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Among 63 Bacillus strains grown at 60°C from sixteen samples of homemade Korean soybean paste, one strain was
selected for producing the thermostable protease. The isolate has been identified as Bacillus licheniformis on the
basis of its 16S rDNA sequence, morphology and biochemical properties. Culture filtrate of the isolate showed
maximal protease activity at the reaction condition of 60-65C and pH 11. The culture filtrate retained more than
87% of initial protease activity after incubation for 30 min at 60°C without substrate. In order to develop the medium
composition, effects of ingredients including nitrogen sources, carbon sources, metal ions and phosphate were
examined for protease production of the isolate. Lactose and soytone peptone were the most effective carbon and
nitrogen source for the enzyme production. After the late logarithmic growth phase the isolate began to produce the
protease, and the maximum protease productivity was reached to 550 unit/ml in the optimized medium consisting of
lactose (3%), soytone peptone (1.5%), MgSOs (0.1%), K;HPO4 (0.03%), and KH,PO4 (0.03%) at 28 h of incubation.
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. AFBAY Sof dE] o] & Bhalla, 2004), B. alcalophilus (Kanekar et al.,

H31 =AY g Ao|tt Protease & A= oA EO] T B pumilus MK6-5 (Kumar, 2002)7} 22| =] 3lo 0, Gz AJL ol
TE o, BacillusE: FZ7F AAAZA AR o8] A= T 9ok A9t YA o] l+= protease YAkt B. licheniformis LBBL-11
(Gupta et al., 2002). £3] serine protease©]| 1= &ZHe]A protease (Juyigbe and Ajele, 2008), B. subtilis Rand (Abusham et al.,

A A A 2| Sl= H]F0] =21 B. licheniformis7} A3
E3] B. stearothermophilus TLS33% 3%

£5.0] B. licheniformis7t B27b ¥ B 2A9)2 A4 o5 7471 e

sp. BOO1 (Deng et al., 2010), Bacillus sp. APR-4 (Kumar and
2002)%} B.

2009), B. stearothermophilus TLS33 (Sookkheo et al., 2000)3}
B. stearothermophilus HY-69 (Sun et al., 1999)7} R 1%t}
9] WY A] proteases

1o (Hadj-Ali et al., 2007; Sellami-Kamoun et al., 2008), 0|
Q]| %= B. cereus (Prakash et al., 2005; Nilegaonkar et al., 2007),
B. mojavensis (Haddar et al., 2010)2} B. pseudofirmus (Bang
and Jeong, 2011) o] Rt AHFE 42 o] 857] 9
A degAgol vl F83t f40|BR YEgo] JLoHA
&+ proteaseE AYAFSH= Bacillus sp. JB-99 (Johnvesly
and Naik, 2001), B. licheniformis YP1A (Li et al., 2009), Bacillus
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2=9} pHoJlA &
A& Ho|1l Bacillus%2] T2 #3 83 protease©] B3| W<
o1 19940 Ao LA S A B of
FAE9Q iruZ2HH protease PAE =2 B2|H Bacillusy +
Zi A FAS 9 ABALiv e al, 20001} Wi FFO
229 754 o] AA= B} °‘E]-(Juyigbe and Ajele, 2008).
Protease ] AF1H o8-8 ISA L AARIIE Wik Aol
Fasinz ol oo Sl 24 3 71958 2ok
WA 24 HE, v pH, M2, s FAIZE 9 Rk e
59| vj¥= A A 35S Bacillus sp. JB-99 (Johnvesly and
Naik, 2001), B. cereus MCM B-326 (Nilegaonkar et al., 2007),



B. aquimaris VITP4 (Shivanand and Jayaraman, 2009), B.
subtilis Rand (Abusham et al., 2009) 2] protease A =0|
A w42 RRE, FEARAET} 22 A7t AR
A3l B. licheniformis NH1 (Hmidet et al.,, 2010)2} B.
mojavensis A21 (Haddar et al., 2010) 2 5-€] protease S A5}
o} 3 B. licheniformis ATCC 21415= 24502 AHS
A= 715t RE o protease Aol F7HEE Ao B
%] 9iti(Mabrouk et al., 1999).

U oA T dast AE 0 ZHE proteases YAH=
Bacillus& 7571 2259l o1 o] 59 protease 7]5-2 casein
Eolls otz AZd Elle, 84 &8s, At Eale
e tordl 7158 Zt= Ao 2 W aEQthLee et al., 2001;
Kim et al., 2003). £ Ao A = A oA B2 = Bacilluss o
FE ez WEA ol Sl protease Abt-Z BASLL £
o] ikt B4 WREEA T} B4 A4 vl = vi A4
29 9FE A&

Mz 2

HHXI2 Al2F

Protease At O 2= 7MY oA Al2E Ao 2HE £
3t B. licheiformis YB-1205 55 AR5} 21, protease &
&AL 93t 7122 A% Hammarsten casein2 Merck 3]
A2 HE 1281, L-tyrosine, trichloroacetic acid (TCA),
sodium carbonate, anhydrous sodium acetate, acetic acid®2}
Folin-Ciocalteus phenol< Sigma SJA} A &2 ARE-5 T

=27 3

9 FEE WEs] Al TR ZXAEAS HA
skl YSREE S-S 2] SIsAlE ARAR) AL o)
a} vfokA] HekelS API 20E9} API 50 CHB kit (bioMéreuxAl,
France)ol) H%313 37C oA 2947F st B3HE ol
3 gskeby B4 BEstst 2elFel 165 RNA #27
G7INGS B3] SoIA Bel@e] & GUH DNAS 73
©2 5431, Alt2] 168 rRNA 3210 BEA 219 9] ¢7|AE
< Z+= upper primer (5-AGAGTTTGATCCTGGCTCAG-3)
2} lower primer (5'-GGTTACCTTGTTACGACTT-3)E& A%
sto] SgEAE AHNES(PCR)S A A5HATH PCR 4He2 A
3}o] ABI PRISM BigDye terminator cycle sequencing kit2}
373A automatic DNA sequencer (Perkin Elmer Co., USA)E
M3l 9714 2 A5IIL o] S NCBI database 2} M| 1L,

Protease EM=H

Protease &S =43}7] €3l Hammarsten casein (0.6%)
2.5 ml, 0.2 M sodium phosphate $+5%(pH 7.5) 0.3 ml2 &3
skod 55°ColA] 10427 | F3t = Ealot o] w5 HE 0.2 ml
A7Fste] 3087F BANRES AASHTE FEgH] 2.5 ml9
TCA £98(18 g TCA, 18.1 g anhydrous sodium acetate, 18.8 g
acetic acid per L)2 H7}5lo] £35to 24 HE2-2 A A7)
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40C oA 3023t HAIGH F A2 1027 A& st
dHEEE S 1 ml FHotd AldE] &7]3 0.55 M
Na,CO; (2.5 mhI} FH4E 2vf 3]AE Folin-Ciocalteus
phenol A]2f(0.5 ml)& H7Fste] aike £ 40°C oA 303t
A3 o] & Aol A AR WIS 43 £ 660 nm
Ao A G =E 245}t Protease A 1 units= HHEA]
7F 12 29} 1 pg tyrosine S QWA= BAF0 2 A ol5tgict,

Protease HISSd 24

Protease &/ m]X|= g =9} pHO| S 2|
Q5}ed 30-70°C 2} pH 5.0-12.02] H o]l A] protease TS Z+
7} 24319t o]y citrate (pH 5.0-6.0), phosphate (pH 6.0
8.0), Tris (pH 8.0-9.0), KCl-borate (pH 9.0-10.0), Na2CO3
-NaOH (pH 10.0-11.0), Na2HPO4+-NaOH (pH 11.0-12.0) &=
LHo] 2k AMEE UTE WEAE AL HeiA e vl
H-Z 30-65C 9] He2=of 3023 WX g & protease o] Z&
S 2Ask4

Protease 4t EA

£ 279 protease Aol BX]= WA RS G AL
3] fleiae Thad, A, 9, BrlReoleo) E5ek W7
&2 gjotal pH 7.22 23 2l s x| o] LB B o)l 4] &}
S A WFE 2L 1% ()7 HES HES F 37ColA
25A17F 521 200 rpm . 2 el %F 3t Tt v F-8-7] = baffled
flask® 1835100 vjopole] H3i7} vjopg719] 15% ol
HES sho] sjapetaich. Worole YHET F i PYFAL
ZA4M0 Z ARE35}H] protease TS O ZH protease
A S ZASIAC.

4 oa

Xha] EEC2RE LHHY protease MikHo| Ei|

7oA AlzE B A 42 At HAF 514
st LB HyhufR|of =gt & 60°C oA s i gFEo=2a
B4 22 B2y Bofo| thE BT 2754 AU,
% protease AAHE-S TS 918 & 164 B AR
FE 42 6375 TR o FEhe] 37T ol A 2425412k X
& uioRe F iSOl 65C oA 3087 AR stark
Skim milk (1.5%), 20 mM sodium phosphate (pH 7.0)2} agar
(1.5%)5 T73 v ool 78S WL QA A5 wjofit
THE P 55T of| 4] 4A17F k3-8t skim milk®] Ea)2hE H]
matgich. thyael WP S AL AH2) ¥ protease B4o] A
o] THE A grott, 29t YB-12059] s ds Ao = €
A 2] Zo|| = protease T/ o] 4G A= ch

2 YB-12055 A5 FAshe IHSY o= gl
=51, API 50CHB®} 20E kitE ARg-sto] A3t EAS
ZAVet A3t B. licheniformis®t FA=7}F 99.9% 2 A X|5FATh
(A =AAD. EF 168 IRNA FHRE PCRZ FE3}]
1,457 bp 7|4 <L ZAA3}9 .25 (GenBank accession no.
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JX901378) ©]= u]=- NCBI9] BLAST ZAMHIH2 ALg5}e] 7]
Eo FEE A=Y A&t E7IAER Hmgr A
YB-1205+ B. licheniformis Pb-WC09001 (HM006901)3} MS
514 (BU718490)8} 3F je] @7]ebo] D3teh. whetd] el
YB-1205= FE| &, A3shd E4J 9 16S 1DNA €749 2
2 & | B. licheniformis2 W= ict.

B, licheniformis H{FAYSOHO| protease HISEM

B. licheniformis YB-12055 LB A x]o] HZ3}o] 37C
ol1A] oF 25A17) ok F HlpAE Ok 3l4:tol whg o] pHS}
B2 =g geEjelHA aadds gttt 1 A3 pH 11
7 60-65T &) oA Hf| EAE/dE HATH(Fig. 1). o]=&
WRS-EAL Bacillus sp. JB-99 (pH 11, 70°C) (Johnvesly and
Naik, 2001), B. licheniformis (pH 10-11, 65-70C) (Hadj-Ali
et al., 2007), B. licheniformis RP1 (pH 10-11, 65-707C)
(Sellami-Kamoun et al., 2008), B. licheniformis NH1 (pH 10,
70°C) (Hmidet et al., 2009), B. licheniformis YP1A (pH 9.5,
60C) (Li et al., 2009)2} Bacillus sp. B001 (pH 10, 60C)
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Fig. 1. Effects of reaction temperature (A) and pH (B) on the protease
activity. Temperature profile was obtained by measuring the protease
activities at pH 7.5 and different temperatures. The pH profile was
obtained by measuring the protease activities at various pH’s and at a
constant temperature of 55°C. Buffers (50 mM) used were as follows:
sodium citrate (pH 5-6; -e-), sodium phosphate (pH 6-8; -0-), Tris
(pH 8-9; -m-), KCl-borate (pH 9-10, -o0-), and Na,COs3-NaOH (pH
10-11, - A-), and Na,HPO4-NaOH (pH 11-12, -A-).

(Deng et al., 2010) 50| AASH= G49 GABIELE 224
B. licheniformis LBBL-11 (pH 8, 60C) (Juyigbe and Ajele,
2008)} B. pseudofirmus HS-54 (pH 10, 50C) (Bang and
Jeong, 2011) 5°] AJAFSH= proteases= 2}o|7} 91Qict A
HI2 7104 2285 B. cereus MCM B-326-2 pH 9.0} pH
10.6001 4 ZHE/d-E 2= e protease & 2F AJAtot= A2
2 A= 1 Qlck(Nilegaonkar et al., 2007).

Fofl gk S A 8l iFFTAS oF 2=
oA 307F ARG & EDAYE ST A7 50T ofstof A
=AY AgEZR gton, 60CoA= 87% o &/do] zk&
stR ot 65 ColME 34% F=7t ZHE3tch(Fig. 2). o3t
Gt A 52 B. licheniformis LBBL-11 (Juyigbe and Ajele,
2008)1} B. licheniformis YP1A (Li et al., 2009)2] & 2o H]3j
He o, 60°C 2t 70°C oA BH7)7} 22k 6081} sEog
B39 B. licheniformis NH12] protease 2} 60C of| 4] 60& 1FX]
Al ZAE2EA 0] 45% +F 2.2 FA == B. licheniformis RP12]
protease 5(Sellami-Kamoun et al., 2008; Hmidet et al., 2009)
T S B SEoR U, B 184 #8714
Q1 Thermoanaerobacter tengcongensis2] protease+= W A4
o] ufj-2- =3t 60°C ol A 4A17F Tt WX S Fof] 90% o]t
o ZEEAYE B, 70T oA BEE7)714A|7E o)/l Ao =
B ¥ v} 9lth(Koma et al., 2007).

EtA2} EINRIO| B licheniformis2| protease A4Alof| O|x[= &t

Protease+= HJ AW S Y3t DA 9] AJHof whet T A4kt
of Zfol7} 3™, Bacillusg w50 webA] o]F HiX|A=o]
protease Aol Ul AL ol tiErt. graglo] Relzo
protease AYAto] n|2|= FEFS ZAVSL7| 93] yeast extract (5
g/L), KzHPO, (0.1 g/L), KHPO, (0.1 g/L)@} CaCls (1 g/L)2lo]
Baglo R Treh At A%, S 74 B8 22 1%
(w2 Frtste] Wiz & Axg F, LB viz| oA -2t
gk FAE FEotkar 37T oA 24-25X7HEt %1% HY
&t T v T Yol A= protease AT HO] YHE &
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Fig. 2. Thermostability of protease in the culture filtrate of B.

lichemiformis YB-1205. Thermostability was determined by measuring

the residual activities after pre-incubation at different temperatures
for 30 min.
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Table 1. Growth and protease productivity according to the kinds of carbon or nitrogen sources

Carbon sources Growth Protease productivity Nitrogen sources Growth Protease productivity
(1%) (ODé0o) (U/ml) (0.5%) (ODsoo) (U/ml)
None 2.0 12.0 Ammonium sulfate 1.8 2.3
Glucose 2.9 4.1 Casein 1.9 1.9
Maltose 33 8.8 Bacto peptone 1.1 3.0
Lactose 2.1 52.5 Tryptone 1.5 2.0
Sucrose 2.6 2.1 Soytone peptone 4.8 181.0
Soluble starch 3.0 34 Yeast extract 3.1 523

ZJ5k5ict. 1 23 Table 10]] 21 upe} o] f3-2& Z71%H A
A= A Aol F7F HYov 2 BRSO E '
29 7zt ujR] o A= A o] A= it

S =Fo| protease 2] AYAHAS JA|Sk= -9+ Bacillus sp.
JB-99 (Johnvesly and Naik, 2001), Bacillus sp. SH-8 (Yoon et
al., 2006), B. licheniformis (Hmidet et al., 2010; Yoon and
Shin, 2010), B. aquimaris VITP4 (Shivanand and Jayaraman,
2009)0)| 4] o]u] B35 v} QIth. B. amyloliquefaciens D4-79)| A
T xog B Ago] A7k wiRolA BAGS Al YA
o] Aste Aoz AHHTHKim er al., 2003). B. mojavensis
A21 (Haddar et al., 2010)= = B oz} A, A E=
S A7IRE viR| | A protease A o] AstE| Gl oL, ol
3A| B. licheniformis ATCC 21415 {34%)3 =9
(1.5%) FA1° 7t viR] ol A protease AJAHd o] F7F6FR
th(Mabrouk et al., 1999). B. licheniformis NH12 L=, X3
T ol o BFE A4 iAol aE= Ao R dBA 9
o] Ea|dit FARSE EAS B Y th(Hadj-Ali ef al., 2007).

Ao FHI7F B PA v = FFE 2AH] 9
A (1 %)= ¥ vz ol A2YE A&7 42 (KHPO,,
KH,PO,, CaCly)2 o}t U3t 4] © 2 §}31 ammonium sulfate,
casein, tryptone, bacto peptone, soytone peptoned} yeast extract
2 742 0.5% 4 wjAlo] A7feko] A vfeprolAl vjerst
k. P ole] EAISH: protease®] B ST At
yeast extractZ 27}t v} X .t}= soytone peptone=r 2715t vl
Aol Al 2] /37T protease AFAHg o] ol om, o] 2]2] Aa
A A1 Wi R o= o] A B LS BE B2

Ao 2 FRIETHTable 1). EE|wo] DA olA FH= Uk
A& 72151 soytone peptone®]] ]38} protease AJAHFo] ST
Z o2 ol Halfo] B4 WA A protease JAto] =T o2
=t 31 B. mojavensis A21+= sardinella peptone (Haddar
et al., 2010), B. aquimaris VITP4:= yeast extract@} peptone <
%l=(Shivanand and Jayaraman, 2009), B. cereus MCM B-326
£ diFgo] Ztzh Aoz wix|o] A7IERS o B4 AYA
Ao Z71= A th(Nilegaonkar et al., 2007). T3t protease YAt
Aol u| A= Bag FaFo] Ead YB-12059 fARE A2
B33 B. licheniformis NH1-2 yeast extract ¥ o} g} casein®]|
IS M= F 4 AAA 0] 27151 O UK Hadj-Ali ef al., 2007), o]
o} &) Bl YB-1205+= caseing AAY O 2 AMESIE-S
B A4bdo] ¢ kTt

AL 0 2 soytone peptone (1%)-2 271t v x| ol A -§F2]
FA7VEE 2t wiA ol A v et 23 Table 20 EQl upe}l 2+
o] §T+e WrHRHA e WAolN He} fuke HAlEHES
B2 AL Egkom ST 3% HrRRH MAIA B AL
Alo] 313et. webA] -§3(3%) T soytone peptone ] H71ERES
st v Ao A EA 4SS ZARSE Z 3} soytone peptone )
Hrhepo] Bes 29 4 9551900} 2% oL H7Heh
A2 w= G YA o] At AAYOZ yeast extract
£ 715 vl R|of| A protease AJAFA 0| Z71E B. licheniformis
YB915¢} Bacillus sp. SH-8= AT 0]4}9] yeast extractE 3
Trolote i BAFT fAHA Bh AAMI] AetEE Ao
2 d#HFHHYoon et al., 2006; Yoon and Shin, 2010).

Table 2. Growth and protease productivity according to the amount of carbon or nitrogen sources

Lactose amount Growth Protease productivity Soytone peptone Growth Protease productivity
(%) (ODs00) (U/ml) amount (%) (ODs00) (U/ml)
0 4.8 152 0.5 2.3 113
0.3 35 176 1.0 3.7 169
0.5 3.8 182 1.5 4.8 200
1.0 42 204 2.0 6.1 195
1.5 42 199 2.5 7.4 178
2.0 42 198 3.0 7.6 166
2.5 4.0 194 3.5 8.0 125
3.0 4.5 226 4.0 8.9 82
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Table 3. Effects of various chemicals on growth and protease production

Chemicals Growth Protease productivity | Concentration (%) Growth Protease productivity

(0.1%) (ODé0o) (U/ml) of MgSO4 (ODsoo) (U/ml)

None 4.8 182 0 5.4 184

CaCl, 4.1 125 0.05 5.4 179

CoClz <0.1 ND 0.1 53 213

ZnCl, 2.1 ND 0.15 52 153

CuSO4 <0.1 ND 0.2 4.9 129
MgSO4 4.8 195 0.25 5.6 134
MnSO4 2.6 64 0.3 5.5 143

ND, not detectable

oln} 27|2A0|20]| protease At O|X|= Hsk

Zg o] 2% H|RT G4 0] 0] protease A4 ol G 1l
A= A0R dEjA JJoug F£0]20] YB-12059] protease
Aol w2 GRS A 8 §3(3%), soy peptone
(1.5%), KoHPO4 (0.01%)2} KH,PO,4 (0.01%)S 35S vl x| o)
Mg Hddt S4593(CaCl,, CoCly, ZnCl,, MgSO4, CuSOs,
MnSO,)< 0.1% 9] S =2 H7}sle] YB-1205S vjFstgict 1
A7 MgS0.¢2} CaCly g 71 viA| ol A= F59S 78R
A WO o =T FABFRIL MnSO.Z 3713t v A]of
A o ARE7E Rotxlen, Uz g&4¢o] A7HENS
e Aol A dojuA] hgitH(Table 3). HiFH <]
protease /& 43 23 MgSO.E H7Iet vjA|olA] &4
ARG o] 714 E9Fow CaCl2t MnSO.E 71t Bz A=
H7VeHA] ghSkE wiE o) 4 Aibdo] Wkt B. mojavensis A21
(Haddar et al., 2010)3} B. pseudofirmus Mn6 (Abdel-Fattah et
al., 2009)% YB-12059} EaH7 ub1u4s o]-20] 71 =]
ol B Aol $7h5H 202 ARtk Mgs0.e] e
9] Whste] e Y S FES 9 A7) AR Hx)
o] MgS0,E 0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3% F7}5}to] vl s}
ik 7 23t 7o) At Bl A E MeS0.9] 47hepe]
Alglo] 2 HIE Holx] FUAT MegS040] 0.1% 71 A
oAl o] 2 Ao 2 W ¢Itk(Table 3).

FFH o= Qo] FFE ZAILAL #ijA] 9] 7|2 S 1
(3%), soytone peptone (1.5%), MgSO4 (0.1%)Z 3}3L K-HPO,

Table 4. Growth and protease production according to the amounts
of potassium phosphate

Concentration (%) of Growth Protease productivity
K>HPO4/KH,PO4 (ODsoo) (U/ml)

None 6.8 78

0.01 7.8 351

0.02 7.7 360

0.03 7.5 381

0.05 8.1 372

0.1 6.5 354

0.15 6.2 330

0.2 6.1 291

9} KH,PO,Z Z+2} 0%, 0.01%, 0.02%, 0.03%, 0.05%, 0.1%,
0.15%, 0297} HES Eats}ol Wl vixlolH Bela voket
Tt 9] gt B E AR 1 A3} K-HPO/KH,PO,
2 A7) oS o mok A7bsRe o #e] Aol Z7tst
%2 B ofe} protease AL o] WLk T 2 o2 27k}
Hem 0.03%7F 7HE iAol A Fas AHdo] 7P e=st Tt
(Table 4). Zg=7ol|A] protease APAHdo] & o2 F2jH B.
licheniformis YB915+ 0.03% 2] K;HPO4/KH.PO,S #7131 vlj K]
oA &4 A4 o] 7MY e 1 37 A ol& et
A =2 vjR|of gl oF 1.3uf =219 H|sfi(Yoon and Shin,
2010), YB-1205% K,HPO,/KH,PO,2] A7}o] 2] protease A3
A Z7b=7) oF 5uf = EelE ). E3 B. megaterium F7-1
= potassium phosphateZ Z7}5t v x| o] A] protease YA 0]
Z7Veh= Ao 2 I3 F th(Son, 2005).

=o| dEu sAMLY

B. licheniformis YB-12052] protease AJAto]| Zgst Aoz
ol wjA (3% 59, 1.5% soytone peptone, 0.1% MgSO,,
0.03%/0.03% K HPO4/KH,POy4; pH 7.2)& AR5} HJFAIZE
of W& a4 AT F Y] BAE ZAFSEHTE Bacillus
& ol WEkA = g2 e B F4 protease & FAl ol A4
&= Aom 90 B F(Brar ef al., 2007) YB-12052] HjSFAFS
Hol| EA5H= protease B EHTH7] YA W& pHE
7.5¢F 112 3}tk YB-1205= £7] ti7]of o|27|7HX]
protease S A 2] AYAFSHA] Zstglon 7] ti7|fE A F
© 2 Aikste] 28A17F v & e el o] 2RI th(Fig. 3). ¥E
& pHoll T2 w35 A 9] protease B3-S H|w g A} vjF
AZboll ZA glo] pH 7Rt 1104 ¢F 1.4-1.6H] = =2 AL
2 Hol Ze|3t-& I/ proteaseE T2 AYAibote Aoz o
ST Teba] ¥ pH 112 7|52 2 B o) E2]7 9] protease
AL ZHd) 550 U/mlo]l o]2w o] B. licheniformis
LBBL-11 (18.4 U/ml) (Juyigbe and Ajele, 2008) Er}= &7,
Bacillus sp. SH-8 (436 U/ml) (Yoon et al., 2006) =+ B.
aquimaris VITP4 (630 U/ml) (Shivanand and Jayaraman,
2009)F= AV}, B. licheniformis YB915 (800 Ujml)
(Yoon and Shin, 2010) = B. mojavensis A21 (1,859 U/ml)
(Haddar et al., 2010) E.th= e Ao 2 el E i)
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Fig. 3. Growth and protease production of B. licheniformis YB-2105.
B. licheniformis was grown in the optimized medium consisting of
lactose (3%), soytone peptone (1.5%), MgSO4 (0.1%), KoHPO4
(0.03%), and KH2PO4 (0.03%) at 37°C with vigorous shaking. Cell
growth (closed symbols) was determined by measuring absorbance
of cell culture. Protease productivities (open symbols) were determined
by measuring protease activity of the culture filtrate under the
reaction conditions of 55°C and pH 7.5 (-V/-) or pH 11.0 (-0-).
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