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Chapter 1

INTRODUCTION

Enzymes are the focal point of biotechnological process since they are
mvolved in all aspects of biochermical conversion, from the simple fermentation
conversion 10 the complex techniques in genctic engmeering and molecular
biology. They are used as cost-effeciive and ccofniendly substitutes for chemical
processing in several industries, including pharmaceutical, food and beveragrs,
sarch, laundry detergents: in the processing of textiles, leather, wood, pulp and
paper; in the production of fine and speciality chermicals, in organic synthesis and
transformation of compounds; biorerediation and waste treatment.

The world market for industrial enzymes is worth $1000 million with un
average growth rate of 10 percent per annum (Biospectrum, June 2005), Proteases
arc the single class of enzymes, among all the enzymes, which occupy a pivotal
position with respect 1o their applications m both physiological and commercial
ficids. They are hydrolytic enzymes, that catalyze the cleavage of peptide bonds 1n
other proteins. Today. proteases account for approximately 60% of the 1al
cenzyme sales in vanous industrial market sectors. such as detergent. food,
pharmaccutical, leather, diagnostics, wasic manapement, and silver recovery
(Gupta ¢t al, 2002b. Rao o al. 1998). This dominance of protcases in the
industnal market is expected to increasc further in the coming years.

Among the source of cnzymes i.c.. animals, plants and microbes, enzvimes
from microorganisms have hecome the chowce for industrial productwn. The
current trend 1s to use microbial cnzymes since they provide a greater diversity of

catalytic activities and can be produced more economically. Microorganisms have
qualificd as apt source of industrial cnzymes owing 1o their consistency, case of
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process opurmuzation and modification. and the possibility of cazryme production
usthig recombinant stramns with enhanced yicld.

Microorganisins claborate a large ammay of intracellular and'or extracellular
proteases Intraccilular prolcases are important for various cellular and metabolic
processes. such as sporulanoa and differentation. protein tutnover, maturation of
cazymes ard hormones and mamtenance of the cellular prosein pool. Extracellutar
proteases arc amporiant for the hydrolyss of proicias in cell-free enveonents and
enable the cell 10 absord and unlize bydrolvtic peoducts (Kahis2, 1988}

The technological application of cnzymes under demanding ndostral
condinons makes the currently known arsenal of enzyvines imsufficient and the
scarch fir ncw ricrobial sources 13 continued.  In fact only 2% of the world's
mictoorganims have been tested as ensvine sources (Wiseman, 1985), although
microorganisms from diverse and cxotic environments, and extremophiles are
considered an imponant source of enrymes, and their specific propertics are
expected 1o result in novel process applications (Govardban and Margolin, 1995,
Roberison ¢t al. 1996). Looking inta the depth of microbial diveraty, there is
alwnys 3 chance of finding microorganismy producing novel enzymes wub better
properties that are suable for commercial exploitaton. The multitude of
physicochermically diverse hahatats has challenged natuic to develop cqually
numerows molccular adaptations in the rucrobial world. Microbial diversty 1s &
nujor resource for biotechnological pruducts and processes.

About 8% of the commercial enzymes are produced using mucToorganisms,
and they are of ierrestnal anigin. Although the accans cover more than two thrd of
the carth’s surface, the knowledge on manine mucrobes 28 source of enzymnes s sul)
very imited and they remain as untapped soutces of many metabulites amd
beenolecules with novel popertics

For the last two decades the common conclupons of mtermanonal flor
comadermg wrategc challenges in scuence have umiformly Wdentfied the marme
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biotope as a large end untappod arca for exploration (ESF-ManneBoard. 2001).
The rich diversity of marine fonm and funcuion, and its unique physinlogical
adaptations to the harsh manne environment coupled with acw developments in
biotcchnology, has opened up a new and exciting vista for the extraction of
bicactive prodocts of use in medicioe, novel industnal processes and
environmental monitoring.

Marine organisins represen! 3 dramatically differemt environment for
brosynthesis than do terrestnal organisms and therefore represcot 8 vast untapped
resource with potential benefits m many different areas such s medicine,
aquaculture and fisheries, industry, rescarch tools and covironmental applications.
Broscreening of microorganisms, plants or animals select oul those with the most
desirable characteristics.

The patential applications offered by the screening of marine substances
extend to pharmacology, agrochemistry and the environment, Morcover, the use of
combined approaches enhances these possibilitics because marine molecules often
belong to new classes without terrestrial counterparts. High throughput screcning
techniques are particularly suitable for such combined approaches. In addition,
marine microorganisms are a source of new genes. the exploitation of which is
likely 10 lcad 10 the discovery of new drugs and targets. Secondary metabolites
produced by marine bacteria and invertebrates have yiclded pharmaceutical
products such as novel anti-inflammatory agents (e.g. pscudopterosins, topsentins,
scytonemin, manoalide), anti-cancer agents {eg bryostaums, discodermolide,
cleutherobin and sarcodictyin) and antibiotics (c.g. marinone). Melanins have a
range of chromophoric properties that can be exploited for sunscreens, dyes and
colouring. They also sequesier different kinds of organic compounds, inducmg
fungicides and antibiotics, which may allow them to ac1 as slow-relcasc agents.

Extracts, hydrolysates and enzymes from seawater fish species and marine
invericbrates have revealed snteresting charucteristics. In particular. many manine
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cnzymes have chamcieristics deviating significantly from their mammalian
counterparts. Marine microorganisms have a diversc range of enzymatic activity
mcluding minerlisation process and cycling of clemewts m various environments
and are capable of catalyzing various biochemical reactions with novel euzymes
(Chandrasckaran, 1997). Most importand is the activity-temperature relationship;
high activitics are obtained at 5-12°C for enzymes of marnine ongin, mstead of 30-
35C for classical mesophilic systems. Hence, these enzymes are suitable for
oplimal processing at low temperatures.

Since manne microorganisms are sall toleramt and have the potental lo
produce several novel metabolites, it 15 assumed that among them. there may be
potential protcase producers also. The marine microorgamisms, which have
immense potential ss source of exoenzymces are yet to be tapped. Though few
reports were made on the production of protease from marine baclcrial sources
(Fstrada-Badillo et al., 2003; Kwmnar < al.,, 2004; Salamanca ct al.. 2002}, hardly
uny report is available on the production of protease at an industrial scale uxing
marine fungus (Chandrasekaran and Kumar, 2002).

In recent vears, solid state fermentation (SSF) has gained importance in the
production of mucrobial enzymes as s result of search for cheap alternative
production system which utilizes simpler agro-industrial wastes as subgtrates. SSF
has several economic advantages over conventional submerged fermentaton such
as mummal requirement of walcr, production of metabolites in a more concentrated
form and making the downstream processing less ume consuming and less
cxpensive (Hesseline, 1972; Lonsanc ct al., 1985). Among the vanous groups of
mucroorgamsns used in SSF, filamentous fung: src the most widely explosied
owing 10 their atulity to grow and produce s wide range of extracellular enzymes
on compiex solid substrates (Moo-young et al., 1983). } 1s reparted that the amount
of cnzymes secreted in solid state cullures are large and frequently exceed the
amounts secreled in submerged culture, and solid state specific gent expression
appears 10 be respomsible for this mcreased production (Iwashita, 2002). In recent
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years, few reports are available on the production of protcase from fimgal cultures
using solid state fermentation but none of them are from a marine source (Germano

ct al., 2003; Sandhya et al., 2005; Tunga ct al.. 2003).

Since 1914, proteases are bemng widely used as detergem additive and over
the past 30 years, the smportance of proteases in detergents has changed from being
the minor additives to key ingredients and now the use of proteases in laundry
detergents accounts for appeoximately 25% of the tofal worldwide sales of
enrymes. in spite of thas [act, all detergent proteases currently used in the markces
are scrine proeases produced by Bacillus sp. (Rao et al., 1998). Fung as enzyme
producers, have many advantages such as the produced enzymes are normally
extracellular, making ease of downstream processing 10 prepare cell free enzyme
ctc. Available reports on prolcase production by fungi such as Merarhizium
anisopliage {St.Lagers ct al., 1986) and Beauveria bassiama (Bidochks and
Khachatourians, 1987), mainly deals with the virulence Factors tha are contributed
by these proteases in entomopathogenic fungal infection. A few fungal sources
such as Conidioholus coronatus {Phadatare et al., 1993), Peniciliium sp. (Germano
et al., 2003) and Aspergillus parasiticus (Tunga et al., 2003) were studicd for their
application in commercial detergent industry.

Duning the course of an carlicr investigation in this laboratory, 11 was
obscrved that an alkalophilic and salt tolerant fungus, isolaied frwn mannc
sedimenmt of Cochin coast and deniified as  Engyodontrum album, secrewes
extracellular protease, which shows grealer activity in afkaline pH (Becona, 1999;
Surcsh and Chandsasckaran, 1998). In this coniext, the present study mainty deals
with the production of thrs fungal protcase through solid state fermentanion towards
consequent development of ideal bioprocess for industnial production, 1solation,
characterisation and cvaluation of the potential of the protease enzvine for various
industrial applications.
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OBJECTIVES OF THE PRESENT STUDY

A cursory glance of the review of literamre would indirate that in spac of
the fact that 80°% of tbe commercial enzymes produced using MICTOOIZANINTS are
of scrrestrial angin, hardly any information is available aboat masine microbial
sources. Hence it was desired to pursne somne exploratory studies on the
alkalophilic and zlt tolerant fungus. isolated from the marine sediments of Cochin
ceast. that secretes an cxtracellular proteasc which shows grealer activity in
alkalinc pH. towards exploiting the fungus as u poteatial source of alkaline
protcase for commercial application. Thus, the primary objectives of this study
meclude the evaluation of the potential of thus marine Engyvodontiumt album, for
peotease production through sulid stie fermenation, purification, characterisation

of this enzyme and asscssment of its potenitial applications.

Specific objectives of the present study include

(. Opumizznion vf vanous physicochemica! facios in ol staic formentation
(of the preduction of alkaline protease by Engyodontium album

2 Punficaton of the protcaics enzyme

1 Charactersation of the enryme

4  Evaluatios of the cnzyme for vanous industrial applicavons
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REVIEW OF LITERATURE

2.1 Protenses

Protcases, which can hydrolyse the peptide bonds in other proteins,
constifulc a very large and complex group of enzvmes, and differ in properties such
as substraic specificity, active sile, catalytic mechanism, pH and temperature of
activity and stability profilkes (Ward, 198%). They cxecuic a large vanety of
functions, extending from the cellular level to the organ and organism level, and 1o
produce cascade systcms in an organism (o maintain homeostasis,

Extraceflular microbisl protcases contribute to the nutritiona! well bemg of
the organism by hydrolyzing large peptide substrates into smauller molecules thut
the cell can absorb, Mammalian pancreatic proteases and intestinal und stomach
peptidases penerally perform a similar nutritional role in the digestion and
sbsorplion process of these species. Prateolytic enzymes are also mvolved mn the
regulation of biological metabolic processes such as spore formation (Kamberg ¢t
al.. 1968. North, 1982), sporc germination (Jackson and Cotier, 1984), proicin
maturation in viral assembly, acuivation of cenain viruses of imponance (or
pathogenicity (Katob et al., 1985), various siages of the mammalan fert:luatron
process (Honda e al, 2002), blood coagulstion, fibnnolysis, complement
activabon (Chambers and Laurent, 2001 ; Sirn and Tsifisoglou, 2004), phagocytosis
and blood pressure control (L1 ¢t al., 2004).

In all cell systems there is a balance between metabolic processes
involving protein synthesis and breakdown, and intracellular protzinases play a
vilal role in these protein umover processes. which s esscntial for the adaptation
uf microbin) und other cells to the new environmental conditions. particularty in
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envtronments lacking 1o amino acids, as it generates amuino acid pool for synthesis
ol newly required enzymes and other proteins {Hershko et al , 1984} Proicascs are
slve important tor cell diffcrentiation, transiation, modulation of gene eapression,
and in enzyme moadification and secretion (Roberts et al , 1977) Proteases convent
inactive casymes and ober biologically inactive proicin mokecules into thei active
forms and dunng estreccllular enzyme secretion. the hydrophobic  pepide
catension which facilitates the passage of the enzyme through the cell membranc 18
cleaved by proicolvtic activn (Stmeekens, 1993)

2.2 Claxsification of Proleases

According 1o the Nomenciature Commitice of the Isternanonal LUnion of
Binchemistry and Moloculm Biology. proteases are classificd so subgroup 4 of
gtoup 3 rhwdrolases) (TUBMB, 19492) However, proteases do not comply cassly
with 1be genem! system of enzyme nomenclature duc to their huge diveran of
acteon and structure. Currently, protcasces are clasaficd on the bais of three mugoe
ntena. 1) tvpe of reaction atalyzed. (1) chemecal nature of the catalyvtic suc, and
{111 cvolutionary relatwaship with refercnce 1o strucnare (Barrert. 2001)

Depending on their site of action, proteases are broadly classified into two
major groum. 1 ¢ . exopepidases and endopepudases  Exopeptidases cleave the
peptade bond proximal s the amno or carboxy termam of the sobstrate, whereas
endopeptidases cicave peptide bonds distant from the termrum of the substrate
Bawed on the tunctional group present ot the acine site, proteases ase further
classified into four prominent groups. 1c., senne protcascs, DNPATIC PrO(CAses,
cysteine proleases, and metalloproteases (Hartley. 1960} Bwt, there arc a fow
misellancous proteases. which do not preaisely (it into the standard classificanon
Buacd on the pit of their uptimal activity. proteases are also reiftrred o ay avndic,
ncutral or alkatine proteases In the EC hst, peptudases are divided among 13 sub-
classes commprising exopepudases 134 11-19) and endopephiduses (3 32124
together with 1.4 99) s given 1 Table 2 1.
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According to the widely used and most comprehensive databese of
protcases (MEROPS; htip://www.merops sanger ac.uk), enzymes of each catalytic
type are classified into evolutionarily distinct **clans™ and cach clan » subdivided
to **families’” (Rawlings ct al.. 2004). Each fumily of peptidases has been
assigned a code keticr denoting the type of canatysis, Le, S, C, T, A, M or U for
sefine. cysteme, threonine, aspartic, mewllo or unknown type, respeciively
(Rawlings and Barrett, 1993). Threonine type peptidascs arc the most recently
discovered catalvtic type (Seemulier ct al., 1995).

Table 2.1 The EC system of classification of peptidases

Sub-sobclass Type of peptidase

Exopeptidases

34.11 Amino peptidases

34.13 Dipeptidoses

3414  Dipeptidyl-peptidases

3415 | Peptidyl-dipeplidases T

34.16 Scnine-1ype carboxypeptidases

34.17 Meusllocarboxypeplidases

3418 Cysteine-type carboxypeptidases

34.19 Omcga peplidascs
Endopeptidases )

342} Senine endopeptidases

34 Cysicine endopeptidases j

3423 Aspartic cndopeptidases

3429 | Metalloendopeptidases

3499 Endopeptidases of unknown type

1.2.1 Exopeplidases

The exopeptidases act only ncar the ends of polypepude chains. Based on
ther sitc of action a1 the X or C iermimus, they are classified as smino and
carboxypeptidases, respectively.



22.1.1 Aminopeptidases

Ammnopcptidases act at 8 free N-terminus of the pohvpepade chain and
lixerate a single amino acid residue, a dipeptsde of » tripeptide  They are knowa o
remove the N-tcrmenal “Met® that may be found 1n beterologowshy eapremed
proteans bul not m many natarally occurning mature proicins. Amsnopcptidascs
occur n 3 wide vanety of rmerobial specics including bacteria and funys (Watenn,
1976) In gereral. sounopcptidases are intracellular enzymes, but there has been o
single report on an extracellular aminopeplidase produced by Asperpiiius onzae
tlabbe et al. 1974) The wubstraic specifiotes of the ennymmws from backcria and
fung are distinctly diffesent in that the organisms can be diferentated on the basis
of the produc! profiles of enzyme hydralysis (Comy, 19781 Aminopentudase I from
Etcherichin coli is u large protease (4,00.000 Da). It has a broad pH optimum of
510 10 $ and requires Mg ar M’ for optimal activity iMarco and Dick, 1978)
The Racrilus bchenifornty aminopeptidase hus a molecular weight of 34,000 Da
contans | g-atom of Zn™ per mol, and its activity 15 enhanced by Co* ons Om the
other hand, aminopepuduse 1] froun Bacillus stearothermophilus 15 a dimer with a
molecular weight of 80,000 to 100,000 Da and is achivated by Z0°". Mn“* or Co”*
tons (S0l et al | 1976)

22.1.2 Carboxypeptidawes

The carbunypeptxdases act a1 C-termirals of the polypeptide chain ard
iberate a smgle amuno aod or 3 dipeptide Carboxypeptudises can be divided 1o
three major grwps, oanxly serine carboxypoptdiases, metallocarbotypeptidases
and cy>temne carboryvpepindases, basad on the nature of the amino acid resadues at
the active site of the enzymes The sermne carborypepudases olmted from
Pecditvm spp, Saccharomces spp. and Aspergiiius spp are simlar a ther
substate pecificriscs but differ shightly in other propertves such as pH optimam,
stabchny, molecular weight and etfect of mhubitors. Metallocarboxypepcedases from
Saccharnmces spp. (Fehin and Bamllet, 1966) and Psesdomonas »pp. requuce
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Zn™* or Co™ for their activity (Lu ct al., 1969). The enzymes can also hydrolyze the
peptides in wioch the peptidyl group is replaced by a pieroyl moicty or by acyl
groups.

22.2 Esdepeptidases

Endopeptidases are characteriacd by their preferential action at the peptade
bonds in the mner regions of the polypeptide chain away from the N- and C-
termini. The pwesence of the free amino or carboxyl group has a negative influence
ot cozyme activity. The endopeptidases are divided into four subgroups based on
their canalytic mechanism: (i) scrine proteases, (ii) aspartic proteases. (i) cysteme
proteases and (iv) metalloproteases.

2.2.2.1 Serine proteases

Serine proteases are characterized by the presence of a serine group in their
active site. They are numerous and widespread among viruses, bacteria and
cukaryotes, suggesting that they are vital 10 the organisms. Serine proicases are
found in the cxopeplidase and endopeptidase groups. Based on their siructural
similarities, serine proteascs have been grouped into 40 families, which have been
further subdivided into 10 clans with common ancestors (Bureit, 1994) The
primary structures of the members of four clans, chymotrypsin (SA), subtilisin
(SB). carboxypeptidase C (SC). and Escherichia D-Ala—D-Ala peptidase A (SE)
are totally unrelated, sugpesting that thore arc at least four separate evolutionary
ongins for scrinc protcascs. Clans SA, SB and SC have a common reaction
mechanism consisting of a common catalytic triad of the three amino acids, serine
{nucicophnic), aspartaie (clectrophile) and histidine (base). Although the geometne
onemiations of these residues are similas, the protcin folds are quite different,
formung a typical example of a convergent evolution The catalytic mechanisms of
clans SE and SF are distinctly different from those of clans SA, SB and SE, since
they lack the classical Scr-His-Asp triad. Anothes interesting feature of the serme

11
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proteases is the comservation of glvemne residues in the vicinity of the camlync
sennc residue to fonn the motif Gly-Xas-Ser-Yaa-Gly (Brenner, 1988).

Sennc proteases are recognixd by thewr imeversible inhibition by 3.4-
dxhloroisocosmarin (3.4-DCT). L-3carboxy trars-2,3-epoxypropyl-leucylamido
{4-guanuime),  butane  (E.63).  di-isopropylfiuorophosphate {DFP),
pheaylmethylsulfoayl fluende (PMSP), and sosylHL -lysine chloromethyl ketone
(TLCK) (Barrent, 2001). Some of tbe scrime prteases are mhbibited by thiol
reagents such as p-chloromercuribenzoste (PCMB) duc to the presence of a
cysicine residue near the active site. Serine protcases are generally active at acutral
and alkaline pHl, with an optimum between pH 7.0 and 11.0. They have broad
substrate specificitics including esterolytic and amudase activity. Their molecular
mass range between 18 snd 35kDa, and the serine protease from Blakeslea trispora
has a molecular mass of 126kDa (Govind et al., 1981). The isoclectric points of
serine proteases are generally between pl 4.0 and 6.0. Serine alkaling proteases that
are active al highly alkeline pli represent the largest subgroup of serine proteases.

2.22.1.1 Seripe alkaline protcases

Senoe alkaline proleases are produced by severud bacterin, molds, yeasts
and fungr. They are inlubited by DFP or a powato proteasc inkibitor but nxt by
1os¥l-L-phenylalanme chloromethy! ketane (TPCK) or wsyl-L-lysine chloromethyl
ketone (TLCK) Their subsirate specificity is similar 10, but less stingent thas that
of chymouypsin. They bwdrolyzr 2 peptide bhond. which has  tyrosme,
phenylalanine or leucine st the carboxyl side of the splitting bond. The opume] pH
of allaline protaases 1 xrourd pH 10.0. and their soclectric point is around pH 9.0.
Their molecular mass is in the range of 15 o WD, Although alkalive serine
procases arc produced by several bacteraa such as Arthrobacter, Streptomyeer and
Flavohacterium spp. (Roguslawski et al . 1983), subulisins produced by Bacilius
spp. are the bewt known Alkahne proteases are also produced by §. cercwisiae
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{Mizuno and Matewo. 1984) and filamentous fung such o Cosdioholus spp
(Phadatare ct al, 1993). Aspersnifus and Newrospora spp. (Lindberg ctal., 1951 ).

1.2.2.1.2 Subtilisins

Sublihsins of 8acillus origin reprovent the socond larges iamly of serine
protcoses. Two differrnt types of aikaline proteases, subulisin Carlaberg and
subtilisin Nove or bacterial protcuse Nagamse (BPN9) have been identified.
Subulisin Carlsberg produced by Bacillus lichemifornus was discovered in 1947 by
Lindersirom, Lang and Oniesen st the Carisherg laborstors. Subuhsin Nove or
BPN\9 s produced by Baciilus amyvioliquefaciens. Subtilisan Carlsberg ts widely
used in detergents. Ity annual production amounts to about 00 tons of pure enzyme
protcmn. Subtilemn BPNY is less commercally important. Roth subtifisins have a
molecular mas of 27 SkDa but difier from cach otser by $8 amuno acxds They
tave sumiat propertics such as an optmal temperatee of 60°C and an optirsal pH
of 10 6. Both czymes exhibit broad substrate specificity and have an active-site
mad made up of Serlli. Hivbd and Avpid The Carlsborg carvioe has broader
substrate speciticiry and docs nm depend oc Un”" for 1ts stability. The actrve site
conformation of subthisins 13 stomiar to that of irypun and chymatrypsin doapie
the disimilanty in thew overall moleculer arrangements. The senne alkaline
protcase from the fungus Conidiobolus coronatus was shown to possess o distinetly
different structure from subtilisin Carlsherg in spite of their functional similarities
{Phadatare c1al, 1997).

2.2.2.2 Aspartic proicases

Aspartic actd proteases, commwonly hiwwn os aadic proteases, are the

endopeptidases that depod on asparic acd ressducs for thewr catalvue activity
Acidc protesscs bave bees grouped mito three tarmulies namely. popan (A,

retropepsin (A2) and enzytnes from pararctroviruses (A3) and have been placed 18
clan AA (Barent, 1985 The members of farmilies Al and A2 ate known W be

13
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related to cach ather, whale those of famuly A} show some relatedness 10 Al and
AZ Mos aspurtic protcascs show maumal sctivity st Jow pH (1 0 10 4.0) and bave
1soclecttn: posnts in the ange of pii 3.0 30 4.5, Ther molecular mass is in the ranpe
of 3010 45kDa 1he members of the pepsin (anuly have a buobal structure with the
active-site cleft jocated between the lobes (Swchecka er al | 1991) The actne-site
aspartic acxd resadue 15 situated within the monf Asp-Xaa-Gly. :n winch Xaa can be
'Ser* s ‘Thr’ The aspartic pratcases are inhibited by pepstatin (Fuzgerald ot al .
1990} They are also sensitive to diazoketone compounds such as di-azoacety!l-DL-
norfeucine methyl ester (DAN) and 1.2-epoxy-3- {p-mitrophenoxy) propane
(EPNP) 1 the presence of copper 1ons. Microhal acid proteases exhubn specificiry
against arovmanc of bulky amino acid residucs on both sides of the pepude bond,
which 1» sumilar 10 pepain. but their action is less strimgent than that of pepsin.
Microbial aspartic proteases cun be broadly divided into two groups- (i) pepsin-like
enrymes produced by Aspergilius, Penicilinim, Rnzapus and Neurospora and (1)
renmn-hke enzymes produced by Endothia and Mucar spp.

2.2.2.3 Cysteine/thiol proteases

Cysteine proteases occur 1n both prokarvoies and cukarvotes. About 20
famubies of cysteme proteases have been recognized. The activity of all cysieine
protoases depends on a catalvtic dyad consisting of cysteine and hustidine. The
order of "Cyy” and “His’ (Cwy-His or His-Cys) residues differs among the familics
{Barett. 19941 Generally, cysieme proteases are acuve only in the presence of
reducmg agents such as HON o cvsicue Based oa then side chan specificrty,
they arv byoadly divided mwe four groups (1) papain-like, (n) Irypaan- like with
pecfaronce for cleavage at the srgmine residuc. (1) specific to glutamic acid and
(1¥) others. Papan s the best known cystewe proicase. Cysicine proteases have
mcutral pH optima. although a few of them ¢ g. hsosomal proteases, arc
manimally active at acwdic pH They are susceptibic to sulfhvdryl sgents such as
PCMB. but are unaffected by DFP and mcial-chelsting agents  Clostnpain,



Revirw of Literature

produced by the anacrobic bacterium Clostridium histolyticum, exhibits a stringent
specificity for arginyl residucs at the carboxyl side of the splitting bond and difTers
from papain i its obligate requirement for calcum. Streplopain, the cysicine
protease produced by Strepracoccus spp.. shows a broader specificity, including
oxidized wsulin B chain and other synihetic substraics. Clostripain has an
isoelectric pomt of pH 4.9 and a molccular mass of 50kDa, whereas the isoclectnic
point and molecular mass of streptopuin are pl 8.4 and 32kDa, respectively

2.2.2.4 Metalloproteases

Metalloproteases are the moast diverse of the calalytic type of proicases
(Barctl, 1995). They are characicrized by the requirement for a divalent metal 1on
for their activity. They include cozymes from a veriety of ongins such as
collagenases from higher organisms, hemorrhagic toxins from suake venoms and
thermolysin from bacteria (Hibbs et l., 1985; Okada ct al., 1986; Shannon et al.,
1989; Weaver et al., 1977). At present, metalloproteases have been clussified into
5 families (http://www merops.sanger.uc.uk), which have heen grouped into 16
¢clans based on the nature of the amino acid that completes the metal-binding site;
¢.g.. clan MA has the sequence HEXXH-E and clan MB corresponds (o the motif
HEXXH-H. In one of the groups, the metal atom binds at a motif other than the
usual motifl

Bascd on the specificity of their action, mewlloprotcases can be divided
mio four groups: (1) neutral, (it) alkaline, (1) Myxobacier | and (sv) Myvaobacier ).
The peutral proteases show spectficity for hydrophobic amino acids, wiile the
alkaline proteases possess a very broad specificoty. AMvyohucter protesse | is
specific for small amino acid residucs on either side of the cleavage bond, whereas
Ahaobacter protease Il 15 specific for lysne resadue on the amuno side of the
peptide bond. All of them are inhibited by chelating sgents such as EDTA but not
by sulfhydryl agents or DFP.

15
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Thermolysin, a neutral prosease, is the most thoroughly charactenzed
member of clan MA. Hisndme ressdues from the HEXXH monf serve as Zn
bgands and Glu has » catalytc function (Weaver et al, 1977). Thermolysin
produced by 8 stearothermopulus is a single pephide withowt disulfide bridges and
bas a molecular mass of 3kDa It contains an cssental Zn atom cmbedded m »
cleft formed between o folded lobes of the protein and four Ca stoms, which

impart thermostability 10 the protein. Thermolysin 1s a very stable protcase, with a
half-life of | h a 80°C

Collagenase, another important metallopeotease, was firvt discovered m the
culture broth of the anacrobx bactenium Clostridium hystolyticum as & component
of toxic products Later, ¢ was found to be produced by the acrobic bacterium
Achromohacter wphagus and other microorganisms including fungi {Demina and
Lyscnko. 1996) The action of collagenasc is very specific. 1, it acts only an
collagen and gelaun and not on any of the other usual protein substreates. Elastase
produced by Picudomonas aeruginnsa is another important memher of the neutral
metalloprotcase family.

The alkaline metallopruteases produced by Psvudomunas avruginosa and
Sevrana spp are active 1t the pH range from ™ 010 2 0 and have mulccular mass in
the region of 48 to 60kDa. Ahaobacter protease | has 8 pH optimum of 90 and a
molecular mass of 14kDa and can lyse cell walls of Arthrobacter crveieliopoites,
whereas protcase I cannot lyse the bacterial cells Matrix metalloproicases play a
prortunent roic tn the depradation of the extracellular matny dunng tissuc
morphogencss, differenttatum and wound healing and may be uscful m the
treatmend of diseases such as cancer and anhritis (Browner ¢t al , 199%)

1.3 Mechanism of Action of Protesses

The mechanism uf stwn of proteases has been 2 subject of greas interest
to rescarchens and several ropotts are available i literature for serme proteases,
aipartic prudeases. metallopriteases and cysteme proteases.

16
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23.1 Serine Proteases

Serine proteascs usually follow a two-step reaction for hydrolysis in which
8 covalently linked enzvme-peptide mitcnmediate is formed with the loss of the
anuno acid or peplide fragmen! (Fastrez and Fersht, 1973). This acylation sicp 1
followed by a deacylahon process. which occurs by a nucloophilic attack on the
mtermediate by water, resulting m bydrolysis of the peptide (Fig. 2.1). Serine
endopeptidases can be classified o three groups mainly based on their pnmary
subsirate  preference: (1) wuypuin-like. which cleave afier positively charged
residues; (i) chymotrypsin- like, which cleaves afier large hydrophobic residucs:
and (ii1) clastase-like. which cleaves wfler small hydrophobic residues. The Pl
residuc exclusively dictates the site of peptide bond cleavage.
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Fig. 2.1 Schematic represenation of the steps invalved in catnlysis
by the serine protease type of cnzyme.



The primary specificity s affected anly by the P residues; the residues at
other posttions aflect the rate of cleavage. The sob site misractions are kocalized tn
apecific amuno sads around e Fi residoe 10 8 unique sct of sequences oa the

caryne

Some of the senne peptdases from Ackromohacier spp. are lysme-specific
cnzvines (Masals et af . 1978}, whereas thone from Closmidivm spp e arginenc
specific (clostnpam) (Cilles et al., 1979), and those from Flavobacterssm spp arc
post pruhine-spexific (Yoshimoto et al.. 1980). Endopcptidases that are specific 1o
glutamuc acid and aspartic acid residues have also been found in 8. Lcheniformns
and Siaphvfiococens aureus (Drapesu ct al., 1972)

The recenl studies based on the three-dimensional senuctures of proteascs
and comparisons of amuno acid sequences ncar the pnmary substrate tnding site
in mypsin-like proteases of viral and bacteral ongin suggest a putative gencral
substrate binding scheme for protcases with specificity towards glutamic acid
mvolving & hishidine residue and a hydroay! function. However, a few other serine
proteases such as peptidase A from £ coli and the repressor 1 exA show distinctly
different mechaniam of sction without the classic Ser-His- Asp thad (Barert, 1994).
Some of the giycine residucs are conscrved n the vicmity of the catalvtic serine
residuc, twt therr caact positions arc variablc 1 Brenner. 1988). The chyrsotrypsin.
hike enzymes are confined almost entirely (o auimals, the exceptions being trypsun-
hke carymes from inoricetes and Sacckarapo: spors spp snd from the funpus

Fusarum ovysporum.

A few of 1be senne procases belongmg to the subnbiun famuly show a
catalytc inad composed of the same resshocs as in the chymowypan famuly:
howevat, the residucs ocout n 5 different arder (Asp-His-Ser) Some members of
the subtiliin famuly from the Tritirachium sod Metarkizium spp. vequire thiol for
ther sctisaty. The thiol dependance 1s attnbutable Ww Cv3173 ncar the active-ante
histidine ¢Jany ¢t al . |9%4)
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The carboxypeptidases are unusual among the serine-dependent efizvmes
m that they are maximally sctive st acidic pH. These enzymes are known o
possess 2 ‘Glu” residue preceding the catalytic “Sex’, which 15 behieved 10 be
responsible for thexr acadic pH optumum. Altbough the majority of the serine
protcases contain the catalvtic triad Ser-His-Asp, a few usc the Ser-base catalytic
dyad. The Glu-specific protcascs display a pronounced preference for Glu-Xaa
bonds over Asp-Xaa bonds (Ausiew and Smith, 1976).

2.3.2 Aspartic Proteascs

Aspartic endopeplidases depend on the aspartic acid residues for their
catalytic activity. A general base catalytic mechanism has been proposed for the
hydrolysis of proteins by aspartic protcascs such as penicillopepsin (James et al.,
1977) and cadothiapepsin (Pearl, 1987), Crystallographic studies have shown that
the enzymws of the pepsin family are bilobed molecules with the active site clefi
localed between the lobes and cach lobe contributing onc of the pair of uspartic
acid residucs that is essentinl for the catalytic activity (Blundell ot al., 1994;
Sielecki ct al., 1991), The lobes are homologous 1o one another, having ariscn by
gene duplication. The retropepsin molecule has only one lobe, which carries only
onc aspartic residue and the activity requires the formation of a noncovalent
homodimer (Miller et al., 1989). In most of the enzymes from the pepsio family,
the catalytic *Asp’ residucs are cantained in an Asp-Thr-Gly-Xaa motif i both the
N- and C-tcrminal lobes of the cnzyme, where Xaa 5 *Ser” or *Thr', whose side
chains can form hydrogen bond 10 "Asp’. However, Xaa is "Ala' 10 most of the
retropepsins. A marked coascrvanion of cysicine residue is also cvident in aspartc
protcascs. The pepsins and the majonty of other members of the famuly show
specificity for the cleavage of bunds in peptides of at beast six residucs with
hydrophobic amino acids in both the Pl and PO positions (Keil, 1992). The
specificity of the catalysis has been explained on the basis of avmlable crysial
structures (Liu et al., 1996). The structural and kinctic studics also have suggested
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that the mechanism involves general acid-base catalysis with lytic water molecule
tha directly panicipates in the reaction (Fig. 2.2). This is supporied by the crysta)
sgucturcs of various aspartic protcase-inhibitor complexes and by the thiot
inlnbators mimicking a tetrabedral intermediaie formed afier the atiack by the lync
water molecule (James et al., 1992)
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(A) Schematic representation of the gencral acid-base cawlytic mechanism
of the aspartic proicase type of enzyme.

(B) Schematc representation of the multiude of hydrogen bonding
interactions available in the active site clefi of a typical aspartic
protease.
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Fig. 23 Scbematic represcotation of the steps involved m catahvas
by the cystemne pratcase rype of enryme.

Cystemne proteaser catalyse the hydrohan of carboxyvli acid dervatives
through a double displacemcent pathway mvolving penceral 80d base formation and
hydrolysis of an acyl-thud intermediate. The mechanism of siwo of ¢<ysicine
pecteases o thus sery samlas to thet of wnine prodcases A strihing sumilanity s alse
chwrved in the reaction mechanism for several peptutases of different evolutionary
vnpn. The plam pepisdase papain can he consuiered the archetype of oysicine
peptidases and constitutes a good mndcl for this fanuly of enrvmes They catalyze
the bydrolysis of pepude, amude cster. thiol ester and thiono cvter bonds (Polgar.
1990). The iniual step in the catalyte process (Fig 2 3) involves the noncovalent
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binding of the free enzyme and the subsirsie 10 form the complex. This is followed
by the acylation of the enzyme, with the formation and release of the first product,
the amine R9-NH.. In the next deacylation sicp, the acyl-enzyme reacts with a
water molecule to release the second product, with the regencration of frec cnzyme.
The enzyme papuin comsists of a singie protcin chain folded 1© form two domains
comaming a cleft for the substrate 10 bind. The crvsial structure of papam
confirmed the Cys25- His159 pairing (Baker and Drendh, 1987). The presence of a
conscrved aspargine residuc (Asnl75) i the proximity of catalytic histidine
(His159) creating 8 Cys-His-Asn tnad in cysteine peptidascs is considered
amalogous to the Ser-His-Asp amangement found in serine proteases.

2.).4 Metalloproteases

The mechanism of action of metulloproteases (Fig. 2.4) is slightly differem
fromn that of the above described protcases. These enzymes depend on the presence
of bound divalent cations and can be inactivated by dialysis or by the addition of
chelating agents. For thermolysin, based on the X-ray studies of the complex with a
hydroxamic #cid inhibitor, it has been proposed that Glul43 assists the
mucleophilic attack of a waler molecule oa the carbonyl carbon of the scissile
peptide bond, which is polarized by the Zn” ion (Holm and Maithews, 1981). Moss
of the metalloproteases are enzymes comtaining the His-Glu-Xan-Xaa-His
(HEXXH) motif, which has been shown by X-ray crystallography 1o form a pant of
the site far binding of the metal, usually zinc.
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Fig. 2.4 Schematic representation of the catslysis of peptide bond cleavage
carricd oul by » member of the metalloprotease class of enzyme.

In general, studies of the mechanism of action of proteases have revealed
that they exhibit different types of mechanism based on their active site
configuration. The scninc protcases contsin 8 Ser-His-Asp catalytic iriad, and the
hivdrolysis of the peptide boad involves an acylastion step followed by a deacylation
sicp. Aspariic proteascs arc charscterized by an Asp-The Gly motif in their active
site and by an acid-base catalysis as their mechanisms of action. Cysteine protesses
adopt 2 hydrolysis mechansm mvolving a general acid-base formation followed by
hwdrolyss of an acyl-thwol intermediate. The activity of meulloprotcases depends
on the hmding of a divalent metal ion 10 a His-Glu-Xan-Xaa-His motif.

2.4 Micrebes as source of protease

Prowcases are known o be produced by plants, animals and microbes.
However, m this stwdy, s review on plant and snimal sources is out of scope and
the review is restricied only to mucroorganisms.
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Microbes have drawn the atiention as ideal source of protcases and sccount
for approximately 40% of the total worldwide enryme sales. Microorganisms
represent an excellent source of enzymes owing o their broad biochensical
diversity and Wheir susceptibility 10 genctic mamipulation. They represent an
attracuve source of proicascs as they can be cultured m lawrpe quantitics 10 @
reiatively short time by established fermentation methods, and they produce an
abundant, regular supply of the desired product. In gencral, microbual proteases are
extrace]lular in nature and are directly sccreted o the fermentation broth by the
produccr, thus simplifying downstream processing of the enzyme as compared to
prolcases obtained from plants and anirmals. They have a longer shelf life and can
be stored under less than ideal conditions fur wecks without significant loss of
activity,

Despite the long list of protease-producing microorganisms. only a few rre
considered as approprinte producers for  commercial exploitation, being
‘gencbically regarded as safe’ (GRAS), non-toxic and non-pathogenic. A large
oumbey of microbes belonging to bacteria, fungi, veast and actinomycetes are
known 10 produce alkaline proteases of the serine type (Kumar and Takagi, (999).
Somc of the reporied proteases are listed in the Table 2.2
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Bactena are the most domunant group of most cothmcroial proteases,
mawmly ncutral and alkaline protcase producens with the genus Bacillus bemng the
most pronunent source. A myniad of Bacrllus specics from many differemt exolic
covironments have been explored and exploited for alkaline protease production
bt mov potential  alkaline eotease producing bacilly are strams of B
chempormes. B subnlis, B amvlohquifaciens, ond B mopnenns (Gupta et a)
2002b, Kalixs. 198R; Kumar and Takag, 1999, Rso ot al., 1998) Another bacterial
source, kinown as a poteniial producer. ts Prewdomonas sp. (Rayouwdh et al.. 2000;
Ogmno ct ol . 1999} The bacterial ncurral proteases are charactensed by their tugh
affimty for hsdrophobic amno acsd pais Ther low thermotolerance s
advantapeouys for contrulling thewr reacivity dunng the production of food
hydrolysates with a low degree of hydrolysss. Same of the neutral proteases belong
to the metalloprotease type and require divalent metal ions for theis activity, while
others ate senne proleinases. which are not affected by chelating agents. Bactenal
alkaline proteanes are charactenzed by their agh activity at alkaling pH, c.g.. pH
10.0, and their brond substrate specificity. Their optimal temperature is around
60°C. These properties of hacterial alkaline priteases make them suttable for use in
the detergent industy (hiyp  www novozymeshitech com)

Fung elaborsic a wide sanery of enzymes than do bactena For example.
Aspergrliux wnzae produces ucid, neutral and alkaline proteases  Fungal enzymes
can be conveniently produced in a solid-state fermentation provess The fungal
proteases are active over a wide pH range (4.0 to 11 0) and eahibit broad substrase
specificny  However. they have » Jower reacton rate and worse heat wlcrance than
do the hactcrial enzymes Fungal acyd proteases have an optimal pii botwern 4.0
and 45 and arc stable hetween pH 2.5 and 64 Fungal neutral proteases arc
metalloproteases that ate actise at pH .0 and arc inhibited by chelating agenss. In
fungs. 4x}vepifls (Chaicrabart et ol , 2000, Rajaman: and Hilda, 1987, Sandhva et
al. 2004} s the most exploited proup, and Conufiobolus sp. (Bhosale cf al.. 1995),
Penicillnem xp (Germano et al , 2003) and Rhizopw sp. (Banerjee and Bhattacharyya.
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1993) produce protease. Among sclinomycetes, stramns of Streptomyces are the
preferred source (Petinate ct al., 1999). Among yeastx, Candida sp. has been
studied in detail as a potential alkaline protease producey (Poza et al , 2001).

Viral protcascs have gained importance duc 10 their functional involvement
i the processing of protemns of viruses thal cause cevtain fawsl discascs such as
AIDS and cancer. Serine. aspartic and cystcine peptidascs are found in vatious
viruses (Rawlings and Barretr, 1993). All of the virnus encoded peptidases arc
endopeptidases: there are no metallopeptidases. Retroviral aspartyl proteases that
are required for viral assembly and replication are homodimers and are expressed
as a part of the polyprotein precursor. The mature protease is released by sutolysis
of the precursor. Ap extensive literature is available on the expression, purification,
and enzymatic analysis of retroviml aspartic protease and its mulants (Kuo and
Shafer., 1994). Extensive research has focused on the three-dimensional structure
of viral proleases and their interaction with synthetic inhibitors with a view 1o
designing potemt inhihitors that can combm the relemlessly spreading and
devastating epidemic of AIDS (Patick and Potts, 1998).

24.1 Enzymes From Marine Microbiz] Sources

The mannc cnvironment, which encompasses about 71 percemt of the
Earth’s surface, is potentially & vast resource for useful enzymes. Microbes bive in
vanous habitars 1n the marine covironment, including neuston, plankion, nckion,
sesion and cpebactic, endobintic, pelagic and beathic environments. These habitats
harbor a diverse range of micrubes including archachaciena, cyanobactena,
actinomycetcs, yeasts, filamentous fungs. microalgac. algac and protazow. Almost
all these groups are poteritial sources of useful enzymes The ecologscal role of
these microorganisms is i the munerahzation sod recycling of complex organic
matter through degradative pathways and thus also conmbute 1o the sccondary
production in the sca. Bacteria and fungi secrete diffcremt enzymes such as

protease, amylase. hpase, chitinase, ecllulase, ligninase, pectinase, xylanasc,
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ocleases (DNases, RN\Nases, resinction ennymcs ew ) ete. based on therr habiu
and ccolopcal fimctions Harsh mmnne cnvironments, such as decp ocean.
bydrothermal vents, polar ocesns and extremely saline bodics of waler, have
yxcided valuable extremophilic microorganisims, which are the pamary source of
enzymes that are active at extreme conditions An extensive review of manne
sucrobial enzymes is prosented by Chandrasckaran and Kumar (2002) Manne
microbial ensymes have become the focal point of interest and several enzymes
have drswn the attention of micrabial prospectors. A few enzymes have been
polated from scawater and mannc sediments and have been punfied and

characicnzed for thewr properties and apphications

24.1.1 Protease From Marine Micrubes

Ibc manac mucroorgamyms which have mmense potennal as source of
exocns e arc yet 0 be upped in spiie of fow repors on the production of
protedsc from manne bactenal vources bke $1hvin «p., Bacilius sp . Pseudomonas
ap. etc {Croocker et al., [999. Eawada-Baditlo c1 al., 2003, Farrel and Crosa, 1991.
Kumar o1 af | 2004, Makino ¢t al , 1981, Salamanca ct al . 2002) Nevenheless. the
productiom of protease at an industrial scale using manne fungus s yet to be
anempted {Chandrasekaran and Kumar, 2002)

A halotolerent atrain of Bacillus lichemformis, isolated from marine
sodiments produced high protease aclivity dunng the early stationary phase of
growth (Mannchint and Fortina, 1998). The use of sca water in the fermentation
medium cohanced the production of this acuvity w0 180% After partia)
punfication. three differemt peatcolytic enzymes could be detocted which were
slkaline seninc proteases, cxhhiing opumal activity st pH 9.0 and at 70°C
Proteases were acuvated by NaCl with 2 three- fold increase m achivity and were
stable 1n the presence of § 72« NaBO.. 0.5%, Nat'K) and 3% H-O:

Intracellular proteases from a hyper thermophilic archacon Pyrococins
furiastey wus punfied by Halio et al (1997) Proteases Plpl has a mulccular mass of
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19kDa and occurs in at least two conformationsa) forms, i.c.. one as a hexamer with
molecular mass 12446 kDa comprising about 90% of the total activity and the
second one occurring as 8 timer with a molecular mass of $9:) kDa. The
temperature optmman for the normal Pl was - 85°C where as. the enzyme
prepared by incubating the cell extract of P. firrosss st 98°C i 1% SDS for 24b,
was [00°C. Morcover, the half life was increased from less than 30 minutes to 33h.
The enzyme appears (o be a predotninant serine- type protcasc i ccil catract, but is
converted in vitro, probably in part, by deamidation of “Asn’ and *Gin°® residucs, to
a more thermally stable form by prolonged heat treatment.

A  hyperthermophilic and barophilic protcase was isulated from
Methanococcus junnaschit, an extremely thenmophilic deep-sca methanogen. This
enzyme is the first protesse isolated from an organism adapied 10 a high pressure
and high temperature enviconment, The enzyme has a molccular mass of 29kDa
and narrow substrate specificity with strong preference for leucine at the P site of
polypeptide substrates. Enzyme activity was measured up to 130°C. Enzyme
activily and thermal stability increased with pressune. Raise in the pressure to 500
atm, led to incycased reaction rate at 125°C 1o 3.4 fold and the thermostability to
2.7 fold (Michels und Clark, 1997).

An alkaline protease isolated from 8 symhiotic bactarium found in the gland
of marine shipworm was cvaluated as a cleansing additive. The addition of this
protease significantly improved the cleaning power of non-phosphaic detergenis. The
protease was stable 1 sodium perborsic, as well as hydrogen peroxide and rewsined
good activity in the prescence of sodium bypochionde (Greene et al.. 1996).

Two extn cellular protease from crude oil degrading marine Nocardiopsis
was 1solaled (Dixit and Pani, 2000). The two protcases, Prowease | and Protease I,
belonging 10 alkaline senne endopeptidase famuly, have a molccular weight of 21
kDs and 23 kDa and P1 of 8.3 and 7, with pH and winperature optima for activity
between 10.0 and 11.0 and ahout 60°C respectively.
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A 3 fold mcrease in enrvime production in manne bactenum | ibvio horven
by the addition of slummed mulk wiuch has a molecular weight of 34kDa has been
reported (Estrada-Badillo of al., 2003).

An oxsdative and SDS stable alkaline protease was reported to be secreted
by mannc halophilic Bacrlivs clawin. solated from the ndal mund Mlats of Korean
Yellow Sea (Kumar et al | 2004) The protease showed etreme stability towards
SDS and oxsizing agents. retamneng is activity above 96 snd 75% on treatment for
72 hrs with 5% SDS and % H:0: The crvvme belongs to the family serine
protease with optimal pH and temperature of acuvity at 11.5 and B0“C respechvely

2.5 Protease Production in Microorganisms

Profease production is an inherent property of all organisms and these
enzymes are generally constitutive; however, a1 imes. they are parally inducible
(Beg ot al, 2002a: Kalisz, 1988). Proteases are largely secreted dunng siationary
phasc and thus are generally regulated by carbon and nitrogen siress They are
known to be associated with the onsct of ststionary phase, which is marked by the
tramsition from vegetstive growth to sporulation stage in spore-formen. Therefore.
pratzase pruduction 1s ofien related to the sporulation stage in many bacilli, such as
8. subtiles (O'Hara and Hageman, 1990) and 8 Hickeniformus (Hanlon and Hodges,
1981) In contrast, a fow repons also suggest thst sporulstion and prolcasc
producticn, although co-accuming, are not related. as spore-deficient strains of 8.
irchentormy were not proacase deficient (Flemmg ot al, 1995 I was abso
establinhad that protease production and sporulation are twe mdependent cvents in
sanonary phase by analvus of nucieotde pools (GTP and ATP) i the cclls
(Bietbaum o al. 1991). Thewe observations wrongly sugpest thal protease
peoduction 1s under stnngemt contro respensive to amino acid deficiency and 1s
refated to the Gppp o i the cell The manunons between different growth
phases v different nutntional limitations were casly discerned by the alterations in
the auclevtade pool. A murked decrease m the GTP content of the cells (after



Reviqw aof Literature

sddition of mycophenolic acid in the exponentinl phasc) increased protease
production during sistionary phase. Hence, it i5 conclusively suggested that
extraceljular protease production is » manifestation of mnricot limitation »t the
onset of siationary phase (Bierbaum et al., 1991).

1.6 Fermestation productiea of proleme

Proteases are gencrally produced by submerged fermentation (Smf) and on a
commercial scale, this is preferred over solid state fermentation (SSF). Recently SSF
has generated much imicrest, because of lower manufacturing costs by unhzing
unprocessed or moderately processed raw materials. Funher. the less initial capitat
cosl, superior productivity, low water output and improved product recovery are
other advantages of S5SF. Diffcremt methods in submerged and solid state
fermentations have been used to regulate protease synthesis with sirategies
combining fed-batch, continuous, chemostat cultures etc. (Gupta et al., 2002b;
Hameed et al., 1999; Sandhya et al., 2005; Uyar and Baysal, 2004). Such strategies
can achitve high yields of alkaline protease m the fermentation medium over a
longer period of incubation during prolonged stationary state. Since the final protease
yicld during this phasc i3 also determined by the biomass produced durning
exponcatial phbase, medium manipulstion i3 nceded to maximize growth and bence
protzase yield. Optmnzation of the medium is associated with a large number of
phvsiological and msntional parameters that effect protcase production, viz., pH,
temperahure, incobation penod and agitation. effea of carbon and witrogen and
divalem cations. Akhough a large arrsy of factors influences protease production,
there 1 a complex interacon among these parumcicrs thal can be studhed by
followmg response surface methods. A comprchensive account of cnlture condinons
for protease production from vanous microorganisins is listed in Table 2.2
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2.6.1 Solid State Fermenttion (SSF)

Solid «tale fermentation processes, which imolve the growth of
tnicronrganism on moist solid substrates in the absence of fice-flowing water, have
considerable econoauca) potential :n produciag products for the food. feed
pharmaccuticak and agriceltaral mdistries. However, owing 1o the great success of
lasge-scake submergod fernentation {SmF) prcetses. SSF was almost conmpletety
pegiecked However, over the pavt 15-20 years, SSF has gaincd rencwed micrest
hecause 1t has certain advantages over SmF (Barrios-Gonzalez and Menia, 1996).

SSF technology has been known fus centuries from approximately 2600
BC 1t was used by the Egyptians for making bread, and information on the “Kof
process™ dates back 10 1000 BC SSF procoses that have custed for centunes
inc'ude fermented foods re g . tempeh, mse and posol). mold npened cheese (e g,
Roqucfon), starcr cultures for fermented brews and casiling and compostg
Mcre recent avpihtiotn of SSF uwlude the proten ennchment of agro-industrial
tes:dues, the production of enzymes, orgame scids and other tungal metabolries
ané spore produchon (Rasmbault, 1 996).

As part vl the scarch for a cheap aliernalive production dystem which
utifizes sumpler agro industrial wastes as substrates, solid state fermentation (SSF)
has gamed umpontance m the production of mucrobial cnzymes. SSF has sevenl
economic advantages over conventioaal submerged fermentation such as mumrml
recairement of waler, production of metabolites in & more concentrated form asd
nudung the dowmsiream processing s G cotmaoning and len capensive
(Hesseline, 197), Lomane e1 al.. 198%5) Among the sanouws groups of
microongamams used in SSF, Glamentous fungi are the mont widely cxploited
owing o theis abihity 10 grow 2nd produce 8 wide range of extracellular enzymes
on complex solid substrmes {(Moo-young et al,, 1983},

in SSF, marowgamams grow on the most sobd suppents, either an ment
camiery of op insoluble subsiraley that can, tn addition, be used as carbon and
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energy source. The fermentation takes place in the absence or near absence of free
walter. thus being close 1o the natural cnvironment 10 which microorganisms are
adapied. Free water does not appear 1o be the natural milieu for the majonty of
microorganisms. \ot cven manne microorganisnes prefer swmmming in froc
scawater since more than 98% of isolates from the marine environment have been
obltained from the underwater surfaces of solid substraics, and less than 1%5 of all
known fungi have been found in marine habitats (Kelecom, 2002). The cvolution
of higher fungi took place on solid growth substraies. Ascomycetes and
Basidiomycetes spent their evolutionary history as terrestrials, with only some
specics  adaptmg (o waler, later in their evoluton. Fungal products of
biotechnological interest, i.c., enzymes, secondary metabolites and spores, were
developed for use in moist solid substrates but not in liquds. Consequenily, the
cultivation of microorganisms in aqucous suspension may rather impair their
metabolic efficiency. In this respect, submerged fermentation technology (SmF)
may be considered as u kind of violation of the natural habitats of wild-type
microorganisms. However, solid state (substrate) fermentation (SSF) is currently
used only to & small extent for enzyme and sccondary metabolite praduction

because of severe process engineering problems.

Approximately 90% of all industnial enzymes arc produced n SmF.
{requeatly using specifically aptimized, genetically manipulated microorganisms.
In this respect SmF processing offers an insurmountable advaniage over SSF. On
the other hand. almost all these enzymes could also be produced in SST using wild-
lype microorganisms (Hdlker ct al., 2004). Interestingly, fungi. yeasts and bactena
that were tesicd m SSF in rocemt decades exhibited different metabolic strategees
under conditiens of sohd statc and submerged fenmentation. Advanispes of SSF
over SmF are listed in the Table 2.3.
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Table 2.3 Biotechaelogical advastapes of solid state lermentation (SSF)
agaiast submerged fermentation (SmF)

Advantnpes : Conscqurncrs
Blegicsl sdvasiages
Low wwter dermnd Less nastz water
High concestranon of the end produn Lowner downstresm cotts
Cataboi;te represson suguficant!y Fermentation in the
lower of mMumng presesce of gluccae
Unlisatioa of soiud substrate High cuncentrstinn of ihe
prowih submranes
Lower ¢tenlty demands Mived oultares of fermentng
TUCTOOTE LA

Solid suppurt for muctoorganism
Simulativn of 1he natural easrorment

Fermentatum of water-insoluble solsd substates
Mixed cultyre of microorganisms

Processing advantages

High-vulunx productivin

Better performance ol cultivased
mic foospativin

Synergism of metabotic
perfprmanie

Sinaller fermenter sulumes

Low encrgy demand for heanng Enxy acration

Utilisation nt otherwese ununabilc Chcap and abumdan

carbon sources carbun sources

No entr Joatn chermeals o Joss of
mcronrganistns dunag
formentanio:

1t has also become ¢lear that the cost-factor for the production of “bulk-
ware” enzymes in most cases [avours SSF over SmF  Tengerdy (1996, estimated
fermentation costs of cellulnse production at US $ 02 kg™ i an 1 situ SSF, in
courrast 1o LS $70 kg ' i 8 atirred tark reactor One important brokwgscal factor in
favor of SSF was the low catabulite ropression. which appearcd 10 e hmiung
cazyme praduction by Aspergillus riger in SmF (Nandakumar ot sl , 1999). The
lack of cataboltc repeession alwe allowed for fas) growth of the fungus in the
presence of high sugar camkentrations (Favels-Turres et al . 1998

Several fungs necd a sohid substrate as an anchor for optimat growth and
productivity  Theecfore. genencally medified organisms, which were opapused for
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bquid culivation conditions, have ofien been used in SmF. Wheress. natural
tsolates have played a major rolc in SSF.

Another problem that could oot be satisfactorily solved m SmF s the
change in oxygen supply duc 10 changes m the growth modium durng the course
of fermentation. In many cascs, fung noed a highly viscous mednum for secretion
of the required metabolites. This viscosity is achieved through secretion of
polymeric substances dunng fungal growth In such cascs, SSF appears (o be the
better altcrmative since stirrer specd and oxygen supply play no rolc (Elibol and
Muvituna, 1997).

Although a direct comparison between SSF and SmF s very difficult due
to the different consistencics of the microbial cultures used in the two technologies,
microorgunisms involved in SSF have a higher mewabolic potential since they
proliferate in an almost natural environment, i.e., under conditions of limited frec
water and with a solid support for growth. Whereas, there has been significant
development in SSF processing, regarding both biochemical engineering and
renclor design with the goal of =caling up the process. very little, if any work bas
been done, as yet 10 clucidate the molecular and physiological background of the
different behavior of individual microorganisms when cultivated on solids or
ligwds. The physiological and molecular biological aspects of microhial cultivation
can thus be regarded as the current “black box™ of SSF biotechnology (cBicsebeke
et al, 2002) This may, and will, be changed by mare focused consideration of the
brologacal perameters applicable 1o SSF and SmF. Thus, the perspective thet SSF
will gain prevailing significance in the mdustrial prodoction of cnzymas. secondary
metabolitcs and spores by wild type microorganisms is wanranted since, compared
with SmF. it is more cffective in several aspects mcluding lower encrgy and
sicrility demands as well s higher stability of products and vanability of
microorgamsms used, especially the use of mixed cultures.

37



Chapter 2

2.6.1.1 Substrates For Selid State Fermentation

Two types of SSF systcms can be distinguished depending on the nature of
the solid phasc used The first, and the most commonly used system involves
cultivation on a natural macnial. The second system, which is not as frequently
used, mvolves cultivanon on an inent suppon impregnated with a liquid medium
{Barrios-Gonzaicz and Mejua, 1996).

SSF cultivation an natural substrales uses natural materials that serve both
as support and a nutnemt source. These materials are typically starch or
lignecellulose based agncultura) products or agro-industrial sources such as grains
and grain byproducts like cassava. potato, sugar beet pulp, beans, wheat bran and
rice bran. The solid support of the sccond type include incrt matcrials which serves
only as an anchor point for the microorganism. Materials proposed include: hemp,
perlite, polyurethane foam {PUF) and vermiculate (Barrios-Gonzalez and Mejia,
1996: Larroche and Gros, 1992; Larroche and Gros, 1997}, The materials used in
SSF are listed in the Table 2.4,

Table 2.4 Some cxamples of substrates and applications of SSF

Substrate/support  Applications References

Ligme coltulesic

Whent unsw Protein enrichment Viersturs ct al., 1981
Lignin degradation for Zadnzil, 1982
funxhant feedstock
Mhrshroom cultivation Calzudn et ul, 1987

Wheat bras Enzymc peoduction Silman, 1980
Prosesse production Villegas e1 al., 199)
Flavour production Chrisien ot ol | 1997
L -Glutaenicasic Sebu o1 al., 2000

Sugme cane begausc Proecin canchment Gonzlcz-Blanco e al., 1990
Pexiciilka production Bamos-Gonmler et ol , 1958
L-lactic acxd peodhaclion Succol of ol . 19940

Sugar beex puip Protem evsncheness Sor lecd Durand ot 3l , 193X

Coffee pulp Pectinase production Boccas c1 sl , |94

Coffer husk Curx std producton Shankarasand snd Lonsanc.

1994

Favuw production Soarcs ¢t ol . 2000
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Srarchy
Rive bran

Cassuva bagasse

Butk wheat seeds

Prawn waste

Citsus peel
Apple pomace
Kiwifrun peel
Amumnth grain

Growth studics
Flavour prodaction

Fungsl spore producsion
Fermesaed food production
Protean entschment for foed
Amylsse production

Enryme production
Growth shades

Lipusc production
Gibbercllic scid production
L-Ghaaminase

Chitinnse

Growth studies

Ethunol productson

Citric neid produciion

Volmile compound production

Revirw of Litersture

Yamauchi ct al, 1999
S and Miuschell, 1994
Rosenblin ot o , 2000
Socoot e a1, 1904s
Brarmoriki et ol , 1998,
Chaestiem of 3], 2000
tarmche ol 1988
Haclunessier and Fung. 1993
Baldeosprrper en al |, 1983
Knshoa and
Chandrasciaran. |99

maal, 194
Auwria ¢t al, 1990
Chresten ot al.. (995
Geedmi ¢ al., 2000
Prabhu and
Chandrasckaran, 1996

Suresh and
Chandrasckaran, 1998
Leoncet al, [98S

Ngadi und Correia, 1992
Bang et al.. 1987
ramorski el al., 1998

2.6.1.2 Solid State Fermentation Systems

A considerable amoumt of work has been done in recent years to
understand the biochemical and engincering aspects of SSF processing (Mitchell of
al., 2000a; Mitchell et al., 2000b). It 1s rather surprising that the technical problems
of SSF have not yot been solved as SSF is one of the oldest biviechnological
processes known. A comparison of the reactor systems used in SSF i listed in the

Tabic 2.5.
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Table 2. § Main reactors used in SS¥

____Reuciur Brief description ' Advaniages/draw backs Relerences
fench seule reactors \
sleameyer flask Flask stopped with cotton wool or Very simple, low cost, no conmol. allows (Cheisten et al, 1997)
Rauze layers numerous runs/no regulstion, passive
acration
'acked bed teactor | Column renctor with air Low cost, easy regulation of wwmperature (Fasih et al.. 1996)
prehumidification and sirflow rate, probes companhie/poor {Rramorski et al., 1998)
bear removal (Silman et al, 1979)
{Dunand ¢t al., 1996,
Raimbault and Alarand,
. 1980)
ot plant und turge
rale reactory
TAy reactos Parfornted plaes in « moixicning Good aeration, no beat build up/no stirring, | (Fasidi ct al., 1996)
chnmber, covered with a thin layer of | labor intensive {Qhilityal et al,, 1981)
sulsstrate (Dunand et al,, 1996)
{Daubresss ot al,, 1987)
(Zadrazil et al , 1996)
Jrum reactor Horizonta! or inclined cylindeics] Possible aseptic corckitions, gentlc mbung, | (Han and Anderson,
drum. Agitation by a rutating sysicm possible automatization.) clumping of the 1975) (Hesseltine, 1977)
around the cemra) axis e by puddics solid substrate, poor heat removel. {Lonsane ¢t al., 1985)
withwu the consainer
tuidized bed Column reactor with a perforated base | Fxceilent ucration, effective remove! of (Hong et o)., 19¥%)
eactor theough which air is blown with force | metabolic heathigh cost

:

w suspend the substrate purticles




[ Protutipe reactors

INRA. I%jon resctor

Disk fermentor

| Zymots

Semi-automared
Rewctor (from the
Univendly of
Santiago, Chile)

More elaborated version of a stirced
wuk reactor (working volume =3.6m’),
cquipped with an endless screw for
mixing

Cylindrical device with disks fixed on
o rotative hueizonts! sais. Cach disk
consists in 2 stee] yrids maintaining a
symbetic support soaked with a
nutntive solution

Culnc reactor with heat exchanger
sheets (with water recycling)

Puched bod reactor with periadic
ngiuon, sophisticated control of
temparature, walcr contens, bed
agltation

. Accurate cootrol of sirfluw, husmidity snd

lemperature, good mixing/high inventrment
and marnicnance coats, economically
effective unly (or high added value products

Goud homogenization of the medium und
heat transfer, cffective for spore production/
hard to scale up, uncasy product recovery

Good heat removal and seration, ansy
scaling up/no stirring

Bioteactor operation considerably
simplified, efficient control of key
paramciers/cxpensive for building

(Durand and Che renu,
1988) {Durand et al.,
1991)

{Raimnmbault and Roussos,
19K8)

(Roxoon et ul., 1991)

t(Rowsos ct al., 199))
tDescharps ot ul., 1983)

(Fermandez et al., 1996)
(Femandez of al., 1997)
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2.7 Protease Purification Methods

Punification of proleases 10 homogenesty 1s a prevequisite for studying their
mechanism of action. Vast numbers of purification procedures for proleases,
mvolving affinity chrommtography, ion-cxchange chrammtography, gol filtration
techmiques and preparative polyacrytamide gel electrophoresis have been used for
the parification.

A number of alkaline protecases from different sources have been purified
and charactenized and a sununary of various purificstion sieategies adopued for
purification of microbial proteases is presented i Table 2.6. There are po set rules
for the punficanon of proteases. Aficr separating the culture from the fermentation
broth by filtration or centrifugation, the culture supernatant is concentrated by
means of ultrafiltration (Kang i al., 1999; Smacchi et al,, 1999), saling out by
solid ammonium sulfate (Hutadilok-Towatana et al.. 1999; Kumar, 2002), or
solvent extraction methods using acctone (Kumar and Tukagi, 1999; Thangam aad
Rajkumar, 2002} and cthanol (E)-Shanshoury et al., 1995). In addition, other
methods, such as use of PEG-35.000 (Larcher €1 al, 1996), scvivated charcoal
{Akat et al, 2001), temperature-sensitive hydroge) (Han 1 al., 1993), heat
treatmest of enzyme (Rahman ot al, 1994) and lvophilization (Manonmani and
Joseph. 1993) arc also uscd for concentration of alkaline protcascs.

To further purify the cazyme, a combination of one or more techmiques is
apphed, viz., affity chromatography (AC). ion exchange chvomatngraphy (1EC),
hydrophobsc interaction chromstograpby (HIC) and gel filtraticn chroomtographry.
Othey methods of choice, including aquecus two-phase systems (Sinha et al |
1996), dve ligand chromatography (Cowan and Damicl, 1996) and foam
fracionation (Baneryee et al.. 1993), bave also boen cmployed on a small scale and

yet await commercial exploitation.
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2.7.1 Affinity chromatography (AC)

The most common affinity adsorbems used for alkaline proteases are
bydroxyspatiie  (Kobaynshi e« al. 1996), immnobilircd N-benzoylaxycarbonyl
phenylalanine agasose (Larcher o1 al.. 1996), immobilized casein glutanuc acud
(Manonmani and Jaseph, 1993), aprotmin-sgarose {Petmate ¢t al, 1999) and casen:
agarose {Husadilok - Towamana ¢t al., 1999). Although AC s onc of the most successful
purification techniques, a major limitation & the high cost of enzyme supports and the
labile nature of the affinaty ligands, which lowers their usc at process scale.

1.7.2 lon exchange chromstography (JEC)

The matrices for IEC contam ionizable functional groups such ax dicthyl
amino ethyl (DEAE) and carboxy methyl (CM), which pet associated with the charged
protein molecules, thereby adsorbing the protein to the matrices. The adsorbed protein
molecule is cluted by » gradient change in the pH or ionic strength of the cluting buffer
ar solution.

2.73 Hydrophobic interaction chromatograpby (HIC)

HIC exploits the varinbility of extemnal hydrophobic amino acid residues on
diffcront protems, leading to pratein interaction by virtue of the fact that in aqueous
solvemts, hydrophobic patches on proteing preferentially seek out other hydrophobic
surfaces. These hvdrophobic inicractions are strengithened by high salt cancentrations
and higher temperatures and are weakened by the presence of detergents or miscible
organic solvents. The extent of binding of a hydropbobic protein depends o the 1ype
and density of substitution of the matnx, xs well as on the aature of bufier conditrons.
Hydrophobic inicractions are much mose variable 10 behavior then son cxchangers and.
because of thrs, resolution 15 gencrally poorer than IEC. HIC bas been extenuvely ased
in FPLC in various colomas, such ss Mano-Q HR 55 (Ramray e1 al., 1995, Somcchi &
al., 1999) Econo-pac Q (Yeoman and Edwards, 1997) and Mono S 5/10 (Yum et al,
1994), The most commonly used hydrophobic adsorbems are octyl- (CR-) and phenyl-
soubstituted matrices.
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Microorganism

Bacteria

Alcaligenes fuccalse
Arthrobacter micotianar 9458

Batillus sp. PSTIY
Boacilius qp. NCDC 180

Barilius sp. SSR}
8 pumilis MK&-3

8. pumifte

B. sphuertcus MTCC R-0014

8 sublilts PEL|

Oligotropha carbuxvdovrans
DSM 1227

Fimelohacter wp. 7.-48)

Psendomonas aeruginvsa MN|
P aernginusu PST-0)

Table 2.6 Combiration of purification techniques applied 1o purification of varlous proteases

Concentration method {oltmn matrices Reference
Acetone DEAF cellulose, Sephadex G-100  Thangam and Rajkumar, 2002
Ultrafiltration DEAE Sephacyl, Seplucryl 204, Smacchi et al., 1999

Pheuyl Sepharose,

FPLC Mono Q HR &/§
(NH, )50, DEAE cellulose, a-cascin agarmse Hutadilok- Fowntana ot al., 1999
Acctone, (NH,.),S0, DEAE Sephbarose C'L-68, Kumaz et al., 1999

CM Sepharose CL-88,

Sephacryl $-200

(“H.hm‘
(NIL),S0,

Ultenlilumtion

Uttrafiluration.
(NH,)S80,
{NH,),S0,

U itegfilration

(NH), SO,

{NHL )50,
[NH, 180,

DEAE Sephadea A-S0, Scpharone 6B Singh et al,, 2001a
DEAE Scpharowe C1.-6R, Kumine, 2002
CM Scpharose C1-6R,

Scphacryl 5-200

CM Sepharose fast flow, DEAE Huuny ot al,, 2003
Sepharose fast flow,

interaction

Phenyl agarosc. Q-Scpharose Singh et al,, 2001
Sephadex G-200 Adinaraysna ¢t ul., 2003
Sephadex G-75, CM-cellulose Kang vt al, 1999
Buryi-Toyopeari 650C, (lywma ctnl, 1997
Butyl Toyopeart 650 M,

Phecayl Toyupoarl 650 M,

Toyopcmrt HW-S0F

Scphadex (100, DEAF. cclivlose  Bayoudh et al.. 2000
Butyl-Toyopear! 650C, Bury) Ogino et al., 1999

Toyupcarl 650 M



Psewdomonas sp.
Serrang marcercens
ATCC 25419

Fungl
Aspergliius terreus (UIRA 6.2)

Aspergillus fumigatus
Scedosportum apinpermum

Actinomyceiea

Ocrxkinza xanthinenhrca
TK-!

Sireptomyces cyvaneus
Strepiomyces thermovuigans
Thermodctinamyces sp. k79

Muulds
Awreohuvidivm pulhdans
Candida caseinalytive

Ultraftitration
(VH.), M),

Acetone, INH,),S0,
(NH.)%50,

(NHL ),
PEC 35,000

Ulirafiliration,
(NH,): ¥,

Ultratiliation
(N11;$0,

Ulteafilteation

S~ Sepharose fast flow PD 10
Q-Scpharose, Sephacryl $-200

DEAF. Sephadex A2, SDS-PAGE,

electroelution

Sephadex O-75§

Sepbadex G-75, immobllized
phenylalanine-agarose

Pheayl-Sepharose C1. 4B,
DEAL Sephacel
Aprotinm-sgarosc

FPI C Frono-pac (). Scperoac 12

DEAE Sepharuse C1-6R,
Butyl-toyopearl 650 M

Sephadex G-T5
Scphacryl S-200, DEAE Biogel

Vazguer ot al., 2004
Romero et ul,, 200}

Chukrabarti ot al., 2000

Nuviex ¢t al., 2005
Larcher ot al., 1994

Sacki et nl., 1994

Petmate et al, 1999
Yeurman and Lidwards, 1997
Lecetal, 1996

Ponughy und McKay, 1943
Poza et nl., 2001

DEAL-Dlcthy] amino ethyl, CM-carboxy methyl
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2.7.4 AfTinity precipitation

Affinity preciprang 1 a function of a soluble macromotecule (Tigand
polvmner and macroligand) that has two functions. (1) it contains an affinity igand
tpreferably more polyvalent macromoleenic) and (2) 1t ¢ap be precipriated o many
ways. 1 ¢.. by changr i pll. temperahure or tomic strength With this tecknique, the
hgand polymer o added 0 the enzyme solunon under conditions favonag binding
of the protein of interest. The ligand polymer 1 Ihen precipetated, and the
supernatant ts removed The protein of interest s thes eluied from the polymer
under wntable conditims and the polvaer can be recycled An alkaline protease
(Maxstase from 8 lickemformis), used as » washing powder additive. has been
purificd by atfirnnty precipitation (Pecs et al., 19911,

In nddinon to 1be above chromatographic technigues, ge! fillration is used
tor rapid separation of macromalecules based on size, Recently, many new agarose
based and more ngid and cross-linked gels, such as Sephacryl, Supcrose, Superdex
and Yovopearl arc alvo being used for punficatnion purposes They are generaily
used cither in the carly to-rmuddle stage of purificaton (Chakrabarti ¢f al. 2000) or
m the final stages of panlicatwn (EL-Shanshoury ef al.. 1995; Lee cf al. 1996).
Major ciuadv antages of thi method are the lower capacity fur hauding protcins and
that the desired protem gets 100 diluted.

1.8 Characieristics of Protcase

Protcascs from soveral muctoosganisms have been sudied extensively and
based on thett properties they are wed m vanow isdusttics. The importam
properties are summanzsd w Table 27 However, a briel accoumt of sndividual
properiies n presentad w the following section

E 1)



Table 2.7 Properties of some proteases from different microbial sources

Microorganiwm

Bacteria
Alealigueney favulis

Arthrobacier
wscolianue Y454
Buciilua sp 149
Sacddine gp. NQ.2T

Hardhar sp. KEM-K)
Baciliue wp NCDC-1%0

Rucillus np. '§179
Raritlus ap, NSRY

. Arevia MTUC BOD1G
8 mojavensts

8. pumilis MK6 §

8 pumalss

A swhtifis IPE- 4L
Oligosrophu
corhonydovoran

DSM 1227

Fimelobacrer o
2-4%)

pl Temp. Subumiz pecificity MW pl Oiberproperiies Refererce
optima pptira () _(hDuwj i
Ve 55 Cwngin, URA, gelatin, 67 ns* - Thangam and Nagasmar, 2002
arocoll, nzocuscin
9mys 55 60,37 oyye Agnd Becanein 35,70 72 ns - Smacchi ot &l,, (V99
1.0 T Casein » na. Metal o eshance Jahnvesly and Naik, 2001
hermosiainlity
9.2 40 Casin ne na Tialf ife oF S5 oun  Sumendecp ¢t a)., 1999
u90°C
110 0 Casem D.b. " Oudation recsant Secks et al., 2002
1.0,12.0  30; 3% Casom. yynthetic mw ne SublrgplopH 13 Kutmar et al,, 199
p-nitroanliides
90 75 Amcascm 42 AR * enhances Hutadidok:Towninn of i,
Ihcrmusiubmly 1999
100 40 Arocasein 29 ne t'2* enhances Singh et oL, 2001n
thermostability
105 3% Arocaaen ny. ne Detergent Hancrjee ol (999
compatible
103 &0 Cuein 3 o Blench- and SDS  Neg ot al., 20022,
-stable, detergem  Clupta eral, 1999
compatiblc
11.% £0-55 p-Nitroamlides 28 oL Cn' independent  Kumar, 2002
t0.0 L3 Catein n 9 l)ehunng activity Huoang ctal.. 100}
10,0 60 Cagin I8 ns. Iy stivuicd  Adinarayses et al., 1003
by C}' Mg™, Mn*
49.) &) S Cascin, nzoonsein, a3 ns, Kerngoial, 1999
uncoll, carbon
monuaide dehydrmgenase
9.0 50 Casein N n EDA rstent Oymmactad, 1997



Psendomunay
acriginasa PST.Q|
Sorvatio murcexcens
ATCC 25410

Fungl
4 rerreny
(UJIRA 6.2)

Beauveria basiona

Actinomycetes
OQerstovia
xunthineolyttes TK-1
Streptomyees ryumeny

Streprompees rendae

Therminacinomyces
sp. E79

Maulds
Aureobavidium
puflulana
Candidi
casernoiviicy

& Nowt apecificd

LR

3k

713594

LAY

9.

6.0

1.

4R

L)

5

$o

15
10

41

j?

Caseln

A racasen

Na cascnate,
ayntheiw substraics
(p-nitroanilidines)
Arocoll, elusinse

Synthetic enters
-N-p-Tosyl-L-atginine

mithyl ester
Azocascin

Cusein

Aracoll. o —cascin

Cascin

38

66,5

37

ns

2D

30, 120
2l

a1

27

n.s,

n.s.

ns.

135

ne

n.8.

ne

a7

Organle solvent  Oglinu el ul, 1999

wnhie

- Romaoro ¢t al., 2001

- Chakeabart{ et al.. 2000
Flastase and Urts and Rice, 2000
cutclke degredanon

wclivily

Yoort-lybe activiey  Saoki et ol 1994
Petinote ot al., 1999

Reslstant Wy

orgunic solventy

unct meutr delergenis
Calclum enhancod  Loo et al., (996

Seong et ol., 21K14

{hermostubility,
broad pH
siability (5-12)
Donaghy snd McKay, 1993
- Poza ctal . 200]
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2.8.1 pH and temperature kinetics

In general, all currently used detergent-compatible proteases are alkaline
and thermostable in nature with a high pH optimuim (the pH of laundry detergents
13 gencrally in the range of 8.0 to 12.0) and have varying thermostabulitics at
lsundry temperatures (50-70°C). Thercfore, most of the commercially avaiisblc
subtilisin-type proteases are also active in the pH and wmperature ranges 8-12 and
50-70°C, respectively (Table 2.7). In addinon. a rccent trend in the detergent
mdustry is 3 requirement for alkaline protease active at low washing temperatures;
for example, Kannase - marketed by Novozymes - is active even at lcmperaturcs as
low as 10-20°C.

2.3.2 Effect of stabilizerv/additives and metal ions

Some of the major commercinl uses of alkaline proleascs necessitate high
temperatures and heace, improving the thermal stability of the enzyme Is distinctly
advantageous. Thermostability can be enhanced either by adding centain stabilizers
(PEG. polyhydric alcohols, starch etc.) 1o the reaction mixture or by munipulating
the tertiary structure of the enzyme by protein engincering. A thermosiabilization
effect of up to a 2-fold increase m the half-life of Cucurbita ficifolia protease ai
65°C bas been reported by using polyhydric alcohols, PEG and casein (Gonzales e
al. 1992). The ion Ca™" is also known 1o play a major role in enzyme stabilization
by mcreasing the activity and thermal stability of alkaline protcase at higher
temperatures (Kumar, 2002; Lec of al., 1996). Other metal jons such as Ba™ , Mn* ",
Mg, Co™, Fe* and Zn™" are also used for stabilizing protcascs (Johnvesly and
Naik, 2001; Ratiray ct al.. 1995). Thesc mctal ions protect the enzyme against
thermal denaturation and play a vital role i maintaming the active confinmation of
the enzyme at higher temperatures.
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253 Substrate specificity

Alhaline proteases have broad substrate speaificity and arc active aganst a
number of symbetic substrates and natursl priicins. However, the incrature
conclusively suggests that they are more active apganst casen than agamst
arcascn, Bemoglobm or RSA (Table 2 7). Motconver, there arc specific types of
alkaline proteases, viz., collagenase, elastase, keraimme (Friedewh ct al., 1999) and
wnscct cutkle-degrading protease (Uinz and Rice. 2000), which are sctive agamst
specific proteut substrates sch as collagen, elastin, keratin and cuticle. Alkaline
proicases are also specific agmnst aromatic or bydrophobic aminu acid cevidues
such as tyrowne. phenylalamine of leucine at the carboxylic side of the clcavage site
{Barrent, 2001).

2.B.4 Kinetic parameters

To develop an ensyme-based process, priot information about kinetic
parameters of the enzyme in question is of utmost importance. To be precise,
kmeuc propertics hke V.., Ko Ko and E, are important, being not only enzvme-
specific, but also substrate and cnvironment specific. and knowledge of these is
essential for designing enzyme reactors or quantifving the applicstions of the
enryme uader different condibons. Vanous complexes, viz, cascin, azocasem cic .
and synthetic substrates, v17 . p-nitroaniiwde esters are used for determining kinetic
paramctcrs for alkaling protcascs. The symibetic wbsirates are much more popular
than complen subnirates for defimng K. and V. as they arce conventent (K umar,
2002, Larcher ot al . 1996). For an alkalme protease from 8 meyavenns. the K,
ft casemn decreased with comrespondmg mereave 10 V.. 25 the reaction
icmperature was rarsed from 4% 10 6040 (Beg 21 al | 20022} In contrast, the K. and
Veu for an alhaline protease from Rhezopus oryzae increased with an increase m
temperature from 17°C 10 707°C (Baneryec and Bhattacharyya, 1993
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2.9 Application of Proteases

Proteases constituie 3 complex group of enzymes, which differ in propertics
such s substraic spoaificity, active site and catalytic mechanism, pH and temperature
of activity and stability profiles. Cormancrcial applications of these enzymes  a
range of processes take the advantage of the unique phiysical and catalytic propertics
of individual proteotytic enzyme types. They represent one of the threr largest group
of industrial enzymcs and account for about 60% of the total worldwide sale of
exxymes Proicases have s large variety of applications. mainty in the deterpent and
food ndustrics. In view of the recent trend of developing ecofriendly sechnologies,
they are envisaged to have extensive applications in keather treatment and m several
bioremediation processes. The worldwide requirement of enzymes for individual
upplications varies considerably. Proteases are used exiensively in  the
phammaceutical industry for preparativn of medicines like ointments for debridement
of wounds, in the food and detergent industries. prepared in bulk quantities and uscd
as crude preparations, Whereas, those that are used in medicine are produced in ymall
amouats bul require extensive purification before they can be used. Some of the
commercial proteases are listed in the Table 2.8,

1.9.1 Detergents

In spite of the fact that the detergent industry is the larpest single market
for cazymcs at 25 - 30% of wotal sales, details of the cnzymes used and the ways in
which they are used, have rarcly been published. There are three basic types of
cazymes used in detergents: proteases, amylases and Lipascs. The use of enrymes
in detergent formulations is now common in developed countries, with over half of
all detcvgents, prescotly avsilable contain enzymes Over the past 30 yean, the
proteases in detevgents have changed from being minor additives to being the key
ingredicnts. Until woday. the largest share of the cnzyvime market has been held by
detergent alkaline proteases, active and stable in the alkaline pH range (Gupta et
al., 2002b).
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The preparation of the first enzymatic detergent, “Burnus,™ dates back w
1913, which consisted of sodiumn carbonate and a crude pancreatic extract. The first
dewergent contaiming the bactenal enzyme was introduced in 1956 under the trade
mame BIO-30. In 1960. Novo Industry A'S mtroduced Alcalasc®:, produced by
Bacillus licheniformis; as commercial name was BIOTEX. This was followcd by
Maxatase, a detergent made by Gist-Brocades. Unfortunately, detergent proteases
faced a setback in the carly 1970s, duc 10 unfavorable publicity when some
workers developed an allergic reaction doring the handling of these enzymes. This
problem was solved by the introduction of dust-free encapsulated products. Today,
detergent enzymes accoutit for §9% of the total protease sales in Ube world; and a
significant share of the market 1s captured by subtilising and/or slkaline prutcascs
from many Bacillus speerws. The detergent enzyme market has grown nearly 10-
fold during the past 20 years. In the 19805 and ¢arly 1990s, the major market share
(>55%) of the detergent enzyme was held by Gist-Brocades in The Netherlands,
Genencor Internations) in the United States, Solvay in Belgium and Showa-Kenko
injapan. Beginning In 1995, however, there was considerable need for
rationalization in the detergent enzyme industry, owing to the relatively high cost
of manufacturing, coupled with increased pressurc from detergent manufacturers to
dnve down raw material costs. Genencor International purchased the detergent
enzyme busincsses of Gut-Brocades and Solvay; and Novo Nordisk scquired
Showa-Denko’s detergent enzyme business. Today, Novo Nordisk and Genencor
Intemational arc the majos supplicrs of detergent enzymes, supplying up (o 95% of
the global market of proteases.
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Table 2.8 Commercial producers of protcases with their trade aame

rade names

Orgunbym

sundary defergents
lcnlase

nvinsae
Sperase
urnsyni

verlase

ANNAse

plarryme
udo-Bap
ioprasc
Yuxi

ood Industry
eutrase

lsvourzyme

LA

odo Bap
orolnse TPR9
nzovw alkalior
rotease L FG

Bactiux lichonifsrmiy

Alkalophilic Bactlius xp.
Alkalophitic Bactifus xp

Charateristic

Maaufuciurer

Wosld's first mass peaduced enzyme lor detorgenl indusiry
pH -Neutral & miklly alkaline (ptl 7-10}), used in Detcrgents,
milk protein modification & silk degumming

pH vptims 811, Works well under moat washing conditionn
Used for wool finixhing

High pH & tempersture optima (p} up v 12)

wsed in Detergents & wool finishing

Protcin eogincered variam

of SavinaseX

Prowin cngincorod sanamt Strong stability in hicach containing detergents

of SavinaseR'

B. lchen{formis
A, sulvilic
Bactiluy sp

Bactenal
ungal

Racurial
B hchensforms
B subiitr
8 lichewyformis

Used in detergerts & cleaning dentures
Active ot kow terpersiurces used in Detergents of low washing
{ down w0 10-20°C)

Novo Nordisk, Denmark

rext goncrution protease,works at $°C & st higher temperatures

Detergent
Detergem, cleaning
Detergent

used i browery, In alohol imfustry
Prepasation of hiscuits. crackers & cookicy
Complex of cxo & endopepridese

Usest for extensive hydrolysis of proiging
Uscd in food industry (meat processing)
Food

Food

Food

Godo Shusei, Japan
Nuguo Blochomisnls, Jupan
Wusi Synder Rinproducta
China

Nava Nord sk, Denmark

"

ﬂod:! Shusel, Japan
Rohm, Germany
Ensyme Developenent,
USA



Biupmise SP-10

Lesther processing
Novacor §

Novo Unbairing Ensyme
{NUE)

Noval.ime

NeavoHae 160

NovuCor AB
Novol'o# WR
Maxacal. Maxatnye

Purafect

Purafest OX

Pruperas

Geneneor Trotease 899
Multilact Neutral
Multifeet F-3000
Protex 6L

Opticlean, Oplimiase

Maxapem

Prolesther

Protesse P
Bioprase coscentrate

Fnzeco alkaline prateasc

B subritty

Mcrabinl

Teypuin & genetically
mudified Bacitivg

Alkalopbilic Bucithe sp.

Ganetic enginsered Donoe High atkaline protease for detergents

N {enius Unpressed 1n
Baciling ap.

Raetarial Alkutine prolcuse (or industrisl Proteolysis

Bacteriul Neutral protease for functionnl peptiduse (¢g: Soy, mest olc)
Racterial Mild alkalme peotcase for protein digestion

Buctorinl Allealing protease for proicin digeation (cg: Pet fuwds)
Alkalnphilic Baeilixr sp.

Protein cnganocred varians

of alkalophilic Baciflur sp.

ARkalophilic Baciltes wp.

Aspergiila wp.

8 subtiliy Cosmctic, pharmaceuticals

8. licheniformis Industrial

Foud

Uised for soaking

Used (o unhsiring of hides & skiny

Protease Lipase mix for amall sk
Serine protesse. Used for bating hides & skin

Uscd for scid buting hides & skin
Used for ve-bating wet bluc before re-tanning a1 scutral pH

Oxidatively. stabke dedcrgent enzyme
Lligh alkaline protease for low temperature washing

Nagase Biochamicals,
Japan

Nuvo Nordisk, Denmark

"

L]

Grt-brocades, The
Netherlands

Genencor Intcraational
Inc.,, USA

”"
-

L]

*”

w:ay Enzymea (mbH,
Cermany

Amana Phermaceuticuls,
Japan

Nugaow Bischemienls
Japan
Uneyme Development, LUNA



Enzovu high slhaline
Protoase

Resenrvh purpose
Pa. prolease

Ps. claviase

Cryst proteane
Crysl. prolease
ProteascK

Bucilhas wp Inadustrial

FPrewdumunus avruginnig Research
Preudomanas aerugmosg Research

8 subtihz (K2) Research
8 rubniiis (bioteus) Research
Tritirackivm .a”f;m _ Research

Nagase Biochemicala, Japen

L]

SIQ;I Aldrich
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Currcnt market trends and consumer needs are influencing the
development of enzymes for delergent applications, with the emphasis on enzymes
that have improved performance/cost ranos, increased activity and improved
compatibility with other detergent ingrediems. In addition, enzyme suppliers and
detergent manufacturers are actively pursuing the development of new enzyme
aclivities that address the consumer-expressed necd for improved cleaning, fabric
care and antimicrobial benefits. However, apart from therr use in laundry
detergents, they are also popular in the tormulation of household dishwashing
detergents and both industrial and institutional cleaning detergents (Godirey and
West, 1996, Showell, 1999).

Conventionally, detergents have been used at clevated  washing
temperatures, but at present there is considerable interest in the identification of
alkaline proteases, which are effective over a wide temperuture range. In addition,
the current consumer demands and increased use of synthetic fibers. which cannot
tolerate high temperatures, have changed washing habits towards the use of low
wiishing temperatures. This has pushed engyme manufaciurers to look for novel
enzyme that can act under low temperatures. Novo Nordisk Bioindustry in Japan
has developed a detergent protease called Kannase, which keeps 11s high clficiency,

cven at very low temperatures ([0 20°C),

There are many parameters invalved in the selection of a good detergent
protease, such as compatibility with detergent components, e.g.. surfactanis,
perfumes, oxidizing agents and bleaches (Gupta et al., 1999; Kumar et al., 1998),
good activity at relevant washing pH and temperature, compatibility with the ionic
strength of the detergent solution, stain degradation and removal potential, stability
and shelf life (Gupta cv al., 2002b). In general, the majority of the commercially
available enzymes are not siable in the presence of bleaching/oxidizing ugents.
Hence, the latest trend in cazyme-based detergents is the use of recombinant DNA

techniology to produce bioengineered enzymes with better stability, Bleach and
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oxidation stability has been introduced through site direcied mutagenesic and
protemn engineering by the replacement of ocriain amine acid residues (Bech cf al.,
1993: Estell et al., 1985; WolfT et al., 1996; Yang et al., 2000).

29.2 Food Industry

Traditionally, microbial protcascs have been exploited in the food
industries in many ways. The use of proteases in the food industry dates back to
soliquity. They have been routincly used for various purposes such as cheese
making, baking. preperation of soya hydrolysates and meat tenderization.

2.92.1 Dairy industry

The major application of protcases in the dairy industry is in the
manufacture of cheese. The milk<coagulating enzymes fall into three main
categorics: (i) animal rennets, (ii) microbial milk coagulants and (iii) genetically
engineered chymosin, Both animal and microbial milk-coagulating proteases
belong to a class of acid aspantale protcases and have molecular weights beiween
30,000 to 40.000 Du. Rennet extracted from the fourth stomach of unweaned
calves contains the highest matio of chymosin (FC 3.4.23.4) to pepsin activity. A
wotld shortage of calf rennet due to the increased demand for cheese production
has intensified the search for alicrmative microbial milk coagulants. Extcusive
research m tus arca bas resulted in the production of enzvmes that arc completely
mactivated at normal pasteurizstion fcmperatures and comtain very low levels of
nonspecific proteases. In cheese making, the primary function of proteases is to
hydrolyze the specific peptide bond (the Pbc105-Met106 bond) to generaic p-k-
casern and macto peplides. Chymosin s peeferred due to its high specificity for
casein, which is responsible for its excellent performance in cheese making The
proteases produced by GRAS (Genetically Regarded As Safc)-cleared microbes
such as Mucar michei, Bacillus subiilis snd Endothia parasitica arc gradually
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replacing chymosin in cheese malung. In 1988, chymosin produced through
recombunant DNA technology was first introduced 1o chesacmakers fue evaluaticn.

1922 Baking isdustry

Wheat flour rs a mapr component of baking processes. It contains an
msohublc protow called ghaen, which determines the properties of ihe bakery
doughs Endo and exoprutemascs from ALspergrifus orzoe have been used 1o
modify wheat ghuten by limited proteolysns. Enzymatic treatment of the dough
factitates s handling and machuning and permuts the production of 8 wider range
of products, lhe addition of proteases reduces the miting time and results in
morrased {oaf volumes (Rao ctal . 1998)

2.9.2.3 Manafacture of soy products

Soybeans werve us 4 rich source of food, due to their high content of good-
quality protein  Proteases have been used from ancient times 1o prepare soy sauce
and other soy products. The alkaline and neutral proteases of fungal origin play an
imporiant role 1 the processing of sov sauce

2.9.2.4 Debintering of protein bydrolysates

Alksline proteawes have been usd in the prcparanon of proicn
hydrolysates of Mmgh nuintiosal value. The protein bydrolysates commonly
geoccaled from casein, whey proscn and soyprotein find major sppircation m
hypoallergenc wfamt food fornmulations (Amencan Academy of pediatne
comrutte | 989). foruficatyon of fnut jurces as st dnnks, it manufacturag pratem-
nch therapeutic dicts aml healtk products and as flavonng sgents. The hner taate
of protein bydrolysates 1 & major barrer W thewr use 8 food and bealth care
products The inkensity of the hincrness s proportional 10 the number of
bydrepholviv anune scids m ihe hydrolysate [he presence of a proline residue
the center of the pepude also costnbutes W the binemess. The peptidases that can

SR
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¢leave hydrophobic amino acids and proline are valuable in debiticring protein
hydrolysates.

Ammopeptidases from lactic acid bacteria are available under the rade
name Debitrase. Carboxypeptidase A has a high specificity for hydrophobic amino
acids and hence, has 3 gremt potential for debittering. A carcful combination of an
endoprotease for the primary hydrolysis and sa aminopeptidase for the sccondary
hydrolysis is required for the production of a functional hydrolysste with reduced
bitterness.

Bacicrial ncutral proteases are active in 8 narrow pH range (pH 5.0 10 8.0)
and have relatively low thermotolerance. NDue 1o their intermediale rate of reaction,
neutral proteascs generate fess bitterness in hydrolyzed food proteins than do the
ammal proteinsses and hence are valuable for use in the food industry. Neutrase, o
ncutral proteasc, iy insensitive to the natural plant proteinase inhibitors and is
therefore useful in the brewing industry (Rao et al_, 199%).

2.9.2.5 Meat teaderization

Proteases play # prominent role in tneat tenderization, especinlly of beef. An
alkalinc clastasc (Takagi et al.. 1992) and themophilic alkaline protease (Wilsan e1
al., 1992) have proved to be successful and promising meat ienderizing cnzymes,
= they possess the ability to hydralvze connective tissue proteins as well as muscle
fibre proteins. The iwcnderization process can be achieved by spnnkling the
powdercd enzyme preparstion or by immersion in an cazyme solution and/or by
injecting the concentrated protcase preparation into the blood stream or meat.

Soluble meat hydrolysatcs can aiso be denved from lean meat wastcs and
from bone residucs afier mechanical deboming by solubilization with proteolytic
enzymes. Alcalase™ has been found to be the most appropriate ctizyme in lerms of
cust, solubilizaion and other relevamt faclors. In an optimized process with
Alcalase™ at a pH of 8.5 and icmperanure of $5-60°C, 2 solubilization of 94% was
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achieved (O'Mcara and Munro, 1984ab). The resulting meat slurry is further
pasteunized 10 inactivate the enzyme and finds wide application in cannod mest
products, soups and scasonings. The cleancd boncs may alo be used as an
excellent mw material for the production of gelatin.

Alkaline proteases can hydrolyze protems from plants, fish or animals o
produce  hydrolysates of well-defined pepiide profile. In addition, protcin
hydrolysates having sngiotensin Lconverting enzyme inhibitory activity wese
produced from sardine muscle by weatment with 3 B. lickenifurmiy alkshne
protease. These protein hydrolysates could be used cffectively as a physiologically
functional food that plays an important role in blood pressure regulation (Matsui et
al., 1993),

Keratinolytic activity of alkaline protcase has also heen exploited in the
production of protcinaceous fodder from waste feathers or keratin-vontaining
malerials. Atkalme protcases (B72) from B. subtilis and B. licheniformis PWD-}
was used for the hydrolysis of feather keratin, to obtain o psolein concentrate for
fodder production (Cheng cf al., 1995; Daley, 1990;1994).

2.9.3 Leatber ladustry

Alkaline protcases with clastolytic and keratinolytic activity can be used in
leather-processing  industrics.  Protesses are uased for sclective hydrolysis of
noncollagenous constituents of the skin and for removal of noofibrillar protems
such as albumuns and giobulins. The conventiona) methods of leather processing
involve hazardous chemmcals such as sodium sulfide, which create problems of
polhution and cfftuent dispusal. Thus., for enviroamental reasons, the biotreament of
lcather using an enzymatic approach is preferable as it offers seversl advantages
like casy control, speedy wasie reduction and ecofriendly (Andersen, 1998).

Protcases find their use in the soaking, dehairing and bating stages of
preparmg skins and hides. At present. alkaline protcases with hydrated lime and
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sodium chloride are used for dehairing. because the alkaline conditions enable the
swelling of hair roots; and the subscquent attack of protease on the hair follicle
protein allows casy removal of the hair, resulting in a significant reduction in the
amount of wastcwater generated. Currently, trypsin is used in combination with
other Bacillus and Aspergillus proteases for bating. The sclectn of the enzyme
depends on its specificity for matrix proteins such as clastin and kerutin, and the
smount of enzyme needed dependds on the type of leather (soft or hard). Nove
Nordisk manufactures different prolcases and protease mix like Aquaderm,
Novocor S, NUE, Novol.ime. Pyrase etc. for use in differemt stages of leather

processmg-

1.9.4 Textile industry

Protease enzymes arc used for wool processing and degumming of silk for
producing sand washed effects on silk garments. Sericin, which is about 25% of the
lotal weight of aw ik, covers the peniphery of the mw silk fibers, thus providing
the rough texture of the silk fibers. This sericin is convenhonally removed from the
mney core of fibroin by conducting shrink-proofing and twist.sctiing for the silk
yarns, using starch (Kanchisa, 2000). The process is generally expensive and
therefore an altermative method suggested is the use of enzyine preparations., such
as protease. for degumming the silk prior 10 dyeing. Treatment of Silk-Cellulosic
blend is claimed to produce some unigque cffects. Proteases are also heing used to
wash down printing screens after use in arder to remove the proteinsccous gums,
which are used for thickening of printing pastes. Bio-stoning and the closcly
related process of bio-polishing are perhaps aftracting most current attention in the
arca of enzyme processing (Ramachandran and Karthik. 2004).

1.9.5 Pharmaceutical Industry

The wide diversity and specificity of proteases are used 10 great advantage
in developing cffective therapeutic agents. Oral administration of proteases from
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Aspergillus onzae (Luizym and Nortase) has been used as & digestuve ad ©
cxvext <entam lyte enryme deficwncy symdromcs Clostndial collagenase or
subtilisin 1 used 10 cutninoauon with broad-spectrum satibiotics 1 the treatmend
of burns and wounds. An aspurginase oolstad from £ ¢coli n used 10 clionane
asparpine from the bloodstream in the vanous forms of lymphocyuc leuherma
Collagenases with allabine protcase activity mc uxreaxngly used for therapeune
applications in the preparation of slow-release dmage forms. A new scsm-alkaline
protease with hugh collagenolvtic actnvity was produced by dsperpiifus miger
1L.CF9. The enzyme hydrolyrrd vanous collagen types without amino acwd rchcase
am! liberated low molecular weight peptides of potenial themapeulic use
tBarthomeul’ et sl 199]) Siumularly, Elastorerase, s preparation with high
clastolytic activity from Boctllus subtilix 316M., was nmmohilized on a handuge for
therapeutic application n the treatment of burns and purulent wounds, carbuncles,
furuncles and deep abacesses (Kudrya and Simonenko, 1994). Furthermore,
Bacillus spp. have been recognized as being safe © humans (deBoer and
Diderichsen, 199]) and an alkaline protcase having fibrmolytic activity lias been
uscd as a thrombolytic agent (Kim et al , 1996).

2.9.5 Peptide syuihesls

Since the first repont on protcasc<atalyszed peptide synthess using the
revase-enzymatic reachion of hydrolysis (Bergmann and Frankel-Conrmt, 1937),
the proteases have frequently been used for peptide synthesas (Clapes et al . 1997;
lsono and Nakajima, 2000, Kise et al . 1990; Monbara, 1987) Enzymatic peptade
synthesss offens wveral advantages over chemucal methods, o, reactions can be
perfermed stereospecifically aod reectants do not require side cham protecton,
mcreased solubiliry of non-polar substrates or shifling thermod vanmc equihibeia to
favae synthesis over hydrolysis. There 1s less need for expensive protectng. groups,
wrgansc solvents «f hazardows chenucals, resuling 1o production <osts competrtive
with those of chenical methads (Manhara, 1987). However, the major lunatation
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for the use of proteasc in synthetic chemistry is the strongly reduced activiry of the
enzyme under anhydrous conditions. Proscases have been used successfully for the
symhesis of dipeptides (Barros ot al. 1999) and tripeptide (So ¢t al., 2000),
reposelective sogar estenfication (Riva ¢ al, 1988) and dia-stercoselective
hydrolysis of peptide esiers (Chen et al.. 1991b). A number of reponts are available
on the usc of alkahne protease 1 peptide synthesis and the resolution of racemates
of amino acids The naturc and type of organic solvent have a strong cffect on
protease activity in organic solvents (Kawashiro et al, 1997). Subtilisin showed
500-fold higher activity in glycerol compared with ethylene glycol, N-
methylformamide, 1.2- and 1.3-propancdiol (Castro, 1999). The effect of enzymne,
solvent, medium and substrate reactions, using a-chymotrypsin, subtifisin BPN'
and subtilisin Carlsberg from 8. subnlis strain 72 on peptide synthesis in organic
solvents was studied by Nagashima ¢t al. (1992) and Ciololobov et al. (1994). An
industrial protease, Neulruse (co-deposited with sorbitol oo o polyannde) for the
synthesis of several N%-protecled dipeplide derivatives in acetonitrile was used
{Clapes ct al., 1997), The kinctic resolution of N-protected amino acid csters in
organic solvents catalyzed by un industrial alkaline protcase, Alcalase® was
reported (Chen ct al., (991a). Alkaline protcase was used for the resolution of DL-
phenylalanine and DL-phenylglycine (Sutaril et al, 1992). Protcinase from an
extrernophile, Thermus Ri41A, mmobilized on controlled pore glass boads, was
uscd for peptide symhesis. using the symthesis of Bz-Ala-Tyr-NH: as a model
system. The usc of a surfactant—protease complex a a novel hiocatalyst for peptade
syutbesis m hydrophilic organic solvents was described by Okaxaki of al. (2000)

1.9.7 Silver Recovery

Alkslioe proteases play a crucial rolc 1 the bioprocessing ol used X-ray or
photographic films for silver recovery. These waste films contain 1 $-2 0% silver
by weight in their gelatin layer, which can be used as a gpood source of silver for a
variety of purposes. Conventionally, this silver is recovered by buming the films,
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winch causes undesirable enviroamental poliution. Furthermore, base film made of
polyesier cannot be recovered using this method. Since the silver is bound to
gelstin, # is possible w0 cxtract silver from the protein layer by proteolyiic
treaiments. Enzymatic bydrolysis of gelatin not only heips in extracting silver, but
also the recychng of polyester film. Alkaline protease from 8. sudwilis decomposed
the gelatin layer within 15 -30 min at 50-60°C and relcased the silver (Fujivars at
al, 1989 Nakibogiu et al., 2001 ). Alkaline protcase of Bocillus sp. B21-2 was used
for the cozymatic hydrolysis of gelatin layers of X-tay films to release silver
pactickes (lshikawa et al.. 1993). The alkaline proteases of Bacillus sp. BIS
(Fujiwara et al., 1991) and 8. coagulans PB-77 were also cfficient in decomposing
the pelatinous coating on wied X-ray films from which the silver could be
recovered (Gajju of al., 1996).

2.9.8 Waste Treatment

Protcuses solubilize proteinaceous waste and thus help o lower the
biological oxygen demand of aquatic systems. Rocently, the use of alkaline
proleasc in the munagement of wasies from various food-processing industries and
househald activitics has opencd up a pew cru in the use of protcases in wasie
management. The use of keratinolytic protcase for food and feed industry waste,
for degrading wastc keratinous maierial from poultry refuse (Ichida o al., 2001)
and as depilatory agent 1o remove hair from the drains (Takan et al . 1992) have
been reported. A formulation commning protcolytic enzymes from 8 subtilis, 8.
amvioliqucfaciens wnd Strepiomvces . and a disulfide reducmg  agem
{thioglycolaic), that enhances hair degradation and helps in clearimg pipes clogged
with hair-containing deposits. is currently available in the marker. h was prepaned
and patented by Gienex (Jacobson ct al., 19RS).

1.9.9 Other Applications
Besides their industrial and medicinal applications, proteases play an
unportant role in basic research. Their selective peptide bond cleavage is used
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the elucidation of structure-function relationship, in the synthesis of peptides and m
the sequencing of proteins. In essence, the wide specificity of the hydrolytic action
of protcases finds an cxicnsive application in the food, detergent, leather, and
phamaceutical industrics and in the structural elucidation of protens. Whereas,
theis synthetic capacities are used fot the synthesis of prowcins.
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MATERIALS AND METHODS
1.1 Microorganism

Engvodontium album BTMF S10, isolated from mannc sedimemt of
Cochin (Surcsh and Chandrasckaran, 1999), available as stock culture st Macrobial
Technology Laboratory, Department of Biotechnology, Cochin University of
Science and Technology was used in the study.

The culture was maintained on Bennet's agar slanis prepared in $0% aged
seawater. The fungus was subcultured periodicatly, grown at 2840 for 14 days and
stored al 4°C. A set of stock culture was ulso maintained under sterile mineral ofl at
toom lemperatune.

Beanet's Agar Composition

Cascin enzymatic hvdrolysate - g

Beef Ixtract . g
Yeast Extract - g
Dextrosc - 0y
Dsiilied water - 11

pH - 73402
Agar - 202

32 SOLID STATE FERMENTATION (SSF)

Bioprocess for production of protcase by Engyodontam album under Sotid
State Fermentation was optimiscd using wheat bran as solid subsirate as deseribed
below.
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3.2.1 Solid substrate medium

Commercially available wheat bran (WB)Y was used as the solid subsirate
medium Tor protease production, Wheat hran, sorted into varying particle sizes hy
sieving through mechanical sicve of dilferent mesh size, was drivd io sunlight for

onc day and stored in airtight containers.

Ten grams of WL with particle size <423 ., taken in 250ml LErlenmeyer
flasks was meistened with aged seawater. so that the final moisture content was
60%, (wi'v) aller inoculation (Suresh and Chandrasckaran, 1999}, The contents were
mixed thoroughly, autoclaved at 121°C for 30 minules and cooled to room
temperature, This was the general procedure tollowed for the solid substrate

preparation for SST studies unless atherwise specified.,
3.2.2 Inoculum Preparation

Fungal inoculum for SSF studies was prepared using £. alfwom (Suresh and
Chandrasckaran, 1999}, Comdial mnoculum was prepared from a freshly rmsed 14-
day-old Bennet's agar slant by dispersing the spores in (0.1% Tween R( prepared in
distilled water. One milliliter of this inoculum €2 x 10% ¢fu'ml) was used for

inoculating each flask unless otherwise mentioned.
3.2.3 Inoculation and Incubation

Sterile WB prepared as mentioned earlier under section 321 was
inpculated with 1ml of conidial inoculum, mixed thoroughly and incubated  a
slanung position in the BOD incubator at 28 + 2°C. The humidity nside the
weubalor was mamained vsing distilled water. A mtervals of 24hrs, the conlents
inside the flask were mixed thoroughly by mechanical shaking. After the destred

perind of incubation (120 hrs arbitranily selected), the enzyme was extracted from

6%
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the moldy wheat bran (MWB). Thus was the gencral procedure followed for solid
staue fomentation unlcss mentioned otherwise.

3.2.4 Extractios sad recovery of enzyme

Proicase from the MWE was exiracted by the simple contact method of
cxtraction using distiled water as extractant. Tea volumes of distilied waser per
gram MWB (based on initial dry weight of the substrasc) was added 1o the flask
and the extraction was performed by agitation al room temperature In @ rolary
shaker for 30 minutes st 150 rpm. The slurry was then squeczed through cheese
cloth (Prubbu and Chandrasckaran, 1996) and clarified by centrifugation at 10,000
pin at 4°C for |5 minutes. The clear supemnatant, used as crude enzymwe, wus
assaycd for protease activity and protein content as mentioned under scction 3.2.5.2
and 3.2.5.3 respectively.

3.2.5 Analytical Methods**
1.2.5.1 Estimation of Dry Weight of the Substirate (wheat bran)

One gram of moistencd wheat bran was dried 11 oven at 105°C for 2hrs
and weighed. The drymg was continucd until a constant weight was oblained for
WB. Dry weighi of the substrate was calculated by subtracting the moisture content
from the wot weight

3.2.52 Enzyme Assay

Protease activity was determmued by cascinolytic method of (Kunitz, 1947)
with mince modification. In this method, the TCA soluble fracoons formed by the
sction of proicase enzyme on the prolewn substrate Hamuncrsiein cascin was
messurcd by the increase in absorbance at 280 mm. The method is as described
below

oY



e 2 ml of 1% (w/v) Hanmmerstein cascin prepared in 0.05 M carbogak-
bicarbonate buffer (pH 10.0) and 0.5ml of the same buffer were
preincubated at 40°C for 10 mimutes.

¢ To the above solution. 0.5 ml of dikued enzyme solution was added and
incubared at 40°C for 30 munutes.

» The rcaction was arvested with 2.5 mi of 0.44M trichloroacetic acid (TCA)
solution. (To the control TCA was added before the addition of enzyme
sample).

» The racuon mixiure was transferred to contrifuge tubes and the
precipitated protein was removed by centnfugation at 10,000rpm for 15
minuies (Kubota, Japan).

o  The absorbunce of the clear supernatant was measured at 280nm in UV.
Visible spectrophotometer (Shimadzu, Japan) against suiteble blanks, The
TCA soluble fracuons of protein formed were quantificd by comparison
with a standard graph plotted with tyrosine as standurd,

¢ One¢ unil of protease activity was defined as the amount of enzyme that
liberated lug of tyrosine per milliliter of the reaction mixture per minute
under the assay conditions.

¢ Enzyme activity was expressed as Units per gram Initial Dry Substrate
(U glDs).

3253 Protein Estimation

Protem content was determuned according to the method of Lowry et al,
¢1951) using Bovine Scrum Albumin (BSA) as the standard and was expressed in
mulitgram per gram Initiat Dry Substrate (mg/glDS).
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Keagemt
() 2% solution uf sodiem carbonale in ©.1 N sodwsm hyrdoxide

(®) 0.5% solution of cupric sulphate m distilled waser

(€) 1% solunon of wdium potassiu tartrate m distillcd water

(d) *Working reagent- To 100 mi of solution (a), add Im! each of solution ¢(b) and

solution (c).

(e} *1:1 Folin and Crocalteau’s phenol reagent diluted with distilled water
*Prepared fresh before use

Estimation

Two hundred microhtre of sample was made wp to 2 ml wih distlled
water and £ ml freshly prepared workimng reagent 1d) was added. mixed thoroughly.
and incubated for 10 minutes. 0 Smi of solution (¢) was added and ncubated tor 30
minutes followed by measuring the sbsorbance at 750 nm in » UV-Visible
spectrophotometer (Shimadzu. Japan).

3.2.5.4 Specific Activity

Speoitic activity of the samgie was calculated by dividing ilie enzyme units
with the protem content and was exprossed ms L my protein
Speaific activity = Eanme anany e U gIDS)
Protesn (myg glDS)

¢ All e cxpenmental data werr statistically analysed using Microsoft Eacel.
1.2.6 Optimisation of Bieprecess +arisbles for protease preduction br £. slbam

Varmue physico-chemwal snd hioprocess paramcters affeuimg  protease
production by funpus onder SSF were optiminedd owands mavima) ennvme
producuon Stratepy adopied for 1he opimisanon was 1o evahuate mad ntually the
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cffect of differert parameters an profease productson under SSF and perform
fmally a time coursc experiment wader oplimised condition. The parameters
opimised included mmal mosture contemt of the wilid substraic medrum,
ncubation ime, parlicle size, incubation temperature. wutal pH of the medium,
proteitaccous substrases that indocr cozyme production. sdditional carbon and
nrogen wwtes, sudwm chionde conccntabos and inoculum coocentration Solwd
syhsiraie medum preparation, mocshun preparstion, muculation and incubation,
and cxtractin of ensyme were done s described under sections 321,322 323
and 32 4 respectnely unless menioned otherwine In each case. samples were
assayed for cazyme activity, proten content and specific activity as detarled under
sectioma 3282 3238 Yand 32 54, respectively unless otherw sz descnbod

3.2.6.1 1mirinl molsture content

Impuc of iitial moisture conlent on protease produchron was evaluated by
adjusting the moisture content of the WB to various levels ranging from 30% to
W% und nssaying the enzyme yield. Moisture content of the WB medium was
adjusted with varying volume of aged sea water such that aRer sutoclaving, the
initial moisture content after mwoculation wias 30%, 40%, $0%, 60%, 70%, MPo.
9% and 100% (v'w) Solid substrste mediutn preparation, inoculatim and
mcubation, and enryme recoveny were performed as detasled under sectums 32 1,
32 3 and 3.2 4 respectively.

1.2.6.2 lncubatioa dme

Optiemal incubalion time for nmximal enzyme production was detcrmined
h mcubasing the moculated media fur 2 1ot} pened of 144 by and analy zing the
samples ot a regular menval of 24hn for aunyme activity Salid suhsarate medium
pweparation. moculaten and incubstion. and caryme revovery were perfornned as
detahed under sections 32 1, 3.2 3 and 3.2 4 respectineh
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32,63 Particle size of the Substrate

Optimal particle sizc of WB that suppont maximal enzyme sctivity was
evaluated using the culture grown in WB medium of varymg particle <ize e,
<425y, 42516005, 600u-1000u and WB without sicving, Irespective of the size
of WB, 60% initial moishsre conient (aficr inoculation) was employed arbitranly.
Solid substrate modien prepacation, moculaton and incubation, and enzryme
mcovery were performed as detailed under sections 32.F, 323 and 3.2.4
respectively.

3.2.6.4 Iacubation Temperature

Optimal incubation temperature for maximal enzyme production was
cvaluaied by incubating the inoculsted WB medis at the following temperitures
15°C, 20%C, 25°C, 30°C and 35°C and determining the enzyme activity. Sulid
substraic medium preparation, inoculation and incubation, and enzyme recovery
were performed as detuiled under sections 3.2.1, 323 and 3.2.4 respectively.

3.2.6.5 Initial pH of the Medium for Earyme Production

Swiabic initial pH of the WB medium that support maximal enzyme
production was deterruncd by adjusiing the pH of the moistening medium (aged
sca walcr) 10 various levelsie., 2, 3,4,5,6, 7, 8,9, 10, 11, 12 and 13 with IN HQ
or IN NaOH. Solid substrate medium preparation, inoculation and incobation, and
enryme recovery were performed as detailed under sections 321,333 and 324
respectively.

31.2.6.6 Additional Proteinaceous substrales

Requirement for an additional prolenacenus substrate, besides WB, as
inducer for enzyme production was evaluated using cascin and gelatin. While
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preparing the WB medium, casewn and gelatin were incorporsted st 1% wiw level
to the aged scawater. Solid substraic medium preparation, inoculation and
mcubation. and enzyme recovery were performcd as detailed under sections 321,
2.3 and 3 2.4 respectively.

3.2.6.7 Additions]l Carboa Sources

Need for additional carbon sources for maximal enzyme production, was
cvahuated using vanous sugars which included arsbinose, dexirose, fructose,
galactose, maliose, mannosc, mannitol, lactose, ribose, sucrose, sorbito]l and
xylose. While preparing the WB muedium, the sugars were incorporated into the
aged seawater so that the final concentration of the sugar 1n the WB medium was
0.IM. Solid subsirate medium preparation, inoculation snd incubation, and enzyme
recovery were performed as dewniled under sections 321, 323 and 3.24

respeetively.
3.2.6.8 Additional Nitrogen sources

Effect of udditional nitrogen sources on protease production was cvaluated
using OrganIC RItrOREn SOUTCes, iDOGgamc Nitrogen sources and different amino
acids as detailed below.

3.2.6.8.1 Organic Nitrogen Sources

Effect of organi nitrogen sources on enzyme production was studhed using
yeast extract, beel eatract, pepione. soyabean meal, rypione and urea individually
at 0.5% (w/w) level added 10 aged scawater while moistening the WB. Sobd
substraie medium preparation, inoculation and incubation, and enzyme recovery
werr performed as detailed under sections 3.2.1, 3.2 3 and 3 2.4 respectively.
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12482 Inorganic Nitrogen sources

Effect of addiuon of inorganic nitrogen sources an enzyme production was
studicd by the addmon of ammonium sulphste, ammoaium nitraie. ammonium
chlonde, amxnomum hydrogen carboasic, aznonium acetate. armnonium oxalate,
smmonsum  bydrogen  phosphate, ammosium iron sulphate, sodium nitrate and
potassium mitrate at 0.IM level 10 WB medium Solid substrate  medium
prepanation. inoculation and incubation, and cnzymne recovery were performed as
detailed under sections 32,1, 3.2.3 and 3.2 4 respectively.

3.0.6.3.3 Amino acids

Requirement for addition of smino acids for maximal cnzyme production
was studicd by preparing Wi media added with each of the ammo acids viz.,
alanine, urginine, asparagine, cysicine, glutamine, glycine, histidine, isoleucine,
leucine, lysine, methionine, omithine, phenylalanine, proling, scrine. threonine,
tryptophan, tyrosine and valine ot 1% level (wiw). Solid substrate medium
preparation, moculation and incubation, and cnzvme recovery were performed as
detailed under secuons 3.2.1, 3.2.3 and 3.2.4 respectively.

1.2.4.9 Ineculum Coaceniration

Optimal inocujum concentration that supports maximal ennyme production
was cvaluated using different concentrations of conidial inoculum. WB medium
prepancd as described i section 3.2.1 was inoculated with 2 2 16°, 2 x 107, 2 x 10%,
2210, 2 x 10", 4 x 10° and 6 x 10" spores. Solid substratc medium preparstion.
moculation and incubation. and enzyme recovery were performed #s detashed under
scctions 3.2.1, 3.2.3 and 3.2 .4 respectively.
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1.06.10 Sodium Chleride Concentratien

Etfect of woux strcugth on cnzyme production was studied by the addimos
of sodram chloride to the WB modia momdencd with aged scawader. Medinm was
prepured as doscribed o sectron 321 math 1% % 8%, 12% 16°, sod 20% of
final NaC} concentration WHB media was alve prepared using distilled water
mosstening medium mcomorated with [%a, 2 5%, 5% 7.5%, [P, |2 S and 15%
of fmal NaCl concentration. Besades these, WB medium wes also prepared with
different dilutions of aged scawater 1o, 75%, 50% and 25%. Modia moisiened %o
60, moisture content with 1I0°, aged sca watcr and 1007 distilled water were
used as conrol Solid subsirate medium preparanon, inoculation and incubation,
and cazymie recovery were performed as dewted under sections 1.2, 323 and
3.2.4 ronpentively,

3.2.6.11 Time Course Study Under Optimal Condition

Time course expeniment was conducied with the optimised condition
determined aficr optimisation of various variables The conditions selected include
the fellowing

e Wheat Bran with 425 g pamncle sue

s 6 morsture content

e 0 1M Sucrose

e 0 IM ammonium hydropen carbonae

e pH 100

e 2ml moculum with spore count of 2 x 10" chyml (i.c., 4 2 10" spures)
e Incubatron temperature of 25°C

Sobd subitae modmrn prepanation, inoculation snd incubation, and
A tevevcry Were performed as detaled under sections 324, 12 3 and 324

respectrety
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33 ENZYME PURIFICATION

Protease produced by £ olbum under SSF was punficd employing
siandard protewn purification procedires which included ammnonium sulphate
precipitation, followed by dialysis, too exchange chromatography and preparative
polyactylamide grl clectrophoresis as detailed below. All the operations were done
2 4°C unless otherwise specified

13.1 Ammonium Sulphste Precipitation

Ammonium sulphate precipitation was done according to Englard and
Seafter (1990). Ammonium sulphate (Sisco Rescarch Laboratories Pvt. Lid | India)
required 1o precipitaic protcase enzyme was optimised by its addition st varymg
levels of concentmations {20%, 40°%%, 607, 80% and 90% saturation) to the crude
cxiract,

{i) Te precipilate the protcin, ammonium sulphaie was slowly added
inttially at 20% saturation 1o the crude extract while keeping in ice
with gentle stirming,

(ii) After complete dissolution of anunonium sulphnic, the solution was
kept at 4°C for over night.

(i)  Protein precipitated was collected by centrifugation at 10,000 rpm for
15 mimstes at 4°C.

(v)  To the supcrnatant, ammonium sulphate required for next level of
saturation was added and the procedure as mentioned above was
repeated. This exercise was continued upto 90% of ammomum
sulphate saruration.
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3.3.2 Dalysis

The precipitate obtained afler ammoniwn sulphate precipitation was
further dialysed against the buffer in order 10 remove the ammonium sultphate from
the precipitate, as detailed below.

(1) The precipilated protein was resuspended in minimum guantity of 0.1M
phosphaic buffer (pH 7.0)

(it} Dialysed in the preested dialysis tube (section 3.32.1) (cut off value
12kDa) against 0.01M solution of phosphate buffer of pH 7.0 for 24 hrs,
at 4°C with 6 changes of butTer and assayed for protease activity, protein
content and specific activity as desenbed in section 3.3.5. Yield and fold
of punification were calculated s described in section 3151,

3.3.2.1 Pretreatment of Dislysis Tube

Diulysis tube (Sigma-Aldrich) is treated 10 remove the humectants and
protectants like glycerin and sulfur compounds present in it. and to make the pores
of the tube more clear. The treated tube retain most of the proteins of molecular
weight 12KDa or greater. The method {allowed for the treatment of the dialysis
tube was as follows,

(a) Washed the tube in running water for 3-4 hrs

(b} Dipped in 0.3% (w:v) solution of sadium sulfide, a1 80°C for { minute
(¢) Washod with bot water (60°C) for 2 minutes

(d) Acrdificd with 0.2% (viv) sylphuric acid

(¢} Rinsed with bot water (60°C)

133 loa Exchange Chromategraphy

oo exchunge chromatography was donc according to Rossomando ( 1990).
Active fraction obtained afler smmwnium sulphate fractionation followed by
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dislysis was further punfied by jon exchange chromatography using the anion
achanger DEAE ccllulosc as the column matenal.

31.33.1 Standardisation of binding pH of protesse 10 DEAL Cellulose

The pH at which the cnzyme binds st #ts maximnum to the anion cxchanger
was standardised by eluting the enzyme solution after mcubating with DEAE
Cellulose equulibeated to each pH  DEAE Cellulose was activated by following the
method described in section 3.3.3 2, suspended in distilled water and equilibested
to cach pH using 0.01M buffers of HCI-KC1 buffer (pH 2.0), Glycine-HCl (pH
2.5). Citrute-Phospbate buffer (pH 3.0 to 6.5), Phosphate buffer (pH 7.0 & 7.5),
Tris-HC1 buffer (pH 8.0-9.0) and Carhonate-bicarbonate buffer (pH 9.5 & 10.0).
One mulliliter of diluted sample of 40-90% ammonium sulphate precipitated
fraction was mixed with 2m} slurry of DEAE Cellulose cquilibrated to each pH,
incubated al 4°C for ovemight, and the supematamt was collected by decanting
without disturbing the suspension. Added 2m) of 0.4M NaCl and incubated for 2hrs
to clute the bound protein from the DEAF. Cellulose. Supernatant collected was
centrifuged at 10,000rpm for 10 minutes to remove fine particles and assayed for
protcase activity and proiein content as described in section 3.1.5,

33.3.2 Activation of DEAE Cellulose

The fellowing mcthod was adopred for the activation of DEAF Cellulose

(a) Teu gram of DEAE Cellulose (Sisco Resemch Laborsmories Pvt Lid.,
Indra) was soacked in Phosphate buffer (pH 7.0, 0.01 M) and fine particles
were removed by decanting.

{b) h was theo suspended in 1M NaCl solution for overmighe.

(¢) Decanted sodim chlonde solution and washed several times with distilled
water m sinicred glass funnel using vacuum filtation. until the pH of
washings became neutral.
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(d) It was equilibrated in Phosphate buffer of pH 7.0 (0.01M) by repeated
washmng with the same.

3333 Purificatios Lsiag DEAE Cellulose column

DEAE Cellulose activated as described in section 3.3.3.2 was carcfully
packed m XK16:26 column (Amersham Bioscicnces) without trapping any air
bubble. The column was cquilibrated with Phasphate buffer of pH 7.0 (0.01M) for

overmight.

Sixty mullilitre of dialyscd sample prepurcd as in section 3 3.2 with protein
content of 1.94 mg/ml was applied to the pre-equilibrated DEAE Cellulose columm
with height 30 ecm. After the complete entry of samplc 10 the column the unbound
protcins were washed with Phosphate buffer of pH 7.0 (0.01M) until the 0Dy
reached near zero. Stepwise elution was done at a flow rate of 2inl/minute using
0.1, 0.2, 0.3, 0.4 and 0.5 M NaCl in the same buffer. Five milliliter fractions were
collected and protcin content was cstimated by measuring the absorbance st
280nm. Peak fractions from the column were pooled and assoyed for protease
activity, proicin content and specific activity as described in section 3.3.5. Yield
and fold of punfication was calculated as described m sovtion 3.3.5.).

3.3.4 Preparstive Polyacrylamide Gel Electropbereshs (Preparative-PAGE)

Active fractiom pooled from 0n exchange chromatography was
Iyophilized in 1ml aliguot and resuspended in 0 Iml of sample buffer (0.0625M
Tas-HCL 2% SDS. 10% sucrose, 0.01% bromopbenol bluc, pH 6.8). Alxuots of
three tubes were loaded on o a gel prepared as descnbed in section 3.4.1.32 and
subjevied 0 clectruphoresis (Hocfcr Mini  choctropborosis  apparatus). Low
molecular weight marker of Amenham Pharmacia was uwsed as standard. After
clectrophoresis, o porton of the gol with the marker was stained, destained,
matched with the original gel. and the portion of the gel containing prolcase band
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was cut out, chopped imo picces and transierred 10 dialysis tube. Three milliliter of
reservoir buffer for Nstive-PAGE (2.4.1.1) was addod and dialysis tube was closed
with closure clips. Protein was cluied by applying 80V curreat for overnight al 4°C
and, yust before completing clution the current was revened fie 3 seconds
facilitate the dewachment of the protcin bound t0 the dialysis bag. The cluted
proicin was dialysed in phospbatc buffer (pH 7.0. 0.01M) and lyophilind n
abiquots.

3.3.5 Analytical Methods®

Proteasc activily, profein content and specific activity were delermmed as
described earlier in sections 3.2.52, 3.2.5.3 and 3.2.5.4 and cxpressed as U:iml,
mg/ml and U'/mg protcin respectively.

33.5.1 Calculation of Yield of Protein, Yield of Enzyme Actlvity and Foid of
Purilication

Yield of protein and enzyme activity of each fraction during purification is
the percentage activiry obiained by dividing the total protein content or activity of
that fraction with the total protcin comtent or activity of the crude extract as the
casc may be, Fold of purification in each step was calculated by dividing the
specific activity of the respective fraction with that of the crude extract.

Yicid of Protein = Toual Protein content of the fraction x 100
Total Protein content of the crude extract
Yield of activity - Total activity of the fraction x 100
Toutal activaty of the crude extract
Fold of Purification = Specific activity of the fraction
Specific activity of the crude extract

*All the expenmental dsta were statistically analysed using MicrosoR Excel
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34 CHARACTERISATION OF PURIFIED ENZYME

Purified proicin afier chromatography was firther clreractensed for thar
tophysical and brochemical propertics like molccular mass determmation,
Zymogram profile, isocleciric point, amuno acid analysis, N-terminal scquence,
MALDI, enzyme kinetics cic. as descnbed in the following sections.

34.1 Electrophorctic Mcthods

Ammorum sulphate precipitated sample and active fractioos collected
afier wn exchange chromatography were clectrophoresed by Native-PAGE and
SDS-PAGE io a 0% polyacrylumide pel according 1o the method of Lacmmili
(1970). SDS-PAGE of purified enzyme was curricd out under reductive and non-

reductive conditions, i.¢., with and without B-mercaptoethanal respectively.
3A.1.1 Reagents for Polyacrylamide Gel Electrophoresis

1) Srtock acrylamide solution (30:0.8)

Acrylamide (30%) . 600g
Bis-scrylermide (0.8%) . lég
Distilled wazer (W) - 200.0 mi

Stored at 4°C in amber coloured bottle

2) Stacking gel buffer stock (0.5 M Tris-HCI, pH 6.8)

Tns buffer . 6 g in 40 mi DW
Titrated 10 pH 6.8 with 1M HC1 (-48 ml) and made up 10 100md with DW
Filiered with Whatman No:1 filter paper and stored at 4°C

3) Resolving Gel buffer stoch (3M Tris-HCL, pH 8.8)

Trs buffer - 63g
Titrated to pH 8.8 with |M HC1 {~48 mi) and made up 1o 100mi with DW
Filtered with Whatman No:| filter paper and stored at 44C
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1) Reservoir buffer for Native-PAGE (pH 1.3)

Tnis butter - iog
Ghyane - 14.4g
Dissolved and made up to 11 with DW
Prepared in 10X concentratton and stored ot 4°C

5) Resevvair buffer for SDS-PAGE (pH 8.3)

Tres buffer - 30
Glyane - 44g
SDsS - 10g

Dissolved and made up to 1L wath DW
Prepared in 10X concentration and stored st 4°C

6) Sample buffer for Native-PAGE

Trs-HCl (pH 6 §) - 00625 M
Giycerol (optional) . 1% tviv)
Bromephenol bluc - 0.01%,

Prepared 1n 2X conceniration and stored a1 4°C

1) Sample buffer for Reductive SDS-PAGE

Tris-HCl (pH 6.8) - 0.0625 M
Gilyeeral {oplional) - 10" (viv)
S8 - 20,
Duhsothrenol - 01V
Bromophenol blue 001%

Prepated in 2N concentration and stored at 4C

8} Sompie buffer for Non-Reductive SDS PAGE

Tns HCTipH o.M - V065 M
Citycerol ropuonal) . 1 v v
SIS - Rt
Hiomophenol blue no0i%.

Prepared in 2X conventzatinn and stored at 3°C

9) SDN10%) - 1z m 10ml DW

10) Swcrove 150%) - S2m 10m] DW tautnclaved at 121°C
for 1S minutes and stored at 4°C)
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11) Protein Staining solution

Coomassic brilbant - 100mg
bluc (0.1%)

Methano! {(40%) . 40 ml
Glacial acetse acid (10%) . 10 mi
DW - S0mi

12) Destaining Solution

Mecthanol (40%) - 40 ml
Glacial acctic acid (10%) - 10 mi
DW . 50 ml

13) Protein Marker for Native - PAGE
Separate markers from Sigma-Aldrich were used.

Components Yolume MW(M,)
Bovine Serum Albumin- - 10l 66,000
Chickalbumin - 10 pl 45,000
Carbonmic anhydrase - Spul 29.000
Lactalburnin - 10 pl 14,200

Markers were mixed with 65u of Native 1 X sample buffer, and 30ul
of marker mix was loaded on to the gel.

14) Proscin Marker for SDS-PAGE

Low molecular weight marker mix of Amersham Pharmaca was
used. Lyophilized marker mix was reconstinuted in |X sample buffer far
reductive SDS-PAGE. boiled for 5 msnuies, and 5yl of marker was loaded
on to \be gel. The composition of the marker mix is ns given below.

Components MW(M,)
Phosphorylase b . 97,000
Bovine Serwm Albumin - 66,000
Ovalbumin . 45,000
Carbonic anhydrase - 30,000
Trypsin inhibitor - 20,100
w-Lactalbumin - 14400

85



Chapter 3

3.4.1.2 Native- Polyacrylamide Gel Electropheresis (Native-PAGE)

3.4.1.2.1 Gel Preparation
Kesofving pel (10%)
Acrylamide : bis-acryiamide (30 0.8) - 100 md
Resolving gel buflcr ssock - 3.75mi
Ammonium persulphate (APS) - apinch
Water . 16.25m!
TEMED . 15.0p1
Stacking pel (2. 5%}
Acnylamide - bis- acrylamide (30: 0.8) . 25 ml
Stacking gel baffer stock - 50mi
Ammonium persulphate (APS) - a pinch
Water - 12.5 ml
TEMED - 15.0 !

r {1

Nutive-PAGE sample buffer (2X) . 1.0 mi
54 Sucrose - 04ml
DW - 0.6 ml

3.4.1.2.2 Sample preparation

Added 100p! of 1X sample buffer to lyophilized sample or 20ul of 2X
sample buffer and 10u! of 50% sucrose to 30u! liguid sample, mixed well and 3041
sample and Sul marker mix was loaded on 10 the gel.

3.4.1.23 Procedure

(a) Clcancd and assembled the gel plates

(b) Resolving gel - Added all the components except APS n 10 2 beakes,
mixed gently and finally added APS. Immediately poured the mixture ko
the cast and poured a layer of butanol over the gel and allowed to solidify
at least for ihr.
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(c) Stacking gel- Added the componcnts of stacking gel except APS mto a
besker, mixed gently and finally added APS. Poured the contents into the
cast above the resolving pel and enmediately insened the comb between
the glasy plates. Allowed i1 16 solidify at least for 30 minutces.

(d) Gcl was placed in the electrophoresis apparstus, and upper and lower
reservois was (illed with reservoir buffer for Native-PAGE.

(e) The gel was pre run for 1hr m 80V.

() Loaded the gel with the protein samplic.

(2) The gel was run at 80 V till the sample entered the resolving gel.

(h) When the dye front entered the resolving gel increased the current 1o
100 V.

(i) Stopped the cumrent when the dye front reached |cm above the Jower end
of the glass plare.

() Removed the gel from the cast and stained for ol least thy in the staning
solution.

(k) Destained  ti)l the bands becume clear and observed under a
transillurmnaior,

34.13 Sodium Dodccyl Sulphate- Polvacrviamide Gel clecirophoresis (SDS-
PAGE)

Purified protcin was subjected to reductive o¢ non-reductive SDS-PAGE
e, with or without B-mercaptocthanol Low molecular weight marker of
Amecrsham Phamacia was used as standard and molecular weight of proicase was
detcmuned using Quantity One Software of Biorad.
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3.4.1.3.1 Reductive SDS-PACGE

3.4.1.3.1.1 Gel Preparation
Resolvi 0%
Acrylarmde : bis - acrylamude (30: 0.8) - 10.0 mt
Resohang gel buffer stock . 3.75ml
10% SDS - 03ml
Ammonum persulphate (APS) - s puxch
Water - 1595 ml
TEMED - 15.00 ul
Stecking pel (2.5%)
Acrylamide : bis —acrylamide (530 0.8) - 25ml
Stacking gel buffer stock - 50mi
10% SDS - 02ml
Ammonium persulphate (APS) . a pinch
Watcr - 123 mi
TEMED - 150 ul
Sample buffer (1X)
SDS-PAGE sample buffer (2X) . 1.0ml
50% Sucrose - 0.4 ml
DW - 0.6 mi

3.4.1.3.1.2 Sample preparation

Added 100p] of 1X sample buffer 1o purified and lyophilized protease
sample, mixed well, boiled for 5 minutes in a2 walter bath, covled (0 roum
temperture, and 30pl sample and Spl low molecular weight markers were loaded
on 1o the pel.

1.4.13.1.3 Procedure

Procedure followed for clectrophoresis and staining was esscatially same
as descnibed in section 3.4.1.2.3 with the exception that the reservoir buffer used
was that of SDS-PAGE.
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14.1.3.2 Non-reductive SDS- PAGE

34.13.2.1 Gel preparstive
Resolving and Stacking gel was prepared as described in sectwn 3.4.1.3.1.1
Sampie duffer (1X)
Samplc bafTer for Non-reductive
SDS-PAGE (2X) - imi
50% Sucrose - 04 mi
DW - 0.Genl
34.13.2.2 Sample preparation

Added 100ul of 1X sample buffer 1o Iyophilized sample or 20p1 of 2X
sample buffer and 10pl of 50% sucrose 1o 30ul liquid sample, mixed well, and
30pl sample and Spl low molecular weight markers were loaded on to the gel.

34.1.3.2.3 Procedure

Procedure followed for clectrophoresis and staining was essentivlly the
same as described in section 3.4.1.2.3 with the exception that the reservoir buffer
uscd was that of SDS-PAGE.

A1 4 7ymogram

Proteolytic activity of enzyme protem band was confirmed by zymogram
malysis on X-ray film according 10 the method of Cheung ot al (1991). $0-90%
smnonium sulphale precipitated sample and active factions pooled from ion
exchange chromatography were lyophilized in 1mi aliquots, resuspended n 0 iml
of sample buffer under non-reducing condition (0.0625M Tns-HCL 2% SDS. 10%
sucrose. 0.01% bromophenol blue, pH 6.8) and subjected 10 electiophoresis in a
i polyacrylamide gel at 4°C as described i section 3.4.132 Afcer
clecrophorests, the gel was washed with 2.5% (v/v) Triton X-100 for 30 munutes
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fullewcd by rinsing with carbonaic-bicarhonare huffer (0 05\ pH 10 0) aad
incubated on a fresh Xoray film for 10 nunutes a1t 0°C Aficr incubabon, the fim
was ninsed with dishlied water The clear zones on X-nay film indicated te
presence of protease bands.

A ALS lsociecivic focuing.

Isoelcctne focusing of the punfied protem sample, prepared as described in
sevtion 3.3, was done following the method of O'Farrclls (1975) at Centrs fox
Cellular and Molecular Brology (CCMB), Hydembad,

3.4.2 Molecular Weight determination by Gel Filtratioa Chromatography

Gel filtraton chromatography was perfermed for the 43-90°% procipstate of
ammnonsum sulphate fracturatioe vsing Sepbaday G74 {Sigma Aldnich) 1 onder e
determince the molecular weight of protcase.

M4.21 Preparxtion of Columan

(a) I3y of Sephadex G75 (Sigma-Aldnchi was suspendsd in dutilicd water
and allowed 10 hydrate for Yhrs a1 100°C 1 a wakcs bath, and finc panicles
were removed by decantation

(k) Hydrated gel suspension was degassed under vacuum to remove the air
bubbles.

(¢) Gel suspemsion was carcfully poured into the column (Ameshmy
Brosciwences XK 2670 colurmn i without trapping air bubbles and allowed 0
s«chtle under gravity while maniaming 3 slow flow rak through the columa

(d) Column was wabvhred by allowing two times the bed volumes of cleem
(U IM Phosphate buffer. pH 7.0) 10 pass through the column bed
descendmg eluent 1low,
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3.4.2.2 Running the Column

Two milliliter of dialysed sample, prepared as in section 3.3 2, with proten
content of 1.94 mg/ml was applied 10 the column. After the compiete cotry of
sample 10 the column the protcins were cluted using 0.1M Phosphate buffer of pH
7.0, with a flow rate of Iml‘minate. One milliliter fractions were coliecied nd
protein comtent was estimated by measuning the absorbance s 280um in a LV-
Visibic Specrophotomcter (Shimadzu, Japan). Peak fractions from the column
were pooled and assayed for protease activity and protein content as described in
sections 3.4 24

3.4.23 Cakulstion of moleculsr weipht of the Protease Enzyme

The molecular weight of the eluted proiein was deiermined by calibrating
the column with low molecular weight gel filration markers from Amersham

Biosciences.

The markers used included the following:

Compopsaly MWM,)
Ribonuclease A - 13,700
Bovine Serum Albumin - 67,000
Ovalbumin - 45,000
Chymotrypsinogen A - 25,000
K.. (pastition cocflicicnt) of cach protcin was calculated by the formulas

Ke . V.

Vs

Where V, is the clution volamne of cach protein and V, is the void volume
of the column, which was calcutsted by running Blue Dextran 2000.
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Molecular weight of prolease cazyme was cakulsted from the
semilogarithmic graph plonied for the K, vis molecular weight of the stundard

proleins.
343 Amiscacid analysis

Ammoacyd analysis of the purified protein sample prepared as described in
section 3.3.4 was donc usmg Shimadzu High-Performance Liquid Chromatograph
(LC4A) “Amino Acid Analysis System” (Ammu et al., 1994) st Central Institute
of Fishenes Technology (CIFT). Kachi.

3.4.4 Determination of the N-lerminal sequence of the enzyme

Purificd cnzyme sample (section 3.3.4) was subjected 1o electrophoresis
{section 3.4.1.3.2). Protein band was blotted on to 3 PVDF membrane by
clectrotransfer at 4°C for overnight in a Genei protein-blotting unit (trunsfer bulfer-
30mM Glycine, 48mM Tns base, 0.037% SDS, 20% Methanol. pil 8.3). After
blotting, the membrane was air dned and N- terminal sequencing was done at
Indian Institute of Science (11Sc). Bangalorc.

3.4.5 Mairiv-Assisted Laser Desorption lonization - (MALDD)

An attempt was made 1o determine the molecular weight and peptide
fingerpninting of the purified sample using MALD) Analysis. Protewse enzyme
purificd by 1on exchange chromatography was ¢clectropboresed (section 3.4.1.3.2)
and the stained protcase hand was used for MALDI amalysis usmg Applied

Brosysiems-Voyager System 4263 at CCMB, Hyderabad

MALDI-MS anatysis of the purified protein was done o determine the
malecular weight. For peptide fingerpnint, protein bands digested with rypsim were
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extracied, desalicd and Mass spectrum was generated. Mass peak list oblained was
wbmitted 1o Profound and Mascot database for prosein idemtification.

14.6 Antibedy preduction

Antibodics were raised agamnst electrophoretically pure proiease in New
Zvaland white rabbiis by intranwscular injection of Imi (100ug) of proten
ambsificd with an equal volume of Freund’s complete adjuvant Three booster
mjections were given i an interval of 15 days with 2mi (200pg) of protem
emulsified with an equal volume of Freund'’s incomplete sdjuvant (Harlow and
Lanc, 1988).

One week afler the third booster dosce, the blood was collected from the
marginal car vein and allowed 10 clot at 37°C for 30-60 minutes. The clot was
retracted from the sides of the test wbe with the help of a glass rod and after
complete clonting, the serum was harvested by centrifugation a1 4,000rpm for 15
minutes at room temperature.

JA4.] Immunodiffusion test for antibody resction

Antiserum was detecied by simple inmmmodiffusion (Harlow and [ane,
1988). Ome pervent agarose containing 0.02% sodium azde was prepared in
pbosphatc buffcred saline (PBS - 0.14M NaCl, 2.7mM KC1, 1.5SmM KH;PO,,
§.!mM Na:HPQ,, pH 7.4). Mchiad contents were pourcd on 3 glass plaic 1o prepare
2 0.2cm thick gel. Afler sohdification. 2mm well were cut using gel cutier and
25u! of serum was loaded in succession (o peripheral wells and antigen (purified by
ou cxchange chromatography) in the central well. Shide was kept in 2 humid
environmend  for 24hrs. After incubation the slide was washed 1 PBS for
3minutcs in a rotary shuker. Washed slide was dried by keeping blotting paper
overt it and mcubating 1t at 37°C overnight lollowed by stainmg in Coomassic Bluc
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and destaining. Antigen antibody specificity was detected by the formation of a
precipitation arc between the protein samples and antibody applied to the wells.

3.4.7 Optimal pH for Protease Activity

Optimum pH for cnaaimal activity of the purified enzyme was determmed
by conducting cnzymne assay at various levels of pH in the range of 2-13. The
enzyme assay was cssenbally the same as described in section 3.2.52 with e
following modification. The enzyme solution used was 0.2 ml of diluted sample
and the substrmte casein, was prepared in the respective buffer of each pH. The
buffer systems used included, HCI-KC1 buffer (pH 2.0), Citrate-Phosphate buffes
{pH 3 to 6). Phosphate bulfer (pH 7.0}, Tris-HCl buffer (pH 8.0), Glycine-NaOH
buffer (pH 10.0}, Carbunate-bicarbonate buffer (pH 10.0), Boric scid/ potassiun
chlonde/ sodium hydroxide (pH 11.0), Disodium hydrogen phosphate/sodium
hydroxide (pH 12.0) and KCI/XaOH (pH 13.0). Enzyme activity and relative
activily were calculated as described in section 3.4.24 and 3.4.24.2 respectively,

3.4.8 Siability of Protease at different pll

Stability of the punified enzyme over a range of pH was determined by
measuring the residual activity at pH 10.0 afier incubating the enzyme in different
buffer systems of pH 2.0-13.0 for 24brs, a1 4°C. Purified enzyme as 0.2 mi aliqual
was incubwicd in 1.8 ml of differem buflfer svstemns, which included, HCHKQ
buller (pti 2.0), Citrmte—Phosphate buffer (pH 3.0 to 6.0), Phosphate buffer (pH
70). Tris-HCl buffes tpH 80). Glvcine-NaOH buffer (pH 10.0). Carbooas
bicarbonate buffer (pH 100}, Banc acid ‘potatsim chionde/sodium hydroaide
(pH 11.0), disedium hydrogen phosphatc’sodium  hydroxsde (pH 12 0) and
KCINaOH (pH 13 0). ARer incubation 02ml sample was assaved for protease
activity as described in socion 3.4.24. Cazyme activity was expressed as U /ml
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JA9 Optimal Tempersture for Protease Activity

Temperature optimum for cazymne activity was determined by incubating
02ml of purified enryme cssemially following the method descnbed in secton
3424 a1 the iomperature range from 5 to 100°C. Relstive activity was calculated as
described in scction 3.4.24.2

34.10 Earymse stability at different temperatures

Temperature stability of purificd cnsyme was determined by incubsting the
qzyme sampic 3l vanous lemperatures ranging from 30-80°C and the enzyme
assay was conducted al 30 minutes, Lhr, 2hir, dhr, 6hr, Bhr, 10he, 12hr and 24hr of
incubation as described in section 3.4.24. Enzyme activity of the sample hept at
4°C was taken as control. Reaidhial activity of the enzyme wus calculated as
deseribed in section 3.4.24.1.

3.4.11 Effect of stabilizers on thermal sirbility of protease

Effect of stabilizers on enzyme activity at lugher temperature was studied
by incubating the enzyme solulion added with various reported thermal stabidizers
8 65°C and 70°C for 3hrs and estimating the residual acovaty wt regular time
micrvals. Stabilizers studied include CaCl; (1, 5 and 10mM), CoCl: (faM). PEG
6000, Glycerol, Sucrose, Mannitol, Sorbitol, Swarch, Glycine and Bovine Serum
Albumin (&t 1% level) Enzyme anay was cammied out as described in section 3.4.24
and the residual activity wans cakeulmed as desanbed in section 3,424 1.

34.12 Effect of Inhibitors on Pretease Activity

Effect of vanous protease inhibitors oa the purified cnzyme sample was
done in arder to classify the enzyme depending on the inhibition pattern The
following inhibitors. i.c.. 20 to 50 mM Pheoylmethyisulphonyl fuonde (PMSF).
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0.1 to 1pM Aprotinin, 20 1o 50 mM Ethylene diamine wetra acetic acid (EDTA),
10mM 1.10- Phenanthrolme, 10 to S0uM L-trans-cpoxysuccinyl-feucylamide-(4-
guanidino)-butanc, NN'(L-3-trans- carboxyirane - 2-carbonlyMl.-leucyl)-
agmatine (E-64), | 10 S0aM Jodoacctamide and 5 to 100pM Pepsiatin were added
‘o the punified enzyme and incubated at room temperature for 30 minutes. Aficr
incubstin, | ml of 1% cascin was added 10 each enzyme reaction mixture and
resadual cnzyme activity was measured as described in section 34241 Residual
enryme activity was cxpresscd in porcemtage.

3.4.13 Substrate specificity

Ability 1o hydrolyse various proteinsceous subsiratcs by the purified
enzyme was cvaluated by conducting enryme assay with Casein, Gelatin,
haemoglobin and Bovine Serum Albumin, as described in section 3.4.24 with 1%
solution of respective substrates prepared in carbonae-bicarbonate buffer of pH
10,0. TCA soluble fractions were measured at 280 nm and enzyme activity was
expressed in U/mi,

31.4.14 Kinetic studies

Purified enzyme was subjected to kinctic siudics 1owards deicrmining the
Ke and Vig,. K. the substrate concentration at which the reaction velocity is half
maximum and V., . the velocity maximum of the enzyme reaction was determined
by incubsting 0.2ml of purificd coryme in different concentrations of casein
(0.0lmg 10 20mg) a1 pii 10.0 for 30 minutes at 40°C. Enzyme assay was done as
described 10 section 3.4.24.

The mitwal velocity data was plotted as the function of the concentration of
substrate by the linear transformation of the Michactis-Menten equation and usual
non-lincar curve fittmg of the Michaclis-Menten equation for the calculation of K
and V., of the reaction.
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Catalytic coustant of the reaction of Turnover number (K.) of the enzyme
was calculaied by the equation

Ve
h -
EhL

Where Vg 5 the Maximal Velocity and [E}y 1s the ol cnzyme
concentralion.

Enzyme’s catalytic efTiciency was calculated by the equation,
Kea

Kan
3A.15 Effect of varioas metal ions on enzyme activity

Effect of various metal ions on enzyme activity, was cvalunted by
inoubuting the enzyme along with different concentrations of various metal ions in
the enzyme reaction mixture for 30 minules followed by measuring the residual
enzyme activity {section 3.4.24.1). The metals studied included |1, §, 10, 15 and
20mM final concemrations of sudium chlonide, calcium chlonde, magnesum
sulphate, zinc sulphate, potassium sulphate, cupric sulphate, femic chloride,
maagancse chioride, nickel chioride, cobalt chloride, mercary chlonde, banum
chlonde, cadmium sulphate, lithium chloride. sodium molybdate, lcad acetate,
aluminium sulphate and chromium nitrate which contribute the metal wons, Na',
G, Mg Za™, K, Cu*', Fe", Ma* ", Ni", Co™, Hg™. Ba™, Cd", i, Mo",
Pb™, Al" and Cr”* respectively.

3.A4.16 Effect of variows Detergents on Enzyme Activity

Effect of vanous non-ionic and ionic deterpents such as Triton X-100,
SDS, Tween-80, Tween-20. and Brij-35 {w/v) on enzyme activity was determined
by conducting enzyme assay in the presence of cach detergent und residual activity
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was calculaied. Afier incubation of the cnzyme in diffcremt concentrations of cach
detergent viz, 0.2, 0.4, 0.6, 0.8, 1 and 5% for 30 minutes, the residual enzyme
activity was measurcd as described in section 3.4.24.1.

3.4.37 Effect of Hydrogea Pervxide (as oxidizing agent) on enzyme activity

Activity and sability of the cnzyme i the presence of oxidizing agent,
bydropen peroxide, was studied by measuring the residual activity after 30 munuics
of mcubation of the enzyme in different concentrations of H:Oy viz.. 1, 2. 3, 4.5
and 8% {v/v). The residual cnzyme activity was assayed as described in section
345241

3.4.18 Effect of Reducing agents on enzyme activity

Activity and stability in the presence of reducing ngenis were studied by
incubating enzyme solution with 0.2, 0.4, 0.6, 0.8, 1 and $% (v/v) of dithiothreitol,
- mercaplocthunol and sodium thioglycolate for 30 minutes und measuring the
residual activity as described in section 3.4.24.1.

3.4.19 Effect of lonic strength on protease activity

Effect of ionic strength on enzyme aclivity was tesicd by nwasuring the
enzyme aclivity aflcr incubating the enzyme assay mixture added with vanous
ionic concentration of sodium chlonde (1. 2. 3, 4 and 4.5 M). The resadual activey
aficr 30 mmnutes of incubanon was measured as described in section 3.4.24.8.

3.4.20 Effect of organic solvents on protease activity

Impact of vanous otgamic solvents on enzyme activity was evaluated by
incubating the cnzyme with cach organic salvemt for 30 minutes and ascaying the
residual activity as described in soction 3.4.24.1. Organic solvents studied
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included, dimethy| sulfoxide. isopropanol, acetonitrile, (1, 2, 3. 4,6, 9, §2and 12%
(vA)), ethanol (1. 2. 3. 4, 5. 10, 15 and 20% (v/v)), phenol. petroleum ethe,
scetone and cthyl cther (0.2, 0.5, 0.8, 1,4, 6, 8 and 10% (v/iv)).

3.4.21 Storage stability of the Pretcase

Lyophilized and liquid samples of partially purified enzyme (1., 40-60%
ammonium sulphale precipitate) were stored at room temperature, 4°C and  20°C
for a penod of onc year. Periodically, smnples warc taken, properly diluted and
czyme activity, profein cootent and specific activity were tested by the method
described m seenon 1.4.24,

3.4.22 Stability of the Enzyme in the presence of Hydroearbhons

Stability of the enzyme in the presence of hydrocarbons was cvaluated by
incubating the enzyme in various hydrocarbons for 10 minutes and assaying the
residual activity as described in section 3.4.24.1, Hydrocarbons studicd included
petrol, kerosene, diesel, grease, used machine oil and used engine oil, m a
concentration of | and 5%.

1.4.23 Stability of the Enzyme in the presence of Natural Ol

Stability of the enzyme in the presence of natural adds, was determined
using Coconut oil, Gingelly o1, Palm oil, Mustard o1l, Sun flower oil, Vepctable
ail, Dalda, Olive 0il, Castor oil and Ghee each a | and $% concentration. The
canyme was incobated for 30 ruputes in various naturul) oils and the residual
activity was estimated as described in scction 3.4.24.1
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3.4.24 Analytical Methods*

Prolease activaty, protein content and specific activity were
determined as described eardier in sections 3.2.5.2, 3.2.53 and 3254 and
were expressed as U/ml, mpe/ml and U/mg protein respectively.

3.4.24.1 Residual Activity

Residual activity is the percent enzyme activity of the sample with respect
10 the enzyme activity of the control sample.
Residual activity = Activity of sample (U/mi) x 100
Activity of the Control (U:ml)

3.4.24.2 Relative Activity

Relative activity is the percent enzyme activity of the sample with respect
to the sample for which maximum activity was oblained
Relative activity = Activity of sample (U/ml) x 100

Activity of the maximal enzyme activily
ohtained sample (Uiml)

* All the expenimental data were statistically analysed using Microsoft Excel.
3.5 APPLICATION STUDIES

Proicascs have a Jarpe vanety of applications, mainly in the detergent and
food industries. In view of the recent rend of developing ecofriendly technologies,
they arc covisaged to have extensive applications in leather trearmen:, silver
recovery from X-ray films and in several bioremediulivn processes. The woridwide
requircrent of enzymes for mdividual applications varies considerably. Protcases
arc used extensively in the food and detergent industries, prepared in bulk
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quantitics and uscd as crude prepamations. The present study evaluated the potential
of the protease from marine £. o/fum in mdustrial application

15.1 Commercial detergent compatibility of cazryme

The stability of the cnzyme in the presence of commcrcial detergents were
determined using various detergents which included Ujala washimg powder, Surf
Multh Acticn with Kids Stain Formula, Surf Excel. Surf Excel Astomatic, Ariel
Compact, Henko Stain Champion, Henko Powcer Pearis, Tide, Rin Shakti, Sunligv
Extrabright with Colourlock, Wheel, Mr White, Speed, Godrej dish wash liquid
snd Harpic Power toilet cleaner at concentration 7mg/ml and liquid soap 1% (w/v).
Enzymes already present in the detergent and sosp solutions were first heat
mactivated by boiling for 10 minutex nmel 10 the S0ml solution, 2ml of punified
enzynw sample was added and incubated for 3 hrs at room temperature.  Samples
wero tuken out at intervals of Ohr, 30 minutes, [hr, 1.5hr, 2hr, 2.5hr and 3hr and the

residual activity was determined as described in section 3.5.6.4.

352 Comparison of performance of E. album protease with different
Commercial proteases in (he presence of detergents at 60°C

A comparative cvaluation on the performance of £ albumy protease and
commercially available proteases was performed by detenmining the residual
azyme activity afier imcubation with commercial detergent Surf Excel Automatic
(?mg/m)) for 3hrs m 60°C. Initially. enzymes already present in the deterpemnt were
first beat mactivated by boiling for 10 nmnutes and 1o the S0ml of detergent
solution, properly diluted enzyme solution was added and incubated  Samples were
sken ot intervals of Obr, 30 minutes, by, 1.5hr, 2he, 2. 5hr and 3hr and the residual
atvity was delermined as described in section 3.5.6.4,
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3.53 Wash performance studies

Wash performance analysis of punified protease (40-90% ammoaim
sulphate precipitate with enzyme sctivity of 480 U/ml) was studiced on white cotton
cloth picce (3 x 5 cm) stained with human blood. The stained cloth picces were
taken i scparate flasks and subjccted 10 the followimg wash teatment studies.

1. 100ml heat inactivated detergent {7mg/ml) + stained cloth picce
100ml heat inactivated detesgent (7mg/ml) + Iml enzyme solution +
stained cloth piece

'l'«.l

100ml distilled water — 1mi enzyme solution + stnined cloth piece
4. 100ml distilled water + stained cloth piece

After 30 minutes of incubation at 50°C in a water bath shaker, the
cloth pieces were taken out, rinsed with tap water, dried and visual cxamination

was done to check the effectiveness of stain removal.
3.5.4 Esterasc activity of the Protease Enzyme

Esterase aclivity of purified proteasc cnzyme was determined using
different p-nitrophenyl denvauves according 10 the method of Prim ct al. (2003)
with some modification ss described in secuon 3.56.6. It was confirmed by
acuvity staming which releases the fluorescem 4-methylumbelliferone (MUF) fram
methylumbellifery] butyrate (Prim et al.. 2003) as described in section 3 .5.6.7.

3.5.5 Decompesition of gelatin layer of X-ray film

Ability of the cnzyme to hydrolyse the gelatin fayer of the X-ray film for
the recovery of silver was studied by mcubating 2g of X-ray film in cozyme
solution (enzyme purified by 40-90% ammonium sulphate precipitate with activity
of 3.300 U:m. Following scts were prepared in flasks and studied.
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1. 19 ml carhonate-bicarbonate buffer (pH 10.0) - 1 ml enzyme solution + 2g
X-ray film

2. 20 m) carbonate- bicarbonate buffer (pH 10.0) ~ 2g X-ray film

3. 19 ml disulled water - | ml enzyme solution + 2g X-ray film

4. 20 m! distitled waser + 2g X-ray film

The flasks were kept on a rotary shaker with |20 rpm at room lemperature.
After 90 minuies of incubation, X-ray film was taken out, rimaed with tap water,
dried and visual examination was done. Protcin stripped to the supernatant by the
action of the enzyme was estimated by the method of Lowry et al. (1951) as
described in section 3.5.6.2.

15.6 Analytical Methods*
3.5.6.1 Enzyme Assay

Protease activity was determined by caseinolytic method of Kunitz (1947)
a5 described in section 3.2.5.2 and expresscd in Li/m).

315.6.2 Protein Estimation

Proiein contemt was determined according to the method of Lowry of al
(1951) as described in section 3.2.5.3 and was cxpressed in mg/ml.

1.5.6.3 Specific Activity

Specific activity of the sample was calculated by dividmg the enryme
uxtes with the protein content and was cxpressed as U/ mg protein.
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3.5.6.4 Residual Activity

Residual activity is the percent cazyme activity of the samplc with respent
10 the activity of the control sample.
Residual activity = Activity of sample (L/ml) X 100
Activity of the Control (U/ml)

3.5.6.5 Relative Activity

Relative activity is the percent eazyme activity of the sample with respect
1o the sample for which maximum activity was abtained.
Relative acivity - Activity of sample (L/ml) X 100

Activity of the muximal cnzytne sctivity
obtained sample (L/ml)

* All the experimental data were statislically analvsed using Microsoft Excel,

3.5.0.6 Assay lor Fsterase activity

Lipase activity was determined hy measuring the release of p-nitrophenol
(pNP) frem different pNP denivatives according 1o modified method of (Prim etal,
2003) in microtitye plate. pNP Acetate {Sigma and Mooser). pNP Butyratc (Sigms
and Mooscr), pNP Caprylate (Fluks), pNP Laurate (Fluka) and pNP Palmitaie
(Sigma and Mooser) were used as subsirates.

Substrale preparation

Solution A (0 15% stock solution of zach substrate in Isopropanol)

Subsirates were dissolved in isopropanol and sonicated for 6 rmunutes in 8
continuous mode for proper cmulsification.

Solution B
506:M Tnis batfer (pH 8.0) contaiming ¢-1% gum arabic and 0.4% Triton X-100
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Bullered swbstrate (1:10 dilution of the substraie stock solution A in Solution B)

To 9 mi of contmuously stirred solution of A, | ml of solution B was added drop
wise.

Precedure

{a) An aliquot of 230u] of buffered substratc was incubetcd & 40°C for 10
minutes in the ELISA plate reader (Bro-Rad).

(b) To the preincubated buffered substrate, 20p! of properly diluted enzyme
solutiva was added.

(c) Incubated at 40°C for 30 minutes and the released pNP was determined by
immediate measurement of the absorbance al 415 nm against suitable
blanks.

(d) Omne unit of activity was defined as the amount of enzyme that relcased |
pumol of pNP per minuie under the assay conditions descnbed.

3154.7 Activity Staining for Detection of Esterase Activity

Electrophoresis of the purified protease was conducted as described In
section 3.4.1.3.2 For activity staming. after the run, the gel was soaked for 30
minules in 2.5% TntonX- 100 at room wemperature, briefly washed in SOmM Tris
Wdfer, pH 8.0, and covered by a solution of 100u™M methylumbelliferyl butyrate
(diluied with SOmM Tns buffar from a stock of 25mM solution in Mcthyl
cclosolve) and incubsicd for a shont period at room temperature. Activity bands
were observed under UV illumination. Following zymogram amalysrss gel was
stuined with Coomassic Brilliam Blue R-250 for visualizing protein bands.
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RESULTS
4.1 Micrvorganism-Cullure ideatilicntion

Phe Bungus used in the prosent stody wats identificd as Engyodoutinm
albupr by the Micrabial Fechnotigsy Colture Collection (MTCC) of [nstitule of
AMicrobial Technologs (IMTEUH)L CSIR. Govl of lodes, Chamdigarh. InGact. this
lanees was identiticd as Boencrne hassiona (Saesh, 1990) earlwer Hot, when

wbnstiad to M IULC. it was vomlinmiad as £ wlhem, a chose relative of B vonina,
42 NOLID STATE FERMFENTATION (8NF)

42.1  Optimisative of Hioprucess sariables for prutease prodection by 1. sfbase
$.2.1.1 Oplimisation ol maistnee content

Results prosented m Fig, 40 clearly evidence the mipact of maisture
content on 1he exteeelluliar viizy e production by £ b, The fungus cequired
moisire content above 3% o have eohanced level ol protease proshsction and
this s navimal of 33510 L0IDS could be reconded ul 0% muiasture fevel,
Lhiweser. Turber increase i moisiure coatent eesolied i g decline. Whike 70%
masture contemt | 3,754 UglDS) supperted considorable Sevel ol cname actinvaty,
further ncrease ked e nygnd deching i cname kevel Thus, 6iFs mondire conlent
could be canidened as optinsal kevel ol mobture reguircnent. arespectine of
incubation perad. Protcin content and specific activity slswved posative coeectatnn
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with the ensyme actinity weconded  In general. the paatein saried from 10 1o
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4.2.1.2 Optimisation of Incubation period
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I cencal nrespeciine ol the level of muistane content of thie WL protease

productson was ehsened only atter 72 ks o ncobation and ownimal ename
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4.2.03 Optimisation of particlke size of the Substruile

Particle siee of commercial WB used i the preswnt stndy signtiicanth
milvenced cname prsduction by 17 albam dunng SSE as i could be mterred from
the data presentod i B 335 WH pantrcdes fesser than 12500 ahuwe conld suppon
manimal cnzvme syothesss 12089 U 28DS), followed by partichs sath mivad
sizes which was e as control (10267 1 w08 Whercas, paeticles swith 425y and
abhove did it suppewt enfumoed tevels of enzvme and wstewd kad o decling m
SO dehivehy Gabwont P L reduchion) Spocitic swtnvaly reverded Lor the vanous
partiche sizes abae prosent g samilar sceaarse, whinke praten content did net show

any notable satration e responsa o ditlerence o pactic e size
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42.1.4 Optimisation of Temperature

Results presented in Frg 44 chlearhv evidence the oplms) regquirement of
34 as akcubation temperature for manimal enzyme produchon by B album
(5,106 1 :gIDN) and masesl specific activary (K243 Uimg protemn). Incithistnm al
temperalares above 23°C did not support prodease production by £ alimm undeee
SSE. althougzh the fungus could record somwe amount of enzvie ity at 20¢
Intercstinehy . the protem lesel alwo showed 3 similar trend fos the vanoos
lemperstures tested. OF counse, the protem levels recorded were higher than the
levels ohsenned Tor the experiments with particle size amd incubation pernal. aml
thus the specitic acinan was relatively s compared 10 the above ~anl

eNperiniiis.

tre. 44 Oprmbatron al mcwhation temperature for Protease
prodection by £ efbams: SN0 G oosdmta ccas Mite
famto v Bl teciime daa APy smineesl il -
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4.2.1.5 Opliminating of pil

Rosults prosented i Dag 1y andacwe that the tinaus 1 albamn s capable o
prosducing protcase over o ool pHcange Inon plt 2.0 10 pt 12 0, eventhough the
enzame ainany fevels varwed consklenbly et mange of SRIEE @S 1o 9457
EoatDS Apparentls ot seoms that. this tungues las two phl optuna, one o0 pH 4 0-
SO 2 lDN) s anather a1 pEHE OO T 09 1 DS tae mavanial protease
posduction These was an mcrcase m ename activity abone wili mercase mopll
Tos Y010 > 0wl g sudden decloe moensame weinan toellowed by a erasdual
mercse swhon the plEwas gisad abwse 300 Somlarhy - when pH waes ssed abose
O e 150 there was propertionate decscase moenssme actnann The trend
recorded t speatic actoony was el o enzs e ety wlnde protem lesels
recorded Toc vaons pEEdid not show any correlation sl the enzame achiv ity and

renned m the ee ol 11 G mpse DS 0 398 el DS

L
I | | I l ;‘
-

" - t . . .. . + . -4

tie 4 S Uptimraton of pll fis Preteaw prodecivm b 7. o/bas

e esmbatale ot Ml e Lo . FER TR T T S
@ abd P ) 8Ll L e sab et =g e g tr.

12



tll

MUAZUD (1 INEDDP 0] P SIETNS DI (J ISR POE [ IUUTE SO0
|1,|.‘|.¥\.'\ (AN By |l:mr!;!p|'ll' YT |l|t|1||l\'\ I |au|m\_\ Ll p:'ul!tllﬂu.\ u.‘lq\\
ool MERZUY M) PIIGIGUE RIS POT CRINRGIYIT WI) DD diad
1 POt R B o WO SR gt S SHE Mazud oo pndun paaes pry

PO SUNON oIS I IP ) R SPATAD  p T w popueeasd eyegg

IR, UYIR ) [EBMNEPPY )T

[ "I A T T RS

o TRUL N T TaE i Tm LI RS TT TR - T S (L

CRTRE Y CHRT R VRN T S TR DL TORY TN TR T R S T L L AR
wre ) viprisdl INEIas | B0 DRIV SHRLINESIIN ) [YatBRE (8 g0 {7 F )

) A

.

-

- W e F e

)

[RYREVIRLY ¥
ol Tw o) o T opue GHS ) A1) Sy wpaads pue weddapaud
MU0 (CUINPI DA (UG YY) A[SIRMEPPT ORI SDLYTS sDud e
SUE e PR IEM A LT (05180 o) PTHIRYY sh aposd Dum s o oy
PEWENNIP B PR WTISE PUR ISED Yiog] (9 3 ) thugipnud MUzud o 19

pumlpud " 'l\l.'t' OIS SR \Ihln."um!.\.uﬂ |l"llnl|lppr M3 e .'IIHDN

EVRIFMY N SWOIIRURIAIJ [EHNIPPY 91T

sjjsiy



Uolagter 4

sl Sagg i RS P B TR R TR | TR SN I S | B © T oSNy
S Lo citen w0 | _'r". :-|r'll-".‘|.tll"| e I;-l a .l I a-:

4
N protcrs gt v Tloagvor the mcreaa v vermvone vield oage

2w s U (5 LANR RN TR S IS T TRUCE SRR || THE
(% SR 1. )

Y T EN TS AR 0 | | G S DT I TS OF £ PR SRR S 1 ve vl

apzats ol el - e catevats oo s o canmdoe b woab cosvieh VD

ST TRPR TP TR | BRI K L g | TR BT

Poeens coptt et 't,‘h T T T I TR T P R I TR AT | RN TS LTIET! i ol o
(LSRN B ERREATE R SLUINITRSIRES | B AU S ST IORTTRTRR TN B FRRITRE S A O O (RN Tl

[ T TR Y S [TRPURRICERLS TS | 1 1 i | L

el LASTIR R H

B I P TR TT 1A IR R NIRRT T 1N TS EY'T R oy h [IEEREY

L T i

Pop 0 T Man - it raonr ol tamr gl € arloum e, en s o0 Fooote sag

.l.dtl.! WMty f L tam



Kiwmlis

4.2.1.X Organic Nilrosen Sources

A the orzame mbogen sarces lested. eaeept e aapponted ik
protease production when compared b contral (b 48 Malt extract. sovabean
nical and 1 prone recorded sl Jesels of enayvme actnaty Teinding oo 3797
tonase moename by O these male extract recordod o ns i ol 19
merease e en2ame ety (EEART TEIDN and speciic actniny of 3183 1 my
prodenny b Lt ot sonabean neeal angd ntale satvaer reconded nasamal speciti
actis sy Comnpitred e tptone spie o sinnba eyl ol enzoae achivaiy torall the
tice Nevortheless poptone. Beel ovtract wnd st onviract abso ted toog 38 1
200wt 1T R ncpmse e me achiv ity cornpraeed b conrol It cane ol
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Chapter 4

4.2.1.9 Inorganic NHrugen swurces

Ammmig the iz mitropen sources tested ool ammoniom: hy drogen
carhonate, amnwium nicate and ammonem hydnogen phosphate bave a positive
eftect on enane padocton (B 49 When compated 160 control, 947 increase
i actinimy was obwned with the addition of ammmsinn hydnneen carbonate,
swhich yvichded an cnavme activits of TX0RT 12 2lDS aned speaitic avtiviy of 3804
Lomg protemt A 229 il 8 190 mncrease i aciin ity was obened 0 the case of
ot sisie and ammamnm hydeosen phosphate respsatnchy Ammoniom
svadate and ammomum sron sulphate as additonal mitrogen sources, totalh
winbied enzyme produchion Masumal extracellular protem content was recorded
with amwmrnn by deogen pliosphate (46.3 mealDS ), althongh i did net enhance
enzy e activiey -l Bt the protein content in e enzyime extraet shid not show uny
correkiition with enzyme activits. Howeser, speetlic activity showed o similar trend

very mch bhe than of cuzvine activin
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Ro~ulls

42110 Amine ackis

KRostetts prosested i bae 110 mdiczie that ab e s acads tsted doonat
haee stmtlar impact on enhanome protease eoduction by 1o Arwong the 19
diferent mnine aonds tested only 2 amrae acds Bnored catumeed enzyine
pesducnon OF thear, feacme histudime and Ivsie suppated 4490 32 7% andd
02 increase i enzs e el vompaned 1o control wespectively On the othe
and, methivarine and s proplim cioeed @ 92 2 and 80 0% redudtion i enzyime
anoty respectinehy when compaied o the vonteol Thus fesone coubl by
cettandered o, optomal e aced s achhitional ot pen source for podcise

produciien Speailic activmy e prosented a sl tomsd sery diech ke that o

coanme o whide proten Tesels did oct show mn speoitie el
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Chapter 4

4.2.1.11 Optimisation of Inoculum size

Number of spoes used foe amoscubstson had o linear etiect on the cnnvme
prosduction dhie 811 Duns prosented sugpest that 4 o 107 Ctum) was found to be
aptimal tor nuvensl arsvime prodection. sickdimg an enzvme vty and <pevifx
ativaty of S0 21D and 1992 Umg protem respevtineds Proctwally . oname
iy wits ol recorded fore the moculum with a spore count bess than 2 o 10
spores Fven thoueh the eatnneltubar prostem content imcrcased for the imyulum
wath spore count ol Gy 107 spures there was dechinge inenzs me prodscinn . Kesahs
alser ndhicate that thongh pretem conld be recosded m crmlde extract 1or all the fevels
of wsctlem e, prodease activiy could nor be detected  here wans e direct

el betsween proteim conitent and cieay me acts iy
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41.1.12 Sedivwm Chioride Concentration

Rosnlix presenied m Fig.d 12 A & B clearty v idonce that sodimm chlonide
spnificantly  affects prtcase producise by £ alhum vnder SSE. Protease
produciion in distilled walvr hascd medium (14,779 1/gIDS) was alimost double
fold compared to the scawater based medium (6,953 L gID%). Sodium chiloride
showed an inverse effect on enzvime prvduction both in scawater and distilled
waler hised medin. In the proscnce of seawater, mldition of even 1% sodium
chloride cosesed a 13% decrense i enzyme production. Further, addition of sodivm
chivride ahove 1% 1o seawater based modium and above 3% m distilled waler
based medium totally inhibiled protease produciion. However, the trend shiwn by
prutein content in the ensyme oxtract was not significant 1o the case of disilled
water added with sadiams chboeide. the procin kevel devlinad e sodiom chbwsbc
skditnwt abine 35, whike v e case of seawatcar, wndium chhrrde coacemran
ahne [ added 1o seavnater resuliod in decrease in priease kel Nevertheless,
there was ke dineet relntion hotween protem and cnnme acteaaty. though specdi

atnity showed a similar irend vory much like that of ensyme activity
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42 113 Impact of different dilutions of seaw ater on protease production by

F. aloum under NSE

Resubs prosental m big VI3 bor the study vondiaed osine diflernont
dilatms of e water wal dishified waster wt protesse productsm by L dfum
stregest that s tungos can prodice donble tolid protcase omler SSE usine WHom
_\»"“

n

desilled water compared 1o that e sea water Durdler even addinoen ol
dishilled witler fooseawiater (770 sea ssater) conhl induee sigticant levels o
pretcase CEEITO N 0lS) The enzvime activity ancreascd along wath ancrcse
dilvton of scnsater wath dealled sarer Specttic act vy b dhosead o sibar
prend b Lt g vl et activty Joe peetease wonhl e obsenved swarhe '
wanwalvt ¢ e sl water Neserhicless the pootom comteat mthe enzving
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Chapter 4

4.2.L.H Time Course Study Under Optimat Conditioas

Data obuamed 1o the ime coune experiment condictcd over o period of
26 by under optimised condition s depicted m the big 4 14 10 s mterred from
the tigure that ensyine production commenced on 2™ day 10e . 18hies) and reached
a peak atter 120 hes (1133000 2dDS), Further meubation boesosd 120 i did not
v our coluncad cizaame activity and instead resulied moa dectine: Rapid decline in

enzsme actinany eccurred after 16X hes. However, masimal specitic activiny was

revorded at 168 hes ¢ 79910 me protcin).
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o ENZYME PURIFICATION

Renulis

Protcase wis purnificd coplovmg standard protuin parificatnon prososunes,

whh included anumnium sulphate troctionation  Gidbmed by dialvan, nn

avchange chromatography and clevtrophorcsiv: Resubis oamod for puntication of

cnude ennme 1s sarmniansed in Jabke 3 |

Table 4.1 Yield nad fold af purification

Nample Lr— ™ Yoal “paeific | Yol | Vield of I ]
bty prubern srhinite o it pEnbrin s tiviin mnf
L U (LN it me (1] 1% )
1 vk cair visat i+ P bt b LT )
i I [ [
solplon el 1k [RYLA Y Y K? -1
Fxcnionntinm
e,
- I [ C— I SE—
[N W IRL
chinitnnh g aphs (R1} 7 AN 1K "n LR o
LY
Bl = 4 T8 Iam e i {
_ SRS D S

Ammonum sufplate requisred (o procipiate the poastcase enzyme. lios the

ennme extnind obtamed trom mohlh W was sandandiead. Provicase vouhl by

provetatad wath 3P 00 o amnunum waiphate satwiates though prodvase with

mavimal Specific ety was provepitated o W neaten (lable 1) The

precipitate formod at 160 W% <aaratinon of ammomum <ulphate. whivh shumed o

o fobd increasa i specilic sctiviy . companed 1o the crude sample. was want Boe

further  puniinatny emphlosing Jen exchange  chromaiography 1 lable 4 1)
Preparative PAGE swchicd 43 told of punification and 1 3%« vicld 1 Tabhe § 1)
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431 Stndaniinatwn of binding plt of protease to DEAF-Cellubone

Fhe bmndimg attioaty slosw b increased teom pH 40 amd showed a mavimen
A plE T 00 Ehe enmvme clated trom the DAL celluhose vaphibrated o pll 74
shewad moamuom sttty and the bindme plise DE AL olul vwe was standardisd

bepdl Thgdaz b

{ P -
- .
- . - L)

H

>

e BT

za=

Lo 308 Optinnitanns of pll for the Dnmdiage o pretvase 0o thie
anson rachanze coam 1M A 0 rllubow

Flobon paeeide obas 1 Iy drom the DE AL Cellulose column tamehad 4
single peak soth pretcase aaimats swtach could b elined with bulter Gositaming 02
SENCT Tl siep resolted i 8370 prodeawe tcconeny e bobd of punticateon wig

Asponitie ackinaiy o BN g protem
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Resnlls

[

Onocal denwity af #80nm

04

La \
L/\VJ\\"
H ' . v i‘::a._l:""_n_a_

n n L 121 & (1] m 140

Trazthon rivniwe

Fig 4. 06 lum-ervchange chromatopraphy profile for alksline protease
44 CHARACTERISATION OF PURIFIED FNZYME
4.4.1 Native-Pohacryiamide Gel Plectrophoresis (Native-PAGE)

Al the Trwtions. which had signifrcant protease avlisits, obtained afier on
exchange chiromatozaphy . wene pooled and Ivophilized.  Ehey were subjecied to
Native pobacrylamide peb chectropharesis b confiemad their homogenity.
Enzyme provein, which swis elited with 0.2 M NutL gave o single band in Native
PAGE (1. 4.1 7).
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Chapter 4

7 ki
[ 3N )

29 kiDa
14.200a

1. Marker
2, Purificd Samphe

Fig. 4.17 Native PAGF. of purificd sample
4.4.2 Sodinm Desdeey | Sulphate-Poly acry lamide Gel ehectrnphorests (SDN-PAGE)

SDS-PAGE porfomiwed sndet oongeducing mid axducing conditions
alve vichhd 2 sangle hand. ovdenem the single poly peptide nature of the cnzyme
thig 418y The mohvubn mavs ol protease, himated e comparson with the
chectrophorctec mobiliny of marker prdcin. sudicated that i £ alhvan protease has
an apparent invkyvular nunes of 3860,
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Results

Non-Reductive Reductive

97k
b kD2 bl
66 kD
45k i
38kt M
M{ETY I 30Lbe
142 kD
1 2
I. Marker
2 Parificd Sample
Fig. 4.18 SDS-PALE of purificd sumple
443, Zymogram

Ihe protealstic activity of the purificd cnzsme protem was coulismed by
Amogrm analysis on N-ay 1ilo (Fig 409 3 There was only one clearing zone
visihle wven in the case of ammonium sulphate previpitated samplke. which

indicates 2 single 1y pe of extracellular prkease (i 419 A)
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A Noacedwine SIS Pl e Famegiom vm \ 140 film

1 - 2 2

§ane 1. Marber

Fane 2 Sumple ufter Ammamiam sulphote feactuanation

b une 5 Sample wtier ban exchangr o hromatograghy

o 0 Zaumagraphic anads s af protesse

444 Ivocleetric focusing

bl totone b v 10 @A apps arad s i omd fostitsang the

prets b pretcase st phcadog sebweon amd 1 oclbie § 2o

Aerttn e Hasw el

Pratemy ——%

Fig. .20 huekectric focusing of punificd enzsme
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Reswlly

44.5 Gol Filiratien Chromategraphy for Estimation of Molecuiar Weight of
Protcase Easzyme

Gl filiation chromaioprapin of the punified cnpnme procin yickked 2
singhe peak with peotcase activity (Frg 4.21). From the K. value abtamed for the
protease, molecular weight was cakulaled to be 300D,

as

O o 260 nm
(-3

2
"

//\
L

Fig 4 20§ ution profile of proteis o ol FHtrating chromatography

() M ob L
Mol nd)

445 Aminoacid analysis

Aminoacid analssis peofike of purilied enzyime protein sample is preeitted in
Tahic 4.2 The highest amount of assiions acid ropnosentad in the protin was glhvime
10.6 70p mol poy sample) and the komest one was cystere (.01 5p el ot sampic )
Baved on the amine ackl compusien. # b infemed that the casyme prukein contam
approvimately 255 amitn acuds and the molccular weizht calculbatcod fim thes pnicm
o 24.303 Dafions.
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Table 4.2 Amino acid composition of . album Protense

Amine acid 1 mol in the sample
Lilycine 0.670 L
Alnine v.S07 ]
Lilutamw acid 0442
e 0329
Profine 0212
Aspuartic uid 0200 !
Valine oot
Soritw .15
| hevomine 047
| bwkeucine lo.14?
Lysine 0123 .
X r\jgil‘lllh‘ .00
| bstiding 0.D75
Phico b alanine XL
Methionne 0427
| _yrosine 0.027
Ly steiene HoTl
447 Matrix-Assisted  Laser Desorption  lonizntion-Magsy

{MALDI-MS)

spectroseopy

MAL DEMS spectrum ahininad for the pirificd profease enzyime presented
i the Fig. 322 ewifs thit the protease is pure with a single pesk having the

maleonlar sweight ol 2862748 Dallons.

{

- b Tl ) [N
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-
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-
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H »
F] e
- i
LY
¥
-
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.-!n
- 1]
‘_-
,fs o et -
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Fig 4.22 MALDI-MS spectrum Tor the purified protease enzyme



4A3 Determination of the N-termiaal sequence of the euryoac

The N-terminal sequencing of the £ athum protcase was camed out ot
5. Bangabwe. Thoy reporxd 2 prubability of N\-krmmal blahing sunce.
sopaace anahy sk gt lormanated afier 3 cyches. Henoe. MALEA snabyvses was done

0 pet a popdide tmgerpont.
449 Matria-Assisted Laser Desorplion loaizatisn- (MALDI)

Peptick tingerprint prolih inige MALDE Analyaes for the porilicd protas

ensyme prote s given in the Fig. 423

Fig. 423 Proivin idestification by MALD]-Peptide mass mappisg
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MAFDE analy s of the # ofbum ename protein wdeunified three inbermal
poptade soyuences which emed Bostsodogy b Tritrnu bunsm albwm procurses
Protease | and of thew, one shimed hoamsdops 1 the coaenod drcich assigned ©
Subt:binen o lavs Sermg prdcase
Trinea, kinme uibum procurss pootease T with matched sequenves m red 1s g

below

1 EFIEQUAVNT [“ATUEDRAPW CLAZ INSQEDN GUTTYTYIMIE AGTGTTAYID
51 DTRIYTHHTD F2PAKFLYN FAGDOQOTDG MONCTEYAOY VOITTYOVAR
101 RT7LV2UYWL DANGOGENSS VIAGMDPYTE ZA35 4 0) Ko VOURMSLGGY
151 CUCAVHNEAAA MITUALLMLA VAAINEARTRA ISIIRRMBES ATTEGATIED
401 ITLAEYSHUT S UNVTLLARST DIFSTANDIGP TRE1ISCTEMA SPEVAGLSAY
251 FLOLGQRVY. LOTYMUERSL FOVILWPSD TANYL D HNGE vIS)

e

4.4.10 Antilunly production aad Immunodiffusion

Motthodecs were taised i rabhat against electrophoretically pure postease.
The nisesl antibodies shosad i srgle bamd i the immaditssion experiment

(g 4 2200, testitying dhe pan ity ol the protease.

* A nss me protein

v « lmmennpereipitate

= Ll s wen

Fig 4.24 Immunoditfussnn experiment osing aatibedics roiscd agaiast
purificd proteas

4.4.11 Deicrmination of Optimal pH for Proteuse Actih ity

Rosulte depictod w Fe 325 imdacate that the protcase lras s optimam pH
betwern 100 and 110 by mavimal acom In cencral, the peotcaw was active
wer 3 pll range of 60170 and inercase w pll from 60 10 110 recorded
propertimste mcnene moawdnety, whereas, enzame s wally inactive i the ph
below 6.0 Comidering pll 150 as optimal ke manimal activity, it was ohsened

132



Reswlis

that the activity declined significantly shong with decrease m pll. More than 30%
of maximal activity was measured in the pl range hetween Y.0-12.0 (Table 4 1)
The resuhts sopmest that this is sn alkaline protoase

wua

Fig 4.5 Activiey profile of the eueyme at ditferent pli

Tablc 4.3 Relutive activity of protease ensyme at different pH

pH Relntive Activity
(")
N 0
E 0
1 nosy
3 1466
6 RER:
b 1369
N 7
__
TILTE
10 s )7
i 10
B} 7%.70

"
(%)



Chapter $

4.4.12 Determination of pH Stability of Protesse Faryme

From the Jdate obtained for the pll stability studics of the puudesce (Fig.
4.26). 1 > wlerred it e cname 5 sable over 3 wide range of pHl fom 5.0
120, Howeser, maximal residual enrymie actintly was recorded with the senple
meubetod in the butler having pl1 9 1) Nevertheless. w hen comparcd o other levels
of pll testedl. the difference wis onh manamal.

AfNT.
. ——
Im \‘-
B Xt \,‘
E t‘
‘E Him f ll
1 " \
(1]
: \
iy
.,
] ‘——‘ ¥ T +— L]
» ] A 4 L) 3T " - n 3 t [F] L ¥]
pH

Fig 4.20 Mishilits profile of cary me in differest pl|

4.4.13 Determinution of Optimal Temperature for Proteasce Activity

Results presented i the Fig 4.27 indicated that cnsyine was sctive iwer a
bt range o owuhotion  (emperatore with maximal  activits a0 60°C
Femperaturcs ghwne WP ked 1o a Jdunp decline in cnnvae activ ks and was lotalhy
nil abwne 850 Novertheless, the enzyme showed sctivity cven at 370 (679 UWiml)
even thaugh it is iegligible comidering the activity st 60°C (1,658 Uaml). in faxt,
the pretenwe notivily sluwed a lincar ncrease along with increase in lemperatore
and particularly. the ncresswe wits rapid doring 30U - 607°C . Dats documenied in
Table 1.4 on relmtive nctivity of protense indicsed chearly the preference for a
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hgher tempoerature of 50°C-60"C for maximal activity. Risc in lanperature above
60°C also showed mpid docromse 0 cazvnwe activily.

-c-‘-—-
I

_/,F_,

[CHN (T (A T ' " T TR I (N 1 B 10’ S A 1%
Tertoosune s '

Fig 4.27 Effect of Tomperature on Protenxe Astivity

Table 4.4 Relative wctivity of protesse onzyme wt different iemperntires

Temperature ('C) Helutive Activity
_ (%)

b .38

B 10 954 ]
] 1327
20 B 1875 =
2 ST
W 2077
is 42,50
0 R
J5 7468
s o)
55 .43

____ o ] ) B
65 i 3326
70 ion
75 337
20 092
83 Q

~ 90 0

T [ v
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4.4.14 Determinntion of Temperature stability of Protesse Fazyme

Feuem the resilis prosented in Fig. 4258 fir e woapersture stabilin stusdes
conducted wsmyg pavease, i1 i conclindos! thal ot 300U pnd ) MU, the cnpyme
could fam 100% and 95% of residsal activih  repoctivels cveon afier 24 hes
Whereas, at 6Ir°C, the optimal sonperatsee e maximal activity, the enzyme
rtamad 66% of activity after 12 hrs of incwbation  Rosulis suggest that a1 high
tempernures above 61 C the cnzy nwe had denatuned amd ot acin ity within | hour.

5 F B P -x -8
g - . B 2% &
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4.4.18 Effcet of stabilizcrs on thermal stability

Fileot o sambizans on thermal stability was sudicd Iy tiwe additem of
different toparted wabibtars and mcubatime a1 650 and 20°C  In genceal, of the
on submlancey ket o sabilizers 10 proanoke cname sctivily at higher
rmperalines. starch, phoond. socnese. BSA. mannitol and  sorhstol  enabled
calanced thermal stability of il protease at both the temperstone (b 129 A & B)
Besdes those, Cat'] ¢ imM) and PEG 6000 supported thermal stability of proease
M 65°C On the other hand, glycine and € oC)- did not enhance thermal stability at
buth the temperatures. Lvemhough CaCls at a cwcentsaton of | mM showed 2
maximal residual activity at 65°C. it is inferred from the acwlits that starch {1%)
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Chapter 4

4.4.16 Protease Enrymw Inhibition Studics Using Various labibiters

Rosuhts iven in lable 4.5 suppest that, of all the mhibitors iested, PMSE,
an wresersiblc mbiibitor oF serine protease, sigmificantly inhibitesd protcase activity
at all the concemtralinms tricd, and at S0m M concentmation the residual actin dy was
alnwwd mil (8% inhibitkn), A rdeccd kvel of mnbiton was detected n die
presaice of aprolinm (3 roversible serine prolease ishibshw), EDTA (mctallo-
profease inhibitor) and E-64 (Cysteine protease inhibitory The activiey was not
ishibiicd ), i10-Pheranthroline  (mtallo-peotease  mbubitor) or  Pepstatin
tAspani protease inhibitor). lodoacetamude. mother cysteine protens: mhibitor st
s higher comcenintion cansed a stight inhibibon on enzyme activiy These

vbervations Mrongly suggest that this Tungal proteise behosg to the serime protease

tamily.
Tahle 4.8 Effect of Protease Inhibitars on activity
Inhibitor & Clwss | Cancentration | Restdual etivity
— ) ")
PMSE 0m\ R9
150 pratleae) 40m\ 7
B _ “OmM pR -
Agweoliang 0 M 819
LS prolease) " uM LAk
- I pM 22
(DA XmM R
(Mutalboprscaw) J0omM w4
Simh 80 .
L 10-Phensnihrodine {GmM 0n7e
(Mctallo-pneaw)
L ter Mg %8
1€y e protease) 3 um Y 3
S0 M ¥i s
bodunse rtmahynde Sl {1 %]
1UssIeing prssicane) 1mM 9
SmM %9 _
Peptatin SuM 6.4
(Aspaniin pwolcane) M M b187
100 uM 1150
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4417 Substrate specificin

Substrate spectficsty of proteiane was evaluated sang vinous proteac e
whsirates by ancubating the cuzyine 1% sidution of gespecinge substrales
Resubis depicted m e 4 30 testily that the cnzyme s highiest atfineey Lor casem

tollowed by Hemonlobin, Gelati amd BSA were fess preterred by the enamie,

VAN SO
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P DT T
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Fog 430 Sulndssbe speaifiwits ol E.afbum Fiolease testedd
with thifferent matural substiziies

4.4.18 Kinetie studies

Protense Minctic stadies were condueted tsine casem as the suhsteale and
the ditta ohtained is presamed m Fig, 4 300 K, and Vo, o were estimated dy ploting
the mitad el data a5 ihe Tanction of the concentration of sulntiate, by the
Imcar transhsmiatim of the Machaehis-Menten equateon and non-Iincar cunve litmy
of the Michaels-MMenten aguatrn (g 43010 K, and VL. were roconded s
727 010 and 4T U respectnels KL, of i enanic was esttmated ey
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4.4.19 Effoct of varivus metnl ions on enzy e activity

i ecsalt o the study of the effect of mtal sy o cnrvme activity is
depicted mothe Tahke 16 00 te varnms metals evalualed Tor their elfect on
proderse activiy. K fathowed by Li . Ph° . Mg’ . Ca ' Na and Mn did not have
an ncgatine oflect and awld effect marpmal cohancement ol cnane activay o
all the comentnstom tesied On the siber hand, Cu' . Fe” and Hy' showed 3
significom nepative offect, Whereas Zn . Cd' . Mo and Al' showed negative
cliicet s congentruting S mM wd shove. Cr' showed positive cffect af ) mS and
SmM waly. Niomd Uo' showed iegatine cffect only at 15mM and 20mM

Cuttceniration

In fae. (o' effecied 45% and 26% cunhancement of resideal onzyme
achivity a1 | mM amd SmM concentration respect ively vompancd 10 any other metals
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tested. Next to Co’ . K elliecied 9-20% enhancemend m residual activity although
X and 13% enbancoment was cifected st 15mM and 2l concentrations

respectivedy.
Tehie 4.6 Filect of varions metnl ions on slkaline protesse aetivily
(Residunl activity in %)
Coacesiration (m M)
Metal ions
! s 10 Is 20

Aluminium safphute n ™ n n )
(Al )
Barinun chioride 1o Hpd 103 (13 X0
Ry’ )
Cadmum sulphate 4y 9 57 ] 5
("
Calcinm chioeule 106 14 2 103 112}
weH
Chromimn mitrate Ty 1] 85 on 76
e )
Cobah vhlaride 18 126 16 52 M
inwe'')
tupric sulphate 2 9 8] 39 W
(Cuy
Fenic chloride LY 0 {] ] 1]
ke’ )
Lead acvtale 1% 108 {n 16 104
b )
Lithium chloridy 100§ (? 113 ] ]
the
Magncvaue swiphate Lol [17] 107 1w Jos
(M2 )
Mangancwe chloode w D vg 106 o2
1Me )
Moury chlorkde 2 0 0 Q 4
{Hg'™)
Nichel chionde i nt 107 92 38
INi )
Prtasv e chinrile 1™ 114 (NN (R 1] 113
K"
Sodnam chioride {03 od {12 tas ([ 3]
{Na )
Sodrum moty bdue: 103 ) 0 » 0
iMo™)
Zinc salphae 101 57 .2 &7 M
7n’)
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Chapice 4

4420 Effect of variows Dviergeats on Eazyme Activity

Effet of vanous deterpents on eazyme activity prewnitied i Tabie 4.7 sad
Fig 4,32 whows that mosd of the doeterpents stodied did m alfect cnayvme activity o
vy kmor awentmtionc However. m all ey, there was a2 slight docnse n
actviy al hwer detenaont concenirations, which further cnbanced the activiny
along with increasing concenirations. Whoeress, in the presence of SIS, 2t lower
concentrtion erizyme is inactise and a1 0.6% # ol wmere than 85% relntive
activity. but at higher concenieation the ensyme looses its aclivity. In the case of
Brij 35 and Eween 20. mure than 7% and 80N% activily is comerved even st 3%
coreeniniion respectively.

Tatde 4.7 Relstive acth ity of protesse emzyme in the prescnce of different detcrgents

INIrrgral ¢ imcenteation Revhilual sctivity
_ (o) _ %)
Festoon X biM) [} Wi X
ird 1.4
(XY ki
0y TILRY]
! Y |
- 5 Ry —l
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ni N
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Results

Enzyrre achvty (U

1

Conaunt-atens {"%)
Hig. 4.32 Fifert of deteryenis on enzymne sctivity

44.21 Effect of Hydrogen Peroxide (ss oxidizing agent) on enzyme activity

Resuslts documented in Table 4.8, indicate that in the proseoce of oxidizing
agerd H-O) vven at lowest voncenteation studied (1%, only 37% of activity was
retained and abose 2%, the ensyme s inactive. Thus, the resilis suggest tat §1 0O,

has » drastic inbibetoey Cflec! on pndteine.

Tubic 4.8 ¥ Nect of vridizing agents on enzymc activity

r(‘-—uumion of Hydrugen ] Residual activity (%
permvide(%)
| [ w 74
2 %7
3 {]
3 ]
[ 0
z o
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4.4.22 F.{¥ect of Reducing npents on cazyme activity

Rosuhts docwmented in 1able 1.9 indicatus that the reducmg agents have a
pnitive offect on casamee activity oxcept ol highes  concentraton bned.
P-mercaptocthanol aml sodiin thioghoolate 21 ity highast concentrainm (5%)
studicd caused the redaction m residual activity W 72. 2% awd 380%% nespectively.
Whereas, upto 8 concentrativn of 1% all the reducing agents enhanced ennyme

achwily compared o the control,

Table 4.9 Relutive activity of protense enzyme with different reducing agents

Reducing ugont Cuacentration Residunl activity
L | ) (%) |
ittt livicdol 0.2 1369
0.4 1510
0.6 1310
0.8 1360
) 126.0
F-Mercapiocthaml 02 118.5
[ (26.0
0.6 1250
us 1250
I 1150
3 20
Sadinm thaoghy cobste 02 17
04 126.6
0.6 (RN
08 1182
I 1347 .
5 400 J
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44.23 LfTect of lunic sircapth oa protrase activity

Fhe cffect of wme strenpth on proicase dctnity was cvalusked
wcubsefing punificd criaame M samous wdium chlonde concenratcons (1 W 1 36D
and cahulatmy the rovadual actndy | oan the data shown @ Frg 233 a o csadont
that wecrease m the sonwe stremgth of Nat | ked to devtoaw mooname sctny s
o 1M concentration ¢nme rewined TE% of atndys amd on morcase e Na(l

owentraton scinaly deveneased aod aeached i 770 ot 4 SAM concentratem

k1

47 4

W -

Foy1Ls oty

]

] ._’---
- —-—e. _g

- - —

s T [ L . ! J e 'y ' 4
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tag. 433 1 flexet of Mad 1 reneeniration o bnsame actnity

4.4.24 F flcct of arganic subs enty ne protease sctivity

Fflevt ol snpame solvents o prodease anbivits wass tested usang VMM,
ropnygmnel. acchmtrile. cthanol. plicind, petrslein e, acetone sad ciby | et
Results obtamad for the study indite that the ennme retained  comsaderable
aount of activity m the prosene o must of the omeann sohents tested (g 133
A& B Residual aativits above 0% was eetamed for the coneentration aplo b« in
The case of DMSO, peinileum ctlwr and acetone, Whereas, in the case ot oty

cther more than 91", of activity was retsined w1 the highesy concentrutnue (sl

14%



Chapter ¢

(10%) amd in petrodeum ctber and DMSO the enzyme showod more than 63% of
activuy a1l #y bt concentration (1% and 15% concentration respectively
showing % and 7% of acnidaal actn iy ). Enyaee icohated in sopropanol and
scckminike showed 7% and 32% residual activity a1 the higghes! concentrations
sMudied (15%). However, caryme was totalhy inactive a1 comcentiation above 0.2%
amd 6% of phenol amd acetone respectively. Prolease refained 8% of its initial
activity in the proseice of 20% cthanul. s gencral. protease activity was affected

M the arganic wrlvomts fo n marbod extent.
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Fig. 4.3 (A & B) Effect of different organic solvents on Protesse sctivity
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4A4.25 Storage stability studies of the Prolease cnzyme

Storapge <tability of punlicd protease was evaluated hy storing tn: ennme
o sarious conditions over & persod of une Yo and cstimating residual acti ity
penadically. Lyophitized and fiquid samples of portially purificd cnnyme (ic . by
ammunien sulphate precipitation) was stored at room temperatuee, 4°U and a1 -
2000 Rexults obtained fw the storage stability studics of the ennyme anc presenied
m Fig. 435 31 was wbserved that the cnzame was refativedy stable for the obverved

petiod

o 1
—o—— o e
o Lytiptuiatnd A C
e S Lgphieed G
-~ - - ) oot 4°C
E 2 —— lqza2c
2
= 15 X%
. |
E In’ -
m1
u 9 v r

..
-
-
-
-
a
w
2
£l
=
T

Fig. 455 barsme activity profile of protesse enpvme Jinw ing
the stabildy of 1he enzsme

4.4.26 Stabilicy of the Lasyme in the presence of Hydrucarbons

Effect of vadrocarbons mwchading petnil. berosene, used engine ol used
wbrcant vil, diesel and grease on peawe activity was exalustod and the resufts
we prosented in Fig. 4.36. 1t was observed that, there was no marked inhibstion of
mzyme activity in peacral by the varmos hydrocariems, cven thoush thene was
fecrease in residual enyme activity (< 80%) in the case of peirul. henmene and

gease ol 5% concentnation. In the presence of engine oil, used engine vil. uwed
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haboscant il and desd. the cname showod margimal moeease i acinaty coempared

tr the control even al the bt concontathm kestod (5%.)

el

Hatrocmtenm | 'y vy

Fig. &.Me Pootenne nrinvity im the provence of Hydracartions

4.4.27 Sxbility of the | nsvme in the preweace of Natucsl Ol

0ot o aaatural onls o proteiese iin gy was ey alwabed usig coconut oil,
piepclh ool palm ool mastand ol sun e o sepctble o, tatda, olive wil,
ghoe and castie oil and e data vhamad br the readual stinin o cname 8
preseited in Do 387 Kewlts andnoatad that esoept in the caswe of covoaut ol
gingelly o). dakia and et il where there was manemal doevivase 1 ennme
activary. e all the ik tosid enzame reramed men: than 5% ol s matial actniy
cven ot the highest comeentration Sun e il sepetable wil, eing oil and ghee
m fat kd boox marginal mcivawe in ename anvns Gingelly il and castor ol at
3%e caiveyd dephtion i enzyore aclivity 1o £6%. and 39%s respevinety It may be
saud that all the natura) i did not have any destic clfect on prdease achivily

When Hhes vimenist an a nvactson mistoene
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mieresing 10 mdc that the cnzyenc i uhated in Codrey dish wash havig apHa

a T2 sl tamed 107 o 0l dts 3oty esen aficr e of awehatn.

Fog 4N Seslubiay of aibalme profease wm ihe presene of

commercial deter ments

Fable .00 pl of the detergeont solulion

Detorgend P ol 7 mgimil solubon
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452 Comparisoa of performasce of £ album proteme with differeat

Commercial proteascs in the privence of detergents at 60°C

Stabiliy ot £ album protcase and other profcases m e prosence of
comnecrcial detenrent at igher lemperatore was swbied by incobating varns
probcses i Surfl Facel Aatosmatne ( Timg ml) for Shrs at 60 'C and neidual acti ity
was cakeulated al evens 30 imnutes Spucific activity determuaned aler WO nnnutes
of incubation showed that £ album peotease retamed the masimal specific activoiny
(hie 4 39). Well known protease- | sperase. retained less specific activily compared
b £ albesr protease and the protcise subnlisin Calsbere was totally inactive aficr
W ommates of mcubation gt GFC Hloweser, m the presence ob comimercial
detespent. except sperase, Prosise b oand B Ji fenitoroes proteases. all ithe oihers

ware totally mactive afler 30 nunutes of incubation
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4353 Wash performance vindices

Warh pochimance amabws ol pascaw wan stidied on whise
ittt Chth preve sanwed with aman bload Vsl exammaten of the stasned
chvb preves subgenied 1o wadh treatment oavlinicd the ctfntinemess of & olbes

Protease i soimonal of sdams ooz 3y

A 8 C

Fige. 4. 40 Wash performunce studicos

A- Cutton cloth stuined with bloed (Hefore wasching)
B Stsined cloth washed in commcercial detergent
- Suined cloth wushed with commerciat detergent * proteuse

454 Fsterae activity of the Protease Enzyme

baeraw actndy ol proease o was deternnnad womg diffonem p-
mitrophemil dernatnges and the dzta abtamd i depucted i D § 31 Resulns
mdicate that the ennanw tas 5 ligher atfimiy toands the duwt chasn fam aod
donnatives e p-nunoplicns | ety raie (o carbon contammg Lty acwd) lhmed
. p-ndcopheny | capn Like (ereht carbon contameng Gty acnt) e enamie s not
abie o uleave penitropheny | laurate and o nteeoplieas | palmotste. which are the
neal wharatis fior lipise This learly imdicates the cderase wtivin of the

Foallim prsease. It was alse conlinned by activity staming wlioch rekeased the
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455 Decompmition of gelstin layer of X-ray film

Hydeohvae acinvin of pastiease on the gelston laver of the Xz filn was
cvahaicd by moubatig the X-ray lilm i enzsme solution. Prowein coateat of the
supernatant etunated afler imcnhatnmn clearly evidernce the shilits of the cnnme o
duprade the prodein kaver of the Xeray filin From the Tig. 4.43. it o nforred that
the X-eiy lilm incubated in cname solution with pht 100 yickied higher prten
comtent (136 mg'ml) compsired 10 the N-ray film w ennme solution diluted in
distilled water €119 we'ml). I the control (with ot enzyuk ). prolein content of
the supermatint » seny kews (146 nne'miy. The result chenrls sugpesis that the
eizyme wan able b degrmde the protein Bayer ol the X-riy Hilm oven in distilled
water Visual absenation of e Hlm (Fig 4 44) conchinively tesnly the abitiny of

the e 1o decompose the pelatin layer of the X-mv {ihn
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Chapter 5

DISCUSSION

5.1 Solid State Fermentstion (SSF)

Alkaline protease production by E. album BTMF S10, under SST using
WB as solid substratc was optimised for various physicochemical parameters that
influence the protease production. The fungus required moisture content above
50% to have enhanced level of proicase production, and the maximal protcase
activity was recorded at #0% moisture level. However, further increase in muisture
comtent resulied in a decline in enzyme production. Protein content and specific
ativity also recorded a similar tremd. In SSF, the initial moisture content
significantly affect hydrolytic enzyme production since the moisture content of the
medivm is a critical factor that determines microbial growth and product yield
(Lonsane et al, 1985 Ramesh and Lonsane, 1990). Moisture i3 reported 1o cause
swelling and there by facilitsting better utilization of the substrate by the organisms
(Kim cf al.. 1985) which in tumn resulted in cnhanced level of metabolic acuwity by
the organism and mcrcased level of proteins including secretory projens Thus, a
bigher Ievel of protein content and enzyme level was obtained in the solid substrale
motitencd (o the optimal level of moisture content for the orgamsm At lower and
lugher initial moisture levels, the metabolic activiiies of the culture and
consequently, product synthesis were variously affected (Ramcsh and Lonsane,
1990). in fungal and bacterial SSF. lower mossture content was reporicd to lead ‘o
reduced solubility of the nutriemts present 1 the solid substraie. a lower degree of
substrate swelling and higher water tension (Zandrazl and Brunen, 1981).
Similarly, higher mosstuse content may cause decreased potosity, loss of parucke
structure. development of stickmess, reduction in gas volume, decreased exchaage
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and enhanced formation of aerial mycelia (Lonsane ¢ al, 1985; Nishwo ot al,
1979 In the present snudv, 3 sumlar obwernvation was made at mousture levels
above 7%y

The incubatron tme for enzyme production v governed by the
charactenstics of the culture and 13 based on growth rate F afferm showed m
oplimal mcubation of 120 hrs for maximal enzymc production and irmespective of
the ieve!l of monhae content of the WB, protcase production was obsersed only
aficr 72 brs of incubavon. Early hours of incubatioa could have played the role of
probable logarithmic period for mycclial growth. Sinsilarly # reduction 1o enzyme
activity beyond 120 hrs of incubation could have coatnibuted by the next lag phase
of the mycelium and protease degradation 10 the famented medium. Fhe fungal
growth takes place on the terminal end of the mycelia and there may be a lag
peniod in between the production phasc. since the matured hyphae produces the
enzyme. Considering the cconorue aspects of fertnentation, the initial stage with
considerable level of enryme production can be taken as the optimal production
peniod. Although many ropons ca protemn secretion by the veast Saccharommyces
cerevisiae me available (Cleves and Banksitis. 1991 Reid, 1991), unly few are
avatlable {for the filamentous fungi.

Particle size ol commercial WB used in the preseat study significantly
mflucnced ensyme production by £ olbum during SSF and particles <425
supported mavimal cnnvme symibess In SSF, partcie size of the subntrate used
has a profound cffect on cnzyme pruduction. The small parucies have mute surface
area for growth but reduced porusity . keading 10 bowening of gas diffinian and bewt
tramsfcr. while the big particies absorb less monuare, swell Ioss and by drying
rapidly suppunt oaly a sub-optimal growth of fung (Ramesh and Lonssnc, 1987;
Zadran] and Pumva. 199%) The avastable surface area will dovmvase with 2
morease sn pankle size of the substrate, kading 1o a powrr hydrolyie activity
vaused by hmited contact with thie hydrolysing agem. Similarly, lower paricie size
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fraction may contain more nutrivioaally rich and readily soluble nutrients. This may
be the primary reason for the higher cazyme productivity observed with the lower
particic saze substraie, m the present study.

The incubation femperature has » significamt efiect on the cnzyme ywid
and durstion of enzyme synthesis phase (Ramcsh and Lonsanc, 1987). in the
present study, the organism requured 25°C as optimal wmperature for maximal
ayme production. Incubstion al temperatures above 25°C did not support
protease production by £ album undcr SSF, although the fungus could recoed
some amount of enzyme aclivity at 20°C. Most of the marine fung; investigated
showed optamum growth in the range of 10-20°C and none appeared to require a
iemperature abeve 30°C (Jones and Byrne, 1983). Protcin level also showed a
similar trend for the various temperatures tested indicating that the fungus was
active at all the temperatures studied.

Temperature is 4 crilical parameter that has to be controlled and it varics
from organism to organism. Temperature strongly affects the synthesis of proteuse
vither nonspecifically, influencing the rate of biochemical reactions, or specifically
inducing or repressing their production. Tempersture can regulate the synthesis and
the secretion of extracellular proteases by microorganisms (Ray c1 al, 1992). It was
reporied that a link existed between cuzyme synihesis and energy metabuliam in
bacteria, which was controllcd by temperature and oxygen upiake (Frankena ot al .
1986). Tempcrature was also proved to regulate enzyme synthesis at mRNA
transcription and probably transiation levels (Votruba et al., 1991). Temperature
regulates the synthesis of scveral enzvmes, mcluding intracellular and extracellutar
enzymes. For extracellular enzynxs. temperature mflucnces their scerction,
possibly by changing the physical properties of the cefl membranc.

E album 1s capable of producing prtcase over a broad pH range from pH
2.0 10 pH 12.0. Apparcntly, it seems that tins fungus has two pH optima - one st pH
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4.0-50 and snother st pH 10.0 for maximal protease production. This dusl
opumum for growth is characteristic of most manne fung (Jones and Hyme, 1983;
Surcsh and (Thandrasekaran, 1999).

In a previous comenunicatwm, it was reported that this fungus has
opumal pH of 6.0 for chnmase production and maumal production was pves in
the alkaline pH of 9.0 to 10.0 (Surcsh and Chandrasckaran, [999). in the present
vudy. the ume cour caperment conducted with this fungus tor prowcase
prduction wiso showed that, when nteracting with other factors. this funges
prefers an alkaline pH 10 0 msicad of an scudic pH as opumal lor maximal enzyme

vy,

Whent bran without any sdditional proteinaceous substraics (controf)
viclded manimal cnsyme production and specific activity Casein and gelatin
caused n decrcased level of enzyme production compared to the cantrol medium.
Protease producuon ts wn inherent property of all organisms and these enzymes are
generally condututive, although, at times, they are parually inducible (Bog ot al,
2002a; Kalixz. 1988). In imect pathogenic fungus Metarhizium amizsophar produce
an extraccllular protease PR | which is induced specifically by msect cuticle, but
not by other voluble or involuble protenaceous subsirates (Patcrson et al |, 1994),

Since. WB » » complex substrate with high protein content, the protease
production by £ glhum undet SSE can be comadered as an mducible one. In
submerged formentstuw, without any prowcmacoous subnirate, the cnzyme
pastuctivity was mil. which supports this view  High substraie concentration may
vause substrate inhivtion or reprossum of protease produstion s (s ovadent from
the reault when casemn o pelatin was wpplaneated 10 WH. Simlar obsery ations
were reponcd carlier by Joo ¢1 al. (2002) and Brandelh and RitTel (2005).
Addittonal proteinaccous substrates ke golatin and casain cause deplction in
enzyme sctivily, which may be due to the release of free amine acids by hydrolysis
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of these protens. which may cause enzyme repression. Indivadual anmuno acids
were observed 10 curtail protease production by various fungs such as 7richkophyion
rubrum (Mecvootnom and Nwederpruem. 1979), Newroywwra crasse (Cohen and
Drucker. 1977) and Rhizopus oligosporus (Farley and lkasan. 1992).

Protcascs arc largely produced during stationary phasc and thus arc
genczally regulated by carbon and nitrogen stress (Holker et al, 2004). In the
presexs study, except sucrose. manmtol snd maliose, all other sugan led w a
decrease m enzyme pruductron when compared W control  Sucrose supported
maxumal enzyme activity and specific activity followed by mannitol Arabwnose,
ribose and xylosc totatly mhitwted enzyme production. Even though lsctosc causcd
depiction n enzyme production, maximum extraceilular protein was observed for
this. Besides these, all the other supars tested caused depletion in enzyme activity
compared to the control. In bactenal system, carbohydeate inhubinon of protease
production, ie., a cataholite tepression regulatory mechanism, which is » common
coatrol mechanism for binsyntheais of protease is known (Brandelli nmd Riffel, 2008),

One importan biological Iascior m favour of SSI 1 the low casbolite
repression, which appeared 1o be a himuting factor of enryme production 1o SmF
(Nandakumar ct al. 1999). The lack of catabolitc repreasion abo allowod tast
growth of the fungus m the presence of high sugar concenirations (Favels: Torres ot
al.. 1998y Perhaps. in £ albwm. the depletion in protease production by some of
the sugars 15 due @ the mechanism of catabolite repeession 16 1o be further
wvestigaied

All the organic mutiogen scarces tosiod, oavept wica, supponted enhanced
profeme prodaction when compenad 1o control. Malt eatract, soyshean meal and
tnpwonc recorded simular lesels of cnzyme actuvity lcading w 2 47 - 49, increase
in enzyme activity. (M these, mah eatract revorded a maxinum of 49% motease m

enZyme activity. Neverthelexs, peplone, beef extract and yeadt extract alwi led W &

161



Chapter 5

38.4%, 26 5% and 17 6%, incTease n enzyme actinity compared 1o control. In fact,
both wyabcan meal and makt cxtract recorded maxamal spocific activity companed
10 ryptone. m sprite of simular levels of enzyme acinty for all the three.

Since the final profcase vicld 15 dependent on the bwomasa produced dunng
exponcnial phase. medium maapulanon s neaded 10 mavunire growth s
submerged fermentation. soyabean meal was reported 1o be & preferred orpani
mtrogen source 18 Bocillus wp. (Baneryee o al., 1999; Fupwata and Yamamota,
1987, Janssen ct al., 1994, Kalisz. 1988).

Caabolic enzymes respond to both carbon conuol and nitrogen congrol
Productiun of eatracellulur protease has been shawn 10 be sensitive 1o repression by
different carbohydrute and nitrogen sources (Huulun of o)., 1982; Levisohn and
Aronsan, [967). Citnic acid and NaNQO) are reported 1o be most effective carbos
and nitrogen sources for the production of a thermostable alkaline protesse from
Bacillus sp. JB-99 under submerged fermentation and the inorganic nitrogen source
contbuted mare enzyme production than the organic nitrogen source (Johnvesly
and Naik. 2001). Observations made m the present study is in agreement with the
observation made with Bacillus sp. JB99

Results obtamned i the present study indicalc that all the anuno acids testod
do not have simalar impact on enhancing protease production by £. afbum. Among
the 19 dafferent amine acxds fested. only 9 amuno acrds favored cohanced enzvme
production Of them. leudine, fustdine and Iyane suppored 4 9°,. 3220, aad
30 2% mcrcase 1n caryie activity comparcd 1o control respectively. On the other
hand. methwnine and tryplophan caused 3 92 2% and 89.0%. reductson in enzyme
acin®y respectively when compared to the control. Thus keucine could be
consulered 2+ optisnal amuno acid 25 addibonal oitogen wurce for protease
producten Specific achvany also proseated s sirmiar trend very mach like that of
cuzyme achivity, whike protein levels did not show any specific innd. o literature,
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% is reported that amino acids inhibit protcase production by vanious fungi such as
Trichophyton rubrum (Mocvootisom and Nicderpruem. 1979), Newrspora crassa
(Coben and Drucker, 1977) and Rhizopus oligosponc (Fasrtey and lkawmn, 1992).
This may be duc to the repression cavsced by amino acid for protewn synihesis. The
obscrvation made with £. albwm in the present study with half of the amuno acids
are in agreement with the obscnvation made for the above mentioned fungs. b the
rest of the amino acids favored enhanced level of protease production.

Amone the inorganic nitrogen sources tesied, only ammonium hydrogen
carbonatic, ammonium nitrate and ammonium hydrogen phosphaie have a positive
cffect on enzvime production. When compared to coatrol, 94% increasc in activity
was observed with the addition ol smmomum hydrogen carbonate, which yiclded a
maximal enzyme actvity of 15,166.8 U/gIDS and specific acuvity of 350.4 Umg
protem. It was nlso noted that ammonium oxalate snd ununonium iron sulphate as
additiona) nilrogen source. totally inhibited enzyme production. In fuct, the protein
content in the enzyme extract did not show any comelation with protease activity.
However, specific activity showed a simalar trend very much like that of enzvme
activity.

Among the differemt additional nitropen sources tested. including orgamic,
inorganic and amine acwds, morganic nitrogen source. ammwaiwn  hydrogreo
cartbonate causcd a 94% increase in cnzyme acuvity whereas keucine and malt
extract, as amino acids and organic nilrogen sources caused only 4.9 and 49 %
MCTCASC M CNIZVIC activily compared 0 the cuntral respectively. Thus ammomum
hydrogen carbonatc cun be considered as the cffective mitrogen ource for the
production of protcase by £ album,

Number of spores used for moculation had a lincar effect on the enzyme
production. Data prescoted suggest that 4 x 10° cfwml was found to be optimal for
maximal enzyme production. Apparantly 8 minimum of 2 x 10" spores were
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observed to be roquired for enzyme production. Even though the extracellular
protcin content increased for the inoculum with spore count of 6 x 10" spores, there
was decline in enzyme production. Results also indicated that though, proten could
be recorded m crude extract for all the levels of inoculem tested, protease activity
could not he detecied. There was no direct relation between the protein content of
the crzyme extract and protesse activity. These observations suggest that the other
soluble protcins and other enzymes secreted by the fungus might have contribused
to the protcin level.

Sodium chloride was obscrved w sigmficantty affect the protease
production by E. w/bum under SSF. Protease production in distilled walcer based
medium was almost double fold compared 1o the sea water based medium. Sodium
chloride showed an inverse effect on enzyme production both in scawater and
distilled water based media. In the presence of scawatcr, addition of cven 1%
sodium chloride caused o 13% decrease in enzyme production, Further, addition of
sodium chloride above 1% to sea water based medium and above $% in distilled
water based medium 101ally inhibited protcase production. Obxervations made with
E. album i respomse 1o NaCl is intriguing since the organism was isolated from a
marine sediment whete the NaCl concentration in scs water is usually high,
However, il may be assumed that protcase secretion in wheat brn medium is
influenced by Na(l.

Studses conducied using E. album uoder submerpod fermentation indicated
that cnizyme production in scawater basced medium stans at an carly stage than in
distifled water hased modium. B was alwo noticed That duning purification and
charactersation of the cnzyme. the pure cnzyme became insctive m the ol
absence of Na('l and the chryme underpocs autolysis. I was roported that the
trghtly folded cnzyme tend to be resistant 1o proteodysis whereas unfolded or
partially unfolded proicins are gencrally susceptible 10 proteolviic degradaton
(Akasako et al., 1995; Danicl ct al., 1982; Markert 1 al., 2000). Additionally. loss
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of structure (unfolding) gencrally implics loss of enzymatic activity. Thus in £
album, the absence of NaCl may affect the stability and activity of the enzyme.
Forther studies on molecular mechanism of NaCl inhibition of protesse synthess is
warranicd.

Results obiained for the study conducted wing different dilutions of sea
water with distificd water on protcase production by E. alleem suggest that this
fungus can produce double fold protease under SSF using WB in distilled water
thag that in sca water. Addition of 25% distilled water 10 scawater (75% scawater)
could induce significant levels of protease (11,470 U/gIDS). The protcase activity
increased along with increase in dilution of seawater with distilled water. Specific
activity also showed a similar trend. In fact, a maximal specific activity for
protease could be observed with 25% seawater + 75% distilled waler. Nevertheless,
the protein content in the enzyme extract recorded almost identical level and was

independent of enzyme activiry observed.

The use of sca water in the fermentation medium was reporied to
considerably iafluence the production of proteolytic activity in halotolerant stain
of Bacitlus lickeniformis under submerged fermentation and (he addition of NaCl
also enhanced enzymc production (Manachini and Fortina, 1998). Perhaps the
microbes differcntially responded to Na(l levels m their culiivaton medium and a
detailed study may throw msight into the exact molecular mechamsm in £. album.

Data obtained for the thme course caperitnent conducted over 8 peniod of
216 days under optimised condition clearly evidence that the protease production
comnmenced ou sccomd day (i.c., 48 hrs) and reached a peak afier 120 hry. Further
incubation beyond 120 brs did not favour enhanced enzyme activity snd instead
resulied in a decline. Rapsd decline in enzyme activity occurred afier 168 hrs. May
be the protcase. which accumalated in the fermcoted moldy wheat bran, got
degraded on extended mcubation and hence cnzyme yield declined beyond 5 days.
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The production of protcase m complex growth media ofien promotes
cxuberant growth and high cnzyme yiclds (Johnvesly and Naik, 2001; Joo et al,
2002). Their expensive cost makes them unsuitable for 8 large-scale production.
Earlier studics conducted using diffcrent solid supports as subsirates for SSF
clearly mdicates that among the various agrobyproducts used in different growth
sysiems (SSF, SmF and two phase system), wheat bran was mos1 effective i lerms
of protease production (Kaur ct al.. 2001: Malathi and Chakraborty, 1991). Esrfier
reports on the production of protease by solid state fermentation are limited to the
genus Baciilus apd some fungi of the Pemciliium and Aspergillus sp. (Germano et
al.. 2003; Johnvesly and Naik, 2001; Kumar et al.. 1999). The present study adds
evidence to the faci that cven macine fungus could perform well in protease
synthesis in WB as SSF medium.

$2 ENZYME PURIFICATION AND CHARACTERISATION

Protcase enzyme purified by ammoniutn sulphate fractionation and jon
exchange chromatography yielded 16 fold of purnification with 8% of recovery and
in preparative PAGE, a 45 fold of purification with 1.3% yield was obtained. It
seems that a combination of scveral techniques and repetitive purification may be
required to enhance the fold of purificaton.

Purified fraction subjected 1o Native and SDS-PAGE analysis yielded a
singic band, which confirms the homogencity and purity of the enzvine. SDS-
PAGE performed under reducing conditions also yiclded a single band. evidencing
the single polypeptde amturc of the enzyme. The protcolytic activity of the purified
eazyme protein, confirmed by zymogram analysis on X-cay film indicated a single
type of extracellular protease.

The moleculsr mass of proicasc calculased by diffcrent methods like SDS-
PAGE. Gel filration chromatography, amipo acid analysia and MALD}- MS are
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listed in the Table 5.1. Molecular weight cstimatcd for the £ album protcase by
companng the electrophoretic mobility of marker protemn in SDS-PAGE yiwelded a
value of 38kDa Whereas, gel filtrstion chromatography and ammno acid analysis
suggested a size of 30kDa and 24 BEkDa respectively. On the other band, MALDI-
MS amalysis indicated a size of 28.6kDa. MALDI-MS soalysis is a more preaise
method with a mass accuracy of 0.05-0.1% (Jensen et al, 1997) and thus the
nolecular mass of E. a/bum proteasc can be considered as 28.6kDa. Proscase
cuzyme isolated from the most related genus of £ alhum like Beauveria
{Chrzanowska et al., 2001) and Thrirachium (Jany et al . 1986) have 3 molecular
weight of 32kDa and 28 .5kDa respectively.

The molecular mass of most of the reported serine protenses is in the range
between 1S and 30kDa (Gupa et al., 2002a; Huang et al., 2003; Kumar «f al.,
1999 Uriz and Rice, 2000). Of course, there are few exceptions like serine
protease from Blakesiea trispora, which hus 4 molccular mass of 126kDa {Govind
ct al. 1981) and enzyme from Kurthia spiroforme with sn cxtremely low
molecular weight of 8kDa .

Table 5.1 Physicochemical properties of purified protease from E. album

_Property of Protease Valwe obtzined
Molecular weight by
Gel filtration on Sephadex G 75 | 30kDa
SDS-PAGE 38kDa
Amine acid composition 24 ¥kDa
MALDI analysis ' 28.6kDa
1 3-4 B
Km 4.727x 10° mgim
pH optimum 100-11.0 —
H stability 5.0-12.0
Temperature optymum 60°C
Temperature sability Up 1o 60°C
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Protcase of £ album afier punfication has a pl value between 34. bn
relsed species of £, ulbum, ic. Beawveria and Tritirachium. the pl valee was
reporied &0 be 7.5 and 4.5 respectively (Jany et al.. 1986; Untz and Rice. 2000). In
some caes, the pl valuc coincides of arc ncarly in the range of the optimnal pH of
the enryine (Huang et al.. 2003).

The N -terminal sequencing of the £. album protease reportod a probebility
of N-termmal blocking since sequence analysis got terminated afier 3 cycles
Hence, MALDJ analysis was donc to get a peptide fingerprint.

Peptide fingerprint profile using MALD! analysis for the punified protease
enzyme of E. album identified three intemnal peptide sequences which showed
homology to Frinrachium album precursor Protease T and of these, one showod
homology to the conserved stretch nssigned to Subtilisin class Serine protease.
Since, peplide fingerprint profile resulted only in & single hit for protease enzyme
and biochemical studics conducted revealed several unique characteristics of £,
alhum protease, the enzyme may be a novel one, which may have distinct structure
and sequence homolagy compared o other reported proteasces.

Punficd protcase has an oplimum pH between 10.0 and 11.0 for maximal
activity. In gencral, the protease was active over a pH range of 6.0-12.0 and
mcrease w pH from 6.0 (o 11.0 recorded proportionste mcresse i activity. The
decrease w cnzyme activity in the neuiral pH and m the acidic range is more
significant which confirms the enzyme as an alkaline prowease.

Extreme pii conditions alter the structure of the surface of the cnzymes,
modifying the intcraction between active site and subsirate. Becsuse of that, under

strong acidic and alkaline conditions, enzymes arc denatured, and as a consequence,
thewr activity 1s toally or partially lost.
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It could be inferred (hat the way i winch the activity of the enzyme s
altered (when they are exposed to different pH for a period of umc) may be
mtributed to ther primary and \ertiary structure rather than boen ao adaptanon to
the pH of the habitat where the producing strains strive.

Highest opimal pH for activity of alkaline protcase reported caslicr was
between 10.0-105 (Beg and Gupta, 2003: Huang ct al., 2003; Rashbehari «t al ,
2003). Of course, few reports are available where the optimal pH of activity was at
11.0 or above for some enzymes from somce Bacillics sp. (Horikosh, 1990; Kumar
et al.. 1999). Bacilfus sp. KSM-K16 exhibited a higher pH oplima of 12.3
(Kobayashi et al, 1993). Data obtained from the pH stability studics of the protease
evidence thal the enzyme is stable over a wide range of pH from 5.0-12.0 although.
maximal residual cnzyme activity was recorded with pH 9.0. Protease retained
more than 85% of residual activity between pH 5.0 and pH 12.0, but lost their
activity at pH [3.0. The pHl stability profile qualifics this protease for their
application in industrial processes thal are carried out at & pH range in the alkaline
or extreme alkaline conditions. This stability at hagh pH compromises their iikely
use as additive in washing detergents, leather processing or other applications ai
pH higher than 9.0.

Prolcase from E. album was active over a broad range of incubstion
temperature with maximal acuivity at 60°C. Temperature above 60°C ked to & sharp
decline in enzyme activity and was (otally nil above §5°C. Ilotcrestingly, ihe
enzyme showed activity cven st 5°C (67.901)/ml), though it s negligible considenng
the activity recorded at 60°C (4,658 U/mi). In fact, the protease activity showed a
lncar increase aloag with increase in tempersture and panticularly, the increase was
raped during 40°C-60°C. Relative activity of proteasc obscrved at differemt
temperatires indicated clearly the preference for a higher temperature of 50°C-
60°C for maximal activity

169



Chapirr 5

Temperamre stability studies conducted using protease testify that the
enzyme could retain 100% of activity even afier 24 hrs at 30°C- 40°C and at both
S0°C (retamed 95% of residual activity) and at 4°C (coatrol) there was ouly
marginal docrease in residusl activity. Results also suggest thm at high
temperstures above 60°C the enzyme had denatured and lost activity within | howr.
Velocity of enzymatic reaction is cohanced by a maise i temperatore, but &
temperatures close 10 thal supportmg maximal activity, the cnzyme suffers
denaturation and thas inactivation (Dixon, 1979).

From the results, it is inferred that the protease is thermostable and could
be hamessed for application that demands activity st 60°C. The higher temperatye
opuma up to 75°C bave been reporied for alkaline protcase from Bacillus
stearothermophilus Fl (Rahman et al., 2005). A number of sikaline proteases
isolated from Bactllus sp. have high optimal temperatures of about 55-70°C
(Adinarayana et ul., 2003; Banerjee et al., 1999; Kumar ¢t 8l,, 1999) whereas, there
are only few reports an the fungal protcase with high temperature optima (Li et al,,
1997). This is an importam characteristic required for use of these enzvines as
detergent additives. Temperature and pH optima of E. album protease abserved in
the prosent study nre very similar to those alkaline proteascs produced
commercially by Bactlius sp., which is currently used in detergent industry under
the trad¢ aame Savinase and Esperase (htip://www.novozrymesbiotech.com)-

The current consumer demands and increased use of symthetic fibers,
which cannot tolerate high temperatures, have changed washing habits towards the
use of low washing temperatures. This has pushed enzyme manufacturers to look
for novel enzyme that can act under low temperatures. Novo Nordisk Biaindustry
in Japan has developed 2 detergent prowease called Kannase, which keeps its hiph
efficiency. even at very low temperatures (10-20°C). There are only a few reports
on the prolcases that are active over a wide range of temperatures. Proteasc isolated
from Penicillium chrysogenum Pg 222 active against meat proteins showed activity
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= » wide range of temperature from 10-60°C (Bemio ot al., 2002). In their natural

habitats. marine mucrobes never have 1o cope up with a temperature higher than

J0°C. So their enzymes can shifd their activity temperatures for activity lowards

lower valuc (Feller. 1995). The protease cnzvme isolated from £. album 15 also

active at lower emperatutes, which shows its polential to be used in cold washmg
fii

Effect of stabilizers on thermal stability was studied by the addition of
different reported stabilizers and incubating at 65°C and 70°C. Among the ditTeront
stabihizers tested, starch (1%) could play the role of stabilizer promoting therma)
stability at both the temperatures, whereas, CaCl: at a concentration of ImM
showed a maximal residual activity at 65°C.

In liquid formulations, physical isolation of enzymes is more difficult and
the presence of solvent (water) amplifics the detrimental cffect of surfactanty and
enhances the rate of undesirable reactions like autolytic degradution, oxidation,
denaturation etc. of the enzyme (Lalonde et al., 1995). This has pursued to the
development of various enzyme stabilization sirategies based on chemical
additives. There arc reports in literature reganding the stabilisation of enzyme using
cacboxylic acd salts, calcium chlonde (Crossin, 1989). boron compounds (boric
acid, boraie salt) cspecially in conjunction with pysrols and polyols likc propyline
glyool, glycerol, mannitol, surbitol cic. (Asther and Meunier, 1990; Boskamp,
1984; Gomzalez et al., 1992; Severson, 1984). The protecuve effect of these could
be explained by the strengthening of the hydrophobic interactions inside the protem
molecule and by ibe indirect action of these compounds on water structure. Sucrose
has been used to proicct the protesns against oxadation. aggregation and damage
dunng lyophilization. The stabilizing cffect of sucrose 1s duc 10 a preferential
exclusion mechanism (Troasheff, 1998). Calciumn ions have been showm to
contribute approxunately 3 kCal/mol to the enzyme’s total kinetic thermal suability
in Subtilisin (Voordouw et al, 1976).
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Calcium ions siabilize the protein through specific and nonspecific bmding
sites, and may also allow for additional bonding within the enzyme molecule
preveating unfolding at higher temperatures., as has been demonstrated for protease
from thermophilic bactena. particularly thermolysin (James ¢t al., 1991). The
improvement in proscase thermal stability against thermal inactivation in the
presence of Ca”' may be explained by strengibening of interaction inside protein
molecules and by the binding of Ca™* ions 10 autolysis sites (Ghorbel ot al_, 2003).

Inhibvtion studics prunarily give an insight into the nature of an cnzyme, its
cofactor requirements and the nature of the active conter (Sigma and Mooser,
1975). Among all the inlubitors tested, PMSF, an irreversible inhibitor of serine
protease, significanily inhibited proteasc activity at all the concentrations tried and
at S0mM concentration the residual activity was almost nil, A reduced level of
inhibition was detceted in the presence of aprotinin, a reversible scrine protease
inhibitor. The activity was not inhibited by 1,10-Phenantbroline (metallo-protease
inhibitor) or Pepstatin (Aspartic protcase inhibitors), whereas, slightly by EDTA
(metallo-protease inhibitors): lodo acetamide, another cysteine protease inhibitor at
its higher concentration caused a slight inlubition on enzyme activity. Since PMSF
inhibited 98% of protease activilty and aprotinin. a reversible inhibitor of the
cuzyme caused 10% inhibition, it 15 concluded that the enzyme belongs to the
serine proteasc group where PMSF sullonates the essential scrine residue in the
active site of the proteme which resnlt in the complete boss of enzyme activity
(Geold and Fahmey, 1964).

Genenally senne proteases are pot mhubited by metsl chelating agents.
However, there are cxamples of serine protcascs that are affected by EDTA
(Gnosspchus, 1978, Lzotova et al., 1983: Kato et al., 1974). Studies investigating
the conformational micgrity of subtilisin bave shown that calcium chelating sgents
lead w autolytic digestion {Wells and Esiell, 1988). Removal of calcium cause
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fiecxibility of the proicin and there by its rate of autolysis. Thus protein may need (0
mfold to become a subsirate for autolysis (Siczen et al., 1991).

The stability of tbe enzyme i the presence of EDTA is advantageous for
we of enzymes as detergent additive. This is because deterpents contain high
amount of chelaung agents, which function #s waier soficners and abo assist in
sain removal. These agents specifically bind w and chelase metal 1ons i the
cuzyme making them unavailable in the detergent solution (Beg snd Gupta, 2003).

Substrate specificity of prowcase studsed indicates that the enzyme has
highest affinity fur cascin followed by bacmoglobin while Gelatin und BSA were
uot much preferred by the cnzyme. The ability to hydrolyse several protein
substratcs is a criterion of proteasc poicocy (Grebeshova et al., 1999). The highest
affinity for cascin as a substrate was also reported for the protease of the fungus
Conidioholus coronatus (Phudatare et al,, 1993). The substrale specificity towards
haemoglobin and cascin of &£, album protease may be advantageous for its use in
detergent against blood and milk protein stains. Most of the previous studies have
revealed that alkaline proteases show highest activity towards casein relative 1o
other native and modificd proteins (Gupta ¢t al, 2002a; Kumar ct al., 1999;
Phadatare et al., 1993).

Protease kinetic studies conducted using casein as the substraic revealed
that Ko and V,,, of protease of £ album were 3727 x 107 and 3947 U
respectively. K, of the enzyme was cstimaied 1o be $2175x 10 ' 5.

In the case of bacicria. the K,, of protease from Pseudomonas flourescens
AR 1] was Img/ml (Alichamdis snd Andrews. 1977) and Pscudomonas sp. B-25
was 4mg/mi (Malik and Mathur, 1984). There are ne sitmlar reports available on
other fungal prowcase for 2 direet comparison.
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Commercial deterpent formulas ofien includes water softeting “butldes”
{Sachdev and Knishnan. 1997) Heoce, it 5 wonhwhile 10 cvaluate the protease
thert responic 10 Varying coscentration of diffczein mxal wns towards cvaluating
the potential of proteasc for application in detergent industry. Most of the metal
1ons studiead for their effect oo enzvine actvity showed either no effect or exhubited
a sheht strmulntory cffect at lower concentrations. While cven ot lows
conventrations. Hg™. Cu'” and Fe™ had sery sdverse effect on cnnme acnvity,
Zu”, Cd™ and AI™ inhibited enzyme activity st higher concentration, whereas,
mterestingly 14%% of rrsidual activine was abtained for 1m\d coscentration of
Co” compared to control. However, acuvity was reduced 10 34% at higher

corcentratten of 20mM

Studies have indicated that metal ions impart thermodynamic stabilization
10 the nauve state of the prowein by binding to the cnzyme active site (Wyman and
Gill, 1990) According v some suthors, Ca’” ions are imporunt for catalvsis. It is
presumed, that they stahitize the protein through specific and nonspecific bindmg
sites, and may also allow for akditional bonding within the enzyme molecule
preventing unfolding at highet temperatures, as has been demomistrated for protease
from ihcrmuphilic baciena, purticularly thermolysin (James ot al., 1991). Ca° has
been reporied 10 bind 1o the mner surface and autolytic sites of protain molecule
thereby streagthaming the intoractuion inside the molecule (Ghorbel e al., 2003)
The came may be the reason behind the cnhanced sctngy of profoase w presence
of somc of the metal 1ons, cspecially as 1n the case of Co™ & alPum proteasc,

Copper 1ons may cause the denaturing of protease  Dermna and § ysenkn,
1995) whereas. Hg'* and organo mercurish interact with -SI and S-S groups of
proteins in & mudiitude of systems thereby causmg conforrnational changes m
protesns which have been reviewed thoroughly by Vallee and Ulmer (1972). The
reductum 1 enzyme acusety 1n presence of some of the metal rons studied may bhe

attnbuted to the above »aid reason



Discussion

A reduction in protease activity with Cu’* ions and a two fold increase in
activity with Ca ** and Ba*" ions was abserved in Strepromnices sp. (Azeredo ot al.,
2004). Ca*’, Mg™', and Mo™ & 5mM concentrations sirongly activaled serine
protcase of Bacillus subtilis PE 11 (Adinarayana et al . 2003). Protcase activity in
Bacullus mojavensis was enhanced by te* and Mn™ (Beg and Gopa, 2003) In
Aspergiibus parasiticio. strong stability was observed in the presence of metal was
such as Hg™', Co™ and Sn”™" (Rashbehari et al, 2003). In the above case, 100%
activity was retamed in the presence of Co™, whereas E. a/bum protease showed an
enhancement in enzyme activity to 45% when compared to the control.

Resulis obtained for the effect of various detergents on protease activity
shows that in the case of Triton X-100, afier an initial decrease, enzyme activity
increascd later along with increase in concentration and at 0.6%, 114% of residual
activity was obtaincd. Tween B0 also showed a similar pattern. In the case of
Tween 20, more than 80% of activily was conserved even at 5% concentration. In
the presence of SDS, at lower concentration the cnzyme was inactive. However, at
0.6% conceniration it regained morc than 85% relative activity although st higher
concentration cnzyme lost its activity. In the casc of Brij 35, all the concentrations
retained more than 70% of relative activity.

The minbition of enzyme at higher concentration of SDS and other
detergents may be the result of combined effect of factors such as reduchion in the
bydrophobic interactions that play 8 crucial role in holding cwgetber the protein
tertiary struchae and the direct interactions with the protcin moleculke. The
mhibitory effect of SDS is well documented by Creighton (1989). The incressc in
activity in the presence of deicrgents may be attnbuted 10 the increased substrate
accessibihty of the enzyme (Bressollier et al., 1999).

The property of stability towards oxwdizing agents and SDS 1s important
becausc oxidation and SDS stable enzymes from wild-type microorganisms are not
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pencnally known except for few alkalphules. such as Baci/lus sp. KSM-KP &3
(Sack) et al , 2002) and extremophiles, such as Pyrococns furrona (Blumentab a
al.. 1990) and Thermocorcut sterteri (Klingeberg et al., 1995) The Intest trend i
enzynx hased detergents 15 use of rDNA and protein enginecring technologies o
produce bo-cagineered enrvines to improve catalytic efficiency and betier stability
towards temperature, oxvidinng agents and <hanging washing condinons (Gupt &t
al. 2002b. Rao ct al . 1998)

In the prevent shudy, on evaluanon it was abserved that HO, has a drastic
mhibitory etfect on protease even at the lowest concentration tnied Whereas, the
reducing agents bave » positine cffect on protease actnvity except at highest
conccmiration tned. Most of the proteases arc inactive in the presence of oxidizing
and reducing agents with a few exceptions like Raciflus mojavensiy thiol dependent
alkalinc senne protease which was strongly stumulated up to a level of 54 and (2%
in the presence of the oxidizing agenis H,0); and sodium hypochlonte respectively
(Beg and Gupia, 2003).

A "Met’ residue located next to the catalytic serine residuc is responsible
for oxidative instabiliy of subtilisin (Siczen and Leunssaen, 1997) since they are
readily activated by oxidants (Swauffer agd Eison. 1969). To mmprove the oxadative
siabilnty w0 bleach based detcrgemt formulations, the susceptible ‘M residuc is
replaced with non-oxsdisable ammno acids (Estcll et al, 1985).

The cffect of woax strength on protease activity suggests that mcrease i
the 1omc strength of Nal) led 10 docrease i cuzytne activaty. Thus, st 1M
concentratson, the cnzyme reams 78% of activity and on increase i NaCl
concentrativn, activity decrcases and reaches o ™. a1 4.5M concealration. lo the
prevent study, it was obwcrved that the provence of NaCl in the fermentatyos
medivm or m the assy mixhae led 10 3 decrease m cazyme activity. Wherems,
duning punficauon and characicrisation of the enzyme, it was slso naticed that the
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purc enzyme became imactive in the total absence of NaCl and the cnzyme

undergoes autolytic digestion. This suggests that even if NaCl causes decrease m

enzyme activity, it has some effect on the stability of protease. Observations made

in the peracni stndy indicate ihe scope fou furthes sesearch oo the effect of NaCl on
/21 mechanism of enzyme stabilization and activity m manne fungus.

S lar reports are available o litcranure were |M NaCl caused retenhon
¢ e than B0 of resxdual activity (Johmvesly and Naik, 2001). Activity of the
S cormve m the presence of sodium chioride is of mtcrest 1o industry for
prox | dry cored mea products snce, these produects wslity cosam A2 YA

which act as a powerful whibior of the endogenons prowolyiic eazymes

“etal, 1999).

Application of proteases for the production of certain oligopeptides has
ved great attention as a viable altemative to chemical approach (Fruton, 1982;
Lee et al., 1993), However, the use of proteases for peptide synthesis is limited by
the gpecificity and the instability of the enzyme in the presence of organic solvents
dnce the reaction occurs in organic media. Proicascs have been used successfully
the synthesis of dipeptide (Barros et al., 1999) and tripeptide (So ct al., 2000).
regiosclective sugar csterificaiion (Riva et al, 1988) and dis-stereoselective
bydrolysis of peptide esters (Chen et al., 1991b). A number of reporis are available
on the use of alkaline proteasce in peptide synthesis and the resolution of racemates
of amimo acids. The nature and type of orgamic solvent have a strong cffect on
prosease activity in orgamic solvents (Kawashiro ot al, 1997). In the present study.
E album protcase retained considerable amount of activity in the presence of maost
of the organic solvents tested This shows its probable application in peptide
snnthesis and other esterification reactwons; bowever, further investigations are
required 1o amive at 2 conclusive assesument.
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Punfied £ album proicase was relatively stable for the observed perod of
one year Protease stability 15 often messured m terms of inactivahon over tme.
However, umnactivation can occur vis a oumber of differers pathways such a2
autolysis, aggregation, oxidation and mfolding/denaturation (Bryan. 2000) The
ughtly (olded enzyme cods to be resistant 0 protcolysis wheteas unfoided of
parmally unfolded proscins are generally susceptible to protevlytic degradation.
Additionally, loss of structure unfolding) generally implict loss of cnzymatc
activity (Akaaho ¢t al | 1995 Damiel ct al |, 1982, Markert ot &l . 2001

Effect of hydrocarbons meluding petrol, kerosenc, used engine oil, used
lubncam mi, diesel and grease on protcase actmaty was cvalusied and the nesuls
obimned indicated that there was no marked snhibition of enzyme sctivity. In
gencral. the £ album protease retained more than §0°% of its imhal activity even ot
the highest cancentration 1csted.

In all the oils tested. the enzyme retained more than 95% of its initial actvity
cven ot the laghest conceniranon It may be sasd that all the natural oils did not
have any drastic effect on protease activaty and the cnzyme seems to compromise
with 1ts microenvironment demonstrating 1ts activity. Repons oa simalar studies are
not svatlable for apy other fungi far a direct companson and discussion

SIAPPLICATION STUDES

Commercial detergent corpatitwlity of the enzyme teated indicated that n
all the detesgents. eacept Harpic tnlet cleaner newe than 90% of actinity was
retazed oven sfier 3hn of icubation In fact, Serf Facel, Surf Excel Automatic,
Ancl Rin. Wheel, Speed and Godrey Dish Wash were observed to be 100%
commtible to the prolcaxc since herc way no churcase 10 easyme activity. s
vhsenation v complimented by the pH value of exd wluton where all the
detergents, cavept Harpie, have an alkaline or near neutral pH Harpie have a pH of
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113 and may contain cermain strang bleaches. Inicrestingly. the enzyme incubaied
m Godrej dish wash, having a pH of 6.72 also retained 100% of its activity even
sfier Ihrs of incubation suggesting a novel property of fimgal protcase for
mdustrial application. Furthes, visual cxamination of the stained cloth pieces
subjected to wash teatment exhibited the effectiveness of £ albeom protease m
removal of stamns.

Incorporating enzymes into detergent formulations possess numerous
peactical problems. Protcases are susceptibie 10 autolytic degradation, oxidation
and denaturation, processes that are ofien enbanced by surfactants, bicaches and
waler soficning builders that must be inchaded m laundry detergent products.
Additionally, protease catalyse the Iytic degradation of other detergent cnzymes
that may be also present in the formulations (Crutzen and Douglass, 1999). In
general, all curremily used detergent compatible enzymes are alkaline and
thermostable in nature with a high pH and 1emperature optima of 9.0-12,0 and 50
10 70°C respectively since the pH and the washing conditions are in that range. In
this context. the observations made in the present study with £. album protease add
strength to the faith that marine microbes could return many industrial enzymes of

potential application.

Stability of £ album protease and other proteascs in the presence of
commercial detergents at higher 1emperature was studied by incubsting varions
protcases m Surf Excel Automatic (7Tmg/ml) for 3hrs at 60°C and residual activity
was calculated at every 30 minutes. Specific activity detcrmined afier 30 nrinutes
of incubanion showed thet £. al/fmm protcase retained the raxamal speaific activity.
Well known protcase-Esperase, retained kess specific activity  comparcd 10
£ alhum protease and the protease subxilisin Calsberg was wotally inactive afler 30
minutes of moubstion st 60'C. However, i the presence of commceraal detergent,
excepn Esperase, Pronase E and B licheniformis protcasc, all the others were
totally inactive afier 30 minutes of mcubation. Adinarayana et al (2003) reported

179



Chapler 5

that the supplementation of calcium chioride and glycine w0 alkaline protcase from
Bacillus subsilis PE 11 caused retention of more than 50% of activity with
detergents even after 3 hrs of incubation at 60°C. This may also be applicable to
the £ album protcase and the addition of stabilizers may cnhance the stability of
the enzyme in the presence of detergents.

Resuits indicated that the cnzyme has a3 higher affinity towards the short
cham Bty acid denvatives like p-nitropheny! butyrate (four carbon containing
farty acid) followed by p-nitrophenyl caprylate (eight carbon contaiming Eatty acid),
The enzyme is not able to cleave p-nitrophenyl laurate and p-nitrophegyl patmitase,
which are the ideal substrates for lipasc. This clearly indicates the esicrase activity
of the £ album protcase. It was also confirmed by activity staining, which released
the fluorescent 4-methylumbelliferone (MUF) that appeared as a blue band in the gel.

Hydrolytic activity of protease on the gelaun layer of the X-ray film was
evaluated by incubating X-ray film in enzyme solution. Protein content of the
supcrostan! cstimated after incubation clearly evidence the ability of the enzyme to
degrade the protein layer of the X- ray film cven m distilled water. Visual
observation of the film conclusively marks the ability of enzyme 10 decompose the
gelatin layer of the X-ray film.
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SUMMARY AND CONCLUSION

Protcase productive by the fungus Engiodontium album BTMF S10,
solaied from marine sediments under solid state fermentation was evaluated. The
fungus was idemtificd st MTCC, IMTECH, Chandigarh. Vanous process
paramcicrs affecting prolcase production under SSF were optimused towards
maximal enzyme production. Surategy adopied for the optimisation was to evaluate
the cffect of various parameiers individually on protease production under SSF and
conduct finally a time course experiment under optimised condition.

Maximum enzyme activity of 4,351 U/gIDS was recorded for 60%
moisture content at | 20hrs of incubation with a specific activity of 172 U/mg
proteins. Considerable level of enzyme production (3,754 U/gIDS) was also
recorded for 70% moisture content at 120 hrs.

Wheat bran with panxcle size of <425y supponied maximum enzyme
scuvity, protein content and specific activity (12,089 U/gIDS, 47 mg/g/DS and 254
L/mg protcin respectively). As the particle size increased, there was a considerable
decrease in enzyme activity. E. alhum preferred an ambient temperature of 25°C
and slkalinc pH of 10.0 for maximal enryme production.

None of the additional proteimaccous substrates tested had a profound
cffect on cozyme production, and among the additional carbon sources tested,
sucrose favoured highest crzyme yield (15,912 U/gIDS) and specific acuvity (341
Li/mg protemn). Arabinose. nibose and xylose totally inhibited enzyme production.
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All the orgamc mitropen sources tesied, excepl urca showed a positive
cffect on enryvme production Mah exuacy, wyabean meal and tryptooe hawe
almost similar cffect, which caused a 47-49% increase 1n cazyme activity Amosg
the morganic mrogen siurces iosted. addition of ammonium hydrogen carboaste
caused 94% increase when compared to coattol Among the 19 different amino
acuds tested as nstrogen source, $0% had a posstive cffect on enryme production.
Of these, leuwcine caused a 44 9% increase in crvme activity Mcthionine and
trvptophan caused a 92 2% and K96% reduchon i ensyme activity whes
compared to the control

Inoculum concentration of 4 x 10° cfuml was found to be opnmal for
maumal enzyme producticn (enzyme achivity of 5,830 U/gIDS and specific
activity of 199 Li/mg prolein).

Additon of sadium chlonde to the seawater based and distlled water
based medis had an inverse effect on cuzyme production In the presence of
scawater and distilled water based media, addition of Na(l above 1% and $%
totally inhibiled protease production respectively. Stmilar pattemn was also clestly
displaved in scawater: diudilled water combination

From the ume course expenment conducted under optimised conditicn, 8
was mferred that £ olfwm produced maxumal protcase (11,540 V/gDS) at 120hrs.

Protcawe was punfied employing standard protein purificalion procedaes,
which iluded anmonium sulphaic fracuonstion followed by dialyss, ico-
cxchangt chromatography and clectropboresss It was obsenved that 40-90%
saturation of ammonsum sulphate was optimal foc the complete precipitation of E
allum protease



Summary and Counclusion

Ion exchange chromatography followed by preparative polyacrylamide gel
electrophoresis furmished a single peak having protease activity with 16 and 45 fold
of purification respectively.

Enzyme protcin, which was cluted with 0.2 M NaCl, gave a singlke band in
Native-PAGE. SDS-PAGE under non-reducing and reducng conditions also
yckded a single band, which cndorse the single polypeptide nature of the cnzyme.
The molecular mass of protease estimated by clecuophoretic mobihity showed that
the £ album protcusc has an apparent molecular mass of 38kDa The protcolytic
actvity of the enzyme protcin band was confirmed by zymogram analysis on X-ray
fitlm. In Isoelectric focusing. the enzyme appearcd as a single band testifying the
purity of protcase band with 3 pl value between 3 and 4.

Molecular weight calculated by Gel filtration chromatography yiclded a
value of 30kDa. Antibedies produced gave a single band in the Immunodiffusion
experiment, which testified the punty of the protease.

Bascd on the amino acid composition, it was inferred that the cnzyme protein
contain approximately 255 amino acids and the motecular weight calculated for
this protein gave a value of 24.8 kDa and MALDI-MS spectrum of the purified
protease shows that the enzyme is pure with & single peak having the moleculnr
weight of 28.6 kDa. MALDJ-MS analysis is a mare precise method with a mass
acaracy of 0.05-0.1% and thus the molecular mass of E. album proscasc was uken
as 28 6kDa

Peptide finger pnimt analysis identified three imternal peptide sequences,
which showed bomology to Trisirackium album precursor Protease T. Of these,
one showed bomology to the conserved astretch assipned to Subtilisin class of
Serine proteasc.
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£ alhum protease has an optuvwum pH between 10.0 and 1 1.0 wnh stability
over 3 wide range of pH from 5.0-12 0 Erryme was active over a broad range of
temperature with maximal activity ot iemperature 60°C and the enryme rerained
66% of activity afier { 2hrs of incubation 3t thys icmperature. ImM CaCl,, staxck
and suctose were found 10 be thermal stabihzers of the ennyme 21 65°C. and =
70°C starch was found to he a better thermal stabilizer of the cazyme followed by
suctose and sorbitol.

Enzyme inhibitson by the scrinc protesse mhibuors PMSF and aprotinin
ruggests that the protease belongs to the serine protease famuly. This enzyme has
highess affimity for the substrate casein followed by Hemoglobin K- and Vo of
the reacon was calculated as 4.727 x 107 and 394.68 L' respectively. Ko of the
cnzyme was estimated to be 4.2175 x 107 s

Even lower concentrations of Hg™ ™, Cu’ and Fe'” and higher concentrations
of Zn¥'. Cd' and Al inhibited enzyme activity. However, 1mM concentration of
Co’" caused an increasc i enzyme activity 10 45% whep compared to control

In the presence of 1% H2O; as oxsdizing agent 57% of activity was retained
bv the enzyme Reducing agenis, excepl a1 it highest concentration. caused
increase (i acinaty and enzyme showed considerable level of activity even i the
prescooe of detergenis. n the presence of 1M concentration of NaCl, the enzyme
retamed T¥% of activity Howvever, further increase m Na(Cl concentration cansed
mactivabon of the enzryme

The eruyme showed considerable amount of activity  the prescoce of
moxt of the organic solvents tested. Enszyme stability studies comducted foe a penod
of one year testify that the enzymce is refatively stable for the observed penod.
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Sumnary awl Conclusion

The enzyme retained more than 80% of s mial sctiwity i all the
bydrocarbims tested and mare than 95% acuvity in the prewence of natural oils
oven ot the hughest concentration vested

Commercial detergent compatiality of the ensyme tested indicates that in
ol the detergents, ensyine retaned more than 90% of achivity even afier b of
meobation Comparrsen of stability of £ c/bum proszase and other proteascs in the
presence of commercial detergent {Surf Excel Automatic) at higher (emperature
(60°C) showed that £- album peotcase retmned maximal specific activity compared
to others afler 3O munutes of incubation. Funher, wash performance analyws
confirmed the effecuveness of £ alhum protease m stain cemoval.

Estcrase activity of the protcase was indicated by the cleavage of p-
pitrophicoyl denvatives like p-nitrophenyl butyrate and p-mitrophenyl cuprylate and
was confinmed by activity staining using mcthylumbelliferyl butyrate

The ability of protease for stripping the gelatin layer of the X-ray film for
the recovery of silver from the used X.ray film was also demonstrated.

Conclusiva

The results obtained dunng the course of this study indicatc the sope for
the utiivzation of this manne fungus £ album for extracellular protease prodition
emplovimg sohid state fermentativa 1hgh productivity in solid sate fermentaton,
activity and stabnlity in alkaline pH and hugh temperatures, detergents. reducing
and oxdinng agents, metal 1ons and storage siatlity of the enryme advocates the
potenttal of this cnzyme for varums industnal appicattom Further acovty m the
presence of standard comuneraial detergents, wash performance studies. csterase
activity and the ability w hydrolyse the gelatn bayer on X-rav film for the recovery
of silver adds evudence 1o 1s poteatial industnal applicatsons To the beyt of our
knowledge. this 15 the firsd report om alkuline protcase prnduction by any manine
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tungus cspecially Emgodonnium sp that has probabic industnial apphcation bt &
conciuded that a scale up study on protease production in pilot scale SSF
bioreactor. would contnbuse an xdeal stram as well as bioprocess for wdigeaons
industnal production of this ensryme and application in detcrgent industty There i
ample scope for further research investigation an the biochemistry of the cnzyme,
structure clucudation and ennme cngibeenng towards 4 wide range of further
applications, besades enriching soxentific knowledge on marine ensyme.
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