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Abstract

In the present study, fungal biotransformation of synthetic levodopa to stable dopamine in an L-ascorbate-mediated ther-
mophilic-aerobic biochemical reaction was investigated. A mutant strain of Aspergillus oryzae EMS-6 was used for the
preparation of mycelial biomass. The mutant was previously developed through EMS-induced mutagenesis and repressed
against L-cysteine HCI. Growth parameters such as rate of cultivation (48 h), initial pH (6) and incubation temperature (30 °C)
supported 18.84 g/l biomass with 23 g/l glucose consumption. Thermophilic behaviour of culture was observed at 2540 °C.
Kinetic variables notably u=0.385 /h and Q,, exhibited consistent growth pattern. Biochemical reactions were performed
aerobically using mycelial biomass as the source of enzyme ‘tyrosinase’ in a digital hotplate equipped with magnetic stirrers.
The reaction conditions included 5 mg/ml biomass and 2.5 mg/ml levodopa as basal substrate in a thermophilic reaction
of 25 min duration acidified with L-ascorbic acid. TLC and HPLC analysis of reaction mixture confirmed the presence of
levodopa and dopamine using a CN-9dth (R) column. Activation enthalpy and entropy of dopa decarboxylase (DDC) and
its thermal inactivation showed an improved biotransformation of levodopa to dopamine at the optimal temperature (30 °C)
as compared to other temperatures being employed. Overall, 3.68 mg/ml dopamine (4.55 mg/ml proteins) synthesis from
2.38 mg/ml levodopa was accomplished. The enhancement in metabolic activity of the mutant strain is ~2.75-fold improved
when compared to the unoptimized reaction conditions, which is highly significant (HS) indicating an eco-commercially

viable (LSD ~0.412) bioprocess.
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Introduction

Dopamine, a sympathomimetic amine vasopressor, belongs
to catecholamines. It is a precursor for norepinephrine par-
ticularly in noradrenergic neurons along with those in the
adrenals (Hyland et al. 1992; Sirivelu et al. 2006). Its role
in synchronization of movement could be understood by
inspecting Parkinson’s disease. This ailment is associated
with the very minute quantities of dopamine in nervous sys-
tem (Charteris and John 1975; Piccini et al. 1999). It is an
integral component of the brain biochemistry (Kanteev et al.
2015) and is believed to have a significant role in drug addic-
tion associated with cocaine, amphetamine, marijuana, alco-
hol and nicotine use (Haq et al. 2002). Naturally, levodopa is
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produced from tyrosine by tyrosine hydroxylase. Levodopa
is then transformed to dopamine by the dopa decarboxy-
lase (Raju et al. 1993). Dopa decarboxylase (EC 4.1.1.28;
DDC) is the first useful enzyme of melanogenic pathway to
be characterized. It is an intracellular enzyme and is gener-
ally found in the cytoplasm of cells (Christensen 1972). The
enzyme plays a central role in wound healing, pigmentation,
parasite defense and the hardening of cuticle (Bertoldi and
Voltattorni 2000). It acts as an undissipated protein, and its
activity in microorganisms is generally weak (Hodgetts and
O’Keefe 2006). Dopamine is fairly unstable when produced
and rapidly oxidized to other metabolites, thus its stoichio-
metric synthesis has been difficult to achieve (Salinas et al.
2016). Due to the some allergic reactions of levodopa intake
in Parkinson’s patients, the direct dopamine intake is gaining
interest in health biotechnology.

Although, some reports in the literature have appeared
which described the chemical conversion of L-tyrosine to
levodopa that ultimately converted into dopamine and some
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other intermediates of the melanogenesis’ cycle (Minelli
et al. 1979; Ali et al. 2005; Tang et al. 2017). However,
work is still needed to produce dopamine from the substrate
levodopa by microbiological techniques. Production of
dopamine from the harvested cells in an acidic reaction with
L-ascorbic reaction would not only be economically signifi-
cant but may be a more stable production process. Aspergil-
lus oryzae mold mycelia after harvesting in broth culture are
prerequisite for biochemical transformation of levodopa to
dopamine (Haneda et al. 1973; Kaljunen et al. 2011). The
present investigation is a novel biochemical transformation
of levodopa to dopamine by L-cysteine HCI resistant mutant
filamentous fungus A. oryzae EMS-6. The putative culture
was investigated for improved substrate uptake and enzyme
production rates, respectively. Various kinetic parameters or
variables particularly product formation rates and substrate
consumption constants were also determined. Activation
enthalpy and entropy of the product were targeted for the
kinetics of fermentation system and to further elucidate the
key phenomenon involved in empirical approach.

Materials and methods

Levodopa, ethyl methane sulphonate (EMS) and L-cysteine
HC1 were procured from Sigma Chemicals Inc. (St. Louis,
USA) and preserved at 4 °C in a lab-cool (Model: MP-153,
Sanyo, London, UK). Other chemicals were also of maxi-
mum purity.

Microorganism

Aspergillus oryzae mutant EMS-6 was acquired from the
available stock culture of Institute of Industrial Biotechnol-
ogy (IIB), GC University Lahore (Pakistan). The fungal
strain was grown on potato dextrose agar (PDA) slopes, pH
5.6. After growth, the slope cultures were stored at 4 °C
using a mini cold lab (153-MP, Manchester, UK). It was
made resistant against L-cysteine HC] as a non-standard
amino acid after treatment with ethyl methane sulphonate
(EMS) to the 36 h old vegetative mycelia using Vogel’s
medium (Pontecarvo et al. 1969).

Inoculation and biomass harvesting

The submerged fermentation (SmF) technique using
250 ml conical flasks was used for all batch-culture culti-
vations. The spore inoculum was developed using 10 ml
of diacectyl ester of sulpho succinic acid (Monoxal OT).
Twenty-five milliliters of Vogel’s medium comprising
30 g/l glucose, 2 g/l peptone, 2.5 g/l trisodium citrate,
1 g/l yeast extract, 2 g/l NH,NO;, 5 g/l KH,PO,, 4 g/
(NH,),SO, and 0.2 g/l MgSO,-7H,0, and pH 5.5 were
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taken in 250 ml conical flasks. It was autoclaved at 15
psi (121 °C) for 15 min. Later, it was seeded with 1 ml of
conidial suspension (1.5 x 10° CFU/ml). CFU was deter-
mined by a haemocytometer. The culture media were then
incubated in an orbital shaking incubator (160 rpm) at
28 °C for 48 h.

Fungal mycelia were collected by filtering the fermented
broth through filter paper in a funnel. These were washed
free of the medium with ice-cold distilled water (4 °C). The
mycelium was air-dried to make it 90% moisture free using
sheets of filter papers (Whatman No. 44, Brazil) and stored
at4 °C.

Critical phases of aerobic biochemical reactions

The biochemical reaction for levodopa synthesis from
L-tyrosine was undertaken using a mycelial suspension of
the fungus growth. The mycelia were dispensed in the reac-
tion mixture following the procedure of Haneda et al. (1969).
Twenty-five milliliters of 50 mM acetate buffer (pH 3.5)
comprising 2.5 mg/ml L-tyrosine, 5 mg/ml L-ascorbic acid
and 7.5 mg/ml intact mycelia were added to 100 ml capacity
Erlenmeyer flask. The reactions were performed aerobically
(1 vvm fresh air supply) at 50 °C for a range of time periods
(30—70 min.) using a hotplate having magnetic stirrers (Per-
kins Elmer, USA). The biochemical samples were collected
and centrifuged (6000xg for 15 min). The supernatant was
placed under dark at an ambient temperature (20 °C).

Analytical techniques

Residual levodopa was determined after Arnow (1973).
DDC and dopamine activities were measured using thin
layer chromatography (TLC) and high-performance liquid
chromatography (HPLC) interphase fitted with electro-
chemical and biochemical detection (HPLC-BIO-ECD)
systems as performed in some earlier reports (Sherald et al.
1973; Li and Christensen 1993). The HPLC-BIO-ECD sys-
tem consisted of an interphase attached to LC-100 (Perkin
Elmer, Series-200, USA) pump, CN-9dth (R) column, a
glassy carbon electrode, maintained at 25 °C and a UV/VIS
detector. The data were incorporated using computer with
an automated software system (Charteris and John 1975).
The mobile or liquid phase was prepared with pyrogen-free
distilled water and delimited by 10 g/l monochloroacetic
acid, 6.5 NaOH, 0.16 g/l EDTA along with 1% ethanol. It
was filtered and degassed using ultrasonic filtration assem-
bly (Model: Hielscher, KL.-132-4, Bonn, Germany). The
electrode was operated at 75 V and full-scale detector after
Sirivelu et al. (2006). The total protein content in the super-
natants was determined after Bradford (1976).
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Kinetic and statistical analysis

Kinetic parameters were examined according to the methods
of Pirt (1975). The data of at least three different experi-
ments were employed for statistical analysis. The enzyme
activity and metabolite reactivity along with mean specific
activity between the samples and standard controls were
equated using the classical Duncan’s multiple range test after
Snedecor and Cochran (1980).

Thermodynamical characterization

Arrhenius empirical approach was used to analyse the rela-
tionship of temperature-dependent inactivation of dopamine
(Aiba et al. 1973). The specific rate for metabolite formation
(¢ units/g cells/h) was employed to compute the different
parameters following Arrhenius equations,

qp =TX kB/heAs*/RC_AH*/RT, (1)

In (g,/T) =In (kg /h) + AS % /R — AH % /RT. )

The plot of In(g,/T) vs.1/T exhibited a straight scattered
line whose curve slope was — AH*/R while intercept was
AS*/R+1n(Kg/h). The letter ‘h’ is Planck’s constant which
is 6.63 x 1073 Js. Similarly, K is Boltzman constant [R/N]
with 1.38 x 1072° J/K where N denotes the Avogadro’s No
being numeric 6.02 x 10* per mol.

Fig. 1 Rate of cultivation for 25 1
biomass development of A.
oryzae EMS-6 for the bio-
transformation of levodopa to
dopamine. Rate of cultivation
(Glucose conc. 30 g/1, initial
pH 5.5, incubation temperature
30 °C, agitation 240 rpm)

Biomass development (g/1), Residual glucose (g/1)

Results and discussion

Biomass harvesting and optimizations of A. oryzae
EMS-6

Biomass cultivation is critical for intracellular enzymes, so
in the present study filamentous fungus A. oryzae mutant
strain EMS-6 was grown at various conditions such as rate of
cultivation, initial pH and incubation temperature. The rate
of cultivation was studied from 12 to 84 h after the inocula-
tion (Fig. 1). The amount of biomass was very low (1.82 and
4.5 g/, respectively) when cultivated for 12-24 h and it was
increased with the passage of time, upto a certain extent. The
maximum biomass development was, however, observed at
48-72 h of cultivation. A sharp decline in mycelial growth
was noticed 72 h after incubation which became 13.86 g/I at
84 h. Glucose consumption was improved during the course
of cultivation; however, 20.88 g/l was found to be optimal.
Therefore, biomass cultivation for 48 h was optimized as
further increase in time duration notably 60-72 h did not
reveal any positive impact on mycelial development rather
it started declining. In a similar kind of study, Haneda et al.
(1973) reported the cultivation of various microorganisms
and optimized batch conditions including rate of cultivation,
initial pH and incubation temperature.

Initial pH has a direct effect on the biomass develop-
ment and metabolic behaviour of organism (Sirivelu et al.
2006). Effect of initial pH (3.5-7) was investigated on myce-
lial harvesting of A. oryzae EMS-6 (Fig. 2). A biomass of
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Fig.2 Effect of initial pH on 25 1
biomass development of A.
oryzae EMS-6 for the bio-
transformation of levodopa to
dopamine. Initial pH (Glucose
conc. 30 g/l, rate of cultivation
48 h, incubation temperature
30 °C, agitation 240 rpm)

Biomass development (g/1), Residual glucose (g/1)

3.5 4

4.5 5.5 6 6.5 7 7.5
Initial pH

(]

—&— Biomass development (g/1) —5— Residual glucose (g/1) l

6.82 g/l with a glucose consumption of 9.85 g/l was obtained
when pH was adjusted to 3.5. Biomass development was
enhanced when medium pH was increased from 4 to 6; a
gradual decline in mycelial weight was observed afterwards.
The maximum biomass development (18.98 g/1) at an initial
pH of 6 was about threefold higher compared to pH 3.5.
Glucose consumption was noted to be 20.18 g/l. A neutral
pH of cultivation medium did not reveal a positive impact or
enhancement in mycelial development as reported by Haq
et al. (2002). It was rather decreased to 10.08 g/l with a
concomitant decrease in substrate uptake rate. A pH of 6
was therefore found to be highly significantly (HS, p <0.05)
for biomass production compared to all other values when
cultivated for 48 h.

Thermophilic behaviour of A. oryzae EMS-6 for bio-
mass development was studied at a temperature between 20
and 55 °C (Fig. 3). The mycelial growth was not sufficient
(9.1 g/1) when temperature of the cultivation medium was
adjusted at 20 °C during the course of incubation. Sub-
strate consumption was also very poor (less than 4 g/l).
However, a notable observation was that an incubation
temperature range between 25 and 40 °C promoted opti-
mal growth, and no major change in net dry weight was
found (18.25-18.84 g/l biomass). Glucose consumption was
improved with the increase in temperature (7 g/l found opti-
mal). A sharp decline in the biomass was noticed when tem-
perature was further increased beyond 40 °C and it became
very low (9.2 g/1) almost equal to the amount obtained at
20 °C. Similar kind of findings has also been reported by
Raju et al. (1993). Glucose consumption was quite high
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regardless of temperature severity (22.12 g/l substrate
was consumed at 55 °C). As the organism showed optimal
growth at a broad temperature range of 25-40 °C, so it was
concluded that this thermophilic characteristic may be an
additional benefit for the second step, i.e., extraction of DDC
from the mycelial cells in an acidic reaction and biochemical
transformation of levodopa to dopamine with concomitant
increase in the product stability as substantiated by the previ-
ous findings of Ali et al. (2005).

Comparison of kinetic variables

A comparison of kinetic variables for biomass development
of A. oryzae EMS-6 at various incubation temperatures such
as 25, 30, 35 and 40 °C was made (Table 1). Specific growth
rate (u /h) was almost constant with a little enhancement at
30°C(0.392+0.11 /h). The biomass yield coefficient (¥,)
was, however, better (1.46 +0.42 g/g) at 25 °C, compared to
all other temperatures particularly to that of 35 or 40 °C (Pirt
1975). The improvement was significant (p <0.05). When
the microbial culture was observed for volumetric rates of
biomass formation (Q,) and substrate utilization (Q,), the
values obtained in the temperature range between 25 and
30 °C were economically encouraging; however, no remark-
able difference was noticed. Q, and Q, directly relates to
higher product formation and substrate consumption rates
as reported by Pirt (1975). The specific rate constants (g,
q,) were almost constant regardless of increase in tempera-
ture all the way from 25 to 40 °C. The value of specific
rate constant for biomass formation (g, =0.441+0.14 g/g/h)
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Fig. 3 Effect of incubation 30 1
temperature on biomass devel- —
opment of A. oryzae EMS-6 2
for the biotransformation of 2 25 E
levodopa to dopamine. Incuba- §
tion temperature (Glucose conc. =)
30 g/, rate of cultivation 48 h, §
initial pH 6, agitation 240 rpm) S 201 I
) W ¥
~
S 15
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g‘ 10
= q
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Incubation temperature (°C)

—©— Biomass development (g/1) —&— Residual glucose (g/1)

Table 1 Thermophilic

. . Kinetic variables*
behaviour and comparison of

Thermophilic behaviour (°C)

kinetic variables for biomass 25 30 35 40

development of A. oryzae

EMS-6 at various incubation u (/h) 0.380+0.12 0.392+0.11 0.391+0.10 0.385+0.08

temperatures Y, (g/2) 1.460+0.42 1.124+0.42 0.992+0.08 0.942+0.24
0, (g/g/h) 0.030+0.01 0.023+0.01 0.021+0.01 0.020+0.01
Q, (g/g/) 0.762+0.24 0.984+0.28 0.910+0.25 0.898+0.30
q , (g/g cells/h) 0.014+0.01 0.018+0.01 0.021+0.01 0.022+0.02
q  (g/g/h) 0.149+0.08 0.441+0.14 0.388+0.12 0.367+0.12
LSD 0.228 0.412 0.398 0.304
Probability status, p S HS S S

+indicates the standard deviation from the mean value. LSD denotes least significant difference among
the values. The values differ significantly (p <0.05) by different letters. HS is for highly significant while S

stands for significant

*u (/h) =specific growth rate, Y, (g/g)=cell mass formed (g/l)/substrate utilized (g/1), O, (g/g/h)=slope
of cell mass formation/time of fermentation, Q, (g/g/h)=slope of substrate utilization/time of fermentation,
q, (g/g cells/h) =specific substrate uptake rate (uxY,,), q, (g/g cells/h)=specific cell mass formation rate

(IJ X Yx/s)

obtained at 30 °C was, however, highly significant (HS, LSD
0.412) as reported by Felger and Miller (2012). The kinetic
variables thus revealed an improvement in biomass produc-
tion and better glucose consumption rate following growth
of the culture at a temperature range of 25-40 °C.

DDC excretion and biochemical transformation
of levodopa to dopamine

The microbiological transformation of levodopa to dopa-
mine was undertaken in an aerobic reaction. The initial

concentration of levodopa was 2 mg/ml and the reaction
was carried out at a pH of 3.5 for 30 min. Effect of different
biomass level on the biochemical conversion of levodopa
into dopamine by A. oryzae EMS-6 was then investigated
(Fig. 4). The concentration of biomass varied from 1 to
8 mg/ml in each aerobic reaction. Dopamine of 0.07 mg/
ml was produced when 1 mg/ml biomass was used as DDC
source. Levodopa consumption and total protein content
formed were 0.05 and 0.14 mg/ml, respectively. The produc-
tion of dopamine was increased in the reaction mixture as
the biomass concentration was increased from 2 mg/ml but
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Fig.4 Effect of different levels 5
of biomass of A. oryzae EMS-6
on the biotransformation of 4.5 1

levodopa to dopamine. Levo-
dopa 2 mg/ml, reaction time
30 min, pH 3.5
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up to a certain extent. The maximum conversion of levodopa
to dopamine (2.86 mg/ml with 4.05 mg/ml protein content)
was achieved at 5 mg/ml biomass level. Dopamine produc-
tion was sharply declined when biomass concentration was
increased from the optimal and became very low (1.06 mg/
ml) at 8 mg/ml cell biomass. Levodopa consumption was,
however, gradually increased except at 8 mg/ml mycelial
weight where substrate consumption rate was noted to be
marginally lower (1.78 mg/ml) compared to the optimal,

Fig.5 Effect of different con-
centrations of levodopa on its
biotransformation to dopamine
using biomass of A. oryzae
EMS-6. Biomass conc. 5 mg/
ml, reaction time 30 min, pH
35

Levodopa consumed (mg/ml), Dopamine produced
(mg/ml), Total protein content formed (mg/ml)

concomitantly protein contents were reduced from maximal
value (4.05 mg/ml) to 2.46 mg/ml only. So, a biomass level
of 5 mg/ml was optimized, as demonstrated by the findings
of Vaillancourt et al. (2013).

Substrate is the basal ingredient or metabolic compo-
nent which not only supports the growth of an organism
but it also provides the raw material to be converted into
product by specific enzymes (Tang et al. 2017). Figure 5
depicts the effect of different concentrations of levodopa

T T

L5 2 2.5 3 3.5 4 4.5

T T

Levodopa added (mg/ml)

| —+— Levodopa consumed (mg/ml) —&— Dopamine produced (mg/ml) = —=A— Protein content (mg/ml) |
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on its biochemical conversion into dopamine by A. oryzae
EMS-6. The concentration of levodopa ranged from 0.5 to
4 mg/ml for each biochemical trial. Dopamine production
was very low (0.28-0.71 mg/ml) at initial levels of levo-
dopa (0.5-1 mg/ml). Levodopa consumption and total pro-
tein produced were in the range between 0.14 and 0.31 and
0.45-0.91 mg/ml, respectively. The maximum amount of
dopamine (3.42 mg/ml with 2.28 mg/ml levodopa consump-
tion) was, however, obtained when 2.5 mg/ml substrate was
added into the reaction mixture. Total protein contents were
found to be 4.56 mg/ml which were about tenfold improved
compared to the initial levels of levodopa added. A further
increase in levodopa concentration other than the optimal
did not reveal any bearing on substrate consumption; it was
rather a straight line showing that higher substrate concentra-
tion is economically not suitable. It was however evident that
dopamine biosynthesis markedly declined (1.95-2.7 mg/ml)
at levodopa concentration (3.5-4 mg/ml) greater than the
optimal (2.5 mg/ml). Similarly, a higher substrate level in the
reaction broth adversely affected the total protein contents
being produced by the organism. A substrate concentration
of levodopa (2.5 mg/ml) was optimized, and substantiated
with the findings of Felger et al. (2015).

Incubation period is one of the most critical factors which
determine the quantity and quality of the actual product
required as any imbalance or disturbance during the course
of reaction might have strong adverse effects on the pro-
duction as well as stability of the product (Nakamura et al.
2000). The effect of reaction time on the biochemical con-
version of levodopa into dopamine by A. oryzae EMS-6
was also undertaken (Fig. 6). The biochemical reaction was

Fig.6 Effect of reaction time on 5 1
biotransformation of levodopa
to dopamine using biomass of
A. oryzae EMS-6. Levodopa
2 mg/ml, biomass conc. 5 mg/
ml, pH 3.5

i
73

E=N

w
W

w

Ko

=
9]
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o
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Levodopa consumed (mg/ml), Dopamine produced
(mg/ml), Total protein content formed (mg/ml)
N
wh

o

carried out for different time periods such as 5, 10, 15, 20,
25, 30, 35, 40 min. The production of dopamine was not
encouraging (0.32-1.84 mg/ml) at 5-15 min of reaction.
Protein content was, however, improved after 15 min of
reaction and found to be 3.05 mg/ml. The maximum prod-
uct (3.68 mg/ml dopamine) was obtained when the reaction
continued for a period of 25 min. Levodopa consumption
and total protein contents formed during the optimal course
of reaction were 2.38 and 4.55 mg/ml, respectively. The
dopamine formation was thus 1.48-fold (38.5%) improved
compared to the product obtained in 30 min after reaction
with 2 mg/ml of levodopa and 5 mg/ml of biomass used.
Dopamine formation, however, declined when the reaction
time was further increased beyond 25-30 min which became
very low (0.95 mg/ml) after 40 min. Levodopa consumption
and total proteins were also considerably reduced at a longer
reaction time period.

TLC and HPLC studies have confirmed the metabolite
synthesis (Fig. 7) as reported by Raju et al. (1993). L-Phe-
nylalanine, L-tyrosine and levodopa were also observed in
the reaction mixture during the course of reaction (25 min
optimal); however, their highest activities were recorded to
be only 0.0042, 0.0255 and 0.148 mg/ml, respectively.

Thermodynamics and characterization of DDC

The requirement of relatively lower activation energy (E,)
for fungal growth vis-a-vis less demand of enthalpy or
entropy of activation for metabolite synthesis could be
assumed as the prospective indices of microbial thermo-
stability during the cultivation and development processes,

10 15 20 25 30 35 40 45

Time of biochemical reaction (min)

I —+— Levodopa consumed (mg/ml) —&— Dopamine produced (mg/ml) —=A— Protein content (mg/ml) |
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Fig.7 TLC and HPLC analysis of reaction mixture containing L-phe-
nylalanine, L-tyrosine, levodopa and dopamine using CN-9dth (R)
column

as these variables are the possible measures for thermosta-
ble or extremophile enzymes. In the present investigation,
A. oryzae EMS-6 exhibited 6.34-fold more stable metabo-
lite (E,=7.6+ 1.2 kJ/mol) at 30 °C compared to relatively
lower temperature (like 20 °C). It was attributed towards
its required lower activation energy for the microbial
growth in the harvesting medium. The data are depicted
in Table 2. This was considerably lower compared to that
required by the cells or mycelia of mutated fungal cultures
or batch systems (Charteris and John 1975). The different
quantitative values of the process parameters for thermo-
dynamics indicated that activation enthalpy of tyrosinase
formation by the fungus (AHD =4.82 + 1.2 kJ/mol) is
extremely lower than at 30 °C (Aiba et al. 1973; Converti
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Table2 Comparison of thermodynamic parameters estimated for
DDC derived at various reaction time periods

Thermodynamic param-
eters

Enzyme formation Thermal inactivation

Activation enthalpy*

20 °C 3.82+04 12.02+2.5

25°C 7.60+1.2 9.85+1.4

30°C 5.94+1 9.00+2
Activation entropy¥

20 °C 2.35+0.2 36.60+4.5

25°C 482+1.2 29.84+2.8

30°C -3.10+0.4 -2455+15

+indicates standard deviation among three parallel replicates. The
values in each set differ significantly from each other at p <0.05

*E,, AH (kJ/mol)
YAHD, AS (J/mol/K)

and Dominguez 2001). The value of activation entropy for
thermal inactivation by the fungal mutant mycelial pellets
(—24.55+1.5 J/mol/K) remained extremely low and was
equivalent to that for dopaquinone formation by a ther-
motolerant filamentous fungal culture (Trichoderma spp.)
that imitated that the inactivation portent indicated a lower
disorderness (Aiba et al. 1973) during the liquid growth or
subsequent metabolic formation.

Conclusions

Biotransformation of levodopa to dopamine in an L-ascor-
bate mediated thermophilic-aerobic biochemical reaction
was accomplished successfully. A mutant strain of A. ory-
zae EMS-6 was used to harvest mycelial biomass in 48 h at
30 °C. Thermophilic behaviour was observed up to 40 °C
exhibiting kinetic variables (u and Q) to be consistent
for growth patterns. Biomass, levodopa and reaction time
were optimized. The product mediation and reaction sta-
bility was correlated to the direct acidic reaction condi-
tions prevailed by L-ascorbic acid. TLC and HPLC analy-
sis of reaction mixture confirmed the presence of stable
dopamine. Activation enthalpy and entropy of DDC and
its thermal inactivation revealed a little disorderness in
product. A notable biosynthesis of dopamine (3.68 mg/ml)
was achieved indicating a viable metabolic transformation
bioprocess.
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