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The Case for Cytidy1=2’,3’-phosphate as an Obligatory Intermediate in 
the Hydrolysis of Cytidyl=3’,5’-cytidine catalysed by Ribonuclease 

By I<. BROCKLEHURST, E. M. CROOK, and C. W. WHARTON 
(Depni~tnzent of Biochemistvy and Chemistry, St. Bartholomew’s Hospital iikfediical College, Chavtevhoztse Sqiiave, 

London, E. C . 1 ) 

 WILLIAMS^ reported recently that in the hydrolysis 
of cytidyl-3’,5’-cytidine (I) by ribonuclease, the 
formation of cytidyl-2’,3’-phosphate (11) as an 
intermediate is not obligatory and that the second- 
order rate constant (K3) for the pathway which does 
not involve the formation of (11) may be calculated 
from equation (1) in which K ,  is the second-order 

k ,  = kl([I,I - ~ ~ ~ I n l I / ~ ~ ~ r n l  (1 )  
rate constant for the information of (11) from (I), 
[I,] is the initial concentration of (I) ,  and [IIm] is 

the maximum concentration of (11) formed during 
the catalysis. This contradicts the work of Witzel 
and Barnard2 who, from a study of the hydrolysis of 
several dinucleoside-3’,5’-phosphates by ribo- 
nuclease, suggested that the formation of (11) is 
obligatory in these catalyses. 

Williams reported that the iiiaximurii concentra- 
tion of (11) formed from (I) during the catalysis 
(pH 7 ,  25’) as measured by the change in ultra- 
violet absorption a t  286 nip, consequent upon the 
conversion of (11) into 3’-cytidylic acid (111) was 
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“niuch less” than that expected from [I,], k ,  = 
7.2 x lo4 mole-1 sec.-l and K, = 1.57 x 103l.mole-l 
sec.-l, where K, is the rate constant for the hydroly- 
sis of (11) to provide (111). These values of k ,  and 
K, are in reasonable agreement with the corre- 
sponding values of Kcat/Km (6-0 x 104 and 1-33 x 
103 1.mole-l sec. -l respectively) reported by Witzel 
and Barnard.2 From the reported1 value of [IIm]/ 
([I,] - [IIm]) = 6-75, calculation gives the observed 
value of [IIm] as 870,; of [I0]. Since equation (1) 
is valid only if h,  may be neglected in comparison 
with k ,  (in which case [II]/[III] = IZl/k3) this 
observed value of [IIm] was compared presumably 
with an “expected value” of [IIm] of GU. 1OOoh of 
[I,]. If k ,  is not neglected, however, the catalysis 
[(I) 3 (11) -+ (111)] may be treated as a system of 
consecutive, irreversible, pseudo-first-order reac- 
tions and the expected value of [IIm] calculated 
from equation (2) using the reported1 values of k ,  
and k,. The value of t is determined experimen- 
tally as the time taken to reach the steady state in 
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which the concentration of (11) is a riiaximum for 
a given enzyme concentration [El. Equation (2) 
gives the expected value for [IIm] as 92% of [I0]. 

W m 1  = ki[IoI (2) 
(exp ,- (k,[Elt) - exp - (k2CEIt) 1 

( k ,  - A,) 

We found that when ribonuclease catalyses the 
hydrolysis of a solution of (I) freshly prepared in 
tris buffer (pH 7.00, O - ~ M ,  25.0’) the maximxm 
concentration of (11) formed during the catalysis, as 
measured2J by the change in ultraviolet absorption 
at  286 nip in a Cary 15 recording spectrophoto- 
meter, was 90-95y0 of [I,]. This value for [IIm) 
and also that reported by Williams (877;) are in 
reasonable agreement with the value (920/) 
predicted by equation (2). Thus, the spectro- 
photometric data provide no evidence for a path- 
way for the catalysis which does not involve the 
formation of (11) as an intermediate. 
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