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W OE: N TIEIRmMGR LT 24 R R B A 8 A B FORIE R AT A RS, B B P & &, ASCRI AR F ILLF4E 2 (CMC)
TEREE R TR SR NI SRAT S 501 15 75 3 DA SRS FF A4 H 3 P I e REFI P 4 R A bR, T iRt , MIE CMC RS L SRS FERE
R AFHRARAZHE AR DO IR R AR 15 RIRTEIRS 25 B sl Y 54T B (4rthrobacter sphaeroides)AS-3 (PR I HL AL SR W) ST
& CCTCOWE FEXTHR,  HEATTRMIRIR A 4 T R R B TORFS AT R AT e . 45 RFRW], BT CN8. CNI10 Fl CN16(H R %
R Bacillus sp.)REAEARIR £ 10 T 8RB AR FORTEFT, I =AM E G W R D BB = S IR T FORFEFF AR RE 1, RIM
15 C O EIRKESE 30 d SR FORFEFF AR R AEIA S 26% LA L, #id T A PR IR . Bk, AR IR A T
£ D, HARSRMWFSITRGRE S, X—45RFE T RICB WA S MEDRIR, BA RN HRTR, I RIRA: SR 3R A A
BALFEILRE
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RESES: X172 MEAREE: A

Construction and Functional Verification of Low-temperature-resistant Straw Degrading

Synthetic Bacterial Consortium

ZHAO Dan'?, XU Xiyuan"?, ZHANG Yuxiao', XU Zhihui®, LI Qi*, YAO Yanpo®, CHU Haiyan'?

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135,
China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 College of Resources and Environmental Sciences,
Nanjing Agricultural University, Nanjing 210095, China; 4 Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang
110016, China; 5 Agro-Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: In order to improve the utilization of straw and increase soil organic matter by excavating low-temperature-resistant
cellulose-degrading bacteria and constructing synthetic bacterial consortium (SynCom), carboxymethyl cellulose (CMC) selective
medium and congo red discriminating medium were used to screen cellulose-utilizing strains from soil under long-term straw
return. Through temperature control experiments, CMC enzyme activity and straw degradation rate were measured to explore the
low-temperature degradation potential of the strains. Meanwhile, Arthrobacter sphaeroides AS-3 isolated from Antarctica
(deposited in the Chinese Collection of Typical Cultures, CCTCC) was selected as a positive control, and the construction of
low-temperature-resistant SynCom and the determination of the degradation level of maize stover were carried out. The results
showed that the single bacteria CN8, CN10 and CN16 (all are Bacillus sp.) effectively degraded corn straw at low temperature,
while SynCom D constructed by the bacteria enhanced the degradation of corn straw more efficiently. The degradation rate of
corn straw reached more than 26% after 30 d of incubation at a constant temperature of 15 “C, which was more than the
degradation rate of the single bacteria and the positive control strains. In conclusion, the low-temperature-resistant SynCom D has
strong straw degradation ability, can enrich the beneficial microbial resources in the northeastern black soil, thus has a good
application prospect and provide a theoretical basis for the utilization of straw resources in low-temperature habitats.

Key words: Straw degradation; Cellulose-degrading bacteria; Low temperature tolerance; Synthetic bacterial consortium
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WERRAM KRR, REmEER, fEEH
10 Gt FREFFNY, HodokFE . N . B EEAAE
Y, [ R AE RS R EZORE . RIUE SR E
WA X, BHAETTIR R VEW RS FFER, (H
TARICH D TRAHR AR, FEFT L S 0 2etg, A
IR T A AEAEFF R 25A R RITTF &P, hi HL52
YED AR RIS | 2936 AR 02 - X Al R
CIES 29,35

AN RN RS FT 00 fie B2y, HAR 441
O3 LR B AR R R A HRTE A
SRS IR 2 2T AE R IR T PR, Horh B 2240
MEARED, HERY, MEEP%E, W@ F:E0
T ZEAAT B TR R B Y, T
P25 OV A 301t FF A ML AR A 398 mp 23 B R R e 1
B (Mortierella), TERPIKR L4 35 dJ5, MR
X /NFERERT B R R B I 30%, 7R T A8 (1
FEREMREE ST, AR5 S5O MR SR R o e
— IR T 4 22 O A T PR v B A R 2F FLAT T (Bacillus
subtilis)YC-2, 7d WFERE T 10.14% ROHEFRSFE, 29
HHRIRE TR 4.5 6%, BA R4 - E T

MTAFSR , [ PN A1 O T 2T 24 25 [ ik A s 2 (%) 413 2
T A P R TR U TR T A 2 R B 324
AT o FE— STV R B D, IR 25 2 AR
P E R, A RS 2, A RIS TR
A AR AR AT DT 0 AR A 1 o it ok 56
AT 5% 3¢ W IRLIE 235 W 7035 T I ik ool R v 1) B 2 P e
TR, MR TR ST, HELL
TE R B v A ARG 0O, PR RS A ¢ R FH 32
— ER ARG BRI T, e LS HRAR IR e 2055 A 7T
TR EE o 55 AU TR A A B A 4 e
TE I —REF YRR AR R 1 BRI TRIAR A41, FE 12 °C
TREE10 d, FORFEFFREMAATIA 31.52%; #HIW
SV T ARG FF o 3 B — R IR 95, 27 4 35 A L
W JITFO1(Penicillium sp. JITFO1), 7£ 10 ‘CF 5/KH
FEFFERE 21 d J5, FEFFROREMERI]IE 45.24%, 214
RWPERAEAE TR 2 2R AE Y L&, DR I 5 A5
HIBRA, Wt B T AT FEAR IR AR T i S R 4T 4 R 1Y
AR M S8, B A D Ry 9 o 5
DA™ X A SR A e e e 2T 4 2R A TR0 A TR, O 2B
AT A E R IR e I E B R MSLS, TEEWN
15 C MM T 15 d 5, X4k 2 28 50 1) K i
HIRE] 29.23%; et N B S BRnT 7E
IR PR e R LA witk, MEE AR,
GERENEAFH R 2 Wil TR LT 4 K I hg

1, FFUNAE 10 °C . 15 d BAAREE 35 xRS AT G o e
RIKET 31.8%.

AT LR AL A A B, DL T KA AT A i e
Yy, S RELE 15 C RIRAME T sk et 4k R i)
RETAME, G GTHR, MIREAE TR FF TR
FAAE 4 5 2 (A P 35 B R B2 UR

1 #RERE

1.1 R w#
L1 A RS R A b E BRI
ARSI (41°3 1N, 123°24'E) K A AT H AR 56
H (G BF+100% EKFEFFETR), /DX 8 mx15 m,
IR SR 11.05 g/kg, SR SR 9.42 glkg, EK
FEATHET 2 AE R, PRIEREFFCR &), BRI 1 ~
2 em /RS o PR R TR AR Sy v [ i 7R 1% 4
e b A AT AS-3PYM B AR
1.1.2 3R RHIRF4ER (CMO) KR : R
A THI25g, BHRE AN 25 g, RPILLTYERM 20 g,
BN 2 g, BERHEN 0.5 g, pH 7.2£0.2, 26K 1 L,
WISRLT S B TR 3E . BilREL 2 g, LKA BREREE 0.5 g,
BERR A 40 1 g, &ILEN 0.5, R ILFHEM 2 g,
BiNE 20 g, ZEME/K 1L, LB R BRI 10 g,
FEREER ) 5 g, AALEA 10 g, ZEMRK 1 Lo FEFFES
Ikt FOKFEFT 5 g, AR H R 10 g, TEREEIY) 5 g,
FAbsh 10 g, 7&K 1L,
1.2 iR E
1.2.1 FAERFEMRETLE sl feRER
TR RN JCE A R K (10 ¢ £, 100 mL
0.85% A FHELIK), HAFEIRIRZ (150 r/min, 1 h),
FiE 1 h, WO JCRK AR 1070, 107,
1074, 107, 1072, 107" 3 6 R Bebb Y29, 7351
W 100 pL ARG BRI AT AE CMC B RS 77 57
I, I, 28 °C fEEEEFE 72 he F— IR IAE
WA FIEAS K F e n) g draifh, 1M,

ISR LTI G - H B P V5 Bk 25 I SR T 5 1 1 R
Me b, {51, 28 'C 1HESEEFE 72 h, Wik B e 2 TR
I EAR

R RR DR B ;K 2l Ak S R B TR R A
CMC WA EE SR B s e iR IR v K5 72 (28 C,
120 r/min), T BEBRX B4 R IHIC 1 mL 3R 2 2%
A 1 mL50% HMHEAE S, -80 C 17
1.2.2 TG 1 4 2 R i TR ) 7 36 36 11 N
FARAER A KT SZ IR EE, E 4 MR 20,
15, 10, 4 C), BRI LG P # B HRAE CMC [
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IR FRESTAR oy XA 2, THIREEFR(S ~ 25 d), W%
PR ARAEAN R BE T A AE R L

CMC F% I 2 BB TP ik . AR
PR VE, A LB AR RS, B 3 d
(150 r/min, 15 C), HZGEEITIE ODgoy, H
LB W35 F7 5L )R 3 2R ODgoo= 0.6, =il T ES
L>(4 000 r/min, 10 min), FiFWEDAHIEER . R
3,5-HHIK G ER(DNS) ik, DL 1% 2 H JL2f 4
FHA(CMC-Na) A IR YA TS I A2 o 2% 00 R
iR P Ay 2T 24 2% il VT A K fifp £F 4k 25 A B A A A DR
B, AR IS JFORE S DNS SO 1 A A (Y 3-
RIE-S-EK IR, BRI 530 R A OC
17 P 30 o I 2 3 T A 3R £ A4 2R i A T

WARER TR A0 DR R R 00 T - K Bk TR AR
BB 2 ODgoo=0.6, E5.0>(8 000 r/min, 10 min),
TR BRI 3 W5, KR o R K B, & T B
o 17 20 mL FEFFREFREETINA 1.2 mL WEWK, 18
BRI SE 30 d(150 r/min, 15 °C), REFR4EHOKASFF
FHZEBK A TIEYE, 80 °C MFZiaE, Frf, &
KRER, KBKE 3 REL.
1.2.3 WHESS ARG gE S
2SR N A B AR R AN 2 IR LA R e 6
F) B2,

WRIRG LT b Kbkt iuE 5149 27F
1 1492R FEAT PCR A HY , 4 Wb 4B AW TR
1) A BRA FIHEATIN Y, R P45 2 (9 7¥ 51 4E. NCBI
(www.ncbi.nlm.nih.gov) b #E 47 LX), FFAIH MEGA
11.0(www.megasoftware.net) R F4 R 40 & B
124 E45WRARNWELIGERIE  KERGR
B0 B TR R 5 BH A o) B TR AR R FH P Al 3 SRk i)
SUEAT I IR, AR TRAR Z (B B 5P, 76T IEAE
A2 T 25 AT 525 T R A L

CN9 CNI10

WARKE TR A0 TR AR R I . #F 1.2 mL
025 TR 2R 1) TR BRI (P PR R Y PR 45 0.3 mL 414
PeFPE 20 mL AR, 15 C HIRIRG G SR
30 d, BEFREE S RS AT FH 2R BRIk, 80 °C it
THEE, FRE, HRAER, ARRE3IKER.

AT I AP O TR A RIS,
TG AT FH A 2 - DL TR KA A8 R K B o 7 AT 2 I
EARKFE LR 50 mL BIRE P, e EMASH
0.5 g FRFEFFHEA 15 ecm 40, A 1.2 mL BER,
15 °C fEIRE SR 30 d, $FRaS R KRS 280
KIEATIEYE, 80 'C M MHE, R, HHHEKER,
RIGWE 6 IKEH .

2 HERE4SWH

2.1 THER 4T 4 K P AR 4 0 0 ik
FIH CMC [ERREFREILGG et 20 Bk AT LT
HERATRRR , I WIS LTS B IR I A T 2B i
RIAT 10 BRIEHR AR T B REME R 1, B D,
B HIREE AT EAT B BT 4E R R R RE T
®1 HEREBRARESHEKXN

Table 1 Transparent circle sizes of cellulose-degrading strains

ik 7 W BB § 42 D(cm) T 7% B4% d(cm) D/d

CN3 1.5 0.6 2.5
CN4 2.0 0.5 4.0
CN6 1.9 0.5 3.8
CN7 1.7 0.4 4.3
CN8 2.9 0.5 5.8
CN9 2.6 0.6 43
CN10 1.9 0.4 4.8
CNI15 2.0 0.6 33
CN16 2.4 0.5 4.8
CN17 1.7 0.7 2.4

T DId (URBMR DML R N REST

(A
CN3 CN4 CN6 CN7 CN8

CNI5 CN16 CN17

B 1 BEHRNRILENGER

Fig. 1 Identification results of strain congo red
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FETRER R b, R ATAE 15 C fRFF R A7
BRSO, JEFRIEE N 10 C B, FrA RtkE K2
FNFEIR , BRI T 4 °C I, B CN3 LASh, Hifth
A K A2 2 B AR (% 2).

®2 FREETEHREKER

Table 2 Stain growth under different temperatures
Btk 20 °C 15°C 10°C 4°C
CN3 o+ ++ + +
CN4 +++ ++ ++ -
CN6 o+ ++ ++ -
CN7 +++ ++ ++ -
CN8 FH+++ ++++ +++ -
CN9 +++ +++ ++ -
CN10 +H++ +++ ++ -
CNI15 +++ ++ + -
CN16 o+ o+ ++ -
CN17 +++ ++ ++ -
W ST FREAR AT DAY KR A e ROR

BRRTT LLPRGEAEAC s “++" FORTMRARIRDL BLAF s “++" F0R
BIRRA KH B “+7 FORTERAE RN -7 FORE kR

IR R

CMCHEHEHE: (U/mL)

CMC PSR 25 8 i 7r CN8. CN10, CN16
X3 BROEFAGE B A e HL S R =2 A A7 7 5
95 B(P<0.05), P CN8 [YEEEME R4 22.70 U/mL
(F 2A). J4b, TEMIAREFR 1T, CN8. CN10,
CN16 [HFEFF R 253 B AT Ik 25.67% . 24.67% .
24.33%, FEFFREARR ST CK (P<0.05), H5MHME
X REPA PR 2 RN S 2 25 51 2B). FH I AT T, CNS |
CN10. CN16 MMHEIR15 C)L 4R M.

2.2 MIBEEHRHIMNEBLEE

B MEE: CNS Wi A&, FLa@, BRI,
FMACH, AP, CNI0 B, e, W
Wk BIE, FREACH, ABEE; CN16 Rk A B,
M, B, KA, AR, Wi ik
BEEE (& 3), 3 BROLFTA 10 40 T S 3 AR

A PR A ARSI 3% 3. 3 R S s 22 P e
{025 L2 5L PH M 5 Bk CON10 H 32T 5256 s B, CNS
I CN16 R FHIESR, 3 RO B 10 b A A fhRy
PRSI 25 AR — 3

30

| ® a a
a a

25 _I_ — I _I_

bed be be

T

20 -

15

FEFTRERREE (%)

10

(1 /NG PR R R B bR ) 22 573K P<0.05 /K, T

N
"
20 -
15+ b b
de eCd de_I_ C
f
10 | fi
£ g
SI—X—‘
OI 1 1 1 1 1 1 1 1 1
R NS
S ocoFTFHTEE
ik
& 2

BIRETR CMC B (A RIRIFEF R T BT EER®B)

Fig.2 CMC enzyme activities of single strains (A) and straw degradation rates under liquid culture conditions (B)

CN8

CN10

CN16

Bl 3 H#k CN8. CN10. CN16 BiHERSFEME
Fig. 3 Microscopic morphological observations of CN8, CN10 and CN16 strains
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Table 3 Physiological and biochemical characteristics detection of dominant strains

Wk EXAe AR TERRE MUK BIRORE VRN RAGRE VP IIE  WUIEZLSIR ReERERER A
CN8 + + — + + — + - + -
CN10 + + - + + - + - - -
CNI16 + + - + + - + — + -

e 7 FoRRM R RN, -7 FoR RN R P,

W HRE) 16S tDNA JF¥57E NCBI #1117 Blast
FX), IR VR R 7 R MEGA 11.0 #4 4
RERBWE 4), 08, 3 IR RIE T2
FroE , JF H 5 X PERY 16S rDNA FHRIEYY =ik
99% LA L.

23 EAREZFMNHERINGERIE

CEA TR I S B TR 25 R, K iR CNS

CN10. CN16 3 #RAL#H R 5 BHE X I P ik AS-3 47

CP139214.1 Bacillus cereus strain A01
CPO11151.1 Bacillus cereus strain CMCC P0021
CP026678.1 Bacillus cereus strain TG1-6

7| ento
CP031443.1 Bacillus mobilis strain ML-A2C4
CP043830.1 Bacillus sp. BS98

MH558359.1 Bacillus sp. (in: Bacteria) strain RS4

CP047044.1 Bacillus toyonensis strain BV-17

98 | CP020754.1 Bacillus thuringiensis strain ATCC 10792
CP015350.1 Bacillus thuringiensis strain MYBT18246

20.00

MH718822.1 Bacillus cereus strain TCR17

— 18
15 MK346118.1 Bacillus cereus strain PMSI1
47 KJ832082.1 Bacillus sp. BAB-3813
89 cns
KX242260.1 Bacillus cereus strain 0810.7
— CP020437.2 Bacillus sp. FDAARGOS 235
24
— CN16

HE, WEEARWZR. A WTF: EAHWR A
4 CN8+CN10(1 : 1), G A B iy CNS+CN16(1 : 1),
HAWZH C S CNI0+CN16(1 : 1), EAHE D N
CN8+CNI10+CN16(1 : 1: 1), EEHHE E I CN8+
CN10+AS-3(1:1: 1), BEAHA F I CN8+CN16+
AS-3(1:1:1), HAEHWHR G A CNI0+CN16+AS-3
(1:1:1), EAWA H N CN8+CN10+CN16+AS-3
(T:=1:1:1)

itk [ JaE L AR
CN8 MH558359.1: Bacillus sp. (in: Bacteria) strain RS4 16S ribosomal RNA gene,

partial sequence 99.87%

CP047044.1: Bacillus toyonensis strain BV-17 chromosome, complete genome

99.93%
CP043830.1: Bacillus sp. BS98 chromosome, complete genome

CP031443.1: Bacillus mobilis strain ML-A2C4 chromosome, complete genome

99.93%
CP026678.1: Bacillus cereus strain TG1-6 chromosome. complete genome
99.93%
oNIO CP020437.2: Bacillus sp. FDAARGOS_235 chromosome, complete genome
100%

CP020754.1: Bacillus thuringiensis strain ATCC 10792, complete genome 100%
CP139214.1: Bacillus cereus strain AO1 chromosome, complete genome 100%
CP015350.1: Bacillus thuringiensis strain MYBT18246, complete genome
100%

CPO11151.1: Bacillus cereus strain CMCC P0021, complete genome 100%
CNI16 v MH718822.1: Bacillus cereus strain TCR17 16S ribosomal RNA gene, partial

sequence 99.80%
MN326511.1: Bacillus thuringiensis strain NBAIR-BTG4 16S ribosomal RNA
gene, partial sequence 99.73%
KX242260.1: Bacillus cereus strain 0S10.7 16S ribosomal RNA gene, partial
sequence 100%
KJ832082.1: Bacillus sp. BAB-3813 16S ribosomal RNA gene, partial sequence

I— MN326511.1 Bacillus thuringiensis strain NBAIR-BTG4 99.60%

MK346118.1: Bacillus cereus strain PMS1 168 ribosomal RNA gene, partial

sequence 99.00%

El4 fi#BE CN8. CN10. CN16 RFEK B R EIRME L34 R
Fig. 4 Phylogenetic tree of dominant bacteria CN8, CN10, CN16 and results of homology comparison

R T G IR = SRR AT R E AR, X8
Fal & N E AW RFTIRIAIEFRAS C, 30d)F
FORFEFFREfER A . B SARTLIEH, E4H
R R BEE T CK (P<0.05), HTEAHZ
F REMRRICR B, BT 34 28.02%, 5 CK AL,
R R I IR A 236.37%; HIRNE AW A D, XfEX
FEATF BRI 3 T 26.33%, J& CK 19 3.16 15, If
H5E6WAF ZEAEAEDERER.

5B AL (15 °C fHIR . B3R 30 ) FA
[ B TR AR IR A DA R 10 EORAE AR R AR . e T,

HAWAR F N EKRFEFFRERRIR, b 28.35%; H
WHEGWHR D, AR AN 2627%; HIy#T
T BHPEX R RR AS-3(25.50%). AN, EAH AR B.
C. E LIS H MR R80T R L A bk, H2
CK MFMRRCR I THEAW AR C, HEMATREZH T
FE AR ) 2 R P S e T O B TR R Y B
A K FNTIRE , AN [F) B R 22 (8] 1 A 25 52 i) die 28 1Y)

AP R, RIEEHAR D Lt
FEM R R FR A0 N b R A0 rh | REFTRE A S35
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Fig. 5 Straw degradation rates of different combinations under liquid culture conditions (A) and buried bag experiment (B)

BT HAROC SRR, HLS PR R R R DL S AL 5 B
X TR R 2H B AY 5245 TR AR 2 I R A R 2 S T A S
#, WEAGHAR D BATMRMmALTEREMEES .

3 Tt

3.1 THRIR 4T 4 3R MR Y I it

T AER T 2T 4 3R 4% i T 118 7 328 A2 30 4 £ W) ot g
PRI A B WIS T ) 2 — , 3k R AR Wi AL
TR A BEOR 53 —F FEMORIE MARIR RS, RBISTE
BRI T DA o s I AT SR 2T 2R
I, AT ZE 0] T Ab BEFE VS b X sl 2 1 PRI 25 A4 T &
L AER R IE S AW SR A5 A W) e IR AT

IFSE N BT 5 A FE VS BT il b+ 32 vk )i
P T PG S e U R HLAL TR A
PR BRI R SR AEAEAS | X 80 J7 B S A R s B m T
AE & A IR IR B AT 27 45 3R A R ) A TRTRR o AL S8 T
T 7V ) H R P 5 0 R (A 5 21 4 2R 0 P — i YL
G FRIE), TERDUIIR A T SR T R Y 43 25 Al
A ARTE PRI . T8 WA B A | A 3 Soxt
2T 45 2R 1 53 A Bl RN A5 D XA 20 1 1 0 9 7 A TR
TRETAE R BRI, IF A 20T LR )2 BOR R R R e A T
OYRUETE , Jn Sl WS AR A R IR 264 T i A=
KB 12 | 38 AL S 25 2 Z R, TTAS LSRR
WA ). B AR DAl X 4 P g 1 — ik
PEIRGEARE I C47-3, 7E 15 C . 15 d MREMRIRL T,
FEFFIC TR AT K 23.89%; Lok SR 45120 g i v i
T — BRIV REFTRE MR AN mgz-5, 78 16 'C WAL EE
30 d BUZEET, FORFEFFREMEARIAE] 28% LI, 24
T 1 AR A XY 2S4S AT B (Ochrobactrum - gallinifaecis

sp.)o AES LI WIRSFHA B R TR IR, 4388
10 #RTI7E 15 °C %M T BA RAFA ORI 27 4E
R, RS RS, WA Rk CMC T
FORARIEFRAAE T FORFEFF R 00 , TRkl 3
BRATTE 15 °C 50 HATROR LT 4 K i e 1 it
BBk CN8, CN10., CN16, Xt T KFEFF AR 3RS
BIEE] 25.67%. 24.67%. 24.33%, I H Y5 BHEY
WA AR Z M ANARAE 35 25 7, R0 3 MRS RS
N AR B E (Bacillus sp.)o
3.2 MHRIEALZMBEESHRNVMERIIEERIE
TR AER Tk 21 448 3% P ik 525 T 28 BT 58 7 A7 R B
37 BERRCR, JUHIE TR W R | BRIETEAR
TRLAR A A R0 i 21 2 2% 1 A W i 2o ) RE Y
JiTH o X TR R LS Z R RS U EIVE A AR
BRI YT REAR I R A D REAA €4, 25 H 7 AR AN ]
MIREZE, QNN IR SRMERE . AMUIRE R . B A
TRGSS , LR TLr 4R 0 14k, SCB R0 AL,
T4 e A 1 A= ) B A% L ek 1) 8 R 5 77
DL KT LT YR B AR e BBt R 07, XA I P
PRI TR AL . [RIB, SRH APk 07 e o+
AW BORTTAL 5245 T 28 rP A TR BR IO 6 1 | AR E
DA B ATTAEAR IR 25 AT £85I P 0 I A 5038 Rt
H PTG R A8 5 WRTE 15 °C IR 2 R e
REJTHRAIBRIE, 200 55 R I8 (Streptomyces, AX1).,
BRAAARTL(T. Asperellum , AX3) . BPIRAEL(T. Asperellum,
AM3) ., W% (Aspergillus, AM4)FITE B (Penicillium,
AMS), AL TR I —E LR G R G
W&, RAMEHH AXL, AX3, AM4 URME S
R MRIRSUCR A, 7615 °C. 30 d WY FR &4 T A]
BEAR 32% POLFHEZR; B2 AN P8 PSR f ot
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AR AR TP I A T N E AR AR, BE
BHMZAME, 15 C Hidr 15 d, FORREFRRER
A5 32.21%. AN BIRIERZIE UL T, EAW A e
U SBLH  S RY LT AE R I, (X AR LR
S TR IR BCR A —E 1 T bk sk, Bl
Zhang FFUIMRR IR LD o BI L 3 BREF 4R Rl
PR R R EL, R AL SR RS R TERE 5R
AP HEAT 15 °C L 30 d MRS R AT REAR LT, 45
BB G AR R BT bk bk, &
FE M TAHE A . FEA KIS A9 4528
BB B ARBOR2E T MR A O, =D W] B2
Hi T3 PP AR TR Y b 2 A e T S R AR Y
B ERMIIIRE . AR U A T AR B AR DL A
ZIEAFEERS TR, (B2 B A K AN [ A
TRk 2 1) B4 EL A SR D PR i e 2 R A 8CR .
WEI £ 6 25 T8 T PR 2 1B B A AP S B RIPE T, AT
A B FE e S AR

4 it

1) MWKIAREFFA H 3P B 3 RRETHE R IR
i fE 7 B0 R A TR IR (15 "CH4H I CN8 . CN10 Fi
CN16, H:Hp CN8 () CMC G4 7] 1% 22.70 U/mL,
JEAE 15 °C . 30 d MRIARBEFR 4500 T X0 FORFEFF Y B
IR E 25.67%. LU 3 FRIKRII R ZEAIFT TR 8
(Bacillus sp.)o

2) Kt 3 BRI CN8, CN10, CN16 5 FHM:x}
MR AS-3 TEANFAERSBUE AT B 55 LU BNR &
WEEAWER, FBYET 15 °C. 30 d ATRIAE: 3% K&
HRAS L RS FRRE ARG, S5 R B &5 H R D(CN8+
CN10+CN16)J&/R T ARSR R RE 1, A5 BEE
YRR RS 5 E AR F(CN8+CN16+AS-3)Z [H]
Toln 25, i HAERASK G b AR Rk 2 26.27%,
W T R BHPEXT R AR AS-3(25.50%) ., JEZEAT
DLt — 2D X R AT U0AG, AT G MR 2T e R
A= W B Ak Sk AT A BB VR B CH At R (B i SR
AT
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