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The increasing interest in phosl)hodiesterase stems from the usefulness of this 
enzyme in the study of nucleic acids or their fragments, l)uring the past few years, 
H U R S T  A N D  B U T L E R  2, and SINSHE1MER , \N1) K O E R N E R  a, described methods leading 
to partially purified preparations of phosphodiesterase from snake venom. In both 
procedures the emphasis was made on obtaining a preparation of tflmsphodiesterase 
free from a significant contamination by 5'-nucleotidase. 

In our recent study a of enzymic degradation of deoxyribonucleic acid (DNA) 
by two different deoxyribonucleodepolymerases (DNases) numerous fragments of 
different molecular size and composition were obtained. In order to study further 
the composition of these fragments it became desirable to obtain a highly purified 
preparation of phosphodiesterase. 

The present paper describes the method of chromatograt)hic purification of 
phosphodiesterase from rattlesnake venom, and some applications of this enzyme to 
the degradation studies of fragments obtained from the digest of I)NA by pancreatic 
deoxyribonuclease (DNase I). 

METHO1)S 

i .  D e t e r m i n a t i o n  of p h o s p h o d i e s t e r a s e  a c t i v i t y  was  r o u t i n e l y  p e r f o r m e d  on Ca  ~l)is (p -n i t ro  
p h e n y l )  phospha t eS2 ,  p r e p a r e d  f rom t r i s  ( p - n i t r o p h e n y l )  p h o s p h a t e  a c c o r d i n g  to  t he  m e t h o d  {ff 
YOSHfDA 5. T h e  i r i s  ( p - n i t r o p h e n y l )  p h o s p h a t e  was  p r e p a r e d  a c c o r d i n g  to  RAPP ~. The  d e t a i l s  of 
t h e  m e t h o d  w e r e  as fo l lows:  

Slep ±. i i o  g (o. 7 M)  of p h o s p h o r u s  o x y c h l o r i d e  was  coo led  in an  i ce -ba th  w i t h  s t i r r i ng .  
200 g (2,I M) of p h e n o l  w a s  a d d e d  in s e x e r a l  p o r t i o n s  in o rde r  n o t  to  a l l ow  t h e  t e m p e r a t u r e  to  
r i se  a b o v e  1o ' .  Af t e r  t h e  a d d i t i o n  w a s  c o m p l e t e d ,  t he  m i x t u r e  was  h e a t e d  o v e r  a B u n s e n  l m r n e r  
u n t i l  no  H C I  c o u l d  be  d e t e c t e d  in  t h e  \ a p o r  (3 4 h). The  m i x t u r e  was  cooled,  a n d  p o u r e d  i n t o  
I l i t e r  of 2 3 f  N a O H  w i t h  s t i r r i n g .  A h e a v y  p r e c i p i t a t e  of t r i p h e n y l  p h o s p h a t e  fo rmed .  I t  w a s  
l e f t  o v e r - n i g h t  in a co ld  r o o m  to  c r y s t a l l i z e .  T h e  c r y s t a l l i n e  p r e c i p i t a t e  was  co l l ec t ed  on a B i i c h n e r  
funne l  and  w a s  w a s h e d  w i t h  w a t e r ,  u n t i l  n e u t r a l ,  m.p.  45 40''- 

Step 2. IOO g of t r i p h e n y l p h o s p h a t e  w e r e  d i s s o l v e d  w i t h  s t i r r i n g  in 5oo g of f u m i n g  n i t r i c  
ac id  (sp. gr. 1 .5-~ .6  ), p r e v i o u s l y  p r e c o o l e d  in  an  i c e - b a t h .  T h e  r e a c t i o n  was  a l l o w e d  to  p r o c e e d  
for  1 hour .  T r i s  ( p - n i t r o p h e n y l )  p h o s p h a t e  w a s  p r e c i p i t a t e d  w i t h  ] l i t e r  of d i s t i l l e d  wa te r ,  a n d  
w a s  f i l t e r ed  w i t h  s u c t i o n .  The  c r u d e  m a t e r i a l  w a s  r e e r y s t a l / i z e d  from a c e t o n e - w a t e r  (i : t ) ,  
m.p .  13o °. 

* S u p p o r t e d  b y  a g r a n t  f r o m  t h e  A t o m i c  E n e r g y  C o m m i s s i o n . . \  p r e l i m i n a r y  r e p o r t  has  been  
p u b l i s h e d L  

** F u l b r i g h t  Scho la r ,  on l eave  of a b s e n c e  f rom L a b o r a t o i r e  de  C h i m i e  B i o l o g i q u e  de  la  l ; a cu l td  
des  Sc i ences ,  Paris ,  F r a n c e .  
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Fig. i. The effect of t ime on the liberation 
of ni t rophenol  by  the crude venom. 
Readings were taken every 3 minutes, the 
conditions of assay, as described in 
METHODS. The enzyme used was a solution 
of crude venom, having an optical density 

at 28o m/z of I. 5. 

Slep 3. Io g of tris (p-nitrophenyl) phosphate  were suspended in ioo ml of absolute alcohol 
and the suspension was warmed to boiling. 20 ml of io °/o NaOH were added, which resulted in 
a clarification of the suspension. The mixture  was filtered and diluted with 500 ml of water. 
After cooling the mixture  was extracted 3 times with ether. The aqueous layer was acidified 
with 5 ° % HC1 to p H  4.0, and was concentrated in vacuo to half volume. A satura ted solution 
of CaCl~ was added until  no more precipitate of Ca Ibis (p-nitrophenyl) phosphate]2 formed. 
The mixture  was allowed to s tand overnight  and was filtered with suction. The precipitate was 
dried in a vacuum desiccator and was used as substrate.  

The principle of the assay was tha t  of YOSHIDA 5. The liberation of p-nitrophenol was 
measured directly in a Beckman DU spectrophotometer  with a tempera ture  controlled chamber  
at  37 °, at  44 ° m/~. In to  a Beckman Corex cell i cm wide were pipetted:  i ml of o. 3 M glycine- 
NaOH buffer, p H  9.0, 1.2 ml of o.ooi M solution of Ca ~bis (p-nitrophenyl) phosphate~z, and 
0.3 ml of 0. 3 M MgSO 4. A solution of enzyme containing o.oi to 0.05 units  (see below) per ml 
was warmed to 37 °. After 5 minutes  of equilibration, o. 5 ml of the enzyme solution was pipetted 
into the Beckman cell. Readings were taken at 3-minute intervals for a period of 15 to 3 ° minutes. 
Under  these conditions a zero order reaction persisted for at least 3 ° minutes (Fig. I). A direct 
propor t ional i ty  between the activity and the amoun t  of enzyme (within the recommended range) 
was observed (Fig. 2). 

,b 2b 3b 
Time (ruin) 

°o d5 ,'o ,.'5 2:0 2:5 
E28O 

Fig. 2. The effect of enzyme concentrat ion on 
activity. The activity was expressed as AE44o/ 
3 minutes. The enzyme was a solution of crude 
venom. The concentrat ions of the added enzyme 
were expressed as 280 m/t absorbing material. 
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T h e  a c t i v i t y  of  p h o s p h o d i e s t e r a s e  w a s  e x p r e s s e d  as  t h e  i n c r e a s e  in  o p t i c a l  d e n s i t y  

a t  44  ° m F  p e r  3 m i n u t e s .  A u n i t  of  p h o s p h o e s t e r a s e  w a s  d e f i n e d  as  t h a t  a m o u n t  of  

e n z y m e ,  w h i c h  u n d e r  t h e  d e s c r i b e d  c o n d i t i o n s  w o u l d  r e s u l t  in  AE44o/3 m i n  = 1.0. 

T h e  p r o t e i n  c o n c e n t r a t i o n  of  t h e  e n z y m e  s o l u t i o n  w a s  e x p r e s s e d  in  t e r m s  of  28o m ~  

a b s o r b i n g  m a t e r i a l .  T h e  p o t e n c y  of  t h e  e n z y m e  p r e p a r a t i o n  a t  a n y  s t a g e  of  p u r i -  

f i c a t i o n  w a s  e x p r e s s e d  as  AE44o/3 min /E~s0 .  

2. Determinat ion  of 5' nucleotidase was carried out  on adenosine-5 ' -phosphate (AMP) 
purchased from Pabs t  Laboratories, by  a slightly modified method of SINSHEIMER AND KOERNER 3. 
0.2 ml of enzyme solution, o.I  ml of 0. 3 M MgSO4, and 0. 4 ml of 0.3 M glycine-NaOH buffer, 
p H  9.o were pipet ted into a test  tube, and placed in a 37 ° water  bath.  After 5 minutes  of equi- 
libration, o. 3 ml of subs t ra te  solution (157 mg per 5 ° m l )  were added, and the mixture  was 
incubated for 15 minutes.  The tubes were then removed from the water  bath,  and immediately 
t reated wi th  IO ml of molybdate  reagent, and i ml of reducing reagent, according to the method 
of FISK A N n  S U B B A R O W  '/, for determinat ion of inorganic phosphorus.  

The deoxyribonucleic acid (DNA) was prepared according to the method of KAY, SIMMONS 
AND DOUNCE s. The determinat ions of deoxyribonuclease were carried out  essentially by  the 
viscosimetric procedure previously described 9, using microviscosimeters. 

Re[erences p. 378. 
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The oligonucleotide fractions were prepared according to the prevlously described pr~u'cdmt ,1 
from I)NA after digesting it with crystalline pancreatic deoxyril~onuclease, purchased Frcm~ {he 
\Vorthington l{iochemical Corporation. 

r e n t ) l l l  ()f the Kastern l)iamondback Rattlesnalce (('rnlah,x adatmu,/c~t.q \~as purch~lsed floul 
Ross Alien's Reptile Institute, Silver Springs, Florida, :ts ;i lyophilized l)owd¢'l ". It was t'llll)ll/~tlt, 
graphed on Amberlite IRC 5 ° , XE (~4, mesh -,oo 4oo, and on carboxymeth_vl cellulose. . \mbcrli te 
was prepared as described 1)v | [ IRS,  -~'[O()RE AND N'I'EIN TM, with  the excepti,m that  o._' .// s o d i u m  
acetate lmffer, pH O.2, was used i l l s tead  of phosphate. 

Carboxymethyl cellulose (('M-celluh)se) was a gift from l)r. I {. .\. l'l,:'lv.Rsox, t~ wh~ml we 
express our gratitude, t 'rior to use the ( 'M-ce l lu lose  was  washed for -'4 h,mrs x~ ith o.oo 5 .11 sodium 
act 'tale lmfler, pH 5.5- 

R E s I r I . T S  

T h e  t m r i f i c a t i o n  of 1 ) h o s p h o d i e s t e r a s e  was  a c h i e v e d  b y  3 success ive  c h r o m a t o -  

g r a p h i c s .  ,52@ z was  p e r f o r m e d  on A m b e r l i t e  IRC-50 ,  X E - 6  4. T h e  size of t he  c o l u n m  
was  3 ° : . ; 2  cm.  T h e  r a t e  of flow was  

a b o u t  3 ml  p e r  hou r .  o.S g of c r u d e  

v e n o m  was  d i s s o l v e d  in 5 ml of o.z 31 so 

a c e t a t e ,  p H  6.2, a n d  was  p l aced  on 

t h e  c o h l m n ,  w h i c h  was  t h e n  w a s h e d  

w i t h  t h e  s a m e  buffer .  

T h e  c o l u m n  was  p u r p o s e l y  ove r -  20 

l o a d e d  in such  a m a n n e r  t h a t  3o 

to  5 o %  of p h o s p h o d i e s t e r a s e  c a m e  

t h r o u g h ,  w h e r e a s  t h e  r e m a i n d e r  of t h e  

p h o s p h o d i e s t e r a s e  p lus  all  of t h e  5 ' -  m 

n u c l e o t i d a s e  were  r e t a i n e d .  As s h o w n  

in Fig.  3 a b o u t  IOO ml  of o.2 M buf fe r  

were  u s u a l l y  r e q u i r e d  to  o b t a i n  t h e  

f i rs t  peak ,  c o n s i s t i n g  of t h e  n o n -  0 
r e t a i n e d  m a t e r i a l .  T h e  a d s o r b e d  m a t e -  

r i a l  w a s  t h e n  e l u t e d  w i t h  I 3 I  a c e t a t e ,  

p H  6.5.  
In  sp i t e  of a low y ie ld  a n d  s m a l l  

i m p r o v e m e n t  in p o t e n c y ,  t h i s  s t e p  was  

useful ,  s ince  i t  led to  a p r e p a r a t i o n  of 

p h o s p h o d i e s t e r a s e  v i r t u a l l y  d e v o i d  of 

'°° I 
I 200 -C 

B ~00 

J~ 

~ . ,~  - 0.2 PI pH 6.2 ~ I M pH 6.5 
Fig. 3- .%'le/) I .  Resolution pat tern of crude venom 
(o.8 g). Colunm 2 × 3 ° tin, . \mberlite IRC 5 ° . 
XE-64, coo 4oo mesh. Eluent sodium acetate 
buffer. Volumes, molarities, and p t t  values as 

indicated. A - protein concentration, 1', activity 
of phosphodiesterase (PDase), (" activity of 

5'-nucleotida se. 

5 ' - n u c l e o t i d a s e .  So far ,  no  m o r e  eff ic ient  w a y  of s e p a r a t i n g  t h e s e  two  e n z v l n e s  ha s  

been  found .  
Step 2. O n l y  t h e  f irst  p e a k  of t h e  p r e v i o u s  c h r o m a t o g r a p h y  was  u sed  for  f u r t h e r  

p u r i f i c a t i o n .  I t  was  l y o p h i l i z e d ,  d i s s o l v e d  in a m i n i m u m  a m o u n t  of wa te r ,  a n d  

d i a l y z e d  a g a i n s t  o.2 3 I  a c e t a t e  buf fer ,  p H  6.2. T h e  t o t a l  v o l u m e ,  a f t e r  d i a ly s i s  was  

b e t w e e n  i o  a n d  2o ml .  The. s o l u t i o n  w as  p l a c e d  on  a c o l u m n  of t h e  s a m e  size, con -  

t a i n i n g  t h e  s a m e  q u a n t i t y  of t h e  s a m e  res in ,  as  t h e  c o l u m n  u s e d  in Ntep I .  T h i s  t i m e  

p h o s p h o d i e s t e r a s e  was  r e t a i n e d ,  w h e r e a s  m o s t  of t h e  i n a c t i v e  m a t e r i a l  c a m e  t h r o u g h  

in a p p r o x i m a t e l y  IOO m l  of o.2 M a c e t a t e ,  p H  6.2, as  s h o w n  in Fig. 4. P h o s p h o -  
d i e s t e r a s e  h a v i n g  a p o t e n c y  a b o u t  3 ° fold h i g h e r  t h a n  t h e  c r u d e  v e n o m  was  t h e n  

e h l t e d  w i t h  I.O .,1I a c e t a t e ,  p H  6.5. 
Step 3. T h e  a c t i v e  f r a c t i o n  f r o m  t h e  s e c o n d  s t e p  was  l y o p h i l i z e d ,  d i s s o l v e d  in 

~2 

h'r/er:'.cv.~ p. 37:". 
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a minimum amount of water and dialyzed against o.oo5 M acetate, pH 5.5, con- 
taining o.ooi M MgSO 4. Unfortunately, heavy losses were encountered during this 
procedure. Addition of MgSO 4, although helpful, did not prevent the loss of activity. 
The dialyzed extract, about 5 ml, was placed on a column of CM-cellulose IO × 0.8 cm 
and equilibrated with 0.005 M acetate, pH 5.5, as described in METHODS. The column 
was then successively perfused with acetate buffers of increasing molarity and pH 
values. The results are illustrated in Fig. 5- The curve representing activity almost 
parallels the curve representing the 
total 280 m~ absorbing material. 

I 

45 75 ~ '  ' ,./ 
2M pH 6.2 - H 

Elu en t 

Fig. 4. Step 2. Chromatographic  pa t te rn  
of the first peak of Step L Conditions as 
in Fig. 3- A - protein concentration, B - 

activity of phosphodiesterase.  

0.3 

c I A 

60 I ,2of I 2,o 

~ - - p H  5.5 -Io, pH 6.0 
Eluent (ml) 

Fig. 5. Step 3. Chromatographic  pa t te rn  of the 
active fraction of Step 2. Column 0. 5 × IO cm, of 
CM-cellulose. Eluent  was sodium acetate buffer, 
volumes, molarities and p H  values as indicated. 
A - protein concentration, B - phosphodiesterase 

activity. 

0.2 

7.1 

The repetition of Step 3 resulted in a 

0"21 ~ - - ~ , . z  

~ 0.~ 
o.1 

30 I 60 90 i 0 

L.~--pH S.5 =!: -pH 6 . 0 - - - -  ,,~ 
Eluent (ml) 

Fig. 6. Step 3 bis. Chromatographic  pa t te rn  
of the active fraction obtained from Step 3. 
All conditions identical to those in Fig. 5. 

further improvement of chromatographic 
purity, as shown in Fig. 6. Again the losses 
between steps were heavy. For most of the 
further work the phosphodiesterase from 
Step 3 was used. 

The yield and the extent of purification 
are summarized in Table I. Whereas the 
recovery of phosphodiesterase activity 
during each chromatography was over 
9 ° %, the small total yield was caused by : 
(a) discarding a large part  of the active 
material in Step I ;  and (b) t reatment  of 
enzyme between Steps 2 and 3. Purified 
phosphodiesterase can be kept in o.I M 
NaC1 at refrigerator temperatures for se- 
veral weeks with little loss of activity. 

When kept frozen in a deep-freeze, the activity is preserved for a few months. 
Some of the properties of the purified enzyme have been investigated. The effect 

Re]erences p. 378. 
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l)at~l from the exp. @3' 

l,~l:,l 
F r a c l i o n  I olal . 4 d i w l v  I ' . l e m  y lm'ro,:.sc zlt ~ lehl 

I"as° I tlll~ [ ' 1:'280 ]>olgltl';' ",, 

( ' r u d e V e n o l n  I . o  / , 4 0 0  4 7 . o o  0 . 0 3 2  I I(10 

5,'lep 2 380 23.25 0,0()0 I.() .t() 
.qlep 2 23.£ 19.55 o.S2o 26.o 42 
,'qleD 3 2.44 5.7 ° 2.35 74.o I i 

of p H  upon the a c t i v i t y  toward  the  Ca rLbis (p-ni t rophenyl)  phospha te  l 2 is i l lus t ra ted  
in Fig. 7. The purif icat ion of phosphodies te rase  did  not  affect t i le shape of the  curve 

when measured in the same bnffer" H°wever'  ~ [ . . . . .  [*'1 ~- 
it  was observed tha t  t i le  na tu re  of the  buffer _ 
was impor t an t ,  since a different t ype  of curve ~ / 
was ob ta ined  with bora te  buffer. 

The purif ied phosphodies te rase  was then q o.75~- ,, 
t es ted  on several  subs tances  in order  to del imit  
i t s  specif ici ty and to ascer ta in  tha t  i t  was free 
from significant amoun t s  of con t amina t i ng  
enzymes.  0.50 

The presence of DNase  and RNase  has 
been r epor t ed  in snake v e n o m n , a z  In crude 
venom the  grea tes t  a c t i v i t y  of DNase  was ~ ,  
found at  p H  5.o, in the  absence of Mg*. When  a25 ,\ 
the  purif ied phosphodies te rase  was tes ted  for 
DNase  ac t i v i t y  at  the  level of 0.o6 U/ml,  no 
ac t i v i t y  was found under  the  above  condit ions.  ! 
The purif ied enzyme was also tes ted  at  the level 0 6 e 1~ 0, 
of 0.006 U/ml, in glycine buffer, p H  9.0, in Fig. 7. Activity of t)hosphodiesterase 
presence of Mg. No drop in v iscos i ty  could be at different pH values. O crude 

venom, 0.o64 units, glycine-NaOH 
de tec ted  af ter  I hour  incubat ion**.  Imffer. • crude venom, o.o04 units, 

In  add i t i on  an expe r imen t  was per formed  borate buffer. I) purified phospho- 
in which I o  mg of D N A  were incuba ted  with  diesterase, o.o20 units, glycine-NaOI{ 

])tl f]-Ol-. 
0. 5 uni t  of phosphodies te rase  in the  g l y c i n e -  
N a O H  buffer, p H  9.o, for , 6  hours  at  37 °. The produc ts  of the  reac t ion  were ana lyzed  
b y  pape r  c h r o m a t o g r a p h y  and column ch roma tog raphy .  No movemen t  of the ini t ia l  
spot  was observed  on pape r  in the  i sop ropano l -wa te r -ammonia  sys tem of MARI(m~XZ 
AND SMITHla; and  no significant amoun t s  of ol igonucleot ides  of any  size could be 
e lu ted  from the column with  3 M buffer b y  the  prev ious ly  descr ibed procedure  4. I t  
was concluded therefore  t h a t  dur ing  the pur i f icat ion procedure  DNase was e l iminated ,  
and  t ha t  the  purif ied phosphodies te rase  is not  capable  of hydro lyz ing  a highly 
po lymer ized  molecule  of DNA.  

* L. CUNNINGHAM, unpublished experiments. 
* *  YVe are indebted to Dr. L. CUNmNC, H*.~* for these determinations. 

Reh'reme'~ P, ,~7 '¢. 
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The purified enzyme had no action on commercial RNA* as measured by a 
titration of liberated acidic groups. Deoxyadenosine-5'-phosphate, thymidine-5'-  
phosphate, and thymidine-3'-5'-diphosphate purchased from the California Foun- 
dation for Biochemical Research were tested. No formation of inorganic phosphorus 
was observed with either of the three substances after 24 hours incubation with 
purified phosphodiesterase. Also the purified enzyme was virtually free from ophio~ 
adenosinetriphosphatase, when tested on crystalline ATP, purchased from Pabst 
Laboratories. 

The oligonucleotides obtained from the digest of DNA by DNase I, according 
to the method previously described 4, were then studied as substrates for purified 
phosphodiesterase. Since it is not yet possible to describe oligonucleotides in more 
exact terms, they were labeled as o. 5 M, I.O M and 2.o M fractions, respectively. 
The designation refers to the molarity of ammonium formate buffer, necessary to 
elute the fraction from a Dowex I-2X column 4. Probably, each of these fractions 
is a mixture of numerous oligonucleotides of different composition and different 
molecular weight. However, by analogy with the already identified lower oligo- 
nucleotides it has been assumed that  the larger the oligonucleotide, the higher the 
molarity of the solvent necessary for its elution. Therefore the 2.o M fraction repre- 
sents the largest oligonucleotides resistant to the action of DNase I, and (as in the 
case of peptides) probably is less heterogeneous than the lower fractions. 

As an example of this type of experiment the results of the digestion of "o. 5 M 
fraction" are illustrated in Figs. 8 and 9. The lyophilized "0. 5 M fraction" containing 
approximately 3 ° mg of oligonucleotides was dissolved in 2.o ml of o.2 M glycine 
NaOH buffer, pH 9, and adiusted to pH 9 with lO% NaOH. o.I ml of I M MgSO 4 
was added and then o.I Unit of purified phosphodiesterase. The mixture was incu- 
bated at 37 ° and the progress of the digestion was followed by paper chromatography 
in isopropanol-water-ammonia, according to MARKHAM AND SMITH 13. The results 
shown in Fig. 8 indicate that  the hydrolysis of oligonncleotides proceeded quite rapidly. 

After three hours of incubation, the digest was transferred to the Dowex I-2X 
column 6 × o.8 cm, and was chromatographed as previously described 4. The results 
are shown in Fig. 9. Neither dinucleotides, nor higher oligonucleotides were found. 
All four mononucleotides were present. 

The mononucleotides were preceded by a small peak in the region characteristic 
for nucleosides. A more detailed analysis of this peak indicated that  it contained 
considerable amounts of 26o m/~ absorbing material of a different nature than any 
of the known derivatives of nucleic acid. A substance with a similar spectrum has 
been previously observed 4. I t  has been postulated 4 that  this substance originated 
from the resin itself during the collection of fractions of DNase I digest. The remainder 
of the material in the first peak represented a nucleoside. 

I t  was surprising that  only one nucleoside was found. The "0. 5 M fraction" and 
"2.o M fraction" contained only thymidine, while the "I.O M fraction" contained 
only deoxyadenosine. The experiment with the "2.o M fraction" was repeated twice, 
using DNase I digests. In both cases only thymidine was found, which was identified 
by paper electrophoresis according to MARKHAM AND SMITI-113, and by paper chro- 
matography according to HOTCHKISS 14. The relative quantities of thymidine in two 
different "2.0 M fractions", however, differed considerably. 

* We are indebted to Dr. P. M. ROLL for this experiment. 
Re[erences p. 378. 
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Fig. 8. Progress of the digestion of oligo- 
nucleotides. "0.5 ,11 fraction" was subjected 
to the action of purified phosphodiesterase 
(see text). The reacti(m was followed by with- 
drawing samples at indicated time intervals. 
These samples were then ehromatographed on 
paper acc{}rding t(} ~IARKHAM AND SMITH 13. 
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Fig. 9. Elution pattern {)f oligonucle{}ti{les 
("o. 5 M Fraction") digested with purified 
phosphodiesterase (see text). Column Dowex 
I 2X, 0.8 14 ()cln, equilibrated with o. 1 M 
ammonium formate, pit 4.5- Unlabeled peal( 
thymidine (see text), (i deoxycytidylic acid, 
T thymidylic acid, .\ deoxyadenylic acid, 

(] (Ieoxyguanylic aci{I. 

In v iew of the  n e g a t i v e  resu l t s  w i t h  s t a n d a r d  nuc leo t ides  as subs t r a t e s  for the  

p h o s p h o d i e s t e r a s e  p r e p a r a t i o n ,  and  in v i e w  of t he  fact  t h a t  on ly  one nuc leos ide  was 

r e c o v e r e d  f rom each f rac t ion ,  i t  seems h i g h l y  i m p r o b a b l e  t h a t  the  nuc leos ide  r e su l t ed  

f rom the  ac t ion  of c o n t a m i n a t i n g  5 ' -nuc leo t idase .  This  f inding,  there fore ,  appea r s  
s ignif icant ,  a l t h o u g h  no t  r ead i ly  e x p l a i n a b l e  at  p resent .  

The  resul t s  of t he  e x p e r i m e n t s  p e r f o r m e d  on d e g r a d a t i o n  of 3 d i f ferent  oligo- 

nuc l eo t i de  f rac t ions  are  s u m m a r i z e d  in Tab l e  I f .  As wou ld  be e x p e c t e d  f rom the  

f indings of SIXSHS:IMER ~5 and  our  own ~, i n d i c a t i n g  t h a t  p y r i m i d i n e  nuc leo t ides  pre-  

d o m i n a t e  in t he  low f rac t ions ,  t he  h ighe r  f r ac t ions  c o n t a i n e d  a p r e d o m i n a n c e  of 

pu r ine  nuc leo t ides .  

r . \ l ~ l . E  i i  

PROI)UCTN {)l" I)IGF-N'I'ION OF I)II;FERFNT OIAC, ONUCI.F2OTII)EN I"R\CTIONS 
\VITH PURIFIED PHOSPHOI)IESTERASE 

All tigures are in per cent of the micromoles of each c()nstituent 
of t(}tal number of micromoles recovered. 

l>rt>tllt(l~ Oblcll'llgd 

Oil's.It 'te.ltlle.~ .'~'uclcolide~ \mh:,)sidc~ 

• I (" (; l . 1  1" 

35.5  I 2. 4 l(). 4 28 .o  o .o  4 .35  
30 .0  14.2 21 .o  32.2 2 . 3 7  o . o  
30.() 0 .0  22 .8  24. 5 0 .0  I (}.(} 

3{).0 {).{} 27 .0  33.{} o.{} 2}.(} 

"o. 5 M Fraction" 
"1.o M Fraction" 
"2.0 31 Fraction" 
"2.o M Fraction" 

A v e r y  i n t e r e s t i n g  f inding was a lack of cy t idy l i c  ac id  in t he  "2 .0  M f r a c t i o n " .  
Th is  e x p e r i m e n t  was r e p e a t e d  on 2 d i f fe ren t  "2 .0  M f r a c t i o n s " ,  Tab l e  I I .  In add i t i on  

an a l i quo t  of t he  "2 .0  31 f r a c t i o n "  was h y d r o l y z e d  wi th  c o n c e n t r a t e d  formic  acid 

l?e/erences p. 37 S. 
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in sealed tubes at 175 °, according to VISCI-IER AND CHARGAFFI% and the hydrolysate 
was chromatographed on paper according to FIoTCHKISS ''. No cytosine was found. 

DISCUSSION 

Two different views concerning the specificity of phosphodiesterase from venom 
may be found in recent literature. BRAWERMAN AND CHARGAFF 17 assayed their barley 
phosphodiesterase on oligonucleotide fractions, because they considered that no 
definite proof had been supplied that the same enzyme is responsible for the hydro- 
lysis of oligonucleotides and synthetic diesters of phosphoric acid. On the other hand 
SCHMIDT TM r e f e r r e d  to  v e n o m  p h o s p h o d i e s t e r a s e  as  a n  " u n s p e c i f i c  p h o s p h o d i e s t e r a s e " .  

T h e  r e s u l t s  p r e s e n t e d  in  t h i s  p a p e r ,  s h o w i n g  t h a t  a few m i c r o g r a m s  of t h e  p u r i f i e d  

e n z y m e  are  c a p a b l e  of h y d r o l y z i n g  s e v e r a l  m i l l i g r a m s  of e i t h e r  s u b s t r a t e  w i t h  h i g h  

v e l o c i t y ,  s t r o n g l y  s u g g e s t  t h a t  t h e  s a m e  p h o s p h o d i e s t e r a s e  is r e s p o n s i b l e  for  b o t h  

r e a c t i o n s .  T h e  r e c o v e r y  of e a c h  c o m p o n e n t  b a s e  as  a m o n o n u c l e o t i d e  d e m o n s t r a t e s  

t h a t  q u a l i t a t i v e l y  t h e  e n z y m e  possesses  n o  specif ic  b a s e  r e q u i r e m e n t .  W h e t h e r  i t  

e x h i b i t s  a q u a n t i t a t i v e  p r e f e r e n c e  c a n n o t  be  a n s w e r e d  a t  p r e s e n t .  A s t u d y  n o w  in  

p r o g r e s s  m a y  s h e d  s o m e  l i g h t  o n  t h e  o r d e r  of c l e a v a g e  of t h e  i n t e r n u c l e o t i d e  l i n k a g e s  

b y ' p h o s p h o d i e s t e r a s e .  O n  t h e  o t h e r  h a n d  s o m e  l i m i t s  for  " u n s p e c i f i c i t y "  h a v e  also 

b e e n  o b s e r v e d .  T h e  pu r i f i ed  p h o s p h o d i e s t e r a s e  h y d r o l y z e d  n e i t h e r  a h i g h l y  poly-  

m e r i z e d  D N A ,  n o r  a c o m m e r c i a l  R N A .  T h e  cause  for  t h e  r e s i s t a n c e  of t h e s e  sub -  

s t a n c e s  a p p e a r s  h i g h l y  i n t r i g u i n g .  

SUMMARY 

Phosphodiesterase from ratt lesnake venom has been purified by 3 successive chromato- 
graphies, two on Amberlite IRC-5o, XE-64, and one on CM-cellulose. The total  purification 
achieved was over 7 ° fold, and the total  yield was about IO %. The final product approached 
chromatographic purity. 

The purified phosphodiesterase was free from 5'-nucleotidase, ophio-adenosinetriphosphatase, 
DNase and RNase. I t  rapidly hydrolyzed the oligonucleotide fractions, obtained from the digest 
of DNA by DNase I, producing almost exclusively mononucleotides. A small amount  of a 
nucleoside, however, has been detected in some fractions. The origin of this  nucleoside can not 
yet be explained. 

RI~;S UMI:; 

La phosphodiest6rase du venin de Crotale a ~t6 purifi6e par trois chromatographies succes- 
sives; les deux premieres sur Amberlite IRC-5o XE-64 et la troisi~me sur carboxymdthyle- 
cellulose. La purification obtenue est de 7 ° fois et le rendement total  est de i o%.  Le produit  
final est chromatographiquement  & peu pros pur. 

La phosphodiest~rase ainsi purifi~e est exempte de 5'-nucl6otidase, d'ophio-Ad6nosine- 
triphosphatase, de DNase et de RNase. Elle hydrolyse rapidement les oligonucl~otides obtenus 
apr~s digestion de l'acide desoxyribonucl~ique par  la DNase I en fournissant presque exclusive- 
ment  des mononucMotides. Cependant, une petite quanti t6 d 'un  nucl6oside a ~t~ d&el6e dans 
certaines fractions; l 'origine de ce nucl~oside ne peut  pas encore gtre expliqu~e. 

ZUSAMMENFASSUNG 

Die Phosphodiesterase des Klapperschlangengiftes wurde durch drei aufeinanderfolgende 
Chromatographien gereinigt. Bei zweien wurde Amberlit  IRC-5 o XE-64, und bei einer CM- 
Zellulose angewandt. Eine mehr als 7 ° fache Gesamtreinigung wurde erzielt, und die Ausbeute 
war ungef/ihr io %. Das Endprodukt  kam chromatographischer Reinheit  nahe. 

Die gereinigte Phosphodiesterase war frei yon 5'-Nucleotidase, Ophioadenosintriphosphatase, 
DNase und RNase. Sie hydrolisierte rasch die oligonucleotiden Fraktionen, die durch die Ver- 
dauung von DNA mit  DNase I gewonnen wurden und bildete fast ausschliesslieh Mononucleotide 
In einigen Frakt ionen wurde jedoch ein kleiner Anteil eines Nucleosids festgestellt. Der Ursprung 
dieses Nucleosids kann nocb nicht  erkl~rt werden. 

Re[erences p. 378. 
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