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Optimization of alkaline protease production by a strain of
Bacillus licheniformis
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Abstract: [Background] Alkaline protease, a fermentation product of many Bacillus species, is an
important enzyme in industry. [Objective] An alkaline protease-producing strain was isolated by casein
medium from an environmental sample. The passage number, carbon source, nitrogen source, metal
ions, phosphate, initial pH, inoculum amount and temperature of the fermentation were optimized to
increase the alkaline protease production of the strain and to reduce the cost of fermentation. [Methods]
The isolates were identified via Gram staining, scanning electron microscopy, physiological and
biochemical tests, and 16S rRNA sequence analysis. The fermentation conditions were optimized by
single factor test, Plackett-Burman experiment, the steepest ascent method, and response surface
methodology. The experimental data were analyzed in Minitab. [Results] The strain was identified as
B. licheniformis and named B. licheniformis NWMCCO0046. The optimized formula of the fermentation
medium was determined as soybean meal 50.00 g/L, glucose 10.00 g/L, yeast extract 13.46 g/L, CaCl,
0.50 g/L, Na,HPO,4-12H,0 4.00 g/L, and KH,PO,4 0.30 g/L. The fermentation conditions were optimized
as pH 7.5, 34.81 °C and the inoculum amount of 4.13%. Under these conditions, the alkaline protease
activity reached 165.41 U/mL in 48 h of shake flask fermentation, which was 8.04 times higher than that
before optimization. [Conclusion] The optimization of the medium formula and fermentation conditions
improved the ability of B. licheniformis to produce alkaline protease, providing a reference for

subsequent research on alkaline protease.

Keywords: Bacillus licheniformis; alkaline protease; Plackett-Burman design; the steepest ascent method;
response surface methodology
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2042 Ff P P18 7115 %) 315.28 U/mL; Haddar
A5 TSR Tt o o7 T 95 00 Ak A 28 AT I RPL Y™
MERE 7, WS b 233 U/mL $2 5 %) 1 400 U/mL.,
SR LAFE TAE L #6 B — i X 7™ il 114 52
220 T HA 2 A B T AU AR, i B
BT g R 2 2 o —12 0 e BE e 54
LR EWNE o S SR e S C AT I Ao S & M7
R E AN,

E N TR U3y R DR TN O NS W
Plackett-Burman 531, i BE €I i 56 i) L 1
W AHZS A 0 5 Bkt B 523 10 5 175 0 B+
6 v 7 18 0 b AR ZE I B 10 7 g S5 AR EA T
AA S J S 2K 11 0 1 T 2 o P B4 A

1 #R5F*

1.1 ##
.11 TEHSR

TR R A T P U B 52 4 R I T iR
B (AR 89°60'92.18"E, 28°91'00.74"N,
K 4 000 m £ A7)
1.1.2 EHxEE

fi% & B #7 FE (g/L): Na,HPO,-12H,0 2.0,
NaCl 5.0, T2 10.0, 2FRE K 3.0, 5§ 20.0,
1x10° Pa K 20 min,

LB #5575k(g/L): REEFIR 10.0, PEEEREL
#) 5.0,NaCl 10.0,pH H %%, 1x10° Pa K 20 min.

VIR R BERT R HE (g/L): A0 40.0, F Kk
30.0, Na,HPO, 12H,0 4.0, KH,P0, 0.3, pH H
9K, 1x10° Pa K 20 min,
1.1.3  FZE RN EE

THEER, BWgRTH T A ] AR AR EORT,
R R EREA WA A w7 BRER A
“RACBREL R E ol MR,
FEBR A HE]; EHEX pH i1,  BIEAEERE-FCA
ZHMRAF

1.2 A%
121 FEHMEKHNSBETE

FHICTA 250 80K A RE 5l 2 T B 7 B 0T
WA T T M, 37 °C 1HIEIEFE 48 h, PRI
175 W 7K fidk V8 d5c K1 T 7 3E — 2B i Ak S H Il vk
fio S8 CHF LA R % ETFH) "%
TR R 1) TR IR A S TR VR TR SRR L B 3R e
BRI RE 7 o il 25 A 2 A A R R R4 7 R R
FE o HRIEF 4] DNA $2H0% 16S rRNA FEH )7
55 K1 2 B8 A 5 I T ik
1.2.2 HBEMEEHNDNERE

IURAFF-80 °C (1 H M E2FPF 50 mL LB
Frgiskrr, 37 °C. 180 r/min }53% 8-10 h iG LA
R4, 250 mL #EJE % 50 mL LB 35570, ¥
— R HE 2% (RBUEOEEF 3 A LB 1557
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JE%E 50 mL KRGS, B P 5%
(RFU OB Fp 1 B R TR R 3, 37 °C.
180 r/min L BERGF7 48 b, IE L ERES 1
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FATH A ] Minitab #PF#EFT n=12 4 Plackett-
Burman (PB)iX5i%it. PB il it my& B =
KPR 1 R,

(2) fBENEYE S5

MR Plackett-Burman 5 245 5, HRIE 4 [H
FOM O R BT S e B 508 1 2P K A
Beoriay, HA R T o AR, ASRAT L T 3
U= AT

(3) LB AR

K 0 &2 A il 5 (central composite
design, CCD)XI B EHEH (4) ., I (B)FIHERh i
(Ot Ak, 5 Jr 58 v i & TR R AR P-4
2 R,

#* 1 Plackett-Burman i 36 1& 1+ & & K&K F

Table 1 Plackett-Burman experiment design factors
and levels
Factor Level
Low (-1) High (+1)
A: Glucose (g/L) 5.0 20.0
B: Soybean meal (g/L) 45.0 55.0
C: Yeast extract (g/L) 1.0 10.0
D: CaCl, (g/L) 0.3 1.0
E: Phosphate (g/L) 0.0 2.5
F: pH 7.5 9.0
G: Inoculum amount (%) 3.0 5.0
H: Temperature (°C) 33.0 37.0
X, -1 +1
X, -1 +1
X; -1 +1
2 HOLESRBERSKE
Table 2 Central composite experiments factors
and levels
Factor Level

-2 -1 0 +1  +2
26 6.0 11.0 16.0 19.4
33.4 34.2 354 36.6 37.4
35 38 42 46 49

A: Yeast extract (g/L)
B: Temperature (°C)

C: Inoculum amount (%)

) BREp0
21 EEABERNSES5LE

2.1.1 EESELEE

JH I 28 85 97 500 0 21 — #k 37 H l  HL
AR R, HiEWEERD)SREER W)
FEAE A5 iA 3] 14.6 (G5 ARJER), RWILK
MR B m I B VR AE PR RE T, AR AN
NWMCC0046., Bk NWMCC0046 7E it & 15
FREE P REE SR A6, o, RIS AR,
LB TA) 4 2 [, TR NWMCC0046
JFEARTE, AR R R, B AR
PHMETE(100%, [ 1B), HEMEE/R, ZER
PREAFIR, K/NR(0.2-0.4) pmx(1.0—-1.5) pm
(K 10),
2.1.2 HEIEA R4S

Bk NWMCC0046 A& FEFLAE, V-P i
BRME, BEAI MG EREL, AKFUER, [FEAr =
2 DNA W, i) AERRER,, BA b feF
FHARIZERE . AR . T8 A R 55 2 Rl U
X R A R FH R 7 B 2 1 i At g AR [m] 43
0 3 5 1) HL A R R S o X BT B PR AR . Sk AP
T WA BORR R R A Z U, T
S 0 Al e AN L1 B R A T 2
2.1.3 16S rRNA EEHF5 4547

K52 16S rRNA H:H F41(1 372 bp) 5
NCBI C#22 F 5 #E17 tx . H 4R BIR
NWMCCO0046 5 Bacillus licheniformis DSM 13
B SNAHRIME R 99.85%, 5 Bacillus licheniformis
BCRC 11702 7 FI AL A 99.23% - #4315
PR AR 16S rRNA & [H ¥ %1 il BLAST 4553
() )5 50 BEAT H X FF A R G R B (B 2).
NWMCC0046 5 A< ZF MuAT & A7 T [/l — 1~ 53 3¢
b, MR IR 99%LA |, BRI B L IR
B, OUE AR ZE AT
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El1 HEH NWMCC0046 FESFEFELER  A: WREE; B: RXERRELE; C. Afibss R
Figure 1 Morphological identification results of strain NWMCCO0046. A: Colony morphology; B: Gram
staining results; C: Scanning electron microscopy results.

Bacillus licheniformis IB-P141-2 (HE995760)
Bacillus sonorensis CCMMB990 (KF879302)
Bacillus licheniformis M37.2 (KT720213)
Bacillus licheniformis MER TA 81.4 (KT719490)
i Bacillus licheniformis MSL 3076 (KT719896)
Bacillus licheniformis NEE1 (MH577800)
Bacillus licheniformis SML 1190 (MG937588)

[| Strain NWMCC0046 (OM967176)

Bacillus licheniformis Pb-HK09002 (HM006898)
Bacillus haynesii NRRL B-41327 (NR157609)
7l 491 Bacillus haynesii BECMY6 (MK28696)

Bacillus licheniformis DSM 13 (NR118996)
Bacillus licheniformis BCRC 11702 (NR116023)
100 Bacillus licheniformis NBRC 12200 (NR113588)
Bacillus licheniformis KW55P (MH424451)

— Bacillus licheniformis ATCC 14580 (NR074923)
Bacillus paralicheniformis EN 107 (MH027622)
— Bacillus sonorensis NBRC 101234 (NR113993)
— Bacillus pumilus SBMP2 (NR118381)

L Bacillus pumilus ATCC 7061 (NR043242)

55

-
o0

—
0.0050

2 EF 16S rRNA EFFHIZEIIH NWMCC0046 Bk RHELBR WK GenBank %53 5 F T
SNBIF SRR 2 SCE AR RN AR s AR RBYEEE 0.005 0 fURPEALIE R MiAg SR
ARSI 4y B A5 B E AR F S 3 B. pumilus ATCC 7061 (NR043242)F1 B. pumilus SBMP2 (NR118381)J2& 4k
B

Figure 2 Phylogenetic tree of strain NWMCC0046 based on 16S rRNA sequence. The GenBank accession
number of the strain is indicated by the serial number in brackets; The number at the branch node indicates

the credibility; the scale data 0.005 0 represents the evolutionary distance; The bold numbers represented the
cultures isolated in this study; B. pumilus ATCC 7061 (NR043242) and B. pumilus SBMP2 (NR118381) are

outgroup.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2758 (YIS Gk

Microbiol. China

22 BHEZRAEEAR
2.2.1 RRRE FEERY R0

Z AR e IR A AR AL, (R Fh
) EHE T REAG L 7 i AR D BRI ke 2k i B
G510 SBALAG 2 WE, NWMCC0046 Bk & 1
fiti v S13k 3 49.17 U/mL (K 3A). N3k B6 422
77 i IR TR A BRAL AR 2 IR A1
222 EERRRHEHE

YEF 7 BB IE A TR SR SRR AL, Yk
JECON A 2N, NWMCC0046 B 25 1 BT /1
e, 2 AHERIEERRR Z, KB AR (A 3B).
MPEPRIRIE N 10 g/L WA IS e, 1R
#] 76.58 U/mL (&l 3C). iX -5 =Pk 85 7 1l o ik
Bacillus licheniformis N-2 BBF 5545 LU0 —3
HAHE T B RIS BERAL, AR
W MAEAERE S E KSR EERE LK, 2
B AR AR K AR L, 2R 10 /L (9
ZHEAE N G S A i I
223 HERENHBE

W 8 FhEIRHEA T, A HLAIEAE S
— R UEXT NWMCC0046 7 i P 2 11 il 9 41 1 5
FRERT IR LG &R, Bt
B S dm (] 3D). SRS SR
WA 50 g/L B, G 7735 81.17 U/mL, 4k%:
P SO BTV, R AR S ) R
P (Bl 3E). AR 5 A RN B A A A R
PR AR IR, & /IR RE I — e kTR
PRPEEE RS, DR A RS IR I S A
R, PRI LR AS TR AR ™ B Pk 28 11 16 P 52 )
b TR AR S AR TR R B R, WS
P BRI 7 W P ROR B i (B 3F). 2357
FErP R B O 10 /L B, B AR RS
F13%%) 90.22 U/mL (K 3G).
224 BRESEBTHHE

S JE B RIRRE B Y, A Sk A 2 i

MRS WS Ca® I Xz BT = A 2 1 g 1 A1
HERSCR (B 3H), g CaClL W E N
0.5 g/L WHEFRCR fedy, ik &8 RIS 0ok
75.21 U/mL ([ 31). R, #E8&EWE R 0.5 g/L
) CaCl, J R BEsE I P it 43 s & 1
225 EREHBEBIERENHE

BERR R N bR R B BT R, IR
K: 92 3E pH {H. B % Na,HPO,-12H,0 5 KH,PO,
FrE FE o 1301, e BE B IR £R X 77 B ] 42 ]
L, BERRIRMREE N 1.27 g/L B, BHMEE A
7174 76.48 U/mL; WEERERVE i — 4R T2
WG S TR MBRIRER VR EE IR B 7.5 g/L B,
Fil 1 I ARk (B 3), i RE 77 iR A B R
U EE A 1.27 g/L. B Na,HPO,4- 12H,0 ¥R JE N
4 g/L. KH,PO4¥JEH 0.3 g/L.
2.2.6 =IEXILE pH BIFAE

pH AJ DR AS 15 35 FE i o i B8 A RR B, 5%
e G R B G i . 53R IR0 4R pH 7.5 B, Bl
PEZE B J73% 76.00 U/mL; #) 46 pH<7.0 B %
BTG K s B pH>8.0 B, Bl 25 11 G
IR R E AT, SRS, W
PR B R B A TS 52 1 A5 (] 4A)
227 BREEMENHE

TR RN AT DU P R R,
Pl R /N il AR W AR K S8, FERP R
W) 25 S SO R B P BT B Y M
1%—4% (IRFUBOR, st & A EES I bEE
FEFP R B I S0, RN 4% 1N
84.01 U/mL (/& 4B),
228 EBEFHBRENHE

R RBESS . IR BRI A 1 B A SR
B WA G AR T B T A A, Lt
TR X R A A Y B R R
Thim, B E B ST R BRI, 35 °C 1)
fifi 7% 11k 84.07 U/mL (K& 4C).
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Figure 3 Effects of medium composition on the alkaline protease production of strain NWMCC0046. A:
Passage number; B: Type of carbon source; C: Concentration of glucose; D: Type of nitrogen source; E:

Concentration of soybean meal; F: Type of secondary nitrogen source; G: Concentration of yeast extact; H:
Type of metal ion; I: Concentration of CaCl,; J: Concentration of phosphate.
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Figure 4 Effects of culture conditions on the
alkaline  protease  production of  strain

NWMCC0046. A: Initial pH; B: Inoculum
amount; C: Temperature.
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F 4 Plackett-Burman i3 5 ZE 247 x5 EMRERERIEER
Table 4 The variance of the Plackett-Burman design Table 5 The steepest ascent method results
Source df Sumof  Mean Fvalue P Run Yeast Temperature Inoculum Protease activity
squares square value extract °O) amount  (U/mL)
Model 12 348343 29029 316.18 0.003 (g/L) (%)
Linear 11 16032.6 1457.5 158.75 0.006 I 100 33.00 5.00 76.98+0.21
A: Glucose 1 8711 8711 9488 0.0l 2 600 34.20 4.60 134.8720.11
B: Soybean meal 1 267.2 267.2  29.1 0.033 3 11.00 3540 4.20 152.63+0.09
C: Yeastextract 1 8890.1  8890.1 968.32 0.001 +o 1600 36.60 >80 122.35%0.26
5  21.00 37.80 3.40 118.58+0.18
D: CaCl, 1 3187 318.7 3471  0.028 6 26.00 39.00 3.00 106.95£0.05
E: Phosphate 1 19.7 19.7 2.15 0.28 7 31.00 40.20 2.60 91.65+0.11

F: Initial pH 1 6723 6723 7323  0.013

G: Inoculum 1 10724 1072.4 116.81 0.008 3 "Iﬂ'%};] %)Vﬁ

amount

H: Temperature 1 2 565.5 2565.5 279.44 0.004 —~ e SR .

Xi 1 36.1 36.1 3.93 0.186 jiﬂﬁ}ﬂ@ﬁﬁﬁi%qjyﬁlﬁﬂjgﬂifzf)&’rig
X . 67 073 0482 FIBETE R, % NWMCC0046. X% frit
X; 1 13129 13129 143.01 0.007 TSR TR, B4 R
Error 2 184 9.2 A ZE AT (Bacillus  licheniformis) . X #iAK 27 iy
Total 14 348526 FFE NWMCC0046 7 fig &ALk , itk 1Y

6 HLESREER

Table 6 Results of central composite experiments

Standard Run  A4: Yeast extract (g/L) B: Temperature (°C)  C: Inoculum amount (%) Y: Protease activity (U/mL)

16 1 11.00 35.40 4.20 149.63+0.01
17 2 11.00 35.40 4.20 153.42+0.13
18 3 11.00 35.40 4.20 160.86+0.09
13 4 11.00 35.40 3.53 107.33+0.16
8 5 16.00 36.60 4.60 134.62+0.23
19 6 11.00 35.40 4.20 166.37+0.07
14 7 11.00 35.40 4.87 131.15+0.16
8 16.00 34.20 3.80 166.01+0.35
9 16.00 34.20 4.60 134.42+0.27
9 10 2.59 35.40 4.20 100.36+0.19
12 11 11.00 37.42 4.20 120.68+0.17
10 12 19.41 35.40 4.20 131.99+£0.25
7 13 6.00 36.60 4.60 140.03+0.13
3 14 6.00 36.60 3.80 79.54+0.05
15 6.00 34.20 3.80 114.96+0.17
4 16 16.00 36.60 3.80 119.86+0.21
15 17 11.00 35.40 4.20 164.69+0.04
11 18 11.00 33.38 4.20 137.99+0.31
5 19 6.00 34.20 4.60 118.65+0.27
20 20 11.00 35.40 4.20 155.25+0.16
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Table 7 The variance of the central composite experiments

Source df Sum of squares Mean square F value P value Significant
Model 9 10219.8 1135.54 26.09 0.000 **

Linear 3 2 898.3 966.10 22.20 0.000 ok

A 1 1757.5 1757.49 40.38 0.000 o

B 1 581.3 581.33 13.36 0.004 ok

C 1 559.5 559.47 12.85 0.005 **

Square 3 5044.0 1681.32 38.63 0.000 ok

A? 1 2631.5 2631.48 60.46 0.000 ok

B? 1 11313 1131.31 25.99 0.000 ok

c 1 22263 2 226.35 51.15 0.000 ok

Two-factor interaction 3 2277.6 759.20 17.44 0.000 Hk

AB 1 127.3 127.28 2.92 0.118 Not significant
AC 1 820.3 820.33 18.85 0.001 ok

BC 1 1330.0 1329.99 30.56 0.000 **

Residual 10 435.2 43.52

Lack of fit 5 214.5 42.89 0.97 0.512 Not significant
Pure error 5 220.8 44.15

Total 19 10 655.1

TE: ** R, P<0.01
Note: **: Highly significant effect, P<0.01.

KB IR R . TH1 50 g/L, AR 10 /L, B%
1278 13.46 g/L, CaCl, 0.5 g/L, Na,HPO,412H,0
4 g/L, KH,PO, 0.3 g/L; {iAb)5 a9553% pH (H N
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Figure 5 Contour plot and surface plot of the influence of yeast extract, temperature and inoculum amount on
protease activity. A: Contour plot of temperature and yeast extract; B: Contour plot of inoculum ratio and yeast

extract; C: Contour plot of inoculum amount and temperature; D: Surface plot of temperature and yeast extract;
E: Surface plot of inoculum ratio and yeast extract; F: Surface plot of inoculum amount and temperature.
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protease production curve.
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