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An electrophoretic study on phospholipase A2 isoenzymes in the venoms of
Central American crotaline snakes . Toxicon 30, 815-823, 1992.-The number
and isoelectric points of phospholipase A2 isoenzymes were studied in the
venoms of 12 Central American crotaline snakes of the genera Bothrops,
Crotalus, Lachesis and Agkistrodon . The study was carried out by using a
methodology based on electrophoretic separation of venoms, transfer to
nitrocellulose and detection of activity of the bands by an indirect hemolytic
assay in agarose~rythrocyte~gg yolk gels . All venoms tested had indirect
hemolytic activity, although they varied in the number and isoelectric point of
their phospholipases A, . Most venoms had predominantly acidic isoenzymes,
with the exception of Ä . bilineatus which had mainly basic isoenzymes and
B. schlegelü which had both acidic and basic isoenzymes . Analysis of
interindividual variability in B. riper venom demonstrated that two
phospholipase A2 isoenzymes are present in some venoms but absent in others .
Polyvalent antivenom was effective in neutralizing phospholipase A2 activity of
the 12 venoms tested, when venoms and antivenom were incubated in the fluid
phase. This work demonstrates a conspicuous interspecific variability in the
number and isoelectric points of phospholipases A2 present in Central
American crotaline snake venoms,

INTRODUCTION

PHOSPHOLIPASFS A2 (E.C. 3.1 .1 .4.) are present in a large variety of venoms and pancreatic
secretions (Tu, 1977 ; KOCHVA, 1977 ; DußouRDIEU et al ., 1987). In snake venoms these
enzymes exert, besides their digestive role, various pharmacological activities such as
neurotoxicity, myotoxicity, anticoagulant effect, hypotensive effect and cardiotoxicity (Tu,
1977 ; MEBS, 1978 ; ROSENBERG, 1990).

' Author to whom correspondence should be addressed.
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Usually venom from a single species contains several isoenzymes of phospholipase AZ,
as has been shown by chromatographic and electrophoretic separation of a variety of
snake venoms (SALACH et al., 1971 ; SHILOA et al., 1973 ; SHmt and TROTTER, 1978 ; DuRKIrr
et al ., 1981 ; DuBouRDIEU et al., 1987) . A simple technique was described by MORENO et al.
(1988) to detect phospholipase Az isoenzymes in a venom. It is based on the separation of
venom components by isoelectric focusing followed by transfer of proteins to nitro-
cellulose paper and detection of phospholipase AZ activity by an indirect hemolytic assay
in agarose-erythrocyte~gg yolk gels .

In this work we have used this technique, together with other electrophoretic pro-
cedures, to study the phospholipase AZ isoenzymes of 12 Central American species of the
subfamily Crotalinae . In addition, the total phospholipase Az activity of these venoms and
its neutralization by a polyvalent antivenom were assessed .

MATERIALS AND METHODS
Venoms and antivenoms
The venoms of adult specimens of the following species were studied : Bothrops riper (Atlantic and Pacific

populations from Costa Rica), B. schlegelü, B. godmani, B . lateralis, B . picadoi, B . nasutus, B . ophryomegas,
B . nummijer, B . nigroviridis, Crotales durissus durissus, Lachesis mute stenophrys and Agkistrodon bilineatus . All
of the specimens from which venoms were obtained were from Costa Rica, with the exception of those of
A . bilineatus which were collected in Guatemala. The snakes were kept at the serpentarium of the Instituto
Clodomiro Picado . Venom from each species was a pool obtained from more than 40 specimens, except in the
case ofA. bilineatus, obtained from four individuals . In order to study individual variability in the phospholipase
A~ iscenzyme pattern in B. riper, venom from eight adult specimens was obtained individually . Once collected,
all venoms were lyophilized and stored at -20°C. The polyvalent antivenom produced at the Instituto
Clodomiro Picado was used in neutralization studies . It was prepared from the plasma of horses immunized with
a mixture of equal parts of the venoms of B. riper, C. durissus, and L. muta (Bor nt3os and Cexn~s, 1980).

Quantitation ofphospholipase A, activity by radial indirect hemolysis in gels
Agarose gels containing washed human erythrocytes, CaCIZ and egg yolk were prepared according to the

method of Gtrt'rLxxEZ et al. (1988). For each venom, solutions of various concentrations were prepared using
phosphate-buffered saline solution, pH 7.2, as diluent . Ten microliters of each solution were applied to wells
made in the gels. For controls, 10 pl of saline solution were tested . After 20 hr of incubation at 37°C, the
diameters of hemolytic halos were measured and dose-response curves plotted . The minimum hemolytic dose
(MHD) of each venom was defined as the amount ofvenom that induced a hemolytic halo of 15-mm diameter.

Phospholipase A1 separation, blotting and detection
Venoms were separated by iscelectric focusing electrophoresis (IEF) in agarose gels (11 .5 x 5 cm) containing

ampholytes of pH range from 3-10, using a flat bed IEF apparatus (Pharmacia FBE 3000; Pharmacia, Sweden)
with a cooling system (Coolnics CTR-220, Japan) at 4°C in combination with an electrophoresis power supply
ECPE 3000/150 (Pharmacia, Sweden). In some experiments, IEF was carried out in a Phast System TM
apparatus (Pharmacia, Sweden) for minigels (pH range 3-9), at 540 V-hr, according to the manufacturer's
instructions. Electrophoresis for basic proteins was carried out on l0% polyacrylamide gels, pH 4.3, according to
the method of Rr,~Ln et al. (1962) .

Blotting of polyacrylamide gels was performed as described by Towanv et al . (1979) with some modifications
(LoMOrrtE and RAHAN, 1988). Blotting of iscelectric focusing gels was done as described by StTrexFet,u and
MORENO (1987) . Blotting of IEF minigels was carried out by transferring the proteins for 20 min in a humid
chamber onto nitrocellulose sheets, according to the manufacturer's (Pharmacia) instructions. Detection of
phospholipase AZ activity on nitrocellulose sheets after transfer was done on agarose gels containing washed
human erythrocytes, egg yolk and CaCI Z , as described by MoteErto et al . (1988) .

In order to determine the detection limit of this hemolytic assay, known amounts of bovine pancreatic
phospholipase AZ (Sigma) were applied to nitrocellulose sheets which were then placed on agarose-erythrocyte-
egg yolk gels as described above. After incubation, the minimum enzymatic activity giving a visible hemolytic
reaction was determined and defined as the detection limit of the assay .
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Neutralization of indirect hemolytic activity by antivenom
ivlixtures of venoms and polyvalent antivenom were prepared in order to have various ratios of pl antivenom/

mg venom . They were incubated for 30 min at 37°C, and then 10 pl of each mixture (containing one minimum
hemolytic dose of venom) were tested for hemolytic activity as described . Hemolytic activity was expressed as a
percentage, taking as 100% the diameter of hemolytic halos induced by the semples in which venom was
incubated with no antivenom . Neutralizing ability of antivenom was expressed as effective dose 50% (ED S°),
defined as the ratio of itl antivenom/mg venom where hemolytic activity of venom was reduced 50% .

RESULTS

Indirect hemolytic activity of venoms
All venoms tested had phospholipase AZ activity, as evidenced by the formation of

hemolytic halos in the agarose~rythrocyte~gg yolk gels . In contrast, saline solution and
antivenom did not induce hemolysis. When egg yolk was not added to the gels there was
no hemolysis, indicating that hemolysis was only of the indirect type, i .e . due to
phospholipase AZ activity in these venoms. There were quantitative differences in this
activity between venoms of different species . Minimum hemolytic doses ranged from 0.59
± 0.24 pg in the case of B, riper (Pacific) venom to 10.0 f 0.02 ~g in the case of
B. nigroviridis venom (Table 1) .

Phospholipase A? isoenzymes detected after isoelectric focusing
The detection limit of the indirect hemolytic assay used for the analysis of isoenzymes

corresponded to an enzymatic activity of 0.3ItEq fatty acids released per min at 37°C .
With the exception of B . nigroviridis venom, the venoms showed several electrophoretic
variants of phospholipase AZ (Figs 1-3) . Fewer isoenzymes were detected when the Phast
system was used (Fig. 3), although in this case bands were sharper. The isoenzymes varied
among species, not only in number, but also in pI and intensity of the hemolytic reaction.
The majority of the venoms had predominantly acidic isoenzymes, with pI values ranging
from 4.0 to 5.0 . However, the venom of A . bilineatus had mainly basic isoenzymes (Fig . 3)
and that of B . schlegelü had abundant acidic and basic variants (Figs 1, 3) . Since the range

TABLE 1 . INDIRECT FIEINOLYTIC ACTIVITY OP VENOMS FROM CÈNTRAL
AMERICAN CROTALINE SNAKES ON AGAROBE-ERYTWtOCYTE-EGG YOLK

GETS

'Minimum hemolytic dose (MHD) : amount of venom (in lIg) which
induced a hemolytic halo of 15 mm diameter after 20 hr of incubation
at 37°C. Results are presented as meanf S.E. (n = 4) .

Venom Minimum hemolytic dose (lIg)'

Bothrops asper (Pacific) 0.59±0.24
Bothrops asper (Atlantic) I .75 t0.87
Bothrops godmani 0.70 f 0 .09
Bothrops schlegelü 1 .07 f 0.20
Bothrops lateralis 2 .65 f 0.75
Bothrops nasutus 7 .60f 0.46
Bothrops nigroviridis 10.00f 0.06
Bothrops nummijer 7.80f0.07
Bothrops picadoi 7 .50f 3.00
Bothrops ophryomegas 7.50f 2 .88
Lachesis muta stenophrys 0.76f 0.16
Crotatus durissus durissus 4.75t0.29
Agkistrodon billineatus 1 .09f0.53
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A B C

F~a. 1 . PHOSPHOLIPASE Az ISOENZY~3 IN Bothrops schtegelü vEtlouf .
Venom was electrophoretically separated, transferred onto nitrocellulose paper and then tested for
indirect hemolytic activity on agarose-erythrocyte-egg yolk gels at 37°C for 1 hr (A), and then at

4°C for additional 4 hr (B) and 15 hr (C) . The cathode is located at the bottom .

of ampholyte pH was from 3 to 10, the resolution of basic iscenzymes having pl higher
than 9 was not adequate. These variants were analyzed by electrophoresis in polyacryl-
amide gels at pH 4.3 .

Individual variability in the pattern ofphospholipase A1 isoenzymes in B . asper venom
In order to detect individual variability in B. riper, venom from eight adult specimens

of the Pacific region of Costa Rica were separated by isoelectric focusing. Individual
variability was evident, since there were two isoenzymes of p7 4.0 and 7.5 which were
present in only two samples. The rest of the isoenzymes were observed in all samples,
although there were quantitative variations among them, as judged by the intensity of
hemolysis .

Phospholipase Az isoenzymes detected after polyacrylamide gel electrophoresis for basic
proteins
When venoms were separated by electrophoresis on polyacrylamide gels, pH 4.3, several

isoenzymes were readily resolved (Fig . 4) . Hemolytic bands were observed in the venoms
of B. riper, B. schlegelü, B. nummifer, B. godmani, B. lateralis, B. picadoi, A . bilineatus,
L. muta and C. durissus .



Phospholipase AZ in Crotaline Venoms

	

81 9

A B

FIG. 2 . PHOSPHOLIPA3E A, IsoexzvMFS Ix Crotatus durtssus durissus v&xoM.
After iscelectric focusing separation, proteins were transferred onto nitrocellulose paper and tested
for activity as described in Fig. 1 . Incubations in agarose~rythrocyte~gg yolk gels were carried

out for I hr (A) at 37°C and then at 4°C for additional 6 hr (B) .

Neutralization of indirect hemolytic activity of crotaline snake venoms by polyvalent
antivenom

Polyvalent antivenom produced in Costa Rica effectively neutralized indirect hemolytic
activity of all venoms on agarose~rythrocyte-egg yolk gels . There were quantitative
differences in neutralization of different venoms, and EDT ranged from 508 ± 47 ltl
antivenom/mg venom (for the venom of C. durissus durissus) to 4411 ± 276 Itl antivenom/
mg venom (for the venom of B. schlegelit) (Table 2) .

DISCUSSION

The techniques used in this work offer several advantages for the study of phos-
pholipase Az isoenzymes present in snake venoms . Since separation is based on the charge,
i .e. isoelectric point, of the molecules, many variants can be resolved and detected . It has
been shown that phospholipases AZ present in snake venoms are of similar mol . wt but
have a large variability in charge (Tu, 1977; SHIER and TxO~-rER, 1978 ; DuBouItnlsu et al.,
1987 ; MORENO et al ., 1988 ; ROSENBERG, 1990) . Highly basic isoenzymes were not adequa-
tely resolved by isoelectric focusing . In these cases venoms were also analyzed by
polyacrylamide gel electrophoresis at pH 4.3, under non-denaturating conditions, and
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FIG . 3 . PHOSPHOLIPASE A, 190ENZYME.4 IN CÈNTRAL AAfE1tICAN CROTALINE SNAKE VENOM3.
Separation ofvenom proteins was performed by iscelectric focusing using the Phast system . Then,
proteins were transferred onto nitrocellulose paper and tested for indirect hemolytic activity as
described in Fig . 1 . Incubations on agarose~rythrocyte-egg yolk gels were carried out for 16 hr.
A =

	

Botkrops lateralis ; B = B . godtnani; C = B. nasutus; D = B. schlegelü; E = B. riper
(Pacific population) ; F = B . riper (Atlantic population); G = B. picadoi; H = B. nummifer;
I = B . ophryomegas; J = Iachesis muta stenophrys; K = Agkistrodon bilineatus; L = Crotales

dwissus durLssus.

isoenzymes having iscelectric points higher than 9.0 were readily resolved . Since different
phospholipases A~ have different activity and concentration, it was important to allow the
hemolytic reaction to proceed for several hours. Highly active or abundant iscenzymes
were detected during the first hour of incubation, whereas iscenzymes of low enzymatic
activity or concentration were detected only after a prolonged incubation period . Thus, by
taking pictures at several incubation intervals, all isoenzymes can be identified (MORENO et
al., 1988). Under the experimental conditions followed in this study, the detection limit of
the hemolytic assay corresponded to 0.3 ~Eq fatty acid released per min at 37°C,
indicating a high sensitivity of this assay.

In this work we compared two isoelectric focusing systems: the flat bed and the Phast
systems. More phospholipase A2 isoenzymes were detected when using the flat bed system,
probably due to the larger sample load, although with the Phast system the bands were
sharper. When working with snake venoms, this methodology would be highly useful in
laboratories where venoms are stored for long periods of time, such as in antivenom
production centers . A qualitative analysis for the identity of venoms can be readily
performed by using these procedures, based on our finding that venoms from different
species have strikingly different patterns of phospholipase AZ variants . In addition, these
techniques would be of use in the study of intra- and interspecific variability in snake
venoms, as well as in designing fractionation protocols for the purification of
phospholipases AZ.
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FIa . 4. PHOSPHOLIPASE AZ ISOENZYMIS IN CENTRAL AMERICAN CROTALINE SNAKE VENOMS.
Separation of venom proteins was carried out by electrophoresis on polyacrylamide gels, pH 4.3 .
Then, proteins were transferred onto nitrocellulose paper and tested for indirect hemolytic activity .
A = Bothrops riper (Pacific population) ; B = B . riper (Atlantic population) ; C = B. nummifer;
D = B . schlegelü; E = B . godmani; F = B . lateralù ; G = B, picadoi; H = Agkùtrodon

btlineatur; I = Gachesis muta stenophrys; J = Crotalus durùsus durùsus.

TABLE 2. NEUTRALIZATION OF INDIRECT' HEMOLYTIC ACTIVITY OF

CENTRAL AMERICAN CROTALINE SNAKE VENOMS HY 1~LYVALENT
ANTIVENOM

Effective dose 50%
Venom

	

(pl antivenom/mg venom)'

Bothrops asper (Pacific)

	

619t43
Bothrops asper (Atlantic)

	

543f 14
Bothrops godmoni

	

2029 f 160
Bothrops schlegelü

	

4411 t276
Bothrops lateralù

	

2215 f 196
Bothrops nasutus

	

812 t42
Bothrops nigroviridù

	

1608 f472
Bothrops nummijer

	

843 f66
Bothrops picadoi

	

1662 t 394
Bothrops ophryomegas

	

906t425
Lachesù muta stenophrys

	

666 f 27
Crotalus durùsus durùsus

	

508 i 47
Agkùtrodon bilineatur

	

2434 t 30

'Effective dose 50% (EDS~ : ratio ~Il antivenom/mg venom at which
the diameter of hemolytic halo is reduced 50% when compared to the
hemolytic halo resulting from the action of venom alone (sce
Materials and Methods for details) . Results are presented as
mean tS .E . (n = 4) .
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In the case of B. riper venom, there is evidence of individual variability in the
electrophoretic pattern of phospholipase AZ isoenzymes . This finding agrees with other
studies showing individual variations in the electrophoretic profile of venoms from single
species (JIM~NEZ-PoRRas, 1964a,b; LOMONTE and CARMONA, 1992). Therefore, when
establishing the phospholipase AZ isoenzyme pattern of the venom of a particular species,
it is necessary to work with pools obtained from a large number of specimens.

Crotaline venoms used in this study showed prominent differences not only in the total
phospholipase AZ activity but also in the number and isoelectric points of isoenzymes . The
venoms of B. nigroviridis, B. nasutus, B. nummifer, B. ophryomegas and B. picadoi had the
lowest phospholipase AZ activity when tested in the gel hemolytic assay. Interestingly,
these venoms also had the least number of phospholipase AZ isoenzymes . In contrast, the
venoms of B. riper, B. godmani, B. schlegelü, L. mute and A . bilineatus had the highest
indirect hemolytic activity, also presenting the highest number of phospholipase AZ
isoenzymes, with the exception of the venom of L. mute which had only two isoenzymes .

Neutralization assays carried out by incubating venom and antivenom in the fluid phase
before testing activity by indirect hemolytis in gels demonstrated the effectiveness of
polyvalent antivenom against all venoms tested . The highest neutralization was achieved
with the venoms of B. riper, L. mute and C. durissus, the three venoms used in the
immunization mixture to produce this antivenom (BOLANOS and CERDAS, 1980). However,
the fact that it also neutralizes other venoms indicates that there are immunological
similarities between phospholipases AZ of different crotaline venoms . Previous studies
have shown the ability of antivenoms to neutralize phospholipase AZ activity of hetero-
logous venoms (NAIR et al ., 1975 ; GENÉ et al., 1985) . In conclusion, this work demon-
strates a conspicuous interspecies variability in the number and isoelectric points of
phospholipases A~ present in Central American crotaline snake venoms.
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