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Indole and its derivatives form a class of toxic recalcitrant environmental pollutants. The growth of
Aspergillus niger was inhibited by very low concentrations (0.005 to 0.02%) of indole, even when 125- to
500-fold excess glucose was present in the medium. When 0.02% indole was added, the fungus showed a lag
phase for about 30 h and the uptake of glucose was inhibited. Indole was metabolized by a new pathway via
indoxyl (3-hydroxyindole), N-formylanthranilic acid, anthranilic acid, 2,3-dihydroxybenzoic acid, and cate-
chol, which was further degraded by an ortho cleavage. The enzymes N-formylanthranilate deformylase,
anthranilate hydroxylase, 2,3-dihydroxybenzoate decarboxylase, and catechol dioxygenase were induced by
indole as early as after 5 h of growth, and their activities were demonstrated in a cell-free system.

Indole, which has a pleasant odor at low concentrations, is
used in the production of cosmetics and perfumes and as
flavoring agents for ice cream. Indole and its derivatives
form a class of toxic recalcitrant N-heterocyclic compounds
which are now considered pollutants, since they are released
into the environment through cigarette smoke (17, 20, 22),
coal-tar (39), and sewage (39). They are also found in many
plants which are used as food (see references 1 and 39 and
references cited therein). Although the observed level of
indoles in general is too low to cause immediate toxicity to
living systems, in cattle and goats they were reported to
cause acute pulmonary edema, emphysema, lung diseases
(6), hemoglobinuria, and hemolysis (21). Voacristine, a
medicinally important indole alkaloid, showed cytotoxic
properties in yeasts (34). The levels of indole and skatole
(3-methylindole) were used as metabolic markers to screen
for the incidence of bowel cancer in humans (26). Indole
markedly increased the levels of dimethylnitrosamine de-
methylase (2, 35) and arylhydrocarbon hydroxylase in both
rats and hamsters (16). It was suggested that indole is
different from the well-studied inducers and might represent
a new class of cytochrome P-450 inducer (35). Plant tissues
exposed to indole showed low pigmentation, presumably
due to the inhibition of anthraquinone biosynthesis (14).
Many of the indole derivatives have been shown to be toxic
and mutagenic, some of the methyl derivatives being as
potent as benzo(a)pyrene in causing mutation (39). The
natural occurrence of indoles and their mutagenicity have
been studied extensively (39, 44).

King et al. (27) reported that in rats indole is detoxified via
isatin, N-formylanthranilate, and anthranilate, which are
excreted as sulfate and glucuronide derivatives. They also
proposed a secondary pathway involving oxindole (2-hy-
droxyindole) and ortho-aminophenylacetate as intermedi-
ates. Studies from this laboratory showed that plants contain
many indole compounds (see reference 30 and references
cited therein). In Jasminum grandiflorum, indole was me-
tabolized by indole oxygenase to give anthranilate (11);
whereas, in Tecoma stans it was converted to either anthra-
nil (37) or anthranilate (29). The anthranilate thus produced
is further metabolized through 3-hydroxyanthranilate and
ortho-aminophenol (38). In a tapwater bacterium, Sakamoto
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et al. (40) proposed a pathway via indoxyl (3-hydroxyin-
dole), 2,3-dihydroxyindole, isatin, anthranilate, and salicy-
late, while in another bacterium, a direct formation of
dihydroxyindole and further degradation involving N-car-
boxyanthranilate were suggested (18). A different pathway
was observed in Alcaligenes species, in which isatin and
gentisate were the intermediates (8). In anaerobic and deni-
trifying bacterial consortia, indole was degraded via oxin-
dole (3, 32, 33). The pathways observed in microbes differed
from each other, highlighting the diverse mechanisms which
operate to degrade the same compound. Though fungi are
equally efficient in detoxifying xenobiotics, so far the fate of
indole in fungi has not been studied. In this study we
delineate a new pathway for the degradation of indole in a
versatile soil fungus, Aspergillus niger. We have identified
all the intermediates and demonstrated many inducible en-
zyme activities in a cell-free system (A. V. Kamath, Ph.D.
thesis, Indian Institute of Science, Bangalore, India).

MATERIALS AND METHODS

Materials. Indole, anthranilate, NADPH (reduced form),
NADP™, glucose 6-phosphate, and glucose 6-phosphate de-
hydrogenase were purchased from Sigma Chemical Co., St.
Louis, Mo. 2,3-Dihydroxybenzoic acid (DHBA) was from
Koch Light Laboratories, Poole, United Kingdom. Gibb’s
reagent (2,6-dichloroquinonechloroimide) was procured
from Aldrich Chemical Co., Milwaukee, Wis. N-Formylan-
thranilate was a gift from Prema Kumar of the Organic
Chemistry Department, Indian Institute of Science. All other
chemicals used were of analytical grade available locally.

Organism and growth conditions. A. niger, which was
maintained in our laboratory (25), was used in the present
study. It was grown on Byrde’s synthetic medium (5) with
the following modifications: glucose, 2.5%, and KNOs,
0.25% [pH 5.5]. Indole was dissolved in a minimum amount
of ethanol and added to the autoclaved medium. The me-
dium (200 ml in 500-ml Erlenmeyer flasks) was inoculated
with a heavy suspension of spores, and the fungus was
grown by shaking (160 rpm) at room temperature (28°C). The
growth curve of A. niger was measured by estimating the dry
weight of the fungus. At various time points of growth, the
mycelia were harvested from a set of flasks by using a
Buchner funnel; they were washed with distilled water, and
excess water was squeezed out by using folds of Whatman
no. 3 filter paper. The mycelia were dried at 100°C for 6 to 8
h to determine the weight. For preparation of the crude
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extract, the mats were washed and used directly or stored at
—20°C until use.

Isolation and identification of the metabolites. A. niger was
grown in the medium described above, supplemented with
0.02% indole, for 45 h. The spent medium (4 liters) was
separated from the mycelia and acidified to pH 2 to 3 with 1
N HCI, and the aromatic intermediates were extracted twice
with peroxide-free diethyl ether. The ether layers were
pooled, separated into neutral and acidic fractions, and
processed as described by Kishore et al. (28). The residues
were dissolved in ether and subjected to paper (Whatman
no. 1) and thin-layer (silica gel G) chromatography by using
the following solvent systems: A, isopropanol-ammonia-
water (8:1:1); B, formic acid-water (2:98); C, benzene-
ethylmethyl ketone-2% formic acid in water (90:20:20); and
D, benzene-acetic acid-water (10:7:3, organic phase). The
phenolic compounds were identified by spraying (i) diazo-
tized p-nitroaniline followed by 10% NaOH and (ii) FeCl,
reagent (28). The indole metabolites were identified by
spraying Ehrlich reagent (43) and Gibb’s reagent (0.05%
[vol/vol] 2,6-dichloroquinonechloroimide in ethanol fol-
lowed by aqueous saturated sodium bicarbonate [27]).

Estimation of anthranilate and DHBA during the growth.
A. niger was grown in the medium supplemented with 0.02%
indole. At various time periods, samples of the spent me-
dium (25 ml) were taken out for isolating the metabolites.
They were acidified and extracted into ether and evaporated
to dryness, and the residues were dissolved separately in 1
ml of ethanol. A known amount (50 pl) was quantitatively
applied to Whatman no. 1 filter paper and chromatographed
by using solvent system B. The metabolites were located by
using an UV lamp, and the spots corresponding to anthra-
nilate and DHBA were cut out and eluted into ether under
mild acidic conditions. The amounts of anthranilate and
DHBA were estimated by using the methods given below.
The standards (anthranilate and DHBA) were similarly
treated and used for estimating the recovery, which was
more than 90%.

UV and infrared spectroscopy. The metabolites were puri-
fied by preparative thin-layer chromatography on silica gel
G-coated glass plates (20 cm by 20 cm) with solvent systems
A and D and were further identified by their UV and infrared
(IR) spectroscopic characteristics. The UV spectra of the
intermediates were recorded on a Shimadzu UV 190 spec-
trophotometer. The IR spectra were taken in Nujoll-mull on
a Perkin-Elmer model 7 IR spectrophotometer.

Preparation of cell extracts and the assay of enzymes. All
operations were carried out at 0 to 4°C. The mycelia were
crushed in a chilled mortar with acid-washed glass powder.
The slurry was extracted with 50 mM sodium phosphate
buffer, pH 7.0, passed through double-layered cheesecloth,
and centrifuged at 27,000 X g for 20 min in a Sorvall RC 5B
centrifuge. The supernatant was designated as crude extract
and was used for demonstrating the enzyme activities.

All enzyme assays were carried out at room temperature
(28°C), and the activities were measured under standard
conditions (initial velocities, saturating conditions, etc.).

(i) N-formylanthranilate deformylase. This enzyme was
assayed spectrophotometrically by the method of Jakoby
(23) following the appearance of anthranilate. The sample
cuvette, in 1 ml, contained sodium phosphate buffer (100
wmol) [pH 7.5], N-formylanthranilate (20 pmol), and a
suitable amount of the enzyme. The reference cuvette con-
tained only buffer and enzyme. The enzyme activity was
measured by following the increase in optical density due to
the formation of anthranilate. An increase of 0.15 optical

ApPL. ENVIRON. MICROBIOL.

density at 330 nm corresponded to formation of 100 nmol of
anthranilate per ml (23).

(ii) Anthranilate hydroxylase. The reaction mixture (1 ml)
contained Tris hydrochloride buffer (50 wmol) (pH 8.0),
anthranilate (1.2 wmol), NADPH (1.2 wmol), and the en-
zyme. After incubating for 20 min, the reaction was termi-
nated by the addition of 0.2 ml of 1 N HCI. The mixture was
spun at 3,000 X g for 5 min, and the supernatant was
extracted with 2.5 ml of ethyl acetate. A 1-ml portion of this
organic phase was estimated for anthranilate by using Ehr-
lich reagent (43) by the procedure of Venkataraman et al.
(45). Whenever a relatively large amount of NADPH was
required, the reaction mixture was supplemented with the
NADPH-generating system consisting of NADP* (5 pmol),
glucose 6-phosphate (5 pmol), and glucose 6-phosphate
dehydrogenase (500 mU). The generating system was incu-
bated for S min in the buffer prior to the addition of reactants
(V. Subramanian, Ph.D. thesis, Indian Institute of Science,
Bangalore, India).

(iii) DHBA decarboxylase. This enzyme was assayed by
following the disappearance of DHBA as described earlier
(25). The assay mixture (1 ml) contained sodium acetate
buffer (50 wmol) (pH 5.2), DHBA (2 pmol), and the enzyme.
It was incubated for 15 min, and the reaction was terminated
by the addition of 1 ml of 15% trichloroacetic acid. The
precipitated protein was removed by centrifugation at 3,000
X g for S min, and the supernatant was diluted to 6 ml with
double-distilled water. The decrease in the optical density at
316 nm was measured (25).

(iv) Catechol dioxygenase. The reaction mixture (1 ml)
contained Tris hydrochloride buffer (50 wmol) (pH 7.5),
catechol (200 nmol), and the enzyme. After incubation for 10
min, the reaction was stopped by adding 0.1 ml of 50%
trichloroacetic acid and the precipitated protein was re-
moved by centrifugation at 3,000 X g for S min. The catechol
remaining was estimated by the method of Nair and Vaidy-
anathan (36).

Replacement studies. A. niger was grown for 40 h in 200 ml
of medium supplemented with 0.02% indole. The mycelial
felts were thoroughly washed with sterile double-distilled
water and distributed into a set of flasks, each containing 50
ml of basal medium (Byrde’s medium without glucose) and
0.1% of the metabolite of interest. The flasks were placed on
a rotory shaker for 6 to 8 h, and the products in the spent
media were identified by paper and thin-layer chromatogra-
phy by using the solvent systems given above.

Other methods. Indole was estimated by using 4-dimethyl-
aminobenzaldehyde reagent (43). For this, the spent medium
was extracted under mild alkaline conditions and estimation
was done as previously described (29). Anthranilate was
estimated by the procedure described for arylamine by
Venkataraman et al. (45), and DHBA was measured colori-
metrically by the method of Nair and Vaidyanathan for ortho
dihydroxy compounds (36). Glucose was estimated by the
method of Somogyi (41), and protein was measured by the
method of Lowry et al. (31), using bovine serum albumin as
the standard.

RESULTS

Effect of different concentrations of indole on growth. A.
niger was grown on modified Byrde’s medium supplemented
with different concentrations of indole (Fig. 1). The growth
curve of the fungus did not show a lag phase when the
medium contained only glucose; it reached the stationary
phase by 70 h. However, when a low amount of indole
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FIG. 1. Inhibition of the growth of A. niger by different concen-
trations of indole. The fungus was grown in the medium containing
glucose alone (O); glucose plus 0.005% indole (@); glucose plus
0.01% indole (A); and glucose plus 0.02% indole (A). The mycelia
were processed to obtain the dry weight as described in the text.

(0.005%) was present along with glucose, there was a lag in
the growth curve which became more pronounced when
indole concentration was increased to 0.01 and 0.02%. At
0.02% indole, the lag phase was observed until 30 h and by
the end of 80 h, the fungus grew only to an extent of 65%
compared with the control set (Fig. 1). These experiments
suggested that indole probably inhibited the growth, and the
fungus resumed growth when indole was slowly degraded.

Utilization of glucose and indole during the growth. When
A. niger was grown in the medium containing glucose alone
(the control set), a continuous utilization of glucose was
observed and by 60 h, there was a 90% depletion of glucose
(Fig. 2). This pattern of glucose uptake corresponded well
with its increase in growth. When indole was present along
with glucose, there was a decrease in glucose uptake in the
initial stages of growth. After about 26 h, both glucose
utilization and growth increased. A very small amount of
indole was degraded in the initial stages of growth, but 90%
of it had disappeared by 80 h.
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FIG. 2. Utilization of glucose and indole during the growth of A.
niger. The growth was measured as dry weight in the presence of
glucose alone (O) and glucose plus indole (@®). The amount of
glucose in the control set (OJ) and in the set supplemented with
indole (M) were measured; A represents the amount of indole in the
experimental set. The methods used are given in the text.
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TABLE 1. R, values of the authentic compounds and metabolites
isolated from the spent medium of A. niger

Solvent systems used”

Compound A B C D

@ () @ () @ () @ )

N-Formylanthranilate 0.55 0.55 0.66 0.65 0.32 0.31

Anthranilate 0.44 0.44 0.80 0.79 0.56 0.56 0.65 0.65
DHBA 0.38 0.38 0.54 0.55 0.28 0.28 0.61 0.61
Catechol 0.41 0.41 0.81 0.80 0.54 0.54 0.87 0.88

“ Solvent systems used are given in the text. (a), Authentic; (i), isolated.

Identification of the intermediates. The metabolites were
extracted from the spent medium and subjected to paper
chromatography. Table 1 shows the R, values of the metab-
olites in four different solvent systems. The intermediates
were also identified by cochromatography with authentic
compounds, specific color reactions, fluorescence, UV, and
IR spectra. These compounds were identified as N-formyl-
anthranilate, anthranilate, DHBA, and catechol; the proper-
ties of the isolated metabolites corresponded well with those
of authentic samples. N-Formylanthranilate (A,,,, = 306 nm)
gave a yellow color with Ehrlich and Gibb’s reagents (slow
reactions [27]) and had a blue fluorescence. It was also
identified by two-dimensional paper chromatography with
solvent system A in the first dimension and butanol-acetic
acid-water (4:1:1) in the second dimension and by converting
it into anthranilate by refluxing with 1 N HCl for 15 min (27).
Anthranilate (\,,,, = 330 nm) gave similar color reactions,
which appeared immediately and had an intense blue fluo-
rescence. It gave IR bands at 1,480, 1,700, and 3,000 cm™?.
DHBA had a A,,,, at 316 nm and gave IR bands at 1,480,
1,700, and 3,500 cm™*. Catechol (\,,,, = 276 nm) gave a dark
brown color with FeCl; reagent; its IR bands were posi-
tioned at 1,480, 3,000, and 3,500 cm™!. Similar results were
obtained when authentic samples were scanned. In addition
to these metabolites, the spent medium had a blue tinge
which could be extracted into chloroform (15). This com-
pound was identified as indigo (A,,., = 600 nm), formed by
the oxidation of indoxyl.

The levels of two of the metabolites (Fig. 3), anthranilate
and DHBA, were measured in the spent medium by the
procedures described. Anthranilate appeared in the medium
as early as after 5 h of growth and reached a concentration of
24 pmol per flask by 24 h, after which its concentration
decreased to 17 wmol per flask by 70 h. In contrast, DHBA
was observed in the medium rather late (25 h), and its
concentration gradually increased to 102 wmol per flask.

Enzymes of the pathway and their profiles during growth.
The induction of the enzymes in the pathway for degrading
indole was examined by measuring the specific activities of
the enzymes in the mycelia obtained by growing for 35 h on
glucose and indole (Table 2). N-Formylanthranilate de-
formylase, anthranilate hydroxylase, DHBA decarboxylase,
and catechol dioxygenase were induced to an extent of 30-,
516-, 278-, and 50-fold, respectively, when the medium
contained indole (0.02%). The specific activities of the
enzymes in mycelia grown on glucose alone (control set)
were very low (Table 2). Attempts to demonstrate the
activities of indole hydroxylase and indoxyl dioxygenase
under a variety of conditions were unsuccessful.

The time courses of induction of N-formylanthranilate
deformylase, anthranilate hydroxylase, DHBA decarboxyl-
ase, and catechol dioxygenase were studied by measuring
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FIG. 3. Time course for the accumulation of anthranilate and
DHBA during the growth period.

their specific activities in crude extracts of mycelia grown on
glucose and 0.02% indole (Fig. 4). These enzymes were
induced as early as 5 h, and their specific activities were high
during the initial stages of growth. All the enzymes (except
the deformylase) had maximum specific activities in the first
15 to 25 h of growth; they later decreased to about 20 to 40%
of their maximum by 45 to 50 h.

Mode of ring cleavage. The possibility of an ortho ring
cleavage of catechol to form cis-cis muconate and subse-
quently B-ketoadipate was tested by the Rothera reaction as
described by Eaton and Ribbons (12). A. niger was grown
for 40 h in the medium (200 ml) containing indole (0.02%);
the mycelium was thoroughly washed with sterile double-
distilled water and transferred to a conical flask in 50 ml of 50
mM sodium phosphate buffer, pH 7.0, containing 0.1%
catechol. After incubation for 60 min, the mycelial felt was
separated and solid ammonium sulfate was added to 1 ml of
the buffer to saturate the solution; 2 drops of an aqueous
solution of sodium nitroferricyanide were added, followed
by ammonium hydroxide, which was layered over the mix-
ture. A positive reaction was indicated by the development
of a deep purple color in the upper layer after 5 to 10 min.

DISCUSSION

This is the first report on the degradation of indole by a
fungus. A. niger did not grow when indole was used as the
sole source of carbon or nitrogen. However, it cometabo-
lized indole when glucose and nitrate were present in the

TABLE 2. Specific activities of the enzymes in cell extracts of
A. niger grown on glucose and glucose plus indole

Sp act“ (mU)

Fold

Enzyme Glucose Glill::osli +  increase
N-Formylanthranilate deformylase 0.40 12.0 30
Anthranilate hydroxylase 0.05 25.8 516
DHBA decarboxylase 0.28 78.0 278
Catechol dioxygenase 0.05 2.5 50

“ Activity is defined as micromoles of product formed or substrate which
disappeared per minute. Specific activity is expressed as units per milligram of
protein.
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FIG. 4. Profiles of the specific activities of N-formylanthranilate
deformylase, anthranilate hydroxylase, DHBA decarboxylase, and
catechol dioxygenase induced by indole during the growth.

medium. When indole was added to the medium containing
glucose, there was a decrease in the growth of A. niger (Fig.
1). Although the concentration of glucose was about 125- to
500-fold in excess compared with indole, there was an
inhibition of growth and the fungus did not utilize glucose,
the abundant primary carbon source. In another set of
experiments, when indole (0.02%) was added to the
mycelium which was in log phase (medium contained only
glucose), an immediate cessation in the growth for almost 12
h was observed (data not presented). These results sug-
gested that indole probably inhibited the uptake or utilization
of glucose. When the enzymes for degrading indole were
induced (see discussion below), the level of indole de-
creased, which in turn resulted in the resumption of growth.
This hypothesis finds favor from the observation that indole
was metabolized very slowly until about 25 h, during which
time glucose was not metabolized (Fig. 2). When indole in
the medium was degraded, the inhibition was relieved and an
increase in glucose uptake and growth was seen. It might
also be possible that indole repressed the glucose transport
or inhibited the glycolytic enzymes, causing the observed
decrease in growth. A similar observation was made in the
case of Aspergillus nidulans, in which caffeine was shown to
inhibit at the level of glucose uptake (4). The growth of A.
niger on other carbon sources, such as sucrose and maltose,
was decreased by an extent of 15 to 35% when indole
(0.02%) was also present in the medium.

By using various techniques, we have identified the pos-
sible metabolites of indole degradation. These compounds
were indoxyl, N-formylanthranilate, anthranilate, DHBA,
and catechol. Identification of the products in the replace-
ment studies carried out with the plausible metabolites
suggested that the compounds mentioned above were the
intermediates. Many of the enzymes in this pathway have
been demonstrated in cell extracts. With these results, we
propose a new pathway for the biodegradation of indole
in A. niger via indoxyl — N-formylanthranilate—anthra-
nilate—>DHBA—catechol (Fig. 5).

In bacterial systems, unhydroxylated aromatic com-
pounds are degraded by initial double hydroxylation (9, 19).
Gibson and co-workers (15) showed that in bacteria, indole
was converted by a dioxygenation reaction to indole cis-
2,3-dihydroxy 2,3-dihydrodiol. By a nonenzymatic dehydra-
tion reaction, this compound gave unstable indoxyl, which
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FIG. 5. Proposed pathway for the degradation of indole in A.
niger. Indoxyl is a proposed intermediate.

oxidized in the presence of air to indigo. This reaction was
demonstrated by using cloned naphthalene dioxygenase and
other dioxygenases (15). In fact, the nonspecific double
hydroxylation of indole to give indoxyl and then indigo has
been used for the assay of some dioxygenases (13, 24).
Hence, the indoxyl which was suggested to be an interme-
diate in bacterial indole degradation (40) might have arisen
by such a mechanism, rather than by a monooxygenation
reaction. However, in anaerobic bacteria, single hydroxyla-
tion to oxindole has been observed (3, 32), although this
enzyme has not been demonstrated in a cell-free system. In
fungi and other higher organisms, monohydroxylation of
aromatic compounds is prevalent (10, 42); similarly, in A.
niger, indole was monohydroxylated at the C-3 position,
which is known to be the most reactive carbon. The product
(indoxyl), being unstable, dimerized in the presence of air to
indigo and gave a blue tinge to the growth medium. The
formation of indigo was clearly observed when transforma-
tions were carried out with A. niger immobilized on various
inert matrices (unpublished results).

By using radioactive indole, King et al. (27) showed that in
animals it was hydroxylated at the C-3, C-2, C-5, C-6, and
C-7 positions. However, in A. niger, no other hydroxy
indoles were detected. Reactions converting indole to in-
doxyl could not be shown in cell extracts. Our efforts to
show this indole oxygenase activity by using a variety of
conditions, such as assaying at different stages of growth, in
cytosolic and microsomal fractions, and using various cofac-
tors, thiol compounds, metal ions, and stabilizers, were
unsuccessful. By carrying out oxygen-uptake studies, Saka-
moto et al. (40) proposed indoxyl, dihydroxyindole, and
isatin as the metabolites during the bacterial degradation of
indole, whereas another group suggested a direct double
hydroxylation of indole (18). So far, this initial hydroxylation
reaction has not been shown in cell extracts in any system.
In A. niger, indoxyl was formed by monooxygenation and it
was further converted to N-formylanthranilate by a dioxy-
genase reaction. Our attempts to demonstrate this indoxyl
dioxygenase activity were unsuccessful because of the un-
stable nature of the substrate. Unlike in microbes and
animals, in plants indole was directly cleaved by indole
oxygenase/indole oxidase to N-formylaminobenzaldehyde,
which was further converted to either anthranil (37) or
anthranilate by the same enzyme (29).

All the enzymes demonstrated in the above pathway were
found in the cytosolic fraction (105,000 X g supernatant) and
were induced by indole (Table 2). N-Formylanthranilate
deformylase showed high activity and gave rise to anthra-
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nilate. The anthranilate was further converted to DHBA by
oxidative deamination and hydroxylation reactions cata-
lyzed by NADPH-dependent anthranilate hydroxylase. In
the bacterial pathway, anthranilate was directly converted to
either salicylate (40) or gentisate (8), whereas in plants it was
converted to 3-hydroxyanthranilate and o-aminophenol (38).
Anthranilate did not inhibit the growth of A. niger (25) and
other members of this genus (7). Therefore, indole or the
metabolite preceding anthranilate might have caused the
observed inhibition of growth of the fungus.

From the spent medium, two key intermediates, namely,
anthranilate and DHBA, were isolated during various phases
of growth, and this showed a typical precursor-product
relationship (Fig. 3). Anthranilate was degraded to DHBA
by anthranilate hydroxylase, which was further converted to
catechol. The later reaction was catalyzed by DHBA decar-
boxylase. This enzyme, found only in fungal systems, was
recently purified from A. niger (25). Catechol dioxygenase
converted catechol to cis-cis muconate by an ortho cleavage.
The variation in the specific activities of these four enzymes
(Table 2) might be attributed to the presence of endogenous
inhibitors (25). It was interesting to note that these enzymes
(Fig. 4) were induced as early as after S h of growth and the
specific activities were maximum by about 15 to 20 h, after
which they decreased, presumably due to the synthesis of
other cellular proteins.

In conclusion, the present study showed that A. niger
efficiently cometabolized indole. The degradation pathway
observed in this fungus was different from the pathways
observed so far in other organisms.
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