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Abstract L-DOPA (3,4-dihydroxyphenyl-L-alanine), an
amino acid derivative is the most widely used drug of choice
for the treatment of Parkinson’s disease and other neurologic
injuries. The present study deals with the elevated biochemi-
cal transformation of L-tyrosine to L-DOPA by Aspergil-
lus niger PA2, a potent tyrosinase producer, isolated from
decomposed food wastes. This appears to be the first report
on A. niger as a notable extracellular tyrosinase producer.
The extracellular tyrosinase activity produced remarkably
higher levels of L-DOPA, i.e. 2.44 mg mL~' when the media
was supplemented with 5 mg mL~! L-tyrosine. The optimum
pH for tyrosinase production was 6.0, with the maximal
L-DOPA production at the same pH. The product thus pro-
duced was analyzed by thin-layer chromatography, UV spec-
troscopy, high-performance liquid chromatography and Fou-
rier transform infrared spectroscopy, that had denoted this to
be L-DOPA. Kinetic parameters viz. ¥, O, and Q, had fur-
ther indicated the notable levels of production. Thus, Asper-
gillus niger PA2 could be a promising resource and may be
further exploited for large-scale production of L-DOPA.
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Introduction

L-DOPA is an amino acid analog and precursor of dopa-
mine which is used as a potent drug for the treatment of
Parkinson’s disease, a degenerative disorder which is asso-
ciated with diminished levels of dopamine in the brain that
causes rigidity, tremors, slowness of speech and eventu-
ally dementia (Surwase et al. 2012). Administration of
dopamine is ineffective for treatment as it cannot cross the
blood—brain barrier. L-DOPA is synthesized chemically for
pharmaceutical use (Lewitt 2009), which involves multiple
steps that are time consuming, eco-unfriendly and uneco-
nomical. In contrast to chemical production, biotechnologi-
cal production of L-DOPA is an eco-friendly process and
turns out in enhanced recovery of product in relatively sim-
pler process conditions. L-DOPA is biotechnologically syn-
thesized from L-tyrosine by a one-step oxidation catalyzed
by tyrosinase (Algieri et al. 2012).

Tyrosinase (EC 1.14.18.1) is a type 3 copper protein
which is nearly ubiquitously distributed throughout the
phylogenetic scale (Gelder et al. 1997; Lerch 1981) which
catalyzes the o-hydroxylation of monophenols to the corre-
sponding o-diphenols through monophenolase (cresolase)
activity and the oxidation of o-diphenols to the correspond-
ing o-quinones through diphenolase (catecholase) activity
using molecular oxygen (Burton 2003; Claus and Decker
2006; Wan et al. 2009). Further, o-quinones polymerize
into brown-black pigment through a series of enzymatic
and non-enzymatic reactions. Consequently, tyrosinase
has got additional widespread industrial applications for
instance in the environmental technology for the bioreme-
diation of phenol-containing waste water and contaminated
soils (Claus and Filip 1988), as biosensors for the monitor-
ing of phenols, in pharmaceutical industries for the biosyn-
thesis of o-diphenols (Agarwal et al. 2014), in cosmetic and
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Table 1 PCR primers used for rDNA amplification

Primers Sequence (5'-3) Product
ITSIF TCCGTAGGTGAACCTGCGG ITS1-5.8S-ITS2 rDNA (with partial 18S and 28S flanking regions)
ITS4R TCCTCCGCTTATTGATATGC

food industries due to either undesirable or beneficial oxi-
dative browning reactions (Mayer and Harel 1978).

The native tyrosinases are generally intracellular
(Halaouli et al. 2006), although recently Gasparetti et al.
(2012) and Zou et al. (2014) had reported extracellu-
lar tyrosinase production from fungi Trichoderma reesei
and Auricularia auricular, respectively. In addition, the
L-DOPA production has been observed from some fungal
species such as Aspergillus oryzae (Ali et al. 2007; Haneda
et al. 1971), Acremonium rutilum (Krishnaveni et al. 2009)
and also from Aspergillus niger (Ali and Haq 2010), but the
L-DOPA is being produced in lower quantity and is rapidly
converted to another intermediate dopaquinone or the final
product melanin during metabolism (Ali et al. 2007; Rani
et al. 2007).

The work undertaken describes the isolation and identi-
fication of a fungal strain and illustrates the first report of
significant levels of extracellular tyrosinase production by
the isolate Aspergillus niger PA2 and also its exploitation
for the biotransformation of L-tyrosine to L-DOPA. Further,
chromatographic and spectroscopic analyses of the product
had denoted it to be L-DOPA.

Materials and methods
Chemicals

L-Tyrosine and L-DOPA were purchased from Himedia
(India), copper sulfate, L-ascorbic acid and all other fine
chemicals were purchased from Merck (India).

Isolation and molecular identification of PA2

Strain PA2 was isolated from effluent from food industry.
Molecular identification of isolate was carried out follow-
ing amplification and sequence analysis of partial 18S,
complete internal transcribed spacers, complete 5.8S and
partial 28S (18S-ITS1-5.8S-ITS2-28S) regions of rDNA
gene. Genomic DNA from the strain was isolated using the
Insta Gene™ Genomic DNA isolation kit (Bio-Rad). PCR
amplification of the ITS region was carried out using uni-
versal fungal specific primers (Table 1) (White et al. 1990).
Amplification was carried out in PTC-225 Thermal Cycler
(MJ Research, USA) with one cycle of 94 °C for 2 min
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followed by 35 cycles of denaturation (45 s at 94 °C),
annealing (60 s at 55 °C), extension (60 s at 72 °C) and a
final extension step at 72 °C for 10 min. Amplified product
obtained was purified using PCR clean up kit (Millipore)
and sequenced. The ITS region sequence obtained was ana-
lyzed and aligned with its similar sequences through Blast-
n at NCBI server (http://www.ncbi.nlm.nih.gov/BLAST).
The phylogeny analysis of the sequence with the closely
related sequences of blast result was performed using Phy-
logeny.fr program (http://www.phylogeny.fr/index.cgi).

Culture media

Fungal strain PA2 was grown and stored onto potato
dextrose agar medium (2 % dextrose, 2 % agar, 20 %
potato). For the production of tyrosinase, Vogel’s medium
(Vogel 1956) was employed containing (as g L~') Na-
citrate, 15; KH,PO,, 25; MgSO,-7H,0, 1; CaCl,-H,0,
0.5; supplemented with 2 % glucose and trace element
solution: 0.1 % containing (as g L~') ZnSO,-7H,0,
2.5; Fe(NH,),(S0,),:6H,0, 0.5; CuSO,-5H,0, 0.125;
MnSO,-H,O, 0.025; H;BO;, 0.025; H;P(Mo;0,4)-H,0,
0.025.

Estimation of tyrosinase activity

The tyrosinase activity was determined by the previously
described method using L-tyrosine as substrate (Arica et al.
2004; Chen et al. 2001; Liu et al. 2004; Raval et al. 2012).
For this 100 mL of Vogel’s medium was inoculated with
1 mL of mycelium suspension. Cultures were grown in
conical flasks (250 mL) with shaking (150 rpm) at 30 °C
for 240 h. 0.1 mL of supernatant of cell free extract was
collected from these flasks and assayed. Standard reac-
tion mixture consisted of 1 mL of 0.5 M phosphate buffer,
pH 6.5; 1 mL of 0.001 M L-tyrosine with 2 % L-ascorbic
acid and 0.1 mL of culture supernatant in a total volume
of 3 mL. The reaction mixture without culture supernatant
was used as enzyme blank. Tyrosinase activity was esti-
mated at 280 nm for 10 min using CARY 100 Bio UV-Vis
spectrophotometer (Agilent technologies, USA). One unit
of tyrosinase activity was equal to a AA,g, of 0.001/min
at 30 °C in a 3.0 mL reaction mixture containing L-tyros-
ine and L-ascorbic acid. All experiments were carried out
in triplicate. The Y error bars in the figures indicate the
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standard error of the mean. The enzyme activity was calcu-

lated by following formula:
AAjzgp/min test — AAzgp/min control

U/mL of enzyme = (@)

(0.01) (volume of enzyme sample in mL)

df dilution factor.
L-DOPA production

A. niger PA2 was grown in the Vogel’s medium supple-
mented with 3 mg mL~" L-tyrosine and 2 % L-ascorbic acid
to produce L-DOPA. L-DOPA production in shake-flask
cultures was estimated at 30 °C under reducing conditions.
The kinetic parameters for L-DOPA production and L-tyros-
ine consumption were enumerated as described before (Pirt
1975; Surwase and Jadhav 2011). Kinetic parameters ana-
lyzed were product yield coefficient (Y, mg of L-DOPA
produced/mg of substrate consumed), volumetric rate for
substrate utilization (Q,, mg of substrate consumed/mL of
media/h) and volumetric rate of product formation (Qp, mg
of L-DOPA produced/mL of media/h).

Assay for L-DOPA

Cell free culture extract was withdrawn from these flasks
periodically, centrifuged at 4000 rpm for 15 min and the
amount of L-DOPA was determined according to the
Arnow’s method (Arnow 1937). Briefly, culture superna-
tant (1 mL) was added with 1 mL of 0.5 M HCI and 1 mL
of nitrate/molybdate reagent (giving yellow color), 1 mL of
1 M NaOH (giving red color). Water was added to make a
final volume of 5 mL. L-DOPA was estimated spectropho-
tometrically at 590 nm.

Determination of optimal conditions for tyrosinase
activity and L-DOPA production

A. niger PA2 was grown in the Vogel’s medium supple-
mented with 3 mg mL~! L-tyrosine and 2 % L-ascorbic
acid under shaking conditions for further analysis. The
effect of pH of the culture medium on tyrosinase activ-
ity and L-DOPA production was studied at varying pH
(4.0-8.0) while maintaining the other process variables,
i.e., with 3 mg mL™! L-tyrosine at 30 °C. For these two
different buffer systems acetate buffer (for pH 4.0-5.0)
and phosphate buffer (for pH 6.0-8.0) were employed. To
find out the optimal temperature for tyrosinase activity and
L-DOPA production a temperature range of 20-45 °C was
employed with 3 mg mL~! L-tyrosine at constant pH, i.e.,
6.0. Further, to determine the optimal substrate concentra-
tion for enzyme activity and L-DOPA production, culture
medium was supplemented with varying concentrations of

L-tyrosine (1-6 mg mL™!), the preferred substrate for the
tyrosinase at constant pH and temperature, i.e., 6.0 and
30 °C, respectively. All experiments were performed in
triplicates for up to 240 h.

Analytical procedures

A. niger PA2 was grown in the Vogel’s medium supple-
mented with 5 mg mL ™" L-tyrosine and 2 % L-ascorbic acid
to produce L-DOPA at pH 6.0 and at 30 °C under shaking
conditions. After 144 h of incubation, supernatant of the
cell free culture extract from these flasks was collected and
subjected to further analysis.

TLC

The above culture supernatant comprising of L-DOPA
was centrifuged at 15,000 rpm for 10 min and the clear
supernatant was filtered through 0.45 um membrane fil-
ter. 2 pL of standard L-tyrosine (0.5 mg mL™'), standard
L-DOPA (0.5 mg mL™") and cell free culture supernatant
were loaded on precoated silica gel F254 (20 x 20 cm)
aluminum sheet (Merck) using n-butanol:acetic acid:water
(4:1:2, v/v) as solvent system. The chromatograms were
developed by spraying with ninhydrin reagent and were
heated at 110 °C for 10 min. Spots were visualized under
UV and R; values of resolved bands were calculated
(Gunendi and Pamuk 1999; Krishnaveni et al. 2009; Suku-
maram et al. 1979).

UV-spectral analysis

The L-DOPA pellet obtained from the above reaction
mixture was dissolved in small volume of 0.1 N HCI and
the resulting solution was used for UV—Vis spectral anal-
ysis. Study was carried out using CARY 100 Bio UV-
Vis spectrophotometer (Agilent technologies, USA) and
changes in its absorption spectrum (200-500 nm) were
recorded.

HPLC

HPLC analysis was carried out using a Shimadzu sys-
tem with a C18 column (4.6 x 250 mm, 5 pm) and a
water:methanol (80:20) mobile phase with a flow rate of
0.5 mL min~"' for 20 min and a UV detector set at 280 nm
(Rani et al. 2007; Surwase et al. 2012). The standard
L-tyrosine (5 pg mL™!), L-DOPA (5 pug mL™!) and sam-
ples were prepared in the mobile phase, filtered and then
degassed by sonication for 30 min and were injected into
the HPLC column (Surwase and Jadhav 2011).
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Fig.1 PCR amplicon of 18S-ITS1-5.8S-ITS2-28S region; Lane M
250 bp molecular marker and Lane PA2 rDNA of PA2 (~1155 bp)

Fig. 2 Phylogenetic tree based
on the ITS sequence of the
PA?2 and that of closely related
Aspergillus sp. following the
multiple sequence alignment

FTIR analysis

FTIR analysis of the L-DOPA was carried out with Thermo
Nicolet, Nexus spectrometer at room temperature and
changes in percentage transmission at different wave-
lengths (500—4000 cm™!) were recorded. An infrared
spectrum of the fingerprint region of a thin film, deposited
from the L-DOPA was compared to a reference spectrum of
L-DOPA standard.

Results
Molecular identification of fungal isolate PA2

Identification based on partial 18S, complete internal tran-
scribed spacers, complete 5.8S and partial 28S (18S-ITS1-
5.8S-ITS2-28S) domains (~1155 bp, Fig. 1) of IDNA gene
had indicated PA2 to be the strain of A. niger as it showed
highest homology to it. The phylogenetic tree was gener-
ated using the top hits obtained against ITS gene sequence
of PA2 after performing BLAST-n and there was no miss-
ing data for a specific tDNA region in the accessions

Aspergillus fluvus env isolate

(neighbour joining tree)

Aspergillus fluvus NRRL 1957

Aspergillus parusiticus NRRL 502

Aspergilius nomius NRRL 13137

Aspergillus fumigatiis C4459

Aspergilius fumigatus clinical strain

Aspergilius niger voucher MSR4

Aspergilius niger AHBR17

Aspergillus terreus

Aspergillus nidukens WM 06.103

Aspergillus niger MBL 1511
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Aspergillus niger P1AL1b

Aspergillus niger AHBRS

Aspergillus tubingensis HohaS
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Fig. 3 aL-Tyrosinase activity and b bioconversion of L-DOPA from L-tyrosine at varying time intervals

obtained from GenBank. For the BLAST-n analysis, gaps
in the alignment were positioned to minimize nucleotide
mismatches. PA2 exhibited maximum identity, i.e., 92 %
with A. niger MBL1511 as evident from Fig. 2. The size
range of ITS regions of Aspergillus niger PA2 was about
1155 bp and the sequence of the same was deposited in the
GenBank under the accession number KJ701548.1.

Estimation of tyrosinase activity

When inoculated in Vogel’s medium, A. niger PA2 led into
a red-brownish appearance to the media after 48—72 h of
incubation, that gradually changed to black (melanin for-
mation), indicative of the fact that the isolate was tyrosi-
nase producer. The tyrosinase activity gradually increased
for up to 168 h with a maximum of 180 TU mL~! (Fig. 3a)
in the extracellular medium. The activity decreased
thereafter to 20 IU mL~!. Furthermore, broth color also
changed from colorless (0 h) to red (144 h) and to black
at the end of the incubation (240 h), suggesting the for-
mation of melanin-like pigments, as observed by Mason
(2003).

L-DOPA production

Addition of nitrite—_molybdate reagent to fresh extracts of
developing sporangia led to the formation of yellow color.
Further, addition of sodium hydroxide resulted in the devel-
opment of a red color, similar to the one developed with
standard DOPA solution. L-DOPA levels obtained were
2.19 mg mL~! (Fig. 3b) after 120 h of incubation in shake
flasks at 30 °C. Culture media were added with ascorbate
for inhibiting the conversion of L-DOPA to dopaquinone, as
reported earlier (Haq et al. 2003). The L-DOPA production
declined after 144 h presumably due to the conversion of
L-DOPA to other metabolites (Lerch 1981; Para and Baratti
1984).

pH dependence of tyrosinase activity and L-DOPA
production

Fungal growth varied according to the pH of the culture
medium and so as the tyrosinase activity. pH has considera-
bly affected the enzyme activity, as demonstrated in Fig. 4a.
At acidic conditions (pH 4.0), the tyrosinase activity was as
low as 168 TU mL~!. An optimal pH of 6.0 had resulted
in the maximum tyrosinase activity (296 ITU mL™"). Further
increase in pH led to a decrease in enzyme activity, i.e.,
164 TU mL~" at pH of 7.0, which declined to 49 ITU mL™"
at pH 8.0.

There was a gradual increase in L-DOPA produc-
tion when pH of the culture medium increased from 4.0
to 6.0 (Fig. 4a). Maximum production (2.43 mg mL™")
was obtained at pH 6.0. Further increase in pH (7.0-8.0)
resulted in decreased formation of L-DOPA. These observa-
tions demonstrated that pH of the reaction mixture signifi-
cantly affects the production of L-DOPA. The hydroxylation
reaction of L-DOPA from L-tyrosine proceeds preferentially
at this pH range and degradative reaction of the L-DOPA
formed scarcely occurs, consequently the product gets sta-
bilized. At the neutral or alkaline pH range, L-DOPA gets
decomposed to further metabolites, such as dopaquinone
and melanin (Ali and Haq 2006; Surwase et al. 2012) and
L-DOPA does not accumulate.

Optimal temperature for tyrosinase activity
and L-DOPA production

At extreme high or low incubation temperatures, tyrosi-
nase production by the cells decreased (Fig. 4b). Maximum
tyrosinase activity (169 TU mL™') was observed at 30 °C.
An increase or a decrease in temperature had significantly
lowered the enzyme activity.

L-DOPA production was highest at an incubation tem-
perature of 30 °C, i.e., 2.4 mg mL~'. Lowering (20 °C)
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Table 2 Analysis of kinetic parameters of L-DOPA production at ini-
tial and optimized L-tyrosine concentrations

Kinetic parameters Substrate concentration

3.0 mg/mL 5.0 mg/mL
Yoss 0.752 0.903
0, 0.024 0.022
o, 0.018 0.021
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Fig. 5 a TLC analysis denoting / standard L-tyrosine; 2, 3 reac-
tion mixture supernatants under optimized conditions (5 mg mL™!
L-tyrosine with pH 6.0 at 30 °C) and 4 standard L.-DOPA and b UV-
spectral analysis of / standard L-DOPA and 2 reaction mixture super-
natant under optimized conditions after 144 h of incubation

or increasing (45 °C) the temperature significantly
reduced the production levels to 1 and 0.9 mg mL~",
respectively.

Optimal substrate concentration

Increasing the concentration of L-tyrosine from 1 to
5 mg mL~! resulted in increased levels of tyrosinase pro-
duction and L-tyrosine at 5 mg mL ™! levels led to maximal
levels of tyrosinase (250 IU mL™h (Fig. 4c).

As L-tyrosine concentration was increased up to
5 mg mL~!, L-DOPA production increased gradually, but
further increase in the L-tyrosine concentration resulted
in a decreased L-DOPA production. This might be due to
the lower solubility of the higher L-tyrosine concentration
in neutral and alkaline conditions. The optimum L-tyrosine
concentration was found to be 5 mg mL~!, at which nota-
bly higher L-DOPA yield (2.44 mg mL™") was achieved
after 120 h of incubation.

Kinetic parameters for the biotransformation of
L-tyrosine to L-DOPA with initial and optimized substrate
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concentrations were enumerated and showed significance
at P < 0.0005 (Table 2). There was a 20 % increase in prod-
uct yield coefficient after optimizing the L-tyrosine concen-
tration in the media (Y, and also a significant enhance-
ment in volumetric rate of product formation (Q,), while
a lowering in volumetric rate for substrate utilization was
observed (Qp)-

Analytical evaluation for L-DOPA production
TLC

Dark single bands appeared on Silica gel G plates after nin-
hydrin spray for standard L-DOPA and standard L-tyrosine
with an R; value of 0.52 and 0.64, respectively (Fig. 5a).
Reaction mixture supernatant showed two distinct reddish
brown spots, which had an R; value of 0.51 and 0.65, cor-
responding to the standard L-DOPA and L-tyrosine, respec-
tively, primarily denoting the production of L-DOPA in the
culture supernatant.

UV-spectral analysis

The UV spectrum of L-DOPA, obtained from A. niger PA2
culture supernatant was markedly similar to the spectrum
of standard L-DOPA solution, with an absorption peak at
280 nm, as depicted in Fig. 5b

HPLC

The HPLC elution profile of the reaction mixture showed
peaks at a similar retention time to that of standard L-DOPA
at 280 nm, thus substantiating the L-DOPA production
(Fig. 6). Standard L-tyrosine and standard L-DOPA were
eluted at retention time 9.239 and 8.105 min, respectively,
and the reaction mixture showed the elution peak at a reten-
tion time of 8.082 min.

FTIR analysis

Characteristic patterns between the FTIR spectra of synthe-
sized and standard L-DOPA spectra were evident (Fig. 7).
The carboxylic group for L-DOPA illustrated absorption
peak at 1240 cm™! (C-O stretching) and small peaks at
1400-1440 cm~!' (O-H bending vibration). The bands at
33503355 and 3180-3190 cm™! are characteristic to the
V(N-H) and v(O-H) vibrations, respectively. The peaks
between 1060 and 1065 cm™! and at around 1200 cm™!
were present due to C—N stretching. The band at 1495 cm ™!
is distinct for C=C bond in the benzene ring (Kura et al.
2013).

Discussion

Tyrosinases have been exploited for a variety of biotech-
nological applications (Halaouli et al. 2006) and therefore
have attracted various groups involved in molecular char-
acterization and bioengineering studies. In the present
work a fungal strain PA2, capable of producing L-DOPA
was isolated and identified as Aspergillus niger follow-
ing the rDNA gene sequencing and phylogenetic analysis.
Although L-DOPA was produced by other fungal species
such as Aspergillus oryzae (Ali et al. 2007; Haneda et al.
1971), Acremonium rutilum (Krishnaveni et al. 2009) and
also from Aspergillus niger (Ali and Haq 2010), but as
observed, tyrosinases are generally intracellular and are
produced in lower quantity. Only few reports are there stat-
ing extracellular tyrosinase production such as Gasparetti
et al. (2012) and Zou et al. (2014) had recently reported
extracellular tyrosinase production from fungi Trichoderma
reesei and Auricularia auricular, respectively. This appears
to be the first report on A. niger as a remarkable extracellu-
lar tyrosinase producer. Maximum tyrosinase activity up to
180 IU mL~! was obtained following 168 h of incubation.
So far there is no report denoting the comparable levels of
extracellular tyrosinase from any fungal isolate.

High tyrosinase activity (165 IU mL™") observed follow-
ing 144 h of incubation has resulted in notably higher levels
of L-DOPA (2.18 mg mL™!). pH drastically affected both
tyrosinase activity and L-DOPA production. The optimum
pH examined was 6.0, at which 2.43 mg mL~! of L.-DOPA
was produced with 2.9 mg mL ™' L-tyrosine consumption.
A pH of 3.5 and 5.5 had previously been reported for the
biosynthesis of L-DOPA from A. oryzae and Y. lipolytica,
respectively (Ali et al. 2007; Ali and Haq 2006). Higher
level of acidic and alkaline pH resulted in lower L.-DOPA
yield, possibly because of decreased cellular metabolism
and cell viability, affecting in turn the tyrosinase activity.
In addition, at basic pH, the L-DOPA yield was lower due
to the instantaneous conversion of L-DOPA into further
metabolites such as dopaquinone and melanin (Ali and Haq
2006; Surwase et al. 2012). Incubation temperature of the
culture medium had a significant effect on tyrosinase activ-
ity and L-DOPA production. Maximum tyrosinase activity
(172 TU mL™") was observed at 30 °C along with higher
L-DOPA production (2.4 mg mL~'"). A further increase
or decrease in temperature had resulted in diminished
tyrosinase activity possibly because of deregulated fungal
physiology and metabolism, which in turn had resulted in
lesser L-DOPA production. L-Tyrosine concentration had
also affected the tyrosinase activity as well as L-DOPA
yield. Lee et al. (1996) had also obtained the higher yield
of L-DOPA at the substrate concentration ranging between
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2.0 and 5.0 mg mL~!. Similar results were obtained by
Krishnaveni et al. (2009). Further, a substrate concentra-
tion of 2 mg mL~! had resulted in 1.4 mg mL~" of L-DOPA
from the mutant strain of actinomycetes (Sukumaram et al.
1979). Product levels were as low as 0.488 mg mL~! from
plant sources (Rani et al. 2007).

Production of L-DOPA was corroborated by chromato-
graphic and spectral analysis of the reaction mixture. The
TLC profile showed two fine peaks at 0.51 and 0.65 with
a similar R; value to the standard L-DOPA and L-tyrosine.
UV and FTIR spectral analysis of the product was also
similar to that of the standard L-DOPA, substantiating
the production of L-DOPA in the broth. In addition, the
HPLC profile of the product illustrated a distinct peak at a

@ Springer

Retention time (min)

retention time of 8.082 min, same as the standard L-DOPA
(8.105 min), demonstrating therefore the production of
L-DOPA.

Use of whole cells as catalysts in the present study had
also been explored by other investigators (Ali et al. 2007,
Krishnaveni et al. 2009). The use of intact cells has pro-
nounced advantages as these could be subjected for multi-
ple cycles of production and also they offer favorable envi-
ronment with necessary co-factors for the regeneration of
active sites (Pollard and Woodley 2007; Rao et al. 2011).
Further, purification, specific activity and kinetic parameter
analysis and study of catalytic mechanism of A. niger PA2
tyrosinase may enable in developing an improved system
for achieving elevated yields of L-DOPA.
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Conclusions

Fungal strain A. niger PA2 exploited in the present study
had demonstrated for the first time notably significant lev-
els of extracellular tyrosinase levels which was further
evaluated for the production of L-DOPA, a compound of
clinical and biomedical significance. The optimization of
pH, temperature and substrate concentration had resulted
in the enhanced production of L-DOPA. L-DOPA was thus
produced extracellularly by an intact cell system and there-
fore avoiding an elaborate and complex cell disruption step
that could be tedious and uneconomical. Further, elucida-
tion of an insight into catalytic mechanism of A. niger PA2
tyrosinase may enable in developing a simpler and industri-
ally feasible fungal system for achieving higher yields and
cost effective production of L-DOPA.
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