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Summary 

The activity of purified liver pyridoxal kinase (ATP:pyridoxal 5-phospho- 
transferase, EC 2.7.1.35) was determined in the presence of 13 different 
tryptophan metabolites. Only 3-hydroxykynurenine, 3-hydroxyanthranilic 
acid, xanthurenic acid and quinolinic acid were found to inhibit the enzyme 
with /so values of 0.1, 0.12, 0.36 and 0.42 mM, respectively. The inhibition 
was not related to the presence of pyridine nucleus in the metabolite molecule 
as was proved from the patterns of inhibition. 

Pyridoxal kinase (ATP:pyridoxal 5-phosphotransferase, EC 2.7.1.35) cata- 
lyzes the formation of the coenzyme pyridoxal 5'-phosphate [1]. The impor- 
tance of pyridoxal phosphate as a cofactor in the metabolism of amino acids is 
well established [2]. Also, this coenzyme is involved at stages in the metab- 
olism of proteins, carbohydrates and lipids and in the synthesis of many bio- 
genic amines [3,4]. 

At present, relatively little is known about the factors regulating tissue levels 
of pyridoxal phosphate. The precise role of pyridoxal phosphate in human 
disease is also meager. In laboratory animals, dietary restriction of vitamin B-6 
has a wide range of effects [5--7], in addition, B-6 deficiency leads to altered 
metabolism of the amino acid, L-tryptophan. The most important pathway for 
tryptophan leads to niacin formation (kynurenine-niacin pathway), using this 
route most of the carcinogenic metabolites such as 3-hydroxykynurenine, 
3-hydroxyanthranilic acid and xanthurenic acid, are formed [8]. Since many 
enzymes involved in this pathway indispensably require pyridoxal phosphate as 
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cofactor, increased excretion of these metabolites is believed to be related to 
low cellular pyridoxal phosphate levels [8]. Recent evidence indicates that the 
absence of pyridoxal phosphate may be a factor in determining the breakdown 
of the apoenzyme proteins [9]. Increased excretion of tryptophan metabolites 
after a 2 g loading dose is thought to be a clinical indication of pyridoxal phos- 
phate deficiency [10]; this was confirmed in patients with Hodgkin's disease 
[11--14] and carcinoma of breast and bladder [15--17]. The low plasma 
pyridoxal phosphate levels could result from several factors, including 
restricted dietary intake or malabsorption of vitamin B-6, impaired conversion 
to pyridoxal phosphate or increased catabolism of pyridoxal phosphate. 
Although liver is known to be a principle organ for pyridoxal phosphate 
synthesis, nothing is known about the regulation of liver pyridoxal kinase. 
Therefore, the present study was undertaken to investigate the in vitro effect of 
tryptophan metabolites on the major step leading to pyridoxal phosphate 
formation, that is, the efficiency of liver pyridoxal kinase to synthesize the 
required pyridoxal phosphate for niacin formation as well as several other 
biological processes. 

Materials and Methods 

L-Tryptophan, L-kynurenine sulfate, kynurenic acid, 3-hydroxykynurenine, 
anthranilic acid, 3-hydroxyanthranilic acid, quinolinic acid, nicotinic acid, 
nicotinamide, N~-methylnicotinamide, N'-methylnicotinamide, quinaldic acid 
and xanthurenic acid were Sigma products. Stock solutions were made in 0.5 M 
potassium phosphate, pH 7.4. 

Pyridoxal kinase was purified from sheep liver as previously described [18]. 
The enzyme activity was determined with a new radiometric assay method 
using [3H]pyridoxine as substrate [18]. All assays were performed in duplicate. 
Data points in the double-reciprocal plots and secondary plots were fitted by 
linear regression analysis. 

Results and Discussion 

Table I shows pyridoxal kinase activity in the presence of tryptophan and 12 
of its metabolites in comparison to a control assay. For comparison of the I50 
values of the inhibitory metabolites we measured the enzyme activity in the 
presence of different concentrations of 3-hydroxykynurenine, 3-hydroxy- 
anthranilic acid, xanthurenic acid and quinolinic acid (Table II). 

Data in Table I indicate that the inhibition of liver pyridoxal kinase with 
tryptophan metabolites was not related to the presence of the pyridine ring in 
their structure, as we first suspected. The metabolites nicotinic acid, nicotin- 
amide, Nl-methylnicotinamide and N'-methylnicotinamide all contain pyridine 
nucleus but have no inhibitory effect. Quinolinic acid, however~ was found to 
inhibit liver pyridoxal kinase with a rather high/so value (Table II). Therefore, 
it was interesting to determine the kinetic mechanism of inhibition with these 
four metabolites. Figs. 1--4 show the double-reciprocal plots of the relation- 
ship between the initial velocity of the kinase-catalyzed reaction and [3H]- 
pyridoxine, as variable substrate, in the presence of different concentrations of 
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T A B L E  I 

E F F E C T  O F  T R Y P T O P H A N  M E T A B O L I T E S  O N  L I V E R  P Y R I D O X A L  K I N A S E  

T h e  r e a c t i o n  m i x t u r e  w a s  2 0  m M  p o t a s s i u m  p h o s p h a t e  ( p H  5 . 7 5 ) ,  6 0  m M  KC1, 1 m M  A T P ,  4 0  p M  Z n  2+, 
1 0 0  /~M [ 3 H ] p y r i d o x i n e ,  2 p g  e n z y m e  ( 6 0  I . U . / m g )  a n d  0 .5  m M  o f  t h e  m e t a b o l i t e s  l i s t ed  in  a t o t a l  vol- 
u m e  o f  1 2 5  pl .  The  i n c u b a t i o n s  w e r e  d o n e  a t  3 7 ° C  f o r  3 0  ra in .  

A d d e d  m e t a b o l i t e  E n z y m e  a c t i v i t y  
(0 .5  raM)  ( c p m )  

N o n e  2 1 0 0  
T r y p t o p h a n  2 0 5 0  
K y n u r e n i n e  2 0 8 0  
K y n u r e n i c  ac id  2 2 0 0  
N i c o t i n i c  ac id  2 0 8 5  
N i c o t i n a m i d e  1 9 9 5  
N 1 - M e t h y l n i e o t i n a m i d e  2 0 9 0  
N ' - M e t h  y in i c  o t i n a m i d e  2 1 5 0  
Q n i n a l d i c  ac id  2 1 5 0  
A n t h r a n i l i c  a c id  1 9 5 0  
3 - H y d r o x y a n t h r a n i l i c  ac id  6 5 0  
3 - H y d r o x y k y n u r e n i n e  6 0 0  
X a n t h u r e n i c  ac id  8 5 0  
Q u i n o l i n i c  ac id  9 2 0  

tryptophan metabolites. Data in Figs. 1--3 show that 3-hydroxykynurenine, 
3-hydroxyanthranilic acid and xanthurenic acid had a noncompetitive type of 
inhibition with Ki values of 108, 137 and 460 #M, respectively [19]. Quino- 
linic acid, however, showed an uncompetitive type of inhibition (Fig. 4) with 
a K i value of 520 /~M. The noncompetitive inhibition of liver pyridoxal kinase 
with 3-hydroxykynurenine, 3-hydroxyanthranilic acid and xanthurenic acid 
indicates that these compounds interact with the enzyme or the enzyme-sub- 
strate complex [19]. This interaction seems to take place away from the sub- 
strate binding site, since the inhibitors and the substrate have different chemi- 
cal structures. The inhibitor binding, however, could induce conformational 
changes to the enzyme molecule that lead to the noncompetitive inhibition. 
The presence of the second hydroxyl group in xanthurenic acid molecules 
seems to be essential for inhibition, since neither kynurenic acid nor quinaldic 
acid inhibited the enzyme (Table I). Quinolinic acid, on the :other hand, 

T A B L E  II 

150 V A L U E S ,  T H E  C O N C E N T R A T I O N  O F  T H E  M E T A B O L I T E  R E Q U I R E D  T O  P R O D U C E  50% 
I N H I B I T I O N  O F  L I V E R  P Y R I D O X A L  K I N A S E  A C T I V I T Y  

T h e  r e a c t i o n  m i x t u r e  w a s  t h e  s a m e  as in  T a b l e  I. T r y p t o p h a n  m e t a b o H t e s  (0 - -1  m M )  w e r e  a d d e d  t o  t h e  
r e a c t i o n  m i x t u r e s .  

M e t a b o l i t e  Is  0 (mM)  

3 - H y d r o x y k y n u r e n i n e  0 . 1 0  
3 - H y d r o x y a n t h r a n i l i c  a c id  0 . 1 2  
X a n t h u r e n i c  ac id  0 . 3 6  
Q u i n o l l n i c  ac id  0 . 4 2  
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Fig. 1. Double -rec iproca l  p lo t  o f  the  initial  ve loc i ty  in the  presence  o f  3 - h y d r o x y k y n u r e n i n e  as inhib i tor  
and [ 3 H ] p y r i d o x i n e  as variable suhstrate .  The reac t ion  m i x t u r e  cons i s ted  o f  2 0  ram potas s ium pho spha te  
(pH 5 . 7 5 ) / 6 0  m M  KCI/1 m M  A T P / 4 0  pM Zn2+/2  pg e n z y m e  (6 0  I . U . / m g ) .  [ 3 H ] P y r i d o x i n e  wa s  varied 
f r o m  1 0  to  1 0 0  ~M. 3 - H y d r o x y k y n u r e n i n e  c o n c e n t r a t i o n s  were ;  e ,  0 #M; A 5 0  ~zM and o 1 0 0  MM. The  
reac t ion  mi x t ures ,  1 2 5  pl,  w e r e  in e u b ate d  at  3 7 ° C  for  3 0  rain. 
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Fig. 2.  Double -rec iproca l  p lo t  o f  the  initial  v e l o c i t y  in the  presence  o f  3 -hydroxyanthran i l i c  acid as inhibi- 
tor and [ 3 H ]  p y r i d o x i n e  as variable substrate .  The  assay cond i t i ons  w e r e  the  same  as in Fig. 1. 



157 

400 ~JM Inh 
420 

390 

360 / / / ~ 2 0 0  12M Inh 

33C y / o N O  Inh. 

30C 

27C 

24c 
v 210 

or 180 
1 ~  x105 
cpm 150 

12C 

90 
6 C  
3e 

" 0 1'0 2'0 230 gO 5'0 60 -70 ~0 9'0 160 
1 ~103 }jM-1 

(PN) 
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p y r i d o x i n e  as var iable  subs t ra te .  The  assay cond i t ions  were  the  s a m e  as in Fig. 1 e x c e p t  the  i nh ib i to r  con-  
cen t r a t i ons  were ;  e, 0 #M; 4, 200 ~M and  ~, 400/~M. 
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Fig. 4. Double - rec ip roca l  p lo t  of  the  initial ve loc i ty  in p resence  of  quinol in ic  acid as i nh ib i to r  an d  [ 3 H ] -  
p y r i d o x i n e  as var iable  subs t ra te .  The  assay cond i t ions  were  the  s ame  as in Fig. 1 e x c e p t  the  i nh ib i to r  con- 
c en t r a t i ons  were ;  e, 0/~M; &, 400 ~zM and D 800 ~M. 



158 

ing to the enzyme, since nicotinic acid did not have an inhibitory effect 
(Table I). 

Conclusion 

3-Hydroxykynurenine, 3-hydroxyanthranflic acid, xanthurenic acid and 
quinolinic acid were found to inhibit liver pyridoxal kinase in vitro. Elevated 
intracellular levels of these metabolites may be harmful, not only because some 
of them are believed to be carcinogenic, but also because they inhibit the main 
supply of pyridoxal phosphate by inhibiting liver pyridoxal kinase. 
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