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One type of inhibition found with vitamin analogues has been suggested to be via 
its ability to be further metabolized and thus successfully compete for the same site 
on an enzyme surface normally occupied by coenzymes. The antagonism found with 
desoxypyridoxine 1 and pyrithiamine 2 has been attributed to enzymic phosphorylation 
of these compounds to an inhibitory form. Recently, KEARNEY 3 has demonstrated the 
direct enzymic phosphorylation of vitamin 132 antagonists with a purified yeast enzyme. 
The present investigation demonstrates the direct phosphorylation of vitamin B 6 
analogues and their effect on tyrosine apodecarboxylase. The enzyme system used for 
these studies was an enzyme preparation capable of phosphorylating pyridoxal. The 
enzyme has been purified about IOOO-fold from brewer's yeast strain BSC** by 
(NH4)2SO 4 fractionations, alcohol fractionation, isoelectric precipitation of contami- 
nating proteins, and heat inactivation. The enzyme was followed through the above 
purification by its ability to convert pyridoxal and ATP to pyridoxal phosphate and 
ADP. Pyridoxal phosphate was assayed by a modification of the tyrosine apodecar- 
boxylase method 4. The enzyme preparation does not exhibit strict specificity regarding 
pyridoxal. Pyridoxine, pyridoxamine, desGxypyridoxine, 4,5-dihydroxy-2-methyl 
pyridine, and 3- amino- 4, 5- dihydroxymethyl- 2- methyl pyridine appear to be phos- 
phorylated since labile phosphate disappears when ATP and the analogues are incubated 
together in the presence of the kinase. The unphosphorylated analogues have no effect 
on the union of pyridoxal phosphate with tyrosine apodecarboxylase, while the phos- 
phorylated analogues are found to inhibit tyrosine apodecarboxylase, apparently by 
blocking the union of pyridGxal phosphate with the enzyme (Table I). The same inhi- 
bition is observed when the phosphorylated analogue and pyridoxal phosphate are 
incubated together as when the phosphorylated analogue is preincubated with tyrosine 
apodecarboxylase before the addition of pyridoxal phosphate. However, if pyridoxal 
phosphate is preincubated with tyrosine apodecarboxylase before the addition of the 
analogue phosphate, no inhibition is found 1. Both chemically and enzymically synthe- 
sized pyridoxamine phosphate are found to stimulate the decarboxylase, and this may 
be due to its conversion to pyridoxal phosphate. The compound, 2-ethyl-3-amino- 

* This  work  was  a ided in p a r t  b y  g r a n t s  f rom The Na t iona l  V i t a m i n  Founda t i on ,  a n d  t h e  
E l i s a b e t h  Severance  P ren t i s s  Founda t ion .  

** Anheuse r -Busch ,  washed ,  l o w - t e m p e r a t u r e  dried yeas t .  
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TABLE I 

T H E  E F F E C T  O F  V I T A M I N  8 6 A N A L O G U E S  O N  T Y R O S I N E  D E C A R B O X Y L A T I O N  

A N D  P H O S P H O R Y L A T I O N  O F  P Y R I D O X A L  

497 

Inhibition of tyrosine Inhibition oJ pyridoxal 
Compounds tested apodecarboxylase by product phosphate formation from 

of kinase reaction pyridoxal plus A TP 

2 - methyl- 3 - hydroxy- 4- hydroxymethyl pyridine -- 
2-ethyl-3-amino-4-ethoxymethyl-5-aminomethyl pyridine 
desoxypyridoxine 
3, 4- dihydroxymethyl- 2, 6- dimethyl pyridine - 
4, 5 - dihydroxymethyl- 2 - methyl pyridine + 
3 - amino- 2 - methyl - 4, 5, 6- trihydroxy methyl pyridine 
5 - hydroxymethyl- 2, 4, 6 - trimethyl pyridine 
3 - hydroxy- 5, 6- dihydroxymethyl- 2 - methyl pyridine 
3 - amino- 4, 5 - dihydroxymethyl- 2 - methyl pyridine 
pyridoxine -}- 
pyridoxamine stimulation 

÷ 

(+) indicates inhibition while (--) indicates no inhibition. Those compounds which were found 
to inhibit the union of pyridoxal phosphate with tyrosine apodecarboxylase were not assayed for 
their ability to inhibit pyridoxal phosphorylation since separation of pyridoxal phosphate and the 
phosphorylated analogue would have been necessary for such tests. 

4 -e thoxymethy l -5 -aminomethy l  pyridine,  does not  inhib i t  the un ion  of pyridoxal  
phosphate with tyrosine apodecarboxylase,  bu t  it markedly  inhibi ts  the phosphoryla t ion 
of pyr idoxal  by  the kinase when incuba ted  with ATP. The inhib i t ion  is competi t ive 
and  the KI of this compound  is 7.3" IO-5 M which indicates tha t  this compound  has 
a greater  affinity for the kinase than  pyr idcxa l  (K m of pyridoxal  is 1. 4. Io .4 M). Thus  
there are at  least 2 possible methods  whereby these v i t amin  B 6 analogues can inh ib i t :  
(I) by  inh ib i t ing  the un ion  of pyr idoxal  phosphate  with the tyrosine apodecarboxylase 
by  vi r tue  of their  being phosphorylated,  and  (2) by  inhib i t ing  the phosphoryla t ion of 
pyridoxal .  Also listed in Table I are those compounds  which had no effect on the kinase 
or on the tyrosine decarboxylase after i ncuba t i en  with ATP. A common feature of those 
compounds  which appear  to be phosphoryla ted and  affect the kinase is the free 6 position 
of the pyr id ine  r ing and  the presence of a hyd roxymethy l  or me thy lamine  group in 
the 5 posit ion. 

The enzyme is compet i t ively  inhibi ted  by ADP, adenylic acid, adenGsine, and 
adenine while hypoxanth ine ,  inosine, and  inosinic acid have no effect on the reaction. 
I T P  compet i t ively  inhibi ts  the react ion only when high concentra t ions  are used and 
the inhib i t ion  can be completely reversed by  increasing the concent ra t ion  of Mg ++, 
suggesting t ha t  it  is inh ib i tory  by  v i r tue  of its abi l i ty  to chelate Mg ++~. I t  appears tha t  
the 6-amino group is responsible for the union of the enzyme and  pur ine  ring. A D P  
and  I T P  are unable  to par t ic ipate  in the phosphoryla t ion of pyridoxal ,  and  the system 
is inact ive  in the absence of a d i v a k n t  metal .  

A recent  report  6 indica ted  tha t  an enzyme prepara t ion  obta ined by repeated 
(NH4).~SO4 f rac t ionat ion of an extract  ef yeast,  phosphoryla ted pyr idexine  and  also 
phosphoryla ted  th iamine  leading to pyr idoxine phosphate  and diphosphothiamine,  
respectively. The prepara t ion  described here does not  appear  to phosphorylate  th iamine  
as de te rmined  by  cocarboxylase act iv i ty .  

The au thor  is deeply indebted  to Dr W. W. UMBREIT for a gift of synthe t ic  pyridoxal  
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p h o s p h a t e ;  to  D r  R E U B E N  JONES o f  t h e  L i l l y  R e s e a r c h  L a b o r a t o r i e s ,  a n d  D r  T .  P .  

SINGER f o r  a g e n e r o u s  g i f t  o f  s o m e  o f  t h e  v i t a m i n  B 6 a n a l o g u e s .  

T h i s  p r o b l e m  w a s  k i n d l y  s u g g e s t e d  t o  t h e  a u t h o r  b y  D r  T .  P .  SINGER w h o s e  g e n e r o u s  

g u i d a n c e  w a s  i n d i s p e n s i b l e  d u r i n g  t h e  c o u r s e  o f  t h i s  w o r k .  

Protocol 

Inhibition o[ tyrosine apodecarboxylase: 5 '  lO-3 M analogue ,  1.87. io - t  ~V/ ATP,  0.04 M ma lea t e  
buffer  p H  6.9, 4" io 3 M Mg++, and  1. 5 m g  of e n z y m e  in a to ta l  v o l u m e  of 2 ml  were i ncuba t ed  
12 hour s  a t  33.5 ° C. Af te r  hyd ro lyz ing  t he  r e m a i n i n g  ATt? wi th  apyrase ,  t he  reac t ion  p roduc t s  were 
a s sayed  for the i r  abi l i ty  to inh ib i t  ty ros ine  apodeca rboxy la se  un ion  wi th  5.5 '  io s 3/I of pyr idoxa l  
phospha t e .  

Inhibition o[ pyridoxal phosphate /ormation: 2. lO -3 M analogue,  i .  lO -2 M ATP,  0.02 M phos-  
p h a t e  buffer  p H  6.9, 3 '  lO-a M Mg ++, 0.64 m g  of prote in ,  i ncuba ted  in presence  of 3 different  concen- 
t r a t ions  of py r idoxa l  ( i .  IO 3 ~/ ,  2. IO 3 M,  and  i • lO -3 M) in a t o t a l  vo lume  of 2 ml.  These  reac t ion  
m i x t u r e s  were i ncuba t ed  2 hours  a t  33.5 ° C and  t h e n  a s sayed  for py r idoxa l  p h o s p h a t e  format ion .  

S U M M A R Y  

A k inase  s y s t e m  purif ied f rom y e a s t  is capable  of p t losphory la t ing  py r idoxa l  in t he  presence  
of ATP.  This  s y s t e m  h a s  been found  capable  of p h o s p h o r y l a t i n g  o the r  v i t a m i n  B 6 der iva t ives  p rov ided  
t he  6 pos i t ion  of t he  pyr id ine  r ing is free and  t he  5 pos i t ion  conta ins  a h y d r o x y m e t h y l  group.  The  
c o m p o u n d s  wh ich  are  p h o s p h o r y l a t e d  and  repor ted  in th i s  pape r  are  also found  to inh ib i t  t he  un ion  
of py r idoxa l  p h o s p h a t e  w i t h  ty ros ine  apodeca rboxy lase .  The  r equ i r emen t s  for inhibi t ion  of th is  un ion  
and  o the r  m e t h o d s  of inh ib i t ing  t he  k inase  are  discussed.  

RI~SUMI~ 

Un  sys t~me  de k inase  purifi6e p e u t  phospho ry l e r  le py r idoxa l  en  presence  d ' A T P .  Ce sys t~me  
est  6ga l emen t  capab le  de phospho ry l e r  d ' a u t r e s  d6riv6s de la v i t a m i n e  B6, p o u r v u  que  la pos i t ion  6 
du  n o y a u  pyr id in ique  soit  libre et  que  le posi t ion 5 cont ienne  u n  groupe  h y d r o x y m e t h y l .  Les  compos6s  
qui  son t  phosphoryMs  et  qu i  se t r o u v e n t  cit6s d a n s  ce m6moire  e m p 6 c h e n t  aussi  l ' un ion  du  p h o s p h a t e  
de py r idoxa l  ~ la ty ros ine -apodecarboxy lose .  Les  condi t ions  d ' inh ib i t ion  de cet te  un ion  et  d ' a u t r e s  
m6 thodes  d ' inh ib i t ion  de la k inase  son t  discut6es.  

Z U S A M M E N F A S S U N G  

Ein  y o n  Here gere inigtes  K i n a s e - S y s t e m  k a n n  Py r idoxa l  in Gegenwar t  yon  A T P  phospho ry -  
lieren. Dieses S y s t e m  k a n n  auch  andere  V i t a m i n - B s - D e r i v a t e  phosphory l ie ren ,  vo rausgese tz t ,  dass  
die S te l lung 6 im Pyr id in r ing  frei is t  und  in Ste l lung 5 eine O x y m e t h y l - G r u p p e  si tzt .  Die Verbin-  
dungen ,  welche phosphory l i e r t  werden  und  die in dieser Arbe i t  aufgez/ ihl t  sind, v e r h i n d e r n  auch  die 
B i n d u n g  von  P y r i d o x a l - P h o s p h a t  an  Tyros in -Apodeca rboxy lase .  Die I3edingungen,  u n t e r  welchen 
diese V e r b i n d u n g  g e h e m m t  wird und  ande re  I - I emmungs -Methoden  der  K inase  werden  er6r ter t .  
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