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RREBEMEDRTEREBERNER
EFBRTEFRRIE

WEZEY BWE T/AE BREMK
(PGB K= S R 22 B, #59% 712100)

W OE. AXRSAHES AT RESRL R EALRATE , AR L 3T 45444 b 48 4 09 15
fBRR ABIMES Ry B Z 0 TARR LT AR, INERXF (Apriona germari) kR 2 B
A& 3 O 3047 1A ( Bacillus subtilis) , %X NI B RAEEA R @3 Bnidae s XF B ek R
REB L BT Py, 455 K SP ., FLER AT HAK pLEM-415 kR M T W o &) RABBE 2 ik KA
& 21 i #2 pLEM-P,, SPNgm , 5F *F & 20 LR 1) By 5 Ve i Aw Jo J2 AR AT A4 F 09 e R A A AT 2
LREN MR EFFOAFA P e B AR X4 1490 bp, M T LB ATH L &k 7~
Mg EARDA 54 ku, H—F M T LI, THLRATH "B RERE T 554 37 T,
24 h, ERAELFMH T EA TR 458 (CMCase) E M4 2.06 U/mL, B8 R 5% i 8 = pH
23 % 60 C.6.0, ££50~70 C . BRMAESFH TZBOBETRESF, 255 -F Na* K" Mn™
B B A AR BEAE A, f Mg®  Cu®™ st B & M fI VR K, ELASLER AT B R B4 4 o 2 ok
FAT AR DA RBET —ZHEBER, PHRERF 4% BRERES LT GEHBE
S5 A 10.42% 21.12% ,4.99% 7.85% ,4.57% 9.53% ., % b AKiXIeHd ey EHILBRATHE 2 F

JU o4 AEAT AL 4 VA AL 3 T — 04 T R A

KR HEFOAR; A H B, TALBRATH AR 48, X Bt

& 42 S .S816 X HkFRINAD A
IR TR R R, N AT A B
TR AR R A, AR A 3 A AR 2Bk 5
BT U SEE BT AT AR B R A ROR) 5] R
TRSZRANN KT, FHEREEARAAEREZN
AT AR i D-M AP o B—1, 4—BE T 6 i
P R ER B R S R — R
LW, A4 R B A AR R A
TE SR, £ 4k 2 10 W it 2 Bk B AR 34 1 DA
212 R 0 A 5 e A fig e B IR fa LA B N 2R
AP R AAEER L, HAGEE 5 T4
HAG e, AR ME WA SR A AR 3 2 A 0 Tl
iff 2 I FH 27 4 2R 1) — Fh A o SRR 5K, REAR 47 Hh

Y75 H H#8:2019-09-03

M EHE.1006-267X(2020)03-1344-09

T B REAR 20 57 WA R IR BT PR 2 4k %
it} (CMCase ) J& T # 1 7K fiff il 58 1k , FLAE 5L | 4
WY SR N A R R R B S HrpaE
A EY RN B TE | 40 TS 7 CMCase R R il 21 4k
%, I e CMCase #CHE H FHRAW R EE
WRHARA 2R Y R AR E R S
HEHE AR LR, IMNE CMCase R E 24,
INTEA [ B =0 0y 1 bk b R 3k i K AF
( Escherichia coli) FLERATH HRARTFEE
K4 (Apriona germari) J& T B B 40, ¥4 3#
H, X4 AERE M) Z, ZBIF 2R AR LI
FEER Z — (B A] L i AT 4 ROk E

EETA 8 %K & s & 1] (2018 YFD0501905 ) 5 [ G0 E H £ 7l B AR 7k & (CARS-39-12)
EHE BN EZEWY (1994—) 5 EER A BE0F5E A WF5E 7 17 850 T35 9% . E-mail; 383566815@ qq.com

« BASIEE  BE LK, 20852, 1814 S 0f |, E-mail: chenyulin @ nwafu.edu.cn
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RN B RG R FM, CMCase 1] H 41 & 7=, H
T UG A AR A TR AT 4, BRI B2
FA VXY B Fr 7= CMCase 7= A= T W JE 1) %8R,
KA 1 e A R AR IBUE R LAY, UK
A ELA IR Y 41 2 3R 43 il e ), 5 IR 3 OV AE A
AR BEHL T SRR NPT,

A 5L ZF MU KT B ( Bacillus subtilis ) B 4R 15 4y
WAL R Y LA Sl Sl 2 CMCase A &Y 2B 7
i, EHURG B ZE 60 FT B VR R UL TR AR T A2 0 A
B985 L, CMCase J2& I £F 2 3 W4 i oy i % b
) Tl A PR AR VE AL 202 3 25, 43 Sl &
HIRNENG | AU R E IR B~ A WE T, 3 Fh
CMCase % F) H 0B 21 48 R K 7R g A nl
AT IS e R A 1 A R 2E AT A S A
A [RBHPEAT RGN, A R R R, 2 — Tl
TCEURYE R Z 2T EY), 2 TG, G2 R LAl
IR R

FLRRAT g MR | 9 & = A LR i A5 44 1
R—REEENR N T8 FEENMAEY, ©
AT LAYE T WL G 22 D g DL S AEr HLAR B9 fid i, 3
AR H A T AE ) R TR TR T LR AT TR B K
FHEEREN TS EWE, MEEARRERLL
P E AR e A S B A i
I FHAE

AR I DS R A R P AR IR Ay 2 2 64T T o
sERE T NI RS R L O 5 LR AT I LS A
A AT, DA {45 A R A A% 4 3L R TR R I
T Ak 4 v KL AR B L 1 M PR TR IS SRR &
R AR Ite ., Z 5 X RIR Wit AT T
S AR 5T DL SORL e R W SRS T FLRR AT
Pl T 2H TR 8 W ST EE , A A e ML AR B A B
T m KA, A B A O g R — e =
ANIERS

1 #MRl5AE=*
1.1 R
111 BRSOk

FORE pMP (5 SLAR I 4R 31 7 P, A 5
ISPz, ) 1 5 4 7 i 2 0 BB AT R T 45
IORAF T 92 50 % 5 LR AT 31 J5UOKL pLEM-415 . K i
FFE DH5o M7 25 1 8 A7 FL R AT 1 ( Lactobacil-
lus reuteri) Sy I 7251 F A SC U0 2 AR A7 s M 21 240
MR TRRFEN,

1.1.2 FEEFRIE

f] A O 2 s 7 A L FR PP L 4T 4 2 (CMIC-Na)
10 /L E R 2 /L B BEH 0.5 ¢/L K,HPO,
1.5 g/L \Na,SO, 2.5 g/L Hf5 20 ¢/L,

R R 4 WE 1 g/L AR 0.3 ¢/L,
NaCl 0.5 g /L.,

W 77 B B SR 4k CMC-Na 7.5 g/L & H i
3¢g/L,. B & & 0.5 g/L, KH,PO, 2 g/L,
MgSO, - 7H,0 0.3 g/L .CaCl, 0.3 g/L,

MRS #; 7% 5. R IERY 5 o/L 4 WE
10 g/L % 11 10 g/L  K,HPO, 2 g/L . MnSO,
0.25 g/L 13 -80 1 mL/L F%i4# 5 g/L MgSO,
0.58 ¢/L FrEEMR =M 2 ¢/L . LW 5 g/L,
1.1.3  FZH]

BE B0 M P9 B0 B . T4 DNA 3% 45 i 4 1 T
TaKaRa( K 3% ) 23 1) ; DNA i 8] i | 5k 42 B,
F G T At 42X AE W BOR A W) 5 4l i 4 2
ZH DNA 42 JUial ) & 1 T 52 B OMEGA BIO-TEK
NCIR
1.2 RWH*E
1.2.1 F2XRIWHEFS CMCase M 10 B K E

W5 A0 ) A I R R AR N A 1B 2 107°
T B 100 WL W AR T EA G e R 9 56 37 THE%
30 h, PR RE R S R TR FIE R & R
DL B B AR RO A i Ak, e H
19% WIS 217 [ 44 0 %6 35 5% b 4L 8 15 min, H
1 mol/L NaCl % W e B 15 min, 75 WL %2 2 17 7% Jil
FEl A 7K fige Bl DT ) 7 J2& 77 CMICase BB, BB K
IR PEL Y 2 BR T PR 43 Sl 4w 44 C1 ., C2, I 22 B b
TUEREHO A P R S Fl 4T 16S tDNA U T Fi
1.2.2  H W PR N U0 SR Bl I D

W CL,C2 HE:Fh = K B~ il 15 57 1k, 76 386 IR
37 CHM T K& W15 75 R A5 A0 WV, 76 A [R] B[] 0]
FE N V)] B E S

CMCase i 1 % /i DNS = 9l 521", i i
1 mg/mL A% 2 BEBE W, UL 0.2 mL S 86 B2, 43531
B 0~2 mL A A4 H AR 2 mL W) FH 2848 7K
AR 2 mL, FEJS A 2 mL 3, 5- Al K 4 R v
WAEA], WK 5 min, B H G R K ER R
10 mL, AR B T Z | F 540 nm 00 5E WG
(OD) 1, #i2 4l OD540 {E 1% 1 ] 45 B 7 5 25 il
PRUET £, DU e P9 U045 SROBE i35 1 ) AE b A
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HMA 500 pL HLEEE 5 1% CMC-Na B iR +h 2% of ®1 sl4F3
{&‘ﬂg j{l}ﬁ%% ,50 T 1%/511 5 min, %Eﬂﬁj}u/\ 2 mL Table 1 Primer sequence
3,5- KRR, Wh KA 5 min, WA a1y 1575
R EAR 2 10 mL, AR 48 75 25 B8 25 2 b o il £ Primers Sequence (3'—5')
T PO A RO 0 o D R e O A NgmF cGAGCTCatgaaacggtcaatctctatt
S —EEAMET s 785 CMC-Na J [ A i NgmR tccCCGCGGggttctgttccccaaate
1 Mmolﬁ)ﬁi)ﬁ%}ﬂfﬁ%’ B , Bk U/mL, P,F c¢GGATCCaattcggtectcgggatatg
1.2.3 E El"] % E"J j’f ilgﬁ P,R gACTAGT aactatacggaggatt
S g o y oy e e e SPF ctagACTAGTatgtacactgaaaatact
Y PR U7 ) SR T 455 1 v 8 TR R ——— A 2 a8 ghaeacts £
SPR cGAGCTC tgaactagcatcaacaacc

FIAF VRN 5 22 00 X 4, $2 HRURG B0 28 /4T 7 4
F N 4] DNA VERHR , #4 GenBank 23 #i it A 55 25
FFE NI -B -1, 4— %) WS K F 5 (ID.
KT992142.1) & it e 7519 NgmF . NgmR , 5 %
HN OISR EE N, 5 44 Ngm ., [0 A 514
P,F PR fl SPF SPR ¥ ¥ LI 18 )5 8+ P, Ml
FT RSP ysrs , 519 AL TR RO A W o F A
B, 51 P50 L3 1 (CF RIZ AR i L, K5 Fom
FEUI0L ) o

PCR S WA % 12.5 pL:cDNA itz 1 pL . iF
51 #)4% 0.5 wL  Taq MasterMix ( BE4) 6.5 pL .
ddH,0 4 pL, PCR ¥ 34 5% .95 THIAEYE 3 min;
95 CAEVE 30 s, 1R KO BE B[] 4 3 2, 1B KB (]
30 5,72 CHEME AN 2, #4738 M ;72 C
SEA# 5 min; B )5 4 CTHIRE 10 min,

% 2 PCR R NBEFFEMAETE

Table 2 Annealing temperature and extension time of PCR

519 B

Primers Annealing temperature/C

NgmF

56
NgmR
Pl 58
PR
SPF

61
SPR

A s 1] (s3I F VA
Extension time/'s Restriction site
Sac |
48
Sac Il
o BamH |
Spe 1
Spe 1
6
Sac |

1.2.4  E kA

i F Spe 1 Fl BamH 1 B3 il T 2 1) B %F
pLEM-415 #AK 5 )7 8l F P, ¥ 34 7™ ¥y i 17 Bl
U1, A T4 DNA 3% 205 82 E - =
KIGHTF I DH5o 832 245 v, 2 B 4 1 i 0 126 FH 14
PRLT& B BOREIN 7, 0 8 A G A 1 A R A
% 4 pLEM-P,, . U ¥ ¥ i At 50 2 B A 9 2+
SEH

it AH TR] D7 2 6 7 B4 B 1 P D) i X
pLEM-P., 84K 5 {5 5 Ik SP ., &7 38 7 ¥ 35 17 i
DI #e e A 48 ORI DU 3 36 40F | K 1F 4 A4 2 1 Joit
Kifir 4 A pLEM-P.,,SP,

)5, # JFokL pLEM-P,, SP 54 54 i % 79 11 7
R IE R R B Ngm 22 Sac 11 f1 Sac 1 XY, 3%

Bz 5 Ak, B TR S B R, RS i & 4L R
pLEM-P,,SPNgm
1.2.5 SEAFLRIT RS RK

{ifi Fil Eppendorf ALEE LA, 7EHLIE 2 500 VAL
a7 B (8] 5 ms B 45 74 N ¥ & 4 BT AL pLEM-P,,

AL = iR A T 408 ZhUPE Y MRS [ 455
IR I, i % 5 B USRI Y [ B 2R AT Sac T Sac 1T
WD 2 7

B EAWA MRS 5756 37 C JRE #HE
RiF2 3 0%, B5.0 10 min 43 F Y 4E I 3 W80ORD B AR DL
VE R Rk 27 i VR R TR R DU, A R
B (AR 20 kHz, B 4 s, /KRB 5 s, 81T
15 min) {f B G & 52 . 8 H Millipore 10 ku
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TSRS , W L8 TS T R AR TR AT R R
5, B, B 20 WL b T VRORUES P O R I TR
TNAGE & AR ZZ v, 3k /K3 10 min J5, 78 L R
90 V  HLYKHFE] 180 min 214 F #E4T+ e SRR
B SR TN A4 TR Y 58 JE R Uk ( SDS-PAGE ) 6 il 2 1 1Y
#ik,
1.2.6  HEHHE A=A

B EAH LR 7E MRS B 37 Heh 85 3% | 40
F30.37.45 THiFF, T 30 h J5 0 B N CMCase
W W o R A IR TR
PR S5 37 F A ZL R A 1A, 43 501 76 AN [ B ] B )
CMCase 1M, i Fodge 7 BB (), A S A 7= il
0 T - = 7 R N [ 2 ) 5 O S
D 7 g3l RN R R pH L AR E M | pHL T
T KM S A 5 mmol/L f9H W48 B+
WWROR A, LTCH N4 I8 55 7 1 IR WA g X R4
B CMCase AHX} 1% ¥E 4 100% , )2 ) 5 min J& il &
it 1% T LA o AN ) 4 DB B X Z R R, g 1
YR I ¥k s T A 3 WK

CMCase (% PEill & 7%k [A] 1.2.2,
1.2.7 B FLRRFF AR R R B

¥ 15 mL 52 7L R FF B8 PR W L 15 mL ZE 1K
DI 80 g MR JT it 1 mm 57 BY T 45 A AT A B R
AR AR TR A N i 56 4, ) R 41K 5 4 7L R
FF G ey B A5 80 2% 0 By 2L R A AT 3 0 2 R R
WA AT 3 ANEEIAE, 75 37 CHFEMAMES d,
{8 FH ANKOM 200i - H gh£F 2 53 4 ( 25 ) il

25 AURL B T P R 1 R A A AR R P R R AT 2
J i A, 1 A AT 2 AR X 6T B A s D
R o355 % AR A 27 4 & 2 22 LU R SA ok (BR ) Tk
VLT AER O R, SR IR RE O v I 5 o 40 1 )
JINZE R FE R T KRS AR X e A o
1.3 Zitoth

e A5 79 12 35 B8 A Excel 2016 1F ) 20 3%
B PR SPSS 19.0 B4 E 47 B I 2 07 22 bt
(one-way ANOVA, LSD) , Fifg 45 S DISE P +
FRUfEZE (X+SD) %7, UL P<0.05 VE N 25 5tk i 35
P80 DB A 9

2 ER55H
2.1 7= CMCase 45 £ € & HEg iM% E
1 PP 25 S 7E NCBI #E17 Blast 4047, 25 32 WL
3, AT A C1 ,C2 Wtk AT HIE M B 2R AT L 98 &
4 SF KT 1 ( Bacillus thuringiensis) o ¥ 254k 19 T
WRAE R W 55 37 2k b 35 5%, B0 12 h e il 0 1
(E1), C2(Hui AT ) KBEM 96 h N H
PR D) A B TG Y — ELFE 0.7 U/mL % 8, AR
i1 U/mL, 1 C1 (MG R ZFHIAT 1) 76 K BERY 4 d
PN, Tl G 1 A X 3, 7E 36 h 183 2.091 U/mL 1
WEfE . PIA RE , C1 (Al H2F /B FF I ) 1) CMCase
R f e 0 ek . JIr LA UG 2256 DA RE 2F 0T 1R
WFFE X4, o e HL D 1) 5 SR ity ik PR a0 47 = 2 3L
PR FF T A R e

RI 2HMRRFBANALEZIBEREANMBELEE

Table 3 Attribute identification of two cellulose-degrading bacteria in Apriona germari

HR S~ e e REALRE T K 424 12 FELLEE Pk GenBank No. AL
Strain No. Name of the most similar strain GenBank No. of the most similar strain Similarity/ %
Cl il w2 FAT MK367805.1 99

c2 Iz AT AB592540.1 99

2.2 EARK pLEM-P,,SPNgm B

P15 1 H B R Bt Ngm (P, (SP,0, #E4T 1%
B EEE R IK, 43 5 3] 1 490 (Kl 2-A) (120
(F 2-B) 120 bp( K 2-C) iy H i &7 , 5 i K
NFEAF

41 ok pLEM-P., SPNgm I )7 45 5 7R P,
FERK R 125 bp, TOGE AL 5 SP 50 5k T 91 K HE
123 bp, T4 ; Ngm FEFR KA 1 490 bp, 54k

TR NV -B -1, 4—% B B EF 3L H (1D,
CP021903.1) AL HE Ry 99% , X 55 41 J5okr i A7
Sac 1 Sac Il WEGFTI4EE , 155125 1 500 bp S,
5 H B R BN (EL3) .
2.3 EAIBHENRIE

SDS-PAGE 4341 {7~ , 55 4H L FR AT 1 B A 2 1
(F 4-A) F1 1B (B 4-B) BI7E 54 ku 4b BoR 1
ol , SR8, g H A EHEAY,
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(==}

=}

(=}

C1 . Ah L ZEHIAT B Bacillus subtilis; C2; i = 45 2F AT
W Bacillus thuringiensis
1 2 HREEARE R BN 6 BB iE &

Fig.1 Enzyme activity of two strains at

different fermentation time
B

I Mbp 1 Mup

1490

250

120 100

M: DL 2000 #7ic DL 2000 marker; A ; Ngm 3£ [F Ngm
gene;B: Py, B[N Py, gene; C:SPyy, 5 SP,;, gene,
2 BH#H B Ngm Py, SP,,,, PCR F= 415K ik
Fig.2 Gel electrophoretogram of PCR
products Ngm, P, and SP .,

bp M 1

2000
—— B BINgm

1000

M: DL 2000 F#ic DL 2000 marker;1; 241 fiki pLEM-
P.,SPNgm Sac 1 .Sac [l iiiJ]% & pLEM-P,, SPNgm digested
by Sac I and Sacll ,

B3 FAIETHE Sac 1 Sacl WEHLE
Fig.3 Sac I and Sac Il double enzyme digestion

identification of recombinant Lactobacillus

% i 324
A
70 ku HiE G
50 ku —HIER

A:M R FEARIC, VK 1R 2 43 50 B A2 2L R LR
FFF (LR ) MIEL L FLF AT 1 14 14 & 11 SDS-PAGE 8] M was
protein marker, and lanes 1 and 2 were LR and the SDS-
PAGE of bacterial protein, respectively; B: M & & H Fric,
VKIE 1A 2 2350 LR 41 FLRR AT B BT B H Y SDS-
PAGE | M was protein marker, and lanes 1 and 2 were LR
and the SDS-PAGE of supernatant protein, respectively,

B4 EHZEH SDS-PAGE 547
Fig.4 Analysis of recombinant protein SDS-PAGE

24 BEAIBAESHESERBEEER

M 5—A Al A FLIRAT R AE 37 Tk # i
EEEIEYE 1,07 U/mL, B3R IR S TEUR T 37 €
J R Y 23 BRI, BT DA% AL A A A L R
37 C . e 54 R AE N [A] & e [B] () CMCase 1
(K 5-B) , B H ALK E 24 h i, BB 0
THRE EZE 2.06 U/mL, ZJ5 1 18 h f% £ 3T
# Y AE 42 h J5, CMCase G PE4E R 7E 1.6 U/mL
LA AR W] 24 hy

W EAHFLRAT B AE 37 C 180 rpm AR T,
FrFE 24 h B0 AR B , 17 AR 520, W A
TR IR pH I T 22 | pH e DL K 4R
B R IE R, R 6—A TTA IX A E
KRB 60 C ., %Rl E CMCase £ 30~90 €
PRAIEAL BE 60 min J5, LA CMC-Na R4, I &
CMCase i 1, W] LUF 1 HAE 60 CHaE At 78
50~70 C, AT IRHF 90% LU 1%t (B 6-B) ., H
6-C FI N, iZ M B {2 S 1 e dd pH oM 6.0, % pH
KR 3.0 B0 TF = 10.0 B BTG T B 2 o il
51 68% 5K 63% . #iZMETE pH 3.0 ~10.0 Ab 3
60 min/5 , W % H pH Fa 2 P, v #0124 pH 4 5.0
B, il M e, AR e e de i, 24 pH 7E 4.0~ 8.0
FoF B 2 47 i e BTG Y 80% LA s ME (K 6-D) ,
Kl 6-E nl 1, I 5 1) 4 Ja B 7 X i A1 Sz o7 1Y) 5 i)
BT, Hb Nat KT Mn® X i A 3805 12 o1
FH, o Mo % B 520 A B8 A HE AR T, AR XS
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PERT 3K 125% . Mg | Cu® X fiff 1 4 410 1 1 FH 5

>

fif§ 3% 1 Enzyme activity/(U/mL)
[3]
n

(=1 — (V]
(=] w (=]

e
n

(=1

30 37 45

& Temperature/C

R HXFE AN 77% . 78%

o]

B 4 Enzyme activity/(U/mL)

2.5

2.0

1.5

1.0

0 6 12 18 24 30 36 42 48 54

B} 1A] Time/h

A RERE AR 3E 30 h J5 4L HE AU CMCase i 1 CMCase activity of recombinant strain after 30 h culture at different
temperature conditions ; B ;37 C AS[A]H [A] A EE 41 1A 19 CMCase i 14 CMCase activity of recombinant strain at 37 C for different

time

5 EAIBITERERE

Fig.5 Enzyme production characteristics of recombinant Lactobacillus

2.5 EAFEHEARNEEEE

RS dJE A 3 FhoRLEDREEA T R (R )
PRl 3 4 n, iR g0 4] 1Ok R
FFRRPEVE LT 4 & AR T X IR 25 7 o 3% (P<
0.05) , AR LA 41 8 A5 AH AL T X IR 4 22 S AN
W (P>0.05) , (H 56 4 FT A 48 b1 24 05 8 BRI
5% R A L, 0 4 BORFE AT B A RS AR N
Tl FF 10 v 0 1A% 21 4 AR X B A 2340 93 5411042 % |
4.99% \4.57% , FL X5 NV 1) 2 1 5 1A% 2 2+ XoF B fi
RAH 21.12% 7.85% 9.53% , X FHA E 4 FL
R T TR X s FF A 9 1 A RE 3 R HE — 2 Y IR R
fEHL,

3 i i

ABIFTE N Z& R A AR P 9 3 77 P 470 SR T
T VR o A R ZF AT 1, SE R IR IR SR
ZAEE R AT F U AR R IK M SRR A
BI7E 2L MR FF B 1 T BT R A B )R B 1
P, T IR R A2 A3 WS B R R /N AE FL R
HETBRBEZRETERALN REESIK
SP gz 2 LA FLBR AT IR BURL pLEM-415 J[7] 1
T U0 R I P Ngm 19 FLIR AT 1 0 b 38 38 28
& pLEM-P,,SPNgm ,

A LR AT T AE B 3R 24 h e BETE R A #)
2.06 U/mL, 2 H 6 M i Af 2 5 CMCase 1%
PN 1.6 U/mL 224y, ¥R BrA B 25 760 KT 11
P(2.001 U/mL) . K A 25 4 2 A 550 1% it 7 52
R AHBGR B A BT A BRI AE Y B M-
Case T [ 27 4 R i ol GEAF7F — 2 R RRME s
AIREE R TAS A E A S R FREEE
e G SRR ) SR RE = ALK IR CM Case ™ | T
A LY T 1 4 T MR R 1) 2 3 WU 2% 32 3 22 7 1T 1)
Rt BEE X I AL AE O R AT, PRk
TP R 2 BB 2 R A W R AR R 5K,
HE— 25 Ak 20 T A 3R 08 UK R T 47 b AR F A
TR Y s R ik

1% H 20 FL R AT TR R S N R i B N pHL 43
S 60 T 6.0, Mn™ X il fi2 2 I A %5 5 i iff 1
H T Mg™  Cu® X BTG P i/ ek, iz E A
AT 3 A B TR N pHL v Bl DR I B S T e
BrAz 77 T B A 00 Sl 7 3 1 A 4 AT T
CMCase #EATRIFSY , Ho il £ 2 0 A 3 I B F1 pH. 43
& 50 T 6.0, Hg* Fll Cu® % CMCase 1 1 B A
S AR 2l e 2 S 1 S TR 2 R 2
Fb 4T 5. TR Mk 22 B K [F] PR 855 19 A K R, ] B
JESZ R A B W EERER & A T AR R [R] B il
SER LA AR I T 15 ) X BB AT RE S i 22 5
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=) N

gzz B <120

S 20 5 100

B s 80

£ 138 § 2

& g, 60,

2 1.6 8

g E 5 40

S 14 2 2

=) 3

3 1.2 E 0

jz 30 40 50 60 70 80 90 30 40 50 60 70 80 90

% {IIEIELE Temperature/°C ﬂ}g Temperature/"c
CE 20 D =90

=) >

:;\ 1.8 s 100

B 3 31

Z 16 gz s 80

g %; 60

o 1.4 2

i _Eg 40

g 1.2 L

5 & z 20

# 10 § 0

ictd 3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10

& pH pH

E 150

100

75

50

25

A0 P
Relative enzyme activity/%

0

Xﬂ-ﬁ\g‘ Na+ K+ MgZ- Mn2+ an+ Fe2+ Ca2+ Cuz+

Control

£JBE T Metal ions

A FGEIRJE optimum temperature ; B ; #4814 thermal stability ; C : #%3& pH optimum pH ;D pH %2 % % pH stability ; E: 4>
J& B F XL SN B 52 effects of metal ions on enzymatic reaction, HEFEFRIE « T 55 LA 22 7 2 (P<0.05)

data column labeling * indicated significant difference from the control group ( P<0.05) ,

Be EHIBITEMNEFMR

Fig.6 Enzymatic properties of recombinant Lactobacillus

®4 BREYEESDEREIEMBRERETESENNE

Table 4 Determination of neutral detergent fiber and acid detergent fiber contents in straw plant feed %
52 Test group X i 40 Control group
RS AT HE A R — : . : o o :
SR ERVRESAR PR VEVE TR 2T 4 SRERVRE SR [ SRRV RESAR

Straw plant feed
Neutral detergent fiber  Acid detergent fiber Neutral detergent fiber ~ Acid detergent fiber

EKRFEFF Zea mays 49.91+0.73 28.29+0.41° 55.71+0.93 35.87+0.82°
EfE R Medicago sativa 53.84+0.42 42.18+1.35 56.67+0.75 45.77+1.33
INEFEFT Triticum aestivum 71.81+0.96 44.72+1.08 75.24%0.97 49.43+1.11

[l — 8 R IR T B R AR AN ) 7 B R R 2253 .35 (P<0.05) , BT RN ZE R AR (P>0.05) .
In the same item, values in the same row with different letter superscripts mean significant difference ( P<0.05) , while with

no letter superscripts mean significant difference ( P>0.05).
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Cloning Endo-Glucanase Gene of Cellulolytic Microorganisms from
Apriona germari and its Expression in Lactobacillus

XIE Aolichang YANG Yuxin WANG Xiaolong CHEN Yulin"
( College of Animal Science and Technology, Northwest A& F University, Yangling 712100, China)

Abstract; The recombinant Lactobacillus containing cellulase gene was constructed to study its degradation
effect on straw plant feed, which laid a foundation for the later construction of engineering bacteria that effi-
ciently decompose cellulose. This study amplified a endo-3-1,4-glucanase gene from the Bacillus subtilis which
was isolated from the Apriona germari in vivo. Through the restriction enzyme digestion and connection meth-
od, the Lactobacillus constitutive promoter element P, , signal peptide SP, ., gene and cellulase gene are con-
nected with Lactobacillus expression vector pPLEM-415. After secretion and expression of the target gene, the
enzymatic properties and the conditions of producing enzyme were studied, as well as the fermentation test of
crude enzyme to roughage. The results showed that the length of the cellulase gene fragment was 1 490 bp, the
molecular weight of the expressed protein was 54 ku. The optimum enzyme producing time and temperature of
recombinant Lactobacillus were 24 h and 37 C. Under the optimum enzyme producing conditions the activity
of CMCase was 2.06 U/mL. The optimum temperature and pH of enzymatic reaction were 60 C, 6.0, respec-
tively. Under the condition of pH 5.5, 50 to 70 C, the stability of the enzyme were the best. Metal ions Na*,
K" and Mn®* had a promoting effect on the enzymatic reaction, while the Mg** and Cu®" had a strong inhibitory
effects. The fermentation test showed that recombinant Lactobacillus had degradation effect on corn straw, al-
falfa hay and wheat straw, and the relative degradation rates of neutral detergent fiber and acid detergent fiber
were 10.42% and 21.12% , 4.99% and 7.85% , 4.57% and 9.53% , respectively. Thus, the recombinant Lac-
tobacillus constructed in this experiment has certain degradation ability to common straw plant feed.[ Chinese
Journal of Animal Nutrition, 2020, 32(3) :1344-1352 ]

Key words: Bacillus subtilis; endo-glucanase; Lactobacillus reuteri; genetic engineering; fermented feed
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