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Abstract

Catechol I.Z-dmw_gi_:nasc. was partially purified to 6o-fold from cell-free extracts of Aspergillus ni
grown on anthranilic acid. The puritied enzyme was found to be highly unstable. Thf cﬂ’c:;g;;
pH. temperature, metal ions and metal chelaling agents on cnzyme aclivity have been studied. The
enzyme catalyzes the oxidation of catechol and 4-methyl catechol at the same rate. but does not
cata.lyzc.lhc oxidation of 3-methyl catechol, 3-isopropyl catechol and other substrate a;mlogues. The
enzyme i1s completely inhibited by thiol compounds and not affected by thiol inhibitors. The km value
for catechol was found to be 5:2 x 10° M.
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1. Imtroduction

Catechol ,2-dioxyg:nase (E.C. L.13.1.1), catalyzes the intradiol cleavage of the aro-
matic ring of catechol to yield cis, cis-muconic acid with the incorporation of both the
atoms of molecular oxygen into the substrate. It represents the initial enzymc of
f-ketoadipate pathway, a metabolic sequence uscd by microorganisms for the degrada-
tion of aromatic compound,!. The cnzymes of the B-ketoadipate pathway, including
catechol 1,2-dioxygenase, arcinducible in microorganisms. Bacteria and fungi utilize
B-ketoadipate pathway for the transformation of catechol, protocatcchuate, and their
respactive precursors to succinate and acetyl--CoA,

endomonas species®, Brevibacterium

he purification and properties of
far. The prescnt

Catechol 1,2-dioxygenase has been purified from Ps
fuscum® and Acinetobacter calcouaceticus®. However, t
th's cnzym? from Aspergillus niger (fungt) have not been reported 5o
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2. Masterisls and methods

2.1, Organism

A. niger strain UBC 814 was the organism used. It was grown on a chemically defined
madium supplemsnted with 0-1% anthranilic acid. Dctails of the medium and the
cultivation of the orgapism are described in ref. 5.

2.2. Enzyme assay

Eazym: activity was dctermined coleorimctrically by mcasuring the amount of catechol
disappearance as described by Nairand Vaidyanathan®. It was also determined spectro-
photometrically, by m:asuring the increisc in absorbance at 260 nm duc to the forma-
tion of product cis, cis-mucoaic acid or polarogriphically, by measuring oxygen uptake
with an oxyg:n clectrode.

Oac unit of enzyme activity is defined as the amount that catalyzes the transformation
of | # mole of substrate p>r min under standard assay conditions (1 Unit = 1000 milli-
units). Specific activity is expressed as units per milligram of protein. The protein
concentration was cstimated by the method of Lowry et al’.

Table I

Purifications of catechol 1,2-dioxygenase

Step Volume  Activity Protein Specific  Fold "~ Yield ?
(mfl) () (mg) activity purification %
(mp/mg)

1. Crude extract 200 13,300 26,500 052 5 100

2. Protamine sulphatc 200 12,600 10,500 1-2 253 91
treatment

3. 40-80% NH,SO, 25 10,825 5,154 21 34-0 78 )
fractionation

4. DEAE<ellulosc 40 4,645 625 13:83 266 63
chromatography ,

5. Sephadex G-150 26 2,356 72°6 32:45 624 17
chromatography




CATECHOL 1,2-DIOXYGENASE FROM A. niger 133

2.3. Purification of catechol 1,2-dioxygenase o 8wt m

Purification was carried outin 0-025 M Tris HCI bulfer, pH8-2, atabout4°C.  Preshly

harvested mycelia (60 g) were ground with an equal amount of glass powdecr for 15 min

and e.xtracted with 180 ml of buffer., The extract was passed through cheese cloth and
centrifugsd at L?.,(}O_O X g for 20 min. Protamine sulphate (20 mi of 2% aqueous solu-
tion) was addcd: with gentle stirring, to 200 ml of crude extract. After standing for
15 min, the precipitate was discarded and the supernatant solution wats brought to 40°,
saturation with ammonium sulphate. Precipitated protein was removed by centrifuga-
tion, and the supcrnatant liquid was brought to 809 saturation with ammonium sul-
phate. The precipitate formed was collected by centrifugation ard dissovled in buffer.
This preparation was desalted by passing through sephadex G -25 column and then
loaded on to the DEAE<ellulose column (2 x LSc¢cm) that has been cquilibrated with
0:025 M Tris HCl buffer pH 8:2 and washed with the same bufler containing NaCl in
a lincar gradient running from a concentration of 0 to 0-5 M. Fractions of 5 ml werc
collected at a flow rate of 60 mi/hrand concentrated by Iyophilization. Theconcentrated
DEARB-cellulose eluate (5 ml) was loaded on to sephadex G -150 column (L-5 x 30) that
had been cquilibrated with buffer. The flow rate was maintained at 25 mi/hr and frac-
tions of 3 ml were collected. Fractions containing cnzyme activity were pooled and
used as an enzyme preparation for further studies.

Polvacrylamide gel electrophoresis of the final purified preparation at pH 8-6 on ’_J%
acrylamide gels by the method of Davis revealed the cxistepce of at least threc proteins
(on¢ major and two-minor).

Table 1l

Effect of thiol compoands and thiol inhibiters on catechol 1,2-dioxygenase activity
-

Substance added Concentration % Inhibition
(mM) o
None 0
GSH -0 95
2-Mercaptoethano! 1'0 -
L-cysteinc 1:0 90
DTT 1-0 50
PHMB 0-1 10
lodoacetamide 01 0
NEM 0} 0
Arsenite 0-1 8

____—______———___—
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3. Results and discussion

Aithough the crudc cnzymec was stable in Tris-HCI buffer, pH 8-2 for few weeks at
20°C, the final purified cnzyme preparatior was highly unstable and lgses its activity
complctely within two days upon storage. In contrast, the purified enzyme frombacteria
is stable for considzrable periods. The enzyme had a broad pH optimum ranging from
pH 7t0 9. The enzyme was unstable at acidic pH. The enzy me activity was found to
be optimum at 35° C and decreased rapidly above 45° C,

Among various mctal ions tested, only Zn®, Ag', and Cu?®' inhibited enzy me activity.
The cnzyme did not show any requirement of metal tons externally for its activity, Tts
activity was not inhibited by various mctal chelating ag nts such as EDTA, o-pheran-
throlinc, diethylthiocarbamate, a,a-bipyridyl, sal'cylaldoxime ard Bathocuproir,

At | mM coacentration, thiol compounds such as reduced glutathione, 2-mercapty-
cthanol, dithiothreitol and Syvsteine inhibited the cnzyme reaction completely, whereas
thiol inhibitors such as PHMB. N-cthylamaleimide, 1odoacetate, iodoacetamide and
arsenite did not inhibit the reaction. In contrast, the catechol L[,2-dioxygerase from
Acinctobactor calcoaceticus® or Pscudomonos specics are  npot inhibited by  thiol

compounds.
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FiG. |. 'Ell'cct of pH on catechol 1,2-dioxygenasc. Buffers used were polassium phosphate (pH 6:0 to
7-5), Tris HCI (pH 8 to 9) and Glycine : NaOH (pH 9 to 10). Activity was measured as g moles of
catechol disappeared per min.
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Fig. 2. A Linc?ueaver-ﬁurk plot. Activity of catcehol 1,2-dioxygenase was measured as # moles of
0O, consumed/min.

The substrate specificity of catechol 1,2-dioxygenase from various MICTOOrganisms is
characteristically different. The enzyme from 4. niger (fungi) oxidized catechol and
4-methy| catechol at the same rate and did not oxidize either 3-methyl catechol or iso-
propyl catechol. In contrast to 4. niger, the enzyme from Brevibacterium® oxidized
catechol,4-mzthyl catechol and 3-methyl catechol at the same rate, whereas the enzyme
from Acinetobacter* catalyzzd the oxidation of 4-methyl and 3-methyl catechol at rates
18 and 12°%} that of catechol, respectively. The enzyme from Pseudomonast oxidized
catechol and 4-methyl catechol at the same rate and 3-methyl catechol at a rate of 5%

that of catechol.
Recently, Pujiwara er al® reported that the catechol 1,2-dioxygenase from Pseudo-
monos catalyzed the extradiol cleavage of 3-substituted catechols in addition to its

known intradiol cleavage activity. In contrast, the enzyme from Brevibacterium®
catalyzed only intradiol cleavage of 3-substituted catechols. However, the catechol

l,2-dioxygenase from A. niger did not cleave the 3-substituted catechols.

The catechol 1,2-dioxygenase from A. niger showed a linear Li:}eweaver and Burk
plot for catechol with a km value to be 5-2 x 10-®*M which is higher than that of

Pseudomonas® enzyme (4-0 x 107%),
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