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INTRODUCTION 

IN ~PEE of the widespread B of phenol.& compounds in plants’ and their importance 
in metabolism, very little is known about the enzymes involved in the synthesis of these 
compounds. Stank and co-workers 2- 3 by using the technique of “sequential induction” 
(simultaneous adaptation) observed that in certain strains of PselMbm jhmm?ls 
adapted to tryptophan, c&echo1 is formed from autbranilic acid. There is no welldocu- 
mented evidence for the existence of this pathway in other organisms. As a part of a study of 
the bios~~s of polypbenoh and also with a view to elu~~ting the rn~~ of trypto- 
phan degradation in the plaut kingdom, the possibility that this reaction might occur in 
plants bas been investigated. 

Tryptophan and other related compounds, such as anthranilic acid, were therefore tested 
as possible precursors of catccbol, and a number of plant tissues were examined. It was found 
that wasbed ~oropl~t phlox fkom leaves of Tccfw2fz stmts readily converted anthrani- 
lie acid to catechol, The general properties of the chloroplast enxyme system cat&&g the 
overall reaction are presented in this communication, The plant enzyme system bears a close 
resemblance to that from Psetulomona reported by Starrier,** 3 in that it is highly labile and 
exhibits an obligatory req uirement for oxygen, There was pmcticahy no anthmnilic acid 
degradation when the reaction was carried out under anaerobic conditions. As the enzyme 
was completely inactivated by shaking for a short time at 30” in Warburg vessels, oxygen 
uptake studies could not be carried out. In all pro~b~~ the overall reaction is brought 
about by a multi-enxyme system, the cbemkal nature of the intermediates being not yet 

+ Present addrc~~: Atlantic Regkmal Laboratory, National Research Council, Halilk. Nova Scotia, 

1 A. c Nm.m& Amt. Rev. calf. 11,s (196% 
2 R. Y. STANIER and 0. E~AY.M?I, .F. Baer. 62,367 (1951). 
3 R. Y. sr4wlm and 0. HAYAls?n, .r. Bacf. 62,690 (1951). 
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known. It has kmn suggested that saIicylic acid might be an intermediate in the formation of 
catechol from bcnzoic acid in P. cmvexa. var. h@~,4al&ough, simul~us adaptation 
stdia by $&an&r and co-workers s* 6 with related organ&s would seem to contradict this 
view. In~~~~c~o~~t system, how~~,~~e~d~~~l~y~~~ 
would Wd to rule out its role as an ~~a~. One of the important points of di&rence 
between the prc%ent system and that from Fset.&no~ is that tryptophan does not seem to 

be a pmcursor of anthranilic acid. Whereas in Psardomonas, the ant&~& acid oxidizing 
system was induced by adapting the organism to tryptophan, in Tecomu kms it would 
appear that the enzyme system is constitutivc in nature and may have an important m 
in the normal metabolism of the plant. 

Tlie Eflzct of pH on the Enzyme Reaction 

~e~~ofp~s~~3.4~8~0~~ ~~c~do~~on byway 
plasts from the leaves of Teco~ s&m is sham in Fig. 1, A single peak at 5-2 was obtained 
when citrate @l MC) phosphate (O-2 M) bu&r was used. On the alkaline side the activity 

4 MAYA, G. BHAT, T. ltuwamm~~ and 3. V. &EAT, Chad. J. ?&rob&a!. 5,109 (lsIs9). 
J R. Y. STANIEU, J. kc& !B, 477 (1948). 
6 B. P. S- and R. Y. !WNIER, J. Bacr. S, 117 (1948). 
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drops rapidly and at pH 74 it is less than 10 per cent of the maximum. The optimum pH 5.2 
forthe~~~~~systMnis~k~~~tfromthst ~~~f~~~~ 
~~~,~pH7*5. The~of~tbufftrsattheoptimumpH5~2isshown 
in Table 1 and it is noteworthy that the activity was about 30 per at bigher in the presence 
of citra~phosphatebuffizr tbanwhen other bu$erswcrc usexl. Citrate-phosphate buffer was 
ro&inely used in subsequent experiments. 

IiltMcelkJat Distribution of ths E?lzyms 

The leaf homogenates of Teco~pa stmra were subjected to clifbmntial catrifugation, as 
described llndex Exlxhmaa and each of the ftins (chloroplas~ mitochond& super- 
natant) was assayed Par antbraniIic acid oxidase activity. All the measurable activity was 

concentmted in the alit &action. The ~~0~ and alit f~0~ 
contained a powcrfid phenolase so only antbran@ acid ‘disappearance was mewurcd in 
their case. 
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Thestoicbiometryofthereactionwasnextinvestigated. FromtheresultsgiveninTable2, 
it will be dear that anthramlk acid was consumed with concomitant formation of equimolar 
amounta of catechol and ammonia. Essentially no enzymatic degradation of catechol in the 
presence of Tecoma chloroplasts was observed. As the enzyme was completely inactivated 
within twenty minutes, experiments could not be continued beyond this period. 

Cefmtor Jkquirements 

The effect of probable cofactors like kin adenine dinucleotide (FAD), ascorbic acid, 
and reduced nicoee a&nine dinudeotide phosphate (NADPH) was studied. Of the 
cofactors studied, NADPH alone showed stimulation of catechol formation. The results are 
given in Table 3. Stimulation of enzyme activity by NADPH is also of interest and has been 

catacbol 
pH0ftl-S fomlcd 
n?actioll Addition* (runole) 

52 CX.Ultrol 
FAD :z 
Ascmbicacid 0263 

6-2 Colltrol 0.072 
NADpt 0272 

+F’ADandascorbicacid(,uM)wcreaddedto 

conum O-2 ml NtiP (O-1 /mole), O-1 ml ghmse- 
6-phosphate(2-5~)andOO4mlofglucow 
6Mmmhata dehydroeenase. The DH of the le- 
aiiionwas~to6~2tow~~theuuymatic 
reducth of NADP. 

Thereacdonwasuuriedoutasdescribedunder 
Table 1. 

observed in various hydroxylation reaction .‘-lo For instance NADPH has been qorted to 
activate the non-specific hydroxylation tiysed by liver micro~omes.~ Other examples of 
NADPH requiring systems are the enzymatic hydroxylations of phenyklanine to tyrosine* 
and the conversion of kynurenhte to 3hydroxy kynurenine by rat liver mitochondrk9 
Saito et crl.ll wen able to solubilixe kynurenine hydroxylase and also achieved a partial 
purikation of the enzyme, so that the reaction occurred with stoichiometric utilixation of 
NADPH and oxygen. FAD did not exert any activating effect on the anthranilic acid 
oxidase system. However, the participation of Flavin co-enxymes in the reaction is indicated 
by the inhibition caused by atabrine. 

‘C.lvfrrom,H.S.-,H.C.REnZandS.U 
8 s. KA 

D~JNPRIBND, Arch. Biochem. Btophys. 61,431(19X%). 
UPMAN, Biochim. Biophys. Acta 23,445 (1957). 

gP.T.DM%mo,J.M.PnmaudR.R.-,J.Anm.C%em.Soc.7S,29O4(1956). 
l”L.~~~R.V~ WrERBN, Ann. Rev. Biochm. 28,527 0959). 
“Y.Smo,O.H~ymmandS. R~HBERG, J. Bid. Chem. 229,921(1957). 
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E$ect of Substrate Concentration 

The effect of anthranilic acid concentration on the rate of the reaction showed that under 
theconditionsusedtmeoptimumsubstrateconcentrationwasfoundtobe10-4M. Therewasa 
marked drop in activity at higher substrate concentrations and no activity could be detected 
at5x10-3M. 

E&ct of Metal Ions 

The effect of di&rent metal ions on the reaction was investigated, and of those tested 
Znr+, Mgs and Cow ions were found to give 68,80, and 90 per cent inhibition respectively 
at 5 x l(r M, He, M& and Fe% had no effect at this concentration. 

Eflect of Inhibitors 

The enzymatic formation of catechol from anthmnihc acid with the standard system was 
completely inhibited by low concentration of p-chloromenuuic benxoate (5x10-4 M) 
suggesting the importance of intact sulfhydryl groups. The enxyme was also completely 
inhibited by equivalent concentrations of atabrine, hydroxylamine, cyanide, and ethylene- 
diamiaetetracetate @DTA), and almost completely by sulphamlamide and pyrophosphate. 
p-Amino benxoic acid gave 43 per cent inhibition at this concentration. The involvement of 
metal ions could be inferred from the marked inhibition caused by EDTA, pyrophosphate 
and cyanide. However, the complete absence of inhibition by axide, Ghydroxy quinoline 
and O-phenanthroline is somewhat puzzling. It is possible that permeability factors might be 
responsible for this anomalous result. The fact that the enxyme system is also not inhibited 
by diethyldithiocarbamate would indicate that copper enxymes are not involved, and would 
tend to rule out the possibility of participation of phenolase complex of enxymes in this 
aromatic hydroxylation reaction. The striking inhibition of the oxidation of anthranihc 
acid by structural analogues, viz. p-aminobenxoic acid and sulfanilamide might in all prob- 
ability be due to competition for the active centres of the enxyme molecule. 

Isoldoil of chloroplasts 

EXPERIMENTAL 

All the operations described were carried out in the cold (O-5”). Fresh, mature leaves 
(12g)weretaken,thebladesdetachedfrom~~andgroundwith~-~sandand 
O-35 M saline (20 ml). The ground mass was squeexed through a double layer of cB 
and centrifuged for 1 min at 5Og to remove whole cells and cell debris. The supematant was 
thencentrifugedfor5minat1OOOg. 

The residue was resuspended in half the original volume of O-35 M saline and centrifuged 
for 1 min at 5Og to remove clumped chloropbts. Microscopic examination of the super- 
natant suspension showed it to consist mainly of whole chloroplast. This fraction was washed 
threetimeswith20mlofsalinaand~ythec~o~~~weretakeainlOm10.35M~. 

The supematant obtained after centrifugation for 5 min at 1OOOg (Sr) was centrifuged at 
20,OOOg for 20 min to remove the mitochondrial fraction The supematant (Sd from above 
contained microsomes and was used as the “soluble fraction”. The residual pellet which 
contained mitochondria was resuspended in 10 ml O-35 M saline medium and designated as 
the mitochondrial fraction. 
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Assay Methodfor the Anthradic Acid Oxiabse System 

The enzyme assays were conducted in test tubes conWkg O-5 ml of citrate (0.1 M) 
phosphate (O-2 +I) buffer pH 5.2,0-4 pmole of anthranik acid and 1 ml enzyme preparation 
in a total volume of 2 ml. Controls without enxyme and without substrate were run. The tubes 
were incubated for 15 min at 30”. 

For estimation of anthranilic acid the reaction was stopped by the addition of 05 ml 30 % 
trichloroacetic acid. The volume was adjusted to 3 ml, the mixture filtered and O-5 ml of the 
f&ate was taken for anthranilic acid estimation by the calorimetric method of Venkataraman 
et al.12 

The mtechol formed in the reaction mixture was estimated by the calorimetric method 
developed by the authors. I3 After incubation, the reaction was stopped by the addition of O-5 
ml formaldehyde (3741%) in order to destroy the residual anthranihc acid; 5 min later, 
O-5 ml 30 % trichloroacetic acid was added. The mixture was filtered and to a 1 ml aliquot of 
the filtrate was added 1 ml of sodium tungstate (10 % w/v), O-5 ml O-5 N HCI and 1 ml sodium 
nitrite in that order. After 5 min 2 ml of O-5 N NaOH was added and red colour produced 
measured after 15 min. 

The ammonia formed from anthranilic acid as a result of enxymatic oxidation was deter- 
minedbyaeratingthereactionmixtureinthepresence of 10 % sodium hydroxide and trapping 
the ammonia formed in Nessler’a reagent.14 

Isolation of the Proabct of Enqmatic Oxidation of An&ran& Acid 

To 25 ml solution containing 10 mg of anthranilic acid, 25 ml citrate phosphate buffer 
(PH 5.2), and 50 ml chloroplast suspension obtained from the leaves of Tecoma dam were 
added. After incubating for 15 min, the pH was adjusted to 2-O with dilute H#04 and the 
precipitate formed was removed by centrifiition. The supematant was cooled and ex- 
tracted twice with equal volumes of peroxide free ether. The ether extracts were pooled and 
washed with 10% Na&Os solution until they no longer fluoresced. The ether extract was 
concentrated to dryness in WZCUC.I. The residue was taken up in 10 ml water. To this solution 
was added 3 ml 20% lead acetate solution. The white precipitate formed was removed by 
centrifugation, washed several times with water and finally suspended in 10 ml water. The 
lead complex was decomposed with H2S and the mixture filtered and the filtrate extracted 
twice with equal volumes of peroxide free ether. The ether layer was evaporated to dryness 
in WCUO. The residue thus obtained was dissolved in minimum amount of hot benzene. On 
cooling, crystals were obtained, which had a melting point of 103”, undepressed after mixing 
with the authentic sample of pyrocatechol. Paper chromatography in three different solvent 
systems, (Toluene : acetic acid : water, 4: 1: 5 ; Ethanol: ammonium hydroxide, (sp. gr. 
OMl):water, 18:1:1;Chloroform:methanol:formicacid:water, lO:l:O-O4:096)gavesame 
Rf value for pyrocatechol and isolated product. 

12 A. VBNKATARAMAN, P. R. VWKATARAMAN and H. B. LSWJS, J. BioJ. Ch. 173,641(1948). 
‘3 P. M. NMR and C. S. VAIDYANATIUN, Anal. Mxhm. (in press). 
1’ 0. FIXIN and C. J. FARMER, J. Bbf. Chem. 11, N3 (1912). 


