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Optimization of Culture Process Conditions and Feeding Strategy for
Keratinase by Recombinant Bacillus subtilis

LIU Wentao', LIU Baihong'?, ZHANG Juan'?, LI Jianghua™>, CHEN Jian**, DU Guocheng'?
(1. School of Biotechnology, Jiangnan University, Wuxi 214122, China;2. National Engineering Laboratory for
Cereal Fermentation Technology,Jiangnan University, Wuxi 214122 ,China;3. Key Laboratory of Industrial
Biotechnology , Ministry of Education, Jiangnan University , Wuxi 214122, China)

Abstract: In order to achieve the high production of keratinase by recombinant Bacillus subtilis
WB600, fermentation conditions and feeding strategy were optimized in 3 L fermentor,and a fed-
batch fermentation was establishde. The results showed that,using a two—stage pH control strategy
in which pH was controlled at 7.0 for the first 4 h and then 8.0 for remaining time and a mixed
feeding strategy in which keeping the exponential feeding from 6 hto 15h (6~11 h p was 0.15h™, 11~
15 h w was 0.1 h™) and then constant—fed fermentation for remaining time,the keratinase activity
reached 864 U/mlL. The keratinase activity reached a leading level at home,and the keratinase
reached 2 900 U/mL overseas.This work reached a high keratinase productivity and it is a stable
theroret—ics for the fermention sacle—up process of keratinase.

Keywords: recombinant Bacillus subtilis ,feeding strategy ,fermentation optimization , keratinase

s EHI: 2013-10-07
EE£TH: Hx 863 i %W H (2011AA100905); EHFK “ T = h” B4 L# I 0WH (2011BAK10B03); YL# A H AR # 34 m H
(BK2012553)
*BSVEE FTLAE(1966—) B TLIGJUT A, T2+ 8082 B0 58 2 0, 32 8 Aol R | % Wi R O A 5 4 1 Oy i (0 0F 5
E-mail ;:a302304@163.com

466 Journal of Food Science and Biotechnology Vol.33 No.5 2014



WL

X)L A IOATE T AR G B R B AR AL

FER P — PP 2 AR T A AR v i B 2R
H, FRAETSMHIMMPE BE BED, M
e SEE oL L e N S N S A 1 2
BRI QR AR e | R R AR e A
F, AR R R L — PR AR AR Y — 25, T
FLA |2 DRI 20 0 55 2 R A= W 7= AR R B
D= K8 e S RPN 1/ R S 1= B4 = AU N VX (5]
T RS AR 2E R & 2 AR K ME IR T T
= 2547l , 7 il B A rpmT DA/ X6 B 85 14 7 Y K
IEGE LS, BRI Z AN, MR C R R A B
it Tl AR 7= 3 5 7 i DA Rk R A P A A T, Al
7t R I N R S R A A S ORIk
A A LR B R T RE

AR R RN 2 AR R T
VR R 7T E | 2B A R R A T A R
R S A DA T T AR AT — SRl E R T R AR
1%, 124 g 1k 5 B AT Tl Ak A= 7= A A DG4

VE & W58 2 78 AT A AF 5% A vh | i e Ak A5 T
— Bk M B B S B MR Bacillus  licheniformis
BBE11-1, 4 14 4 gt /) 2 (1 B i S IR At T
41 kL pMAS—ker, H-7E B. subtilis WB600 H1 a2y 5%
BT FRIR, FERTIIR I FRAF A R AT T
oAk, SR TR AE 434 K e Ab T A5 A0 00 A0 0 T vk
i, B ARAT B 4N R AR A R R AR R
K, DRI T ] 452 v 40 2 0 1 A 7 R A A
FERY TR, R U OR s R A S B O
o WAL T ZEESE, pH A DO, R B B
il pH A5, DO #5617 20%, W& itE T M E
P 9 7=, 6 LRl AR5 T R n AN E
TIXT iy 2 1t 0% 7 4 T e 2SR BT R R 3L 0
J5 R A N i K R W, AR S Ik B
1 425 U/mL, FE4M g EiE5 %] 2 900 U/mLP,

1 et e T

1.1 £ EHK

Ph B. subtilis WB600 1 3, #5707 84 Rk o
v A pMAS-ker,
1.2 ExE
1.2.1 A3 A (A0 gl)
5,54468 10,
122 A Afk(as ol) EAWK 10, B
5,5 AL8h 10, #i%5 8% 10,MgSO, 0.1,

B 10, BELEA

1.3 ¥EFFHE

131 AF3a MWHIME P 50 pl Wk T
AZEA 50 mL LB K5 ## 349 250 mL =M, 78 37
°C.200 r/min F3#53% 12 h,

132 X B3 A& 3L 42 H KB (New
Brunswick, 5[ ) B & 1.5 L, IR % 5%,
R 37 °C 38 AR E1:1.5, 43 400 r/min,
DO KHEBE P 3, 6 DO R45F7E 20% ,pH A
K FNER PR AE ), pH R W B Be 45 i SR m B 0~6 h
M pH A 7,6 h LIS #H pH 4 8,

30 L & B HE (B.Braun, {8 [ ) . 2 & 15 L, 1%
FPAR LAY 80 5% , K BB JE 37 °C, 3 MR 40 4L 1
1.5, 553 400 v/min, DO JC B P75 0, ¥ 6] DO 4
FFTE 20% ,pH FH & K Ak g 4% w1, pH % FH P By B
FEHIREmG, BI 0~6 h B 450 pH 4 7,6 h LUJE 5l
pH 1 8,

1.4 WEF*

141 HHhFEeRE BI0mL AHEE T
DA H 8 000 r/min B0 10 min, 5 FIHHR B E O
FRET 105 C, 2\, REIFT A EKk T8
(DCW,g/L)

142 AZGBmAEBmZOHE B—EBLEHR
F 8 000 r/min B .L» 10 min, [ 3% W BNy # 5 (A B 5
PRI E

143 AZxaiE A0 e BOHEF® 100 pL,
100 L Gly-NaOH % v ¥ (pH 9.0),300 pL £
keratin (1 g/dL)7E 50 °C'F K& 20 min, A 4 mol/L
TCA ¥ 500 wL 21k, 28 8 000 r/min &0 6
min J& , B ETH W 200 pL, A 1 mL 4mol/L Y Hk 2
B, EIA 200 WL fEARE 26 15 min 5, T
660 nm K WG IE | B 8 0 B 15 R
(K 2R & o B 1 U AR AR I Dy A R S 0z
660 nm AW 0.01 A3E A

144 HEHBKEERAZGMNE  H SBA-40C L)
R I3 BT A (1L 2R 48 B2 5 2B ) 0 90 i ) 1 2 B
R

|2 TN

2.1 DO-stat

3 oV S ORI T, 4 DO 43 AR FFAE10%
20% 30% , % 25 AN[A] DO X B.subtilis 2 BEAE 77 1
P A 40 A A B R Y S s e WL 1

AR5 otk £ S 201445 33 BH S 467



LIU Wentao,et al: Optimization of Culture Process Conditions and Feeding
Strategy for Keratinase by Recombinant Bacillus subtilis

Research Article

TEFT % 221 DO JBIE Y, 24 DO RHFTE 20%0 , e &
(ITRARSE 24 h THEIAFNEK, K 5.3 /L(Kl 1a). A
DO Z& A% 7= Mg i 52 i >k & (&1 1b), 24 DO fR FF7E
0%t | BTG AR & 21 h Bk ROk, o 168 U/
mlL, S Fsf P R B 0 A 2 1 R P o e

6 —e— R4 10%
—o— I fi4E20%
5 —— I RAE30%
=
%4
B
=
| 2
1
0
0 3 6 9 12 15 18 21 24 27 30
A A/
(a)
—a— I RAE10%
2001 o fR4A20%
—— I RE30%
Elso-
2
$2100F
=
5 50+
&
0-

0 5 10 15 20 25 30
i a)/h
(b)

1 7 E DO THREBINRELEHLE
Fig. 1 Fermentation of keratinase under various DO

2.2 pH-stat

T pH 7£ 6.0.7.0.8.0 X2 A K AR
B HBE AR, A 2a s LERT 6 /N
W, pH 7 I G AR LT A pH I A B AT
#;6 hJ5, 7 pH i~ 8.0 Bf i & T & i F H Al
pH ; 7= 1% B UL I 2b, FEFT 6 /NI A, 7E pH {H
7.0 BF A A LB RS TG 2R & T pH 6.0 .pH 8.0 1Y il
W, 766 h LUJR ,pH >N 8.0 B % Bl 7% 225 & F HoAth
pH (B ARG . M 2 FT LU 24 A e I [] i 4]
IR B A A A D TR R AR A AR O S
AR UGG i, IFAE 15~18 h 3K 21 i1 e K fE
XU E IR A RO R T A AR Y

HRAE AU 520 25 2R SR AT pH 23 B Bef il SR
KRBT (0~6 h)#=1H pH 7.0, 76 & B b J 30 4 il
pH 8.0 A D A 4% iy 30 S 46 2 2R m] LU B, B AR 2E
A Y 2 R A R A B i pH A . pH 2
AP A KA B S AR EER SRS

i i 2B ) AR K I il pH AT 1) A LY i pH
AN—F, pH X T R A I I8 i 52 e 2
207 W, B 5 T R e T O T R R A B
et IEH YA K B M AR AT BE 2 2 B
7R PR T RE AZ B T T YT (0~6 h)
P pH 7.0, AT LA 45 % AT i 30 0 4k 17 TR 1A PR AR
K 70 R W R 4 6 pH 8.0, A F T3 5 A 25
it )5 T80, i e 26 DR MO R 2 LA TR S K
0 HR U Y o R b R SR pH 23 B Bds i SR
67—=—pH 6

| —e—pH7
——pH38

AT /(1)
(38 (98] & W

03 6 9 1215 18 21 24 27 30
i A)/h
(a)

250+ —*—pH7

A8 I /(U/mL)

0 3 6 9 1215 18 21 24 27 30
I fil/h
(b)
B2 AEpH TREBNERETEHZE
Fig. 2 Time —courses of keratinase fermentation under

various pH

B3 R H LR pH P B Be 4 il 5w T £ 2 1
it () 5 et AR TR i A PR G LY B i R B A
Az R ff R L S 2O TR pH 8.0 45 1Y
AR 280, B AR A K AE 15 h Ik B8 K A8 L eah ,
B B 0 B KBTS a5 302 U/l (27 h), e
pH 8.0(252 U/mL)$2£#H T 20.2%,
2.3 EEAMHE

SR FHAE 2 U0 R AT R I B 7%, RDAE R I B
7% 6 h JFIRAME | B M I IR HE 40 /L, R LT
)2 15 h([&l 4a) RV A - B3l 2.7 ¢/ (L-h),
231 30 h {5 9R )G, A A" Rk E] 507 UmL
(21 h), H A AR R BERT 35 9 h B3k 3 FE S, A Bk

468 Journal of Food Science and Biotechnology Vol.33 No.5 2014



HRL L

X)L A IOATE T AR G B R B AR AL

TR AR B A E A TR R B A
Sy A IR 5 B, DRI 2 — A B e ] 2 0 1141

B
350 1
300} 1’
3950k 4
gzso _43
< 2001 13>
& 150t 1
I 12
s
us 100} 1 &
& 11
501 ]
0 40
03 6 9 1215 18 21 24 27 30
Bl /h

B3 WHERES pHRETHEABNABITEMNLZL
Fig. 3 Effect of a two —stage pH control strategy on

keratinase activity and dry cell weight

A R 0 R AR B, S AN B R 90
/L, MR [A] 15 h, ([ 4b) B 4 55 4 B 3% R 6
¢/(L-h), Zit 30 h #5525, M & H ™ & s ik 2
424 U/mL (18 h) , 7 4 4 o o vk 2 e e a5 31 32.8 ¢/,
B R eI 30 h B [ REIR R 21.2 /L, SEER 45 R
U BT A 2 B ) I 3 R B e R v T A T LA
W AT ) S8 32 e o A TRV A ) ) 2 o i R
JE ik vy, K 2 ™ A AR B A Y AR R B )R R
K PRI HG 5 EE — A 0F 50 2 AR 1 1

R XoF T VPR ) 7] O X A TR 3 R 1) R )
R ST H 1) A B U, B R R RR 60 o/, KB
BFE] 15 h(1& 4c), BRI 4504 220 4 o/ (L-h) .,
Zeat 30 h A, MR F ) i s A F) 680 U/mL,
1] 46 76 W BT vk B L A AR AE SR AE D B 10 /L LLT
IH YR ] 4 W T 0 S A R A A AT R P R e Y R
JEBEACKE >, BERE 1) PR B AL 5 R 0% Bl 5 LA 4 415 7R
A KA H B R IE ) ORCA 1 R %R R
AR X B R AR A U D) A s A T DR
AR 221,

600 12
—— R AR
500f . 110
- —=— Ghk {a
E 400} {8 2
=) 1 B
o= 300} le &
& | o
7 200f -4g
& 100} 15
ot Ho
0 3 6 9 1215 18 21 24 27 30
iy a]/h

(@)

500
. 135
400 —— MEAE
= —=— SRk 30 5
E 125 <
S 300 25 5
i 20 ¥
200 e
o 15 Hé
oo 10 =
of 15
03 6 9 1215 18 21 24 27 30
B fil/h
(b)
800
700F —— AT 10
~ 600} —=—JkH g I
£ 500 ﬁ
§400- 6 ﬂ{ﬁ
iz
£ 3001
= 200} 4 5
5 £
& 100¢ L=
0-
_ L L L L L L L L L L 0
0020376 9 12 15 18 21 24 27 30

A (] /h
(©)

B4 ARIMEEXETRAEOBNREIENLE
Fig. 4 Time -courses of Kkeratinase constant —fed
fermentation under different glucose feeding
rate
24 fEBRM

AR 1 3 A I SR 1 45 R, Ok A R B
T A X 8] 2 AR 11 S B S 8 2D 1 A IR IR SR A
TN I A BE W6 R B A 1 A T SR T8 Bt fin 3R
M B 105 DR 35 W S 3R 5 T A A T Y A 19 1) A
BlEAR — B0, T 7R A U A 4 A T AR O e B R AR
o, PR — 20 5k T 8 B0 R 8 oo, B e
30 SR A 3 4R R TR SR L

R A % 434tk e T SCHiE 1 Ak B 45 3 H AR 4K R
(S SRNES I I 1D ERT ) 1Bt h RN W w2 N i 7 i
TR X A AR AT R BN, ) BT 4 — b
T 20 0 A K i I 194 7 4 W U0 SR, DA T 4R
20N A R R A A T S DR AR S B L
AERHR L 0.1,0.15 h', R BER IR R UL B
Fr 55 6 /NI I SR 48 B0 n 5 30 o R il 1 i
Ji, 15 h Z e G, AMEDE RN 4 o/ (Leh) .

MG 6a i LA, PAHA KA 0.1 b
TINRE IR | R WS R B B A F) 790 UlmL,
5 T~11 h Sy Ta] 4 2 0 B i Wk AR T 4 o/, i 4 B
THFEAR P, JUHJE 7~9 h WATH], #4548 T i ik B2 oy

AR5 otk £ S 2014 4E5 33 BH S 460



LIU Wentao,et al: Optimization of Culture Process Conditions and Feeding
Strategy for Keratinase by Recombinant Bacillus subtilis

Research Article

O, VN 25 4 4 8 N2 20 B AR SR R TS WA N ) T
JEEARR T AR T R 1 T, S O B S e AR A
BRI FE, A 0 2R R BE 1Y LA K

018}
016}
0.14F
012}

- 010f

S 0.08f
0.06
0.04[
0.02f
0.00[

0.02

0 3 6 0 12 1518 21 24 27 30
R[]/l
S5 SHEBEGETILERERu HABTEME

Fig. 5 Time—courses ofu in keratinase batch fermentation
MRAEIE 6b AT LA, PUHAE KA 0.15 b
LN IR B 5 A F) 658.5 U/ml, 78 13~27 h
SUY T, A7 AR R R B 1 IR 10 o/, AR R
TN 32 4 2 T S T A AR B R 5 O 4
Rt BB, 2 M T e e T e o X T A AR A
SR T A A A R A A Y S
= ME AR —— SR

H 14
—p=0.1h! LR

800} ; el 12
2 600} 1%
=) 188
= | : g
éﬁ 400 6%
o {4 &
5 200 ] ;%
& 12 R

ok 10

L L | L L L L L L ] )

0 3 6 9 12 15 18 21 24 27 30
fisf il /b
(a)
—— R IHE —e— R 125
800 + e—u=0.5h" ELERM
. {20
E 600 =
S 115 4
Yy ®
haend
% 400 {1028
= =y
= &
i 200 15 &=
&
0Ff 10

0 3 6 9 121518 21 24 27 30
I {1 /h
(b)
E6 ARMKEKEXTHEOBNERIRMARETEHLE
Fig. 6 Time —courses of keratinase exponential —fed

fermentation under different u

AR T TP K 8 A S 58 B 4, SR 4
Beise e b A Kl B 0E 47 26 B AT i a1 S i 49
P A R R 1R L Y 4R B S TR AR D R AR IR
SEMEUEATIE AN, LAk B0 45 S R AR 0 2R KB ]
P AR E Y, TR R A B AR S W SE s
AT LR 43 B AR B0 i gy =20k 45 J T R 04 A= K
lia] , AT DAAR G b st G A7 5 0 o 0 BR R 2 R T AR 1Y

AkSEAE K, IE I R AR SR B Y T X B
W1(6~11 h) R ARA KA S AE KR 015 W, 11~
15 h IR R AE KB, Bl AE K%k 0.1 b,
SR P B0t i, e s 0 R P AR, TR Ry 4
¢/ (Leh) o DNIEL T 0T LI H 4 45 4% o e vk 3 O A
i 10 o/L, WA B AR FETE | FRHE R 0 191
B0, DCW I 7% 347 vag T B — Ll A= K 3005 B0 1 AH G
R, T fcm 18 ) 864 Ulml,

L o00, —* ST —e— SR

! 14
1=0.5 b 0.1 1 L
. 800f : 112 _
= =
£ 110 =
2 600f =
Bo -
= 400 1o &
el &=
& 200f 14 X
12
0.

(=]

0 3 6 9 1215 18 212427%0
I [1]/h

B7 REIHRBTAEEBMHRBELEMEZBL)
Fig. 7 Effect of a two—stage exponential-fed strategy on

keratinase activity and dry cell weight

SRR d S o L AN AN S
1522 75 T A 5 AR UE 40 2 1 i ARk, AR oy
Br 7 pH (DO X % e 7™ i (9 52 i, 45 1) f5 1 B9 DO
K pH ., A TR A 0 5w B B bR R Boa i e
N, e 2 T 35 3] 864 U/ml, g 1 ik 21 [ Py 45t
oK eSS RO JE W R B, Tl AR A A R
SU=3- VN (RONUE- 2 i

470 Journal of Food Science and Biotechnology Vol.33 No.5 2014



SOA
ﬁﬁjLw'I X)L A IOATE T AR G B R B AR AL

5%

[ 1] 203k, EHESE, 20 9. F 8 g 0 BF 98 IR B R SR A St [J]. BRI BFF ,2010,38(4) : 1689-1692.

LI Mingzhu, WANG Yanping, QIN Guangyon. Research status and further development of kerationase [J]. Journal of Anhui
Agricultural Sciences,2010,38(4):1689-1692.(in Chinese)

[ 2] PRk, 0, S d e, 4%, A 8 AR ™ T P o 3 S B BT O B ST, B R 5 TR, 2010,20(4) : 23-28.

XU Bingbin, XIE Fei,HAN Ruizhi,et al. Screening of the keratinase—producing strain and dehairing applications [J]. Leather
Science and Engineering,2010,20(4):23-28.(in Chinese)

[3 ] 5% KBV, ARG TS5 B KRG s 80 RO S LA P Re i s ma ()], T8 3% L2244k, 2004,23 (1) : 84-88.
GUAN Junjun,QIU Aiyong,ZHOU Ruibao,et al. Effects of saccharides on the emulsifying characteristics of soybean protein and
its modified products[J]. Journal Of Wuxi University Of Light Industry,2004,23(1):84-88.(in Chinese)

[4 ] Eun-Ja Jeong,Moon —-Soo Rhee,Gwan —Pil Kim. Purification and characterization of a keratinase from a feather —degrading
Bacillus lichemifonnis stram SH-517 [J]]|. Journal of the Korean Society for Applied Biological Chemistry,1992,58(10):
3271-3275.

[ 5] Jeng-Jie W,K Rojanatavorn,SJC H. Increased production of Bacillus keratinase by chromosomal integration of multiple copies of
the kerA Gene[J]. Biotechnology and Bioengineering,2004 (4 ) :459-464.

[ 6 ] Mazotto A M,A C N d Melo. Biodegradation of feather waste by extracellular keratinases and gelatinases from Bacillus sp.[J].
World Journal of Microbiology and Biotechnology,2011,27(6):1355-1365.

[ 7] 9k 2E4E B, KA, 55, pH T [ B4 il 5K s 4 e AE 7 T 20 ) T (). o B A= i TR 2235, 2008, 28(5) : 59-64.

ZHANG Fuhua,CHEN Sheng,ZHANG Dongxu,et al. Studies on two —stage pH control strategy of recombinant cutinase
production[]J]. Chin J Biotech,2008,28(5) :59-64.(in Chinese)

[8 ] Liang J D,Y F,Hanet. Optimal culture conditions for keratinase production by a novel thermophilic Myceliophthora thermo
philaamplt strain GZUIFR-H49-1[]]. Journal of Applied Microbiology,2011,110(4) :871-880.

[ 9] Ashis K Mukherjee,S K R,Naba K Bordoloi. Biodegradation of waste chicken—feathers by an alkaline keratinase (Mukartinase)
purified from a mutant Brevibacillus sp. strain AS-S10-1I []J]. International Biodeterioration and Biodegradation,2011,65
(8):1229-1237.

[10] Awad G E A,M A Esawyet,et al. Keratinase production by Bacillus pumilus GHD in solid—state fermentation using sugar cane
bagasse : optimisation of culture conditions using a Box—Behnken experimental design[J]. Annals of Microbiology,2011,61(3):
663-672.

[11] Da Rosa Gioppo,N M,F G Moreira—Gasparin,et al. Influence of the carbon and nitrogen sources on keratinase production by
Myrothecium verrucaria in submerged and solid state cultures [J]. Journal of Industrial Microbiology and Biotechnology,
2009,36(5):705-711.

[12] Daroit D J,APF Correa,A Brandelli,et al. Production of keratinolytic proteases through bioconversion of feather meal by the
Amazonian bacterium Bacillus sp. P45]]]. International Biodeterioration and Biodegradation,2011,65(1):45-51.

[13] Fonseca C F D. Keratinase production by new strain of Bacillus amyloliquefaciens :application of statistical experimental design
for optimization of keratinase production|]]. Biotechnology and Environmental Science,2012,14(3):307-317.

[14] Sahoo D K, A Daset. Keratinase production and biodegradation of whole chicken feather keratin by a newly isolated bacterium
under submerged fermentation|J]. Applied Biochemistry and Biotechnology ,2012,167(5):1040-1051.

[15] Tiwary E,R Gupta. Medium optimization for a novel 58 kDa dimeric keratinase from Bacillus licheniformis ER-15 :biochemical
characterization and application in feather degradation and dehairing of hides [J]. Bioresource Technology,2010,101 (15).
6103-6110.

[16] Wang D,X S Piao. Effects of keratinase on performance,nutrient utilization,intestinal morphology ,intestinal ecology and
inflammatory response of weaned piglets fed diets with different levels of crude protein [J]. Asian—Australasian Journal of
Animal Sciences,2011,24(12):1718-1728.

[17] REWERE , 3Kk A=BH , 45 56 , 55, £0 M 7™ Monacolin K [/ & 9 A5 14 1 DL AL Jo 8§ TR %2 4R ,2004,23(1) :9-13.

XIONG Xiaohui,ZHANG Liyang, WEI Ce,et al. Optimizing solid fermentation of Monascus sp.3 for producing moncolin K[J].
Journal of Wuxi University of Light Industry,2004,23(1):9-13.(in Chinese)

AR5 otk £ S0 201445 33 BHE S 471



