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Lh &, BABEMRARR 70% A L3t —F KA 20 U/mL #93EF GBI 2 h, KABED A 60% A L, & %5
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KRR p-TEERNENG; MM, sl Bt

hESES: Q814 XERFRES: A XERE: 1672-6510(2015) 06-0007-05

Screening of Acid-and-protease-resistant f-mannanase for Feed and the
Characterization of the f-mannanase

ZHANG Wenhui, SUN Tongwei, ZHANG Huitu, WANG Haikuan, WANG Hongbin, LU Fuping
(Key Laboratory of Industrial Fermentation Microbiology , Ministry of Education, National Engineering Laboratory for
Industrial Enzymes, Tianjin Key Laboratory of Industrial Microbiology , College of Biotechnology,
Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: f-mannanases, which can be used as feed additives could not only eliminate the antinutritional factors in feed, but
also enhance animal immune response and balance the micro-ecology of animal gastrointestinal tract. However, most of the
previously reported f-mannanases hardly show satisfactory efficacy in practical application due to their poor acid stability
and susceptibility to digestive proteases. In the present research, a novel f-mannanase was isolated from the fermentation
broth of a Bacillus subtilis strain, which can simutaneously overproduce proteases. The purified f-mannanase exhibited op-
timal activity at 50 ‘C and pH 5.5. It can also be activated by the metal ions of Zn?*, Co®", Cu** and Fe**. In addition, the 8-
mannanase showed high acid stability and resistance to trypsin digestion. After one hour incubation in the acid buffer (pH
2.0)and a succession of two-hour treatment with porcine pancreatic protease (20 U/mL) , the remained activities of the -
mannanase still reached more than 70% and 60% of the highest activity. These superior properties make the newly isolated -
mannanase a good candidate for feed additive.
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TE P IS AR RS L B SR TH AR T %, 1
S AE A SZBE DR A SRR, AT (A a2 2]
RICL e S I 2R S R R B AT
PUB TR, 1Rmsh L v aet. Aok, asim p-
H g RWERG G , 7ESh AR N BN = A H #E 5L, mTak
— 5 L RORN 18 58 B ) 1) S B, 4R S S B
A A EREE AR UE AT 2R AR K, S E A D
HATC RN p—H & R AR 2, o= 4
PEPEREOE RS HIE T a8 e T B A
FraRba e p—H 8RR A £, I BAR
MR FERAEACR. SOHRH, SR TR p-H R
WERE R e PR 22, MELATH 52 P S shn i1k iy
SRR IAEE DL ACIE il it = e AR b A 5
Sl AT —2E B 8 M 132 20T AL B
(I 8 A A PR T TR 2 16 T DR, SR B R L e
EATAER TR p—H 2 R i X — [
KA.

AW LA FHAE A TR R s s p—H
i RN B bR, AR 0] R I 2 18 B 1 Tl PO A
IR (Bacillus sublitis) TCCC11286 i 143
B B AT I R BT AR (R RRE 1Y p—H 58 MR .

1 HRSH®

1.1 B

Wi v5 ZEHIAF I (Bacillus sublitis) TCCC11286 , A<
S R
1.2 FERF

JR 2R I, A RN R M R T ER B
Sigma 2wl 5 HoAth 24 )7 3 Hr 46

MEIPY 3 ANSFIRITIGE B—TH 8 R G A 43
HFRIE A AB.C.
1.3 E5HE

P &R TR 7 A T R R 5 (g/L) « MR
5, AN 2, BERHZ Y 2, KH,PO, 1, MgSO,-7H,0
0.25, Bl 2.

TR R SR (/L) A RE S, EAK 10,
NaCl 5, s w54 30, Bl 20, pH 7.0 ~ 7.2.

LB }igedk (g/L) : BERER Y 5, REE TR 10,
NaCl 10.

PR MR 922 (g/L) - BESE Ry 10, BEREFY 2,
MgSO,; 0.3, FeSO, 0.01 , K,HPO, 2, NaCl 1,
(NH4),S0,4 5, i 80 1, pH 7.0 ~ 7.2.

FRABELEER E3085 Fo

1.4 EOME p-HEREHRSERNFIE

B A B WL i LB WA R =X
IR B 5250 2 A B 2T R A RTE 37 CRE SR
24 h, SEATALAE RN L. KA A H I TR VR AR
SR AR R SR AL |, 37 TR 24 h, PEAEEEE
il 1y R 7 ) K 2 10 BRSO AT 38 B R A R 1Y
PAIFE.

B8 SR ™ A TR ) i < TR R R
il A PR R S B2 B A Wi e 1 R 0 b g R R
WG ™= A R ik EE R 5L 1, 37 CHESE 24 h, % 0.1%
PSR 21 3 A 80 R TR T Y O kAR L 10 ~
15 min JE 8 LRERZLEW, FH 1 mol/L iy NaCl i
FLE M 2 ~ 3 UG SRIG A 1 mol/L NaCl i &
15 min J5 s, I, 7242 T 58 B Y 7 7% S [
o BB R, PRAEE P R BRI TR TS
1.5 p-EHEREHIEEONE

B~ 5 5 W T eV 5 SR A A K S W R A
W, LA 3 T A i P A R AT IS it AT g B 7
WAGASAE T AT LY DNS 87 &k A= B SN, JUR
VR 11 5 P55 AR 7 A P DO i B B, A TR
WEA AR B X5 ROV 8 SRR Y TS ) U E
Fo. DR, a0 b Gl Sz 07 B € ) SR R, 1T
DI SONE T p—H i8 SRBHTE 015 ).

RGBT X fE pH 5.5.50 ‘C&AMEF, A3 4h
PR YIRE AL 1 pmol D—TH B T s Bl oA 1
AR HA UL

il 15 M0 %E - B 0.5 mL 3 24 B A RO A
1.5mL 0.5% fl & %W, 50 CHRIE 20 min, il A
2 mL DNS, #7K# 10 min, %3 2505 251K
ERZE 15mL; 25 XTI 0.5 mL & YH B RN
A 2mL DNS, 50 ‘Cf£& 20 min, LA 1.5 mL £ 5 Ji&
VB, WK 10 min, B EERGEHES FKER
ZF 15 mL. 7EJK 550 nm IS4 T E R SCRE .

1.6 p-HEREESBHSW
1.6.1  ALBif 494 %

PR EL 2RI TCCC11286 45 T R R 7R 4tk
FFEH T, 37 °C L 170 t/min $53% 48 h. ¥ K B AE
4°C . 12000 r/min #.0> 10 min, WE FIHW, BI A H
TR
1.6.2 Bk 4 347

KR 3. MBI (NHy) SO, 2
50% MO FEE, 4 CHrE K, 4 °C L 8000 r/min #.0>
20 min, FFULIE ; _FIEWARZLA I (NHY) ,SO4 & 80%
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TORIEE, 4 CHEE I, B0, DIER .
1.6.3 M &F kBN

WUTER pH 5.5 [N LIR-L RN WP IR, 5
MraSENTIER . DA R H IR TR ENZE vh iR -
1Y Hitrap Q HP [ F4E (5 ecm x 5 em) |, BBk
6. F&AT 1 mol/L NaCl FOBEBRZE L. 0 ~ 100%
RS BEJEA TR, it 0.5 mL/min, WoAE RN,
e p—H B8 SRR E . &3 S PRy
WCEEWR , iZ AT, JTA TR B A A T 4.
1.6.4  Ehxad ik BT

W 2R p— 88 SRR Y TE 4 )
AR e , SR I5 LA 2 TS O R - 2 TRAN S vh -
414 73 1 (Superdex 200 10/300 GL) I, FAHFH]
PG R A TR, A 0.5 mL/min, WCAR e &
A T EERMEEE R4, X &P alifb 2 o E A T R
PN T g B e FL K (SD'S-PAGE) Al
1.7 p-HEREHEFERONE
1.7.1 RiER FIRERRERTM

KH pH 5.5 [ LR RN v e ] p—H 525
RO il 065 M o B AR R B N R A BT
30 ~ 75 CHRE T SEA TR SO , 0 JLRERE 7. il
T 77 55 15 T B Ry SR S N, LS e
100% , 15 oAt I BE T B AH X TS 77 4 Bl 5y 1)
BT 30~75 ChbH 60 min J5 , MEEHE T, LA 0 C
FARFRAY p—H R REVEBERERS SR 100% , TR
FE AL PR (ARG 7, A3 b L R AR
1.7.2 #iERF pH & pH #&E 14

FH pH 2 ~ 12 4 0.2 mol/L HJZ& ik (pH 2.0 ~
8.0 Na,HPO,— 711K, pH 9 ~ 10 H 4% —NaOH, pH
11.0 ~ 12.0 Na,HPO,~NaOH) fi il p—H 5% F it 144
TR AR R, ¥ VAR R TF 50 “CJ i 15 min J5llsE
BEE 1, BTG 1 i pH A pH, HEEEIE 150k
100% , THE A pH Z504F N AOAEXS TS 7). RA pH
2~ 12 WA RS MR A B 1 h S, DU
1, VAT J1 5K pH T IS T30 100% , 1154
% pH PR T W AHXS RS 7, o3BT pH iFe e bE.
1.7.3 TREE2/EBFE5HFRAMNT pHEREIH

e DA

435 1 mmol/L F1 5 mmol/L 4 )& BTk
R A A 27 200 Vs A B PS4 , DU R 7, AR IS
IAEAT 4 J& 25 1 Ak 3300 IR P T AR A T )
S 100% , TR 4 8 25 A Ak 223500 R A AR
NG A7, WF9E 42 8 B A A AL A0 X % i G
(R FEI).

1.8 p-HEREEERNTERNE QL

Wit imny g1 s R EEG 5 i b Ak
(%5 A.B.C) AT RYLE ARG HLA S, 1 mL i
WHIAZ] 9 mL 50 mmol/L pH 2.0 By H % iR—h iR 5%
MR, 37 °C L 120 t/min BFE 1 h, MEEETE F7, DAA
R BRI BTG 1 5E R 100% , T8 & BB AL B S i AH
TR A7, A dr RS e v, A E A E W 1 mL, i
AFIEA 0.1% FRE AR 9 mL 20 mmol/L pH 5.5 £
TR—-TRNGE vhil b, 37 CURLEMEE 2 h, 2 G
J1. DR g PR P ) b AR 005 B W T Tk
100% , T3 AN P IS A X RS 7, 4B AR e 1.

2 HEREHH

21 EQEN p-HEREESEFNIHE

HE N AR R AL R AN 1 () P, 7R
I A T 9 S R 2 T G W 1. p— i SRR g ™ A
WA RANE 1(b) Fios, 7 p—TH 82 R ERE A T
Vi S 2 Pz U .

L™ O

“TCCC11286
TCCC11286

(@) PEAMEKAITE (o) 7 p—HERIRBNE R bk 1k
1 = p-HEREHRNEOBREKNGE

Fig. 1 Isolation of strains producing the new f-mannanase
and protease

22 p-HERFEEEBHLL

WAL ZEHIFTF I TCCC11286 HEiR LT, WeAEH
B, A 80% MU IR ER AT 5.0 5 I ) p-
5 SO BRBES 1 5 I%, BATIRAE 1L B B -2 A it
B3 A, R HAS 2 NGRS p-H EE
RVEEG AT IE T, P W 2 2o B I 8 )= B 2l Ak
J& , EREE 560 U/mg #2551 8 232.6 U/mg, 4lifbf
BOAF 14.7 455, MR Fy 47% . SDS-PAGE 45 40 &l
2 iR, B 2 ATUAE W, 4ifb)s i p—H 85 R
FHXF A>T 3.7 x 10* A BA— 457117
2.3 p-HEREHEEZEERS N

¥ p—H e R R AR 3 AIAEAE] pH RSz np
PR Z il s UGG 77, DL pH SRR AR KR, AHX T )
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P pRaE ML, S8R aE 3 FoR, p-H 8RR AER
& pH 4 5.5, HAE pH 2.0 ~ 10.0 N, B 71
RAFTE 60% LI L. [y p—H B RMEME/E pH 2.0 ~
10.0 Z [ HeiehasE , A AR pH FaEiail, A 1R
A R R 1 L I O B B R | AR
SR 33— 5 S L GRS ) e
fiE .

1.16x10°
6.62x10°

4.50x 10

3.50x 10"

2.50x 10"

M. ZE[5 Marker; 1. BT ;2. B FACHZHTH
3. BERGUEIEATIR
B2 BN EUTRERNERGBRERERBIX
Fig.2 SDS-PAGE of the mannanase sample in each pu-
rification procedure

120

—o—fizifi pH —a— pHEREYE
100 T
< 80
=
£ 6ot
=
2 s}
m=
20 F

0

B3 p-HEREBNRE pHK pHIZEY
Fig.3 The optimal pH and pH stability of the new f-
mannanase

TEARTRE (30 ~ 70 C) FE p—H 25 R b
S TG 7, T A TG 7. AR Ak
b, RS BEE S1 RN AR BRZ il Hh £k, 25 anEl 4 fr
TN BRI g R OB I 1Y f 3 N IR R R
50 °C, HFE 30 ~ 60 CIEH, BTG J1IRFFTE 60% LA
b, 7E 60 CULE p—H B8 SR A IS 1% 2] 40% LA
T I Y B A R 5 R 43 ) SR T A R ZE AR
WA BT Z& RBERAAL, 0 B. subtilis 168 fiE X
PEREEHE 37 CM. g 85 R AR R A

FUHBLEEHB $30% $oll

AT ARPERAS IR A PR A 18 5.

120

100 —O— fid i —a— EERETE

< 80
=
I
= 60k
%
= 40
=

20 F

0 1 1 1 1

25 35 45 55 65 75

W

E4 p-HEREBNREREREEREM
Fig. 4 The optimum temperature and thermal stability of
the new f-mannanase

A1 B AR e 4 SR s T - R R
WG RS 25 SR 5 Fis. X TR 4R 81
LA T 28 BB 1 1) S i 25 S 4 0«
SIRET HE' M Ag™ iG] SDS. i 20, B
2, JESE F Sk (Triton X-100) %1% f—H 7% 5 Wi
AAFRE EAEH /A, Na" N7 K" Ca
Mg®"\Ba™ | Pb>" . Z "W DU Z. 1% (EDTA) XiF 12 it 1) iy
T HFARATN, Mn®" Zn®", Co™", Cu™" | Fe* %1%
it A7 B 2 BT VE . AR R ehas i), X — R A
A TP AN 5 2 e,

180

160 | & @1 mmol/L
i 140 1 O 5 mmol/L
< 120}
R
a1 100 H
% 80 H
= 60
jusag
404
20 H m
0

R R R P A R A A TN RN
R o T T T RGN G PPN WA
< owgccv@«a@Qﬁ@O%gy\?,

S B TR &
5 FRRENAEFEFARERE T p-HERER
LA !
Fig. 5 Effects of metal ions and chemical reagents on the
activity of the new f-mannanase

2.4 p-HEREHENTERREAQER

For B aifb 20 p—TH 5 RMERGEA T R pi R
AR, I S RN PSR 3 Bl pH B BRI T
FLi, S5 6 Fros. MiE ZEAFFRE TCCC11286
PRI T R SR B A WIS F1HE 70% DAL, $E
B B RTERE 1E 60% L b, B T HA 3 Ffh p-
HEE RN, B, A B 2R TCCC11286 A AL
(1) B 8 SR I 1) s b 2 11 s MR 3O, Xl A
TR A A8 g FH h HAT AR K v e
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SKICE, S GRHMRRDTEE (6 — T 82 SRR A ik o0 8 S Al PR

« 11 -

80

=RL 53
ol moEm =

40
B m
0
A

B  TCCC11286 C
B 8 R G
E 6 p-HEREBNMBRMAEAMIHNER
Fig.6 Acid and protease resistance experiment of the
new f-mannanases

AR S F179%

3 & it

A FE N — Pk 1o 7 1l A B 2 AR TR 43
BB — TR p—H BRGSO Y
h 55 °C, i pH 4 5.5, 7 pH 2 ~ 10 fITE BN E
PEESHT, Zn®" | Co™" | Cu™" | Fe* Wiz A W s (305
YERT, seAh, HEAT R4 (R Tl e 88 11 I A0 ek
W Bacillus subtilis TCCC11286 Fir& RLHY p—H 75 SHH
P2 lE H A O B A AR S ) kL, AT A T R A
5%, LASCIR p—H 85 MRG0 Tk AL . BRI
it 1% 7 8 o FH SR A — o 220, (HAT LA 2
AR W SR s R A B RZE 6 0+ F B
ERIB R TR S a5, LLURSSEBR N 8 H 9.
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