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Summary: A phosphodiesterase-1 (PDE-1, EC 3.1.4.1) have been purified from King cobra;
Ophiophagus hannah (O. hannah) venom by preparative native PAGE. A single protein band was
observed in analytical native PAGE and SDS-PAGE. The molecular mass was found to be 148 kDa.
The enzyme was free from 5°-nucleotidase and alkaline phosphatase activities. The enzyme showed
an optimum pH 10.0 in Tris-HCI buffer. The optimum temperature was found to be 50 °C. Energy
of activation (Ea) was calculated to be 164. The PDE-1 is a glycoprotein and exhibited basic pl. The
Vmax and K, of PDE-1 calculated were 1.53 4M/min/mg and 2.6x107 M, respectively. The Ky and
Ksp values are 9.25! and 58.8 M Min™ respectively. Cysteine caused a non-competitive inhibition,
with a K; 8.2x10°M. The ICs, was 3.9 mM. The adenosine diphosphate (ADP) caused a
competitive inhibition, having K; 1.0x10° M. The ICs, was 12.0 mM. Glutathione,
o-phenanthroline, Zinc and EDTA inhibited the PDE-1 activity, whereas magnesium slightly
potentiated the activity. The enzyme hydrolyzed thymidine 5’-mono phosphate p- nitro-phenyl ester
most readily (10 fold) while cyclic 3’-5’-AMP was least readily hydrolyzed substrate. The PDE-1
up to 4.0 mg/Kg i.p was not lethal in mice. The PDE-1 exhibited an anticoagulant effect whereas the
crude venom showed strong coagulant effect. The above mentioned studies show that the O. hannah

PDE-1 is very similar to that isolated from other snake venoms.

Introduction

Snake venom is a cocktail of hundreds to
thousands of biologically active proteins and
enzymes used in both attack and defense. The snake
venom proteins are enzymes, toxins or nerve growth
factors. The biological activities are predominantly
found in the protein fractions rather than the non-
protein fractions {1]. The diversity of the symptoms
arising after a snake bite such as bleeding, shock,
hemorrhage, necrosis and muscular paralysis are
caused by particular venom component possessing
enzymatic and/or toxic properties [2].

Enzymes are important and most noticeable
components of snake venom. More than 26-39
different enzyme activities have been detected in
snake venoms [3, 4]. Because these proteins are
capable of modulating the physiological response of
envenomed animals, they show promise as potential
pharmacological tools and as drug leads. A number of
snake venom enzymes are extensively used as tools
in biochemical research or as diagnostic or
therapeutic agents. Purified snake venom enzymes
with a known mode of action and narrow substrate

specificity, resistant to inhibitor systems present in
blood and tissues, have found multiple uses in
therapeutics, diagnostics or preparative procedures in
hemostaseology, while only a few practical
applications of snake venom enzymes are known
from other biochemical or biomedical disciplines [5-
10]. Tsai et al, reported for the members of each
toxin family, protein sequences were aligned and
subjected to molecular phylogenetic analyses. The
results indicated that the PLAs and a Kunitz inhibitor
of W. aegyptia are most similar to those of king cobra
venom, and its 3FTxs belongs to either Type-I alpha-
neurotoxins or weak toxins of orphan-II subtype. It is
remarkable that both king cobra and W. aegyptia
cause rapid deaths of the victims, and a close
evolutionary relationship between them is speculated

[11].

Nucleases; enzymatic components which
hydrolyze nucleic acids and derivatives are found in
many different venoms from front- fanged snakes.
More recently, Sales and Santoro, (2008) studied
such enzymes in 28 crude venoms of animals found
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in Brazil. Higher levels of ATPase, 5'-nucleotidase,
ADPase, phosphodiesterase and DNase activities
were observed in snake venoms belonging to
Bothrops, Crotalus and Lachesis genera than to
Micrurus genus [12].

Extracellular PDE’s known as exonuclease,
exist in venoms and their route in envenomation is
mostly by attacking nucleic acids through removal of
mononucleotide units from polynucleotide chain in
stepwise fashion [13]. Therefore the enzyme may be
useful for determining the sequences of both ribo and
deoxyribooligo-nucleotides and identifying a (alpha)
and (gamma) terminal nucleotides.

The biochemical, diagnostic and therapeutic
uses of snake venom enzymes have led to intensive
attempts to study the occurrence, purification and
characterization of these enzymes [1].

The majority of methods required several
ion exchange steps with different functionalities in
order to remove contaminating nucleases from
phosphodiesterases {14-17]. So there is a potential to
develop a methodology for the isolation and
purification of phosphodiesterase enzyme from snake
venoms which should involve single step and / or
minimum steps with reasonable good results, time
saving and economical. Since there are significant
gaps e.g. very little is known about the contribution
of these enzymes to sequelaec of envenomation, in
vivo activity, amino acid or cDNA sequence, degree
of homology of enzymes from various species of
snakes and the absolute relation of exonuclease and
endnuclease activities. The gaps in the understanding
of basic biochemical, biological properties of venom
phosphodiesterases which should be filled by doing
such studies extensively on purified enzyme
preparations.

Results and Discussion

The crude venom of O. hannah was
fractionated by native preparative PAGE into many
fractions. Only the fraction no.1 showed the PDE-1
activity. Fraction no.l appeared as single band on
native analytical PAGE (Fig. 1) and on SDS-PAGE
(Fig. 2) which means the enzyme is homogenous.
The enzyme was purified 2 fold over crude venom
with a specific activity of 4.1 U/mg. Recovery of
PDE-1 activity was 33 % whereas the protein yield of
enzyme was 5.0 %. The purified PDE-1 was free
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Fig. 1:

Analytical native PAGE of purified PDE-1
from O. hannah venom along with crude
venom.

(1) Purified PDE (30 ug); (2) Purified PDE
(30 ug); (3) Crude venom (200 ug).

from 5’-nucleotidase activity. The non-specific
alkaline phosphatase activity was also negligible.

The snake verom PDE-1 has been isolated
from a number of species, including C. adamentus
[18-22]; A. acutus [23); A. halys blomhoffii [24]; A.
pisivorous [25]; B. atrox [17, 26]; C. durissus
terrificus [21]; C. ruber ruber [27]; T. mucrosqua-
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matus [28]; V. palestinae [29]; V. aspis [30]; C.
cerastes [31] and B. alternatus [32]. The purity of
PDE-1 obtained by the methods described in the
above mentioned reports varied considerably
particularly in the early attempts at purification, the
main reason is the difficulty in removing the
contaminating  5-nucleotidase = and  alkaline
hosphatase. In contrast to other cuirent methods for
obtaining PDE-1 from snake venoms, our procedure
is single step. Our procedure apparently provided
PDE-1 free of these contaminants as shown by the
single protein on native analytical PAGE and SDS-
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PAGE and by the absence of S'-nucleotidase and
alkaline phosphatase in the enzyme preparation. More
over our procedure requires slab gel to be run for 8-
10 hours only whereas the preparative gel procedure
of Ballario ef al. required 22 hours to get rid off 5'-
nucleotidase and two other unknown proteins. The
yield of protein (5.0 %) was also fair enough as
repo -

variety of protocols [17, 21, 22, 26-28, 30, 32, 33].

The purified enzyme yielded a single band
on SDS-PAGE with an estimated molecular mass of

venom.

Fig. 2: SDS-PAGE of purified PDE-1 from O. hannah venom along with crude

(I) Crude venom (300 ug); (2) Purified PDE-1(30 ug); (3) Pre-stained
proteins molecular weight marker mix.
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148 KDa following Coomassie brilliant blue staining
(Fig. 2).The purified enzyme when treated with f-
mercaptoethanol did not alter the position and still
showed single band on SDS-PAGE (result not
shown), indicating that the enzyme was a single chain
polypeptide. The isoelectric point for O. hannah
PDE-1 was calculated to be 7.5.

molecular weight (90-150 KbDa) glycoprotein
comprising of a single chain polypeptide with iso-
electric points ranging from 7.4-10.5 [21, 22, 27, 28,
30, 32, 34]. The molecular mass of O. hannah PDE-1
(148 KDa) is close to the other snake venom PDE’s
mass. The molecular mass being not affected by §-
mercaptoethanol indicates that the protein is a single
chain polypeptide, as is generally the case for venom
PDE-1. Although there are reports that PDE-1 from
C. rubber, ruber venom exist as a homo-dimer with
subunits of 49 KDa [27], PDE-1 from C. viridis
oreganus venom exists as a homo-dimer with
subunits of 57 KDa [15] and PDE-1 from C. mitchelli
pyrrhus venom exists as a homodimer with subunits
of 55 KDa [14]. Throughout the whole purification
procedure and in SDS-PAGE, only one fraction of
activity and one protein band were obtained
respectively for O. hannah PDE-1 which indicates
that this enzyme probably does not occur in isoforms
as reported about PDE-1 of V. palestinae [29] and
PDE-1 of T. flavoviridis [35].

The optimum temperature for O. hannah
PDE-1 activity was found to be 60 °C, with activity
decreasing at > 65 °C (Fig. 3). Energy of activation
(Ea) was calculated from an Arrhenius plot to be
164 0. The maximum O. hannah PDE-1 activity in
Tris buffer was obtained over the pH 10.0 (Fig 4).
The O. hannah PDE-1 is a glycoprotein having 24 %
of carbohydrate contents.

Halim et al. [31] reported an energy of
activation (Ea) 0.913 for C. cerastes PDE-1 which is
lower as compared to O. hannah PDE-1. Many of
these enzymes rapidly loose activity (within 1-4
minutes) at temperatures > 65-70 °C as reported by
many workers [17, 21, 27, 28, 30, 31]. This property
is also found to be the same for O. hannah PDE-1.
The pH optima of O. hannah PDE-1 is in agreement
as reported by others [17, 29, 32] The O. hannah
PDE-1 was found to be a glycoprotein. The PDE-1
from T flavoviridis contained about 24 %
carbohydrate [35]; C. adamentus PDE-1 contains 9.2
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Fig.3: Effect of temperature on O. hannah PDE-1

at 2 mM BpNPP and pH 9.0. Enzyme
activity was tested at different temperatures
in the range between 20° and 90°C. A
substrate control was included with each test
to correct for auto substrate destruction at
different temperatures. Each point represents
the mean of five values.
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Effect of pH on O. hannah PDE-1 activity at
37°C. The effect of pH on enzyme activity
was tested in the range between 6 and 12
using  0.11M Tris-HCI buffer. A substrate
control was included at every pH tested.
Each point. represents the mean of three
independent experiments.

Fig. 4

% neutral and 1.9 % amino sugars [36]. A PDE-1
from B. atrox [26] and C. ruber ruber [27] reported
to contain carbohydrate.

The Vg and K, of O. hannah PDE-1
calculated from Lineweaver-Burk plot were 1.53
#M/min/mg and 2.6x10° M, respectively (Fig. 5).
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Fig. 5: Lineweaver-Burk plot for O. hannah PDE-1
activity. The effect of varying substrate
concentration on enzyme activity was tested
and K,, for the enzyme was determined from
Lineweaver-Burk plot. The K, was
calculated using the GraFit software
package, version 3.0. The points represents
the mean + SEM of 4-5 determination, each
in duplicate.

The K . and K , values are 9.2°" and 58.8 M Min’!
respectively.

Cysteine caused a non-competitive inhi-
bition; K; was calculated to be 8.2 x10 ~ M (Fig. 6).
The ICs, was calculated to be 3.9 mM (Fig. 7). ADP
caused a competitive inhibition; the K; was calculated
to be 1.0x10 ~ M (Fig. 8). The ICs, determined was
12.0 mM (Fig. 9).

Glutathione, o-phenanthroline, cysteine and
ADP at a concentration of 2.5-10 mM inhibited the
PDE-1 activity (18-35 %), (40-62 %), (2-50 %) and
(92-100 %), respectively. The EDTA at a concen-
tration of 0.5-10mM inhibited the PDE-1 activity (50-

alla iman AL IO e NA A T2 e L
88 %) Tablel. Addition of 10 mM of Ca™ reactivated

PDE-1 by only 8 %.

Table-1: Effect of different concentrations of
inhibitors on O. hannah PDE-1. (Percent activity)*

Inhibitor 0.5mM  2.5mM 5.0mM 10.0mM
Cysteine ~ ~eeee 60+2 57+1 42+1
ADP ———— 82+3 T1+25 65+2
Glutathione ———- 98+3 79+2.5 50+ 1.5
o-phenanthroline ———— 8£025 2.0=x0.1 0.0
EDTA S0£15 23+075 1505 1205

* Enzyme activity in the presence of Ca™ or Mg™ in the assay mixture is
taken as 100 %. All assays were done in triplicate.
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The K,, value is in the same order as
reported by others e. g 5.6,10° M and 8.3x107> M by
using same substrate [27, 28] L.B. Dolapchiev et al.
[36] reported K ., values 1.9-40*! for PDE-1 from C.
adamentus using ATP as substrate while S.E. Pollack
and D.S. Auld [37] reported the values in the range
200-600 *' for snake venom PDE-1 using nucleotide
analog as substrate. The only report about K s 18 by
S.E. Pollack and D.S. Auld [37] which mentioned a
value in the range 18-66 ;M ' S for nucleotide
analog. The values for K., and K,; mentioned above
are quite different from O. hannah PDE-1, this is may
be due to using different substrates.

Halim et al. [31] reported a non-competitive
inhibition by cysteine, K, calculated was 3.346x10 3
M whereas they reported a competitive inhibition for
ADP and the K; was calculated to be 0.47x10 7 M.
An ICsq of 7.5 mM has been reported for cysieine by
Razzell and a competitive type of inhibition was also
observed with ADP and AMP [38].

Recently Choudhary et al have reported a K|
up to 1.15x10° M and ICs, up to 1.0 mM for
biscoumarin derivatives {39]. The 0. hannah PDE-I
exhibited similar type of behavior towards the
inhibitors as reported above by other workers.

The O. hannah PDE-1 was inhibited by
EDTA etc. These findings are in agreement with the
observations that metal chelators such as EDTA,
EGTA and o-phenanthroline generally inhibit PDE-I
activity and indicate that these proteins are
metalloenzymes. Moreover, this activity is also
inhibited by cysteine suggesting that the s—s bond is
essential for activity [27, 28, 31, 32, 35].

The study with chelating agents indicates the
requirement of divalent metal ions for activity. The
Ca" did not affect the activity of O. hannah PDE-I at
all. Mg™ (15 mM) caused a 70 % increase in activity
of PDE-I. Zn" (10 mM) showed an inhibitory effect,
as it caused a 23 % decrease in activity Table-2.

The enzyme was active in the absence of
any addition of divalent ions and in fact is only
slightly stimulated by high concentration of Mg*2 It
is suggested that the necessary cation is already
present on enzyme [40].

Snake venom PDE-1 show negligible
activity towards p-nitro-phenyl phosphate or mono-
phosphate nucleotides. Di- and #ri-phosphate
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Fig.6: Determination of K; for cysteine according to Dixon (non-competitive inhibition). Dixon plot for
O. hannah PDE-1 at two different concentrations of substrate.

Table-2: The effect of divalent metal ions on O.
hannah PDE-1 activity.*

e . Specific activity
A C ation ( mM ) (p;ech/min/mg)
None 528 +0.25
3 5.29£0.25
Ca™? 5 530+ 0.25
7 10 530 0.25
533+ 0.25
None 0.88+0.1
+2 5 088 + 0.1
Zn 7 0.7%0.1
10 0.68+ 0.1
None 0.88 0.1
5 0.94+0.1
Mg*"? 10 1101
15 1.4£0.1
20 0.94 + 0.1

*Note: All assays were done in triplicate.

nucleotides, DNA, RNA and many derivatives of
these native molecules can serve as substrate for
phosphodiesterase. O. hannah PDE-1 hydrolyzed bis-

p-nitro-phenyl phosphate, ATP, cyclic 3'-5"-AMP and
thymidine 5'-monophosphate p-nitro-phenyl ester. O.
hannah PDE-1 hydrolyzed thymidine 5’ mono-
phosphate p-nitro-phenyl ester most readily, the
specific activity was 11.0 Units/mg (10 fold) while
cyclic 3'-5-AMP was least readily hydrolyzed
substrate with a specific activity 0.13 Units/mg
Table-3.

Table-3: Hydrolysis, of different substrates by O.
hannah PDE-1.

Name of substrate Activity (U/L) Sp. Activity (Units/mg)
ATP 103 £ 4.0 5.15+£0.2

C 3-5-AMP 6.5+0.25 0.13 + 0.01

BpNPP 34+1 4.1+0.15
TS5’PpNP ester 113+5 11+0.3

Activity levels of various nucleases in crude
venom are usually distinguished by the ability to
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catalyze the hydrolysis of specific synthetic substrate.
O. hannah PDE-1 hydrolyzed thymidine 5'-mono-
phosphate p-nitro-phenyl ester most readily (10 fold)
while cyclic 3'-5'-AMP was least readily hydrolyzed
substrate. Many workers reported that the p-
nitrophenyl esters are most readily hydrolyzed
chromogenic substrates [16]. According to Suzuki et
al. [41] the cyclic 3'-5-AMP is also readily
hydrolyzed by PDE-1 isolated from N.n. atra, T.
Aavoviridis and A. halys blomhoffii venom and was
better substrate based on reaction rate. Whereas
cyclic 3'-5'-AMP was the least hydrolyzed substrate
by O. hannah PDE-1.

Snake venom PDE-1

has been studied

Leeil st

extensively but few have investigated the biological
activity of this unique venom component. The O.
hannah PDE-1 up-to 4.0 mg/Kg i.p was not lethal in
mice. The animals showed some symptoms of
intoxication like hypo-activity and extension of hind
limbs during first hour of a 24 hours experiment.

The O. hannah PDE-1 did not show lethality
while Russell er al. [42] demonstrated an LDs, of
3.08-4.65 mg/Kg (i.v), in mice which is fairly toxic.
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Fig. 7. O. hannah PDE-1 inhibition by cysteine.
The transformed data is represented in the
form of a hill plot, where V and VO are the
reaction rates for experimental and control
system respectively. The Hill coefficient is
0.33 and slope was -0.56 respectively. Each

point is the mean of three independent
determinations.
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Fig. 8: Determination of K; for ADP according to Dixon (competitive inhibition). Dixon plot for
O. hannah PDE-1 at two different concentrations of substrate.
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haemostatic mechanisms and promoting blood loss
leading to circulatory collapse. The role of venom
PDE-1 to the sequelae following envenomation is
unclear, reduction of cAMP levels and production of
toxic secondary metabolites may be the factors
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Fig.9: O. hannah PDE-1 inhibition by ADP. The
transformed data is represented in the form
of a hill plot, where V and VO are the
reaction rates for experimental and control
system respectively. The Hill coefficient is
1.53 and slope was -1.46 respectively. Each
point is the mean of three independent
determinations.

These actions may be due to the enzyme or they may
be due to the presence of some other proteins in the
preparation as several bands were observed on disc
gel electrophoresis.

The O. hannah PDE-1 exhibited an
anticoagulant effect as it significantly increased the
normal clotting time of normal citrated human
plasma, whereas the crude venom showed coagulant
effect Table-4.

Table-4: Effect of the O. hannah crude venom and
purified PDE-1 on coagulation of normal human
plasma (means + SD of three measurements).

Coagulation par ters Clotting time (s)

Plasma + CaCl, 175+ 10
Crude venom 853
Purified PDE-1 3605

The O. hannah PDE-1 showed strong
anticoagulant effect. Ouyang and Huang [43]
reported platelet aggregation inhibiting activity of
venom PDE-1 isolated from A4. acutus but a specific
biological role was not assigned. It is possible that a
synergistic interaction with hemorrhagic proteases
and fibrinogenases found in the same venom occurs
during envenomation,  interfering with normal

contributing to prey death [16].

In conclusion it is suggested that the
properties of O. hannah PDE-1 isolated in this study
were similar to those of other snake venom's PDE.
The purification procedure described here is simple,
rapid and reproducibie should prove beneficial in
providing pure protein for investigation into the
contribution of this enzyme to the biological activities
of O. hannah venom and of venom PDE-1 in general.

Experimental

O. hannah crude venom was purchased from
Venom Supplies Pty Ltd,Tanunda, South Australia.
Bis-p-nitrophenyl phosphate, p-nitro-phenyl
thymidine-5’-phosphate, cyclic 3’, 5'-AMP, ATP,
1,10-phenanthroline and L- glutathione were from
Sigma-Aldrich Co. Acrylamide was obtained from
Merck. N,N-methylene bisacrylamide and coomassie
brilliant blue R250 were purchased from Fluka
Chemie. Ammonium persulphate, sodium dodecyl
sulphate (SDS) and Tris (hydroxymethyl)
methylamine were from BDH Chemicals. Standard
proteins (BlueRanger Pre-stained Protein Molecular
Weight Marker Mix) were from Pierce Biotech-
nology, Inc. Ampholine (pH 3.5-10.0) was from
Pharmacia. Glycerol from Winlab Ltd. and glycin and
N,N,N,N-Tetramethyl ethylenediamine were from

Riadal_dakhan A All athar ~chamicale ngad wara of
NICUUI-UGCRIICIT A, Auar Ouldll CriciiiiCdis usca wiirc O1

analytical grade.

Purification of PDE-I Enzyme by Native Preparative
PAGE

The crude venom (freeze dried powder) of
O. hannah (30 mg/ml) was dissolved in distilled
water and centrifuged at 5,000 g for 15 minutes to
remove any turbidity and then it was diluted with
sampling buffer before use. Crude venom (10mg)
was subjected to preparative 10 % native
polyacrylamide gel electrophoresis [44]. The slab gel
was prepared as described by Laemmli et al. with
minor modifications [45]. Stock solutions for small
pore gels contained 3 M Tris-HCI buffer, pH 9.5.
Stock solutions for large pore gels (concentrating gel)
contained 0.5 M Tris-H;PO, buffer, pH 9.0. The
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reservoir buffer was 0.05 M Tris-glycine, pH 9.5. The
protein sample was dissolved in sampling buffer
(containing 0.05 M Tris-glycine, pH 9.5, 20 %
sucrose and 0.5 % bromophenol blue). Slab was run
at 8 °C with a constant voltage of 100 V. Two guide
strips were cut from both sides of the slab gel and
stained with Coomassie Brilliant Blue R-250 for 30
minutes and then de-stained with the de-staining
solutions consisting of water: glacial acetic acid:
methanol in the ratio of (68: 7: 25), respectively. The
locations of the protein bands on the unstained gel
were then carefully marked and removed.

Recovery of Proteins by Electro-elution

The separated venom fractions were eluted
from gel using a procedure described by Walker et al.
[46]. The eluted protein fractions were dialyzed
against distilled water, lyophilized and stored at
4 °C. The fraction obtained was analyzed for purity
on analytical native (non-SDS) PAGE as described
under the fractionation procedure.

Determination of Protein Concentration

The concentration of protein in the fraction
thus obtained was determined by using the method of
Lowry et al. [47].

SDS-polyacrylamide Gel Electrophoresis (SDS-PAGE)

Purified venom fraction (20 ug) along with
crude venom (200 ug) and standard proteins were
electrophoresed on SDS-PAGE at 10 % acrylamide
concentration according to method of Laemmli et al.
[45]. The samples were boiled with sample buffer
(containing 0.05 M Tris-glycine, pH 9.5, 20 %
sucrose and 0.5 % bromophenol blue) in the presence
of 0.1 % SDS. The standard molecular weight
proteins used were Myosin (215 kDa), phosphorylase
b (120 kDa), bovine serum albumin (84 kDa),
ovalbumin (60 kDa), carbonic anhydrase (39.2 kDa),
trypsin inhibitor (28 kDa), and Isozyme (18.3 kDa).

Note: The covalently bound dye alters the apparent
molecular weight (M.W.) of the proteins relative to
unstained proteins and tends to produce broader
bands (Pierce Biotechnology, Inc.).

Isoelectric Focusing (IEF)

For isoelectric focusing of purified O.
hannah PDE-1 (25 ug) we used an LKB2117

SAAD S.M. AL-SALEH et al,,

Multiphor system according to the instructions of the
manufacturer. An ampholine gel with a pH range of
3.5-10.0 was used. NaOH (1.0 M) was employed as
cathode solution and 1M phosphoric acid as anode
solution. The gel was focused at 20 W for 90
minutes. The gel was fixed in 12 % TCA solution and
washed repeatedly in de-staining solution (25 %
ethanol, 8 % acetic acid) and stained in a solution of
0.4 % Coomassie Brilliant Blue R-250. Immediately
after the process, the lower part of the gel was cut
into pieces at 0.5cm intervals, suspended in 10mL
distilled water and the pH gradient determined from
cathode to anode.

Assays of Phosphodiesterase Activity
Assay- 1

The phosphodieseterase  activity was
determined according to spectrophotometeric method
of Sulkowski and Laskowski [48]. The assay mixture
contained in 1 ml: 5 u moles bis-p-nitrophenyl
phosphate, 10 4 moles MgCl,, 100 x moles Tris-HCl,
pH 9.0. Pre-incubation at 37 °C lasted for 5 minutes;
enzyme (10 ug) was added and incubated for the next
5 minutes. The reaction was stopped by 2 ml 0.1 N
NaOH; the absorbency was read at 400 nm, using
17,600 as molar extinction coefficient; activity was
expressed in # molesxmin™ xml™.

Assay 11

The assay is essentially that of Razell and
Khorana [40] where the reaction velocity is
determined by an increase in absorbance at 400 nm
resulting from the hydrolysis of p-nitro-phenyl
thymidine-5'-phosphate. One unit hydrolyzes one
micromole of p-nitro-phenyl thymidine-5'-phosphate
per minute at pH 8.9, and 37 °C under specified
conditions. The reaction mixture contained in 1 ml: 0.9
ml of 0.11 M Tris-HCI buffer, pH 8.9 containing 0.11
M NaCl and 15 mM MgCl; and 0.1 ml of 5 mM p-
nitro-phenyl thymidine-5'-phosphate. Pre-incubation
at 37 °C lasted for 5 minutes, 10 ul enzymes (10 ug)
was added and incubated for the next 5 minutes.

Assay 111

The standard assay of Butcher and
Sutherland [49] which consisted of measuring the
release of inorganic phosphate with use of an excess
of 5'-nucleotidase. This reaction mixture contained
0.01 mM of cyclic 3', 5-AMP or 0.002 M ATP (as
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the case may be) 2 u moles of MgSQO,, and 36 u
moles of Tris-HCI buffer, pH 7.5 with a suitable
dilution of the phosphodiesterase (50 ug) sample
being tested in a total volume of 0.9 m!. This mixture
was incubated at 37 °C for 3 hours in case of cyclic
3', 5'-AMP and 30 minutes in case of ATP. After the
first 170 minutes of incubation in case of cyclic 3', 5'-
AMP and 20 minutes in case of ATP, 0.1 ml of a C.
atrox venom solution was added containing 0.1mg 0f
venom in 0.001 M Tris-HCI, pH 7.5. The entire
reaction was terminated by the addition of 0.1 ml of
cold 55 % trichloroacetic acid. After addition of
trichloroacetic acid, the precipitate was removed by
centrifugation, and aliquots of the supernatant fluids
were analyzed for inorganic phosphate by the method
of Fiske and SubbaRow [50]. The C. atrox venom
contained a potent 5’-nucleotidase that hydrolyzed
the 5'-AMP formed in the phosphodiesterase reaction
to adenosine and phosphate. The venom, when used
in this concentration, was without effect on cyclic 3’,
5'-AMP. One unit of enzyme was defined as that
amount that caused the release of inorganic phosphate
per umole of cyclic 3', 5'-AMP or ATP as the case
may be.

Assay for 5'-Nucleotidase Activity

The 5'-Nucleotidase was determined by the
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Carbohydrate Contents

Carbohydrate content of the purified sample
was measured according to the method of DUBOIS et
al. [52]. The galactose was used as standard.

Effect of pH

The effect of pH on enzyme activity was
tested in the range between 6.0 and 12.0 using 0.11 M
Tris-HCI buffer. A substrate control was included at
every pH tested.

Effect of Temperature

Enzyme activity was tested at different
temperatures in the range between 20° and 90°C. A
substrate control was included with each test to
correct for auto substrate destruction at different
temperatures. The activation energy (Ea) for the
hydrolysis of bis-p-nitrophenyl phosphate by O.
hannah venom PDE-] was determined by plotting the
log of PDE-I activity Vs 1/T (Arrhenius plot). The
value of the negative slop of this plot was put in to
the following equation to give the activation energy,
Ea

Slop= Ea ----- [53]

modified method of Sinsheimer and koerner [18].
The reaction mixture contained: 0.1 ml of 1 M
glycine buffer, pH 9.0, 0.1 ml of 0.1 M MgCl,, 0.3
ml of 0.01 M AMP, 0.1 ml of enzyme (10 ug)
solution and water to a total volume of 1 ml. The
mixture was incubated for 15 minutes at 37 °C. The
liberated phosphate was determined according to
Fiske and SubbaRow [50]. One unit was defined as
the amount of enzyme liberating 1 u mole of
inorganic phosphate per minute at 37 °C.

Assay for Alkaline Phosphatase Activity

The ALP activity was determined according
to the spectrophotometric method of Hausamen et al.
[51] at 25 °C using p-nitrophenyl phosphate as
substrate. The assay mixture (1.2 ml) contained 0.9 M
diethanolamine (DEA) at pH 9.8, (0.5 mM
magnesium sulfate and 10 xg purified PDE-I as the
source of enzyme). The blank was also run under the
same conditions and with the same components
except for that the enzyme was omitted. One unit of
enzyme activity is defined as the amount of ALP that
catalyzes the hydrolysis of 1 umole of pNPP per min
per mg of venom protein under standard condition.

23R

whereas R is the Boltzman constant and its value is
equal to 1.987calories/deg/mole.

Effect of Metal Ions

Enzyme assay was carried out in the absence
and presence of either Mg™, Ca™ or Zn™. The
concentrations of 5.0, 10.0, 15.0 and 20.0 mM of
Mg were used whereas concentration of 5.0, 7.0 and
10.0 mM Zn"" or Ca*" were used.

Measurement of Kinetic Constants

The effect of varying substrate concentration
on enzyme activity was tested and K, for the enzyme
was determined from Lineweaver-Burk plot [53]. The
K was calculated using the Grafit software package,
version 3.0 [54].This was repeated in the presence of
different inhibitors and the type of inhibition and K;
were determined. For competitive and non-
competitive inhibitors the K; were determined by
plotting 1/v against i (inhibitor’s concentration)
according to the graphical method of Dixon [55].
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Estimation of ICs
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W. Vogt, Snake venom constituents aﬁ”ectmg the

f‘nmnhma

The transformed data log V/(V,-V) (where
V, = Velocity in the absence of inhibitor and V in
the presence of inhibitor ) versus log inhibitor
concentration were plotted for the determination of
ICs, for each type of inhibitor.

Lethality Test
Swiss albino male mice (15-20 gm) obtained

from the College animal house. The animals were fed
on a commercial pellet diet and water ad libitum. The

=

10.

11.

OFRPHIRET?

Medical use of snake venom proteins, CRC
Press, Boca Raton. Ann. Arbor, Boston, p. 79
(1990b).

R. B. Zingali, Toxin Rev., 26, 25 (2007).

M. A. MclLane, X. Zhang, J. Tian and C. P.
Straub, Toxin Rev., 26, 47 (2007). .

H. H. Chang and S. J. Lo, Toxin Rev., 26, 189
(2007).

K. S. Mohan and C. Yu, Toxin Rev., 26, 99
(2007). '

H. Y. Tsai, Y. M. Yang and 1. H. Tsai, Toxicon.,

purified venom enzymes (0.25, 0.5, 1.0, 2.0 and 4.0
mg/kg body weight) were injected interperitoneally to
mice to determine their lethal effect and the LDs, will
be established. There were eight animals in each
group. The control group animals were injected with
normal saline.

Determination of Re-calcified Plasma Coagulation
Times

Re-calcified plasma clotting time was
determined by a Biomeriux apparatus (Option 2)
following the manufacturer’s instructions. Normal
citrated fresh human plasma (100 ul) obtained from
volunteers was incubated with (100 ul) crude venom
(400 ug) or (50 ug) of purified enzyme at 37 °C for 4
minutes. Then clotting time was determined after the
addition of 0.025 M calcium chloride (100 u1).
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