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A Thermostable Protease Produced from Bacillus sp. JE 375
Isolated from Korean Soil

Ji-Eun Kim and Dong-Hoon Bai*
Department of Food Engineering, Dankook University

Abstract A thermophilic microorganism. strain JE 375, which produces a thermostable protease, was isolated from soil
and compost in Korea. This gram-positive, rod-shaped, catalase positive, motility positive, and hemolysis B containing
organism was implicated in glucose fermentation, mannitol fermentation. xylose oxidation, aerobic activity and spore
formation. The color of the colony was yellowish white. The temperature range for growth at pH 6.5 was between 35
and 70°C, with an optimum growth temperature of 63°C. This result confirmed the strain JE 375 as a thermophilic
microorganism. The enzyme was produced aerobically at 65°C during 20 hr in a medium (pH 6.5) containing 1% trypton,
1% maltose, 0.5% yeast extract and 1% NaCl. The 16S rDNA of strain JE 375 had 97.6% sequence similarity with the
16S tDNA of Bacillus caldoxylolvticus. On the basis of biochemical and physiological properties and phylogenetic
analysis, we named the isolated strain as Bacillus sp. JE 375. The thermostable protease from Bacillus sp. JE 375 had
been partially purified and characterized. The molecular weight of the enzyme was deduced from SDS-PAGE and gel
chromatography as 55 kDa and its optimal temperature was 60°C. The enzyme showed its highest activity at pH 7.5 and

was stable from pH 7.0 to 8.0.
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AzocaseinZ Sigmarh(St. Louis, MO, USA)ZH-E #ste] A}
831t} ScreeningZ I3t MR ZE skim milk7} 1% ¥3¥ LB
agar(Difco, Detroit, MI, USAYE AME-sllor a4 AAE 93
resing TillE H71FE5E A% A9k Sigmaik(St. Louis, MO,
USA) AlF5 ARt 71eE Aok 5 AlokE ARSIt

=F 2ol ¥ M
AT 7A4Ae] Bt +d& AFS 60°CN Agshe aFs
w8, 24 #5E 5 AS L5t 7P B2 735 AFEd
CEA OIS B9 59 AES 1g FAstd 10mLe] Az
A 07 WAStL 1 A 100 uLE Fsto]

3
2 3 TH(Table 1). ©1& 60°CS] wljF7]1olA 1-
U7 wjksted A3 RS A2 AT 13 A% a5
g T 7MY 22oA Ak 55 Adshr] g 23 9
S Stk 23 AEe X2 AAHH #FES LBAA wixd
Zbzh FEste] S0°CellM 24A17HESE RE Wi gslaL o]F F uf
ofdlo 2 3l %5 FH& A2 LBAA| wiAlof HEstaL 50-
70°Col A 247 24A17F B9t R wisiA] 2ol A Ago] &
w3k EE ARE

ojldE 38
ey, AA Hd: 4379 E42 Bergey’s Manual of

Systematic Bacteriology(13)2} Biochemical Tests for Identification

Table 1. Basic biochemical and physiological characteristics of
the strain JE 375

Strain JE 375 Bacillus subtilis'

Color of colonies  yellowish white yellow
Form rods rods
Gram staining + +
KOH + +
Spore forming + +
Catalase + +
Motility + +
Hemolysis B ND
Growth

- (50°C) +(10°C)

+(55°C) +(20°C)

+(60°C) +(30°C)

+(65°C) +(40°C)

+(70°C) +(50°C)
Acid from
Glucose + +
Mannitol + +
Arabinose - +
Xylose + +

+: positive, -; negative, ND: not determined.

of Medical Bacteria(14)°ll F3te] A133}t). #52) dejatz{¢l
E4& Gram staining(15)F 43t dv)7o] 28t &3} scanning
electron micrography®. 2151 T}, Catalase tests= 7AZH Aol
30% H,0, 10 uLE 718l 712 A 455 2RIg Motility
+ beef extract 0.3%, polypeptone 1%, NaCl 0.5%, agar 0.4%E
FR-3F viA] ol strain JE 375 oA AEE 9FHoE FHES
@A 7 HAHA A= E #IF . Hemolysis test & blood
agar(Difcorl, Detroit, MI, USA) 8iX]of] oA dHE wZFo]z2 A
Fsted 60°ColA 24M7F < vildel] #E F9)9f Moz 9
3l th Oxidation-fermentation testv polypeptone 0.2%, NaCl
0.5%, K,HPO, 0.03%, bromothymol blue 0.005%% &3t wjx]
o] arabinose, glucose, mannitol, xyloseE ZFzt 1%E 7}l o
7ol #AE FE3IAT. Aobe 2] S5 d2 72 iy )
A& wheol HFAU 72t FE TR WAE 60°CE 244]
7 Bt wigsted shubel wixl HHol= mineral oil(Sigmarh,
St. Louis, MO, USAYS =¥l §7]3 272 & 3lod oxidation

B2 UnRE 5713 27402 w)Yste] fermentation o FE
wizle] A HEE @Este] I ;AL 24417 Eek
g A3 w5 Y F RS 100°ClA 1087 FRAE
slod LBEIAI] pour plateH 22 10%E HE5t] 60°ColA 244
7H Fob ksl 1 AR 4R E XA AES 1AE #S)
gom, WFolz FHE FH3) slide glassel =28F2 malachite
greend} safranine OF ©l8std G4 % F8 HuF o pats}
T EZAEAY o 23 It AsietA BA4S BIs7] 4
T el BE APdE 60°CollA 24417 < LBAA oA wli ¥
g FAE ARSI

MEY AP =4 B4 2579 whole cell fatty acid =42
81sl7] 918k MIDIAK(Newark, DE, USA)2| gas chromatography
(GC, HP 6890, Hewlett-Packard, Palo Alto, CA, USA)YS AM&3}
St 35 AAEO R Hewlett-PackardA}e] B AWH(calibration
standard kiyS ©]&stch 4§ AMEE GCE ARt 24
T MIDRRF] #F 5% 221982 Sherlock & F38te] #4113}

et

16S rDNAS] 971X £4: 16S 1DNAE 24317 93] &
Aol AMg-BRs H#F strain JE 3758 LBHIA|] HE3sk 60°C,
200 rpm o2 24A17F Fot % wjeFEtgich vl & 4 B
3t #AE 349k & chromosomal DNAE  lysozyme-sodium
dodecyl sulfate-proteinase K Wii(16)2= EZ sttt &gl
chromosomal DNAE template® AME-8}¢] polymerase chain reac-
tion(PCRYH &3l 165 (DNAE ZZ3}3th PCRo) AH&E
primere= 168 rDNA sequencing®] A}-8-8= universal primer(for-
ward primer; Eubacterial 27F: 5-AGAGITTGATCATGGCTCAG-
3", reverse primer: Universal 1492R(5-GGATACCTTGITACGA-
CTT3)E AHESI) PCR ¥H-odel =402 10l template(S50
ng/uL), 5ul. 10Xreaction buffer(100 mM Tris-HCI, 400 mM
KCIL, 500 ug/mL BSA, pH 83), SpuL 1.5mM MgCl, SuL
Deoxynucleoside triphosphtes(2.5 mM each), primer 2 1 pL(100
pmol/uLy¥, 22 uLe] Hste 332 FFF & 50 Lz WHEUT o]
gt thermocycler(Perkin-Elmer Co., Wellesley, MA, USAYE
AgEte] FEATH PCR 271 94°CollA 18£7F denaturation,
60°ColAl 187} annealing, 72°ClA] 1% 30% &< polymeriza-
tionA 7)1 FACE 30 cycle2 o HFHo =z 72°ColA]
108-7F ZZ A4 TE PCRAME-S 0.8% agarose geloll A 271§ &
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Q15T El®E 1,400 bpel PCR product= Bio 101 gene clean-
ing kit(Bio radAl, Hercules, CA, USAYE A}&-38lo] At &
topo vector(InvitrogenA}, Carlsbad, CA, USA)°l ligation ’\I EARES
cloning 8k3it} e #FE FE A plasmid DNAE &g
sle] ©]& T-vector sequencing primen(M13 forward, M13 reverse)
& o] &3] Alfred automated sequencer(Pharmacia’}, Uppsala,
Sweden)Z3# DNAS] 9714ES A8t 2 A3= Blastn
Z23S o]8-5}4 gene bank 9} RDP(RNA database project)2]
G7IM g3} Al wste] T3

BAEY &

chd Bl g4 E42 Nomoto} Leeol] 2138 casein® S
HBA7E ARkt 84 848 24| g 7dRe
casein(MerckA}, Darmstadt, Germany)s AFE-3th 712 L8
casein 06gg 50 mM sodium-bicarbonate buffer(pH7.5) 100 mL
o] det & 387} ZElrslo] ARSIt 71 89 600 }J.Loﬂ 29
29 120 uLE A7bsted 60°CAlA 103 WHEAIZ) AL HES-E] ]
e casein AAEE AASTL W& AXA7)7] D8t 20%
trichloro acetic acid 600 uLE 7}l o1& 9,000% golA] 10%
7 AAEE ek ddEe & 4RSS A 275 mmollA] F
AxE A6t o o a4 ﬂ*ét unit 108 &<t 275

QA= =
nmellA EFEE 0,001 HIA 7= 9% A5kt

_‘L

HU“

A M % 5S4 MM =Ze HE

HSF Al7bell w2 wAle] AR 54 A S HES) 9
ate] somLe] LBajAlof Slde 1%S HE3k] 60°C, 200 rpm
(Vision ScienceAl, Seoul)oll A & wiorshe] 4A)7kajc} wjjokel
Fatel wAle] A=t i Aol 4TS ZHA
A Aol mAE wjde ] JaS dobrr] flste] 100 mL
o] LB HiAlol] FwiFe 1% FHES 40, 50, 60°CNA 200
rpm e 2 Weksl ar[7hult FAle] AT E il a4
9] Afatell mx= pHE) HEe HES] 215 wix)E= 212F sodium
phosphate®} tris bufferg® AREstd pHE A=A 3 LB wixlE =
Al st ARE-gITE

n

A Béligae] HA|

AU A AA: g4 At 5 AL A2
(Hanil Supra 22K, Hanil, Seoul)®. 8,000 gollx] 1587}

st g AE Besloh wAlE 23w AAlele] 4vCel A
ulg] Wz A7 B acetone 75% o] Eu2 Artsly 4°C
oA 248 7F Fob wkA|Ele] @4 vhEe 214 AT Acetone
Hde] JANE ZHHA AASL %Vd—“d L AR
4ocell YZA1AH F 10 mM sodium-phosphate buffer(pH 7.5)0 £
A7 2L 8,000X goflA] 1027 AR ste] E84 thiiz S A
A&k},

F

DEAE-sepharose column chromatography: =84 Z§4-01&
10mM sodium phosphate buffer(pH 7.5)2 & ¥ 3}
sepharose column(SigmaAl, St. Louis, MO, USA)35 mm X 150
mm)ell FZAAT. F2 F columnd 10mM sodium phosphate
buffer(pH 7.5) & M2 ©iAo] &2 && d7ix] AHY
o AlA & columnoll FAE DAL T gEdo) ga)3
NaCle AHE-3le] 50 mM NaCl 78] Al#kste] SomM 4 e
LS7IAA BE S AT 2 ded = 34 84
0] =S HEPohs E‘_O]— ultraﬁltratlon(Model KMC-86S, KMC Co.

lN

ki o

o 2HE I T Be g s ALk

3= Bacillus sp. JE 3759] A 421

Seoul) A= PM-10 membraneS AME-3l F=31%]

@d AFgs A7gE: ¢UEe FEE UV-1201 UV-VIS
spectrophotometer(Shimadzu, Kyoto, Japan Co.)& ©]8-3l% Brad-
ford(18yHoll F3ld 24 o™, 42 SDS-polyacrylamide gel
electrophoresis(SDS-PAGE)= Laemmli(19)2] ¥go] #sled ajs}t
Atk 171959 running gelE 10%E AHS-3F T 40 mA°IA] 2
A7 A7 %, 0.05% coomassie brilliant blue R-250(SigmaA}, St.
Louis, MO, USA)S.2 A & Fajrbankss2| W08 €alsl]
ol alg Zlsignt.

Zny

&

I-_l

AL
E
I'

ol Myt
AN A& AFE A Ele LBE A E ot
B3, o719 Melads 10mLel e B 9@ £ AlE 100
uLE #3 = st) o)8 60°CollA wlgsle 60°C°ﬂ*1 X}\:Jr
5 z2 ozHoz AWEUT. Az AwE 7= o
Al 2EE GE)g A bk ot ASEE *f—xéﬁ}oi 60°C
.Joﬂ/ﬂ *JEH o IS BKE Kol #F 275 oAk
0”C°ﬂH AH;H7<4 oz p:h:n— ] Ag O/H~ ]
= i%}ﬁ}oﬁ strain JE 3752 At Wysly il s
grjo] 9ol v A AT ABEIEATAELS 7
o 2 A3} strain JE 375% Rhodamme BS’Jr Olive oilo] d&+
HiA] 9} soluble starch7} FEH LBHI vA|oM= clear
zones AAdabA] ¥k, skim milk7t HEEE LB He uix]oj
A clear zone2 AjAdste] @A Ra A4 (Fig NE 7HAE
o2 FP A

ii
@3 ko e
R b

e

SENStA 3l MlEtY SN HE of 3

2 strain JE 3752 Gram ¥A3ke] Fa Hu)jido g H3 3
2 AR g SRl ey oAl aHRAd S slole
crystal violetoll 9%k A4 of¥= A7} of S o]HY L
KOHE AME-sled A gh ijJJr I FIAYEE A F 9
t}. crystal violeto] oJsl 2@ Ao Ayt A5 L]—E]—L]—X]

o
32
3@

¢
=
%S AL \E— 2 A3t 3’_%*5‘ 42 T4 Bacillus sp.&F
b lol &4 Az &
o

4 3] Leht
= ssiel Bad A

Fig. 1. Formation of digestion clear zome on the LB media
containing 2% skim milk. A: Bacillus sp. JE 375, B: E. coli IM 109.
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Fig. 2. Scanning electron micrograph of the strain JE 375.

(Fig. 2) 7HFo 2 Rol= B w39 A7l YWkl Bacillus sp.
o} FFEF FAME 8 FH%_— AYE 2HF0.7X1.5-2.5 umyeLt o
B o ek vl AE HelE vehlie o] B Itk
strain JE 375+ EA} %j"—‘.‘ Az TA7F A2EJT catalase WA
o] RN e Al AP At 55-70°Ce] =
WellA S 7F53 motility %A, hemolysis 2] S4& B
aAom #57) glucose WH, mannitol BEFo)H, xylose AFsht
Ue & F UATKTable 1). ol HHe 2S5 FA &
catalase ¥, motility ¥4 Bacillus subtilis®t 5Lt ¥ A
& 25 WA st AolE Helw, oxidation-fermentation
testol A glucose A¥3F « L& F Bacillus subtilis¥= Zol1& B
%t} Strain JE 3759] whole cell fatty acidE gas chromatogra-
phy2 A8 A3} C,, iso 26.17% , C,,, iso 30.19%, C, iso
13.01%, Cyo 11.92% 2 FAEHACH ol C, iso 2540%%)
Bacillus AL} Wi A8 A3t FXF B Bacillus AEE
EA=ATHTable 2). 23 Bacillus subtilis?] A2t 24L& Cq,
iso 2540%, C,, anteiso 37141%, C,,o 9.66%22, C, iso®]®l

Table 2. Cell wall fatty acid composition of the strain JE 375
Bacillus sp. JE 375

Bacillus subtilis

Fatty acid (%) Fatty acid (%)
CM OISOa 037 CH:OISO 120
Crio 0.75 Cran 0.87
C 15:01S0 2617 CIS:OISO 2540
CIS OANTE[SOh 116 CIS:O/\NTF_[S() 374]
Cysp 222 o 0.20
C160]SO 1301 Cl():O[SO 247
Creo 11.92 Creo 550
CI7U 30‘19 C17:0A\ITFISO 887
CI7 0ISO 568 CI7:O]SO 966
Creo 1.06 Creo 0.50
CIS :01SO 099
C 1.07

19:01SO

0.15

C19:0AN TEISO

* isomer, °: anteisomer.

—— Saccharococcus thermophilus

B. methandicus

B. smithii

B. halodenitrificans

Virgibacillus proomii
B. carboniphilus

B. sporothermodurans

B. licheniformis
B. caloloxylolyticus

B. lautus
—— JE375

B. popilliae

\—— B. thermoglucosidasius
B. thermoolenitrificans

B. mofavensis

8. vallismortis
B. olenitrificans

B. thermocaterulatus
B. stearothermophilus

B. calolovelox
B. calolotenax
B. calololyticus

B. thermoleovorans

Fig. 3. Dendrogram of the Bacillus sp. JE 375 through 16S rDNA
gene sequence homology.

Cys, ateiso, Ciy 1 Cigo 88 AHAF 2401M = Strain JE 375
&} Bacillus subtilis 7Vl 2Fo]7F AT} ol LWl Bacillus
Agz FEEE Strain JE 375 9 2ox] AKses B 7]
¢lel= Zlog Ht) Stain JE 3752 16S tDNA sequenceS
A3} 1,846 bp2] A7 MEE HRIEIASH, gene bankol
tl2 #FE7 168 tDNA sequenceE Bl 3}4] dendro-
grame 23 3F3ATHFig. 3). ©1& gene bankollX 1% At F
2H FF £ stain JE 3753 A0l 22 ¥ Bacillus
caldoxylolyticus$}  Bacillus  thermoglucosidasius = 231 = At
strain JE 375 Bacillus caldoxylolyticusl]- 16S rDNA sequence
7} 97.6% LA 3HE FAMIS BO W, Bacillus thermoglucosida-
siusSHeE 974% FAMI-E 2o gene bank data base “gellA]
168 DNA sequence’t 5 AX|gh= v ZAEA] et
o] 7+& Ad Az wel strain JE 3752 7S] FREA %
& RS #FE TE ] Bacillus sp. JE 3752 W3

ot He r
rii'

gt

o

A9
~

=2
=

oH 4] W 4 4t
LBHIAIE ARgate] & wjgds 1% HET & Hi<
40-75°CE 7tz ga)slo] 200 rpme 2 HE v gFaEtich. 244

T A A& a4 F4E e A gA A5 S5CHH
Z7ksle] 65°ColM S HSom 75°C o] &xolAale A

So] o|FZAA ¢k} 65°CE FAlo R 20°C WY FL 2%
WMt B8-S Hol= B4 YERITHFig. 4). ¥ 21X
of W fa A AEs] ko] LB wiA|of ghH Apd ul
2o B3 FA 3 WFelE HFst 65°C, 200 pmolAl 24
A7F uiekate] ghE F ulgls LBl 1% sE® HE s
65°C, 200 rpm o2 ZE HH°1“8}91E} Hjokel-S o] 2-3te] 4A7F 7H
HAow #Ae A3 a4 BYS YT 43 Fig. 5914 Kol
B oupol 7o) mjalore] g4 EAL 4N o] FH yehd
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Fig. 4. Effect of culture temperature on the growth and enzyme
production of Bacillus sp. JE 375. 1 growth, @: enzyme activity.
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Fig. 5. Effect of culture time on the growth and enzyme
production of Bacillus sp. JE 375. O growth, @: enzyme activity.

7} NAFske] 20M 74K M) F7EERaL 284K o] Rl
7A3] Zhaatat. e a4 e 208N TP w3

g o)Fe] A F ujgAs HEstel 2047 v
wloF Aol e 3]paleh. Bacillus sp. JE 3759 ©iid Rajm
AT BEE Wik EALe A 7)dA AR ot
AFE G4 Ao SviET gsaly] BRE dasks F
AE Bolw, A7l o]2W FA3] 3hagth ©

]

r
DRt

o3

o]Zo] o= Aol ol2y TAAYARE FAEIL Axe] SAT
o] ootk Wk & 4= vk wE e T EAE 7h
A ok Bacillus sp. #7352 A4S TAYA o] o]FA = O

Z217]9] 7)o whild 23 % =
= Aoz ruyoAy 3
3 &4 BAL 7K Bacillus sp. e ds UE IS

th. Bacillus sp. JE 3759 A& 2 @i kel vl A

7] pH, B3 FAde] 988 AESATh gA= pH 5.0
o] Aol M RE] M&ste] o4kl pH 65904 Ho) S-S B3
T pH 8 oM @Al A&el sl AstES it
(Fig. 6). &4 &4 T3 pH 65004 Hul 848 2o o9
AgollA] wiA| 2] pHE 6582 2Hste] AR &4 ALkl
uAE gad 9 FAYe 9P AR st glucose,

maltose, sucrose, starch 52 493} polypeptone, bacropeptone,

B2 fE & o

1.6 ]
E 14 1400 _
[ : £
S 12 4200 S
© z
= 1 1000 £
. 3
o 08 800 ©
J @
2 s -600 E
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S 04 ~400 S
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5 02 4200
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pH of medium

Fig. 6. Effect of initial pH of medium on the growth and enzyme
production of Bacillus sp. JE 375. : growth, @: enzyme activity.
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Fig. 7. Profiles of cell growth, pH, protein concentration and

production of the enzyme of Bacillus sp. JE 375. {: growth, @:
enzyme activity; ll: pH; O: protein.

soybean meal, beef extract, yeast eactract, tryptone 59| 24T
& 717t e gyl uixE ZASA TG 1%E A
ate] 65°ColA 200 rpmoZ 208 7F vk T A A 5
AL A6t 1 23 SAYOEE malose 1%04] Wi
sae o 7P £ A8E B &4 Y T3 1% =0
maltoseol|A] BlF3IA-S 74S Hdo 84 €42 HtHdata not
shown). Fujiwara®} Yamamoto2] ¢-7(21)0] mE ¥ iz -3l
FA 89S 7V Bacillus sp-2 BAUYOE F2 glucose?t starch
o] 831 sucrosers Ho] ol &EA ¢tom wAgoem PR
23t glucose®] FEE 1%(wvER B3t WEA Bacillus sp.
F2o] AAElE 94 wd Beahd e A2)elA
Wl Bal g B 28E Bacillus subtilisS BAUCE
2 starch9} galactoseS AME-FThT &F3AT}. W31 Phadatare(23)
gz Balags A4S 22 e dF % Conidobolus
coronatus, Easalp 52 B2 O Z sucrose & AR BHETH
BAAF Bacillus sp.oE W £ w5 Bacillus sp. JE 375<
maltoseZ 1%(wiv)2] FEZ 7RIS o wA A7 a4 &
Aol Al Aoz wax o yrel Fujiwara®t Yamamoto2]
AT Aol zxolZ Btk Aade] Bfole ARl ARE-S
7] AA9%E myponed FAPoE HIKEL w FHdle] A&
£ wHolon A &4 T3 ryptone2 7RIS o Hue =

> ol

o= i

e -y e
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Fig. 8. Chromatogram of the protease on DEAE-sepharose
column. : growth, @: enzyme activity; A: NaCl.

2 48 H9tHdata not shown) e} o] Ag dAaddow
tryptone™ yeast extract’} F+¥ LB x4} vlwslge w)
oA A& '2h g4 ﬂ‘:}%} Zol7h BolA] ggtorng o]

2o Wikl = LB Wil 1% maltose® #7}sle] g42 A
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Fig. 9. SDS-PAGE of protease from Bacillus sp. JE 375. Lane 1:
culture broth, lane 2: acetone precipitation, lane 3: DEAE-sepharose
chromatography, lane 4: protein marker.

sodium phosphate buffer(pH 7.5)2 #5-¥ DEAE-sepharose col-
umn® FEA7IE NaClE FEER GAZOR F7MA70 &
E9 A3 NaCl $Hgol 400mM & W B4 FHol 8ZFQch
(Fig. 8). DEAE-sepharose column ol ¢J&ir= wjok AbAJol BT}
2.1992) BA=E Ao 5982 35%01%It}. DEAE-sepharose
column 2 12} BAG & £F 4N dialysisE Esle] F&
A AT hydroxyapatite column - AR 23+ Ao} o o)
del ARl B AE F HUATHTable 3). FA) &2 rs
SDS-PAGE 2 &lstsiet. 2 Az 248 55kDa?] x|olA
G mE Sl 2 AATKFig. 9.).

B2o| St siEy MEF
500mM sodium acetate buffer(pH 5-6), 500mM Tris-HCl
buffer(pH 7-9)F &4 ¥h&gdo] [0mM 57} HES Hrlslo
60°ColI A 10%:7E Whg- AIZAT}. o1 A3} pH 5 o)AdolA] Wlga}r)
Al 2| pH7} T/HETE &4 8do) ZEk pH 75004 4
o #4L Bodoh &4 %“é | pH 7-82] F& WA =4
Epom pH 9 olelMe Bh B0 FA3] AstEe Bt
>I(Fig. 10), ¥ 57} Aibshe whaz e HiAL dzelet At
4 27oIM ma B4ge] AstEu FA4 BooA A JeRg
S & T AT G0 B mAE ukE 2ne] IS
obm7] Slgte] Ea wbgele] W 2EE 30-70°CE )
495 S48tk 2 A3t Fig 11914 vehd vpe} o)
57t S0°CAIMFE 60°Crt B w7 &4 gl HApHo
SRS o]F 65°C ool A9 5“401 s
3l s}oﬂt} HH 257F 55-65°C9 WY W) e & B4
i‘;ﬂ 53] 60°CollA Hd) £ &42 vehdr) olels 4
2191 S 2 34 AklE 6507 Holdd Axtel=
5°Ce] Apolg RSl wEbA o]Fe] ah Y ZHde urg

O
bl

8 oo
FO{IX

T 3 do s b o B

Total protein Total activity Specific activity A
Step (mg) (unit) (unitmg) Yield (%) Fold
Culture broth 580 540000 1275.86 100 1
Acetone Precipitation 115 246000 2139.13 46 1.68
DEAE-sepharose chromatography 68.49 190800 2798.81 35 2.19
Hydroxyapatite 63.44 177020 2790.35 33 2.19




W] Eoo=Rel Ry B 2
300
250
£
- 00
>
h—
» ’
S s
&
&
g
S o0
N
=
=
50
0
2 3 4 5 6 7 3 9
pH

Fig. 10. Effect of initial pH on the enzyme activity from Bacillus
sp. JE 375.
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Fig. 11. Effect of temperature on the enzyme activity from
Bacillus sp. JE 375.
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Fig. 12. Effect of inorganic salts on the enzyme activity from
Bacillus sp. JE 375. 1: control, 2: AICl,; 3: CaCl,; 4: CoCly; 5:
LiCl,; 6: MgCl,; 7: MnCl,; 8: NiSO,; 9: ZnSO,; 10: CuSO,.
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