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ABSTRACT

A proteolytic alkaliphilic bacteria was selected out of the bacterial isolates obtained from
Rifivalley soda lakes. The isolate was obtained {rom lake Chitu water sample. The
organism was Gram variable aerobic, rod shaped spore forming, motile bziclerium_. It has

been identified to belongs to the genus Bacillus.

The growth of the isolate coded as CH-W; was obserycd in the pH and temperature
ranges between 7-11 and 25-40°C respectively. ‘Protease production was observed
shortly after inoculation rcaching to maximum after 48 h. ‘The crude enzyme had a
tempexature optmmm of 55 °C and a pH optimum of 9. The en7ymc was stable in a

broad pH :ange of 8 5-10.5 aﬂer 1 hr incubation at 50 (" It has a haif-hfe of 30 nn,
“at 60°C The en7ymc was’ shghtly activated by CuSO4 Whelc as Ba” Zn+f, Co™,
Hg", Ml ”_,.F ** Na', K'and Ca' hdd e little"or no effcct on the actlvuy of the
. enzyme Thc enzyme was sllongly mhlbxted by ] mM PMSF showmg that 1t belong,s

to the class of serine protease. EDTA at a concentratlon_of 10 mM_ pa_rlxaﬂy mhlblts

the activity. This shows the requirement of Ca** for stability.

The organism was efficient in degrading Nug meal (Guizota Abyssinia) and feather

when used as a sole carbon source,
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. INTRODUCTION

The ability (o utilize proteins as source of = carbon is widely distributed among
different microorganisis. Proteases hydrolyze proteins'to amino acids and peptides.
The actions on proteins occur by addition of water in the peplide linkage, resulting

in protein hydrolysis.

H O H O H O - H O

Il [l Lol N

N-C-C-N-C-C- + H 0 ------ —-N-C-C + H;N-C-C _

R P L BN

HR H R H RO R
Peptide Carboxyl compound. ~ Amino compound.

Protease often secreted as exiracellular enzymes or may occur as intracellular

enzymes (Leuschuer et al. ,1995).

Proteases are the most important group of industrial enzymes and certainly form a
major portion of world wide enzyme sales, As the result there arc a wide variety of
prolease described in literature and available commercially. They are classified into
groups depending on whether they are active under acidic, necutral or alkaline
conditions and on the characteristics of the active site group of the enzyme ( Ward,

1983; Morihara, 1992; Harley ,1968; North, 1982 ) .
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Basced upon the nature of their active center, proteases are categorized as:

1. Serine Proteases; These enzymes are characterized by the presence of a serine

residuc at their active site (Hartley, 1960 ) . Accordingly, they arc inhibited by DFP (
diisopropyl- fluorophosphate) and PMSF (phenyl methyl sulfonyl fluoride) ‘but,
possessing no metal ion requirement, they are resistant to EDTA (Priest, i977) #
They are however, stabilized at a high temperature by Ca**. Scrine proteases

hydrolyze simple terminal esters (analogous to the specific peptide substrates).

O O
1 Il
Ri-C-O~R; + H;O0 --eeeeee- > R=-C  + HO-Ry + I
/ et |
O

Ester L e Acid . Alcohol.

All members of the group may be-classified as endopeptidases since it is-generally -
observed that the cleavage of terminal peptide bond is inhibit‘ed'b_y't'he_pharge on the
amino or carboxyl group.of terminal residue.The alternative name alkaline protease, .

reflects, their high pH' optimumof 9to 11.

. The subtilisins arc a group of alkaline protease originating ﬁ‘om. di_ffcrenl stl-'ains of
Bacillus subtilis or related bacteria. Three enzymes belonging to this were isolated in
pure form from the Carlsberg, NOVO and BPN’ sllraihs of thié (I)'rgar?isn'].( Barel and
Glazer,1968). Analysis of complete amino acid scquence of- .thcsc prbt’eins has

revealed that Carlsberg subtilisin differs from BPN' subtilisin in over 80 positions.



The enzymes obtained from NOVO and BPN’ appear 1o be identical ( Smith, et al.

1968 ).

2) Metal  Proteases ; They are a group of mctallo«cndobcplidase that show
maximal activity at or near neutrality. Mectal proteases have distinct 'diva]cm cations
and senéitivc to metal chelating agents such as EDTA and do -_not possess esterase I_
activity ( Hartely, 1,960). Mectal ions are fequired for _conibn_na.tio-nal 'st;"il-)i.'li_ty of the
énzymc that is the presence of calcium and oliler n}elzilliclliohs greatly stabilize the
'enzymé fr:oin autolysils. EDTA ig a_potent ‘inhibitor of thc enzyme .bc?(;_f.i.ll.l.Sé it
removes the catalytic mlétal ions ﬁ’;).m the enzymé. Bac;'llus ;n.eéazferjmn ( _Miliit:and
'Auber't, .1966., Keay and \\’ildi,_ 1970 .)- , Bacz_’[-_/u.y_i."ze.",n:f-)[)./'o'.le'lo”()'.ti:cs,. Bacillz;s’

polymyxa (Keay et al., 1970) sccrete only the metal proteases.

Hybrid enzyme with characteristic of both the serinc and metal protcasc ( scrine-

metal protease) were reported to be produced by Bacillus lichenifermis and Bacillus

ptdnilus (Vitkoric and Sodoff, 1974).

3) Cysteine Proteases; They contain sulthydryl (SH) groups which are il.ﬂﬁbitc_d by
thiol rcagents , heavy mictal ions and alkylating and 0xi<_Ji'/,ing rcagents. ’l'hcy require
a free sulfhydryl group for their calalytic. activity. Activation is achicved by mild
reducing agents such as cysteine, sulfide, sulfite as well as cyanide. They are
il?hibitcd by various recagents which show a pronouhccd reactivity toward the fiee

sulfhydryl group ( cg. PCMB Todoacetate, H.0,, Heavy metals Hg*, Ag®, Cu+).



Cysleine proteases appear 1o be restricted to the thermophilic. fungi ( Cowan ef al.
1985).

4)Aspartic (Acid) - Proteases, They may be inactivated by alkylation of the

aspartic residucs of the center.Examples are  pepsin and renin (Morihara, 1992).
They are distinguished by their low optimum pH, which may imply a common
mechanism (Hartely, 1960) . The typical inhibitors of aspaitic protease are EPNP (

1,2 -cpoxy-3- (p-nitro phenoxy) propanc and DAN (diazoacetyl -DInoricucine

mcthyl cster).

The catalytic mechanism of a protease is an important consideration in commercial
application Cysteine protcases are susceptible to inhibitionby many reagents,
particularly metal ions, and losc activity by oxidation. Optimal activity is often only
obtained in the presence of reducing agents and such additions are often not
industrially feasible. Neutral mectallo protcascs arc 1'alpid|'y inacli.\'atcd by. the
remQ\(al_ of the catalytic metal ions and thus can not be use_(l in apptica.ti'on, where
chelaling agents arc present. The ._sci'ix-le proteases however are nol.rcladily .inhibited,'
allh(;ugh many arc stabilized by metal ions, and are used ‘in mest cstablished

biolechhblogical applications (Cowan et al. 1985).

Historically proteases have played a very important roie i the processing of natural -
products. For many centuries protease containing cultures, extracts and wastc -
products have been used in such diverse applications as tanning of hides and the .

production of condiment. Today, protcases are probably the most important of the



classes of industrial enzymes, with worldwide sales representing about 60 % of the

{ofal enzyme market (Cowan ¢f al. 1985).

Protcases represent the largest proportion of cnzymes sold in part duc to the large
use of alkaline proteasc in detergents to breakdown proteins, which bind the soil to
fabrics. Therefore alkaline proteases are one of the most important groub of
industrial enzymes (Gonzalez, ef al. 1992 ). They are put to use in detergent, leather

-tanning and food industries (Kelly and Fogarty, 1976; Godfrey and Reichelt, 1985;

Bitinski et al. 1986 ; Hugenoholtz, er al.987; Boven, et al. 1988).

Today a large p1‘01)01110n of detergents in developed nations contaip cnzymes. The
cnzymes . included in- detergents arc ~alkaline proteasces, amyliscs - lipascs and _-
cellqlasésf Earlier protease comaining detergents were us_cc.i._for blcziﬁihg soiled
lalmd.z'y from sla-uglncri}ouscs, ﬁ_sh pr.ocessing indusi_;ieé,- I‘xosp.i'_ltals., ete. All contain
a largﬁ améﬁnt of proteinaceous soil. Iilclusi|01ls:Qf:préicasg -'in_deic__rg;nts-.l-lclp in
' aegrzidinlg the protein ‘z'm(.l grea.tly im;-)rové the clc_:a.:ni.hg 1I)r_o'cess_: .(:S:l'lléxp é_h_d _Muhstcr,_

1986, Kalisz, 1988; Cowan, 1991).

The pH of detergents is in the range of 9 to 11 and mostly used washing temperature
being in the range of 50°C to 60°C. Other components of dctergents include
oxidizing and sequestering agents, ionic- or non ionic surfactants, perfumes and

fragrances, builder and some other components (Barfoed, 1985; Kalisz,1988) .



&

Therefore an ideal detergent enzyme should be stable ai high pH and temperature,

withstand oxidizing and chelating agents, some of which are denaturing to proteins.

'l‘hp alkaline proteasce sublilisin derived from a strain ol Bacillus Iichenll:/brmi.\' and
Buacillus amyloliquifaciens (Tilburg, 1984; Outtrup a;xd Boyce, 1990 ) has been
successfully used for a long time as a detergent additive (Kalisz, 1988) .. This
success has initiated the search for other more efficient enzynies. Hence extensive

screening programs, have been launched for alkaline protease producing alkaliphiles

(Horikoshi, 1990).

An alkaline protease from alkaliphilic Bacillus Sp.22) has been reporied by
Horikoshi (1971) as the first enzyme with an alkaline pH optimum produced by an
alkaliphilic microorganism. The Bacillus strain 221 produces an a}kalin.c prolcase
that has high optimum pH (pH 11.5-12), thermostability at highly alkaline pH, and
stability to detergents. Since this report was published, there have been extensive
studies on the propertics of alkaline proteases {rom other strains. Durham ef al.
(1987) puriﬁed and characterized tw.o types of alkaline proteaseé. from an
alkaliphilie Bacillus 'sp.l strain GX - 6638. Both enzymes showcd good activity in
broad pll range of § to 12 and h;wc a Ilénmcralurc'optimum.df 65"c. Takii ef al
(1990) reported  the produc_l.ion : of alkzlllinc scr-inc prot.c.a.se l)y. Bacillus
alkalophilus,subsp halodurans Kp 1239, The enzyme was 1most ;x_clivc_at_G_OOC and at
pH ll.S.Shiméf;aki et al (199.1) réported lhc.prod'uction of a _'allk-alin_'c i)rolcase by

Bacillus sp. strain y. The optimum pH for the enzyme was in the range of 1010 12.5



with good stability between pl 6.5 and 13, The enzyme was stable in the presence

of different detergent component and has temperaturc optima of 70%.

Anothcr alkalinc proteasc isolated from al_kal_ip.hililc. Slréptomyces sp. Strain YSA- )
130 was reported to have pH and tem.pcra'turc optilﬁa of l-l 5 _a'n.(i.'GOOC re_sp.eclivcly.
(Yum, et al. 1994). Amarc (1997) reported the production of alkaline pro_lez.xse._ by
Bacillus sp. AR-009. The optimum pH for the enzyme activity was. in the range of

9.5-11.5, with good stability in the pH range 5-12. It bas temperature optima of

55°C.,

All of these reports show that alkaline protcase from atkaliphiles have better alkali
resistance than those from neutrophilis, eg. -B,lic'/zéniformi.s'. S:cqucslg:i'ihg agenls are
usually added to complex with calcium and magnesium to avoid precipitation and_
binding lo fzzbrics. (Barfoed, 1985). The addition of sequestering agents in dctcrgcnlé
poses one sérious problem to detergent enzymes. Most alkaline proteases require
calcium for stability. In the presence of these chelating agents the stability of the
enzyme thus becomes a problem, since they precipitate the Ca™ ion. But alkaline
soda lakes are known to have very low calcium councentration (Grant, 1992).
Thcrcfore protcase from organisms isolated in these habitats are cxpected to require

very little or no calcium,

The leather tanning industry is the sccond largest sector utilizing alkaline enzymes
(Godliey and Reichelt etal. 1985; Sharp and Munsler, 1980; Grant er «/.1990). Skin
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(or hide) is composed of three distinet layers; the epidermis, the corium and the
connecelive tissues of the under surface. The epidermis contains the hairs, which are
compo'sed.of keratin and are imbedded to it by hair follicles. The corium 1:eprcsents
the major Iporlion of the skin b.cipg composed of co]lﬁécn fibers. .'I‘.hc corium is
bound to the imller tissue of the anﬁmal by the connective luycrls, which cqnt.a_inl all

the blood vessels for nourishment,

Processing of animal skin (or hide)involves lhlc following proccssc.s i

Soaking; Lcam.er processing industries qually purchase the sk.in 'o.r l-ﬁdc in a dricd
form, through a process called curing. The first step in leather processing is therefore
the rehydration and washing of the cured skin. The traditional process rely on the
use of alkali for swelling. Addition of a small amount of alkaline protease to the
soak liquor at this stage has been found to greatly improve water ulptakc, sho_rtén‘thc
time required for soaking and help to produce skin suitable for 'subécqucnt--

operations (Kalisz, 1988; Grant, efal.1990; Horikoshi, 1990).

Dehairing_and dewooling ; Hair removing is the next step in leather processing,
The oldest method relies on the incubation of the skin in a steam chamber to make
conditions favorable for the natural microflora to act on the hair. This method, in -
addition to being time consuming, has the danger of damaging the collagen fiber by
the bacteria and result unnecessary loss. The dehairing proress was improved by the
usc of very alkaline conditions using hydrated lime and addition of.sodium sulflate.

This method, although very cheap and simple, poscs serious poliution problem duc



lo the formation of noxious gases like hydrogen sulfide in the effluent, thus
necessitaling subscqguent expensive waste treatment operations; The use of alkaline
proteases has been shown to greatly improve the dehairing process (Kalisz, 1988;
Horikoshi, 1990). Enzymes help (o remove the hair from the root rather than falling
off from the surface. Dewooling is done by applying pz;int at the flesh side of the
skin and - incubating overnight at 20 - 30°C. The dewooling paint'is composed of__‘
hydrated lime , sodiumchloride , and pi’otcolytic enzymes . The alk.a]_inc IprOllascs arc

the most preferred at this stage, thogh strict control on the proteolytic activity is

needed (icpénding on the type of dewooling (Godt’céry and Reichelt ,.1985.),,

Bating; the plu{pose of this step is to de-lime and de- Isw-cli tllé co_'l-lagch.'_(_)_f tlhc s.kin, ‘
and to partially degrade the protein so as to makc it soft, supple ahld. z;bic to accept an -
even dye and demonstrate the grain in an acceptable manner, In the old d__ays bating -
was based on the use of bacterial protease from bird and dog feaces, Today animal
derived protease and microbial alkaline protcase from strains of Bacillus are used,
oflen in combined preparation (Godfery and Rcichcl.; 1985; K;a-lisz, 1988).Fibrous
proteins, such as horn, fcather, nail and hair are abundant and avai_lablc asll wz_lslc.
All of these proteins have a great potential as source of food ‘and / or fe_ed after
partial or complicte proteolytic hydrolysis. Alkaline proteases have also been used
for the production of protein hydrolysate from oil meals, fish waste, blood and
several other proteins for the products that serve as food orlfced (Cowan 1985;

Dalev , 1990; Dalev and Simcanova, 1992).



Feather waste, generated in large quantities as a by-product of commercial poultry is
necarly pur':c keratin protein, Because of a high degree of cross linking by eystine
disulfide bonds, hydrogen bonding, and hyvdrophobic interactions, keratin is
insoluble and not degradable by protecolylic enzymes, such as trypsin, pepsin and
papain (Goddard and Michnelis, 1934; Harap and \V()O(Is,'l‘)64). Despite the
unusual stability of keratin, feathers do not accumulate in nalﬁi‘é._ Kc_i‘al_inoly,tio
activity has been reported for species of Aspérgil!z(?; Ctenomyces; and ‘S'rr'e})tomyces.
( Noval and Nickerson, 1959; Sen et al., 1959).Currently, feather \i'qste is-ulilizéd on
a limited basis as a dictary protein supplement for animal f‘oodsl_ﬁffs. Prior to be.ing
used, the [eather is stcam pressure cooked or chemically treated to make it mbrc
digestible. This treatment processes require signtlicant energy and also dcélroy

certain amino acids ( Papadopoulos, 1985).

Biodegradation by microorganisms posscssing keratinolytic activity represents an
alternative method to improve the nutritional value of feather waste. Alkaliphilic
bacterial strains which grow on feather as the sole source of carbon and nitrogen
have been reported (Xiang ef al., 1992; Williams, et al., 1989; 1990). The enzyme
from feather grown strains may find other applications such as in the de_lcrgent

industry, thus making the over all enzyme production proccss cheaper.

The use of Tow cost growth substrate for the production of industrial enzymes is
cxpected lo greatly reduce the production cost. This is important for alkaline
proteases, which account for over 25% of the total industrial enzyme marker. Oil

10



sced meals, which are byproducts of oil extraction are potentially uscful low cost

substrate for the production of different enzymes (Gattinger et al., 1990; Bautista ef

al., 1990).

New proléascs arc constantly being isola_tcd. Although almost all lprs_bfprotcasc
have some potential application, one of the rea§01ls' that mos( are mot even
cdnéidered for commercial use is-. that any possible ad_\'antaggs are heavily out
weightéd_ by the necessary develop'ment' costs. Even some \y.hich.,éeem' to.l have
subéta'nti.al advantage-s' (ég. the alk;zi_iiplii-lic_ protcéée) have. 1};)"{ yc_'t_' f_o_und great
commercial acceptance (Cowan e:.al.., 1985). N

A fau‘gé proportion of the commcx:ciul alkaline protcases _is' obtained ﬁbm
neutralophilic Bacillus species. Since the carly- 1970’s many protease producing
alkaliphiles have bccn. reported from many laboratories (Horikoshi and AkiBa, }I982;
Outtrup and Boyee, 1990). A number of studies on microbial alké_lincl pfolcasc have
been donc in view oflstructure_ function relationships and industrial appli'catiqns.
Among them, alkaline protcascs. derived from alkalophilic Bacilli ( Horikoshi, 1971;
Durham er «l. ,1987;, Manachini et «l., 1988; Takali er al., l989)_, Streptomyces
(Nakanishi and Yamato, 1974) and fungi (Sangita et a!.,l 1993) ‘, are known fo be
active and stable in highly alkaline conditions . They have drawn the attention of
many researchers to their industrial use, especially as laundry additives and to the
fundamental questions why these protease are so active and stablc under extreme
conditions. However, most alkaliphiles known were isolated from ncutral soil. But

11



naturally occurring alkaline environments, such as those found in the East African
Rift valley, offer tremendous potential for the isolation of new microbial strains

producing novel proteases of potential industrial importance. Such habitats arc
uniformly alkaline and organisms living there are adapted to live at alkaline
conditions. To date few attempts have been made on the isolation of proteolytic
alkaliphiles from these habitats in our country. Therefore the objectives of this study
were

1) To isolate and characterize alkaline protease producing alka]iﬁhilic bacteria fron.n
Rift Valley soda lakes.

2) To 01-)l-ilmize cullivation co'.nd_i-tions for optimum ellzyﬁle prbd_uction; anc}_

3) To characterize the crude enzyme(s) and cvaluate their potenfial 'applications.'



Il. Materials and Methods

1.Isolation and screening

Samples of water and soil collected from lake Chitu, Shalla and Abjzltil were
inoculated into 250 ml flasks containing 58 mi sterile nutrient broth supplemented

with 0.5% cascin and 4% Na,CO;. The flasks were incubated at 37°C in an orbital

incubator shaker for 24 h with the shaking rate of 180 rpm.

A loopful from each of these cultures was spread on casein and NagCOJI containing
nutrient agar plates and incubated at 37°C until pure colonies were observed. After
24 h pwre colonies were picked and transferred to’ fresh _nutrient agar plales
(supblenwntcd with 0.5% casein), The purity of the isola(c; was asccrtztii:l.ed through -
repeated st-rcakiug. Detection of i)roteésc producing btltcltcx'iz£' on ;l p]a.tc were calrricd
out by flooding the ;;IZIICS with -satlu_ralcd solulion-of.(_N!-llt);_SQ{,-. 'l‘i]c_i_)_uqlcria,
-wlhich gavc the largest zone of C'Ie_ar_ing around the-colo'ny, wéré. selected for further

investigation,.

2.The organism and growth condition

Stock culture of the selected isolate was maintained at room temperature on nuirient

agar slants supplemented with 1% cascin and transferred to fresh medium every two

13



weeks. The medium used for growth and enzyme production was composed of
(g/ml) 0.5% casein, 0.2% peptone, 0.1% Ko2HPO,, 0.5% NaCl, 0.02 MgSO,. 71,0,
0.01% CaCl, ,1% traces and 4% Na,COj3. Sodium carbonate was sterilized separately
and added to the rest of medium after cooling. Onc hundred milliliters of the abovc.
medium in 500 ml baffled flasks was inoculated with 5 mi of inoculum culture
grown in the same medium for 24 hr, and incubated at 35°C with rotary sﬁaking.
After 48h. the culture was harvested and centrifuged. The cell lree culture
supernatant was used as crude enzyme preparation (o guantify the protease activily

and to study properties of the enzyme.,
3.Characterization of the isolate

Biochemical and morphological characterizations such as Gram reaction, cell shape
and size, spore shape and location, catalase  production cle. were carricd out
following procedures described by Claus and Berkeley ( 1986) to identify the isolate

to the gcnins level.
4.Enzyme assay

Protease activity was ﬁleasurcd using cascin as substrate, To 1 mi of 2% cascin in 50
mM glycine/NaOH bLiﬂ‘el', pH.10, 1 ml 1:5 diluted crude enzyme was added and
incubated at 50°C for 20 min. Aﬂcx-‘ 20 min the rcaction was lcrmi'nalcld by adding 2
ml ol 10% TCA solution and centrifuged at 5000g for 10 mu To 0.5 mll.of
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supernalant 2.5 ml of 0.5 M sodium carbonate was added, followed by 0.5 mi, 1:10
diluted Pheno! reagent. After 30-min incubation at room temperature, absorbency
was measured spectrophotometricatly at 660 nm against an appropriate reagent
blank using spectronic 1001 spectrophotometer. One unit of protease, aclivity was
defined as the amount of crude cnzyme which r_elcased 1 mg of amino acid

cquivalent (o tyrosine per min, under the above assay condition.

5.Growth and protease production

One hundred mi of the basal medium was inoculated with 4 ml of an overnight
culture. Cultures werce shaken at 110 rpm in an orbital shaker at 35°C. Biomass was
determined by measuring optical density (OD) al_GOIO nm using spectronic lOOl_
spectrophotometer (Miltonroy Comp. UK) .The pH of the culture was determined
using corning pH meter (England). ,Tim_e course .of growth gnd enz-yl.n'c progluctim;

studies were made by withdrawing samples at intervals of 6 h aseptically.

6. Effect of pH on growth

The optimum pH for growth was determined by adjusting the pH values of the
nutrient broth supplemented with 0.5 casein and 4% Na,COj at an interval of 1 from

pH 710 12.



7. Effect of temperature on grth_h’

The effect of temperature on the growth was determined by incubating cultures at 25-
-40%. Biomass was cstimated by measuring the absorbance or turbidity of the

growth medium at 600nm, afler a specified incubation period.
8.Growth and protease production using natural substrate

To cxamine the potential uses of the organisms and/or their enzymes, ]gm dry
weight of feather or nug was introduced to separale ﬂésks of the Basal.mcdium_
instead of casein and autoclaved. Aﬂc; adjusting the final pH of _thc mcdium to 10, a
standard inoculum of cells was inoculated to these flasks and the ﬂasks were
incubaled at 35°C. After 48 h the culture was harvested and assay was carried out by

the standard assay procedure,
9.Study of conditions on enzyme’s activity

9.1. Effect of temperature on enzyme’s activity

The temperature profile of the isolate’s protcase was determined by assaying

enzyme activily at different temperature (between 30-70°C).

9.2, Effect of temperature on enzyme’s stability -



The temperature stability of the enzyme was tested by incubating the cnzymé at
60°C for 5 h in the presence or absence of S mM Ca'* and 10 mM EDTA. Residual

aclivity was mecasured at an interval of 30 min.

9.3. Effect of assay pH on enzyme’s activity

The pH profilc of the enzyme was delermined by assaying the enzyme aclivity at.
different pH values using different buffers of varying pH values. The buffers used
were acclate (pH 4-6), phosphate (pH. 6-8), Tris/HCI (pH 7.5-9) and Glyciné/ NaOH

(pH 8.5-12).

9.4. Effcct of pH on enzyme’s stahility

The pl stabilitics were determined by measuring relative activity alter incubation of

proteases for 30 min. at 50°C in buffers described in 9.3.

9.5 Effect of inhibitors on enzyme’s activity
The cftect of inhibitors on activity of the CH-W1 protcase was tested by incubaling

the enzyme with different inhibitors at 30” C for 1 h. Then, residual activity was

measured following the standard assay procedure.
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9.0. Effect of cations on enzyme’s aétivity

The effect of different metal ions on the activity of the CH~W] protcase was tested
 using assay mixture containing 5-mM of 'differexltf__ioxlé.. The residual activity was

assayed at 50°C.



ill. Results

1. Isolation and screening

A total of 200 strains were isolated from samples collected 01;l Qf \yhich 22 were
proteolytic. From 22 proteolytic isolates 14 were found i)e protease positi\{.e on agar
plate. Allhong these three isolates whi@h had shown wider 6!earing zone were
seleqtc-d and tested I-‘or prolcase j)-x'oclucli_on in liquid medium, On the b.usi's of high
p-roduc_tiv_ily and better pH and témpe_fature stabilit}_,f, one isoiélg coded as CH~W;

from lake Chitu water sample; was selected for further study.
2.Characterization of the isolate.

Isolate CH-W; was Gram variable, aerobic rod with a terminal endospore, cells in

single or two to three cells chain motile and catalase positive.
3.Growth and proteasc production

The isolate CH-W1 was a slow grower reaching to a stationary phase around 42 h.
The pll of the culture dropped from 10.95 to 8.93 within 12 h, and after 18 h, it

began to rise up. Protease production was detected shortly after inoculation (at 6 h))

and rcached to maximum afler 48 h, (Fig 1).
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The temperature profile of CH-W; protease was determined by assaying enzyme

activity at different temperature. Enzyme activity was detectable between 30 to

0 . ..
70°C. However, maximum activity was observed when the enzyme was assayed at

55°C. (Fig 2).
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Fig. 2 Temperature profile of CH-W, protease activity on casein

5. Temperature stability of CH-W1 protease

The temperature stability of the enzyme was {ested by incubating the enzyme at _

60°C for 5 h. in the presence or abscrice of 5 mM Ca™ ﬂ;ld 10 mM I“DIA Residual
activity waé measured at an ilﬁtCWﬁl_ of 30 _min at. GOOC; In lhc::_ébselhcgi of éa”jihcj:
enzyme lost 50%, 80% of ilé origi.nal z\clivi'l'y after 30 min and l. h incubation at
6000;. and pH 10.0 respectively. However in the presence of Ca*™ it lost '40%, 50%,

and 60% of its original activity after 30 min, 1 h and 5 h. incubation -at 60°C
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respeetively. fn the presence of EDTA, the enzyme lest 85% of its original activity

right afler 30 min of incubation (Fig 3 ).
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Fig. 3 Temperature stability of the CH-W, protease in the pxesence and absence of
SmM C'llcmm and 10 mM EDTA assayed at 60°C.

6.The effect of pH on protezise :activizty |

Dilferent buffers of 0.1M were used to determine the pH profile of the cnzynie (Fig

4) . Activity though minimal was present at pH between 4 and 12 with the peak at

pil 9.0.
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7. The effect of pH on enzyme activity

The pH stability was determined after pre incubation of the protecase for 30 min at
50°C in the buffers described carlier. As presented in Fig 5, over 80% of the initial

enzyme activity was retained in the pH range 7.5-10.5.
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Fig.5 The pH stability of CH-W, protease incubated at 50°C for 30 min. in bx_ll'ffers -
Acetate ( pH 4-6) phosphate ( pH 6-8) Tris/HCl (pH 7.5-9)Glycine /NaOH (pH 8-12) -
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8. Effect of cations on enzyme’s activity

Effccts of different metal ions on protease activily were tested using assay mixture
containing S mM of different ions. At 5 mM concentration CuSQy4 was slightly

stimulatory where as the rest of the metalic ions had no significant cffect_oh activity

of the CH-W1 protease (Table 1).

Table 1- Effect of different metal ions on activity of the CH-W1 protease in -

concentration of 5 mM of each cations.

lons ~_Activity (%)
None; ' 100
CaCl, 59.4
BaCl, 88.9
ZnCl, 89.9
CoCl, : 83.4
MgCl, 81.5
MnCl, 72.06
FeCly 75.9
CuSOy 107.5
NaCl 72.83
KCl 84.3
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9, Effect of inhibitors on protease activity

The effect of inhibitors was tested by incubating the enzyme with different inhibitors:
at 30°C for 1 h 10 mM EDTA and ImM PMSF were found to inhibit activity while

addition of other inhibitors had little or no effect (Tablc 2) .

Table 2- Effect of Different inhibitors on CH-\V, protease

Inhibitor Concentration Residual
activity
(mM) (%)

Nonc o 100
EDTA 10 48
Todo acetamide 10 93.6
PMSF 1 304
P.CMBA 10 79.2
1:10 phenanthroline 10 | 93.2
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10.Natural substrate degradation

The proleas:e from the isolate was capable of degrading feather and Nug (Tabl__é 3)

Table 3 Activity of protcasc of the CH-W1 on natural substrate. .

i Fep -
~¢ Feather 1.157 1. 052
Nugmeal| 1369 1299
e ~ j" : ___—~~—‘-— . _ LI P




IV. Discussion

The isolatc was acrobic, Gram variable, tcnninal. endospore fprm_in_g, cét_alase
positive motile, and rod-shaped bac_lerium. On the basis of these .p.lropelrt'ic-s -itl ‘was
classiﬁqd as a strain of the genus Bacillus (Claus and IBcrkqu:,"_lé).:8’6).'-”l:‘hc _jsolatc -
\.\.ras gi-olwll_l at a pH range of 7 to 11. This suggests tllmt itis alkal_ii)hilié' Ba':c.illlz-ks_. Th_is; :
range \\Ifas similar to other Bacillus speciés that ha_s- been isolat_ed. \_Vhiéh -.is fr_OIﬁ pH

5-10.5 (Pricst, 1977).

The optimum rate of growth in nutrient broth occurred at temperature near 40°C. No
o . o M > N £ Y ". 4 H : N ’ H H
growlh occurred at temperature in excess ol 45°c. This implics that the isolate is

mesophjilic.

The growth study of this organism has shown that it entered to stationary phase
around 42 h (Fig 1 ). This indicate that Bacillus sp. CH-W, is a sIoQ_groiving
organisms. There is no measurable decline in the OD of the culture C\’Cl-l afler 48 h.
This diécrepancy may be due to i. Accumulation of spores, which can diffract light

and possibly increasc OD reading. ii. Evaporation of liquid component of the culturc

and / or tii. Interlference of dead cells in the OD measurcment.

The pH of the culture dropped from 10.95 to 8.93 within 12 h (Fig 1). This drop in

pH might be duc to formation of acids like formic acid at the carly stage of
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fermentation. The pH rise after 18 h may be accounted to ammonification and cell

autolysis as described by Mao, er al. (1992) and Gabriele e ¢f. (1991).

T'here was little formation of protcasc during the carlier exponential phase. A rap_id
increasc in proteasc activity began at the middle stage of cxponcnltial growth (o
stationary phase. Protease production by the isolate indicates low rate -of_secretion
during active growth followed by increased synthesis-_in the _latc exponential and
stationary phases of growth (Fig. 1). Schacffer (1969) has report‘ed‘.t'hé maximum -
synthesis of cglracc)lular cnzymes hormally to oceur before qu.rulla_li‘-o'n.,i_n lh_é late
CX[)O!le;ltial and early stationary phase of growth. Simifar ob.scrval_'ions_.- \;\(ere élllso
reporteld for other strains of Bacillus (Mao. et al, 1992; Ataio 'and': Géshc’,_'-1993;

Maclarlane and Macfarlanc 1992; Amare, 1997).

The production of extracclular protcase by exponcntial phase cultures indicaic that
the enzymes have an important nutritional func-tion, in makiﬁé pe])ti_desl'énld amino
acids available for grolwth (Priest, 1977; Macfarlane and Macfarléne, 1992). On the
other hand the production of extracellular protease during the s(alionary ]I)HZISC is
correlated with the onset of a high rate of protein tunl‘:.ovcr( Mandgjsta_ni, 1960;
Munro, 1961) and of sporulation in certain bacilli (Bernlohr, 1964; Levisonhn and
Aronson, 1967). During sporulation in the absence of cxogenous nutrichts, it is
asswmed that the turnover of vegetative cell proteins provides sufficient quantitics of

the frcc amino acids for the biosyntheses of spore proteins (Bernlohr, 1967).

29



The regulation of exoprotein synthesis in the genus Bacillus has been extensively
studicd (Ulrich et al., 1991; Gabricle e «l., 199]; Bernlohr, 1964). Although the
exact molccular mechanisms of regulation have not yet been clarified, it has been
shown that the biosynthesis of alkaline scrine protease is dependent on the growth
rate of the culture and concentration of nitrogen and carbon sources in the medium
(McConn et al., 1964; Doi, 1972; Hecincken and O’connor, 1972; Hanlon and

Hodges, 1982; Frankena et al., 1986; Ulrich et al., 1991 Gabricle, 1994;).

The temperature optimum (55°C) for the activity of CH-W, pro_l.casc_(Fig 2) is
comparable to protease {from Bacillus thermoruber ( Manachini\let. al. 1988) ,
Bacillus liélzeniformis (Keay er al. 1970; Zudiweg ef ¢l 1972 ). Atalo and Gashe
(1993) and Amarc (1997) have described protease from Bacillus sp. 'f’()Ol_l\ and AR
609, isolated from Wendo-Genet ‘hot spring and Lake /\rcnguz\d_c' r_cspcct_ivcly,

producing maximum activity at 55°C.

At present, there is considerable interest, in the identification of alkaline ])rotéase,
which are effective as detergent enzymes when used at lower rather than at elevated
temperature. This is essentially duc to the energy cost involved in heating the water
for washing, In developing countrics like India, detergents are commonly- used at
room lemperature (Sanigata, e al. 1993). Another deriving force for low
tempecature washing is the development of synthetic and semi- S)’lll]]C(iC'filBriCS that

neced 1o be washed only at low temperaturc (Kalisz, 1988; Grant and Horikoshli,



1992). Hence, the protease of CH-Wcould be promising for this application in spite

ol its being less heat stable

‘The observed cffect of temperature on the cnzyme activity might be related 1o the
disturbance ol the molecular structure (conformation) of the protein, which resulted

to loss or decreased biological activity (Veronsc, e al, 1974).

The strain CH-W, has a half- life of 30 min at 60°C without calcium and half-life of
I hr at 60°C in the presence of Ca*™. The half-life of the isolate was greater than that
ol Bacillus subtilis rcp.ortcd by Cowan and co-workers (1985), which was 10 miﬁ at
60°C. But the current protease resembles prolcasc from B, lichineformis (half-lifc of

S0 min at ()SOC) (Keay et «l, 1970; Zudiweg et «l, 1972).

The slabi_lizzuion of proteins against thermal (lcnallll‘illi-(.)n is generally conférrc_d by
srﬁall changes in the aminoacid sequencces. Such changes can af fect slébi]itlyl, without
any obyious structural alternation, by giving rise to the rclati\_"clyf .:.;mzili .numbcr of
additio;_mll inlramolecﬁlar interactions. In proteases specific bin’ding_of.melal ion; "

(particularly of calcium) further enhances molecular stability (Cowan, é!al, 1985).

Calcium was found 1o be important for ecnzyme stability. The requirement of the
proteasc for Ca"" was reflected in a decrease in activity, when the chelating agent 10
mM EDTA was used ( Fig 3 ). Many studies indicate that calcium ions are required

to keep the enzyme in a conformation necessary for its catalytic functions.
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The elevation of optimum temperature and heat stability in the presence of Ca’* is a
general aspect of alkaline proteases (Horikoshi, 1971; Kelly and Fogarly, 19706;

Strongin et al., 1979; Manachine, 1988; Takami, ef al., 1939;).

The protease of the isolate has optimum pH of 9 and there is rapid decline above and
below this pH value (Fig. 4). The pH profile of the enzyme showed the presence of
alkaline protease. The alkaline protcase of B. subtilis showed optimum activity
between pH 8-10, while the neutral protcase showed a single peak around pH-7
(Millet, 1970). The pH range of activity of the isolate protcascs (4-12) coincides
with other alkaline protcase. The pH range for alkaline proteasc is said to fall

between these ranges (Cowan and Danicel, 1982).

From the alkaline protease, the proteasc of CHWI resembled subtilisin A} of B.
licheniformis (Kacy et ul, 1970; Zudiweg et al, 1972), protcascs of B.thuringienisis

(Kuniatale, et al., 1989) and B. thermoruber ( Manachini et al., 1988.) All have an

optimum j)H valuc 0f 9.0.

The pH profile of the isolate’s protease was fairly broad. This broad profile may
reflect the conformational change of the substrate at high pH (Taguéhi, el al., 1983).
Extreme pH tends to throw a high net charge on the prolcin," that \\_fill lead to

repulsion between various parts of the molecule and might casily lead to expansion”

(unfolding) (Levisohn and Aronson, 1967).
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The pH of the assay condition and the buffers used secn.i to have influenced the
activitics of the enzymes (Hwang and Hscu, 1980) . The buffcrs might have
hindered the reaction products for the rcasons like insolubiliiy of Substrzlxtes,
unfavorable thermodynamic equilibrium, difficult produet recovery, ete (McConn ef
al., l964;Ban‘65, et al., 1992). A different result could have been obscrvcci if organic

solvent and purificd enzyme were used (Janssen, et af, 1991).

The protease from the isolatc maintained more than 80% of its peak activity in the
pH range of 7.5-11.0 afler incubation for 30 min at 50°C (Fig 5). This implics that

the study organism appears to be alkaliphilic.

According to McDonaled and Chambers (1966) protease from alkaliphiles arc
generally stable in the high alkaline regions, but they are not very stable to heat,
Almost 100% of the enzyme’s original activity were retained in the pl range 8-10.
Amare (1997) has also described a protease from AR 009 showing good stability
and activily in this range. The protease produced by different Bacillus species, vary
not onliy in type but also in the pH and temperature necessary for optimal activity

(Pricst, 1977). The ambicnt pH and temperature for optimal activity and stability of
our isolatc is as comparable to the subtilisin Ay of B..Iichen{[on'r-ai.s', which had the
optimum pH of 9 and temperature of 60_°C (Keay, er al, 1970, Zudiweg et al; 1972).

It has half-lifc of 50 min at 65°C,
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With a very [ew exceptions, the extraccllular proteases of the genus Bacillus a-rc
cither scrine or metal enzymes (Priest, 1977). The protecasc of CH-W, is a serine
proteasc as its activity is strongly inhibited by 1 mM PMSF'( Morihara, 1974, 1992
). As with most proteases the stability is reduced in the absence of Ca'', which
probably explains the slight inhibition, obscrved in the presence of 10 mM EDTA.
The concentrations of inhibitors used were in excess of the amount usually used
(Table 2). Bacillus-derived alkaline proteases reported so far belong to the class of
serine protease (Horikoshi and Akiba, 1982, Kalisz, 1988). Generally, the serine
protease are not inhibited by metal chelating agents: however ﬂ.lch ad‘é cxam[-)lcs of

serine protease that are affected by EDTA (Kato, et al.. 1974;Gnosspetius, 1978;

Strongin et al., 1979; lzstova et al., 1983).

The metal ions tested so far did not greatly affect the enzyme activity (Table 1 ).
However Cu "' slightly enhanced the activity, whercas Ca *' al the same
“concentration showed a less positive effect. Berhlohr (1964) reported lack of
inhibition of gross proteolysis by Bacillus licheniformis protcasc with Cu ™, Hg v
and Zn ' ijons. This data suggest that the enzyme does not require metal co-factors
and that it does not contain an essential sulfhydryl group. At the assay temperature
(50°C) addition of 5 mM Ca '" had no cffect on protease aclivity i.c. llhc enzyme
docs not require Ca " for activation, This property is advantageous to be used as the
detergent enzyme, since it would not required Ca™ for activation, which may

precipitate by sequestering agents of the detergent additives.

34



Larger scale commercial producers use such cheaper natural nutrient.-sources which
usually have high C: N ratios. This may be especially important in ‘developing
countries where the cost of the enzyme could be a factor limiting the industrial

application of alkaline prolcascs.

The isolale grows well on feather and Nug meal as the primary organic substrate for
supplying carbon, nitrogen and energy. About 30-40% of the productioﬁ cost of
many industrial enzymes is estimated to be accounted for by the coét of the growth
substrale (Hinman, 1994). Since feather and Nug mcalsg are chcap"and rcadily
available substrates, their use for the production of alka]inc_ proteallsc may
substantially lower the production cost of the 'cn'/.ymc. Ih Ethiopia’ Nug seed
production is estimated to be over 45,000 tons (Central Statistics /\u-lhorily, 1995).
Most of the produce is used locally for oil extraction while the left over could serve

as a substrate for the growth of such organisms,

The protease produced by CH-W,; showed propertics that make it suitable for a
number of applications such as in leather tanning, and detergent additive for low
{cmperature \vashing. On the other, hand the ability of the isolate to produce the
cnzyme on a low cost substrates, Nug mcal and feather could greatly reduce the

production cost of the enzyme.
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