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Database, Carbohydrate-Active enZYmes Database),
B-1,4-H 5 FRME B DI 70 BT K AR AR 5. 9.
26, 44, 113 %0 B-1,4-H g SR 0 A
Iz, BT RN R B2 At i
BN AR . AWREIR . AR L AR
29, HARKmR N E" .

B-1.4- T 58 ROBEBE AR 2, FEAAAETH
WL R . LR T HE s R
Yyie B-1,4-1 85 MM AY B 2ORIE, BATE IS .
JEAAIG . VRS E | RIBOTESFIL R . (H R
H IR R B-1,4- T G SO - REAIG, ASREN 2 T
WALA =TT 2 bR TR R, 2
B-1,4-H 2 SO I DN & W i 2l se B IR 64T T 5%
RFRBOAIT I . AR . BRIEREEE . BEOREE
B B GRS RERG) ., RIES

J&5 A= LR A B B (Aspergillus nidulans)RE [
fR 2T 220, ML ZH I 45 R — 30 W
Gt i 22 T e A 22 W) B R U710 R TR A B
() 72 ABEE I C 9 Baver 55 70 8 K ) 7 52 AR 1
BErh ik, (B2 Bauer SRR WEH I AT T
i B FRAE

T B-14-HEx RHERER) 2N, S0
R A RERY B-1,4- T 8 RMERE — B Tl
R B 2 — o A BE R — 3L 4AS T 4 4> B-1,4-
HE RN, b B-1,4-H 5 R WEME C6 (GenBank
accession number AN3358.2) % #l| # & i (locust
bean gum)FR/R G L (gum guar) KRB T 5
MG ARSI B-1,4- T 88 MG T T R 35
(RIS R I HE) SR RAE (L pH S, pH
HIGEENE, TN a8 & T B RS T35,
AR S A 1 72 R, (EE XA
1 R T BT SR OB R > . L,
AICX B-1,4- T 52 RWERG Co fBG# 1k BT 50K
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ey SR 2 A U A B il ) TR AT 5 -5 T T
BLE HEAit o
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1.1 A

To SR & P (Yeast Nitrogen Base W/O
Amino acid, YNB)>k H Difco 2Ar]; HI# &K
(locust bean gum, LBG)IH Sigma /A #]; HAYA
XAy i VB 7 oA A
1.2 kS R

b R TR S B NPT -B-1,4-H #E R
Wi C6 (GenBank accession number AN3358.2)1
R i e B Ok B 36 1) B TR 5t A% £ 8 0 (Fungal
Genetics Stock Center, FGSC),
13 R
1.3.1 YPD iEALEEFRE(g/L): H4HE 20, HEHK
20, FEREE 105 YPD “FAR, BiiE 15,
1.3.2 BMGY 4K 15383 (g/L): YNB 13.4, Hiili 10,
AW 0.0004, BEFREPZE MYAR 0.1 mol/L, pH 6.0
1.3.3 BMMY BES355H(g/L): YNB 13.4, HIf
0.5% (VIV), ¥ E 0.0004, W% PR
0.1 mol/L, pH 6.0,
1.3.4  KEEGE R BRI EE: CRTCHLERRG IR AL,
g/, H3PO, 26.70, CaS0,0.93, K,SO, 18.20,
MgSO,47H,0 14.90, KOH 4.13, Hill 40 mL, PTM1
435mL, pH5.0, 1.0x10* Pa K[ 30 min,
1.3.5 PTMI1 HEITLEB MW (g/L): CuSO,5H,0
6.00, KI 0.08, MnSO4H,0 0.50, NaMoO42H,0
0.20, H;BO; 0.02, CoCl, 0.50, ZnCl, 20.00,
FeS0,-7H,0 65.00, Biotin 0.20, H,S045.00, J&~%)
THIERRTE, 4 °C BEGIRTE



RIS CEE | AR, 2018, 58(3)

393

1.3.6  Hlm#MBHEFREE: il 50% (V/V), PTMI
4.35mL/L.

1.3.7 HEEAMRIEEFREL: HEE 100% (V/V), PTMI
435 mL/L.

1.4 FHARMEHRREX

141 SPARBESE: HIMAE h I E YPD “FAl
FRIZE, 30°C B53% 34 d.

142 FhF3ESE. N YPD SEH b Pk R V5 I 3 b
#| BMGY H', 250 mL —ffijffi% 50 mL 5573,
30 °C, 200 r/min [ 55 2CHRPREE SR 1 o

143 BEFEM. Y ODe 57 3-4 £AH, &
O K, A BMMY H, fff ODgoo 75 1.0
Zitr, 250 mL Pk — ffffi(baffled flasks)$ 50 mL
B33k, 30 °C ., 200 r/min 5557, B 24 h #MiT 0.5 %
(VIV)HEE, 355 120 he

1.5 BEHRKEERERS

1.5.1 FpF3EgR: A YPD VA b Pk RV A
#| YPD B33, 30 °C 250 r/min 7% 5537 20 h,
13BN —RFh -, P BRI 10%3EF3] 1 L 1Y
YPD RigHEd, 30°C, 250 v/min §E¥ 5557 10 h,
155 —H/Ah T

1.5.2  C6 B KMEMERBERETE : $4 9P F4% 10%
AR RN 2 10 L R BERE D , W IR SRS H0N -
5534 200 r/min, FEFRIEEE 30 °C, pH 5.0, K H
KR 4K, DO (Dissolved oxygen, ¥4 )ZH ~
R, R AR, ff DO
HERFLE 20%-30%, Al e iR 20K B ghas il
pH {7E 5.0, *4 DO [HIF+HT, %18 20-36 mL/min
PR IR T E Y, ol PR PR Ak S A K R 200 g/L
A, RN, 24 DO [T E 100%H, 4k
SEYUERE SR 30 min, RJE WM EETIES, W
B R: 0-4 h, 3.5 mL/AL'h); 5-24h, Bz

EAUINEE EEF] 10 mL/(L-h), FH—H4eRz g 2
REELE R, R, AR — o B T R A
M 5E K BEWR (B ODgoo 2 BIATETE , I 88 b3k
AT E MR SDS-PAGE K3 M FILEL
1.6  ODgyo X 40 HIYR FE F I E

KRG UK 600 nm A yEFT He @il
JE , ODgog=ODioo LR TR BEAEEL; B 4 mL K IFER
7 10000 r/min #5.0> 10 min, R FWRE, 5
(18 2 e 2 e 40 5 A g T 19 e 5D A B B
1.7 SDS-PAGE (A B R BE B Lk )i T

N TR N D)-B-1,4- H 22 R C6 AR AT
&, RH] SDS-PAGE |, #AGHHKEEH 5%,
GBS IEHREE R 12%, F2%5 Hiis il G-250 Jufa,
1.8 FEERWRENE

Z:H Bradford (157K % Sk G-250
AT RIS PE AR R B o AR I AR
(BSAYE MARMER T, BLHlARMER, HVEARIE
2k,
1.9 FEEESHT

Z: 2 )R M X T 5% 2RO I 1 e I 43 BT
B, X HEERMER Co HATREG /3. ] 0.3%
(WIV)I#) LBG (locust bean gum, Hill#f Gi%) (Sigma
GOTSIWERMIEY, IMA—E . MBS, 2
MAFA 1 mL (0.5 mL LBG, 0.1 mL FBiEM,
0.4 mL pH 5.5 BEFRENZE M), #£ 37 °C. pH 5.5
(0.1 mmol/L BEFREM)BIZ&MF T S 15 min, JIA
1.5 mL DNS (3,5- i85 KR )ik 28 1k ) g,
A5 min, FHERKSARER, AREMN
A 2.5mL Z&IBK, IbRESS FIRE 2 FIXRE, 78
540 nm I EWOBRE . RS H @ AR ME T 23T
SR IEE R SR, IR R e ) LRSS . 1
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ANEERE AL U 8 SR B BiRE TS A 3 DR 46 [
1 umol HEWHITTT Z MBI . I B S D 7
BT T 3 ROPATIRGS
110 &RiERNL pH 5 pH A3 EHE

71 0.3% (W/V) LBG VR4 , 78 50 mmol/L
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VEWPNE C6 IR N pHo ANIR] pH 4544 F 1Y
BRI DU 72 #RAE 37 °C W 15 min, Zr5IITHE L
[[3F

C6 1) pH FE ML BT TE 1 BRI = 1ok
1 C6 15 4 °C. AJA] pH {H(pH 2.0-11.0)fI 5% vhi
WP RIS 1. 5. 24, 120 h, SRJ5 7 BIFEbRifE
SR (Befl pH 4.0, 37 °C, JZI 15 min)ifE7 1
T HT . 4B Co fEI AR pH 4.0 B A4 46 He B 1
H1100%, FEASIRE] pH. B [A] s i 5% 4% L S A
pH 4.0 B Y RIIREGE #E1 7 L8R, RIASZIASIR] pH.
N IF1) 83 A B A T T 1) 7 4 L o
111 EERNIRE SR et

i 0.3% (W/v) LBGAE AR , 7E 50 mmol/L
A pH 4.0 1Y) B&R Z& vl il il e Co 1yt
W EE o ASIA) IR EE T A RS 73 AT ER AT 15 min,
I3 T HIR L

C6 HIFERE M BN T Al R - 1 i
C6 7E AR (40, 50, 60, 70 °C 45) ., — & pH (C6
I ke ) ZE v 43 0 E 15 min, 30 min,
1h J2 2h, SRJGSERIZEARUESAE T (5 pH 4.0,
37°C, N 15 min)iFF7HEE /8. AnsR C6 fE K
— TR TR KR, X R E 5. 10 min
S, 8 C6 TETERRUEZAE T M) IR FU g% /E
100%, FEANIAREE . B[] S R 5k A% LU S FbR o
RAFIT BRI TS R T A, BOAS RN [R) IR B
I () 85538 A BRI 1 7 40
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L12 —HEREFNEE NN

T AR BTN C6 BRI 1 At R AR
FIRARERG IS ST IR R S, S AIA T mmol/L 1Y)
4 )8 B T [Pb(CH;COO),, NiSO,, MnSOy,
CuSO,4, BaCl,, ZnSO4, CoCl,, CaCl,, MgCl,,
FeSO,], TEPRMESRM T (I pH 4.0, 37 °C, J2)if
15 min)PEA FEEE 53T FE C6 TEARME AT T BRI 46
FEREETEAER 100%, LR INAS ] 42 Ja 125 5 i) LE i
T RS VSR I W R TG A 7 L, B 2
IASTR) 4 Ja 2 - Bof LU B S 09 43 L o

2 ERFAH

2.1 EHRHEMES

HSTER I b R R RIA T R R ARG Co
(GenBank accession number AN3358.2)f) e R i%
B, H 0.5% (VB ELESASES 120 h, 7
SDS-PAGE Z3#r(E 1), Z53RFK, 7 75 kDa /&
AP AT . BT R ) SRRy 9 T
19530 41.8 kDa, 75 kDa Zids 55 i /0 FHEIE
PR A>T, TRER TR AR R R TP RS
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117
90

49—
35
2

19

B 1. EHFTIE C6 By SDS-PAGE 534
SDS-PAGE analysis of overexpressed C6 in
flasks. Lane 1, 2: protein marker; lane 3: induced with

Figure 1.

methanol for 0 h; lane 4: induced for 6 h; lanec 5:
induced for 24 h; lane 6: induced for 36 h; lane 7:
induced for 48 h; lane 8: induced for 72 h; lane 9:
induced for 96 h; lane 10: induced for 120 h.



RIS CEE | AR, 2018, 58(3)

395

BT AR s
H B2 5 ) Rk i
HE— Bk,

22 EHRM KBRS

FRATHI 10 L R BERE(S L & B )X H 28 RV
C6 AT T Rk, WM AR i & s
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Figure 2. Growth curve of engineered microorganisms
overexpressing C6.
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A TS KR FEAK, pH 11.0 & pH 12.0 BHLFIA
FUMEG . UL pH X C6 BTG A JE 5 KA,

VR — Rt T 2R R
pH e PEIF o A B(K 5), C6 £ pH 3.0-10.0

IERBLH T IR AR E ;s pH 5.0-9.0 B &
5dJE, BEHENKE 20%£E47; pH 3.0 A1 pH 10.0
W E S dJE, BEEER 40%4A 4 ; pH 2.0 T E
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EMWAEE 2, WE 1 h 5, EEEEikE 60%LU
b, WESdE, RARE 10%A 4 100G
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Figure 4. Effects of pH on enzyme activity.

120
100
80
60
40
20
0

\\'ﬁ\——{
ogodd

PP erere e ramr]

AR TSR AR USRS
SLLEELE L]

SRR

Py sy ey

7

A

Relative activity/%

(P rr s st h s s 7 st 7 7 S

b330 T3 ININIINIINR

P rrrrrrrrrrrrrrrrsrh

A e S A E A —]
PFFIFFFFrrryrrrrrry |

TTLTATLTETILT LA T UL VR CUA Ay

rr

R SRR e

O RS

5. C6HJpHIREM

Figure 5. Effects of pH on stability of C6.
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232 EIERNIRESHEREM RN Co BTG
HsZ DL 6, A5 ZHL, 60 °C B Co It T
TG PE; 40-70 °C B S 5 e BB 1Y) 50% L)
b5 25-35 °C ISP Ay dn i BTG Y 40% A4 5 TR
ISR BEUN 75 °C 11 80 °C B, Jh M FFAT, 1YL
e TG ER) 20% 415 .

[ HEL T Co MRFRETE(E 7). C6 TE
40 °C MR RS, E 2h A, JLTBRAEERTE
P 7E 50 °C I I EEEE , I E 2h J5, 22K 20%
AATHIEE; 7E 60 °C I, C6 ¥ H 15 min Ji57, K
2 40% LA IR TEYE, T E 2 h 5, C6 JLT
SEYIE; E 70 °C I, C6 M4 E s hnpe, %
H 15min 5, JLFEEKIG,
233 SRBETFXEENENE: R T NnhE)E
BFXE Co TEMEMRE (R 8). L5 A, Co’
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Figure 6. Effects of temperature on enzyme activity.
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Figure 7. Thermal stability of C6.

actamicro@im.ac.cn

140
120

X

> 100

Z 80

Q

S 60

>

E 40

£ 20
0 N X x x X ax X x
S EFCFECPETIS

Metalion (1 mmol/L)
E 8. &EBETFMEFEHNFM

Figure 8. Effects of metal ions on enzyme activity.
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fitg, o TAE AR YRR SUS Y e, 153
i AL ATRAMTE o D7 BT A A I 8 | 1578
PERARIA . Al SE, BRI R TR A T
PR, TR pebe . BRI . B A
BT AR T T s

SCHRXS S 7t i 25 (Aspergillus aculeatus)
ith %% (Aspergillus niger) . i 5 HH %5 (Aspergillus
sulphureus) . F7%&/IMZ T (Sclerotium rolfsii), HLEG
OB BE 4G W
(Neosartorya fischeri) KU i 5 (Bispora) 55 E. 1A
PO DI H & R 5T el 200192204
Femi s, XFRIE T 8 Hh 5 (Aspergillus nidulans)
() H 8 SR Tl S ARSI 1) B9 AE LA b . 1
HihGde - EENZREE, BB 2T
20, FBSERA P, 209w T 72 Flop T i

A % (Trichoderma reesei) .
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HH, BRFREMNC LR, Fib, ik T —
ke [ R S5 A R TR , (R AT XX L ET
(T M B R (B A5 B pH SRS, pH 5 #AR
ENE, &)EE PRGN, S5k K
DUSAT2) RSCH AR R G T AL LI SR R N
Y1-B-1,4-TH#& Rl C6 (GenBank accession number
AN3358.2) g .

ANTR) A A 5 PR U0 B SRR I s T
AN TR) B 1 5T A SR FE R IR N T -B- 1,4 T ER R
Wil C6 (fiE pH 4 4.0, B TERIENVIHER
B, T SCHR AR B ARGl pH A 5.5 XA
IR EE N 60 °C, STk 4 TE B B At IR B
52 °C H R s % AE pH 5.0-9.0 BRI T
ewmmkaErE, BE 5 dE, BTk E 20%
Aoy MAERRBR ISR , JUHRIARIT T,
FasE M RORRRAR ; I BEAE 40 °C IF R BLH TR 5
FIFAEPE , (HRTE =60 °C % H TR Heik KR
ik >k A mgmBLIE IR T MEY-1 99 D) H 5% 0%
ity i fc il pH AR EE 43511 1.0-1.5 Fl 65 °C, KL
H T AR SR A RE R T , FEAR (1) pH YL IRl (pH 1.0-12.0)
J B <60 °C i AR w AR s U5 g A 3% FCHT
B=FETA P1 YN U 88 R MR 75 pH 4.0 F1 80 °C &
PR T Femih e, 7E pH 2.0-12.0 K&IRE <60 °C
R B T AR R E T YT T R
HY-13 SR A9 NP1 H 25 R AE 50 °C Fl pH 6.0
WG e, 7 pH 5.5-9.0 BfHbdfase, (HIEAE
50 °C REME R 2D, A TR DSMI13
SR 4 U0 H 5% SR I Y R P S pHL Bl B 4y
W4 pH 6.0-7.0 F1 50-60 °C, 7& pH 6.0-9.0 K&
JE <50 °C i HbE R e, nTLIEH, WPITHERR
BT 11 5 0 pHL RN BE A K pHL RN #ARS A 1 S5 1 B
RO W) SR DR A B A OG , K U 8 23R
eI T AN () A R SRR i

R JERN 4 a8 B AR Ry — Tl Al g 5] - sl Ao
il D5l %8 il P K A AT AR R s . AT R B
Co™ "l Zn* ik T C6 TG, JutL Zn®, MG
PR T 40%A 475 1 PbY. Cu*'. MnT 4R
TR Cco A —ERAMHIFER, P>l EGEREAL T
40%25 A7 . RIFEA DR IRE Co™ il T ok I T g
W2 BB XA I B MEY -1 B 2T 43T 8 HY-13
(4 N D) H 8 SRBERE A TG, (RS Xk H B I AL
R HTBFER P1 A Y H 88 SRMERG A 30 TR
T X FRIR ZEMEAF I CGMCC1554 Seiliry N YT H #&
SEWH M 15 AT e 21020 Zn® IR R T IR AL
FLH R T MEY -1 il A U0 H & SR B A B , 1
T ok A PR SR TR 4B P1. PROIRZF AT E
CGMCCI1554 NMEYEATms HY-13 RINDIH &=
BOWH 1) 3% L1193, PO R4 VR BE (10 mmol/L)
IR X RE R AA I R MEY -1 K51 N B0 H 8 SR
it AT — 52 FAR LR FYST cu® ikl T ok A g A
P 2% FOBTBRHE I PL. FRARZEMIFT I CGMCC1554
LR YT AR HY-13 19 9 H 87 SRBE I 16 1
PR T W R L RS IS TR MEY -1 R i N U0 T
RO BEE DO M R R B IR
BEEHER PL. BRI I MEY-1. £F 485
R HY-13 [P B0 H 88 RpmEa rE 400
I, 2R FRESIRRY, AR 48 S X
i MR BREMEA AS WA s, R —Fh 4 JE B
X AN [ Gl A A T PR T R SR A S [ A
JERSEm . (B, XTE&REFZmNTIH &R
RS P B DB AT R AN T BB

i 55 i AR B N D) H 8 SRR Co TE5E R
FEREpE ek, BRGWE R, PRI T
—E MR . O A e, I A T R
T S VG T o RIS, AW AR T8 TR
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Abstract: [Objective] Endo B-1,4-mannanases play important roles in hydrolysis of the B-1,4 glycosidic linkages in
mannans and heteromannans, the second most abundant hemicellulosic polysaccharides in nature. [Methods] In
this study, we overexpressed and characterized an endo B-1,4-mannanase from Aspergillus nidulans in Pichia
pastoris. [Results] A B-1,4-mannanase was successfully overexpressed in flasks and fermentor, and the yield of
overexpressed protein in fermentor reached 3.90 mg/mL. The optimal pH and temperature of the enzyme were 4.0
and 60 °C respectively, and it was very stable over the pH ranges from 5.0 to 9.0. It was thermally stable below
40 °C, whereas it was inactivated very quickly above 60 °C. Its enzyme activities could be enhanced by Co>" and
Zn2+, whereas it was inhibited by Pb2+, Mn*" and Cu*". [Conclusion] This endo-B-1,4-mannanase could be well

produced by Pichia pastoris, and has a potential as commercial enzymes for application.
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