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ABSTRACT: We used Three bacterial isolates RSW-8018, RSS-8028 and HFW-9081
isolated from different Egyptian regions which have the ability to grow up to 90°C and produce
thermophilic proteases enzymes. We characterize those isolets Morphologically ,biochemically
and molecularly . Morphological tests showed them as Gram positive, aerobes and endospore
formers. Biochemical tests showed them to be positive for protease and catalase production.
Molecular characterization was done by detection of nucleotide sequencing of 16S rRNA gene
obtained data their identity to be Bacillus amyloliquefaciens, Bacillus cereus and Alcaligenes
faecalis. We tested characteristics of protease enzyme to its response to heat ,PH ,presence
of different metal ions and EDTA.

Our data showed that this enzyme is isolated over a wide range of PH and temperature. Its
activity was slight inhibited by Na+ and Cu+2 and but inhibited by EDTA, Mn+2 , Fe+3 and
Ca+2.

This would facilitate its use in different biotechnological applications.

Key words: Thermostable Protease; Thermophilic Bacteria; 16srRNA; Proteolytic activity.

possibility of microbial contamination Rao et
al., (1998) .

Proteases can be classified as serine
protease (EC3.4.21), cysteine (thiol)
protease (EC3.4.22), aspartic protease
(EC3.4.23) and metallo protease (EC3.4.24)
constitute one of the most important groups
of industrial enzymes Adinarayana et al.,
(2003).

The application of proteases is highly
exploited in food, leather, detergent and
meat tenderization industries. Proteases are
also important tools in studying the structure
of protein and peptides. They can hydrolyze
proteins to short peptides or free amino
acids (Kannan , 2002).

Extracellular protease absorbs and
utilizes hydrolytic products from
proteinaceous substrates Gupta et al., 2002.
Besides that they are also used in

INTRODUCTION

Hyperthermophilic bacteria are Gram-
positive rods with spore former, usually
motile with peritrichious flagella, aerobic,
catalase positive and grow above 60°C Akel
et al, (2009). Protease enzymes have been
isolated and purified from various sources
including, animals, plants, bacteria, fungi
and viruses Patel et al, 2005.
Microorganisms constitute the largest source
of proteases including both intracellular and
extracellular proteases Tari et al., (2006).

Traditional methods for  microbial
identification require the recognition of
differences in growth; enzymatic activity,
morphological and biochemical
characteristics. Full and partial 16SrRNA
gene sequencing methods have emerged as
useful tool for identifying aberrant bacteria
Petit and Vendeamin, (2005).

Thermostable protease enzymes are
useful for numerous industrial processes by
increasing the rate of reaction, giving a
longer half-life to the enzyme and inhibiting
microbial growth which decrease the

pharmaceutical; medical diagnostics; waste
management, lens cleaning, decomposition
of gelatin on X-ray; silver recovery
.furthermore ,they are being used textiles as
a non-hazardous and bio-alternative; easy
control, speed and waste reduction, thus
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being eco-friendly Khan 2013; Pawaw et al.,
2009 and Sathiya (2013). This investigation
aims to isolate thermophilic bacteria from
different regions in Egypt; identifing these
isolates by studying their biochemical
properties 16SrRNA  sequencing and
studying the stability of the thermostable
protease under some environmental
stresses.

MATERIALS AND METHODS

Microorganisms

Two samples of water and one sample of
soil (Red sea and Hamam Freon regions in
Egypt) were collected to isolate thermophilic
bacteria which have the ability to produce
thermostable protease enzymes. Nutrient
agar medium Shiriling and Gottlieb (1966)
was used for isolation and enrichment of the
thermophilic bacteria.

Identification

Sterilized nutrient agar medium was used
to isolate thermosatble isolates RSW-8018,
RSS-8028 and HFW-9081 that used in this
study, at pH 6.8 and incubated at 80°C and
90°C respectively for three days. Pure
isolates were characterized using the criteria
of Bergey's Manual of Systematic
Bacteriology (Brenner et al., 2005). 16S
rRNA genes of the new isolates were
amplified using universall6S rRNA Primers

Bact 27F(5"-
AGAGTTTGATC(A/C)TGGCTCAG-3") and
Bact1492R (5"

TACGG(C/T)TACCTTGTTACGACTT-3).
PCR amplifications were performed on
Thermal Cycler / PCR Model: A100/A200
(Hangzhou Long Gene Scientific
Instruments Co., Ltd) in a final volume of 50
pl, reaction mixture containing 0.5 pM of
each primer, 10 mM of an equimolar dNTPs
mix, 10X PCR buffer supplemented with 20
mM MgCI2, 1.25 U of Taq DNA polymerase
and, as template. DNA sequences of 16S
rDNA were done by Solgent Co., LTD, South
Korea. Oligo (for primer design) was
obtained from Gene Bank Database,
(www.ncbi.nih.nim.gov).

The analysis of the sequences and the
phylogeny tree were done using Blast sites

and phylogeny.fr site.
(http://phylogeny.lirmm.fr/phylo_cqi/index.cqi).

Extraction of thermosatble

proteases enzymes

The isolates were left to grow in a
medium containing: yeast extract 0.5%
(w/v), peptone 1.0% (w/v), glucose 0.5 gl/l,
Na2 HPO4 0.4g/l, Na2 CO3 0.085 g/,
ZnsSO4 0.02g/l, CaCl2 0.02g/l, MgSO4
0.02g/l at 50 °C for 50h, centrifuged at
14000xg for 30 min at 4°C. Enzymes were
assayed for proteolytic activity in triplicated
as described by Huang et al., (2006) using
casein (Hi media India) as a substrate.

Qualitative determination of
proteases activity by casein
digestion:

Strains were inoculated on casein agar
medium containing casein 2.0%; peptone,
0.5% and agar 1.5% and then incubated at
37°C for 24 hours according to Qureshi et
al., (2011).

Determination of total protein and
specific activity

Bacterial total protein was determined by
using diamond total protein kit using Bovine
albumin serum was used to -calculate
specific and total protein activity according to
method of Lowry et al. (1951).

Effect of purification methods on

the stability of protease activity

Purification of the crude enzymes was
done by two steps; First by using saturated
ammonium sulfate solution (80%) was
added the supernatant retained as the
source of extracellular enzyme. After 20 min
with stirring the precipitated was collected
and the pellet suspended in minimum
volume of 50 mM Tris-HCI buffered at pH
7.2 and dialyzed in the same buffer for 24h
at 4°C. Second the dialyzed enzymes were
passed through Sephadex G-100 column
(Fluke, Switzerland; 1.5cm x 27cm)
equilibrated with 50 mM Tris- HCI buffer ,pH
7.2. The flow rate was 0.5 ml min-1 and 3 ml
fractions were collected for further studies
Abeer et al., (2014).
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Effect of temperature

The thermosatble activity was
determined by performing the standard
assay procedure after incubating the
enzymes at temperatures ranged from 45°C-
95°C for 10 min. The residual activity was
done at standard assay conditions Akel et
al., (2009).

Effect of pH

The activity of the protease was
measured at different pH values. The pH
was adjust the following buffers 50mM
sodium acetate (pH 3.8-4.8); 50mM sodium
phosphate (pH 5.0-6.8); Tris-HCI (pH 7.2-
9.0)and 50mM sodium carbonate (pH 9.2-
10.8). The reaction was incubated at 65 °C
for 10 min and the activity of the enzyme
was measured according to Akel et al.,
(2009).

Effect of metal ions

The effect of different metals ions on
protease activity was determined by the
addition of the corresponding ions at a
concentration of 5 mM to the reaction
mixture and the assay was performed under
standard conditions. The tested ions were
included NaCl, CaCl2, MgS04, FeCI3,
MnSO4 and CuS0O4 according to Akel et al.,
(2009).

Effect of different concentration of
EDTA

Purified enzyme preparation was pre
incubated in 50mM Tris-HCI buffer, pH 7.8
containing various EDTA concentrations
(ethylene diamine tetra acetic acid) ranged
from (0 to 15 mM) in the assay crude and
pure enzyme activity was measured at 65°C,
Akel et al., (2009).

RESULTS AND DISCUSSION

Three isolates RSW-8018, RSS-8028
and HFW-9081 were isolated. Proteolytic
activity results in Table (1) presented that
isolate RSS-8028 gave higher enzyme
activity (445.4U/ml) than both isolates RSW-
8018 and HF-9081 which gave 363.4U/ml
and 236.4U/ml respectively. The assay
showed hydrolysis of the substrates as
indicated by no precipitate forming. There
was hydrolysis of the casein protease
substrates to produce tyrosine.

Morphological and physiological
characteristics

Identification of the three thermophilic
isolates RSW -8018, RSS -8028 and HFW -
9081promising for thermostable proteases
production was carried out based on cell
morphology, endospores formation, motility,
growth characteristics and several
biochemical tests. Cultural characterizations
of isolates which showed single white or
creamy colony, they are characteristically
large and vary in shape from circular to
irregular, with entire to undulate, crenate or
fimbriate edges; they have mat or granular
texture sometimes smooth and moist
colonies Fig. (1). Cells showed different
shapes rod-shape cells , long chain |,
endospore-forming chain, ellipsoidal, central
and subterminal spores not swelling the
sporangia Fig (1a,b) with isolates RRS-8028
and RSW-8018 while isolate HFW-9081 the
spores were terminal , subterminal spores
swelling sporangia Fig (1c). Morphological
and biochemical characteristics were carried
out according to Bergey's manual of
systematic bacteriology (Brenner et al,
2005) and are summarized in Table (2).
Bacteria under investigation grow aerobically
at 37°C and can tolerate to grow at 80-90°C.

Table (1): Activity of isolated thermophilic bacteria.

No. Isolate Code Source Activity at 660
(U/ml)
1 RSW -8018 Red sea water 363.4
2 RSS -8028 Red sea soil 445.4
3 HFW -9081 Hamam fareon 236.4
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(B) RSW-8018 ' (A)RSS-8028

(C) HFW-9081
Fig (1): Cultural characterization of the (a, b, c) Isolated thermophilic bacteria staining by
Gram stain.

Table (2): Morphological and biochemical characteristics.

Isolate code RSW-8018 RSS-8028 HFW-9081
Characterization
Cell morphology Bacilli rod-shape long or short
Gram stain | + + | +
Pigmented colonies white to creamy
Motility + + +
Aerobic growth + + +
Anaerobic growth - - -
Catalase test + + +
Acid from D-Glucose + + +
Hydrolysis of casein + + +
Hydrolysis of starch + - -
Salinity tolerance:
NaCl 5% + + +
NaCl 10% + + +
NaCl 20% + - -
Growth at pH 5 + + -
Growth at pH 7 + + +
Growth at pH 9 + + +
Spore forming + + +

not swelling the not swelling the with swelling the

sporangia sporangia sporangia
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Genetic identification by 16S rRNA
Identification of isolates by

16srRNA sequencing

Amplified fragments were sequenced and
total of about 1.3 kb (nucleotide) sequences
were determined. BLAST program was used
for the analysis of the sequence and the
homology search showed that the isolates
HFW-9081, RSW-8018 and RSS-8028 are
relatively close to the bacterial strains A.
faecalis, B amyloliquefaciens and B. cereus
respectively as shown in Table (3). The
biochemical and molecular identification
results of the three Egyptian bacterial
isolates showed that they are 98% similarity
ratios with the B. amyloliquefaciens and B.
cereus and 99% with A. faecalis which was
confirmed by the genetic tree in Figure ( 3).

Determination of protease activity

The new three promising bacterial strains
that producing thermostable protease were
subjected to a screening program in order to
evaluate their proteolytic activities by
measuring the hydrolysis of casein. The
capability of hydrolysis and digestion of
casein agar by forming clear zone were
done by spotting with 10 pl culture and
incubation for 24 hours at 30cc. Results in
Table (4) showed that the widest zone
diameter (3.5, 3.5 and 2.5 cm) were
obtained for RSW-2018, RSS- 8028 and
HFW- 9081therfor they were able to produce
protease enzyme.

Effect of different methods of
purification on the stability of

protease activity
Purification steps were done by two

methods and indicated in Tables (5, 6 and
7). It appears from the obtained data that all
the purified enzymes are predominantly
endopeptidases as they hydrolyzed larger
proteins such as casein and bovine serum
albumin. Ammonium sulphate and
Sephadex methods were enhanced the yield
activity % of strain HFW-9081 (125
and121%) with specific activity 458.9 and
590 in comparison with cell free supernatant
(100%) and 328.3. strains RSS-8028
showed that yield activity was partially
affected by using Ammonium sulphate and
Sephadex which gave 87.6 and 73.2%
respectively mean while specific activity was
higher (325.3 and 362.6) than crude enzyme
(296.9). Yield activity of RSW-8018 was 70.5
and 42.2% while specific activity was 189.9
and 191.7 with Ammonium sulphate and
Sephadex respectively.

Effect of temperature on stability of
protease activity

Results demonstrated that the optimum
temperature for protease activity was 65 °C
where it reached up to 100 % of relative
activity with all strains. Exhibited maximum
activities at 65°C were gradually decreased
up to 95°. The results showed that
proteases have good stability between 45
and 65°C. Protease still had about (66 %)
activity produced by RSS-8028 at 75°C
While 60 and 50 % with strains RSS-8018
and HF-9081. So the protease can be
classified as thermophilic. Data showed that
the protease activity was affected markedly
by the temperature and the enzyme activity
decreased and reached 49, 46 and 26% at
95 °C for the three tested strains (Figure 4).

Table (3): Gene sequencing (16S) rRNA of the three Egyptian bacterial isolate.

Number of
bases with
primers

Samples

Closely related species accessed from Gene Bank

27F 1492R | Identification

Strain Accession
no. no.

Similarity

RSW-8018 | 1243 | 1228

Bacillus amyloliquefaciens | ML361

KC692163 | 98%

RSS-8028 | 1250 | 1177

Bacillus cereus

JY9 HQ833026 | 98%

HFW-9081 | 1258 | 1248

faecalis Alcaligenes

VIT-RAS | KJ437487 | 99%
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Sample A F

1l rrrpaanggot aggtgotata atgoagtoga goggacagat gggagottigo toootgatgr

6l tagocggogga cgggtgagta acacgtgggt ascctgoctg taagactggg ataactoogg
121 gaaaccgggg ctaatacogg atggttgtit gaaccgoatg gttcocagacat aaaaggtgge
181 ticggotace acttacagat ggaccogogg ogoattagot agtitggitggg gtascggotco
241 accaaggoga ogatgogtag cogacctgag Agggtgatog Jocacactgg gactgagaca
301 cggoocagac tootacggga ggcagoagta Jygastotio cgoaAatggac gasagtotga
361 cggagroaacg cogogtgagt gatgaaggit ttoggatogt aaagototgt tgttagggaa
421 gaacaagtge ogttcaaata gggoggoaco tigacggtac ctaaccagaa agoocacggob
451 asctacgtge cagoagooge ggtaatacgt aggtggoaag cgttgtocgg aattattggg
54]1 cgtasagggc togocaggogg TTU ctgatgtgaa agocccoggc tCcaacoggqg
Ell agggtcattg gaaactgggg cagaagagga gagtggaatt ccacgtgtag
66l cggtgaaatg cgtagagatg ccagtggoga aggogactot ctggtoctgta
721 actgacgotg aggagogaas tagataccoct ggtagtooas
761 gocogtaaacg atgagtgota ccttagtgot goagotaacg
641 cattaagcac tocogooctggg gagtacggtc goaagactga aactcaaagqg aattgacggg
501 ggcoocgoaca agoggtggag catgtggttt aattocgaagoc aacgogaaga accttacoag
961 gtctigacat cctctgacaa toctagagat aggacgticocc cticggggygc agagtgacag
1021 guggitgeoaty gtightogtca gotogigtog tgagatgttg ggttaagboo cogoaogagoe
106l goaccnttga tocttagttge cagocattcag ttggraccotc taaggtgact gognracasc
1141 cggagarggt ggggatgacg toarncatcat goococttatg accttgroont accacgnRrinn
1201 tacartrrrr agaacasatgg DOOOIRTAAC IRgOJoTgag TOg

Sample B F
1 grorgggogg cgtgotatac atgoaagtog agogaatgga ttaagagoti gotocttatga

61 agrtagogge gyacgggytga graacacgtg gytaacctgc Coatasgact gggatascto
1z1 cgjgaaacoy gggctaatac cggataacat tttgascogc aAtggttogas attgasaaggo
181 ggocticggoct gtocacttatg gatggaccog ogtogoatia gotagttggt gaggtaacgg
Z41 ctocaccaagg caacgatgog tagoogaccot gagagggtga toggocacac tgggactgag
ol acacqjocca gactootacg ggaggoagoa ttoogoasty gacgasagte
3EL tgacggagca acgococgogtg agtgatgasag cgtasaactc tgtogttagqg
321 gaagaacaag tgctagttga ataagotggo tacctaacca gaaagoccacg
481 gotaactacg tgocagoagc cgoggtaata cgtaggtggc aagogttatc cggaattatt
541 gggogtaaag ogogogocagg tggiitcita agictgatgt gaaagococac ggcocicaacog
E01 tggagggtca ttggaaacig ggagactiiga gigocagaaga ggaaagitgga attcoccatgig
EEL tagoggtgaa atgogtagag atatggagga acaccagtgg cgaaggogac tttotggteot
TZ1 gtaactgaca ctgaggogog aaagocgtggg gagoaaacag gattagatac coctggtagto
TELl cacgoocgtas acgatgagig ctaagtgtta gagggtitoco gooctttagt gotgaagtta
Ba] acgeattaag cactcogoct ggggagtacg googoaagge tgaaactcaa aggaatbgac
Bl gggggoooge acaagoggig gagoatgiggy tttaatioga agoaacgoga agascotitac
EElL caggtottga catcototga cascoctaga Jatagggott Cctgottoggg agcagagTga
1ozl caggtggtgc atgggttgtc gtoagotogt gtogtgagat gttgggttaa gtooocgoacg
igBl agogoaacce ttgatcttag ttgocatcaa tanttggenn totaggbtgac tgooggtnen

1141 agorgagagnr ggggatgacg gtoagateoat catgooctat gactgngeta acacnbgeott
1201 acanrgnrngg tocasagagotg CAJATTITA JRINDRINADNT TOTOTMARDD

Sample C F

i gggcrggogy cagoittaac atgoaagiog aacgyocagog cgagagagcot tgotctothg
E1 geggogagtg gogiacyggt gagtaatata toggascgtg Cocagtagog ggggataact
121 actogasaga grggotaata cogoatacgs COTACOIOOD Aaaggggggg Atcgoasgac
181 ctotoactat tggagoggoc gatatoggat tagotagtig gtggggtaas ggotcaccoaa
z41 ggoaacgatc ogtagotggi tigagaggac gaccagocac actgggactg agacacggoo
3ol cagactocta cgggaggoag cagiggggaa tTtiitggacaa tgggggassc ocitgatooag
36l coatcoogog tgtatgatga aggocttogg Jrtitgtasagt acttttggoa gagaagaass
4zl ggtatcococot aatacgggat actgotgacg Jratctgoag aataagcace ggctaactac
481 gtgoocagoag cogoggtaat acgtagggtg caagogttaa toggaattac tgggogtaan
541 gogtgtgtag goggtitcgga aagaaagaty tgasatccoca gggcicaace tiggaacigo
E0L att aact googagotag agtatgtocag aggggggtag aartocacgt gragoagtga
EEL aatgogtaga taTgtggagg aataccgatg gogasaggoag CoCoCctggga taatactgac
T2l goctoagacat gaaagogtgg ggagcasaca ggattagata coctggtagt cocacgooota
THL aascgatgtca actagcoctgtt ggggoogtta ggocttagta gogoagoctaa ogogtgaagt
B4l tgacogeocty gggagtacgyg togoaagatt aasactcaaa ggaattgacg gggacococgoa
S0l caagoggtgg atgatgtgga ttaaTttogat goascgogas aacottaccot accottgaca
GEL tgtotggasa googaagaga tttggoogtg ctogoaagag aacoggaaca cagtgotgoa
1021 tggctgtcgt cagoctogtgt cgtgagatgt tgggttaagt coocgoaacga gogoaacoct

0Bl tgtcattagrn tgoctacgoaa gagocactcta tgagactgoc ggtgacaace ggagaaggtg

A._faeclis_Egy _Isolate
Alcaligenes_faecalis

wig B._amylolquefaiciens_Egy_Isolate

Bacillus_amyloliquefaciens

M': Bacillus_cereus
B._cereus_Egy_Isolate

0.1606

ns

Fig (3): Phylogenetic tree of the three Egyptian bacterial isolates and the most nearest
relative standerd strains.
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Table (4): Protease activity as reflected by Clear zone diameter.

Isolates code

Crude protease activity

Clear zone diameter (cm)

Alcaligenes faecalis

u/ml
RSW- 8018 363.4 35
Bacillus amyloliquefaciens
RSS - 8028 445.4 35
Bacillus cereus
HF - 9081 236.4 2.5

Table (5): Purification of proteases produced by RSW-8018 Bacillus cereus.

Purification Total Enzyme | Total Specific Purification | Yield (%)
Steps Protein | activity | enzyme activity fold
(Uml-1) | activity (U)
Cell free 2.0 1.011 363.4 181.7 1 100
supernatant
Ammonium 1.35 0.904 256.4 189.9 1.04 70.5
sulfate (80%)
Sephadex G- 0.8 0.801 153.4 191.7 1.1 42.2
100
Table (6): Purification of proteases produced by Bacillus amyloliquefaciens .
Purification Total Enzyme | Total Specific Purification | Yield (%)
Steps Protein | activity |enzyme activity fold
(Uml-1) | activity (U)
Cell free 15 1.093 445.4 296.9 1 100
supernatant
Ammonium 1.2 1.038 390.4 325.3 1.09 87.6
sulfate
(80%)
Sephadex 0.9 0.975 326.4 362.6 1.2 73.2
G-100
Table (7): Purification of proteases produced by Alcaligenes faecalis.
Purification Total Enzyme | Total Specific | Purification Yield (%)
Steps Protein | activity | enzyme activity fold
(Uml-1) | activity
(V)
Cell free 0.72 0.884 236.4 328.3 1 100
supernatant
Ammonium 0.624 0.934 286.4 458.9 1.3 121
sulfate (80%)
Sephadex G- | 0.504 0.945 297.4 590 1.7 125
100
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relative activity
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Effect of temp
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temp

‘—O—Relative activity RSW (%) —=— Relative activit HF (%) Relative activity RSS (%)

Fig (4): Effect of temperature on activity of protease activity.

Effect of pH-values on activity of

protease enzyme

The effect of pH on protease activity and
stability for the three studied strains was
measured at different pH values 3.5, 5, 6, 7,
8 and 9. Maximum enzyme activity was
observed at optimum pH 7 for all strains.
The majority of microorganisms producing
alkaline proteases show optimum growth
and enzyme production under alkaline
conditions (Tsujibo et al.,1990; Dunaevsky
et al.,, 1996). The enzyme activity was
greatly affected by the hydrogen ion
concentration as mentioned in Figure (5)
which showed that the protease remained
active between pH 6 and 7 with maximum
activity at pH 7 (100%). The activity of the
protease began to decrease sharply at pH
values between pH 8 (35, 30 and 3 % ) and
pH 9 then reached to zero level with strain
RSS-8028. Similar results were obtained for
the optimum pH for proteases enzymatic
activity of other Bacillus species: pH 7.5 for
Bacillus subtilis ITBCCB 148 (Akel et
al.,2009), Bacillus sp. HS08 (Huang et al.,
2006) and Bacillus sp. S17110 pH 8.0 for
Bacillus cereus KCTC 3674 (Kim et al.,
2001), Thermophilic  Bacillus  SMIA2
(Nascimento  andbMartins, 2004) and
Bacillus cereus BG1 (Ghorbel-Frikha et al.,
2005). Results presented in this work
indicated that extracellular proteases
produced by Bacillus amyloliquefaciens,

Bacillus cereus and Alcaligenes faecalis can
be separated into neutral protease.

Effect of various metal ions on

activity of protease enzyme

Results in Fig (6) showed that generally
all ions tested decreased the activity than
control values. The most affected proteases
activity was with the strain RSS-8028 in
presence of Mn and Fe and RSw-8018 in
presence of Na and Cu. Variations of
protease activity is very clear between
same types of ions and between different
ions for the same strain. Nascimento and
Martins (2004) reported that protease
produced by Bacillus spp. was enhanced by
metal ions protected the enzyme from
thermal denaturation and maintained its
active conformation at the high temperature.

Effect of different concentrations
of EDTA on activity of protease

enzyme

Results presented in Fig (7) show that
the chelating agent as EDTA affect the
purified protease activity. The relative
activity was around to 100% for (0) mM
EDTA with all strains and total protease
activity was retained up to 98.5% in the
presence of 5mM of EDTA with strain HF-
9081. Our results indicated that the
presence of EDTA had inhibitory effect on
protease activity (Fig. 7 ). But the enzyme
activity retained 50% activity in the presence
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of 5 mM EDTA, with strain HFW-9081
indicating no requirement for metal cofactor.
The stability of the enzyme in presence of
EDTA is advantageous for use of enzyme as
detergent additive. This may be due to the
detergents that contain high amount of

chelating agents which function as water
softeners and also was useed in stain
removal. These agents specifically bind to
and chelate metal ions making them
unavailable in the detergent solution as
(Akel et al, 2009) mentioned.

Effect of PH

120
100 \

80 /

“ - e

)
0 ‘
PH 3.5 PH5 PH6 PH 7 PH 8 PHO
—e— Relative activity HF(%) —=— Relative activity RSW (%) Relative activi ty RSS(%)
Fig (5) Effect of pH-values on activity of protease.
Effect of metal ions

120

100

80 1 [

60 1

40 1 1

"1 “In=el = L

o - m
Control NaCl CuSo4 MnSo4 FeClI3 CaCl2 MgSo4
‘I:l Relative activity HF(%) B Relative activity RSS(%) O Relative activity RSW (%) ‘

Fig (6): Effect of various metal ions on activity of protease.
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Fig (7): Effect of different concentrations of EDTA on protease activity.
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