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Abstract

Microbial proteases are more economical than plant- and animal-derived proteases due to their ease of production
and high activity. This study aimed to optimize the production of proteases from fermentative food-derived micro-
organisms. Five strains with proteolytic activity among 50 Bacillus sp. were first screened. Two strains with high
protease activity were identified: Bacillus amyloliquefaciens SRCM 102139 and Bacillus subtilis SRCM 104999.
SRCM 102139 strain and SRCM 104999 strain had the highest protease activity in 0.8% glucose and 0.3% yeast
extract, and in 0.8% starch and 0.1% soy peptone, respectively. The production of protease for two strains was opti-
mized by the Central Composite Design (CCD) under response surface methodology. The optimal conditions for
protease production in SRCM 102139 were 0.5% and 0.347%, pH 6.0, for carbon (glucose) and nitrogen (yeast
extract springer 0202) sources, respectively, with a predicted value of 0.929 U/mL. Additionally, the optimal condi-
tions for protease production in SRCM 104999 were 0.5% and 0.5%, pH 6.7, for carbon (starch) and nitrogen (soy
peptone HSP-349) sources, respectively, with a predicted value of 0.431 U/mL. The actual protease activities of
SRCM 102139 and SRCM 104999 under the established conditions were 0.926 U/mL and 0.428 U/mL, respectively,

closely matching the predicted values.
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22 g A il =2 S8 T o] A A
Zm oA wj$- +835th(Razzaq et al., 2019). 53], Al
) protease= A= 2 F=A protease?t G| 7 wt
A7 glo] T M GRIOE AlE 9 B4E WiEHo =
-3— protease A 4toll =2 Z3A|A3E 7EAZL At (Supuran et

., 2001). Protease A J A ES Thefeh W A Fd &
XHO]’T: Zo®w dHA o, o] T gevtete] B, 7F
A, A3 T 2 T Fd e Ee dady F

Bacillus sp.7} A373 3= protease] ]3] whulz o] ojw|i= Ak
2 Jetol=2 ZafEm wd Zef =R e gt

g7l TS F= AoE HIAES AL & Bavisetty,
2020; Nam et al,, 2012). E3F, A% FF2F {2 A
o

52 okAd AEAYLQ GRAS (generally recognized as
safe)= S Wrol QW FE AF F vio] oAkl b
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3 JEAP e R ggo] 53 tk(Hamza, 2017; Jeong &
Lee, 2014). ©]2]3F oA protease] AF# AYAHS ¢
A =2 G4 2 5ol 7HA= protease T PSS
AE AFAA dFai ol tiEg AkS s wiY 7=
At E5AQ0 A okt & & ok (Matkawala et
al., 2021).

HAE fe 245 AP 888 A9, vAE A
ol S & F Uve WA 2490 a9, A4, pH
59 xdo| uj§- F23HGupta et al., 2002). 3], &
299 A A =4 B AR 2ader FEEE
t s=4d dade] Ag &S TRl de ofreito]

ol hf-3l3L A THElisashvili et al., 2008; Kachlishvili et

al., 2006). AT FEA AU AHHOE o] 8=

o =2 H]§ Wk ollet BE g A9HEe 498 T

o] 9184 wjEel = A EA AAYez tAEH At

(Bae et al,, 2016). 21 &4 AAYL 7H40] AP ¥ of

et 84 AEdd vlsl] kiAol E1, 2 &89
E wjx]

doll gk P S Hgk 7EA AL Slo] mAE WA 2]l
2 F25 9y QtHBrune et al., 2009). ©]9 722 o
z7e] o

st HA3l 71E2 YEAHLS=E One Factor At a
Time (OFAT)H 3} WF-S-3 W EA 9 (RSM, response surface
methodology)©] $1THSingh et al., 2017). OFAT H& U}
FAA e vE] B2 AlZko] ARFAIRE T ALk
VHFS = g Ao T/ 2 FvEE HS5ok=t
vl s AAHA SHE 7N Jtk(Saha & Mazumdar,
2019). 3HAIRE, of 2] ol i FaAkg-g S<lstar, 24
2718 47 AfHue RS 7 S FH2, ol
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2 9y &853 Jtk(Dey & Dora, 2014; Wejse et al.,
2003).
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27 Fe 93l gAY d Fade et pH HIE
AAste] WEEREARA S etk gk, diEF ALk 7t
4L szl $13l pilot scale (3.5L TR 7)A &Y
A 27604 9] protease A1HdS 1T

Protease 24 D|MZ Mdt

2 AgolA AHgs BE AF FH VA= Bacillus sp.
50Fo]H (A)La v EAFI 218 (Sunchang, Korea)o 2
FH B W9 tHTable 1). Bacillus sp.o] A v &
nutrient broth (Difco, Sparks, MD, U.S.A)°ll H&3l 37°C
oA 2417 EF X' ket om, Hu g wiA=
nutrient agar (Difco, Sparks, MD, US.A)E A}-& 35}
37°CollA 24A)7F B9t AR wlgSHI Tt protease T4 o
F Ado= 1%2) skim milk7} F7FE 54 ¥l A (Difeo,
Sparks, MD, U.S.A)E AH&-3}3Th. g wij=]ol] v 50
% Bacillus sp. #-2 @Y FEYUE TR st
skim milk7} 718 3wl HF3 5 37°ColA 24
AlZE wleE ST vl =, AAE FE2Y o] Y S
712 A3l protease A4F B TS Felai)

BHK|2| EbAel 2l ZIALI0f| (IFE protease AiAH &I
e #59] protease Aol FFS v IFY
S 2] $138l, protease AAF WA 0.5% (w/v) glucose
(DAEJUNG Co., Ltd., Siheung, Korea), 0.5% yeast extract
(Becton, Dickinson & Co., Paris, France), 0.5% KH,PO,
(DAEJUNG Co., Ltd., Siheung, Korea), 0.5% MgSO,-7H,0
(DAEJUNG Co., Ltd., Siheung, Korea), 0.001% FeSO,:
7H,0 (DAEJUNG Co., Ltd., Siheung, Korea) pH 7.5&
71Ho 7 slo] Bl 79 glucoseS fructose, galactose,
lactose, maltose, starch, sorbitol (DAEJUNG Co., Ltd.,
Siheung, Korea)2 Z}7} 732 w22 WA G oM, A&
HAYe] 49 yeast extract gistex LS (Gistex LS Powder,
DSM, the Netherlands), yeast extract springer 0202 (Bio
Springer, Maisons-Alfort, France), yeast extract 751 MG
(Procelys, Maisons-Alfort, France), yeast extract FM888
(Angel Yeast Co., Ltd., Yichang, China), potato peptone
E210 (Organotechnie S.A.S, La Courneuve, France), soy
peptone HSP-349 (Tatua, Morrinsville, New Zealand), soy
peptone F (Solabia, Pantin, France), soy peptone FP410
(Angel Yeast Co., Ltd., Yichang, China), yeast peptone
FP102 (Angel Yeast Co., Ltd., Yichang, China)Z Z}2Z}
0.5% &= WA AT} ©]F, protease AAtol| FS 1]
1 FFde] FEE 0.1-1.0% HZE o] protease A4F
S ISt e A dF Al (seed culture)
2 2% HFIIAL 37°ColA 24717 v gstdet. v 5wl



LEAFE F v 9 Eejas 101
Table 1. List of fifty Bacillus sp. from fermented food
Number Strains Number Strains
1 Bacillus amyloliquefaciens SRCM 100731 26 Bacillus subtilis SRCM 102751
2 Bacillus amyloliquefaciens SRCM 101352 27 Bacillus subtilis SRCM 102754
3 Bacillus amyloliquefaciens SRCM 101368 28 Bacillus subtilis SRCM 102832
4 Bacillus amyloliquefaciens SRCM 101405 29 Bacillus subtilis SRCM 102846
5 Bacillus amyloliquefaciens SRCM 101439 30 Bacillus subtilis SRCM 102899
6 Bacillus amyloliquefaciens SRCM 102031 31 Bacillus subtilis SRCM 103752
7 Bacillus amyloliquefaciens SRCM 102032 32 Bacillus subtilis SRCM 104139
8 Bacillus amyloliquefaciens SRCM 102073 33 Bacillus subtilis SRCM 104161
9 Bacillus amyloliquefaciens SRCM 102139 34 Bacillus subtilis SRCM 104166
10 Bacillus amyloliquefaciens SRCM 102672 35 Bacillus subtilis SRCM 104384
11 Bacillus amyloliquefaciens SRCM 102789 36 Bacillus subtilis SRCM 104400
12 Bacillus amyloliquefaciens SRCM 102815 37 Bacillus subtilis SRCM 104948
13 Bacillus amyloliquefaciens SRCM 103692 38 Bacillus subtilis SRCM 104999
14 Bacillus amyloliquefaciens SRCM 104078 39 Bacillus subtilis SRCM 106908
15 Bacillus amyloliquefaciens SRCM 104081 40 Bacillus subtilis SRCM 106917
16 Bacillus amyloliquefaciens SRCM 104136 41 Bacillus licheniformis SRCM 100156
17 Bacillus amyloliquefaciens SRCM 104466 42 Bacillus licheniformis SRCM 101401
18 Bacillus amyloliquefaciens SRCM 104576 43 Bacillus licheniformis SRCM 102045
19 Bacillus amyloliquefaciens SRCM 104798 44 Bacillus licheniformis SRCM 102075
20 Bacillus amyloliquefaciens SRCM 104942 45 Bacillus licheniformis SRCM 102080
21 Bacillus subtilis SRCM 100169 46 Bacillus licheniformis SRCM 103608
22 Bacillus subtilis SRCM 100757 47 Bacillus licheniformis SRCM 103742
23 Bacillus subtilis SRCM 101407 48 Bacillus licheniformis SRCM 104557
24 Bacillus subtilis SRCM 102059 49 Bacillus licheniformis SRCM 105004
25 Bacillus subtilis SRCM 102172 50 Bacillus licheniformis SRCM 106858
FAE 10,000xg, 4°CeM 207+ AalEeste] F5E  Protease 34 24 5
ZgAhNo 2 AR5} Protease &4 =742 casein in milk (SHOWA, Chemical
CO, Ltd, Japan)g 7]1d=E 3} 2H, 50mM potassium
HHQIA|Z 0] (2 OAS AJRF S MAF G BRI B{SH M phosphate buffer pH 7.52 0.65% casein 83 A7l #,
AdrE A9 HjYAIZko] protease AJAtol] WX = FTF T pH 752 Z2Fsle] 718 fAo 7 ALgaigint 712
= Alsh] flsted Add g wiHo] wigE 75 &9 05mL 285N 0.1 mLE 7ISHaL 37°CAIA 1027
2%E HET U 37°CoA 2447 F9F wikshEA 12 WA ZTH WS- AR S 28l 110 mM trichloroacetic acid
AIZE ZHA 0 2 v Fedl-S 3]rate] protease B4 S T (Sigma-Aldrich, St. Louis, MO, USA) 5mLZ 7}38}3, 37°C
AR ARE Glsdr NAR AR S5 Mgee ol 3087 BT o F YAl ste] FAEE A7)
microplate reader spectrophotometer (SpectroMax iD3, stal e 02mLE FHskHth «7]e] 500 mM Na,CO,

Molecular Devices, San Jose, CA, USA)S ©|-&3}o] &3
600 nmoll Al =43}t Protease AAF HiA| o] ALE-E]
HA @Al glucoseZt PIAE AJS B G A4
IS v A= 820S FRI5H7] 918 High Pressure Anion
Exchange Chromatography (HPAEC) (Dionex, Sunnyvale,
CA, USA)E 53] o] &3 o1, CarboPac™ PAl ZAH
(Dionex, Sunnyvale, CA, USA)S F3ll glucosed] Y= A
39 Th a-Amylase 42 0.1% soluble starchE 50 mM
sodium phosphate pH 7.0 =<1 &, 7|2 &4 025mL
I 2&40N 025mLE 37°ColA 2087 WHEAIZ]
DNS & 0.5mLE &gste] 100°CAA 105t &2
B2E43tE 9y 84 €41 UmL)S 71221 soluble
starcholl A1 T2 A ZHmin)g 1 pmol2] glucoseS A AHt=
BAaFo R ot
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(DAEJUNG Co., Ltd, Sliheung, Korea) 0.5mL3} Folin-
Ciocalteu’s phenol reagent (Junsei Chemical Co., Ltd, Tokyo,
Japan) 0.1 mLE 7}k 37°Coll A 30&7F A A1
660 nmol| A FF=E 430 24 (1 UmL
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Table 2. Experimental CCD design of three variable for protease production

Levels
Strain Factor

-1 0 +1

Bacill ol . Glucose (%, X,) 0.5 0.75 1.0
act g;{%nﬁ/ T()lg rseJ;aczens Yeast extract springer 0202 (%, X,) 0.3 0.55 0.8
pH (X)) 6 7.5 9
. . Starch (%, X) 0.5 0.75 1.0

g‘l’fgﬁs lsé‘fg”gl’; Soypeptone HSP-34P (%, X,) 0.15 0.325 0.5

pH (X)) 6 7.5 9

T (-1, 0, +1)oE A} TH(Table 2). o]u, pH= 24
H oA 2A4E ¢dd] §381A1713 pH meter (DocuClip
pH Meter, Sartorius Co., Gottingen, Germany)E ©]-8-3}]
IN HCI®]Y} 1N NaOH €902 Z2Adsldithel= 4T
“d A1 8" (Central Composite Design)s F3ll Z}z} th2 20
Hel A 7A protease A2HS Feldtion, o]d
g 2y A2 v}

Y = (X‘(J + G’IXI + G’ZXZ + G’SXS + G‘IZXIXZ + G’ISXIXS
2 2 2
+ G’ZSXZXS + (X’IIXI + (X'22X2 + (x‘33X3

T4 Y= protease AJAHFOIH, protease Aol G ES
FE QAES A7 X, X, X,0] SHUFE 4Ysigirh
3

5 L fermenterE O|Z¢} protease At

WS- HEA o o5l Sy HAxZ F protease AYAF
=39 Bacillus amyloliquefaciens SRCM 102139 o
53l protease THEFAAF 7S st or, ofw
5L 2a7](Biotron Co., Korea)E ©]-8-3}o] v ekA| 7k u}
£ protease AAHS SIS T £ wlSFH L 0.5% (wiv)
glucose, 0.347% yeast extract springer 0202, 0.5% KH,PO,,
0.5% MgSO,"7H,0, 0.001% FeSO, 7H,0& A& % 1IN
NaOHZ ] &3] pH 628 Zdste] 35L vjgdS A%
stttk Lar)e] Fud A 2%E HEsReH,
s 37°C, WHHEEE 200 rpmo 2 A3 on,
T2A 7V protease A S B2l Ekd T

A =4

RE AR 33 v ddsioien, 4 A= SPSS
package program (Version 12.0K, SPSS Inc., Chicago, IL,
USA)E ol 83ke] A Hejstalrk. 2t Adze] felge
p<0.05 T4 One-way ANOVAZ £4] % Duncan’s

multiple range test2 H] 25}

A7 TE
HME AMEZE Reff I 24 protease Mt 7 M
ot s AR AEdA E8E vAE T protease

staem + et T A== FHSOE protease
S Mg Aoz =3 t(Table 3). ©] W, protease
& # A o) 599 279 FojH %e
|23tk vlwst A3, =8 50%F Bacillus sp.olA
protease &/d°] YEGoH, o|F 7HF H& &/do] 7t
A Bacillus subtilits SRCM 102172, Bacillus subtilis
SRCM 102751, Bacillus subtilis SRCM 104999, Bacillus
amyloliquefaciens SRCM 102139, Bacillus amyloliquefaciens
SRCM 104576 5% #+F5 1x=Z 423 tH(Table 3).
Bacillus amyloliquefaciens®} Bacillus subtilis= TF3st A

Mo gt oy e pid
ox 02 N 12 ox

:C‘L_’,
o
;
=L
o
w

=2
0] o
A=
&85 Uti(Jeong & Lee, 2014). Protease &/go] 71
2 Bacillus amyloliquefaciens 2%} Bacillus subtilis 3%
< AF B vpe] Akl 183 rAE Ad o dAdtst
of gFAYAHS Qs Az 52 Ak

EIARI0| protease MMl O|X|= d&

HAE-S Al O ghAfde] FRel wEt AAske
Zo] th2m olof mel AitE = G4 ol S Tt
(Ruiz et al., 2010). 1xt2 AHE 55 4FE protease A
A1 o] &AYS 77t 0.5% (wiv) glucose, fructose,
lactose, maltose, galactose, sucrose, starch®} sorbitolZ T
At ALE 75 gade] wAE AL viH] o] 24
A7 Bt 3 g5l 2 a0 protease TS =
AstAY. o A3 Fig. 13} 7ol starchol| A= Bacillus
subtilis SRCM 1049997} 1.01£0.01 UmLE 7P =2 A
S HH O™ ESE glucose, maltose, sucrosedllA] H| L
A =2 g Ao B oyst A9= HauH
Bacillus subtilis 1B NO. 119} H]523 A3E RoJFSTh
(Lee et al., 2009). Bacillus subtilis= starchE 3T
U amylolytic E4ES A4t O-E Bacillus sp.l ¥l
sto] IEAF gAY starchE F o]88l= AR F=

g 4= lth(Konsula & Liakopoulou-Kyriakides, 2004). &
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Table 3. Clear zone diameter of protease activity at 1% (w/v) skim milk agar

Protease activity

No. Strains (Clear zone diameter/Colony diameter) Clear zone
1 Bacillus subtilis SRCM 102172 6.89+0.92
2 Bacillus subtilis SRCM 102751 5.80+1.31
3 Bacillus subtilis SRCM 104999 5.45+0.29
4 Bacillus amyloliquefacians SRCM 104576 5.43+£1.04
5 Bacillus amyloliquefaciens SRCM 102139 5.43+0.34

9ol glucosed 739 Bacillus amyloliquefaciens SRCM
1021399014 7Fd =& protease AAHS BT o] 7+
S A= Bacillus amyloliquefaciens JH-352] protease Y
Akl S TIR= 0.5% (W) glucose®ll 4] 1.06+£0.25 U/mL
Z {2 432 JER St (Yoo et al., 2016). ¢ A3E
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3 b b a P b
£ 08| b b C c
~ C
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£ d
C
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> 06| d| e G
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‘(‘é ’ dd| d
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8 04f c
ﬁ o
o
2 d

02F d

starch

glucose fructose lactose maltose galactose sucrose

sorbitol

Carbon sources

Fig. 1. Effect of eight carbon sources for protease production
using Bacillus sp. (A: Bacillus amyloliquefaciens SRCM 102139,
B: Bacillus amyloliquefaciens SRCM 104576, C: Bacillus subtilis
SRCM 102172, D: Bacillus subtilis SRCM 102751, E: Bacillus
subtilis SRCM 104999) Different letter (a-e) above the bar
indicate significant difference for each carbon sources
according to Duncan’s multiple range test (p<0.05).

EUZ W& v]802 =2 protease A4 A =1L &
HSILA} Bacillus amyloliquefaciens SRCM 1021399} Bacillus
subtilis SRCM 1049995 A4 3st92™, 77} protease AY
ko] 71 = glucose$} starchS A Th XA =
Y59 M7t T wE protease A4t PR = F 3
S go1sh] 9aEl 0.1-1.0% WhE FEE gEsgoen,
Bacillus amyloliquefaciens SRCM 102139 glucose 0.8%
b 1.0%MA 7Hd =A Uskew(Fig. 2A), Bacillus
subtilis SRCM 104999+ starch 0.8%%} 1.0%°14 7 =
£ protease 23S H A THFig. 2B). 2+t =W w4
E&9] protease A i TAH SR o)Al R 7}
VENR] 9ol Bacillus amyloliquefaciens SRCM 1021392}
Bacillus subtilis SRCM 1049992] €tA919] F%= glucose
0.8% 2 starch 0.8%= ZAA At o9 & Aste &
A3k FFolA glucose®} starche] F=7F S7hghel wel
protease Aol EolA= A2 YUEHT (Yang et al.,
2021; Yoon et al., 2006).

AlEA ZA2I0| protease A4 O|X|= st
¥ E  Bacillus amyloliquefaciens SRCM 102139}

Bacillus subtilis SRCM 104999 2] # 3 protease A4+
A%k AEAY dads FRls] S8 22t HA gad
S 0.8%% g3ttt 71E AA99l Bacto yeast extract

=
= HETLoR st A4 dad A&

tlo

yeast extract
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A) Bacillus amyloliquefaciens SRCM 102139

1.2

a a
I starch I
[ glucose b N

1.0 F M
i C
- i
£ a
=2 08}
(=3
=)
2
= 06 d
]
o b
S 04
g o4t
<
o

C
02f c i N
0.0 i i
0.1% 0.3% 0.5% 0.8% 1.0%

Carbon source concentrations (%)

B) Bacillus subtilis SRCM 104999

1.2
R starch a a
[ glucose b a

1.0 I
N c b
2 d 2
= 08}
[=4
2 c
> =
2 08T d d
©
©
o
© 04}
9
<]
o

02

0.0

0.1% 0.3% 0.5% 0.8% 1.0%

Carbon source concentrations (%)

Fig. 2. Effect of selected carbon sources concentration for protease production. Different letter (a-d) above the bar indicate
significant difference for each carbon source concentrations according to Duncan’s multiple range test (p<0.05).

gistex LS, yeast extract springer 0202, yeast extract 751
MG, yeast extract FMS888, potato peptone E210, soy
peptone HSP-349, soy peptone F, soy peptone FP410, yeast
peptone FP1028 0.5% (w/v)Z A S vjx]o] wSE o
FE HE3tA protease A S AT 2 A3
Bacillus amyloliquefaciens SRCM 1021399} Bacillus subtilis
SRCM 104999+ Z}7} yeast extract springer 0202 (N2)<}
soypeptone HSP-349 (N5)ollA] thxFEHT &2 <l
1.09+0.07 U/mL29} 1.16+0.02 UmLLZ 717 &2 A4HA
= Ho, Z47he] HA e dader AAEiH (Fig
3). Bacillus amyloliquefaciens d52] 7% glucose2} yeast
extractol] A protease AJ2FA o] EoheE REAE vf 3o,
Y Bacillus sp. 4FE= Y9 e Ax4E YeEMATH

A) Bacillus amyloliquefaciens SRCM 102139

14

12 a

10 F Sl i
08
06 | d

04 e

Protease activity (Unit/ mL)

02

0.0

N1D N2 N3 N4 N5 N6 N7 N8 N9 control

Nitrogen sources

(Kim et al., 2002; Yang et al., 2021). =3+ A2 A
oA 2% Bacillus sp.2] protease A4Hd©] soy peptone
< A7bsldles Wl 2 AR RyEden, 9%
nAEZ OF Z2AYS &85k protease AJAHI o]l -5
g Ao 2 A th(Bae & Yoon, 2012). A E HAig
E9] H7} Fxo| e protease AAt] mAE JIFS
o1&t7] Q& 0.1-1.0% (wv)E 552 dgsgen z+
o] Fxol 2| Bacto yeast extracts THET O 2 A|Z 3]
vwstd . 2 A3} Bacillus amyloliquefaciens SRCM
102139% N2 0.3%°} 0.5%14 7F3 =4 Yk oH(Fig.
4A), Bacillus subtilis SRCM 104999 N5 0.1%2} 0.3%°]
Al 718 E=2 protease AAHS B AtHFig. 4B). ZH7F =4k
d 2o 5% ULl protease Aol thE FAA L

o o

B) Bacillus subtilis SRCM 104999

b
ik b 3%

08 |
0.6 -

04

Protease activity (Unit / mL)

02f f

0.0 D Ij

N1 N2 N3 N4 N5 N6 N7 N8

N9 control

Nitrogen sources

Fig. 3. Effect of non-animal nitrogen sources for protease production. Different letter (a-f) above the bar indicate significant

difference according to Duncan’s multiple range test (p<0.05).



A) Bacillus amyloliquefaciens SRCM 102139

I Yeast extract springer 0202
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04t
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L - d
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Protease activity (Unit/ mL)

02
0.1% 0.3% 0.5% 0.8% 1%
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Bo| B RolEs

B) Bacillus subtilis SRCM 104999

105

1.0
A% W Soy peptone HSP-349
& a = Control
b a

. 08} M
= b
E T c b
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D 06 d
= ik
> d
8
o 04r
7]
[
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0.0
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Fig. 4. Effect of selected non-animal nitrogen sources concentration for protease production. Different letter (a-d) above the bar
indicate significant difference for each nitrogen source concentrations according to Duncan’s multiple range test (p<0.05) and **
indicate significant difference between nitrogen source and control by t-test (p<0.05).

Z FolA<l 2ol 7}t Bl kol Bacillus amyloliquefaciens
SRCM 1021399} Bacillus subtilis SRCM 1049992] &4
U] FEE= N2 03% % N5 0.1%= AA st o= 7]
& ATl LB o] AAA FrTt HIMEHAS
uf, protease AJ4ke] JAHo] YEFL7] wl<Ee]tH(Yoon &
Shin, 2010). V15 E7 F&l Bacillus licheniformis 4%
1.5% soypeptone®ll Al 71 =L protease AJAHI S HAA
7 2 AFAIE AA B 0.1%2] W A=A
Ao BAE FEE XY d7E d3E Bk ozt
proteaseS NAYAHS T = S v dtch(Bae & Yoon,
2012).

HHFA[ZHO]| [HE OME 4%, SAML

Bacillus  amyloliquefaciens SRCM 1021399} Bacillus
subtilis SRCM 1049999] 47 ¥ z}zhe] eag 8 dadd
o] FE ALE-3te] ujkA7bol| WE protease M4 I o
Al BAAE SRASATE. Bacillus  amyloliquefaciens
SRCM 102139+= HJFAIZF 8-14A17F AleloflA] 7HE =&
S BF O™, 1447 o] F protease AJAko] A==

S 31313 th(Fig. 5A). ©]& protease”} AH7FA3E A4t
o Ul BARRO] R4S o9 2 W] Ao}
£ Qom 5% & dow, Bh A AL AHo
exponential phase®?} WFEA] A X|8}A]
(Lim et al., 2000). T3k
a7t 12417008 T 29 A%
AthFig. 5A). o= B2l X 2RFS &
2 uj, 12717 A= E
o] FNE £m7t LA AL ST ol o} 2L

= 271 Bacillus amyloliquefaciens T+ protease A3
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TF(Beg et al, 2002). Bacillus subtilis SRCM 104999+ 3] w2 AL Ao, o] a-amylase AF4HS E9
20-24X 7 A 7HE =2 protease AJAHI S HI o, S A 24 ZHFE] AtbE o] 499 starchE #FET
o] Azt v)=ek Ao 2 e tKFig. SB). Bacillus B H = a-amylase?t 23 el ote] A LS Al
amyloliquefaciens SRCM 1021399 H]s] A4t & 71 H A 317] WiEo 2 AHEH(Kim et al., 2002).
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Fig. 6. The 3D response surface graph of protease production as predicted by quadratic model and indicated the effect of two
independent variable on protease production. A, C, E: Bacillus amyloliquefaciens SRCM 102139, B, D, F: Bacillus subtilis SRCM
104999, A and B: carbon and nitrogen source, C and D: Nitrogen source and pH, E and F: Carbon source and pH.
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Table 4. Optimal conditions of protease production for Bacillus amyloliquefaciens SRCM 102139 and Bacillus subtilis SRCM 104999

Strains Carbon source”  Nitrogen source? H Calculated value Experimental value  Error

(%) (%) P (U/mL) (U/mL) (%)

Bacillus amyloliquefaciens SRCM 102139 0.5 0.347 6 0.929 0.926+0.01 0.33
Bacillus subtilis SRCM 104999 0.5 0.5 6.7 0.431 0.428+0.06 0.78

YBacillus amyloliquefaciens SRCM 102139: glucose, Bacillus subtilis SRCM 104999: starch
2 Bacillus amyloliquefaciens SRCM 102139: yeast extract springer 0202, Bacillus subtilis SRCM 104999: soypeptone HSP-349

HISTEMHEMS 0|5t protease A HIX| Z[ X771 &1

Bacillus  amyloliquefaciens SRCM 1021399} Bacillus
subtilis SRCM 104999 2] protease AJ2HS 93t vl %]
249 HA =718 g9kl #1a Central Composite
Design (CCD)E ©]-&3ly AyS A 9 2345
EE 7t 459 vad 2 HAd9 w59 pHE 27
THUCERYH AFest AEE FEOE St Bacillus
amyloliquefaciens SRCM 1021392 ©F249)(glucose) 0.75+
0.25% (w/v), A A9 (yeast extract springer 0202)2 0.55+
0.25% (w/v), pH 7.5¢1.52 A3} 2™, Bacillus subtilis
SRCM 104999 #5FE= &4 (starch)yS 0.75£0.25% (WHV),
2 2~ (soypeptone  HSP-349)2  0.325+0.25% (w/v), pH
7.5+1.52 AA3IATE CCD AF AAo] ©a 7+ 2070 4
] 452 protease A AHH(Y, protease  U/mL)ell
X = SHHS 9] 932 3D surface plote 2 YER AT}
(Fig. 6). Bacillus amyloliquefaciens SRCM 102139 5+
s M9 WellA pH F7Fel me} protease AYAFF©]
ase AFS Bolor, A4Sl yeast extract springer
02027} &7Vl w2t protease A AtEFo] F7lE s 7 ko]
HolX|wh 49l glucose?] T & IFS XA
2 THFig. 6A, C, E). ©] A= Fig. 5901419 w17t
o] g Al HE Fo] el 543 Frtske Zlol 2
2ol dFAS F5ME 5 AT} Bacillus subtilis SRCM
104999 o= pH Hstol| whe} eAada) Ao Jds
A7 W= Aoz YElg O (Fig 6B, D, F), B2l
starch®] =7} Zr4shol] wle} protease A2 F716h=
b A 2909 soypeptone HSP-349% Z7}sto] uleh
protease AJAto]l F7tE= A FS UERHIE o] & 7S
23}y Bacillus amyloliquefaciens SRCM 102139= 0.5%
(w/v) glucose, 0.347% (w/v) yeast extract springer 0202,
pH 62 FHAz70] A== S, Bacillus subtilis SRCM
104999+ 0.5% (w/v) starch, 0.5% (w/v) soypeptone HSP-
349, pH 6.7¢] A% 277 dZHQt} E3], F #F9
HA x719 WA pHE AR v WA
protease A4k HZ 21S 7l oH, AT Azt w=E
W F BaAFAA E2E Bacillus subtilis strain 387+
pH 6.5914 2 ¢] pHE yElstkom, o3 uj=] pH
BT AEEE T3 oy JFEE ALY & 54 A

FAol| 2 JFS &= Ao 2 AR P rHChantawannakul et

al,, 2002; Sharma et al., 2017). ¥F&-EHEAE 53] Lo
2 Bacillus  amyloliquefaciens SRCM 1021392} Bacillus
subtilis SRCM 1049999] protease AJ4F wA] HAH2A&
A5t 8l AR wAE Az, 24 dFE S
¥ protease BAHEFS SASIATE 2 HAujA| oA whE
3 e A3, Bacillus amyloliquefaciens SRCM 102139
0.926+0.01 U/mLE CCDZHE folxl < Z%kel 0.929
UmL¥} 033% ZFolE XS9O0 W, Bacillus subtilis SRCM
104999= 0.428+0.06 UmLE AZ%431 0.431 UmL3 0.78%
zpol 7} UEF S TH(Table 4). & @5 25 1%u7]9He] Q214
9% CCDE B# AXzA AT & A& A5

Aok,

Pilot scale 2S£ S8 CHEF Mit 7ts4 ol

Protease A4to] =4 Bacillus amyloliquefaciens SRCM
1021392 %3l 3.5L pilot scale a2 S E3lo] HE
2 A 2AgollA tF ALt s S Ikt HAx
719] protease AAHA] ol gl 2% HE F wiFAILH
of meh a2 Yrds Elekivk. 2 A3 Fig. 73 2ol
35L & 719 protease H T AR AJHLE 154 7ol A
0.736+0.03 UmL2 2 7H %2 protease M S Bl
AT} Fig. 590141 protease Hth AAF A vl A3
B3O Table 49 HAZA2l A 3o vl3l protease
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Fig. 7. Mass production of protease at optimal condition for
Bacillus amyloliquefaciens SRCM 102139 using 3.5 L fermenter.
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AAHdol 0.19 UmL stobgle] gl=det. ol= widxzd
d HEE P E2A 2E T IS w2 o=
I E K Gupta et al., 2012). A5k SHE HH =4S
H3E 350 F718ted = protease AAHdol #2914 TS
T2 Ferhal ey ol gyE HH 20 g

re] e AT
o ok
i =

A5 A For B2 50 Bacillus sp. & Bacillus
amyloliquefaciens SRCM 102139%} Bacillus subtilis SRCM
104999¢] protease A2tdS 577171 $l8 OFAT H<
ol gy AEY dadSs AAsslen, ol vk

EHEAHE F3 protease ] A4t viR| o] HAHZAS
YA B, A EA a9 viRAE L aA]

7Fo] protease A4t vX= FES RISNE A3} Bacillus
amyloliquefaciens SRCM 102139+ 0.8% glucose®} 0.3%
yeast extract springer 0202 BIX| Z/dollX] 8-14A 7kl 7}
=2 protease IS B, Bacillus subtilis SRCM
104999+= 0.8% starch®} 0.1% soypeptone HSP-349 HJ| %]
2730 2024~ 7l 7HE =& protease A AHI S B AT
ol B9l PO Z protease YA HEO] Xpol7} K
ol AL R dAdHT o] & WREEHEA S B3 HF

< central composite design (CCD)E 2 3¥& A4
o, 43 wde] i HH 27 A3} Bacillus
amyloliquefaciens SRCM 102139<= 0.5% glucose, 0.347%
yeast extract springer 0202, pH 6.0°1™, Bacillus subtilis
SRCM 104999+ 0.5% starch, 0.5% soypeptone HSP-349,
pH 672 AZHATh o] W, Bacillus amyloliquefaciens
SRCM 102139%} Bacillus subtilis SRCM 1049992] %] &
Z719A protease BAFFS Z+2t 0.929 U/mL 0.431 U/mL
o= FHgen, o]5 HAFaME A3 0.926+0.01 U/mL}
0.428+0.06 U/mLL.Z protease A4t HHZz710] 41=E
U IS HFH o=, gLt 735 Felsh]
38N Bacillus amyloliquefaciens SRCM 1021392 3.5 L pilot
scale® B A 7Holl WE protease AYAHFS FolsfE Azt
3.5 L pilot scale®ll A 0.736+0.03 U/mLZ v FAIZF 15A]17F
oA 7FE =2 protease A4HIS 0™, HIE flask scale
o HAze] AA| el vlsl protease B4Hde] 0.19 UmL
W Aol BAARE, wiA] F3]7} 3587 Srete =
protease AJAFol| fro] A FFE WXA| & Ut

=
.
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o W

HAlel =
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