture 
was incubated for 30 min at 37~C in a shaking bath (90 strokes per min) and 
then centrifuged at 3000 RPM. Hemolysis was determined by measuring the 
absorbance of  the supernatant at 540 nm. The antiviral activity of  the whole 
venom or its fractions was tested by incubation with aliquots of  100-300 HAU 
of  Sendai virions for 2 h at 37°C before an hemolysis assay was carried out. As 
control, 100-300 HAU of Sendai virions were incubated with PBS (pH 7.2). 

Hemagglutinating assay. Serial 2-fold dilutions ofvirus were made in 0.5 ml 
PBS (pH 7.2), and equal volumes were added from suspensions of  0.5% 
chicken red cells. Readings were done after 1 h and the end points were 
determined by a standard method of  interpolation. Hemagglutinating tests 
were also performed with viruses treated with the venom or its fractions. 

lnJection of animals. Three-week-old ICR mice weighing 9-10 g were 
inoculated intranasally under mild ether anesthesia, with 25 pl containing 37.5 
HAU of the virus. Each animal was measured daily for body weight, which was 
shown to be a good indication of  the pneumopathogenicity of  Sendai virus 
(Tashiro and Homma, 1983). 

Hemorrhagic activity. The active antiviral component was tested by the 
skin injection method of  Kondo et ai. (1960) with some modifications of  
Ovadia (1978). One tenth of  a milliliter of saline containing 0.05-40 pg of  the 
examined venom material was injected into the skin at the back of white mice. 
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20 h later the inner surface of the removed skin was observed for hemorrhagic 
spots. 

Proteolytic activity. General proteolytic activity was tested on azocoll 
according to the method of Moore (1969) modified by Ovadia (1987). Briefly, 
aliquots containing various amounts of  the whole venom, or the different 
fractions, were incubated separately with 10 mg of azocoll (insoluble dye - 
protein complex) suspended in 2 ml of 0.1 M phosphate buffer (pH 7.2) in a 
shaking bath (120 strokes per rain) for 1-3 h at 37C.  The reaction was stopped 
by centrifugation and the proteolytic activity was estimated by measuring thc 
absorbance of  the clear supernatant at 520 nm. 

The hydrolytic effect on the substrate N-benzoyl-L-arginine cthyl cstcr 
(BAEE) was examined according to the method of  Schwert and Takcnaka 
(1955). Aliquots containing 5-100 #g of the purified venom fraction were mixed 
with 1 ml of  0.5 mM BAEE in 0.05 M glycine buffer, pH 9.5. Proteolytic 
activity at 3TC was determined by measuring the change in absorbance at 254 
n m .  

Proteolytic activity on gelatin was examincd according to Ovadia (1978). A 
drop containing 0.1 mg of the purified venom factor was applied onto an 
undeveloped black and white film and incubated for 3 h at 37'C in a moist 
chamber. The film was then washed thoroughly with tap water. Gelatin 
digestion is indicated by a transparent spot on an opaque background. Trypsin 
served as a positive control. 

lmmunodiJfusion. Immunodiffusion was carried out in 1'% agar gel 
according to the procedure of Ouchterlony (1953). Rabbit antiserum against 
whole Echis coloratus venom was placed in the central well, and the isolated 
factor and the whole venom were placed in the peripheral wells at a distance of 
0.8 cm. After overnight incubation at room temperature, the gels were washed 
three times for 3 days with saline and dried. The precipitation lines were stained 
with Ponceu S (0.5% in 5% TCA [Trichloroacetic Acid]) for 10 rain and 
destaining was carried out with several changes of 5% acetic acid. 

lmmzmoelectrophoresis. Immunoelectrophoresis was performed in 1% agar 
gels for 2 h at 300 V in sodium-Tris barbital buffer (I-:0.04, pH 8.8). The 
antibodies were placed in the central trough for 24 h, followed by three 
washings with saline for 3 days, and dried. The precipitation lines were stained 
as above. 

lsoelectric[ocusing. Seven markers of  known isoelectric points (pls) and the 
antiviral factor were run separately in 2 ml tubes of 10% polyacrylamide gels 
containing 1% carrier ampholine with a pH range of 3- 10. Two hundred volts 
were applied overnight followed by 300 volts for 2 h. The anode solution was 1% 
phosphoric acid and the cathode 1% NaOH. The gels were fixed with 10% TCA 
and the proteins were stained by 0.025% Coomassie brilliant blue as above. 
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Electrophoresis. Electrophoresis was carried out according to the method 
of  Davis (1964). The purified factor and the whole venom were applied onto 
7.5% polyacrylamide slab gels. The running buffer was 0.05 M Tris-glycine 
(pH 8.3) and a current of  20 mA was applied. The gels were fixed with 40% 
methanol/10% acetic acid (v..'v) and then stained with the Bio-Rad Silver Stain 
Kit (Bio-Rad Laboratories, 2000 Alfred Nobel Drive, Hercules, CA 94547). 

Determination of molecular weight. The molecular weight was determined 
by sodium dodecyl sulfate-polyacrylamide gel clectrophoresis (SDS-PAGE) 
according to the procedure of Laemmli (1970). Seven markers of  known 
molecular weight, the antiviral factor, Sendal virions and a mixture of the 
antiviral factor with the virions were run separately in 7.5°/,, polyacrylamide 
gels in the presence of  0.2% SDS dissolved in 0.1 M phosphate buffer (pH 7). 
The gels were fixed with 10% acetic acid containing 10% isopropanol followed 
by staining with 0.025% Coomassie brilliant blue for proteins or with Bio-Rad 
Silver Stain Kit. Staining of  the gels by the PAS procedure was done as follows: 
the fixed gels were washed with iodinized water, followed by oxidation with 
0.2% sodium metaperiodate for 45 min, thoroughly washed with iodinized 
water and stained with Schiff's reagent for 1 h. The relative mobility of each 
marker was plotted against the logarithm of its known molecular weight: the 
molecular size of  the factor was calculated from this plot (Weber and Osborn, 
1969). 

Esthnation and concentration of proteins. Protein content was estimated by 
measuring the absorbance at 280 nm in a Gilford u.v. spectrophotometer, using 
a value o f A  1 °/,,es0 = 14. Protein solutions were concentrated by ultrafiltration 
under vacuum through a dialysis membrane (Union Carbide, Chicago, USA). 

Results 

Antiviral activi O, of  Echis co]oratus crude venom 

The antiviral effect of  the snake venom on Sendal virions was examined by 
hemagglutinating and hemolysis assays as described in Materials and Methods. 
Hemagglutinating activity of  38 500 HAU was totally lost after 2 h of  
incubation with 2.5 l~g of crude venom in 100 ltl at 37°C: 0.75/tg of  the snake 
venom were sufficient to abolish 50% of the hemagglutinating activity. The 
hemolytic activity of  100 HAU of the virions was completely lost after 2 h of  
incubation with 10/~g of the venom in 1 ml. However, 0.15 ~g of  crude venom 
were sufficient to cause complete inhibition of the 100 HAU of virions if the 
incubation was prolonged for 24 h (Fig. 1). 

General characterization ~[" the antiviral J'actor 
The following experiments were carried out in order to precharacterize the 

antiviral factor: 
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Fig. I. Antiviral activity of the whole venom of Echi.s coloratus. Aliquots containing t00 HALJ of Sendal 
virus in PBS were incubated with samples containing various amounts of crude venom for 2 h ( - ) or 24 h 
(O)  at 37 'C followed by an hemolysis assay of the mixtures as described in Methods. Controls included 

samples containing the virions only or the crude venom alone incubated with the erythrocytes. 

(A) Digestion with tO,psin. Samples containing 900 /~g of the Echis 
coloratus venom in PBS were incubated with 0.25% trypsin for 1 h at 37'C, and 
Fetal Calf Serum (FCS) was added in order to inactivate the trypsin. Aliquots 
of  venom incubated without trypsin, 0 .25% trypsin or PBS incubated with 
FCS served as controls. Each of these mixtures was incubated with a sample of 
the virions for 2 h before the hemolysis assay was carried out. The venom 
abolished the viral activity completely, whereas venom preincubated with 
trypsin did not influence the viral activity. These results indicate that the 
antiviral factor is a protein which can be digested by trypsin. 

( B) The thermostability o[ the antiviral Jactor. This was examined as 
follows: samples containing 40/~g of Echis coloratus venom in PBS were heated 
for 15 min at various temperatures and cooled before they were incubated with 
300 HAU Sendai virions for 2 h at 37~:C, and the mixtures were assayed for 
hemolysis as described. The hemolysis caused by these samples was compared 
with samples containing non-heated venom. The antiviral factor was found to 
be thermolabile; no effect was observed on antiviral activity up to 60~C, 
whereas its inhibitory capacity was lost for 50% after heating at 70~C, and 
completely after heating at 80:'C. 

(C) The stability of  the antiviral activity at various pH values. This was 
examined by adding 950/A of various buffer solutions at different pH values to 
50 I¢1 samples containing 400 /~g of  whole venom. The mixtures were left 
overnight at 4 'C before they were adjusted to pH 7.2 by dialysis against PBS 
and were tested in hemolysis experiments as described. The antiviral activity 
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Fig. 2. Purification scheme of Echinhibin-I from EchL~ coh~ratus venom using chromatographic procedures 
(see Materials and Methods section for complete details). (a) Sephadex (i-50. (b) DEAE-Sepharosc. and (c) 
CM-Sepharosc. From each step the peak fractions containing antivira[ activity (dotted lines on figures) 
from the previous column were pooled and then applied onto the next column. (a) 0. I M NaCI, (b) 0.5 M 

NaCI: (c} I M NaCI. 
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was stable within the pH range of 4.5-10.5. 

( D ) The iJ!fluence of phosphate buJfer on the antiviral activity. This could be 
demonstrated by a linear curve. As the molarity of  the phosphate buffer was 
increased in the solution, the antiviral activity of  the venom decreased. No 
effect on antiviral activity was observed up to 0.05 M phosphate buffer; 0.175 
M of phosphate buffer reduced the antiviral activity of the crude venom to 
50%, while concentrations of 0.5 M or higher abolished the capacity of the 
venom to inhibit Sendai virus. 

Pur(/i'cation of the antiviral J~wtor 
As the general characterization indicated that the antiviral factor is a 

protein, the following procedures of protein fractionation were used to purify 
the antiviral factor. 

(i/ Gel filtration on Sephadex G-50. 50 mg of lyophilized Echis coloratus 
venom was dissolved in 1 ml of phosphate buffer, 0.01 M, pH 7.2 and was 
centrifugated at 5000 x g before application on a column of Sephadex G-50, 1 
x 90 cm. The elution was performed with the same buffer at a flow rate of 2 

ml/cmZ/h; the effluent was collected in 2 ml fractions. The inhibitor was located 
in fractions 37 45 (Fig. 2a) with a 7.5-fold increase in the specific activity 
(Table 1). 

(ii) Chromatography on DEAE-Sepharose. Fractions 37-45 of  the previous 
step were pooled and subjected to column chromatography on DEAE- 
Sepharose (5 x 0.6 cm) equilibrated with 0.01 M phosphate buffer, pH 7.2. 
The column was washed by the same buffer before elution with a gradual 
increase of salt concentration, as shown in Fig. 2b. The inhibitor was eluted 
with the fractions of the first peak D1 that was not absorbed by the column. 
This peak showed a 10-fold increase in specific activity (Table 1). 

(iii; ('hromato£raphy on ('M-Sepharose. The main active fractions, found 

TABLE l 

Purification of Echinhibin-I from Echis col~ratus venora 

Step Total protein (rag) Total H A ~  neutralized Yield (%) Purification 
factor 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(7rude venom 50 500 000 100 I 
Supcrnatant 33 495 000 99 1.5 
G-50 (G3) 5.5 412 500 82 7.5 
DEA E-S (l)  1 ) 3.5 350 000 70 I 0 
CM-S (Echinhibin-I) 1.8 252000 50 14 

Total HAU neutralized was determined by incubating aliquots of Sendal virions with various 
concentrations of the antiviral fraction at each step of purification for 2 h at 37 C prior to the 
hemolysis assay. 
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Fig. 3. Immunoelectrophoresis was performed in 1% agar gels for 3 h. The purified factor was placed in the 
lower well and whole venom was placed in the upper well. Antibodies against whole venom were placed in 

the central trough after the electrophoresis. 

in the region DI of  the previous stage, were fur ther  purified by 
chromatography on CM-Sepharose. The fractions were pooled and applied 
onto a 5 × 0.6 cm column of CM-Sepharose equilibrated with 0.01 M 
phosphate buffer (pH 7.2). The column was cluted by a step-wise increment of  
various salt concentrations and the effluent was collected in 2-ml fractions (Fig. 
2c). The antiviral activity was found in the first peak eluted from the column by 
the equilibration buffer before the salt increment. The purification factor was 
further raised to 14. 

Homogeneity 
One band appeared when the isolated venom factor was examined by 

immunodiffusion, immunoelectrophoresis (Fig. 3), disc electrophoresis, SDS- 
PAGE (Fig. 4), and isoelectric focusing with a pl of  7. 

Characterization of Echinhihin- 1 
The purified factor was named Echinhibin-I because it was isolated from 

Echis venom and was a potent inhibitor of the virus. 
(A) The molecular weight of  Echinhibin-1 was lbund to be 25000, as 
determined by SDS-PAGE (Fig. 4, lane C). 
(B) Positive PAS-staining indicated that Echinhibin-I is a glycoprotein. 
(C) The following experiment indicates the importance of  the incubation 
temperature on the activity of  the antiviral factor. 300 HAU virions were 
incubated with various concentrations of  Echinhibin-I at 4':C, 25~'C and 37:C. 
Fig. 5 shows that higher concentrations of  the antiviral factor were needed to 
inhibit the hemolytic activity of  the virions as the incubation temperature was 
lowered, which points to the enzymatic character of  Echinhibin-l. 
(D) The general proteolytic activity was tested on azocoll at various pH values. 
The optimal activity was obtained between pH values of 8.5-9.8. At pH values 
lower than 6 or at pH values higher than 10.5 Echinhibin-I was not active. 
(E) The effect of  three types of  protease inhibitors was examined by incubating 
them with Echinhibin-1 tbr 1 h at 37~C prior to their incubation with the 
virions. As control, Echinhibin-1 or the inhibitors alone were incubated with 
the virions, and an hemolysis assay was carried out as described. The antiviral 
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Fig. 4. Determination of purity and molecular ~,eight of Echinhibin-1 b~ SDS electrophoresis gel 
electrophoresis performed according to the method of 1,aemmli (1970). Lane A: Sigma High Molecular 
Weight Standard mixture. Lane B: Sigma Dalton Mark VII-I, molecular weight markers. Lane C: 30 ltg ot" 

Echinhibin-l: Silver staining was performed after fixation. 

activity was inhibited by 0.4 mM EDTA and 1 mM o-phenanthroline, whereas 
concentrations 10-fold higher than usually used for the serine protease 
inhibitors, a protinin (0.55 raM) and phenylmethylsulfonyl fluoride [PMSF] 
(1 raM) or of the acid protease inhibitor pepstatin (0.08 mM), did not affect the 
antiviral activity, thus indicating that the antiviral factor must be a 
metalloproteinase. 
(F) Hemorrhagic activity: no red hemorrhagic spot were observed on the inner 
surface of  the removed skin of white mice 20 h after the injection of as much as 
40 gig of  the antiviral factor, whereas 2 pg of the whole venom caused marked 
hemorrhagic spot. 
(G) Lethal activity: 20 g ICR mice injected through the caudal vein with 0.5 ml 
PBS containing 80 ~g of Echinhibin-1 produced no signs of toxicity for 48 h. 
For comparison, the LDso of the crude venom was 0.25 ILg/g mice. 
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Fig. 5. Effect of  incubation tcmperaturc on antiviral activity. Ten l~g of the antiviral factor were incubated 
overnight at 4 C. 25:C and 37'C with 300 IIAU virions in 100 ul of  0.01 M phosphate buffer (pH 7). An 

hemolysis assay was then carried out as described in the Methods section. 

Neutralization of various activities o[" Sendai virus by Echinhibin-1 
(1) Hemagglutination. The neutralization of hemagglutinating activity of 

the virus was examined by using a Sendai virion sample containing 38 500 
HAU/ml. Echinhibin-I reduced by 50% the hemagglutinating activity of the 
virus at a concentration of 5 t,g/ml; at 20 #g/ml the hemagglutinating activity 
was completely abolished. 

(2) Hemolysis. The ability to neutralize hemolysis caused by Sendai virions 
was examined by two series of experiments: 

(a) The virus and various concentrations of the antiviral factor were 
incubated for 2 h or overnight at 37'C (final virus concentration 300 HAU/0.1 
ml) followed by an hemolysis assay as described in Methods. One/~g aliquot of  
the purified factor was needed to abolish the hemolysis caused by the 300 HAU 
virion sample if the preincubation between the purified factor and the virions 
lasted 2 h. However, only 0. I /~g of Echinhibin-1 was sufficient to abolish the 
virions activity if the preincubation between these components was prolonged 
overnight, indicating an enzymatic activity of the factor. To elucidate whether 
Echinhibin-I inhibits the first stage of attachment of the virions onto the 
erythrocytes or whether it might also interfere with the second stage (fusion) 
that causes hemolysis of  the erythrocytes, the following experiment was carried 
out. 

(b) 300 HAU Sendai virions were incubated with 1 ml of  diluted erythrocytes 
(2% v/v) for 1 h at 4':C. Excess virions were removed by two washes and 50/11 
aliquots containing various concentrations of the antiviral factor were then 
added to the mixtures; the incubation was prolonged for another 2 h at 4:'C or 
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Fig. 6. Effect of pretreatment of Sendal virions ~ith Echinhibin-I on subsequent virus infection in mice. 
The body weight of mice was examined daily after inlranasal inoculation v, ilh 25 j~l containing 37.5 HAU 
of Sendal virions in PBS or of Sendal ~irions incubated with Echinhibin-I. PBS alone and the antiviral 

hlctor alone were injected separately as the conlrols. 

at 37C.  The subsequent hemolysis assay revealed that no inhibition could be 
detected even at 10-fold higher concentrations of Echinhibin-I than needed to 
abolish hemolysis in the previous experiment. Thus, Echinhibin-I does not 
prevent hemolysis after attachment of the virions onto the erythrocytes has 
taken place. It must thus act during the first stage by inhibiting attachment of 
the virions onto the cells. 

(3) h!/ection ~?/'animaLs'. Samples (200/~1) containing 300 HAU of Sendal 
virions and 10 pg of Echinhibin-I were incubated for 2 h at 37':C: 25/21 aliquots 
containing 37.5 HAU were then inoculated intranasally into mice. PBS alone, 
or virions alone or the antiviral factor alone, were inoculated intranasally to 
serve as controls, and the body weight of each animal was measured daily 
thereafter. The weight of the animals inoculated with PBS alone, or with the 
purified factor alone, increased normally, whereas those that had been 
inoculated with the virions suspended in PBS began to lose weight after the 
fourth day, and 5 out of  12 mice died within 1 week. Animals inoculated with 
the virus preincubated with Echinhibin-I gained normal weight (Fig. 6) and 
none died. This result shows that the virus treated with Echinhibin-1 in vitro 
had been neutralized and that Echinhibin-1 is not toxic to the respiratory tract 
of the mouse. 

Discussion 

Snake venorns are composed of many components active on various 
biological systems (see Introduction). It has been recently reported that wounds 
caused by snake venoms usually show very low bacterial infection (Talan et al., 
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1991). In addition, this laboratory has already shown the potential activity of 
various snake venoms against tumor cells and Sendai virus (Chaim-Matyas and 
Ovadia, 1987: Chaim-Matyas et al., 1991, 1993; Borkow and Ovadia, 1992). It 
is therefore important to purify the antiviral agents from the active snake 
venoms in order to elucidate the mechanism of their activity. The snake venom 
of Echis coloratus showed a strong inhibitory effect on Sendai virus (Borkow 
and Ovadia, 1992). This paper reports the first attempt to isolate and 
characterize the inhibitory factor from a snake venom, and demonstrates its 
ability to abolish the hemolytic activity, hemagglutinating activity and 
infectivity of the Sendal virus. The purified factor was named Echinhibin-I 
because of its origin and its inhibitory effect on various activities of Sendai 
virus. It is a glycoprotease with a molecular weight of  25 kDa and isoclectric 
point of  7. Strong proteolytic activities could also be demonstrated in other 
fractions of the Echis coloratus venom, but they showed no inhibition of the 
Sendai virus, which indicates the specificity of  Echinhibin-l. Moreover, other 
snake venoms which also contain high quantities of  various enzymes, do not 
affect the hemolytic activity of the virus (Borkow and Ovadia, 1992). 

It is well known that the first stage of the infectivity of parainfluenza viruses 
is virion attachment to the cell membranes, which is intermediated by the HN 
(hemagglutininneuraminidase) glycoprotein found on the virion envelope. 
After attachment of the virion to a host cell, the next step in infection is the 
delivery of the nuclcocapsid into the cytoplasm. This step is mediated by a 
second surface glycoprotein - the fusion protein (F). This protein stems from 
an inactive precursor (Fo), which gains the fusion function by a cleavage 
process that is mediated by cellular trypsin-like enzymes (Homma and Ohuchi, 
1973; Kingsbury, 1990: Gotoh et al., 1992). The inhibition of the hemolytic and 
the hemagglutinating activities of  the Sendai virions could be achieved if 
Echinhibin-I is prcincubated with the free virions before they attach to the 
erythrocytes. After attachment, the purified factor does not influence these 
viral activities. It may be concluded therefore that Echinhibin-1 inhibits the 
first vital step of the viral infection - the adsorption of the virions to the cells, 
probably by specific cleavage of the HN protein, a possibility that should be 
further examined. 

Previous studies also revealed proteases, isolated from various organisms, 
which specifically remove the hydrophobic anchor peptides from the viruses 
(Reginster, 1965; Biddle, 1968; Compans et al., 1970; Brand and Skehel, 1972; 
Hall and Martin, 1974; Springer et al., 1974: Nestorowicz ct al., 1985; 
Formanowski and Meier-Ewert, 1988; Volkman and Golsmith, 1988; Sato et 
al., 1988). However, the suitability of most of these substances for antiviral 
therapy is doubtful, because of the high concentration needed to abolish 
infectivity [13 mg/ml/4-24 h of incubation except for caseinase C which is 
active at 20 l~g/ml/4 h (Reginster, 1965)]. The purified factor of  Echis coloratus 

- Echinhibin-I - is even more useful as it abolishes infectivity at 10/~g/ml (2 h 
of incubation) or at 1 /~g/ml (24 h of incubation). 

Most of  the antiviral compounds discovered so far inhibit the viral 
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regulatory gene products, viral proteases and endonucleases (Furman et al., 
1986; Vrang et al., 1987; Ngan et al., 1988: Oxford et al., 1989; Tabba et al., 
1989; Rooke et al., 1990). This study, of  a different and new antiviral agent 
purified from a snake venom, may represent a new source of  effective agents 
that could prove of major importance for research and clinical management of 
viral diseases. Future studies should address the specific target of  Echinhibin-I 
on the virion, in order to reveal the mechanism involved in the process of the 
inhibition of Sendal virus and examine the possibility of inhibition of other 
enveloped viruses by Echinhibin-1. 

Acknowledgements 

We wish to thank the group of Prof. Yoav I. Henis and Mrs. Ronit Haklai 
for their help in the preparation of the Sendal virus stock. 

References 

Bauer. D.J. (1985) A history of the discovery and clinical application of antiviral drugs. Brit. Med. 
Bull. 41, 309 314. 

Biddle, F. (1968) The action of protease on Influenz, a A2 virus. J. Gen. Virol. 2, 19 28. 
Bjarnason, J.B. and Fox. J.W. (1988-89) Hemorrhagic toxins from snake venoms. J. Toxicol. 7. 

121- 209. 
Borkow, G. and Ovadia. M. (1992) Inhibition of Sendal virus by various snake venoms. Life 

Sciences 5 I, 1261-1267. 
Brand, C.M. and Skehel, J.J. (1972) Crystalline antigens from the influenza virus envelope. Nature 

New Biology 238, 145 147. 
Chaim-Matyas, A. and Ovadia, M. (1987) Cytotoxic activity of various snake ~.enoms on melanoma 

cells BI6FI0 and chondrosarcoma. Life Sci. 40, 1601 -1607. 
Chaim-Matyas, A., Borkow, G. and Ovadia, M. (1991) Isolation and characterization of cytotoxin 

P4 from the venom of Naja nigricollis nigricollis ,preferentially acti~,e on tumor cells. 
Biochemistry Int. 24, 415 421. 

Chaim-Matyas, A.. Borkow, G. and Ovadia, M. (1993) Encapsulation of the cobra cytotoxin P4 in 
liposomcs. Biotechnol. Appl. Biochcm. 17, 31 -36. 

Chou, S. and Mcrigan, T.C. (1986) Antiviral chemotherapy. In: B.N. l-'iclds and D,M. Knipe (Eds), 
Fundamental Virology. Vol. 16, pp. 309 334. Raven Press, New York. 

Compans. R.W., Klenk, H., Caliguiri, L.A. and Choppin, P.W. (1970) Influenza Virus Proteins. 1. 
Analysis of polypeptidcs of the virion and identification of spike glycoproteins. Virology 42, 
880-889. 

Davis, B.J. (1964) Di.~ electrophoresis - II. Method lind application to human serum proteins. Ann. 
NY Acad. Sci. 121. 404-409. 

Emery, J.A. and Russel, F.E. 11963) Lethal and hemorrhagic propertics of some North American 
snake venoms, in: Keagan, H.L. and Macfarlane, W.V. (Eds), Venomous and poisonous animals 
and noxious plants of the pacific region, pp. 409-413. Pergamon Press. London. 

Formanowski, F. and Meier-Ewert. H. (1988) Isolation of the influenza C virus glycoprotein in a 
soluble form by bromelin digcstion. Virus. Res. 10. 177-192. 

Furman, P.A., Fyee. J.A., St. Clair. M.H., Weinhold, K., Rideout, J.l,., Frecman, G.A., Lehrman. 
S.N., Bologncs, D.P., Brod, S., Mitsuya, H. and Barry. D.W. (1986) Phosphorylation of azido- 
Y-deoxythymidine and selective intcraction of the 5'-triphosphate with human immunodefi- 



175 

ciency virus reverse transcriptase. Proc. Natl. Acad. Sci. USA 83, 8333-8337. 
Gotoh, B., Yamauchi, F., Ogasawara, Y. and Nagai, Y. (1992) Isolation of factor Xa from chick 

embryo as the amniotic endoprotease responsible for paramyxovirus activation. FEBS Lett. 296, 
274 278. 

Hall, W. and Martin, S.J. (1974) The biochemical and biological characteristics o1" the surface 
components of measles virus. J. Gen. Virol. 22, 363-374. 

lienis, Y.I., Gutman, O. and Loyter, A. (1985) Sendal virus envelope glycoproteins become laterally 
mobile on the surt:ace of human erythrocytes following fusion. Exp. Cell Res. 160. 514-526. 

Homma, M. and Ohuchi, M. (1973) Trypsin action on the growth of Sendai virus in tissue culture 
cells. 3. Structural differences of Sendai viruses grown in eggs and tissue culture cells. J. Virol. 12, 
1457 1465. 

Kendal, A.P., Apostolov. K. and Belyavin, G. (1969) The effect of protease treatment on the 
morphology of influenza A, B, and C viruses. J. Gen. Virol. 5, 141 143. 

Kingsbury, D.W. (1990) Paramyxoviridae and their replication. In: Fields, B.N. and Knipc D.M. 
(Eds). Virology, pp. 945-962. Raven Press, New York. 

Kondo, H., Kondo, S., Ikezawa, H.. Murata, R. and Ohsaka, A. (1960) Studies on the quantitative 
method for determination of hemorrhagic activity of habu snake venom. Jpn. J. Med. Sci. Biol. 
13, 43 51. 

I,aemmli, U.K. (1970) Cleavage of structural proteins during the assembly of the head o1" 
bacteriophage T4. Nature 227, 680-685. 

Markland, F.S. (1983) Rattlesnake venom enzymes that interact with components of the hemostatic 
system. J. Toxic. Toxin Rcv 2, 119 123. 

Moore, G.L. (1969) Use o1" azo-dye bound collagen to measure reaction velocities o1" proteolytic 
enzymes. Analyt. Biochem. 32, 122. 

Nestorowicz, A., Laver, G. and Jackson, D.C. (1985) Antigenic determinants of Influenza Virus 
Haemagglutinin. X. A comparison of the physical and antigenic properties of monomeric and 
trimeric forms. J. Gen. Virol. 66. 1687 1695. 

Ngan, F.. Chang, R.S., "['abba, H.D. and Smith, K.M. (1988) Isolation, purification and partial 
characterization o[" an active anti-HIV compound from the Chinese medicinal herb Viola 
yedoensis. Antiviral Res. 10, 107 116. 

Ouchterlony, O. (1958) Acta Pathol. Microbiol. Scand. 32, p. 231. Cited by Kabat. E.A. (1948) In: 
Experimental Immunochemistry, p. 85, Illinois: Charles C. Thomas Pub. 

Ovadia, M. (1978) Isolation and characterization of three hemorrhagic factors from the venom of 
Vipera palacstinae. Toxicon 16, 479 487. 

Ovadia, M. (1987) Isolation and characterization of a hemorrhagic factor from the venom of the 
snake Atractaspis engaddensis (Atractaspididae)Toxicon 25, 621 630. 

Oxford, JS. ,  Coates, A.R.M., Sia, D.Y.. Brown, K. and Asad, S. (1989) Potential target sites for 
antiviral inhibitors ot" human immunodeficiency virus (HIV). J. Antimicrob. Chemother. 23, 9- 
27. 

Padgett, F. and Levine, A.S. (1966) Fine structure of the Rauscher leukemia virus as revealed by 
incubation in snake venom. Virology 30, 623-630. 

Reginster, M. (1965) Inactivation of Influenza virus by Caseinase C from Streptomyces albus G 
culture-filtrate. J. Gen. Microbiol. 40, 157 169. 

Rooke, R., Tremblay, M. and Wainberg, M.A. (1990) A Z ]  (zidovodinc) may act postintegration- 
ally to inhibit generation of tIIV-progeny virus in chronically infected ceils. Virology 176, 205- 
215. 

Sanders, M., Sorer, M.G. and Akin, B.A. (1953) Neurotoxoid interference with two human strains 
of poliomyelitis in rhesus monkeys. Ann. NY Acad. Sci. 58, I-I I. 

Sanders, M., Sorer M.G. and Akin. B.A. (1954) Naja ./lava neurotoxoid interference late in 
experimental poliomyelitis. J. Path. Bact. 68, 267-271. 

Sato, T., lwanaga, S., Mizushima, Y. and Suzuki, T. (1965) Studies on snake venoms. XV. 
Separation of arginine ester hydrolase of Agkistrodon halys blomhoffi venom into three 
enzymatic entities: "Bradykinin releasing', 'clotting', and "permeability increasing'. J. Biochem. 
(Tokyo) 57. 380 391. 



176 

Sato. T.A., Kohama, 1. and Sugiura, A. (1988) Intracellular processing of measles virus fusion 
protein. Arch. Virol. 98, 39-50. 

Schwert, J.A. and Takenaka, Y. (1955) A spectrophotometric determination ot" trypsin and 
chymotrypsin. Biochim. Biophys. Acta 16, 570-575. 

Springer, T,, Strominger, J. and Mann, D. (1974) Partial purification of detergent-soluble HL-A 
antigen and its cleavage by Papain. Proc. Natl. Acad. Sci. USA 71. 1539 1543. 

Stahnke, H.L. (1966) The treatment of venomous bites and stings. Tempe: Arizona State University. 
St, gihara, H.. Nikai, T.. Kawaguchi. T. and Tanaka, T. (1978) Enzymochemical studies on snake 

venoms IV. Purification of lethal protein Ac2-proteinase in the venom of Agkistrodon acutus. J. 
Pharm. Soc. Japan 98, 1523. 

Tabba, H.D., Chang, R.S. and Smith, K.M. (1989) Isolation, purification and partial 
characterization of prunellin, an anti-HIV component from aqueous extracts of Prunella 
vulgaris. Antiviral Res. I 1,263 -274. 

Talan, D.A., Citron. D.M.. Overturf, G.D., Singer, B., Froman, P. and Goldstein, E.J.C. (1991) 
Antibacterial activity of crotalid venoms against oral snake flora and other clinical bacteria. J. 
Inf. Dis. 164. 195 198. 

"fashiro, M. and Homma, M. (1983) Pneumotropism of Sendai virus in relation to protease- 
mediated activation in mouse lungs. Infect. lmmun. 39, 879 888. 

Tu, A.T. (1977) Venoms: Chemistry and Molecular Biology, p. 104 131, John Wiley. New York. 
Tu. A.T., Homma, M. and Hong, B.S. (1969) Hemorrhagic, myonecrotic, thrombotic and 

proteolytic activities of viper venoms. Toxicon 6, 175 178. 
Volkman, L.E. and Goldsmith. P.A. 11988) Resistance of the 64K protein o1" budded Autographa 

cal(lbrnica nuclear polyhcdrosis virus to functional inactivation by proteolysis. Virology 166, 
285-289. 

Vrang, I.., Bazin, H., Remaud, G., Chattopadhyaya, J. and Oberg. B. (1987) Inhibition of the 
reverse transcriptase from HIV by Y-azido-Y-dcoxythymidine triphosphatc ~,nd its threo 
analogue. Antiviral Res. 7, 139 149. 

Yao. X., Wainberg, M.A. and Parniak, M.A. (1992) Mechanism of inhibition of HIV-I in vitro by 
purified extract of Prunella vulgaris. Virology 187, 56--62. 

Weber, K. and Osborn. M. (1969) The reliability of molecular weight determinations by dodccyl 
sulfatc-polyacrylamidc gel clcctrophorcsis. J. Biol. (?hem. 244, 4406 4412. 


