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Abstract
degradation in north China. [ Method ] Soil samples were collected in low temperature area, low temperature strains were screened at 10 °C , the
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[ Objective ] In order to screen the high efficiency low temperature cellulose degradation strains suitable for winter and spring straw

isolated strains were screened by Congo red staining solution, and CMC enzyme activity was determined by DNS method. The complex microbi-
al system was constructed by combining the screened strain and the laboratory self-existing strain with antagonistic test. CMC enzyme activity of
the complex microbial system was determined, and the straw degradation rate was determined. The enzyme production conditions of the repre-
sentative strain was optimized, and the strains in the final determined complex microbial system were identified by molecular biology. [ Result ]
A total of 55 low temperature strains were obtained by initial screening at 10 °C, and 8 strains were obtained by Congo red staining after
screening, including 3 strains of bacteria, 2 strains of fungi and 3 strains of actinomycetes with obvious hydrolytic circles. The highest cellulase
activity reached 47.0 U/mL. According to the antagonistic test, the cellulase activity of two complex microbial systems reached 31.0 and
53.0 U/mlL, respectively. In the straw degradation test, the degradation rates of the compound strain 2 in the laboratory and the sandbag meth-
od were 31.8% and 45.1%, respectively, which were significantly higher than those of the compound strain 1 and the control group.The opti-
mum conditions for JGDZTX3 enzyme production were optimized, and the optimal nitrogen source was beef paste, culture temperature was
10 °C, culture time was 4 d, and initial pH was 7. Under the optimum conditions, CMC enzyme activity reached 66.5 U/mL ,all the four con-
ditions had significant effects on enzyme production (P< 0.05).The four unknown strains of the complex microbial system were identified, and
the identification results were Isoptericola sp., Staphylococcus sp., Trichoderma longibrachiatum and Streptomyces finlayi.[ Conclusion ] The low
temperature cellulose-degradable complex microbial system screened by this experiment has strong cellulose-decomposing ability, and has a
good application prospect in the low temperature area of north China.
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1.1.2  Begpdt,

(1)CMC 4pEiE3 3, CMC—-Na 10 g, (NH, ),S0, 4 ¢,
K,HPO, 1 g,MgSO, - 7TH,0 0.5 ¢,KH,PO, 1 ¢, B 1 g, %
BFEF 1 g,H,0 1000 mL,pH 7.0~7.2,

(2) Fh-FiE5%E, (NH,),S0, 3.0 ¢,KH,PO, 1.0 g,FeSO, -
7H,0 5.0 mg,MnSO, - H,0 1.6 mg, CaCl, 0.1 g,ZnSO, - 7H,0
1.7 mg,MgSO, - 7H,0 0.5 g,CoCl, 2.0 mg,NaCl 0.1 g, 7 245 B
20 g, SEAME S o, BEREE 1 ¢,H,0 1 000 mL,pH 7.0~7.2,

Q) FHBEEAMEFRE FRAES ¢, A 10 g,
NaCl 5 g, Bl 15~20 g,H,0 1 000 mL,pH 7.0~7.2,

(4)PDA Bigrdt, Th% % 200 g, 4 HE 20 g, 35 15~
20 g,H,0 1 000 mL,pH H#X,

(5) mIR— SRR, ATEPETER 20 g, KNO, 1 g, Mg-
SO, - 7H,0 0.5 ¢,K,HPO, 0.5 g,FeSO, - 7H,0 0.01 g, NaCl
0.5 g, B0lE 20 ¢,H,0 1 000 mL,pH 7.4~7.6,

(6) i FF B ff 15 972 B, #5#F 3 g, CMC-Na 10 g,
(NH,),S0, 4 g,K,HPO, 1 ¢, MgSO, - 7H,0 0.5 g, KH,PO,
1 g, B g, BEEEE 1 g,H,0 1000 mL,pH 7.0~7.2,

1.2 BE#SEHE

12,1 GERRAORDTR . B R A B 00 A A o T T K i ik
107 107 10~ F B (M BB, 76 CMC B3R5 IR il &
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LA (1 mL/mg) G4 €8, 30 min, ] 1 mol/L AL 4N A Wi
8, 2~3 Y, HORER AT 7 W R A X I b 5 TR AR, 175 380 1) 2 7
PAr 20 P EE R R T 7R 5, OO 2 PDA it
R R R B A TR AR R R TG — S U R G R 2 il
B 4 CUFARAT

122 GERIYE T BRI AR SR T CMC B3R 0E, Tk
ZEFEIR 10 CHRIR G HFF 5 d 78 CMC [ 4B F e 4
HAR FEAHEAR O 100 pL B, 10 °CfE L Rs 72 56 B 97
S5 d O AHEAE I RTE BAR (), BEA-FARELA 15 mL I
FRELFEW (1 mL/mg) Je 4, 30 min, K5 H 1 mol/L S ALEN
OB BRI, 2~3 Y, a5 IR I AR (D), B4 B BRA 3 4
CiV-28
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B 10 mL,3 000 t/min 5.0> 10 min, 805 B9 _F 358 ED A 5
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PRI AR A £ 4 2% A TRTRR (R R 2T 7R KC RS AR 25 AT
B GSY)  ARIEAN B LB IR B 1A B T L S 45 T A )
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i, 50 CHE 2 fEE, KEFEE,2 MR A A = A inA
10 mL Z-EHH], %FIERA A 10 mL K ZE 7K, 10 CER
PGidi e, 15 d J5 UG UB AR RS #T , FIZE IR /KB Ve 3 K,
80 CHET 2 fuH AR TR B E 3 IRER .,

1.6 WEEEHEFTEBEMNE KK 7E 2019 4F 11—12 H it
17, FHAARTSERREL 3 13 1 kg AOFEFE, VI 3~5 em BEIR,85 C
T ZEE IR, PRI T kg F5FF, VIR 3~5 em B
AR RISAINA 10 mL 25T G15) T RRAT A0 mL2K
PRZEIRK A 110 em B8 60 em FLAEH 0.18 mm (12 Jp 4%
oA I 25~35 em gy 12 IEE 6~10 °CL60 dJSEUHE
A%, FH ARACKHREFF Py, 85 85 CHET ZfE FHIfFri
sk, THRRER, PR S 3 IRER
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HIEE IR (4.10,15.20.30 °C) AR A8 3205 [0] (2.3 .4,
5d) AFHILE pH(6.7.8) , I 2 B Bk 1) CMC i3 14, LA
T8 PR B A0 P A5 R o AE S W A T AT LAk ik
56, I E F AR CMC S 1

1.8 HFHRMSFEYFELETE BRTRMSCRBRIIFNE S
A R IEAT 0 FAE S A E . B T S
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2 BERENH

2.1 AHEFRMEBENIFIE VIETHEMSEIATLL 10 CIRRAE
KA TRIAR 55 bk, 2F— 2538 10 175 FH BBl 7R 5 A Mk 5 4 b i 6 75
FIMRIRLT A R PR A A 8 3 PR AR TRLET 4k 25 A S0 AT 2 bR, K
Tt FE RS T3 T A v e A5 V0 2T 24 3% R A O TR 3 k. 3
FRANTE 43 9 4 5 JGDZTX1 JGDZTX2  JGDZTX3,2 #f LT 43
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Table 1 The size of the hydrolysis circle of a single strain
\ % .
;[ﬂ;ﬁrfﬁ;l?mber Traﬁfﬁ%ntﬁgij;cle CO]?};’% diﬁajljl:eter D/d
diameter( D) //cm (d) //em
JGDZTX1 1.83+0.07 d 0.53+0.04 ¢ 3.45+0.43 d
JGDZTX2 5.27+0.27 a 0.52+0.04 ¢ 10.13x1.33 a
JGDZTX3 2.37+0.13 ¢ 0.65+0.08 b 3.65+0.74 d
SDT2NF1 2.07+0.27 cd 1.200.10 a 1.73+0.50 e
SDT2NF2 4.30+0.20 b 0.73+0.06 b 5.89+0.83 ¢
SDT2NF3 4.30+0.20 b 0.60+0.02 be 7.17+0.59 b

T [FPUAR VNG TR 7R 22 57 3% (P<0.05)
Note ; Different lowercase letters in the same column indicate significant

differences ( P<0.05)
MF 1A LLE 1, JIGDZTX2 135 B P 72 oK, ik
5.27 em, JGDZTX1 | JGDZTX2 , JGDZTX3 , SDT2NF2 , SDT2NF3
1) D/d AHIART 2.00, B RA RGN 4E R 4 bE

1
Fig.1 Colony transparent circle
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Table 2 Antagonism test between strains

23 CMC EiEF1 X JGDZTX1,JGDZTX2 JGDZTX3 JG-
DZTZ2 JGDZTZ3 SDT2NF1 SDT2NF2 F SDT2NF3 #t: 8 #4: i
PERBRUEST CMC BTS2 , 25 5 & B, H: CMC Bl T4
W 17.5 31.5 .47.0 .34.0,13.5.4.0.2.0.33.0 U/mL, HH JG-
DZTX2 JGDZTX3 JGDZTZ2 SDT2NF3 [ CMC g% 139k F
30.0 U/mL, HHUF I LR 2R SR BE T o SE 50 % A A7 TR AR A
FLZARAT IR (KC) R ZEFAT B ( GSY) i CMC g 43
2k 28.0.25.0 U/mL,

24 SARBERME ZGFIETHIEMSEI 8 RIEM CMC i
TEVERFSHUE T (R 2) FiX 8 AN Tabks R 2 4, 43 5 K HE
gl R E ROl B S R EE I T IR A W R & A
FEM 2 RRAHRIR S, I 2 HHE G R R SRR
A =120 R e a L, WP EEWAR 1 WERT
#2247 JIGDZTX1 : JGDZTZ3 : SDT2NF1 : SDT2NF2 :KC : GSY = 3 :
3:3:3:2:1, E AW AR 2 WE A7k N JGDZTX3 : JGDZTZ2 :
SDT2NF3:JGDZTX2:KC:GSY=3:3:3:3:2:1, 2 HE AW &R
{1 CMC & PES> 3135 5 31.0 F153.0 U/ml, #)78 THA— T4
CMC RE % o

E%E AR

FHR

Strain number

JGDZTX1 JGDZTX2 JGDZTX3

SDT2NF1

SDT2NF2 SDT2NF3 JGDZTZ2 JGDZTZ3

JGDZTX1
JGDZTX2
JGDZTX3
SDT2NF1
SDT2NF2
SDT2NF3
JGDZTZ2
JGDZTZ3

P L i i S
b S
S S

S N

R N R R
oo N e e o o ef
2N D
Noo o o o

25 LIEFEFEMERNE T8 2R A RE J15R 11
HEWR, TR ERIAGTIE T 2H4E5H A
MFEFFRIRERER, HE 2 o], B A &R 1 R AR 2R
N 24.4%  FAHER 2 REFFIIMEMRE N 31.8% , 575 (X1 E
FALE,2 ARG T R AR A F T RORS AT A i 3 35 il 2 v
IR (P<0.05) ,2 A~ 4 18 & AH EbF X B A i B4 1 43 31 3k
264.18% 1 374.63% ; AR R 2 WK R B & & TEAH

F 1o U] 2 21525 TR AR R AT A Rk A A 0 Ao, O HLAZ
TR 2 IR B

2.6 MEREREFREMENE v 1 RO T HE N HECR,
M VP ARTRARULH [ A, WA 2 AL B R X RS AT Y
R o hIE 3 nIHL A RAR 1 R 28.7%,
AR 2 MFEFFIRAR AN 45.1% , 25 10 BRAL AR AT
IR, (R 1 PRI W AF AR LT e RO, 2 —
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Note ; Different lowercase letters indicate significant differences ( P <
0.05)
B2 LIEFEFREMEER
Fig.2 Degradation rate of straw in laboratory
RS FF RV E ] A A R AR R 22.6% ., 2 NG TE R I FS
TR A4 1 255 T X (P<0.05) , 2 AN 5 TR A A L T4
HERZH PG R 233 35 26.99% F11 99.56% 5 5243 T 2R 2 HIREA# ¢
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TE AR/ NE FREROR 22 53 .3 (P<0.05)

Note : Different lowercase letters indicate significant differences(P<0.05)
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Note ; Different lowercase letters indicate significant differences ( P <
0.05)
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Fig.3 Degradation rate of straw by sandbag method
27 BEHRHITEBREMMM  FRELE Mk JGDZTX3 Yy CMC
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BABIGER, 45 R 4 B

60

a
b b
¢ c
40
20
0
4 10 15 20 30

$2F7RJE Incubation temperature | °C

(MOBE b
MC enzyme activity /| U/nL

60

a
b b
40
20
0
6 il 8

pH

OMCE&EE 14
MC enzyme activity Il U/mL

4 FEEFEHT CMC EBiEE
Fig.4 CMC enzyme activity under different culture conditions
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3 d,W0tE pH N 7,85 5 WoR, LLAE R AR S vE— SRR I
CMC s M e 5, 35 %1058.5 U/mL, iR &4 F CMC Jifg
T G T R R

FEATRI R B s, 3 B R B IR B 3 g MR REE

1 g, SEFRINE g 3 d, B0ks pH O 7, 455 BoR , B IR TH
CMC A 22 B SE s IR R R 35 IRLRE S 10 “C I CMC il
TR BN ORMEL(56.5 U/mL) % T CMC S TR 225
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B 1 g, SEFRIRIE N 10 °C W0tk pH o 7, 4558 o, B 1
FRRHIG N CMC JERE VE 52 B W 5 TP R i 3
2~3 d AR RAR IR, 3~ 4 d (HKAEESE 4 d I CMC BiRE MRS
FIBRRAE(52.6 U/mL) ,iZWf[E] T CMC B s PE R E & T 2 d
13 d

TEAF Y pH AR, BB RO BRI B2 3 ¢ FIRE
B 1 g IR 10 °C L SEFRIT N 3 d, G2 R, B
pH S CMC il 175 41 52 R 4 2 38 i e 1) R 3, pHL Oy 7 1)
CMC METEVER S IR RAE (48.5 U/mL) 1% pH K-F- F CMC g
R AL pH K

Zi bR, i BN R E T AR AN N,
FO@ IR 10 °C |, e IR 4 d, 01 4R pH
7. LA PR B R JODZTX3 HEAT T — UM 7, 1 51
CMC f5 M h 66.5 U/mL,
2.8 HEHRRIETE WA FTIE, E AT 2 1SR = AT
KRS AR AT A BRI B, I S B TR 2 h
RAN 4 DEHRHT I TS . B AR (3R 3) R,
JGDZTX2 J2 i8R ( Staphylococcus sp.) ,JGDZTX3 & FH B
(Isoptericola sp.) ,JGDZTZ2 J&KAH A ( Trichoderma longibra-
chiatum)) ,SDT2NF3 J&753 [CAEES T ( Streptomyces finlayi) o

®3 HEMETELER

Table 3 Identification results of bacterial species

Y1875

¥4

LS iy SR . R(TTHERR) ARLEE
. Amplified . Sequence AR L
Strain Reference species Classification Similarity // %
sequence number ’

JGDZTX2 16S TEIERT Staphylococcus sp. MN519627.1 Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 100
Staphylococcus

JGDZTX3 16S FIB B Isoptericola sp. MN446724.2  Actinobacteria; Actinobacteria; Micrococcales ; Promi- 99.86
cromonosporaceae ; Isoptericola

JGDZTZ2 ITS K AR K B Trichoderma longibra- MT102396.1  Ascomycota; Sordariomycetes; Hypocreales; Hypocre- 100

chiatum aceae ; Trichoderma
SDT2NF3 16S ISR ECBERE TR Streptomyces finlayi  MN640848.1  Actinobacteria;  Actinobacteria; — Streptomycetales ; 100

Streptomycetaceae ; Streptomyces

3 e 5%

T T 4 WA I A A ALk B T — b 2 4 5 A O S
FEAEURALAR BT 3 ARt I 11 9% S TR A v 5 1615
| — e 0 R0 i 2T 4 R T Bk SC2, L g 4R I e
17.70 U/mL, % F K55 FF B AR R AT A 5 33.07% . i 5
AT PA 5 TG S X A5 B 23 bR R AT A R A
LT VEAE 4~88 U/mL, 3% S0 e 15 5] () 34 VL P bk 14
BRI LT A R HEE ) IFURAE IR FREE T AR A 22 F 4
o FRETC Ty X K ZRR A% AR A 4L 2 53 R0 A R
) B G . SR, R AN BB £ 4 R T R
T R IR LT 4 2 MR B T AR AT | ELAR IR 7
S — T 15 CULE, AEHTFAL A EZE 10 CL
TSR, SR E AR O e IR b, 7E 15 °C TR
AR H] 11 bR AT LT R T bR . BT T
i B P T BRI AR & TR T I B bR, 76 16 C R AT T
TR A8 Pt L T O 075 30, 7 B A5 31— bk KR AR, 45 45 d 1
TP A 3 1 5K 5 56.73% ., L I 7 5t 1 406 L 1 ok, 76
15 °C 247 1T LA R th AP IR W i i 0 (RR — 2 RETE T T
WA AR S V. EBFSEAE 10 °C 408 T e 55 55 kit
(R TR , 31— DA 75 0 8 AT 1 S 375 T 4 T
T BRI, BTk 47.0 U/ml, I (1555 S
JETE 10 CHEAT ,BHIE TR ARLE 10 °C 405 F BA B
CMC FERETE , RERS 7E IR IR PR B8 R AR RS R RARACR

B PR KT 2 RILAR O B — 2P 2T 4 240 v b
53 WO AE —i , 27 24k 2 WU AR X F 57, O B bk 22 18] R R4
AT ZWEFEE R B SEive 8 #RARIR
CTYER AR R, N L SCH 3 [ AFA 2 BRET 4 IR T bk

HEFEHITEN . % —41% JGDZTX1(17.5 U/mL) JGDZTZ3
(13.5 U/mL) SDT2NF1(4.0 U/mL) SDT2NF2(2.0 U/mL) |
KC(28.0 U/mL) .GSY(25.0 U/mL) , 5 & B30 CMC il i 1
7 31.0 U/mlL; 45 — 41 & JGDZTX3 (47.0 U/mL) . JGDZTZ2
(34. 0 U/mL ). SDT2NF3 ( 33. 0 U/mL ). JGDZTX2
(31.5 U/mL) \KC(28.0 U/mL) .GSY(25.0 U/mL) , & & B 7
() CMC g4k 53.0 U/mL, HUGRE h 2 4 75 CMC i
TS T — AR , UL BT FE B FH %) £ 2 22 ik v o
MRS A BT CMC BEEE PR
PRARTEAE A A8 2377 2 — S B e VR FH AR
W), FEAS R B AR SRR AR i s S AR
250 N T RIS T BRI ) EERTRAR I A K SR A T
oAl TRERES S 05 e 1 — bk 27 4 25 R A 4 BT, O R4 T
T e AL, UE B R R4S pH 5 IR R
HHADEY, T e T 59 MREF 4k R AN
WA I XMRRPE R HEAT T 77 W S5 A, 45 R R IR IR 1R
B RIE G IR R ER pH Y0 TR B AR,
SE N T RS i s R i =y A S | I S D
YT 3 PR ECIA 2 MR IR 3 PR, L CMC S 1 5 e PR TR
Pk JGDZTX3, iG55 47.0 U/mL, X% ATl 5%
PERAR DU RE T R TR) SR AN ) 55 F TR S [ 15 22 B[] AN
[FIIG pH X L™ filf e (1) 52 0, e 240 SR AU AR
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