Partial Purification and Characterization of
Conus textife Venom Phosphodiesterase |
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Phosphodiesterase | (5 -exonuclease, EC 3141) was isolsted and purified to appsrenl
homogeneity from the veaonm of Conus textile By 8 series of differeatial extractions and
chromstographies UsSinDg Sepharose 45, DEAF-Cellulose 4B, sad DEAF-Sephadex columan.
The M, of the enzyme, obtained through Sepharose 48 chromalography, was estimated at
1200000. SDS polyscrylamide gel electrophoresis set the main subunit M_ a8t 60.000. The
oplimum coadilions for the sssay, Wilh para-nitropheayl! thymidine-5 -phosphate as
substrate, were pH 8.8, lemperalure at 0°C and a €0 mM magnesium ion concenlration in
8 bulfer of high ionic streagth. The pl, determined by isoelectric [ocusing, was about 7.8-
79 The Fadie-Hofstee diagnostic plot gave valves of K = 37x10°Mand V- 608 pmoles

p-nitrophenol libersted/mg protein/min. EDTA in 8 001 M concenlration was found lo
moderstely inhibit the eazyme reaction.

INTRODUCTION three hemolytic components (5). Ace-
tylcholinesterase Wwas partially purified
Marine shells of the genus (onus have & from C geographus venom and found to be
highly developed venom apparatus com- separable from the toxic components (6).
posed of a long duct jeading to the pharynx. Higher activities of protease, ace-
It has been suggested that the venom appa- tylcholinesierase, and phosphodiesterase
ratus is used primarily for catching, para- were noted particularly in the granular
lyzing, and possibly digesting prey. It may fractions of C siristus Venom, suggesting
also function as a defensive weapon (1).  that these granules serve as storage packets
Some (vaus stings have been found to be for digestive enzymes Of zymogens as well as

lethal to man (23). precursors of the toxic elements of Conus
The venom has a high protein content venom (7).
which may be associated with  enzymatic Although much has been published on

activity. Other venom components are car- (oaus venom pharmacology, many aspects
bohydrates, quarternary ammonium salts, of Conus venom enzymology are still open
and some high molecular weight com- for further investigation.
pounds. An earlier survey of several (onus spe-
Fish, other molluscs, and marine worms cies (C striatus, C geographus, C masgus, C
are Conus prey. Such variety leads one to ‘
expect that the Conus venom has several
digestive  enzymes. Proteases,  ace- The authors are with the Depsriment of Biochemistry and
tylcholinesterases, phosphodiesterases, Molecuiar Biolgy. College of Nedicise, University of the
come nucleotidases and phospholipases have m‘:m‘“:u; e ~ ;‘g‘:‘;‘ ‘i,";'f"‘;:“}:
been reporied. Proteases were detected in , pa D. degree.
the venom of several species of vermivorous
cones (4). More specifically, € textile was
found to possess at least two proteolytic and *To whem correspandeace theuld be addressed
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marmoreus, and C textile) indicated signifi-
cant phosphodiesterase I activity in ([ fler-
Lile.

It is within this framework that this
study on phosphodiesterase 1 (5-exonu-
clease EC. 3.141) from C( [lextile was con-
ceived. This enzyme digests nucleic acids,
specifically removing successive mononu-
cleotide units from the polynucleotide chain
starting from the end bearing a free 3-
hydroxyl group regardless of the location of
the monophosphoryl group (8).

The objective of this study is to isolate and
partially purify phosphodiesterase 1 from (£
textile venom and to do a preliminary inves-
tigation of some physical and chemical
properties of the enzyme.

MATERIALS AND METHODS

C texlile specimens were collected off the
coast of Marinduque Island in the Philip-
pines and maintained alive at room tempera-
ture in well-aerated marine aquaria in the
laboratory.

Live specimens were buried in ice for 30
min, after which the animals were removed
from their respective shells. The venom
apparatus was dissected out of the body cav-
jty, freed of extraneous tissue and washed
| with cold distilied water. The venom was
gently squeezed onto an ice cold stainless
steel spatula, collected in small vials, lyo-
philized, weighed, and stored at -20°C until
processed.

Crude venom suspensions were prepared
by weighing out lyophilized venom and
reconstituting with 005 M NH.Ac, pH 7 to
make a 10% suspension, allowing to stand in
ice for 30 min with occasional stirring, and
centrifuging at 22,000 x g for 30 min. The
| supernate was saved into a test tube and
| labelled 10% soluble fraction.

To the pellet was added 005 M NH,Ac, pH

7/0.1% Triton X-100 to make a 20% suspen-
sion. This suspension was sonicated for 1
| min and centrifuged for 10 min at 3,000 x g,
the supernate decanted and set aside. With
the resulting peliet, another 20% suspen-
sion in 0.05 M NH,Ac, pH 7/0.1% Triton X-100

was prepared, then sonicated and centri-
fuged as described above. The supernales
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were collected, combined, and liabelled 10%
granular fraction.

Assays for protein, phosphodiesterase I,
and protease were performed on these ex-
tracts.

Protein in crude venom, soluble frac-
tions, and granular fractions was estimated
by the method of Lowry ez &/ with bevine
serum albumin as standard (9). In column

_ effluents, eluted proteins were monitored

either by the Lowry method or by their
absorbance at 280 nm.

Phosphodiesterase 1 was measured by the
sensitive assay method of Razzall and Kho-
rana (10). Specific activity was expressed as
units of phosphodiesterase I activity per mg
protein (1 unit is equivalent to 1 mole p-
nitrophenol liberated per min). The assay
was standardized with respect to the follow-
ing parameters: pH, temperature, buffer
system, substrate comceniration, and Mg"
requirements.

Non-specific alkaline phosphatase
(phosphomonoesterase) was determined by
the method of Laskowski (11). Specific ac-
tivity was expressed as units of alkaline
phosphatase per mg protein (a unit of activ-
ity is equal to 1 pmole of p-nitrophenol lib-
erated per min).

Activity of S'-nucleotidase was deter-
mined according to the method of Koerner
and Sinsheimer (12). Specific activitly was
expressed as units of 5-nucleotidase per mg
protein, where 1 unit is equivalent to 1
pmole inorganic phosphate liberated per
min.

Protease was assayed by the azocasein
method essentially as described by Tomarelli
et al (13). Specific activity was expressed as
units of protease activity per mg protein,
where 1 unit is equivaleat to 1 pg azocasein
digested per min.

The Lineweaver-Burke and Eadie-
Hofstee plots were constructed using the
phosphodiesterase I assay on the partially
purified fraction at various concentrations
of substrate. Approximate values for the
Michaeli's constant (K ) and meximum re-
action velocity (V_, ) were calculiated.

Using the partially purified enzyme
preparation, ihe phosphodiesierase I assay
was standardized in terms of optimum values
of pH, temperature, and cofactor require-
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ment.

Distribution of phosphodiesterase 1 ac-
tivity after autolysis was determined. An
aliquot of each of the 10% soluble and granu-
lar fractions was acidified to pH 36 with 0.2
M HAc. The mixtures were incubated at 38°C
for 3 h to inactivate 5-nucleotidase, then
centrifuged at 12000 x g for 10 min and
decanted. Both the pellet and supernate
from the 10% soluble fraction were lyophil-
ized and reconstituted with 02 M TrisAc, pH
88. The supernate from the treated granular
fraction was sel aside, while the pellet was
dissolved in a8 minimum volume of 02 M
TrisAc, pH 6/0.1% Triton. Both supernate
and reconstituted pellet were assayed for
protein and phosphodiesterase 1.

Phosphodiesterase 1 was purified by
loading exacily 26 mL of the autolysis prod-
uct onto a column of Sepharose 4B (1.3 x 100
cm) previously equilibrated with 02 M
NH,Ac, pH 6. Elutions were carried out in the
same buffer at a flow rate of 05 mL/min.
Fractions of 50 mL were collected and as-
sayed for protein and phosphodiesterase I.

The active fractions from Sepharose 4B
chromatography were pooled, lyophilized
and reconstituted with 02 M NH Ac, pH 85
and applied to the DEAE-Sephadex column
(20 x 20 cm) and eluted with a linear gradi-
ent of 0.2 -12 M NHAc, pH 85 (2 x 75/mL) at

a flow rate of 0.5 mL/min. Fractions of 5 mL
were collected and assayed for protein and
phosphodiesterase activity.

The subunit molecular weight of
phosphodiesterase 1 was determined by so-
dium dodecyl suifate polyacrylamide gel
electrophoresis using the method of Weber
and Osborn (14). The subunit molecular
weights were estimated from a graph of log
M, vs. electrophoretic mobility.

The M_ of phosphodiesterase I from C

lextile was estimated by using a Sepharose 4B
column (08 x 27 cm) previously equilibrated
with 02 M NH,Ac. pH 85 at 4°C This column
was standardized using blue dextran cala-
lase, and hexokinase. Fractions were col-
lected and assayed for proteins.

The DEAE active fraction (containing
phosphodiesterase 1) was lyophilized and
reconstituted in 0.1% glycine. This glycine
preparation was electrofocused in a 5% poly-
acrylamide slab gel containing ampholytes

ranging from pH 35 to 95 and was pre-run
at 3°C for 15 h at a constant power of 25 watts.
The gel was fixed in 12% TCA for 15 min,
stained in 0.1% Coomasie Blue for 30 min and
subsequently destained in frequent changes
of 10% methanol-10% acetic acid at 50°C
until protein bands could be visualized.

RESULTS AND DISCUSSION

Preliminary studies were performed to de-
termine the optimum assay conditions for
the phoshodiesterase of the soluble fraction.
Appreciable activily was observed over a

broad pH range of 80 to 96 with a maximum
at pH 92. Optimum temperature was between
40" and 45°C. Enzyme activity was not af-
fected by changes in the Mg* concentration
of the assay mixtures which were incubated
for 5 h. This could mean that the Mg** re-

quirement was met by amounis already in
the crude venom suspension. Within the
concentration range used, the reaction rate
was still proportional with enzyme concen-
tration. The assay was linear for the first 40
min but began to level off after that. All
assays were therefore performed 15-20 min
after the reaction was initiated.

The presence of contaminating enzymes
such as 5'-nucleotidase and non-specific
phosphatases in venom preparations has
been noted in several “reviews (11, 15, 16).
Dolapchiev e¢ a/ described an incubation
step at 37°C for 3 h to inactivate 5'-nucleoti-
dase (17). The stability of phosphodiesterase
I to similar pre-treatment was studied by
incubating crude venom extract in buffers
of differing pHs at 37°C for 2 h. Phosphod-
iesterase [ assays after incubation indicated
that the enzyme was unaffected by this
treatment.

The distribution of protein, phosphod-
iesterase I, 5'-nucleotidase, phosphomonoe-

sterase, and protease between the granular |

and soluble extracts, and between the pellet
and supernate of the incubated 10% granvu-
lar fracuon 1s summarized in Table 1 The
bulk of protease acuvity was located in the
soluble fraction while 5-nucleotidase and
phosphodiesterase activity were found
largely in the granular fraction.

Most of the proteins had molecular
weights in the region of 100,000 to 130,000.

Fig. 1 shows also the elution volumes of
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Distribution of enzyme aclivities in C Zfexti/e venom.

Phosphodiesterase |
(units x 10°2)

Fraction

S-nucleotidase
(units)

Protease
(units x 1072)

Phosphomonoesterase
(units x 1072)

10R soluble 5.6

10% granular 17.8

Total 234

0.73

2.32
3.05

148 140

28.5 36

433 176

incubated 10% Granular Fraction
Supernate 5.0

Pellet 116

Total 16.6

0.75

0.12
0.87

1.3 0
109 0
122 0

molecular weight markers as indicated by
blue dextran, 2,000,000, catalase,
250,000, and hexokinase, 100,000.

The granular fraction showed three
protein peaks labelled g,. g, and g, (Fig. 1)
with M_ of 5,000,000, 1200000, and 540.000.
Maximum phosphodiesterase activity was
found over peak g, Peaks g, and g, exhibit
| high specific activity for phosphomonoe-
sterase as shown in Fig. 1A.

Active fractions from Sepharose 4B
chromatography were pooled, lyophilized,
reconstituted, and assayed for protein and
phosphodiesterase I before application to a
DEAE-Cellulose column. Upon passing a 0.2-
12 M NHAc, pH 85 gradient through the
. column, several protein peaks were detected
(Fig. 2). The active peak was eluted al a
concentration of 060-065 M NH Ac, pH 85.

These results suggest that the enzyme was
tightly bound to the exchanger because a
high ionic strength was required to elute it
from the column.

The DEAE-Cellulose active fractions were
rechromatographed cn a DEAE-Sephadex
column run at a gradient of 0.2-12 M NH Ac,
pH 85. This resulted in a major protein peak
eluted at a conceniraiion of 060 M NHAc,
coincident with maximum phosphod-
jesterase activity (Fig. 3). :

Table 2 summarizes the effectiveness of
the various steps of purification and the
corresponding yields. After the DEAE-Cellu-
jose step, only 2% of the protein remained,
the rest having been removed by the various
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Fig. 1. Sepharose 4B gel [iltration of incubated
10X granular fraction. The sample (34.3 mg
protein) was applied to a 1.3 x 100 cm Sepharcse 4B
column equilibrated with 0.2M TrisAc, pH 6 and
eluted with the same buffer. The flow rate was 0.5
mL/min at a constant hydrostatic pressure of 90 cm.
Fractions of 5 mL were collecied and sssayed for
enzyme activity.



:_é Sl l;‘ i 'F: Fig. 2. Chromatography on
o r DEAE-Cellulogse of lyophilized
E ,“\ = E and reconstituted phospho-
g A 2 | w diesterase | fractions from
i a1 / e E Sepharose 4B. The sample (7.36
& o030 | : 10 [E = mg protein) was loaded onto a
g | *‘ 5 = 2.0 x 17 cm column and charged
g j 2 f20E  with 02 M NHAc, pH 85.
a | : % = Elution was continued with a
& ad | \ L 2 gradient of 0.2-1.2 M NH Ac,
B [ ‘,\c L lwo2  pHB85(2x 100 mL).
& ,’ ¢ ' ' O
o I X )]
g x s
80 W00 150 200 =0 Ll
ELUTION VOLUME, mL
o] T £
fractionations. While all the puri- < °* = E
fication steps resulted in 18% re- E 5 B
covery of enzyme activity, the spe- = 2 Q %0 g
cific activity of the preparation i \ s B
resulted only in 1765 pmoles p-ni- & %% ' % 190 "E‘ §_
trophenol/mg-min. z ‘ o Y4
Much of the activity could have 2 8 >
been lost through surface denatu- O ot §
ration, especially in the DEAE-Cel- £ e i
lulose fractions. The assay mix- = z e
tures of the purified enzyme were & l o
of very low protein concentration © -
and a large fraction of the enzyme o T
150 ®

molecules may have found their
way to the interface where inacti-
vation occurred. Frothing may
have aggravated the situation. This
could be reduced by the addition of
albumin to the assay mixture mak-
ing both types of molecules com-
pete for the surface space.

Table 2. Purification of phosphodiesterase | from C lexti/e venom.

ELUTION %OLUHE, mL

Fig. 3. Chromatography on DEAE-Sephadex of lyophilized
and reconstituted phosphodiesterase from DEAE-Cellulose.
The sample (1.76 mg protein) was foaded on a 2.0 x 20 ¢
Sephadex column equilibrated with 0.2 M NH,Ac. pH 8.5.
Proteins were eluted with a 0.2-1.2 M NHAc, pH 8.5 gradient
at a flow rate of 0.5 mL/min. Fractions of 5 mL were collect:
and assayed for enzyme activity.

Protein Specific Activity Purification- Total Activity Recovery
Purification Step (mg) (pmoles/mg-min) fold (units) (R)

L 10% granular extract 79.20 225 1.0 1780 100
pellet, incubated extract 34.30 30.3 1.4 1040 58
Sepharose 4B 7.35 848 38 624 35
DEAE Cellulose* 1.76 176.5 79 3n 18
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Some activity may also have been lost
during lyophilization. Dialysis as a concen-
tration step ought to be considered as an al-
ternative. If phosphodiesterase I activity is
proven to be lost through dialysis, this may
mean that some activators or cofaclors asso-
ciated with the crude enzyme are lost
through the walls of the membrane during
dialysis.

The active fractions from the DEAE-
Sephadex column were used in characteriz-
ing the enzyme. SDS polyacrylamide gel
electrophoresis showed a single peak with a
subunit M_ of 60,000. Rechromatography on
a Sepharose 4B column of a fraction of the
active DEAE-Sephadex fraction gave a pro-
tein with an approximate M_ of 1,200,000.

This suggests a conglomeration of twenty

different subunits to form the 1,200,000 dal-
ton molecule. Isoelectric focusing yielded a
sharp band of proteins at pH 78- 79. K| and
= values were calculated from Eadie-

Hofstee (Fig. 4) and Lineweaver-Burke plots.
The values obtained by the method of least
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Fig. 4. Eadie-Holstee diagnostic plot for C. textile
phosphodiesterase 1.  Specific activity of the
purified enzyme was measured at varying
concentrations of p-nitropheny! thymidine-5'-
phosphate. The values were calculated to be 3.7 x
10> M for K, and 608 pmoles p-nitrophenol
liberated/mg protein-min for V . Each point
represents the mean value of four determinations.

squares were comparable with an average
E_ value of 385 x 103 M. The V_, from both

methods gave an average of 629 pmoles p-

pitrophenol liberated/mg protein-min.

The optimum values of pH, temperature,
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and Mg" concentration for the assay ef the

partially pure enzyme were determined to
be : optimum pH, 88 ; and optimum tempera-
ture, 40°C. These values are slightly lower
than the values obtained with the crude
extract. This is probably so because all the
Mg* initially present were washed out by

the sequence of column elutions. Depend-
ence of enzyme activity on Mg"” conceatra-
tion became apparent in the pure enzyme.

5'-Exonuclease of snake venoms is a
glycoprotein. If the same could be said of the
Conus enzyme, it is conceivable that a sig-
nificant amount of interaction exists be-
tween the carbohydrate residues of the en-
zyme and the galactose moieties constituting
the agarose matrix. Also, charged carboxyl
groups and sulfate groups (from aga-
ropectin contaminants) may act as weak
cation exchangers further retarding the
elution of glycoprotein molecules.

Affinity chromatography has been used
in the isolaiion of snake venom phosphod-
iesterase. The efficiency of this step is de-
rived from the glycoprotein nature of snake
venom phosphodiesterase. Purification of
this type yields as high as 33% with an ac-
companying 350-fold increase in specific
activity. If C textie phosphodiesterase I is
indeed a glycoprotein, affinity chromatog-
raphy in combination with gel filtration and
jon exchange could enhance the degree of
purification of the enzyme.
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