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—MmARER 1 B-H R R EIE R R E S SURE

RAR L BEX AR X EA
(hELORHERBE BBV M K> 410205)

W OE. [88)) 5 EF4 4% E M 53R Pk Bacillus subtilis BE-91 &) 5& JEAEB L B H 3477
HMokak, AR FHATEES AR . [ &1 KA PCR 35 B. subtilis BE-91 B#F &
K B RAEBE KA, 455453 pEASY-E1 A= pET28a #Ak, § X Escherichia coli BL21(DE3)
WATHF AL, ) DNS A3 TARH RGN A0S B-H B RAEEE AT E AT, BRI E
BABBEE ) 50 53 ATEEF R AR, . (45 R Y AN B. subtilis BE-91 Bk %1449 p-H E R4
A (GenBank % 3% %5 : KP277209) 4 E. coli F 3k 4F & 2k ik, TA2 A #k pEASY-man/BL 7 24k -
H A B4 F T X 229.1 IU/MmL; Z A E A7) 4K 960 bp, &4 319 S RILEL 4 %A 5 7)) F=
—ANRIEFR T, R FMORERMBEA 65 °C, RERM pH H 6.0, & T #ABEE B-
HHE AR, AR E<65 °C, #42 pH % 4.5-7.0; 1 mmol/L 49 Cu®*. Mn*". Zn*". Ca’'xti%
B SOEVER . M Ba® fo Po™ A R A0 H14E R . (4546 ) B. subtilis BE-91 34 %344 p-H & Rt
B R FR, HLIRSN AR 7= M 6 ot AR BR A B 52 M R AR T K AR AR AR ) 77 o BT AR 60 S R AT

KGR BEFRAE, pHERAS, KB, REAL, BEER

Cloning and efficient expression of a thermostable and
weak acidic f-mannanase gene
CHENG Li-Feng FENG Xiang-Yuan DUAN Sheng-Wen ZHENG Ke

LIU Zheng-Chu"
(Institute of Bast Fiber Crops, Chinese Academy of Agricultural Sciences, Changsha, Hunan 410205, China)

Abstract: [Objective] The B-mannanase gene (man) from Bacillus subtilis BE-91 which is an efficient
strain for hemi-cellulose degradation was cloned and expressed in Escherichia coli BL21(DE3) , then
the enzymatic properties of the B-mannanase (Man) were studied. [Methods] The man was amplified
from B. subtilis BE-91 by PCR, respectively linked to pEASY-E1 and pET28a, and finally expressed in
E. coli BL21(DE3). After comparing the extracellular and intracellular f-mannanase activities from the
gene engineering strains, the B-mannanase with highest activity was selected to study the enzymatic
properties fully. [Results] The manA (GenBank: KP277209) was 960 bp in length, including a
termination codon and encoded 319 amino acids. The highest activity of the extracellular f-mannanase
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from pEASY-man/BL strain was 229.1 IU/mL. The optimal temperature and pH of the B-mannanase
were 65 °C and 6.0. The catalytic activity of the enzyme was stable at no more than 65 °C and pH
4.5-7.0 after being incubated for 30 min. It was promoted by Cu*", Mn*", Zn*"and Ca**, while inhibited
seriously by Ba®" and Pb*" at concentration of 1 mmol/L. [Conclusion] A precious f-mannanase gene
has been excavated from B. subtilis BE-91, and its expression product with properties of
thermostability and weak acidity may be available for feed additive.

Keywords: Bacillus subtilis , B-Mannanase , Gene cloning, Prokaryotic expression, Enzymatic property

B-H &% B (B-Mannanase EC3.2.1.78)BELL A
Y175 20K A% B-D-1,4-MLms H #2115, LR ™)
AR I AR v ok H b, YRR G4 H R
B, CEFLH SR L p-H SN Haic el
CRHFLEL, R B, A, B AT
KA,

AR - H 8 R O A 1V 2 aE , 1
W ZEAOFFEE . AT . R, ECRE RN
H.ORNE, HE. BRME . BERE . REIRE R
R AR R T AR A ARk, B A
2R R A H R, Kt B-H 2 R b
S P HITE GenBank %55, #5843 B- H £5 R pHAGE L
U NG R REZTI R e = Vi ek et v A N (E L
FEATIAT R B-H B RBER e M . pH it 32
PE | YIS E A AR 225, W
WO e FH T AN AT BT AL B-H 28 SR it i 551)

TG 20 A3 1 B — k2l 2T A 2 R A T
4 Bacillus subtilis BE-91, H:[a]t 5 r= b AR B2 bk
fiti(408 U/mL)FIH & SRBHBEG3 050 U/mL)IWHFIETR
7N 35 1 DAL T i AR RPN T A7 b L5 Y A )
IS TS, A SE BURE EL7F GenBank B 411
KIRTF B. subtilis 1) B-H &5 ARG IE A 075115
5191, M B. subtilis BE-91 F15akE B-H &% B0
BN, IR FRIAIRR, XFRIAT Y RIEEEE
JRAEATIESE, LIS TF &R B H 8 M it 77 2
HERLEA R

1 RSk

1.1 FrRFOER
S R FH Bk S AT L 1,
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F1 BEHRFHE
Table 1 Strains and vectors

PR AR B A FERE S
Strains and vectors Main properties Source
AT H 4 5388

B. subtilis BE-91  feril4 e 4r &

ity

FompT hsdSg (rg mg ) gal It 5 Novagen

E. coli BL21(DE3) dem (DE3) |

4 H Novagen

pET28a T7/lac, Kan'%§

2
EASY-EL T7/lac, Amp', N ¥ 6xHis ¥ H TransGen
PEAST 2 vl
#Eili7 pET28a 25 48R 1 T
pET284/BL o - ARSI
TRERE
et pEASY-man B4R
EASY-man/BL . . ENS Mgl
P o TR
7 pET28a-man T4 5
ET28a-man/BL . . ENS Mg
P o TR

1.2 EZ=RFH

KOD plus ver2.0, Hind III, BamH 1 . rTaq Fl
dNTPs Il § TOYOBO AE#FH A FR 22 H] ; UNIQ-10
AR A DNA iR & (No. SK120D)ily
FAE T A TR RO ARA R BRIRHEEER
DNA A & A bt A R AP H AR A R
F]; DNA Marker [II4 H RARA LB L) A BRA
F; 5 Marker (No. SM0671) H Fermentas 7%
5 B I R T SRR A >95% ) ) 19 It AT e Sl
AR He w AR R o3 b 2l ) [ 24 4
jEi il 8



TG — R PVRERTE - H 22 BRI v e 5 E i deh 2145

1.3 1EHxHE

MR AR, LB B/l EA
Jik 10, BERHEEMW 5, NaCl 10,

1.4 EMIEF

B. subtilis BE-91 A6 1k S =il . AT H
ZHARAE ) A 2 B — 3R B. subtilis BE-91 B
FhEEFP 2 5 mL ot R RS E, 5], 35°C
FRERTSR 5-6 ho TR RN R AR R4l
35 °C ¥ R SR 18-20 h, JrEimvk . Pkl
&R T 5 mL LB #5573, 35 °C. 180 r/min }75%
07, HEELN 4] DNA $2HL,

pEASY-man/BL BYi%5 37 [ : Pkik manA KA
A LB AL TR ] & 100 mg/L Amp 1) 5 mL
LB 353, 37°C. 220 r/min }3% 15 h, H 0.5 mL
EWRFEFE] S 100 mg/L Amp A9 50 mL LB £i##5&
H1, 37 °C. 220 r/min #5574 ODgoo 294 0.6, W
BN IPTG AW 1 mmol/L, 28 °C. 120 r/min
%5 21h,

pET28a-man/BL W55 [ : Pkik manA H:H
A ER AL T A 2] 5 30 mg/L Kan 9 5 mL
LB }5555L, 37°C. 220 r/min 5535 15h, H 0.5 mL
AR S5 30 mg/L Kan 9 50 mL LB 557358t
37 °C.220 r/min §53% . 24 ODgoo 23N 0.6, T IPTG
ZFLYE 1 mmol/L, 28°C. 120 r/min i%5S 21 h,
1.5 manA ERE By 1%

HR A S U8 T ZE AT R 1Y B- H i R0 il 5 1A
EU918394 Fl DQ309335 [{A% LT % Primer
premier 5 Wit Gl ¥ . E WGP F. 5-
CGCGGATCCGCGCATACTGTGTCGCCTGTG-3'
(BamH 1 W U] 2 55 ), M5l ¥ R: 5-
CGCAAGCTTTCACTCAACGATTGGCGTTAAAG-
3" (Hind TIREGYINL )

LA ZH DNA $2HZ I UNIQ-10 #E 41 i 5L A
2H DNA #2075 & i B 2517 . LA B. subtilis BE-91
R4 DNA Mfsit, H F-R 51995 manA
K, PRk R S KOD KBS, 145k
95 °C 4 min; 94 °C30s, 55°C30s, 68°C 1.5 min,

35 AMEHR; 72 °C 10 min, FAMIFRAR ddH0 EF
BEIAZH DNA #itl, HARy SRR MY 1 251 Af TR
AL FREEAERAPEXS R SR 1%BR AR MR EE IS HL Dk A
M-Il PCR 724,

1.6 FTILRRIHE

pPEASY-man/BL I EE : XF PCR /=4iE4 71/
AGLFR(S AR ZR R« 10xBuffer 2 pL, r7aq B#(1 U/ul)
0.5 uL, dNTPs (2 mmol/L) 3 pL, MgCl; (25 mmol/L)
1 uL, PCR ¥ 13.5 uL, 72 °C {47 30 min, [A1i
man fil A FE¥I)5 . 5 pEASY-E1 HEfT# R, SAZ
E. coli BL21(DE3), il %A 100 mg/L Amp HJIEFE
SRR E 2 AT

pET28a-man/BL M EE : 4 PCR =) FlFokL
Gy T Y], BEVIR &R . DNA 16 uL,
10xBuffer 2 uL, BamH I 1 pL, Hind III 1 pL. B
M0 B R Bs , iSOk pET28a-man, T
AZ| E. coli BL21(DE3), i#i#54 30 mg/L Kan iy
TEPET-HO S 2l EA T
1.7 B-HEZREMTEHNE

FH pH 6.5 4 0.025 mol/L FriRZ-0.05 mol/L
NaH,PO, 2% Wil FC il 0.5 o/L BEFIE, BUE Y B A%
FAEHA 1 mL 5 2 mL SRR 7253 TR 5T, 55 °C
SN 10 min, Il 2 mL DNS J5 il /K {5 2 min,
hn ddH,0 SEZF 15 mL., DL I Al R AEOR ) Ak B
SRR, TE ODsao IWROGIE . BTG J15E L2 IKY)

OB S T 1 pmol H SR A3 JEOE T 7 1

oA 1 ANEEE 1A (DL TU )
1.8 SDS-PAGE Hjk

S Laemmli J7 L0, WRAEIE 5%, 4385
K 12%, % Dims i R-250 Ye o R (A . LAHH
XFIER AN RS, 1A BT R X EC AL bR
TER, TR HREANFRW S i, EARSFik
FRUEEMRI R : 170, 130, 95, 72, 55, 43, 34, 26,
17. 10kD,
1.9 FEEGHR%BAY N E

Bl S 0 R Medeid pH INAE - ARG SO i
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FIEATRI IR EE BB EE(50-70 °C, [alFG 5 °C),
HABSEA AR 00 8 BTG 77 HAIR] pH AR EE
(pH 4.0-8.0, [H]FH 0.5)1 R = —4N-Fr B IR 2% v s
WRCTHIRY), Hw SR bR 7 vk B 77

PFEEE R pH FoE MEIE - KM R S
TAIRERE(20-75 °C, [A]FF 5 °C)PRiE 30 min,
FEFRIE T 0 2 TR ARG ) o P ML B T 45
pH BREE(pH 3.0-8.5, [E]F& 0.5)/ 0.025 mol/L #75
fi%-0.05 mol/L Na,HPO, Z& i 4 °C {4 30 min, #%
P TR 0 2 T k0 o AR T D

& A BTG TR . AE MR B 4y
BIAAN Cu* . Mn®", Ca™", Zn®", AP', K'L Mg™,
Ba®", Fe'", Pb® I NH, ZZHk 4 1 mmol/L, 4 °C
PRI 30 min, W FIREHE . BB ABINRINE)R
BT RO IR BT 1 100%, AR SRE T4
T (R AH S T

2 GRS
2.1 manA ER 1%

V) B. subtilis BE-91 FPRFEK 2H DNA (& 1) 5
Bz, H F-R 5199 HEHIEE . 4 1% SR
HUKksHT, B R BR/INR 960 bp (K 2),
2.2 EHFHESHEDN

G4 RO Y) (BamH 1 F1 Hind T11) 5k PCR
FITR V& PCR 3 Fh oy it BHME e e 7 i & B 3£ A
BOIEATREIN, HCEH W R BN —3, 1B

bp M 1

4500

1 B. subtilis BE-91 £ & ¢H DNA Hjk[E

Figure 1 Electrophoretogram of genomic DNA of B.
subtilis BE-91

Note: 1: Genomic DNA; M: DNA marker III.
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manA CK M bp

1200
800

2 manA ERE 1K E

Figure 2 Electrophoretogram of amplification of manA
gene

Note: manA: Product by PCR amplification; CK: Negative control;
M: DNA marker III.

HAHA R BLER(E 3).

B0k 5 i A S TR R Y, R
GenBank % 5% (555 . KP277209), %R 4K
960 bp, & — &I FRIgiL3 192 3R . HiE
R RS W =Re | NS s e a1
36.2 kD, pIA5.35, ¥R A BT 9 k1T
BLASTp Lt X, H 5 £ GenBank % 5% [ 4 4~
B-1,4-Mannanase [ Z £ 2 )3 51l (WP_015715339.1 .
WP _032727113.1HIWP_038828152.1, B. subtilis;
AEO79931.1, Bacillus pumilus)—3ME 4100%, I
HAL S — MK R 6 b S5t sk, 8T
GH26 %%

23 B-HEREIRIRIE
H PTG 5 383 [ TRE B bk pEASY-man/

3 EE TR KE

Figure 3 Electrophoretogram of recombinant detection
Note: M: DNA marker III; 1: Double digestion of pET28a-man
plasmid; 2: PCR of pET28a-man plasmid; 3: PCR of
pET28a-man/BL; 4: Double digestion of pEASY-man plasmid; 5:
PCR of pEASY-man plasmid; 6: PCR of pEASY-man/BL.
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A

43

34

El 4 pEASY-man/BL FE#k(A)F pET28a-man/BL FE#k(B) p-H 5 B HERG A R IA R
Figure 4 Expression of f-mannanase of strain pEASY-man/BL (A) and strain pET28a-man/BL (B)
1. 1: pEASY/BL HTE [; 2: pEASY-man/BL WA ; 3: pEASY/BL & BAK F1ETE H; 4: pEASY-man/BL Hkk KR FIEEA; 5:
pET28a/BL & I 1E % [1; 6: pET28a-man/BL KB L7 1H; 7: pET28a-man/BL FIAZE H; 8: pET28a/BL FIAZE H; M: & 4

TABRIE.

Note: 1: Crude cell lysate of pEASY/BL; 2: Crude cell lysate of pEASY-man/BL; 3: Crude culture supernatant of pEASY/BL; 4: Crude
culture supernatant of pEASY-man/BL; 5: Crude culture supernatant of pET28a/BL; 6: Crude culture supernatant of pET28a-man/BL; 7:
Crude cell lysate of pET28a-man/BL; 8: Crude cell lysate of pET28a/BL; M: Protein molecular weight ladders.

BL FI#i#k pET28a-man/BL, F3HZEikM B-H &
RWEBGITT SDS-PAGE HL UK AS U AN 17087 5
RAE X BE ik pEASY/BL I #k pET28a/BL A L,
FE T REE#E pEASY-man/BL FIE#E pET28a-man/
BL 7£ 34-43 kD R & H I T RS g (B
4), ST EH R R R/N38.5 kD)EEA—
B, VA man FERFEPIA AR RIAFERIL

pPEASY-man/BL E £ 10 h =g s B-H &5 R
WEMG s, HOMIBES 4 229.1 TU/mL, /& pET28a-
man/BL H#k(4.2 TU/mL)RY 54.5 15(3E 2).

*2 AREERIZEVR B-HFERIELBA LI

Table 2 Comparison of f-mannanase activity produced by
different genetic engineer strains (Unit: IU/mL)

Hisf ] pEASY-man/BL pET28a-man/BL
Time  MIANHE JiapAN JE Pt Jfa 51t
(h)  Intracellular Extracellular Intracellular Extracellular
8 12.3+0.07 185.6£1.97  30.2+0.07 4.0+0.09
10 19.5+0.07  229.1+3.01 51.7+2.01 4.2+0.05
12 8.6+0.10 192.4+4.23  64.3+1.87 3.6+0.07
14 8.3+0.11 160.9£3.23  50.3+1.42 2.7+0.08

24 B-HEREBAEEFER

I 4/ I ) REL RV IO 43 A 2 R N 51 5 SR 3
IRo ANFENREESAF T IE B-H #8 ARG 7, AHXT
Tt () V(B BAE 65 °C (1 SA), UERHIZ RIS I
IR 65 °C BT E TR RIELE T 9 & 30 min
Je . W R A R O 45 R oR (8 SB), AE
20-65 °C PRI, FIREEE JI7E 80%LL |, "JLIIA
R EABIFREENE; AR R 70 °C
PLb, %R 0

AN pH A N E B-TH 58 SMERG TS ) 45 R
R, HEg#E RN pH K 6.0 (K 5C), pH 4.5-7.0
FOEMERIT(K SD), R, ARYEEAMERE, %
it J& T AR AR B- H 8 SR

e 3 TIAEH: 1 mmol/L By Cu*" . Mn™",
o™, Ca™, Mg™ AV B-H 5B A
YR, Horb Mn® B I B s AHIRIIREERY KL Fe™'
1 ONH, %t B-H 22 SR S G BAER, 1 Ba™
A Pb™ X - R AT SR AR . R, 7E
PR E R I Ba™ . PbT S AR B TS L.
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Figure 5 Effect of temperature and pH on B-mannanase activity
E: A RIEREINZ; B: FREREMZ; C: fHud pH Zk; D: F2%E pH k.
Note: A: The optimum temperature curve; B: The thermal stability curve; C: The optimum pH curve; D: The pH stability curve.

*3 EERBETX p-HEREHSES R

Table 3 Effect of different metal ions to f-mannanase

activity
SBET AFX B ) ARETF A 7
Metal ions Relatn(/;) 3).Ct1V1ty E Metal ions RelatnzoeA] z;ct1v1ty
Blank 100 cu® 136+2.7
K 99+1.8 Mg 107£1.0
NH, 101+1.4 Ba®’ 53£0.5
Ca®" 119+2.5 Pb** 64=0.9
Zn** 115+2.7 Fe* 99+1.9
Mn** 188+4.1 AP* 121£2.4
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A G DN 21 4 3R v R A TR R B, subtilis
BE-91 3¢ [ 2| — AN i FAv i R 1 - H 5 SRME R S 1A]
FHIEAT T R SRS, pEASY-man/BLEEFE= i
1B H e SRBE M 1 e iR 15 802291 TU/mL. H 4R
B, — PR T HACE AT B W 10R T 2 AL
FHPET22b AR 1y J5ii% 3k, HH 2 RAHMHE 10
19.73 U/mLPY . — b 3k I T 5% %5 B Streptomyces
fradiaevar. k111 &% RWEREHE R FHpET28azk 4 11
JER A, HH BRI J14000.57 U/mLPY,
— PRI TR AT T A33 1Y H 78 SRR
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H, WX IET B, subtilis BE-9119p-H #% 5R
WERGSE R HpEASY-E1 8 A TRz GE, SHEN
HMNFIZEAFFE 2 L, ARG I £ A S B H 8 R
RPN =PI o G W Pt AN BUN = X ) B N

Kk

FAF AR AR IS B — D fd
ABETE S B PR L B-H 85 R R A

TERRDRE T R P AT IZB AR I 65 °C,

H5HA AV RIEE B-H & M i (Penicillium

occitanis Pol6 "5 40 °C; Bacillus circulans NT6.7 Fl
B. subtilis B36 ]2y 50 °C; Paenibacillus sp. DZ3 Fll
Neosartorya fischeri P1 ¥ 60 °C)** 41t Hi
PR S B E pH A 4.5-7.0, HEAXE pH
J& AR M B RS B M R, SR
K WEE . KSR AT,
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