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ABSTRACT

For predicting the rate of enzymatic reaction empirical correlation based on the experimental results obtained
under various operating conditions have been developed. Models represent both the activation as well as
deactivation conditions of enzymatic hydrolysis and the results have been analyzed by analysis of variance
(ANOVA). The tannase activity was found maximum at incubation time 5 min, reaction temperature 40°C, pH 4.0,
initial enzyme concentration 0.12 v/v, initial substrate concentration 0.42 mg/ml, ionic strength 0.2 M and under
these optimal conditions, the maximum rate of gallic acid production was 33.49 nmoles/ml/min.
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INTRODUCTION

Bioconverson of chemical feed stock is an
economically viable option to chemica process
especidly in view of its reduced scale of pollution
and energy consumption. Caesal pinia digyna (Teri
pod) cover was used as the raw material for the
conversion of tannin present in it, to gdlic acid
under modified solid-state fermentation, with the
ad of the enzyme, tannase (tannin acyl hydrolase,
EC 3.1.1.20) produced by the microorganism
Rhizopus oryzae (RO IIT RB-13 NRRL 21498),
localy isolated from the soil of IIT campus. Gallic
acid is a phenolic compound (3,4,5-trihydroxy
benzoic acid) and is used mainly in pharmaceutica
industries for manufacturing trimethoprim (TMP).
Trimethoprim is an antibacteria agent, which is
usudly given dong with sulfonamide, and
together it has a broad spectrum of action. As
microbia processes are less predictable and often
more sendgtive to environmental variations than
chemical reactions (Namdev et al., 1991; Patnaik,
1995) because of the complexity of microbid
physiology and their interactions with transport
processes, there have been few attempts of
theoretical analysis. Mathematical modeling is the
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gpplication of mathematics to obtain answers to
real world problems. It may be used in a wide
range of applications, some of which do not appear
initialy to be mathematics in nature. Mathematica
model  together  with  carefully  designed
experiments makes it possble to evauate the
behavior of the systems more rapidly than with
laboratory experiments only. Models often alow
quick and cheap evduation of aternatives, leading
to optimal solutions, which are not otherwise
obvious. Moreover, by using models we can better
understand or explain natura phenomena and
under some conditions we can make predictions in
adeterministic or probabilistic sense.

A mathematical model for a microbia process can
be expressed using two different mechanisms:
structured and unstructured models (Sinclair &
Krigiansen, 1987). The building of kinetic model
congsts of comparing the predicted values of
assumed models with experimental data in order to
obtain more relevant correlation. Such mode
enables the bioengineer to design and control
microbial process (Moser and Steiner, 1975) by
predicting the behaviour of the same.

Knowledge and an understanding of the kinetics of
galic acid production are of great economica
importance in view of the fact that it has got



Brazlian Archives of Biology and Technology, v.43, n.5, p. 509-513, 2000 510

immense application in the pharmaceutica
industry. Industrial fermenta-tion is gradudly
moving away from the traditiond and largey
empirical approach towards simpler and better
controlled process (Trilli 1990).

MATERIALSAND METHODS

Raw Material: Teri pod (Caesalpinia digyna)
shrub is found in the forests of the Assam, West
Bengal, Andhra Pradesh, Madhya Pradesh and
Orissa. The Teri pod cover was readily available
from Orissa during the processing of the pod for
recovery of ail. It was dried at a temperature of
60°C in an oven to remove the moisture. After
drying, the pod cover was finely powdered in a
grinder and screened to 74-422 mm. Oversized
particles were recycled. The powder was stored in
acool and dry place at room temperature.

Media: Modified Czapek-Dox medium (Hadi et
al., 1994) was used to prepare induced inoculum
(Chen, 1969). In the present study, the medium
condituted of sodium nitrate (0.25% (w/v)),
potassum dihydrogen orthophosphate (0.1%
(Wwhv)), magnesum sulphate (0.05% (wW/v)),
potassium chloride (0.05% (w/v)) and Caesalpinia
digyna seed cover powder (2.0 % (w/v)).

Micro-organism: A funga srain, Rhizopus
oryzae (RO IIT RB-13 NRRL 21498), which was
isolated from the soil of Indian Inditute of
Technology campus, Kharagpur, was used for the
production of tannase. The culture was maintained
on 2% (w/w) malt extract agar dant (Banerjee,
1992).

Fermentation: Biosynthess experiments were
carried out in 250-ml Erlenmeyer flasks containing
100 ml of the modified Czapek-Dox medium
without the addition of Caesalpinia digyna pod
cover powder, to which 1.0 ml of induced
inoculum was added and incubated at 37°C for 72
h in an incubator shaker (Sambros and Instruments
IndiaLtd., India).

Study of tannase kinetics. After fermentation the
insoluble materid  was  sedimented by
centrifugation in a cold centrifuge (Remi C-24,
India). The supernatant was used for study of
tannase  kinetics under various operating
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conditions following the assay procedure (Kar et
al., 1999).

Modelling: An empirica correlation for predicting
the optimum rate of gdlic acid production vis-a&
vis enzymatic reaction influenced by various
physicochemical parameters, namely, incubation
time (t, min), reaction temperature (T, °C), pH (H),
initidl enzyme concentration (E, v/v), initid
substrate concentration (S, g/ml), ionic strength of
the medium (I, M) has been proposed in the
following form:

P=g®)*(M"H) E)'S°N)"...)

where P (mmolesml/min) is the gdlic acid
production rate, @ is the dimensond
proportiondity constant and a, b, ¢, d, e, f are the
exponential  coefficients.  The  exponentia
coefficients and the proportionality constant were
evauated from the experimental results using
Excel spreadsheet (Microsoft Office 97, Microsoft
Corp.). All the experiments were conducted in
triplicate and the average values were taken.
Finaly the analysis of the results was carried out
by the analysis of variance (ANOVA).

RESULTS

Results of the enzyme kinetic experiments for the
rate of gallic acid production were obtained for the
following conditions. incubation time (min), 1, 2,
3, 4,5 7, 10, 15, 18, 20, 25 and 30; reaction
temperature (°C), 8, 22,5, 30, 37, 40, 45, 50, 55
and 60; pH 3, 35, 4, 45, 5, 5.5, 6; initid enzyme
concentration (v/v), 0.01, 0.02, 0.03, 0.04, 0.08,
0.12, 0.16, 0.20; initia substrate concentration
(mg/ml), 0.028, 0.035, 0.07, 0.14, 0.21, 0.28, 0.35,
0.42, 0.49, 0.56, 0.70, 1.4, 2.8; ionic gtrength (M),
0.025, 0.05, 0.075, 0.1, 0.15, 0.175, 0.2, 0.25. Two
trends, activation and deactivation of the rate of
enzymatic reaction were observed from the results
under the above conditions. Therefore, for each of
the above two trends, a correlation between
dependent and independent variables was obtained
using the Exce spreadsheet. The equations
obtained were:

P= 29551)(10—6 (t) 0.9614 (T) 1.7138 (H) 4.3848
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Figure 1 Model 1
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Statistical anadlysis of model 1 and model 2 were
performed using Excel spreadsheet and the results
are shown in Tables 1 and 2 respectively.

Table1- ANOVA for Model 1

Groups Count Sum Average Varianc
e
Column 1 34 60628 17.83 126.39
Column 2 34 59943 17.63 123.32
ANOVA
Sourceof Sumof Degre Mean F-value P-value F
Variation squares esof Sguare critical
freedo
m
Between 0.68 1 0.68 0.005 0.94 3.98
Groups
Within  8240.61 66 124.85
Groups
Total 8241.29 67
Figure 2 Model 2
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(E) 1.6664 (S) 0.7094 (l) 1.1922
...(for activation) (2)
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P=19832x10° (t) “*** (T) 27" (P) %
...(for deactivation) (3)

Model 1 (Figure 1) and model 2 (Figure 2) were
developed using equations 2 & 3 respectively,
which depict the results of P (predicted) versus P
(experimenta).

Table2 - ANOVA for model 2
Groups Count  Sum  Average Variance

Columnl 18 308.92 17.16 137.76
Column2 18 311.03 17.27 125.65
ANOVA

Sourceof Sumof Degrees Mean F-value P- F-

Variation Squares of Square value critical
freedom

Between 0.12 1 0.12 0.0009 0.97 4.13

Groups

Within 4478.24 34 131.71

Groups

Total 4478.37 35

From tables 1 and 2 it can be seen that Fcritica
vaues are greater than the F-values, which
indicate that model 1 and modd 2 show good
agreement with the experimenta data. The
coefficient of determinaion (R?) and the
coefficient of correlation (R) for the rate of gallic
acid production in case of model 1 and mode 2
were calculated by regresson anadysis of the
experimental data using Excel spreadsheet. The
vaues were as follows: R = 0.979 (model 1) and
0.991 (modd 2); R = 0.989 (modd 1) and 0.995
(mode 2).

DISCUSSION

For the development of the model, the system was
divided into two parts. model 1 representing the
activation trend (rate of gdlic acid production
from minimum to maximum level) and model 2
representing the deactivation trend (rate of galic
acid production from maximum to minimum
level). The modd of deactivation trend is the
control modd for activation trend as the latter

system represents only increasing trend.
Further, the models are vdid only for the
following ranges of the parameters studied:
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Parameters Model 1 Model 2
Incubation time (min) 1-5 5-30
Reaction temperature 8-40 40 -60
0
pH of the medium 3-4 4-6
Initial enzyme 0.01-0.20
concentration (v/v)

Initial substrate 0.028-2.8
concentration (mg/ml)
lonic strength of the  0.025-0.25

medium (M)

The objective of the present investigation was to
find a suitable correlation for selecting the best
combination of microbiologica parameters in
order to obtain maximum rate of gdlic acid
production by the enzyme, tannin acyl hydrolase.
The coefficient of determination (R?) is 0.979 and
0.991 for model 1 and model 2 respectively. The
vaue of R is the measure of the total variation of
the observed value of gdlic acid production about
the mean explained by the fitted model, which is
often expressed in percentage (Rosander, 1951).
This implies that 97.9% and 99.1% of the total
variation in the galic acid production which have
been explained by the fitted models can be
attributed to the independent variables, viz, t, T,
H, E, Sandl.

The vaues of R* obtained, indicated a good
agreement between the experimental and the
predicted values of rate of gallic acid production
(model 1 and mode 2). The regression coefficients
are vaid for any of the variables studied, placed in
the anayzed ranges of the corresponding
variables. The coefficient of correlaion (R) is
0989 and 0.995 for modd 1 and modd 2
respectively. It explains the correlation between
the experimenta and predicted vaues from model
1 and modd 2 respectively and was considered
satisfactory.

The F-vaues corresponding to tannin  acyl
hydrolase was 0.005 and 0.0009 for model 1 and
model 2 respectively (Tables 1 and 2). The Fvalue
isthe ratio of the mean square due to regression to
the mean square due to error (Rosander, 1951). In
generd, the critical F-value should be severa
times greater than the computed Fvaues, the null
hypothesis is rejected when P-value is greater than
the Fvalue and infers that the variation accounted
for by the models was significantly greater than
the unexplained variations (Rosander, 1951). In
the present study, the null hypothesis was rejected
at 0.94 and 0.97 (for model 1 and 2 respectively)
for the enzyme, tannase.
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The optimal levels of parameters thus obtained
from equations (2) & (3) for maximum tannase
hydrolyss were: incubation time, 5 min; reaction
temperature, 40°C; pH, 4.0; initid enzyme
concentration, 0.12 (v/v); initid substrate
concentration, 0.42 mg/ml; ionic strength of
medium, 0.2 M a which gdlic acid production
was 33.49 (mmoles/ml/min).

RESUMO

Para predizer a taxa das reagOes enzimaticas uma
correlacdo empirica baseada nos resultados
experimentais foi desenvolvida ~ Os modelos
representam a ativagdo e a desativativacdo da
hydrolise enzimatica Os resultados foram
avaliados pela andise de varianga (ANOVA). A
atividade méxima da tannase foi obtida ap6s 5
minutos de incubacdo, temperatura 40°C, pH 4,0,
concentragdo inicid da enzima de 0,12 vlv,
concentragdo iniciad do substrato 0,42 mg/ml,
forca ionica 0,2 M. Sob condicdes a taxa
maxima de producéo é&cido gdico foi de 33,49
pmoles/ml/min..
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