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ABSTRACT

Microbial proteases are important group of enzyntiest are widely used in pharmaceutical, food agticte
industries and bioremediation process. Presentystithed to isolate a new source of protease prody&acillus
and increase the enzyme produced by optimizatiGomwie culture conditions. Obtained results revedbed out of
153 bacterial isolates, only 30 of them were praiany identified as Bacillus sp.. Bacillus S6-3 whe most potent
isolate in protease production, which identified asstrain of Bacillus cereus according to its cudtuand
morphological characteristics, 16S rRNA gene seqegsmlso confirmed the identification. To incretts® protease
yield from Bacillus cereus S6-3, some nutritioreduirements (skim milk concentration, type of swagad KHPO,
concentration) and some environmental conditiontd [(gvel, incubation temperature degree and inocukine)
were investigated. Obtained results showed thabfitenum parameters for maximum protease produdB@7.32
U/ml) by Bacillus cereus S6-@ere 6.0 g/L skim milk,10.0 g/L fructose, 0.5 ghHRO,, 1.0 g/L yeast extract, 1.0
g/L MgS0O4. 7H20, 5.0 g/L KCI, 0.2 g/L CaRH,0, and 5.0 g/L NacCl, initial pH level 6.0, incubatitemperature
37°C, inoculum size (0.5%) and incubation period 48h.

Key words: Bacillus, protease, optimization, nutritional requiremeetsyironmental conditions.

INTRODUCTION

Proteases are a group of enzymes, whose catalytition is to hydrolyze peptide bonds of proteind hreak them
down into polypeptides or free amino acids. Thegstibute 59% of the global market of industrial ymes[1].
Among the various proteases, microbial proteases important group of enzymes that widely used in
pharmaceutical, food, agriculture, detergent, legttextile industries and bioremediation prod@ss, 4, 5]

Protease is produced by a wide range of microosgasiincluding bacteria, molds and yeasts. In biacténis
enzyme is produced mainly by many members belonginggenusBacillus especially, B. licheniformis, B.
horikoshii, B. sphaericusB. furmis, B. alcalophilus, B. cereahd B. subtilis[6, 7]. Production of protease by
different microorganisms is influenced by many paeters such as; type and concentration of carbtmogen &
phosphorus, pH level, incubation temperature degneeulum size and incubation perifg] 9, 10, 11, 12, 13, 14].
Current study was designed to isolate a new soafcprotease producin®acillus and increase the enzyme
produced by investigation of some nutritional regoients and environmental conditions.
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MATERIALS AND METHODS

Isolation and screening of protease producingacillus

Soil samples were collected in sterile polyethyldags from different agricultural areas of Sharevernorate,
Egypt. Serial dilution of the samples in steriléirsasolution (0.9% NaCl) were made up to 1X-ml, then 1 ml
of each diluent was spread on the surface steutiéemt agar plates and incubated for 48 h &€ 3After incubation,
Bacillus isolates were initially identified by Gram and Maehite green staining, then, picked up and puribigd
striking on sterile nutrient agar plates and in¢abdor 48 h at 3. Bacillusisolates with different morphological
characteristics were selected, cultivated againstemile skim milk agar plates and incubated under same
previous conditions. After incubation, the most gmitBacillus isolates in proteolytic activity (based on zone
diameter around the colony) were selected for tissaquent studies.

Production of protease in different broth media

Preparation of Bacillus inoculum

A loopful from fresh culture of each testBdcillusisolates was separately transferred into 20mlttdst containing
5ml sterile nutrient broth medium and incubate@&tC for 24h. After growth, each tested culture wastiifiged
at 5000rpm for 15 min, then, the supernatant diexhrand the bacterial precipitate was suspenddd Svinl of
sterile saline solution and used as an inoculumddrstion of protease by differeBacillusisolates growing in three
different broth media (suggested @b, 16, 17]was studied to select the most potBatillus isolate and most
suitable medium for maximum protease productiore $tudy was carried out for each tedBadillus by using 1ml
inoculum /100ml of sterile tested medium and in¢etiaat 37°C for 48h. After incubation, cultures of each tdste
strain were centrifuged at 5000 rpm for 15 min %@.4The amount of extraculler protease was detemhineell-
free supernatant of test&acillusculture according tfl8].

Identification of the most potentBacillusisolate

The most potenBacillus isolate on protease production was identified ediog to the method described [0].
The Basic Local Alignment Search Tool (BLAST) d&iase[20] of National Center for Biotechnology (NCBI)
Information was used to compare the sequence ofrDB\ of the most resistant strains with known IG&ENA
sequences of bacteria, then, obtained alignments gamstructed using phylogeny.fr progri2t].

Effect of nutrients and conditions on protease prodction

The effect of some nutrients such as skim milk emti@tions (4, 6, 8, 10 or 12 g/L); addition of A@/L sugar
(fructose, glucose, rhamnose, sucrose or starchhiPR, concentrations (0.25, 0.5, 1.0, 2.0 or 4.0 g/L) on
extracellular protease production was investigdigdhe most potenBacillus strainand most suitable medium.
Under the optimal nutrients concentrations, theafbf some conditions including initial pH levéss 6, 7, 8 or 9),
incubation temperature degrees (20, 28, 37 of@pHand inoculum sizes (0.5, 1.0, 2.0 or 4.0 %) ootgase
production was investigated by selected strain.

Statistical analyses
The tests were performed in 3 replications. Stathdarision calculated using the statistical softev&PSS version
18.0. All analyses performed a£0.05.

RESULTS

Fermentation conditions play an essential rolehie growth and metabolic production of microbial plagion.

Considering the above-mentioned facts, the prestmty focused on the isolation of new protease yming)

Bacillusspp. and optimization of enzyme production by itigegion of nutritional requirements and environtatn
conditions.

Isolation and screening of protease producingacillus

Data illustrated in Fig. (1) revealed that outl68 bacterial isolates, only 30 of them were priglary identified as
Bacillussp. because they were Gram positive aerobic endesponing bacilli, while 12 (7.84%Bacillusisolates
showed their efficiency on protease production.taDracorded in Table (1) showed that all te®adillus isolates
can grow and produce extracellular protease inouaritested media. The maximum protease yield Hgréift
Bacillusisolatescarried out in M2 followed by M1 and M3, which ratfrom 15.19 to 112.09; from 0.28 to 92.93
and from 3.09 to 55.34 U/ml, respectively (Tablg, 1
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Fig. (1): Isolation and screening of extracellulaprotease produced byBacillusisolates

Obtained results revealed that the maximum proteobctivity in M2 was carried out bBacillus S6-3, which
produced 112.09 U/ml followed by S6-10; S6-7; S&%9:2; S6-1; S6-9; S9-5; S6-6; S6-8; S9-3 and SGkich
attained their proteolytic activities to 89.08; &®;. 71.48; 69.83; 69.28; 56.17; 51.49; 48.19; 1718648 and 15.19
U/ml, respectively. Also, the maximum proteolytictigity in M1 was achieved bBacillus S6-7, which produced
92.39 U/ml, followed by S9-5; S6-3;S6-5; S6-6; SB-$6-1; S6-9; S9-2; S6-8;S9-3 and S6-2, whichragththeir
proteolytic activities to 88.25; 76.98; 69.01; 6B8.62.77; 47.64; 45.90; 26.93; 10.15; 6.58 and OB,
respectively. However, the maximum proteolytic @tfiin M3 was carried out bBacillus S6-10, which produced
55.34 U/ml, followed by S6-9; S9-3; S6-6; S6-5; B656-8; S6-3; S9-5; S6-1; S9-2 and S6-2, whichirat their
proteolytic activities to 36.46; 34.91; 28.58; 20.20.79; 18.59; 5.29; 4.11; 3.92; 3.83 and 3.0®lUfespectively
(Table, 1).

Table (1): Effect of different media compositions o extracellular proteasé production from Bacillusisolates
1: Assayed after 2 days of incubation at@7according to (Anson ,1938); M1: Irfan et al., (Z); M2: Yossana et al., (2006); M3: Nascimento
and Martins (2004); Values in the same column fedld by the same capital letter are not significaxifferent, while values in the same raw
followed by the same small letter are not signifitadifferent according to
ANOVA (L.S.D. g£0.5), S.D.: Standard deviation.

Production media
Bacillusisolates M1 | M2 | M3
Enzyme unit mean + S.D. (U/ml)
S6-1 47.6%°+0.32 69.88°+0.42 | 3.92°0.42
S6-2 0.28%+0.03 71.48°+0.16 | 3.09°:0.69
S6-3 76.98°+0.16 112.08°+0.00 | 5.28%0.42
S6-5 69.01°+0.16 15.18°+0.16 | 20.97+0.42
S6-6 63.66+0.16 48.15+0.16 | 28.58+0.16
S6-7 92.95+0.28 86.88°+0.16 | 20.78+0.16
S6-8 10.15+0.16 17.858°+0.16 | 18.58°+0.28
S6-9 45.90°+0.16 56.17+0.16 | 36.48°0.00
S6-10 62.7'7+0.16 89.08+0.16 | 55.34+0.27
S9-2 26.9%+0.16 69.28°+0.16 | 3.83°0.16
S¢-3 6.56%+0.1€ 16.82%°+0.1€ | 34.9P°+0.1€
S9-5 88.25+0.16 51.48+0.16 | 4.1¥%+0.16

From previous data, it could be concluded thatgase¢ production is influenced by the medium contiposand
testedBacillusisolate. In addition, M2 anBacillus S6-3 were the most suitable medium and most psteain for
maximum protease production. Thus, they were sadefctr subsequent investigations.

Identification of the most potent strain

The gene analysis of 16S rRNA Bhcillus S6-3 revealed that the tested strain belongsatuly bacillaceae,
displayed 98% sequence similarity wiacillus cereus, B. anthracisnd B. thuringiensisThe tested strain was
motile, showe@- hemolysis on blood agar, produagatswollen sporangium, was resistant to peniclin did not
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produce a crystal protein. These characteristecampletely closer tBacillus cereughan other suggested strains.
Thus,Bacillus S6-3 was identified as a strainBdicillus cereusFigs (2 and 3).

26445

Bacillus anthracis strain ATCC 14578 165 ribosomal RMA gene  partial sequence
| Bacillus anthracis str Ames sirain Ames 165 ribosomal RMA complete sequance

Bacillus peeudomycoides strain NBRC 101232 168 ribosomal RMA gena partial sequence

Bacillus carsus ATCC 14578 165 ribosomal RMA A gena completa eequence
Bacillus cersus sirain JCM 2152 165 ribosomal RMA gene  partial sequence
Bacillus cersus strain CCM 2010 165 ribosomal RNA gens complate sequence
Bacillus cersus sirain ATCC 14579 1685 ribosomal RNA gene partial sequence
Bacillus cersus sirain NERC 153056 165 ribosomal RMA gana parlial sequanca
Bacillus cersus sirain [AM 12605 168 ribosomal RMAS gense partial sequence
Bacillus toyonansis strain BCT 7112 163 ribosomal RMA gene  complata sequence
Bacillus thuringiensis sirain NBRG 101235 165 ribosomal RMA gane  partial saquence
Bacillus thuringiensis B407 165 ribosomal RNA completa sequence
Bacillus mycoides slrain NBRG 101228 165 ribosomal RNA gene partial sequenca
Bacillus mycoides slrain ATGG 6462 165 ribosomal RMA gene parlial seguence
Bacillus thuringiensis strain ATGS 10792 165 ribosomal RMA gene  partial sequence
Bacillus thuringlensis slrain 1AM 12077 165 ribosomal RNA gene  partial sequence

—
002

Fig. (2): Phylogenetic tree oBacillus S6-3 (IC126445)

A

C D
Fig. (3): Some cultural characteristics oBacillus S6-3
(A: Motility test (+), B: p-hemolysis on Blood agar (+), C: Resistance to amfln antibiotic disk. D. Unswollen spores)

Effect of some nutritional requirements on proteasgroduction

Effect of different concentrations of skim milk

The effect of skim milk concentrations and incubatperiod on extracellular protease by testedrstrais evaluated
in M2. Data illustrated in Fig. (4) revealed thabguction of protease bBacillus cereusS6-3 was affected by
incubation period and skim milk concentration. lddi#ion, protease production was gradually incrdabg
increasing of skim milk concentration until 6 gfurther, increase of skim milk concertation in puotion medium
resulted a decrease in protease production.

Effect of incubation period on protease productigntested strain was variable based on the medmtent of
skim milk. In case of production medium containeglL4skim milk, the amount of protease produced was
significantly stable after 24 and 48 h of incubatithen it decreased after 72 h. While, the amadirgrotease
produced in tested medium which contained 6 orl8siim milk was significantly decreased by increasof
incubation period. Other impact was found with Xl d2 g/L skim milk, the amount of protease produa&as
significantly increased by increasing of incubatferiod until 48h, then, it deceased with incregsifhincubation
period (Fig., 4).
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Fig. (4): Effect of skim milk concentration on extiacellular protease production fromBacillus cereus- S6-3
* Values in the same column’s color followed bygshee capital letter are not significantly diffetewhile values in the different column’s
color followed by the same small letter are nongigantly different according to ANOVA (L.S.D<f0.5). Control: 8g/L skim milk.

Data illustrated in Fig.(4) showed that the maximprotease production by tested strain was fourddrcontained
6 g/L skim milk after 24h of incubation at 8, which reached to 165. 81 U/ml, followed by 4, 1@ and 8g/L
skim milk after 48, 72, 48 and 24 h of incubatidn3@ °C, which reached to 158.66, 130.70, 118.51 and6806.
U/ml, respectively. Thus, the most suitable conegian of skim milk for maximum protease productioy
Bacillus cereusS6-3 was 6 g/L, which was mentioned for subseqsieilies.

Effect of different sugars on protease production

The influence of different sugars (10.0 g/L) anduibation at different periods on extracellular peste production
by Bacillus cereusS6-3 was evaluated under the optimum previous tiondi Obtained results revealed that the
addition of sugar in production medium had différeffects on extracellular protease produced btetestrain. In
case of monosaccharides sugar, such as fructodewemose, the proteolytic activity of tested stnaached the
maximum after 24h of incubation, then, it was gi@tjuincreased by increasing of incubation perigthwhe first
sugar, while, it had decreased after 48h of indoband arisen again after 72h with second sugar, . Presence
of glucose in production medium had led to increhseproteolytic activity of the tested strain, wlhiattained to the
maximum protease production after 48h of incubagiod the yield of enzyme remained unchanged uBtill&ter.
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Fig. (5): Effect of type of sugar on protease prodttion from Bacillus cereus- S6-3
* Values in the same column'’s color followed byshee capital letter are not significantly diffetewhile values in the different column’s
color followed by the same small letter are nongigantly different according to ANOVA (L.S.D<®.5). Control: Sugar-free medium

Disaccharide, such as sucrose, had a differentdhgaprotease produced by tested strain comparethéer tested
sugar, the proteolytic activity of tested strainsvggadually increased by increasing of incubatienaga until 48h of
incubation, then, the yield of enzyme had droppéth imcreasing of incubation period (Fig.,5). Palgsharides,
such as starch, had a different impacts on prote@shiction from tested strain compared to both esancharides
and disaccharides, the proteolytic activity of ¢esstrain was relatively high after 24h of incubatcompared to
48h, while it had arisen again after 72h of incidrafFig., 5).

Data illustrated in Fig. (5) revealed that fruct¢$6.0g/L) was the most suitable sugar for maximaxiracellular
protease production by tested strain, which reathe210.72 U/ml after 24h of incubation, followed thamnose,
starch, sucrose and glucose, which reached to 2976®.38, 40.50 and 26.93U/ml after 24, 72, 48 48k of
incubation, respectively (Fig.,5). Thus, fructo$6.0 g/L) was selected for subsequent experiments.

Effect of K,HPO,4 concentration on protease production

Proteolytic activity ofBacillus cereusS6-3 using different concentrations ofHPO, was evaluated under the
optimum previous conditions. Data illustrated ig.Hi6) revealed that supplementation of producti@dium with
K,HPQ, caused different impacts on protease productiothéyested strain. The proteolytic activity oftéekstrain
was gradually increased by increasing gHRQO, concentration until 0.5 g/L, then, it decreasedirmreasing of
K,HPQ, concentration, thereafter, it started to increagain with 4.0 g/L KHPQO,. In addition, 48h was the
optimum incubation period for maximum proteolytitigity by tested strain using varioustPQO, concentrations,
except, 4.0 g/L KHPQ, gave the maximum proteolytic activity by testemist after 24h of incubation.
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Fig. (6): Effect of K;HPO, concentrations on protease production fromBacillus cereus- S6-3
* Values in the same column'’s color followed byshee capital letter are not significantly diffetewhile values in the different column’s
color followed by the same small letter are nohsigantly different according to ANOVA (L.S.D<f®.5). Control: kHPO,-free medium.

Data illustrated in Fig. (6) revealed that 0.5 ¢{kHPO, was optimum concentration for maximum extraceflula
protease production by tested strain, which reatcbett2.3 U/ml after 48h of incubation, followed by4, 2 and
0.25 g/L KHPQO,, which reached to 113.28, 154.99, 97.97 and 8RI86l after 24, 48, 24, 48 and 48h of
incubation, respectively . Thus, 0.5 g/LHPO, was selected for subsequent studies.

Effect of some environmental conditions on proteasgroduction

Effect of initial pH levels

Proteolytic activity ofBacillus cereusS6-3 under different pH levels and incubation pasiavere evaluated under
the optimum previous conditions. pH level play asemtial role in production and stability of prategroduced by
tested strain. Under different tested pH leveldy &&s the optimum incubation period for maximumldseof
protease produced by tested strain. The proteaigtiwity of tested strain was relatively high iautral and acidic
initial pHs compared to alkaline pH, while it wasra stable in pH 7.0 compared to other testedainitH level
(Fig., 7).
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Fig.(7): Effect of initial pH levels on protease poduction by Bacillus cereus- S6-3
* Values in the same column’s color followed byshene capital letter are not significantly diffetewhile values in the different column’s
color followed by the same small letter are nohgigantly different according to ANOVA (L.S.D<®.5).

Data illustrated in Fig. (7) revealed that pH 6aas the most suitable initial pH level for maximextracellular
protease produced by tested strain, which reach@87.72 U/ml after 48h of incubation, followed By, 5.0, 8.0
and 9.0, which reached to 243.82, 234.65, 132.81 HIB.37 U/ml after 24, 72, 48 and 48h of incubmtio
respectively (Fig.,7). Thus, initial pH 6.0 wasesgéd in subsequent tests.

Effect of incubation temperature degrees

Incubation temperature is a critical parameter caifig the bacterial growth and enzyme productionvhyious
microorganisms. Therefore, the proteolytic activifytested strain under different incubation terapee degrees
was investigated under the optimum previous comliti Data illustrated in Fig. (8) revealed tBatillus cereus-
S6-3 could grow and produce extracellular proteaster different incubation temperature degrees.eUdiferent
tested temperatures, the proteolytic activity aftdd strain was gradually increased by increasiimaubation
period until 48h, then it reducesiith incubation period increasing, except Q) the proteolytic activity of tested
strain was gradually increased by increasing ofilbation period. The yield of extracellular proteaseduced by
tested strain was relatively high at 37 and@f incubation compared to 20 and 23
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Fig. (8): Effect of incubation temperature degree p protease production byBacillus cereus- S6-3
* Values in the same column’s color followed byshene capital letter are not significantly diffetewhile values in the different column’s color
followed bythesame small letter are not significantly differentarding to ANOVA (L.S.[p <0.5)

The optimum incubation temperature for maximum putin of extracellular protease by tested stra@s &7°C,
which reached to 285.89 U/ml after 48h of inculatifollowed by 45, 28 and 2%C, which reached to 258.12,

129.32 and 41.97 U/ml after 48, 48 and 72h of imtiain, respectively. Thus, incubation at®87was selected for
subsequent investigation.

Effect of different inoculum sizes

Proteolytic activity ofBacillus cereusS6-3 using different inoculum sizes and differemtuibation periods were
evaluated under the optimum previous conditionsallustrated in Fig. (9) revealed that the proygo activity of
the tested strain was gradually increased by isangaof inoculum size until 0.5%, then, it decrehséth inoculum

size increasing. The optimum incubation period rf@ximum proteolytic activity by tested is stabl&i} for all
tested inoculum size.
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Fig. (9): Effect of inoculum size on protease prodution by Bacillus cereus- S6-3
* Values in the same column'’s color followed byshee capital letter are not significantly diffetewhile values in the different column’s
color followed by the same small letter are nohgigantly different according to ANOVA (L.S.D<®.5).

The optimum inoculum size for maximum productioneatracellular protease by tested strain was 0MBiéch
reached to 327.32 U/ml after 48h of incubationlofwed by 1.0, 0.25, 2.0 and 4.0, which reached® &9, 212.47,
200.53 and 27.85 U/ml after 48 h of incubationpezsively.

Overall results, it could be concluded that nuntl requirements play an essential role in inéngasf extraculler

protease production bBacillus cereus-S6-3 compared to tested environmental conditiore most effective
tested parameter in protease production by testath svas skim milk, which increased the amounériyme into

32.4% compared to control, followed by fructosétiahpH level, inoculum size and-KIPQO,, which increased the
amount of enzyme into 21.31, 15.79, 13.03 and 12r&%pectively. The temperature degre€(3@vas an essential
factor in protease production by tested strain bgedt contributed other optimum level of testedapzeter in an

increasing of protease produced.

DISCUSSION

There is no general medium for protease produchipndifferent Bacillus strains, each strain has its specific
requirements for maximum protease production. Rrtoin of protease by different microorganisms iuienced
by the medium compositions and environmental caorit Therefore, it is necessary to investigateinfiaencing
factors to obtain the highest yield of proteasehveibmmercial cost. Current study aimed to increheeprotease
production from a newBacillus isolate by investigating some nutritional requiegnts and environmental
conditions.

Present study showed that the proteolytic actieityeach testedBacillus isolate was different according to the
composition of tested fermentation medium. The nsoétable medium and the most potent strain forimam
proteolytic activity in the present study were M&d8acillus S6-3, which identified as a strain Bé&cillus cereus
according to the genes sequences of 16S rRNA. @dataiesults revealed that the yield of proteasdymtion was
affected by the contents of fermentation mediumnmilar observations had also been found by previiudies,
which revealed that protease production was higffscted by media composition including; variatiorC/N ratio,
and the presence of sugars, ions, and Eal2, 23].
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Our study showed that skim milk (6 g/L) was the trneshanced parameter in protease production Bawillus
cereussS6-3, which increased the enzyme yield to 32.4%paed to control. In addition, the concentratiohs o
skim milk below or above 6 g/L were decreased tlutgase yield. Protease is an inducible enzymegtwheed a
substrate to induct the microorganism to excreténifermentation medium. Thus, increasing of skinlkm
concentration in the fermentation medium led taease of protease produced until the skim milk eatration
reduced the dissolved oxygen in fermentation medwroaused a feedback inhibition on protease ptamuf24,
25]. Obtained results supported [8], who reported that skim milk was the most suitahiteogen source for
maximum protease production Bacillus sp.N-40, which increased the enzyme yield to 43%addition, many
investigations had highlighted to the importancslim milk as a nitrogen source for maximum proggolactivity
by Bacillus spp.[26, 27, 28].Other studies found peptone, casoamino acids, ddedct, yeast extract, gelatin,
sodium nitrate or ammonium nitrate was the mostablé nitrogen source for maximum protease prodocty
Bacillusspp.[12, 13, 29, 30, 31, 32, 33]

Among 5 tested sugars, fructose (10.0 g/L) wasrtbst suitable sugar for maximum proteolytic actility selected
strain, which increase the enzyme yield to 21.3t¥hmared to control, followed by rhamnose, starthcase and
sucrose. In addition, presence of glucose or sedroproduction medium led to drastic reduce ingmse yield up
to 83.76% and 79.9% of control medium (sugar-free3pectively. Obtained results were in agreemétht mvany
previous studies, which found that fructose wasntiost suitable carbon source for protease produttydBacillus
sp. N-40[8] and Bacillus sp. NPST-AK15[12]. In addition, many investigations noticed the intids effect of
some sugars in protease production by diffeBatillus species[34] found that presence of glucose in production
medium ofBacillus S-20-9 caused a significant decrease on proteaskigtion. Similar results were revealed that
the repression effect of glucose in protease ptioludy Bacillus spp.[26, 35]. While, other investigations found
glucose, galactose, starch, sucrose, lactose,imextrxylose was the most suitable carbon sourcenfaximum
protease yield fromBacillusspp.[10, 13, 30, 31, 36, 37]

Addition of K;HPQ, (0.5 - 4.0 g/L) to the production medium had déf& impacts in protease production by tested
strain. While, 0.5 g/L KHPO, was the ideal concentration for maximum proteolgctivity of the tested strain
(242.3 U/ml),which increased protease yield to 13.03 % comptrambntrol. Obtained results were supported by
[11], who revealed that 0.5 g/L,KPQ, was the optimum concentration for the highestdyidl protease bacillus
sp.S-8.[38] found 1.55 fold higher enzyme activities in thegmece of phosphate ions Bgacillus subtilis [39]
observed that 39 % increase in enzyme productidhdrpresence of 2mM phosphate ions in the grovatiom by
Pseudomonas aeruginasa

In current study, the selected strain could grow produce protease under various initial pH leyt9), while,
slightly acidic and neutral pH levels were suitafue high yield of protease production comparedlicaline pH
levels. In addition, pH 6 was the most suitabléiahipH level for maximum proteolytic activity (2872 U/ml) by
selected strain, which increased the enzyme y@eltht79% compared to control. Obtained resultsaiedethat the
yield of protease varied considerably with chanfimitial pH level. This may be attributed to thieomg effects of
pH level on many enzymatic processes and the dibjubf medium components and their transport asrtie
microbial cell membranes, which in turn support ¢e# growth and product formatigaA0].

Similar results had been observed by previous tigesons.[7] reported that pH 6.0 was the most suitable pHlleve
for the maximum protease production Bacillus cereus, Proteus vulgaris, P. mirabilesxd Enterobacter
aerogenesSubsequently, pH 6 was the most suitable pH fotmam protease production lBacillus megaterium
[41]. Other studies found the maximum proteolytic acfiwt Bacillus ssp. at different pH levels, such as; pfoJf

pH 7.4[42], pH 7.5[43], pH 8[44], pH 9[10], pH 10[13] andpH 11[45].

Incubation temperature play an essential role otgim synthesis by changing of physical propertiesnicrobial
cell membrand39], influencing of biochemical reaction rate withiallcand dissolving of oxygen in fermentation
medium([46]. Thus, changing of optimum incubation temperatfrenicroorganism could affect protein synthesis,
especially protease production.

Results of the present study indicated that thetete strain could produce protease at differenubation

temperature degrees (2029, while 37C was the optimum temperature for maximum protg@asduction. On the
other hand, the proteolytic activity of the testtthin was decreased at incubation temperaturecabofelow 37
°C. Similar studies were found that 37 was the optimal temperature for maximum protéolgttivity by different
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Bacillussp.[14, 45, 47]While, other studies recorded the maximum protéobctivity of Bacillus ssp. at different
incubation temperatures , such as’3(48]; 40 °C [49]; 45°C [13]; 50°C [50]; 60°C [51] or 70°C [52].

In the current study, the most suitable inoculuee $or maximum protease production by tested straia 0.5%,
which increased the protease vyield to 12.1% congptrecontrol. While, the protease yield was deadassing
inoculum size above or below 0.5%. Decreasing ofgase yield with below inoculum size may be atiteid to the
growth of tested strain was not enough to produbegh yield of protease, while decreasing of erzymeld using
of inoculum size above 0.5% may be due to the aferbf nutrients available in the medium and oxygerake
rate. Obtained results were in agreement with mamyious investigations, which revealed that theldyiof
protease enzyme decreased using inoculum size l@l@liove of optimum inoculum of producer microarigan
[9, 10, 53].While, the optimum inoculum for maximum proteaseduction was different from microorganism to
another because the total count of each microbi@hswas different.

CONCLUSION

A strain ofBacillus cereus S6-3, which isolated from Egyptian soil, had shoavpromising future in the field of
industrial applications because it could produdd@gh amount protease in short incubation periothgi$ow cost
fermentative medium. Our study increased the phgtiecactivity of Bacillus cereus S6-3 from 112.09 to 327.32
U/ml by optimizing of the medium contents and eamimental conditions. Further studies are requioedcrease
the protease yield by mutagenic treatments andysttsd different characteristics to find out the quial
applications in different industrial aspects.
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