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Chapter 1 

J~TRODVCTION 

~ 3ft the rOQI pomt or biocechnologjaJ proa-u mu dIcy iIR! 

involved in all aspects of btodlemxal COIS\.'CDim. from the simple fammc.tion 

coo\-"Ct"Sion \0 the compltl ledlniques m FDCIic CftIIDC'CI iaa and molecular 

biology. They 3n: UKd as COlIl-crrCdltoe IDd ccofrimdty IUbslilUle$ for dacmlal 

processing iD several tndusIriH. includIng plwmaceutical. food and bevcnaJrs. 

!Web.. laundry dclrrgcnts; In Ihc: processiog of lextiles. 'ealher. wood. pulp and 

papc:r~ in die production of fine and specialaly chemicals. in organic syl'llhcsis and 

lranltfonnation or compounds.; biorernediation and \Ir"aSle ueatment. 

The world market for industrial enzymes i5 wor1h S 1000 milliun with un 

average gro\\1b rate of)O pacmt peT annwn (Biospectrum. Jun~ 2005), Proteuc8 

are the single class of enzymes. among an tb~ ~. which occupy a ptvotal 

position with res:ped 1D cbeir IppIjcations in both physiological and co",mercial 

rteJds, They arr ir).lImlylic crt7.ymeS.1hac catalyze the cleavage ofpepclde bonds In 

other proteins, Today. prolcases account for approximately 6~ of Ihe 1000l 

en7)~ uJes in \'U1o~1II indumial market Jedors" such as dc1ergenI. food. 

pharmac:eutica1. lealhtr. dil~ waste management, and Silver ~ 

tGupaa et at. 2002b; Rao et aI,. 1998). This dominance of proteasa iD thr 

IncluJaiAl market is expeetc:d to incma5e furtba in &he comi~ years. 

Among lhe !oQIlJI'a or '"nzymt's i ,1: •• animals. plaots and rniaohei., ~ 

from rnicTOOl}tlftlsms have become the dtoicc few industrial product1OO- The 

cummt trmd LS 10 use microbial enzymes since tbry provide • gJeIJn' diverstry of 

catalytic actJ\<iues and an he ",oduced more economicalJy. Micn10rpmsms ba~ 

qu.l1ficd as apt 5()1JJ'l% oC mdu,mal mzymc, owing, 10 their COMISlcnc:y. ease l'-f 



rroceu OPUnuzahoa and modifICatiOn. and the: poamibry nf CIIZyIDt' production 

uNIII rctombmant ~ v.iIh mhuccd yield. 

MI,;Toot.a.nIUM tbbondr a larJc iImI)' of Inb'aC~IJu1M aDd"or ellraccUulM 

r-otea.ses InInCldlubr proIcafltS art" .......... far vannus «U ..... 1Dd .... botic 

pt(1C'es.sn. WKh u sp..'ll\JWK'c met dlfft-rnuutkl'l\.. pr1,",1n rUfl'K'~e. ~ of 

CIU')'1DC:to and hOIlDDDtS MId tMjaltwyncc or che r,;cl ..... proW1Q pool. E.draccflular 

p'CIieUCa '" ~I re. the~ .. nf pn.triu iD cdJ-frft" aMmmumll and 

fn6bJc Ilk ~JlIO ab5atb ud 1ltIlu.e b)~,.1ic pcvdUCII (KA1I'~ 19R!lo» 

The r~hM~ ~lialtion or ~ uadcr ,1CnUJtdmg mdostnal 

CoadibOlb makes, t1Jr ~ known aJ'iala1 of ~1IICS mlufficJ~ and tM 

ioC'.uch (u, new microlrlll JOUrCC'S 11 continued In fact anly Z·. "f the .... orld' ~ 

mit:fDOrphlWM ha"e br:.:n t~ as nvymc lInurccs (WIICtllln. 19851. alrhoush 

mi~rtlOf'PI1fr;ms from di\'C1'SC and noUc envuonmmts. and ('xtran(lphiJcs &Tt 

ulMi<kred an unpon4nI source or ml)1nCS. and lhelr sJ"'"'ifk propcnlct MC 

expected to result in no\'C'1 proccs., Apphcatianr. \Ou ... lUdhan and Marg<,hn. 1995~ 

RObcttMlh C'I .1. 19961. Loolcmg mro the: dC'pln ()f microbial d!\vsny. Ihere i!l 

MWI)" a chdce of fincbhg miCf041rpnums producml Dovel enzymes \11, IIh betttr 

pmpenlC$ dUll are WII.ble f«:w con\lnCl'Cill npJoisauun. The mulriludc or 
ph,...ICochamally dlvcnc habitats has ch.dJen~ nalUlr 1(1 drwJop equall)' 

numerO&D mokcWu adap~tloDs In the nucrobud "vrld. M.crobiaJ d.I\'Crt.lty ss .l 

1lUfJ0I" fQOuta for bMlk::chnolO8laJ pruducu ..., processes.. 

About KM, ofthr (oumetcaal ~nz)lDe$ aft pnwbv=rd u5ml maaoorpnisms, 

ASId &bey arr clrlcRcsuuJ Mgin. Ahbougb tb~ ocun. CIO'~ mort" than two tblr4 of 

Ik c:atIb', r.urfac:c.1be knowkdFoa marine IftM:robes BIOUfU'of aJZ)-11tO>., 4IiU 

,cry lam:lkd md the) rmWn as UhtIppCd !IOurcc. of many lDdA~ilC\ an..1 

htOftlOaecu&n wnh CIO\d ptopctlJc:. 

For the bJt "'-0 dtades dk' cnmmon C'lJft('hniam of IDlt:m1t.onaI f10n 

L11n\"1dcnn, \In,f'Il-= u..lUenges 11\ IL~ h.a~C' uniformly tdcnb~ t~ rn.:utI:k" 



, .. 1nJIIwtUnr 

biOlope as a Iargc and untapped Ita for eKplcotioo (ESf-Manoe-8oanI. 2001 •. 

The rich di""er'5ity of manGe foma and fuadiola. and iIs uaique ph)'S*OJoak:al 

adaplatlons to die banb IIIIrint alvil'OlllJlleal coupled wiIh IIC'W ckvdupmeals iD 

bi~. has opened up • new and cxc:itirt!. via for the QInCboa of 

boacti\"e produas of me iD m&:diciDe, aood irda.arW pRlCCHC'J .ad 

mvironmc:ntal monilOrift&. 

M.arine organisms repltaDt a ..... iQUy djtren:lll a.\i1\1ftJnml for 

biosynthesis than do ~ orpnums md dxrefare reprncat • WIt Unlapped 

C'e5iOUJ1:'e with poIcnria1 bcnc:fils, in ..... ) dilraml areas sucb IS lIICdiculey 

aquacuJ~ and fisherin. indumy. resun:b tools aad em.ironmr:ntal applicatkml. 

8ioscreening of microorpnisms. planls or anrmats select out thole with the most 

desirable characteristics. 

The potential applicalion! offered by the screening or marine JlUb:i.lanc:c.\t 

extend to phannacology. agrothemi5try and rhe envirorunalt. ~on~Ollt~r. the use of 

combined approacbes cnlutnccs thcs~ possibilities because marin~ molct'ulcN often 

belong. to new classes wilhout tme5lrial counterparts. High throughput scrcenin. 

trdmiques are particularly suitable for such combined approach~. In adwtiafl. 

marine miCl'OOl'pniSl11$ In! I soun:t of new genes,. the exploitation of which ., 

liuly 10 lead 10 the di.sco't'Ct')' of new drvg$ and targets... Secondary mellboltks 

produced by mariDI: bKlcria and invertebrates have yielded plwmaCOllicaJ 

produds such as DOVeI anti..mnammatory IgClllS Cc_&- pseudopletM1m.. tOlplllelJUM. 

scytODemin. maooaIidc). &nu·ancer agenlS (e..!-~ discodcm .... lide. 

eladbcrobia aDd sarcoclu:fyin, lAd mtibiotics (e.g.. 1'IIIVioooc). Melanins ~ • 

nnae of chromophoric pmpctticI that can be apfoiIcd fOl" SUIHICftCItS. ~ aDd 

colouring. Tbcy .l~ Kq~ dlrrcrmt kinds of orptic compounds. mducang 

fungicida. and antibioti~s. which may .now them to ad. as sIowof'elcuc agents, 

fJltracts. hydmlysare!t and enzyme!! (rom seawaler fish ipeCies MId I1'IiIrine 

invel1ebralt's have reveal ...... jnlcn:s1ing. cbar ... dc:rislj~ In parlicubr~ many ~ 



cntyme'I ttavc clJaracteristic dcWItiIlg significanUy &om thcir mammalian 

tOUDInpIrh, ~flrine ~ have a divcne nn&e of cnzymatic ac:tivtty 

adudin, minerliatiua ~ and c:~Im, of dCh~ in Vlrious em-iroamelds 

IOd are capable of QIaIyziDg ,.moos ~ ractioas \\id1 DOYC1 cmymcs 

(ChIacira:Icbran 1997). Mosa iqNwtad iJ IK ICIMty..tcmpc:nhft rdabomhip; 

hiGh .m-mia ~ abmined M 5-12ec foreftl)'lDC1 ofmarioe origiD.lDSIad 01'10-

35&C far clulAca1 mesophdk i)'SIaDS.. Hcnce~ Ibete cmymes art suitAble for 

opeimaJ processing allow~. 

Since nuriDc _aoorpnisms .re JaIl loIennI and have 1he poIftIliaI 10 

produ« IiCYCQI ftO\'el metaboJites. If as auumed thil among them. IIaeft may be 

potential procea.se produccn aim. The- marine microorganisms. wblch have 

inUUCMC pokntiaJ lS$ source of noenzymea arc )'C1 to be bIppCd. Though fe\\' 

n:port, were made OD lbe production of prolea5C' from marine bacteri.J ~e5 

(r"trada·BadlUo d aJ .. 2003; KwnlU' c;1 111.,2004; Salamanca Cl aL 2(02). hardly 

~n)' rcpCU1 if; available on .he pl'Oduclion of pro'c:as~ at an induslrial scale wling 

marine fungus (Chandra~ekaran and Kumar. 20(2). 

lb recent years. solid stale: fr:rmcnlation (SSF) has pined unpor1ancc ih the 

production of mic:robial enzymes IS • result of search for cheap alleruali\'c 

production 8ys.tcm whida utilizes s.~er qro-indualrial wastes a&~. SSF 

has 5eWn1 a;:oaomic advantagc.J over c:onvrntional lub~ fenncrabollluth 

.. nun""" requirement of WIltt. pmchacboD of metaboliles in a IIIOIe concenlmtcd 

r..... and mIkmg me dowmbtMII proces,ina less bmc consuming ami lea 

apabi~c: (Hesse~ 1972; Loosane cl al. 19S5,. AmorIc Ibc .. -arious IfDUPS of 

nucroorpnlms UiCd In SS ... fibunmlOUJ ,... ~ ,be most WMldy aploilCd 

owing 10 .. M:Iitity 10 grow aDd produce • wide rDF 0( cmacdJular eftl)'IIW!S 

on aapka lOlid su~ (Moo-)'OUIII et al., 1981). 11 IS rqICIIted that lbe amount 

of I:IIl)'mCS ~cd in solid __ cuhures are Wae aDd fRqucndy exceed tbe 

amounts seacted in subnagc:d cuJturr, and tolid "ale Ip«ffic gent c~ion 

appears 10 be ~ltk:- for thi5 ancreued pmducIioa (Iwahita, 2(01). ID ft'Ccn1 
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years. few repoJ1s are available: on cbe production of pruacase &am fUqp.1 culrures 

using solid state fennc:nwiaa hut none ofthcm 8R frun a marine source (Gennano 

et 11., 2003; ~ et al... 200s; T .... et al .• 20CH). 

Since 1914. pn'lnlSU ~ baq; Woidd» used as ddergenl..tditi\lc IIDd O\'U 

the past JO )"21'5. cbe iqn"'~ of ~ ia ddcrgcnIs has. changed from beintt 
cM minor ~ to key ~ md now the use of praIn$eS in laundry 

deterp:ms ao:oants for ~ima1ely 25% of lbe IOfal worldwide Ala of 

enzymes. .. spdc of dris r.ct, all de~ proteases ammtly used in w market 

arc serine proara prod~ by kif/us sp. (Rao et al., 1998). FUIICI ., awyme 

proctuca$. have many advantalfC't' IiUch as the pmdua:d enzyme::. arc normally 

alnCellular. making ease of dOWD»trcam proccsstRg 10 fnp.ue cell fn:e enzyme 

dC. Available reporti on protease production by fungi such as M~'Q,lrj:,u," 

ani.(opliar (St.Lager.- Cl al.. 1986) and B(Oou\'t!ritJ btusiana (Bidochlw lAnd 

Khacbalourians. 1987). mainly dcalll with the virulence factors thaw are contrihuted 

by these proteases in entomopalhogcnic l1Jhgal infection. A few fungal sourceH 

such as Canidioholu.t Cm't'IIJDfU,r (Phedalarc ('Ill.. )993). Peftj("jjJiJlm 11,... (Oennano 

et al., 2003) and.Aspergi/hu ptlrasltit1l.~ (Tunp C1 at.. loo3) were studied (or thei' 

.Wlicalj<-O io commercial de!ergem indUJUy. 

During thr CXJIUDe of .. eartier in\"C1lig,ation in thi~ Labtntory. 11 WAS 

ubs.c:n>td _ an alkalophilk and saIl tolmm. fungus. Iwl.alcd (nlltl mariDe 

tcdamem of Cochin ctIrISI: and Idcnlifil"1i as. Engl'OlltlltfrIDII tllbwn. ~ 

extrKcltubr prllt~ .. whicl1 shows grcak:r adivity in aIblinr pH • Bem.a. 1999:­

SwC$oh lad Chmdrascbran, 1998). In ah1s conla;t. tbe par", 5ihIdy mainly ~Is 

widllhe productlOD ordUs flmpl ~ ahroup miNt staIr rmnmtaholJ ~ 

c.ocucqumr devektfwnenl of ideal bioplCxus for iDdus1rial production. t'lObbon. 

chanc:lnisaboa and evaluation of the ~ of !be JI'1*asc mzymt" for \'arious 

incfumjaf application!i. 
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OBJECTIVES 0' THE PRESE.'" SnrDY 

A nnory Jfaatt of Ihe ~n of Iltenaft would .. are IhaI in IP* of 

tIr fact Ih.aw 80"-' 0( Ibc c:ommefCial mzymes produud u.4iing ~ are 

0( ltt.estaiaJ CJri&m. hanlty ay iafmmaltocI i! a,-a;Labk lIixNl naiuc microbial 

~. Hence il was cbind 10 pursor some txphnlory studies CMI the 

.lkaIophilic and aalt loleranl fungus.. isolated from the marine redimmts of Cochin 

('eM!. ttw secretes an ex.uudlu'" protease: which shows Jl'VaIe:T ac1iviy in 

alkaline pH. towards uploiti118 tbe fungus as 11 potential SOutce or alkaline 

protC8fiC for coramen:jal 'pplicaljOD- Thus. lhe prima1')" objectives of this jludy 

fnclude .he evaluation of the poteDtial of tlus marine E"gyoJrmtium album. ror 

JVoteasc producliion lhrnugb wlld Mate fcmncnwlon. purification. cllaract~riJ.Cion 

cf thi.!; enzyme and asJCaTr1enl of its poCentillf Ipphcatioos. 

Sp«ilic •• jtdha .f .. ~ ,nual st.dy iDchIde: 

1- Optl1DJZ2lIoa uf varIOUS pbyskochc:nUcal lKwI. in »OLd ,uiC -fi;rmc:~ 

for the pnldudion of _lbhne pmtc:ase by En.gyodontiu. Dlb:mc 

2. Purifiation of die protcaa C02)'IDC 

1 Ouuactcrisalioo of 1.bc Cf'~ 

• EVlhllltioo of the enzyme for \'Ulow; iOOusIriaJ IIPPlicdoft) 



Chapter 2 

REVIEW OF LITERA TL'RE 

1.1 Protnsn 

Ptoteases. ~b Cd bydrolyw the p:peidc bonds la othcf proIrics. 

con~ilutc a \ret)' Jatge Md comple'x IfGUp or ~ aad diffn iD properties suda 

as 5Ubs1n'c: ~ipecirlCil)'. ac1i\'c: ,dc. ," ... ,).i~ mechanign, pH _ Ic:mpcrarun: of 

acm;ry and stability profiln (Ward. 198~). They c:~ecUlC • large vanet) of 

functions. extending &om the celfuLAr JeVC'1 to the organ and orranism k.....el. and 10 

produce cascade syslems in an organism lo maintain horneostas)s. 

ExtraccDular microbial proleases conlribuCe to the nutritional well bC:lni or 

the organism by hydrolyzing large peptide 5ubstrate, into imlfllt:r m(llcculo~ thtu 

'he een can absorb. ~anunaJian pancreatic proteases and inte~tin.l and ~1omuch 

peptida5es ~neraUy perform a similar Dutritional roh: in the digestion and 

absorption proocss of these r-pecies. Proteolytic emyme.~ are also LQ\'olved In the 

regulaion of biological melabolic pruces.s.e!i sucb as spore fonuatioQ (Kllmbe'J, C1 

.1.. 1968; Nonh. 1982J. spore gmninalion (Jacbon and Cotter. 1984), prote", 

rnIIUratian in ~iraJ as.·iClUbly. ICUvation of ccnain vUu5oC'I of imponaace ror 

~hop:mcity (KalOb et .I.~ 198~). \'.nom. ~p oflhr munmahu ren.tatton 

procns (Uonda et at. 2002). blood COiI~ ftbrinotysi ... ""npb .... 

Idjvatioa (Cbambcn. 3nd Lament. 2001; SUn and TsifuogIou. 2(04). pblgotyIosU 

and blood pressan C'OIltJoI ell et al. 20(4). 

In all cell ~)"Sk'.rnJ. ~ 5 a baJanu bet.'CCD metabolic proceun 

ia\'OlVUlg protein synthesis aod bfeUdowo. and inUacd1ubr proteinasa play a 

\-ita) role in the.~ protein tu.rnm'1ef proccss.es. wbK:b is CSSCDtial few tht' lkbpIacion 

uf mjt..'TObi.J IInd ofhCf «Us to the new en\'ironmmtal ~ parI,,""Ularty in 
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CU\1ronmenl& lacLag in IminO acids. as It gCOCnltC'$ amino .cId pool (or ~Itbe,," 

DI newt)· ~ed enzymn md other protC1flS tHcnhko tt al • 19&4 t· "rolC'~ art: 

.1t() ImpOIrtan' lor celJ d,fTcn:nIJatIon. ~lation. modulation of gene ClP'"iion. 

and In ~rt1.')111&: IDI)dJfi(~tjnn and sccrrtwn (Roberts cc at • 1977 ~ Proteasn coa\o-m 

InKh\"(' ~tIIn ADd 4:4ba bloS~lJ) maaivc protC'Ul moJuule~ mto then Kb"~ 

rorna .... dunns o.tl'llCC'Uuw auymr SCC'mion. the hydropbobtc f'C'p1t.te 

ntC'ftSloa wb"h (.,lilalr' the ~ (tf the emynx through W cdJ mcrnbn.nc it 

t"k>.t\Td by pro4('(1)~nc JC1UlO (Smeekms.. 1993, 

.-\aa1bn, 10 the Sommc~ (" &.JmmitItc of the "t'IMIloDal LnilOll o( 

Bicdmlisby ...., Molccula. geology. J'M~ 8fC' dassirK'Cl .... ~ 4 01 

t;rl1Up 3 .b~~~) cll'BMH, J~) Howt'\oTr. rmub:S 00 DOe comply c-awty 

*db Ibc pcra! i)'SWID of ~nzymc DOmIfDC.1.aM~ due '0 tlarar hUIC dJ"""T) of 

lC'eoallKl5lr'Ul.1ure. Cum:nlly. prutca:w:::. are ~(1Cd OD the .... , o(~ .... p 

omtc1l1l, • ~. C}JIC ",f K«tMlD ".wyzed. lu • du:micaJ rwurc of the ~ ~1K 'd, . .JDd 

'1111 ~'Ulub(JNf) rd~ho..,Jllp * nb rdarucC' 10 !J1ULturc t Barrnl. ~ J ) 

Dc=pcndJnJ 00 thctr ,* of adtan. protc:aJo ~ broadly damficd mto r-o 

RaJOf ~" It. cx.ru~ md ~ £.\opq"Ctdun cl~nc 1he 

('CI'l. bond pro,umll IC\ the arnmo or arboxy lcnDInl of the ~. _ht-,~ 

C'tIdopepndub clC'3vr Jkl'lidr borKk dtsamr from the lm'NnJ of the !lub.nIe 

A.~ MS the' fun~joral J'l"4' ~, at the 1("",1: s~. pt<"~ASe5 ~ funher 

dawdied into fuur promlnt'1lt ~ U·,. SenD ... J'fUCCII9&!'f. laJil'lftic pn'I".~ 

C1-'Ucine rr.~~. and mruJloproka-.n (Harder. 1%0) Ou •• the~ ~ • rC'. 
rnl~(Hmcotl\ rrut~. "hJ~h di'D,-"" pnriscly fil !bID W Jtandard c~\Olfiul1oa 

o..cd Oft ~ pH of then ortlmal adt~lty. prole.uo arc abo rdrm:d 10 .:-. IU·Id.e. 

lKulnll Of iilLIl .. ~ prolt.uc, la the Et" h.s.'. pepfwJibC~ uc di""ldcd Ilmong I ~ ~b­

d&s~s 'omptI!omg e.,\t'PCpudases 13411·19) ilnd eodopcp'u~~ ~.' 4 ~1·~4 

l.lhc:r wllh tol99.1b IIV~U 10 Tablt 2 I. 
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RrIJiruI of U,,,.,.,,. 

Aceonting to the widely URd md 1DOSI cOmpftha15h'C daIabase of 

profcaSn (MEROPS; hnp:l/www.merops5allsa.x.uk). aaymes or acla catalytic 

type ~ ctamfted in,o n'Olu1if.llllrily di5Unct "dms~· and c:xh cb1ll b subdivided 

inlo .. families" (Rawhnp d al.. 20(4). Each family of peplwWcs has hem 

HSignrd a code letter dmolinllhc type of abl)z. Le-, S. C. T. At M or U for 

Sftine.. C)'$1~ dftoaiae. ~ mctaIJo Of lIIIknown type. rnpec:tivcl)' 

(Ra_iings aad ~ 1993). ThrconiM Iype pepCidases IN: the mou ra:catJy 

ctiKO\--aat cauIytic type (~ et -I.. 1995). 

T •• k 2.1 ne EC .,.rem or rlaJllftratioa of ~WMn 

S"'sllbdass T~ of peptidase 

Exopepti ..... 
3.4.1 t Amino J)ClMidases 
3.4.13 Dipepti~ 

3.4.14 OiJMlPcidyl-peptidaM:s 
I - ... ~-

3.4.1 S Pcptidyl-di~pljda!lI:!I 

3.4.)6 Serine-IYJX aiboxypcptidases 

3.4.11 MctaUooubox)'PC'p'idascs 

3.4.IR ~ine-type carboxypcplidn~s 

1.4.19 Onqa peptidases 
- -

udopepddases 
1.4.21 Serine c ... Ijd.a.sef. 
3 .... 22 CyAcine endopeptidases 

3.4.23 A.sputic~ 

34.24 --Melal~ 

I 
34.99 F.ftClnpqllMIaJes. of IIIJbmwn type 

UI ESGpqIIidun 

The aopep6dacs .. 1 0DIy ~ ,be ends of polyrcpll« c:hams. 8ascd OIl 

thar s;te of action aI the Sore Icnnmus. they an: clanificd as. IkDioo .nd 

,arhoxypeptidases.. n:spcdi¥dy. 



2.1.1.1 .ualaoprprfdata 

Am.inorcrctdti.n Kt .ar I flu S'(mn1nID or tk pol~~ dWa aN 

liJerak • ~ anUno Ked Iftidut •• ctipcp:* or alripqMktc They 4ft ~-. 10 

mDro)\.t' ttxo ~·'nmin.aJ . Met' tb.t may be found Ln ~~~}) C' .. ~d 

pmk'UH t.ur nl'C m milll)' n.mnlJv ~-.:urn.., m:IICUtt pIIOCt"lIn. ~ 

ottur m:l .... \arJf'I)' ur nn~t-I.I ~C's nrlu.:bn. NttrtUI and fun,; f\\,tal.Vln. 

14:6) In grtaal. ammnpqM~.-r inlracdl .... ~s.. hullhm:- ha been. 

smIle rrpon on .n rll:tDcC'lIuJar .minOJXPljdn~ pwduC'td by ."~III&J ory:-iW 

IUbbc et al. J9~·H. T1r 'IoUMnIC' IfI'K"Jk-.ltCS 0; die c:~ rrom ba.&:ria.nd 

run,. Me dastlfM.'lly diffC1CtJl In thld thr arranisms can he ctiffcrt'nu8.ed or] thr basi! 

oftM poroduc l profilcs oft'11Z)lJX' h~droJr't~(Cm1)', 19181 Am&n~Mia.c llTom 

&"herid.'1I {vi. i~ • 'lUll: prou:.~ (4,00.000 Dll It h~ I broad pH tlpttmum uf 

";'.~ 10 1 0 ~ olnd fCt.tUlfCj M,:' or \in:- for Optimal J('u"'i1y !M4f1.;~9 ADd Old; .. 197A I 

ne Hlle.//Ju /idJ,·"t(or"tI.V Ilmtnt.i pc-ptidtic hll§ ill mot«ulAl' wctsht of 34,000 O. 1. 

COIIt8.1nJ I R·.t(1m of In,'' f'Cr mol. Ind it!. .Cllvtty ,~ cuhaacc.d by Co:' IU"'" On 'he" 

othtr hand. amanopeptldu..r rJ from BQrlIJuJ sltlUo,h .. ,.".('fth,/tn as a dinltT w;lh I 

ml~rcullU wtight of ~O.OOO co 100,000 Jh and is a1Ch\'.led b}' ln~·. \4":. OT C(J·· 

tCO (Sloll cuI. Iq'6) 

lll.1c"~~ 

1k nr"' .. )'pq'C~ ac-I it C"'C'I'1TUI' ... J~ of 1k pol~ chain .d 

11bcntc ~ mtgk ammo k'ld Of. d.1ptpclde C.rm)'pqJltdbe. can be d.,,'wkd IDIO 

~ tMlot p~ IWPxly ~ CIItJo:IL)"J'C'PKWn.. mdaUP(ubot~dasts. 

aDd C)~nM c.ubcl"~'pep4dao;,eS. b.u.cd 00 sbe IU.turc of tM anuno aci4 rrsao:iuc:s at 

Ibc acllVC W u' dIf: mxymo. Thr scnne ~)'pC'ptJdMes it>alllkd rn.. 
Pt'ffu:u;n.", spp. SJcd''''~'''nn''.J "PP, met .fJP"K'Jiau 4'P .n SLrDllG ID Ihc.~r 

stablUr\. molecular we,~hl.nd crfl:'t!tufinbJb1lOG, MtblJoc.arh,."'l>-prptd~, frot:1 

SaC'dtam".~'('t1 tpp, (Fell, .ad an .. dlel. 14166) and rv-h"".HIIU )PI'. requu, 
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z.n:. or COl' for their activilY (La Cl at~ 1969). ~ C'II:Z)'IID QIII altO hydrol)'7,c lhc 

pq1Iides in ... hich dJc pcpbdyllfoup is replaced by a ptcroyl moiety or by acyl 

poups. 

EodnpepidaMs an: data:lerUcd by tbcir psc:fcttntial action •• the pepcNlr 

bcxKh iD lbc Umc:r rqionI 0( Ihc polypeptide chain a\\ollY &om Ihe S ~ we· 
tennini. ne preseatt of ~ fI'u ammo or carboxyl group has a nqative i:I:I.I1ucan: 

OIl c:ozyme ac6vil)'. ~ eodopcplidue~ 1ft divided mto four subgroups baled on 

their aaalytK mcc:hIInim1; (i) 'LTinc prolcata, (ii) aspartic pruICMCS.. (iut C)'SlCUIe 

proI~ and (i,,) mctalJoproleul~, 

1.2.2.1 Serine protease, 

Serine proteases are chanl,,'terla:d by lbc prQC.:ncc: of a §crinc: group in their 

active site. They are numerous and widespread among viruses. baclen" and 

cukaryotes, suggesting that they are vitBJ lO the organisms. Serine prolcascs arc 

found in the cxopcp1idue and endopt:ptidase groups. Based on their Jtructul1ll 

~imilarities.. smn~ prole.ueS lulve been grouped ioto 40 families, which blve I1ftn 

further subdivi&d into 10 clans 'With CODlDlDfl anc;;eslun (elm .. -... 1994) lk 

primlJ) mucnns of the memben of four cltos. chymotrypsin (SA). Albtilisin 

(58). carbo,ypqJCHIIic C (SC). MId &:MridUQ D-Ala-J>..AIa pcpbdaK A (SE) 

~ CoC&lty WftlaIed. sugntmg 1JuI tbm: arc at IcaSI fOtB' seplrah: cvnlutMWrolfY 

ongms. for ~ prolc:a5C$. Clam SA. S8 and se ba\"C a C4JIIUIIOO IQC'tioa 

mechanism ~ oC. ccaunoa caaaly1tc lriad of the 1hrtt .mno Kids.. tCriac 

tuuckuplrile). ~ (clectraphi~) and lus1idioe (base). AJtboDr.b Ihc FCJmdnc 

ori~ of these rmdun .re 'imiJar. Ihc proIcIn ~ ate qWIe ddremn. 

forming • Iypial eumplc of. convergent c:volutiOl1 Tbr caIalytic mccbmisms of 

clans SE 3Dd SF arc dlstinctly da tTaaJt &om tho!..e of clans SA, S8 and S~ since 

lhry lack the das$ical Scr·Hi~·AIJP trt.d. A.nother tn1eftirins fnlUre of the same 
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prouoases is fae ~ioa of ~ residues m 1bc vicinity of die aaaJybc 

...m~ raiduc hJ 'Qnu IJx srairOIy-XU~-Yaa-GJy (Brauxr. 1988). 

Seriac ~ Me rccogniad by Ihci7 irrn'asible inhibilion by 3.4-

dichbui1lXOlmlriD (l ..... OCI). L-l-arboxy InB·U-c:poxYJlR'P)'I.~ 

(~xtiDr). bu1abe (E.")~ di-isopn:Ipylt'ha~c IDfPl. 
pkoylmcchybWfCMlyl ftumdc tPMSf). IDd lOsyl-L-fyWlIC cldoromnhyl tdGor 
mCK) f~. 20(1). Some of the seriuc procc:an ~ inhibiaed b! Ibiol 

reag~nlS sudJ as p·chlor~uribcmoele (PCMB) due to Ihe prcsaICt of a 

C)S1CtDe residue new the k1M sete. Serine protca5e5 are ~Dy KUve •• xattal 

ani a1kaliDe pfl. with In optirrMm1 between pH 7.0 DDd 11.0. They ha\'e broad 

smsualr ipCCilicitif$ .nclllding esrcrolytic and amsdaK activi1y. Their motecut.r 

IN.';..II range between t 8 DIJd 3~k.L>a. and the serine protease rrom Blaus/ea mspora 

has a molec;ulaf mass of J 26kDa (GOYind et al.. 1981). The: isoeleclric poinL.4i of 

serine proteR~eN ar~ gtmClrall), br.twecn pI 4,0 aDd 6.0. Serine 111kalint proteascs that 

are act,vc: id hi~ly aJkaline pit rqm:sent 1be largest subgroup ofserinr pr~. 

1.2.2.1.1 SeriM alkati_ proaeun 

Serine Itlkaline pmlCaseS ~ produced by toCycnaJ bactai". mo1ds. yca.«. .. 

and fungi. Ttqo 1ft 'nbibited by OFP or • poI»o pmCcasc iDIIibd« but Mf hy 

l05yl-L-phcoylalaninc chlonJJnelhyl kctmt CTPCK) or tusyl·l-Jy~inc thlorotJldhy'l 

k.done (flCK) TheIr ~ specificlfy is similar 10. bullcss m.ftI'CId tbaa Iba 

of cbymobypsia. They ltydroJyzr ~ ~idr hewl. which has fyn:Ia1Ie. 

pbcn)JaIaDJDco 01 ~inc .. fK' carboxyl silk of the spbuin& bood. The optImIJ pH 

of albliM JJfOkaIe' ~ cuumd pH 10.0. amd 1bcir isodearic point .. .round pH 9.0. 

Tbcir molcxulu tUB i, in Ibe ~ cl IS '0 lOkfla- AIthou@h aJbIiac seriae 

pFCJIraJfto are pnduccd by ~I badcr.a §uch as A,tAt'Ob«tu. SlrrpltJIIIJ"rtl _ 

F1~niuIII 'PP. (~ et aI~ 1983). subtilisim ~ by &Jcil/Ju 

spp .• ~ the bo1 known AtIcaltnr prolcaSeS an- ako pruduc:ecl by S. ~JUK 
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(\t.izw)o Dd M •• ~. 198" ~ IDd rt.laaJc:mow. f'uop web om C~1d Ipp 

~ et aL 199)., . ..f.spr1Jp/hu ..... Nn.roIponupp. c LU.f8 et al.. 19ti1 t. 

1.2.2.1.2 Subdllsiu 

Sublth'tt~ of lJoclllus orig.in rcprc .... the lCt'ond lmgeu rJU2.d~ of JCnne 

protcases. rwc d,fferrat Iypn of alkalmc pru1C.Jt~. f,ubuUs.in CarbbcTrg and 

.ubuh~m So\'o or blC1crill proIQSC ~.gaJ1I...e ttut N9) hlllw bc~n ulc-ntifilld 

Subuhsin OU'I*rg PJ~u('ed by B~-,[J1J.f IiCMnI/orntl!1 wu disoovrl'!'d in 1941 by 

L1adcrsUom. [.an, and Ont'SC'D " the Carbhcllt l.hotllOJ)- SubUb~ln No\'O or 

BP~9 $ Jmld\lccd bv &Jell/.d offf."loJiIlwfari,·IU. Subblu,UJ Carli.bag " WNicly 

used In dcotcrgcmr.. Ib umu.1 produt1ion amounu to aut ~OO tom; ofpllrt' n.7.)'me 

proecm. SubtiltwD R'~~ •• Ins. (QiiJXn: •• IJy ImpgnaDl Rotb JUhbI .. m, bw • 

aDccuIar maa of 27 ~U>a ha differ ina =-cb oL'IU b) ~s CDmD." Tbty 

~ UD1* popcn!n ~ ., aD upti:aa11ca~hft' nf ~c: and Ma optiaaJ pH 

of 10 It 80Ch C'DI)'UICI cx.htbil bn.wi substnle 'PU1frci1y .... M\-'C.,. actn.'C'~'1e 

mad made up of Scr:~ L th..64 and A"i',U. The C-.vl~bn-, CAI)'ftIC haa hoadcT 

,utHmtr !ip«".tktl)' .nd ~ ftllI dt:pmd de C.:· fur us st.bili~ """ ac:tNc 'ri~ 

confotmolflaa o( subt,la~ r" ..anrw to ... o. ~ and cby~n dapJk 

lhe ~ilanty in then cn'eraU moln:ul. lItI.n~n~ The ~nn~ .U.allDc 

p1"()4ca.Qe from lh~ fun~us C(I,uaiobulus CQrmlolll.f \\0" sbow,. to pos~C'\,. LI ciuticw.ll), 

diff",cnt :llru,'"~ frtHn 'luhrfhsin Carlsbcflt in !lpit~ uf their funcri<lnaJ 'oIlmtlaritier. 

cPhDdlwc etal. 1997), 

A5p8nX actd proteases. communl,- UIO"''11 D. ..di,. rrotn~... .tr lhr 

~ tbaI «pcad ca .. ~ aod r~' !ut then nlah.uc .-twit) 

Ac:tdtc ~ ha\or bfte S'fOU.PI'd mi(l ~ rarnfl~ natrId!. rep'" (A 0. 

~ (Al) .. ~ftZ)'IIr' rrom ... ctrOVlfU50 tAl) aDd bau bn-n plkCd 1. 

clan AA ~ 8irt'1t. J OQ~. ne JTlC'tcben oi r.ftub~ A l ad A: .t lmo\lol1 10 be' 



ttlattd to e«h OIbn, .'!uk thow of famtJ)" AJ ~ tome rellledDeu 10 AI aDd 

A1 MOJiI uput" proec:a.r.~. "'"DrIll K1rVII) .)0..- pH (J 0 to ".0) IDd ~ 

itoC"«ul(" .,."ntsln eM,.. of pH loO 104,~. The" moJccullr mass is iD die IaDfC 

of 30 '0 45U>. lhe mt'mbns of the pcpsm ramaly have. btJobaJ SU\l(IWe WIth the 

ICtWt-l1lc deft located het .. "" tM lobes tS1dcd.l a al. )qQl) 1br actn~-'SI1C 

ISput~ aud ,~duc 11 ",ralollt'd .,thm the IDOflr ~Xu-G"'. m ... lhcb Xaa can be 

'5a" or 'Th, ~ .~n' .. JIIulrun IR inhibi.ed by pqKtat.'D fFilqnaJd d 11. 

1990) Tlk-y Itt .t$O 5CnS1'iw 10 diazoketooe compouads sudI lIS dloUOiICdyt·DL· 

DOfI~nr mt'lh)'1 tut', fDA". aad 1.2.qJM)-J... fp-nurophmoxy) ~ 

~EPf'rI,". III die ~ of ..:~r JOD$.. ,.1rcrob1al Kad prOlQSn e-,habu spedficll) 

'piM Ill"""'''' or bulky .mUll) acid Tl$idu.c1t. M both s,de~ of the pqHlde' bond, 

whlC'b ,,. Mm"", fO pcpJtn. hUI lheir action it. less ~tri1lgent 11,*11. that of J'C'P,in. 

Microb~1 n'p.n1iC' pro4ea\cl nan ~ broadly di"'ld<:d into two MfouP'" (i) ~in·hkc 

m7}'1tlt'S produced by . .f,,~'gl/JIIJ. Pe"fc-ll1l"m, RIII~oplIS and N~ro,tpo'iJ and (u) 

re'DJun-hkc enrymes proou&:cd b~' £ruJoJhia and Mucor spp. 

2.2.2.3 Cysl,lnellIIlol proft-asH 

('''''Sl<lM ~ oc~ur ID both prokaryolC"S and tUUt)'(\te-" About 20 

faIruoo of cy~tt1llC prOl.elnon have been rec~ued. Tbr -.::11\ 11)' of .n cy51l"lftC' 

proIca..~ dqcods on • Qt.IIytK dyad masiJlmg of cysrCUIe and tu"'dinc. The 

ORb aloe),,' IDII 'Hi!' CC'y)·llisi or His·C'ysl rnJduct, differ. amtKIl tbr flmilin 

~o.rnt. 1"""1 ~n). qlotCIlJC ~ MC ilCU~ only m ~ prcKDCC of 

rechaca;, 41D!t~ ~uch ti H'" nf ~y~ ~ OQ thnr ,$de .:ha," ~dic\1~. 
thc) . .IK ",.wtl~ di\'1dc-d mkt r,'iIt pvups fl. Pll'4ln-lW:. to) IF)'l"oIn· hK ,,·lsh 

~ far dcna!r .. the- .....-~. (Iu) specifIC to .Jut.nK .ad lad 

(1\") othcn. PapaJn t.S thr ~,~n C}~ prolCaK- Cyslrlllr prouun bavr 

~ pH ~ .altboup .a le.- of them. t J. J)~'" ~ an: 

tnbimaJly .I.:twc al KldiC rU n.cy Itt ~~bk 10 1oU1~"'CIr)-l .,c:nI$ web ., 

Pl.""MB. but In" unaffCl~kd t-v DFP and rht'lal·dlrbdina..,nt (1mtnpa.n. 
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produced by the anaerobic bKmium Clostridia"" l"stolyIfOllff. e~hlbtu a tdrmpl 

specfficJty for argiayJ nsiducs at the tarboxyl side o(the splittina bond aud differs 

&om papaio in ilS obligate requitemem fur calcium. SuqMopaia. lbc C)'IIftDc 

prDtea5e pmdnCM by ~ spp .• sbow3. a broIda $pCCiflCily. md .... 

oaidized insulin B chain and odln S)'IIlhetic 5Ubsbw1e$. Clc»aripain hM an 

iIoeJecttic poimI 01 pH 4.9 and • molecular mass of~ .. iIerai IM i'JOCk-ctric 

point Md moI~ mass ofstreplopain eR p18.41Dd 32kDa. rcspcctivt"Jy 

1.2.1.4 MdaUopnlnses 

Mefallopmtea5eS are the mast divnse of the cal&lytic rype or pro4cue-s 

(Bardl. 1995). They Ire ChDJ1I~'Cril.ed by the requtremenl for 8 dinlent metal um 

ror their activity. Tbc.')' include I:nl)'mcs from a variety of Of IS ins such as 

collagenases from higher organisms, hcmorrhagic toxins from "lake venol1",! and 

thennolysin frem bacteria (Hibbs et ttl .. 198.5~ Okada ct al .• 1986: Shannon et 11 .• 

1989; Weaver et ilL. 1977). AT present, 11letalloproteases have been cJussi1i~d into 

54 families (brtp:/lw\\"",'.mcrOPY.!lHDgc..'1',l.Ic.uk). which have beet! gr\'1uJ)Cd Il1to 16 

clans based on the nature of the amino add thal completes tht" mehll-bindjnlli1e~ 

c.g .• clan MA has the sequence HEXXH·E and clan MB COIT~nds to 111~ motif 

HEXXH-H. In ODe ofebe groups, the nxtal atom binds at A motif oLhcr chm the" 

usual InOIif 

Based OD 1be !tpQCjfJcify of tbcir action. meulloprotcases can be divided 

iDID four groups: (i) neuual, (ii) alkaline. (ui) U)-xobacsn-I and (I,., Muohut'l~ U. 

1K neutral proteaM$ :ahcrw 1ipC'artcily for hydrophobic amino ac~ whale the 

alk.a1ine prorea5n possess it Yl1Y broad spcn6cJty, JI.\'xoNt'tr'r ~ I 1.1 

specifIC for small amino acid rcsidues on either s.idt oftbe de." .. gr bond, .'bans 

.~ pmttase 11 l~ ~lfic for lyw.oe rc:s:adue oa the Il1W1O SJdc of ~ 

peptide bead. _0\11 of them .re iabibi1\.-d by cbdalin, agents fo.UCh as fOT A hut not 

by suUhychyJ agentS or DFP. 

IS 



ThmnoI),&Il. I ncvtnl proens.e. is the IDOS1 &boroughl) c:hanIct.erized 

mr~ of clan MA. HI5udlllC rn~.es from the HEXXH motif K"n'r ill z.. 
lipnds. Md G1u bat • nataIyt.c fuactioa (Weavt'f er al.. 1977 •. l'bamotysia 

produced by B ItrtJnH.~"1II is a single peptide witbGuc disWfwle bridges'" 

has • mo\ccut.r mIU of ) .. UJa I1 COGIatJU _ n.5elluaI Zlt 8lm c:rnbcdded ID • 

c~ forrnrd btrwrc r- 0 f<-Ided lobes of _ protml lad four Ca aIoDH. ..met. 

impan wrmll6l.bllil) 10 the J'"*Ul. 1"bmnot)oslD.' a wry stable ~ wiIb. 

half·lifC' or I h.1 aooc 

Col~C'. ~hcr IrnJ'OfUDl metafJoprou:a~. "'M ftnl dn.:O"cmf ID lbC' 

('ulturr broth pf tht' &nIfll"bK b.ctmUla OOftrtthlllll AJJrol.\tln,. ... .,. • CClmpwc::uf 

ofto:uc prodUCb uter. It You found 10 ~ produced by tht- ~1r bacmimn 

AcluolffOlkllU" IOpAdP .. nd other mic:roorpm~ mcludin, run~i (Drmina and 

Lyscnko. 19%. The' Irtiun nf l:'ollapoasc ll\. "er), '4pccific; tt, It ~'lS only on 

rollag(n and gelatin and rK'1 Hn any of tht other u'JLUll protein "\Jkl\tratc~. Efa.slA.~ 

prodtKcd by Pj,t'utkm...",a.r at'TNIt"WSfI is anotbtr Importan' mcmbt'r or tht' neutral 

IlEtaJloprolc:.bC ranUly. 

Tb&.- .1Ul..UM: mctaUOfIhllCbe'i. produ.:a1 b)· Ps~uJomflll"., ~.·'~!."1I0S0 iIIId 

Sin-ana "ftP lie .. '"1h~ In the pH raDJC' from -: 0 Iv I) 0 and h.\c mulcnwu m&j.S In 

Ox I\"p<'I1 ot 45 to 6W>a. M~:wbQ(t~,. protC'.1iiC' I bas I pit OpU111UU1 v( 9 0 and 3 

mokcul., rnau uf 14kDa and can lyse ~U w.n~ o~· AnlrrohflC"ln ('n'¥~lIopo1la. 

",-brtnl pmtCllW 0 c:aoot ly'iC che bactcriaI f;CU,,- \1auiJl n1CUlloprulC"aKs pla)" ~ 

pronunC121 rolt' Ul the dr~k.~ of the ntn.:dlulM matn, dune. I1nuc 

~~UI. dtffC1'e!1UMk'Jlft .lnd Vo·OW1d bc=.tltll &net ma)' k u.cful ID Ihc 

treaDilCf" ur d.~ SoUth a\ cancer aad anhritlS .8rCWtltCl"C'I al. IWS) 

fbc mcch-num of aiM-m ~i pnM~~ ~ hem A wbJtcl (\f ~"fcas m~n:J1 

to fnCin('ilI:n and 'S.n'CRl fl"J'Ofb ate ."tDlabk m "I~~ ". tc'rmc protease\., 

tipU1JC pmlc,"",. mc1.IIUo"nl4l'lK('!; and cysrcisx- pn.'f~_ 
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U.I Sni.e 'roceawa 

Serine proIcascs usually follow a nwo-stcp rradioo ror hydm1)"'!!'. in which 

I CO\"3'enlly linked tmyJOr..peptide iaknncdiatc is formed "'ith tilt Jow. of IM 

UIUDO acid or pt"pIidc fnagmml (fastre7. and Fershl.. 1973). Thi~ acylauon Mep ~ 

followed by a deacylI'boa I'ftl"" ... htcb oa:un b} a nudoophihc .ilIaC" on ,~ 

incmncdiate by "''UU. ftSUhq m bydrol)3is of the peptide (fig, 2. t, Serine 

radopeptIdascs can Ix cbssif1Cd. anlo thtce fUOUPS mainly based on lbc1r pn11W) 

",""ratc pttf~: (a) tr}'P'Jin-llke.. whu:h dea\-"C after positively ~ 

rnadues; (ii) chymotrypsin- like. which clca\/'eos after large bydrophobic n:sidun; 

..00 (iii) e1a...tiI5e-likt. wh.ich deaves .ner ,man ~c fc:s.idun. 1K PI 

raKlue c.clu~i"'cly dictates the site of peptide bood cla,,-agc. 

"-...... ........ 
... -c-C-·-c-c ... 

.. I 11 It I I 
'~f . Cl .: 0 
~ .......... 

... 
.. - I --

1 1\ I 
o-.. --.~.,.,...-.. -.-, 

o 

• ~-e-c-o· 
It I • 

., 0 
• 

... 
1 
o 

l • ... -c-c 
.. I , 

..... 
I .. - •• .)1--. -o-c 

~ . 
o ., .. 

.-c-c ........ 
• I 11 

• 0 
f ~ ..ArfllrtI ..... c ... • .......... 

• "1 •• 2.1 Schcmabc ~ion of the stcp6 involYtd in calDly,is 

hy the :scf"ine proltillt type of enzyme ... 
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The pnmuy spcc1fl~11) Ut .ff'ccIi:d cnly b)' the Pll'C14~ the K'&1dues • 

0lbc1 powtioas .tJm IM "* of cia, •. Tk sub Mlr IIII:fKlklQJ 3ft' ~alizcd 10 

lIfJttlfK: anuoo «Ids .round '" PI ~ 10 • UDIIfUt' sec (J( SClqueKCS CIa lhl: 

Some ar lite MnhC' repIidnn from ,.fc~~ 'PP. GC' lY'lIM-JP«1rtC 

~ fMa:s.aL d.t. J~~t ,,·bmti ~ from Clanridl".,. ~ ft' IIJI.DIDI= 

speafic Cclostn.,. .. , (Glib rill.. 1919) ... those from FJamboct~ ~ ~ 

post "uhM'-spt'tiflC (Yl~" ('IaL 1980t Eadopcptidurs tha1 atE' '\pcafk 10 

8lutaJnlc K14 cd aspan1C Kid reiltiua hA\'C Abo ba:a found In 11. Iri,.",ftH1ftlS 

IIIId !llIplnllDC"tX.-., ftl'l'tl.J (Dnl'C8u Cl al .• 1972) 

lbc r'C'ccnl studlcJI based on the thrcc~imen"lIlnAllib'\.lctura I)f prolea.-.es 

and cl.lmrari!lollS of amanu acid scquenc~ ncar the pr1m1J') \ub~'nt~ ·btndina lIitt" 

In tT)i'5tn-likc prl1l~!e, uf nral and bacterial OOSIn rolllBut a puC.UVI: genC'raI 

substratr bincUug "ClMmt' for prnlca~ with specifid,y towaro. tJutamit aud 

Im'DI\U18 ... hiihdmc fCSI..1L1(, and I b)'mcu.yt function. Uo .... 't\·tt •• rt'W olher SCfU1r: 

proteaSb ruc:b as pt'pti~ A from I::. toli .nd 'he ~prC,ti.iWIf 1.('" A iIlKIv. t.iiiotincdy 

dltTmnr m«hllus.,m of Ktfun ,,1thou1 the c:la»te Scr-H~AJp tnad (Bart'lt, 199-1. 

Sm:n&: ur lhe J'f" me ~ .rf ~ in lhc ytoait)' of tbt ceta.lytje sc:rinC' 

ttSldur. t1u1 Ibrtr cud POU1:JOM arr ,,'ariablc I Brenna. 19111). The th)"I'aOtI"ypsm. 

Itkr t'nzymr5 are cunfiDcd almost t'Dlm:1y 10 aimak.. \hit QCeptMlM bcl~ lryplUt­

hle- CDt)me~ 6on1 «tiauru~~C1~s antS Slxrh4rgpo.)~ 'i'P and from Ibr (UD~"U" 

"'ldQramt u.J~ptJnI •. 

:\ fa.' of tk scnnr rro'Q .. t~ bc1ocf.nJI10 tM sabnh~ln fUul) ~ . .& 

aulytl< .0Id ~ uC ... MmC rHJdun a. in the cb~ raa.Jy; 

bcr."C'\:J. tM 1't1.due, OC~Uf In a d.1JcTcn. «dt'J' r..up.HI)·Snt S«nr nrmbcn of 

lbc: sul1lbuu fa:nal)' &om ,he TrlflTlJcft.WJt .... M~/II:I"IrI:I'" spp fftlUt~ lhiol fOf 

tbctr .,t."lI)_ T1lr llUol ~c 15- annbutar-k It) Cyst'! nc.v the .at .. th't-~11J:' 

hl'SEjd'I'.t' C J.m} (:t .. d . 1986 t 
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The carboxypeptidaies are uousuaI IIDOng Ibr serinc«.-pc:odc:o1 ~ 

'ia m. lhry are maxllDlllJy Kti''e at acidic pH.. Tbac CUZ)'IDCI are bowII 10 

pouas a "GJu· ~ pRUdina the catalytic '5a'0. which IJ bdanai 10 be 

mpoIlSible r« their 8C1dic pH cpImIUm. AJ,bough tbr ... jority of the ~ 

proCeaIn (W'Caju the: caW)iic triad Ser·Hi. ... Asp •• few use the Su--" ant,.ac 

dyad. The (jhHpccitic ~ display. pronowx:cd prefc:n:uce (or Gl.,.X. 

bcabova- Asp-Xaa boads(Ausiew cd Smith. 1976) 

1..1.1 A.spartit Prot .... 

Aspartic cndopcpticlases depend on lbe aspartic acid r~jdues (tIC their 

cata1ytic acti,,;ty. A prral base: aWytic: mrchanism tau bet-a ptopo5ed (Of Ibc 

hydrolysis of pmCctn."" by bpani~ prot~~s such as penkilWpcptln (lames et al .• 

1977) and cndocbiapqJ!in (Pearl. 1987). CryslaUographic studies have fib"W11 Lb., 
the enzymes of the pepsin fnmUy are bilQbt..'d moJecul~ with the ltClj\lc lite ctcfl 

10C111cd bCrh1:en the lobes and oBch lobe contributing OIle of Ibe pair nf u"pDrtic 

fW.:.d rcsiducs Ihat is essentll11 for the calalytic Ktivity (Blundell cl Id.. 199 I; 

Siclcdu d al.. 199]), The lobes are hOtnl)logOU5 10 one another, having .filCh by 

lene duplkadon. The retrupcpsin molecule ha only one lobe. \\·hich carries only 

0I'le aspartic: rc:Wdue _d the activity ~qui.n.'S the formation of • noDOO, .. 1cN 

homoduner (~iUer d al .. 1989). In mos& of cM CllZ)'IDCS fmm the pqtsia (lmi1y. 

the c:alalyt;c "Asp" raiducs a~ comatned in an Asp-Tbr-(1)'·Xu moIifia both ~ 

S· and C·feImiIW Colla of the enzyme. where Xu IS .~. or ·Ihr" .... ~ sjdr 

chams CID fonn bydrogcD bond 10 0Mp'. ~. x... is. ·AI.' In mMt of1ht­

mropeps.lnL A marted c~ion of cysteine residue is also cvMJ..'Ill in ~K: 

proI~ The pepsim &fId the l1taJCM1fY of GIber members of lhe fanuty ~ 

sprci fKily for the doaq~ of bonds in .. ~ of at ka:a1 ~l. residucs with 

hydrophobic amino acUis iD bodI lhc rt .00 Pt9 positiom (Keit. 1'192). Tbc 

"JI'.,;(icity of the cata1Y'iolS has b«n cxpa_ined on the bb"is of .~i1.b1c cryr.W 

~J (liu et al .• J 996). The SoINtturaJ and klDetic studies also h.t,~ SUgc51cd 
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C..".l 

that the mcchani5.m hwolves general acJd-.base catalysis with lytic Wlter molecule 

lhIl dirmly putitipllQ in tbe fCICIion (Fig. 22). This is supponed by Ihe aysW 

sauduro or various »partic pn1If'aSe-mhibilor compIaes ... by che dUoI 

Wnblton mimicken, a tCU'abcdra1 iMmneddle fonncd after the anack by the lytic 

waRt rMlccule (JalQC'S et 11., 1992) 
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VIa. 2.1 

(A) Schematic representahon of the genera] acid-base catalytic mechunh.m 

of the aspartic protCltse: type of enryme. 

(8) Schctratic rcpreseat.ion ur Ibe multib1de of hydrogen bondinl 

mlCfadions available in the active ltile cleft of a typical Hf'I'1ic 

protease:. 
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I t -.- ",--... -. 
fil. 1.] SchnmtK' T~SCn""Klft oflbc *'PS In\'Oh'ed In t.~""1\ 

by the cym:~ne JlrQlc'ast' type' of CIIl')111C-

CY'ltUIC pr01U~ ut.ll~ the h)'dro~~ of cartlo.ybr; K,d dnWolb\"e'J 

'hrougb~ ~ otispla,(mnu pMh.a~ m\vl"wJ,maaJ aCJdt-.~ fOlTTLlllun and 

h~'drol)'S" ul _ .cyl-,h"" ,nIenntdi*_ TIle RlC'ft..mn of If:IMJD of (~ 

JXCI!~ It. dun'~ 'nndar h.l th .. (If ~nt P'~~a.~ A t.ttl1mr smnlanl)'" Use 

cft~l:d III thr ~khon mrdwrum f<N' ~U~ ~~ ~r d.tTm:nt 4:'\'oJuuorw) 

dO~- Tht' pJ.tt pc:pIida..- papain ('.1ft he C(JrbJdn"ed 1be an:hctype ot ~cirJc 

ptpI.~ and ,C1MtitutC'1o. tilOd rnndcl (N tbu tanul) "f ~'mo Th~ u.t .. lyZl! 

th~ b~drob~u of peptide, .. milk otCf. thlol &:$kf .and tbIOO" ntC'f bonds (f~()I~. 

I'NO) Tbe in .... f IIqt iU .hC' ,,-atalyrlC procels (tiP; 2 H involvc\ the IlOflCO\1l1eDt 
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biDding of cbe free tmymf and ~ ~ 10 form the wmplcx. Thil is foJlow.:d 

by tbc acylalion of the aIZ)'IDC • .,jlh 1hc formatioo _ release of thr first product. 

tIx amine R9-NH:. la .. nest dtaeyJatioa s1cp. me acyJ..eDZ)1DC racu .11h • 

WMcr molecule 10 Jdcase thr KCmd produd. with the ~ of rree eta}me. 

TIlt enzyme ..,.m. coasdu of a siDtfe prvtejn chain folded ID rona rwo cIomIW 

oxaininS a deft for Ibe subsIrate 10 bUd 1k ay5IAI SlnIctUR' of pIpaZ 

conflI1DCd Ibc C~ His 159 pairing (Balcc:r and DrmIh. J 98~ The praoenc:e or. 
amervcd aspll'PM; n:liduc (Asn 175) ID the proUniIy of catalylic hiSljdiDe 

(HislS9) creating I Cys.His-Am m.d in ~_ pqmdascs if, eotWden:d 

anaJogou..~ to the Ser-His.Asp arraagemfQt fOWld iD serine pr~ 

1.3.4 MmUoprolasn 

The mechanism oraetion ofmc'ltlloprotc:a.o;es (Fig. 2.4) is slighlly differenl 

from that "rthe above de-scr1bcd prolcl!Ises. These enzymes depend nn the pr~!M:nce 

of bound divaleor callOUS and oan be inoctivlccd by dialysis or by Ihe Iddlti(m of 

c:bel.ting agenls. for lhcnnolysin" bascd on the X-ray studies of the complc" with a 

hydroxamic acid inhihitor. it ha b~ propor.ed that Glu 143 MsisfS tb(' 

nucleophilic attack of a WIlier mol~ir OD the carbonyl carbon of tJl(, IClwle 

peptide: bond. which is rotuizcd by Ihc Zn!- ion (Holm and Matthe'ws. 19fU). MOAI 

or the metaJlOJIRl'asn are nuymn ODataining the His..(jlu-Xa·Xu-Hls 

(}fEXXH) DJOIif. -iUCb bat been sbowo by X-ray crymlloggphy 10 form a J*'l of 

&he site for hind.ias oflhc metal. usuaJJy zinc. 
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Fic- 1.4 Schcll1,gtic rep1bCnt&lion of lhc catalysis of ~ptjdc bond cleavage 
calTied QUi by. member oflbc mClalloprolca5C c1au of enzyme. 

In gcncn1. studits of tbr ~baDism of action of proteasc5 have revealed 

tlJat they c,.hib,t different l)'pe1I of mcchanir.m bucd on their active silC 

coofigumioo. The .c:'rioe proteasel contain a Ser-His-Atp catalytic: lriad. and the 

bydroJ)")ilS of the pt'pIlde baad aD\'Oh.-a; aD acylaUOll step followed by • dcacyJation 

SIq). AifIII1lc ~ arc charac:tcrizrd b)' l1li A !po Thr.(ity motif 10 thea actiyc 

mt and by III ec-ad-ba .. c.uaJysil as lbcir mechanisms. oflCtioo. Cysteine proteasc:r. 

-.. ~ hydrolym mtchlluun ID\Olvinll genaaI Kid·t.e formation foUowai by 

~ly5JS of _ .. "I-tbiol iuk:t1"acdi.k. The a:li~ily of mclalJoprOle.ue\ depeDds 

on the bJndtag of a div.Jc!tU metal ioa 10 • His-GJu-X_·X~His ..... if. 

PnutiO ~ kno¥.-a to be ~ed by planb. animal$ and microbes. 

Ho'4"C\'eT. m dUs study •• R"vi.:w on plw aat.l anirnal JOU~ III ouJ of "Cope and 

the re-t;icw lS n:slfic;lc4 ont)o to mlcl"OOJ'g3llisms.. 
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M1CI'Obcs have dra .... TI the attention as ideal source 01 pro.euet. and IiOOOUIIt 

for approximately 40% of the loud worldwide t'fl1}'fM Ales.. M~ 

IqRSCnI aD excellent source of enzymes owing: 10 lhc:ir broad biothcmiQlI 

dJ",""Y ....t Ibcir susceptibility 10 seoetK ICWlipulalita. lky R'p'C5mI _ 

al1lKtive souru of proItun .u they QI'I Ix cuImred III ... quaatitica lA • 

rrlllJvely short time by esaabJisbcd fC11DClllatioa ltldbods • .ad they produce _ 

abuadaot, regular supply of Ibe desited procIuct In geucnL micrubW pr~ arc 

eXU'lCrJJuJar in Dahft IDd 4ft din:cUy 5C'CmCd iaIo the fermmWjoo brvch by tk 

producer, lhus ~imp1ifyin& dowmuam prooes.swg of the c:Ill)'me as cOCllplRd 10 

proteues obtained (nu pIanh: and ..w..b.. They ha,"e a Ioogcf sklf life aDd cu 

br S10rcd under less than ideal ooadn~ fur wa:h ..... ithout I.igfllficanl In ss "r 
1Cti\;ty, 

Dc::spi'e tbe long Ji'" ofrrotase-producing microorganisms. only a few are 

con5ilkred as appropriote producc..-rs rOf commercial eKploitation, being 

'gmelically regarded as safc' (GRAS), nOG-toxic and non-pathr.)gcnic, A large 

aaunbu of microta belonpl to bacteria. fungi. y~<;t and acdnomycctes are 

kDooA-n 10 produce .JbUne pmlea.!Ot!l of the toCnne type (Kumar and Takagi1 (999). 

SGmc ofthc n:portcd proCCatlal arc Ij"cd in the TabJe 2.2. 
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BKtcna MC the """~t dummant group at most commcnull ~. 

-mfy nruual and albhn( rrot~ prodUL"l."tlt Vollb tbc gcaus BtK,lI ... ~ms tb.: 

IIIDII pmnnnmt ~~ A mynad of &1nl,," ,...an front 1TIIftY dlffcrml Cllolic 

cuvirunmrnl' M\oe been ur'um:l MId cxplmk'd for ,lk:;d_ prtlCl'1UC productioa 

buI mo~t r-~tl.1 .1bl~ prOlt.AR pt'od"'Ul8 *ilb ~ RraIDI or B 

1./w-.,/I)rJffI.t, 8 $Ubnlu. /l ~"''''dlupnf~t'"I",l. ePtd B ~JlIlrlUu (Gupta n .J. 

2OQ2b~ lti.Ah"l. 1911; Kumar'" T.~ 1994. Rao et at .. 19Yk) AnochcrbKlcnal 

SOIlf'CC. lllown .. s. potmlyl producJer. is Pr~/""'tI"4S \p. (Ra~ d 41.. 2000~ 

Ogiuo cl .tl. ! '"'J) The NctC'flaJ ncwraJ p!OlttUn m' charactrn~ hy ihe1r hlgb 

affimty 1(-., h~dMpIk~b-t~ .... uno acid paJl'1 !belt 10'" thmnrltu~ l~ 

ad\oaularcuu, (ur conttulhn~ rhnr reac1.;\·u)' d.&1lft8 the prodU('hun "r food 

hydrolysate's with .. Iow degree uf h)'droJ)1N~. Some ohbc MUln,1 pr01tUft belong 

to the mt1D1I(lprllt~ase ryrc: IUtd rC'quJr~ dn.-alcnt ~lal ions fm tbeir Ik!ltviC~ ...... hiJr 

och~ ate: ~cnrH: prOltln.1.\C!I. ",Iuch are DOt afJwrd b)' c:behIlJngltcCnli. 8acttnlJ 

alkaline' rW1~IIIIC'li are chJltlu.1t'f1a:d by ~ir bJgh activity at alkaline pH. I',g. pH 

10.0, "Id thci .. hruad ~b"lfa'e fop«ific'ry, Their optimal tCtnpc11lturc is around 

604 C. Tbr)(' prupcon .... ' of Ndcri.! alkaline prlllUlICJl make them f,ul .. hl~ (or US(' in 

IlK" .:ktrfgcnt l~ fhl1p ~""'"",'..oo""O~hHtk'..:h ,am) 

futltJ ~lAblntc • WIde' unCI)' of CnzytDt'.lhan do bKk'na Fm ... umpl .... 

. ~II"" ,.,,'="" prodlK"C'o .... :Id. neutral and a-b).ne" protctsn J·UftpJ C'1JZYIDC3' 

QD be con\'cnimtl) pmdul'cd In =-~ fc-mxntation pr ... ~ The funpl 

~ arr ~U\( 0'''''''' ~dt pH ~ ,.0 to 110, aDd ntub •• Mu.d ,ubstnk 

sreafiru) Hn'A't'\ef. W) h.~-r • Jo..-~ ~ rat! .and \\'0fW hr ... k.k:,aocc thuJ 

do dac t--,tTW ~ Ftm .... K1d ~ ha,,''''''' opt,"", pit bct-a:n 4.0 

aDd .. 5 Md ~R" ,ubk hcn.L"n1 pH 2.!i .Id hn. FUUP) QC'Utm JI"'4~ ~ 
mcta1~t\>1tt.~s dw ar ... K'tl\"(, ~ pH ~.O and :In: InJubUed t.t) clad ... ne agtn'.s IEl 

~" ·h' .... ' )illl. {(aaitrabam d "J • 2000; R&)AftWIIU IDd Hilcb. I QM7. s.dhy. tt 

al. 200~. UoIM ntllll ,"'Ipfn.ccd group. md COlfJt/w/toIlU $po tBhositlc et Il .. lQ9~), 

P81icilltUlfl tp (GmnaDO ~I al . 201H.lIIOd RIU:::I"".., Jp, fBlDerjec' and Bhattacharyya.. 
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1993) produce protease. Among lICIinom)'CC16. mauts oC ~,ftS ~ the 

JRkrml SOUIU (PdinMe et al .• 1999). Amaug yaasb. C41fl1JdD 'P- has been 

5IUdic:d iD detail as a rotenfial alkaline proICaX produca (POll et al.. 2(01). 

Vinl prot.casCS haYe pinrd ~ due to lbciT fUDCItOftDl involvement 

ia Ihe proccss:in@ or pRMnD$ or wUuses that C3IISII: cmaia ratal dba&Q wch • 

AIDS and cancct". Serine. atparbc and cysteine pcpeiducs ue f'0UDd la \'arious 

virusn (bwliDgl aud &.m:a. 1993). All of the virus eDalded pqttidIMs Ire 

~ cMre ~ DO IDdaRopcptida$e\. Retroviral aspanyl prokaSCS IbM 

Ire required fOT \-i:ral assembly and rcplkalion me homodimcn and ~ elpt'CSKd 

as a pan oftbc poIyprotein prttUBOr. nle mature protease is rdased by IlUloIysts 

of tbe precursor-An ex tcnsive I j'erature i, .~ilabk on tbe expn:ssion .. purlftcalion. 

aDd mz:ymalic analysis of rccroviral upantc protease ... lIS mulanu (Kuo and 

Sh.rcr .• 1994). Extensive TI:!ieafch hft focused on the three.ciiJJ1C!nltional structure 

of viral protease~ and their interaction with synthetic inhibiton wirh a view 10 

dr.signing potcm inhihilon Illat can combat the relcnlJes51y !lprcading and 

devaMtadng epidemic of AIDS lPatick and Pom. I 99K). 

Tb&: nariDr: cnvironn.ent. "'hleh encompa$SCS aboul 71 pcrccm of tbe 

Eanh·s surfKe. is polftIlially. Vd f'CWUI'CC fot bSC'fuJ en7.yI1lC5.. M~ Iwc In 

tW1DUS babilaas m tbr marine C:lwironment.. including neusIOIl. pUnklon. ockIOIl. 

rcsIoan MId ~ic. erutnbiMit.. pdaglC ;md bmrhic c:mUOhi'DC!Dts.. Thew hAbiuu. 

Iwbor a divenc ran. of IDlcrubc1 including .rhachK1aa. C)"IDObIcla1a. 

actiDomycclcs. yeasIS. filamentoua fungi. JIIH.'To.Ipc.. afpc 3Dd pr0t01Oll_ Atm.. 

alJ lbese groups an: JK*ntW SOUftU 0( IISdul ~ 1111: ecologtcal role or 
lhnc: ~ ~ ID tbe 11Dttiibatioa ead fU)'Cling of compI~x urpIllt 

matter through degradalj~-e pMhways .... 11"15 abo contnbutc to the sec:ondlry 

produc«ioo in the sea. Bacleria IDd futJgi 'leCR!le diffcrcot Cf1rynlei South aI 

protease. amy~ bpasc. chi~~. «l1uJaie. lignina~. pet1ina::ic. xy~. 
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cuclQ.\C't C ~ R. ~ua. R"s.&nc1lcXl aU:~:dIn ftc .• d(. baKd "" &Mu b3lKtII 

aad ~.. hmcbom fbnb DanDc m\1fOMJC'n1,- such as &cp ocean. 

byd:rc8cnnaJ vents. po .. «an5 lOll eatmneJy tabne bodo 01 - .. cr. have 

yaddtd valW&blc: e.tttmophlh(' rnlcr~ ... hleb are ~ pnrrAry souru of 

C1ll)1DrS that an: ar.;U"c: at el.UerT1C' ,onditioru Aft alabl~e re\1C'\Ao' of mann.c 

nucrt'blll ml1>1nC'S is prt'K"Iltcd b) Chandra!.ck..van 4nd Kunw C :!OOl. Mannc 

mkroblill (nI)'~s havt' lwcume lhl: focal POInI of mterest and ~vtrat enzyme. 

hue dr-swn the attention 01' nlil:rohiaJ prospectors. A rew &!"lyltl~i ha\'C! been 

lllQlated rrom ~a""'lltcr am) n\lnOC: scdilHc:t1b and have been punfied and 

c~tnucJ for Wit propcrttC\ and apphahom. 

IlK nwUt(' JJlrCrol~ .. lricb ,.'u· ~ pttftcftMI '*' .MWU of 

nom...~mc .. ~ )d to bt &.aprt'd rn ip~ of fc-,r. rcpon.t ~ the- productiC'lll uf 

PII"'M~ rnl2Tl marine b..1cn..t ~ftn Ilk Vr/mfl 'p. SGnlillS '" _ PY'WlOfflUIWJ 

.. eh: ({'rood;cr et 1.1.. 19Q'J~ fJo1l..-ia-Bad.Uo n •• 2OOJ. F.~' and Crosa. 1991. 

KUITD&f d.1 • ~. Makino (1<1'. IQ81. SaQmanc<l C'C '1. 20(2) "C',,~kn. lbr 

produ.;t, •• ur prCle.lSC At ;&n IndustrW scale using mIflM funp~ I~ ~. lO ~ 

Incmpt(d IChand.ra.~k..uan and Kurrw-.l00:) 

A halolOIn-etlt Iftllin ur 8acillus 'iC'h~niffl""'ll, if-olaled from mal'inr 

IJOCI.itoohb produced bigh protCUM: lictiviry dunng the early !itationlal')' pnasc of 

powth t~lltllK'hinl and fontn-. (998). Th( UlIC' uf SoC. \l.~ICr 10 1he fcnncntatlon 

medJum cnhanced the: proc.t&ktlOO of this KtJ\'lty to I ~O% "iter pU1I.l 

... r,ulloo_ lhr« diffemu pu.rol)'Uc cozymn ,;ould be: de\c(,rd v.il1<:h WCtr 

aIbImc Ic:nnr proIca5es. c,hjhihoa opI.UNIl kllvily .. pH 9_0 IDd at: 7Cr'{. 

Procca.~~ "ttc .ro\~ by '.1...-1. .ith a ahrc:r- told Incrca5c In IICh\ilty met weft 

Albk In tbC' ~ <'f 0 ~~. ,altO .. 0..5-. s.t -K) aDd 3 .... HP: 

Ir1lf1t,U]luJar prOIlC'lltSn rnrrn • h}'peI' Ibmnoph.ilic III"ChaNn P)'rtX« .... 

~" W1IIIC punflCd b)' Halia et aI .1991) ~ Pfpl has • m .. l«alar mass of 
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19kDa aod 0fXtIB in at least two c:oa.fOl'mllioaaJ ~ j..c~ one as 8 ~ "'l'" 
aaolecular mau 124.16 k.O& COIDpI'WnI about 90% of the tobIldivily .ad the 

KaJI'Id one occurring as, • tnmcr ,,-nh 8 mo~uJar mas.s of $9:J kDL Tbc: 

kuapemure optimum ..... Ibr oormaJ Pfpl .. - 85"'C whete as... chc: enzymr 

pftpiIfcd by iacutatias me ull ~:mKt of P . .forionts III ncc in 1 ~ SOS fur 24b.. 

-.1000('. Morcovtt~ dIr halflife was iDnTascd from less Ihan JO minuln 10 31h. 

The CftZ)'mIe appeas to be 8 prcdocndaIal Jainr-l)'pe protcuc m «11 c:-.trKl. bu& a 
eoa~la "..,tro. probably 1ft put. byclalmiddicm of~Am' aDd °GIn' rn~ eo 

• more thermally Mablc funn by prokxtged heat tra.tmaJL 

A hypcrthermophllic and barophilic protease \\iU i~latal from 

Mt'lhlJ'IOCOCCUS j(Ul1lQsdlt. an extremely thermophilic deep-sea mcthanngm. ThiJ 

mzymc .~ lhe first protca60 isol.ted from aD argani5D'l adapted 10 I rush prtnun: 

and high temperature environment The: enzyme hili a molecular RtIW of 29kDa 

and narrow substrate specif'icity with litrong preference for leucine at Ibe PI site of 

polypeptide substrates. Enzyme ftl,.ltivily wa.q measured up to 130GC. EtU:yme 

.clivil), and thennal 51abiliry intrc.alOd with presMIfC. Rai~ in the pressure La 500 

atm. led 10 iDm:a~ reaction rate If 12~·C to 3.4 fold and (he IhennolUbibty to 

2.7 fold P.fichels and Clark. 1997). 

An alkaline: ~ isolated &om • symhiotic: baClaium found in Ihc gland 

or BlMrine shi(N.um was ~VaIUatCd as a clczm1ng addilive. The addition of thi$ 

pro1CaSe signifiamt1y iqJnMd the cleaning powa of ~c dctetgtnl£. The: 

proIaIC was SUIbk iD sodium pertxak. • MD as ~n peroxide lad maincd 

good actr.-"Y in the prescoce 0( tOCIium h)-pochJuride (Grcme et at ... 1996l. 

T-v a01l ccllubr proIeaSe 6um c.rude oil degndj.os marine .NoautIiopsu 

•• isolaled. (Dixi1 aad haI. 20(0). The two pRMeaSCS. Protease IInd Plnceacoe U. 

belonging to alkaJine ~ mdopcplida$c ranuty. ba,,1: a mokcuIu weighl uf 21 

kDllad 23 Ula and PI 0( 8.3 and 7, with pH IIId kn.perarure oplil1ll (\.'If adiloit)" 

bt1wren 10.0 and 110 ~nd .00'" wile respcc.tively. 
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A S fokt U1Cl'Q:K in ~ prodacbon I1'IInIrIbe badtnum , ,/tno Cn~ 

~. the .cIdltJOn of skuruned milk ,,1UdJ has a molecular .'ftIIu of J.lkDa has beca 

~N c E.s:a.ta-a.dtUo et at. 2oo},. 

An OllldatWC _ §DS uabk aJbli:nt proIfti~ .-as rrponcd 1(1 be sumed 

by mmnc Mlophdic 8".,/lwl .-I1IlUU, ~1arcd from w tHSa.J mud n.t\ of Kottaa 

Yello".. Sc-.1 4KLlmlr et al. ~000I) TIle ~ ~ho"ed C'\I~mc \.Sahlbt, ""'m1~ 

SOS and olldWaa apDtl. rn.H:ag il5 X'livity .htwc % .nd 7~~ Oh lleabDtal for 

72 hn ..-irh ~~ .. SOS lad ~ ... H;O; The cntymt btlonp to thr family ~ 

prottaiC \\-.lh ,,,,lIma1 pH and t, ... Ptllfti!~ of JlctJ\"11Y'1 11-~ and Im-C rnp«U\'C'y 

Z.S "" .. Me Production lD M'c'DOI'I •• iI .. 

Pru4~ prociuc:titm l" Itn inberlml property of all orpnjtotnl and thChC 

mzymn .,~ gcnnaUy constitutive: howe~r. 41 t1tllCS. whC'), an pan •• J1)' )nduclble 

(Beg et al T ~OO1a: Kahn .. l'ItcH Protases arc: largeJy 5eCfelcd Llunn" \tarioruary 

phase Md thUl are JC'nchJl~ ~gul.ted b)' carbun and nitrogen "'Tt"'«, They ~ 

Ic.nown to be a.\MlClatcd Vlnh the unset of staliooary phuC', which is mark~ by &bC' 

tnmsltlOD iTom \'~lCtaliYC fIJt'\\1b to ~)On uage in spore-fOf1TU!b ll1erefcn. 

peotaY' rn~"'U,"CiOD u. oOcn tru.ltd t--.) the. srcwrulauon ,,. ID man~' bacilli. such b 

B_ ~/""u .01 fltll and tfaBC'man.. 1990) .od B I"'k,,.!onrw I Hmtun IIIJd H~. 

1981) In ~ontru&. la f~w ~ al~ wage.1 IbM spoNlalloo and prolCIIK 

proclucttM, iJIhouP co-occumng. 11ft DOl "laled. as lopCft-def.oa.f sttaias of B. 

ll('''''''f~u .. ~ noI ~ dri'H:imt «. knun, Cl al ~ 1 ~ I It ___ .00 

esubl • .ba! IhII rrocea.w prodllCtk'lft Md )porulAllot1 MC' ""'0 cradcrmdnlt n~ In 

5Wlon&ry Jlh.'l-ie by aaaJ,.·-'&c 01 nudeoIade poo~ (GTP and "T f') III IJx cd! or; 

(Bierbaum d al .• J9Q1l llww ~.ioru. mongJy MJU."SI , ... pn1IQ5t 

JIfOdu.,."1IOft I1 un&r ilNlfml c:onuol rnpons.~C" to ;uNDO acid dtfiC"lnJCy aod l§ 

~ Co ~ Gppp ~lIo tft the ceU The 1l'aMlbOIlS ~cen d1ffC'ft'IlI p",tla 

~ VC" d,ff(,mlt nutnuonaJ hmilanOBS v.tr~ ~Iy dnccmcd It)' IlK- .. lrtntimu in 

Ibr DUClcv .... pool. A nwk.t'LI ~fcast in , .... GIP COIIIt'fIt or IlK- cells (aftcf 
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Idditioa of mycophenolic acid in the apoacmlial phase) inaa5cd protease 

producIioa during mUODII')' pe..e. tIenee 9 it is conduJi~ty ~ dw 

abCdJuJar protase prodItcta ... • mmifeStalion of aUlricnl timiabon •• the 

ansa of SlMfoaIry pha5c (BXfbaum ~ al .• J 9" I). 

1.6 Ftt-. .................. ofprotaM 

~ an: FDl!JIDy prodDced by submerged fcnnmtatlon (Smf)'" on • 

CUllllDeJcial scale. this is pdaied ~ solid sD1e rmneot3boa (SSF). Rtaady SSF 

unpmcCS5Cd or mode.atety proc;:nKd I1IW materials. funbcr. the less initial tapilal 

COS1. superior prcducIavity. low wafer ourput and impmvfli product ~ ~ 

Olhu ~ of SSF, Diffcrmc methods in submerged and solid itate 

fmncntations have been u.~ to rqulalC protease s)'Qlb~ts with mategie5 

combining fcd·batch. ('.Qntinuous. chcmM1:at cultures etc. (Gupta et -I.. 2002b; 

Hameed et al. 1999; Sandhya c1 al .• 2005~ Uyar and BaysaL 20(4). Such Iltrlltcgic5 

can achieve high yields of alkaline protease in tbe fcnncntation medium over " 

longer period of iDcubal:KMl during prolooged stationary stale. Since the final pmltue 

yieJd during this phase i9 alllO determined by the hioma.o;;s produaxt duri"B 

tXpoIICD.IiaJ phase, medium manipulation is needed at maximize grov.1b ad beace 

proIaSC yi~ld. Optimi.z;alico etf Ihe medium 1S associated wilb • Iwpc number or 
JIb!.'Iiological and nulnltoaaI ~ lha! effect pruIcatc produdion. ViZ.. pH. 

1Cmpn3IUrC.. inaJbeIida period and aglbdtCJIL clfca of arboa Md a.i1JVFn and 

dJ"*nI catiam.. AIIhough • 1arJe army of facIots inftueDces proecase production, 

tIII:R lS • compIa ude:actlou amona chcsc ~ IbaI am be iIUdIaI by 

followiag lespoIiSC surface mctbods.. A cowprdacnsM acaJUDI or cuIbft coadInonI. 

for proaease pnxIuctian fron , .... rmcroorpab-ms is liDed in TJIbk 2.2 
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Solid ,,'41.: frnnt'l'lt.:ut\)n ~f()('r:S~~!i, wh;c:h in\uh:~ the: Mtowth of 

rni-."tOOf1taJlism on rnotir ~tid ,ub!lcnarcs. in the .Ibtcncc or &tt. nowins Wltrry have 

cOCludcnblr economu:~) potential ,0 produu., prl~~ for the food. feed. 

~ntticak .ad aarinlt ..... ID&tusIries. fIowna'. owin& &0 Ik JI'etI t-UCUSS of 

*F"'Kalc ~,cd ft'r.'nCfl .... i • ..., _Smrll"'""r'~. S5f ... almos1 (l",~ 

tqi«trd ~. 0YCI'the: pi 1>'20 ~ SSF has. ~ raac:wed RJICreII 

hcau.ic " has cC11am ad\'antage1 0\ er 5mf (Barriot·C.onuJcl and MCJ11. 1996), 

$,SF technology hit'" been Uo~l1 r.n rrnturi~1't frem Dpproxlmlltdy 2600 

~,( 1* "4i u..~ hy the Egyptian., t\.lf making hread. ~d information on the "Koji 

prexns" dnlc§ tMrk lO 1&)00 8(' SSF pton:'~~ Ilwt ha~e c~u.lcd for .. :enlld111 

IDC:udc fcnnaul'd r~, r g _ latl('dt. IDlSO ~ p()lul). mold n('Cued (bene (e-,. 

ROIIUCrOr1~. SbtIn ,uJauto,. for (('1"md)tN bmIo"J and c:mllmc .nd cornposmJ 

~ m.-cm DPtM.""4JIh 0( SSf Itkluak Ihc proc.nn ~ clf apt .. lftdustriIl 

,n.;d~~, the production uf mzymn. orprnc aod.5 aDd ((ha .unp: mcuboJlIII 

.IDt spore" prOOu..·lI~b (ltlrtnNuJl, I WS), 

At. part ur the ,;catch for I cheap alternallve produc1ion ~>'fotr:ln which 

utifiu~ ~lmplcr.~ lDdmtnal W.,ln *' Jubmaca. solid.wc iermeutaUOD (SSf) 

has p.-ne.i Impon.aIKl! ID thl! pMdtlrtK1l1 af [lIcrob •• l CUl)'IntS. SSf }w. s.evaaI 

«"ODCJmK .Wqft owr oonvcnltoGll SUbnlCp fmDealalKJIII sudI ~ mini,... 

~~. of ",&lCr. ~ uf lDCtIbob1a iD • ~ ~ fOfDl .. 

11IIl.ana !he ~ procaslac ~ ttUE Q..If1)11111t\~ ...s ac- n,..,~ 

(Heuekmt. 1.,7:, ~ et 11 .• 193~) Among 1be uno,,' groups 01 

mecroorpnu,,,,, uaed ia SSF. fiJ.mrntom fWtgi Me me IIIiJM wtdtl)' "ploited 

ov,ing tt' thtir abaht)' 10 gf(l" &Dd J'foducc • ",dc: range of ncnw:cllular l'tlZyInCI 

uru:mnpln 50Jjd lI"Mtnnt~ tMoo.yoonSICt 31.. I98J ,. 

In SSJo. JUM,:tuuq&UI~ po- l!I1 Ibc motS1 .obd sUJ'rl""'. nthcT ,-.a mal 

~n Of 011 ihMltublc subs.traln lbal can, III lddulOO., be U"iicd • carboo ..t 



energy source_ The fermentation takes place in Ihe absmee UT neat absence CIf free 

WIlIer. chus being close 10 the natural environment to which mkroorganisms are 

adapted Frtt water does not appear .0 be tb~ natural milieu for t.hc: majority of 

microorgm~ ~ot a'ftl marine mi~ prefer swimming in free 

5e8\\"3ltt since more lhao 98~~ of isolal~ from the marine enviromnan ho\"C' b«n 

obcained ftom the underwater surfaco of solid substRlCS., and less than I ~ of all 

knOVr'n fungi have heen found in marine habdats (Kelecom. ~OO2). The cvoJutioo 

of higher fungi took place on solid growth substrates. Ascomycetes ilOd 

BlHjdiomyrer.es sopent their evolutionary bistory as 1cm:5Iriil!s. with onJy some 

species adapling 10 ",-aler. later in their cvotUtiOIL fungaJ producb of 

biotechnologicaJ interest. i.c .• t1lZ)mes, secondary metaboiiees and spores. wen: 

developed for use in mois[ solid !'ruhstrales but not in tiqwds. Conscqucnlly. the 

cultivatillD of ml('7uorganisms in u-tlucou~ suspension may rather impair tootr 
metabolic efficiency. Tn this respect, submerged fermentation tecbnology (SmF) 

may be considered as a kind of violalion of the natural habirats of wild·type 

microcuganl!>l1lS_ However. 1\olid state (suhstrate) fermentatIOn (SSF) is currently 

u~ed only to a ~mall extent for enzyme and sccondary metabnlitc produclion 

because of severe process engineering pJ'Oblems. 

Approximately 90% of all industrial I!ozymcs an: produC4.'CI in Smf" 

frequent]}' using specirlCaUy op.irnil~d. genetically manipulated lUicroorgarusm.~, 

In this respect Smf procasiag offers aD insunnounlabk advBnlllb'C m"a- SSF. On 

the other band. almost all these CIlZ)'11lCS could also be produced in SSF using Ytild· 

type microorganisms (H~Jktf et ~". 20(4). IntCRStingly. fun~ yast:. and Nl"kna 

lhal \IrCre tcSllcd in SSF in roccnl ~ cxhi1:Hted different melabohc Sltaleg.c:& 

under conditions. of §Obd sfak and ~ubmergccl lamentation. AdWDla~ or SSF 

over SmF are listed in the Table 2.3. 
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r ... u ... ec ...... ~ ..... oI ..... st .. ra. ... ,.,.. (SSF) 

..... 't .01llft'J'" fft'1BCefadN ts.J) 

.w.. .... .............. 
u.. -111ft 4UI&ld 

Utp ~ oftk ctrd lWo4K'I 

~;1r ~ .LJDItiua:dI~ 
lawn Of rntml" 

(;1IhA.a ... -1 .......... 11* 

So~d M.lPpuft f", mJ""'PI'1lUt1 
SimW4tallCl .!(,Iw n.n,,'. ~\ uonmna' 

Fcrmenbniul1 l,r Mtcf·tnsah.bk !/Uhd .Ilhmak:s 
Mi~td &:ulhlftl or nU~toUrv..nI"m. 

P'nIIcHiI ... ch' ....... 
Hlgb.\\1 lunlC' rroducti\'11) 

Lo ... mal)' *'rna.nd (or he.laflna 
tltili ... fin" ", "~I.tw ... WIII.llblc 
a.rboa IiOUI'tt. 

Nu ami· IC'l.U1 ,hnnlcalJ, 

f~illdw 

prr:aacc d &M'ow 
Ihab t;UIIL"CldDlann or Ibr 
~~ 

;t.tn.c-d cult..ftt of frnnmnnr 
llllauorpci .... 

S<11C't pcd~~ !H .. -yJu .. ~ 

mlC'rgorpnivmc 

Synnaism 0( mc18buh" 
rcrfarmmrc 

Slballer fenntnk, \utUInC.'II 

Euy IlCtIUDft 

nlC'ap and abID.I'''' 
&:IIlrh.," MtUr'..lt 

\:0108 of 
mU"~ dimISI 
trt'l'nrnu.uo: 

--------------~ -----------~-----

11 ha, ll'O b«orm d(ar thallhe cost-factor for W prodak"flun of ""bu&­

tqR- CQ1)'IQL"S an moJI c.c-s ran'll&n SSF O\'U SmF T~ C J9%J. cpu_cd 

fmneuullOn (Bob pf c~JM .. ~ rrudu.:1ion .1 CS $ 02 kg·' an .. la-SlCU SSF. ill 

~ 10 l'S S:O ~ I m I ~t~ tad ~ t)nr tmpttn..nt b);)k~J fKlOf in 

fa ... -aw of S.~F 14.~ ,!wo t" •. -.. ~)lltl' R!pI"C'UIOII. YlhKh AfPCarc-S It, tWl: hmiung 

CllZ}mt JIfOdUll11Ofl b)' '~'XIII1I.1 "'V' in Smf (N."y,kuww et .. • 1(99), ~ 

lack of ~.ltk ,~tOfl 011 •• :.JSowcd for (AI JfO"1b of lJIco funps in the 

p1~c ot hl~1 'upr (OIKCfllrahon1o ~ ... ea·T..mt"lo rt al. I~SJ 

Sc"cral fun" na.,J I w.hd wt-mau ti oUI ~ for opUfniel p~'th MId 

prodlK'fwdy T'I..:n:-fo"_ !C:II~hQ,lI, Ultodific:d organ ... ms.. IA'hleh w~r~ uptlmased for 



RnIftI' "/lil,.,.,..,. 

liquid ndti\'alion conditions. have often been used in Smf'_ W~ ulUR1 

dollIeS ha\"e played a JDljor role in SSF, 

AftOther probtem ..... could IM.'II be satisfKsorily -r"ftl in Smf is the 

cbanw: in oxygen aouppty _ 10 C'han&ts ID tfx .,.,th mcdJum duriaa the COUDc 

of fcrtnaatioD. lA many oucs- fimIi accd • highJ)' \'i$cous medium rot S«teIion 

or the nquimi mctIboIitts. Thjs "iK'Mily is ac~td thn::Iu8h ICCmioa of 

polymeric JuhAlDCCS durins funpJ growtIt In such cases. SSF IIpJKWS to be the 

bcucr allcma!ive since slJrrer speed and OXygcrI supply play no role (Elibol and 

Mu\-~ 1991). 

Although a direct comparison between SSF and SmF ii. very dIfficult dH 

10 the differem: c.onsisteneics of lhc microbial cultures U5Cd in tIu: two l«hnolnglt'S" 

microorganisms involved in SSf' hive I higher metabolic potentjal .inee they 

proJlferate in an almost natuml environmcnt, i.e .• under conditions of limited f~c 

wnter and with a solid support (or BJUwlb. Wh~rea5. there has been significllnt 

development in SSF proc~ing. regarding bolh biochemical engineering and 

rc1.K!tor design with tbe goal of Jelling up the prooess. very littl~ if any work ba, 

been done. as yd to elucidale the """'ecul., and physiological background of Ibe 

dirrerent behnior of indho)duaJ miaoorpnisms .. hUl cultn.nC'd on sobtb or ID 

liqujd5. The pb~ologic:.J Iftd molecuw biologiad .spech. of microhW culliwtioa 

CIa lbw. be reprded AS the c:um:nt "blKk box" of SSF biOlechnoJot:y (k:8i~bekc 

er at. 2(02). Tb.is lnIy. md "'ill. he ~ by more focused comidmatioft of the 

biofogjcaJ pma .. cters appIicllblc 10 SSf and SmF. 1Du.J. the pm.pm.f\'C IbM SSF 

wl11 gain pre\uiDg ilgni(xaau ia the Industrial produaiGn or au)111Q. ~ 

mclabolires. and spores. ~ ... dd typ: mJaoorpoi:snli is wat1'UIed StftOe, ~ 

with SmF~ it u rJlf.ft cfl«li~ in tnen.l aspeclS iochad.pg lower merl)' and 

sterility demands u welJ .. htchcr ...trilily of products md \'ariabihty of 

microorpaisrm UKd.. ~illly IX use of mixed cullun:s. 
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Two typei or SSf s.~ c.l be cmtiDpisbcd dcpcDdjaa 011 t~ naaure of 

Ihc sdid phase used ,. first. and the maa axnmoaty &lied S)'*'m inwoh'n 

cohn'3lioo OD a DIIuraI mItmal. ~ secaad 'ys1aD. wtUdt is DOt .. ficqueDtJy 

used. m\dves cubivlIbDa on an men wppon unpreaDIUd .,lh • I", medium 

(8arJios..Goftza~ and Mrj~ 1996). 

SSF cultinrioa an n.hnJ suIKuaIes uses IWUnI malarak Ihac 3Dft boIh 

1'5 support and • nutrient SOUfCe. These materials ue l)'pical1y stan:h or 

Jignoccnulosc baKd agncullural products or agro-iDdmcrial SOUKCS such as grains 

and grain byproducts like cuuva. rotMo. supr ka pulp. beam. ~ Inn and 

rice bran. The IDlid sUrP0rt or the sc:cond type 'Delude incrc mIICriaJs -.hich Kn.u 

only 8.5 an anchor point rOT abe microorganism. MutcriaJ5 proposed include: hemp. 

pcrlite, polyurethane foam (PUF) and vennicuJare (Barrios·OoD1..alez and Mejia, 

1996: Larmchc and Gros. 1992; Larrocbe and Gras. 1997). lbc materials used in 

SSF arc listed in the Table 2.4, 

Tab" 2.4 SolIM' uampJfS or substrates and applkattoDs of SSF 

SUMmit/support 
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Appllc:aUoDs 

PrucC'dl earicbmmt 
LIPin dcJnd-tiaa f« 
.......... I'eechIock 
~adtr.aoa 

~pmda"'-
Pr ...... ptOiJIactioa 

f"VCQ~" 
l..Q ... ·wc 
Protein cariduta2ll 
Pca:iaJ1ia ........... 
L-bctX 8cid p~ 
~ awdlOelll fat ICed 
hnlMk~ 
C dI'K .od pudatoc. 

Vicnturs et al., 1981 
Zadruil. 19112 

CalDct. Lot 11 .• 1911 
Sihun.191O 
Vil&cpi d .t .• 199) 
~~a1. tCJ97 
s.bu 1:1 al. 2000 
C ........ ·aa.co et .... 1490 
~1!I ..... ftI 
S«.cuI et". 1994b 
()urud tot I_ . I'llX 

8acI;u: Cl ... 1994 
~_l..oMuc. 

19'M 
So,ua c1 ... 2OUO 



Sp .... ..,.". 
~ro.. 
Po~1\'d 

AnlnII produtriaa 

~rm""'" 
...-~ 
GfowdI ....... 
n.w- pmdacI_ 

fDpI~~ 
~hd~ 
r.c.e. .. L .... for fad 
Amyt.rpr~ 

~~ 
(,ifOWIb~ 

t...p.Ic prududioa 
Gt~ Kid prudur .... 
l.(i~ 

C'h,.blUC 

Y..adri Cl al .• _. 
~ .... N1ktIc1l1994 
Jtow:aMia rt ... 2000 
Soaol Cl at ... J",,­
Bramanb • al. 1991; 
0rIIIaI Cl &I • lOOO 

t...rrack et Ill... I'" 
H. huei8:,...t r,... 1993 
IWd -"'."CI" • .t. 1.) 

~-ChR Jraod ..... 1996 

n. a al. I"'" 
AIaiII Cl .. ~ 1990 
Cbri5Iaa 1:1"_. lW' 
Gdmi et aI_ 2000 
Prabhuarut 
~karut. 1'N6 

St.arMMd 
('handra!iCkanm. t 998 

Ciln.. FCI OrO\lrLiUllldlH Leon ch!, 19U 
"",k pomlCe: [lJumol productIon NgIIdi Imd C()rrr:ia., 1992 
Kiwlfnlil reel Cicri~ .cid pl\ldlKllon Hans lit Ill.. 19R7 
_An_IIIfII_n_Ll ... ' ... ~ia ____ Vo_S_"_Ue_w_mpowd produ_t-,-Clon ___ I.I_mn_o_l1-,-k_i C!_I_Al-...:. •• _19.;,...9_" __ 

A ooasiderIbJe amoun1 of -'OI'k has been done in rcunl ~ to 

undenQnd the biochemical _ engineering tipU1S of SS.' processing (Mitchcl1 et 

.... 2OOOa; "Mcbtll et aJ .. 1000b) .• & lJ t1II.bcr liutpri.;ng lbat lhe lechnlcal pmbl~m50 

of SSF ba,,-e DOC yd been solwd as SSf is ODe of lbe ol~ biuea:ru.o •• 1 

~ knowm. A co~ of Ik ICador syItnnS u:sed iD SSf i, listed in &he 

Table 2.S. 
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Tab1e 2. S Main rtat:torl uled In SS.' 
-

Ad".n ... ..,dna" hHU-Rtnhtr 8rl,( d~rlDUon I R.rd'!~" 
HC'I~'~ irlll., rrf'''''CJ''~ I 

1:.l1l:'~auk flulL .topped ~tJ, conon wool 01' I Very _le. 1_ -. .... ......,l 01_ (Cbrta. et a4 IlJ9n 
AA"'tlllytB numerous Nn5InD rcguIarion. palM 

IICI'1Ibun 
Pacbd btd tt1lC1or Colllmn mct(lr With Itr 1.0'" cost. CM)' RplabOft pr 1I:ftIFCnnft (F.1dI Cl 11.. lW6) 

prcbumidiJklljOD and airflow..-. pmba ~~ (R""""'i It al., 1998) 
bwmDO\-al (Silman cult 1919t 

(OunInd Cl DJ •• 1996~ 
Raambcwh and Aln7Al'l'l. 
191Ul) 

Pi/tI' piu", cmJ lu,'P 
.'ra/tI rttt.lUOf,¥ 

Trny tel(fOI r.rfonltC'd "Il«:l '" " nlQbcl~ni ... Good .endon. 110 beat bund "plna film" •• (Fuldl ct al,. 1991'1) 
"umber. covered wn.1I alhm layer or Jabor iDleDJive (Ohncf)lal et lit. , 9M') 
nbtulle [Dun,net cuI.. t 9961 

(Daub, ... tC AI .• 1987) 
(ZIdruU tU!. 1996) 

l)rum reactor IfOMNfttat .... indinc.<d &:)lialdc:aJ Pogibie aseptic c.oncluioM. ,,'nll.: Inbma. (H. aacI AadftJOD. 

drum. AaJ!I2ion by • 1UIali ... ~em possibk uomuiutioftJ c:h.'''lftiflj ut iJlc 19751 (HeMehjno. 1977) 
• rouud W CltWnJ ui. III by ...... cs solid sub5cnte. poor heal removal . (LohlW fl al., 19", 
Vlilluo tbc! cocniDtr 

fhJidUcdbtd Column 1'1:.:1.of with I ptrforattd base F.x:ccUc:nlllCfttiua, dfeclivr remov.l of IHona It Ill,. J IlKlO 
reactor 12110. which IIlr" blown with (or« mctIIbolic bcallltigh Wll 

10 ""pad the ,ublht.: plntdes 
~ 



OiA lermentor 

17, .ymotJ" 

Semi ..... 1OOWCd 
R,,-ulOr (Crow lbc 
lJni\'mCil)' ",f 
Santiallo, <:hik) 

MOIt tlabonflld "'~l"IiCl'n af 1& Jdlm:d 
link ~D':IOl (workinA Y(1hunc -3.6"' ...... 
l:~ulf1f1'''cl with an ImellflS scmv for 
miNI"" 

Cyllndrl.:.al devJct wirh dilb ft.cd cm 
• rot.llh,'C hoolAlnUlJ WI. tlcb disk 
co..uc. m 1 -1«1 frieS. mlIOCainiD,g a 
l)'otbt1k support 1ICt4k.t with I 
matnli~ toIutloa 

Cubtc rac:IDf with tn:., nchaater 
tbcttI (with water n: .. .,&:II".) 

PI"~"'d bod ltKtor with pcri41C1k: 
!llium.,n. ~ophll1iClted COIlIToI of 
"mpcratl.lf':. w.&cr COfttel1f. bed 
A.lultlon 

, Accurate coo,",, ohirfTu"N. hurnidily IfJd 
1CInpef8twe. good mblinJ'hlsh In\'CIln~" 
and nllltnlonaUCC COlts, economieal1y 
cff'cct;vC) o"ly rot hiib added value proctllctJ 

Good bomoawzation of the medium In" 
heat tnInIIfcr. dTlXlive (Of ~ productioni' 
lwd to ~Ic up. Ih:UY prod.,r recowry 

Good Iat JQ1O\'aJ aDd .'nlfion. l1li)' 

sWiog upino stirrina 

D)oreactor opcnnlDn anulidmbly 
aiutplifitod. dticiem COTIcrol u( ~()' 
raramalc:rslcx~nsm !ut bulld'n. 

(Dwaad lad Cb. 'm\l, 
1918) (Dlllltld "al.. 
I"]) 

(Ralmbauh and P.oustoJ. 
'V .. ~) 
(RUUJM41. clIl.. I ~ 1 ) 

cRau.ut et al •• 1993) 
C~ ••• ~"t .1.191') 

"aDMdn et.t. ,WIt) 
(Femaadrz.t at .. It.n~ 



2.7 Prole •• PurifiulJoa MC'tbocb 

Purifte .. jon o(protase. 10 bomogmeiIy is a paClcqWsiu: for Qudying dJeir 

mechlaiim 0( lC1ioft" Vau n~ of puriflC8lion procedures for proIeases.. 

iO\lOJ\ling affirury duvmMognpby. iua-Gc=Imnsr ~". gel fihruioo 

Icdmiqun and prepuali~ Jdyaaybmide !Cl rlrc:tropbornG ~ been I6ed r ... 
the puriftalion. 

A aumber of albbnt pmteav:s &om differmt 5OUr'C:es biwe beal purified 

and ctwxtulled and .. a.ummary of \'arioo.s purifJCalion ~tralqies ~ for 

puriration ormiaob.al prokues l'l presented in Table 2,6. Tbm: 1ft DO set rulcs 

for the punficanon of pmteJlU5. After St'paraling the culture from the fe:rmentation 

broth by mua.ion or cL~trirugarjon. the culture supematIDl ii coDCI:ntratcd by 

means of ultrlfitltation (Kang ~I al.. 1999; Smacctli et al.. 1999). saJtiog out by 

solid ammonium I\ulr.lc (fluladilok·Towatana et 8L 1999; Kumar. 2002). or 

solvenl extraction methods u$ing Ketooe (K.umar KDd THbgi. J 999; Thangam and 

Rijkumar. 2(02) and rthW'Jol (EJ-Sbanshowy et al.. 1995). In addifi~ olba 

~ web 8i use or PEG-lS.OOO (Uu-cher et al. 1996). KtI\'a1cd chamJaI 

(Aibl el :tI .• 20(1). 1~~5C1Wti\'e bydJ.l (Han et -I.. 1995). Ma 

ttatment of enxyme (Rahman Cl .1 ~ 1994) and lyophili1aCioo (MaoonmIRi and 

Joseph. 19tH) arr .1., UKd for COIJCadraIioa of alkaline pR1CCI5n. 

To funhet purify lhe cmyme. a comhiuatioa of oae or more ltdmiqucs 5 

applied. .. iz.~ atr ... ry ~ (Aa. ion excbanF chromIlogYapby (lEC). 

~c j~ chn::a.tograpby (HIC) BDd geJ fiJ.Iratim cbromatopaphy. 

0IbcJ metbodJ 0( cboft. nx:1udiDJ aqurous ~ sysInDS (SiDbA cl ~ 

J996). dye lipnd duom11Ol:flpby lCowan and DIaiel. 1996) and rc.m 
frwtJoalUoa (BIaa}cc d Id .• 1993). baR also been employed on a small sc:alr aod. 

}'CI .. a.it commerc.al e-rkHtalMm, 
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The IJ10St commoa affinity adsoItIcnls used for ...... proeeaa 111: 

~Xyapaln.e (KobIIyuhi et .. L 1996). i1mIIcalilal N·~)QrbonyI 

phcDylaIaDinr aprase (Un:hcr Cl .... 1996). in ..... +iJizaI anfta ~ Ked 

(Manonmani and JaICph.. 1993). lpfaunin-aprtJK (PctiIIIIrc et L 1999) and QIaII . 

..... (Humdilok· fO'4nl&na et eI_ 1999) .• o\lIbouP AC is ODe or die aIOS1 i4K"CC'SSful 

purifJadun k:Cbniqaa.. • ..;or _1MiOa iltk high COIl of CIUynE HppOIU _ ck 

tablk nature of the af1W1y tipndl.. whidllowm dIcir II5C ~ ~ .c:aIr. 

1.7.11 .. ne ..... c ...... , ........ J (1t:C) 

1bt: mMriccs for la:.c CCJDtalft ior.ailab&e ftmctional groups such •• dl(!chyl 

amino ethyl (D£AE) and carbo2y methyl (CM). which get associa1ed with cbe clwJc:d 

rroccsn molecule$. thf:rrby adsorbiaglbe proIe1n 10 dlc- malriccs. The adsorbed protein 

molecule ~ eluted by • andianl change: in cbe pH or ionic strength uf the du\fna bLlffer 

of501urion 

2.7 .. 1 HydropJtobk latmwUoD "hrom.tOlr.pby (Hl(l 

HJC exploits tM variability ef cxtmutl hydrophobic amino acid residues bn 

difTc:n:nc prulcins. leading ttl rrocetn inwActJon by \i!tue of the facl that in aquooUJ 

solvC"DlS. h)'dropbob~ patches on proteins prtrercnlia.Uy seek 001 odw2" hydrophl1bJe 

~ Tbc:se bydropbobk iDlmlctit.- an: .. 'TaljJlbc:ned by high salt ~ 

I1Id higher tcmperatuta and Art wca1eoed by £be pra.cncc of dc:Ic1Jcnu. or miscible 

orpnk sol\-mts. The QDI of bin~nl of. hydIOfIbobit protein dqJaIch m &be I)"e 

ad demity of sub6t.isuUoa of dx .... tnx ... wcll u u. the UbaI'e of buffer ~. 

H)'druphobic ~ are muc:h mote \"Iriabfc ln bchIvIor dla tOn c:.ct..,as alii. 

because ofdus.. TCSOIutiun D ~y poorer cbMt lEe. MIC .. bcm ~y IIIIed 

in FPLC in variousc;olrams.liUCb Q Mdto.Q HR SiS (RatIJay et al .• I~~ s.u..:-cbi et 

11_ (999) ~ Q (Yeoman lad Edwll'dl.. 1997) ad Mono S Sol 10 (V ... et Il, 

1994). Tbr tDOSl Q.1a1 •• iIClaly usat b)drophobic ad5crbena m: oc:tyt. (O·)..s phaiyl· 

substibJted ~ 
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T.blt 2.6 Combl ••• lon or purfficatfoD tKhaiques applied to purlflutlon or VlrloUI pruc",.cI 

Microofpnl •. .:;;lD ____ _ 

Blcc,nt 
A!"flII8~'JfflltA~aJ,. 
A rtAroIuJ,1",- re'NJtt4IfM ~~. 

811,;;/111$ "l'. ~719 
Btldllll.f 1'. NCO(' 1 so 

I14rlllll.f lip. SSRI 
B ".",ifts MK6-5 

8, ~lJlJumuu MTIT 8-00104 

B s"bII/ls rEil 
OIi~trc>pJra r",~oJttWWfl'" 
LlSM 1227 
P,ffWl"IICu:h" ~. 1 ...... ~ 

PJrtldnmOlfa.l uru,i"IJJU MN 1 
P. url",/"I)~u !'ST·n 1 

C onttDlrI1lOU method 

('\iH£):SO£ 
A,,1unc. (NHahSOa 

(~H.t:50a 
(1I.1L):S04 

l ",,.liIlnllnn 

Uhraf1ltra1joa. 
{lIIIH.),sO. 
(N"'),,~), 
, JltratUhI1CJII 

tNH..>:SO. 
{NH.),SC)i 

COrtmm matrlces ______ ~_Clfc"'nce=_ __ _ 

OF.I\E ceJInlOlf. Stpbade), 0-100 Thanaam Ind Rljlumw. 2002 
OEAE Sepbacy1. s,q,11.II:f)'1 200. Smaccbi It .1., 1 W'9 
Phmyi SepbaJost. 
fPlC MODO Q HR. $/5 
OEAE cd11dosc. a. ... ucin aprnIC 
OEAE Scpb&rosc: {,L·68. 
Of S~ C1..68. 
StphacrylS.200 

lIutnddok·ToW1l1.,,, GC It.. 1999 
Kurnlt ~l.l. am 

DEAE Sqmade .. A~.sO. S,:phlt .. 61t SlnJh 1111.,20011 
DE.O\I:: Scpham!tC CI..6R. Ku.mRt. 2002 
CM Scptn.m..c Cl AiR. 
Septuaayl 5-200 
CM Sepbotose fUr flow. DUll 
Sepharose fait flow. 
SephDuyl 5-100. 5-200. H)1lrupOObi~ 
iDteracrioD 
Pbeayllpl'Ollof:. Q-~opbanwc 

SqWdex G-lOO 
ScpIwdp G-7S. 0I-ceU1lIoIe 

nIlCYrTO)q)CtII65OC. 
8 ... ,IIO)'OpCBt 650 M. 
PbcaylTo~16!oM. 
Tuyuparl MW·!OF 
ScpIuIda (;. HJO. DF.AF. cetlultlH 
SIIly)-Tnyopear! MOC, RlI'I)'J 
T 0)'UpCU1 650 M 

HUlln. Clt .1,. 200J 

Slnp et It, lOO I b 

Adiaata),1tII cl al .• lOO) 
Kaa, 4,:' .t. 1999 

0' .... et IJ.. 1997 

B')'OUdb et .1.. 2000 
0CiDO cc 11., 199'i1 



P.fettdm,"IIftI.~ .... ULtraflhnuoa S- Sepbaroee flut now PO I () VI1"'1u&:J! t.lt al .• 200.t 
~".a"a ""'~ (~HI.}SC)£ Q-Scpbarose. Sepbacryl 5·200 RomerD et 01,. 2001 
ATa.' 2~19 

"unal 
As~lI/uJ It",u, (UlRA 6.1) Ac.tone, tNH')lSO" DF.AF. SL-rhlLh:3l "25, SIlS·PAUh, Chlikrl6b.r11 4J1 itl .• 2000 

elec:rroelution 
A,'(IH!rriltU., IlIm~dhI.J (NIt.):S04 Sephada 0-7~ nu~lc.llt al.. 2()()~ 
SC't'deJ'IJOrilllft apln '1"'"""'" (NH.),S( ) .. SqbacIts 0-7S. immobUjzed Lartlwrt* 11.. 199(1 

p~u "'.000 pbeu)'l.~ 

4ctln.",ynlft 
()m,Irf1\'tI.UI,,'h.mtt~, "r'f('U Ul1ratiUnt_ PbeuyS-ScpIIIroM Cl. "8. Slat C1 ,1.. 1994 
TK·J (NHd,Sn. UEA!; SqJMcd 
SlrtpIO"'.~J 0"''''''' Aprolimn·.....-c PebnllC et al. 1999 
SllTpru"'Yl"f/.t 11I~''ff/,.,rU Ultraftltration FPJ C F.aoao-pk Q. ScpL"IUIIC 12 Y I:UI1IIIft and l:dwllRla. t 991 
Tht11fU1flctt'.mft.t'C ... liP. 1119 (NllehSO. DEAf ScpbnJte (1 .... 6R. r.cc et al .• 1996 

Uut){-fO)'Opcart 6'0 M 

Muuldl 
AIII'ff(J'~u~IJ'llm pIIJlIt/rlflJ UltrafiltraUou Scp~(i.7S O'""'*¥hy .n&1 MI:Kay. lW3 
Cm/.#d4 r4""hwlyllr.'" Scpbacl)'l 5-200. DEAf 8J.I rota .1 111.. lOO 1 

OfiAh·lJlclhyl .. tWDO c\byl, CM'ClrbolY It~lhyl 



AfTmrt) pt«t,JUunO l~ • functJon of • wlult1c mlCfomolttwk UiprKt 

pof,.'th.'"T.and a:u..-mh'-' Ih.a has t .. o f"u.:uoru.. (r) It conlairu an ilffiruty lipod 

CJl"C'f~l) mote' rol~",akn' ~f~lc) and ~:I 11 (all be rreavrt*d m rr..ay 

W8)". I e .• br champ' trl pit. tcmreratun: or iocuc Itrmllh Wl1h .hit ,C"Cmtqut'. the 

JtpDd pol)1nCr l'- addcllO the nwynr soMlOh uadcr cundiliam fa\ICIfUIll bmd.1l1 

of tM prulcln df In'ernr The hgant poJ)tn('f l.'> lixn ptt"lpdo1led, ..d tM 

~I t~ tTmo\oCl! The prt'4em of m.~ Ij Iht-e tlu.i:'d from the pol)meT 

uod.:1 urilable Condlh ... " and ~ po~ can M r«)dtd. An arkali~ pmlU5C 

(MI\.tasc (rom 8 1i('lI#n"o"",,~), used .... washing powder Mdditjve. has brm 

f'unf~ by.tlinl" Pfl'TapitlluCJn (he. et .1., 19-4iI11. 

In Ikldiltoo 10 1be Doo\lC cbroma1ographlc techniquf.'5. A~l mlralirm is used 

tor T4lrlld !lcparotlon ur rrutlcromolccules bu.!d on siu, Recently. many new agaTOSe 

MW and mtJfC' flgid dnd (1'oss-hnked gell. !u(:b a5 St-pbacryl. SUPC:fU'Ie. ~upndn. 

and 1 (\yoprarl art' .1'10 brlllg w.cd for punfiClIIDb ~ .. t") Th~' arc genmllly 

u~ C'itbc.-r In the t'arh' ·fo·nuddll" "ugC' of purificlUoo (Chalaah.uti c1 at ~OOO) or 

In thr fNlAt _~ O' pUlflCahnn (El-Sbanshoury et Al.. lq9~~ Lee cl al. 1996). 

Mo1IJllf ~,l\anc.J!lC'1 "r:Ju~ method arc: 1hc '.",.a-Qlp.c.:ic) fur $u.MJi .. gptutnm. Md 

.hll !he MSutd prole'" iCh lOO d,lWal 

2.1 C ....... .maia ., ........ 

~ from iCWTal mICJDOIfpnt'lm hivr- heal ,..Iad,ed ~1kft5i\'d} aad 

ba_ on IM_ prupcn.cs cM) are .-cl m \oIflOUt. ialuamo. fbc tmpOI'ba1 

rropcma atC' ~ tn Tabk ~ 7, Jlo .. ne •• bri('f ICcount .. f IIIdlUdual 

rn'P"12r§ " prncn1N m ~ foUo-.injt SCClJlJC. 
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T.bl, 2.7 rroptrCfes of ..... , .......... 'rom dI"~real IIIkrobia .... rue 
-- - -

Mi~"... .. rll fcmp_ Swbll"I.lIf"'Ctn~y MW pi Olm prvp:rIiCII RelertllCe 

~ 22hmt ("C) ~I 
8te1"'. 
A '('tl/~/1',~ .Iu"''U/~. ",g .sS C""III1, U"A ... ,lIllln, 67 tu' ~n 1ftd~.lOOl 

UO«) 11, L1zoolUoia 
Arf~roHrlfr 9,n~ 9~ 55 6O~17 tll.·1I#!.I ~~ilIIltI" ". 7U 71 ft..l, Sm~,;ld " 11.. t '99 
"tcVff."1JII 94~M 
1hId/~ It' J ij99 11.0 10 ('Man 19 ft. a. M .... IMl ~ JahnV<ltI)' and N.ik. lOO 1 

~ 
kJl ... 'I' NOZ1 9.l .&1) '_Il n. ft.,.. IWUkar55111l1l Suandccpct .... 1909 

.. 9Cfc 
&.rlllttt 'Cl. kSM·K.l'.&l I1 0 10 (:.em D.'. n". n.t.NIIIi~ $ita et a1.,l002 
IMdlw lIP NCDC·IMJ 11.0. 1;2,0 'I);'S CIIIIaII. )"" ..... 1.: 2II~19 ft,., Sa&Mt lIP 10 pH II It .. "., I'll •• I"'" 

p-llhrolnU*' 
"Uf',II.f ",. l'ti 179 '.0 75 Amcucm .t) .t,K ClL~ nbanca HlltldWk· T~"""III it .t .• 

IhcrmolihlbUily 1999 
(I~/'IfI,., .' !i!<iIU .0.0 .0 M.aetNln 29 t ... Ca'" enhances Sill", et al .• 200 1I 

.hrnno~abili'y 
It. Iw~'", MTCC'IIOO16 IO.S )7 A,4Culnn ILl. nA Oetct&ent llaaerjce CIf 11 .• 1999 

com.,.ablc 
• _",wm.'" HU 60 C'Win )0 01 8bd1-- .ad sns Ih, ..... ItlOl&; 

-ttlble. "«tent Oap .. rut.. 1999 
~ •. ,...."u M"f) J 11.' !4-S5 p.Nt!rvtu"lh .... 2. D,I. C.l ' .iadepI!ndIm' Ku .... 2001 

• " ..... ,lIJ H'l.O 55 l'.iII Jl 'I Dchairi III Kti"ily H.uaq n 11.. 200J 
If ... Ml/I. Itt.lt IU,O 00 C.-in I~ n,l, Stnm}1y JldiWllled Adin8t1lyllnl.' 11,. lOO.' 

by C " MC'+. M:l· 
OII1l'JJr,,,,ltu IW Ml~ !O Cucin.IUUQI.H'UI. Z-' n,I. K'"Ia1 III t 199' 
t(,l~~'IIO'fJN1tI IIt1eOll. QIbon 
OS'" Ill? mono'lde .w.)!dn~w 
,~ .. tl~. 9.0 ~o t"udn 1) 111 t: 0 r A RSDtaId 0,... G'I al .• I"' 
l·~.' 



I~Sl'lld(lmllf1 /J,. 11, ~ ~, C'GlOU\ 311 n.s. Ot~1U111: IIOI~nl O¥~T1U III Ill" 1999 
Q""',If/nosif PST-O I "lllhl~ 
S(f"'Mln fIlurt't.n t'II.f 9,~ 411 AfU4:1llI!:ln 66,5 n,., Rllmero ct 11" lOtH 
ATt.:c 2~419 

had 
.( 1~'''''kJ .S J1 Na·astlllat~ • 37 n.s. Ch4knbof1j ot al .. 200() 
(inRA 6.2) ,ynthdK' tubitndn 

(p -RltrOIniJidincs) 
Bt'QUll'f'Ul hclu lunll B"'.~ 25 A/UQJn.cl~ J13 7.S F.I ..... tnd UrtI: ud RIU'.lonO 

anxk dclPdlllOn 
.... l1lrily 

Aell ... .,(etn 
(HrJ.O\'UI ~,S )t,\) !O S)'nlheUa: m.~ 2D n.!.. VaI·/)'IIC ~lC)' SlCIkl f1 IL, , ~ 
.,u"t"I"~Ob·""1f n·t 
Srrc-plO"'Yf'n ')'II""IU I) ,/I 25 ('l.N.p.T~jrl-l,.,al,Siul~ 30.120 n. .. J'ctlnMc Of "I.. 1999 

"ll!thyl~ 
St1'f'pl(lm,~'C''''v ("tldat 6.0 70 Azomcin 21 n.s. RftlllltlU11 1&1 S.tI)118 It al., 20(M 

orawc IOI~lIh 
IUld ncMnaJ cllll.l.!rjOllIlI 

TI'fff'mrlrJcI'nlJffl)'('f'I I HI ~~ ClQC:ln 31 C:alclum onhlU'lcc:4 L.co Cl .1.. J ~6 
sl'. E19 Immr,u~b.biHI). 

brold pH 
iflabllUy (5-12) 

Ma.led, 
At#11'Oba:Jfd,,,. V.S -10.' ,u AzocolJ. u -ceseln 27 n.s.. ~)' IIId t.":Ka),. 1993 
PIIllllla ... 
C .• ",dld" 4_~ 11.0 J7 Cucirl 30 .4.7 POIII t1 81 • lOO J 
Ctlst!!noJ.oju·u 
• NnI'PK1fil:'d 



1.1.1 pH"" ........ ture kiadia 

In prral. all curmuJy used dctft'JaUoCaDpldibIe proIease5 arc alkaline 

md 1hmDo:sbIble in na1\lJ'C with a high pH opejmum (che pH of lauodry detergents 

15 ~Iy in Ihr 1'3ItIt: 01 8.0 to 12.0) aDd ~ varyiag tboniOJlQh4lihes. at 

lIundry ~ (~70=0· T'berebe ...... of Ihc UJmmC:rciaJly nailable 

subtili5io.lype proteaSC$ an: a!Jo Kti....: in Ihc pH and imlperahlre I"IftGCS 8-12 and 

S0-7~ rcsp«tiveJy (Table 2.1). In additiua. • ~l (rend in the dclagcat 

mdu.ury is a ~l rw aJbline protease acti,,'t" at low washing tempenrurH; 

for eaamplc.. Kaanase 4 marketed by Novozymcs - is active e\'m .. lemp:nhaR$ ~ 

low as JO-2OCC. 

%.1.2 Erred of srabilizerlladdUlvf' ... d mtraJ ions 

Some of tht majur commercial w.e!C of a1k.ali:ne prole05I:S nccCMitnlr high 

temperatures and hence. improving the tbmnaJ &tability of the enzyme is dlllltinclly 

Advantageous. ThermosLabilil), cln be enhanced eilhu by I:tddinS cel1ain IItllbilizer5 

(PE.G. polyhydric aJcoboll. 51nrch ele.) '0 the reaction mixture or by nll,nipulating 

the tcrti8J)' struc(UI'C or the et1z.yme by prott!rn engineering. A lhC1111OM.abiJiDtion 

r-fJc.c4 of up to • 2-fokt laanK m che half·life of CuauiJitQ {ld/oUo protease I. 

6S~ has bcaI reported by using pctlyhydric Il00bols. PEG and c.ueill .<ionD)cl et 

aJ. 1992). l"be ion Cal- is also known LO p~y I map role in enzyme .a.bihlalton 

by 1Dcrcasmg the ldi"ity and IhennaI 5tUiliJy of alkaline pI'OIC3W .. higher 

t.aJIpcraNJ'eS (Kumar, 2002; Lee et al .• '996). 0Iher metal iOIlJ such 8$ 8a~ • Mn.'-. 

Mar ..... Co:·, h r aad bl" are abo used for uInlizing pro4QSCS (John\"eSly and 

Naik. 2001; Itanra)< cl .t. J99S). Tbc:sc IJJC'laJ ions protect the enzyJJIC agaiMa 

IhmnI1 denaw:rlrion and pI .. y a ~itaJ role ID nwintaming cbe eclI\'C conflmllltioo of 
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-.tJU.J~ J'fOCtl.~ h.t1.~ broad subsnle speofied)' aDd ~ acn""l: ~Itit ~ 

...,..... 01 'I)'IIIhctlC sut.1ntcs aDd ...... pRtk1u H~vn. the btendurc 

cmciusn.-er,.. "'gotm IhM tbry Hr mare ~T apmst ~ dsa .pmsa 

a.ln:.~ IIctnoglobiD Of RS~ .Table 1 7). ~c.lhere arc-.pcrific ~ 01 

alblilw P"*8a. ViZ-. (otlattenate. cla5lase~ ka'altfhD,C (Fncdnch C'l al .• 199'J, and 

ans«1 CUfK]t~ pnMuc (Uru lad Ria. 2000). _inch an .ctI\~ aplQSl 

~lfK pnMClft ~U~ Wl:b u rollagm. ebstm. knalift and CUI.ck Albline 

prole.1Se5 ~ -110 specific IpmsI aroma.ic or bydrophobic ,,",ino Kid ~ 

su.:h.u t)~U)c" pftm,.altnme er If'UC'M at ~ rarboxyhc s.wk ,.(t.hc tJa\'il,r s1ct 

(BMTrn. 200 1 ) 

2.1." KiDdic p.,.mrlrrl 

Tu de\'C'lop In .:n/yme-b8.!lcd process. prior lnfomultinn about kmdle 

PIlfBme1C1'S of Ihl: enzyme in quel1ion ill of U~I imporftincc. To br pre(l.e~ 

kmnlC' proptl1.~ like V_. K_ Kw and E. are imJ'Kll1ant. ~ln, not onJ)' ~1I1C­

~I'"=. but abKl r.ublb'lle IUld cn'Vlrt'JrtmaJl lpXifk. and "nowl~ of Ihoe is 

alCDtW for designing tn7YmC reactor. ('If' quantifymg the arrhcathon. (If the 

~me UDdc:T d'flnt'al t'."ndahU!I6. \'.an0\l~ comple:\t'l. ",z.. ClbIMn. azocasnn nc~ 

Md ,ynlhftlc subsualcs. "11 " p.nittoamhdr csun.~ utcd (or ddcnnltUnJZ,lunetK 

)'Uahll1m for alkaline: pRJk'a5on, Thr 1o}"I'IIhrIX 'Ubt.lf"llCS eT muth ~ popular 

the compla .U~1nIn fill dcfUUDf ~ and V_ as they 1ft ,on\'enttftl 'Kuu.-. 

~1.. t....rdxt t1 .... 1996. fur an alblllK protea.'5e frf'l'h B- 1IW.141'C"JUU. lhr K. 

for c.aK'in 4ro~ascd ",dh c~rtl@ mau.-.c iD V_. as the fC'acboII 

lCniiJ*i&'Uff ..... u .. ncd from"~ ro6O"(" (Bcg et Al. ~OO~.) &1 CODCr.Dt. the K. and 

V ~ ,Or _ .u..., IDr protr~ from 1tJft:(~ u,.,,-..IU' mcn::Med .,1It iIft ttKl'ra'C m 

'cmpc·r.lfur~ ;; •• m n~c ~ iO'· ... t8ant'1)n" and BhMw:tw;)'a. lQOt, 



Z.9 Apple.fio. of Protnsn 

Proteases 0JIDJIi1ule a COIIIpIo. JroUP of en.zymn. ,..-Ilieh difTCT in rroperti~ 

AICb In subsuaIc spccirrly. ~ Ii1e md aIaI)1jc: nu_srn. pH Md ,~ 

of acti\'ity and 51ability profiJcs. Cccmuacial -PPIlcatioas of theJe eIIl)'IneI ID • 

...,e of processes take Ihr advInIate of die unique physicaJ .. aIIalybc propcnies 

or iadividuat procmt)1ic dU)UIt ~ They rcpresau OM of Ik duft J.ranl1fOUP 
of iJxbIJW au)1IIQ Md IIIIXl1WII fOr about 60% of tbe toW wor1ch,ide Ale or 
eDZ)1IIIS- Profc:IIn ~ • larJe varidy of applications. mBnty DJ 1bc dctcr,cat .... 

food iIIdustrits. In view of the RCCOI Irmd or daoeloping «Olriendty ~ 

Ibc:y are an.isased 10 ba~ eJltCJ1S;VC applicatiom in kathcr bQtmc:n1 and in !IIeVer.l1 

bi~atioo processes. The worldwide requircmrnt of cnzyJIJeS (or mdi\'idual 

appJicaliom varies considerably, Proteases ;arc used eXlenSively in the 

phannacc:uticaJ indu5try (or preparutiua uf medicines like oillbnerd5 for debridement 

of wounds. in the food and detetaen' induMrie5.. prepared in bulk quaDlilics and u5.cd 

as crude preparations. Whereas, those that are used in medicine are produced in !lmall 

tllllOUnta bUI requi~ cxtcn.1iive pwifiCllion before they can be used. Some o( the 

commercial pmleases an: listed iD the TablC' 2-1. 

L9.1 Deie'lntlS 

In spite of the fact tbal tbe ddetgcnt indumy is tht" largo.t sinale market 

(or eazymcs at 25 • 10% of total us. dctai15 uf the CIlZ)'111Ie$ used and lite .... ys en 

wbida dIcy are UKd. hav.: nudy been pubJished. Thm: aR lhn:c bawc ')'PQ of 

~ wed 10 ddc:rgcutl: ~ amy~ and Iipases. Tht me of m1')'rbII:::fI 

in detcrpt formulalicfts is now commo .. in dcw:loped counutn. WJth 0Yft h.U of 

.U detc:rp:utS. pn:sClnly ~vadable contain mzyIIIC5- <ha lhc-~ 30 yean... !be 

protfMrS in detapb ha~ dUlDpd rrom bring minor additi,,~ 10 tin .. IfIr k.t-y 

insmliCDIS. Unlilladay. the largell ~ o(1he C'DZ}1DC IDIIkct has Ilftn held by 

drtrrJent alkaline proteuQ. acU\'C and atable in t~ alkaline pH ~ (Gupla el 

al .• 2002b). 
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ne ~ of Ihe tint enzymatlc detergent. "Bumus." dldeS back 10 

19J 3. who CUlIiSkd of lOdium carboaate and a crude paocrcatic Q1rad. The finI 

clttngad COIDintna .x bacIaW mzymr wu iDuoducuI in 1956 uodtt thr track 

oame 810-40. la 1960. SO\'O IDdusIry AlS .ntrocIucod AblDott-. pmduced by 

&r,/hu Jitrlw_i/onW; lIS commc:ttial name _'IS BIOTEX. Tb.is was foJl.owc:d by 

w.uloUt" •• ck:Cc:fp'a1 tnIIdc by GisI·Brocadn.. L1~Jy. dtlCfFl proIl2JC5 

ficcd • SdbKk in the- ntly 1970s. due: IQ uafavonbJc pubhcal)' v.iacn some 

workers dcvck\prd an alJetg.ic n:actioo daring Ihc ..... lina or IheK nazymes. This 

problem \\'~ .oly~ b)' tbc inuodudion ofdusl-f'n:e ~ulalcd produdA. Today. 

detergcm enzymes accouaa for 89% of Ihe total protase sales la Lb: worl~ and a 

sigRifM:lnt share of the rnarUt ~ captured by subtilisios aodIor alkaline pnMeasc::s 

from many B«-iIIu:t ~prC1C'. The dclergenl enzyme market hili pown nearly 10-

fold during the past 20 years. In the I 980s and t..1ITly t 9905, tllc: .,lIJOf marlu:t ~~ 

(>SS%) of the dclcrgen1 clll)'mc was. held by Gist·Brocacb lO The Netherlands. 

Genmcor lnternational in the Cmtcd States, Soh'ay in Belgium and Sbown·Kenko 

inJapan. D~ginnin& in 1995. however. there "''"8$ consickrabJc need fur 

Ji8lJorullizati{1O. in the dCI'-'1'gcrJl .:nzymc industry~ OWlng to the relativeJy hjgh cost 

of manufacturing. coupled with increased ~ Iiom dClCf!ent manufacturers to 

drive down raw tn.Ilerial tosls. GCDenCor Iatel'D.donal pwcbased the d.etergcnl 

cazyme bU5iJ1C:$5O of GISt~s and SoI\1IY; and Novo :\ordin acquirc:d 

Showl·Oenko·. ~I eIIZ)'IIIr buUneu. Today. No"'O NOldisk and Gcncnax­

lalc:mabooal are dx major arpphc1'5 of dctc:rgeut enzymes. supplying up 10 95% of 

Ibe "...1 market or PfOlCa!U!S.. 
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Currml market trends and con~umcr needs arc influencing the 

development of enzymes for dC1crgcnl appljcarioru;, ""ilh the emphasis OD enzymes 

that h~ .... c improved performancelcos« nlUo!', increased activity and improved 

compatibility " .. ·jth olhct detergent mgn.·dll'nls. In addition. enzyme supplien; and 

detergent manufacturers are actively pur.;uing the development of new enzyme 

acti"i1ies that address the cons.umer-exprcsscd need for improved cleaning. rabric 

care and antimicrobilll benefits. However, apart from tJlelJ use 10 laundry 

dctC'rgcnf~, they an: ullOO poputar in the tormulation of bnu~hold dilihlAi3~hing 

detergents and both IIldu~trial and institutional cleaning dcC<,..,.gl.:."1lIS (Godrrcy and 

West 19'J6~ Shl)well, 1999). 

Con\tentionally, detergents have been used at elevated washing 

temperatures, bu( at prcs~'1U there is considerable interest in the identification of 

~)kallnc proteases, which are effective OVCf a wide tcmpcrutlln~ nmge. III addition. 

the current consumer demands and lucll!3se.clllSt' of synthetic tibcrs. which cannot 

lnlcratc high It.-mpcnltures. ha\'e changed wa.~hing hahits towards the llS~ of low 

wushing lemperahu'es. This has pushed CtlLytnc manufacturers to look for novel 

enzyme that can act under low tcmpcmlures. ~ovo Nordisk Bloindustry in Japan 

has developed a detergent proteas.e called KannalOe, which kt."t.-p$ i1S high .;fficien<:y. 

even at very low temperatures ( [0 :WOC). 

There are many parameters involved in the selection of a good detergent 

proteaseT such as compatibility with detergent components, e_g __ surfactanlS. 

perfumes. oxidizing agcnl.s and blcach~~s (Gupta et al.. 1999: Kurnar et at. (998), 

good ac1iviry at rcJcvunt washing pH and temperature, compatibility with the ionic 

~trcng1b of tbe detergent solution, Slain degradation and removal pot<:nhtll. stability 

and shC'lf life (Gupla cl H1. 2002b). In general, the m.ajority nf the ~olllrnc,.ciall)1 

available enzymes are "Ol stable in the prc$eI1CC of bleaching/oxidizing ug~nls. 

Hence. the laleF-t tfeud in cnLYmc-b&-ed de-tergents i~ the use ()f recombinant DNA 

tcchrtulogy 11..1 produce biaengineered cnzymer. with beuer st~bilit)', Bh.:lu.:b and 
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OXKSalion 5labiJity has been intTOduccd tbroup me direcIcd ~ and 

proem cnginecliog by the: replacement 01 cataiJlllDiao arid rcUdun (Bed. d al.. 

1993; Esadl et al.. J98S; wonr et at. 1996; Y., et aJ .. 20(0). 

1..9.2 Food .... .....,. 

TnditionaIly, microbia! pnltCMCS ba~ bccft nplot~ iD the: food 

induslnn iD maay ways. JlKo ~ oC proteasn in lhr food InduS") d.dc:l hid t.o 

-Miu;ty. T1Iq' ba~ Ilea IUUbDety mcd fOr various ~ MlCh u c~ 

makiog. baking. pic:pe,stioa or toy. bydrolysat~ and meal teDdai.zatioo. 

2.'~ I Dairy iaduury 

The major 8PJ'Jication of protcaJ4:S in the dairy industry i.. in th.: 

manufacture of cheese. The: IrUJko(('lagulating enzyIIIeS fin into lhree main 

c:alcBorir;s: (1) animal rennets., (it) microbial milk coagulanu. and (m) genelieat1y 

e'lglneered chymosin. Both animal and m;crobial milk-coagulaling rmteaRCI\. 

bclung to a class of acid upan8k proteases and have molecular weighb b~'IWCl!h 

30,000 10 40.000 OH. Rennet C:l.tracted m:.m the fourth slomach of unweant'd 

c:alYCs conlains the hlghe~ ndio of cbymos1n er£ 3.4.23.") to JlCPsm lC'h\'ity. A 

world sbor1lgC of c:alr rcand due to die inC'RI,cd d .... -mand fCla- cheese product1on 

has m..emined che search for .JtcmaU\lC microbial milk coapJ.u. £~'aWW: 

roeatdI in thas area has ~lIcd in the production of C1IZYrP" ..... .e campldely 

inxti\"3Ial It normal pastcu.rit.alion .~mperatuJa, and conWo \G)' - 1evd5 of 

lJIDIIS)XCific prorcues. la c~se mlkin8. the plimmy rum:tioa of pmcra.~ is to 

hydrolyle the speclfic peph* bond (Ihc PbcIOS-Mdl06 boad, to ~(' p-k­

casein IIDd macro pqMKks. ChymaI.in " prefmcd dIE 10 lIS high ipCCiflcify for 

casein, v .. bidt is ~ble for it, c:a.«tJmI p:rfot .. JlUKe in c~ makinc,. The 

ProlQSCS produced by GRAS (Genetically Rq2rdcd As Safc)-cleArt'd mkrnhef. 

web as UftK:«" lIUdtd. IJadOIlS rublilts and E"dt)t!tia JHUDsuiC'Q arc gradually 
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rqUc,na tbytnalom ID cheeK maklJII.. 10 1988. ch)'lDl1l'm produced tbrouP 
rccarnbllWlI D7liA ICCbnolosY.·&J ft1'1t imroduced 10 ~ rut naJuaboIl. 

WJxat flout tt • IDllJOI compont'tll of bahnc pnxnscs. h I.:oocaim ID 

iosooJubk JlfUtc. c.lkd ,' ..... -lIkb di:1emuncs lhe Pf(lpCftla. 0' Iht' bKay 

douglb. E.odo od e1optu1emun fNm hpttrglllw or;-=« ty,-c bccu ~ It) 

modify .bea1 , .... by limibI PfC*Ol~. EtIzymMJc Ut".-man of ~ cbap 
facJ:.t.,t" .l~ tt..n.illlll.nct nYClwun, aod pcmutt the pra1lM;tiOh or. ",dft rarIF 

of pnxlUCIS, I'M ldd1tion of prol~ mfuccs lhc miling time .rut I1$Ulb in 

mara..'<1! loa.huk.&mr~ (R~ ,"ut. lWS) 

2.9.2.3 Manll'.ture or MY prududa 

So)'beAfI~ ~crvc Il~ I rich snurce offood. due tu their bjl!tb I:cnlLmt of good· 

quabt}' rrotcin Pro1eAK'~ ha,,-e been used from lnCiml tim~s 10 rtrcpltC' ~ ~~ 

and ~lhC'r 10Y pnxlucts. The alblinc and neutra' protC.S~1 or ruupJ ongtD play ID 

impNtant ro'~ tU Ihr prOCCIIJtftl of IiOY foatJC(' 

%.9.l." ".,blun'lII .r proet •• lIydrolyutes 

"rbhnc protea.\C' Ia1.c bftn ~ m tht' prcp.amlOD U, ptOfaII 

h:rdrolYNtH ot ~uah nulntioaal wluc. The prot~n l)drolysatcs cllmmoaly 

~ from C~ID. .. be} proICUl uti lO)"J'I"OIC'ltI flDt m.a~ .pp&tQCxIG ID 

hypolUapK: m(anl rood fonnullliom (AlQCIlUn Academy of pedi8Inc 

'~nc 1989,. tor116cM,... of tun JUKeS or ""I dnnL.l. ~ IDIDUc.:tunq prOlrm­

ncb IhcnpeulK dteb ... hcakb producb ... f1.tvonnc 1IF"15. 1"M blner '-* 

of protcUJ h)\Uul)1oaln l~ • UIIJ~ It.ima 10 tbcu WIC El food .cd talth Cola 

prodliCl\ The mlcns.lt) or Ihc h1~ r1 propuftlCJUJ 10 the number of 

bydrophohit.: Ul\.IDI.I Ktdt. ID tbc bydroJy5a1C rbc prcKDcc ". a proliDc residue ID 

IM atlCtf of IM ptpcatk ..JIU COMnbu1es lit I~ btl1a'ncn.. The pqmd.a~ dW CM 
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dca\le hydrophobic amino Kids IDd proline are ~-alaable in cXbi'1a1aa proldo 

bydrolysaks. 

~ (rom IIdic: IIrid badaia .-c aYaiIabk under the ndc 

DIme Ddtitr3se.. C~ " ... hiP specificit)' for hydrophobic amino 

Kick and hcuce~ has a pal poki'ItiaJ for dcbiflcriD&. A c.eful combination of .. 

c:adoprotc:a5e for me priu_ y ..,.,Iym and MS amillOpqllidase for abc 5CCODIbry 

~ is rcquiftd for the procIudion of. fuadioaal bydrol)Ale with mfw:cd 

bidemeu. 

8actcriaJ ncurral JIfOk8-~ are active in. narrow pH ran,;e (pH S,O 10 8.0) 

• have relatiwly low tb.:nnololcrancc. Oue to their inlennedialc race or reaction. 

nculral prOU:IISC5 gcneraie Ics5 binrm&!S5 iD bydruty-LCd food procenlt. than do the 

animal proteinases and hence arc valuable (or use in tbe food indus.ry. NCLI.rlbe, • 

neutral protease. la in!.cnsitive to the narural plant proteiDlse inhibitors and is 

therefore useful in the brewing indlJslry (Rao et al.. 199K). 

2.9.2.5 Meat teaderlZlltlon 

Protc:aJiCS play. promin~'fI1 role tU Illeallendcrizatiou, C$pedully of beef. An 

alkaline clasQsc (Tabgi eaaL (992) IOd thmuoplulic alkaline pratcue (WHIM C1 

aL. 1992) ha\-"&: pnn'Cd 10 ~ 5t1tt'nsful and promising meat tmdcrizing auymn. 

_.hey possess the ability 10 hydroJyzc COIIDCClivc: tissue protcins as well as mtlSC'Je 

fibre JII'Ukios- The ICDdcrizatian process c.aa he achieved b}' spn .. ling cM 

pcrA*mi CDZ)'IDC prepuatJon or by IDDIK'niioa ia aD CDl)'mt ~UIJOa aDdIor b) 

Uljeamg ~ aJIICentntcd proIC.tic pre ..... ion ildO the bkNld s1JQm CIf me.t. 

Soluble meat bydrolysalcs an also be dmved from Ian meal ~ .... 

from ~ residues. after medwiaai cIeboaiJJs. by aolubmzation WIIb proteolytic 

enzymrs.. Alcalue- has bca1 fOUDd to be I:bt mosl apprOJ"* n:zymc rn ltTmS or 

COI\1. solubili1atian and ocber rdnaM 1.c1OB.. In an opmnizat process with 

AlcaJascJ! at. pH or8.~ and tcmpc:rarure of5S-6{PC. a solubilization or 94~ was 
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ICbint:d (O'Mean ed MUDJO. 1984a:b). The resuJuPlt nxat slUR)' is fUnher 

pasrcuri7Cd to iOKIMlC the en~ and finds wide apphQtiaa in CII1DOd mal 

products. ~ aDd sasooings. The clcmcd boacs 1nl)' aka IK- ~ as aD 

excellent raw material f« the procIudion of gelatin. 

Afblme proIea5eS can h)droJyze fllOIC'JIa from pa.as. r ... or _imlls 10 

produce hydrolyu~. or wen-ddiaed pqMidc profile.. In additioa. proeeu. 
b)'droty<arr' hllVing angiokmin I-amvatiDg enzyme inhibitory idMty u.-ere 

produad from sardine muscle by Ireatmalt ,,;dt • B. liclwrriflJl"lflU .Ibl,. 

protease. These protein b~l)'5ates could be used df«tiveJy as • pbyNoIogic:aIly 

fuoctional food Ib .. - plays In imponanl role iD blood pRSS&R reaulllion (M4Ibuj cl 

ill., 1993). 

KeralinoJ)'1ic Ktivity of alblint: protc:asc has also heen Hploited in the 

production or prolCinaceous fodder from waste feathers or keratin-containing 

materials. Alkaline prole.se! (812) from B. subtills and B. lich~nl/omJl.f PW&J 

wa5 used for me hydrol}lfoIJ. of feacher kera~1O obtain D pro'cin COnCL"Db'atc ror 

fodder production (Chcna et al.. 199!'; Dakv. 1990(1994). 

2.9.3l..atller ladDft,,' 

Alkaline I'fOk*oa wllh eluloJ)1ic and taalinOlytic activity can be used in 

Icatber-pruc:cuiDg iDduMrin. Protean IIR used ror sdcclit.·e hydrolysU; of 

noocolJaarnom oomlitueftls or the skm and for mDO,-.J of noofibrilJar proteios 

sucb as &lbumms ...s Jlobulm. 1k (ODWCOliooaJ mdhods of ItAlhet procrssiDg 

fnvofw hv.ardou5. chenualt ~ as .tium mlf •• which aaae probkm5 of 

pulluIion aDJ dlluCDI dbplUl. Tb .... (or c:awiroomeoaal rU.!iOns.. the btoIreamcDt of 

IcaIbcr USIQ& la atl)'mIhc IppfOICh is preferable aJ it offcn ,eventl ~ 

like Clby control. ~y "~k nxlUlCtion andecofrimdly (AndcrIm. 1998). 

ProIeasc:s find thelr uw in EM waking. dehairinalDd batiDa stages 01 

prcpcuing ski~ IIId hida. At pm;cnt. alkaline prolCDCi, wilh hydrated lime and 
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sodium chloride are uged ror deh.airi .... because the .JklJine condition,; enable the 

swdJing of hair roots; and the ",b6oquent attack or pr'OCeaK on the hajr follicle 

protdn aUClws easy ranoval of the hair. mu), .. in • sipliftt&nt reduction in ~ 

amount of 1QStcWMCf generated. Currentty. b')'pJiu U U5Cd in cambiDllion with 

other #ltJd1hls aM AsJNrrgilhu pmteasa for bating. The selre."". of the enzyme 

depends OIl its spedficity (or 1DIIbix proceinl IUch as eftilin _ kc:n&tin. and the 

mIOUDl of enzyme needed drpmds on the type (If Je:atMr (soft or hud). No\"O 

Nordisk mmufac:lares dilfeaeut prolcases and pnMCUe nux like Aquederm. 

~ovocor S. NUE, Sovol.ime. Pyruc ~c. for use in difToenl foUges 01 ~ 

process .... 

1.9.4 Te1lle iDdu*Y 

Protease CllZ}1DQ In: used for wool pRKCainJ Md MgumminJ of 5ilk b 

produciD!, SIDd washed effects on silk pnaenl~ Sericin" which as aboul25% oftbr 

IOIaI -aght of raw ~Ik. cm--m lbc penpbay 0( the raw litk (&bus. thus providing 

die I'OIIgh blcn of lhe Silt fibcB. Th,' !Cric:in is COII\'CDIJOnaIJy rem.nftl from die 

IIII1Cr core of fibroin by ~ shrink--proor .. and twiAI-settq for the s.i1Jr 

yams. usiag starch (KanebUa. 2000). The ~ is gennaUy C'xpm!ivc _ 

~rore an ~ method IUgnICd is the .. of C1lZ)'IJX pr~ such 

as pure.e. for degu:mming the idk priM 10 dyeing. Treaunenc of Sia.ccUuJosjc 

blcud is claimed to produce some unjque effects.. ProtealC'J an:.1so being \ReI w 
v.-ash down priori .. SCtNnS after &doe in Mda' to ieu~ the proteinKCOUl gums. 

whicb are used for lhickming of priDriDJ ~ Bio-lIoninl aDd the cmdy 

~laled pruoess of bio-polishing IUe perhaps allrKting most c~n' Idmtion in the 

area of enzyme JII'O"ssing (Ramacbandnm and Kanhik. 20(4) 

The wide diversity 3Dd specific-it)' of proleU1:5 11ft' used to grcaIldVlntage 

in developing effectjVC' therapeutic IJ:.tCn'!.. Oral administration of prot~ frum 
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.~ otJ:M (luizym aad Nunu.:) his. been tiled ., • diFSli\~ I.d 10 

C\XTett (C'fUJn l)1tC m.r,-mc dcfit1C1lC) S}"DdrUIDQ CkMtn4W ,ol~ er 

JoUirutisw I~ uK\lm ,umbta.lUOU WUh brOld-5ptctrum ... btou~ mlbe lft'.uucm 
c.Jf burm ... \1WKDIk. An atpllJ"gilwc hdMnI fJum £. ,oIi b .cd 10 dai:aw 

~ trom Lhc bluodstram 111 the \~ loons of ')mphOC)1lC I~kn­

Coll ..... ·tn .lIh .lk.11OC J"'C*&K al.Vlt)' ~ u..n:nmsJ'J UKd tar ~ 
;ap,hcatioll'i~ In the prtparah'" of ~lO'Ao-rdease do:wIge (I'D. A new 1enU·.1UliDr 

pr,,~ _uh baJh (ulUlCI"'~ oICU'lt! ~a~ produced b)' ."Jptrglllld 1lIP" 

l.CF9. Th~ ~ftl)mr hydrulynd V2nou~ c;oII..,. 'YPft without anrino .ut R'k:iac 

.1111.! liberated low m&.,IC"Cular .... ·~Ighr pcpljdt~ of potcnual tb~Qpa.IJC use 

.R.vtbomruf ~ .1. 199'; t Som1&rI~', Ehut,w'-llSt • • ~tIOr. "I,ll hIp 

CI"'IOlyJit a~li~ily Iiom 8ac,lIw .'rublill'f 316VJ. w .. ~ imrTMlhili7.l"d C'n a Nnll"Hc for 

lb",rapcultc aJ'PJi'ltion In the tmltmcnc of bum5- and purulent .... mmcb. c.ubuncles. 

funmclCi and deep ab:r.cr·ucs (Kudrya and Simoneruo. 1994). furthermo~ 

811(11/11$ 'Pp. ha\tc been ~cogniud •• beina lire 10 humans (deBnef and 

DitkriC'Jucn. 19111 I and AI1 alb1i.ne pn'llcase ha\'mg fibrmolytlc leta\-1!)' h~ bcca 

w.t"d u a1hrurnbolytk aecnt CKlm Cl -1.. J9%). 

Smce the fin,a rtpon on ~~)zrd ~ ~)'hlhesti u''''1 dx 

~Rl)'mltK rc:actton or bydrulyS$ (Beramann and fw.It;.:I-Coann. 1931). 

* 1'fOCC&tCS ha\"e fnqutntly treu wed for pcpb4c S)~ «(1epo rf aJ . I997~ 

ISIlDD and NWJI"" 2000; Kue et a1 . Im Monhara. 198') Eftl)1lW~ peptide 

,,~oft'cn ~ .ch .. ,....,. Ma cbcuuc:.al nclboft. e.,. rualDIl' caa be 

pcrftmnaJ ~'CfC'O'IJ'C'C1tklll~' ad n:.-wsts do not R'qUJ~ $;« ·d,am Pf'*"roaa. 
mc~ lOlub-lhry 01 ~'ro1. su.b5truc~ «ifnftID' thcrmod~C' equtbbna 10 

fll"~ ~j;" O\'Cf h)'drutYJtls. 1'bcre ." 1n5 Qftd for QpeMi\'f: rroccctin'·8~. 

"");MlJC JohCUla • ., ~NS dElwc.al'lo. n:s.alIm, ID productlOh ,mu cornprtJtne 

wnh ~ of tbt:lhlcal mcthdch (Monh .... 1987 •. Hownu. the- majOr 'umtatJoa 



am..., ullj'fWltvn 

fer die use of prolClSC in synthetic cbemiiUy iJ the Sl'R1II8Iy reduced lc:cj\1ty of the 

aayme UIJda- anhydrous canditiam. Prot.cascs ha,,'e been used successfutJ)' for rhr 

synIbesis of dipqJticb (Ram. d at. 1999) md lripeptjdt (So c1 al., MOO), 

rqioselcc1M sugar et&aifladiaG (lti".. et aL, J 988) IDd cfia·~ 

bydrol~is ofpepbde csaas (Chco CC al .• 1991b). Anumbc:r ofreporu art' a\'&i"b~ 

CIa the use of a1bJiIIe pmcease Il1o peptide 5)'I1Ihrsi5 Dd thr 11¥lIutMln nf racanall::s 

of amino acids.. The _urc IIId cypc of orpoX: soh-at have • 58'0lIl dTc:d OD 

proteI5e .... ,ity in orpnic: solventl tK..w .. ~im Cl aL 1997), Subtilisin s.howrd 

~foId higher acth.,ty in g]ycerol oompiWcd wilh edlylme glycol. N· 

lIIdhyJfonnamidc, 1.2- and IJ·propancdioJ «('utro. 1999). The effm of~, 

solVt.'1JI, medium and 5Ubstrllc mldtom., using a~hymotryp5in. suhlihsin BPftrf 

and subtilisin Carlsbcrg from B .. utb"l,s SUiltn 72 on peplide synthcsi~ iD OI'paic 

solvents was studied hy ;o\apshtmD el 1tJ. (1992) IlDd Gololobov et Ill. (1994), An 

Industrial protease. Nc:ulnl,c (co-deposited with sorbitul UP eo ro.yamlde) for the: 

Iynlbesis of several N°·"mtecled dipeptide derivatives in acetonitrile was used 

(ClapeJ et aL. ) 997), The kinetic rt!lIoJucioll of N-protectcd amino acid C'!lcen in 

organic solventS calalyzed by un indu!otriaJ alkaline protease, AIC'lII~efJ.1f· was 

reported (Cben ct al.. I99Ja). Alblinr proe ... .hC ,,'as u.....ed thr the feflOlutlon ofOL­

phen)lalanine and ULllbmylglycane (SutatU et 11 ... 1992). Prottinue from an 

eltb"t'mopbiJe. TIIt'nfflIS R141 A. rmmobdlud OD concrol1ed p.'lfC glass bc:acb. ... 

usa! for prpbck ~ uAag cbe JoynthC5UO of Ih-Ala-Tyr·Nfh &.'io • model 

SYSlCm.. Tbe ~ of. surfadUl-pmttasc c~cs _ • rtn\"rJ biocatalyst (or peptide 

S)'Idhcsis in h)'dropbihc «pnic JOt\'Cl1ts ".-as described by ()bDkj et .t (2000) 

Z.'.7 Silftt-ltKew!ry 

Alblioe prOleUe!i play • crucial role m the biO~1ioWIlG or ~ X ·ray or 

photographic films for sjJ~"CI' recovery. These v.'Mte films contain I s-!-O'~ ,ihu­

by wapt in their ~1aIin layer •• 'hi4:h &:10 be used as a good sou," or illvn- for a 

varl~ of purposes. ConventiOMlty. (hi" lilver i~ tl."OO\'ettd by burnl,..., [ht" fLlms. 
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wluch causes UDdciirabk c:m.iromncolal polhJtion. Furthermore. bate: film made of 

poIyaler QUDOl be I1:IClOYeftd asing this mdbod SiDce dx sitva is bound to 

tdatin. .. is po55ibk to alrK1 sih:er from the proteiD layer by proCeoly1ic 

be;UIiCiob. Eazya.tic bydroIysi5 of ~ DOt oaJy bdps in nncting silft!'. tu 
also Ibr rcqc:h.q o(poI)aIer film. AIblioe puc:as.c from B.. DbliJis dc:cotnpolClt 

1be gdMia ia)'a' wiUrin IS -30 mia at SO-WC.ad relc:ued the silver fFuji-.a et 

al. 1989; Nakibo&Iu et ...... 200J ).. AJbtine pnuase of /loc,/ha sp. 821-2 was used 

for cbe cmymatic bydroI~ of tdaIia I&)'aS of X-ray fiIma 10 ~Jcue iiJ\'CI' 

parIides (bIDb-a Cl .... 1993). The aibline pratCaSCS of &ldJlu ~p. 811 

(Fajiwua et at... 1991) aad 8. cOQgultMu PIJ.. 77 wnr also cfficicna 'n dKnn.pMinl 

die gelatinous coating on ~ X-ray fibm lium whlclt ~ ¥ItV" I.-ould be 

fCCO\'cred (Gajju a al.. 1996). 

2.9.1 Wade TreahMnt 

ProtCUC5 wlubilizc proteinac:.eoWl wasle and thll5 help to IOWCf the 

biological oxygen demand of aquatic !.)'SICD1S. Recently. the U)C of aJkahne 

protease in the rDWlAgenlC'Iu of waste!. from various faod-proceu.lng induJl,ics and 

11Ot1$ehold ICfivilies hAIl opL"ncd ur • DeW C'l1I in tbc- UJC' of protc::ues in \\'Ule 

managmx:nt. The ule of kenilinnly1ic prolClSC for food and feed iDdUSlty 'ft'8ste. 

(or degrndlns wa510 keratinous nwerial fiom pouJtJ) ~fUSe (lcbi& d a •• 200 I) 

and as. dL-piIaIOf} IIgml lu mntt''e hair &om tht' drai_ (Tabma et al. 19CJ2, ~ 

ben rt'pOf'Ied. A fonnubtion coanmiDg proeeotytic C1IZ)'IIIn. &om Jl SllhtiJis. B . 

.,ylollqu,.fad'-III and SIrqH~ ". and • disulr.cle rcducmg .I£CIIl 

(diiogty.colllk). tbat mb.ncai hair dc-padatioa and hrl.". in dnrin& pipH clogrd 

with hair-conlain'nl dcposiU. is cunmdy a\'ailllblr ia Ihc IDIIrkrt.. It was plqarcd 

IDd pmalfd by (ienex (J1a1Mon et al... 19R5). 

2.9.9 0tIIa Apple.do .. 

Besides their indu!5lrial m;I medkinal applications. proIeUeS play m 

dapottaDl role in buic research. Their selective peptide bond tJc::a,'ap is used in 
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the: elUl:id.tion of Aructu~~fun(."li(ln retaljoDihip. ;n the s)'nlhem of pcpbdeI ...... 

the lC'luaICing orproldnJ. In CSJCaC'C.1he wick spccificity oftbc bydrolytic «t,­
ur prutr:un. rmck 8D calcu';vc applialion iD Cbe iOoIl ddergmt. 1caabcT. and 

pbannacallicaJ iftdusuies and in Ihe JbUcIW'aI elucidalicm of proteins. ~ 

Ihrir r.ytllhdic eapKlliei are used (or the s)'lJdais of plOIcins.. 
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CI,apter3 

MATERIALS ASD ~IETHODS 

u.!{l'tJliofuiuJllr 1I111U". BTMF SI 0, i!lolated &om marine sectimenc 0( 

C«:h.ia (Surcsb and CbMIdraH'bran., 19'J9). a\1Lilabk as stock cullur&: .. MlCrobud 

Tc:chnolog)' Laboraloty. Dt'pIlrtm,ml of Biotechnology. Cot'hin lJni\rCf1oIt)' of 

Sric:ncc and Technology W~ Wioed in the stud).'. 

The culture was maintained Ub Bcmnet's agar slants prepared in 5M'. aged 

sca" .. aler. The fungus wa~ ~ubculh.m:d periodically. ~wn ilt 2W't' for 14 dJiYII and 

stored at ~ac. A set of stock culture was utso maintained under sterile mineral oil at 

room tcmpcnar~. 

Beuet's A&ar Compotilion 

Casein cn~matic hydrol)'1lolte 
Ikd Extrac:1 
Yeast btnk'l 
De~ 

Oi 51 ilIOO ""., 
I'll 
Apr 

J.l SOU 0 STA1'E fERME'TATION (SSF) 

2g 
I@ 
Ig 
109 
11. 
7.3+02 
20g 

8~ for produdton o( protea.st by btyvJonlwm IIlh"", under Solid 

SWe Fmncoca1ion "' .. opnmi,('d usin' ..... hea! braa as ~Iid ~C' a\ .~rihcd 

bduw. 
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Chopter .3 

3.2.1 Solid subsln.Cc medium 

Cummercially available '.vhe<lt bran (\\!B) was LLs~~d ,1S th(.: solid ~ubslrJle 

mediul11 for prOI~,'lSI' prodUl:tioTl, \Wu.'at hran, sorted into varying particle sizes hy 

~i~\"ing thwuf,b rncch~mical sievc of JilTcn,'nl ml.:~b size, was driL~(1 in :i.unlighl for 

onc day Hnd stored in ait1ight containers, 

Ten g.rams of WB, wlth particle size <·1:!5 ~l, taken in 2501111 Erlenmeyer 

tlasks was moistened with aged seawateL so that the final moif>ture content \,,'a, 

60~"1) (w/v) afkr inoculaliuJJ (S urcsb and Chandrascki.lfan, 1999), Tlw contl~nts were 

rnl.l!.t.:J Ihuroughly, :Juilldavcd at 12r'C fur 30 minutes und l:oukd tu room 

temperature, Th is v,'as the gcneral procedure follov,,'ed for the solid substrate 

prl?pal'3ti on f~.)1' ssr 5tl1dj~s utiless othcrwi SI? specified, 

.1+2.2 Inoculum PreparaCion 

Fungal inoculum ((11' ssr studies was prepared using E. a/hI/m (Sure:;;h and 

Chandnisd<aran. 1999), Cunidial inoculum was prepared from it freshly mi~cd 14-

day-old Bennet's agar slant by' dispersing the spol-es in (L I % Tween fW prepared in 

distilled W3!CL Ouc mill iJitcr (If th.is inoculuJTl (2 x I O~ du/m]) \I,'a5 used for 

inoculating each tlask unless othenJ,lise mentioned_ 

3.2.3 1noculation and [ncubation 

Steri le \\.' H prepared as mentioned earlier tmcler section 3.2.1 was 

inoculated with 11111 of conidial inoculum. mixed thoroughly and incubaled UJ a 

slanl1ng position in the BOO incubator at 2~ ± 2"C The humidity inside the 

il)L:l1ba.l(lr was rn~1iJJlaim~d using distilkd \'r':itCL AI inlcn'8Js uf 24hrs, the cOfltlml!:i 

lImde the flask \verc mixed thoroughly by mechanical shaking_ After the desired 

period nf incuha(ion (120 firs athitrarily scJcdcd), {he enzyme wa..:, CXITactcd from 
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the moldy,..-bea1 bran (MWB" llm was the gmc:raJ ~dure folkn&'C:d (or solid 

sIIIc fermasatioo unless meanoncd CMherwiK. 

J.1A Estqctioe Md ftCO\'f'ry of ftIZ) ... 

Protease from lb&: ~8 ",.s exlra.--.cd by tbc sunpk conIaCI rntthod vf 

otrxtioo ~ dii.bltcd "1IIa' as ~unactaal. Tea \"OIIIIJICS 01 diuiIJed WaIC'r pa 

cram MW"8 (ba5rd DD Initial dry 'A"eipl of the sut.suatc. was ~-d Cl) lhe fWt 

lad thr ollllCtion ,,"ss performed by qphtiua at room t~ to • rutat') 

JJsaka" f« 30 minutes.. J ~ 'pm. 'n..: sluny was then sq~ through chenr 

clorh (Pmbbu and Chaodrasckanm. 19%) aDd c1arificdby centrifugabon al 10.000 

rpm at 4"<: fur 15 minutes. The clear "upem.alaDl., used as crude CflZ)1DL". WIU 

assayed for pro1ease activity and prolein content 85 mcntion~ UDder section 3.2.S ,2 

and 3.2.5.3 respecci"ely_ 

3.2.5 Analytical Me1hods" 

3.l5.1 E5limalioa of DI')' Welcht of lJKo S,ubsfrale (l'-beal braa) 

One gram of moi2otcaed wheat bnm \\'f15 dried m ove:" at I oSlDe ror 2bn 

and weighed. The cb)1ng .. .u contInued until • cooscanc we1gbl ,,-as obtained rOf 
WB. Dry weight of the 5Ubstrate Wai c:alculllled by subtracting the' mol~ CQuem 

fiom Ihc wet Vtright. 

Procease adlrity w. dacmlb:d by asanoJ)'Iic method o{CKunitz. 1947) 

..,.'n miDor 1l'IOdifK3t_ In dus method. the TeA wl .. ble m.cbora formed by the 

ktloo of prolea5C enzyme 00 tbe proIC1D substnIlc HaaJlJlC'fSlrln cec1a "'5 

maaurc:d by !be iDcn::aSC' in alKaritaoce ill 22CO ran. 'I1Ie n'lelhod is M described 

helo,,' 
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• 2 mI of 1~'" (wlv) Harnrnrrstcia cascia prqJamS in O.M M carbooa­

bic.vbonatc buffer (pH 10.0) and O.SrnI of the same! buffer wtft 

prcincuhatrd at 4()2C for 10 mimJtes. 

• To the above solutioa. O.S mI of cbluled ~~ solution was addc:d .ad 

incubated at "0'"(' for 30 rDDIIJ1cs. 

• The reaction was anesacd ..nib 2S mI ofO .... M trichJoroacdk acid (TCA) 

solution. (To tK CODbol TCA wa5 added beron: lbc Iddilioll or eIIZYIK 

s.ample). 

• The racoon mi~lure was tJatJsfcm:d 10 tcnlrifugc habe, and the 

precipilaccd protein was t~nun.'ed by cc:ntnfugatioD ut IO.OOOJ:pm for IS 

minutes (Kuhm3. Japan). 

• The ab50rblUlcc of the clear supematanc was mCQurcti Rt 2S0nm in IN· 

Visible lOpeclrophotometer (Shim.:1dzu. Japan) aguin~t !iuilubJe blatW., 'I'bc 

TeA soluble frgcuuns of prutem funned Wl.!fl.! '1U1mlificd by compari~on 

Wit]1 a standard gl'aph plottt'd witl1 tyrosine as 5tandard, 

• Onc unjt of protease acl ;vity was defined as the lmounl of enryme thlt 

liberated lJig of tyro!line per milljljter of the rl"Dctiol1 Inixture per minute 

under lIll" assay ('ood itiOM. 

• Enzyme acri\'ity was t'l.Jtres.sed as Uni15 per gram Initial Dry Suhstrltc 

(UfgIOS). 

PmI(m coni COl .-as ddnmiDal ~ 10 lbc ~ o( lowt). eI at. 

(1951) U'5ing 80\;~ ScJum Albumin (BSA) as the saandan:l and .. -as. Clr.prused iD 

milligr3m per gram Initial Dry Substr3Ic (mg!glDS). 
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... 
(I' 2% ,.,Iulion ",r wd,.." amon..~ in 0. J S sodwm hyrdo ... 

Cb) 0.5% soI")OO <'f cupnr sulphite m dls.ti1lcd -.a!C1' 

(c) 1% 6OIUIl4Ml of \o.041um potIWolum tartraIe iD dtstlUcd \Qta' 

(et) "NOft.ing R*~~I' To 100 OIl 0( foOlu:tioa (a). add Iml each of S('iutlOft Cb) ad 

ICIIIIIion (r). 

(c) -1:1 folm and noakou.", ~I reagml dJh..trd vnth dnzJUrd ~"kf 

-Prepared (n:"h before use 

1 .. "0 hundred mictOhl1r of ~mpl~ wa, I1\I.'Mtc uS' 1(1 ~ rnl \\'uh dtRllled 

WIIIer.ad S mI rf~h!y prcpart'd --.or\.lng rng~nlllh ",u.addrd. m.t..~c" tboroughl,.' . 

.. incubated fur 10 minul~ 0 Sml of 50tulion 1(') WUtr .uJdcd And Iflt:uh.ucd I\)r 30 

IDiautes followed by mea5urinM the absorbance nl 7~O nm in n lJ V· VIsible 

&pectrOpboto~'('r C Shimadzu. Japan). 

Spec.He II\.'li\'i!y of Iht W1","'C 'I"U calcul .... Clt t.y d.\'idinp. Iht: t'n'lyrm- unils 

1riIII1hc 1"t'Ct"m \:unlnu IOd "' .... nJ1ft'~!iCd It) Lt· m~' rrn(C'ln 

Spcufic .Kt" It}' - rn.~"mC' .11: h \ n,.·. l ~ros ) 
Pr\lk1n (rtl(I, ,:,1 OS I 

\'ant*" rh~hcmlll:ar _ ~ou ... ", ~ ~tT(L11IIIJ pn~ 

production .,. run~·u ... cmdcr SSF ""C!T OP1~ ..,..rds ma.,tmIIJ ~mt 

~on Sl"'("~ ~optd (CJIf 1be ~5.IIKtn v. ... h' C\"A!u»c m.!!\hilWJ~· tbL-
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C..,..,l 

drc.'Ct ur dlfTrn:ftI ~t~mctcn Oft J1W4Ieasc productlOQ Ufldn SSF and perform 

final'y • lime" COUf'iC c~J'Crimc"l ...tcr optlml.m cOlldillOl\.. The ~ 

\.,..~ me tudC'd Ift1ti.aJ mo.~ure Cank'n' uf tbe ""did ~ubstr~ me4ru:m. 

InCubation umc. panicle sUe. .ncubatlCXl Icnepaal~. IAUW pH of Ihc medium. 

~. ~ IbM iDduc.T CIIZ)1JK' p'\1ductioc. IIdduioaaI carhxI aad 

nruuccn wwtcs. wliduldI chklridc: COIK'~ Iftd ~ C~I(JG Sctltd 

'UttSnIe mcdcum prcp.ndioG, iDDnaIum prqHInI ..... DX'ulalioa IDIl ,ncubabclll. 

And Clo .... "'"_ of t:lUy~ v..~ doat M .:tCn~d uodn tCdioo.s 3.11. J 21. J 1 ~ 

.n.1 .) = .. ~tl .. d~- un~ mcnuoncd U'hC'n'1~ lA COkh a~ !OOlJTIr!ft attt 

~ycd ror CIl.l}IDC IICllvity. ~.n «JIU&:aI.nd ~rlC Ie""u)' a5 deta.1ed unda 

~f~l! ~.2. 3.1-' .- andJ 2~~. rnp«1iH·J~' unlr~ "",,"",I~ 4k~n'-.'d 

J.l.6.ll."','..olsrure r ...... 

Jmpe.:1 of irubil moisture conlmt on protrlUot prodUC;hOIl was C\'aluatAi b) 

ad.lu.c;tl", Ihr moisrurt conltnt of .h~ YiB 10 \'''IO~ level!l ranging from loo/, lu 

I}(~% Iln~ n!l!lu)'lnl Ibe l't1ryme yifJd. :\toisture e(mlmr of the WB medium WII~ 

&dJlUtN with \'arying \~UnK" of aped ~ \Ukr !Ouch Ihat after auroC'laving. tht 

Initial molf~lu~ contC'nt after inoculj~h .. n Wai JO"·ft. 40%. ~o-,a. 6re-io. 70",.~ MO%. 

90% JIInd IOO-~ (,,'.'w) Solid ,.uMtrate mNlUln prcpanetion. inocu .... nn and 

U1n~ballon. and C'I1l)'l'tK rao\·~· ,.. eft pnfOf1l1C\.l ll'to cktadcd under ~hll'n 31 I. 

J 2 J and J.1.4 rapr~llvd)'. 

1.2.6.llacMbadDa daM 

Oplimal incuhMKIa timr for .--.mal ~'mt" production,..... ddmninC'd 

t., .... S1n~ lhe iIn."lat(d mc:d~ 'ut a total pc'fll'd of 1"" hn and .uW)nRf the 

~ .... f17pal. Ink'n.al of 14hn. for CllZ)TnC kU\lt~· SII.ad subsmik med'urn. 

(1f\.,.raIKlCl. DXUIaboo and iocuhIIIOa.. and CILl)'Iftt' ~"\'n)' ~ rcrt«tl~ b 

&kwlcd ~~ ... J ~ 1.3.1 J. and ~.~ ... tnp"'\.1~d~ 
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ll.6.J Partide Ale of tbf Subltn.e 

Optimal panicle m:c of WB dial support maximal CllZ)me IChV11y WU 

fYIlualed using me culture 1JO"'ft in WB medium of vuyin, partic le 1;;zr •. c .• 

<,42St&. 425J1-6OOp. 600p-1000ta _ \\'8 -iIhOUI 5iniDg. wL-speUiv.: of ta.: silC 

or WB~ 60% iniIiaI motSbIrr CG1Ma'11 (ancr iaoculaaion) Vo'U employed arbttrarily. 

Solid substrale tJ1ICdiln prqwauon. moculaboll and mcubation. and enzyme 

1lanU)' wen: pethmed as cktaikd uada' ~ions 321. 3.23 .ad 3.2.. 

tapectMty. 

Optimal lneubalion tcmperaCurc rOf maximal enzyme productioo was 

Mlualcd by inc .... bating the inoculutcd WB med ... at the following temperatures 

l.s~. 20uC. 25°C, 30°C and 35°C and determining the cnzyJT1&:1 lK:tivlCy. Solid 

,ubslrillc medium pteJl8rution. inoculation and incubation. and enzyme recovery 

were perfonned as dctKilcd undct ~ion$l.2.1. 3..2.3aod 3.2.4 respectively. 

3.2.6.5 lnitialp" 0' ta.e MediuM ror Eu)' .. ~ Prociuctio-a 

Suit8bic trutial pH of the W 8 medium that supporI naaxilDlJ cnzymr 

produdion was drtemuned by IIdjU~Ulg tbe rH of (be moistening medium (.4 

~ "'aIcr) 10 \Iarious Je-\'cl5 i.C' .• 2. 3,4, S. 6. 7. 8. 9. to. Il~ 12 and 13 y,"idI I N HO 

or J '" ~aOH. Solid ~ DX'(bum prqMII1Ition. iaoaUabon and iDc:ubMtoe.. ad 

cnryrnr n:ctWC2)' were performed as detaalcd UDder suUom 32.1. 3.!J and 3..2." 

mpedi~y. 

Requin:mcnl for q additional proIei~ iiubstralc:. beildn WB. as 

iDducct for enzyme producbon was evmualc:d U!SJng casciQ ahd 8~lahn. WluJc 
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preparing Ihe WB medium. casan aod gelatin ~ iocorporalCd. 1% 'II/w Ind 

10 me aged seawalrr. Solid su~ medium pn:pIU'Itioo. inocuIatioa and 

mcubuton. 8ftd ~ fCCO\.U)' were perfot1Dl:d .. dctailal under sections 3.2.1. 

3.23 lad 3.2." rap«Ii\'Cly. 

~ted fOf addibonal c;arboo sources for mu.imal en~ producboa. was 

~-aJuated using variou. tupn whicb included anbiaose. dolrose., fnadosc. 

galaclose. maltose. 1r*IIJOK. mannttot ~. riboR. sucrose, sorbilol and 

xylose. While prepal'ins the WB medium. the supn were iocorporaled irMo die 

aged ~wa1er 50 thlr cbe final cooca:draCioo of tht sugar m the \VB medium MS 

O. J M. Soljd Ioublttrate medIum preparation, inoculation and incubation. and c:nzyme 

recovery wore performed a.1IIi detailed under sectIon! 3.2.1. 3.2.3 and 3.2.4 

respective I)'. 

3.2.6.8 Additlona. NUnlen sources 

Effect of .ddil ional nitrogen soun:cs on proteuc productiaD \\tu evaJUlkd 

using orpnic nitrogen 5OUI'Cn. ioorgaJric nitrogen ~urtft and diffcmll amino 

.cid~ as dctaj Jt'd below. 

Effect of orpmc ~'CD souras aa c:IlZ)'1DC production .... studIai usiac 
yeaiI ~. oo:f ~1rKt. ~ ~" meat. lr)'plOIK' .ad UTCa mdniduaD:y 

I' 0.5% (\\,! ... ) 1~1 .sdcd to aged sen--akT while ~ina tbe WB. Sotirl 

~bstrale medium ~ inoculation and inc:uMtlon.. and cazyme f'«OWIY 

wen per{onnod a.uletai1ed under sections. 3.21. 32}.nd 32.4 resJ1CC'ti,,-e.iy. 
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1U.I.1lDorgank Nltrogee __ ca 

Effect of 8dddioa of ioorpaic aitrop sources 011 cozymc production was 

llUdicd by thr IIddttioa of a:anonjum suJpbak. ammoaiaan "'1rale~ ammoni ..... 

chloride. .'M.1!!DIWm h)'droem auboaaac.. auliiOiiJum KNIe. aomon,um 0.,_ . 
.. bDi1iUDI ~ ... phosphale. M"ilODium iron sulphate. 50dimu ninle Md 

po&ISS.ium DdnIr at O.IM ~J to WB medium. Solld subItnIc mccbum 

prepInICioD. inoculation aad iDtubItion. ... enzyme recovay ~ paformed as 

_iled under sections 3.2.1. 3~)'" 3.2.4 ~specth'ely. 

Rcquirement far addition or amiou ~idr. .or maltimal CfllYmt produc'llon 

~. 5(udjcd by preparing WO media added wilh each of thl: amino lcidll viz .• 

alanine. IIfginine, asparagine'. 1;),&oh!IRe. gJulamine l glycine, hilllidinl:. isoleucine. 

Il.'ooine. lysine. methionine. umilllinc, phenylalanine. proline, serine. &hr~uninc. 

tryptophan. I)'rosinc and \1Ili~ ut I ~/O Ic\'cl (\\'/\\'). Solid subSlrBlc medium 

preparation. inot'Ulation and incubation. and m.l)'11lC: recovery WCfe" p"rt\~ as 

dcwlcd undcrsecttons 1.:!.1. 3.2.3 and 3.2." rapcdh't.:'Jy. 

3.l.6.91 ....... CODcwtlratJoa 

Optimal inoculum cunccnlration thal suPJXll'b max in.1 CIlJ') nw: JIf'lIdu..., lOCI 

.¥ culuakd U$ing difTerent Ct1nCanntJOllS ut «IRidial iaocu1um. WB medium 

prqwN as deKribed in ~1k1l1 J.2.1 ". tnocublal ,.0 2 1 10'-,2 x 10·. 2 " ut. 
21 10!. 2 x Id.4 s 10' md 6 x 10'~. Solid Sl.ih5trak mcd'um ~ioG. 

lftOC1lhdiaa aDd incubation. and ~ m:o\'Cf) \fo'Cn: performed as. ddaJkd UIIdcr 

k'dioGs ~.21. 3.2.3 and 3.2.4 R"SpIXIMly. 
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a.,em-, 

ur«l 01 MXUc skmph on ~ produc ......... wudJal by the addmGI 

of sodium (hlaride to lM WU media nua..cncd .. dh aaed JCawMn _ Mcdiwn .. 

pc~C'd .. , ~ rn to«t ... l2..1 _Ish 1· ............... I~· .. IIt-• ..t ~ of 

tm.1 '-aleJ Cl'bCftltnllUOP WB rnnha .11~ .Iow pct'J*lCd u,tnl .sa".llaf .-.:r. 
motiU'tl '"' mtd1um u .. ::urp.1hkd ",jib I~ .. 2.~· .. 5&, 1-5-... U,..... J ~5·. aDd I" 

of fiaal NaCl ~ .... BnMb tb.:sc. W8 mcdiaa WM "w pn.".-cd .i6 

difTcnn. ddulktn$ of at:cd ~.-arn • .e .• 7~~ .. ~ .. and ~ ••. ~kod •• ft1Cl1~~ fa 

60". m.-'1~1ur(' ~onh:nt Yt1th 1000 •• p SC"a •• It' ;md 100-. di,hlkd v..rcr were 

ustd 8!'t '~lnUt11 Sohd ~~.rltlC' mrdium p1"p4rabOO. inoculatlnn ~nd irh.-ubati.la., 

and "'PI) n le r\.";~l\ef') IA':R:' J'l"Tf armed a. .. dI."14t k-d under ~ "UII~ l ~ '. 3.1J and 

3.2.4 """'~'L1i\fC'ly, 

3.2-.6.11 nmf Coun. Study t:ndtr Optimal CtJadlllon 

Timer coorse nprnmmt was condUClOO wjth the optimillc4 conc:htiaa 

delcnnincd .OC'r oplimlHllun or various \'arilhlcI nlL~ cmdJ1101U 'tlcC'tcd include 

lh~ (,.U"v.lnp 

• \\ne.. Bran ""'lrh '<4~~ ... ('Junelt' ~u 

• ~. mOlSCUR con4cnt 

• 0 1 M SUCf'ON: 

• 0 I M ammomum b)drogc-a t~ 

• JlH to 0 

• 2m1looculum ",..cb 1pI* (0UDl of 1. to·du/m) (i.c .• 4 " Id 'P"CS) 

• IncuNr;oa ImIpeIllluR' or2sac 
~.IJd ~u~tJaU' "tedIUm prqnuation. IJXt('US-' .nd jncubatiOlL IIDd 

~mc fCU>'C!')' ..... '(Tt" rcrfonncd ~ d..-wkd umlcr ....-dklru ~ ~ L ~.~J met J~" 

rc:iJICXtncf) 



13 ENZYME PURIFICATION 

Protaa: pIUduccd by £ albtnlt under SSf was punfi~d employing 

IIMdard ,.0IciD purifiatioG procedures ,.iUcb iJx:Judcd mumon.ium sulphide 

pRlCipiUlion. folkNcd by daaIym, loo cu:bangc chromaIOfPPhy and pt'q)IJlItive 

poIyIa)lamMk ~I clec1roplKwesis as dcbiJcd below. AIlIhc operaIXms v.'ae doac 

• 40C ... Ic:u ochnwJ5e specified, 

UI "-...... s.tp ..... rrteipicadoa 

Anunoniwn suJpbalc precipiwioo was doni: ac:conIing to Eaalard _ 
Seifler (1990). Ammonium sulphitIC: (Sisco Research LaboraIories Pvt. ltd.. India) 

required lO pTecipilalC' protease tnzyme .. .as oprimucd by il' .dditioo •• \iar)'lDg 

level~ of conc~ntrabons C200Al. 400 .... W4, 80% and CJOI". satumion) ID ~ mJde 

t.'II.tracc. 

(i) To precipilAto the protein, ammonium sulphate was slowJy utlded 

imtially at 2(W. Sltura'ion 10 the cruc:tc CllInct wbile keeping in ice 

Ytith 8c:ol1~ stirrina. 

(ul After compltU ~ution t)f IImmonium sulpiutlc. Ib.: solulioo w~ 

kqJt at 40(." for over night, 

(iii) Pr<*in precipitated."aS collected by ccnuifuption M 10.000 rpm for 

IS mimdesat 4*C. 

(iv) To the Npcmalant. ammonium sulphate R"qWrcd for next Ja-el of 

saturat.loca was added md the procedure 11 meacjoncd .bo,-e "'as 

rqJeaIcd. This cxacisc ,,'U continued uput 90% of ammonnon 

5Ulpbau: sannboo. 
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3 .. 1.2 m.I)'Ih 

The pruipitate obtained after IIJ11I1XIQium IUlphaIe pmcip.ita6on WIS 

funhcr dial)'1Cd .in~ the buffer in order 10 mao\"e the .......num sulpha..: from 

the precipita. as delailed below. 

Cl) The JftCipilllCd procrin was rauspclldcd in miItimum qumtity ofO.l~ 

phoipbale buffcr(pH 7.0) 

(ii) OiaI)'SCil in the pMJalcd daalysis ~ (KCboa 3.32,1) (CUI ofT value 

12JtD.) apins1 0.0 I M SDlUIioa of phosphate buffer of pH 7.0 fOr 24 In. 

.. 40C with 6 dgngQ of butTer and usayed (or protease aai,,;ty. prorria 

coalCDl and specific activity 85 dftcnbed in scchnn 33.5. Y~1d lIDd foJd 

of purification were cakull1ed Id delcribftl in ~D 3.3.5.1, 

3.1.1.1 PmnaCmfDe of Dialysh Tube 

[)iuly",i~ who!: (Sigma-Aldrich) ill cn:&lu:d t~, r('m(we the hum~t: .. mll' ;tnd 

protcctanls like glycerin and sulfur compound!! pr'cl'lcnt in it and to Il\3Jtc the pon:s 

(If 1he tube more clear. The treatC(! tube retain lQ(bt (If tbe: pmtf'jn~ of molecular 

wt>illll 12kIn or greale," The nldhud followed (elr IhC" lreaCmml of the dialy~i" 

1uhc \\'''~ IS (01l0w5. 

(a) Wubed Lbc: lube in nmmog WIIef for)..4 tin 

Ch) Dipped in 03-/. (wf,,') 50""'00 of foOdlum mlfide. al SOOC (or I mlnule 

(c) Wuhed,.ith..,. W3Ic:r (6O"C) (ar 2 minules 

(d) AcldirJCd -lth 0.2'% (v;v) ~lpburic: Kid 

(e. Rinsed w1th bee \\1der (6O"'C) 

loa ndwngc duomatagr.pby .. -as dooc Kc:oro.RIl en R05SOrmmdo ( 1990l­

Acti"C frI~iOD obtained after mmunium ioulphare fracU0D4tjoo foflOWtd b). 
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diatyf.ls was further punficd by Km cxchan3e ch~)' usm, lite anion 

ac:hantcr DEAE cdJuJmc as the column rrab:nal. 

l.l.l.1 StaadanluUo • ., ........ pH 01 prc*SK to DEAl: Cd .... 

The pH at .. bdJ the auymc bIDds .. its DPa:iuww to the anion ~C:hInFr 

was sr.dardisat by dUliDg * CDl)'tIIf JOIuIion after locut-liDll with DEAE 

ceUulote equilibnIed to eacb pH DEAE CeUulosc was activated by foJIowuIi the 

DX'Ihod dncribcd in xctioa 1.J .1-2 ... ~~ in distilled WBlLT and equahbrated 

to catb pH using O_OJ\! buffm or HCJ-KCI buffer (pH 2.0). Glycine-HCI (PH 

2.5). Cittak-PhospJDte buffer (pH 3,0 to 6.5). PbospbaIe buffer (pH 7.0 .l 7.5), 

Tris·no buffi:r (pH 8.0.9.0) and Carbonate-bicarbonate buffer (PH 9.5 cl 10_0). 

On!! mi11iJiler of diluted sample or 40-9O"~ ammonium sulphate pRCipiCatcd 

fraction wa~ mixed with 2ml slurry of DEAE Cellulose: equilibrated to each pH. 

incubated al 4 DC for overnight. and the supcmatant was toJle~tcd by decanting 

without db;turbing the su~pcn9;on. Added 2ml ofOAM N"Cf and mcubatQd for 2hrs 

to tlu~ the bound protein from the DEAf. Cellul~. Supenuuwn collected WILe; 

ccntrifu8cd at IO.OOOrpm for 10 minutes 10 remove fine particlefi and ~yed for 

prolta5C IC1ivity and protein COI'IlmI a5 deieribed in sec1ion 3,lS, 

3.3.3.2 Adh-.1iM .1 DEAt:. CeII.loR 

The foUowUag mdbod WI~ Idopted for Ihc 3CliwrioD of OF.AF CdlulnA.t 

Ca) Tea gram of OF~E CdluJoK CSiKO RcsaIdI labonlories Pvl lld .• 

Iadia) .,..lIS soaded in ~ buffer (pH 7.0. 0.01 M) Md finr paftXkl 

~ remcn'l:d by deQn1iDc 

(b) II ,,-as tbea suspt'Dded in 1 M NaCI solution r« O\'Cflrip. 
(c) Dec:amed sodium chloride IOJubon and 1nShed srvc:raJ times wilh ditrilk:d 

water in sintaaJ gJau rur...:t \Krn! vacuum fiJtr.ali<m. until the" pH o( 

~'tihings bccanr neunt. 
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(d) I1 was t"quilibnted In Phospbate buffeT of pH 7.0 (O.OJM) by repealed 

washmS v.;th the same.. 

DEAE CdluJo5c KliYMCd as dc:scribcd in section J.J.l.2 wa carcfuDy 

JllJCkcd III XKl6l26 columa (AmI:Is.bam 8I05Cicnt:es) Wlthout uappmr my air 

bubble. The colun .. ~, cquilibAlCd ,...ith ~e buffet of pH 7.0 (0.01 M) rar 
O'oanigbc. 

Sixl)' millilitn: uC dialysed sample pn:pIIII:d as rn ~.iOD 3 3.2 with prOlein 

eOlllcol of 1.94 mslmJ ~"» applied to me Jft-equilibratcd DEAE. ee Jlulose column 

with height )0 cm. After the complete entry of sample to the column the unboWJd 

proteins were 'A'8sbc:d with Phosphate buffer of pH 7.0 to.OlM) until .he OD:ID 

reached near uro. SrepwiftC elution was done al a t1c.w ral~ of 2mllminUlC using 

0.1. 0.2.0.3. 0.4 and O.!I M NaCI in the same butTer. Five mUlIlite-r fTacdons were 

coJlected and protein conlcrn was eSlimatN by measurin(t the absorbance It 

28Onm. Peak frac.ions from the: column were pooled and auoyed for protcue 

activiTy. prolcin content and speafic acthiry as described in sed'M 3.3.5. Yield 

and fold OfpuntiCM'on.-as cakul.lllcd as dt::scribc:dm SO:'1oa 3.3.5.1. 

Ac:th'C rrxtw- pouIcd fJ'VID .., cuban. cbmmakJlnl:phy WI"3§ 

tyPpbtJimS in ImI ~'''' IDd ~ in 0 Iml of MmpJc buffer (O.OfQ..-\~ 

Tris-Un le .. !tDS. 10-.. ~. o.or-·. brot~ blue. pH 6.11). Abquot5 of 

thn."C' tubn WCR InaIed on ., •• Bd prcpated a dncnhcd ... ~1011 ) ..... .3.2_ 

~bp.14:d 10 cla.1n~ .Hocra Mini da.1rupb~ ~a.st. 1.0.­

mol~lat wC'i~tn mad.cr of Amer.Jwn PharmKia "'_ ~ as stlDdanf. After 

r.:1",'(lrophorcsi!l. It p')nlun of U,C ~cJ with tk mader "oa ~ncd. ~ 

maldM."d WIlh lh~ oris,nal gcl. and the portion ,If tbr gcl cMUin*np J'f~ band 



\\-'b cut ()UI, charred UMo pia:cs Md U.sfermllo dial)', .. lube. Thn.-c- h111hlilerof 

rnet\'('i1r buffer for S.iW'-PAGE (3.4.1.1) -. uddcd ad dial)sis tube.~ cJos.cd 

... e cbaR dips... ~in wo ctUlN by appI}in& SOV C'um:nl for ~ at 4CC 

IDd. jtil before rompiClillJ. dation die: curtail ""as ~n..ed rew 30 scconck W 

_il,&ale lhe dcuchmcnl of 1k protciII bound to the dia~, h.g. The dutrd 

proiftn ... dialyd in pho5pmtc buffer (pH 7.0. 0-0I\t, and l)ophiJiJ'Cd iD 

atiqaots. 

Prolease .clivil),. protein cootart and specific IIC1nity vm'!' determined as 

described earlier in sections 3.2.52. 3.1.5.3 and 1.2.S.4 and aprnsed .,. t;/ml. 

mgfml and l,;/mg proteia n!specli\'e1y. 

3.3.5.1 C81~ul.tlon of VI.td of Protein, Yl~d or EDl)'me At.h'lly and Fold of 

purlne.lion 

Yield of protein and enzyme activity of each fraction dUI'ing Jlurificatjt~n is 

the percentage ICth1ty obtained by dividing the Imal protein cuntent or acci\'ity of 

tbIt fractioa \\ilb lbc local protein conlenl or activity of th~ crude extract as the 

CB5I: may IM:. Fold of purification in each S1ep .... calcula.ed by dividing the 

specific activity of the rapedi\~ frartion wilh tha& of lbe crude extract. 

Yiddo(~ 

Fokf of Purifiatioa -

Teal ProIcin comml c)( cbe f'rKlion X 100 

Tccal Protrin conlellt oftbc CI1.Idc c.tnIt'l 

ToW Klirir), of ,be fJXIioa ~ 100 

T uIaI Krivity of the crude exlrKt 

Speri& activity of the fi'action 

Spc:cific activiry of the cn.dc CI1rxt 

-All the ex-penmana] _ WCR' SIMiJ:ticalI), anaJ~ IL'\ing MlCm50ft ~ 
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R2 

El\L\'ME Pt.: RlFJCA TlON PROTOCOL 

Moldy wheat bnm (YJW8) 

! 
ult3ctlon and Enzyme recovery 

c....,L......" 
Ammoruum [lpbal< oddiliOll 

(0-20%.2040%,40-60%. 60-800/., 80-~6) 

~ 
Q"crmghl Incubation al 4"C t 10.000 rpm. 4'C. 15 min. 

Supematlll1t 1 
Precipltato dlSSOIVCd in buffer 

Di~IYl-'s 

~ 
Ion Exchange Chromatography 

V,mSDfE O,]lulo", 

PfC]'af3h\'C rAGE 

Oi31ysis J EIUkd _riD 
! 

Lyophiltmtlon of prolcrn 



lA CUARo\CTERlSA nos OF PllUFlED ENZl~'E 

Purified pmIcin after cbromalO8J1lphy was fmtha c;~sed for lheir 

blcJpbysical .cl biochrmical properties like molcxulu mass ddemunMlon. 

Z)1DOgDID. profile. isot-Jcctric point. ...., acid .aI)~ N-1cnniaa1 scquc:acr. 

MALDI. CIlZ)nx kindia Ck ... dncnbrd iD the foIJmnng secbom.. 

AJmnomum sulpbalc pRCiptaMed sampte IIJd active &acbOoS «lllectcd 

aftef ion exclwJgc Cbromalopapby ~ue cl~esed by Nati"e-PA(iE and 

SOS·Pl\GE iD. IM-. put)'lC1')'lamldc gel according [0 lh~ mcrhod or lac:nlllll1i 

(1910). SOS-PAOE or purified e:nzymc: "1110 gmcd oui under reduclJ,,'c Ind non­

R!d.w:tive condilions. i.c .• wilb and without p-mercaptoethanol respectively. 

14.1.1 Rogenb for "ol)'.cryllmld~ Gel Electrophoresis 

I t Stock «ryt"",1M soI"thm (JO:O.I) 

Aaylamide (30%) 60.0 g 
BiJ·1ICJ')'iamide (o.r/.) 1.6 g 
Oi5tilled WIICf (DW) 200.0 ml 
Stored at 411(' In unbcr coloured bonle 

2) SItdUtr 8« hUn Jf«4 (1.5 M T .. HO. pH 6.8) 

Tris buffer 6 B In 40 mI DW 
Tilmcd w pH 6.8 with I ~ HCI (-48 mJ) and made up to 100mi .-Ith DW 
Ft11c:m1 with \\'1wman No: I filter p8pC'f _ stored at 4~C 

3) ~ WlllaJ1n .... C3:\1 T ..... IICI. pH U) 

T ris buffer 363 g 
Tilralod to pH 8.8 ,", .. jlh t\f un (-48 rn)) and made up to lOOmI WIth DW 
filtcRd with Whatman No: I fillcr raper and ~ored ;at ..... C 
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C~J 

-I, ~_ ""6" ,_ .'I"';w-PAGE (pH 1..1) 

Tn .. butTer 3 0 g 
tiJyc1l1C 14." • 
Om.olved ... made up to 1 L with DW 
filtpam:I En 10X coau1ItridtOG aDd !.tora! .. .a"(,, 

5, ItftnwItr -11n"" SDS-P.-4GE .... U, 
Trtlll buffeT lO, 
LI)culC 101 4 g 
SUS 109 
DisKlh'cd BDd milk ur kl Il .-nll DW 
~ i:n J OX concmnuoa and itOtd aI 4"C 

6, S ... pI, "-D" f,.,. .,;,tiWfO-I'AGE 

Tn~·JfCl ~pH 6 8t O.Ot.2~ M 
Glycerol (opibnlJ) ltJ-IitCvly) 
lJromophmoJ blue O,OI4l~ 

rrcparrd In ~X 'lm'~nlrallon and ~tor&:d .&. 4"(" 

7) S,unpl" buff~' /or R~"ut'tlw SDS·P • .fGI:· 

Trj~·II(,1 (pH (1,H ~ O.Uh2..'\ \i 
(iI),\'crul (opliun-.I) IU'~ (y/v) 

SUS :!". 
Dnlumhrtltol 0 I \t 
Uw,"ophcnol b!u~ 0.01~. 

Pn-paf"d 'n 2X (\I14""nffi1rion aDd ~lorC'd 4t " .. 'C 

1 ft\ IICI trH 6,1'-' 
'il~'('C'roJ IO])Ul1tW' 
Sf)S 

tH'ft25 M W-. (\o"'t 

ftf(lmr~~J bllx 0 0 r' .. 
~n.-d tn 2X C:"'h:cnU"ann and 5Iottd ill .a'( 

.) SIl\,Ur'4) 

lOt.t.mJw'5 .... ) 

I, m IOmI DW 

~, In tOml O\\' C.uI,JC.:!.a .. C\J as l:r'C 
(or J 5 mmutes ;mJ ~~l,ft'd at 4=-C) 



11, Prate;" ~ IDI.d"" 

CoomaWe brillital 
bluc(O.I%) 
'fahanol ... ,..) 
GIaNt aatic acid (10%) 
DW 

IJ) DatIIilfi". U""" 

Methanol ("0%) 
GI.cial acetic acid ( 100/.) 
DW 

40ml 
JOml 
soma 

40ml 
IUml 
50ml 

Il) Proteilt M","er /0,. Nlltive - PAGE 

Separate I1UIrkcrs from Sigma-Atdrich weK uM~d. 
Component! Yulp'" ~fWOlrl 
Bovine Scnun Atbumin- 10 li1 66,000 
Chicblbumm 10 ... 1 4!\,OOO 
Carbo ... .: anhydnue 5 pi 29.000 
1.actaIM:niq 10 .. I 14,200 
Matters were mIXed with 65p.1 or~ah\'e I X sample buffer. and 30 .. _ 
of marker mill _'as loaded 00. to tbe gel . 

• 4)"'" M_rAn /'" SDS-I'AGE 

low molecular Vo'C"i@ld markrr mi.\ 01 Amcrs.ham Ptwmac~ wa~ 
used. Lyophilized rnaJ'bf miI v."aS n:.coostitutcd in IX sample buffer for 
miuctiYe SOS.PAG~ boded for 5 nunwa. and 5jL1 of marker was Joaded 
OD to .be gel. nlC composition of the nwt<'1' ~ jii .. ~ g'\o'et1 b~ low. 

ComDOP.p" 

~boryta.~e b 
BoY1De Serwn Albumin 
Ovalbumin 
Carbonic anhydrase 
TJyp5ia inhibilor 
1l·l..acIaJbumin 

!\fW(MJ 

9'7,000 
66,000 
45.000 
30,000 
20,100 
14."00 
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3.4.1 ~ I Gel Pr .... tiDn 

Bao/rI-ut ""'J 
AC1)'1am1dc : b~ (l0: 0.8) 
Resohing ICI bafTc:r ~k 
AfIIrIIMiwn penaJphale (APS) 
Wata 
lEMED 

SIte IiPr ", tU'" 
ACf)Umide ~ bB- aayJa:midc llO~ 0.8) 
SlXbnl gel buffer stock 
ARmOIllWTI persulpbalc CAPS) 
Waler 
Tl!..\tED 

Se"'" _U(I' flXJ 
Native-PAGE ~mple buifer(2X) 
SH% Sucro5c 
DW 

l.4.1.1.1 Sample preparation 

ID-Om{ 
3.7Sml 

apioch 
.625ml 
IS.Opl 

25ml 
S.Oml 
apiDch 
12.5 ml 
15.0 .. 1 

l.Oml 
0.4 mJ 
Q.6mJ 

Added lOO~l uf IX sample buffer to lyophUil.ed sample or 20..-1 of 2X 

sample butTer IIIId I~t of SO% sucrose to 30111 liquid sample. miJ:cd ,,"ell and )0.,1 

samrJe and ~ .. I marker mix"..as loaded on to the get. 

1.4.1.2.3 'romdllft 

86 

(a) Ckaned and assemhJcd aM ~I plain 

(b) "',-iDC cd - Added all the compGQi:nb acepl APS iD to a btaktr. 

mixed gcutly and fiually adckd APS. Inwncdu.eJy pouRd dJr DIUit' 11110 

tht: cass lad pourOO a Iaya of but.aol o\'C .. ,.:1 .... aJJowed to solidrfy 

as lelSl for llu-. 



(e) Stacldallcl- Added the CUIDpOIJc:DlS of .a.ckina gel except AMi ineo. 

beaka-. mixed ptly lOO finaOy added APS. POW'l"d the contf!nu into the 

asa .tJove the mol,-log gel aod immedialeiy insencd th~ comb between 

me Jlan plain. AJIooM:d il to solidifY alleast for 30 minutn. 

(d) Gel ... p&.ccd in the t~ appanllus, Md uppn aod ioWft' 

~ __ fiUcd Wlch reservoir bnffet (or Nariw-PAGE. 

(c) The Itl was 1ft I\JII (or Ibr at sov. 
(I) I aaded thr gel whb IlK- proIL"1D wuple 

(J) Tbc gel .. nan It 80 V till the saD1JIc mtrmIlhc moh.q gel. 

(b) \\'hen the dye from cntJ:m1 tIx- resolving gel incnaud the C\UTCnf 10 

IOOV. 

(i) Stopped the cum:ol whca lhc dyr &om reached lern ~ the Jower end 

of the ~s pl&~. 

(;) Removed the geJ from the C&\t and stained for l11 teat!!t ) br in ,~ ~ta.inin& 

5Olulion. 

(k) Dcsllintd till the bands became deBr and observed under a 

tran.muminalor. 

3.4.1.3 Sodl •• Dod«yl Sulphate- PoIyaerylualde (;.. eledrop.CN'ftis (SDS­

'4GE) 

Punned protein was subjeckd 10 JCducli"e or ftorNcdumvc SOS-PAGE 

Le.. with or w1tboul 1I·~oetbIDol ~ molecular WCIPl\ marker or 
Amc:nham f1'hannkIa wu ...cd as stmdmI and molecuJar weight of prolcasc ,.~ 

ddamiocd uWnl Qu.ltiry One Software of Biond.. 
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a."plnJ 

3.4.1.3.1 RtdlldiYe SOS-P AGE 

14.1.3.1.1 Cd Pftpw .... 

Itn.hiRuI 0"') 
Aa)iamide ; Ms - aayIamide (30: 0.8) 
RHOh ... Bd buffer stock 
IO%SDS 
AIDlDOUium pmo.ulpl:alc (APS) 
WIkr 
TEMEO 

SMctift cd (2.~j 
ACI)'lamidot: bis -aaylarnidr (30: 0,8) 
SCKkin! gel buffn- sIock 
IQIt'. SOS 
AmmonKim ~ (APS) 
Water 
TEMED 

SfUffDI( buffn (l XJ 
SOSaPAGE sample buffer (2X) 
50% Sucrose 
OW 

3.4.1.3.1.2 Samplt prcparariDD 

IO.Oml 
3.1Sml 
03m1 

apindl 
JS_9S mJ 
I S.OO "I 

2.5ml 
S.Oml 
O.2m1 

apiDch 
123ml 
IS.O .ul 

I.Oml 
0.4 m1 
O.6m1 

Added lOOpJ of ] X sample buffer 10 purified and lyophilized Jlmtcw 

IOamr1c. mi"cd ... ·cll; boiled for 5 minutes in I "'IIICf bal11. cooled tu roura 

lcmpl""'tun:. and 30vJ smnplc and SpJ kM mol«ular wright ttW'kCl'S "'CI'r loaded 

on 10 the #Cl. 

~ followed for ekcIrophc:ns~ and staining was esscali.ally $Imf 

:as descnbed rn sec1ioo 3.4.1.23 with the cxc:eptton lbar the RSemlir buffu UICd 

wa.." 1Nl of SOS· PAGE. 
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14.1.3.2 Soa-red.dive sos. PAGE 

14.1.3.2.1 Gel prepantiee 

RaoMng and SUcking gel was JftPMed u dt~cribed m SCC11C1ft 1.4. t.3 J.I 

·M-kfkr (llQ 
SmDpk buffc ror Non-reducu~ 
SDS-PAGE (ll) 
SO%Suaose 
DW 

ImJ 
OAmI 
O.6mI 

. .\dded IOOfll or IX &ample buffer 10 lyophili2rd ~ple or 20Jll of 2X 

tIIIIple buffer and 10 ... 1 of SO% RlCTose to 30"u liquid sample. mi~cd well. and 

lOp I sample and S ~Ilow mol«ular weight markers were loaded on to the gel. 

3.4.1.3.2.3 Procedun 

Procedure followed (Of electrophoresis .and staining was eS!lcntilllJy the 

IInX as described iD ~ctioo 3.4.1.2.3 With the exception that the reservoir butTer 

1IIed war.1haI of'SDS-P.~(*f_ 

lA.IA7."...... 

Prucc:olylic aai"'I!y of tft1YmC protein band ..-as confl11DCd by zymopam 

IIIIIy5u ca X-ay fdm accordinllO lhe mctbod or Cbeung et .1 (1991). 010-90% 

--.ium sulpbale precipwcd sample and Ktj,,~ fnctions pooIftI from ic)n 

adMngc cbromIaography weft lyopbibzed in I mI aI~ rampendcd in 01 ml 

_sample buffer under non-mtucin, toncbuOll (O.c)62SM Tris·HCt 2% SOS. I~. 

~ 0.0)% bromophenol blue. pH 6.8) 80d sul'.i«t~ 10 ekc1l~tl m a 

iO% polyacrylamide gel a. 4"C ISo ckscri~d iD KCtioo 3.4.1 3.2. After 

dcaropb.oresis. the gel was. wbhed with 2.S% (vi,·) Triton X·tOO (or 30 IDlnUln 
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r.11I...-cd by ~ ... ith C~k'~r ...... 6 OS~ pH 100)'" 

U'IC",baIcd nn • fresh X· ~~ film fat 10 mmutn at 4O"C A neT .n~uba.')ft. dw 68 

was rinsed ."h "",IIN • ..sa- The deat zmn; on x~ .. y film iDdialtld * 
JIf~ of prottate buds. 

IsorkctflC foclJllng or tht flunlicd prutcolD ~rnple, J'lfepared IS d~ribcd. 

-..n1aon J,J.4 was dune fulluwjng the Ulctbud of O'farrt'l1io (1'J7~) In COD"" ,. 

CrUular and Molecu'at OtOlogy CCC~MB). Hytf\.'Tlibad, 

Gel filtntxm "bt'nrnaJogRJ'hy ".~ pnft~rmcd (Of the ~t}.9C]ID" pr«1~ 11 

o111l1n011ium ~pbiIc frxtM'Ift3IKII: t,rt.1IlI $rpbad:, <.i7~ t Slgnu-Aldrich~ I!I "'*r. 

dc1ermmr lhe moll:cvJm weight or I"o.ease. 

J.UI PnpantMa .r Col ... 

(a. 21g. of ScpMdu G7S CS.gma·}\ldnchl .as MUpc'nd.."Cl in dt.lillcd ..... 

a.n4 alh,w.'Cd Itl h)'drat~ fur 'hn at lWC m ~ "'~.c, hllth. and hl'lC ~ 

wcrr removed hy decantaticlfl 

cb) Hydnarcd gel ,u~rcru.io:l WiU degas.scd under vacuum to rcfl1()\,~ lbe air 

bouhhl~, 

(c) Gel JiU"J'C1IS1011 was rarriuUy poumj do the column 4~ 

UfOSCK"lKn XKlb'"'f,) colurm. ",i1bout tnlppma aer b&!bbJcs Md ~llo"". 

~n'," under gn\,.t) ",·h.&le mlln1aininJ f .. Iu"'· flo., rak throup lhe a .. 

fd) cc.oa.:- ... .aahthl'Cd by .no-lac ''"' limes ~ baI ~ of ~ 

to I M Pfto~ph.lk buffet. rH 70) to p;aH throuJh the rolwm bed • 

descmdlag rlucn1 110\\'. 



1.Ul R_ailll.be CoiumD 

Two millililer of dialysed sampl~ prepared ~ in ~ .. iop },12. wilh prutcin 

CWIlmt of 1.94 mglml was applied 10 the c:01umn. Aftu thr com,Mete ftIO)' of 

Aq)Ie 10 the column tile prolci1lJ wm: cluttd usinS O.I~ Phosphate buffer ofpU 

7.0. wi1fl • flow .-e of I ml!minute. One miltil ira fnld'OM \W'fe COIICf:'~ ;md 

putcin admI WU eJ:limaled by mt:a5urinS che .t.so..bance .. 280mn in I l. V -

VJSJUIc ~ (Sbimadzu. hpao). Pt'ak frac1ions from cM column 

~ pooled _ assayed for protease acti~ and pmtein conlml ... dacribcd iD 

scdions 3.4.24. 

1.4.2.l C.tc .... _ .r aaol«ular well" •• r tb. 'ro.falt t.:nzyaw 

~ molcaJlar ~igtll of lhe rlulCd protein \\'u dc1mnin .. od by clllibnuing 

tbe column "'ith low I1'k)I«ulaf weight gel ni1ration mllliu:n from Amcrsham 

Bio9dence5. 

The marten WiCd included the following: 

"""SI" 
Ribonuc'eatt A 
Bovine Sawn Albumin 
Ovalbumin 
Ch~qenA 

M'W(M,J 

13.700 
67.000 
4S.OOO 
25.000 

K..,(parUIioa codTteimI) oreacb pRlIciD wascak:ulalcd by the formula 

K.. VE 

V .. 

WheJc V f is the eJu6aa omhmJe of each procrm aad V. Es I:be ""id volume 

of the column. which wu caIcaI.taI by mming Blue Dexttan 2000. 
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Molecular weigln of proteaie cal)1DC' \\'as cakulated from the 

scmdopritJumc graph plouod for tbr le.. "Is molecular waght of tht mandard 

proIcin~. 

AmiDoarid analysis of cbe purified prvkia sample Jftparred as cJa.c:ribaJ iD 

r.ection 33.4 .... 'U done us .. ShimIMIzu High·Performance l..iqnid ChromMJostaph 

tLCAA) "Am'no Acid Aal)'ilS S~1Cm" (Ammu et al. 1994) at CcnlraJ IDslihIIC 

offLWries Tcdmology (CIFT). Kochi. 

Purifi~d ctJZ)me ti3lTlple (s.echon 3,3.4) was subjected 10 eledropbofesbi 

(M'Ction 3.4.1.3.2). Protein baud wa. btotlc:d on 10 a PVDF membrane by 

dectrottansfcr nl4CC ror O''m1jght in a Genei protein-blotting unit (Cnmsfa buffer-

30mM Ulycine, 4KmM Tris base. 0.037-" SOS, 20% \1ethanot pH 8.3), After 

bluUing. the: tMmbntnc was air dnt'd And N· terminal nquencing 'MIS done at 

Indian InMitu1e of Science (IlSc), BangaJorc, 

Aft .ucmpt "' .. ~ made to determine the molecular wagbt aDd pep. 

fmgerpnn11D1 of the purified sample- using MALDI AaaJym. ~ mzymc 

purifi~ by /011 c.chqe duomatognpby was clcdropboraed (5«tioa 3.4.1.3.21 

and tJx sWncd prolCtie hand Yo'U tftCd for MALDl .IiIII..l)'sis w.mg Applied 

R~-Voyager System 4263 .. Co.m. Hyder.tJiad 

MAlDl-MS anaI)'fois of lbe punned protein v.'U done to determine aM 

rmJecular weighl. For pepIide tingeqwint. P"*'11 br.Jn&b. dige~ wilb ~ .... en: 
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0.1Ia:tr.d. dcsalted IDd ~ 5p«tnIm was ~. MISS peak list obt.ainc:d wo 

tUltmined 10 Profound ad Mascoc databue fur proICin ider:JtifJCalion. 

Aalibodics ~ rmcd AJI"'" decuosD>rCliaJly JIIft proIeI:Se in ~ 

Zealand while nbbilS by inIJamusaabr injmioo of JmI UOOfI&) of pR*LD 

emulsified with .. equal ,olume o( Freund's complete adjU\'IftL Thtee boos.tu 

mjectioGs ",ue ,na at Ul iaterval of IS days ,.ilh lmI (2OOtaS) of proIe1II 

cmuWfted widI _ equal volume of Freund's inromplete adjUVlnI (Harlow and 

LuIc. 1988). 

One week after the third ~ do!tC. the bt.aod WlIS collected from lhe 

marginal car vein and allowed 10 clot at 31'-C (or 30-60 minutes. The clot w. 
retracted from ibl: sides of the te~' lube with the belp llr a gleu rod land IR~r 

complete cloUing. the serum was haf\'eAled by CCI1trifugadon It 4.000rpm for IS 

minutu at room tcmpcraturt'. 

3.4.6.1 {lDlDuaodifJ.lio. telt rol' aDlibody tUC1ioa 

Antisetum .. delectcd by .ample immuaodiffusion (HarJow and tane, 

19~). One pen:mt agarose con~ 0.02% sodimn aDde was prepared In 

~ bulfered uJiJk (PSS • O.J4M SaC~ 2.7mM KO. l.5mM KH,PO .. 

l Jm.\4 NazHPO... pH 7.4), Mct&ed conttGts were poured m a gJass plalC 10 ptq'Ift 

a O.2cm Ihidt gel After lObdifit.:ation. 2mm wdk -.:re ad using 1'"1 cuua ADd 

lSpl or saum. ""'as Joedcd in ~ 10 pcripberal .. -e1Is.ad antilCQ (purified by 

ioa c:xdwtee dImmatograpby) In the a:atral well Shde v.» kept ID a hnd 

CD' ihJiUiiI:aa rur 24hn.. After .DnIbatioa dx: slide was wafJ1cd IQ PUS for 

30miaulCS ia a rotary WmhT. Wuhcd ~dlde was dried by kftpiDs blunioe pqC1 

CM:! it and incubating ilIIJ'J'GC ovcmighl rotlmftd bystairung in C~ Blue 
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and dCQin; ... Aatigm antibody specifidty was ddeded by lhe fOl'miltion of. 

prttipitation arc bc:tW«:D the ~n samples _ antibody applied kt Ibc i\'dls. 

Ope,mum pH far muirnaI activity oftbe puriflCll eDZ)1ne" dcteimiaat 

by coaducling ~ ..ay .. ftrious levels of pH in me nil. of 2·13. 1k 

COZ)'InC ...ay • .., ewcDtwJy 1be samt as described In section J.2.S..l widt cbr 

fottoWlng modtfK'lllaon. The enzyme 5Oluboa used was 0.2 mI of dilukd 5aI1IpIe 

MMl tbe su~tnde eatein. .. u J1Rpilred iD ,be ra.p«ti'le buffer of cadI pH, Tbc: 

hum.T sy1Iml5 u~ induded. H<1-KCl buffer (pH 2.0). (:iuarc-Ph06ph1rc bafir 

(pH 3 10 6). Phosphate tturrcr (pH 7.0). Tris-HCI buffer (PH 8.0). ClIycine-NaOB 

buffer (pH 10.0). Catbon ... c-bkaroonate buff~ (rH 10,0). Boric acid! potaSsium 

chloridel ~um tl)'droxide (pU I J .0), Di~ium bydrogen pbo5phafdsodium 

hydroxide (pH 12,()) and KC\l:\aOH (pH 13.0l. Enzyme activity and relative 

activily wrrco calculalcd as dC.!Icribed iD seclion 3.4,24 and .'.4.24.2 respectively. 

3.4.8 SlabUlty of ProteaN 81 dilTerrnt pO 

Stability of .he purified enrymc g,."Ct a range of pH \\'a, determined by 

meanuring the fCS1dual act.v")' at pH 10_0 after incubatin,lbe enzyme la dif&mx 

buffer S)'SkrM nf rH 2.0-110 for 14brs. at 4"C. Purified en7.)'mC as 0.1 nil atiqual 

was incuhllat iD 3.8 ml of differcm buffer systtml. which included. HO-KO 

buffer (pit 2.0~ Citnle--Phospb8u: buffer (pH 3.0 to 6.0). ~~ buIfa (pH 

7_0). Tris·HCI buffer tpH 8.0). Glycinc-NaOH hulfcr (pU 10_0). CatboDe 

bicarborwle buffa (PH 10.0). Boric acid /pma'WKml chIoridcI:s.udium ~ 

(pH I LO). diwdswn h)1Irop:a pbo!ipllllClMNIium ~ (pH 120) ... 

KCltSaOH (pU J 3 0). After 1naJhatKm 02ml sample WIIS &a~ b pRJkB 

l!Idivit)' as dc.scri~d in 1CCtM.m3A.24. [.nzyme actn;ilY was rxpressed Ib U imL 
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.lA.9 0pIiID" Talpenture rer Protease Adhity 

T mtpeJature optimum for CDI)"tnC 1C1:i\'il)' \\115 "1Crmmcd by icKulwinJ 

G..lmI 0" rurified C11l)1hC nsmtiaJJl ("nov.'ing ~ mtthod dncria-.-d an """lOll 

3.".2-4 I. the 1Cn!ipe!3lUfr ..... from S 10 10CfC. RC'Iab~'e act ... ,")' WH calcut.:d ., 

de:scribaI"'!oCdioa 3.424.1. 

T Cmp=t3lUR" saabtJill of purl n4.-.J ~-mr ,,~ ckt .. -rmincd by mrot.l'nJ &h.: 

~ sampk al .. ;utO~ lc:mp.."nIhm .. '$ ranJin!. from 3~ ... the C'nzymc 

assay v.ti conducted al )0 minuk::S., I hr. 2hr, 4hr. 6hr~ Bbr. IOhr. I~hr Md :!4hr of 

iacubaliun IS dcfiCllbcd in ~ion ~A,24. E:nz)'mc actMt} ..,r Ihe ,.,amrJe "£pI at 

4"C WU!) ta"'~n as control. RClliduBl a<:li\,jty of the CRZ}1Ue WI1' "'alculalcd .1 

described in section 1.4.24.1. 

3.4.1 J Err~« of nabUlzt·n on thermal "ability of protuse 

Effect of stabili7.ett on enzyme a~t.\'i1y al lugbcr lemperatun: \\'1lS ~tudj~ 

by incubating the mzyme IoOlutjon added .,jib \oar-ioos reponed thcnnaJ SlabihZCOi 

11 6ff _ 7fY'C for Jbr5 md csclrnarlng the ~sjdual act1 .. 'lIy at regular timr 

iIIcrvals.. Stabilizmi ~ud:ied .. .elude C.Ch (1.5 aM 10mM). eaCh (huM). PEG 

6000. GJyceroL Sucrose. M..uaol. SorbItol. Sa.rcb. (j~ioe and Btn'I.e Scnun 

AIbwniD (a 1% fewf). bz)111e aAy ... carried QUI as dc:$cn1lcd la KCI_ 1".24 

IIJd lbc raiduI ar:;ti\/,ty _..,. aakullled., cb.cnbcd in scctioa 1.4.24.1 . 

.u..12 EIJftI ..r lallilliton .. rn..n. A.dM~ 

Eif«t of "4Iriou$ ~ lnhi~ton 011 Ihc purified enzyme- umplc wa~ 

done in crirr 10 claPify the CIll)'mC depending c.JQ the inhIbition pMImI The 

foIloaiug inhibitOB. i.e .• 20 10 ~ mM Phcnylmethylsulpbunyl nlJ(lrtde- (JtMSf). 
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Clfflptn.1 

0.1 &0 J pM Aprorinin. 20 to SO m.\t E1bylene diamme Idra acetic acid (EDT A). 

IOmM 1.10. Pbeaanduvl~ )0 to SOf&.\t L-lnIIs-cpOxysuccinyJ-kucylaoUdc-(4-

cu.mdino)-bulanc. S-{Nt -(l.-3-IJaftS- carboltyi:rane • 2.arOOnly)-I.-leucyl)­

..... iM (E ..... ), I 10 50pM Jodoamam1dto .ud S to lOOpM Pcp5tatin were ad*d 

10 the purified ~ aad incubIIcd at room ICmperat:urc for 30 minul~. After 

"'KIft. t mt of 1 % ascin was added to each mzyme reactmD mixture and 

~ c:ftl)'11K" 8Cli"lry "at. mcItoUfcd .. described in section ].-4.24.1. R(SKIaI 

mzymr activity __ expra5Cd iD PCl'CCluae. 

Ability 10 hydrolyse variou, proteioICCous subWnilCS by lbe purified 

mzymc: was evaluated by conducting cnl)'mC: assay with Cucin. <ie-latin. 

haemoglobin and Bovine Serum Albumin •• 5 dC5Cribed in section 3.4.24 with 1% 

solution of respective 5ubsnates prepared tn carbonale-b~arbonate buffer of pH 

)0,0. TeA soJUbh: fia(:Jions were mca~ured 41 2HO urn and enzyme actiVity \\'M 

c"prcsscd in U/mt. 

3.4.14 Kinedc: studies 

Purifird enzyme \\"35 subjected 10 liDetic: Slud~ lowards dc:lmnirrinJ lhc 

K .. and V_. K..lhe substntc coacmlraltoa a. wbKh lhe reaction velocity is. half 

.. ximum and V _. the velocity maximwn of the CCZ)1M JaCtioa .as de'kmunrd 

by ancubttiag O.2aaI of purifJCd ~ in diffcn:ftf conm1!r1lionS. of cascin 

.0.0 I fftI.10 2Omg) • pll 10.0 for 30 mlftuIcs. «K'. Enzyme l5Wy was dont IS 

dtscnbcd in KClion 3.4.24. 

The nUt.". \docity data "'as plotted a die l'unction of the coac:cnh'afton 0{ 

~ by Ihe linear InDsformaaioo of Ibc Mdmcli5·~mlCD c:quatioo and usual 

~hncar curvc fiuing ur lbc Mtcbaeli~Meaten equation for the ca1culation of K. 

MId V ... ofthc ~adion. 
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Cadytic coasIlOl of the fractIOn Of TUI'IICn'\T Dumber (~ of Ihc enzyme 

.... calculated by the equ.boa 

\\-'here V_ b the Maximal Vdocily .... [Eh is the aouI ~ 

coacauntion. 

Enzyme's catalytic dT.aency was calQlIMcd bythc ~Iion. 

Kc-. 

K. 
3.4.15 Errert of v.nou IUteallonl on enzyme ~tivity 

Effecf of various metal ions on enzyme activity, WH c\'Dlul'I'l,!d by 

iUQubuliog the enryme along with diffel't'nt conc::entriltioll.5 of vlLlious ~tal iuns In 

lhc enzyme r~.at.1ion mixture for 30 minules fonowed by measuring the residual 

alzytne activity (section 3.4.24. H. The mcua]$ studied included I t ~. 10. IS and 

2Om..VI rmal eoncC'l1lJlltions of »Odiunl chloride. calcium cbloride, rRlpesrum 

sulphate. zinc s.ulphate, pottilium Itulpbatc. cupric:: sulp~ fnric: chl(Jride. 

IDIDpnese chloride, Dickd ~bJoride. cobalt cbloride. mc:tt'Ufy chlo~. banum 

cblorMle. cadmjum sulpb.uc. lithium chloride. sodium ml)Jybdate. l.t KCIIIC.. 

"u:minium .suJphaIe and cbn.JaUum nilralc ""1Dda amnOule the InCIaJ IOti, M·. 

lA.l' Effect oh·ariMd DIu ...... o. Eozy .. AcdriIy 

Effect of VInOUS noo-ionjc aad ~ delftPl5 such &5 TritoD X·lOO, 

SDS. T"'~. Twccn·20. and 8rij-3~ (wN) on mzyme acliv)Cy was drtCmlincd 

by coaducting enzyme bAy rn the presence: of each detergraa IIIId res,dual Kuvity 
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Ch",,... J 

"''as calculated. After incuha1ioD of the: cuzyme in diffc:raJC coacea .... ,tom of c:aQ 

dc:1agau viz.. 0.2.0 .... 0.6. O.K. I and 5% for 30 minulrlw IIM: ft:Iidual mZ)'IDe 

lClivity WIS measured IS dcsc:ribcd iD sc:ctioo 3.4.24.1. 

Acthiry and itabiliry of Ihc enzyme iD the p!nCDtc of oJudizin& agaR. 

b)Gogcu peroXide. was t.lUdted by meawring Ih~ ~idu.J lC.ivil)' aner 30 minu1C:5 

of mcubatloa of the en2}'IDe in ditrereol cooc:mlrMioas ur H:Ol \'lZ.. I. 2. 3. 4. S 

and 8% (\<1\1). The ~tdU81 enzyme actn.;ty was assayed as d.:SCTibcd in sectica 

3.424.1. 

3.4..11 Effm of Rtdudng_palS OD ellZ)'lM activlly 

AClj\-1ly and 5tability in the prnenee of reducina agents were studied by 

incubating enzyme solution with 0.2. 0.4. 0.6. 0.8. ) WJd ~oJ{. (v/v) of dhhiomreilolt 

p- mcrcaplOCilianul Ind sodium thioglycolate for 30 minutes Mnd measuring tbt 

resjdual activjty .~ described in sectiun 3.4.24.] 

3.4.19 Erred or laalc IlnftR'h aa p .... ,. .. .aidt)' 

cn:rymc .eli,,;')' ana im'ubating Ihc cnzymr assay miJhn added "ilb \-aricIru 

ionic COIlCt'Iltnltion of 60dium chloride (J, 2. 3,4 lad .. .5 M). The ftSMIual actin)" 

afta JO mmu'~ of mcubanon wa.~ ~ ~ dc5I..'11ltcd iD iCClioa 3.4..24.1. 

ImpKt uf \"ario«o 0fPIUC MJlvmrs 00 enzyme acti\'iry was evaluated by 

incuNliag .he C'f1lY'OC wtlh each orpnlc solvent for 30 minutes and assay; R, the 

re!lMlual ildtvl'Y u. c1crciMd in scctiOl'l 3.4.24.1. Organi' 5Olv~nb studied 
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C,\q01~ 

iDehaded, di.mdh)'J sulf'oxHk-. isopropanol. KdOIUaile, (J, 2. 3. 4, 6, 9, 12 and 12% 

(vl\')). ethanol (I. 2" 3" 4" S. 10" IS Md 20% (vlv)). phenol. pctrolcwn elba, 

~ .... ethyl ctha' (0.2... 0.5. 0-8.. I. 4~ 6. le and 10% (v/v». 

L)'Opbilizcd and liquid !oaIDp1es of panially purirJOd nuyme (I.e... 40.fJO% 

"""",,"um tufpba .. : prcdpitate) were saored at room tempenhft ... ·c met 2iY'C 

tor. pc:riocI of oac year. PrriodicaUy. SiiiDplc:i "'"QC lakeD. property dilWd and 

cmyme Ktivity. proteiD COOCCDl .ad spcah; acth-ity Wfte tcsIcd by lbc mctbod 

ckscribcd in 5oCCtton 3 .... 24. 

3.4.22 Stablity of IN Euy_ la IIIe praelKe or HydrourboDI 

Stabiuty of the enzyme in the pre~nce of hydrocarbons waJ c\.'llIluated by 

incubatina the enzyme in wrinus hydrocarbons for 30 minutes and assaying the 

residual activity a~ desL'ribcd iu section 3.4.24.1, HydrocArboni studied included 

petrol. kerosene. diesel. grease, used 11lR(.:hinc oil and u..t;ed en8inc oil. al a 

eoac:eDtratiOD of 1 and SOlo. 

Suability of 1hr enzyme in the praaK'C o( natural (l.l~. was determined 

using (0C0ftt.lt t'-il. (ill'lgeUy otL Palm oi1. M~ oil, Sun flowtr oil. Vegetable 

oil. Dald.. OIi\'C oil. Castor oil and (ibce each III I and ~% concmtrallOft. ~ 

cm}'IIIC .'6 locubIlcd fQf 30 mi .. res in vuiow: DMUnlJ oil .. and the ~idwtl 

IClivity was eaimated as ~ iD SlCC\ioo 3.4.24_1. 
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Ch.ptn-3 

3.4.24 Analytical Methods· 

Protease activity, protein content and s.pecific aC!i\;ty weft 

d~nnined aeo described earlier in sections 3.2.5.2, 3&2.5.3 and 32-5.4 and 

""-ere e)(pres5l."d as Ulmt mgfml and U'mg protein respectively. 

3.4.24. t Residual Adhity 

RCSiduaI Kli\"iry is lhe p'-"'"R:CIll enzyme' ac:1i"ity of the!MlIllple with r&!Sped 

1o Ihe enzyme 3cfi,-iry orlhe control ~rnrlc. 

Rt'sidualactiviry = Activity ofsamplC' (Utml)x 100 

Activi1y or.he Control (Uiml) 

3.4.24.2 Relllh-f Acmity 

Rt'lative activity is the percent enzyme activity of the sample with respect 

to the sample for which maximum activIty was obtained 

Relative activity = ActivIty of~ample (U;'mJ) x 100 

Aclivily orlbt~ ma.~jmal enzyme aclivity 
obtained wnple (U/ml) 

• All the experimental data were statisticaUy analysed using Microsoft Excel. 

3.5 APPLICATION STl,l)JES 

ProteascJ hne .a large \-aricty of aw'icalions. mainly tn the delCfl.!Cl1' and 

food Indus1rielt. In ,irw of the recent IJ'md of de'-eIOPlDg ecofricmDy technologie.\. 

tht.·y an:: l."tJ"isagcd 10 ba,,-c e,.U:nsive appJicaliom in leather treatmen~ stl,u 

f('CO\'Cf)' from X-ray films and in several biomtlC'dUtlioa ~ The ,,'Orld-A" 

n:qUtrclllCDl or CI1L)'1IJCS for indi\.idual applicaliOl1$ ~aries considerably_ Proleaso 

arc U$Cd e:dcn.~ivety in the food and delergent induslrio. prepared in bulk 
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qUllllities aod used as crude prqMUIIljonr.. The prneut study evaJWdcd the poIl"Dlial 

of die: ~ from marine E. 0/""'" iD mduslriaJ appIicatim 

The Slabiliry or the enzyme in die plaeooc of cOllmkiciaJ detalftlls ~ 

drtermiacd U5IDI various ddagmb .. hkh included t.:jala wasbiDg ~d.:r. Surf 

Mulh Action witb Kick SWn Formula. Surf &cd. Surf Excel Auumatic. A~I 

Camp.ct. Hcnko Stain CbImpion. Hen"" Power Pearls. ride. Rin Sbakti. SuaJi&bt 
btrabright wlth Colourt.xk.. Whn:l. Mr \\'hik; Speed, ~j dish .. -ash liquid 

and Harpic Po.-er toilet cleaner at CODCalU8tion 1mg/m1aud liquid soap 1 % (w/v). 

Enzymes ~ady presmt in the dctergem and soap $Olucions W~ fir'l bC'U 

inKtiVllled by boding for 10 minuln nnd 10 me 50m1 solulion. 2ml of puriHrd 

~ wnple wu added and incubated fur 1 hrs at room lemp'-'1ature. Samplo. 

were hlkcn out at intervals of Ohr, 30 minute,.. I hr. J .5hr, 2hr. 2.Sbr and 3hr and the 

residual activity was dctcnlliJU~d aJ;, described in section 3.5.6 .... 

35.1 ComparisoD of perfonunce of E. .I/HI. preleaH with dill't~DC 

CODllIHrciaI p,.,..,e, la tilt prnnce er deteree-Du at 600C 

A comparative ev.lwtion on Ibe performance of £ alhuaf P""leue and 

c:c.mmercwly available ~ was pcrfonned by ~jng the JCSidual 

cm}'IDC ani\'ity alia" iaaababoa "ith convnercial clcttrgaJl Surf Ex«l AUIomIIttc 

(7mg1mJ) for 3bn» WC- Initially. enzymes abudy prDml in.hr ~ were 

cm. bell iUdh-alm by boiliDa rm 10 mmu~j and 10 1he 50ml of dcIcfgem 

~UIion. properly diJuted cmyme JOlutioa \10'-' added aDd iDcuhatr4 Slmpb wc:n: 

a.tc:a .. inknals of Obr. 30 minules. I hr. J .5br. 2tn. 25hr aod 3br aad &he raadual 

KIMI}' was dcIc:rmiaed as described in SKtIOD 35.6.4. 
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3.5.3 Wash ~rformance stIIdies 

Wash pcdonnance anaJysls of purified proIase (40-90% arnmoaimll 

sulphate prn:ipJtalc with enzyme ac&ivily of 480 Uiml, was studied on white codat 

cloth pirce (5 " 5 cm) stained ",ilh human bJ()()(l The stained cloth pieces -.at 

taken in scparacc flasks and subjected 10 the following wash ~lmCnl studies. 

I. lOOmJ beal inactivated detergent (7mgtml) -+ stained cloth piuc 

2. lOOmJ beal tna~i\-"81ed detagmt (7mg!m1) -+ I ml enzyme solUliao-+ 

!;tamed clnth piece 

3. 1 OOml di~,jJ1cd watCT - ItnJ t:nzymc: solution + s1ain~d cloth piece 

4. IOOml distilled water !- stained cloth pjece 

After 30 minules of incubation at 500C in a wllter bath shaker. the 

doth pieces were taken out.. rim.ed with tap .. vater. dried and visual cxwn.inatioD 

wus done to check the effectiveness of stain removal. 

3.5.4 EsteraK acth-ity or Ibe Prott'8.Se Enzyme 

Estc~ ACtivity of purified protease CllZ)'IllC was dC1ennined ~ 

different p-rutrophe21yl deli\'atJves according to the method of Prim et aL (2003) 

with some modification as. described in section 3 . .56.6 .• , was coofrrmed by 

activity staining wbleh reJeues the fluorescent4-mcthy]umbc:J1jferonc (MUF) fiom 

mcthyJumbdbfC1)'J but)Tale (Prim et al. 2003) as described in ~ion 35.6.7. 

Ability of the cnzyrnc to hydrolyse the gdatm byer of lbc X-ray film fOr 

the recm-ery "r .;1I".:r ,ns studic:d by incubating 2g of X-ray film in ctIZ}'lIIe 

solution (t:nz)'1IK" pun lied by 40-9~{' ammonium sulphate precipitate with activity 

of3.300 li!mn. Following sets ..... ere prcpa.rcd in flasks and ~tudlt~d. 
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I. 19 mJ carbonate-bicarbonate bufJer (pH 10.0) - I ml enzyme IOJuboa .. !, 
X-ray film 

2. 20 m1 carbonak-~ buffer (pH 10.0) - 2& X-ray film 

3. 19 ml dlsuUed .. "Met - J mI enzyme ~lU1ion + 2g X-tay film 

4. 20 lid dblillal war ... 21 X-ray film 

The flasks,.~ kept on. rawy "'er witb 120 rpm at room~. 

A.'-' 90 mjopIcs or incubatioD.. X-ny film was raknlout. ri:mcd with lap U1er. 

~ and "isual eumm.tJon .,. done. Prolcm stripped to the mpcnaIant by the 

Idic:m of the ~ ,.,. «ainaMcd by the method or L~"IY et al. (1951) A!i 

described in section 3_5.6.1. 

J.5.6.1 £,,1J1IIt6 Assay 

Protease activity was dcfcrmincd by caJcinolylic mcthod of Kunitt (1947) 

as dc~bed in section 3.2.S.2 and expreucd in l1imJ. 

l.5.U , .... riII EstUaatloa 

ProIcia COD1C'D1 was dctc:rmined K'Cording tu Ihc method of l.owry et al 

C I ~ J ) u de:5cribcd in secrion 32.5.J and .as aprr:$SoCd in mg!nd. 

Specific activity of the sample ... -as calculated by dividlllJ &he ~ 

Imita wilh the protein conceaIlDd was ~ as U 1nl proICin. 
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Clflrptl!r 3 

3.5.6.4 Residual AClh'ily 

RC!.idual acl.,rity is the percent enzyme activity oC lbc: sample Vt-lCh respea 

10 the acti\-iry o(lhe control sample. 

RGidua13C1j"jry Acrn'ity of sample (L!mJ) X 100 

Acti\i1y oflhc Control (WmJ) 

.3.5.6.5 Rdath~ Acthity 

Rd:uivc Ktj\'lty is lbc: pc:rcenl enzyme aClhity of lhe sample with n:sp«t 

to the sample for which maximum activity was oblaincd. 

Relative adlVlty Acli"iry of sample (Viml) X 100 

Aelh'ity of the ITlIlXitTUlll.:nLymc ucti1riry 
obtained r;.ampIe (U!ml) 

• AlIlhe cxpcrimcnhll data wrre statlstically analysed using Microsoft Exc:et 

Up~ aCfivity ",'Le; detemlined hy measuring the rclc/t.~ llf p·nilropbenol 

(PNP) [mm difT"''1"C"1 (J!\'P dlT1\'utjvcs according 10 modified method of (Prim et ~ 

2003) in mkrocirre plate. pNP Acetate (Sigma and \100scr). p'\" Butyrate (Sigma 

and \100S1.,."'f). pNP Caprylarc (Auk.), p~rp Laurale (Hub) and pl\P Palmitate 

(Sjgma.and \tOOSCJ) wcre u.~ 8.<; suhmate:>. 

SnlKtn. ... pnpuaCio. 

Sotucioe A (0 I S~/. S1c.JCk MJIutioo of each ~ in Isopropanol) 

Substrates ~-ere dI5wh-c:d in esopropaoo( and sonicated (or 6 minutcs ill • 

continuous mode for propc1' cmuls~liOD. 

Solutio. B 

5001\1 Tns huf1i:r (pB 8.0) &:'Clnlaining 0.1% gum ambic:and O.4~/. TriloD X-lOO 
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.. fkmI ..... * (I: 10 dilution of the substnlle "Iod ~IUlton A in SoIulim 8) 

To 9l1li of coatiDuousJy sIirTcd solution of A. I ml o(lOlution B was..sdai dIqJ .... 

tal An aliquof o( 230,.] ofbuffued subsu* WM iDcuMlcd If WC (or 10 

minulef. in the SUSA plate reader (Bio-Rad). 

(b) To the pfC:incubatcd buffaal !iUbmale. lOJll of properly dilu.ed enzyme 

IOtutiua was iKkIal 

(c) lrIeubaled I1 WC (QI' 30 minute..~ and the re1ca.~ed pNP wu determined by 

immedi.al~ meaumncnl of the absorbance 81 415 run agaiml iuitable 

bJanb. 

(d) Onc wlir of activity wu defined I1S the umUUbl of enzyme Ihat released l 

jUnOl of pNP per minulc under the as-qy conditiClnll d~bed. 

3.5.6.1 Adiv',)' Scalning for Pet«flon or Elkr .. Acihif), 

Elccauphor~s of the purifim prOle&'t ¥tU cooducled IS described in 

lCICtion 3.4.1.3.2 for 1Cti\'ity dflning, after cbe run. Ihe .1 wu Mtaked for 30 

miDules in 2.'% Tril4aX·JOO .. room~. tbtly waJled in 50mM Tris 

buffer. pH M,O ..... c:o\ICRd by a sotusioa of lOOJ.lM mttbylumbclhferyl butyr.dc 

(diluted wlda 5Om.\f Tn' buffer from • 510ck of 2~mM Mllution in Mrlhyl 

tdosoIw) aDd iDc'ut.lcd ror I sIJon period at room remptrIl\ft. Aamty t.Dds 

Mft ob5erwd under UV iIIwnioation. Following qmoawn ~ ~1 ""as 

IIIDo.d ...... Comwssie Brim ... BR R-2S0 for visualizin, proteia bMQ. 
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Chapter 4 

RESUI .. TS 

I hI: I'ungu>i 1l~'C.1 in lh~ pn:scut :.lud~ WUo; td~lIlllkd It .. E")!,,uclmllwm 

~I/I,,,,,, h} Ilu; \fk.uhi,*1 ":dml)~lt~~ Cultun: (·IIII..:~tm" cM 1('(,. or Imlih,uC' of 

MM:nlhlnl 1.:\..-bnn'H~~ flM I H· .... l"'IR. lJo\". HI I.~ ..... l h~uKli~rh, Inl1l1.:l. IIII~ 

hll1~"" " .... Kknhtlr.:,t .... Ik"II\""'" "."U"IIItl '''''." ....... I'''U.) ~I",~ fiul. ~h ..... 

..... htIlIU~'. t, •• M Il'l', it ,,,,., t,:,,,,lirm.:d 11'10 f: ."lat,." ~ dn...: n;1:JI1"~ nt 11 t .. , .. ,j.",u, 

HI:~ult" rn:~'"I~''' .n r t~, .t" 'k-arl~ ~\ itJ~·ur,;c Ihe uuraL' .,r "",ishm: 

r,;\lnl~nI ,)11 I h~ c~'r:I\' ... II"filr ~I1/,~ 1111: rw\luctilm h~ J:', "11",,,,. 1111.' f'UI1g.lh n:c.lmh:tJ 

IIIlIi"llIf'~' Cllmen! .. th\ ... .,: ~U'VCl lu have CllhtlllccJ h;\..:1 111 (lrlll~'U'"" I'n~hl\;l'lln lint! 

111 .... Ii tll."illml nl' 4.J~' I i,,~U)'" c(}U1J hj,.' rl."\:,",,,e'" L11 b(l~';' l11'II~,llIrc Ic\,tl. 

t Itl\\~\~r. fur1h .. 'l .n"TCil~ III lIIui .. lun: I.'llfltcn' r"~lIlh:cJ m .. ,"-,,\:llue. Whik 7(~_ 

muao.lurc ",onknt ll. 75., "i~IU\oj.) '".,..,.~ .:un~itk.·,aI*: k\'~l vi en') rM .... 1" II~. 

'lInh~r In..:n .. -w.o.c kd .,. flIt1/d dedIill:' an '-"")~ k"d It",,, (tl~,. n .......... re c""lcnl 

~,,"kI ~ ",\"hid,,·~"" a'i up.lnu' Ic\'d "r ..n.tu,~ rnJuin."IiL .... IrrOfJlo."\:I'\r "r 
n.~ •• " ,lC:f ... d, I·ruh."'iu ~"'''k'''' nnd ~il~ ik11\"~ ", .. ""cd .,. ...... ,-.: ':llu~"IJ"n 
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Chapter 5 

DISCU~ION 

5.1 SolId s ..... FrnM'II ..... (SStl 

Albline protcaK product..,.. ..,. E. "I", •• 8TMF SIO. under SSF using 

WB M .did subsnce was opIimised for ~ pbysicochenriaJ pnmctns tb.u 

illfluencc me protease production. ~ fungus required moiJfurc con lent above 

SO% &0 have enhanced Ie\'e[ of prol~asc production. and dte mnm.1 proIC2ISe 

ICtivity w& ~rded at (,00/ .. moisture level. HOOA'CVCf. funher incraK in mtJi~un: 

tontrnt resulted in a dcdinc in cnryn'Je rroducrion. Protein CORt&ml and topC'Cific 

activity also recorded I lIil11ilar tn.'Ild, In SSF. che initial moisture I.lontcmt 

significantly affect hydrulytic cmryme production since the moisture cunCcllt of the 

mt'dium is a criti~al factof thlll dtlmnincs microbia1 growth and rn'Oduct yield 

(Lomant" et al. 1985~ Rllrnl$h and LoolWM:. 1990). Moisture is reponed to cause 

!M'Cmng ~md there by f .. ci'i .... ; .. beUef utili7.8tion of the liubstIale by the c:q:anisml 

(Kim cl .1.. (985) which in rum rtsuh.:d in cnlulOcod level of metabolic .C1IV11)' by 

the organism and ~ level of pr04eins including secretory proIe.m. Thu.l,. 

bipcr kvc-lor prolcin cooknt and enzy1lk Jt:\'CJ w. obcaincd in the' sobd sulbtra~ 

1IIOt"lencd co thfo optimal In'r:J of rooi!t1Uf'C 00411eM for cbt orpmml. AI Iower.nd 

IIlPcr milial mois1wc levels. the mrc.boh.: acIiritic:s of the cu1nn and 

COMeqUemly. procb. .. 5)'Dthals ~ "Brious.t)" .Wcdcd (R~ and 1..nmane. 

1990). kI funpJ and t.:tcrial SSF. lower motSftft conuat ~ ~ .. -d to lead 10 

~ solublliry of the nulriC1lU ~ 1D lhc :solid 5Ubsua1e. • lower drgRC of 

subw'acc 'welling and highn ... 'a ccmion (7.andranl and &n.cn. 1981 ). 

Similarty. hJpa moisImc confa)t may cau~ dt"crased parol;'Y. loss of rwticle 
strucrun:... dnelopmcm of .icluncss. reduction in p volume. dttn:&tl. ... CJl.C~ 
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ad enhanced r~iun of am.1 myrdia (wn~nc: Cl .1. 1985; Nidno C'l al., 

14179; fa die pteSftI! ~'. I t.umw ~ ... ico was made 11 mol\tun: Inds 

~'1: 70'!-. 

The ~-ubalJOa tunc f(tr C11Z}'me production ." J'O'\~ by de 

dwtactcrn'KI of lbt- ~ul,," IDIi I~ based oa 1fO'I'1b wc F IJ/ltw", ~uI • 

• ".-imal 1IK.'tae of 120 In b PlUimaI entyft1C p-odudk18 and ~i. ~ 

lbc k\.e! of mon1UrC COIItt'Qt of the \\'8. protc.1sc proctucbOa "'-u n~'l'd CJDJy 

after n bn or Incubia.uon. &riy bours of iacuba1wft could tu. ... c ~ the rule ~ 

probable Ioprithmic petmd for m~lia1 growth. Suniluty • reduction la CIIZ)'D 

KU\1t)' bc)'Oftd 12.0 bn uf *ncv~'loa could ba\'~ &.:ontnbuled tty the DeJl.t lAl pa. 
u( lhe mycelium and pnllCLW degrad.1uoo lA the rmnrmted medium. rhe funpl 

grov.1b ... kell "I.ace on d~ 1t'nninal end of the mycclil and the~ may be .... 

~tlod In bctv.ccn the production ph4K. !-1ncC the' matured h:.-rbae produces die 

auym.:, C0ll51dcrina the c&;Ottorru~ '5pcdS of fcnnentation. the Inidal stASc wi. 
\:onsidetabl~ JCVClI of enryme production can ~ taken u. 1hc optimaJ productioa 

period. AJlbwp man)' Il:'potU OD pr04Clft s.eCfct)(1.0 b)' lht )'etil SQ('(h.arorrryca 

a:rl'"luiar JUC .vailabk: «("Ieves and 8aabilu. 1991; Reld. ,Q91), urll)' few_ 

a\-aJ,.blt'tlt Ihe fiJ:unrubllu. fungi. 

Pan.de U 0' Lommctr •• 1 " -U usN In the pn:ocnl lItudy S1FUf~ 

.. f1ucnccd ~ ,..lIiuction ~. E Ill,.,.. durinl SSF _ pc11C1~ <42Sp 

~cd mu,,,..1 c:T\1'\lnC J.)n1bn.c1o In SSF. ranv:k JllC o( W f,~U3k ud 

~ 8 proIuund elTca on cnL)'JIIe ~ .. ioa.. ~ snuU ~n.ldC1o M"C IllUfC ~ 

Mea"11' ", .. 1h but rrdut:nJ poolSl'). k-~ 10 a..nlC'fUl, of P' d,trzion aDd_ 

lhmfcr. ",lUle aM l'Itl ~l~ ~~ le» rnot~. ~"cn k;. lad t-o; dryiDJ 

~rt,II)' ~.., oaJy ,. '\Ub-qltimaJ gJowth nf fungi (~Md l.ooQIIrC. 1917; 

bdranl and Pun~'a. IW~t ~ .\"'bN~ rourfacc afC'a .. tU dn-n.~~ -Kh _ 

~..c IR ranh:le "lIe ttr lhe: <oUh~nk. kadlnJ CO a ptfTf h~1Irol~1K ~ltJ 

~med by hIQlttd 4:0n1al:f ""'ilh Ihc hydrolysq~. SjnuJarl),. lo"',,"f pM1lClt Wic 

ISS 



&xban may contain more nutriaoOlUy rich and R'8dily soluble RUtttaat.. Thill 1nl)' 

lie dE p:itumy M$OO (01' Ibc bipcr av.yme productivity obN:nTd wilh the lower 

..,tide ~e ~bs.trale. ie 1be pmc11t SfUdy. 

The rnnftlbOll IempCnbft hat •• recant cf(e1;1 OD Ibc cazyme )'1C1d 

_ duration of enzyme ~yadJrsi$ pbasc (~ and LnaPOC. 1987). la cbe 

JeKRI SIUdy. lhc organism n:qmmt 2j'OC as op&imIl ~ for maximal 

eDZ)mt production. lucubllion I' tcrnpa-.nes. above 25~ did f10I ..appon 

proIa5e pmductioa by E. tllbum uadc:r SSf t aJtbcM.I@b the fuagus could IUOftt 

IODIC amounl of enzyme activity at 2O"C. M05I of the mari.oc fuotti iavesltPI«i 

showed optimum growth iD the ,.. 0( 100:moC And none IppcamllO require a 

ICmpellture above lOOC (lones and Bymc. J983). Protein level wso ,bowed • 

Wlilar trend for tbe variou, temperatures tested indicating lbftt the fungus was 

DC'tive at all the tcmperah.lreS Iludicd. 

T empctatwe is It critical parameter that has to be eootroJJcd and it varies 

rrom organiun 10 organism. Te:mperaJur&: ,(mng1y affects the synthesis ofprut~ 

ejlbcr nonspeci6caUy. innucncinl the rate of biOl:hemica1 J9cboas. or spccifiatlly 

ioducing or tq)re$Sing their production. T cmpcnturc can regulate the liynthcs;s met 

lobe S«R'Uon of alJKC:llulM pmtcues by miaoorganlSDas (Ray CI.1.. 1992). h was 

reponed ...... JinJc aisted befwcrft C.'U1)'t11e syntbes~ and caerg). melabu]~m in 

t.dc:ria. which was comroJJc:d by ltmpmlhn and O')'Im upIab (fnnkCNI et al. 

1986). TcuipCrahDe 1IIti also ~ 10 rqul* cmyme synthesis at mIL~A 

fJ1mCTipbou and prut,.bfy ' ..... dlll:lOO ae"ds cVotruba et at, )991). TunpdillUrr 

rqtUlltes the S}II1hesia of sncral ~ irx:luding intracellulc ..s ~trKeJJuIar 
mzymH. For ~ha_ CllZ)'mes... ~ inDueattS Ihrir MX'Tdtan. 

possibly by dlanging the phy5.iraJ propm1n of lbe cclI rnc:mbnmc_ 

£. Q/btun LS c:apKt1e or pmdUClng protaur ()'.'ff a broad pH rBIlF from pH 

2,0 to pH 12.0- Apparmlly. it ~ thIIt Ib .. fungns has two pH hpbl1l8 - 001: .. pH 
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".O·S.O and mo1hcr .. pH 10.0 for mnimal ~ production. This W 

tJfI'tmUm (or 1"O'A1h is r;1wactcri"tK or most tDIlIDC' fuDp (Sono. and Uf'M,. J9IJ; 

Suresb and (~an. 1999l 

In a prt'\iOIIt commuaN:'3hm,. il 'us rrponcd et.. du~ (1D1P .... 

opumaI pH n( h.O for d.n .. SC' production .ad maumal prodtK'tlOll .... pa iI 

tM alkafi~ pH of 9,0 to 10.0 fSurnb and ~bnn. 1W9). la ,~ ..... 

"udy. Ihr tunc (~ ClpclinxnI (0DdUC1ai w .... du. fuqus .or pl .... 

rn..Ju..:tK'D •• '10 sho~,,",'d IhIIl. ,.iIc:n mleD£tinl _. odIn f':lCJt5. ,hi' '­
pre(ers an alkaline pH 10 0 lU§lCld or an acUlic: pH as optunDl (or ma:dmaJ Cft.ZYIIII: 

II:t;\ l~'. 

WheUl b'ln wuhout any additional prukioKecM wbttnllc!i (control) 

)icldcd ma\ lrn-. I CnJ)UlC produ(uon and spcctfic actl\\ty C41scm aod p:laIia 

c.:AUlled n dec:rca,.ed Ir ... d (If (nzym~ ptoduccion ('omplred lu 1he control medium. 

Protease prOOUCUOD 11 nn inherent property of all orgmisml Ind lbtsc C11l)'mes an: 

grnef311y ('Ilft!llltuti\· .... althuup. at hrnQ. they are p.u1JllIy mduciblr (Bel et ~ 

~OO2a: KaIIQ.. 198f1 •. In lru.t'C1 pAthogrni4; run,u .. AI"arlu:rum QIIIstJpltlll' produce 

an c:xtracel1uhar prot~ PR 1 tA1ucb lS induced ~irlCaJly by LOS«' a.ticlc. but 

noI b) ~ IoOlub1(" or In~'11ubJ~ ;n~5 suitmale. (P.IeUDn Cl 11.1994)., 

Sn .. :'C'. WB I). • \,cnpIn .... lMrate 'It,dh hip proIc1n fo'l,,'ent. tit!: pnJkaIr 

producu('IO b~ J.: QJ/;.". u.ndn SSf '-:3D be ,,~ ... tin ...mctbk one ... 

~gN fC'fJT1Cftbh,,". ""11bout _y p""c.n.-..~ .u.tt.t,.c. w mz:)'IDC 

(WUducf1\uy .a nil. .h~~h ~ lhis "rc.- U.", tubt.ltate "....acmttMioa IDI) 

~~ iUthtn&.: mh.~nkln «~~ uf prOCC&1or pr-ocItKlMII'I ti Uo ~~ m:.. 
* rn.uh ... tk.-n ctiC1n Uf ~1atin ~.,. "'IIPJcmcaIcd 10 WHo Similar oh!cn ... 

~('rr 1't'p'lf1c-iI arliI..., hy Joo Cl ~t (~2. and R,...III md RilT,,1 c2005), 

AddlnoaaJ p'okJnac~ ~1n Idr.c gclMm .-J ~ ause lkpk1u .. iD 

C'I'~ kh\'lr)'. \\'bKb mIIY be- d&k' 1(' the RJasc: C)ffrtot' &manu .. ci~ b)" h)1InJ')'Iis 
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of these ~1IU.. WhKh IDI) OI.DC mzynw ~Ion, Indl\ldual anuno acUD 

~ obIcn-ed to curtail pruICalIC productlGn by \-..nOMS fim(U ~ucb ti li*h''1'''.t1Uff 

,..",... (!\IcC"l1DCHOal ... Stcdcrpninn. .919). .'tnll'fnlltWil ("I"Cl"~ c('ohm and 

Ilnrlu. 1977,.ad 11I"~ oli~ fF_ky and Ibsan. 1992a. 

~ ~ lqdy producm dID1q ~ ~ aDd lhus In 

IJC8C2lty I"C'pIakd by carboo and alln)&al sUns (H6tka et at. !0U4" la Iht 

~ mIdy. euepc ~JtbC'. CDaIl1ldcl IIId mal~ •• .11 achc:r "upI'\ kd 10 • 

IIccre:aw= m au:yme pruduct.... when ~cd III conuol S...:roac 'u~ 

nm.mal 0IZ)1lX K!l\'lly and ~dk ICtJ"'J'Y (o1~ by mlUuutol ."rabmoK. 

nlKa and xyJoK. kJlally tahiburd CILI)'me productIOn. E~n though iKtOlC' cauacd 

dtpJetion In ftlZ)lDI: productwn. muimum e.~lIuJat prtJu:'in w.~ obiCT\ft (ot 

lbis. Iksidcs cbfK. all w other sugars tes.~ caused deplrhOQ in mzymf activity 

compared 10 the control. In bqc~'" ~)'Stcm. carbohydra~ .nhlblllon of Pl'Olcue 

prodlKbon. it ..• a ... hoJiac 'c-rreniun rtlul •• of)' m«hanhm. \o\'hlch i\. 'l,Jmmon 
conaol mechanUim (or hi .. "ynlho.i~ ofproleUC i. known (BrlUldclh a.nd Rirrtl.lOOS), 

One unponan1 bioJOI.'cIJ 'ac1or m rivour of SSI· Ut the Jow c~te 

~lOfl. v.bJch aJJreMN 10 be a hnutmg tK10f of eDl}1'I'IIt prodUC'Uoa lD Smf 

(NaDdalumar cl at. 1999) The .... of aeaboldc rqwnwon .boo .II~ r.t 

lI"1",h of thr fun.gul an the prnnacc oImJh .upr concautattolb (f ."Tt., T onn et 

at. '99'_ Pnhlps. in E .,IIt.",.. &he dC'plcuoa 10 protcaK" prociucuoa by 1GDr (If 

o.e wprs 15 _ III Ihc mcchanum of ~hk ~~ l~ to be ~ 

"~plt:d 

,~u the orpu~ 1U~ ~n ~ n~qwc a&tQ. ~ mhIntcd 

pn1liClhC prududKJft -hen ""H1IfWtld 10 ........ rol M.1t OtTKt. ".,~ meal .ad 

Cl')l**" m:ordt'd i'nuW .",cS, of CIll)1nC .ICti\1t) I~n~ 10 a 0&7 ... .,.. UIC1'CtiC 

in nlZ)'lnr ICt,\1ty. nr tJ)tJIt ....... e,uan ra:0f'dc0d a fManttUm 0.4 ........ ..,eur m 

C'ftl)1DI: ICts ... ,t). ~",c~J~. pc-rct","c, bc-c( '::UJ'JU:1 and )Cilit C\In.c1 .1., ted lu. 
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}It" .... :!h 5". and J 7 t--. ll1CTaSe $n ~~ .ct,,~. c:ompaTfd 10 ~ontrDl. In (XI. 

both ~ .. hc. meal Md ma21 nt1Kt rttordC'd mol"'" Jp«lfK -.1"'11) ULJq)IMWd 

to u)"ptnnC'. in "le' uf ,.Inuw Locb 01 ~'fftC' ...,,,It) for .11 ,he ttrttt-. 

S'Dee- the ruaJ pI'Dk"aW' yatJd IS dcpadml on Ibe bturnb. prodIIIccd .... 

npoucabal "use. mcdllan IDi1IUpUlmon ~ needed to ma.\mut~ ~ III 

~rlC'd rcrmmlabon. JO)-.bcan mal .. as rc:ported 10 be • pn:oknai orpaic 

mcrogm IoOUItt to ... /Ius 'P. (8aaa]ce et ~ 1999; FuJ .......... V ......... 

1911; Jans'JoCn et al.. 19IN. KaliSL 1988). 

C.ll&Ni1c cnZ'}rhO ~5POQd 10 both (~bOD couuoJ ;uW n1troaa1 roaJnJl 

Prodlk:uun 0.( CltraccU..,hlr prok'tiC has been .howu 10 be 'loCn'IU\(' to reprcssioa by 

differenl cl:lrbohydnllc and nitrogen sources (H.uIUll et .t. 1?12~ lcvisobn lid 

AronMtn. I 967, Citric at Id and ~ L'\OJ arC' rqIOrkd to be: mOlt dlrctive cubaD 

and nnrua;i:D SOun:C:i tOt lhC' producuon of a tbmnostAbJto .Iullnt pT'l1Ccac &om 

8aCl/JU.f !op. J8·99 under lIubmergtd (ermenlathJn and che UlOfpnic: nitrogen source 

contribulcd more C'ItZ)'I1tIe produc4ion than the olpnic: aHrogcon .ourcC' (Jolmvcsly 

IIDd Nail. ,nOll. Obl,en·atlOlU made m the' r~Kn' .study is in .~ment .. nll tho 

oMen'.,",," made ",01 BIlL"Jllf.,. Ip J899 

R~ultJ obc.1.nai la (he prOoenl ~' u"'Kal" lhat .11 the ~"Ino acid_laacd 

do not ba\l(' .. melar ........ 1 tlf1 mM .. " proI~ production by 1;', Ill,... AmoII& 
Ihe ... dlfltrnn lQDIDU .. Mh k1olN. only 9 amanu'" 6t\....-.cd mhaD«d C8l)­

prodUI.:1.u" Of them. 1t"Lk.IM. hlmdme .and 1~"'IftC' ~ ...... 'I" IO. J:!~ ... 

. ;0 1". '1krC'~ 1ft C81)mt' «hUI~ ~ tt.l contrOl rnr«tl\'t']~. On die other 

band. mc:thtunint .. aypup... cauJOd a 9L~ ..... H9.~ ~ .. in cmymt 

1II:11\.~ r~i\rtJy ",·hen ,ompll'e(i to Ihc coni""'. Thu, Inx-ine could ~ 

COMllItt~ a" pPinut .&nuno .,Id ti ~I'~al aitrotcD c.ourc~ (or pR*:tit 

prodLlil:uun Spa:16c ut*\ *'~ .tlw ptt'§CD1ft1 • ~Imlw tt'C'Dd \'Cf) mucb Iih- dial of 

mzyI'M acnnty. ".1uk Pluteln kvrb did INM )ha,,' any ~,fK! CR._ la lilc:ratUJ'C'. 

162 



It is rqxxu:d that amino acids Inhibit prvtcasc production by \arlOUS run,; iouc.h u 

TrldIopIt)'lmfl1lhnlm (Mcw:\'OOiisom and ~~ 1919). 'VcwrullONl t't'rWQ 

(·ohm.ad DndC'f. 197;) and Rh,:optIS oIigospono (F~' and lla .... 1992). 

nus may be due to Ibt- ft>pCDtaa ~ by ..... DO acid f« JIf1*tD s)nlhn~ The 

cbscmdioo made ,,;Ch £. alhtMI in tbr prnnII m.ty with half of the amino le" 
1ft in ~ ,,-ills the obsu\at.iotl made for the ~ mcnaioc1(d r ....... bullhI: 

mol oftbcamino adds (MU'Cd cManccd fC'\'eI ofproeosc prodUCfion. 

~ ~ il10lpllic aitmJCn 410~ le51~ only MIIlftmiurn ~ 

carbonak. alluwwUJ1I nltr8tC Md ;ammonium bydrogat pbospbaJc ba\"e • posrlivr 

effect Oft ~"IDC prOOuclion. \\oncn conlJKlfCd 10 alOUol. 940/. irM:'rn.!IC In activ1cy 

WM otKen1:d with the udcJiliun ur ImlI'I'Mmjum h)'drogen carbooa~. ,,·.bjch )'jel~-d a 

mujmal e.uyme aeth'iry of 1 S, t k6.8 t.::rJOS nnd ~pecific al;tJ\ity of 3fsO.4 U'1ng 

prou:ln. It was also noted that ammonium oxalate IInd WJJIDOI1ium iron sulphate Il't 

.d..Jilimlal njll'Ogen !iilUrce. totally inhibiloo COlymr production. In ruct. the p1"(,lcin 

I.'ontent in thL' enzyme c:Cl&"aC1 did flOI ~how any correlation with prtltcL'l~c rictivity. 

Howevcr. specific IlC'tivity showed a lOimdar In:nd very much likl:: thltt uf ~ymc 

,c:U\'lty. 

"mons the difJermt edditk'Ml ntlrC.lgCn sources toted. includtng. orpruc. 

inCItgaDc ... amino acm. ioorpnic nitrogen mUR:e. a~ h)drugttl 

~C' caust'd • ~ .. incrc~ in enzyme acti\"lly \\-bcn:ti kuciM' and n.1I 

extrxl. as....uno ac*.net urpnK: ailrop N1UItt.§ causal only 44.9 and.~~. 

IDC1aSC in ~:mc activity compIftd 10 the cuauoJ respecrn.dy. l'hu$ "M"UCUum 

hydrogen carboratc C31 be" tonUckmt a~ IlK' cffcdivc aitroglm ~ fur the' 

pmduction of ~ by E. ",,,,,,,,, 

Number ofspoRS UKd b iaocuLuion had a linar ram OD the ~ 

production. Data pre5CUtcd Magol ..... 4 " 10' cfuImI "115 round to be optimaJ fOf' 

muimll enzymr producboa_ A.,.....nlly I minimum of 2 x 10' s:pon:s were 
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obseM:d 10 be required (or enzyme productioa. Even though the extracellular 

protcia c:aaIeIII inaea.at far the inIx:aka wrth ipCft. COUD1 0(6" 1(/ spores. tbac 

wu d«bnt ill cnzyDIC' producboo. Re5Ul6 also irwfiratcd that lbough. prowa could 

be ~ ID crude c:xCrx1 for all ~ kftk of inoeuIum 15t~ ptOb.1e IdMty 

could not he drteclCd. TlIcIc __ 110 dirc:d rdatioa bcI'Vt'CCIl Ibc prot~ ~ or 
lhe CIV)'nIC CXttK1 aDd pI'OkaIoe M.'1n.-1ty. 1'hcse obKrvatiom suaaa .... the oda 

5Olubl~ proIeiDJ and othu mzyrna srarted by the fim&uJ miP. "-e conIn1Met 

to aM prOkin t~\'C1. 

Sad.urn chwridc was obSC"l'VCd to sipiflcundy .fT«1 the: proIeB 

production by E. cllhllnf undeT SSF. Protease production in d.",med water based 

rru:dium WG' :aJtncl51 douh)~ fold conlJHlf'Cd 10 the~. \\oakr ba.'d mOOtum. Sodium 

chloride "bowed In in\'crsc effecl on ellzyme pruductiun ~.Ih in 8eawol« .t 

dj~liI1c:d wulCT bnk"fi media. In the presence of scawatcr. addition of even 1% 

50dium chloride C3LI!W.-d ZI 13% dL"Crl!asc in enzyme r,lroduclion. further. addition of 

lK)([iutn 'hloride abmoc I '! ... to sea ll-'aler based nwdiun, Rnd "bow ~n;41 in distilled 

water .. ,cd medium 101MII)' inhibited protease procJuc'lion. Ob~e"".tlons made with 

E. alhum in rc~"JJOIbC 10 l\aCI is inJriguin8 fiance the Mpllhm WA1I fMllalcd from D 

marine ~menl "'here Ihc NaCl concmlDlton ill M:8 ,," •• er j~ ~ua"Y high. 

Howc\'\."r. il 011)' be' m.oumcd th:.c protc'ast' ~ in Vo'hol hrnn medium is 

jnflumccd by ~aCt. 

Studies. oonduc1C~d ~ £ Ill,."" UDder wbmcrp:d fem .. 'ftIaIion indicated 

dmI aIZ}-mc production in 5e3"-aICf bescd mtdium .... u .. an c:uty io&agc tb-. m 

disblkd WIIer bawd mediURL 11.", abo II(MN;cd lhaa dunnc purificarioa and 

cb:nctcrisatiun u( 'M c:nz)~. the pun C'JlZ}1De became in.t11'~ m ~ .. 

amencr of ,"acI and !he rhl)m.: ~ ... (11)'111&. ., "Ob n:porICd tImr ID: 

lightly r"ldnl mzyme lend 10 be ro.isunt 10 proecot)'N'S "'~ unfolded QI' 

,.niaUy unfolded pR ... :;m an: gmr:mU>, MJscqmbl~ 10 proteolytic ~ 

(.-\.kasako et aL. 1&"'5: Dani~l Cl al.. 19K2: Maden et aI., ;!OOI). AddilioolJly. loss 
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of sIrudure (unfoWjng.) ~Jly impbn loss of mzymaIic acti\1ty. fhu» iD £ 

~. the ab6c.~ of SaC] l1li)' affect the ubility and actnity of ehe ~. 

Fanhn ~udies 00 raoIecuIar mcch ... iwn of ~aC1 inhilMtion of ~ S)'Itth5b K 

......... ed 

Rnulls obuiMd for tlIc 5tudy conduttcd ulIing ditraau ddullonl of sea 

..., with distilled ".., GO proeear.e production by E. an- sugN lIsat dUs 

fimgus can produce double fold prOleas~ UDder SSF asmz wo iD distilled WIICr 

lhaa that in sea WIIlCf. Addition of 25'- distitJcd y,,,,,,, to seawata' (75% ~-..cr) 

could iDduoe s'gniflCal'tc leveb of pratt&SC (11."70 lYamS). The pr<IfIe3Se activity 

increased along with jncrease in dilu,hoo or Kawlter ",ilb d,srillfd war<r. Spec,fie 

KliYity also showed a ~.",Uu trend. In racl. I maximal ~ific activity (or 

protease could be observed with lS% seawatcr + 75% disliUed water. Ntvcnhelas. 

the protein content in the enz)'tTlc extract recorded almost identicaJ level and W8!; 

indepelldenr of enzyme Bctlvtty oblC'l'\'ed. 

The uso of sea water ;n the fermentation medium was ~portcd tu 

COIUo;dcntbly ioflu.ence the production of pro4ooJycic activity en hDlutoloranl main 

of B"C'llIrl.J licheniflll'lfJU under submerged fl:nncG1ation JIlId the additu,q of SIC] 

also enhanced c:nzymc produc1icm (\tanacbia.i and Fortina. 199&). PerhlpI the 

mic:.mbcs d:tITcrmtiaJTy responckd tu SM:l ~ In tbcir cullj\-aJoa medium and a 

ddaJ1cd iotudy may throw insighl ..., the ruct molecular mect.DmI in E. tllbfl",. 

Data obtUoed few tbe time coww apaicnalf canchlCtCd 0Wf • period of 

216 U)' lIDIk:r oplimised conditioo clearly n"iclmu 1haI tbe PfOIa.tC productjoo 

commcnoed ca sa:oad day (i.t ... 48 hn) ad racbed a peU. after 120 In. FurdIcr 

lDCUbaIioo beyond 120 hrs did DOl r~ rnhan«d c::m:ytae adiviJy ad m.tad 

~ in iI decline. Rapid clc:choc ja CDL)'lIIC ICrivUy oc:cum:d aft:tor 168 hD. May 

be the pro4easc. which accurnulaccd in the (aDlCDlcd moldy wheat bran. JIOC 

"graded OD e:xceadaI iacut.rioo and bmc:(' cn1)'IYIC yield declined bryond S days. 
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l'be production of protease in c:ompkx growth med.. often promotes 

enbcraJd growth and IU&h enzyme yields (JoImwesly lad ~aik. 200 1; loo et at.. 
2(02). Tbc:1r apmsiYe COSl IIIIka them unsvitable for • large-scale prodIIdicw 

&rtier studies COIIduded using diJJaml solid supports. as subttt1lccs for SSF 

dearly indlCales IhII ..." the various ~ UKd ta di~ powIl 

s)'51CUIS (SSF. SmF and 1Yt'O phase syslcml. whea braa wa IDOCI effc:ctivc ill IaII5 

of protease ~ion (Kaur Cl al. 2001; ~ ad C1uababony. 199)). &rticr 

rq'IOrf50 Oft tbe produc1ioa of proIea.~ ~ 50Jid state fcnncn\l.bon are limitoo 10 tilt 

genus S«,IIIL'f DJ some funai of .he Pnflcillhmt lad h/WrgtUr.lI 'P. (Gmm:ao et 

al .• 2003~ lobnvtsly and Sail. 2001; Kurnar et al .• 1999). The present study adds 

~idence 10 the facl tbat even maine fungu..~ could perform well iD protease 

synthesis in WO as SSF mt'dium. 

5.1 ENZy\tE PlIRU'.CAnON AND CHARACTERISATION 

Protease "ftlYnle purified by ammoniwr1 sulphate frac"IIOnDt1011 and ion 

exchange: cbromalognaphy YleJded 16 fo1d of purification with ~4 of fCC()VCf)I and 

in prqlI1IU\'C PAGE. • 45 fold uf purification with 1.3% ylcld W.5 obWDed. It 

seerm dui' • combulltion or several cecbniques and rtpe'Iith'1: purifieltlon may be 

rnJuired 10 enhance the fold of purificatioa. 

Puflfi~d IhIclion subjected to NaIM" SOS-PAGE anaJ)~ )ielck4 • 

SJ~le hind. .-luch conflllm the bomogcDcicy aDd purity of the cnzymt:. SOS­

PAGE pcrfonDtd under rcducifll ooadibons also ~-jddcd • MfIIlc bad. nidrnc1Dg 

die ~n;k poI,'ptpIMk DIIIurc ortbr tnz)'I1X. The pmtc."OI)'de adi\iCy OflK pwi6ed 

eIU)"IIIC pmcrln. conrnmed by zyn1IOp'lID aaal)"m. OIl X-ny film incIte.cd a s.inp 

Iype of ~tnccllu"" proccasc. 

TIlt mol«u1ar ma» of prOlC3iC calcullsed by diffacDI rneIbock like SOS­

PAGE. Gel flllndion Chromllograpby. amino .... -id malytj, and MALDI- MS are 
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Iisltd iD ~ Table S.t. Molecular we1JhI ntimlled for the E. a/IN". ~Qte hy 

comp ... ag the electrophoretic mobility of aartcr proteID in Sos.PAGf. ,-xldcd • 

\..tuc of 18kDa.. Whcras. .,1 fihralioa duamatognphy lad muao aad analym 
~. m.e of JOko. and 24.lIkDa rnpectWdy. OD the CIIhcr band. MAl.Of· 

MS _lysis iadiatcd a sUz ut 28,6kDa. MALDJ-MS maJ~s i~ I more prcciK 

medtod with • mass acctU1K'y of O,OS-O.I-" (Jcnscn et .... 1997) and thus lhr 

molecular mass of E. albuM prokae QIl be consicImld as 28,~. Protease 

C'8l)'ID! isoJlled from the mo5t ~1Ikd acnus of E. lIlhvM Jikr hlnn'i4 

CCJvDnooa.-ska cl al.. 2001) and Triti'IIChilllff (Jany et aL 1986) _\'C • mofecu1ar 

Weighl of 32kDa and 28.SItD. respectively. 

The moIa;u1ar mass of mot' of the reported serine prote3§1!S is in the rmIC 

between IS aDd 30kD8 (GuJ'ta tt al. 200k Huang et 11.. 2003: Kumar d .1 .. 

[999: Ur1Z and Rice. 2000). or course, !here are few excc::plions like serine 

protease from BIQkes/~l1lrlsp(}rtI. which hits ~ molc<:ular ma.IiI!; of 126kDa (Govind 

et at. 1981) and en.ryme from KUrlhlQ $plroJorme wjth In r.xlrcmety low 

molecular weight of 8kDa . 

T ... 5.1 PIIysiqcbemieal proprnln or,.rUied prokut' from £. .... 

Pro rh' ofProcfaM 
.tloIr:cubu .,111 .... 

Gd fil' Scphldc! G lrMJODoa " 75 
S~AGE 38kDa 
Amino Kid ~iuon 24.KkDa 
MALO! UULIyWs '28.6kDa 

pI 3-4 
~ 

Km I 4.7~7 x 10" !!!rlml I 

pH 
. 

10.0-1 LO -
.1)H scabJ'irv S.0-12.0 

- . 
,"",T~Eat~~imum 6(rI'C 

T~mllc~ sabilitv . \Jp lOfiO"C 

167 



Proleue or £.. Q/bw. .Rn- purific.aboa haA • pI \'IJue between J ...... 

~t.ICd spa:jes of E. dlhu",_ i.l: .. Ikrnn,"", aDd Triti~ltiu._ the pi VIM: .. 

rrponed 10 be 7.5.nd ".S tnpeCti\'dy (Jan)' ft aI_ 198& t;nz and Rice. 2000).111 

~ QIU, the pt \ .. I~ coI"&;idcs or ~ nearly la me QI1JC of lhe oprimIJ pH cl 

the tIVyII1r tH .... et at. 2003). 

The X ~rminaJ ~ of the E. album prcMetiC reponed. pnbIbitily 

or N-tmniDal blockiq m.a: ICCpIalCC' _lym goC krmiaased after ) qdrs.. 

Hcoce, MA Lor Iftaly$a "'ID door: to gd a pcpIidc firtFl'Prird. 

Pt-ptuJe fingerprinl profile using )4ALDJ anatysi~ for the purified proceaR 

enzyme or £. ullntm identified tJu-ce internal pep.1ck Kqucnces which showed 

homology tu Triltrachtum album prCCW'S01' Protease T and of these. onc sbowed 

homolugy la the conserved stretch Bssigned 10 Subfm,in cla~ & .. rinc protease. 

Since, peptide rmgc:rprint profile Te8ulted only in a single hit (or protease enzyme 

md biochemical shJdics conducted revealed several unique dU1l1K1c:ri5tics of E. 

a/huM proteage. the enzyme may be ... novel onc. whicl1 may have distinct stnIcturr 

and sequence homology compan:d 10 otbt-r rrpor1cd proteahC!!. 

Purified prorcue has an optimum pH between 10.0 and I La for maximIl 

activity In FftCRI. lbe proleasr Vr-as acti\'C (M1' • pH ran. of 6.0-12.0 and 

increase ID pH from 6.0 to 11.0 recorded pruponioNIIe lnc::rase m activ1ty. The 

decrca5c in CDZ)'IDC' «tivity .. the aewaI pH md .. Ihe Kidic: .-.gc ~ DXR 

slsmfx:anc whidl confirms ~ mzyme IS an aJtaliM prou:ue. 

ExIJ'aDe pit ccmditiofts aJ:IeI' the 5UUCtUre of lhe flUrface of &be: ~ 

modifyJ:nc W lntcracrioo between xtiYe 1~ and subslnlC. Because of_..., 

suoag acidic aDd albhM c:oocIaeoas. eftl)'InCS are dcDMumI. IDd ., I ~ 

their activt1y as lOCally or partially JOQ.. 
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It could be inferred tha the way m v.1ndI the actl\ity of the ~ D 

aJacrcd (when they 8R apmed 10 difTcn:al pH for a .,mod of time) nuy be 

Mlributcd to tbc:i:r primaIy _ 1a'tWy structure raLber d1Ib bocu _ 8dJpmon to 

lbe pH of &he laht ..... here the produc1D& sttains strive. 

K"~ optunaI pH for Ktivil), of alkaline proICaK' reported cmhcr YfM 

bct~ ]0.0-10..5 (Hq IIId Gupta. 2003: Huaog et al .• 2OO.l~ R.af.hbct.i d al. 

20(3). OfCOlll5e. few JqIOfIS 1ft' a,-aia.b1e,.itere the opbmaI pH of K1ivity was a1 

11.0 or above for some enzymes fitJm tGIDt l14cilhts 5p- (Hon_lu. 1990~ KIImIr 

et al .• 1999). &cillus $po KSM·KI6 nhibikd a higbu pH optima of 12.3 

(Koba)tihi ~ at.. 1995). DBIa obIaiDcd from the pH stability studin ofdM: pruIaIC 

C'videnc&: lPllhc enzyme is stable over • witk range: of pH from 5.0-12.0 although. 

l1HutlttUll Rsidual enzyIHe activity was TC(:ordcd with pH 9.0. Prolea.~ Malned 

more than 85% of mridual activity between pH 5.0 and pH 12.0. but losl their 

activity at pH D.O. The pfl $tability profile qualifi.:s Ihis pmtea.~ for their 

apJ,lication in industrial processes thal arc earned out at a pH range in tbe 1I1kalinc 

or t:..l.treme alkaline conditions. This stabUity Ilmgh pH compromi5C's their likely 

use as additi\''e in washing dclcrgcnu.. leather procening or other appl iCltio", .1 

pH higher than 9.0. 

Protease from E. 4I1N .. was Idl\-C: O\'er a broad raDgf: 01 incut.tioa 

'cmperalun with marimal aaivify • 6OGC. Ternperat:Ure abtn-e 6Cr'C led to • thatp 

decline iD CI11)'JDr adlvrty Md was l04aUy nil above 85it(."- IDIera.IiDgIY. the 

a.z:ymc -""l'd .... ivity C'VCD at S~C C fi 7. 9lJfml). Ihoop it i. acpp'D'e caasidmnl 

me acthlt)° m:orded at 6O"C (4.658 UtmJ). la fxL the prOIa5e actj .. ity ~ .. 

lmca iuaease aloa& with iDCl'Cil5oe iD leqwnlUI'C and particularly. die inaeasc was 

npd during 4~-WC. RNtivc activity of pi«*ase obM:n-ed at ditrerem 

ICmpCnIbIn:S iadicaled c,,*ly the prrf~ rar. higher temperatun: of ~oec-

6(tAC for maximal activily 
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Tempcrarurc stabthl)' SlUcbcs conducted usmg protease testifY Ihat die 

cuzyme couJd retain 100% or KbWy ew:n after 24 hn at WC- 400C .00 • bodI 

strC (retaiatd 95% of ~"'J KIiviIy) .ad • 4ac (comroJ) thae WIS oaJy 

IDIU'RinaJ ~&K ia resNl ... 1 activity. Resulu also suges.t dill at hip 
laupcillhllft atNwe 6O"C the cazymc had denatured _ k.a Klivil)' .. ilbiD I boar. 

V dodl)' of enzymatic reaction is c:abaocx';d by • nOE m 'tUipCnlIft. bur • 

~ (Iof,e 10 that supporting uaximaJ K«jv1'Y. the mzyme sufI'm 

denIiIunllion IDd IIMas iaactiVdion (Dixon. 1919)_ 

From ~ rauhs. it is jnfem:d that the: protease is lhermostable and add 

M bamessc:d for appIjcalion that ckmaods activity 11 60"C. lbe hi&ber 1cmpallDit 

optima up to 150(' ba....: bc:cn reported for alkaline J'l'D1eatC from llDdlhtI 

sfeuroth.-rmophilus PI (Rabman et al .• 200S). A numhc:,. or alk,line proleaSeS 

isolated from Bocil/U$ Ip. have bigh op4im1ll rempennure!l of about 55-100( 

(Adinarayana et ut. 2003; BanCljee et al .• J 999; Kumar et al.. 1999) whQTcas, there 

are only few reports on che fungal pro1case wilh higb temperature optima (U et al .• 

1997). Tbts is an imparta111 characterit.bc required for use t,)f these t.-nzytnes as 

detergent .ddhive~. TC1flJlL'ftfure and pH optima of £. 4/hum protease observed in 

the prcw::nC ~tud)' IU'C WT)' wmiJar 10 Ibost' ~lbJine proceases produced 

CQOJIJJefCilUy by Bar,II"" ~ .• ",1tich is cuneoIly U5td in dc.1ngenl ilKlWlltty under 

~ trade name SlvinalC and ~ ChtJp:fI .. ~w..Q(t\W')'!!!C!bioCccb.com). 

The CUIftDI consumer demmck ~ increa..'-CId use 0( synahclic rJbers. 

whtch caQnOC lobale high ~ ba\"e dwtpd ..... i ... habits kN"Uds die 

LKr 0( low wasbiDc ~ This has pushed enzyme ...... fKtums 10 look 

for oowl ft1lY1M thaI can .:l under low tcrDpcratlIre$. No\'O Nontisk B~ 

in Japan has dcwlopcd • ~ pr~ called Kannue.. which kcq. tll hiP 
drlC~ncy. ~-en AI very low lJ:U:Ipaalura (10-2~C1. Tbm:.re only. few rcpom. 

on cbe pro1eibQ that are adive (Ala a wide raDF of tcmpcrIturcs. Protease isolated 

from PetUci/lIlUf' dlry-SDgNlUfll PJ 212 active apanst meat proteins showed ac1irity 
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ill wide rwage of temperature from JO-64)"C (Bc:nilo CC al .• 2(02). In their natural 

IiJIbitats. marine microbes IIC'\'CI hPc 10 c:opf up with • kiiipWilun: hiaJaer than 

WC. So Ihcir cnzyI1It$ CM tIUft tbcir Kti\'lty tanperaIUrCS for adh1&y ,~ .... 

Jo-cr mue (Fener. 1995). 1k pOleate CDZ)1JJC isolalCd fmm £. D/""" IS also 

actiYC at Jowa-1aIllPO lIares.. wbXh .,.., ill poIcoIiaJ 10 be used ift cold ..-... 

coadiriom. 

ElTC'Cl of uabilDmi on thcnnaI subiJity -.as studied by cbe addafloa of 

difbml rfported ~tlibi1i1cr6 aod incu""jna at 6S'C aod 7O"C. Among lbc ditTCfCftf 

Slllritizets tes.1ed~ uarch (1 %) could pllry the role of stabilizer promoting tbmnaJ 

stabdity At both tbe: lcmpcntura. wheras.. e.ch at a concentration of hnM 

showed a maximal restduaJ Ktivil)' a1 65GC. 

In liquid formulations. ph)'Jic81 isolation of enzymes is more difficult and 

Ihr: pn:1en~ of solvent (waler) amplifies the detrimenlal drecl of lIurr.CtltnlS and 

en.han~s the rate ()( undesirahle reocttons like autolytic degrawl1ion. oxidation, 

dma1\d'alion ete. of the enzyme (Lalnnde et al.. 1995). This has fJunued tu the 

development of various enzyme ~.bi1u..tion Slrategies bucd on chcntica. 

additJ\.a. There arc n:pons in litftabft n:prding lbc ~jlisatiOQ of enzyme WiiD, 

CIIbo"ylic actd saI~ calcium chloride (Cn..slD. 1989)~ boron compounds cboric 

acid. borate sail) apx"Uy in coojuaction with pynols and poJyols like pmpylinc 

glycol. @J)UIUI • ......utoI. sorbitol etc. (Aslher and ~~ 1990; 805bmp. 

t9l4~ Goazalcz et al .• 1992: ~, 1984). The prou:cuYe effect oflbesc could 

k eqt1ained by the s.trmathening of Ibc bydrophobic iDlcnctiool. in~ the pracem 

moIccu1c ;md by lhe indirect action or lbae t'OIDpOUlIds OIl WWIU WUdure. ~ucrosc 

Us been used to proIce' Ibc ptt}lCJftS epiDsI on:IMion. -arepliua .... darnap: 

c1m1.., tyopbilizalioo. ~ srabdtllDl efTed of sucrose is ~ 10 • pn:(aeabal 

ndU5ioo mcdumi5JD tTimashcfJ. '998). Cak:ium ions have beI:a ~11 to 

contributC' ~inratdy ] kCaIImollO the mzymr ~ s total kinetic lbmnll abthry 

in Subtilisin (Voordouw et al. 1976). 
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C_pterS 

Calcium ions sLabdize 1be prOlein Ibrougb specific and nompc:cifJC biodiaa 
sib. and may also allow for addirioaaI bondiog wilhiJI the enzyme moIeadt 

JU'C''COI'" unIoIdq at billxr lemperature!.. as has been 4cmoostra1c:d b p .... 

from Ibcnuopbilic banma.. f*UcuIarIy tbcnoolysjG (Jura Cl al.. 1991). lk 

~ ta ~ IhomaI stability .,.in" dIcnnal iaadiYlllion in the 

presmu of C.al
' nay be npIaIned by streftJtbcniq of mleraCtion inside .,... 

molecules aod by the b.actiag of ea:· ions 10 IUIOIym siles (Ghorbcl C'I al.... 20(3). 

lnhibtltoa IIuda pnmarily giYe aD insight into Ihc Uhlft oho enzyme, lis 

cofactor rcquircmm15 lad Ihe nalUre of the lCti"c c:coIeT (SilfDl and Mooscr. 

197.5). Among aU the IaIllbttoB resaed. PMSF. an ,rrnenible inhibitor of serine 

prolcase •• ignificnntly inhib'led protc:asc activity at aJllhc tonCcatratlODS tried and 

at 5Om..\I concmtration the residual IIICtivity was aJmost nil. A reduced Itvt'l of 

inhibition was dctect.:d in the prese.-nce of aprollnin. I re\'er$ibh: serine protease 

inhibitor. The Itlivity was not inhibited by I.IO-Pheoanlbroline (metal1o-protease 

inhibitor) or Pepstltin (Aspartic J'lroteasc inhibitors).. wh~s., s1i,gbtly by EDTA 

(metallo+pmt~aJe inhibitors): ludo acetami&, anothl!T ty$lcine pm1el.Je inbibilOrat 

its bigbet concentralion caused l..tight inhibition on en7.)'mC .acljVl1),. Since PMSF 

inhibited 98-4 of protease ACtivity IDd aprotinin. a fC\lCfIi,ible inhibitor of die 

mzymt' caustd 10-4 inhibilion. it ,So roncludcd that the mzyme belongs 10 die 

serine proteax group where PMSF sulf0mdc5 the euential serine lesadue in IK 

ICUvr ",le of Ibc prof.Cbf' which n::suh in the comp1ete loss. of ctI:l)'I'JIe Kti~ily 

(Gold and Fahmry. 1964). 

Gax:ra11y ~ prot.ea$cIo arc DOl mIubitcd by n.ebl thdaring .... 

Hown"CT. 1ho-c are ~ of serine ptOliCtic$ thII ~ affected by EDTA 

(GI1O$SpC tius. 197¥~ 1ml0\l3 et al.. J 983; K3Io et al. 19'.). Scucbes invmipiat 

lbc confomwional IDkgriry of wbtilisin have sbOWD th8t caJci ..... chelating ... 

lad tu autolytic di~toa (WcIlJ _ £stdl. I 988). RanovaJ of alCNm cause 
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bltJlity of the proteia and there by ilS ... t~ of IUIoIyWi. Thus protein l'RIIy need t.., 

"'oIdto bcmme I 5U~rMC: for 8UlOfysis (Sicma Cl al.. 1991). 

The stability of Ibe m7)'mC III * preKlJCc of tOT A is IdVIIII~ (or 

1R of eDZ)1DCS ai delftICDC IIddib~. This is bcausc ddc:rgaJb conuin high 

ImOUftI of chdatiDg &&ads, wbKb fiandloo as water ~ .ad abo aniSl in 

..., ~-aJ. n.csc ..-s spcc.fX'aJIy b1Dd 10 8Jd chdate mruI I"'" la tbe 

C'IZ)'IDC mHin& ahcm unavailable lB the drterpt solulion (Sq_ Gupta. 2003). 

Subs.rate specrfJelty 0( pnMCaK studted iadic.;rta chat &be e~ ha. 

kiPat affmity fur cuein followN by hKrnoalobin while Gelatin IIOIJ BSA were 

DO( much prcfmrd by the auyme. The ability 10 hydrolyse SC\"tfiIr proccm 

SUbSlla'CS is a criterion of prok~ J)OI.:ucy (Gre~bovl et al .• 1999). The hightst 

.ninity for casein IS a NMtrDlC wu .. Iso r(.1'ol1oo (Of the protease of the lungu6 

CfJflIJiobolu." corDnalus (Ptuwbllare et al., 1993). The 5um.trau: .pccificiry toward~ 

harmogJobin and C4Qicin of 1::, a/hum protease may be: advantageous for its use in 

de1efttC'JU against blood an(j milk pmlein Mains. Most of the pre\lious fitudic!i have 

revcaWd lbat alkaline proleases W1UW highest actn.'ity (Owards casein rdllllve to 

or.bcr native and modified proteiD. (Oupe. t' .t. 200~ Kumar 1:' at. 1999: 

Phadatare et al .. 1'193). 

PrnIea5e bDetic $~ conducted u1ins casein as 1he sub:ilraIc rc:veaI~ 

dJa K.. md V_ of protC85e of E. 1I1bv. Vo'CR' 4_711 x 10-1 UId 394.7 U 

rcspccti'W'cl}'_ Ka,.ofthr mz)me wu alUnaled 10 he 4.211S x 10 T Si, 

tn 1he case of b.c&c:ria. d~ K ... of protca5e from Ps~~ ~ru 

AR 11 _-as :!mg/mI (Alidwndis _ ADdrews.. 19m and PsruJo.oN1f sp. 9-25 

... 4mgfml (Malik ad ~. (984). There aK DO :.1m:ibIT report$. .V&lbbk on 

other fungal prt."4CaSt for a direct colllJ*bOlL. 
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C omnlCfCW dc1C1JCft1 formulas cftcu anchMSes -..er IOfter .. n, "'bus~ 

(SKI)dn> and Krisbaan 1997) HnK"f. it IS wanh",hiJ~ to ~'alUlIC tflr pKMast ill 

m..rr ~"" 10 \1U)Ift' ~ of diffCJJ:nt nxIAI kJltl ,,", __ <Is C'\'lh .... 

die pok1diaJ of proIC3b4" for applicarioa in ck1nren1 DhBuy. Most ",r thr mdII 

ioa~ "~ (-rlt'.ar df«1 OD mzymr act."'1I) iho'kcd elltIn 00 dkd or nhI.biIId 

a 5hJ;ht Ihrnulatory ('ft"m .. Iowff concentl1lfi~- Wh.lc C"nI .. Iowa 

COQP;~. ff,(. eLl:- Md Fc" Md -Cl) AIh~ dIed (IQ m..~-mc.cttYiry. 

Zn", (,&I:. and AI'· tnhibjlcd C'11zymr ilClj\-i1y .. hiJher .. u"ern_oR. whaas. 

intnollngl) 1,,11;--. Cl' ft"Sich.i&I .. "tW'1~ -as NIIi •• ftC'd (Of Ira" c..-.centntiga of 

Cu:' ,"omparcd to to:OOlrol. HowevCT. UCbvity 'WNi reduct"d 10 -'4·/0 at h18ha' 

ror.'~l1tBnl'n of :Om.'-1 

S.udie:r. hive il1dicated thal tnC1Ja1 ions unp;art thermodynamic ,1.bUimtioa 

10 thC' nam'e r\lAft' or the proleUl h)' bindin, to ~ CnL)'t'I1t lIch\'C 'lte' (Wyman and 

Gill, )990) At'cording In SOtDC l:Iuthon. Ca24 
i01l5 Are important for CltalYlis. 11 iJ 

pre\umcd. lhllt tbey .. u.hlhl~ ,ht protein through 'PC('.n~ and nora~'1fic bUldiDa 

)iec1. and may .150 .now (Of ~"ditionaJ bonding within ,he ~ molrcu1e 

prt'\'C"I1hng. untl'J14in, ~, hJr.}tet Icrnper.iltu.rn. a~ b.ti b«-n dc:1n.1Ql!ftraleC (Of prok:lJe 

from lhcnutlphmc bM:lctt.a. PIf1i['ularly lha-moIYlin UalMS cl al .• 1991), Ca;" ha 

~ ft'J'OI'Cd 10 bomd h' the 1QI:Ifi ~u.tfxe md auloiyt" toUn of pr<'klh IIK'~ 

tbc:R'by swagU.cllInl Ihe IO'CIlIdaoo insIde l.br muk:c.ule (Gbmbel cl al .• 20(1). 

Thr umr ma) t.. Ilw ,C'tiOn khmd die am..xed kU\.~ or rro't'.Uf m pRWIICC 

of wmc of tk mrtAl .... ,. cspedal!)' ~ an d~ Cat nf Co:- "' F. 4/""'" proecasc. 

c oppr:T to1U ttY ~ c.lW.I: the dm.tturrng of pc'01C'<UC t DmI:m.a .... d l)"!it'J:Wl. 

1995t,..~ ~* .... cqmo mm:uriah iacerxt ""Ita -SIr_ S-S.,.,... 01 

procrm,. tn • nudfrrud" ~( s~~ tbm:by alWft, «Dforrn.noaaJ changft • 

pmkms wild lam: b«n ~ Ihorou£b'y by V.lle IDd L'bnct 41972) ne 

ndul;tufQ ID cta..tymt .k."l1\·rl~" m pn'>eDCe of io01nt of [be metal tOnS studsC'd may be 

alln1tuacd co cJw .1Io~ ~Id rnum 
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A mluction in proIetie actlYlty .1th Cu'· Hms Did •• wo fold il1CfCIIsc in 

Ktivity with Ca 1. and Ba;· ions was obta¥ed iD StrrptOllfJ'r(u sp. (Azaedo d al,. 

20(4). ea", Mg:;", and MD~ • ~ ~ stroIIgIy acUvalcd taille 

prvIeUC or &cilhis SIIbnIu PE J 1 (AchMnyana et al.. 2003). ProIcMe lICIiV1ly in 

BtlnJIMS lIIJIJjtnIrIuu .... en_heed by t'c'· aod Mal' (8q and Gupa. lOO}) In 

AspngIJhu ptITtIS.tiaa.. ..... stability wu ~ iD the: prescott of meaallOO5 

such as RI::·, Co~ and So,· (Rashbehan et aI; 2003). ID the aboYe case. 100% 

ICtiviIy .. -as n:taiocd in &he presence of cl' . -hcreas E. albtue protease showed an 

~ in enzyme activity 10 45% when C1JIIIIlIIICd 10 the control. 

Results obtained for dX! effect of various dctergenlS on ptoCease lCuvity 

~w, Iha. in the case ofTrilOD X.lOO, after an initial decn:afC, mtymc activity 

mureMCd later along with increase In concentration and at O.6%, 114% or f1:!lidual 

activity was ob.ained. Tween 80 alw !howcd • similar pattml. In the ~ of 

Twcen 20. more than SOOh of ~clj ... il)' W81 conMln'ed even at 5% conccotration. In 

the pretiCnC'c of SOS ••• lower concentration lhe enzyme was ioact;vc. liowever. at 

0.60/0 coocen1ration it regained more than 85% relatiye activity although III higher 

coorenb'atiao enzyme I~I i15 activity. lAthe case of Brij 35. all the C'oncentnllions 

retained more than 70% ufrcJali\'e ac1ivit), 

The inhibition or c:nzyme &1 b1ghet CODCal1rll;OO of sos .ad other 

dt1crgcots may be the JCSUk of combiacd effa,1 of fadMs such _ mlucbon ia Ibc 

bydrophobic intc:nctioas thas play. aucial roie in boIdiog kJFIher the protein 

Iatimy muaua-c and the cbrut jntcnc1Km with !be protcil1 moJcnIc. The 

Inhibitory d£a:t of SOS is well documcaaed by Cmproa .1989), The iJK'trU(" in 

~ity 1ft dae Jft5mCC of dct.ergmts a.y he attribuIcd 10 die iaaa.sed ~ 

KaMibiJiI)' or the em;yme (BR:SSOlber Cl al .• 1999).. 

The propcny or ability ~ oudtzing 1p:n15 and SOS IS lmponanI 

because ollidation and SOS tUbte CDZ)'Ina from wiJd-type rniauurpnimD an: not 
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~n~· blown e"cC'pt for fcw aIbJTphj~. ~ H &Jt:rll", 'It" KSY~KP <Cl 

cSarkJ ~ al. 2002) and ntrcmopiuln. such aJ ~Y1K'OiCld.fllrrtJIII.J (81"""""". 

L. 1990) Md ~t n,nm (KlingcbnJ ~ at., 199~) The bIa& baldil 

CIZ)'JJE hescd ciaapDts I~ uS(' uf rDXA .ad proran cagia«riq ~ • 

prtlCfuI;e ~neaed ~ 10 ~~ catll"ic c~ aftd bftIu ___ 

14)9."3I'ds ttu4 ... rabnI:. o,lodu:ul, ~ts lAd (~ .... II. WDdrtKllD$ (Gupea. 

aL 2CI02b; RIO cl al. 199R~ 

In the pracnI ,had). on e\-"a11.&1.lJ<* it "'"D (lbscocd Wil H~~ has a dmII& 

iabtbll«)' ttlt\.'1 Oft protC'.,C' C\"n) aI. the loVi~ CClDCftSltltJOO mcd ""'hen:as. dIr 

reduant ~\S U\'t a ~.m'\' eKed on prott"Ut ICtn1ry nCqM at hipaa. 

coDccn1rariun tried., Mo,' of the prot~ aR:' inactlYr in IJtto J1f~ncc of oxjc:l:imll 

and rrducinK -BenCJ. with I 'tw exceptions Jrke Borillu.t ",oJ,wrn,HS lhiol ck:prDcIcaI 

alkaline 5mlK PfO'eaK ",hach WIS strongly srunulated up to Ilc,"cl ofS41:bd 12% 

an the rr ... ~nce of tbl: o,udli"lhg agenu H~()~ and sodium hYJ"'Chlornc Teipcctively 

(B~ and GUpll. 2003~, 

A . ~cf R:'Sldut lo"aed I1l:xl to the alalyllC serine rCiIIo\duc is respomiblc 

for oxiJJimc loslatultl) of ,ubuh,jn (S.C'zcn and Lcuntwoen. 1"97. SlDCC tbc'y _ 

rrIodJl~' A(1n. afcd by OllcanlS ,SuufJ'o- md [tson. 1969), T., nupru\'C' W oSldaaw 

Jlablld)' IQ bkach bucd ddnpl (ormulattons. tbc susccpllbk • Met' residue- ii 

~ .'Itb noo-o,tda,..btr ammoacicb (E,stcU Cl aL. 1915,. 

The dftc1 of WftJ( <JfftI.Jlh cm ~ ACta\'1t) lUUhU I.hat mciCtiL ill 

me U'lnK' ~UC1\gth of ,_ -. led 10 decrease 1ft CII.l)1IIC act I" It)' , 1~ .. IN 

C08CndnI& .... the auymc r~ ,.". or Ktivil), .... un ~ ... ~ 

cabCCDtl1It&OIl. """vrfy cfa;r-c~ _ reKhcs to -:-... 4_SM conttnlraltoa. la tM 

pra.cn1 "lwJ). ,t ~ti ott~cd thiJ the ~~ of SaCl an lhr (rrmeur4 .. 

mechum or 111 the ~ m"u\d'~ la! to a ~ ID eoty1nI: .C1l\11). \\~ 

dunn, punfiawoa and daa,lICImsatioa Orlk C'II!'YJM. it WA •• 1.., nnllCed dud the 
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P'ft em,... t6;·"c iuc:livr: iD the 101&1 u.ence of N.cJ .ad .. c:azyme 

-PJC$ auooIytic di~ This _ thoo CYCII if:-O..a auon dtaease .. 

...".... a<tivity. d his _ elfed 011 Ibe ....... ily of .. _ . ~iou modc: 

.. .&tar). ........, ied ......... ~,......,., ., .. at .. dJccI oINaCl OIl 

u1ar medII-"", of ctU)'IDr ...,.t;,M+,a md .sivily in nwinc ........ 

StmdM _..., 0\"'1a!IIe iD U-....., 1:14 Noel CMKCd_ioa 

.. '" oaot 1 oaMIy ,w..aIy .. xm.. 2001 ~ AClivily 0( die 

tmjlDt iD the ptac:o&:C or todium. ch\oride i! of iotc:ml ID LDdustry for 

GI~""'_"" ........ __ ,..':os Dj'" \:"" 

.-:t. Kt _ • pwaW .t .. 0( ,. ...... HS ~ CIII'f" • 

1000000l et al, 1999). 

Appli.,.li"" or pro ..... , for .... 1'f'OIIuct- of cetIain oli&opepndH has 

rt(cl\'cd great attention a.~ a viable' Ihcrnatj"c 10 tiM:miu'lpproach (Fnuon. 19M2; 

~c et 11., 1993), Howc"'er, the use or pro1eases (or peptide synthesis is limited by 

lhe .pc<ificil)' ond .... inotabilily oflbe enzyme in the pracncc of organic sol"", .. 

1lD(t' the rac;tiun occurs in orpnic media. ProteaJC's bavc bc:cn used succes5fully 

for the synChesis of di~ (lIorros et al .• 1999) .... trlpq>tidc (So et al .• 2000~ 

~'c _ C>laif"",,'" (Ri •• et al •• 191U!J ODd obo_w 

""Iy>u of ~ ...... la... et 11 .. 1991b). A IIUIIIbcT 0( rqonn. _ ._ 

............ ' ... Iine proc .... in pcpcidc synthcoisaad the mohllioao(rac,,,_ 

01 amiDo .ads. The I1IIUre ODd Iypc of .. paic ............... "'- "1' ... 011 

,....... 1<Ii>-ity in _ 001 ...... llUo .. -uIwo .. al.. 1997~ ID ............. """. 

£ _ proocue .... ined "",,_I< _ 0( 1<Ii>-ity in 1bc: pi ...... of ...... 

01 die OIpIlic sol-. inial. nu. ....... Ms .. _ oppIicorioa in pqCidc 

I)1'Ibesas aad otbtr t"IIerifiaboa rad~ 1iIowacr. fUnhcr iavaliplioas are 

roqulrcd 10.nvr. I CODtJu:si,,~ MSC:IlIDC'IIl 
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punned L tllbtI", JI'O'CIK was tdaIi\ldy tUbIc: rar fir obscNrd pcr.od f1l 

OM year ProtQK il&lnhly U oftca measured m terms of 11UC1i\'alKJD O\U a.. 
Howna. uuctJ\'1bon can OCCIIr ".. a DUIIIIlC'r of chfJerN padawa)S sa::h • 

• utot,sU. agft,.. • .,w;KllltiOll _ unfoldinaidcucuracton (Bry .... ~} ne 
tJ.lly roidcd ctU)'IIIe lc'Dch to ~ I"CS&SUDI ID p'oecol"., -bcrcm uafoldcd or 

p.tWty uniokied pNk.n~ .vc gmctally ~k to ~)'tIc dc~ 

AdditioaatJy. Iou of .dructun: lWlfoJding) gct1t'f'ally unphn loss of mzy:mDc 

Ktt~ If)' C .~~ et .It . I""'~ ~ Oilllle! C'I aL ! ~1. M_ken C1 .1. ':O()I ) 

Eff«l of' hydr1x_bons induding petrol. kerollaC. ustd nagin~ oil. used 

tubnam oil, dtn.tl and ~ on proI~ actJ\lty • ..,. C" .. lU1lcd and Ibc rc:suJG 

obtained Ind.""led tbAI Itlrn: WII DO marked ,nhibi1ion of enzyme activity. ID 

llmml. tbe f; allnml prolnl.e majntd morr th., 80% or lb initial Kli"ity C\ft It 

thr highest concenlr8tson lC'stM. 

In IIUlbl! oils tesle". the t'IllYmt rclaiQcd more than 9SO/. of JIJ initialanvlty 

C'VCTI IS' (he highest COnL'tnlranon Jt may be $.IJd that an tilt" natunl Ol~ df.d nut 

~\'f any d.r.~lC' df«1 on protca6C act.""!1y aDd the c:n.z)'mC' !lGtmJ 10 compromise 

wnb 1U nUcromviromn~RI &kmomtrarmg tts KI •• i,)'_ Rcporu OD f,jmal ... iludin ~ 

M' .\'Idable (If lDyother funRi fnr. dares c-omp.niOn &Dd dtlC'&&I-ttou 

5.l APPLK: A 110'" STt: IHES 

CoovnrK~ ddC'flt'tll coapa!Iblhty of *' CDZ",'Inr ~ ~ tJur m 

.11 tlte dcICf~. CA"'"" HarpK lIulet c~ mOR IhAn ~ or ac •• ~lty we 

rcta.lacd C"\m .Ra 3hn of Jacuh3iI: • .,n bI fact ~f fU"C1. Surf E:u:cl .-'utomItic. 

Ancl. Rm. \\11«1. Sp.-aj oIJId <htrq lhsb WDb -"CI'C ohwn'C'd k) be 1('0% 

,:ump.ibk to the pro'",a~ "incc d.ele' w.u IH' d.·ucuc la cruyfl1C IM:UVJ1)', !'lIis 

\tbW'f\~ I~ .:\.~hmt1ltN by the rll \"ah.e l)f each wlutwrl ,.hctr .n tbr 

MtCrgttlb. un'pt HMp.l, ha\-c an .aIlahne or neilll' ncu1raJ pH UarplC: h ...... C' a pR of 
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I JiltUWOII 

lJl aod may contaHt cmaiD stroD& bleaches. lntcn:SlingJy. the eazyme iDcubatcd 

ill Godrej dish ..... ha\iug. pH of 6.72.150 mained 100% or iu KbVlCy ~ 

... 3hrs of incubation suggesting I DO"Cl propeny 0( fUnpJ Pf*aK ror 
1IWItriaJ application. Further. viw.1 e1amfnalion of the saajnr4 cloth peas 

wbJccccd 10 ,. ... DC8bnm1 exhlb*d the df~ or E tI''- JIr'OIIaK • 

mDO\'aJ or stmt.s. 

Incorporating CIlZ)'meS into dektp formulatiGfts posseu IIIIInC1tU 

pcactiea1 problems. Proccases lie susapo1)le 10 mtoIytjc dezndltion. ox daion 

-.1 dmah.lrar1on. proc5lCS ct.c Ke often mhanced by i&If'factanU. blachcs and 

filler MJRcaiDg buildcn IhM nusI be inclwkd in lauodry dclcrpDl products. 

Additionally. proleMe tataJyK tbe lytic: degradation of other ~k1gCnl a:-nzymes 

that may be also present in the formulations (CIUlttO and DouSlw. J999). la 

pamtl. all currenlly u~d detergent compatible enzymes arc alkaline and 

thcrmolitable jn Dature wlth D high pH ond Icmpcrature optima of '),0·12,0 aud 50 

to 700c respectively s.inc~ Ihe pH and the washing conditions arc in thllt range, In 

Ibis tontex1.lhe obmvatlons made in the present stud)' with E, aJhlJm protease add 

iUaJglb to the faith chat marine microbes could return many induslrill en.l~ nr 

pD(aItiaI applicalion. 

Stability of f. alhu", protea.~ Iftd other prolc:ascs in the ~ 0( 

cOllUnercw d~ntl at higher temperature was studied by incuhlriDg \'Uioas 

prol~ in Surf Excel AUlOmMic (7ntglml) for 3hn at 6O"C ad ~ Ktlvity 

was caJrulatcd at every la mUwlC'l. SpearM: acan'dy ddcrmillCd after 10 rniD:uIe1 

ofiac:ubation showed ..... E. ol,*", protease rftIinc:d tbr. mumal spcaflC a:tivit)i. 

Well knI:rwD proIaSC-~. rc1aiDtd b6. specific acti,"lty 00UIpU"Cd to 

E IllhvM proIcasc and the proIUIC' Qlbcjl~ C.alsbct!. "'~ toC3lly 'nactj~ ~Rer 30 

miDu1cs of iacubatioo • 6O'C. Hl.twcvc:r. in .'Ie presence oC COIIIIIII:maI ddcrgcal. 

CUCf" Espcrase. Pronast E IIId B. 1u:lII!rufonttn proIeIISc. all the OIMn wen: 

flIW1)' I.nactn"e after 30 maDures of JD(ubattoo. AdrD4n1)'8fta et al (2003 ~ ~ 
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that the supplemenration of calcilDD chloride aDd glycioe 10 albline protc:ase &om 

&cilia sub,ilis PE 11 caused mention of more than SO% of lCIivity wi1fI 

delagcnts even after 3 brs of incubation at 64M:. This may also be applicable 10 

the E.. aJbt,w, proteue _ Ibc .ddieioa of SIabiIi:r.as IUY enhance cbe 5IabiliIy of 

lbe enzyme iD the prcseaee of detergenIs-

R~ .ndtca.ed .hat .be mzytJJe bz • higher affinity IPI .... the slat 

daain 61ny acid derMtivn like p-niIrophc:u)i buryrale (four carlJoG corllaj"iaJ 

timy add) followed by p-nilJ'Oplxoyl caprylate (eight carboo amCamiag ratty acid). 

The- eazyDIt is not able to cleave p-nitrophulyl Jauraae aod p-nitropheayl palmille. 

which are the ideal $uMlratcs for lipase. This clearly indicates the ~ artiYiIy 

of tbe £- Ill""". pl'Olca". h was also tcmfirmed by Kthrjty staining.. which ~1CISCd 

Iht nuo~14~melhylwnbellircrunlC (MUF) that ..,peared IS. bhJe band in the gd. 

Hydrolytic activi1Y of prorease 00 the gelatin layer of the X-ray film was 

evaJuated by incubatb'l X-ray film in enzyme solution. Protein content of the 

supcmaUtDI cslimaued after incubation clearly nridt'nce the ability of the enzyme lo 

degnIde the prole in layer of 1lx x- ray film n'en iD distjUed wattt. Visual 

~'3Iion of lhe film conclu~ty muks the atnHry of enzytIIe to ~ * 
gdatio 1ayc1" of tbc X-ray film. 
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Chapter 6 

SUMMARY A.~D CO:SCLUSION 

~ procluc1tua by Ihe: fungus LrgiodolfJIIDff albwrt BTMf SIO • 

.os.tcd from mariae !iedimen15 u..scr solid SbIe fen:DClJlal.ioD "'"as n"'ualed. The 

funp was idaJtificd at :\frCC. L\f1 ECH. Cbanchprh. VariOU$ proceu 

panuDe'letS affecting protease production under SSF WC11:' optlmlsed lO"A'" 

mwumn.l mxymc production. SU'Dfe1Y Idoprl:d for the opcinUSltdon was In evaluate: 

'he eRect OfvariOU5 pmn:ot.. .. cn indiyidually on protease productton under SSF and 

conduct finally a tilM course exp"Timcnr under optitnise<i cODdil1on. 

Maximum enzyme a<:tl\'jt)' of 4,35 I U/glDS was recorded for 60% 

moisture contenl at 120111'5 of incubatlun with • specific actiV&IY of 172 Utmg 

proteins. Con~idcrablc level of CIll)'1111: Pfoductioo (3,7S4 UlglOS) was 1110 

n:rorded for 70% moisture rontent al 120 hrs. 

Wheat bran "'id» puucle $iz.:: of ~415J1 toUppUJtCd max.mum enzyme 

.an'it)', protcib CODICIlI md spoedic activjty 02.089 \:;"gIDS."7 ...,J,lDS and 2S4 

U .... prulCia rnptdi~ly), As. ~ pan.de W~ inaczal tbc:n: WD. C()ftsiderabJe 

dcctcoasc ja enzyme activity. E. d/",,_ prd'med _ .Jiibient ~mpen~ or 2~~ 
lad Ilkahnc pH of 10.0 for muimaJ ~ prodactioa. 

"onc of ahc I!ddjtioaaJ proIeiuccous MIbsIfalts 1$Cd bad • pvfouad 

effect Db auytnc' prnduclioa.. aad aIDOIl8 lbe Mfditioul carbou ~ InCcd. 

~ faYOUmi hipa. CIIZ)1l'IC yield (15,912 U!gIDS. and spcciftc actIvity (341 

UfmB prottm). Anbinme. nbat.c and xyJose ItUlly 'nhibtted enzyme production. 

l81 



AJI tM CJfIIIUc nntog,m JiOUfCCS 1CJtM, acepl urea showed a posidw 

dTt'\."1 cm ~mc productlCCl ~bh C'XUKl. \Oyak_ meal ADd II)'pIIeC ... 

almost ,amdM cffett. WhKh caased a 4149% ~uc m CIU)'mC .::tWit)' A--. 
the morpIlK ntlrOfC'l1 IUUrc:es Ia1ni. addi60a of artllnOllium hydao,m cn.* 
caused 901~_ lftCfQ.'(oC .. ben compared IQ coacrul .~ the 19 dlffcrad ... 

xJdi k$led at. hllfOl,'Im WWCt. ~ .. bad a pMltJ"t" cffect Oft C!lI)"IW prodK'. 
Of t~ le .... C8USC'd • 44.9-4 ilX"1'CaliC in nvvtne X1I\'II,. MdhioGiDr Ill! 

try."eoph.tn '.II.~d • "21-. md RQ 6·, ~lKhon UI C'ft.f)~ ac1l\1t) ... 

compared to tbe: control 

loot;ulum c~ml'atlon or .. \ Id d,,:rnl Wti found to br opMaIlr 

maxunal tmyme prodLldlOO (nu:ymt a.:;I1.1ty f,( S.830 UiIIDS and specitic 

activity of '99 Vlma pruldn) 

Add1fIOR of sodium chlondc to the snwlter b.sed And dlstllted __ 

tta~d medili had ID inycfSC effec1 nn enzyme produclion In tbe prrscnce of 

.sca",ata .nd diUiIlN \toIlet bued media. addHion of SaCl above t~ .. &Dd ft 

toUI1Iy inhlbuC'd protease ptoduct,on n"5p«tivet), Stmil.r pAt'cm WAS also c1cldJ 

ditopl.ycd in lIuw"er: dllIlilled ...... t"f (otnbinalion 

from the' umc coun;e npt"rimcnt «JDdu4'ccd uadC'r upc.mu.cd ~-oodl .... il 

\\u infcrrrd tU F. ul,.,.,,,, ~ muunal pmcue' (1 t _~40 l "Ims) 1I 1201n. 

Prolcac -a punfted employtng ~ proenD purlf~ proc ..... W*S, 

wbd1 ind .. dcd _ilJQft'urn 5Ulpb.atC' fiKhonIIMIa followed by dW)~ .... 

~ ... -biqt' dJr(lmatop-rh~ ~ clccttopbornd I. lIo. o~n-cd thAt ~ 

~tUTlUOO O' arnrnoruum '"u I pba .-as optimal fne t:bc compktr pteCipdal MlQ of £ 

Gltu. proICil\C 
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loo ochange cbromalOpl.pIIy folJowcd by piqwaativc po')llCrylamid~ gel 

~ flllDimcd • iinaJc peak IaavIag protease activity wj1h 16 lad 45 fold 

of purifICation respetti\-efy, 

Enzyme proICia. whicb was clUlcd ",ilh 0.2 M NiIC'L p~ • ii. bad iD 

!\alive-PAGE. SOS-PAGE under non-mJuciag aad ralunng coedilioIu also 

yielded a single ~ whicb cudorsc tht 5ingJc poIypcpIidc DIhft of ~ CDt)'IIX. 

ne mol«u_ mes.s of proIC8.'!Ie estinWat by ekcuoptMCbc IOObilIly showed that 

&be £. Du.. proICIIK has an Ipparmt ~ IIIU5 of 38kDa. The pro4colylK: 

ldirily of the enzyme proteiD b;aI Vfa5 confirmed by zymogram analysis 00 X-ny 

film. ID JsoeJeclric focusina. _ enzyme: appeared a.1i a ~ingle band testifying lbe 

purity of protease band wllh • pI value bet\\."eat 3 IIDd 4. 

Molecular weight calcuJ •• ~d by Gel filtration chromatography ),Icldcd a 

value of )OkDa. Antibodi~ produced aave a single band in the Immun()dUl\,lIliton 

experimenl, which h .. "Slified the runty of the protease. 

Sued on the amino acid compollitioa. il was inferred lbat the \'"f1Z)'ltIC rn'llein 

conwn approximately 25S amino acids and the motccular weight calculated for 

this protein gave a value: of 24.8 kDa _ MALDI-MS spectrum of the purified 

protease shows IMI Che ~ ., pure "'-llb • ~inglc peak h.aVJ~ Ibe moIcc:ufat 

wcighl of 28.6 kDa. MALDJ·MS aaaJysis is • mo~ pn:cuc method wu a mau. 

acancy of O.OS-O. J % .nd lhU! the molecular mass of E. 01"". prDIa5c was wuz 

u28.QIa 

hpIide fin&a" print _lysis WfentifJed dIRe iDtemaI pcp_ sequences. 

wfUda showed bomoJogy to Tnlil'lJClmu" .Ibu .. precur'SOf ~ T, Of tbae. 

one .,..,ect bomoJogy to the: COfttenN ~ as~ &0 Subtilisin d .. of 

Sc:rine prolc:ax. 
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E. Illhu", J"IOkUC has ID ophmum pH ktween 10,., and 11,0 wnJa......, 
D\-et ~ ,.-.de ran.p o( pH fTonI ~_o.ll 0 Euyme lfI".s "'~'-e nll'Cf" broed ... af 

IC1npt'nIUIt' -'1th IftU.I1NII K'ri\-lfy It ImIpCDJUrC WC .net IM fDZ)'IDt raIiDaI 

,. .... of Id.\,") after • !In of incuNUon. dm 1Ci~ hn.\t C.cJ~. s..a 
.and SlJCnKC weft fOUDd 10 be thermal §labi:iuIrn of ~ ~mr at 6.56("~ ad. 

7ty=C s&artb .'as found 10 he a bdlCT Ihcrmal tCObiliRr or lhe C'nzymr followed bJ 
MK"TOK" IIId ~i1Ol. 

EntyTnt mh,buM'IfJ by tht tmae prDlt'aK ~ PMSF Iftd ipfOtiiiiB 

r-ugeslS .t.. the prot'"~ beloap to thr IftiDe proIcue famdy, Tbi, mzyme .. 

tughC5.f .mmt)' fOf lhC' wbitrate ctiCln (o1ToVlocd by "nDOJlc>bln L and V_cl 

the ~ac:uon ,,·ltl c:akul:altd ., 4.71.7 JI 10": and ~94-6I L' m-rc,"1lV~ly- "- ofdlc 

t!nl)'1nC w." C51imlted to be 4.2 175 ~ 10; 5.
1 

Even lowcu-,mcentraoOlU or Hi-. CuJ
' and Fe'· arid higher COIK't'Otraticma 

of lll'!'. Cd' and AI" ItIhihi1cd emymr Ktivity. HoWt\lCf. lmM concenuatioD 0( 

("0:' eau-std an lftaU\e In C'nt)TrIt' acu\'tty to 45--;' .'htD c:ompoUcd to control 

10 tM presmuo pf J% H~:ru ClUdizinla"ear 57% of Ktivity Wb ~ 

by the m7)tnt Rcducln, .,mu. t'.."(crp1 AI ib htghC'Sl {Ofk:t"ntralU:III1, QUICIII 

tn(ftuC UI oIdnlty IIJd ~"mC ~cd com:a.dC"nIble Ie\..:. of Ktt""Y nftlD Ibc 

prncac.e of dc1np1l. In the prcscnre of lM (ODte1'Ih'MtorI of NaCt. thto ctlZ)'IIZ 

~imd ':"~. 0{ AC'U\'f) H01I.'n't'f. fun:her increa~ iD SaCl COfJ«'aD'ahuft CIIISIII 

maC11,,-.tion u(11Ie ~"rnt 

Tbt rntytnC ~ I'd cons!dcn.b~ mKJUIII <,f 1CtJ\11)' tn th~ PftWlla tL 

mo:s! oftbt otPftK 50h~nlJ ~ F~ nabahry ~ (nndudied fOf • penocI 

or (!Qt year tC~lfy 1h8I,t.c m.l)'nIC ~ rd~Jy mb~ f« Ihe- l~'rCl pmod.. 
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The CIlrymc fCCIlncd mOR' thlla 8O"t. 01 lis IIU1W .:u~t)' 1ft 411 tbe 

.,eoc.bum !csWf IDd IDCft thuI QS," a;Il\lC)' UI £be PCCtal('C of unn1 011$ 

Ita It KM blgbcs.t coocaJtratioh tnkd 

COIlDCfCW .JdCfJCl1' ,umpatlbilu) of the ea.tymc tIeSIcd anciKaC\ lb.1I ID 

ID. dctc:rgcDb. CftI)'lIk tt"Samcd nton tlwa 9tJIII .. ~f ac11\11) nc &fkof 3bb of 

Ia::uhitJoa Compar,,",'C of iUbd,ty of F. t:lhutn ~ lad OIM ~i ia the 

C6lJ'l{:) mO'Wftl ..... £. albN", p'OIca.W rctllnr'd muinuI "pear le' acttVtry (oRtplR.'d 

10 0Ihcu after .'0 ID&nuta o( Incub.1Uon. FUMber. ~h ptTformance .... 1)'1115 

coafimv:d the df~c:tI\'mcu of l album protea~ in :mun ~"3t 

Esterase Ictl\'I., or the PM'cone was iu(hcakl.i by ahe deavast or p.. 

Dltrophco)'l den\'l\tiv~!I hkt p-nltroph~nyl butyrate and p-rutrophenyl tltPl")'lo1lc and 

.. -as confirmed by Itll\'lty ~IAllUnlt lbtng wt'tbylumbelllftryl but)Tak 

The ability "r prv1nSre for seJ'lppinJ. Lbc ge'lat,n la)oocr of the X-ray mm for 

Ik re~()vcry or ~ l\-v &om the LIJoCd X ·ray film WoIl also de~tratcd. 

The: ~ults obtamt'd dunftl "'CO 'uu~ ofllll) ~) IIw1l"" .he k. fot 

_ UlliU3hOO u( Ibis I'IW'1nC' fiUlp I' Qlk.~ for ~a.-eUulAr p~ produu~ 

cmp~'lnI IObd stale retmcnt.atioo I hp ptCtduw"~y in wtid lolatt fC1mtn1.ll...-a. 

K1M~ and §bInliry in .Ikalinr pH aDd hip IcUlptntwu.. ck1CI'JC'"U- trducma 

.net ~&dma£ aacnls. mcuJ aom land ... stabJtiry of * c:n.rym.: iIMh"OCMellhe 

poIeutw of ebb ~1nC fOf '· ... IU" ~ttloI.I appUalf()IR Fl,I.nher 1KU\\ty ID the 

preiC'Jk~ of standard (omI1'IC1'C~ .. 1 dcccrgcnb • .,.·tiIl ~c sn.dJ~. ~lt""\e 

..n'1~· aDd tM ablh!)' I4l h~«oI}'SC' \be' p'lanll Layer Cb X-ny film for IM fCW'rry 

pr sil"tT adck ntdcncr 1(' its potftltiaf indmtnal appIICBb,"lD5. To Ill(' bot of our 

Uowlcdgc. ,hiS IS tht rnt repun an alkulint' pf~ I'rudIJC'IOR b) U) marme 
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.unp C\l'«wt), E""''IIIdofIn ..... s:p tba1 has probIINc indll10UUJ IppllQlK& 11 iI 

c;oacluded dui. • SonIk up NUdy on proICaIe JWOdudlon in pilot sale $SF 

bJoOrHClOl. 1iH'IU1d conmbutc .0 Mkal .suam u *C'n as bJaPfocns for _' .... 

Industn.t producticG .. (.tu! tftl)'tIJe and IpJ'Jiatioll an ~ .ndumy ~ iI 

.upIe ~opc for (unhct ra.eMCh in~ipDoa an Ibc biocbnD1wy of.he mzya. 

~tnICt1.ft rJuclddioo .... ~me nt~n"l ~-.rds I •• ~ of furIbIII' 

~Iica"(lns. baJdn. tftItdung W:lmCiru: kuinwledgr oa nw.ne C'RJ'y1TIIt. 
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