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22| ProteaseS MMSH= Bacillus subtilis JK-12]
=2 8 Y g4 §M

2IXchE

A4 2R e LA protease A4 o] $5% FFF F28 F Y H, A=) -A3jsA E4 3 165 rRNA
AR 471D S B8 AFEHE ol 45le] $AL ANG A Bacillus subtilis JK-12-2 BFH . B.
subtilis JK-10] A A}8H= protease®] HAH #4 pHY L5+ 47 9.03} 55°Co) 9121, 40~-80°C2) LEo] A ¢4
AT & FFE A Fol SA9H A4, F7) 922 1.0% (wiv) xylose$} 1.0% (w/v) yeast extract, 0.3% (w/
v) CuSO, & AH-8-3150 & 7% vl &) &B2] A protease AL & el St B. subrilis JK-19] B5-& vl ¥
12212k shel] Hof A4S Jeh 2w, B4 B4 L 8A 28 F4 3] F7181o] 16~20A] Zholl Hoh E4 & e
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Proteasex= T 28 &} peptided} o}n)cAto 2 Rl
ot A AAIHCE FHEAL Bl 60%5 xRSk Q)
< AR AN 200 F23 ARE 2AST YTh19).
ole Zv|8 Az, F301F wulde] AujEAa} &9t AA, A
9] a3}, FH TEHYRA), A= $A, FAEY A 59
AFTH, BT £ AAHAXEA|, 434, 29054 T AtF
4, 2812 AlA|, AE7VE, @70 BEE ZHE Aol e
SEHIL 3UTHS, 19). Protease®] T W02 SR
EAsE T2 715719l W} serine protease$} aspartic protease,
cysteine protease, metallo protease®] 4FFE TE3lAL E4u
49 HA pH W2} acid protease®} neutral protease, alkaline
protease= W71 3tH(12, 17).

Protease & + A&7 Alwt, FFo|, 5 5 thu3 njAEo)
A A, 5B AZ2RE {3 protease= THFSF AF
A 28 FF3)o FFo) A=l Ath18). 2==E ¢t
AT A, N7 T AAFY Aol BUA 7R &
S5HAN B2 o] gl MAE F9 proteaseS A4S}
7] 5t 2 A7k A= 2 Qlrk).

8, Bacillus & TFE= Aol ¢5sin U3 4L 71
I QoM AR B BA $F, 281 AIF 0 R Y AF
531 1o, Bacillus 40 ZHE 4224 protease”} HAH ©]
T2 a4 B4l 1 W& pH HHAM &84S vehlin @
Aol 98 AAE A T B 2 Hdd g

QT7E A= Yeh10, 16). 4 382 BHo R A9H 3
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U AT Rl proteases THEE Bacillus & Felo] 24
= ¢4 Zasolth ZEA proteased] B3I ATE
Horikoshi (13)7} Bacillus sp.S Eelle] 4353 B4
8+ o\& B. brevis, B. stearothermophilus, B. cereus
A Bacillus & F57F SBAIL T, 3, 7).

B AFeMe AhdF ez {83 proteases BAEH F &
Zra] 499 pHOlA protease BAL WERNE Bacillus sp.S
FHoeRE 29 - AL, £ 57 WIS protease
9] ZF Ao gt ANkl BA3& ZARI7|0) Bastax) g
=3

A=A AB G AHE A3 LB (0.5% yeast
extract, 1% tryptone, 1% NaCl, 1.5% agar) B X|SlA] T3] 45
o] $3lal M2 T E HElF 5L 7H AT A &
% B2t ©o]5S 1% (w/iv) skim milk (Difco™, USA)7}
48 LB uiRol A iFste] skim milk E8l50] 71 953
B IF K18 FEH o A B A AL&3liTt.

HZE W49 755 BAZ A9 27 PP F0.7-0.8%
2023 um) o2 FAe} Hubs JAASAA, &54S Ad 3]
Aol Alolitt. 3 catalase A1EH oxidase AE PA,
Voges-Proskaver (VP) A187} indole A& &4, A4 3¢ 2
citrate ©]-8 THEL %A o|ow, CMC% soluble starch,
tributyrin, xylans 7FFRSEs SAS RYchkTable 1), 28]
A58 T FA7)A VITEK system (VITEK 2 Compact 60,
bioMerieux Inc., Hazelwood, MO, USA)S o}-&3le B3 #F
o] QA EQES A AT B subrilis 94%<]
matching levelZ YERATHALE w]AA)). 919} 22 )3, A
] - Aekr EA4] <313} Bergey's Manual of Systematic
Bacteriology (591 71&¥ ¥R/ 715E Ixsl TS A4 &
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Table 1. Characteristics of the isolated strain JK-1

Morphology
Shape Rod
Cell size (um) (0.7~0.8) x (2.0~2.3)
Motility Motile
Gram stain +
Spore formation +

Characterization of cultures on LB agar plates :

Colony color White
Form Circular
Elevation Flat
Margin Wavy
Opacity Opaque
Brilliancy No glistening

Physiology
Catalase activity +
Oxidase activity +
V.P. -
Indole production -
Nitrate reduction +
Citrate utilization +
CMC hydrolysis +
Soluble starch hydrolysis +
Tributyrin hydrolysis +
Xylan hydrolysis +

+, positive; -, negative

2] T Bacillus & T2 FA A

B2 75 JK-19] §3483 A4 w}% 3% ASH /4
BAE LolR7] 95te] PCRE FZ A2d 14 kbe 16S
RNA F32} 471898 23 0}04 E4s Al=atdchFg. 1).
o] wj PCRol| AH&-H primers 165 rDNA €714E ZA ) AL
831 universal primer$] 27f; 5-AGA GIT TGA TCC TGG
CTC AG-3'9} 1492r; 5-GGC TAC CTT GIT ACG ACT T3
o] ATh(15). PR H7|ME A A= GenBank®l accession
no. DQB846632% FE3IATH AHE F7IMdY 44 Bae
GenBank®] databaseo] S=F 168 1DNA A7 IMEEL] ARE
4.2 BLAST 213 (http://www.ncbi.nlm.nih.gov/BLAST/,
NCBI, Bethesda, MD, USA)YS o]-&3t 33l th(, 4). A5
42 CLUSTAL X9 Multiple Sequence Alignment Program
(Strasburg, France)& ©]-8-31] 83141 1.(22), GenBankol 5=
O& #FE59 16S 1DNA F71M <Y FE 9} TreeView programs
©]8-5}4 neighbor-joining methodol]l &3] G71AMB7+e) 'rrﬂ;i‘]
€)%} phylogenetic treeE BATH?20). Branch®] A& |
3lo] ATAHE AZZRE AMEL weeS FAIS 74140}931:}
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Fig. 1. Phylogenetic tree based on 16S rRNA gene sequences,
showing the relationship between the isolated strains and other species
belong to the genus Bacillus. The accession numbers are in
parentheses. The tree was constructed using the CLUSTAL X and
neighbour-joining method. Scale bar corresponds to 0.01 subscrip-
tions per nucleotide position. Numbers at nodes indicate levels of
bootstrap support (%) determined from 100 resampled data.

el 759 168 RNA Q7 IAES 7180 559 kg A
59 483t @7IMEH As8E FARIY £ 23 B
subtilis strain 64-3 (GenBank accession no. EF472462), B.
subtilis MOT (GenBank accession no. AY553100)%+ 99%¢] &-
AMS HQI, B subtilis M6 (GenBank accession no.
EF443162), B. subtilis strain 361 (GenBank accession no.
EF445124)71= 98%9] FAM3S BITHALE wlAlA). o1 £4
AAE BEUE 3l B 75 IK-12 B. subtilis=. 3F 539
Qo™, B. subrilis JK-12.2 HH 3}t

e - TAE 5 protease 832 ZAEY) Yt FaE
AL 0.1% (viv) BESF 37°Coll A 16413 T3 Eajj s},
13400xg o2 1083 AR S & A5he 2FghHoF A}
|39}, Protease 24 =732 Hagihara 5(11)9) S 9%

B3] ARSI 7148AL 0.1 M B $5-8(pH 9.0)
o 7]2<l Hammarsten casein (BDH, Englandy& 0.6% (w/v)7}
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Fig. 2. Effect of pH on activity of the alkaline protease produced by B.
subtilis JK-1. The enzyme reaction was carried out at 55°C for 30 min
in 0.05 M citrate (pH 3.0~6.0), 0.1 M phosphate (pH 7.0~8.0) and 0.1
M sodium bicarbonate (pH 9.0~11.0) buffer.
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< Sl9] ZAA 1§ 5ol Hammarsten casein® £5E 1 g
9] tyrosinel|] Fdh= opn|=ake A= A %o d
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B. subtilis JK-10] A2FSR= protease®) HZ pHE 0.05 M Al
E24 43-84(pH 3.060)% 0.1 M Q2+ $5-8-(KH,PO,,
pH 7.0~8.0), 0.1 M €4}t $2-88(NaHCO,, pH 9.0~11.0y% A}
€, Z} pH ME 0.6% Hammarsten casein (w/v) 7] 2&HL A
x| a4 848 224‘6}1 1 ahe] A @40 HAjE
AthFig. 2). ¥ &A= pH 8.0945FE 11.071A 2] ¥ 9ol
protease /0] 80% 01*]'-4 HHEE ERIoH, —‘5'] Llacy
A3 pHe 902 Jeh} ¢2aA proteasedS & 4 Ak
ol23t A= Shin F(21)°] IFolA £l B, megaterium
relel protease (pH 8.0)9} Kim 5(14)°] EWo 2 RE Ha)gh
B. subtilis PANH765 12 proterase (pH 7.0)2H= THEA] VFERATY

B. subtilis JK-1°0] A3 eh= G4 protease] HZ A &
& AE] 3 0.1 M &t 258 pH 9.0/ Hammarsten
caseing 0.6%H A E3X)7) 1 2EAADE 718 TR, e e
20°CH-E] 80°CE WS 7|HA &4 84S =7 vlwste] A
402 RAG Ade Fig 33 2ok & w5 Aitete
protease®] 2 W3- LT 55°CO|QIL, 20~80°COlA = 80%
ol el a4 A4S vehyglon, 3] 40~70°ColXE 90% ©]
2 ®& 48 JepiSIY. o] daks Kim S(14)0] 23
B. subtilis PANH7657} A42¥81= protease®} &4do] 30°CollA 7}
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Fig. 3. Effect of temperature on activity of the alkaline protease
produced by B. subtilis JK-1. The enzyme reaction was carried out at
various temperatures for 30 min in 0.1 M sodium bicarbonate buffer
(pH 9.0).
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Fig. 4. Thermal stability of the alkaline protease produced by B.
subtilis JK-1. The enzyme reaction was carried out at optimal
condition after preheating of the enzyme solution at the indicated
temnperatures for the different time periods. Symbols: O , 80°C; @, 70
°C; A, 60°C; A, 50°C; [, 40°C.
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§HH, Shin 5(21)°] 223 B. megaterium®] 2T protease
€ 80°ColA] 1027 A Al o 15%2 FAT 84 ZAE R
Aot wetr £ g4 Fol Fg3ica st

Protease:= Wi A| ] ©tad} A4, 77199 A mel 1
Akege] Apol7t Bom mAEe TRl wet 1 JFo] t=
th8). ¥&] FF29 protease 2ol W X= W AGEY] FEE
ZARP| A8l eraddt A4y, FI19F7 T wiRe A W
" gAe A% AEE vlwdta, AR it AsaE
ZgAhNoZ ALEEY protease S SHFOEMN protease
AL A

B290) 7 WE B subtilis JK-12] FABE 2 protease]
24 A7) 98 LB AAMAG] anabinose®} CMC
(carboxymethyl cellulose), fructose, galactose, glucose, glycerol,
lactose, maltose, mannitol, mannose, raffinose, rhamnose, soluble
starch, sucrose, xyloseZ 22} 1% (wiv)EA F7Fskd wjekst &
ZAVEATE. L A7 Table 20419} 7o ARg-Eo) gAHo)
& AL 279t Bt mannitol AHEA] 7HE E&
4, glycerol?}t mannoseE H7HH vjAloME @A A5o] uf
9 A Yttt 8 54 S840 s tiETR1 LB iAo A
o B4L 1002 SAS A5, xylose H7MA 213.9%,
arabinose F7HA] 1899%%2 HEA FAo] =A Yeinton,
glycerol (82.5%)3} raffinose (99.4%) 7} Ale 2318 &4d0|
At ek o9} 2o A2 B o protease?] AAHS 3t g
29E xyloseZ} HlwH AFsivly fdEH, B AFolr=
protease®] BAdo] 71 3 ga Qo g ¥ A xyloseE HiA|
of AH7lsled AMEEIATE Kim S(4)°] BF B subtilis
PANH7652] protease= glucoseZ H713F 3% Aol 7F8 &=k

Table 2. Effect of various carbon sources on the cell growth and
alkaline protease production by B. subtilis JK-1

Sources Cell growth Relative enzyme activity
(1.0%, wiv) (ODg) (%)
Control 4714 100.0
Arabinose 4219 189.9
CMC 4.124 104.1
Fructose 4789 133.1
Galactose 4.669 136.6
Glucose 5.388 119.8
Glycerol 2.673 82.5
Lactose 4.717 108.2
Maltose 4,609 108.1
Mannitol 5.677 103.8
Mannose 3222 127.5
Raffinose 4.839 99.4
Rhamnose 4.041 120.7
Soluble starch 4.839 104.8
Sucrose 5.087 101.4
Xylose 4335 2139
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I, xyloseZ 718 A% glucosed F71E W} vl o
30% °|&t2 FAJo] vl Rtk Eg Shin TN A7l W
2H ¢ZElA protease BAS 7HA B, megateriume AU
& galactoseS |83 xyloseolAE A3 BAo] UehiA| &
v mugogn £ e Aae} golgs & 4 A
Aago) U 482 LB 9A9 uyptoneS AAT 2L
Z72 3t 4FFE o| uyptone A 7714 (beef extract,
casein, malt extract, peptone, skim milk, soytone, tryptone, urea,
yeast extracty¥ F7|FAY[NHYHPO, NH,C, NHNO,,
(NH)SO,, KNO,, NaNO,J¢] F%=E 1% (wiv)Z AZ3 8jRE
AHEIATHTable 3). TA| AE-E APl AHE3 o2 i
% soytone¥} tryptone, yeast extract, malt extract, beef extract,
skim milk, peptoneS F7}8+ viAA EA JElOH, 1 F
tryptone F7He A9 Aol 4L BA oloke tzH o
2, uread} (NH)H,POE 713t viRlo A= TA|S] 7o) &
o= greh 2Ela A ARSE f7124Y FolA yeast
extracts H7}8F 79 proteases] BAJo| 248.7%= 71§ =A v
EMN AT, soytone (221.7%), beef extract (184.2%), tryptone
(159.7%)yS 47}3F 73$-oE proteased] BAdo] BlaZ A U
Elstor, uread H7HE A9ollE 904%2 HETET WA
elgtet. shAd) £7) 4498 AHSIEE wolls 1 24ad T
Fa BAo] JUjF oz vol a4 Yo rE B[ Ao
2 ARt o) B megaterium) 213t LZEA protease?]

Table 3. Effect of various nitrogen sources on the cell growth and
alkaline protease production from B. subtilis JK-1

Sources Cell growth  Relative enzyme activity
(1.0%, wiv) (ODgy) (%)
Control 1.367 100.0
Complex nitrogen sources:
Beef extract 4.051 1842
Casein 2.693 110.1
Malt extract 4282 107.9
Peptone 4.196 1194
Skim milk 4.222 124.6
Soytone 4.612 221.7
Tryptone 4702 159.7
Urea 0.000 904
Yeast extract 4.499 248.7
Inorganic nitrogen sources:
(NH,H,PO, 0.010 93.7
NH,Cl 3.000 96.1
NH,NO, 2.831 90.1
(NH,),S0, 2.959 97.7
KNO, 1.658 1035

NaNoO, . 1.780 1028
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Table 4. Effect of mineral sources on the cell growth and alkaline
protease activity produced by B. subtilis JK-1

Mineral sources Cell growth  Relative enzyme activity
(0.3%, wiv) (ODgy) (%)
Control 4.904 100.0
CaCl, 5.543 97.8
CaCoO, 7.255 100.6
CoCl, 0.033 93.6
CuSO, 2.094 129.0
FeSO, 5.689 952
K,HPO, 5.079 104.1
KCl1 4.954 100.1
KH,PO, 4.898 102.1
MgSO, 4252 99.6
MnSO, 0.160 94.8
NaCl 4.547 100.6
ZnCl, 1.455 100.3

3¢ 57134490 1.5%2] NHNO, F71 7F 9-<538lithe
Baends g2 ARPor, yeast extract®: 73 AS-
protease 2/40] 71 FA JERYThE Kim 5(14)9) 23l o
28kt wEhA B Ao HHe] AAUOR yeast extract
& Jgsiairt.

TA S A5 5L Al vXE F71979] 93 LB ¥
AoA NaCEE: AAT AL 272 et 7218 F719(CaCLst
CaCO,, CoCl,, CuSO,, FeSO,, K,HPO,, KCI, KH,PO,, MgSO,,
MnSO,, NaCl, ZnCL)S 03% 37} AL A= 3tk
(Table 4). B. subtilis JK-1- CaCO, H7}A] A5o] 71 &sko
H, CoCLolA = AFol dojuA] - & = AUATH =3
CusO°ll SJSiAME A EAo] 129.0%2 7P BA Yehston,
CaCL9} CoCl, FeSO,, MgSO,, MnSO,Z 7} 7239 thzTol
Hja] 840 498 TasE Ao et o9 e A
© 2FAM B B. megateriume] 73-$- MgSO, B7H &
A @40l 7 EThE shin S(21Q Aok Aolstqrt.
wiEhA] oiEEe] wR]ZzAel ols) FAle] A4 proteased] A
e & ATE A o= Aog AlgEnh

HAu|AE AR A uFERANA W FAZte] e B,
subtilis JK-1 53 424 protease B2l Hals #+ A2
F AR F 02 2ARBIYT Figure 509 YRt wlel o) B,
subtilis JK-19] &L JF A7 o|F FA3] Z71317) A1Fst
o 124131 el HRAFE JeIAaL, 1 o] F2 o Tk
ke TS Jehliolth 84 848 sAHRE 323 718t
o 16~20713tl Hdj A& VFERIRL 2 o] 59 Al7lell= A
A8} Zshs A YR s 2 d59] vzl
w2 5 Al i3t AL @Al A&l vlEsle] dztelA
protease’} AAHEES & 4 Uk o8 A= Kim 5(14)9)

B8] 95 Bacillus subtilis JK-10] AAeh= 424 protease®] B4 335
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Fig. 5. Growth and alkaline protease production of B. subtilis JK-1. B.
subtilis JK-1 was grown aerobically in optimum media at 37°C.
Culture supernatants was prepared periodically and alkaline protease
activity was determined at 55°C for 30 min. Symbols: O, Enzyme
activity (U); @, Cell growth (ODg,)

B. subtilis PANH7652] protease”} 36417F vt A] A &A4&
el iths Badls xolvt e ALE vEpTh

ZWAkel

B A7 20059% JAEA stedyAgnl A 23
ol Folan, ool TA=HUT.
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ABSTRACT : Isolation and Characterization of an Alkaline Protease Produced by Bacillus subtilis JK-1
Ji-Yeon Kim (Graduate School of Molecular & Biomedical Technology, College of General
Education, Inje University, Gimhae 621-749, Korea)

A bacterium producing the alkaline protease was isolated from Chungkookjang, and was identified as Bacillus
subtilis JK-1 based on morphological, physiological and biochemical characteristics, as well as phylogenetic
analysis using 16S rRNA gene sequence. The optimum pH and temperature of the protease activity were pH 9.0
and 55°C, respectively. This enzyme was stable at the temperatures 40~80°C. The maximum alkaline protease
production was obtained when 1.0% (w/v) xylose, 1.0% (w/v) yeast extract and 0.3% (w/v) CuSO, were used as
carbon source, nitrogen source and mineral source. Under the optimal condition, growth of the isolate was
reached at stationary phase after 12 hr followed by incubation, the alkaline protease production reached a max-

imum level with 16~20 hr cultivation.



