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ABSTRACT

Enzymes plays a major role in industries like texteather, sugar, paper, rubber, tea, etc., mi@e plays a major
role in enzyme production due to their fast growdite, easy to manipulate for getting highly stablezymes
through genetic engineering and requires shorteretifor production and purification steps.in our geat study, we
concentrated on the enzymes used in leather indasRecently many novel enzymes that prove téfibieet in the
process of dehairing, soaking, bating and soluinijzthe chrome shaving have been developed fohédeat
industries. hence, we tried to isolate the prottolgacteria from red soil and produced the enzyrsease using
specific media. The isolated bacterial species wdastified as bacillus species by morphological dnachemical
analysis. Further the protease activity was anadyzznd the parameters like pH, temperature, substrat
concentration and incubation time were also optediz
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INTRODUCTION

Enzymes are proteins that have catalytic functionispensable to maintain the activity of life. Athemical
reactions occurring in a living organism is deperidin the catalytic action of enzymes and this lig/ wnzymes
whose action are well known.

Role of enzymes in industries

In recent years, investigations to search for badgats that can cope with the conditions of indakprocess have
been continuously increasing. Organic chemicall®sgis is characterized by high precision and pafitgroducts,

but it may sometimes impose a hazardous effecheretivironment. Enzymes, though act as biocatalgstshe

other hand, often have better chemical precisiohicliv can lead to a more efficient production ofgtn
stereoisomer, decreasing the number of secondacyioas, and with a lower environmental impact. Timgority

of important industrial processes are conducteceusgecific parameters, pH, ionic strength, tentpegaetc., but
some of these enzymes cannot exhibit all the titimeis optimal activities.

Enzymes in leather processing

The emphasis on the use of enzyme has come aboatid®e of the unique properties of the enzyme. Thst m
important properties are the catalysis of chemieattion at high rate under mild environmental é¢oors of pH,
temperature and pressure, specificity of reactioimimal side reaction, simple operations, non-toxéture and
non-polluting effluent generation. The leather isity in world over is coming under consideratioronfir
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environment regulations to with the pollution anidctiarge legislation. The current activity in threaof leather
processing is shifting towards the design and zatiion of cleaner and softer technology like enzyoady

enhanced processes. The enzyme are successfullpyadpfor the better quality leather production hwiess
pollution impact and also for the treatment of wadischarged from the industry.

Leather processing

Leather processing operation is categorized imgetimain categories i.e.,
> Pretanning

> Tanning

> Post tanning

Prior to Pretanning, the raw animal skin and hides preserved by application of salt that restramsrobial
attack[1]. Soaking, liming, deliming, bating, degseng and pickling are the pre-tanning process. firfan
objective of soaking is to rehydrate the skin alst & open up the contracted fiber structure efgkin. Similarly
the main objective of liming is to remove lime, ibgtis to split the fiber into fibril, degreasing to remove the fat
and pickling is to reduce the pH of the skin frono&.8-5.0.Tanning renders permanent stabilittheoskin /hide
[2]. The post-tanning operation includes retannthgeing and fat liquoring.

Depilation / dehairing

Depilation stage is where the root of the haimibé attacked by a selective proteolytic actiore Techanism of
enzymatic dehairing is based on the capacity takbtee number of peptide bonds that surrounds #serbent
membrane of the hair bulb that constitutes mainfy ppoteoglycans such as Glycosaminoglycans and
Dermatansulphate, thereby, removing hair very gafel

Enzymatic dehairing with alkali pre-treatment ideefive in depilation of skin. This includes prateawith a
narrower range of specificities may be sufficieatimduce depilation. Cleavage of Proteoglycans pratein
denaturation in strongly alkaline conditions woulgkult in the exposure of more peptide bonds, ifatiitg
proteases with narrow ranges of specificities sougit the integrity of proteins [3].

Enzyme application in leather processing

Table 3-Enzymatic function and its involvement at dferent leather processing stages

Stages Enzymes Involved Function Of Enzymes
Curing Enzyme are directly not involved  To presdrides and skins
Soaking Alkaline & pancreatic proteasep To remawe fibrillar proteins
Dehairing Alkaline & neutral proteases To improkie tvaste water qualit
Degreasing Lipases & proteases To remove fats
Stages Enzymes Involved Function Of Enzymes
Bating Trypsin & alkaline proteases To makes saffjple and pliable
Tanning Enzyme are directly not involvgd  To inflgerthe quality of tanning
Waste processin Trypsin &proteolytic enzymeg Clergamned-waste processina

Proteases

Proteases are the class of enzymes, which occupypksition with respect to their applications inttbo
physiological and commercial fields. Proteasesadge known as peptidyl-peptide hydrolases and ratestrially
useful enzymes which catalyse the hydrolysis otidegoond from protein molecule.

They are commercially important and isolated froamiaus living sources such as plants, animals,eb@ctnd
Fungi. With the advent of new frontiers in bioteology, the spectrum of protease application hasueded into
many new fields, such as clinical, medicinal andlgical chemistry.

To meet the current largely increase demand, stuahiecost effective production of industrially inmamt enzymes

have become the need of today. Proteases from Inmtresources are preferred over the enzymes framt pbr
animal sources since they possess all most afittaeacteristics desired for their biotechnologaggblications.
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EXPERIMENTAL SECTION

Sample collection
The Red soil was collected from the locality of AvpTrichy. It was further used for isolation ofopgolytic
bacteria mainly Bacillus species.

Isolation and screening of proteolytic bacteria

1g of the collected red soil was taken in 100mktfrile water and agitated for 45 minutes. Frons thml of
sample was spreaded on nutrient agar plates. Phaes incubated at 37°C for 2 days. From coloniescked
sample was placed on nutrient agar medium con@i@in% gelatin. Plates were incubated at 37°C foh@urs.
The specialized medium with gelatin will facilitafee growth of proteolytic bacteria. After 24 howafsincubation
the plates were flooded with 0.1% tannic acid. Base the size of zone of clearance colonies wdeetsal for the
production of protease enzyme.

Identification of bacillus species
The selected colonies were analysed by gram stamiethod and by biochemical tests for the idergtifan of the
bacteria at species level.

Gram Staining Method

A smear was prepared by taking and spreading lobbpf organism in a slide and it was heat fixeéhgsa sprit

lamp. Then the smear was flooded with Crystal \tislgution and allowed to stand for 1 minute. Thdeswas

rinsed with tap water and then the smear was fldadéh Gram’s lodine solution for 1 minute. Thes&d with tap

water. Then drain the water droplets completelyerTithe smear was added with Decolorizer (95% Ethano
Acetone) for 5- 10 sec. Then it was washed withewaht last counter staining was done using Safrémi45 sec.

The slide was washed completely with water anddaied. Then it was analysed using a microscopettier

identification of the morphology of the organism.

Biochemical Tests
Methyl Red — Voges Proskauer Test
The bacteria was inoculated in glucose phosphath land incubated at 37°C for 48 hr.

For Methyl Red Test
After incubation the pH of the medium was testedh®yaddition of 5 drops of methyl red reagent (#ee colour -
ve yellow colour).

For VP Test
After incubation 0.6ml of Barrit's Reagent A wasdad to the broth and shaken. 0.2ml of Barrit's Read was
added to the broth and shaken. Then the tube Waseal to stand for 15 minutes. Then the resultsevadaserved.
(+ve ,- Red)

Casein Hydrolysis Test

The selected bacterial colony was inoculated iricaagar plates and incubated at 37° C for 24 mdsodserved for
the results.

Catalase Test

A single colony of the bacteria was picked and @thover clean glass slide. One drop of 3% Hydrquenoxide
was added over the colony. The colonies were fmivatl to mix with each other. The results were olesd

Estimation of protein
The amount of protein present in the partially fiedi proteaseextract was estimated spectrophotometrically by
taking OD at 280nm in UV — Visible Spectrophotormete

Assay for protease activity

The water bath was set to 37°C. For each sampkes thst tubes were kept and marked as Testl1 T€&)2 (T2) &

Test Blank (TB). 1ml of casein substrate was addedll the test tubes. All these test tubes weesvpermed in the
water bath for 2 minutes. 1ml ofcrude enzyme extvears added to T1 & T2 tubes alone at suitable fimwerval

and mixed well. After exactly 20 minutes at the eaimterval as that recorded for the inoculation] 8im5% tri-
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chloro acetic acid was added to all the test t#mes mixed well. After taking the tubes from the evabath 1ml of
diluted enzyme was added to the blank. Then thetimamixtures were centrifuged separately at D®rPpm for 5
minutes to precipitate all the unreacted protetme Supernatant was further used to analyse the ranobtyrosine
released by Folin et al method colorimetically.

Folin’s method

Various concentrations of standard test tubes weaéntained, ranging from 5ug to 45ug of tyrosinepas
mentioned in the table 1 for tyrosine standard graions. For standard blank (SB) test tube withl bf distilled
water was maintained. Similarly 1ml from each of $upernatant of T1, T2 & TB was also maintainel.tie
tubes were added with 2ml of 0.5N Sodium hydroxidd 0.6ml of Folin’s reagent. Then optical dengifs read at
580nm colorimetrically.

Assay forprotease activity with various pH
The above said assay was repeated by using Boudfier$ of various pH 7, 8, 10, 11. The other parzmmse
maintained were Temperature - 37°C, Substrate cdrat®on — 2%, Incubation Time — 20 minutes.

Assay forprotease activity with various temperature

The 4 more reaction sets were prepared and maggtamwater bath for varying temperatures 33°CC359°C,
41°C for 20 minutes. The other parameters maintaimere pH- 9, Substrate concentration — 2%, In¢abatime —
20 minutes.

Assay for protease activity with various substrate concentration

Various concentrations of substrate casein ranfyorg 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0% were prapared assayed
as per the above said procedure. The other paresmatentained were Temperature - 37°C, IncubationeT- 20
minutes, pH - 9.

Assay forprotease activity with various incubation period

In the similar way 6 more reaction sets were maieth and each set is maintained in water bath fiéerdnt
incubation periods of 5, 10, 15, 20, 25, 30 minuidse other parameters maintained were TemperatGi#C,
substrate concentration — 2%, pH - 9.

RESULTS

The isolated colonies from the Nutrient Agar plates further streaked on gelatin Agar plates foeeting of
proteolytic bacteria. These colonies are usedudhér analysis.

The graph 1 is the standard graph for estimatiotyroine concentration. From this graph, the stath@D (0.12)
and standard concentration (10pug) for the calaradf amount of tyrosine released has been taken.

Standard graph for tyrosine

5 10 15 20 25 30 35 40 45 50
Concentration of Tyrosine in pg

Optical Density at
580nm

Graph 1
The graph 2 is the standard graph for the estimatigrotein concentration. From this graph, theant of protein

present in 1ml of the crude enzyme extract has lbegived as 0.5mg (Test OD — 1.25) and this is liseithe
specific activity calculation.
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Graph 2
The graph 3 shows the effect of pH (7 to 11) onabtivity of protease. As increasing the pH, theviyg is also
increasing. But after reaching a particular pH, #uotivity starts decreasing. Thus the optimum pH detting
maximum enzyme activity is found to be 9.

Effect of pH on the activity of protease

Table 5 - Effect of pH onprotease activity

pH of the borate| Amount of Tyrosine Specific activity of the enzyme in units

S. No. buffer OD at 580nm released in pg (ng of tyrosine produced/mg of protein/mir].)
1 7 0.33 27.50 2.75
2 8 0.44 36.67 3.67
3 9 0.5¢ 49.17 4.9z
4 10 0.52 43.3¢ 4.32
5 11 0.41 34.17 3.42

Graph 3

The graph-4 shows the effect of Temperature (3BLE&) on the activity of protease. As increasingtismperature,
the activity is also increasing. But after reacha@articular temperature, the activity starts dasing. Thus the
optimum temperature for getting maximum enzymevégtis found to be 37C.

Effect of Temperature on the activity of Protease

Table 6 - Effect of Temperature on protease actity

Incubation Amount of Tyrosine Specific activity of the enzyme in units
S. No Temperature in (°C OD at 580nm released |¥1 g (ng gf tyrosine pr):)duced/mgyof protein/min.)
1 33 0.25 20.83 2.08
2 35 0.42 35.00 3.50
3 37 0.55 45.83 4.58
4 39 0.40 33.33 3.33
5 41 0.31 25.83 2.58
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Graph 4
The graph 5 shows the effect of casein conceatrgf).5 to 3 %) on the activity of protease. Asré@asing the
concentration of casein, the activity is also imsiag. After reaching a particular concentratiordes not change
even though increasing the casein concentrations The optimum concentration of Casein for gettimgkimum
enzyme activity is found to be 2%.
Effect of Substrate Concentration onProtease Activity

Table 5 - Effect of substrate concentration omprotease activity

S. No Concentration of Caseif OD at 580nm Amount of Tyrosine Specific activity of the enzyme in units

) (Substrate) in % released in pg (ug of tyrosine produced/mg of protein/mir.)
1 0.5 0.35 29.16 2.91 units

2 1.C 0.4¢ 48.0( 4.80 unit:

3 15 0.65 54.16 5.42 units

4 2.0 0.71 59.16 5.92 units

5 25 0.71 59.16 5.92 units

6 3.0 0.71 59.16 5.92 units

Graph 5

The graph 6 shows the effect of Incubation Time&o(80 minutes) on the activity of protease. As éaging the
incubation time, the activity is also increasest Biter reaching a particular time period, the \afti starts
decreasing. Thus the optimum Incubation Time fdtigg maximum enzyme activity is found to be 20 oi@s.
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Effect of Incubation Period on the activity of Protease

Table 6 - Effect of Incubation Time onprotease activity

o Incubation Period OD at 580nm Amount of Tyrosine Specific activity of the enzyme in units

S-N (in minutes) released in pg (ug of tyrosine produced/mg of protein/mir).)
1 5 0.21 17.50 1.75 units
2 10 0.32 26.60 2.66 units
3 15 0.44 36.60 3.66 units
4 20 0.58 48.30 4.83 units
5 25 0.42 35.0( 3.50 unit:
6 30 0.31 25.83 2.58 units

Graph 6

DISCUSSION

Advancements in the various areas of biotechnolaye overcome most of the hurdles and currently pthce of
development of enzyme technology is quite rapice atlvancements in the techniques of genetic eniigeshich
permit the manipulation of cellular DNA, have ledthe opening up of a new field called protein eegring. The
structurally altered enzyme thus obtained has miffephysico chemical properties which distingusshifrom its
normal cellular component. The physico chemicdedénces engineered into the enzyme would, of epuispend
on the requirements of the relevant industry.

It has also been possible to increase manifoldymtboh of microbial enzyme by inserting extra capa# the gene
responsible for producing the enzymes. Capabildag how been developed to make use of microbes presx
important enzymes of animal and plant origin.

Leather industries have enormous potential foitte range of applications of several industriatyenes such as
protease(alkaline, natural and acidic), lipases, amylaggqsin, Trypsin, rennin anglutaminaseetc.,[4].The
parameters involved in the enzyme application leeparameters like enzyme and substrate concemtygtiH and
temperature. Microbigbroteaseshave a number of commercial applications in indestlike food, leather, meat
processing and cheese making. It has been reptitédthe production of extra cellular proteasesdifferent
microorganisms can be strongly influenced by tHeuoe conditions.

CONCLUSION
The proteaseassay with varying substrate casein concentratimcybation time, pH and temperature was also

performed for optimization. It was found out thia¢ toptimum substrate concentration was 2%, optinmaubation
time was 20 minutes, optimum pH was 9 and optiraaigerature was 37°C.Proteolytic bacteria can blatesb
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from red soil by plating on Gelatin Agar plates aub culturing in specific protease production raediwhich
belongs toBacillus speciesand the produced extra cellular protease will htae optimum pH of 7, optimum
Substrate concentration of 2%, optimum incubatiore tof 20 minutes and optimum temperature of 37°C.
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