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Polarographic identification of the reactive form in the 
hydrolysis of pyridoxal 5-phosphate 

The monoanion of phosphoric acid monoalkyl and monoaryl esters undergoes 
hydrolysis more easily than the undissociated form or the dianion z. In view of its 
biochemical importance, the hydrolysis of pyridoxal 5-phosphate was studied, using 

Fig. I.  Po la rographic  record of t he  course of hydro lys i s  of pyr idoxa l  5 -phospha t e  in o.oi M HC1Oa 
a t  I = i . o ,  and  a t  79 °. 5 . I o - 4 M  pyr ldoxa l  5 -phospha t e  a f te r :  (i) 15; (2) 23; (3) 41; (4) 5o.5; 
(5) 79; (6) 94.5; (7) I io ;  (8) 125 (9) 152 min.  Curve  IO, 5" lO-4 M pyr idoxal .  Curves  were regis tered 
on  a pen- record ing  polarograph,  cons t ruc ted  b y  I n s t i t u t  fiir GerAtebau D A W ,  Berlin, D .D .R .  Ful l  

scale deflection, io  #A.  
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Fig. 2. The  dependence  of t he  ra te  c o n s t a n t  of hydro lys i s  of pyr idoxa l  5 -phospha t e  on p H  a t  
87.8 ° and  I = I.O. 
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the polarographic method. In HCIO 4 solutions and in buffers at pH 1- 4 (I, I.O) at 
60-9 °0 the decrease of the diffusion current of pyridoxal 5-phosphate was measured 
(Fig. I). Pyridoxal formed in this reaction gives under these conditions a kinetic 
current*, 3 which represents only lO-3O % of the total wave height, and does not 
interfere with the measurements. The pH-dependence of the first-order rate constant 
(Fig. 2) shows a maximum at pH 2.1. From the rising part  of the curve the value of 
the first dissociation constant pK 1 = 1.5, corresponding to the dissociation of the first 
proton from the phosphoric acid part  of the molecule, was estimated. This value is in 
accordance with the pK1 for monobenzyl phosphate 4. The declining part  of the curve 
lies in the region of pK 2 = 3.65 (determined potentiometrically). This value is in the 
region of pK values found with other pyridine derivatives. For phosphoric acid aryl 
esters no pK value has been found in this region 4, 5. The p K ,  value is at tr ibuted to the 
dissociation of a proton from the pyridine nitrogen, thus: 

/ /O / /O 
C--H C--H 

HO (+~// CH,OPO(OH)2 H 3 C ~ +  j H O  "~N / ¢ ~  CHzOPO(OH)O- 

H3C ~ N /  ~ " 
H PK1 H pK~ 

I II  
[ 

A I + H , 0  

/ / 0  
C--H 

HO ~ CH20H 
H C ] +~ + H2PO~- 

3 -~N / 

H 

/ /O 
C--H 

HO ~ / ~  CH2OPO(OH)O- 

I I I  

I 
B [ (I) 

The reactive form is n .  The increase of the rate of hydrolysis at pH < 2 is due 
to the formation of n from I;  the decrease at pH > 3 is due to a diminishing 
concentration of n owing to formation of I I I .  The independence of the hydrolysis rate 
on the type and concentration of the buffer and the small increase of the rate constant 
with increasing ionic strength are in agreement with this scheme. Reactions A and B 
are unimportant  under the conditions used. 

Full details of this reaction, important  for understanding vi tamin B s reactions, 
will be given elsewhere. 
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