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Comparison of the Levels of Phosphodiesterase,

Endonuclease, and Monophosphatases in

Several Snake Venoms”

G. M. Richards, Genevieve du Vair, and M. Laskowski, Sr.t

ABSTRACT: The venoms of five species of snake have
been analyzed for phosphodiesterase, 5’-nucleotidase,
endonuclease, and alkaline nonspecific phosphatase.
Using very dilute solutions of venom, it has been possi-
ble to determine endonuclease directly in crude venom
by the spectrophotometric method. The venoms of
Agkistrodon piscivorus, Bothrops atrox, Crotalus ada-

Snake venoms are known to contain at least four
enzymes involved in the hydrolysis of phosphate bonds
(Georgatsos and Laskowski, 1962; Sulkowski er al.,
1963). For the purpose of isolating a particular enzyme,
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manteus, and Crotalus atrox resemble each other ap-
proximately in contents and relative proportions of the
four enzymes.

The venom of Naja nigricollis contains an unusually
large amount of the nonspecific phosphatase, making it
unsuitable as a starting material for the purification of
phosphodiesterase.

it would be desirable to find a venom with a high con-
centration of that enzyme and a low concentration of the
others. The problem of selecting the most desirable
venom for the isolation of phosphodiesterase has be-
come acute, since the Bothrops atrox venom formerly
used for this purpose is no longer available in this
country. The venoms of five species of snake have been
assayed for endonuclease, phosphodiesterase, 5’-nu-
cleotidase, and alkaline nonspecific phosphatase. The
results indicate that with one exception the venoms have
rather similar complements of enzymes.

In previous work on venom endonuclease, Georgatsos
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FIGURE 1: Determination of endonuclease in Crotalus
adamanteus venom, The procedure followed was that
of Kunitz (1950), modified as described in the experi-
mental section. The solution assayed contained 1.85 X
10~ mg of dry venom per ml. O—O, Ayy; 0—O,
Asso.

and Laskowski (1962) were unable to determine the level
of this enzyme in crude venom by the spectrophoto-
metric method of Kunitz (1950), because the addition of
venom to a DNA solution at pH 5.0 caused a precipitate
to form. It has been found that by reducing the amount
of venom used in the assay, formation of a precipitate
can be delayed beyond the time required for the deter-
mination of activity. This procedure for the assay of
endonuclease is described in detail.

Experimental Procedure

DNA was prepared from calf thymus by the method
of Kay et al. (1952). Dried or lyophilized samples of
snake venom were obtained from the following sources:
Crotalus adamanteus from Ross Allen’s Reptile Insti-
tute, Silver Springs, Fla.; Crotalus atrox from Shellie
Downs, Jr., Micanopy, Fla.; and Agkistrodon piscivorus
from Miami Serpentarium Laboratories, Miami, Fla.
Bothrops atrox venom had been obtained previously
from Brazil through the courtesy of Dr. K. H. Slotta of
Miami. Naja nigricollis venom was a gift from Dr. Paul
Boquet, Institut Pasteur, Paris. Suspensions of each
venom in water were prepared at a concentration of 14
mg/ml. After having been allowed to stand for 2-3 hours
at 0°, the suspensions were centrifuged to remove undis-
solved material. The supernatant solutions were stored
at 0° and were diluted with water as required for indi-
vidual assays.

Phosphodiesterase, nonspecific phosphatase, and 5’-
nucleotidase were determined essentially as described by
Sulkowski er al. (1963). To determine phosphodiester-
ase, a reaction mixture containing 1.0 ml of 0.1 M Tris-
HCI buffer, pH 8.9, 1.2 ml of 0.001 M calcium bis-p-
nitrophenyl phosphate, diluted venom, and enough
water to make a total of 3.0 ml was incubated in the
spectrophotometer at 37°. The increase in A4 With time

BIOCHEMISTRY

L]

0.10F
O
© 005t
<( ()

©
[¢]
0 20 40 60 80

MINUTES

FIGURE 2: Effect of adding purified endonuclease to
crude venom. Endonuclease activities were determined
by the method of Kunitz (1950), modified as described
in the experimental section. O—O, purified endo-
nuclease, prepared according to Georgatsos and
Laskowski (1962), 7.2 X 10~4 units/ml; ®—®, Crotalus
adamanteus venom solution, 5.8 X 10—¢ units/ml;
©—0, endonuclease plus venom, concentration of each
component as before.

was read over a period of up to 30 minutes against a
blank containing all components except venom.

The nonspecific phosphatase was determined in the
same manner as phosphodiesterase, except that the
reaction mixture contained 1.0 ml of 0.1 M glycine-
NaOH buffer, pH 8.9, 1.2 ml of 0.001 M sodium p-nitro-
phenyl phosphate, 0.3 ml of 0.01 M MgCl,, diluted
venom, and water to make a total of 3.0 ml.

To determine 5’-nucleotidase, a reaction mixture con-
taining 0.1 ml of 1.0 M glycine-NaOH buffer, pH 9.0, 0.1
ml of 0.01 M MgCl,, 0.3 ml of 0.01 m AMP, diluted
venom, and water to make a total of 1.0 ml was incu-
bated at 37° for 20 minutes. The reaction was stopped
by adding 4 ml of 109} trichloroacetic acid, and the
liberated phosphate was determined by the method of
Fiske and Subbarow (1925).

The dilutions and amounts of standard venom solu-
tion used in each assay were such that a maximum
change of 0.02 A4 units per minute was obtained in the
assays for phosphodiesterase and the nonspecific phos-
phatase, and a maximum Ag of 0.85 was obtained in
the determination of 5’-nucleotidase. In each case, as-
says were also run on smaller amounts of venom to
demonstrate that the proportional region of the assay
methods had not been exceeded. The results obtained
at 37° were converted to 25°, using factors of 0.44 for
phosphodiesterase, 0.70 for the nonspecific phosphatase,
and 0.25 for 5’-nucleotidase. Enzyme activities were
expressed as umoles of substrate transformed per minute
at 25°, in accordance with the recommendations of the
Commission on Enzymes (Report of the Commission,
1961). For all four enzymes (including endonuclease,

GENEVIEVE DU VAIR, AND M. LASKOWSKI, SR,



voL. 4, No. 3, MARCH 1965

TABLE I: Levels of Enzymes in Five Snake Venoms.

Units of Enzyme X 102 per mg Dry Venom

Ratio of Enzymes:
Phosphodiesterase = 1.0

Phospho- Nonspecific 5’-Nucleo- Endo- Nonspecific 5’-Nucleo- Endo-
Species of Venom diesterase Phosphatase tidase nuclease Phosphatase tidase nuclease
Agkistrodon piscivorus 7.8 0.55 495 3.3 0.070 64 0.42
Bothrops atrox 36 1.8 1070 3.4 0.050 30 0.095
Crotalus adamanteus 25 1.3 1390 8.8 0.052 56 0.35
Crotalus atrox 8.7 0.39 860 2.8 0.045 99 0.32
Naja nigricollis 17 54 360 1.1 3.2 21 0.065

further on), specific activity was defined as units of
activity per mg of dry venom.

Endonuclease was determined as follows: the sub-
strate consisted of DNA, 0.04 mg/ml in 0.2 M Na acetate
buffer, pH 5.0. Three ml of substrate and 1 ml of enzyme
(venom) were mixed and transferred to the spectropho-
tometer, where they were incubated at 37°. Changes in
Asgo and A3sp were followed against a blank of substrate
and water until 433 began to increase at a substantial
rate. If this occurred before enough points had been
recorded to determine a straight line for A against
time (see Figure 1), the assay was repeated using a more
highly diluted venom. Satisfactory results were obtained
with dilutions of between 1:75 and 1:110, under which
conditions A;3 remained relatively stable for between
1 and 2 hours. A unit of endonuclease was defined as the
amount of enzyme giving an increase in absorbance at
260 myu of 1.0/minute.

The assay of endonuclease in Crotalus adamanteus
venom by the procedure just described is illustrated in
Figure 1. The onset of the development of turbidity in
the solution is clearly indicated by the break in the curve
for A3, and a corresponding break in the curve for Az,
is also visible. Activity was calculated from the portion
of the Ase0 curve obtained before 433 began to rise. In
certain other cases, 433 increased very slowly through-
out the course of the measurement, with or without
showing a break at some point. In such cases, the slope
of Aj30 was subtracted from the slope of Ass under the
assumption that the loss of light by scattering was ap-
proximately the same at the two wavelengths.

To test the validity of the method, a solution of puri-
fied endonuclease from Bothrops atrox venom (Georgat-
sos and Laskowski, 1962) was assayed by the original
method of Kunitz (1950) and was found to have an
activity of 1.47 X 1072 units/ml. After 25-fold dilution,
the activity measured by the modified method was 6.8 X
10~* units/ml, 159 higher than the value expected on
the basis of dilution. Figure 2 shows that when 7.2 X
10—+ units of purified endonuclease was added to a
solution of Crotalus adamanteus venom containing 5.8
X 10~4 units of activity, the resulting mixture had a total
activity of 13.2 X 10~* units, a value closely comparable
to the expected 13.0 X 10~* units. A unit of enzyme in

venom, measured as described, is therefore approxi-
mately equivalent to a unit of purified enzyme, measured
according to Kunitz.

Results and Discussion

The levels and relative amounts of the four enzymes
in each of the five venoms are presented in Table I.
These data show that the venom of Naja nigricollis, a
cobra, is unusually high in the nonspecific phosphatase.
Since this enzyme is extremely difficult to separate from
phosphodiesterase, Naja venom can be ruled out as a
source for the isolation of the latter enzyme. This venom
is also poorest in 5'-nucleotidase and endonuclease. In
the four remaining venoms, all obtained from members
of the pit viper family, the levels of the different enzymes
vary in roughly the same manner from venom to venom.
Bothrops and C. adamanteus are relatively rich in en-
zymes, while Agkistrodon and C. atrox are relatively
poor, but by factors of less than 4.6. Since the ratios of
phosphodiesterase to phosphatase in these four venoms
are quite similar, a decision as to which venom repre-
sents the most suitable starting material for the prepara-
tion of phosphodiesterase depends primarily on the
availability of the venom in large quantities. It is pos-
sible, however, that a given preparative procedure, such
as that described by Bjork (1963) for phosphodiesterase
in Bothrops atrox venom, will give different results when
applied to the other venoms.
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