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This method has also been applied to the degrada
tion of the dinucleoside monophosphates obtained 
from guanylyl uridylic acid, adenylyl cytidylic acid and 
adenylyl uridylic acid, and in each case the dialdehyde 
derivative yielded, on mild alkaline treatment, either 
guanylic acid b or adenylic acid b. Thus both purine 
nucleotides occur in the dinucleotides (and presum
ably in ribonucleic acid) as the b isomers, which arc 
probably the nucleoside 3'-phosphates. 

The possibilities of this procedure, by means of 
which the phosphate terminal nucleotide of a di
nucleotide may be removed, are at once apparent. 
The conditions under which the experiment is carried 
out are so mild that any polynucleotide would be 
quite stable, and by a repetition of the procedure 
it should be possible to determine the nucleotide 
sequence in a polynucleotide chain. As the next step 
we intend to apply the method to the investigation 
of trinucleotides. 
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Enzymatic Splitting of Purine lnternucleotide 
Linkages 

THE nature of the phospho diester internucleotide 
linkages involving purine residues of ribonucleic acid 
has not been previously demonstrated. In the 
preceding communication, it was decided that purine 
nucleotides occur in ribonucleic acid as the b isomers. 
We have reached the same conclusion from enzymatic 
studies with a spleen fraction. Volkin and Cohn1 had 
already isolated b nucleotides of all the bases after 
digestion of ribonucleic acid with a crude spleen 
extract'. However, this did not establish the position 
of t,he phosphoryl group (2'- or 3'-) in the original 
diester, since the occurrence of nucleoside 2' : 3' -
phosphates as intermediates was not ruled out. These 
cyclic compounds, if formed in the course of hydro
lysis, would allow the possibility of phosphoryl 
migration. In the present investigation, we have 
found that guanylic acid b and adenylic acid b 
resulted from the digestion of the ribonuclea.sc
resistant 'core' with a .fraction from spleen, and no 
cyclic compounds were observed at any time . 
Furthermore, it has been shown that the cyclic 
mononucleotides were quite slowly attacked by the 
enzyme and therefore would have accumulated, had 
they been intermediates. 

The enzyme preparation was one of several 
fractions previously separated from calf spleen3

• 

Fresh tissue was homogenized in cold 8 ·5 per cent 
sucrose, adjusted to pH 5 and centrifuged. Tho 
precipitate was washed with 8 ·5 per cent sucrose and 
then with acetone (- 10°) . From the dry acetone 

powder it was possible to extract the enzyme activity 
in soluble form with O ·2 N acetate buffer, pH 6. The 
extract was fractionated with ammonium sulphate at 
pH 5 and again at pH 8. 

This fraction was incubated with 'core' prepared 
from ribonucleic acid by exhaustive digestion with 
ribonuclease followed by dialysis against tap water. 
Both yeast and turnip yellow m osaic virus were used 
as sow·ces of ribonucleic acid. At least 90 per cent 
of the purine residues of 'core' were liberated as b 
nucleotides, as determined by paper chromato
graphy•. No cyclic intermediates were found at any 
time during the digestion. 

Now it was necessary to establish that our failure 
to observe cyclic mononucleotides was not due to 
their being rapidly hydrolysed. Accordingly, we 
compared tho rate of formation of purine mono
nucleotides from 'core' with the rate of hydrolysis of 
cyclic guanylio and adenylic acids. The incubations 
were carried out at 37° in a total volume of 1 ml., 
containing 80 µmoles of potassium phosphate buffer, 
pH 7 ·4, 0 ·3 mgm. of spleen fraction and substrate. 
As a n example, 9 ·6 µmoles of guanylic acid b were 
derived from 5 mgm. of 'core' in 1 hr. During this 
time, l ·8 µmoles of guanosine 2': 3'-phosphate were 
hydrolysed to the extent of only 16 per cent, and 
0 ·3 µmole was split to the extent of 70 per cent. 
Clearly, the guanylic acid was not formed by way of 
guanosine 2' : 3' -phosphate . Under these conditions, 
the cyclic compound would be expected to accumulate 
because of its slow rate of hydrolysis, but none was 
detected. In parallel experiments O ·3 and O ·6 µmole 
of guanosine 2' : 3' -phosphate was actually added to 
a mixture of 'core' and enzyme. Hydrolysis of 'core' 
proceeded, and most of the added cyclic compound 
survived an hour's incubation. Cyclic adenylic acid 
was somewhat more rapidly split by the spleen 
preparation, but its accumulation could also be 
exp ected, had it been formed as an intermediate. 

Similar observations were mado with the dinucleo
t ides of guanine and cytosine, guanine and uracil, 
adenine and uracil, and adenine and cytosine. 
Preparation of these compounds is described else
where•. All were split to give b nucleotides of purine 
bases, without the appearance of cyclic mono
nucleotides. Again, as an example, 1 ·25 µmoles of 
the dinucleotide of guanine and cytosine were hydro
lysed to the extent of 85 per cent in I hr., with no 
accumulation of guanosine 2': 3'-phosphate. Under 
similar conditions, 1 ·3 µmoles of guanosine 2' : 3' -
phosphate were incubated with spleen fraction and 
50 per cent still remained after 3 hr. 

From these findings we conclude that the pw·ine 
nucleotide residues in ribonucleic acid occur largely 
in t he b form. 
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