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Optimization of Medium to Improve Protease Production Using Response
Surface Methodology by Bacillus amyloliquefaciens SRCM115785
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In this study, the optimal medium composition for enhancing protease production was established by
the Bacillus strain isolated from Makgeolli, a traditional fermented food, using the response surface
methodology. B. amyloliquefaciens SRCM115785 was selected as the protease producer by productivity
analysis and identified by 165 rRNA gene sequencing. Plackett-Burman design (PBD) was introduced
to analyze the effect of each component on protease production among the 11 selected medium com-
ponents. As a result, glucose, yeast extract, and beef extract were finally selected as factors for enhanc-
ing protease production. Central composite design (CCD) analysis was designed as a method to de-
termine the optimal concentration of each component for protease production and the concentration
of each medium composition for maximum protease production was predicted to glucose 6.75 g/I,
yeast extract 12.42 g/l and beef extract 17.48 g/l. The suitability of the experimental model was
proved using ANOVA analysis and as a result of quantitative analysis to prove this, the amount of
increase was 230.47% compared to the LB medium used as a control. Through this study, the opti-
mization of medium composition for enhancing protease production was established, and based on
this, it is expected that it can be efficient use of protease as an industrial enzyme.
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Protease £4 A4S B437] 93] Skim milk (Difco,
sparks, MD, US.A)E 7|d 2 & skim milk agar (2% skim
milk w/v) A& Azt ZAAG. 4 FF9 g FE
A& 045 pm membrane filter (Sartorius, Frankfurt, Ger-
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o] A F(mm)# log U/mle] 9 A3 4 (linear correla-
tion) ¥AE #4353 th(Fig. 1).
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Fig. 1. Linear correlation relationship between the halo zone

diameter (mm) and log of the enzyme activity (U/ml)
on protease production. R-squared = 0.9986.

mer (5-GGTTACCTTGTTACGA CTT-3)& ©]-&-3}%] 165 rRNA
T4 MEe FH35 o1, EzTaxon-e server (http://www.
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Table 1. Results of protease production by 6 isolates of Bacillus
sp. strains in LB medium

Isolation Protease activity

Microorganisms source  (diameter, mm)
Bacillus velezensis SRCM115670  Kimchi 17.0
Bacillus subtilis SRCM115700  Makgeolli 16.5
Bacillus velezensis SRCM115723  Doenjang 16.5
Bacillus velezensis SRCM115727  Doenjang 16.3
Bacillus velezensis SRCM115779  Makgeolli 16.2
Bacillus amyloliquefaciens Makgeolli 19.5

SRCM115785
sPuete) AEREAE 1A, 9%, A 2Ry 134

T MAES 59 on, protease T o] AE S
A3l 045 pm membrane filter (Sartorius, Frankfurt, Ger-
many)E ©&dto] A F EFof wjF F5d L 2% skim
milk agar #j A o well diffusion ¥H[16]22 ZH g
72% 9] " A Eo| protease EAo] UEHOH, o] F

16 mm ©]49] ¢+ protease B4 FA & LPE}LH—E
13t o, 195 mm 7H & protease 8 TS
SRCM115785 ¢+ #H A3t & A ¢F= T Attt
(Table 1). ¥ A3 SRCM115785 32| 165 ribosomal
RNA F37 @714 9S #4931 1492 bpo] AEE # 53t
%aL, Ezbiocloud [29]¢ GenBankdl $&% Z&=H#FE 71
A7) D3t vl w @ A3} Bacillus amyloliquefaciens DSM 7' &
T 9.86% 9] Mg =& FAEE S £, SRCM
15785 #59 AT 4% f8) cdATEH S 7o
3] evolutionary distance® &3t 2™, A5 A#E
€ %°17] 93l bootstrap< 1,0003] 3 A3}, HF it
T5E Bacillus amyloliquefaciens SRCM115785% ™ 8 3} 4 T
(Fig. 2). B. amyloliquefaciens= ©1 26} AFA}EE 53} pro-
tease® WAYLSIE ASE dHA om]l, 16, 17], A4
GRE YEAAOE AXH] B Ao A protease T FA
e A HHxd g9 3 oAtol o4ty Eokel A &et=H)

Slo1A A3 mAEAd oz ARE XY,

[ ol—N i3
o o O

SRCM1157852| HYZA|ZH [HE protease &t &
MEH A}
SRCM115785 #52| A7t 2 proteaseiy 23 o
F 44E 243871 918l LB QA A 100 mlol 55 HF
3te] 30T, 150 rpm 27 0.2 48417t Bk W) et o,
4N AR WjFd e Bgretel S48 ¢l SRCMI115785
T Wl F 20474 FA45H B sks 71 E el
A, 24M3E ol F A Aol LA AR d 2= A
0.2 UEST Protease A4 oA wl g 204 2H7EA]
F7} 3743l whet protease WA FE Skt S B
o] A7k 20417t ©] &2 protease AJ4tEO] HA Aadte AL

A
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71 Bacillus cabrialesii TE3T(MK462260)
Bacillus inaquosorum KCTC13429T(AMXNO01000021)
Bacillus halotolerans ATCC235096T(LPVF01000003)

Bacillits mojavensis RO-H-1T(TH600280)

Bacillus tequilensis KCTC13622T(AYTO01000043)
Bacillus stercoris JCM30051T(MN536904)

29 Bacillus spizizeniiNRRL B-23049T(CP002905)
Bacillus subtilisNCIB3610T(ABQL01000001)
Bacillus vallismortis DV1-F-3T(TH600273)

Bacillus nakamiraiNRRL B-41091T(LSAZ01000028)

48

0.0003

Bacillus atrophaeus ICM90T70T(AB021181)

Bacillus velezensis CR-502T(AY603658)
8 Bacillus nematocida B-16T(AYS820954)
37] |Bacillus amyloliquefaciens SRCM115785
62 Bacillus amvloliquefaciens DSMTY(FN597644)

Fig. 2. Phylogenetic tree based on neighbor-joining method showing relationships between strain SRCM115785 and members of
the genus Bacillus. The percentage numbers at the nodes are the levels of bootstrap support based on maximum-likelihood
analyses of 1,000 resampled data sets. Bar, 0.0005 nucleotide substitution per position.

2 YER} B2 (Fig. 3), SRCM1157855 ©] 43 protease A 42H&

At WA TS 2041702 HA 3T GNbE 02 Bacillus

amyloliquefaciens 7 243kl A HA) 44 YEhdie A
o2 HIFHYI18, 23], FAlol protease AL 244 ZHo) A
A AAFE YeEE Aoz Bud u s, 27].
SRCM115785 #+5= E=§ w4 A4kl glojAe ojde] Bus
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Fig. 3. Time course profile of protease production by B. amyloli-
quefaciens SRCM115785 in LB broth as unoptimized
medium. @: Log CFU/ml, O: dry cell weight (g/1), A
protease (g/1).
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Table 2. Matrix of the Plackett-Burman design experiments on 11 variables with response values
. Level of coded variables
Factors Symbol (unit) 1 0 )
Glucose X1 (g/])
Starch X2 (g/]) 1 3 5
Sucrose X3 (g/1)
Yeast extract Xs (g/1)
Peptone Xs (g/1) 1 A 7
Malt extract Xs (g/1)
Beef extract X7 (g/1)
KH2P04 Xg (g/ l)
K,HPO, Xo (g/1)
CaCl, Xuo(g/1) 01 0.5 !
(NH4)2504 Xu (g/1)
Protease Protease
Run Xy X2 X3 X4 Xs Xe Xz Xs Xo  Xwo Xn (diameter, mm) (U/ml)
Predicted  Observed Log Unit
1 1 1 -1 1 1 1 -1 -1 -1 1 -1 20.83 20.83 1.36 2284
2 -1 1 -1 1 1 -1 1 1 1 -1 -1 24.23 24.23 1.58 37.90
3 1 1 1 -1 -1 -1 1 -1 1 1 -1 21.33 21.33 1.39 24.60
4 1 -1 1 1 1 -1 -1 -1 1 -1 1 2417 2417 157 37.56
5 -1 1 1 -1 1 1 1 -1 -1 -1 1 24.50 24.50 1.60 39.45
6 -1 -1 -1 1 -1 1 1 -1 1 1 1 22.00 22.00 143 27.18
7 0 0 0 0 0 0 0 0 0 0 0 2229 2117 1.38 24.02
8 -1 -1 1 -1 1 1 -1 1 1 1 -1 16.83 16.83 1.10 12.59
9 -1 1 1 1 -1 -1 -1 1 -1 1 1 21.67 21.67 141 25.88
10 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 21.83 21.83 1.42 26.50
11 1 -1 -1 -1 1 -1 1 1 -1 1 1 21.57 21.57 141 25.50
12 0 0 0 0 0 0 0 0 0 0 2229 21.73 1.42 26.11
13 0 0 0 0 0 0 0 0 0 0 0 2229 2143 1.40 2497
14 1 -1 1 1 -1 1 1 1 -1 -1 -1 26.00 26.00 1.69 49.33
15 1 1 -1 -1 -1 1 -1 1 1 -1 1 22.50 22.50 147 29.29

X1-X11 represent respective assigned variables and response values.
-1 : low level of the variables, 0 : medium level of the variables, +1 : high level

Table 3. ANOVA(analysis of variance) for coefficients of Plackett-Burman design affecting protease production

Variables (Xi) Effect (Exi) Coefficient (i) Sum of squares F-value P-value  Confidence level (%)
Model 4458 2229 60.05 69.52 0.0143" 98.57
Glucose 0.89 0.445 2.38 30.26 0.0315 96.85
Starch 0.4434 0.2217 0.5896 751 0.1114 88.86
Sucrose 0.2566 0.1283 0.1976 252 0.2536 74.64

Yeast extract 1.7234 0.8617 891 113.45 0.0087" 99.13
Peptone -0.5334 -0.2667 0.8533 10.87 0.0810 91.9

Malt extract 0.3566 0.1783 0.3816 486 0.1583 84.17

Beef extract 1.9666 0.9833 11.60 147.75 0.0067" 99.33
KH,PO4 031 -0.155 0.2883 3.67 0.1954 80.46
K.HPO;4 -0.89 -0.445 238 30.26 0.0315" 96.85
CaCl, -3.16 -1.58 30.08 383.06 0.0026" 99.74

(NH,),80, 0.8934 0.4467 239 30.49 0.0313" 96.87

" . significance at p<0.05
: significance at p<0.01

#%
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K:(NH,),S0,(g/)

Fig. 4. Main effect plot showing effect of each variable on protease production by B. amyloliquefaciens SRCM115785. Stepper slope
in the line illustrates the greater magnitude of the main effect.

A ARE Ul 202 Bud vyl JoH27]. o9,
T2 Bacillus & ¥ £¢ Y9 543 Eart = wHE[15],
o H1

ojst & A3} 7k EA 8 TH28].

Central composite design (CCD)S &8t protease 4§t
HiX| el S X3}

PBD SAEA AHE 7802 SRCM115785¢ 59| pro-
tease AAHF F7Hol 718 & e A= A ELE glucose,
yeast extract, beef extract 3% & AHst g, AEE AL
% H238 98 CCDE 47 3% Th(Table 4). 3719) 24!
AL 233 177 A Fo e 244 =y 49k b7k
(Y, protease g/1)°ll &t 3] #4242 Design expert 12 pro-
grame ©|&3te] T o] o3¢t

Y=23.60588+0.594185*glucose+0.009732*yeast extract-
0.102074 *beef extract-0.010833*glucose*yeast extract+
0.011979*glucose*beef extract+0.017917*yeast extract*
beef extract-0.049502*glucose*glucose-0.003681*yeast

extract*yeast extract-0.001438*beef extract*beef extract

Be ol 3 BAEA S 193 A3} 275 R square)

kol 1l 77k

0.05E2 o}

A9 091932 WERA L, p-value ol
Yo 0004402 714" mdd 3 = o4
289 A= Z 5913} th(Table 5). =3 3 AA
2] AA L 930 lack of fite] pvaluedt-& <13 A3 02730
0% Fo4E BHE 1FRY 00520 Eo} lack of fit]
A7t FeletA d5€ e, o= AFE0] AR
& 93] 9 AUT mdYL FHATHe. Protease
Aol QlolA Zhzke] WgEo] HAE FFE FUstr] S5
49 PSS Ak 1A YA 2] W5 B &

£ WA A 244 334 B EHEE Fig. 50 YERAIT
w273 beef extract7} proteas Akl oA 7H 2 FF
S A WrE A8 0e s UL, beef extractst

yeast extract®] & %7} EobE 5 protease A 4FEFo] 7tk
© 4%E YRt o] & 7|H o2 314 SRCM115785 ¢+
-4 protease H o AAFL 2662 mmE ¢ ZE ¢ 1, protease
Ao ik g 24 A2 E FEE glucose 6.75 g/l,
yeast extract 1242 g/1, beef extract 17.48 g/1= ¢ S5 At}

ygZEol A5
SRR o) |28 A28 hRoI A B. amylol-
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Table 4. Matrix of the Central composite design experiments on 17 variables with response values

, Vol.31. No. 8

767

Level of coded variables

Factors Symbol (unit) 1 0 1
Glucose X1 (g/]) 3 5 7
Yeast extract X2 (g/1) 5.5 8 10.5
Beef extract X3 (g/1) 6 10 14
Protease (diameter, mm) Protease (U/ml)
Run X X Xs Predicted Observed Log Unit
1 0 2 0 25.17 25.17 1.64 43.59
2 -1 -1 1 2494 25.10 1.63 43.14
3 0 0 2 24.97 25.00 1.63 42.50
4 1 1 -1 2521 25.20 1.64 43.79
5 0 0 0 25.59 25.57 1.67 46.27
6 0 0 2 26.01 25.83 1.68 48.09
7 1 1 1 26.03 26.34 1.72 51.89
8 1 -1 -1 25.36 25.50 1.66 45.79
9 -1 1 1 25.73 25.73 1.68 47.38
10 0 0 0 25.59 25.67 1.67 46.96
11 -1 1 -1 25.04 25.17 1.64 43.59
12 2 0 0 25.26 25.10 1.63 43.14
13 1 -1 1 2571 25.73 1.68 47.38
14 0 2 0 25.81 25.67 1.67 46.96
15 0 0 0 25.59 25.40 1.65 45.11
16 -1 -1 -1 2473 24.57 1.60 39.86
17 -2 0 0 2432 2433 1.59 38.46
X1-Xs represent respective assigned variables and response values.
Table 5. ANOVA for central composite design (quadratic model) of SRCM115785
Source Sum of squares  Degree of freedom Mean square F-value P-value, Prob>F
Model 345 9 0.3837 8.86 0.0044"
X 0.8726 1 0.8726 2015 0.0028"
Xz 0.4021 1 0.4021 9.29 0.0187
X3 1.07 1 1.07 24.70 0.0016"
X1Xa 0.1082 1 0.1082 2.50 0.1580
XiXs 0.0091 1 0.0091 0.2102 0.6605
XoXs 0.1096 1 0.1096 2.53 0.1556
X 0.7802 1 0.7802 18.02 0.0038"
X2 0.0128 1 0.0128 0.2956 0.6035
X3 0.0128 1 0.0128 0.2956 0.6035
Residual 0.3031 7 0.0433
Lack of fit 0.2668 5 0.0534 2.94 0.2730
Pure error 0.0363 2 0.0181
Cor total 3.76 16
Standard deviation 0.2081 Press 214
Mean 25.36 R-squared 0.9193
Coefficient of variation (%) 0.8206 Adjusted R-squared 0.8156

X1: Glucose, Xy: Yeast extract, X3: Beef extract.
" significant at p<0.05, " : significant at p<0.01.

quefaciens SRCM 115785 59| protease 44t &S 5387
s HA wjA ¢k 272l LB #iA o] SRCM115785 55
AE3t 24417 W] FT T protease BAFFS SA AT
A3}t Ao A 33 HEHNFS Y3 AT protease A4

% 27.46+0.97 mm (61313303 U/ml)2 CCDZEE o
d 279 2662 mm7F LMY Wo| EAsg o, U=
LBH A 9l A 9] protease A 4+# <) 20 mm 2t} 137% 42
2345 et =3, M A3 HAzAANAM dif-

o
7<)

A



768 BB ULRIX| 2021, Vol. 31. No. 8

Protease (g/l)
Protease (g/)

X,: yeast extract (g/1) X,: glucose (g/1) X;: beef extract (g/1)

Protease (g/1)

55
X,: glucose (g/) X,: beef extract (g/1) X,: yeast extract (/1)

Fig. 5. The three-dimensional response surface plots of protease production as predicted by the quadratic model. The effects of
two independent variables on protease production are simultaneously demonstrated.
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