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BAVRE TR, [F 5] BIREREAELH T, RAHFERAFHRE. R T L %% 45 (sodium
carboxymethyl cellulose, CMC-Na)/Kf# Bl & ik, Jeshe®dn ik, AR T TIRBAT G
ARG 6. B0 Fe REAT AR AL AT M T ARABE AT S FAFIEA ITS tDNA A 7 45 #7 2 i ik B 4R
VAT AR 3,5- A A KA BR(3,5-dinitrosalicylic acid, DNS)ikAefEAF X & ik 3 B AR £ 7 B 34T
. BRIt pH. BENE AT T HEBE ) 2 RAEAFER TR, [4£R] L 16 °C
AR IR, RIF—HRAERIRLL-R T ARG % Z 4P L D/AAEAH 2.17. CMC B87& /1% 703 U/mL 49
B At £ B RB A E SDF-25; M EMAE 4°C T K, 10-16°C HRiEAKBE, 37°C &4 T
mieAd K, ZERAMOBEIFRrTAY IR LR, Ak SDF-25 A E B H EH (Penicillium
oxalicum); ZBARIRAL = L EBR093Z /B H AT E 2%, 46 pH A 7.0, ZHRREH 10°C, £
ZITIEM T Ak SDF-25 &) CMC B&iE 4 993.3 U/mL. %k & kM T 44 SDF-25 F 10°C 354 15d
B AS AT A 39.5%, 16 °C Bt 4 44.9%. [46 ] £ F E 5 SDF-25 T AKBR LG FTAKFLA
BORW TR ERRAE T, ERATER F @A BRI H A=,
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Abstract: [Background] Due to the low-temperature at maize straw returning time, the straw degradation
is slow in the northern part of China. The acceleration of straw decomposition is thus important.
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[Objective]| To isolate strains with high cellulose degradation ability at low temperature from soil sample
collected from cold region. [Methods] Dilution and plating method was used to isolate strains from soil
sample at low temperature culture. The sodium carboxymethyl cellulose (CMC-Na) hydrolysis circle
assay, extracellular enzyme activity assay and straw weight loss method were used to screen fungi with
cellulose degradation ability at low cultural temperature. Strains were identified based on method of
morphological characteristics and ITS rDNA sequence analysis. Using the reducing sugar method of DNS,
the cellulase activity of the strains under different inoculation volumes, initial pH of the medium and
culture temperature was studied. The straw degradation ability of the strain was studied by sandbag
method. [Results] A cold adapted fungus SDF-25 with higher cellulose activity was screened and
identified as Penicillium oxalicum. It could grow from 4 to 37 °C. The optimal cultural condition for
cellulase production was determined as follow: inoculation quantity 2%, initial pH 7.0, the optimal
temperature 10 °C. The enzyme activity at the optimal cultural condition was 993.3 U/mL. The straw
degradation rate of SDF-25 was 39.5% and 44.9% with cultural temperature at 10 °C and 16 °C
respectively. [Conclusion] P. oxalicum SDF-25 is a fungus with strong cellulase production ability at low
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temperature and has a good application prospect in straw returning.

Keywords: Cellulose-degrading fungi, Low temperature, Straw returning, Enzyme production characteristics,
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FEBEREE 10d 5, EXEHFORAERRN
29.8%"; FEUAELEHTIEN 4 FREE T, 2-5 B
BRAE 28 °C MR ters , o 47%; TR0
RIRLL IR FLTEA A H57.1 A HO8.1 7E 28 °C HAT#¢
RS FFRR AR AE S, JLRSFFRE MR 55.7%";
Ahamed ZWFX FHLA4EZFELET"H Trichoderma
reesei RUT-C30 7= I 3E 4R (filter paper enzyme
activity, FPA)N 5.02 U/mL, ¥R H 221 4k % 44
(sodium carboxymethyl cellulose, CMC-Na)fif#iG K
4.2 UmL" . R, ST 4E % B R T IT E
e HPTE R IR AN R IR IR, AR TR AR A 4T 4 T
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BE R —AE WG o 7 e AR A iR
FEAFRRZE I, ARttt X5 2R b RV I b DX A7 A B
W25 FrLh, &G X R MERR S R IR AL AR
i TR 700 AR S B g PR X AR i K R A DR 3
P N BA EEEN . A MR 5%
PFN 20 8t — Ak AT LA R AR A £ 4 2% 0 I IR T
B, O R AT S R R S, DATR
Aot b X KA A 0 JUR] 4 O 5T B
1 MRS %

1.1 #HRMERE

1.1.1  #&EKiRE

AR BIRENSE . BIJpVr . WAL - 5E
AUV B XY 3, BRI SR T S AR ik
REEZR S, BUS—10 cm 19 H3ERES, BREREA
KELEH, RGBS %, 4 °C KFETRAE
112 EHE

PDA K537 5k (g/L): Hh#85200.0, #j%iH20.0,
Biflg 20.0.

T4 R-NPRLT F (/)" CMC-Na 5.0,
(NH4),S04 2.0, KH,PO, 1.0, MgSO4-7H,0 0.5,
NaCl 0.5, NaNO; 1.0, &[5 0.5, LR 0.5, NI
R0 0.2, BiE 20.0, pH 7.0,

AR W FR 5 (g/L): S48 200.0, %
20.0, CMC-Na 10.0.,

FORFEFFRE IR (@) KRR FF (b B 3t
40 Hf, 50 °C HtFZIETE) 2.0, EIFH 0.03; &
FW: JRE 3.0, (NH.)S04 6.0, E[E 3.0,
CaCl, 0.1, MgSO,7H,0 0.5, K,HPO, 1.0, NaCl
0.1, FeSO,7H,0O 0.05, MnSO,7H,0 0.016 ,
ZnS04-7H,0 0.014, CoCly 6H,0 0.037.,

113 FELFIFNEE

DNS., CMC-Na W A 4 T A9 T AR i) efy
BIRAF]; HFEIENA DNA FREGLH A1 G5 st
REERHARA v HRY R E I bral, 5%
JCRMEE, SRR ENABR A A PCR X,

Eppendorf/A ] ; 436G 1T, Shimadzu Corporation
INF]
12 KBEEEMSE. 4

FRECHAE 5 g BT 45 mL XHE/KH, 200 r/min
53R 30 min, SRJ5 KA BEER K B RAR BN
107, 107, 107%, 405 100 pL FBREE N
107, 107, 107" B HIER RIS A ZE PDA S K
BRIGFE L, BOWRE 3P, #PikET
16 °C fHIRREFEAI P RESE 3 d S5 PRBUR [RIFEZS B 1A
W%, T 3 kRZkalifth. PREAiRE SR AR R T
PDA i FHE IR IE |, 16 °C B3R B K ik,
4 °C fRA7F% o
1.3 KR HE REEERF I
1.3.1 #I7%

B PRAE AIRIR R 4R 21 PDA AR _E7E 16 °C
Tk riEfe, ARG HTEAR N 5 mm RFT LT BUR
INGARBERR RS, R T2 4 R -SR03
FRFE b, 16 °CHHIERGFE 3 d, MEETEMNITA Tk
f e, DI 0 SR IS UK R AR, A D
fEH. B 3 IKELR
132 £7F

PRITAS B TEIRTE PDA “FAR FiG{L, #ERpER
PRBCH i 22 F PDA 553759, 16 °C. 200 r/min 15
7% 48 h, & 2% EIFI T 50 mL IR AA)™ il
BRI, AR IE IR B SR TR R, 3 d
JEBUE 10 mL FEL.OEH, 10 000 r/min 2.0 10 min,
VE RN R OMLEE W . 3,5- R K M IR
(3,5-dinitrosalicylic acid, DNS)IEXJE LT CMC
PEFEA TN E : B 1.0 mL APHLERRINA 4.0 mL CMC
Gepi, TE 50 °C WIZKIE B SO 20 min B, 2R
JEHA 3.0 mL DNS 2 4 3% 4 /K i i 5 10 min J57%
1, 490 nm AbHufa, MIHSGEEE(EH(ODwo), Sh5
HERT A HE M IR, B ODgoo (BT 1 ) %0 B
(my)o X REAE AR B AEZK T 20 min J5 FAIDA, U
R W A R A M 5 (o) o TS AL AER O
fETRTE RS N MIBHE 7. U (U/mL)=(mi—m,)/
20 B
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1.4 EHREAREE THEKIEFR

W EAR R 5 mm LR R R LR 2 PDA B
FIEE, HHET 6. 10, 16, 28, 37 °C HyEE
KA ERSR 7 dJe, WEIRE & Wik
KAFL
1.5 FEFREREENE

W E ISR ERTE PDA e 61k, 4R
I PRIBURT fif R 22 T PD 53756, 16 °C. 200 r/min
K5I 48 h, 4% 2%MYHR P R A ORI R
O BRI R K), dk8iid: 15 d 5, k4t
UEICEERSAT, ZEIBK R A TETE 3 1K, 80 °C HtZ1{H
#H, EREAR, B 3 EK
1.6 EHREVETE
1.6.1 FEFUE

W B AR R 5 mm BRI PLEFN R PDA K5
H b, 16°C #5375 d, WEREEA KR ZIHLIE
PO S (1R S E T 17 i T S 0 e e A L)
BOPWES; MW BUE /ISR EL T
B b, RS2 HISHOT, W b
BT R WSS A i Y R A
1.6.2 HSFEMFLEE

KB E R DNA $BGKA S $R B
Pk DNA, FIHE #5149 1TS4 (5'-TCCTCCGCT
TATTGATATGC-3")H1 ITS6 (5-GAAGGTGAAGTC
GTAACAAGG-3")"""i@ i PCR ¥ 44 i #k 19 1TS
DNA J¥%1, PCR W AR ZE (25 pL): 10xBuffer
2 uL, DNA ##g 2 pL, dNTPs (2.5 mmol/L) 2 pL,
ITS4 F1 ITS6 51#)(1 mmol/L)%% 1 uL, rTag B
0.2 pL, ddH,O 11.8 puL. PCR JZJ¥4cf%: 94 °C
5 min; 94 °C 1 min, 53 °C 1 min, 72 °C 1 min,
33 MG 72 °C 10 min, PCR ¥ 3= ¥y itk T4k
Py TR ey A BRA R HEA T I Y, DU P45 RAE
NCBI #¥ % rh 47 BLAST FeXF, fie)ofiih
MEGA 5.1 A% Neighbor-Joining A4 R 5L & B,
B IR RR ) R G K B A

1.7 DF-25 F=Eg4F 14 5

Y5 7k SDF-25 R0 %] 50 mL 7 fiff s 5% 3t
o, RO R R R . SRR EIA pH SR
TR AR F5 2 AR ), W5 WAk 3 d IR 1Y
MO . MR AERE 1%, 2% . 3%.
4%; WItH pH M ilEE$E 5.0, 6.0, 7.0, 8.0,
9.0, 10.0; i BESFAIEEEE 6. 10, 16, 28,
37 °C,
1.8 SDF-25 3 EKTEFEMER AR

Yok SDF-25 HeRhBIREFFREMEIE IR, K
O R . REFRIENILG pH SR B UE T A (A
FEFRFMAE), WEEFR 1S A, %15 PRk
7 TR AR RS T R A 8 . R L 23 I E 4 1%
2%. 3%. 4%; WA pH 7k 5.0, 6.0, 7.0,
8.0. 9.0, 10.0; WEE/IESEE 6. 10, 16, 28,
37 °C,
1.9 HUEAIER D

FIH] Excel 2003 #4744 21, FI ] DPS %4
Pt Ak 38 22 G X 00 B A T 2 43 A R 2 A
5, ACFRE] R S HToR H Duncan 8 &A% 227
(P<0.05), #]FH GraphPad Prism 5 /£ .

2 HR5546
2.1 (RIRAHEZMERENS BRI
WALAIGIE PDA B i e, dhalifb k15 16 °C
P E K bk 40 Bk, HKIK4i'5 4 SDF-1-SDF-40,
A R -NIR LGSR0, Horh 21 BREAT 74
Z MBS, SDF-2. SDF-4, SDF-15, SDF-21 4
13 BREA K A B 5 A BLAR HUE(D/d) ¥ RF 2.0
(F Do WL RN, EEN 40 BRER
o, B S YER A TE TR B AR S 13 DAE, X
A RE S oREFEM A IR BRI £ | 248
) R A D T L7 27 A 2% A ot TR PR R S 1
A K. Ik, WHEMHEEIN 13 MRAGEE T
Fir=MERE ST S0
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R1 ERAETHER-RIRLIEFTE ERIKBEEX )

Table 1 Hydrolytic diameter of strains on Congo red
medium

Strain No. D (mm) d (mm) D/d

SDF-2 21.540.71  9.0+0.00 2.38840.07
SDF-3 21.543.54 10.0+1.41 2.14640.05
SDF-4 41.5£10.61 17.0+4.24 2.43940.01
SDF-9 15.2+0.35 7.2+0.35 2.105+0.05
SDF-13 21.5+0.71 10.0+1.41 2.166+0.23
SDF-15 27.0+4.24  11.5+£2.12 2.354+0.06
SDF-17 23.0+1.41 10.540.70  2.191+0.01
SDF-18 30.6+5.46 12.8+1.92  2.391+0.22
SDF-21 24.3+0.58 9.6+0.57 2.52240.13
SDF-22 25.5£0.71 12.2+£0.35 2.081+0.01
SDEF-25 25.5+0.71 11.7£0.35 2.170+0.00
SDF-30 29.5+2.12  13.0+1.41 2.273+0.08
SDF-31 39.0+£1.41  17.2+1.06 2.262+0.05

. D: KiREERZ; 4 WEKHEZ

Note: D: Hydrolysis circle diameter; d: Colony diameter.

22 RERAHRERENET
BT B BARTE 16 °C T H;5% 3 d,>RJH DNS

¥ D RE 0 i PR R Y R 2 4E 2R (CMCase) 1

P, SRR 2 FoR, PITHEIAY 13 PRI ITHE I

CMC i PE7E 233.3-703.3 U/mL Z i), HHIE bk

R2 BENRAEEREEN
Table 2 The cellulase activity of all the strains
kGRS Strain No. CMC i CMCase (U/mL)

SDF-2 362.7+0.351

SDF-3 416.7+0.70f
SDF-4 600.3+0.37¢
SDF-9 388.3+0.12¢
SDF-13 285.040.32k
SDF-15 565.3£0.18d
SDF-17 313.3£0.62]

SDF-18 383.340.16h
SDF-21 233.3£0.54m
SDF-22 636.3+0.67b
SDF-25 703.3+0.23a
SDF-30 281.7+0.191

SDF-31 486.7£0.21¢

TE: RPFESPARRB NG TR Rk A B2 5
Note: The different small letters in the same column represent
significant differences between strains.

SDF-25 (1% F JL 2T 4 R i (CM Case)ifi Phf =, 2
JEU M SDF-4. SDF-15 il SDF-22, 4 NEIREH)
CMCase [ 1% J1 4350 6003, 5653 . 636.3 .
703.3 U/mL, 35 FHAh 9 AN TRAR 2T 2 Z
P:(P<0.05).
2.3 RIRLFH R SRR E AR E & N A R

R PR ARAE R E T, T 4 BRI
FRREMEECIAAE 6. 10, 16, 28, 37 °C REF&MT
AR HR, 3R 3 015, 4 BRIGIRFSFTRE MR R ik
FE 16 °C AR HRE R, 7F 10-37 °C ¥4k, 1
H SDF-25 [tk 16 °C A KA. iRy,
Pk SDF-25 B HAT(IRIRIE M, HAT fE B4k
TRZETT AT PR T )
24 RIBRTHRMEBERERETERESHR

N T ARAGHE AT R A B T TR S TR AR, ilE—
HME TR E R SR 45~ SDF-4. SDF-15.
SDF-22, SDF-25 iX 4 NTRPEM B KRS FF R A e
Jio W 1 W%, 15 d B} SDF-4, SDF-15.
SDF-22 . SDF-25 HJF&FFREAfE2 53510 29.4% .
25.7%. 24.6%. 33.6%, SN, 4
PR ARG TL RS AT R iR 1 B 2 w8 106 BB (P<0.05),, %
fiff 25 LU XF B 1 e B2 43002 93.4% . 69.1% .
61.8%F1 121%. ULHAGEPE SDF-25 A BT £ KFEFF
IRERR , HATHRIIZPRN FHME . 4 PRI IET 2
B2 S M RRS R A R A8 5 2 B AT L HAH
Xk, HrPHEbk SDF-25 MLr4t ZHHE J1F £ oK
FEFFRE AR R Yt , 0 T 3 BRI RS AT R

*3 EHREEREEMHEKEE mm/d)

Table 3 Low temperature suitability of strains (growth
rate mm/d)

Fkkgn 5 6°C 10°C 16 °C 28 °C 37°C

Strain No.

SDF-4 0.714 1.171 3.224 3.128 3.083
SDF-15 0.714 1.114 3.112 3.015 3.117
SDF-22 0.714 1.785 3.267 3.243 3.216
SDF-25 1.071 2314 3.392 3.341 3.329
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Degradation rate (%)
[\
S
T

—
(=}
T

CK  SDF-4 SDF-15 SDF-22 SDF-25

Bl 1 AEEHEYERFEFHMERE
Figure 1 Degradation rate of corn straw by different
strains

T BT B /NG R SR 4% T bk 2 () B 25 22 5
T

Note: The different small letters in the figure represent significant
differences between strains. The same below.

2.5 KR ERFEFERRE K SDF-25 BIEE
251 EEFEE

Bk SDF-25 7E PDA #5355 |- 16 °C ¥55%,
Wit A e, EFRIERETE, 5 d S5 N ak
o, W%, AROWL, B%FE, wmk
R EACKRI R 22506, HBE I / W
(E 2A). 7E B T WEZE M/ EfFAE, W
K 2B Fin, ZESER 2R, 25
RBCRERTTRE, RAUEBTEIE AT, o
AfFEIERIE, J6i, K/ANA 22-3.0 um (B

K |
\ M

2k SDF-25 B A FHHE
Figure 2 Morphological characteristics of SDF-25

20), WIEHEFILESM ERIFERIE, S8 (H
TR E T ) USRI e R ) U AT EE S0
WA E F IR SDF-25 N7 2 )& (Penicillium sp.).
252 HEWRARFEEFNN

DA #k SDF-25 i) DNA RS T ITS 41 Y
PCR ¥ 34, MF3k15 ITS 1DNA H B K E N
616 bp. MIFF45H 5 NCBI $i /% E4T BLAST [
X, KIENE SDF-25 5 P. oxalicum (&35 HK
KP911357.1), P. oxalicum (&35 K KC278189),
Penicillium sp. (&35 8 MH752505.1)% B FE 141
RIPE>99% , W12 HEW & # SDF-25 & % J&
(Penicillium sp.). Nt—EHE R SDF-25 )43
g f, FIFI MEGA 5.1 (1) Neighbor-Joining 32: 4
BRAGZKBR(E 3), KIWHEk SDF-25 5 P.
oxalicum (&35 A MH911357.1). P. oxalicum (&
S5 MK163534. 1) 5w AR AAE T IRl—43 . 255
WIS FHIE R RGE KT 0, AILUfE bk SDF-25
HEFREH TP, oxalicum), 385545 A& 5
5o MN841785.,
2.6 {KiREKRTEFTPERRE PR SDF-25 B9 F=BgHF 14

¥4 SDF-25 TR AN R a4 A B4 il
ReFesdr, 16 °C FIRGHEESE 72 h, 16 °C. 200 r/min
B30 10 min BCEEEABRARRS /1. S5 R aK 4A
FI7, RN RS P b 2, B Rl
FU3E AN, BETE PR e IS AR R, FEE

< S
Or‘\ o ©
~/ =Y
S o
o
o
o iakin
= :
S

{E: A: SDF-25 fi; B: JMEMTHE; Co 2T AR 20 pm.
Note: A: Colony of strain SDF-25; B: Conidia of strain SDF-25; C: Conidiophores of strain SDF-25. Scale bar: 20 pm.
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Penicillium oxalicum (MH911357.1)
Penicillium oxalicum (KP278189.1)
Penicillium oxalicum (KC344971.1)

71
92

70

177287 \

YRSNIID 7 INAT A1
trenicillium oxatlicum (IVIN105554.1)

22 - SDF-25 (MN841785)
21 Penicillium bissettii (NR158821.1)
Penicillium williamettense (NR145177.1)
————— Penicillium samsonianum (MH858075.1)
0 _{— Penicillium griseofulvum (MH865568.1)

Penicillium griseofulvum (MH865646.1)
Olpidiopsis sp. (KY403509.1)

26

B3 ET ITS EEFFIEMEMZEE K SDF-25 B RS A & it

Figure 3 Phylogenetic tree of strain SDF-25 and its related strains based on ITS gene sequences

{E: GenBank #3358 TS, 73 Abbridfy AR, PRRPR BN 1 IR B,

Note: GenBank accession numbers are shown in the brackets. The bootstrap values are shown at the node. Bar 1 means the nucleotide
substitution rate of 1.

PR 2% S s, h 644.5 U/mL, HEFPaad(ik
oo AR A R G ) S R R R T 2200
ANE AT SDF-25 FABEHEG 520 B2, 2%

PRIAK SDF-25 it 6 1 Bl pH 34 i 2 30 Se s s
FEARAEa S, FERIER pH by 7.0 BRGNS 7735 1) 5 &
B, N 655.7U/MmL. ZHriZETE pH 5.0-10.0 JE[H

AR T A 3 MO ARG (P<0.05).

AN 146 pH X B Bk SDF-25 F=EiEEE: FIAIF 5T
iR E 4B PR, ARG pH EHT,
SDF-25 [#R H L R B Mt AR, Ui 6
pH X AR 19 7 il RE 1 A5 BH B 152 ) (P<0.05)

DAL 7 T R B, I B A TR R B T Y 7 il
TR TR ST T P EEE . 5 pH R 7.0 B
AL, pH 8.0, 9.0, 10.0 F&y™ BTGk 22 kil B A
AT BB 5 B PR BCIE A R PR PR A K AR AR — R A
P

A 800 - B coor € 1000
5 5 3 800
£ 600 £ 600 £
2 2 2
= = 2 600
& 400 & 400 =
3 3 2
s s o 400
g g 4
N 200 N &

0 0

1 2 3 4 50 60 7.0 80 9.0 100
Inoculum (%) pH Temperature (°C)

4 TE#% SDF-25 FElg SRk

Figure 4 Optimization of SDF-25 enzyme production conditions
. A: HERIE; B: WSREWIMG pH; C: L.
Note: A: Inoculation; B: Initial pH of the medium; C: Temperature.
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TiFh, MAN[ELRRBEE T wtk SDF-25 (17 Bt
PEF P9 B 4C), TR X Tl T A 52 gt 3
B, BEE IR FRIRE TS Se RN . R
TN 10 °C I, g Jik 35 R ME 993.3 U/mL,
16 °C Hk, 28 °C il 37 °C i W& WA, 1 HAE
6 °C ik SDF-25 AhREAERKIF 7, [Hittuii
SDF-25 FAMEE TR M. dal R R Iy 22504,
IR E X SDF-25 RYBEIE SR 2%, {HJ2 10 °C
Fb At A PG TR A9 572 1) B {8 (P<0.05)

2.7 Tk SDF-25 X £ KFEFFHIPERER

W TRtk SDF-25 HAS [l B i e R 7 A AT 4 it
Brgedbrh ) BERIE 1545, S5RWE SA PR,
It 5 e A 14 e e A e S B ST G N S BRI Y
A AR LR 2% I R R i, h 45.6%. il
MR E 200, AFEFEF XS SDF-25 F#5FT
RS R 52 3 (P<0.05)

AT BI04k pH X T vk SDE-25 FFS FF R A 4% 1
WP SB /R, % pH 35 0 i S B0 e
JRREARR B, 7ERIUG pH 7.0 B, N
43.2%, ik pH 6.0 BREARER . HTARFERILG
pH AL FRAFEFFREARR, K ILEK SDF-25 7EfmR 7%
TEF HO B AR I T BB AR . Ty 2240 T R0

ANIF pH {HXT SDF-25 Fb AT R 24716 i & 52
(P<0.05).

ME T AFIRE SRR XS kR SDF-25 RS FTRE
ffRR (B 5C)o B5RFM, X REFTRE AR 210 52
Wi b A B 2 . FETREE N 16 °C B, FEFFIEMmR LS
44.9%; TEMREEN 10 °C B, WAEEF 39.5%.
10 °C i 16 °C THEFFR#AfRAaI I 2 5 T A 2
THRIREFTEMA, Uil SDF-25 Btk BA #s i ik
TASFTBEARRE ST

B2, HERPR . WL pH ANELE XS SDF-25 2
P L 2T 2k 28 it T P R RS T R i R AP TE B T 3
Wi, A GF b AT e B TS e v 1 A B HLAR
R R A 35 i o P9 3R, 3ok IO TR AR 1
R W LA 2 Wl 7 AR TG T DA — R b Rk
LR R R FE O R A e
3 WikE4®w

FE A X AR AL AT R, FER I IREE
(AR B T 4k R ISR AR S AT R R,
R LAV TR 52 A 52 il 1 0 R R O A 1 R IR 3R
IR 27 2 2 e fg R ok TIF R . B2 &
1) 7 41 4 2R I s A A S A 4 A R R
PARIPEJE  ZEIRAF IR TR IR AT I A R

A B
50 b 50 € s
T ¢ c b c . )
40 40 401
S S S
£ 30 2 30F % 2 30|
= = =
S : S S
< 20 : < 20 S 20 ¢
& & &
A A A
10 10 10§
0 = = 0 i 0 o
3 4 50 6.0 80 9.0 100 6 10 16 28

Inoculum (%)

5 Bk SDF-25 MAEFF MR

Figure 5 Optimization of straw degradation by SDF-25
TE: A: R, B: HEIRIEEWIA pH; C: iR

Note: A: Inoculation; B: Initial pH of the medium; C: Temperature.

pH Temperature (°C)
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HiE. BEE. RER, DIULERHETTNZHE
)%'[21—24]O

ARHFFTE N A T XA AR S 3R
B 40 BRATHE 16 °CIEH AR A ELEE, E L RIRLL
BANEIT 13 A YRR 10T
B N TR B 1 A 4R R RS T, AE
16 °C AYMIRIRIREE T XX 13 BRERRUEST T =B A
Bige, ST 4 SR EERE BRI TR SR
T T3 4 BRE B FOKRSFE AR ARVE M AR AR 2%
TR MARKIRN, 258 %£W . HHk SDF-25 i
CMCase 1% 71 703.3 U/mL; F%FF &R0
33.6%, JEXTHRALAY 2.2 fF, RIHE MRS FERE
MRRCR . GB TR ARE K ITS S Y R G K
HoMasa, ¥ HEk SDF-25 #iE 5 iR % (P.
oxalicum), HAEWE N 16 °C HIFEFFIFMRF A
44.9%. XIFPNGHIERD, £E 10-25 °C JE A Y
4 PRI, Bk DSH2-3 X/ NFEREFF IR A
ROREAT, 50 d JEREFIREMESRIR 45%53%; BP4N
PP G R B B FORFEFT IR AT R 1 5A0
8 SHE R KFEFFEFREEH 15 °C Ki9% 15 d, TKFE
FEOM R AR 30.21%H1 32.21%, TE[RZHRE
TL P, FRATTA I 2T b mir A AR A A A s [ S AR
Z, el 10%28 47, AR G S
REFZEE T ALY . Hitk SDF-25 A tEr Bk K
10 °C, %A 993.3 UmL, 7EJE M 10 °C HHE#f#
RABEIAF] 39.5%. UL R MEFEARIR =27 4
5 T HLAT 80 04 oy FH i 55 o

O3B R AT AE R TR R O A A S AGE
IX LR TE AT LR RIS 1) R LR . TERE AR
YR MR, FEAER LIS, M5
FEER AR e R RS e M, T EL DA TR 22 2E
LR ZIA], WZUAE R R, hikR
FEVE BRI Zs 0] . &S AR TP At 1 —
KEF, FHEA-EFEREEIIMN) A, &
S, HEE MY N R R A E SRR,
SPMIARERBHAS L ERABTBEES . B4

R B A ARG TS Y R e R
BT s P N E A2 PIIGE T R
T8 W RS AT 7 BT 5T, Hodn A Semp i)
VA P. oxalicum D1 MR TAKE, 7EREFE 3 d BFAY)
HEBHG A 30.08 U V7 EAREELPE 28 °C ik 4F
B Z = P HEE P. oxalicum SJ1, JE4LHFE 1 CMC
fifgi% 43>~ 25.15 U/mL #1 740.42 U/mL., AfAE 4
X ELRRE AT A SO AT iR, R =
Bt SFERTIA S . JER SRR IR L S A 4k
R AR Feia M SE 2 m it T TIR AR
WFFEBH, (AR E H Y TR s S RIS T
R FR 2T A 22 A IR BT TS BT, BT LAJS 2209 TAERAE
HEARAR I SERE L, E— e AR = W 4 231
P,
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