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This study presents 100% degradation of H-acid under optimized conditions using Alcaligenes latus, isolated from textile
industrial effluent. Gene/s responsible for H-acid degradation was/were found to be present on plasmid DNA. Addition of
bipyridyl to incubated medium resulted in accumul ation of terminal aromatic compound, suggesting that catechol may beterminal
aromatic compound in degradation pathway of H-acid by A. latus. SDS-PAGE of cell free extracts showed two prominent bands

close to molecular weight of catechol 1,2-dioxygenase.
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Introduction

Significant quantities of synthetic azo dyes are
discharged in effluents that not only colour the receiving
water bodies, but aso lead to the formation of more
hazardous intermediate chemicals by microorganismsor
through photo oxidation. Dye intermediates
(amino- hydroxyl- naphthalene sulphonic acids) are
important building blocks for the large scale production
of azo dyes. Sulphonic acid group confers a xenobiotic
character to this class of chemicals!. Some studies*”’
are available on biodegradation of naphthalene
derivatives. H-acid (1-amino 8-hydroxy naphthal ene 3,6-
disulfonic acid), aprecursor of severa azo dyes’, islisted
under Toxic Substances Control Act (TSCA). Few
attempts have been made to treat H-acid by
physicochemica methods®1°. Reports on biodegradation
of H-acid are limited*2. Alcaligenes latus, isolated
from atextile industrid effluent, has been used to study
effect of carbon and nitrogen sources as well as the
effect of immobilization on H-acid degradation efficiency
of culture'®*°, This study presents role of protein and
plasmid in H-acid degradation by A. latus.

* Author for correspondence
E-mail. bg.ushams@gmail.com

Experimental Section
Chemicals and Media

H-acid and other chemicals were obtained from Hi-
media Pvt Ltd, Mumbai. Mineral salts medium?®
(Na,HPO,. 2H,0, 12 g; KH,PO,, 2g9; NH,NO,, 0.5¢;
MgCl,. 6H,0, 0.1 g; Ca (NQ,),. 4H,0, 50 mg; FeCl,.
4H,0 7.5 mg; and a trace elements solution, 0.1 ml),
containing 100 ppm each of H-acid, glucose and yeast
extract, was used for the growth of bacteria. A. latus
culture was maintained on a solid medium prepared by
adding 1.5% agar to medium with H-acid.

Degradation of H-acid by A. latus under Optimized Conditions

H-acid degradation by A. latus under standardized
optimum conditions was carried out in 200 ml of minera
salts medium (pH 7) containing H-acid, yeast extract
and dextrose with 10 ml of A. latus inoculum incubated
at 37°C for 24 h at 150 rpm. Decrease in H-acid
concentration was measured by OD at 390 nm. Growth
was monitored by measuring OD at 660 nm.

COD (Chemical Oxygen Demand) Estimation

Estimation of COD after 24 h of incubation was
carried out according to standard methods'’. Reduction
in COD was calculated as Reduction% in
COD = [(COD,-COD,)/COD,]x100 where COD, =
initial COD and COD, = COD at timet.
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TLC and Spectral Analysis

Culturefiltrate was acidified (pH 4) and products of
H-acid degradation were extracted with diethyl ether
and dried. Concentrated metabolites were isolated and
purified by TLC using chloroform:acetone (80:20) and
cyclohexane:ethyl acetate:acetone (4:1:1) as mobile
phases. Spots were observed after exposing plates to
iodine vapors. Bands obtained on chromatogram were
separated and compoundswere el uted with diethyl ether.
Compounds were then kept for evaporation and sent to
I1Sc, Bangalore and CDRI, Lucknow for IR and NMR
anaysis.

Plasmid Isolation and Plasmid Curing
Plasmid DNA wasisolated from A. latus cellsby a

modified adkaine lyss method'®. | solated samples were
electrophoresed on 1% agarose gel. Plasmid curing of
A. latus culture was carried out up to 6 days using
300 pg/ml of acridine orange. Curing was verified by the
absence of plasmids relative to the presence of these
plasmids in origina parent strain. Cured colonies were
checked for their ability to use H-acid by inoculating them
in mnera sats medium with H-acid as a sole source of
carbon.

Determination of Terminal Aromatic Compound (TAC)

Replacement study was carried out to inhibit
dioxygenase enzyme activity, involved in ring cleavage
mechanism, resulting in accumulation of TAC (catechol
or protocatechuic acid). For this, A. latus cells
(2 g wet wt) were suspended in 50 ml of 0.5 M PO,
buffer (pH 7), to which 0.5 mM bipyridyl and 10 mg of
H-acid were added. Here, bipyridyl acts asinhibitor for
dioxygenase enzyme. Reaction mixture was then
incubated at 37°C for 24 h, the product of H-acid
degradation was extracted with diethyl ether and TLC
was carried out in different solvents along with catechol
and protocatechuic acid for comparison.

Mode of H-Acid Ring Cleavage

Mode of ring cleavage of TAC such as catechol
was determined by reported method!® using whole cells
and aso by another method?® using cell-free extract
(CFE). Rothera s?* test was performed to determinering
cleavage pathway of TAC, catechol, using whole cells
and CFEs.

Enzyme Assays (EAS)
EAs were carried out with CFE of A. latus and
ammonium sul phate precipitated spent medium. Catechol

2, 3-dioxygenase activity was detected by reported
method??. EA system contained: 10 mM catechal, 0.1;
CFE, 0.1; and 0.1 M phosphate buffer (pH 7.5), 2.8 ml.
Reaction was initiated by addition of catechol and
increase in absorbance at 375 nm (e - 33,500) due to
formation of a-hydroxymuconic semialdehyde was
measured.

Catechol 1, 2-dioxygenase activity was determined
by reported method?®. EA system contained: 0.001 M
catechol, 0.3; 0.01 M EDTA, 0.2; phosphate buffer
(pH 7.0), 2; CFE, 0.2; and didtilled water, 0.3 ml. Reaction
wasinitiated by addition of catechol and enzyme activity
was measured spectrophotometrically by monitoring the
increase in absorbance at 260 nm (e - 16,900) dueto the
formation of cis, cissmuconic acid in reaction mixture.

Protocatechuic acid 3,4-dioxygenase activity was
determined by reported method?4. EA system contained:
0.1 M phosphate buffer (pH 7.0), 2; and CFE + distilled
water, 2.5 ml. Reaction wasinitiated by addition of 0.001
M sodium protocatechuate (0.5 ml). Enzyme activity was
measured spectrophotometrically by monitoring the
increase in absorbance at 290 nm (e - 3890) due to
formation of b - carboxy cis,cis-muconic acid.

Growth of A. latusin Presence of Other Aromatic Hydrocarbons

After adaptation of A. latus to H-acid degradation,
its efficiency was checked for the utilization of other
aromatic hydrocarbon as a sole source of carbon. A.
latus culture (10 ml) wasinoculated into 100 ml of minera
salts medium containing 100 ppm each of 1-amino
naphthal ene 2-sulfonic acid, catechol and protocatechuic
acid separately along with 100 ppm of yeast extract and
dextrose. Flasks were incubated at 37°C for 10 days.
After incubation, growth of A. latus in presence of
different aromatic hydrocarbons was monitored by
measuring OD at 660 nm.

Protein Pattern of A. latus by SDS-PAGE

SDS-PAGE was performed by reported method?.
CFE and ammonium sul phate preci pitated spent medium
were used as source of proteins. Discontinuous SDS
polyacrylamide gd (10%) was used for separation of
proteins. Electrophoresis was performed after loading
gels with same amount of protein from CFES and spent
medium aong with molecular weight markers by gpplying
constant current. Electroporesed gels were stained with
coomassie brilliant blue R250. Major bands were
compared with known molecular weight standards. For
molecular weight determination of enzyme, molecular
weight standards used were ovalbumin (M, 43,400),
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Fig. 1—Degradation of H-acid by A. latus under optimized
conditions at 100 ppm of H-acid
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Fig. 2—TL C showing spots of H-acid and its degraded product
with chloroform : acetone solvent system

Table 1—R; values of H-acid, its degraded product and authentic compounds in different solvent systems

Solvent systems
Compound Chloroform : acetone Cyclohexane: ethyl acetate : acetone
H-acid 0.19 0.23
Degradation product 0.28 0.33
Catechol 0.09 0.19
Protocatechuic acid 0.0 0.1

Fig. 3—Agarose gel showing plasmid isolated from A. latus

carbonic anhydrase (M, 29,000), triose phosphate
isomerase (M, 26,600), trypsin inhibitor (M, 20,100), a-
lactalbumin (M, 14,200), gpsotinin (M, 6,500) andinsulin
(M, 3,500).

Results

H-acid degradation (100%) by A. latus under
standardized optimum conditions (Fig. 1) was recorded
within 24 h of incubation. After 24 h, 92% reduction in
COD was recorded. With cyclohexane:ethyl
acetate:acetone (4:1:1) and chloroform:acetone (80:20)
as solvent systems, a single broad band with tailing was
observed not corresponding to H-acid band (Fig. 2).
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Fig. 4—Plasmid curing of A. latus

R values of H-acid and degradation product in different
solvent systems are given in Table 1. IR and *H NMR
spectra of H-acid and its degraded product confirmed
degradation of H-acid by A. latus (data not shown). A
single band of plasmid was observed on agarose gel
(Fig. 3). Plasmid curing was 36.35% curing on first day
and it increased gradualy to 95.84% by 5th day (Fig. 4).
This was further confirmed with decrease in thickness
of plasmid band on agarose g with increaseinincubation
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Table 2—Different enzyme activity in cell free extract and spent medium of A. latus

Enzyme Cell free extract Ammonium sulphate
(CFE), U/lg* precipitated spent medium, U/g
Catechol-1,2-dioxygenase 2 4
Catechol-2,3-dioxygenase 04 0.6
Protocatechuic acid-3,4- 0 0
dioxygenase

*Units/gram protein

period. Plasmid DNA cured A. latus cells were able to
grow on nutrient agar, but failed to grow on minera sdts
agar medium containing H-acid as sole source of carbon.
This indicated that genes responsible for degradation of
H-acid are present on plasmid DNA.

A. latus cells were incubated with H-acid and
dioxygenase inhibitor, bipyridyl, for 24 h. Formation of
purple colour in reaction mixture indicated accumulation
of TACs. Then the product extracted with solvent gave
asingle band on TLC, which corresponded to catechol
band, suggesting that catechol may be TAC in
degradation pathway of H-acid by A. latus. When
Rothera stest was performed to determinering cleavage
pathway of TAC, both whole cells and cell extracts did
not develop yellow colour on addition of buffer and
catechol. Further, addition of ammonium sulphate to
saturation, freshly prepared sodium nitropruside and
concentrated ammonium hydroxide after incubation
resulted in srong violet colour. Thisindicated that organism
has followed ortho-cleavage pathway for degradation of
H-acid.

To confirm degradation of catechol by ortho
cleavage, probable key enzymes (catechol 1, 2-
dioxygenase, catechol 2, 3-dioxygenase and
protocatechuic acid 3, 4-dixoygenase) were assayed by
spectrophotometric methods using CFE and ammonium
sul phate precipitated spent medium from A. latus culture
(Table 2). CFE of A. latus showed dlightly higher
activities of catechol 1, 2-dioxygenase and moderate
activities of catechol 2,3-dioxygenase. Specific activity
of catechol 1, 2-dioxygenase in extract was found to be
2 U/g of protein and that of catechol 2, 3-dioxygenase
was 0.4 U/g of protein. Similar results were obtained
with ammonium sulphate precipitated spent medium.
Specific activity of catechol 1, 2-dioxygenase was4 U/g
of protein and that of catechol 2, 3-dioxygenase was
0.6 U/g of protein. No activity was observed for
protocatechuic acid 3, 4-dioxygenase activity with both
CFE and spent medium.

W — Mol wt

— 43.4 kDa

— 29 kDa

—_— 26.6 kDa

B B e —— 20.1kDa
e —— 14.2kDa

- 2 — 6.5 kDa

- p— 3.5kDa

Fig. 5—Protein profile of A. latus

Utilization of different aromatic hydrocarbonsas sole
source of carbon and energy by A. latus showed turbidity
asfollows: 1-amino naphthaene 2-sulfonic acid, 0.396;
catechol, 0.325; and protocatechuic acid, 0.073 OD.
Results suggest that H-acid is catabolized through
catechol, not through the protocatechuic acid pathway,
and A. latus has a wide substrate utilizing capacity.

Ammonium sul phate precipitated proteins from spent
medium and crude extractsfrom A. latus were subj ected
to SDS-PAGE. No bands were obtained from spent
medium, but many bands were obtained with CFEs of
A. latus; of two bands between ovabumin (43.4 kDa) and
carbonic anhydrase (29 kDa), one could be catechol 1, 2-
dioxygenase subunit (32 kDa) (Fig. 5).

Discussion

Plasmid isolation and plasmid curing reveded that
A. latus containsasingle plasmid. Plasmid was found to
be lost during successive cycles and after fifth day,
H-acid degrading ability of bacteriawas completely lost.
This indicates that gene(s) responsible for degradation
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of H-acid are present on plasmid DNA, and not on
genomic DNA of A. latus. Burton et al?® reported that
15% of aerobic heterotrophic bacteria isolated from
sediment of a river receiving domestic and industrial
effluents carried plasmids compared with 10% of
bacteriafrom an unpolluted area upstream. Kuhm et al?’
reported that gene encoded for degradation of
naphthalene sulphonic acids in Pseudomonas
paucimobilisis present on a plasmid.

TAC formed in catabolic process of H-acid by A.
latus was identified to be catechol. Solvent extraction
and TLC analysis of purple coloured compound showed
single band corresponding to catechol. Thus catechol
appears to be intermediate metabolite (TAC) in H-acid
degradation by A. latus. Addition of bipyridyl asinhibitor
to dioxygenase, an enzyme in H-acid degradation, leads
to accumulation of catechol as TAC. Rapid utilization of
catechol as sole carbon and energy source by A. latus
supports that catechol is TAC formed during catabolism
of H-acid. Catabolism of most of the substituted or
unsubstituted naphthal ene sulphonates and disulphonates
occurs via salicylate and gentisate pathway during
bacterial degradation. Formation of catechol asa TAC
during catabolism of H-acid by A. latus suggests that it
might follow amino sdicylate and catechol pathway.
Notremann et al? reported that amino or hydroxy sdicylic
acid is formed during degradation of amino or hydroxy
naphthalene sulphonic acids. Further sdlicylic acid can
be converted to catechol or gentisic acid before
undergoing ring cleavage®®2.

Enzyme investigations in CFE of A. latus showed a
significant activity of catechol 1,2-dioxygenase and less
activity of catechol 2,3-dioxygenase. Activities of these
enzymes were almost double in spent medium
concentrated with ammonium sulphate precipitation.
Protocatechuic acid 3,4-dioxygenase activity was not
observed in both spent medium and CFEs. Presence of
high activity of catechol 1,2-dioxygenase and no activity
of protocatechuic acid 3,4-dioxygenase in both spent
medium and CFEs indicates that A. latus follows ortho
ring cleavage of catechol. Luxurious growth of this
bacterium in amedium containing catechol and 1-amino
naphthalene 2-sulphonate and no growth with
protocatechuic acid supports mineralization of H-acid by
A. latus through ortho cleavage and aso suggests that
enzymes involved in catabolism are of broad spectrum.
Protein profile of CFE of A. latus reveal ed the presence
of a prominent protein band corresponding to 32 kDa,
which can be assumed as a catechol 1,2-dioxygenase.
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Fig. 6—Tentative pathway for degradation of H-acid by A. latus

Nakari et al*® partidly purified catechol 1,2-dioxygenase
(moal wt, 32 kDa) from P. putida.

Nortemann et al® have shown that amino or hydroxy
sdlicylic acid is formed during degradation of amino or
hydroxy naphthalene sulphonic acids. Further sdicylic
acid can be converted to catechol or gentisic acid before
undergoing ring cleavage®2°. From present study and
available reports on chemica degradation of H-acid,
substituted naphthalene disulphonates and naphthalene
sulphonates, probable catabolic pathway is proposed
(Fig. 6) for degradation of H-acid followed by A. latus.
This proposed pathway needs to be confirmed by
identifying enzymes involved and intermediates formed
during formation of catechol from H-acid.

Conclusions

A. latus has been found an efficient organism in
degrading H-acid under optimized conditions. Genes
responsible for H-acid is present on plasmid DNA.
Enzyme activities and SDS-PAGE studies revea the
presence of catechol 1,2-dioxygenase enzymein A. latus.
Though a tentative pathway for degradation of H-acid
by A. latus has been proposed, further confirmation of
intermediary compounds and enzymes involved in each
step needs to be carried out.
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