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PEBF o FUMR W AE N A0 s R A A T EEA B
WHEE R . T E (Lactobacillus casei) 1E
AFLRE B, 2 A A % A B K (generally
regarded as safe, GRAS) , i if £ i g R 1A Ak T 41
1K 1) Wl TG 5 A B AT T AR 0 77 A5 £ 2
M R e, TR LT 1 R 3 T 2R A T R R
2 B B BE S TR 2 AL AR R BT AE BT A E AP
Jei W] LLAE o 38 N KB A0 RS 338 1 i P9 R ST
R T ATLAA TS PR WA ] I 48 BT R i E S LA v 2
e L 2R AL T e 0ok B, 9 iR B AR A e 45 A 2R T
B, I AF T T IR SLAT Rk R X E R S

AR 26 R B DR R ) 7 0 AN /DS 2 f T R
(Bacillus pumilus) " ¢ B B, 4-H i 5 4 fig 2L
(ManB) (¥ ji 38 K G 55 77 51 » 4 12 6 I8 3 [ 31 3L R
W &AL AR pELXT mf, JF A8 K i AT w1 AT 1% 5L AT
WP AT T OH bR R AR A R, IR E AT TR

Jio A TR H A 3K 1) ManB [ g 2% P T W) INE S BLFL
12 FLEK B (Lactococcus lactis) 17143 W& 19 USP45 1)
55K (SPygps) R 23 WAAE 5 M 8 T 1 % 3L AF 1 4
Wk Bk pELSH, JF SEHL T ManB 71 T 1% FLAT B
TR 23 ik ik, IR IR T A& ManB i) 41T % 5L
FETR L LUBE K5 B A O — B U5t R s R kv i 2R K

1 MRERITIA

1.1 ##y
L1.1 BE#k BrhrFnsg o 8 Wbk M kL W& 1.

T FLAT B 7 BR £F MRS B 78 Bevp 37 °C ¥ & 1% 9%,
K KT W R /N 25 fFTF 1 /E Luria-Bertani (LB) % 7
Herh 37 CHe & B 9% M FEE IR LIS N 100 pg/mL
e N5 R 10 ng/mL L5 5.

F 1. KRBT B R BRRL

Table 1. Bacterial strains, plasmids utilized in this study

Strains or plasmids Description

Sources

Strains

Lb. caset MCJAI Transformation /Expression host

B. pumilus B ,4-Mannanase (ManB) gene
Le. lactis MG1363

E. coli JM109 Transformation / Expression host

Secreted protein USP45 signal peptide <SP“\,»45>

[13]

CCTCC AB94044

Bright Dairy & Food Co. , Ltd.
TaKaRa (Japan)

Plasmids

pELX1 Cloning/expression vector 3
pELSH Secretion expression vector/ the SP\.SP45 was cloned into pELXI This work
pELX1-man ManB was cloned into pELX1 This work
pELSH-man ManB was cloned into pELX1 This work

L1.2 FERF AL AN D) A T4 DNA
% 2 5 DNA Marker 1 Protein Marker W H 3 [E
Fermentas /A 7 ; Tag DNA 5 & fiff - Pfu DNA 5 & [
A ANTPs i B b nt s N AR A WA AN E
JORE DNA S G 7 5 /) & PCR /1) 7 49) 1R
A& F 2% [ Omega 23 1) ; 41 His-Taq 74K M [H 2
= RAEYEARBETC T > BRI 4 AL ) W ) 2 (0
7 &5 % B 25 [# Bio-Rad /23 &) ; Protein Assay i 5] & 1%
H 2% [H BioRad 2w ; #2471 [ #8 [H QTAGEN 2 ¥ ;
D—H & Bl W 13 [ 24 48 B AL 2l 0 A IR w5 B RS
Ty Ve 110 b R A A R A B A W A A A

H % E Eppendorf 2y ], & Hs 40 g 08 54 A 08 15 1
Siemens A 7] o
1.2 s5|¥nigit

A GenBank 23 Aii 1) )y 41 5€ A7 H 1) 3 A )y 47
SR RN AR B 4 EE R BERE (ManB) JE
(GenBank No. JF791253.1) , JLMR FLERK 20 Wb 2K A1
USP45 [f) 3L K (GenBank No. M60178.1) . ¥ ManB
LR A8 AE 26 W 3 Chttp: / /www. cbs. dtu. dk/services/
SignalP /) TIN5 5 Ik )3 41 » s A5 = Ik v 41 B
Wb O B B v 51405 () B ¥ vk A 2 T I L AT )
RILF AR pELSH 1 R 51514 (K 2) .
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F2. AT REAASIMFT
Table 2. Primers Sequence utilized in this study
Primers Sequences (5°—37)
Nco I-man¥ CATGCCATGGCATACTGTGTCGCCTGTGAATC
Kpn I-man-R CCGGGGTACCTCATTCAACGATTGGCGTTAAAG
EcoR I-PSIpA-F CCGGGAATTCAAGCGGTAGGTGAAATATTAC
PSIpAR CATGTGGTCTTTTCCTCCTTG

SOE-SPusp45 ¥+
Xho 1-SPusp45-R
Xho T-MCS¥
BamH I-TR

GGCCGGATCCAGCTTGCGTTTGATTTTC

CAAGGAGGAAAAGACCACATGAAAAAAAAGATTATCTCAGCTA
GGCCCTCGAGGTTTGTGTCAGCGTAAACACC
GGCCCTCGAGCACCATCATCATCATCATGAC

1.3 FEHRKME
1.3.1 $REUR DNA 4% e scik (141 Bk gy 7% 2
WU /I 28 FRLAT 1N 5L PR L BR 1 119 5 DNAG
1.3.2 &b REFH K pELSH BRI E: H 51 ¥ )
EcoR 1-PSIpA-F/ PSIpA-R DL it ki pELX1 Jy #5 A 3k
17 PCR 15 15 208 2 FLAT W SlpA LB R 80 1 17
51 (P,.,) » A 519 % SOE-SPusp45+F/Xho 1-SPusp45-
R LLFLF PR 4 0 & DNA S BEBL PCR 4 14 74 51
SPuspdS f1 DNA J¥ 511" 4 b3k WA 859 453 51 1)
DNA Ji Bt SOE PCR (splicing overlapping extension
PCR) " 19 )7 i 47 1543 %) PslpA-SPusp45 fli & DNA
Jr B WA & B CiZ v BUR Y EcoR T A1 Xho T XU
Yl % M 8%t Xho T-MCSF/ BamH I-T-R LA
pELX1 A PCR 419 45 B 0 1§ His-tag £ 50 FE fiL
A (multiple cloning site, MCS) Fl#6 5 4 11 71— &
DNA Jy BE Wl & [T i v Ba ) Xho T RT BamH 1
XU ), % 5 % pELX1 # 4k H EcoR 1 F1 BamH 1
XU D) e B B WeK B DNAS 26 o 8 Bk 3 A
JrBCEAT 3 7 Bl & » B A K FE A Pk i v B
fir 4 4 pELSH.
1.3.3 pELX1-man 1 pELSH-man By # & : /] 5]
W%t Neo T-man-F/Kpn T-man-R DL & /N 2 0 4T B 19
FE R H A AR AT PCR 373 manB FE K 1) DNA J
B, H Neo 1/Kpn T XU V) J5 & 4% 3] Neo 1/Kpn T XY
YYEG TR ¢ pELXT A pELSH, 773 1 7 52 K& 4 51
fir 44 4 pELX1-man 1 pELSH-man.
1.4 FTRIATEREEN

F R SC kR 1l (130 1 5 v A% T W 3L A
MCJAT J 52 25 40 i A0 1% LA B 1) i e A o
L5 B-HERBEBEXBHEMTHRAMAEER
RIEWETE

K K Tl AT B R T T LT B8 8 A 1 23l A 5 A
PUAER BB IR R B 98 0 B4R KA 385 11200 x g

50 S min WAL, A 1/10 ARFR ¥ 0. 1 mol /L ¥ %
1% £ 2% ph i (0.0802 mol/L K,HPO,, 0.0198 mol/L
KH,PO,, pH7. 4) T &40 i » = F 40 Ji A A% Al #F 40
i, DL#E 2= 30k pELXT B 5 41 3 4 B3 M 6) i, A
4T SDS-PAGE Hiyk K Western blotting 43 #7, H
Pt His-Taq P& H b5 22 . Western blotting
J7 TR SCHR R i 13 1.

WAE A KA e, & .4 CF
11200 x g £5.0 10 min B F 3G W, i 8 AT, A R 9K
J5E TR WK A 7 o 8 % i 2 11 SDSPAGE 4347 o
1.6 B-HEREEEENE

0. 1M 1) £ 8- 18 il 2% v i (pHS. 5) T 1
0. 5% ) JBE = K5k 5 T A5 B 4% 30 min B3 5]
JREAAAR o K R 2 T L AT R BB A A B B T
MO8 1 o 2% v (pHS. 5) i B 2 45 18 i 40
50 C i 10 min. 7F 25 mL L% i m A 2 mL
0. 5% ¥ JBE ¥ K ¥ W5 > 1) 72 50 °C £ 10 min, Ji
AN 2 mL Rk ) AR RS I 1) B 80 RS A T I 30 min, 0
A5 mL DNS ¥, 37K 10 min, & 2 4 25 mL, il
SE WA 540 nm R OGAE . BASE N DNS, J5 0 i
[F) FF OR il 30 min ¥ Sz WA kg 0 AR %

UAH- 5 ik 2 Y00 E Ao ME il 285 A0 b o il 2
v Sl T M, H ER 2R ONE M S e N AE pHS. S,
50 C R &7 4L 1 mol H 8 B I 7 16 B &8
XN — A Wl HAy Us
1.7 B-HERBEHWEBFEERS T

SR Ui PSR P AR MR R R T 30,40,
50.60.70 F1 80 C b ik £ T {R i, &F 30 min HUAE
W 5E W% 77 WS AN () il JEE 0T 1 A1 5 B2 1) 536 1) o

f & pH A pH A8 € P - B pH3. 0 - 10. 0 5 [#
Gz 5 50 °C 45 A1 55 AH R I8 VR 5 S WV S L il
T WS 50E pH B BRI N R 28 i rh 50 °C 4%
PR OR 30 min, HURE & 24 568, W 58 g5 ), WL ¢
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FAEATH pH 4448 T AR E Tk
1.8 BHEHFTHAMEAREKFE B-HERIERS
EASENRENE

W A A ) 40 R T 1 T AL 0 T T LT 1 A
J,7000 x g #50WCHE 4H B, FH PBS 28 ik A
FE R S i 2R~ W 2% v i (pHS. 5) B i 2 1
T R W T A BRI SRR T e
[F] B H] Protein assay i 71 & & I & 25 F1 (9 R K
FEE U 55T A I AT T R TR T R SRR T 1 R
Vit i £ R S R b H e SROBE R ) I
1.9 ERTHMAMBENBEFBW AR —HRIEDN
7 A

DAAE 3 T 1% FL AT B8k 5 JE, [R) N 3 B A 3R 08
Foruh ik B 8% 2 0k i 1) 1 41+ B L AT B AR
MRSK ¥z 774 (FH 0. 5% [F) BE 3F ¥ By B 4C MRS 5% 55
FErP T AR th, 37 CHR R IR BORE I S A0 i %
J55 A B 2 5 o () B 1D 3 D K g PR A B

2 Hif

2.1 pH.4-HE R (ManB) £ FEE XFH T E
T A E R RIRIE

B 3Y) 52 06 R 52 v BE A G R M sk (A O B E
(eGFP) 5 A 1) T 41 Jii ki pELX1-eGFP fg i #5 77 %
JFORE (¥ 3 41K W AF B IM109 K B R A eGFP &
(e R AR SR o A T 4R ORL pLEXT -
man ff] K g #F & JM109 3 & & & H (whole cell
protein, WCP) ¥t 1T SDS-PAGE 43 #7 3 i 48 4% 46 1k,
MEEH K& H ManB ) £ 38 JF H 246159 3 58— 1
ManB # 11 (45 R R BoR) .

AR pLEXT-man % £k /% FL#F 7 MCJAL
S22 A0 M, B IUBH P v B B 4 4 100 mL MRS %
Frbkrp, B R . B O OB AN N S B ) BRE R R
F 34T SDS-PAGE (& 1-A) fll Western blotting (& 1-
B) 73 #1- M SDS-PAGE ik EICiH 2 H br 4
il 1k Western blotting ] J5 v, F $i His—tag [ i 44 4%
ACUESE ManB 75T B8 FUAT B P s e vE i Rk o lUA
(7] A= K B B IR T A 1 LT T A L A i s
TAEVBIN 5E ManB F) 3 > I BE A5 4 i i) 7B G, A2 T
EH 1% FLAT W A WP ManB g i A28 BT (1] 2-
A) 5 BT AR R B A B IR ManB g VR X B 23
U/ (mg*WCP) (& 2-B) »

BT r W R G5 B4k pELSH Ky gt 41 it ki
pELSH-man , {15 44, 2% i FLAF 18 b Pk ik Bk ve B
HATFHFE IR K E3E W ManB (G35 . 45 3
BOR AR MBI L OD gy, <3.4 I, E3F W ManB [1)
it % A 0 KT B s £ ODgye = 3. 4 I IA 3 i
v BEE A 8.8 U/mL (& 3) o 22 ) Bt 45 41 M ik 15 1)
$i8 15 ManB [R5 TR I 05 T 9, I JsU DAL T g 2
BT R B pH E 1) B AIK 5 30 ManB [ iR, BUE K S
S 73 2 i e 2R T ) B T A LR

(A) (B)
kDa M 1 2 M 3 4

E 1. SDS-PAGE (A) #1 Western blotting (B) 4 #7

ManB 7& & 2L #F E MCJAL F iR & ik

Figure 1. Expression of ManB in Lb. casei MCJA1 by SDS-PAGE
and Western blotting. (A) represent SDSPAGE, M, marker;
lane 1 — 2, whole protein of transformants of pELX1, pELXI-
man. (B) represent Western blotting analysis, which suggested
both recombinant proteins were expressed specifically. M, marker;
lane 3 — 4, whole protein of transformants of pELX1, pELXI-

man.

2.2 ManB ByE§Z 14 R

2.2.1 HIERREFMREREM: LKL R LW
ManB [f] 5 1% ¥ % 4 50 °C,60 °C Fl§iE Sk 50 C
1 70% ,60 °C LL L Bt 45 i B2 T g g % ) 1T BE
(B 4-A) o 50 CLLF & M AoE (i 3 h, {4 B g 3%
J3HE 90% LA L, 60 °C LA L, Bl 4 i i) 48 K- , il % L i
B, 60 C LR 3 h 5, TR BB ) A 25% .70 C
PRI 2 h LT 54k 2k (& 4-B) .

2.2.2 ®miEfRMpH 5 pH RRZEM pH 4 5.5 Wil
e N 3% 1 e i (PR S-A)  {H pH Oy 6 I i (1 B s 1
Il AR 30 min J5 5 H 95% W R B, 1E
pH5 -8y [ Py 4b B 30 min J5 [ 15 1 34 R B 70% LA
FopH <5 5 pH > 8, BT € (81 5-B) «



1580 Yexia Zou et al. /Acta Microbiologica Sinica (2015) 55 (12)

(A)  14rp (A) 100
= 12F
=) 80 F
S 1of -
5 8f £ et
£ ‘_'Jg
& O :U
Z g 40
S 4} =
.2% 2F 20 F
B O 1 1 71 .| 1 ]
ODgy 20 30 40 50 60 70 80
(By 25 T/°C
(B) 120 r
S 20t
= 100
z':En
= 15F *
::/ ? }_3 80
Z 1ot £
=} S - E Vi
§ é 40
20
1.0 1.8 29 43 5.0 6.7
()DE‘U[J
0

2. ManB £ TE A E MCJAL F R REZER

Figure 2. The intracellular expression quantity of ManB in Lb.

4. ManB 89 &8 & MR E (A) fUR E 12 E 1 (B)
Figure 4. The optimum temperature (A) and thermal stability
(B) of ManB.

casei MCJA1. (A) represent the whole intracellular expression
ManB activity in culture of Lb. casei MCJAl transformant by

pELX1-Man vector. (B) represent the ManB activity in an unit

WCP of Lb. casei MCJA1 transformant by pELX1-Man vector. x3. EEEF % ManB EF H AV
Table 3. Effects of various metal ions on ManB activity
101 Metal ions Concentration/ (mmol /L) Relative activity /%
39t Control 1 100
E
= st K+ 1 102
z 7t Mn?* 1 95
é 6} Na* 1 113
@ St Ca®* 1 105
3 4} Mg * 1 101
2 3l Co** | 110
T
£ ol Ba®* 1 103
2 0t ALY 1 104
i Ni®* 1 114
05 09 1.9 238 34 48 58 62 2t | 104
ODyy,
Li* 1 105
3+
3. ManB £ FE 3L B MCIAL #9533 Rk Fe 1 %
Zn®* 1 91
Figure 3. Secreted expression of ManB in Lb. casei " | )
Hg*
MCJAL.
1A Ag* 1 5
= = S . EDTA 1 98
2.2.3 FAEMMEREEFX ManB BT IN:
SDS 1 32

ZENZR 3 B, Na ™ < Co™ " Al Ni°* 25 06 Wi {1 J B 47
ek 4 > Ag™ ~Hg™ FI SDS Xf g 47 B 2 (1) 0 1) 4 2.3 EHTHIAMABIFNABRFEMEKKR
e DL B (b casei MCJATL) 3 % B, i %6
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5. ManB £3E R pH(A) 5 pH 2 E 14 (B)
Figure 5. The optimum pH (A) and pH stability (B) of ManB.

1 4T W% FL AT 5 (pELX1-man-MCJAL) 1 43 W%
LKL HE AT W AN # (pELSH-man-MCJA1) 7F L BE
R B A Wk — B U5 1) MRSK 85 77 58 (0. 5% 1) B
KB AR MRS 15 7 Jk v (10 2 24 8 th 85 7% I8 0 A K
2k 25 A SR, 2B R 29, T % FLF B /E MRSK
BRERAKEA S W RIERKRAERK 2 RS
WL 0D NI 0. 8 Ze A7, 1 %o Fe 41 A g Py 3R 048 41
B (B 6-A) « ManB & Py ) H 5% S0, A A2
AR K H 8 S0 0t — 20 2 s H B . DRtk
S8 15 5% vPOBE I J P AR S A R TR R 2 B P TR N
L. SREY, A FRIEPEFRE M 15 h
Jo TR 58 4 4 il T 8 SRR (I 6-B) 5 i A 28 )
AN REA B o il 55 R b ) T EE SR bR . N W 4L )
A Kl 4w BAAS S T FLFT R MCIAT AN fE w2401
F 55 S50 0 B R A A

3 itig
55 SRR 1y — P T 0 o £F 4 2 i Bk

A A - 21 4 3% FAT 2105 3o B TUR W H e SR
A1 Ay R D i 5 1 S R R R R

(A)  1.000p
~MCJAl
0900 F e bELX1-man-MCJAI
0.800 =+ pELSH-man-MCIJAI
0.700
0.600

(B) 18

~+MCJAI
= pELXI1-man-MCJAI
-+ pELSH-man-MCJA1

The reducing end concentration
of suger/(pmol/mL})

0 5 10 15 20 25 30 35 40 45
t/'h

6. ERTEFLITEA MRSK 1555 E A9 4E K &k (A)
MIFFE BT RS R RE (B)

Figure 6. The growth curve (A) and the reducing end concentration
of suger (B) in supernatant of recombinant Lb. casei MCJAI in

MRSK medium.

T 5% 5 0 I T SR 3 A £ oh i R S, PR
DS VR, thy e TT K38 N 7 A 3 4 I e R
2L R VO A 2R 5 B D B R e e e T R
BRI R E W 2 B EM . 24k, A M i
T e 0 9 06 5 A R 4l A, B P R IR R B R A K
Jig AT T 1 EE 1R T S 5 AT 5 V6 2 3 T 02 S o g 4 3k
AT T T2 IR ST . AR IE a3 55 97 i > KW FF 15 A
L IR IR 2 5 FH 5 S I 1 22 4 5 TGV 5 A
F BRI B 20K 2R G5 25 A H0 AT B TR
2 R 23k, K R B A Sl WL B0 v, o RS T
ik KA 0k R g5t T F0 8 N IR
N T SIS R BF S H R SR R LU R R A
T AH K AT B 2R AR R, B A5 TE A
G BT SRk R S A% Pl AR P TR A
LR A T b A e s A s, b &
FFLBR BB S R AN KA AR . B
Sy TR R I B S i PR TR R i AL
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P2 VAT A LT e A D P9 T A AR R R N A A B
Py )50, R T4 LR WOFT BN AT R X R AR
B KVETF B, pumilis [f] B, 4-H & B ¥l (ManB)
e PRUEE K Ml AT AT T 1 L AT BB AT T 3R0E, IRk
T T H R SR N AE T SLAT B Rk
I 5E K T AT 181 22 3 1) ManB ) il 2% 1k 50, % W %
FA R (TR Ak A R RS E P, S ARE M as R —
ﬁ[Z(ﬂ B

AW ST R I Ry T LU LR PR 2 W AR A
USP4S ({45 5 Ik A 73 W A5 5 1 T 1% L AT B 20 b 3
Mo AE T I8 FUAF W 2 W 308 ManB 8 H Y [F] I
WAUESE T USPAS A5 5 Ik £ T 1% SLAT 1 b (A &4
Peo BBAh, 43 Wl 32 T4 G5 2R 8o, F 2L T I SUAT B AE
H- 2 28 Tl S P — B U8 110 % % B b e R H R B AT
RSy T 8 SR o T AR 2 A AR AR R A
AE 2y B 49 g T Ak B I T 75 1) B R e 1)

Al 35t
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Characterization of -, 4-mannanase from Bacillus
pumilus and heterologous expression in Lactobacillus casei

Yexia Zou, Jinzhong Lin, Xuemei Bu, Lulu Jiang, Zhengjun Chen” , Xiangyang Ge

State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, Hubei Province,
China

Abstract: [Objective] Lactobacillus casei is widely used in food production and feed industry. The aim of this study was
to construct the recombinant expression mannanase Lb. casei. [Methods] The mature peptide gene of -1 ,4-mannanase
from Bacillus pumilus was cloned into expression vectors pELX1 and pELSH, then electroporated into Lb. casei,
establishing an intracellular and a secretion expression mannanase Lb. casei respectively. [Results] After incubation, the
specific activity of B, 4-mannanase was 23 U/mg whole cell protein for intracellular expression and 8.8 U/mL for
secretion expression in supernatant. [Conclusion] Mannanase gene expression in Lb. casei provides application prospect
and deserves further study.

Keywords: B-,4-mannanase, enzyme property, Lactobacillus casei, intracellular/secretion expression
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