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B-The terminal step in the oxidation of anthmnilic acid to catechol by anthranilic acid oxidase system 
from Tecoma stuns, which ctmmrts ogminophenol to c&echo1 has been studied in detail. The reaction 
catalysesthe cower&m of one molecule of o-am&phenol to one molecule each of ammonia and catechol. 
Thepartiallyp~eaZymehasapHoptimumof6.2incitratbphosphatebufferandatemperatureoptimum 
of 45”. The metal kms, Mgs+, cd+ and Fe’+ were. inhibitory to the reaction. Metal chelating agents like 
8-hydroxyquinoline, o-phenanthroline, and diethyldithiocarbamate, caused a high degnx of inhibition. 
A sulfhydryl requirement for the reactkm was inferred fkom the inhibition of the reactkm byp-chloromercuri- 
benzoate and its reversal with GSH. Atebrin inhibition was rewrsed by addition of FAD to the reaction 
mixture. 

INTRODUCTION 

Ourt previous investigations on the anthranilic acid oxidase system of Tecoma stuns led to 
the resolution of this multienzyme system into three well-defined component enzymes.1~2 
The overall reaction catalysed by these component fractions is the oxidation of anthranilic 
acid to catechol via the intermediates 3-hydroxyanthranilic acid and o-aminophenol. After 
establishing the sequential events in the overall reaction, a detailed study was undertaken 
of the terminal step, i.e. the conversion of o-aminophenol to catechol, in order to obtain an 
insight into its mechanism. In this paper some of the properties of this reaction, with special 
reference to its stoichiometry, are presented. 

RESULTS 

Optimum Conditions for the Reaction 

The optimum pH for the reaction was determined by incubating the reaction mixture with 
citrate-phosphate buffer at various pH values ranging from 3.4 to 7.4 (Fig. 1). The optimum 
pH was 6.2. The effect of concentration of the substrate on the enzyme reaction showed that 
activity increased linearly up to a final concentration of 5 x lO+ M. Apparently high con- 
centrations of substrate did not have any inhibitory effect on the reaction (Table 1). The rate 
of the enzyme reaction increased with temperature up to 45”, and then decreased up to 70” 
where there was complete destruction of enzyme activity. 

Time Course and Stoichiometry 

In order to get a clue to the mechanism of the reaction, the rate of the reaction at different 
time intervals was determined. These studies showed (Table 2) that about 64 per cent of 

* C.S.I.R. scientists’ Pool O&xx. 
1 P. M. NAIR and C. S. VAIDYANATHAN, Phyfoclrenz. 3,235 (1964). 
2 P. M. NAIR and C. S. VAIDYANATIWN, P~yzock~. 3,513 (1964). 
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FlG.1. EFFECTOF pH ON T~ECONVER~IONOFO-AMINOPHENOLTOCATECHOLBY TeCOm7StaRS. 

Assay conditions were standard except for the use of 0.1 M citric acid42 WI disodium phosphate 
buffer of pH values between 3-4 and 7-4. 

TABLE 1. EFFECT OF O-AMINOPHENOL CONCEN- 
TRATION ON IT9 CONVERSION TO CAlECHOL BY 

Tecoma stans ENZYME 

Fmal concentration 
of o-aminophenol 

(M x 10 5) 
Catechol formed 

(pnole 1 

1-O 
2.5 

lZ.8 
25*0 
JO.0 

100.0 
200.0 
300.0 

0.019 
OG48 
0.098 
0.180 
0‘468 
0.917 
1.472 
1482 
1.480 

Standard conditions of assay were employed 
except above-mentioned concentrations of 
o-aminophenol were added to the reaction 
mixture. 

o-aminophenol was consumed in 15 min and after 30 min there was no further oxidation of 
o-aminophenol. At 30 min, there was no stoichiometry between the disappearance of 
~-~inophenol and the formation of catechol and ammonia. Beyond 30 min, however, 
although there was no further increase in the disappearance of substrate, there was appreciable 
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formation of the end products, viz. catechol and ammonia, and the rate of formation 
was linear with time up to 60 min. It is also big to note that at 60 min for every mole 
of o-aminophenol consumed there was concomitant formation of one mole each of ammonia 
and catechol. 

c?-Aminophenol 

gi$ 
co- NHs-formed Catechol formed 
G-W (wow (canok) 

g 
lG4.5 0.395 0401 

45 ::g 
0948 O-979 
1,598 l-578 

60 1640 1,638 1-635 

Thecnzymeusedillthese cxpeshmtswasSup1. ForNI&aud 
catwhol formation diieiremt reaction mixtures were used. 

Some metal ions like &Is+, Co2+ and ZnN showed a difkential inhibitory effect on the 
overall conversion of anthranilic acid to catechol*. Catechol formation was more susceptible 
to inhibition by these metal ions, as compared to the disappearance of anthranilic acid. The 
effect of these ions on the conversion of o-aminophenol to catechol showed that this reaction 
is highly susceptible to inhibition by them (Table 3). El-Hydroxyquinoline, o-phenanthroline, 

‘l-w 3. Emm OF D- SUBSTAN- ON CATECEIOL 
FORbfATTON FROM 0-m LUSINQANENZYMBSYS- 

‘mu PROM Tecoma stms 

Compound added” 
InhiMtion Activation 

(!U (“I 

Hocl2 
-4 
MsS04 
mm4 
co(NoJ)2 
F&O4 
WS0413 
8-Hydroxyqainoline 
o-tithroline 
DIECA 

2: 

PCMB+GSH (10-3 M) 
Atebrin 
Atebrin+FAD (10-3 h5) 
H&ll-oXyl&U&le 

21-O 

4E 

3:.(: 
0.0 

33.3 

E:: 
82-O 
15.0 
400 
64.0 

34-O 
95.0 

36-O 
0.0 

* The substances were added at a final concentration 
of5xlO-4M. 
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and diethyldithiocarbamate (DIECA) were also highly inhibitory to this reaction. p- 
Chloromercuribenzoate (PCMB) and Atebrin inhibited the reaction and these effects were 
reversed by addition of GSH and FAD respectively to the reaction mixture (Table 3). 

DISCUSSION 

The conversion of o-aminophenol to catechol has been shown to be the terminal step in 
the enzymic oxidation of anthranilic acid to catechol by cell-free extracts of Tecorm leaves.’ 
The results presented in this paper show that the properties of the enzyme catalysing this 
terminal step are different from those of the anthranilic oxidase system rcportcd earlier, 
which catalysed the overall oxidation of anthranilic acid to catechol. Hoivever. there is a 
close similarity between the properties of this enzyme and those of the isophenoxazinc 
synthase obtained from the same source2 Both the enzymes behave in an analogous manner 
to changes in the pH of the reaction and showed maximal activity at pH h-3. The optimum 
temperature for both these enzymes was 45 . 

A study ofthe rate of the reaction at different time intervals by assaying the disappearance 
of o-aminophenol and the formation of the products has helped to gain an insight into the 
possible mechanism of the reaction. The faster rate at which the substrato was consumed as 
compared to the rate of formation of the products, suggests the possibility of the existence of 
intermediate steps in the overall event. As in the case of isophcnovarine synthase which 
exhibits similar characteristics. it is probable that prior to the conversion to catechol. o- 
aminophenol might give rise to o-quinoneimine which on hydrolysis \vould yield o-benzo- 
quinone, the reduction of which would lead to the formation of catechol. The hydrolysis of 
o-quinoneimine appears to be the rate-limiting step in the overall reaction. This is supported 
by the fact that strict stoichiomctry between the disappearance of o-aminophenol and the 
formation of catechol and ammonia, was observed after prolonged Incubation (Table 2). 

From the foregoing it is quite probable that in the conversion of o-aminophenol to iso- 
phenoxazine as bell as in the formation of catechol from the same substrate. the primary step 
might be the formation of o-quinoneimine. So a comparison of the properties of the two 
enzymes, viz. isophenosazine synthase and the enzyme system catalysing the formation of 
catechol, is pertinent at this stage. Both the enzymes showed a remarkable similarity in their 
susceptibility to the action of various inhibitors. Atebrin at a concentration of 5 Y l(VJ M 
inhibited both the reactions to the same extent and this inhibition was reversed by the addition 

FIG. 2. THE TWODIFTERENTPATHWATSIN WHICHo-AMINOPHENOL CAN BEMETABDLIZEDIX Teconm 
StUW LEAVES. 

P. M. NAIR and C. S. VAIDYANATHAN, Blochim. Biophys. Actu 81,507 (1964). 



Anthranilic acid oxidase system of Tmm &m-HI 1321 

of FAD. Both the enzymes probably contain essential sulfhydryl groups as indicated by their 
inhibition by PCMB and the reversal of inhibition by GSH. Metal ions like H$+, Mga+ 
and Co2+ also inhibited these enzymes. 

However, these two enzymes showed a marked difference in the optimal substrate con- 
centration required by each (3 x 10B3 M in the case of isopheno~e synthase and lW3 M 
in the case of the enzyme catalysing the formation of catechol) and also in the effect of 
manganous ions. Mnzf which activated isophenoxaxine synthase had no effect on the enzyme 
catalysing the conversion of o-aminophenol to catechol. 

The available evidence suggests that in the Tecomu plant, o-aminophenol can be meta- 
bolized by two different routes as illustrated in Fig. 2. 

Preparation of the Enzyme 
EXPERIMENTAL 

Twelve grammes of mature Tecoma stans leaves were crushed in a mortar with 30 ml of 
cold distihed water. The extract was centrifuged at 12,000 g for 10 min. The clear super- 
natant obtained was adjusted to pH 3.0 with 12 N acetic acid (3.2 ml per 100 ml extract) 
and the precipitate formed removed by centrifugation at 12,009 g for 10 min. The residue 
was discarded. The supernatant was adjusted to pH 5-O with 3 N NaOH. This was designated 
as Sup I. 

To 30 ml of this supernatant 6-78 g of solid (NH&SO,+ were added. After 15 min, the 
precipitate formed was separated by intuition and discarded. To the su~~~nt an 
additional 4.59 g of solid (NH&SO4 were added. The mixture was held in the cold for 15 
min to allow complete precipitation. The precipitate was centrifuged out and dissolved in 
30 ml glass distilled water and used as the enzyme. The N& ions present in this enzyme 
extract did not have any effect on the reaction. 

All operations were carried out between 0-4O unless otherwise stated. 

Assay of the Enzyme Activity 

The enzyme assay was performed in a reaction mixture consisting of 0.5 ml of (100 
pmoles of phosphate and 50 pmoles of citrate) buffer, pH 6.2; 2 pmoles of o-aminophenol 
and 1 ml of enzyme in a final volume of 2 ml. The reaction mixture was incubated at 30’ 
for 45 min. The reaction was stopped by the addition of 05 ml of 30 % trichloroacetic acid 
and the volume was adjusted to 3 ml. After equation to remove the coagulated proteins, 
1 ml portion was taken for catechol determination by the method of Nair and Vaidyanathan4 
Suitable controls were included in all assays performed. 

o-Aminophenol disappearance was estimated using ~ethylaminobenzaldehyde 
according to the procedure described for arylamines by Venkataraman et aL5 Ammonia 
formation was determined using Conway ~cr~usion method.6 

4 P. M. Nm and C. S. V~Y~AW, Anal. IBochem. 7,315 (1964). 
5 A. hINKATAlUhfAN, P. R. VENICAmRAMAN and H. B. Lmws, J. Biol. Gem. 173,641(1948). 
6 E. J. C~WAY, Microdiffiion Analysis and Vohetric Error. La&wood, London (1947). 


