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Abstract JH-35 had its activity at pH 7 and the optimal culture time
was 24 hr. Also, B. amyloliquefaciens JH-35 was high salt

BACKGROUND: Recent studies have described the tolerance. Our results suggest that B. amyloliquefaciens

importance of microbes and enzymes that can compost food
waste. This study was carried out to improve production of
protease of isolated microbes from food waste.
METHODS AND RESULTS: Seven bacteria isolated from
various sources were screened for protease production by
adding skim milk into the agar medium. About 7 microbes
producing protease were tested, and strain JH-35 showed
the highest protease activity among them. The strain was
identified as Bacillus amyloliquefaciens JH-35 based on
morphological, cultural, physiological characteristics and
16S rRNA. In the fermentation experiment, the assay B.
amyloliquefaciens JH-35 showed the highest protease
activity in the condition of 1% glucose, 1.5% yeast extract
and 0.2% KoHPOs. The optimal condition of culture with
temperature 35C, initial pH of 7 and shaking speed of 200
rpm and 24 hr.

CONCLUSION: The protease of the B. amyloliquefaciens
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JH-35 from food waste may have the potential to degrade
protein and carbohydrate in food waste.

Key words: Bacillus amyloliquefaciens, Biofertilizer,
Composting, Food waste, Protease
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&g 2 AFs]4 EAlo]thKim and Cha, 2001). &21&

A7) A 2d7) BEE AR F ) e}
T Sk Elo] AlElA EAE Ha 9lem(Cho and
Kim, 2004), 52415 228712 A48} Wl g, Al
3, 22 A7 288 B9 fFEs olE Ve Tol Iwt
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a7t ofHa Wiy Aol &S 5 R 1990
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A Asll, z-dsglel] loiM HEAdst A5 Fat)
olgl, el B A3t Tl oA SHlF, S (Kim et
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al, 2003) ¢ 22} 294o] wAISt HHA theFe A
o] /W= 3l QItHJung et al, 2000). 71 A ¥ Fol st
Wb oA Aol ok 714 En|stelw, 7714 H7]E
& QMg BAw Heslo] HEAY ARshe AEE A
gk Aladoltt SAE 2] st 3] #lE Eelle
v AE] oM FrEA o7 AEH(Suh ef al, 2001),

as> v Tl wet vhEA YePdtiHaruta et
al, 2005). Wb F71E BaEE, S FuskE 530 A
7] 918141 protease, amylase % cellulase 59 &EAiH]
£ ok vAES AREShs WlHe] agAoltk(Hong et al,
2003). PES ARl EAlehs A e] WS
AlE Y= F73h7] $18te] protease® wHIste] AEA}; of
nako 2 sl o]y st Tl o] a8 protease
Hl g7} gl vgEe] A7 ol9lo] AadzA] o8
Sl Ho], amylaset} lipase T¥= the SHA &
uE 7 A AtHKim et al, 2002). ©]9} #o| protease
Aol st A EElsk] SIsiA T 50l(2005) =
= 2y T d@MdE andor Fleh] Sl
proteases TH|SH= Badillus %5 WAES ElsIL, B
O 2RE] B3 Bacillus sp. DK1122 (Lee et al, 2016), B
subtilis FBL-1 (Kim et al, 2016) ¥ Bacillus sp. WRD-2
(Ok et al, 2001), 8=7&lA 2|8t Bacillus sp. JK-1 (Kim,
2007)%} B amyloliquetaciens (Lee et al, 2015), A2 H74
ol B3t B licheniformis (Bae and Yoon, 2012), dl<=e]]
A &8t Pseudoaltermonas donghaensis HJ51 (Oh et
al,, 2015)9} Micrococcus sp. PS-1 (Jin et al, 2013) 52
B2 AF7E olFo] A Qink 4E 2] Hrlghs =
7] pH7} 543] st $Rb)els A 3ekEe] W
7} FE5 o] Fo] A wjio] pH} 8-117H4] A&H 07
’+5(Suler and Finstein, 1977)31A = I oll A Bacillus
& | AES B #olshs A0 B HtkShin ef al,
2009).
W AgelM s S2E 2] Hulglel] nAES ARESt
5 |
.

#oéﬁ—l)i‘-{m

71 flate] 5= 2] 9 o2 A0 25 protease A
Aol w2 mES 2Pkl ols FolM whdeE A o
F= vt w48 o, duid FL5, protease i
= SUAIZIZ] 13 weRA e kRS ARk vAlE
RS skt stk

FFo| 2o o M
4% 29l vns] Age B Rajo] S5

g upE A & S EElab] flete], 4 AlEE Eelo]
Q20|44 80C ol 3041t AAE siien, Ae2dr
st & AAE 28 wIA(1% glucose, 0.5% yeast
extract, 0.1% peptone, 2% skim milk, KoHPO, 0.02%,
MgSOs-7H,0, 1% NaxCOs, 1.5% agar)el =% o] 3
5Ce)A 393t kst -, colony el AR FH3ke]
A717F1 em o)l 21 12k AEsiGith 144 e o
£ NB (nutrient broth)& ©]-§-3t%] 35Col|4] 150 rpm, 24
AIZE wljoFet &, okl o] protease B4 S5t 7H §-
ot 45 HT AEISITHKim ef al, 2002).
22| Mol 58 U 54
el eSS w48 flate] Al S EHE genomic
DNAE genomic DNA prep kit (Sol Gent Co.)& AH-
afo]  Fd3|AtellA AR WRlel]l Fste] gl
PCRe &% 165 rDNA 23} 42 NCBIC| BLAST®}
database?] A7IMY9] e AR E§ Ee o
%9 54¢ siet) Slalo] Feisia, wersta o st

A E4e 2RI,

Protease &+ 24

Protease®] &4 =72 Hull W (Hull, 1974)°] w2}
ik Aol ARSE A9 wjeFelS 10,000 rpm
oA 2023 AR 3 F AsHs ahwA o] AReet
At 71" 4 50 mM sodium phosphate $+5-8-4
(pH 7)°ll 71431 caseing 0.6% (w/v) F7Fsto] AHE-8I3I
o Rk oR= 5 mLe 7]dgded e 05 mLe
A7ksto]l 40CellA 1093 HESAIZTE W8 § 04 M

o om

AANA W FA F, of3sto] 280 nmolA FHEE 54

sigich a4l G4 9l 13 sl 1 19 tyrosines

AR &40 S 1 unit® F2sigith

Z[H Hi S
e 7 HA s Ads] flael Mo

minimal ¥4I 7]% WA 2 o] siglon, 7 wjgkrde

3t 1% 5%E, 35°C, 150 rpm 2 24A13F vljF $-of| proteases

Z7g3ISltk. wiehAl= ©Ag(glucose, arabinose, mannose,

=7 U

pet

lactose, galactose, fructose, sucrose, soluble starch,
trehalose), AA~Y(NHMNO;, (NH,)2POs, (NH4),50;, NH:C,
soypeptone, peptone, yeast extract, malt extract,
soybean meal, beef extract) ¥ 785 =0l W& G
A7F sl diste] ARSI, Wik o 2 2520, 25,
30, 35, 40, 45, 50C), pH (3, 4, 5, 6, 7, 8, 9), WHE(0,
50, 100, 150, 200, 250 rpm) 2 HIFAIZHO, 6, 12, 24, 36,
48, 72)°l w2 FFel thato] ARSI w8E A7l v
= FFS BFAEAE ARSI 660 nmollA] ke

YRS 2g80] Lok

N

o rr
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Table 1. Protease activity of isolated micobes from various sources

Strain Protease activity (Unit/mL) Isolated sources
B. anthracis JH-01 0.80+0.29 Paddy soil
B. amyloliquefaciens JH-30 2.37+0.35 Mountains soil
B. amyloliquefaciens JH-35 3.81+0.21 Food waste
B. subtilis JH-21 2.03+0.42 Feather meal
B. subtilis JH-29 3.40+0.33 Food waste
B. megaterium JH-08 2.45+0.12 Mountains soil
B. pumilis JH-07 1.20+0.26 Mountains soil

sSAEHE
Al st FA #AS Statistical Analysis System
(SAS 2012)% olgste] LAREAS AAsglon, 7 Ht
o4 #1742 Duncan®] vt 7% (Multiple range
test)<>ﬂ ot "e"\] siich A o A 7o
T p<0.05°1A4 g3kl

;jj_l_l- ol =k

> =
AZTO| MY U FxEX
Proteases H] Pi =S wEsky] flste] skim
milk7} FaEo] A EE FEEe] 27)7F 10 mm o)
= RS 13 2589 12} 22]3F 75 nutrient
brothell 35C, 150 rpm &7l 191t #&F3te] protease
o] 7 A U A58 HFH o Adsisitt 1 4

7 Table 13} #20] 771] #5= FollA &41& 27|l £
28k 7} protease 2/J¢] 3.80 unit/mLE 7Hg F7
e O, 16S rtDNA A Bacillus amyloliquefaciens
Q%o B amyloliquefaciens JH-35% "33t} whet
A protease 84 HA3t Aol B amyloliquefaciens
JH-35 55 #AF Adste] ARl

Fxo| EM

B. amyloliquefaciens JH-352] 15 S4<
ol "o‘i]:/]]?ﬂ—x% skl 1l Asska B
A% B amyloliquefaciens JH-352] % &) 2
A Al S UERSITE Y s S VER
A ekskom, WAZARS dAdsielth A, 7l 2 Ak
st vt 7hital S vEhgl o, AaE A6
USktE pH 4-97H4 o] Thssh Zlow AMEHGloH
glucose, arabinose ¥ manitols ©|-§3to] Ak AW ek=
Aoz vepsith ek o] uhE A 7Fe A 8% 7=
AsR o, AE7F 10% ol Al Aol HA skt
(Table 2). o]&= 4% %31171 el Ae Al 2] 9 5
v 957t 5% olakel H3KKoo et al, 2005)3 T 50|
(2005) 4% 2d7] Zol S g o Eaet]
S8l Fejste] A3t Bacillus % w72 S =7 8%
2 uepd Ayst vlusiglE W, B amyloliquefaciens

Table 2. Morphological and physiological characteristics
of B amyloliquefaciens JH-35

Charateristics Strain JH-35
Shape Rod

Gram stain

Spore formation
Mortility -
Starch hydrolysis
Casein hydrolysis
Gelatin liquefaction
Pigment production
pH 4.0~9.0

Acid production
(glucose, arabinose, mannitol)

NaCl 2%
NaCl 4%
NaCl 6%
NaCl 8%
NaCl 10% -

+ o+ o+ o+ o+ o+

+ o+ o+ o+

b3S ehyo] £415 e
Ak,

JH35 55} % 1719 ¥

shefl 28 7%—% Ao

HiX|Z=-0ll [HE protease 4t O|X|= Bt
o 93 a3} : Glucose, arabinose % mannose
oF 22 wad 95—201] gt protease ¥} w8 =E 3%
of vjAl= d&= ARG 71 A3} Table 33} o] 84
g glucose soluble starch, arabinose, sucrose7]' dy
7} 1.86, 1.40, 1.35 4 1.26 unit/mLZE 7] YEREOH,
glucoses AHE3I%1S W 1.86 unit/mLE 713 =] Uet
Wk oA %> glucose, sucrose, soluble starch,
arabinose”} 717} 1.21, 1.02, 0.97 4 0.89% =2 £O%
b, mAEAAel 7 m&Aola, aAagel g &
FFE A= glucoseE TAUOE @@3}9@"/}. Glucose
7} skol WE protease At wIAE dde HAsE]
8t Hrbs=g 2Elskaler, 1 Ay} protease T
glucose 1.08} 2.5% 47} Alell 747t 1.98 2 1.99 unit/mL
o 7P #A etk E=3 epiEe] oA A
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Table 3. Effects of carbon sources on the growth and protease activity of B. amyloliquefaciens JH-35

Carbon sources (%)

Cell growth (660 nm)

Protease activity (Unit/mL)

Glucose, 1 1.21+0.16 1.86+0.19
Arabinose, 1 0.89+0.08 1.35+0.15
Mannose, 1 0.22+0.04 0.16+0.02
Lactose, 1 0.53+0.11 1.00+0.10
Galactose, 1 0.31+0.07 0.42+0.13
Fructose, 1 0.45+0.11 0.35+0.12
Sucrose, 1 1.02+0.03 1.26+0.08
Soluble starch, 1 0.97+0.08 1.40+0.25
Trehalose, 1 0.88+0.05 0.98+0.28
Control 0.18+0.03 0.12+0.02
Carbon concentrations (%) Cell growth (660 nm) Protease activity (Unit/mL)
Glucose, 0 0.16+0.02 0.13+0.01
Glucose, 0.5 0.88+0.12 1.06+0.25
Glucose, 1.0 1.28+0.06 1.98+0.20
Glucose, 1.5 1.23+0.12 1.80+0.17
Glucose, 2.0 1.29+0.15 1.78+0.33
Glucose, 2.5 1.25+0.21 1.99+0.28
Glucose, 3.0 1.27+0.18 1.87+0.35

glucose 1, 2 9 3% H7PF 244 1.28, 1.29 W 1272 7
= et ol9} o] glucose?] H7F EE7F 1% o)
& W, protease S A FEIF 2 A OE Ve
o} b glucosel] H7FEEE 1% A8t o]e} 2
& A3= B subtilis PANH7659] protease &/l 3=
A= SR ® 2% glucose AHE Al 4.20 unit/mLE
7V = veRd Adel §ARII O WKKim et al, 2002),
A2 5ol T-2)8 Bacillus sp. SH-80] 2% #i-oA 514
unit/mL (Yoon et al, 2006), EolA 218t Bacillus
sp. WRD-27} 3% lactose®ll4] 64.02 unit/mL (Ok et al,
2001) 9 F=AolA EEst Bacillus sp. JK-17F 2%
xyloseol A Jtid o2 7Hd 2 A4S HehiSivke BaL
9} thEA YERITHKim, 2007). 3k soluble starchE Wl
Al Wl H7F Al RE v8ES] protease £43(1.40
unit/mL)¥ PP #A AR097)E, B subtilis
PANH765¢] 2|3t protease €/3(0.37 unit/ mL)¥ w4
7H0.3)d3ke} Blastgls W ANt s Yehdligivh
ol & "AE T amylase’t A&3tA EH]E o]
soluble starchs 24 3lieto] YT CE o] &st7| wf
2l AoE yhdEw, 2] nA8E2] amylase 9 protease
FaEHE S8 27 2l 28 A e Aow wd
HAHKim et al, 2002).

4ol gt a7 Yeast extract, peptone 4! tryptone
o} 28 A 9FFol et protease & vBE 3%
o WA= S ZARISITE 1 A7 Table 48} o] a4
ty

yeast extracts AH8-6I1S @ 3.25 unit/mLE 7Fg E7
vebsth B9 mAE Al A% tryptone, peptone,
beef extract, yeast extract”} 717} 2.29, 2.18, 2.16 ¥ 2.11
2 2 TO0% YEhth mEk aagAed a870]1, v
BE e 7P & S WAE yeast extract: A
o7 AXHTE Yeast extract 7} FE0] W protease
At m A= GRS A flete] ArbsEE gElEka
om, 7 73} protease T4 yeast extract 1.5, 2.0 4
2.5% H7} A, 247} 4.86, 4.80 ¥ 4.67 unit/mL TOF =
Al Yebstt vAE Al /38 yeast extract 1.5, 2.0, 2.5
2 1.0% F7F A, 217} 2,67, 2.66, 2.69 B 2297 FOF =
Al et or, 1.5% o] A7t solMs 7l we
n] A EA] Apo]7h YRR ekttt mEbA] yeast extract
o b FEE 15%% A48tk o9k 22 di= B
subtilis PANH7652] protease &/l 42 n|x&= A
A0 F yeast extract 4.70 unit/mLE 7 =A YERES
™, 1% yeast extract 7} Aol @840l 7P A YE}
W= HI(Kim et al, 2002)9} £ Bacillus sp.°l
1% yeast extract AFE- Al 92 unit/ml= 7H =& S-S
vepbd Aitel A0k et al, 2001).

TR g3t a7 KoHPOLSE 22 5718 65+
o thgt protease LA v|BE Aol A= FFE A
stk 1 A3 Table 58 20| 4842 KHPO,,
CaCl,-2H,0, MgSOs-7H,07} 217} 537, 488 2 477
unit/mLE #A] HEbtom, KHPOE ARSI o
5.37 unit/mL% 7P A Webstth B3 KoHPOLF v
B Al v a2t 2782 7MY B U, 2484
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Table 4. Effects of nitrogen sources on the growth and protease activity of B. amyloliquefaciens JH-35

Nitrogen sources (%)

Cell growth (660 nm)

Protease activity (Unit/mL)

NH4NO;, 1 0.89+0.15 0.80+0.29
(NH,)2POq, 1 0.74+0.23 1.20+0.35
(NH4)2SOs, 1 0.55+0.18 0.80+0.21
NH.CL, 1 1.09+0.12 1.22+0.42
Yeast extract, 1 2.11+£0.27 3.25+0.33
Soypeptone, 1 2.09+0.21 2.88+0.12
Peptone, 1 2.18+0.15 3.03+0.52
Tryptone, 1 2.29+0.16 3.08+0.15
Beef extract, 1 2.16x0.11 2.75+0.14
Control 1.28+0.15 1.78+0.18
Nitrogen concentrations (%) Cell growth (660 nm) Protease activity (Unit/mL)
Yeast extract, 0 1.29+0.23 2.10+0.13
Yeast extract, 0.5 1.67+0.19 2.75+0.20
Yeast extract, 1.0 2.29+0.15 3.62+0.32
Yeast extract, 1.5 2.67+0.29 4.86+0.38
Yeast extract, 2.0 2.66+0.17 4.80+0.21
Yeast extract, 2.5 2.69+0.10 4.67+0.35

Table 5. Effects of inorganic compounds on the growth and protease activity of B amyloliquefaciens JH-35

Inorganic compounds (%)

Cell growth (660 nm)

Protease activity (Unit/mL)

CaCl 2HO, 0.5 2.55+0.15 4.88+0.30
MgSO,7HO, 0.5 2.49+0.15 4.73+0.24
KoHPO,, 0.5 2.78+0.18 5.37+0.19
CuSO,7H20, 0.5 0.80+0.25 0.82+0.17
FeSO4 7H20, 0.5 1.31+0.11 2.40+0.33
ZnSO4 7H20, 0.5 1.58+0.43 1.43+0.12
Control 2.36+0.18 4.67+0.27
Inorganic salts concentrations (%) Cell growth (660 nm) Protease activity (Unit/mL)
K:HPOs, 0 2.23+0.14 4.32+0.32
KoHPO,, 0.2 2.58+0.24 5.12+0.22
KoHPO,, 0.5 2.63+0.33 4.81+0.10
KoHPO,, 1.0 2.66+0.28 3.78+0.43
KoHPO,, 2.0 2.60+0.17 3.82+0.26

o | AE A 7P 2 98 vAE KHPOE 7714
o= AAsIStE KeHPO, 37} kol W protease Y
Akl mA= G A S8k ArbsEE gElselth
1 A protease &> K;HPO; 0.2, 0.5 2 0% 71 Al,
717} 5,128} 4.81 unit/mL 0.2 A YJEREOL, 1% ©]
A7 Al BABAEE Ahde Ao® YElth mAE
A A478-E K,HPO, 1.0, 0.5, 2.03} 0.2%2] H7}F A, 2+
2.66, 2.63, 2.607} 2.58 07 =7 EREOLE 0.2% ©)%
o] A7t wERolAE b e A $E9] Apo|7} e
4] kske) o]} 7o) K,HPO,S W7} F52 0.2% H7)
3t ™ protease &4 A FETF S AOE UER

t}. wEbA KHPO,S 7 52 0.2%% AA3s19l) o=
2 F2Eol|A #2|$t Bacillus sp. SH-8°] 0.3% CaCl,-
2H,0°l|4] 575 unit/mL (Yoon et al, 2006), A2 D3+
o)\ ®2lst B licheniformis’t 0.1% MgSOs - 7THO0MA
213 unit/mL (Bae and Yoon, 2012) ¥ =g &g
St Bacillus sp. JK-17} 0.3% CuSO4°lA Atjdo=w 71
=2 B4 YERIth=(Kim, 2007) ®a¢}t thEA el
o} st GASA ] A7 ZF = HlelEmbet Aol 7t
T olfrs, iR as wAUY W 7o 5400 ot

T
Ajo] WEQ Ao prier)
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3.0 7

—s— Cell growth
—o— Protease activity

25 ab be

20

Cell growth (660nm
P
Protease activity (Unit/mL)

00 T T T T T T T 0
15 20 25 30 35 40 45 50 55

Temperature (C)

Fig. 1. Effect of temperature on the growth and protease
activity of B amyloliquefaciens JH-35.

Y20l 2lst et

HAMA 204 wjf2E ztolel tigt protease E4
o v Al miAle IS ARSI 11 A9 Fig. 1
7 o] FAEAE 35Cek 30T el 747 588 4 5.70
unit/mLE 7 =7 UERg o, 30T 9k 35C A9
A1 Afol= YA 2SItk (p<0.05). $H8 20T 4 501C
Au] mAgHdo] 1.24 9 1.86 unit/mLE WA UERTH
(p<0.05). P|AEAF 40C, 35Tt 30CM 72} 2.70,
253 31 2480 % 71 =7 HEbstoH, 30-40C Al -9
4l Apol= HEh A QRkth(p<0.05). ©l¢} o] &g
off 71 & FFE v 5 30T 35CE HeRdow,
T AT ARl Aol gllov wAAN g4
o vAE o] 12 35CE HARe® AAselt o=
EQFllA E2let Bacillus sp. WRD-27} AJAksh= protease
(Ok et al, 2001)9} A zolx F2]gt Bacillus sp. SJ-100114]
WH) 5= protease?] #HZA2%7F 40CE VRt A9
Ak} AL OV HKim et al, 2009), A2 BIA
2&t B licheniformis®|X] #¥]%]= protease= 65C (Bae
and Yoon, 2012)%} B licheniformis LBBL-11°1A4] &4 %=
proteasei= 60 C 2 & A§12] ARG o5 R} 52 2ol
A4S YERtHJuyigbe and Ajele, 2008). ©]$} o]
Bacillus Z_xl: u] )\g%o] A(})J/\]‘g‘],ﬂ 1:]-1314 7&1 _,_OH Bﬁ_h /\].)ﬂ ZA—]
Azt dollA E44S YERY, Kim 5(2009)2] ¥} 7o
tiio] 43 el HADds UehdiA o
782 30-37CellA, dzejAd2 60Colr H2 23} A
e ths Barel ARSItk 5 - 50](2005) +4E
d7] $o emds asHor Fefety] fls £
PBacillus %5 319 w57} 40 2 50CellA] 75%2] G484
vErIStks Adts} vlwslSls W, B amyloliquefaciens
JH-35 w5} ARt A3E yeho] 54= 28719 Hs
stoll 2§ 7eE Aow dddr

_4\

10 [ o o{N

H folo] gt
protease 273} v|AE Aol vAl= °éf% = ZARSISITE

35 7

3.0 4 —8— Cell growth a a 6
—O— Protease activity

2.5 A

2.0 A

Cell growth (660nm)
P
w
Protease activity (Unit/mL)

Initial pH

Fig. 2. Effect of initial pH on the growth and protease
activity of B. amyloliquefaciens JH-35.

3.0 7

—&— Cell growth
254 —O— Protease activity

Cell growth (660nm)
[5,)
Protease activity (Unit/mL)

0 50 100 150 200 250 300
Shaking speed (rpm)

Fig. 3. Effect of shaking speed on the growth and
protease activity of B. amyloliquefaciens JH-35.

71 A%} Fig. 29} @o] &ABAE pH 7¢)4] 5.68 unit/mL
2 7P A Uester, pH 33} 4004 mag4do] 742t 0
7} 0.01 unit/mLE 72| A40] 7] kol (p<0.05). ot
PREAEE pH 6014 970419 A 257F pH 3014 5714
o Aejtell wlal] w9 Aol EhistAl bt e
pH 691X 97k4] Azlte] vlAE o] 747 2.53, 2.65,
2.78 9 2423 YERY, pH 6014 929] 7k 2143l 2}
T UEREA okt (p<0.05). ©]9} o] EATe] 71 &
P& VA= 57t pH 707 Ueht 4 pHE 7% 2
eIt o= Bl el B subtilis PANH765°14
== protease”t pH 7 (Kim et al, 2002)°14] Ht &
& JER Aol aEolellA sk B. megaterium?
protease’} pH 8 (Bae and Yoon, 2012)°l14 HA A&
el Aol dAsqih 3k H 5(1996)0] Hargh §h
o F4= 2719 EE 27] pHZF 5004 59 o] Fel=
pH7} 92 *J<53te] H|E 38K composting) WH--o] F ¥ =
Hugl 7 50](2005) S4E 87| T2 wids az
o= Fafst] Aal Eeldt Bacillus % w52 pH7F 5-92
S WSl o] ddeigivke Ao} vlasigle “H,

B. amyloliquefaciens JH-35 71 %3 b2 W eloA g

J
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Fig. 4. Effect of culture time on the growth and protease
activity of B amyloliquefaciens JH-35.

3t A3} protease FH AR Qlsto] SAE 2e7]] H]
w3l AL 7 Zlow sddnt
wHESTof olgh Het
HAMA 2704 wHEEE 2tolo] thét protease £
v Al vAl= &2 ARSI 11 A3 Fig. 3

3}

7 o] A48 200 rpm¥} 250 rpmollA] ZH7t 5.687F
5.70 unit/mLE 7Hg E7 1 R 29 (p<0.05), WA=
< 150, 2003} 250 rpmollX 242} 2.48, 2.70% 2.65% 71
FA U (p<0.05). o] 9} o] aigda} v=e] A5
o 7ME & 4 viAe S EE SR £7153191 200
rpm OO % et wpebr] #H4 Wk =S 200 rppm©.
2 Al ole EdelM Eeld B subtilis PANH765
oA 1% protease”} 150rpmellAl # o] 5.72 unit/mL
2 Jepd Al vwsisls wl, B amyloliquefaciens
JH-35 77} B subtilis PANH7658.t} 3712 ZA4
Ui QFAIAHOF protease #d0] #A| VEh = Zlo® ddET
(Kim et al, 2002).

£ HE
r°1'

HHFA|ZHOl 2lst Fek

FH AR 2o wjeEAZE Zfole]l thgt protease 24
W e Al X FEE AFIITE 1 A Fig. 4
9} ol a4 2447 4 6.12 unit/mLE 7 =7
LEF oM, 48A1F o] S5 Algto] A s g4
o] F2dh= 1o & UERHTHp<0.05). PIAEALS 244)3F
HE 72A77H4] 2.36004 2550 % YR, 24A7HE F
8] FAaYE veRl o 72417 744 nl 8= e) At
7F fAEE AoE YERITHp<0.05). ©]9h o] aAE
W uE A5l 7HE F IS A= H GRS 24A13E
©Z vehd, HA mdAES 244131072 A3t o] A
Y= B amyloliquefaciens CGD3v(Lee et al, 2015)7}
48A7Fe] 8.02 unit/mLE ¥ /9 UERA AT} w
T S UeSla, A=delA EEld B subtilist 57t
24A17Fe] 8.00 unit/mLE HA S HEhlo] & AJF9

Ael FUSUTKKim, 2007). HEF 2447 Oliﬂﬂ
protease &Ao] FrasiGletl ol AFAEE #
Bacillus sp. SH-89] protease &/J¢] 26217t ©]%-F-H 50%

ol ZAsk T Bal(Yoon ef al, 2006)$} BraA|ko] 2
oJAFE wldAe B amyloliquefaciens CGD3 2]
protease &/do| FasilvhE Bagl dX|sthLee et
al, 2015).

2 E

o

2 AT wdE 2d7]9] gulgte] &8s 9%t v
=& A8}, protease BAbsol ¢ MAES 7E
el em, protease BAbso] 7 93 JH-355 HE
ekl oA E 2|25 2ee JH-35 w52
84, wjekera] 4l Askery 5493} 165 tDNAZ w43 2
%} B amyloliquefaciens=. -7 ¥1°1, B. amyloliquefaciens
JH35% {8l &4e 27| Brste] vEAR o]
g3t7] 9J8tel, B amyloliquefaciens JH-35 thgt ¢1sof
tjgt U4, protease?] HAujA] A7 HAu|rzAs &
ob sttt 71 A} dEE AL 8%E RGO H, AN
A 2738 1.0% glucose, 1.5% yeast extract, 0.2% K;HPO,

ojglon, HAujzE 35C, pH 7, WHHFE= 200 rpm
olitt. ol e HA Wik xHoR wigEdiE o,
protease AAtell thsh HZA wjoFAITRS 2447w 6.12
unit/mLO 2 WERST) o]9} o] wjkuiA| el vk
ZAFste] protease E/0] S7HE w4 2d7] vAE A
HAIE Adstaat 5490, B amyloliquefaciens JH-352)
52 pH HelelA 488t 447 protease w1 &7, 8%2
WA e 2 A dys BEdE 44 o 54
2H7] 23l MAER AR 7hso] TRY Aow wdy]
o, &5 SAE 2d7] #HRst ASAEE AAA, & 1

A= A7HE ALE71E 7|t
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