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ABSTRACT

Protease from Bacillus subtilis has wide applications in industrial sectors.A total of 28 bacteria
were isolated from marine mud sample, of which 3 isolates exhibited constructive results for
protease production in skim milk, gelatin and casein agar. Among three isolates, MMK 2/8 had
superlative enzymatic activity in skim milk broth (170 U/mL) and was subjected for taxonomical
identification, which was found to be Bacillus subtilis. The finest conditions were found to be at pH
6.0, temperature 40 °C and 1% NaCl concentration and their maximal enzyme activitywas 354
U/mL, 437 U/mL and 263U/mL respectively, at 36 hrs of incubation. The molecular weight of the
protease enzyme was considered to be approximately 50 kDa by SDSPAGE. The enzyme activity
was enriched by exposing it to ultra violet radiation [UV] for 60 secand it was observed to be 610
U/mL. Hence, we charted that the production of acidic protease treated with ultra violet radiation
was maximum when compared with the parental strain.
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INTRODUCTION
Protease is an enzyme that chiefly involved indleathe long peptide chains into short fragmenis ia
produced by various sources such as plants, aniaraiismicroorganisms. Among these, microorganisms
were noteworthy,since it can grow in a shorter gekriproduce a specialized enzyme, cheaper and
reliabl€.. In culture medium, large amount of extra cellyanteases is produced by the bacteria which
belong to genuBacillus, they are largely present in the soil and mud regjidnMarine microorganism
producing protease has upraised magnetism by #s®meof habituation to extreme conditibrRrotease
enzyme finds application in various fields like mé&anderization, detergents, silver recovery, laynd
stone washing jeans, pulp and paper manufactathelede-hairing and tanning, de- sizing of testaad
de-inking of papér® Hence the yield of protease can be enhanced fyseg the strain to ultraviolet
radiation and is universally practiced for inducsigain improvemerit Our present study mainly focused
on to isolate protease producing strain and todpéirthe cultural condition such as temperature, qotd,
fermentation period along with exposure of stramaultraviolet radiation to investigate the increas
protease activity.
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MATERIALS AND METHODS

Sample collection

The mud sample was collected from the coastal negidvlanamelkudi, Pudukkottai, Tamil Nadu, India.

The sample was collected in sterile containersn tinensported to our laboratory to store (-20 deep

freezer) before further processing.

Screening and identification

The collected sample was subjected to serial ditulind the individual colonies were checked for

protease production using different supplementsn-skilk, casein and gelatin by radial well diffusio

agar plate method, and enzymatic assay. The highets#fase producers among the isolates were further

taken for biochemical and taxonomic identificatidfor taxonomic identification, the DNA from the

strain was isolated using boiling lysis method amplified using universal primers as forward prirber

GAGTTTGATCCTGGCTCAG-3' and reverse primer: 5-ACGGRCCTTGTTACGACTT-3'. Species

level identification was done at www.ncbi.nlm.nibWBLAST/ and BLAST nucleotide sequence

similarity with 98% and above was deemed as seffitcfor species identification.

Enzyme assay

Caseinolytic assay was performed to find the agtiof protease with some modifications to the émgst

method. For each set of vials, 5mL of casein smu(D.65%) prepared with potassium phosphate buffer

was added and incubated for 5 min afG37Solution was mixed with 1mL of crude enzyme t(teis

tyrosine), and incubate for 10min at’@7 5mL of tri-chloro acetic acid (TCA) was addeatbated for

30 min at 37C. After incubation, the test solution was filtengésing a 0.45 micron syringe filters. Blank

was maintained without enzyme solution. Filtratem(R), 5mL of sodium carbonate (Maos), 1 mL of

Folin’s reagent was added, and the mixture wasbiaad for 30 minutes at 37 to develop the blue

color and read at 660 nm.By taking tyrosine asdstedh) a calibration curve was plotted. One unit of

enzyme activity is defined as the quantity of eneytmat can hydrolyze casein to produce a blue color

which is equivalent to 1umol of tyrosine.

Estimation of protein

The protein estimation was determined by the Lomgthod using bovine serum albumin (BSA) as a

standard.

Ultra violet (UV) mutagenic studies

For maximum production of enzyme, physical mutagewjent such as ultra violet irradiation was {fsed

The isolate MMK2/8 was grown in LB broth and inrskimilk at 37C for 24h. The culture grown in LB

broth was subjected to serial dilution froni*1® 10° and spread plated on to LB agar and colonies were

counted. The culture grew in skim milk broth wasetain sterile petri plate, and was exposed to ightl

at different time intervals. The UV treated cultwas inoculated in skim-milk broth and enzyme dttiv

was determined after each incubation period.

Impact of pH, temperature and salt concentration tevards protease activity

Enzyme activity was analyzed by varying the pH, gemature, and salt concentration in the growth

medium. The effect of temperature on protease ictivas observed by varying the incubation

temperature (35, 40, 45, %), role of pH in the growth medium from pH 5.09®. The effect of salt

concentration in various percentages from 1% tov#% also determined by adding NaCl to skim-milk

broth media and the enzyme activity was monitooecfery 12 hours.

Molecular weight determination

The molecular weight of protease was determinedhgugiolyacrylamide gel electrophoresis under

denatured conditions in the presence of 12% SDSEA®e molecular weight of protease fr&acillus

subtiliswas verified and checked with available UniProabase. (http://www.uniprot.ord/)

RESULTSAND DISCUSSION
Screening and identification of protease producindpacteria
A total of 28 bacteria were isolated from mud samphnd plated on to agar plates (skim-milk, casein
and gelatin), of which 3 isolates were screeneat, showed proficient result for protease productidth
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clear zone. Among the three isolates, MMK2/8 haghéi activity of extracellular protease, 170 U/mL
after 24h (pH 7.0, 3T) of incubation in skim-milk broth (Fig.1). Forriher studies MMK2/8 was
selected, and its morphological characterizatieeaked that the isolate belongsBacillus sp., (Table 1).
By subjecting to taxonomic identification, the ist@ was identified aBacillus subtilis (KT760401).

Fig. 1: Total protein contentwas compared with proease activity for three selected isolates (MMK2/6,
MMK2/8, MMK2/12) with different nutrient supplement at 37 °C, pH 7.0
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Table 1: Biochemical and morphological characterizéon of MMK2/8 strain

Colony morphology Dry, flat, irregular
Gram staining Gram positive,rod
Hanging drop Motile

Indole test Positive

Catalase Positive

Starch Positive

Effect of pH on enzyme activity

Optimization with different pH (5.0 — 9.0) revealdtt extracellular protease froBn subtilis was stable

at acidic (pH 6.0) condition. Also pH of the medilwad strong influence on enzyme activity (Fig.2). A
acidic pH 6.0 maximum enzyme activities were obséns54 U/mL after 36 h of incubation period. It
also revealed that activity was not stable as tHeinzrease as well as the incubation period. The
production of acidic protease plays a vital rolevamious industrial processes. Inearlier studigsinum
enzyme production was achieved at pH 7.4 and yseddbout 10.8 U/mL for every 6 Hfs
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Fig. 2: Effect of different pH on protease activity For the selected. subtilis, maximum activity was
achieved at pH 6.0, after 36h of incubation

4007 H 5.0
—_ - pH5.
| -

E 300 7 -, = pHB.0
:‘; I @ pH7.0
2 e pH 8.0
B 2004 - pHY90
m
£
E 100-
K|
[
LLl

u 1 I 1 1 1

0 12 24 36 48 60

Incubation period (hours)

Effect of temperature on enzyme activity

Evaluation of protease activity at different tengiares (35-50 °C), showed that extracellular enziede
maximum activity of 437 U/mL at 40 °C after 36h ficubation. It also showed that increase in
temperature gradually decreases the activity afepise (Fig.3). Temperature was found to have pnofou
effect on protease production withBacillus sp. The optimal production of protease was ackieate
40°C to 45C and the yield of protease varies depending omaiunt®.

Fig. 3: Impact of incubation period and temperaturetowards protease activity.B. subtilis was found
to have maximum activity at 40 °C after 36h of incbation
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Effect of salt concentration on enzyme activity

Enzyme activity was found to be decreasing ascemitentration (NaCl) increased from 1% as wellnas i
salt-less medium. Though bacterial growth was oleseat higher salt concentrations up to 7%, enzyme
activity was inhibited with increasing salt congatipn (Fig.4). Accordingly, after 36 hours of ifm@tion

1% NaCl supplemented medium showed an enzyme tgct¥i263 U/mL. In some studies enzyme
secretion was not competent below 5% salt condémraand has optimal activity when the salt
concentration is higfi
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Fig. 4: Enzyme activity at varying salt concentraibn, 1% of NaCl was found to have strong influence
of protease activity
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Effect of UV irradiation on enzyme activity

Mutagenic studies with UV exposure at differentdiintervals revealed that after 60 seconds of UV
exposure maximum protease activity was achievegl §fi Mutant strain had maximum activity of 610
U/MI after 36 h, in contrast parental strain had 33mL at pH 6.0, 40 °C with 1% salt concentration.
Similarly, higher activity was observed in the mmitatrain than in its parental strainBasubtilis**** In
some cases, UV mutagenesis also inhibited theitgctif/parental strain that showed lower activitan
parental strain in contrast chemical mutagenesishigher activity”.

Fig. 5: Effect of physical mutagenesis (UV) towardprotease activity
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Fermentation period (F.P.) of 36 hours was consiti@s constant for enzyme assay[pH 6.0, temperd@it€ and
salt concentration 1%] and protease activity ded#ht intervals (30s, 60s, 90s, 120s) of UV expesuas monitored.

Molecular weight determination

SDS-PAGE analysis showed a molecular mass to beoxipgately 50 kDa(Fig.6) fronB. subtilis.
Protease fronBacillus sp. was found to have molecular weight rangingnfrd0-60 kDa.Molecular
weight for different classes of protease frBnsubtilis was compared using UniProt tool (Table 2).
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Fig. 6: SDS-PAGE results for protease fromBacillus subtilis
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Table 2: Bacillus subtilis protease (Search was performed using network sengdJniProt)

S.No. Protein name UniProt Mass of
Accession | extracellular
number protein,kDa
1. Uncharacterized zinc protease Y Q04805 45,99t
2. Uncharacterized zinc protease Yn 031766 48.94¢
3. Uncharacterized serine protease Y P39668 42.78¢
4, Carboxy terminal processing prote 034666 51.14¢
5. Neutral protease B P39899 59.33¢
6. Minor extracellular protease \ P29141 85.60
7. Uncharacterized protease Yc P96658 22.45¢
8. Putative cysteine protease Yw P94587 11.46¢
9. Protease PrswW P50738 24.71¢
10. Rhomboid proteasGIluP P54493 56.46:
CONCLUSION

This study impliesthat the bacteria isolated fromrime mud sample have the ability to produce ac
protease and can widely be used in industriesddous applications. For improving the productiwity
protease, the isolateBacillus subtilis were sibjected to physical mutagenic conditions. Its ropti
production by the parental strain was deficient mvitempared to mutate strain. Further this ac
protease can be purified and utilized for indubfriaposes
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