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The specificities of phosphodiesterase prepara t ions  from a var ie ty  of sources have  

been s tudied recent ly  by  the use of var ious esters of ribonucleotides.  The mechanism 

of r ibonuclease act ion has been de termined  largely by the use of simple esters of 

nucleotides as substrates  for the enzyme 1, 3. E n z y m e  fractions from spleen, in tes t inal  

mucosa,  po ta to  and rye grass have  been shown to hydrolyze the  benzyl  group from 

the  benzyl  esters of 3' cyt idyl ic  and 3' adenylic acids, but  not  from the benzyl  esters  

of the corresponding 2' nucleotides 3. DEKKER 4 has repor ted  tha t  the  venom of 

Crotalus adamanteus hydrolyzes nucleoside-2',3' phosphates  to the corresponding 

3' nucleotide. WHITFELD, HEPPEL AND MARKHAM 5 have  shown recent ly  tha t  phospho- 

diesterase preparat ions  from calf spleen, calf in tes t inal  mucosa, and rye grass hydro-  

lyze the nucleoside-2',  3' phosphates.  The fract ions from spleen and intes t inal  mucosa 
produce almost  ent i re ly  the 2' nucleot ide from the corresponding cyclic diester, 

whereas the  phosphodiesterase in the rye grass prepara t ion apparen t ly  hydrolyzes 

adenosine-2 ' ,3 '  phosphate  wi th  the format ion of approx imate ly  equivalent  amounts  

of adenosine-2'  phosphate  and adenosine-3 '  phosphate.  

This communica t ion  reports  the par t ia l  purif ication from beef pancreas of a 
phosphodiesterase which is specific for the hydrolysis  of purine and pyr imidine  

nucleoside-2' ,3 '  phosphates  to the corresponding nucleoside-2'  phosphates.  

EXPERIMENTAL 

Partial purification of phosphodiesterase. Beef pancreas was collected immediately after the 
death of the animal, trimmed from fat and connective tissue, and dropped into an acetone-dry 
ice mixture. The remaining steps were carried out at 4 °. 500 g of the frozen pancreas were ground 
into i 1 of cold acetone, stirred for one hour, and centrifuged. The acetone wash and centrifugation 
were repeated, and the residue was dried overnight in vacuo. The residue was then stirred for 
four hours with i 1 of o.I M acetate buffer at pH 6.0, and centrifuged. The supernatant solution 
was fractionated with ammonium sulphate. The material which precipitates at o.6 to 0.8 saturation 
contained the major portion of the enzymic activity. This fraction was collected by centrifugation, 
dissolved in water, and dialyzed for 36 hours against several changes of distilled water. The 
fraction was then centrifuged, and the supernatant liquid passed through a column of IRC-5o 
(200-4o0 mesh; 2.5 × i2 cm) which had been equilibrated with o.i M acetate buffer at pH 6.0, 
and washed with water. The enzyme was washed through the column with water, and did not 
appear to be retained on the column to any marked extent, This step completely removed the 
ribonuclease which contaminated the fraction. The column eluate was lyophilized. The preparation 
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contained a small amount  of a monophosphatase which was inhibited by  the addition of o.o3M 
fluoride to the  incubation medium. Yield: 3o0 rag. 

Nucleoside-2',3" phosphates. Guanosine-, adenosine-, cytidine-, and uridine-2', 3' phosphates 
were prepared, by the  method of BROWN, MAGRATH, AND TODD s. 

Nucleoside-2' and 3' benzyl phosphates. Adenosine-2' benzyl phosphate and adenosine-3'- 
benzyl phosphate  were prepared according to BROWN, HEPPEL AND HILMOE 3. Cytidine-2' benzyl 
phosphate and cytidine-3 t benzyl phosphate were prepared by the method of BROWN AND TODD ~. 
Uridine-2 ~ benzyl phosphate and uridine- 3' benzyl phosphate were synthesized by  reacting 
uridine-2' phosphate and uridine- 3' phosphate, respectively, with phenyldiazomethane ~. The 
benzyl esters were purified by elution from a cellulose column by the use of a solvent mixture 
of isopropanol, ammonia, and water ~. The uridine benzyl phosphate which was prepared from 
uridine- 3' phosphate contained at  least 95 % of the 3' isomer, as determined by completeness 
of ribonuclease action, and the benzyl ester which was prepared from uridine-2 ~ phosphate con- 
tained at  least 95 % of the 2' isomer. 

Adenosine- 5" benzyl phosphate. 50o mg of adenosine-5' phosphate were suspended in io  ml 
of dimethyl  formamide and phenyldiazomethane (from 3 g of benzaldehyde hydrazone) was added. 
The flask was stoppered, and stirred for 18 h at  room temperatures. 5 ° m l  of ether were added 
to the reaction mixture and the precipitate was washed three times with 50 ml portions of ether 
and finally dried. The dried material  was chromatographed on a 5 × 3 ° cm column of cellulose. 
The column was developed with the isopropanol-ammonia-water solvent of BROWN, MAGRATtt 
AND TODD ~. The fractions of the major peak were combined, and the solvent removed under  
reduced pressure. The residue was washed with ether and dried. The material  was homogeneous 
by paper electrophoresis and paper chromatography. In butanol-acetic acid-water solvent ? the 
compound exhibited an RF value of o.40 which is in agreement with t ha t  recorded by  BROWN 
AND TODD 8 for adenosine-5' benzyl phosphate.  In phosphate buffer at  pH 2 and in sodium bi- 
carbonate at  pH 8 the substance exhibited an electrophoretic mobility close to t ha t  of adenosine-2 / 
benzyl phosphate.  In o .4M borate buffer of pH 9.2, however, the mobility was 63 ~o greater 
than  t ha t  of the 2 t ester, owing to the formation of a borate complex with the cis-hydroxyl groups 
of the  5' ester. The substance was stable to o.5 M sodium hydroxide for 24 hours at  room tempera- 
ture, and was degraded readily to adenosine by  ratt lesnake (Crotalus adamanteus) venom. 

Ribonucleic acids. Yeast ribonucleic acids were isolated from fresh baker 's  yeast by the 
procedure of CRESTFIELD, SMITH AND ALLEN 9. 

Deoxyribonucleic acids. Deoxyribonucleic acids were prepared by  the method of SIMMONS 
etal. 1° from calf thymus  and kindly supplied by Dr. E. L. DUGGAN. 

Incubations of the phosphodiesterase preparation with nucleotide esters were carried out at  
room temperature.  Each incubation mixture contained o.5 ~o of the ester, o. 5 ~o of the enzyme, 
o.o3M fluoride and o . i M  tr iethanolamine buffer, a t  pH 7.4- The total  volume of the reaction 
mixture was 4 ° #L Incubations were carried out  over periods ranging from 4 to 24 hours. 

Enzymic action was determined by subjecting aliquots of the reaction mixtures to paper 
electrophoresis. The paper electrophoresis apparatus developed by  CRESTFIELD AND ALLEN 11 was 
employed. The conditions for the separation of product from substrate were: o .2M ammonium 
bicarbonate, pH 8. 4, and a field s t rength of 25 V/cm for 45 rain. 

The identification of the isomer of each mononucleotide which was produced by  enzymic 
action was performed by the method of CRESTFIELD AND ALLEN 12. 

RESULTS 

T h e  p h o s p h o d i e s t e r a s e  f r a c t i o n  h y d r o l y z e d  g u a n o s i n e - 2 ' , 3 '  p h o s p h a t e  to  g u a n o s i n e -  

2 '  p h o s p h a t e ,  a d e n o s i n e - 2 ' , 3 '  p h o s p h a t e  t o  a d e n o s i n e - 2 '  p h o s p h a t e ,  cytidine-2',3'- 
p h o s p h a t e  t o  c y t i d i n e - 2 '  p h o s p h a t e ,  a n d  u r i d i n e - 2 ' , 3 '  p h o s p h a t e  to  u r i d i n e - 2 '  p h o s -  

p h a t e .  T h e  p e r c e n t a g e  of 3 '  i s o m e r  t h a t  cou ld  h a v e  b e e n  p r e s e n t  a n d  e s c a p e d  d e t e c t i o n  

w o u l d  n o t  h a v e  e x c e e d e d  l O %  in  a n y  of t h e  h y d r o l y s a t e s .  T h e  cycl ic  n u c l e o t i d e s  

we re  h y d r o l y z e d  c o m p l e t e l y  in  6 hour s .  T h e  fo l l owing  c o m p o u n d s  s h o w e d  n o  e v i d e n c e  

of h y d r o l y s i s  u n d e r  s i m i l a r  c o n d i t i o n s  a f t e r  24 h o u r s  : a d e n o s i n e - 2 '  b e n z y l  p h o s p h a t e ,  

a d e n o s i n e - 3 '  b e n z y l  p h o s p h a t e ,  a d e n o s i n e - 5 '  b e n z y l  p h o s p h a t e ,  c y t i d i n e - 2 '  b e n z y l  

p h o s p h a t e ,  c y t i d i n e - 3 '  b e n z y l  p h o s p h a t e ,  u r i d i n e - 2 '  b e n z y l  p h o s p h a t e ,  u r i d i n e - 3 ' -  

b e n z y l  p h o s p h a t e ,  a d e n o s i n e  d i p h o s p h a t e ,  a n d  a d e n o s i n e  t r i p h o s p h a t e ,  o . o o l M  bis 
~b-n i t rod ipheny l  p h o s p h a t e  w a s  n o t  h y d r o l y z e d  o v e r  a p e r i o d  of 12 h as  d e t e r m i n e d  

b y  t h e  s p e c t r o p h o t o m e t r i c  m e t h o d  of SINSHEIMER AND KOERNER 13. 
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Action o/ the enzyme/raction on deoxyribonucleic acids and ribonucleic acids 

Deoxyribonucleic acids and ribonucleic acids were incubated with the enzyme 
fraction for 24 h at 22 ° in o . IM phosphate buffer, pH 7.4. The concentrations of 
substrate and enzyme were each 1%. Thymol was added to inhibit growth of micro- 
organisms. The reaction mixtures were then chromatographed in two dimensions on 
Whatman @ I paper as described by SMITH AND ALLEN 14. The deoxyribonucleic acids 
showed no evidence of hydrolysis by the enzyme. The ribonucleic acid was hydrolyzed 
slightly. The following percentages of each mononucleotide originally present in the 
ribonucleic acids were found as free mononucleotides after enzymic action: guanosine- 
3 'phosphate  3%, adenosine-3' phosphate 2%, cytosine-3' phosphate 6%, and 
uridine-3' phosphate 5 %. 

DISCUSSION 

Previous phosphodiesterase preparations1,3,4, 5 which hydrolyze nucleoside-2',3'- 
phosphates have also exhibited pronounced activity towards other esters of nucleo- 
tides or toward nucleic acids or their partial hydrolysates. The inactivity of the 
present enzyme preparation towards benzyl esters of nucleoside-2',3', or 5' phosphates 
suggests that  previous phosphodiesterase preparations which hydrolyze 3' or 5'- 
nucleoside benzyl phosphates in addition to cyclic nucleoside phosphates are mixtures 
of enzymes of different specificities. This might well be the case with those enzyme 
preparations which, for example, hydrolyze nucleoside-3' benzyl phosphates to form 
the 3' nucleotide, but split nucleoside-2',3' phosphates to produce the 2' nucleotides 5. 

It  is considered unlikely from the results reported here that the enzyme which 
acts upon the nucleoside-2',3' phosphates is also responsible for the partial degra- 
dation of the ribonucleic acids. WHITFELD et al. 5 report that the spleen fraction which 
hydrolyzes nucleoside-2',3' phosphates in two hours degrades the "ribonuclease- 
resistant core" of ribonucleic acids completely in 7 hours, whereas the pancreas 
fraction used here splits the nucleoside-2',3' phosphates completely in six hours but 
has no noticeable activity against nucleoside benzyl phosphates and hydrolyzes yeast 
ribonucleic acids only to the extent of a few per cent in 2 4 hours. Additional evidence 
for the existence of enzymes specific for the 2' : 3' nucleoside phosphate diester is that 
of BROWN, DEKKER AND TODD 1 in which an enzyme preparation from calf intestinal 
mucosa exhibits strong diesterase activity toward desoxyribonucleic acids but has 
no effect on cytidine-2',3' phosphate. 

The slight hydrolysis of yeast ribonucleic acids on prolonged incubation with 
the pancreas fraction is probably due to the presence of a minute amount of a nuclease. 
The existence of nucleases which differ in specificity from Kunitz' ribonuclease has 
been demonstrated many times. JONES 15 reported that  all four mononucleotides are 
present in the hydrolysate when yeast ribonucleic acid is treated with a boiled extract 
of pig's pancreas. BREDERECK TM and BOLOMEY AND ALLEN 1~ obtained substantial 
amounts of purine nucleosides from incubation mixtures of yeast nucleic acids and 
enzyme preparations from sweet almond meal. SCHMIDT et al. TM report that crude 
spleen and pancreas extracts act on both purine and pyrimidine nucleotide inter- 
linkages. The spleen nuclease preparation of MAVER AND GRECO TM was shown by 
VOLKIN AND COHN 20 to degrade ribonucleic acids to the 3' mononucleotides, and 
SHUSTER AND KAPLAN 21 found a nuclcase to be present in their preparation of b 
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n u c l e o t i d a s e  t h a t  h y d r o l y z e s  r i b o n u c l e i c  ac ids  comple t e ly .  HOLDEN AND PIRIE 2~ h a v e  

e f fec ted  a 23o-fold  p u r i f i c a t i o n  of a nuc l ease  p r e p a r a t i o n  f r o m  pea  l eaves  t h a t  r e a d i l y  

d e g r a d e s  t h e  " r i b o n u c l e a s e - r e s i s t a n t  c o r e "  of r i bonuc le i c  acids .  S ince  in  t h e  p r e s e n t  

w o r k  b o t h  t h e  p u r i n e  a n d  p y r i m i d i n e  3 '  n u c l e o t i d e s  were  l i b e r a t e d  f r o m  r ibonuc le i c  

acid ,  t h i s  s e c o n d  e n z y m e  m a y  be  s imi la r  in  i t s  a c t i o n  on r ibonuc le i c  ac ids  to  t h e  

p h o s p h o d i e s t e r a s e  f r o m  sp leen  as  d e s c r i b e d  b y  BROWN et al. 3. The  s e p a r a t i o n  of t h e  

four  m o n o n u c l e o t i d e s  f r o m  t h e  r ibonuc le ic  ac ids  r e a c t i o n  m i x t u r e  calls  to  m i n d  t h e  

h i t h e r t o  u n e x p l a i n e d  resu l t s  of LORING AND CARPENTER 23 w h o  i so l a t ed  t h e  four  

m o n o n u c l e o t i d e s  f r o m  a r i b o n u c l e a s e  h y d r o l y s a t e  of y e a s t  r ibonuc le i c  acids .  A poss ib le  

e x p l a n a t i o n  is t h a t  c e r t a i n  of t h e i r  r i b o n u c l e a s e  p r e p a r a t i o n s  were  c o n t a m i n a t e d  b y  

t r a ce s  of a s e c o n d  p a n c r e a t i c  nuc lease .  

SUMMARY 

I. A specific phosphod ies t e ra se  f ract ion f rom beef pancreas  ha s  been ob ta ined  which  hydro-  
lyzes nucleoside-2 ' ,  3'  p h o s p h a t e s  to the  cor responding  2' nucleotide.  

2. No hydro lys i s  of nucleoside-2 ' ,3  p or 5'  benzyl  p h o s p h a t e s  was observed  wi th  th is  fract ion.  
3. Pro longed incuba t ion  of t he  e n z y m e  p repa ra t ion  wi th  yea s t  r ibonucleic acid yielded t races  

of t he  four  mononuc leo t ides ,  which  are a t t r i b u t e d  to the  presence of an  u n k n o w n  phospho-  
diesterase.  
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