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ABSTRACT

The current study aimed at utilization of food waas squid pen (SP) and cooked chicken bone (C&BI)-f
asparaginase (LA) production and optimization uskgoli culture. During our investigations, highvids of L-
asparaginase were obtained from E.coli using sqgueid as a sole carbon source as compared to CCBmattion
of parameters resulted in 2.5folds increase in lthasparaginase activity. Optimum L-asparaginaseduoiciion
4.3161U/mL was observed when production media wpplemented with 1%, (w/v) ammonium sulphate, 2 (
substrate at pH 9, and 37°C after incubation fadd@ysThis study underlines the use of food waste adtamate
substrate for the production of L-asparaginase tmanprove the cost effectiveness of this enzyme.
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INTRODUCTION

L-asparaginase is an important therapeutic enzysed tp treat acute lymphoblastic leukemia in coiiiom with
other drugs. L-asparaginase makes use of substae&d, tumour cells have got for amino acid asgaea[1]. For
tumour cells, L-asparagine is an essential amita w&hile normal cells are self-sufficient and canoguce within
the cells by an enzyme called asparagine synthdtaagparaginase presence deprives tumour celis ahportant
growth factor by converting all L-asparagine todpartate and ammonia, as a result, they may failtaive [2].

L-asparaginase is extensively distributed amongatiimals, plants, and microorganisms. Owing to easiuring
methods and convenient extraction and purificatemhniques microorganisms are proved to be a bstiaice of
L-asparaginase enzyme. L-asparaginase has beeregfiom both Gram positive and Gram negative draait
species from the terrestrial and marine environnigjt L-asparaginases from most of the Gram nggédtiacteria
can be categorized into two main types: type | paasginase that are expressed quantitatively arsdegs
enzymatic activity on both L-glutamine and L-aspgma amino acids, while type Il L-asparaginase pssigh
specific activity on L-asparagine and only indu@e@naerobic condition [4]. Type Il asparaginasexipced from
Escherichia coli(EcAll), and Erwinia chrysanthengEr A) has been used as ananti-tumour agent foeffeetive
treatment of (ALL) for over 30 years. L-asparagmé®m two bacterial sources lik& coli and E. carotovoras
currently in clinical use for the treatment of aclitmphoblastic leukemia [5]. L-asparaginase prtidachas been
studied in various bacterial and fungal specieshsas Escherichia coli, Erwinia carotovora, Pseudomonas
eruginosa, Enterobacter aerogenes, Bacillus s#tilspergillus tamari, Aspergillus nigesnd Aspergillus
terreug6-11].

In recent years, utilization of biodegradable fozaste has gained more importance in bioprocessirids because
of low cost and high nutrient content. Transferrthg waste products into valuable biomolecules ékeyme by
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fermentation not only reduces the process expengeslso the risk of environmental pollution. Batjuid pen and
chicken bone are food wastes obtained as food wmstgroduct. Squid pen and cooked chicken bondaaus

sufficient amount of crude protein, nitrogen, aff, fibre, calcium, phosphorus and magnesium hecae be

successfully exploited as a prospective substraselid state fermentation for production of L-asggnase enzyme
[12, 13].

The current study aimed at the production and dptition of L-asparaginase from.coli through solid state
fermentation using squid pen and chicken bone sishatrate. This seems to be the first report odyrion and
optimization of L-asparaginase enzyme using thixssate.

EXPERIMENTAL SECTION

2.1 Microorganisms and Culture Conditions

E.coli ATCC10536was obtained from Biotechnology PostgaseluLab, Faculty of Industrial Sciences &
Technology University Malaysia Pahang. Nutrient ragints were used to cultuie.coli ATCC10536. The
preserved culture was revived on fresh nutrient algents over a period of 2 weeks.

2.2Chemicals and Substrates

All chemicals used were of analytical grade. Theient broth media (NB, pH7) was obtained from LABUnited
Kingdom was used for the growth of bacterial issdatTwo growth supporting natural sources namelydsgen
(Loligo spp) and Chicken bone seeds were used as substoatesakimum production of L-asparaginase enzyme
during this research. Squid pédrligo spp) was collected from various local food marketKofntan, Malaysia
while the chicken bone was collected from food safeKuantan, Malaysia. Squid pen and cooked chidiene
were washed by running tap water until clean aedredd squid pen and cooked chicken bone was leit try.
Once completely dried the both substrate were gtedy the grinding machine (Retsch) into the povidien and
stored in moisture free jars and bags in the ataite3°C.

2.3 Inoculum Preparation

The inoculum was prepared by adding 50ml of nutrtmoth to 100ml capacity Erlenmeyer flask. Asegity
bacterial isolate was transferred from the agartdtathe Erlenmeyer flasks containing nutrienttbrand incubated
at 37°C for 24 hours. The inoculum size of 5 ml 8% cells/ml) was used throughout the experiment fo
subsequent inoculations unless otherwise specified.

2.4 Screening of Substrates as Carbon Sour ce

50ml of nutrient broth media was prepared into @@onical flask and 0.5 g of squid pen or cookkitken bone
was added to each flask respectively. pH was agtjust 7 and media was autoclaved at 15Ib pres$ur214C for
20 min. After cooling both flasks were inoculatedhns ml of inoculum and incubated at 37°C for 48uts. The
control was run only in the presence of nutrieativmedia.

2.6 Extraction of Crude Enzyme

After 48hrs incubation, the crude enzyme from #renented production media was extracted. The fetedemedia
was transferred into 50 ml centrifuge tube and rifeiged at 4500 rpm for 6 minutes at 4 °C by usfrepze
centrifuge machine (Heraeus Biofuge Primor) to mbtell-free filtrate (CFF) which later on was d&ited on
Whatman filter paper number 2 and used as crudgmenz

2.6Quantitative Assay for the Estimation of L-asparaginase Activity

Imada [14] method was followed to evaluate L-aaparase activity by measuring the amount of ammonia
liberated during Nesslerization. The reaction waiated by adding 0.5 ml supernatant into 0.5 n@l40M L-
asparagine and 0.5 ml 0.5 M acetate buffer, pHdnd,incubated at 37°C for 30 min. After the indidraperiod,

the reaction was stopped by adding 0.5 ml of 1.6fNtichloroacetic acid (TCA). Only 0.1 ml was tak&om the
above reaction mixture, 3.75 ml of distilled waded 0.2 ml Nessler's reagent was added and incdiffate20 min.
The optical density (OD) was measured at 450 nne Blank was run in all assays. The enzyme actiwviig
expressed in International unit. One 1U of L-asparase is defined as the amount of enzyme thatalibe 1umol

of ammonia per ml per minut@rhole/ml/min]. A standard curve of ammonium sulphates used for calculating
ammonia concentrations.

3. OPTIMIZATION OF L-ASPARAGINASE

As high yielding organisms is the prime requiremeithe biotechnological processes, to satisfy thguirement
preliminary optimization of various fermentationrgpmeters are necessary. For this purpose, we @giimiarious
environmental and nutritional parameters.After stigating the best substrate for L-asparaginasdyat@mn, one
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factor at a time (OFAT) method was used to carrytba optimization studies. Different optimizatiparameters
such as effects of substrate concentrations (1w2% pH (ranging from 3, 5, 7, 9), incubation peti(0-10 days),
temperature (4, 25, 37 and 50°C), various inocusizes (2,4 6,8,10 mL/50 mL) and different nitrogemrces on
L-asparaginase production were studied.

3.1Effect of Different Nitrogen Sources

The effect of additional inorganic and organic otfen source on L-asparaginase production was studieg 1%
w/v inorganic nitrogen sources viz ammonium chleridmmonium sulphate and sodium nitrate while tvgaioic
nitrogen sources such as malt extract and yeasictx@The nutrient broth was used to prepare pitimluenedia.
Sterile production media was prepared with the@®&gcentration of either squid pen in 100ml Erlenerefjask.
1% wi/v of above mentioned nitrogen source was addede production media and inoculated with 5mEdfoli
suspension. Production media was incubated at 36fGl8 hours. Control was run for all four experirt®
Fermented media was collected after incubation th@ days, centrifuged at 4500 rpm for 6 minuteg &C,
filtered through Whatman#2 filter paper and cediefrfiltrate was used as crude enzyme solution tima® L-
asparaginase activity and protein content.

3.2Effect of Different Substrate Concentrations

Optimum substrate concentration required to maxértfie production of L-asparaginase enzyme wasrdeted by
adding 0.1-1g/50mL of the substrate to producti@dia and incubating for 48 hours. Sterile produrctitedia was
prepared with addition of 0.1, 0.3, 0.5, 0.7, & 9g concentration of squid pen as substrate imi@rlenmeyer
flasksa were inoculated with 5ml & coli suspension and incubated at 30°C for 48 hounsnéred media was
collected after incubation time of 2 days, cengéd at 4500 rpm for 6 minutes at 4 °C by usingiocgotentrifuge,
filtered through Whatman#2 filter paper and cediefrfiltrate was used as crude enzyme solution tima® L-
asparaginase activity and protein content. Contiad run in parallel with replicate samples. Theropin period
achieved was taken for further experiments.

3.3Effect of Different pH Values

The optimum pH for L-asparaginase activity was deieed over a pH range of 3 -9. For pH studies,hient
broth was used to prepare production media. Sterileduction media was prepared by addition of 0.5g
concentration of squid pen in 100ml Erlenmeyerdiaas a substrate. The pH of flasks was maintaase?] 5, 7 and

9 using 0.1N HCL or NaOH. Flasks containing squed ps substrate were inoculated with 5t afoli suspension
and incubated at 30°C for 24 hours. Control was along all samples. Fermented media was collectest a
incubation time of 1day, centrifuged at 4500 rpm@&aninutes at 4 °C, filtered through Whatman#&fipaper and
cell free filtrate was used as crude enzyme saluticestimate L-asparaginase activity and protemtent.

3.4Effect of Different Incubation Temperatures

The optimum temperature range for enzyme activiag \determined by incubating the assay mixturesaabws
temperatures viz 4, 25, 37, and 50°C for 48 holine nutrient broth was used to prepare productiedia Sterile
production media was prepared by addition of 0.8gcentration of either squid pen in 100ml Erlennesed
inoculated with 5ml oE.coli suspensions and incubated at 4,8, 25, 37, 455@7d for 48 hours. Control was run
for all the temperatures. Fermented media wasaellieafter incubation time of 2 days, centrifuged%00 rpm for
6 minutes at 4 °C, filtered through Whatman#2 fifp@aper and cell free filtrate was used as crudgrae solution
to estimate L-asparaginase activity and proteirteadn The optimum temperature achieved was takefufther
experiments.

3.5 Effect of Different Incubation Periods

Different incubation periods of 0 t010 days wereptayed to study the effect of different incubatjoeriods on L-
asparaginase production. The nutrient broth wad tsgrepare production media. Sterile productiedia was
prepared in 100ml Erlenmeyer flasks. 0.5g of squéid was added to the flask as a substrate. Produtigdia was
inoculated with 5ml oE.coli suspension and incubated at 30°C for 0 to 10 dagstrol was also run with replicate
samples. Fermented media was collected every dajOfaays, centrifuged at 4500 rpm for 6 minuted &€ by
using freeze centrifuge machine, filtered throughaivhan#2 filter paper and cell free filtrate wasdisis crude
enzyme solution to estimate L-asparaginase actaiy protein content. The optimum period achieved vaken
for further experiments.

3.6 Effect of Different Inoculum Volumes

In order to know the optimal inoculum size, theska with the production medium were inoculated wittange of
inoculum 2, 46, 8 and 10ml and incubated for 48rdsterile production media was prepared with thetamdof
0.5g concentration of squid pen as a substrateD0ml Erlenmeyer flasks and inoculated with 1,2867,8,9
&10ml of E.coli suspension and incubated at 30°C for 48 hoursnémied media was collected after incubation
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time of 2 days, centrifuged at 4500 rpm for 6 m@suat 4 °C, filtered through Whatman#2 filter paged cell free
filtrate was used as crude enzyme solution to edéirh-asparaginase activity and protein content.

RESULTSAND DISCUSSION

4.1 Screening of Food Waste by-Products as Carbon Source

A selection of appropriate substrate is vital ity &fo process, and it should be based on nutriehtey cost and
availability. The substrate provides essential iaats required for microbial growth. We carried adries of
experiments using cooked chicken bone (CCB) andidSgen (SP) as a carbon source for L-asparaginase
production byE.coli. Figurel shows the experimental results with ereyactivity0.376 and 2.216 IU/mL
respectively. SP showed maximum enzyme activityaaspared to CCB. SP showed better results than T@&s
we carried out process optimization studies usiR@$S a substrate and sole carbon source. As a japteduct of
food the use of squid pen as a substrate and agpéesnentary carbon source may reduce the coatlkfdnzyme
production. For the first time, these substrateseviested for production of L-asparaginase enzysoehere is no
previous report.Coconut oil cake (COC), Cottonseitdake (CSOC) and Groundnut oil cake (GOC) weseduas
carbon source for L- asparaginase productioBdyatia marcescengll four substrates showed positive results for
production of L-asparaginase.[10]. L-asparaginasenfPseudomonas plecoglossicidahibited highermctivity in
M-9 medium containing 0.8% sugar cane industryuefit (3.25 + 0.12 |U m})[15]
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Figurel. Screening of food waste by-products for L -asparaginase production

4.2 Effect of Different Nitrogen Source on L-Asparaginase Production

The impact of supplementation of various nitrogearses (1% w/w) such as yeast extract, malt extsmrdium
nitrate, ammonium sulphate and ammonium chlorideL easparaginase production is shown in figure 2ctEa
source was supplied additionally with SP. Ammonismfphate followed by ammonium chloride was obsereed
improve the enzyme activity having a yield of 4.684d 2.491 IU/mL respectively. The positive effeft
supplementation of ammonium sulphate has been \wxbdry [16] while [17] reported maximum L-asparagia
production byAspergillus terreuMTCC 1782 with 2% concentration of ammonium sutpha

4.3Effect of Different Substrate Concentration

Substrate concentration plays crucial role in thbamcement of enzyme production. Six various ingigbstrate
(Squid Pen) concentrations (0.1, 0.3, 0.5, 0.7,a0@ 1 g) were used for optimization studies. FegBirshows an
increase in enzyme activity with an increase indbecentration of substrate with maximum enzymeviagtvalue
of 4.268 IU/mL for 1 g (2% wi/v) of the substraten Aoptimum substrate concentration is prerequisite f
microorganisms in order to produce the requiredabdites. Low levels of substrates can lead to yaeld while
high amount of substrate can inhibit the productidrenzyme. Therefore, an optimal amount shouldised in
order to get the better yield [18]. In our studye best enzyme activity was shown when 1g of thstsate was
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used. These results are in agreement with thqsartesl by[19] where gradual increase in enzymeviaigtivas
noticed with increase in substrate concentratiofichvineached to maximum at 1.2ug/ml which reachedteady

state at this concentration.[20] also describedriibeease in enzyme activity with an increase amdbncentration of
substrate.
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Figure2. Effect of different nitrogen sourceson L -aspar aginase production
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Figure3. Effect of different substrate concentrations on L -aspar aginase production

4. AEffect of Different pH Values on L-Asparaginase Production

The extra cellular pH is yet another significanbguction parameter and has a strong influence empdthways of
metabolism and product generation by the microasganTo obtain the optimum pH, different pH valugs 3, 5,
7, and 9were taken into observation. Highest enzgatieity of 3.819 and 3.855 (IU/mL) was recordégd 7 and
9 respectively. Figure 4 shows the enzyme actifdaty the various pH values. [10, 21] obtained maximu-
asparaginase production frad®erratia marcerenandErwinia carotovoraat pH 7. A similar optimal value of pH 9

was obtained foE. coli by[22, 23]Whereas[24]reported the highest activity at pH 9 for fungallées of water
samples.
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Figured. Effect of pH valueson L -asparaginase production

4.5Effect of Different Incubation Temperature on L-Asparaginase Production

Temperature is also important as it affects thevemsion efficiency of the substrate into cell magsch affect the
product formation, particularly when the product gsowth associated. The impact of different incidrat
temperatures on the production of L-asparaginask.lmpli is presented in Figure 5. Temperature profile dspi
that maximum enzyme activity 3.417 IU/mL was obeairat 37 °C while more than 50% activity was retdieven

at 50°C. Similar results were observed for L-aspase fromPseudomonas fluorescenaeuroginosa 5007,
Pseudomonas stulzeiB-405 and Erwinia carotovord25-27] whereas [25]also showed that L-asparaginase
activity reached its maximum value when incubati@s done at 37°C for 30min.

3.5—-
3.04
2.5
2.0—- \
1.5—-

1.0+

Enzyme Activity (IU/mL)

0.54

0.0

Temperature (°C)
Figureb. Effect of different incubation temperature on L -aspar aginase production

4.6Effect of Incubation Period on L-Asparaginase Production

Data recorded in figure 6illustrate the variationsenzyme level produced Hy.coli during different periods of
incubation using SP as sole carbon source. Theuptioth of L-asparaginase was gradually increasetth wi
incubation time until day 5 and reached to a maximyield of 4.218 IU/mL. Further incubation aftel’ Slay
showed slight declination in enzyme activity till 8ay reaching 1.279 IU/mL. At longer incubation ipds, the
enzyme activity decreased which might be due tdetiep of nutrients, accumulation of toxic end puots. Similar

results have been reported by [28]. Besides, [p9jted the maximum enzyme activity after 96hours fo
Pseudonocardia endophytiadJK-10.
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Figure 6.Effect of incubation period on L -asparaginase production

4.7Effect of Inoculum Size

Inoculum volume was also studied by inoculatingafetasks containing production media with diffetezolumes
of inoculum. Enzyme production varied with inoculdavel and showed parabolic nature in the studatye.
Maximum enzyme activity (4.161U/mL) was observedhainoculum size of 6 ml as shown in figure 7. Tinerease
of inoculum level from 6to 10 ml negatively affedtéhe enzyme production and caused a reductiomiyree
activity. Nevertheless, a higher inoculum levelr@ased the moisture content to a significant paimt free excess
liquid present in an unabsorbed form will, therefogive rise to an additional diffusional barriegéther with that
imposed by the solid nature of the substrate aad te a decrease in growth and enzyme productimteling
studies by [30] indicated the same trend for L-emgimase activity where a further increase in ihacusize
negatively affected the enzyme production.
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Figure?. Effect of inoculum size on L -asparaginase production
CONCLUSION

The present work indicated remarkable L-asparagipasduction potential d. coli ATCC 10536from squid pen,
a food by-product whichwas used as carbon sourifeerent growth factors were successfully optimizadd 2.5
folds increase in enzyme activity was observed affgimization. Moreover, Squid pen is an efficieetonomical
and easily available carbon source. In conclusibis, study was designed to find out the optimalrientation
conditions for production of improved yields of kgaraginase. However, the aptness of the enzymésdiastrial
applications can be investigated after purification
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