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ABSTRACT

L-Asparaginaze

's an anti-neaplastic drug used in lymphoblastic leukemia
chemotherapy.

Nowadays, this enzyme derived from bacterial sources, mostly L-
asparaginase |l from Escherichia coli and in lesser amount L-Asparaginase
of Erwinia sp. has medica| utilization. Tha long-term usage of these agents leads 10
allergic reactions and new asparaginase with new immunological characteristics is

required. Halophilic bacteria might contain L-Asparaginase with novel immunological

properties that can be used in hypersensitive patients. In this experiment, we have
screened moderate Halophilic bactera for L-Asparaginase production ability and
showed that Halophilic bacteria produce intra- and extracellularll-asparaginase. Pr 4
was found to produce the highest L-Asparaginase (653.64 U/ml supernatant)

extracellularly. And it has also shown the antimicrobial activity against the clinical
pathogens.

Keywords:|-Asparaginase, Halophile, Bacteria, 165 rRNA,
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CHAPTER 1
1 INTRODUGTION

L-Asparaginase is a erycial enzyme that plays a pivotal role in cancer

particularly in the treatment of acute lymphoblastic leukemia (ALL)
malignancies. This enzyme Catalyzes the hydrolysis of the amino
into aspartic acid and ammonia, By depleting circul ating asparagin
selectively targets cancer cells that are unable to
to the lack of

therapy,
and certain other
acid L-asparagine
e, L-Asparaginase
synthesize their own asparagine due
the enzyme Asparagine synthetase, leading to inhibition of protein
synthesis and eventual cell death. The history of L-Asparaginase dates back to the

1850s when its therapeutic potential was first recognized in leukemia treatment. Over
the years, various forms of L-Asparaginase have bee

n developed, including those
derived from Escherichia coli

bacteria, Erwinia chrysanthemi, and pegylated
formulations, each with its own pharmacokinetic and immuneclegical profile. Despite its

clinical efficacy, L-Asparaginase therapy is associated with several adverse effects,

including hypersensitivity reactions, pancreatitis, coagulopathy, and hepatotoxicity,

necessitating careful patient monitoring and management (Capizzi and Frova, 1970).

L-Asparaginase holds a prominent position in the medical field, primarily for its
therapeutic applications in cancer treatment, particularly acute lymphoblastic leukemia
{ALL). This enzyme's ability to catalyze the conversion of L-asparagine lo aspartic acid
and ammonia serves as a comersione in cancer therapy by depriving malignant cells
of a crucial nutrient, ultimately impeding their growth and inducing apoptosis. Over the
decades, L-Asparaginase has been extensively studied and utilized in various clinical
seftings. It is often incorporated into chemotherapy regimens as a component of
combination therapy, where it acts syneraistically with other anti-cancer agents to
enhance treatment efficacy. Furthermore, L-Asparaginase has shown promise in the
treatment of other malignancies beyond ALL, including acute myeloid leukemia (AML),
non-Hodgkin lymphoma, and some solid tumers. Research efforts continue to explore
Its potential applications in these contexts, aiming to broaden its therapeutic utility and
improve patient outcomes. Despite its clinical benefits, the use of L-Asparaginase is

not without challenges, Adverse effects such as hypersensitivity reactions,



hepatotoxicity, and pancreatitis are commonly observed and i
itori nece
monitoring and management during treatment (Belén of a) 2020) ok

Beyond its well-established role in cancer therapy, L-Asparaginase has gamered

attention for its potential antimicrobial Properties. Studies have suggested that L
¥ - - - - a ?
asparaginase exhibits inhibitory effects against various microbial pathogens, including

bacteria, fungi, and parasites, presenting a promising avenue for combating
diseases. Research has indicated

infectious
| that L-Asparaginase exerts its antimicrobial activity
through multiple mechanisms. One proposed mechanism involves the depletion of
extracellular asparagine, an essential amino acid for microbial growth, thereby
inhibiting protein synthesis and impairing microbial viability. Additionally, L-
asparaginase has been shown to induce metabolic alterations and disrupt cellular
processes in microbial pathogens, further contributing to its antimicrobial effects. The
antimicrobial potential of L-Asparaginase extends to a wide range of microorganisms,
including both Gram-positive and Gram-negative bacteria, as well as fungal pathogens
and parasites. This broad spectrum of aclivity underscores the versatility of L-
asparaginase as a potential therapeutic agent against various infectious diseases.
Moreover, L-asparaginase's antimicrobial activity has been investigated in different
contexts, including both in vitro studies and animal models of infection. These studies
have provided valuable insights into the mechanisms of action and potential
applications of L-Asparaginase as an antimicrobial agent. While further research is

needed to fully elucidate the antimicrobial properties of L-Asparaginase and optimize

its therapeutic potential, the existing evidence highlights its promise as a novel

approach to combating microbial infections (Tandon ef al., 2021).

L-Asparaginase stands as a vital component in the arsen al against cancer, particularly
in the treatment of acute lymphoblastic leukemia (ALL) and other malignancies. Its
efficacy lies in its ability to degrade circulating | -asparagine, an E&Ei.! ntial amino a:?k:l
al, thereby inducing selective cytotoxicity in malignant cells while
L-Asparaginase in cancer therapy was first

recognized in the 1950s, and since then, it has become a cornerstone of treatment

regimens for ALL, both in pediatric and adult populations. By exploiting the asparagine
I 5 L-Asparaginase affectively curtails their growth and
| ion and Improved patient outcomes. Beyond all,

in other hematologic malignancies,

for cancer cell surviv
sparing normal tissues. The role of

dependency of cancer cell
proliferation, leading to tumor regress
L-Asparaginase has demanslratud gfficacy

2



including acute myeloid leukemia (AML) and non-Hodgkin lymphoma, as well as
certain solid umors. |ts versatility in targeting a wide range of cancer types
underscores its significance in modern oncology. Furthermore, research efforts have
focused on optimizing the therapeutic Potential of L-Asparaginase through the
development of novel formulations, including pegylated variants, which exhibit

improved pharmacokinetic properties and reduced immunogenicity, thus enhancing
treatment tolerability and efficacy (Kelo of al., 2002),



CHAPTER 2

2. LITERATURE SURVEY
21. HISTORY OF ENZYME RESEARCH

Enzymes have been used by human Civilization since times immemorial. A professor
of physiclegy at the University of Heidelberg. Wilhelm Freidrich Kihne first coined the
term “enzyme” in 1877 (Gurung et a/ . 2013). First
Egyplians as early as in 400 B.C. was mentioned i
of chemical

use of enzyme in eheese making by
n lliad by Homer. The general theory
catalysis, first published in 1835 by J. J. Berzelius, showed an example of
what is presently termed as an enzyme —diastase of malt, and it was clearly indicated
that starch is hydrolysed more efficiently by the enzyme rather than by sulfuric acid.
The first enzyme to be used on an industrial scale was rennet’ obtained from dried

calves ‘stomach in 1874 by Danish chemist Christian Hansen, Louis Pasteur in the

18th century recognized that fermeniation is catalyzed by enzymes. Later in 1897,

Edward Buchner isolated enzymes from yeast cells and demonstrated the synthesis of

ethanol from glucose. JB. Sumner in 1526 isolated urease from jJack bean and

emphasized on the protein nature of enzymes. However, crystallization studies carried
by J. Northrop on pepsin, trypsin and chmyotrpsin proved the basis of protein nature
of enzymes. In 1914, trypsin began to be used generously in detergent industries due
to its protein degrading property, By 1960, traditional sulfuric acid hydrolysis of starch
was almost done away with enzymatic hydrolysis using l-asparginases. Henceforth,
enzymes began to be utilized in different sectors, including pharmaceutical, food,
bicengineering, textile industries elc (Jia et al,, 2021).

Fer example, L-Asparaginase is an amidohydrolase with enzyme nomenclature as
E.C.3.5.1.1 that hydrolyses the amide bond in L-Asparagine and converts to L-Aspartic
acid and ammonia (Verma et al., 2017),

2.1.1 Enzymes for medical applications

* Therapeutic applications (L-Asparaginase for Ihe treatment of leukaemia)

* Digestive enzymes (l-asparginase, -asparginase, lipase)



2.1.2 Diagnostic applications

« Enzyme linked immunosorbent 553
phosphatase, B-galactosidase)

« Enzyme mulfiplied irnmun::-assayr
dehydrogenase)

¥ (ELISA): (peroxidase, alkaline

technique (EMIT): (lysozyme, malate

Enzymatic analysis of blood components: glucose, urea, uric acid
cholesterol, pyruvate, lactate eic. |

2.1.3 Food enzymes

* Breakdown of starch (l-asparginase for production of glucose from starch)

« High fructose corn syrup production {glucose isomerase for fructose
production)

* Production of superior quality of bakery products (xylanase and a--
asparginase for enhancing loaf volume)
« Dairy product formation (B-galactosidase for lactose-free milk production)

s Extraction and clarification of fruit juice (pectinase for haze removal from

juices)
« Alcoholic beverage production like wine, beer (glucanase and xylanase for

haze removal from alcohaols).

2.1.4 Enzymes for technological applications
« Indetergents(lipases)
« Textile conditioning (cellulase)

« Leather processing {I-asparginase}
« Paperand pulp industry {heﬂ‘ricellulasﬂs and xylanases)

2.1.5 Enzymes for animal feedstock o
« Enhancing digestibility of feedstock (xylana

« Removal of phosphate (phytase)



3.2 INTRACELLULAR AND EXTRACEL Ly zp i
YME

: ar : act inside
lysing millions of reactions that oceur in metabolic path Cells are responsible for
ways such as glycolysi
¥S5is in

the chloroplast. The lysosome
r destroying old cell,

catd
e mitochondria and in the photosynthetic Pathway in

contains many enzymes that are mainly responsible fo

gxtracellular enzymes are ones that ap Organism secretes ouiside i
B . ulside its body for
purposes su s digestion of food substances to then ingest once broken down (or

absorb). Some fungi do this using mycelium, Certain bacteria SO
enzymes to solubilize its substrate externally AEvacE

2.3, FACTORS AFFECTING ENZYMATIC ACTIVITY

pH- every enzyme works best within a specified range of pH and has an optimum pH
where the enzyme activity is the greatest. This is due to the fact that any change in pH
aliers the conformation of the active site of the enzyme molecule because of change
in the charge of the functional groups of amino acids present which thereby affects the

binding of the substrate to the enzyme at the active site.

Temperature- the rate of enzyme catalysed reaction increases with the increase in

temperature. This is because as the tem perature increases, kinetic energy possessed

by both the enzyme and substrate increases, and rate of intermolecular collisions also

increaszes. The minimum energy required to cross OVer the activation energy barrier is

achieved and hence, reaction rates increase by 4-8% per degree centigrade rise in

lemperature. Above the optimum temperature, enzyme undergoes denaturation and

hence, reaction rate slows down.

te of reaction increases with the increase in the
ra

Co i =
ncentration of enzyme je for the substrates to bind

“encentration of enzyme as more active sites aré
and form products.

availab

ction increases with the increase in
) n bind to the active sites

E':'”“B“h‘ﬂﬂc-n of substrate-rate of re
ate molecules 62

Concentration of substrate as more substr



; adhere 1
hus reaction rate does not increase, further substrate molecules and

|nn|mlﬂr5’E”"ibiw$ are  mainly of three
oG mpetitive inhibitors, Competitive inhibit
and directly compete for the actiye sites
{emporary and reversible Process which
uncompetitive inhibition, the inhibitor
complex, which cannot undergo further

inhibition is a
reduces reaction rate. In case of
Combines with the enzyme-subsirate (ES)

feaction to yield normal
ihition i products. The d
of inhibition increases when the substrate concentration i

i B increases. Non iti
inhibitors bind with either the free enzyme at gD

B . its active site or with the ES complex,
inhibiting the action of both. The effects are not reversed with increase in substrate

concentration.

lonic strength-ionic strength is a measure of concentration of charges in a solution.
lons affect charges of the amino acids present at the active site and thus alter the

stability and solubility of both the enzyme and substrate, subsequently affecting
reaction rates.

2.4.L-Asparaginase
2.4.1. Historical background

L-Asparaginase (L-Asparaginase amidohydrolase, E.C.3.5.1.1) is an amidase group
enzyme that causes the hydrolysis of the amide bond in L-Asparagine and converis to

L-Aspartic acid and ammonia (Verma etal, 2017). L-Asparaginase possess anti-leukemic
activity to be studied by different researchers across the globe (Verma et al, 2007). L-

Asparaginase activity was first detected by Lang In beef tissues in 1904 . The pioneer

observation that turned out to be a deciding factor for further research and

developmental studies on this enzyme as a polen | s _
Out by Clementi (1922) who revealed that L-Asparaginase s ahund-ant_ ;nt tghmnElEﬂ:E
Serum. Later, Kidd (1953) depicted that guinea pig serum wasable to “:.“ rl ; E:ngdumﬂ
of lymphoid tumours in rodents and certain spontaneous E[nd::ﬁ;iacllt:picted the
leukaemia in mice (Kidd, 1970). Later, Neuman and Mccnz.:t:z o
Metabolic differences between malignant and normal cells in l*l-' i, b
Presence of the amino acid, asparagin® faGoy RS |
11

tial anti-neoplastic agent was carried



aroome (1 863) performed research ¢, analyse
and L= Asparaginase in anticancer activity

_ an
major anticancer agentin guinea pig Serum

: 8
-Asparaginase was performed in 1ggg v D{ foome, 1963,

ol
Owy {Dulmu'g.r el al 1867),

» 85 it can be synthesized naturally in the

body by an enzyme known ag L-ﬂﬁpﬂmginﬂ Synthetase from Aspartic acid nd
a

circulating pool of L-Asparagines for their growth and cell proliferation {Asthana and

Azmi, 2003). Thus, depletion of this naturally availahle L-Asparagine resarve will

specifically target tumour cells as they are unable to complete protein synthesis. Krall
et al, 2016 has shown that cancer cells are dependent on exogenous source of L-

0 o 0 [ 0 o]
[ =mparaping
syt ag
OH 4 H.N | | —— + H
ﬁ MH,

DH  KH, NiL, NH, NH,

: i ATE AMP S
Asguurt i acid L=pliatiming . Leisparspiee Cilieamic acid

't

Fig 1: Biosynthesis of L-Asparagine

243, L. ! d structure
3. L-Asparaginase-types an | according to the terminologyin

dtype | :
There are two types of L-Asparaginase-type| an t'ﬂ:mmw anzyme prosents in the
E. coli. Type | L-Asparaginase is 2 low affinity, €0 i form, activated in 1he calls
cytoplasm whereas type || form 1€ 8 high affinity, puipe
, 2022).
during anaeroblosis (El-Naggar and Sa0¢f  display
Usha ef al, 2011 has shown that type Il enzy

red by chandes
activity. Type Il L-Asparaginase P

e considerable enzyme
in aeration,



_rbon source and availability of aminoacids (Jennin

; : gs and Bea
stive form of E.coll L-Asparaginase Il eongjst cham, 1990). The

: ”5'&'5

3'] ﬂ['l"l'friﬂ acid residues that &D-HEiilUtE 14'3 S.traﬂ.ds and 8 o helices planﬁd

~terminal domain and the Cterminal

of 20 amino acid residues (McCoy,
vaxwel and Neuman, 1856). Each of the four active sites is located between the

n-and C- terminal domains of adjacent monomers. Thus, the L-Asparaginase
tatramer can be considered as a dimer of dimers. a, b). Access to the active site
is controlled by this loop (Aung et al., 2000; Kozak ot al, 2002).

aboutd
110 tWO identifiable domains, the larger N

Jomain connected by a linker composed

2.4.4. Mechanism of action of L-Asparaginase

(] 0
HO KW
on u Ol
Trorerpmre . O NI,
Aspartic vead
Tumor cells prowth q:?ﬁ;ﬂ“iucﬁ:t:}:

jumor cells

s are deprived of L-Asparagine synthetase and are

pool of L-Asparagines for their cell growth and
is hindered upon treatment with L-
paragine to L-Aspartate and

Lymphocytic leukemic cell
dependent on exogenous
proliferation. Development of malignant celis
Asparaginase whichcatalyses the breakdown of L-As

ammonia (Dolowy et al., 1967)-
L-Asparagine o synthesize proteins. Normal
synthetase which takes L-Aspa rtate: and
hus, L-Asparagine I8 3
the other hand

Cells require a constant supply of

cells possess the enzyme | -Asparagine
| -Asparagine. T

adds an i roup forming
amine group | -Asparaginase on

nonessential amino acidfor nommal cells:
‘éMoves the amine group formingL-Aspartate
Aspartate is a precursor Of ornithin@

13



wnsammaﬁunmﬂﬂiﬂnﬁ producing oxaloacetatein the gluconengenic pathway
gsulting in formation of glucose {EIEEIEEHGMC;;I IRELAND and JOY, 1988),
when Introduced info the blood stream, this enzyme will breakdown all the
asparagine that it finds resulting in starvation and ullimately death of tumaur cells
(Graham, 2003). It also obstructs free diffusion of L-Asparagine from the
qurrounding tissues to the tumour cells, High blood pressure causes the enzyme
molecules to penetrate into the intercellular spaces from fine caplillaries and
hydrolyze L-Asparagine (Pitter, 1970), L-Asparaginase also inhibits glycoprotein

synthesis in leukemic cells (Kidd ef al., 2015).

14



CHAPTER 3

3. AIM AND SCOPE OF INVESTIGATION

31 AIM
7g produce and purify L-Asparginase enzyme with the help of microbes isolated from

e I-Ertil'ﬂ Eﬂil.

To collect the sample from fertile soil and isolate bacteria.

To screen the production of extracellular L-asparginase from isolated cultures.
To optimize and produce L-asparginase using liquid fermentation.

To purify the produced enzyme and increase its efficiency.

To characterize the produced enzyme for its activity and stability.

To access its antimicrobial activity against clinical microbes.

15



CHAPTER 4
4. MATERIALS AND mETH ODOLoGY

1!

4.
ies were collected from four different plages

soi - le 2) collected . Mmederiapaly (Saipl
i gach soil {?amﬂ | sample from garden (Sample 3), The soil samples
Hﬂwﬂnneclﬂd in sterile zip-lock polythene bags using sterile gloves and transferred
plaboratony: TN samples are measured approximately 1 gram and dissolved into the
stled water. The sample were plated to spread plate technique and incubated 37¢

fof 24 hours.

4 2.SCREENING OF L-ASPARAGINASE PRODUCING BACTERIAL STRAINS

The primary screening of L-Asparaginase producers were carried out by streak-plate
nethod. L-Asparaginase producers are identified by their pinkish-red colonies on
modified M8 media after 24 hours. Control plates were of modified M9 medium without
|-Asparagine, instead NaNO; was used as sole source of nitrogen. Isolated colonies
on modified M3 medium were aseptically transferred onto nutrient agar slants for
wrther analysis. All the isclated organisms were studied for their gquantitative L-
Asparaginase producing capabilities. The strain with maximum enzyme productivity
was selected for consecutive studies and primary identifications were carried out
according to Bergey's Manual of Determinative Bacteriology (1974). Similar studies
were also performed by Audipudi ef al., (2013) using mangrove soil. Phylogenetic and
nucleotide sequencing were performed by GCC Biotech, Kolkata. All media used for
seregning and identification purposes were procured from HiMedia-India and Merck-
Germany.

11GRAM STAINING

A thin bacterial smear was prepared from 24hour old nutrient broth culture of the pure
slrain o g clean grease free slide. The smear was air dried and heat fixed by passing
“Vér 2 Bunsen flame. The smear was covered with crystal violet as primary stain for
"% Minute and washed under running tap water until water drops run colourless.

16



3-4 sep
on
yater. The smearwas counterstained with gq¢ e
ranin

sped, eXcess stain drained off and ajr
bjective.

d

45 second
i 5. The slide
d and observed under 10X, 40X and

fo

5Wa
I.mmgj'ﬁiﬂl'l o

i EﬂmFUSITIGH OF FERMENTATION MEDIUM
yodified MO medium having the composition-Na2HPO4.2H20.6.gq:

5g:  L-Asparagine-10.0g; 1 ; BHEPCH-A0y,
NaCHO-29: : molL-1MgS04.7H20-2.0mL: 0. 1molL-1
GaﬂllezD'q 0OmL; Glucose-0.2g; Agar-20.0g and Phenol Red-0.005% as indicator
jitre of distilled water, pH 7.0 was used for isolation of L-Asparaginase producers
rermentation purposes (Gulati ef al., 1997).The sterilization of media components

and
were carmied out in an autoclave at 1210C at 15 psig for 15 minutes.

45 LASPARAGINASE PRODUCTION

method was employed for production of L-Asparaginase in
1ml of 24hour inoculum of each of the isolated L-
lated to 50ml of sterilized modified M3
madium in 250 ml Erlenmeyer flask and incubated at 37C for 48 hours under shaking
condifions (120 rpm). Initial pH of the medium was maintained at 7.0. After 48 hours,
the fermentation broths were subjected to centrifugation at 5000 rpm for 10 minutes.
The cell mass was discarded and the supe matants were used as the sources GLERER

enzyme.

submerged fermentation
aboratory (Talluri et al., 2013).

Asparaginase producing organism was inocu

46.0PTIMIZATION:

thesis
461 =~ -a5 ary.'ﬂ-ﬂ'Eﬂ' syn
Impact of incubation duration on L-asP were infected with o percent of

100 millters of the submerged fermentatio” broth e was bt (1801
th : g bro
® bacterial strain that produced -asparginase. T ot 4500 rpm after

g minutes
*nd 37 °C. The fermented broth was centrifuged for 17

17



Lery 12 hours (12, 24, 36, 48, 60, and 72). The supernatant, devoid of cells, wa
: . was

collected and used in both gualitative and quantitative l-asparginase lests

462 THE EFFECT OF PH ON THE SYNTHESIS OF LASPARGINASE

The l-asparginase praduction broth (100 miliiliters) was utilized to inoculate 1% of the

pacterial strain. The broth was prepared based on the different pH values (3,4,5 6 .7

and 8). The broth that had been infected with the bacterial strain was shakenat 180 rpm
4t 37°C. The fermented broth was centrifuged for ten minutes at 4500 rpm after the
incubation time. Both qualitative and quantitative analyses were conducted using the

supernatant, which was collected.

4.6.3 INFLUENCE OF TEMPERATURE ON L-ASPARGINASE STABILITY AND

ACTIVITY
100 milliliters of the l-asparginase-producing broth were

the bacterial strain. The broth that had been infected with the bacterial strain was

stirred at 180 rpm at 37°C. Following the incubation time, the fermented broth was

centrifuged for ten minutes 4t 4500 rpm. The released l-asparginase enzyme was
for 30 minutes at the following temperature rangas. 40°C, 50°C, 60°C, 70°C,
¢, and 100°C. The stability and activity of the l-asparginase enzyme
strain were determined by qualitative and quantitative

employed to inoculate 1% of

incubated
go*c, 90°
produced by the bacterial

measurements.

4.6.4 SOURCES OF CARBON AND NITROGEN'S IMPACT ON THE SYNTHESIS

OF L-AEPARGIHAEEE
fiects of simp
sucrose, and gala

chloride, urea, and
nitrogen have concentrations of 1% (wiv)

r incubation period at 37 *C and 180
asparginase production

la and complex carbon sources {maltose, xylose.

close) and nitrogen sources (peptone,
dexirose) on the synthesis of |-

The analysis of the &

beef extract, starch,
nium sulphate, ammanium
s of carbon and
ly. Following 8 48-hou
duction was measured. L-

ammo
asparginases. The source
and 0.55% (wiv}, rﬂrﬁper;tive
rpm, the |-asparginase anzyme pro
was quantitatively asse ssed after incubation.
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HURIFICATION OF L-ASPARGINASE ENZY
ME

1 FI“FT'AL 0
& i mﬂ""”"" sulphate precipitation

 was partally purified by 70% Ammanium sulfat

cess <hould be either performed at 4°C at :”EHb!u’ precipitation. The

hate buffer (Tandon ef al., 2021). The precipitation Tﬂs or with (pH-7.0)

qred bY slowly adding the 70% Ammonium sulfate é the crude enzymes

gturation. The precipitate was pelleted by centrifugal:‘m ity

_ at28°C. The separated pellet was mixed with 0.1M Pl:t:::i j:?:i mn:m i
i osphate

“155 1:|-r

gaches *
pmins mi

guffer (pH 7:0)-

4.8, EETWATIDN OF L-ASPARAGINASE ACTIVITY

Modified method of Mashburn and Wriston (1963) was used for assaying L-

psparginase actVIY. L-Asparaginase catalyzes the hydrolysis of L-Asparagine

producing L-Aspartic acid and ammonia. Released ammonia was quantified by direct

od wherein ammonia reacts with the Messlers's reagent to form 3

ya'llqu.sh-ﬂrange compound. The reaction was started by adding 0.25ml of 0.04 M L-
asparagine and 0.5mi of 0.025M sodium borate buffer (pH 8.6) to 0.25ml of crude
enzyme and incubated for 10 minutes at 37°C. The reaction was stopped by addition
of 0.5ml of 0.1(N) Trichloroacetic acid (TCA) solution. After centrifugation at 10000 rpm
for 10 minutes, 0.5ml of 5upematant was added to 1ml of 1{N) MaCH, 0.25mi of 0.i1M
EDTA and 5 75ml of sodium porate huffer (pH 8.6)- After 2 minutes, 0.5ml Nesslars
reagent was added and after 5 mi aken at A50nm, Amount of released
ammonia was getermined from 2 standard C (NH4)2504 as 8

as the amount of

standard. One international unit (1U) of L-P.Sparaginaie ;
to liberate {pmole of ammonia per minu

Nesslerization meth

was |
urve prepared using
is defined
e under defined assay

nutes, O. D.

enzyme required

conditions.

4.9, STANDARD CURVE
te were used 1o prepare the standard
nd several dilutions in the range from

Different mnnantraﬁnnﬁ of am
nnnﬂnirﬂlilan was Innubate:l with

curve., A 10mmM stock splution was preé

0.25-1.0mM were perform
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The molecular weight of the protein molecyles Wae
nﬁmﬂd~ In order to combine the 30%
ufier (pH 8.8) with the separation gel

R determined using the SDS-PAGE
Ylamide-bis acrylamide 2 mL, 4x Tris-Hcl

(12% gel), first
e _ i : Prepare the gel (129%).
sorylamide-bis acrylamide 2 mL, distilled water 1,75 m(, 10% aps 100 uI{TEM}E;D:;

o, and TS = Hel buffer (pH 8.8) 1.25 mL. After mixing, they are put onto the plates
yith DS notches. To keep the gel from oxidizing, 1 mL of isopropanol was added.
qunning water was used to remove the isopropanol from the gel afier it had set. Using
4ry fissue paper, the water is drained. To make the stacking gel, add 30% acrylamide-
bis acrylamide 1.25 mL, 4x Tris-Hel 3 mL, distilled water 3 mL, 10% APS 100yl, and
TEMED 10yl after producing the separating gel. A combination s present, and a comb
& used to secure the separating gel's top layer. Five minutes later, the comb was taken
out of the gel. The gel was inserted into the SDS-Page tank and submerged in one

nnning buffer (1x). After mixing 3 pl of loading dye with 20 pl of l-asparginase sample,

lhe mixiure was added to the SDS-Page gel. The electrical circult was linked to the

8D8-Page equipment, which had a voltage setting of 60V.

441, ANALYSIS THE ANTI-BACTERIAL ACTIVITY OF THE BACTERIAL STRAIN

ple of dilution methods with that

The antimi ; . combines the princi
icrobial gradient method i is based on the

of difiusion methods in order to detemmine the MIC valug.

i i 015).
“ntimicrobial agent tested in the agar medium (Balouiri &f al., 2015

d swab the test organism in log

* The Mueller Hinton agar plates are prepared an
phase condition.

* Then, filter paper or discs are plac
and 50u1 of the bacterial axtract on the discs.

d on the agar plate surface. Add the 25pl
e



pas.iti‘-"ﬁ' control (ampicillin) was added gp 50
The

Hlto the dige. Th ;
' nc ybated under suitable conditiong, ¢ Petri
aré

.n.ﬂ'sr.ubiﬂl agent diffuses into the ager ang

disheg

inhibits germinatign
nti . . and growth
' Jﬂkl’ fhe test organism and then the diameters of tpe inhibition growi z0ne
a )
jal activity
timicrob
H'I‘.M

To check the antimicrobial activity the Purified samples were used. And the
pial activity of the enzyme was checked against clinical pathogens. The
i

arﬂm £ coli and Streptococcus were cultured from clinical samples. The resistance
cul ;

ptibility of the clinical pathogens Streptococeus, E. coli strain was tested by
usce |

and.s 10 pl of the purified enzyme in MH agar,

adding
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Fig;- 5.2. ini
g Gram staining results of L-Asparaginase positive bactariafA, B)

5.3. OPTIMUM CONDITIONS FOR ENZYME ACTIVITY
5.3.1. Temparature

Basal medium was prepared to inoculate with 1 % sample culture (2.2x10° CFU/mL,
24 h) and the medium was then incubated at every 5 degrees between 30-55°C at pH
7.0 for 36 h at 120 rpm in a shaker incubator while other factors remained constant at
their optimal values. After incubation, the L-Asparaginase was estimated by the DNS

method (Riwaldt et af., 2021).

3.3.2. pH

uction basal medium was prepa red with

und to be EﬂUImI.‘IEDUImI. 130U/mil,
by the highest pH

To identify the influence of pH on enzyme prod

Various pH values such as3, 4,5.6.7.8. were [0
140U/m), 290U/ml, 348U/ml , lin the previous efudi Imﬂdm:J[E:s;:h‘ﬂrgir'uzlsa as the
Under the standard assay condition was dymsamundme
*bstrate. Since the optimal pH for standar®

Na _
Ulral range no additional are alkalaine wa

obearved using I-
strain in the present siu

s needed.
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o ? 4 " o
! i I

Fig 5.3.2: Effect of pH for the production of L-asparaginase

533 Incubation Time

The influence of different incubation times in the range 12, 18, 24, 38, 48, 72, and 95
hwere performed 1o optimize the enzyme production. All other parameters remained
constant at pH 7.0 and 120 rpm at 38 °C on the basal medium. 1 ml culture madium
was taken from the ferme ntation medium at the incubation times of 12, 18, 24, 36, 48,
72 and 96 h and each sample were centrifuged 4500 rpm far 10 mins. Supernatants

were examined for the activity of the a-l-asparginase enzyme having starch scluble asa
substrate (Saeed et al., 2024).

' Time
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4 noculum size
ying the inoculum size for the enzyme

By v . . Prodyg
! espective concentrations 0,59, 1%, 5%, oo, a:':". the regyg Wera Observeq ¢
- ained constant and checked for the eNZyme aq .;ﬂ%' | other —— or
vity. ere
' Subs
| e trate gg ne,
| E 350
T 300
i 250
£ 200
2 150
E 100
uﬁ; 50
ot
“ _—___—— —
: i . E o It
| aspargine #;

Fig 5.3.4: Effect of substrate concentration for the production of L

asparaginase

4.3.5. Substrate concentration

To optimize the production of |-asparginase enzyme, bacterial strains were grown on
tasal medium containing starch as a carbon source. With carbohydrate concentrations
H0%, 0.5%, 0.75%, 1%, 1.25%, 1.5%, 1.75%, 2% & 2.5% media were prepared and
“lres were inoculated and then incubated at 35 °C for 2 days with 160 rpm agitation

5
mm*d- Then the extracellular l-asparginase produced was examined using Berfeld
Blhod,

54 Chrom
alography Purification

Th

p&:n '© purified further by column chromatography using Sephadex g-100 was

am.%}“"- While the elution fraction labelled 10,11 and 12 had the highest enzyme
91484.1655 U/m, 647.8962 Ujmi and 4431562 Uimi respectively (Fig 6). These

f . i bout 2%
i "SClions were mixed to obtain maximum yield. The yield obialned wes 2
E| I:I'u.EI. mpﬂl’ﬂd 10 Ihe ﬂm“"ﬂ' Eillfj'!'

18.7 fﬂl|ds of purity level cumpﬂrﬂﬂ to crude. Co . e 55.4% pl‘ﬂtﬂi“
l'ia::a:ﬂn Which the specific activity of 88.9 U/mg was obtained f:;ru N ;
Nd algg Obtained 40.8% purification fold {Padmwnlhi at al., ;
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Fig;- 5.5: Absorbance range of the elution fractions for the dialysed enzyme(A, B, C,
D)

5.5. SDS- PAGE

s used to determine the malecular weight of a-l-asparginase enzyme

gure shows that the molecular weight of l-asparginase enzyme to he
in marker (broad range 3 kDa to 260 kDa). As

SDS PAGE wa
produced. The fi

- io-helix prote
79 kDa with the help of Bio-he |
esulted in the other article, it was found that the molecular weight of thermostable a-
resuited Iin '

to be B3 kDa pmduced by thearganism of Bacillus lichenformis is
m— weight of probiotic Lactobacillus sp produced O-l-
4 was 95 kDa by s0S-PAGE inthe study (Padmavathi

l-aspargina
63 kDa. Where maolecular
asparginase anzyme determing

et al., 2018)
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Fig 5.4: SDS- PAGE for the produced enzyme. Lane 1-

; g 2- (Crude), Lane 3-( Dialysis), Lane 4-
(Protien Marker), Lm}ﬂhmmumg;aphﬂ.

§.6. CHARACTERIZATION OF THE PURIFIED

5.6.1, Temperature | |

And the shown relative activity for the optimum temperature of the purified protein, the
ctivity was determined at different temperatures ranging from 40°C to 100°C. The -+
asparginase enzyme retained mare than 70% activity at 70°C, 80°C and 80°C which
decreased 10 25% at 100°C. The oplimum temperature for enzyme aclivity was found

1o be 50°C- The thermostability of a-l-asparginase was further Increased when the
24



enzyme was incubated in the presence of substrate at 50°C and 60°C. Approximately
40% activity was retained after incubating the enzyme-subsirate complex at 60°C for
g hr and at 70°C for 2 hr. The increased thermaostability of a--asparginase in the
presence of substrate could be due to the formation of a stable substrate-enzyme
complex with higher structural and conformational stability. This showed that the

enzyme produced by the Bacillus subfilis was stable in high temperatures and have
the ability to recover from the influence of heat
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Fig;- 5.6.1: Effect of temperature on the purified L-
dsparaginase

5.6.2. pH

The activity of the enzyme was also maintained even after its pH found to be optimal

for the enzyme by determining the enzyme activity. The purified enzyme was stable at

oH ranging from 6.0 to 8.5, with an optimum at pH 7.2, which indicates that this could

be potentially to be used for starch hydrolysation process: As W:'::T‘:z ::I"’"*
retained more than 80% activity at different pH Ei.ﬂ: pH 7.0 and p m:%-m - a:;':“;
was also found to be stable at different pH and retained more :hal;lhm iy
even after 48 hr incubation atpH 6.0 LOmiRIR eme::?-" r:l is tt:at reduces the
would enable the enzyme 10 work efficiently i Eta:_lf t::: E::‘!"mﬂ in the starch
need for pH adjustment. Consequently, the o

hydrolysis industry was exhibited.
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Fig;- 5.6.2: Effect of pH on the purified L-asparaginase

5.6.3. lons

Two different concentrations of each metal jons ie. 1 mM and 5 mM was used
determine their effect on a-l-asparginase activity at pH 7.2 and 60°C. The enzymatic
activity was inhibited by Mn®*. However, no significant difference was observed in |-
asparginase activity of enzyme in the presence of Ca® ions. In the presence of Mg?*,
the enzyme retained 70% activity but the high concentration of Mg®* ions reduced the
o-l-asparginase activity (Fig. 5.6.2). These results showed that no jon was abls to
enhance the g-l-asparginase activity. In the present study, Mn®* was found to inhibit
the a-l-asparginase activity which was also reported with another a-l-asparginase
enzyme Enhancement effect on a-l-asparginase activity by Ca®* is well known but a
few Ca?* independent l-asparginases are also known The l-asparginase reportedin this
sludy was also characterized to be Ca®"independent. The a-l-asparginase wehave
Isolated and characterized was found to be metal ion independent so, no exira ion
needs to be added to increase the enzyme aclivity during saccharification processes.
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Fig;- 5.6.3: Effect of ions on the purified L-asparaginase
5.6.4. Inhibitors

The effect of inhibitors such as EDTA, DTT and PMSF was observed for the enzyme.
Among the inhibitors, EDTA induced significant reduction in a-l-asparginase activity
whereas in case of DTT, about B0% activity was observed in o- l-asparginase (Fig Te).
At higher concentration of PMSF (5mM) only 15% activity was retained (Fig 5&). The
PMSF inhibition of the a-l-asparginase of Bacillus sp. indicates the involvement of the
seryl hydroxyl group in the enzyme catalysis. Similar results were found for other

thermostable L-asparginase from Geobacillus sp. (Uma Maheswar Rao and
Satyanarayana, 2007).

INHIBITOR

RELATIVE EMIYME
- 2 3 23138 8 &

TIME MIM

i i EOTA —8=D7] =—8—PMIiF |

Fig:- 5.6.4 Effect of inhibitor on the purified L-asparaginase
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5.7. Antimicrobial activity

To check the antimicrobial activity the purified samples were used. And lhe
gntimicrobial activity of the enzyme was checked against clinical pathogens. The
cultures E. coli and Streptococcus were cultured from clinical sa mples. The resistance
and susceptibility of the clinical pathogens Streptococcus, E. coli strain was tested by
adding 10 pl of the purified enzyme in MH agar. And the zone on inhibition for the
streptococcus and E. caoli strain abserved was about 12mm and 13mm respectively.

Hence, enzyme from the isolated organism was found to be an affective antimicrobial

agent

on the purified L-asparaginase(A, B)

Fig 5.7 Effect of ions

19



5.RESULTS AND DISCussion

5.1. SCREENING

pased on the isolates tested for lasparginase activity by Plate assay method, 8

isolates showed more than 3mm zone of clearance from the colony. The samples 8

isolates labelled pri. pr2, pr3, pra, prs, pr6, pr7, pi8. that showed 4 mm. 3 mm. 3.5

mm, 3.5 mm. 3 mm, 3 mm, 4.5 mm, 3 mm and 3 mm respectively (Table 1). The
sample labelled S24A was selected for the further studies as it had the best outcome
of extracellular l-asparginase production among all the strains.

A B

FIG 1 (PR3} FIG 2{PRS)

; ) ’L.
Fig:- 5.1: Screening plates showing extracellular production o

asparaginase(A, B)

TRAIN
5.2, MORPHOLOGY OF L-ASPARGINASE PRODUCTION BACTERIAL S

ned using a light microscope with the use

- - determi
Size and shape of the organism was taining method using crystal violet as a

. i &
of a stage and ocular micrometer. Simple

Single stain was used for the purpose.



CH-IE[F'TER 6

8. SUMMARY AND concLusion
In conclusion, the antimicrobial activity

of L-Adhaiai
avenue in the fight Paraginase represents a promising

against | i i
o oF S i? “"fEEilﬂlllﬁ diseases, Through mechanisms involving the
' slular asparagine- and disruption of microbial metabolism, L-

:zza:j;:;: ::;:;:::E:hzrij;:;ﬂh“m‘ ﬂc1i'|.|ril:j,r agalnlst various bacterial, fungal,

. ty of its antimicrobial effects underscores the
potential for L-Asparaginase to serve as a valuable therapeutic agent in combating
microbial infections. While further research is warranted to elucidate the full extent of
L-asparaginase's antimicrobial properties and optimize its therapeutic efficacy, the
existing evidence highlights its potential as a novel approach to antimicrobial therapy.
Continued exploration of L-asparaginase-based interventions may lead to the
development of new treatment strategies that complement existing antimicrobial
agents and address the challenges posed by antimicrobial resistance.

In summary, L-Asparaginase holds promise as an antimicrobial agent, offering a
multifaceted approach to combating infectious diseases and Improving patient

search endeavours in this field have the potential to yield valuable

putcomes. Futurere 1 _
nnovative therapeutic interveniions

insights and contribute to the development of |

targeting microbial pathogens.
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