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ABSTRACT

A marine bacterium SD8 producing thermostable alkaline serine nonmetal protease was isolated from sea muds in
Geziwo Qinhuangdao sea area, China. The crude extracellular protease produced by the isolate had optimal activity
at about 60 C. The enzyme was stable at 20-50 € and retained 58 and 43% of itsinitial activity after heating for 1 h

at 60 and 70 C, respectively. The protease was highly active from pH 7.0-11.5 and stable from pH 7.0-11.0, with an
optimum at pH 10.0. The activity was totally lost in the presence of PMSF(phenylmethylsulfonyl fluoride) and
dightly increased in the presence of EDTA, suggesting that the preparation contains serine-protease(s) and
nonmetal protease(s). Moreover, the crude protease was activated by the presence of 5mM Ca?*, Mn*, Zn*" and
Cu?". Furthermore, the enzyme showed excellent stability towards anionic surfactant SDS(5mM). In addition, the
enzyme was also stable towards oxidizing agents, retaining 89% of its initial activity after 20 min incubation in the
presence of 1% H,0,. The crude protease was found to be stable in the presence of several organic solventstoo. The
marine bacterium strain SD8 selected is thus promising thermostabl e alkaline protease producers for industrial use.
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INTRODUCTION

Proteases, also known as peptidyl-peptide hydrslasee the most important industrial enzymes adiogirfor
approximately 60% of the total industrial enzymerkeé’, with two-thirds of the proteases produced comiatyc
being or microbial origif. They have numerous applications in the industpiaiduction of different items
including detergents, foods, pharmaceuticals, &xathnd diagnostic reagents. These enzymes havbedn used
for waste management and silver recoefy Forty percent of the enzymes used today are prutiby
microorganisms including bacteria, moulds and yasMicroorganisms are an attractive source of psEsaas
they can be cultured in large quantities in a inedlf short time by established fermentation methahd as they
can be made to produce an abundant, regular sopfie desired product. Bacteria are the most dantigroup of
alkaline protease producers with the genus Bachleing the most prominent soufc& . Microbial proteases,
especially from Bacillus sp. are the most widelpleited industrial enzymes with major applicationsdetergent
formulation§’!. Among them, alkaline proteases have been widsdg in the detergent industry, because the pH of
laundry detergents is generally in the range ofI2®, since their introduction in the 1914 as dyat additive’.

The performance of proteases in detergents depemdsumber of factors including the pH of detergeotic

strength, wash temperature, detergents compositvashing procedure, and wash-water hardness. Howthe
key challenge for the use of enzymes in detergertteeir stability. There is always a need for neemzymes with
novel properties that can further enhance the wasformance of currently used enzyme-based detergen
stimulate the search for new enzyme solif®edlthough several studies have focused on theepigic enzymes
of hot spring microorganisms, terrestrial Balfiit®] relatively litte work has been published on mari
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microorganisms.

The oceans covering 71% of the planet represerimpnortant bioresource for microorganisms. The exisé of
marine microorganisms was first reported in the 128" century, and they were found to be metabolicaliy a
physiologically different from terrestrial microamism$&*. Isolation and screening of micro-organisms from
marine environment are expected to provide newnstraroducing active and stable enzymes in higltiglime
conditions and resisting chemical denaturant agamtsent in detergents. During a screening prograomalkaline
protease-producing strains, identified as Bacibps SD8 producing a pH and temperature stabilityvall as
organic solvent tolerance protease was isolated.

This study aimed at screening and isolation of nebacteria with high protease activities and deisg some
biochemical characterization of the crude alkafinetease production by one of them.

EXPERIMENTAL SECTION

2.1 Isolation and Screening of alkaline proteasedyxing bacteria

For isolation of protease producing strains, samplere collected from sea muds in Geziwo Qinhuangea area
then diluted in sterile sea water. The diluted daspvere then plated onto skimmed milk agar plategtaining
(g/L): peptone, 10; beef extract, 3; skimmed mitkvder, 60; agar, 18; pH 8.5. plates were incubate&iC for 24

h. Occurrence of clear proteinolytic zone aroureldblonies confirmed proteinase producing abilitthe screened
bacterid®, which were selected for purification the subsexirvestigation. One loops of the cells of theified
strains were transferred to 20ml of protease pridaluanedium consisting of (g/L): peptone, 10; bewfract, 3;
NacCl, 5; pH 8.5 prepared with sea water in 100akland aerobically cultivated by shaking at 150gmd 37C

for 24 h. The SD8 strain which produce maximum \atgtiin liquid medium was selected for protease
characterization. The organism was maintained énemt agar plates and stored &t 4

2.2 Fermentation and crude enzyme preparation

The strain SD8 was cultivated in protease prodanatiedium consisting of (g/L): peptone, 10; beefaott 3; NaCl,

5; pH 8.5. Media were autoclaved at X2Xor 20 min. Cultivations were performed on a rgtahaker (150 rpm)
for 24 h at 37C, in 250 ml Erlenmeyer flasks with a working voluwfes0 ml. The biomass produced was separated
by centrifugation at 10000 rpm for 10 min d€4and the supernatant subjected to ammonium syifatpitation
using varying salt concentrations to attain difféersaturation levels (0-80%). Each precipitatecctfoam was
dissolved in buffer(phosphate buffered solution, pH), dialyzed against the same buffer, and thexmined for
protein content and enzyme activity. Specific agtief the enzyme was expressed as activity peprotgin.

2.3 Determination of Enzyme Activity

Protease (caseinolytic) activity was assayed bydifiaation of the method of KuniZ!. The reaction mixture (0.6
ml) consisted of 15Ql of 1 % Hammerstein grade casein in 200 mM glyéWaOH buffer (pH 10.0) 15@ of
enzyme solution or cultivated supernatant. The ti@aovas started by adding enzyme solution atC4®After
incubation for 15min, the reaction was stopped dgireg 300ul of 0.4 M trichloroacetic acid. The sample wastkep
on ice for another 10 min, then centrifuged at 1068 for 10 min at €. The supernatant (0.3 ml), mixed with
1.5 ml of a 0.4 M NgCGO; solution in 2.1 ml distilled water and 0.3 ml dflia-Ciocalteu reagent, was incubated at
40°C for 20 min. The concentration of digested casrithe supernatant was determined by monitoringhaerease

in absorbance at 680 nm. The calibration curve masde using L-tyrosine as a standard. One unit ofepse
activity was defined as the amount of enzyme thlgiases ug/ml of tyrosine equivalent per min.

2.4 Determination of Protein
Protein concentration was determined accordinghto rethod described by Bradf6fl using bovine serum
albumin as standard, and during the course of eazymification by measuring the absorbance at 280 n

2.5 Biochemical properties

2.5.1 Effect of pH on crude alkaline protease dgtiand stability

The optimum pH of the preliminary purified enzymasastudied over a pH range of 7.0-13.0 d€4@sing casein
1% (w/v) as a substrate. The effect of pH on pilgtaostability was examined by incubating the emeyin buffers
of different pH values in the range of pH 7.0-1200 1 h at 40C. Aliquots were withdrawn at the desired time
intervals to test the remaining caseinolytic atyidt pH 10.0 and 40. The following buffer systems were used:
200 mM sodium phosphate buffer for pH 7.0-8.0, 286d mM glycine-NaOH buffer for pH 9.0-13.0.
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2.5.2 Effect of temperature on crude alkaline mséeactivity and stability

The effect of temperature on alkaline proteaseviigtivas studied from 20 to 70 using casein as a substrate for 20
min in 200 mM glycine-NaOH buffer, pH 10.0. Thermsmbility was examined by incubating the preliminar
purified enzyme for 1h at different temperaturesigéots were withdrawn at desired time intervalstést the
remaining activity at standard conditions. The heated enzyme was considered as control (1&896)

2.5.3 Effects of metal ions and inhibitors on credeyme activity

The effects of various metal ions (5 mM) on enzyanvity were investigated by adding the divalersf({CMn*,
Zn** or CU#* ) metal ions to the reaction mixture. The activiti the enzyme without any metallic ions was
considered as 100%.

The effects of 5 mM EDTA or PMSF (phenylmethylsuifb fluoride) on protease activity were also stadighe
preliminary purified enzyme was pre-incubated WD TA or PMSF for 20 min at 40, and then the remaining
enzyme activity was determined under standard tiondi The activity of the enzyme, determined withEDTA,
was taken as control.

2.5.4 Effect of organic solvents and detergentsrade protease activity

The effect of various organic solvents on the dgtiof the preliminary purified enzyme was studidde enzyme
(in 100 mM glycine-NaOH pH 10.0 buffer) was incudt20 min with 25 % (v/v) of various organic solten
(methanol, isopropanol and acetone) atC4@ith shaking (150 rpm). Aliquots were withdrawndasired time to
test the remaining activity at standard conditiofise activity of the enzyme measured in absencangforganic
solvents was taken as control.

The effect of 5 mM surfactant SDS and 1 % (v/v)diming agent HO, on enzyme activity were studied by
pre-incubating the preliminary purified enzyme & min at 40C. The residual activity was measured under the
standard assay conditions. The activity of the emgypre-incubated without any additive, was talkefh@) %.

RESULTSAND DISCUSSION

3.1 Isolation and Screening of alkaline proteasedyxing bacteria

In the current study, total 116 bacteria from sassnwere obtained but only 14 strains among theahdcfiorm
clear zone of hydrolysis of skimmed milk powderawar plate (Fig. 1). This finding is analogous wiisOtto et
al* where he found several bacterial strains includngubtillis with proteolytic activity from the caterpillar gut
on calcium caseinate agar. Using the ratio of tharzone diameter (onto skimmed milk agar plaaes) that of the
colony, five isolates SDL5, SDL9, SD7, SD8 and S&kbibited the highest ration (>2). The resultsevgnowed
in Table 1. And then, they were tested for protgaseuction in liquid culture. Through Fig. 2, thesults indicated
that protease activity of strain SD8 was the highgg.9 U/ml after 24 h incubation in a non-optiedzmedium.
Therefore, strain SD8 was retained for all subsegsieidies.

3.2 Alkaline protease partial purification

Table 2 illustrates the steps involved in the peaiion process. The cell-free supernatant obtaaftat growth of
strains SD8 for 24 h had a total activiy of 1975J0and a specific activity of 185.86 U/mg proteindawas
considered as the control (100 %). The supernatastthen subjected to ammonium sulfate precipitaaio0-80 %
saturation. Maximum activity of protease was olgdinvith 60 % ammonium sulfate saturation. This lteduin a
total activity of 1343.48 U (68 % of yield) and thpecific activity of 4199.55 U/mg protein and figgtion fold of
2.25,enhancing the specific activity to 418.53 U/fongtein with a yield of 68 %.

3.3 Effect of pH on activity and stability of crudékaline protease

The effect of pH on the protease activity towardeta as substrate, was determined over the pH r@ing®-13.0.
The pH altered the protease activity al10The protease showed highly activity over a bn@adyje of pH between
7.0 and 11.5 and the optimum pH for the enzymeviaigtivas around 10.0 (Fig. 3a). The relative atyiat pH 11.0
was 90 % and it decreased rapidly above pH 11.6.eflzyme showed 40 % and 6 % activity reductioqsiat2.0
and 13.0, respectively. These results suggesteédhiaanzyme was alkaline proted8eSince detergents-solution’s
pHs are generally between 9.0 and 10.5, this hagivigy at alkaline pHs is an important factor r@gd in almost
all detergent-enzymes such as those described lij-Afiaet all®, Li et al®® and Cheng et &°. This
demonstrated that the enzyme in the paper may dx inghe detergents-solution. At the same time,eizyme is
almost more efficient at alkaline pH comparinghie main commercially detergent enzymes for examjalase"
(Novozymes AJ/S), produced by B. Licheniformis hayia maximal activity at pH values from 8.0 to 9.0,
Savinas&” (Novozymes A/S), produced by B. clausii, with axingal activity at pH values from 8.0 to 1&%
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The pH stability was determined after 1 h incubatd the enzyme in different buffers pH rangingnfr@.0 to 12.0
at 40C, followed by the determination of residual actvétt pH 10.0 and 4Q. As shown in Fig. 3b, the enzyme
activity was very stable within a broad pH rangar7.0 to 11.0 (>80 %) and decreased rapidly alpla (47 %).
This confirmed its potential use in industrial posp, which requires enzyme stability in wide pHO0{21.0)
rangé®.. This stability also very suitable for detergepplcation.

3.4 Effect of temperature on activity and stabitifythe crude protease

The effect of temperature on crude protease agtivds examined at various temperatures. The akkaglmotease
was active between 30 and‘@0with an optimum around 60 (Fig. 4a). The relative activities at 50 and®@vere
about 98 and 100 %, respectively. Temperature @pétr60C have been reported for proteases fipumilus®®,
B. cereus BG1?" andB. mojavensis®?.

The thermal stability profiles of the crude proteahowed that the enzyme is completely stable mpeeatures
below 50C after 1 h incubation. The enzyme at@@emains fully active after 1 h of incubation. Ev&n60 and
70°C, the residual activity of the enzyme were 58 aBd4l respectively, indicating that this enzyme nilgé used
under mild heating conditions (Fig. 4b). The thedrstability of crude protease is higher than tHalhe protease
from B. licheniformis MP1?%. In which, the enzyme remained fully active evéera2 h of incubation at 50, but

retains only 41 and 5 % of its activity after 1eipcubation at 60 and 20 min at 7Q, repectively. This stability

might b(g] an advantage for using this enzyme instréhl application such as laundry detergents fdatians for
example™,

3.5 Effects of metal ions and inhibitors on crudeyene activity

The effects of enzyme inhibitor and chelating agemtthe enzyme activity were investigated and surz®a in
Table 3. The crude enzyme was completely inhitlitedhe serine protease inhibitor (PMSF, 5 mM), ¢ating that
the crude enzyme contained serine-proteases. HowBEZETA, a metalloprotease inhibitor, didn't inHibihe
enzyme, indicating that didn't contained metalldpese. In fact, the activity of enzyme was activd 11 % when
preincubated with 5 mM EDTA. These findings are indline with earlier reports which the enzymatidract was
slightly inhibited by the EDTA. This indicated ththie crude enzyme was very useful for applicatamsletergent
additive because chelating agents were useful coernge of most detergents. Chelating agents fune®mater
softeners and also assist in the removal of &thin

The effects of several metal ions at a concentraifc6 mM, on the activity of the crude proteaseenaso studied
at pH 10.0 and 40 by the addition of the respective cations to #ection mixture (Table 3). The addition ofCa
Mn?*, Zr#* and C@" increased the enzyme activity by 150, 140, 11014r%% of the control, respectively.

3.6 Effect of organic solvents and surfactant arderprotease activity

In order to be effective during washing, a goodedgnt protease must be effective during washingpad
detergent protease must be compatible and staltfecemmonly used detergent compounds such as tamfac
oxidizing agents and other additives, which miglt fresent in the formulatif. The crude protease was
preincubated 20 min at 40 in the presence of SDS and®j and the residual activity was assayed at pH 100 a
40°C (Table 4). The enzyme was highly stable in thesg@mee of the strong anionic surfactant (SDS) abb Trhis

is not in accord with the report from Hadj-Ali @f?8, which inhibition with SDS was a common feauresefine
proteases. Oxidizing agents®} at 1 % (v/v) caused a moderate inhibition 11 %e Pphesent crude enzyme seems
very stable in the presence of these detergentiaeili

Table 1 The diameter of colony and hydrolyzed zone

Strains  Diameter of colony (D) Diameter of hydra@gzzone (d) d/D

SDLS 121 2.54 2.10
SDL9 0.76 1.78 2.34
SD7 1.43 3.05 2.13
SD8 1.57 3.65 2.32
SD10 1.54 3.2 2.08

Enzymatic synthesis of peptides has attracted at gleal of attention because there are numerousngayes of
ester and peptide synthd¥s Only proteases that are stable in the presenaegafnic solvents can be used as
biocatalyst for ester synthe’8ts Various water-miscible organic solvents at 25ialfconcentration were tested for
their effect on enzyme activity at pH 10.0 and10As seen in Table 4, crude protease activity wesngly
enhanced by the addition of methanol and acetottgeimeaction mixture. The relative activities wabmut 136 ant
148 % in the presence of methanol and acetoneectigply. However, the activity of crude enzyme vesdly
affected by isopropanol From this study, it carcbecluded that organic solvents stability of theyene depends of
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the nature of organic solvents.

Table 2 Purification of proteasefrom strains SD8

I Total activity Total protein Specific activity (U/mg Yield® Purification
Purification step L) (mg) protein) (%) (fold)
Culture supernatant 1975.70 10.63 185.86 100 1
Ammonium sulphate precipitation (60%) 1343.48 3.21 418.53 68 2.25

2 Al values are expressed in terms of activity unitsin culture filtrate taken as 100 %

Table 3 Effects of various enzyme inhibitorsand some metal ions on the activity of the crude protease

Chemicals None PMSF EDTA €a Mn®* zn* Cuw*
Concentration(mM) - 5 5 5 5 5 5
Activity (%) 100 0 111+3.3 15@3.6 14@3.1 11@2.6 1152.3

Crude enzyme was pre-incubated with various inbibitfor 20 min at 4@, and the residual activity was
determined under standard conditions. Activity loé nzyme pre-incubated in the absence of anyieelditas
taken as 100 %. The effect of metal ions on theiaciof the crude protease was determined by meaguhe
proteolytic activity is expressed as a percentagellin the absence of metal ions (5 mM). The &ytig expressed
as a percentage level in the absence of metal Ryngease activities represent the mean of thregrdmations, and
bars indicate: standard deviation.

Table 4 Effect of organic solvents and surfactant on crude protease activity

Additives None SDS b0, methanol  isopropanol acetone
Concentration - 5mM 1% (v/v) 25% (vIv)  25% (vIiv)  25% (v/v)
Relative activity (%) 100 96+1.3  8%1.1 1361.1 9%1.6 1482.1

The enzyme was incubated at pH 10.0 an@ 40 the presence and absence of various addififesnon-incubated
enzyme was considered as control (100%). ProtezBatias represent the mean of three determinatiamd bars
indicate+ standard deviation.

Fig. 1 Screening of strain SD8 for proteases activity. | solate are streaked on agar plate containing skimmed milk powder, incubated for 24
h at 37°C. Theclear zoneindicated the hydrolysis of skimmed milk
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Fig. 2 Protease activity of culture super natant of different strains
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Fig. 3 The effect of pH on protease activity (a) and stability (b) from strain SD8. (a) The pH profile was determined in different buffers
by varying pH values at 40°C. The maximum activity at pH 10.0 was considered as 100 % activity. (b) The pH stability of the protease
was determined by incubating the enzyme in different buffersfor 1 h at 40°C and theresidual activity was measured at pH 10.0 and 40°C.
The activity of the enzyme before incubation was taken as 100 %. Each point represent the means of three experiments, and bars
indicatetstandard deviation. Absence of barsindicatesthat errorswere smaller than symbols
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Fig. 4 Effect of temperature on activity (a) and stability (b) of the crude protease from strains SD8. (a) The temperature profilewas
determined by assaying protease activity at temper atures between 20 and 70°C. The activity of the enzyme at 60°C was taken as 100 %.
(b) The temper ature stability was deter mined by incubating the crude enzyme at temperaturesfrom 20 to 70°C for 1 h. Theresidual
enzyme activity was measured under the standard conditions assay. The original activity before preincubation was taken as 100 %. Each
point represent the means of three experiments, and bar sindicatetstandard deviation
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CONCLUSION

In this study, we report the screening of produditmgin SD8 of alkaline protease and charactedmatif a new
crude alkaline protease from strain SD8. The cemg/me contained serine protease and non metaiézz® The
crude protease was active and stable over a widgeraf temperatures, demonstrated optimal actatity0dC, and
was stable until 6Q. Furthermore, the protease had optimal activitg pH of 10.0 and a wide rang of pH stable
(7.0-11.0). The activity of crude protease was anhkd by the addition of various 5 mM%aMn®*, Zré* and CG@".
The enzyme also could tolerant and stabile witlominisurfactant SDS, oxidating agerd4, and organic solvents.
These properties suggest that this enzyme wouldutable for use in industrial application suchdegergent
formulations and synthesis of peptides. It also ldidwave applications in processes performed at wéages of
temperature and in alkaline environments. This wouequire further investigation of the purificatjon
structure-function relationship through site-diegttnutagenesis and 3-D structure determination.
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