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Optimization of Protease Activity from Bacillus subtilis GS -1 and
Potential Applications in Protein Hydrolysis
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Abstract: This study was conducted to optimize conditions for crude proteases activity from Bacillus sub-
tilis GS =1 by Plackett-Burman (PB) design and response surface methodology. Meanwhile, potential
applications of proteases in protein hydrolysis were also determined. Three significant variables (NH,CI,
initial pH value and cultural temperature) necessary for the enhancement of proteases activity were select-
ed by using PB design. Furthermore, an empirical model was developed to describe the relationships be-
tween these tested variables. Maximum enzymatic activity was attained at 372. 814 U/ml., with NH,CI at
3.768 ¢/L, pH at 5. 6 and temperature at 22. 4 °C. Results of hydrolysis experiments indicated that the
protease more prefer to hydrolysis proteins from animal source than that from plant source. The protease
was prone to hydrolyze chemical bond that composed by amino acids of Glu, Val, lle, Leu, Phe or Arg,
and had great potential for applications in protein hydrolysis.
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(MgSO, - TH,0) #RERBUNIERUY , NI, 785 %:
TR PP TEA TR KT MR R RN
RN, M BT AR B Ko WAS By P {E 7]
uﬁﬂj’ X4 (NH4C1)’ X() (@ﬁé pH {E) F XlO
(KERIESE) MIRTEERT 90% , NILHEX 3 4
AR A R, AR B BRI T AR

Y, = 149 — 8.48X, + 8.62X, + 4.47X, -
11.8X, + 3.97X, + 4.54X, + 4.12X, — 4.26X, -
15.4X, —11.3X,,, FEEF Y, R A EIS 71, X,
N, PE R (R) H0.997 2, JH% R 8
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Table 1  Plackett-Burman experimental design matrix to screen of significant factors for protease activity
Sy o N
75 X X, Xs Xy Xs Xs X5 Xy Xy Xio %[E/F{Ej ﬁ{m“ﬁ,]/
(U-mL™") (U-mL™")
1 -1 -1 1 1 1 -1 1 1 -1 1 143.08 + 6.36 144.52
2 -1 1 1 1 -1 1 1 -1 1 -1 161.65 £ 0.24 163. 09
3 1 1 -1 1 1 -1 1 -1 1 -1 168.40 + 3.68 166. 96
4 1 -1 1 1 -1 1 -1 -1 -1 1 130.41 = 1.10 128.97
5 -1 1 -1 -1 -1 1 1 1 -1 1 178.95 + 3.53 177.51
6 1 1 -1 1 -1 -1 -1 1 1 1 87.37 + 2.37 88. 81
7 -1 -1 -1 1 1 1 -1 1 1 -1 129.57 + 4.29 128.13
8 -1 1 1 -1 1 -1 -1 -1 1 156.16 + 4.63 154.72
9 1 -1 1 -1 -1 -1 1 1 1 -1 136.32 + 1.79 134. 88
10 1 1 1 -1 1 1 -1 1 -1 -1 190.35 + 2.32 191.79
11 1 -1 -1 -1 1 1 1 -1 1 1 127.46 + 1.97 128.90
12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 172.62 + 1.49 174. 06

1) X,: FRUEH, -1 81500 gL, 1 J18.75 ¢/L; X,: FXRKTH, -1H1500g/L, 1 }18.75 ¢/L; X,: HIF,
-1°81.00g/L, 1}1.25g/L; X,: NH,CI, -15.00g/L, 1}6.25g/L; X;: KH,PO,, -151.00g/L, 141.25¢/
L; X,: Na,HPO,, -1#5.00g/L, 1 %6.25g/L; X,: MgSO, - 7H,0, -1340.20 /L, 1 40.25 g¢/L; X,: MnSO,, -1
#0.10 g/L, 1°50.125 g/L; X,: ®iE pHAE, -1 R7.0, 1H7.5; X,0: JBEE, -1432.0°C, 1 5#37.0°C,
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Table 2 The effect estimates for Plackett-Burman design
2ty RRE ! P-1H
X, -16.95 -5.88 0.11
X, 17.23 5.98 0.11
X 8.93 3.10 0.20
X, -23.57 -8.17 0.08
X 7.95 2.76 0.22
X 9.07 3.15 0.20
X, 8.23 2.85 0.22
Xy -8.51 -2.95 0.21
X, -30.88 -10.71 0. 06
X -22.58 -7.83 0.08

2.2 EBEMEH L

POV 1) R /INFIA 52k

iff o T B el N AEL A T T o AARIT IR T 24 AT
DX ] 8 FCs 5 I T A AT 3 2 5 R 2P AR AN W A
e AN 5] I ] S5 e Al o — R B S L AR s,
AT 3 N OCHR AR BRI RN, R, T@HEST
B9 PB SZEG A L RIS, FEVR AR B KR Y
Jr AT AR AR, X, XA X,
K535 -0.738, -0.8 Fil-2.8, tnk 3
P, ERIET 6 41 LA e oG R AL
Ht i Hir, 5 4 S TS B TR M G R OK
B, P, B Hoboos A . NH,CL B & vk
3.411 /L, #i4f pH 5.1, BEFEE26.1 C,
2.3 Mo RS9

ABgEH, A SR H TR A Y
WS AR . S5 HR AN 4 R, WARNLE (Y) K3

K3 IRBENCH S BT AR AR AR

Table 3  Experimental designs of steepest ascent and corresponding responses

X,/ (g'Lfl) X, X,/ C [E=Y% (U‘mLil)

FepH (PB 2 AY 0 ) 5.63 7.50 34.50

Jhf 42 LA 0.63 0.50 2.50

(3) #HE (PB BIH AR R B0 -11.80 -15.40 -11.30

(4) MAEE®RE (2) x (3) -17.38 -7.70 -28.25

(5) FyLMphc: (4) x 0.1 -0.74 -0.80 -2.80

S 1 5.63 7.50 34.50 124.51 + 4.26
S 2 4.89 6.70 31.70 126.19 = 4.78
SCHG 3 4.15 5.90 28.90 211.03 + 9.37
SLL 4 3.41 5.10 26. 10 274.34 + 5.62
S5 2.67 4.30 23.30 32.08 + 0.65
SEES 6 1.94 3.50 20. 50 10. 13 + 0.28

Fed RS 700 P 0 B A SRR R o T 3T
Table 4 Central composite design matrix and responses surface analysis for the proteases activity

o RS e Ty
i X, X, Xio (U-mL™") (U-mL™")
1 -1(2.67) -1 (4.30) -1 (23.30) 10.97 = 1.62 0.00
2 1 (4.15) -1 (4.30) -1 (23.30) 303.88 = 11.02 277. 66
3 -1(2.67) 1 (5.90) -1 (23.30) 329.20 + 6.37 297.49
4 1 (4.15) 1 (5.90) -1 (23.30) 333.42 + 7.28 326. 56
5 -1(2.67) -1 (4.30) 1 (28.90) 8.86 = 1.71 0. 00
6 1 (4.15) -1 (4.30) 1 (28.90) 219.47 = 5.75 230. 46
7 -1(2.67) 1 (5.90) 1 (28.90) 263.36 = 11.98 268. 81
8 -1 (4.15) 1 (5.90) 1 (28.90) 246.48 + 14.71 246. 19
9 -1.682 (2.17) 0 (5.10) 0 (26.10) 44.32 + 3.75 70. 37
10 1.682 (4.65) 0 (5.10) 0 (26.10) 289.53 + 14.95 292. 89
11 0 (3.41) -1.682 (3.80) 0 (26.10) 13.51 = 0.86 33.04
12 0 (3.41) 1. 682 (6.40) 0 (26.10) 294.59 + 10.41 304. 44
13 0 (3.41) 0 (5.10) -1.682 (21.40) 271.80 + 5.85 312.49
14 0 (3.41) 0 (5.10) 1. 682 (30.80) 259.99 + 5.43 248. 67
15 0 (3.41) 0 (5.10) 0 (26.10) 338.49 + 12.26 313.03
16 0 (3.41) 0 (5.10) 0 (26.10) 303.03 =+ 10.69 313.03
17 0 (3.41) 0 (5.10) 0 (26.10) 317.38 + 4.73 313.03
18 0 (3.41) 0 (5.10) 0 (26.10) 304.72 + 5.62 313.03
19 0 (3.41) 0 (5.10) 0 (26.10) 322.45 + 7.49 313.03
20 0 (3.41) 0 (5.10) 0 (26.10) 297.13 + 5. 14 313.03

1) &5 g a R S A
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PRSI TS50 ME,  Fon i iy o L7 (B AR B B A AU T3
A% o 3L SIS BT A B IR TR

Y, = -7 343.171 87 + 1 392.224 06X, +
1 383.210 85X, +109. 806 13X,, — 109. 284 17X,X,
-6.255 02X,X,, -3.697 71X, X,, — 85.312 24X,* -
79.712 37X,* - 1. 463 40X}, Hrfr, Y,y Hli i) il
W, Xy, Xo, # X0 4050 2 NH,Cl Bree k2. A2 R
pH FIREFRIRBE . AN (] 2% 8 6 [ U ASE 784 v o) 7 (L 5%
e F) 05 MRSl O F R R B e . AR S TR, £k
PRI X, 1 Xy, ZCH I X, F1 Xy, I X, X,
HAE =R R L (P <0.05), [FI, PiE &R
BR (0.974 3) il adj R* (0.951 1) FHiZpER
AR S AT EE R, BEACAF A9 R S PR O, A
I, AR EE X B 1T PR A T LAY T

£S5 BRSO AR RLE BRIy 2 43 H At R

Table 5 Model-fitting and variance analysis

results of protease activity

KIE BAHE 7 FAH Prob > F
PR 9 27 925.42 42.10 <0.000 1
X, 1 48 108. 23 72.53 <0.000 1
X, 1 49 206. 37 74.19 <0.000 1
X0 1 2 959. 56 4.46 0. 060 8
X, X, 1 33 304. 06 50. 21 0.000 1
XX, 1 1 336.52 2.02 0.186 2
X, X, 1 548. 85 0.83 0.384 4
X, X, 1 31 113. 65 46.91 <0.000 1
X, X, 1 37 507. 16 56.55 <0.000 1
XXy 1 1 896. 98 2.86 0.1217
B 10 663. 27
el 5 1 091. 84 4.65 0.058 4
gl 2 5 234. 69

1) EBR R = 0.974 3, PR RS Adj R = 0.951 1

Y:Enzymatic activity/(U-mL™")

~
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Y:Enzymatic activity/(U-mL™")
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T RIS A — 2 [FIR, AT T A
MIBIESESS, fERUAMET, #id 3 P TS5,
AT L bR B S T3 (R 372. 814 U/mL, SEPR{ES
TRNE R R0, RUTZAAY B H] T & e i )
LS

3.41

X Initial pH 44 2.79 X,:;p(NH,CD)/(g'L™")

3.82.17

KBERLERNE Dy 22.4 CCH, NH,Cl B iR BERLE LG pH 4R, R 28 T 3 2 1 B )

AR LI (a) MWL (b)

6.4
Prediction 365.
A 3.77
5.8 X 5.6
jasd
a,
=
g 5.1
=
S
44
3.8
2.17 2.79 341 4.03 4.65
X:;p(NH,CD/(g'L)
1
Fig. 1

Contour plot (a) and response surface plot (b) of protease from Bacillus subtilis GS —1. Ammonium chloride

vs. pH value, with constant level of temperature at 22.4 °C
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Fig.2 Contour plot (a) and response surface plot (b) of protease from Bacillus subtilis GS —1. Ammonium chloride

vs. temperature, with constant level of pH value (5.6)

Y:Enzymatic activity/(U-mL™")
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350.0

X, Temperature/ °C
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X, 224
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UN365.3
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3.8 45 5.1 5.8
X :Initial pH

6.4 X, Temperature/C 23.8

Y:Enzymatic activi

5.1
45 X :Initial pH

214 3.8

P13 NH,Cl BTt R B E o 3. 77 o/ LI, i hfy pH 0 A il B 00 R B 28 ST T 2 11 S g
SN SRR IR (a) FIMERLTE R (b)
Fig. 3 Contour plot (a) and response surface plot (b) of protease from Bacillus subtilis GS — 1. pH

vs. temperature, with constant level of ammonium chloride (3.77 g/L)
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XJ Bl BT 2R 0 s I K R T M R A A
Quist 5 & AR H 7E /K e b 72 vh e S bk oo Ul K A
AR A FRIRBE, SRIGZAMIERVERT, ZK i B
INA R B L KA TR v Ak 22 B /N TRk 2 TR
WEA P I 6 SO M IREE R . R, T —2 T
A4 e AL TR o 8, 1 G ) 2 ol B A K ot R v
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Table 6 Free amino acid compositionof different hydrolysates g/100 mL
UL _ MFIRZE (A ) _ SLERH CIAZE )
KEHEH A AHE A IrEEH KOHH rifEH WREE
KGR Asp 0.21 2.60 0.98 2.12 0. 81 0.32
HEIR Glu 0.21 5.43 1.13 8.57 13.74 4.09
22 R Ser 0.04 2.16 0.33 3.85 4.51 5.20
H&E R Gly 0.10 1. 84 4.34 0.71 14.32 6.73
AR His 0.27 4.81 0.74 2.07 9.90 4.89
KE R Arg 0.47 6.36 27.63 4.28 15. 88 38.43
Jh &R Thr 0.31 1.78 0.95 2.58 6.24 7.11
NER Ala 0.32 4.45 2.19 3.43 9.26 8.29
&8 Pro 0.16 2.07 1.94 0.74 1. 65 3.89
1% BR Tyr 0.34 5.45 1.36 7.21 3.98 6.16
SR Val 0.20 2.25 0.27 11. 80 16. 83 15. 88
E AR Met 0.26 1.32 0.03 5.33 3.94 11.85
KB E IR Cys 0.08 1.22 0.03 2.83 3.22 2.04
SRR e 0.25 1.61 0.23 19.92 14. 19 16. 35
ZLEMR Leu 0.17 2.29 0.17 20. 94 23.33 29. 06
KN R Phe 0.16 1.78 0. 60 11.94 6.61 14.19
=R Lys 0.19 2.24 0.11 7.96 2.18 3.26
Bt 3.73 49. 66 43.03 116.28 150. 58 177.75
3 oz i R, EXWE— AR, G 5

BT I — R HNGEF 07 15 M R Al 5 2
AR GS - 1 73R H il 0 e e o R b AT 1Ak,
(AT 1 I 19 o s S /738 5 372,814 U/mL, &
RS B CARIE R R R 5 AT S EEEAS 2

WYk i A5 SRR %5 45 T AR A I 7 R
TR VIS AT . 2T IS AR, HR
PRI BES PR A SRR G A SCRIBTFE T A
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