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ABSTRACT

The present study aimed at understanding the effect of important process
variablesfor L- asparaginase production from Pseudomonas sp. K2 using
Box-Behnken design of response surface methodol ogy. Maximum enzyme
production (0.99 U/ml) was obtained with medium constituents of tem-

KEYWORDS

L-Asparaginase;
Box-behnken design;
Pseudomonas sp. K2;

Optimization.

perature 37°C, pH 9.0 and asparagine concentration at 2%. Good fit of
experimental datato themodel was obtained with p value of 0.0152 and R?,
88.16%. A low difference (11%) between experimental and observed values
validatesthereliability of model prediction. Five fold increasein enzyme
production by this microbial isolate was noted under optimized environ-

ment. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

L-asparaginasebelongsto an amino acid group and
catayzestheirreversibleconversion of L-asparagine
to L-aspartateand ammoniumiong?. Itisan antine-
oplastic agent used inlymphobl astic leukemiachemo-
therapy and neopladtic cdlscannot synthesize L -aspara-
ginasedueto lack of L-asparagine synthetase. For this
reason, they are dependent upon the L-Asparaginase
from circulating plasma pool $23. Supplementation of
L-asparaginaseresultsin continuous depletion of L-as-
paragine. Under such conditions, cancerouscellsdo
not survive. Thisphenomenon behavior of cancerous
cdlswasexpl oited by the scientific community to treat

neoplasiasusing L-asparaginase.

L -asparaginase produced by microorganisms has
been widdly used aseffective thergpeutic agent against
acutelymphoblasticleukemiaand lymphosarcoma. Ever
since Escherichiacoli L-asparaginase antitumor ac-
tivity was first demonstrated by J.D.Broom® and
L.T.Mashburnand J.C.Wriston”, itsproduction using
microbial system hasattracted considerableattention
owingtotheir cost effective and eco-friendly nature.
Thisrequiresscreening of soil samplesfrom various
sourcesfor isolation of potential microbeswhich have
theability to producethe desired enzyme. Inthiscon-
text, for effective utilization of any microbid system at
bioprocesslevd, it isessentia to screen and evaluate
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variousnutritiona and environmenta requirementsfor
microbia growth and subsequent biocatal yst produc-
tion(®9, as culture conditionsthat promote optimum
enzyme production differ sgnificantly with themolecu-
lar nature of themicroorganism.

Statistical experiment designshave been used for
many decades and can be adopted on severa stepsof
an optimization strategy, such asfor screening expei-
mentsor searchingfor the optimal conditionsof atar-
geted response. Recently theresult analyzed by asta-
tistical planned experiment i sbetter acknowledged than
those carried out by thetraditional one-variable-at-a-
timemethod. Inthe present sudy, theinvestigationwas
doneinoptima nutritiond, physiologica and culturere-
quirementsfor maximum production of L-asparaginase,
using anisolated microbial source by Response Sur-
face Methodol ogy.

MATERIALSAND METHODS

Screening of agpar aginase producing micr oor gan-
ism

Thebacteria strainused in thisstudy wasisolated
from sub surface soil of campus, Dol phin PG College
of Life Sciences, Chunni-Kalan, District-Fatehgarh
Sahib, Punjab, INDIA. One hundredsml of Czepak-
Dox (CD, d/l: Glucose, 2.0; L-Asparagine, 10;
KH,PO,, 1.52; KCI, 0.52 and MgSO, trace) broth
wasinoculated by theinoculum of each individud iso-
lateand after incubation a 37°C for 24 h, 1.5ml broth
wasremoved and centrifuged at 5000 rpmfor 20 min,
the clear supernatant was used as crude enzyme ex-
tract.

| dentification of most efficient microor ganism

Theisolatewasidentified by microscopic observa
tion and measurement of various biochemica param-
etersin accordance with the Bergey’s Manual of De-
terminative Bacteriol ogy.

Asparaginase assay

For enzyme assay spectrophotometric method was
used to estimate ammonia produced using
Nessdl erization reaction and wasfollowed according

to the method of Mashburn and Wriston, 19637. The
reaction mixture containing 0.2ml of 0.05M TrissHCI

(pH 8.6), 1.7ml of 0.01M L-asparagine and 1ml of
crude enzyme extract wereincubated at 37 °C for ex-
actly 10 min. Thereactionwasstopped by adding 1.5M
Trichloro acetic acid. After centrifugation at 5000xg
for 20 min 0.5ml supernatant wasremoved and to this
7ml of water was mixed. To thisreaction mix 1ml of
Nesselers reagent was added and mixture was incu-
bated for 10 min at room temperature. The absorbance
wasread at 480 nm. Theactivity wasca culated as U/
ml and one enzyme unit is defined as the amount of
enzymelibrating 1 pmol of the ammonia/min under op-
timal assay conditions.

Satistical optimization of culture conditions by
box-behnken design

Optimization methodol ogy adopted for this study
wasdtatistica techniqueusingtria version, Design Ex-
pert 7.1.6 software. Response surface methodol ogy by
Box-Behnken design was used and thefirst screening
sepwasto identify thevariableswhich have sgnificant
effect on agparaginase production. Choice of thesefac-
torswasbased upon literature search. Thevariablesto
be evd uated includeAsparagine, pH and Temperature.
Thesefactorswerestudied at two different levelsHigh
(+) and Low (-) of independent variables examined
(TABLE 1).

EXPERIMENTAL

A design of experiments (matrix table) wasgener-
ated and d| theexperimentswere performed under shake
flask conditions. For each set of experiments, 100ml of
mediawas prepared having formulation asset by de-
sgn. All flaskswereincubated at incubation tempera-
tureas per thedesign. After incubation 1ml samplewas
removed and centrifuged at 5000xg for 10 min. En-
zymeactivity wascdculated at every 24, 48and 72 h.
Themathematica relationship of theindependent vari-
ablesand the response was cal cul ated by the quadratic
polynomid equation:

Y= ﬁ o+ﬁ 1x 1+ﬂ zx 2+ﬁ 3x 3+ﬁ 12X 1x 2+ﬁ 13X 1x s

B23)(2)(34-B11)(21-|-B22X22+B33 X32
whereY isthe predicted response, 3, isthe model con-
stant, X, X,,, and X, aretheindependent variables, 3.,
B,, and B, arethelinear coefficients, ., B,,, and .,
are the cross-product coefficients, and B, ,, B3,,, and
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B,, arethequadratic coefficients.
Verification of experimental data

The statistica mode wasvalidated with respect to
L -asparaginase production under the conditions pre-
dicted by the model in shakeflask. After inoculation,
theflaskswereincubated at 37°C for 48 h. Samples
werewithdrawn at specific interval and asparaginase
activity was cal cul ated as described earlier.

RESULTS

Selection of most efficient asparaginase produc-
ing microor ganism

After primary screening of 86 bacterial strains, 16
isolateswerefound to have asparaginase producing abil -
ity and designated asK 1 to K16. Maximum enzyme
was produced by isolate K2 (0.475I1U) with maximum
growth (A, 2.919). Asparaginase production and the
growth of 16 bacteria isolates selected during prelimi-
nary screeningwererepresentedinfigure 1.

On further subculturing of 16 isolated bacterial
strains, isolate K2 and K5 showed the maximum en-
zyme production. Repeated subculturing for enzyme
production reveal the strain K2 asthe most efficient
asparaginase producer. Thegrowth pattern and enzyme
productionwas presented in figure 2. Further optimi-
zation study was conducted on strain K2 being the
higher enzyme producer.

| dentification of microorganism

The most efficient asparaginase producing K2 iso-
latewasaGram-negative, aerobic, rod shapewith fla-
gellum motility and non-sporeformer. Strain showed
the pogitiveresultsfor catalase production, oxidasetest
and Citrateutilization while negativeresultswerere-

mmm Asparaginase Production  —f—Bacterial Growth
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Bacterial Strain
Figurel: Asparaginase producing ability of different soil
isolates(K1toK15) and their growth at 600nm

ported for Indole, methyle red and Voges-Proskauer
test. Among colony characteristics, e evationwas Con-
veX, round in shape, creami sh appearance and green-
ish on CD agar medium. On the basisof theseresults
thestrain wastentatively identified as Pseudomonas
. stranK2.

Satigtical optimization of agparaginaseproduction

For optimization of medium componentsthere-
sponse surface method with Box-Behnken Design was
used. Themode evauatesthe effect of eachindepen-
dent variableto aresponse (enzyme production). The
mathematica relationship of theindependent variables
and theresponsewas cal cul ated by the quadratic poly-
nomid equation:

Y = 0.72-0.030A +0.44B + 0.24C-0.091A2-0.028B>-

0.13C2 + 0.03xAB + 0.020xAC+ 0.034xBC
WhereY, A, B and C are predi cted asparaginase pro-
duction, temperature, pH and asparaginase, respec-
tively. Asevident from TABLE 2, the maximum en-
zyme activity (0.99 1U/ml) after 48 h was observed
with 12" trial. The second closevalueof activity (0.81
IU/ml) was shown by 11" trial. The results showed
that the production of asparaginase enzymeissignifi-
cantly affected by high pH and high asparagine con-
centration whiletemperature had least effect on en-
zyme production.

Theresult of response surface modd fittinginthe
formof andyssof variance(ANOVA) isgiveninTABLE
3. Thesignificance of themodd wastested at 95% con-
fidencelevd (p-vdue>0.05). Theparameter estimation
and corresponding p-va ueof linear, quadratic and mu-
tua effect of temperature pH and asparagine had mod-
erate effect on asparaginase production. These data
analysiscan bedrawn from threedimens onal contour
plots (3D graphs) asshowninfigure 3,4 and 5.

—@— Enzyme Activity (Isolate K2)
Growth (AG0Q nm, Isolate K2)

—l— Enzyme Activity (Isolate K5)
= == Growth (4600 nm, Isolate K5}

0.25 - 1.4

o
[¥]

Asparagine activity (1U/ml)
Absorbance at 600 nm

Q 24 48 72 96 120
Incubation Time {h)

Figure2: Growth behavior and aspar aginase production by
IsolateK2and K5
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Figure 3: Response surface and contour plot showingthe
effect of pH and temper atureon enzymeactivity. M aximum

aspar aginase production wasachieved at medium temper a-
turevalue(37°C) and at higher pH value(pH 9)
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Figure5: Response surfaceand contour plot showingthe
effect of asparagineand pH on enzyme activity with other
variableat constant. Higher asparagine concentration and
moder atepH enhancestheaspar aginase production

Thevalues of “Prob > F” less than 0.0500 indi-
catesmode termsaresgnificant. Inthisstudy mode p
vaue, 0.0152 and F-vaueof 5.79impliesthat themode
issignificant whichimpliesthat thereis 1.52% chance
that a“Model F-value” this large occur due to noise.

Thevaueof R? indicates good correlation between
experimenta and predicted valuesand closer thevaue
of R*to 1, better the correlation between experimental
and predicted values. In our study the value of R? is
0.8816 which mean that 88.16 of variability can be
explained and 11.84% of total variationsare not ex-
plained by themodel (TABLE 3). Inaddition, thevaue
of adjusted R? (0.7293) is also high which advocate for
agood significance of themodel. The coefficient of
variation (C.V.) Indicatesthe degree of precisonwith
whichthetreatmentsare compared. Usually the higher
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Figure4: Response surface and contour plot showing the
effect of asparagine and temper ature on enzyme activity.
M oder atetemper atur e (37°C) and maximum aspar aginase
concentration (2% ) isthefavor able combination which en-
hanced theaspar aginase production

TABLE 1: Variablesto bemonitoredin box-behenken design
for agparaginaseproduction

SN. Factors  Unit atml chtiggl M ean ?te(\j/
1 Temperature °C 35 39 37 1.372
2 pH - 5 9 7 1.372
3 Asparagine % 0.50 20 125 0514

thevaueof C.V., thelower istherdliability of theex-
periment. Inthiscasethevalueof C.V.is17.79indi-
catesgood reliability of theexperiment.

Verification of experimental data

Thevauesof optimizedfactors, temperature; 37°C,
pH; 9 and asparagine concentration; 2% were chosen
toverify thestatistical data. Theexperimental vaue of
asparaginase productionwas 0.99 |U/ml whichwasin
close agreement with predicted value of 0.88 1U/ml.

DISCUSSION

L- asparagi nase production and optimi zation of me-
dium components have been reported by many re-
searchers®12, |n thisstudy statistical optimization of
L-asparaginase production by isol ated bacteria strain
wasinvedtigated under shakeflask conditionsusing Box-
Behnken design of Response Surface M ethodol ogy, to
understand theimperativerolesof variousfactors. It
wasinsufficient to analyse how thefactorsmight influ-
encethemicrobia enzyme production by considering
only individual factor effect at different levels. How-
ever, any biologica systemisahighly complex process

———, ﬁiogecﬁnokyy
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TABLE 2: Design of experiment and responsefor aspar agi-
naseproduction by box-behnken design

TABLE 3: ANOVA for experimental dataon L-asparaginase
production by pseudomonassp. using box-behnken design

Enzyme activity

Std Temperature Asparigine (1U/ml)
: C) pH (%) Actual  Actua

24h  24h  24h
1 35 5.0 1.25 039 0.61 0.60
2 39 5.0 1.25 042 054 053
3 35 9.0 1.25 032 0.66 0.68
4 39 9.0 1.25 039 061 0.62
5 35 7.0 0.50 036 041 031
6 39 7.0 0.50 024 031 021
7 35 7.0 2.00 029 0.65 0.75
8 39 7.0 2.00 032 0.63 0.73
9 37 5.0 0.50 032 020 0.32
10 37 9.0 0.50 023 025 0.34
11 37 5.0 2.00 022 081 0.73
12 37 9.0 2.00 045 099 0.88
13 37 7.0 1.25 034 072 0.72
14 37 7.0 1.25 034 070 0.72
15 37 7.0 1.25 034 073 0.72
16 37 7.0 1.25 034 072 0.72
17 37 7.0 1.25 034 071 0.72

and the product formation depends ontheinteraction
of several factors (pH of the medium and incubation
temperature and Asparagine). Interaction among fac-
tors hasenormousimpact on cellular metabolismand
subsequent product/enzyme production.

It is assumed that L-asparaginase expression in
Pseudomonas sp. K2 is mainly regul ated by aspar-
agine, anamino acid that providenitrogen sourceaong
with pH and temperature. Thelinear and quadratic ef-
fect of asparagine had significant effect (p<0.05) on
asparaginase production. Theresultsarein accordance
with the previousfinding!***4 on Enterobacter cloa-
cae and Aeromonas ., respectively who had reported
enhanced asparaginase production using 0.1% L-as-
paragine asthe sole source of nitrogen. In contrast to
thisthelinear, quadratic and mutual effect of other fac-
tors(pH and temperature) isinsignificant that does not
invaidatethe predictive purposes. Optimum L-aspara-
ginase production was obtained at pH 9.0 and tem-
perature 37°C.S.Amena et a.[*™ have reported the
maximum asparaginase yield (9.8 1U) at pH 8.5.
B. Borkotaky and R.L.Bezbaruah*® havea so reported
the maximum asparaginaseat 8.5 pH.

Sour ce SS Df. F-value p-value
Model 0.61 9 579  0.0152*
A- Temperature  0.0074 1 0.64 0.4505
B- pH 0016 1 1.35 0.2831
C- Asparagine 0.46 1 39.34  0.0004*
AB 00049 1 0.0042 0.9501
AC 0.0016 1 0.14 0.7153
BC 0.0047 1 0.40 0.5459
A? 0035 1 2.97 0.1286
B? 0.0033 1 0.28 0.6126
c? 0072 1 6.19  0.0417*

*p<0.05. Xd. Dev., 0.11; R-Squared, 0.8816; Mean, 0.61; Adj R-
Squared, 0.7293; C.V. (%), 17.79; Pred R-Squared, -0.8951; Press,
1.31; Adeq Precision, 8.106

Inthisstudy theresultsareencouraging for L-as-
paraginase production from Pseudomonas sp. K2. As
thisenzymeisalready known for itsthergpeutic appli-
cations, production of it from Pseudomonas sp. K2
could beattempted for eventud utility in pharmaceuti-
ca indudtries.
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