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Abstract--The possible mechanisms by which increasing concentrations of Zn 2 +, Mn 2 +, 
Cu 2+, or Co 2+ may affect the vitamin B~,-dependent enzymes kynurenine hydrolase and 
kynurenine aminotransferase, were studied in normal mouse liver homogenates. It was found 
that Zn 2. inhibited kynurenine hydrolase, whereas Mn 2 + activated this enzyme, but both 
Zn 2+ and Mn 2+ activated kynurenine aminotransferase. Co 2+ and Cu 2+ inhibited both 
enzymes. This inhibition is attributed to the blocking and inactivation of the -SH groups 
of these enzymes and may be due to the adequate sequence of the -SH groups in both 
enzymes for Cu 2 + or Co 2 + action. This is in contrast to the inadequate sequence of these 
groups in kynurenine aminotransferase for Zn 2 + action. The decreasing order by which 
these metal ions inhibit (a) kynurenine hydrolase is Cu 2+ > Co 2+ > Zn 2+, and (b) kynur- 
enine aminotransferase is Cu2+> Co 2+. The decreasing order of the per cent activation 
of the aminotransferase enzyme is Mn 2 + > Zn 2 +. These decreasing orders fall into a more 
reasonable order approximating the order of complex stability of these metal ions. 

TI4E SITE of action of several members of the vitamin B complex on the metabolic 
pathway from the essential amino acid t ryptophan to the vitamin niacin has been 
reviewed. 1'2 The role of BI and B 2 has not been clearly demonstrated, whereas the 
action of pyridoxine (B6) in this pathway is well establishedfl Several enzymes along 
the tryptophan-niacin pathway (kynurenine pathway) e.g., kynurenine hydrolase, 
kynurenine aminotransferase and most probably quinolinic acid decarboxylase, 
require the participation of vitamin Bo as coenzyme. 1-5 

It is known that pyridoxal chelates with cations 1 like Na +, K +, Li +, Mg z +, Ca 2 + 
and Mn 2 +. as well as with polyvalent cations. 1 s, It was also suggested that pyridoxal 
might function as a complex with a cationJ ~ The metal ions which function in these 
reactions in vivo are unknown. The discovery that metal ions catalyze nonenzymatic 
reactions of pyridoxal with amino acids, 7"8 suggested that metal ions might partici- 
pate in the action of pyridoxal phosphate-dependent enzymes. 9 However, little per- 
tinent information is available on the effect of metal ions on the vitamin B6-depen- 
dent enzymes kynurenine hydrolase and kynurenine aminotransferase. 1°-~ 5. 

Since the polar side chains of proteins interact with metal ions, these ions often 
have a pronounced effect on enzyme function. The present studies were carried out 
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to investigate the in vitro effects of some metal ions of biological interest e.g., Sb 3 +, 
Pb 2+, Zn 2+, Mn 2+, Co z+ and Cu 2+, on the metabolism of kynurenine which is the 
central metabolite in the kynurenine pathway of tryptophan metabolism, and its con- 
version into anthranilic acid and kynurenic acid through the B~,-dependent enzymes, 
kynurenine hydrolase (EC 3.7.1.3) and kynurenine aminotransferase (EC 2.6.1.7), re- 
spectively. 

Recent studies have shown that Sb 3 +, as potassium antimonyl tartrate (tartar eme- 
tic), produces functional pyridoxine deficiency in the mouse liver.16 The inability of 
pyridoxal hydrochloride, ATP, Ca 2 + and Mg 2+ to counteract the effects of tartar 
emetic, indicates that the phosphorylation of pyridoxal with ATP is impaired in the 
presence of Sb 3+ It is interesting to note that Mg 2+ and Ca 2+ in high con- 
centrations are able, at least partially, to reverse the inhibitory effects of tartar emetic. 
Amer et al.lV showed that four Sb 3 +-containing drugs inhibit both kynurenine hy- 
drolase and kynurenine aminotransferase in mouse liver homogenates. The inhibi- 
tion was directly related to the antimonial contents of the drugs. Spectrophotome- 
teric studies supported the possibility that an inactive chelate between antimony and 
pyridoxal phosphate is formed and offers an explanation for the mechanism of the 
observed inhibitions. 1 ~,.17 Kelada et al. ~ s showed that tartar emetic inhibits both 3- 
hydroxykynurenine aminotransferase and quinolinic acid decarboxylase suggesting 
the existence of functional inactivation of vitamin B~,. However, vitamin B,, was un- 
able to overcome all tartar emetic induced abnormalities. It was striking that these 
abnormalities could be overcome completely by the use of 2,3-dimercaptopropanol 
(BAL) as an adjuvant to tartar emetic therapy.l 8 

Recently, the effect of Pb 2 + on the metabolism of kynurenine was studied. 19 It was 
shown that Pb 2 + inhibits kynurenine hydrolase and it was suggested that the inhibi- 
tory effect of Pb 2 + is brought about by inactivation of the sulphydryl groups of this 
enzyme. 

The present study was planned, therefore, to investigate the effect of increasing 
concentrations ofZn 2 +, Mn 2 +, Cu 2 + o r  C o  2 + on the B~-dependcnt enzymes kynur- 
enine hydrolase and kynurenine aminotransferase, as indicated by the amounts of 
anthranilic acid and kynurenic acid produced, respectively. 

M A T E R I A L S  A N D  M E T H O D S  

Materials. DL-Kynurenine sulphate was purchased from Schuchardt Co., 
Munchen, Germany. Kynurenic acid was supplied by Sigma Chemical Co., St. Louis, 
Mo., U.S.A. ~-Ketoglutarate was supplied by L. Light & Co., Colnbrook, England. 
Anthranilic acid was purchased from Merck AG, Darmstadt, Germany. Manganese 
chloride was purchased from Riedel-De Haen AG, Seelze-Hannover, Germany, and 
zinc sulphate was purchased from Veb. Labor-Chemie, Apolda, Germany. Cobalt 
acetate was purchased from Johnson Malthey and Co. Ltd., London, England, and 
copper sulphate from Veb. Labor-Chemie, Apolda, Germany. 

Preparation of  the homogenates and incubations. Mouse liver homogenates were 
prepared and incubations were carried out as previously described, z° 

Quantitative determination of  metabolites. The quantitative determinations of 
kynurenine, kynurenic acid and anthranilic acid were performed by a slight modifica- 
tion of the method used by Miller et al. 21 
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FIG. 1. Ultra-violet absorption spectrum of kynurenine (0.5/~mo]e/6 ml), kynurenic acid (0.5 #mole/6 ml) 
and anthranilic acid (0.5 #mole/6 ml) measured under the same experimental conditions. 

Anthranilic acid and kynurenine were determined by the method of Mason and 
Berg zz and the concentrations of anthranilic acid and kynurenine were derived from 
the corresponding calibration curves prepared with aqueous solutions containing 
known concentrations of both metabolites. The amounts of kynurenine and anth- 
ranilic acid were corrected by subtracting the amounts present at the zero time. 

Kynurenine and kynurenic acid were determined by the method of Miller e t  al.  21 

These metabolites were estimated spectrophotometrically in presence of each other at 
the wavelengths 365 nm and 330 nm, corresponding to kynurenine and kynurenic acid, 
respectively. Figure 1 illustrates the possible interference at these wavelengths in the 
u.v. spectrum of acidified solutions (with TCA), of equimolar concentrations 
(0"5/~mole/6 ml) of these metabolites under the same experimental conditions. Since 
kynurenine and anthranilic acid have considerable absorption at 330 nm, the wave- 
length used for kynurenic acid analysis, it was possible to correct the absorption 
value of kynurenic acid by deducting the absorption values (at 330 nm) correspond- 
ing to the interfering quantities of kynurenine (recovered) and anthranilic acid (pro- 
duced) from the absorption reading at 330 nm. Thus, calibration curves for kynur- 
enine and anthranilic acid were prepared at 330 nm. The absorption at 330 nm over 
the concentration range employed, followed the Beer-Lambert law. Moreover, addi- 
tive absorption readings at this wavelength were obtained when kynurenic acid was 
added to solutions containing kynurenine and anthranitic acid either alone or in mix- 
ture. These curves were used to determine the absorption at 330 nm corresponding 
to the amount of each of kynurenine and anthranilic acid present, and which were 
quantitatively determined by the method of Mason and Berg. 22 The absorption mea- 
sured at 365 nm also represents the amounts of kynurenine recovered. The results 
obtained for kynurenine recovered either by the method of Mason and Berg 22 at 
560 nm or by that of Miller e t  al. 21 at 365 nm were almost identical. Recovery exper- 
iments using known weights (in /~moles) of the individual metabolites or known 
amounts of their mixtures, were completely satisfactory by applying the above men- 
tioned modification. 

I~.1'. 23 18 I 
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R E S U L T S  

The effect of Zn 2÷, Mn 2÷, Co 2÷ and Cu 2÷ on the B~-dependent enzymes kynur- 
enine aminotransferase and kynurenine hydrolase is best illustrated by (a) the ratio 
of the amount of anthranilic acid (AA) to the amount of kynurenic acid (KA) pro- 
duced (AA/KA), and (b) the percentage of activation of inhibition. This is calculated 
as the percentage difference between the amount of the metabolite produced in the 
control experiment and that produced at varying concentrations of each metal ion 
with reference to the control value. 

The effect of increasing the concentration of each metal ion on kynurenine amino- 
transferase and kynurenine hydrolase, as indicated by the amounts of kynurenic acid 
and anthranilic acid (in/~moles/g liver) produced, respectively, is shown in Table 1. 
At a concentration of 3 × 10- 5 M, Zn 2 ÷ activated kynurenine aminotransferase but 
had no demonstrable effect on kynurenine hydrolase (Table 1A; expt. 2). Increasing 
the concentration of Z n  2+ to 3 x lO-4M (expt. 3), 3 x lO-3M (expt. 4), and to 

TABLE 1. EFFECT OF INCREASING CONCENTRATIONS OF THE METAL IONS ON THE METABOLISM OF KYNURENINE 

BY NORMAL MOUSE LIVER HOMOGENATES* 

Metabolites determined 
(/xmole/g liver)t 

Kynurenine Kynurenic Anthranilic ~o 
Expt. Concn utilized acid acid Ratio Activation Inhibition 

no. (M) (KN):~ (KA) (AA) (AA/KA) KA AA 

(A)Zn -'+ 
1 0 7.44 5.10 0.80 0.16 
2 3 x 10 -5 6.54 5.40 0.82 0.15 
3 3 x 10 -4 6.64 6-00 0'60 0-10 
4 3 x 10 -3 6.75 6.30 0.43 0.07 
5 7-8 × 10 -3 6.75 6.30 0.39 0.06 

(B) Mn 2 + 

1 0 6"80 5.40 0"67 0"12 
2 3 × 10 -5 7.32 6.30 0.78 0.12 
3 3 x 10 -4 7'64 6"90 0-83 0'12 
4 3 × 10 -3 8"64 7.50 0"90 0.12 
5 7.8 × 10 -3 8"88 7.50 0.95 0.13 

(C) Co 2. 

1 0 6.80 5.40 0.67 0.12 
2 3 × 10 -5 5.22 4-17 0-51 0.12 
3 3 x 10 -4 4.32 3.33 0.45 0.14 
4 3 × 10 -3 3-32 2.94 0"35 0.12 
5 7"8 × 10 -3  3'28 2'63 0'27 0"10 

(D) Cu 2+ 
1 0 7'44 5"10 0'80 0'16 
2 3 x 10 - s  5'64 4'92 0"41 0"08 
3 3 x 10 -4 3"94 3"60 0"35 0"10 
4 3 × 10 -3 2"35 2"10 0"14 0"07 
5 7.8 × 10 -3 1.22 1.10 0"00 0'00 

0 0 
6 0 

18 23 
24 48 
24 51 

70 70 
Activation Activation 

0 0 
17 16 
28 24 
39 34 
39 42 

Voo 70 
Inhibition Inhibition 

0 0 
23 24 
40 33 
46 48 
51 60 

0 0 
4 49 

29 56 
59 83 
80 100 

* The incubation medium (4 ml) contained 5 #moles DL-kynurenine sulphate, 30/~moles ~-ketoglutar- 
ate, 40 gg pyridoxal phosphate, 0,005 M calcium chloride, 0.001 M magnesium sulphate and 10 per cent 
whole liver homogenate (2 ml) in 0.05 M potassium phosphate buffer pH 7.4. 

t Average values of four experiments. 
:~ These values represent the difference between the kynurenine recovered and that originally present 

in the medium. 
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7"8 x 10-3 M (expt. 5), induced pronounced inhibition of kynurenine hydrolase and 
further activation of kynurenine aminotransferase (Table 1A). The ratio AA/KA was 
therefore, decreased from 0.16, 0.15, 0.10, 0.07 and 0.06 with increasing Zn 2+ con- 
centration (Table 1A). This decrease could be attributed to the inhibition of kynur- 
enine hydrolase responsible for the production of anthranilic acid rather than to in- 
creased production of kynurenic acid. This interpretation could be further substan- 
tiated by comparing the per cent inhibition of anthranilic acid with the per cent acti- 
vation of kynurenic acid production in the presence of increasing concentrations of 
Zn 2+ in the incubation medium. The former percentage was increased from 0, 23, 
48 and 51 per cent, whereas the latter percentage was increased from 6-0, 18, 24 and 
24 per cent with increasing concentrations of Zn 2+, 3 x 10 .5  M, 3 x 10 -~ M, 3 x 
10 -3 M and 7.8 x 10 -3 M, respectively (Table 1A). 

On the other hand, increasing the concentration of Mn 2+ in the incubation 
medium from 3 x 10-5M,  3 x 10-4M,  3 x 10-3M,  and7.8 x 10-3 M, resul tedin 
an activation of both enzyme systems to the same extent (Table 1B). Thus the acti- 
vation of kynurenine hydrolase was increased from 16, 24, 34 and 42 per cent, and 
the activation of kynurenine aminotransferase was also increased from 17, 28 a n d  
39 per cent with increasing concentrations of Mn 2 + (Table 1B). The AA/KA ratio 
was constant (0.12), i.e. independent of the Mn 2+ concentration in the medium 
(Table 1B). 

The results concerning the effect of increasing the concentration of Co 2 + or Cu 2 + 
on kynurenine aminotransferase and kynurenine hydrolase are given in Table 1C 
and 1D. Increasing the concentration of Co 2+ or Cu 2+ from 3 x 10 -5 M, 3 x 
10-4M,  3 x 10-3M and 7.8 x 10 -3M resulted in an inhibition of both enzymes. 
Co 2 + inhibited both enzyme systems to the same extent. Thus the per cent inhibition 
of kynurenine hydrolase and kynurenine aminotransferase was increased to nearly 
the same extent by increasing the concentration of Co 2 ÷ in the incubation medium. 
The AA/KA ratio was, therefore, nearly constant and independent of the con- 
centration of Co 2 ÷ (Table 1A). However, the inhibition induced by Cu 2 +, was more 
pronounced on kynurenine hydrolase. The per cent inhibition of kynurenine hydro- 
lase was increased from 49, 56, 83 and 100 per cent, whereas the per cent inhibition 
of kynurenine aminotranferase was increased from 4, 29, 59 and 80 per cent by in- 
creasing the concentration of Cu 2 + from 3 x 10- 5 M, 3 x 10- 4 M, 3 x 10- 3 M and 
7.8 x 10 -3 M. Furthermore, the AA/KA ratio was decreased from 0"16, 0'08, 0.10, 
0.07 and 0, with the same increase in Cu 2 + concentration in the medium. Thus, the 
per cent inhibition for the production of anthranilic acid was higher than that for 
kynurenic acid (Table 1D; expts 2, 3, 4 and 5). 

The effect of Zn 2+, Mn 2+, Co 2+ or Cu 2+ on' the B~-independent enzyme kynur- 
enine hydroxylase was also studied by determining the amounts of kynurenine uti- 
lized which reflect closely the amounts used in the synthesis of the two metabolites, 
as well as the amounts of kynurenine utilized in other pathways e.g., in the synthesis 
of 3-hydroxykynurenine. The amounts of kynurenine utilized in the absence of these 
metal ions were more than that converted to both metabolites (Table 1). The differ- 
ence may reflect hydroxylation to 3-hydroxykynurenine or the further metabolism 
of either of the products. However, the amounts of kynurenine utilized were almost 
equivalent to that converted to both metabolites, kynurenic acid and anthranilic acid 
in the presence of these metal ions (Table 1). The latter finding may be taken as an 
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indication that the conversion of kynurenine to other metabolites e.g., 3-hydroxy- 
kynurenine, may be inhibited due to either the presence of these metal ions, or the 
presence of insufficient quantities of reduced tr iphosphopyridine nucleotide 
(NADPH)  required for the conversion of kynurenine to 3-hydroxykynurenine 
through kynurenine hydroxylase in the homogenate;  N A D P H  was not added to the 
incubation medium. This finding requires further investigation especially since the 
metal requirement for this enzyme is not known. 23 

D I S C U S S I O N  

It is evident from the present study that increasing concentrat ions of Zn 2 + (Table 
1A) inhibit the vitamin B~-dependent enzyme kynurenine hydrolase which is respon- 
sible for the conversion of kynurenine to anthranilic acid, whereas Mn 2 + activates 
this enzyme (Table 1B). Our previous studies have shown that the same enzyme sys- 
tem could be inhibited by increasing concentrations of  Pb 2+ in the incubation 
medium. 19 On the other hand, Zn 2+ or Mn 2+ activates the B~,-dependent enzyme 
kynurenine aminotransferase which is responsible for the conversion of kynurenine 
to kynurenic acid (Table 1A and 1B). However, Co 2+ (Table 1C) and Cu 2+ (Table 
1D) inhibit both enzymes. Cu 2 + has a more pronounced inhibitory effect than Co 2 + 
at equimolar concentrations (7.8 x 10 -3 M) (expt. 5, Table 1C and 1D). 

The present results are in accordance with the results of some studies carried out 
on the effect of these metal ions on kynurenine hydrolase. Saran 24 showed that N e u r -  

o spora  kynurenine hydrolase is inhibited by Zn 2+ and Co 2+ and various other 
metal salts at 10- s M, but is activated by Mn 2 +. The in vivo studies of Matsumura  
et  al. 25 showed also an inhibitory effect of Co 2+, Cu 2+ or Zn 2+ on the enzyme acti- 
vity when these metals were injected intramuscularly. Wiss and Weber 11 found no 
activation effects on a 150-fold purified enzyme from guinea-pig liver in the presence 
of either Co 2 +, Zn 2 + or Mn 2 + in the incubation medium. However, Hagino found 
that various di- and mono-valent  cations had no effect on the purified enzyme from 
rat liver. 15 

The finding that both  Co 2 + and Cu 2 + inhibit, whereas, Zn 2 + and Mn 2 + activate 
the kynurenine aminotransferase enzyme system, coincides with that of Ogasawara  26 
who found that a 200-fold purified kynurenine aminotransferase was inhibited by 
Co 2 +, Hg 2 +, Sn 2 + or Ni 2 + at 10- 3 M. Moreover,  the in v i t ro  studies of Matsumura  
et  al. 2 s revealed that Zn 2 + (10- 2 M to 10- 4 M) activated kynurenine aminotransfer-  
ase, but, no effect was found in vivo. Shibata et  al. 27 found that when ZnSO4 was 
administered to rats the activity of kynurenine aminotransferase was not changed, 
whereas kynurenine hydrolase was inhibited. This latter finding coincides with that 
found in the present study concerning Zn 2+, although Mason demonstrated no 
metal effect on kynurenine aminotransferase. 2s 

Such reports  of partial activation of enzymes in impure preparat ions must be inter- 
preted with caution, since many unexpected reactions can occur. For  example, a 
metal might act as a protective agent by complexing with an inhibitory compound,  
or it might activate another enzyme whose activity would benefit the system under 
study. Zn 2 + and other divalent ions activate pyridoxal kinase 29 and it is conceivable 
that under some experimental conditions this could lead to apparent  metal acti- 
vation of a pyridoxal phosphate requiring enzyme. 
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A direct comparison of results is not possible since experimental conditions differ. 
In some studies the activity of kynurenine hydrolase 11'15,24 and kynurenine amino- 
transferase 26'2s at different degrees of purity was assayed. Moreover, different tech- 
niques were used to study the in vivo effects of metal ions on both kynurenine hydro- 
lase and kynurenine aminotransferase enzyme systems e.g., administration of metal 
ions either orally or by injection and in vitro by the addition of metal ions to the 
medium. The sources of kynurenine hydrolase and kynurenine aminotransferase in 
the in vitro studies also differ e.g., from Neurospora, guinea pig liver and rat liver, 
and different animal species were used for the in vivo studies. Different sensitivities 
of pyridoxal phosphate-requiring enzymes have been reported in various species. 1 
Nevertheless there does not seem to be an effective means of determining to what 
degree these B6-dependent enzymes are saturated with the coenzyme in the tissues 
(in vivo techniques3°). Under certain conditions, these values decline rapidly follow- 
ing homogenization. 3 ~ Rosen has raised the possibility that in vitro the B6-dependent 
enzymes may undergo a conformational change that allows for greater binding of 
pyridoxal phosphate, and thus increases enzyme activity in the in vitro assay sys- 
tem. 32 It seems, therefore, that the per cent saturation 3° cannot be taken as an accur- 
ate representation of in vivo binding. 

The amounts ofkynurenine utilized, in the absence of these metal ions, were more 
than those Converted to both metabolites. The difference might reflect hydroxylation 
of kynurenine to 3-hydroxykynurenine or the further metabolism of either of the pro- 
ducts. However, there is evidence that the conversion of kynurenine to other metabo- 
lites viz., 3-hydroxykynurenine, may be inhibited in the presence of increasing con- 
centrations of Zn 2+ (Table 1A), Co 2+ (Table 1C), Cu 2+ (Table 1D) or Mn 2+ (Table 
1B), since the amounts of kynurenine utilized were equal to those convered to both 
metabolites (kynurenic acid and anthranilic acid). It seems, therefore, that increasing 
concentrations of Zn 2 +, Co 2 +, Cu 2 + or Mn 2 + further inhibit the vitamin B6-inde- 
pendent enzyme kynurenine hydroxylase, which is responsible for the conversion of 
kynurenine to 3-hydroxykynurenine. No specific inhibitors of kynurenine hydroxy- 
lase are known, but being an FAD-containing enzyme, it might be inhibited by any- 
thing that would inhibit any flavoprotein enzyme such as Cu 2+, Ag + and others. 23 
Further investigations are urgently needed to investigate the possible role of these 
metal ions on the other vitamin B6-independent enzymatic reactions along the 
kynurenine pathway. 

Of particular interest is the finding, in the present and in our previous work, 19 that 
Zn z+ or Pb 2+ are two metal ions which inhibit only the kynurenine hydrolase 
enzyme. Pb 2 + and Zn 2 + are known sulphydryl inhibitors. 19,33-36 Therefore, the in- 
hibition induced by Zn 2 + or Pb 2 + may be brought about  by inactivation of the -SH 
groups of kynurenine hydrolase. The finding that Zn 2 + or Pb 2 + does not inhibit 
kynurenine aminotransferase may be attributed to the inadequate sequence of the 
-SH groups of this enzyme for their action. It was previously reported that kynur- 
enine hydrolase contains functional -SH groups. 24 It seems that Pb 2 + has a higher 
affinity than Zn:  + for the -SH groups of kynurenine hydrolase, since the percentage 
inhibition of anthranilic acid production in the presence of Pb 2 + (73~o) 19 was found 
to be higher than that induced by Zn 2 + (51~o, Table 1A) on the same enzyme system. 

The -SH groups of enzyme protein have a natural chelating ability for arsenic, zinc, 
copper, cobalt and lead. 19'33-38 However, since it is known that kynurenine hydro- 
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lase contains  functional -SH groups,  24 the inhibi tory effect of  Zn  2 +, C o  2 +, C u  2 + or 
Pb z + on kynurenine hydrolase may  be b rough t  abou t  by blocking and  inactivating 
the -SH groups  of  the enzyme. The finding that  Co  2 + or  Cu z + inhibits bo th  kynur-  
enine hydrolase and kynurenine aminotransferase  (Table 1C and 1D) may  be cau- 
tiously a t t r ibuted to the adequate  sequency of  the -SH groups  on both  enzyme sys- 
tems for Co 2 + or  Cu 2 + action. This is in cont ras t  to the inadequate  sequence o f  the 
-SH groups  on kynurenine aminotransferase  for Zn  2 + or  Pb  2 + action. However ,  this 
interpretat ion requires further investigation using another  sulphydryl  inhibitor  e.g., 
p-chloromercur ibenzoate .  It  may  be that  active sites other  than the -SH groups,  are 
functioning in the case of  kynurenine aminotransferase  e.g., carboxyl  or amino 
groups, since these metal ions are k n o w n  to have different affinities for these 
groups. 39 

The decreasing order  by which the metal ions tested in these and previous  exper- 
iments t° inhibit kynurenine hydrolase is in the following order, Cu 2 + (100~o) > Pb  2 + 
(73~o)> Co 2+ (60~o)> Zn 2+ (51~), and  the decreasing order  by which these metal 
ions inhibit  kynurenine aminotransferase  is Cu 2 + (80~o)> Co 2 + (51~o). However ,  
Mn  2+ activates bo th  enzyme systems, whereas Zn z+ or  Pb  2 + activates only kynur-  
enine aminotransferase.  The decreasing order  o f  the per cent act ivat ion is M n  2 + 
(39~o) > Pb  2 + (34~o)> Zn  2 + (24~). It  seems that  the decreasing order, either of  inhi- 
bition or  activation, falls into a more  reasonable  order  approximat ing  the order  of  
the complex stability of  these metal ions i.e., Cu 2 + > Ni 2 + > Co  2 + > Pb  2 + > M n  2 + > 
Ca 2 + > M g  2+. The posi t ion of  zinc in the latter series varies, but  it always forms less 
stable complexes than copper.13'14 O n  the other  hand  Zn  2 +, M n  2 +, Co 2 + and  Cu 2 + 
inhibit the B~- independent  enzyme kynurenine  hydroxylase.  Pb 2 ÷ has no inhibitory 
effect on  this enzyme.19 

Schwarz and  Mertz  4° reported that  it is necessary to supply the metal ion in a 
complex of  intermediate stability since very stable complexes are inactive. It is also 
reported that only those metal ions which can make  and  break bonds  rapidly (the 
very labile ones) will enhance the react ion rate. 4~ Thus, compar ing  the act ivat ion per 
cent o f  kynurenine aminotransferase in the presence of  equimolar  concent ra t ions  
(7.8 × 10 -3 M ) o f Z n  2+ or Mn  2+, it could be concluded that  the act ivat ion per cent 
is decreased in the order  M n  2 + (39~o)> Zn 2 + (24~o) (Table 1B and  Table 1A), which 
falls into a more  reasonable order  approx imat ing  the order  of  their complex  stabi- 
lity.13, a'* 

The exact explanat ion of  metal toxicity effects on t ryp tophan  metabol ism may  be, 
therefore, a direct result of  metal ion imbalance.  Decreased enzyme activity may  result 
directly f rom inhibition by some metal ions th rough  the format ion  of  a s t rong stable 
inactive Shifts base complex of  vi tamin B~,. 

REFERENCES 
1. P. HOLTZ and D. PALM, Pharmac. Rer. 16, ll3 (1964). 
2. J. M. PI~I('~. R. R. BROWN and N. Yliss, in A&~ances #1 Metabolic Disorders (Eds. R. LEVlNIi and R. 

LUFT) Vol. 2, p. 159. Academic Press, New York (1965). 
3. R. R. BROWN, N. YESS, J. M. PRICE, H. LINKSWILER, P. SWAN and L. V. HANKES, J. Nutr. 87, 419 

(1965). 
4. H. LINKSWILI!R, Am. J. clin. Nutr. 20, 547 (1967). 
5. J. KELSAV, L. T, MILLER and H. LINKSWILER, J. Nutr. 971 27 (1968). 
6. D. E. METZLER, M. IKAWA and E. E. SNELL, J. Am. chem. Soc. 76, 648 (1954). 
7. J. BADDILEY, Nature, Lond. 170, 711 (1952). 



Studies with tryptophan metabolites in vitro 2565 

8. D. E. METZLER and E. E. SNELL, J. biol. Chem. 198, 353 (1952). 
9. D. E. METZLER, Fedn Proc. 20 (10), 234 (1961). 

10. C. E. DALGLIESH, W. E. KNOX and A. NEUBERGER, Nature, Lond. 162, 20 (1951). 
l l .  O. WIss and F. WEBER, Z. Physiol. Chem. 304, 232 (1956). 
12. W. B. JAKOBY and D. M. BONNER, J. biol. Chem. 205, 699 (1953). 
13. H. IRVING and R. J. P. WILLIAMS, J. chem. Soc. 1953, 3195 (1953). 
14. G. L. EICHORN, Fedn. Proc. 20 (10), 40 (1961). 
15. Y. HAGINO, Nagoya J. Med. Sci. 26 (4), 221 (1964); Chem. Abstr. 61, 10933 (1964). 
16. M. S. AMER, M. H. ABDEL-DAIM and G. A. ABDEL-TAWAB, Biochem. Pharmac. 16, 1227 0967). 
17. M. S. A MER, M. H. ABDEL-DAIM and G. A. ABDEL-TAWAB, Biochem. Pharmae. 18, 821 (1969). 
18. F. S. KELADA, G. A. A BDEL-TAWAB, M. H. MOUSTAFA and A. A. KONBAR, Metabolism 21, 1105 0972). 
19. S. M. EL-SEWEDY, G. A. ABDEL-TAWAB, M. H. ABDEL-DAIM and M. F. EL-SAwY, Biochem. Pharmac. 

21,379 (1972). 
20. A. A. SAAD, G. A. ABDEL-TAWAB, M. H. MOSTAEA and G. E. MOURSI, Biochem. Pharmac. 23, 999 

(1974). 
21. I. L. MILLER, M. TAUCHIDA and E. A. ADELBERG, J. biol. Chem. 203, 205 (1953). 
22. M. MASON and C. P. BERG, J. biol. Chem. 195, 515 (1952). 
23. O. HAYAISHI, Am. J. clin. Nutr. 24, 805 (1971). 
24. A. SARAN, Biochem. J. 70, 182 (1958). 
25. Y. MATSUMURA, Y. SHIBATA, T. MIMURA, Y. IZAWA and H. ITO, Wakayama Igaku 13, 83 (1962); Chem. 

Abstr. 61, 2276 g (1964). 
26. N. OGASAWARA, Y. HAGINO and Y. KOTAKE, J. biol. Chem. 52, 162 (1962). 
27. Y. SHIBATA, H. ITO, T. TSUZI and R. FUKADA, Wakayama Igaku 14, 253 0965); Chem. Abstr. 62, 16849 

b (1965). 
28. M. MASON, J. biol. Chem. 234, 2770 (1959). 
29. D. B. MCCORMICK, B. M. GUIRARD and E. E. SNELL, Proc. Soc. Expt. Biol. (N.Y.), 104, 554 (1961). 
30. M. MASON and B. MANNING, Am. J. clin. Nutr. 24, 786 (1971). 
31. M. MASON, J. FORD and H. L. C. Wu, Ann. N.Y. Acad. Sci. 166 (1), 177 (1969). 
32. F. ROSEN, Am. J. clin. Nutr. 24, 790 (1971). 
33. H. A. PETERS. Fedn Proc. 20 (10), 227 (1961). 
34. H. C. LICHTMAN and F. FELDMAN, J. Clin. Invest. 42, 830 (1963). 
35. I. PREROVSKA and J. TEISINGER, Br. J. Ind. Med. 27, 352 (1970). 
36. N. C. Lt and R. A. MANNING, J. Am. chem. Soc. 77, 5225 (1955). 
37. R. C. NEVILLE, J. Am. chem. Soc. 79, 518 (1957). 
38. M. RILEY and A. L. LEHNINGER, J. biol. Chem. 239, 2083 (1964). 
39. F. R. N. GURED and P. E. WILCOX, Advan. Protein Chem. 11,311 (1956). 
40. K. SCHWARZ and W. MERTZ, Fedn Proc. 20 (10), 111 (1961). 
41. V. R. WILLIAMS and J. SALBIN, J. biol. Chem. 239, 1635 (1964). 


