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Abstract:

Screening of eleven nutrients belongmg to two categories, viz., carbon and nitrogen sources was
carried out using Plackett-Burman design for the production of glutammase by isolated Aspergillus sp under
submerged conditions. This design involves screening of up to ‘n-1"variables n just ‘n’ number of experiments.
Effects, p & t-values were calculated by subjecting the experimental data to statistical analysis. Among
selected eleven nutrients NaNO , lactose and yeast extract showed higher effect and lower p-values. Based
on the results n mtrogen sources NaNO, and in carbon sources lactose were identitied as a potential glutamimase

enhancing nutrients.
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1. INTRODUCTION:

L-Glutaminase (L-glutamine amidohydrolase
EC 3.5.1.2) catalyzes the hydrolysis of L-glutamine
to L-glutamic acid and ammomnia. This 1s an essential
enzyme for synthesis of various nitrogenous
metabolic mtermediates. The glutaminase also acts
as a catabolic repressor in microorganisms. It is also
present in the mammalian tissues and break downs
the glutamine into glutamic acid and ammonia . There
1S enormous scope exists for the search for potential
strains that could produce L-glutaminase in high
yields and with novel properties under economically
viable bioprocesses. Wade et al, Nelson et al and
Imada et al compiled more comprehensive lists of
glutammase producing organisms.

Selection of appropriate carbon, nitrogen and
other nutrients is one of the most critical stages mn
the development of an efficient and economic
process. The methodologies used for screening the
nutrients fall into two major categories; classical and
statistical . The statistical methodologies are
preferred because of various advantages in their use
m terms of rapid and rehiable short-listing of nutrients,
understanding the mteractions among the nutrients
at varying concentrations and a tremendous reduction
in total number of experiments resulting in saving of
time, glassware, chemicals and manpower .

Plackett-Burman design (PBD) is a statistical
methodology that 1s used for the screening purposes.
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PBD are used to investigate ‘n-1" variables mn ‘n
experiments proposing experimental designs for
more than seven factors and especially for nx4
experiments, 1.€. 8, 12, 16, 20, etc., that are suitable
for studying up to 7, 11, 15, 19, etc. factors,
respectively. One useful characteristic 1s that the
sample size 1s a multiple of 4 rather than a power of
2. There are no two-level fractional factorial designs
with sample sizes between 16 and 32 runs. However,
there are 20-run, 24-run, and 28-run PBDs. In some
cases, where nx4=2k, the PBD is a specific fraction
of a full factorial design, and saturated fractional
factorial designs can be used as well. However, this
1S not the case for multiples of 4 that are not equal to
the power of 2. The main effects are orthogonal and
two-factor interactions that are only partially
confounded with mam effects. This 1s different from
the resolution three-fractional factorial, where two-
factor interactions are indistinguishable from main
effects. Let us consider the case of 12 experiments
for 11 factors as happens i the present study. It 1s
also possible to verify that each factor is examined
at six + and six- levels.

Comparing further PBD with the fractional
factorial designs (FFD), 1t should be noted that PBD
are used when there are more than seven factors,
while FFD could be used in situations with less
factors. Using the FFD design of reference with
Resolution IV, we would need to perform 64 runs,
almost five times more experiments, with the gain of
the effects of some two way interactions, not
necessary i the present case of study. If we wanted
to find a modeling equation for predicting the

Volume - 2 Issue -3 July’2009 - September 2009



performance of liposomes then we had to isolate the
significant factors from the PBD and then to transfer
these factors on a FFD to examine the modeling
procedure. Furthermore, it should be noted that in
PBD one should use dummy factors , something not
recommended m FFD.

In spite of the above advantages, the
statistical designs are applied to a limited number of
submerged fermentation processes, SSF processes
and never attempted earlier for the production of
the glutaminase. In the present study, we report the
screening of nutrients using Plackett-Burman design
for the production of glutaminase by isolated
Aspergillus sp under submerged conditions.

2. MATERIALS AND METHODS:

Micro organism and cultural condition:

The Aspergillus culture used n this study was
isolated from marme water of the Bay of Bengal
along the Visakhapatnam coast. The mitial production
medium was composed of KH PO, 1 g, MgSO, 0.5 g,
CaCl, 0.1 g, NaNO, 0.1 g, Trisodium citrate 0.1 g, NaCl
10.0 g, L-glutamine 10.0 g, Dextrose 5.0 g, Sea water
1it and pH 6.0 After inoculation with a 2% (v/v)
conidial suspension, incubated at 27 °C on a rotary
shaker at 120 rpm.Initially the fermentation was
carried out for 48 hours, the mycelia was separated
by centrifugation and the supernatant was used for
assaymg enzyme activity.

Estimation of glutaminase activity:

Glutammase was assayed according to the
method of Imada et al. where the liberated ammonia
due to the action of enzyme was estimated using
Nessler’s reagent.

Plackett—Burman Design

In order to select the additional carbon and
nitrogen source for enhancement of the glutaminase
was carried out by employing the PB design. Table
1 indicates the selected variables and their levels. The
experimental plan was shown in the table 2. Analysis
of the experimental results was performed based on
the effect of each variable. The effect of the each
selected variable on glutaminase production was
determined using the following equation.

Fo) >y )
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Where; E (x) = the concentration eftect of the
tested variable.
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"and Y~ = the glutaminase production from
the tr1als where the variable (x1) was measured at
high and low concentrations, respectively; and
N = the number of trials.

The sign of the eftect indicates the level at
which it 1s considered for further improvement. For
example, 1f a variable have the negative sign means
the compound gives the best yield at the low level
and experiments should be carried out using further
decreased concentration of the compound.

All experiments were carried out 1n triplicate
and the average of glutaminase productivity was
taken as responses (Y). The variables whose
confidence levels were higher than 90% were
considered to significantly influence on enzyme
production.

3.Results and discussion:

In the present investigation, the significance
of 11 different carbon and nmitrogen compounds on
production of glutaminase was screened 1n order to
improve the composition of the medium by
simultaneous comparisons between two levels (high
and low values) of above selected factors by applying
the 12 experimental Plackett—Burman design. Table
2 gives the experimental plan along with the results.
It was observed that the enzyme production was
varied between the 1.37-32 U/ml, 1t indicates that
the selected nutritional compounds show a significant
effect on the production of the glutaminase.

The experimental data was further analyzed.
It was observed that the design was saturated. From
the saturated design the significant factors and other
parameters determination 1s difficult. In order to
convert saturated design to unsaturated design the
least effect variables were pooled into the error. In
the present study the maltose and galactose were
found to be least significant factors. In order to get
the error variability and convert saturated design to
unsaturated design these two factors were pooled
INtO E1Tor.

Based on experimental data, the Pareto chart
of effects was plotted for identifying the factors that
are important in enzyme production in this fungal
strain. This chart show the factors main effect
estimates on the horizontal axis. The selected factors
main effects are rank ordered according to their
significance. The chart also show a vertical line to
indicate the statistical significance (P=0.05).
selected variable is significant in the process, the
variable-bar crosses the vertical line or vice versa.
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