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B. LomonTE, E. MoORENO and J. M. GuTiERRez. Detection of proteins antigenically related to
Bothrops asper myotoxin in crotaline snake venoms, Toxicon 25, 947 — 955, 1987. — The presence
of components antigenically related to Bothrops asper myotoxin was investigated by Western
blotting and immunoclectrophoretic techniques. B. asper myotoxin is a non-glycosylated
monomeric phospholipase A with a molecular weight by SDS-PAGE of 16,000 and isoelectric
point of pH 9.8 — 10.0. Results showed that proteins in the venoms of B. nummifer, B. godmani,
B. schlegelii, B. picadoi, and Agkistrodon bilineatus were recognized by monospecific antibodies
to B. asper myotoxin raised in rabbit and sheep. Western blotting indicated that cross-reacting
proteins have a molecular weight of 16,000, with the exception of that of B. picadoi, which is of
24,000 mol. wt. However, immunoelectrophoresis indicated that these components are highly
heterogeneous in charge, ranging from basic to acidic proteins. The cross-reacting component(s)
present in newborn B. asper venom has a different charge from that of the ‘adult-type’. Venoms
from newborn specimens showed an additional cross-reacting band of 18,000 mol. wt. Myotoxin is
an abundant component in adult B. asper venom. Myotoxin — antimyotoxin complexes had
different electrophoretic mobilities in rocket immunoelectrophoresis depending upon the species
in which monospecific immune sera were produced.

INTRODUCTION

LOCAL myonecrosis is one of the consequences of poisoning by snakes of the subfamily
Crotalinac (OWNRBY, 1982). Myotoxic activity has been demonstrated in the venoms of
several species of the genera Bothrops, Crotalus and Lachesis from Costa Rica
(GUTIERREZ and CHAVES, 1980). A myotoxin which was isolated from the venom of
B. asper (GUTIERREZ et al., 1984) belongs to the group of myotoxic phospholipases A,
(GUTIERREZ ¢! al., 1984; GUTIERREZ and CERDAS, 1984). By neutralization experiments,
it was shown that the myotoxin is the main component responsible for the myotoxic
activity of crude venom (LOMONTE ef al., 1985). In previous work (LOMONTE ef al.,
1985), the presence of components antigenically related to B. asper myotoxin in other
crotaline venoms from Costa Rica was investigated. A cross-reaction with the venom of
B. schlegelii was found. We have further investigated the presence of serologically related
components in other snake venoms using more sensitive immunochemical techniques. In
this work, we describe the occurrence and some biochemical characteristics of proteins
related to B. asper myotoxin from the venoms of five crotaline species.

*To whom reprint requests should be addressed.
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MATERIALS AND METHODS

Isolation and characterization of B. asper myotoxin

Myotoxin was isolated from B. asper venom by two cycles of ion-exchange chromatography on CM-Sephadex
C-25, as described by GUTIERREZ et al. (1986a). Homogeneity was cvaluated by disc-polyacrylamide gel
electrophoresis at pH 4.3 (REISFELD ef al., 1962). Molecular weight was estimated by sodium dodecyl sulfate
polyacrylamide slab gel electrophoresis (SDS-PAGE), according to LAEMMLI (1970). Isoelectric point was
determined by analytical isoelectric-focusing on polyacrylamide gel using ampholytes from pH 3 to 10,
according to the Instruction Manual of Pharmacia (Pharmacia Fine Chemicals Co., Uppsala). The presence of
carbohydrates was studied by periodic acid Schiff staining and concanavalin A — peroxidase conjugate as
described by RAMIREZ ef al. (1983).

Anti-myotoxin antisera and polyvalent antivenom

Antisera against purified B. asper myotoxin were produced in rabbits and sheep. Initial doses (2 mg) were
given in Freund’s complete adjuvant (Difco Laboratories, Detroit) by i.m. route (HERBERT, 1978). Booster
injections were performed with 1 mg doses dissolved in sodium alginate and administered by the s.c. route every
two weeks during a period of two months. The antibody response was assessed by an immunodiffusion test
against B. asper venom (10 mg/ml) and myotoxin (2 mg/ml). Specificity was assessed by immunoelectrophoresis
against venom and myotoxin (OUCHTERLONY and NILsSON, 1978). Sheep and rabbit antisera were used in gel
precipitation techniques, whereas rabbit antiserum was used in Western blotting techniques. Polyvalent
antivenom was produced in horses immunized with a mixture of equal parts of the venoms of Bothrops asper,
Crotalus durissus and Lachesis muta (BOLAROS and CERDAS, 1980).

Preparation of conjugates

The IgG fraction of rabbit anti-myotoxin serum was isolated by affinity chromatography on protein A-
Sepharose 4B (Pharmacia) (LANGONE, 1982). Protein A was obtained from supernatants of cultures of
methicillin-resistant Staphylococcus aureus Cowan 1 (strain A676), as described by RAMIREZ ef al. (1983). IgG
was conjugated to horseradish peroxidase (HRP type IV; Sigma Chemical Co., St Louis) according to the
method of NAKANE and PIERCE (1966). Conjugates were diluted 1:2 in glycerol, and stored at 4°C.

Titration of the anti-myotoxin IgG — HRP conjugate was performed by dot blotting (TowsBIN and GORDON,
1984). Drops of 2 ul of serial dilutions of B. asper venom, ranging from 4 to 250 ng, were adsorbed onto
nitrocellulose paper strips (Bio-Rad Laboratories, Richmond). After 5 min, unbound sites on the strips were
blocked with 1% bovine serum albumin (Sigma), 1% casein (BDH Chemicals, Poole), 0.025 M barbital solution
(pH 8.6) for 6 hr. Then, different amounts of conjugate in 0.1% albumin, 0.1% casein barbital buffer were
added to each strip, to give final dilutions of 1:50, 1:100, 1:250, 1:500 and 1:1000. Incubation was carried out at
4°C for 16 hr. After four washings (15 min each) with the same solution, enzymatic activity was detected using 4-
chloro-1-naphtol (Bio-Rad) and hydrogen peroxide as substrate, according to the manufacturer’s instructions
(Bulletin #1141, Bio-Rad).

Western blotting and dot-blotting analyses

Different B. asper venom samples were analysed by Western blotting (BeErs and GARFIN, 1985). Samples of 40
ug of each venom dissolved in distilled water were reduced with 2-mercaptoethanol and separated by 15% SDS-
PAGE. A control of purified B. asper myotoxin was included. After separation, proteins in the gel were
transferred electrophoretically to nitrocellulose paper at 70 mA for 16 hr according to the method of TOWBIN et
al. (1979). Then, nitrocellulose was coated as described, and myotoxin was detected with rabbit anti-myotoxin
antibodies followed by HRP-labelled protein A. In all cases, samples were tested for the presence of endogenous
peroxidase activity.

The venoms of B. asper, B. schlegelii, B. nummifer, B. picadoi, B. godmani, B. lateralis, B. ophryomegas, B.
nasutus, B. lateralis, Lachesis muta stenophrys and Crotalus durissus durissus from Costa Rica, and
Agkistrodon bilineatus from Guatemala, were analysed by Western blotting, as described above. All venom
samples were tested by dot blotting in native conditions against anti-myotoxin HRP-conjugated rabbit IgG.

Two-dimensional SDS-PAGE

In order to investigate the possibility of formation of myotoxin aggregates during electrophoresis, an excess of
B. asper venom (1 mg) was reduced with 2-mercaptoethanol, loaded on a 12% gel, and separated in the first
dimension. Then, the corresponding polyacrylamide strip was cut, re-boiled in the presence of 2-
mercaptoethanol, and placed horizontally on a second 12% SDS-PAGE slab. A control B. asper venom was
included in a separate well in the same gel. After the second dimension, proteins were transferred to
nitrocellulose, and myotoxin was detected as described, using HRP-conjugated antibodies. Protein staining of
the gel was performed with Coomassie Brilliant Blue R-250.
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Immunoelectrophoretic analyses

Venoms which reacted with antibodies to B. asper myotoxin in Western blotting tests were analysed by
immunoelectrophoresis (OUCHTERLONY and NILSSON, 1978) against sheep anti-myotoxin serum. Samples of
75 ug/15 ul of each venom were separated electrophoretically on 1% agarose gels in 0.025 M barbital buffer, pH
8.2, at 20 mA during 2 hr. Diffusion against sheep serum was allowed for 24 hr at room temperature, and then
the plates were washed with phosphate-buffered saline solution, pH 7.2, and stained with Amidoblack 10 B.

Rocket immunoelectrophoresis (WEExe, 1973) of the venoms was performed on 1% agarose gels, pH 8.2,
containing either 5% v/v rabbit antiserum or sheep antiserum to myotoxin. Samples of 50 ug/10 ul of each
venom were run at 12 mA for 4 hr. Plates were washed and stained as described.

Crude B. asper venom was analysed by crossed immunoelectrophoresis (WEEXE, 1973) against sheep
antiserum to myotoxin. A sample of 50 ug/10 ul was separated in the first dimension at 20 mA for 2 hr. The
second dimension was run in 5% v/v sheep antiserum-containing agarose, at 12 mA for $ hr.

RESULTS
Properties of myotoxin
Purified B. asper myotoxin appeared as a single band in disc-polyacrylamide gel
clectrophoresis at pH 4.3, and as a single band of 16,000 mol. wt in SDS-PAGE either in
the absence or in the presence of 2-mercaptoethanol as reducing agent (not shown). The
toxin focused at a single band, pH 9.8—10.0 in analytical polyacrylamide isoelectric
focusing. Neither the periodic acid Schiff stain nor the concanavalin A — peroxidase

z
i

12 34567
+

Fiqa. 1. IMMUNODETECTION OF MYOTOXIN AND CROSS-REACTING PROTEINS FROM DIFFERENT Bothrops
VENOMS.
Venoms were separated in SDS-PAGE, electrophoretically transferred to nitrocellulose paper, and
immunoenzymatically detected with a conjugate of anti-myotoxin rabbit 1gG — peroxidase and 3,
3-diaminobenzidine as precipitable substrate. Fifty micrograms of newborn B. asper venom from
the Pacific region (1); 50 ug of newborn B, asper venom from the Atlantic region (2); 50 ug of
adult B. asper venom from Honduras (3); 10 ug of purified B. asper myotoxin (4); 50 ug of
B. schiegelii venom (5); 50 ug of adult B. asper venom from the Pacific region (6); and 50 ug of
adult B. asper venom from the Atlantic region (7). The arrows indicate faint protein bands. Notice
the two bands detected in the newborn B. asper venoms and in B. schlegelii venom.
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(RAMIREZ et al., 1983) method detected carbohydrates in the electrophoretically-
separated myotoxin.

Antisera to myotoxin
Both rabbit and sheep antisera formed two superimposed parallel precipitation arcs by
immunoelectrophoresis against both crude B. asper venom and purified myotoxin.

Western blotting and dot blotting analyses

The working dilution of HRP — anti-myotoxin conjugate selected by dot blotting
titration was 1:100. This dilution detected the myotoxin present in 8 ng of B. asper venom.
By Western blotting, venoms of B. asper from the Atlantic and Pacific regions of Costa
Rica showed one band of molecular weight 16,000, with identical mobility to the purified
myotoxin (Fig. 1). Myotoxin was also detected in B. asper venom from Honduras (Fig. 1).
Less intense reactions corresponding to molecular weights of 16,000 and 18,000 were
observed with both Atlantic and Pacific B. asper venom pools obtained from specimens
of less than 30 days of age (Fig. 1). The reaction with venoms from newborn specimens
was slightly stronger in that of the Pacific than in that of the Atlantic. In some instances, a
faint band of 65,000 mol. wt was observed in B. asper venoms (Fig. 1), but this reaction
was not reproducible in all immunotransferences.
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FiG. 2. SDS-PAGE AND IMMUNODETECTION OF MYOTOXIN AND CROSS-REACTING PROTEINS FROM
DIFFERENT CROTALINE VENOMS,
Venoms separated in SDS-PAGE and electrophoretically transferred to nitrocellulose paper were
immunoenzymatically detected with a conjugate of anti-myotoxin rabbit IgG — peroxidase and
3,3-diaminobenzidine as precipitable substrate. Fifty micrograms of Agkistrodon bilineatus
venom (a); 50 ug of Crotalus durissus durissus venom (b); 50 ug of Lachesis muta stenophrys
venom (c); 50 ug of B. nasutus venom (d); 50 ug of B. picadoi venom (c); 50 ug of B. nummifer
venom (f); 50 ug of B. ophryomegas venom (g); 50 ug of B. godmani venom (h); 50 pg of B.
lateralis venom (i); and 50 ug of adult B. asper venom from the Atlantic region (j). All samples
were reduced with 2-mercaptoethanol. The numbers to the left of the SDS-PAGE indicate the
molecular weight x 10°.
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Anti-myotoxin antibodies reacted with components present in the venoms of other
crotaline species. B. schlegelii (Fig. 1), B. godmani, B. nummifer and Agkistrodon
bilineatus venoms (Fig. 2) showed one band corresponding to 16,000 mol. wt, whereas B.
Dicadoi venom (Fig. 2) presented one band of 24,000 mol. wt. Venom of B. schlegelii
showed also a band of 15,000 mol. wt (Fig. 1). All these venoms gave a positive reaction
when tested in native conditions by dot blotting.

Two-dimensional SDS-PAGE

Analysis of B. asper venom by overloaded two-dimensional SDS-PAGE combined with
Western blotting showed the presence of myotoxin at the position of 16,000 mol. wt. No
myotoxin aggregates of higher molecular weight were observed. Total protein stain of gels
showed the migration of all components according to the corresponding molecular weight
of the first dimension, without generating lower molecular weight bands in the second
dimension (data not shown).
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Fia. 3. IMMUNOELBCTROPHORETIC ANALYSIS OF DIFFERENT CROTALINE VENOMS,
Rabbit monospecific serum anti-B. asper myotoxin (in the channels) was run against 75 ug/15 ul of
electrophoretically-separated venoms of A. bilineatus (a), B. godmani (b), newbom B. asper from
the Pacific region (c), B. schlegelii (d), B. nummifer (¢), B. picedoi (f) and newborn B. asper from
the Atlantic region (g).
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FIG. 4, ROCKET IMMUNOELECTROPHORESIS OF DIFFERENT CROTALINE VENOMS.
Monospecific sheep serum anti-B. asper myotoxin (A) and monospecific rabbit serum anti-
B. asper myotoxin (B) were run against 50 ug/10 ul of venoms from A. bilineatus (a), B. godmani
(b), B. nummifer (c), B picadoi (d), newborn B. asper from the Atlantic region (¢); newborn
B. asper from the Pacific region (f), adult B. asper from the Pacific region (g), adult B. asper from

the Atlantic region (h), and B. schlegelii ().

Immunoelectrophoretic analyses

Venoms which reacted with anti-myotoxin antibodies in Western blotting and dot
blotting tests also reacted in immunoelectrophoresis (Fig. 3). A. bilineatus venom formed
two diffuse and apparently independent precipitin arcs, one cathodic and one anodic,
whereas B. godmani venom formed two precipitin arcs with total identity (Fig. 3). B.
nummifer venom formed a single arc towards the cathode, whereas B. picadoi venom
precipitated anodically as one arc (Fig. 3). A precipitin arc was observed with B. asper
venoms from newborn specimens. Atlantic-newborn venom reacted near the origin,
whereas Pacific-newborn venom showed a less intense reaction with a slightly anodic
component (Fig. 3). B. schlegelii formed three diffuse precipitin arcs, two of them with
total identity, whereas the cathodic arc showed a reaction of partial identity (Fig. 3).

By rocket immunoelectrophoresis, variations in the polarity of the precipitin reaction
among the different venoms were also evident (Fig. 4). Some of the venoms precipitated
with opposite polarity when tested against rabbit and sheep antisera (Fig. 4). By crossed
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immunoelectrophoresis against sheep antiserum to myotoxin, B. asper venom showed two
precipitation arcs with identical electrophoretic migration but different heights and
intensities (data not shown).

DISCUSSION

B. asper myotoxin is a non-glycosylated, highly basic (pI 9.8 -10.0), monomeric
phospholipase A with a molecular weight of 16,000 by SDS-PAGE. Antibodies to
B. asper myotoxin reacted with venoms from five crotaline species: B. nummifer,
B. schlegelii, B. godmani, B. picadoi and Agkistrodon bilineatus. Thus, these venoms
possess components which are antigenically related to B. asper myotoxin. Findings on the
molecular weight and charge of these cross-reacting components indicated that they share
a molecular weight of 16,000, with the exception of that of B. picadoi which has a
molecular weight of 24,000. However, they exhibit a remarkable heterogeneity of charge,
ranging from basic to acidic proteins. Venoms of B. godmani, B. schlegelii and
A. bilineatus showed the presence of two to three cross-reacting proteins with different
electrophoretic mobilities. The fact that in immunoelectrophoresis these venoms showed
more cross-reacting components than in Western blotting might indicate an identical
molecular weight of the various proteins. Alternatively, the loss of reactivity of some
components in Western blotting due to the denaturing conditions inherent to the
technique may occur. However, in the case of B. schlegelii venom, two bands of different
molecular weight were observed in immunotransference. This agrees with the finding of
several precipitin bands in immunoelectrophoresis.

B. asper myotoxin is a phospholipase A (GUTIERREZ et al., 1984, 1986a), therefore the
cross-reacting proteins studied could also have myotoxic and/or phospholipase A
activities. Presently, we know that a purified protein from B. nummifer venom is a
myotoxin devoid of phospholipase activity (GUTIERREZ ef al., 1986b). In the case of A.
bilineatus venom, a myotoxic phospholipase A recently isolated has been shown to be a
basic protein of 15,000 mol. wt (MEBS and SAMEJIMA, 1986). Its similar molecular weight
to B. asper myotoxin, and the fact that the antibodies used react with a basic protein in 4.
bilineatus venom, suggest that the cross-reacting component could be the same described
by MEBS and SAMEJIMA (1986).

Myotoxin was detected in different types of adult B. asper venoms as a single band of
16,000 mol. wt in Western blotting. By immunoprecipitation techniques, two
superimposed parallel cathodic arcs were observed with B. asper venoms from adult
specimens. However, it was shown that even a highly homogeneous sample of myotoxin
generated the same two precipitin arcs. This finding correlates with previous studies using
horse antibodies to myotoxin (LOMONTE ef al., 1985). It might be that the two precipitin
arcs are due to two antigen — antibody systems with different diffusion rates, caused either
by different classes of immunoglobulins or to the presence of aggregated myotoxin.
Differences in B. asper venoms from newborn and adult specimens are not only
quantitative, but also qualitative. The molecular weight of ‘newborn-type’ myotoxin(s) is
close to that of ‘adult-type’, but the charge of the protein is considerably different, as
evidenced by immunoelectrophoresis. Furthermore, venoms from newborn specimens
presented an additional band of 18,000 mol. wt in Western blotting, not present in
venoms from adults. A more detailed analysis of the ‘newborn-type’ myotoxin(s) is
necessary in order to establish if this protein(s) is a ‘precursor’ of myotoxin, a different
isotype or a cross-reacting component.
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Rocket immunoelectrophoresis suggests that myotoxin is an abundant component in
crude B. asper venom. This is supported by the observation of electrophoretic and
immunoelectrophoretic patterns of crude venom. This agrees with previous studies which
demonstrated that this is the most important myotoxic component in B. asper venom
(LOMONTE ef al., 1985).

The difference in charge of the monospecific sheep and rabbit antibodies against B.
asper myotoxin was an interesting finding since it demonstrates that the two animal
species could elicit strikingly different antibody responses, although immunoglobulins
from both species neutralize the toxin similarly. Furthermore, the myotoxin being a highly
basic molecule, these results indicate that the antibodies produced are not necessarily of
opposite charge.

In conclusion, our results indicate that myotoxin is a quantitatively important protein
in crude B. asper venom, and that antigenically related components to this toxin exist in
several other crotaline venoms from the genera Bothrops and Agkistrodon. B. asper
myotoxin and its antigenically-related components seem to be part of a ‘family’ of
proteins with similar molecular weights but different charges.
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