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ABSTRACT

Proteases are generally used in detergents, food industries, leather, meat processing, cheese making,
silver recovery from photographic film, production of digestive and certain medical treatments of
inflammation and virulent wounds. The present study was aimed to isolate the protease producing
bacteria from the gut of mud crab (Scylla serrata) and optimize the production and find the molecular
weight. The potent protease producing bacteria was identified as Saphylococcus sp. by conventional and
molecular methods. The optimum condition for protease production in liquid media was. Temperature,
45°C; Salinity, 3% and pH 7.0. The best nutrient source for high protease production in liquid media was
Mannitol as carbon source and Potassium nitrate as nitrogen source. The specific activity of crude
enzyme and partially purified was 207.03 and 315.69 U/mg respectively. The molecular weight of the
protease enzyme produced by the crab gut associated Staphylococcus sp. was determined as 25 KDa.
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INTRODUCTION
Symbiotic bacteria in an animal’'s digestive trafteiw produce complement enzymes for digestion of
plant foods as well as synthesize compounds tleaassimilated by the hdst However, the scenario of
fermentative nutrition in dominant aquatic animainains poorly understood, and only little inforroati
are available regarding the enzymatic microfloracmafb intestine. The worth-mentioning investigasion
were done by Fong and Mahim herbivorous sea urchins, Sochatdil.” in copepods, Hooet al.® in
Penaeid shrimpdioshinoet al.® in Japanese coastal fish&siragiet al.” and Rayet al.? in some fresh
water fishes
Protease is the most important industrial enzyniatefest accounting for about 60% of the totalyemz
market in the world and account for approximated@of the total worldwide enzyme saldhese
enzymes are found in a wide diversity of sourceh &5 plants, animals and microorganisms but they a
mainly produced by bacteria and fulfgiThe molecular weight of proteases ranges from908kDd™".
Microbial proteases are produced from high yielditrains including species Bhcillus sp., Alcaligenes
faecalis, Pseudomonas fluorescens and Aeromonas hydrophilia grown under submerged -culture
conditions. Furthermore studies have showed th@itional, physical factors can significantly inflance
protease productidh®™
Fish receive bacteria in the digestive tract frowa aquatic environment through water and food déhat
populated with bacteria. Being rich in nutriente tenvironment of the digestive tract of fish cosfer
favorable conditions for the microorganisms. Gutnmiflora plays an important role in the digestive
process, growth and disease resistant of the“h@ddthough few reports concerning microbial enzyme
production in the gastrointestinal tract of fiste availablé’, information on the distribution of these
enzyme-producing endosymbionts in different regioithe gut are scarteln the present study, an
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attempt has been made to isolate the protease gingdoacteria from the gut of mud crdoylla serrata
and optimize the production of protease and firdntiolecular weight.

MATERIALS AND METHODS
Bacterial isolation and identification
Live crab samples ofcylla serrata were collected from Mudasalodai, Cuddalore distfi@milnadu.
After 24 hours starvation, the crabs were disseetseptically and digestive tracts were removed
carefully. The digestive tracts were thoroughlysed several times in sterile 0.9% saline in order t
remove non adherent bacteria.
Serial dilutions of up to I0 were made from this mixture to get different coricaion. From all the
diluted samples, 0.1 ml was spread into petriplategaining nutrient agar for isolation of totakhsrial
population. The plates were incubated at 37°C #ha@urs following which the isolated colonies were
picked for pure culture by streak plate method.
The isolates were screening for best strain pradiymetease by plate assay using protease specific
medium containing (g/l) ¥PQ, 2.0, glucosel.0, peptone 5.0, gelatin 15.0, aadsath. The clear zone
diameters were measured after 24h of incubatic28&€C by flooded the plates with mercuric chloride
solution, this method was referred as gelatin cteae method.
Based on the colony morphology and Gram’s stairtimg protease-producing bacterial strain was
identified by standard procedures described in Bergnanual of determinative bacterioldgy For
molecular identification the emomic DNA was extracted from stored specimens H®y standard
protocol®. DNA samples from each individual was diluted Sr#yfl with deionized distilled water and
used for PCR amplification. Polymerase chain readfPCR) was carried out using mitochondrial primer
16S rRNA gene Hubac 27F 5- AGAGTTTGATCCTGGCTCAG-3, 1492RA 5-
GGTTACCTTGTTACGACTT-3"). The amplification reactiovas carried out in a 25-ul reaction volume
containing 10 mMTris -HCL, pH 8.3, 15 mM MgClL00 uM each of dATP, dCTP, dGTP, and dTTP,
0.2 uM of primer, 1U offaq polymerase and 25ng of template DNA. The PCR veafopned in a
thermalcycler (TechGene, India) for 35 cycles cstitsj of denaturation at 95°C for 1min., annealing
56°C for 45 seconds, and extension at 72°C fondirb The final extension was carried out at theesam
temperature for 5 minute The cleaned up PCR products were sequenced aneéh16S rRNA gene
sequences of the isolate was aligned and edited BsoEdit®.
Optimization of protease production
The protease activity in the liquid medium was ased by culturing the bacteria in an enrichment
medium containing beef extract (0.3%), peptone¥%),NaCl (0.5%), and glucose (0.5%) at pH 7.0 for
24h, and then 10% of enriched culture was inocdlatea 250-ml flask containing 45 ml Basal medium
containing (g/):(NH).SOs- 29, KeHPO,- 1g, KH.PO,- 1g, MgSQ 7H,O- 0.4g, MnSQ H,0O- 0.01g,
FeSQ 7H,0O- 0.01g, yeast extract- 1g and peptone- 10g af fHThe culture was then incubated for 2
days by reciprocal shaking at 32°C.The cells wieea tharvested by centrifugation at 10,0009 for ifh m
and the supernatant was used for further protesssg/a
To 0.25 ml culture supernatant, 1.25 ml Tris buffe0 mM; pH 7.2) and 0.5 ml 1% aqueous casein
solution were added. The mixture was incubate®@min at 30°C. Then, 3 ml 5% tricholoro acetiadaci
(TCA) was added to this mixture, whereby it formeg@recipitate. The mixture was further incubated at
4°C for 10 min, and then centrifuged at 5,000 giermin. Thereafter, 0.5 ml supernatant was taten,
which 2.5 ml of 0.5 M sodium carbonate was addetkechwell and incubated for 20 min. To this
mixture, 0.5 ml folin phenol reagent was added #wedabsorbance was read at 660 nm using an UV-vis
spectrophotometer. The amount of protease prodwesdmeasured with the help of a tyrosine standard
grapt’. Based on the tyrosine released, protease actily expressed in units per gram of substrate
(U/g).
Effect of physical factors on protease production
The effect of temperature on protease productios stadied by growing the bacteria in fermentation
media set at different temperatures (25, 30, 35480and 50°C). The protease activity was assayed b
standard protoc®l
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The effect of pH on protease production was stulliegrowing the bacteria in fermentation mediaag
different pH (4, 5, 6, 7, 8, 9 and 10). The proteastivity wasassayed by standard protc*.

Effect of nutritional factors on protease productian

Because the bacteria was isolated from the gut aima crab, hence the effect of NaCl on prote
production was also tested by adding different eatrations of NaCl1l, 2, 3, 4 and 5%) in the 1
carbon and nitrogen source basal mec

The effect of carbon sources on protease produetias tested by using six different carbon sou
namely sucrose, mannitol, fructose, lactose, geicsd xylose. They were testedividually at the
concentration of 1% in the 1% nitrogen source basadium.

The effect of nitrogen sources on protease produoatias tested by using six different nitrogen ses
ammonium sulphate, urea, casein, peptone, meaacéxémd potassium rate. They were tested
individually at the concentration of 1% in the 1%lmon source basal mediu

Partial purification and characterization of protease

The crude protease extract was partially purifigdaimmonium sulphate (90%) precipitation followed
dialysis. The precipitate was collected by centydfiion at 12,500 rpm for 20 min a°C, and dissolved
in 0.5M Tris HCL buffer (pH 9.0). The soluticwas dialyzed against the same buffer°C for 8 h with
3 changes of the dialysis buffer, and protein cotre¢ion was measured as the method of Lcet al.??
using BSA as standard protein. The molecular weajhtartially purified enzyme was determd by
sodium dodecyl sulphate polyacrylamide gel eledtoopsis.

RESULTS

The host cralbcylla serratais given in Fig.]1
Fig. 1. Scylla serrata

Among the three gut associated bacterial straihg ame strain showed best result and taken fohéu
analysis. The protease activity of the selecteadrstn solid medium is given in Fig.
Fig. 2. The plate showing the protease activity bStaphylococcus sp.
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The gram staining result showed the bacterium wah gositive cocci. Based on the morphological and
molecular features the bacteria was identifie@taghylococcus sp
Optimization of protease production in liquid medium
The effect of temperature on protease productigivien in Fig. 3. Among the six different temperatu
conditions 45°C shows highes14.44 U/m) enzyme production in the liquid media.

Fig. 3. Production of protease enzyme at differertemperature
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The effect of pH on protease production was stulliegrowing the bacteria in fermentation mediaatet
different pH (4, 5, 6, 7, 8, 9 and 10). Among #even pH ranges, pH7 shows hidi299.75U/ml)
protease production (Fig. 4)

Fig. 4. Production of protease enzyme at differeriH
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Because the bacteria was isolated from the gut airma crab, hence the effect of NaCl on protease
production was also tested. The effect of salinityprotease production is given in Fig. 5. Among th
five different salinity conditions 3% NaCl showsgher 646.72U/ml) enzyme production in the liquid
media.

Fig. 5. Production of protease enzyme at differerflaCl concentration
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The effect of carbon sources on protease produetis tested by using six different carbon sources.
Among the six difference carbon sources, mannitoirss high 911.29U/ml) enzyme production (Fig. 6)
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Fig. 6. Production of protease enzyme at differentarbon source
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The effect of nitrogen sources on protease produatias tested by using six different nitrogen sesirc
Among these six different nitrogen sources, potssshitrate shows high520.74 U/ml) enzyme
production and the result is given in Fig. 7.

Fig. 7. Production of protease enzyme at differentitrogen source
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Specific activity of protease enzyme
The specific activity of crude and partially pueifi protease enzyme is given in Table.1.
Table 1.Specific activity of crude and partially purified protease enzyme

Purification steps Total activity Total protein Specific activity Purification Yield
V) (mg) (U/mg) (fold) (%)
Culture filtrate 57968 280 207.03 1 100
(NH4)2504 28286 89.6 315.69 1.52 48.8
precipitate

Partial characterization
This partial purified protease was electrophoresedSDS-PAGE (12 and 5%) and two bands were
observed. Using standard protein markers the didgegpartially purified enzyme was found to be @aibo
25kDa (Fig. 8).

Fig. 8. SDS-PAGE zymogram of protease enzyme proded by Staphyl ococcus sp.
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DISCUSSION
Here, the attention has been focused on the aegoibibacteria of the marine crab species and select
strain was isolated and assayed for protease t&siiD ascertain their role inexogenous productibn
digestive enzymes and the activity at various coos.
To investigate whether the concentration of NaG@a@$ the production of extracellular protease by
Staphylococcus sp., it was grown in a medium added with varyingaamtrations of NaCl (1.0 to 5.0%).
As shown in Figll, the extracellular protease production was maxinied®.72 U /ml) in the medium
with 3% NaCl. Further, it indicated theftaphylococcus sp. is halophilic. It was reported that
microorganisms living in the marine environmentabtely require Na+ for growth. In general, the
salinity of the ocean is close to 3.5%. The maxinprotease production registered in the medium added
with 3.0% NaCl may be attributed to the isosalimure of this medium, when compared to seawater.
Patelet al.?® reported that extracellular protease productiosdawateBacillus sp. isolatevas maximum
at 10% NaGl Strtyorini et al.* also reported the maximum extracellular proteaselyction at 10%
NaCl by halotoleranB. subtilis FP133 isolated from salt-fermented fish paste. &hesults suggest that
the extracellular protease production by the halmplbacteria is much more affected by the Na+
electrochemical potential of the immediate envirenin
The optimization for growth and protease productiocreased proteolytic activity and was useful in
development of starter culture for acceleration férenentation proces Sarkaret al.?® reported that
maximum protease enzyme production was obtained \whieof the culture media was maintained at pH
6, while in the case dB. subtilis the maximum protease production was reported aB/H. In this
present study, it was concluded that the optimumwas 7.0 for the production of high amount of
protease enzyme. At this pH condition, the isofatelucedl299.75 U/miwhen compared with other pH
ranges. The influence of incubation temperatur@ratease production by bacteria was studied by some
researchef& The optimum temperature for protease productarBf licheniformis was 45°C°. In the
present study it was found that optimum temperatifird5°C was effective condition to produce high
amount of protease enzyme. The temperature wad fauninfluence extracellular enzyme secretion;
possibly by changing the physical properties of pe@mbrane. Carbon sources greatly influenced the
enzyme production and most commonly used subsivasereported to be cas&inlt has been noticed
that lack of glucose in a media in dramatic de@dasthe enzyme productitin Qadaret al.** showed
maximum protease enzyme production when 0.1% ghue@s used as substrate instead of casein in the
Bacillus culture broth. In the present study, mannitol ¥oasd to be the best optimum carbon source for
protease production by the bacterial isolate foddwby sucrose, lactose, fructose and glucose. But
glucose was the best carbon source for proteastigion byAspergillus sp. as per Gommei al.*® and
by Bacillus sp. as per Boominathaa al.**. In The effect of nitrogen source on protease petidn by
Bacillus sp. was investigated by Qadairal.*>. They observed that among the different nitrogeurces,
peptone was found to be best followed by meat aadtyextract. Among the different inorganic source,
ammonium carbonate was found to be the best farhbeterial isolate in our observation.
The enzyme producing microorganisms isolated floencrab digestive tracts in the present study ean b
beneficially used as a probiotic while formulatitige diet for cultivable crab species, especiallyhe
larval stages. The main strategy to use probistimiisolate intestinal bacteria with favorablegaxies
from mature animals and include large numbers efahbacteria in the feed of immature animals of the
same speciés The use of probiotic in commercial aquacultureésessary for formulating diets at larval
stages to minimize the cost of feed preparation.
This present study investigates the production aiveh halophilic thermostable protease by
Saphylococcus sp. isolated from the gut of marine cr&bylla serrata using different nutritional sources.
Owing its potential to convert waste proteins footpase production, the bacteria can be applied for
bioconversion of any organic wastes for aqua feeohdilation and subsequent reduction in feed-related
waste outputs. Besides this, the thermostability halotolerency of protease can be used for many
industrial purposes including the detergent ingustr
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