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V. CIRPRIRIE ] ACHIE TR 22U B i i
ATPRR Rl 2 0 il DX S rp G B 5 E Y — B
AR A N R0 AT YR B SR, K
Rtk 7 REE FEEAT IR, O IR SR T bR A
TR Rl B

1 MRERE®
1.1 kst
111 EBHFS

2021 4 7 H, SREREZIEE

MOF L3R I AR 2 (B4 WS
K ETMFD MEZ L (0~10 cm. FEARH{LTE
TR 1, RAET 4°C UK RAEE

1.1.2 325K PDA ¥Rk H40E 20 g, BillE 20
g, SEEVF 1000 mL; dn B RR IR, AR R
KRR FRALDD; R LAY T IR R0 = Bl
WiFEdk: CMC-Na 15 g, KH,PO,2 g, B:RER 5 g,
7&K 1000 mL .

®1 HEEREBAMER

Table 1 Basic physical and chemical properties of soil

o BATHLBE (gkg D

Material pH Total organic carbon

R (gkg!)
Total nitrogen

2t (gkg™
Total phosphorus

28 (gkg™

Total potassium

e 4.68 133.25

3.79 0.28 13.88

12 RBRAHEREBEN D BMIFIE

1.2.1 REH S B iRk PRI 10 g LIAVR A 13
FeEdh, BT 90 mL Lw/KIHEE I, A
PRI BEYR % 20 min ERIFHA . KB
BEHE 1072 ~ 10 RABEBLIE,  J3 Il A% AR I L
200 pL & V7 R AT B I br 21085 R 5 K o A R
ff) PDA Ki 7k bo BPARCE T 16°C BB R 7% 5 ~
10d, BRIEH KR TEAS TN IE WS AT
BAb R TR, HER AL

1.2.2 Ands Al HFT FLAS7E O 2lith 1 Bk 18 22 4 K HE
RS X IR DF (7 mm) 82 298 LT 4 Al 3% 57
FEIEH, T 4°%C. 16°C. 28°C THIR B FE 4 b (5] & 1
Fr. FEEEFR 3 d )G, MR FEAYE s s s o
AN 0.2% [PPSR 20 B8 W AT G 10, 91 H 0.5% 1
NaCl AT B0, W05 B V4 i )2 15 H 325 1)
IKAERE 5 A KL, W3 W% TR AR e 6 P A 4T
YEZR, s A VR MK AR P R DR N I TE SAT 4R 3R O
TR

Kf#EE HAAD (ecm)

B % HA2d (cm)

123 A% BYImAaRINwEKER 7dE, HEH
KPR, OB R 1 x 107 cfu mL [ R V7.
DL 5% (1) 45 M 42 A\ = B R il B R 56, 2 il A
28°C. 160 r min' fH i 4k % K5 7% 4 d, 16°C. 160
rmin” {ERIRZE I 8d, 4°C. 160 r min™! [HIE IR
R 12d. BREERT 4°C. 10000 x g &0 10 min,
H b v RO R . &2 0% K FH DNS (3,5- A &
KR D HE A % B PR TR P D) B 2R A I

FUER L =

0, ARG AR A T 1 g (R 8% — il
AR R VAU

s (UmL™) =

HZHEE R (mg) X 1000

I1A] Cmin)  x B (mL)
1.3 EHREE
1.3.1  Ake9H SR B IH L RN 2 PDA P
B, SRR AR RORI S OB IE ;s B
BT ORI R PDA PR L, R 2 S KSR
H v b, BUHES A, WG RS, &5 b
md . M BB R 2 TEA .
132 o FAadFEE FRHEFEERY DNA P
PR G R TAY TRBR M A R A WD $EHE
Pk DNA, DL E B ITSH A 51 4 1TS1:  (5'-
TCCGTAGGTGAACCTGCGG-3') #l ITS4: (5'-
TCCTCCGCTTATTGATATGC-3') #:4T PCR ¥ 1.
JWARZR (50 pl) @ 2x premix Taq 25ul, ITS1 1 pl,
ITS4 1 ul, #H DNA 3 ul, ddH,O 20 pl. PCR XM
ZA%: 95°C 4 min, 94°C 30s, 57°C 30s, 72°C 40s,
72°C 7 min, FLHEAT 35 MEFR. PCR & 14~k 2
HERIER AR AR b)) AT, e
AT 07 H 7 NCBI £ds 72 iE 4T BLAST AHAUYE LG
XF PR T, R MEGAT7.0 #F Neighbor-
Joining EMERA K AW, MEXEKINRARET
AT
14 THEEKREARRRE THFEFHEZEEEE

7E28°C. 16°C. 10°C Rl 3~10d. 5~
13d. 10~ 19 d i)MW, H] DNS LC{0EREAT
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WEITNSE o AR FR LT Al 22 R A R I D e Y
VI B-H1 ZERE S 705 LAIBE G A 4 S0l 5 AU B-7
FERREEIE 775 LKW 30N DN B~ 4 B 1
TS 75 LUBARR S I & DR 4NN /705
1.5 RBEEKEARARRE THERKENE
BRI 5% (vv) R B N
AERKEEFEIEF, 160 rmin! IR FE, 0 HIAE 28°C
R 3~10d. 16°C HFE 5~13d, 10°C K57 10 ~
19d, JoRKPEGW Pk, HEEELKLE, I
75C T REE, RERLTE,
1.6 THEEBEHRMEEERTR
1.6.1 BEXEEEHGHw  TRERKIE 16C TR
P BT 75 0 RH B 9 43 S0 AE 10°C 20°C. 30°C. 40°C.
50°C. 60°C. 70°C. 80°C [P & sz W B-Hi 5%
B 3E 7 o DAAS [) B N3t B Wi ) vh e KA N
100% AN EES 71 (%) »
1.6.2 BiE ey AAE A FEOE N I I LA
b, BRI 50T 10°C, 20°C. 30°C F1 40°C K
% 0.5h. 1hAl 1.5 h FATIAREE, Xf ALK
WAL, A S S N R N e T
PLAR 2 A FREGTE 10 100% K 5K 75 4 BE B %
JIAERTEERE (%) .
1.6.3 pH *BE A 69%5vh {0 mid S ik BE 1 B it
by DTEANT] pH B FI 2200 B ) 5, B
FHBE 2 BN B pH3.0. 4.0, 5.0 Al 6.0 [ FR2 1 5
Y R AT R IR-FT R R 2 v . pHT.04 8.0 FlI
9.0 IR LT 4k 20N Tris-2hFRZZ it e LN
DI B-1 R WE RS )7 o AN pH 4 2F T RNV AR &
I KB 1904 100%, 43 vk 52 504D pH 4540 T R

IS i S T A S (%)
1.6.4 &3 & T AT A e%m 1 50E ) VI
HUpH AT, 1) 5E U] B~ SREOBE I 0 0 1A) se .
PR Z 2 5 I N LR B 24 10 mmol L' 1) NaCl,
KCI. MgCl,» CaCl,» CoCl,. ZnCl,. FeCl, % 0.5
mL09, e Y B SRS ). DARE AR PR
X I BTG J1/E R 1009%, TSI BES (%) .
1.7 HiELE

BT A =R E S, Microsoft Excel 2010 #f
AT S0 Bl ) B P 48, FH SPSS Statistics 20 Al
Origin 2021 AT 2 E BT IEAEE

2 HRE5SMH

2.1 RIEFALEZHBERNS B RIFE

Zalifb g, KDL WAL R VR AS PR T ARG B T
TR 11 BRI AR 16°C FAEKMER, 44
ARAGHE X AR FE G OL, 42 AE 28°CL 16°CL 4°C
IR D SR AT G 3 5 P S AT R R B 2T 4 3R R
71, H3RAT 6 BRWII = A KR PE I BT A ZY-1-8. ZY-
2-9. ZY-2-1. ZY-28-17. ZY-30-16. ZY-50. P&tk
TEAFRREE N, WEF4E £ B ae I AR, KB 1 R
HHK ZY-50 7F 28°C . 16°C. 4°C R A /K fift el i3k
o H B RTE A RN BE T 2 il 25 4E 25 1 Re
K2R, YR MRIRECE 1.1 ~ 1.8 2. Hrp
ZY-1-8. ZY-2-9. ZY-30-16. ZY-50 iX 4 ¥RE 1 4°C
(AR T A KRB (77 A2, R WIX 4 R P= 21 4 3%
Ml (1) L LA S R I R P B e S, 2B
SEIX 4 FREHIA ) -1 SRS )

1 BE#k ZY-50 7 28°C(A) 16°C(B) 1 4°C(C) TRIRLI L EHIKEHR
Fig.1 Hydrolytic effect of strain ZY-50 with Congo red staining at 28°C (A), 16°C (B) 1 4°C (C)

W) B SR 2 2T 2 SR Mg I T AL, 5 T
R T AT EZ N, LA ] DNS Bk
SE NG AR I A ) B-F1 SR B WS 0, A1 4 i g

LIRIVEA TEAR . (EZ AR AW, R KR,
77 ST RV AEG ,  DRT AN [ 3 2 3 AN [ f 1] ok
X R RR S D BEAT R0 15 I E S5 R WIS 3 P
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®2 VITRERRNIRI R BAIKERE KN
Table 2 Hydrolytic diameter of strains with Congo red staining

itk HEE () WY HARd (mm) KR EAE D (mm) L4 R o e S E AR DA
Strain Culture temperature Colony diameter Hydrolysis circle diameter Diameter radio
ZY-1-8 4 08+0c¢ 1.13£0.06 ¢ 1.42+£0.07a
16 1.87+£0.06 b 2.17+0.06 b 1.16 £ 0.06 b
28 3.13+£0.06a 3.53+£0.06a 1.13£0.00 b
ZY-2-9 4 08+0c¢ 1.07+0.12b 1.33+0.15a
16 1.33£0.15b 1.77+£0.06 a 1.33+0.12a
28 1.53+£0.15a 1.73+£0.15a 1.13£0.01 b
ZY-30-16 4 0.7£0b 0.97 £0.06 ¢ 1.38£0.08 b
16 09+0a 1.33+0.12b 1.48+0.13b
28 09+0a 1.63£0.06 a 1.82+0.06 a
ZY-50 4 0.7+0b 09+0.10c 1.29+0.14a
16 1.27+0.06 a 1.47+£0.12b 1.16£0.15a
28 1.4+0.17 a 1.97+0.35a 1.40£0.16 a

e av by RN FRLE FIEE (P<0.05) .
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Table 3 Endo B-glucanase activity of strains

i I 1] . I B- T B E R )
Culture temperature Time l b,k Endo B-glucanase activity
0 (@  Stwn (UmLD
4°C 12 ZY-1-8 1.00 £ 0.41a
7ZY-2-9 0.00 £ 0.00b
ZY-30-16 0.00 £ 0.00b
ZY-50 0.00 + 0.00b
16C 8 ZY-1-8 84.17 +4.59b
ZY-2-9 1.16 £0.57d
ZY-30-16 10.92 £ 0.35¢
ZY-50 130.19 + 6.04a
28°C 4 ZY-1-8 62.66 +0.27b
ZY-2-9 6.50 +0.30c
ZY-30-16 0.00 + 0.00d
ZY-50 73.22+£2.82a

o S RRWINURKE T, Wk ZY1-8 M1 ZY-50 1&
28°C 16°C NN B-Hil SEWHE 1Y) e 18 o

28°C ¥i7E 4 d Ja, WKk ZY-1-8 il ZY-50 W) B-
7 SR S 43 04 62.66 U mL'y 73.22 U mL;
16°C 5% 8 d i, HHFE ZY-1-8 F1 ZY-50 N V1) B-7i
SRS 117354 84.17 UmL ', 130.19 UmL"; 4%C
Wigt12d )5, WEE ZY-1-8 WY B-# S MBS 1 A
1.00 U mL", ZY-50 #H ARMHIE ). Bk ZY-1-8 #
ZY-50 £ 16°C T 8 d Mgv& 1%, R AR~
HATR I = N Y B bR 1 ae 0y, ek — 2 x)
HFE ZY-1-8 F ZY-50 JEATHIFT .
2.2 HMESIFERSTEVFERE

BRIPE ZY-50 (1358 V& LA TR B2 1) D B 9 b v
AN EE, REBAEK. BESGAaE e,
SOk, VR, IS A, JE BERE IR R

REBEWOLARRE . WO, YN,
PRV TS T B R R R Al . 2 i ef i, T
A, AT IR ATk (B2

PR ZY-50 Wl /7 )5 15 %) ITS tDNA Jr B K B2
3 598 bp, {E GenBank % 158 3 18 Mk S SR 4 K R IR
T B FRHEAT BLAST EEXF, 45 3 WoR B EE Z2Y-50
#] rDNA J¥ 51 5 7% v Je W J&  ( Metapochonia) 1]
2 BRI R LA B R YR . AR MEGA 7.0 8411
Neighbor-Joining A0 B R ZY-50 S AHARLH: 462 e 14 BT
M E RS R E W, B ZY-50 5 Metapochonia
bulbillosaCBS145.70 ({552 AT (K 3) , A
PEIL 99%, ZiGTUAFRIES 0T RAEFR WK Z2Y-
50 %5 BRG] JE XV Metapochonia-bulbillosa,
GenBank %355 4 0Q848613.

U5 %€ W Mk ZY-1-8 A Didymella-combreti, V.
f7ekl (Didymellaceae) ZFIH K2 H Rl 8 At
Wi SRR, AR G2 R T O T, R AN
(0L
2.3 B ZY-50 NEIRE A 4R

IR AR ZY-50 75 4°C R ARME HH£T 4R Bgs ),
AT R 28°C, 16°C FI1 10°C N B MR- 41 4 &
BEIIRE T . W Y) B SR WERG L 2 5 21 Y 32 il s 1
S D BGOSR T 2T 4k 22 A SR E E B X I,
CATRANLB T A7 4 22 5 o I ) B-1L4-E 5, M
T 7= A T IR B g, ) 8 A o T I A 2 4
.

WE 4 Fros i Ekk 2Y-50 75 28°C. 16°C 1 10°C
NV B R BEEETE . 28°C NEENE JIAE 5 d ik F
M 76.03 UmL Y, J& R, 16°C T, 5~13
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B2 Bk ZY-50 BTEASFEAHE
Fig.2 Morphological characteristics of strain ZY-50

100 ZY-50
Metupochonia bulbillosa CBS 145.70
%9 Metapochonia suchuasporia CBS 251.83
7 [ Pochom globispora CBS 203.86
99\— Pochonia chlamydosporia vdr: spinulospora JCM 18613
Metapocluonia rubescens CBS 464.88
[ Metapochonia microbactrospora CBS 101433
49 Tolypocladiun parasiticum CBS 00.83
B3 Bk ZY-50 WRGELZ B
Fig.3 Phylogenetic tree of strain ZY-50
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JE AR NG FEERRAR RN EE T ANE R ECA VI B- SR BER T ) 2 B LR A (P <0.05)
4 TR ZY-50 £ 28°C(3 ~ 10 d) 16°C(5 ~ 13 d) F1 10°C(10 ~ 19 d) TAY] p-EI R HEEGTE N
Fig.4 Endo B-glucanase activity of strain ZY-50 at 28°C (3 ~ 10 d), 16°C (5 ~ 13 d) and 10°C (10 ~ 19 d)

d B35 SRR AE 93.12 ~ 128.34 U mL', 8 d ik %
12834 UmL . 10°C F, BE&EH7E 17 d i3 &EE
N 115.67 UmL". ) B-F61 8 WH B )0 5 25 R &

B, ERE ZY-50 s B )1 16°C > 10°C > 28C.
HNY) B SR BER . VER T4 R LR TR
U, FHRUIT 1 ANEF4E W+, XOREF4E R K
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Time

Era. by o R AHFRELEE FAFIRESMI B- iR B )1 2 EHR AR (P<0.05)
Bl5 ZY-50 7£ 28°C(3~10d).16°C(5~13 d)F1 10°C(10 ~ 19 d) T4MJ] p-EI R HEERIE /1
Fig.5 Exo B-glucanase activity of strain ZY-50 at 28°C (3 ~10d), 16°C (5 ~ 13 d) and 10°C (10 ~ 19 d)

fiff. 15 B AERE ZY-50 £E 28°C. 16°C A1 10°C
NAM) B-REHERRERT J7. 28°C N 6 ~ 7 d HEEEA A
16°C g% &8 BT 7 ~ 11d R, WIS )
H231UmL"; 10°C K 12, 164 18, 19d fAfFE /1
PR ANTRIRLRE N S ) I E S5 R R, WIRE ZY-
50 76 16°C ' F A7 B A2 (1 7= 4 V) B-7i1 2K 0 i 11
VAR

P71 5B Y KR T AR R B v R 2T

AERIRG, AERRCHEIZERE. WK 6 FrR Ak ZY-50 7F
28°C. 16°C F110°C T B-#iZ M 1105 J). 28°C F,
fgvG T 4de PG LTHE 7 dik 2] 1E(H 2.43
UmL', ZJ5 N, 16°C FLES 5 d TR/,
BT S 10 d k%) 3.61 UmL? J5 FBF: 10C T,
15~ 19 d f§i% J14F 1.04 ~2.04 U mL"'s ANFEVLE R
BTG e 45 R W, Wk ZY-50 76 16°C N HATE
RRE 7™ B-1 6 I 1Y) e

6 28°C 16 C 10 °C _
fo St : a : E
.‘_g};\ ' a ' '
=2 4+F ' ' H
€§ 1 b 1 :
&9, a E ] : E
< B | ab I '
5 : ' : :
@520 b be E be E ab ab E
Ea bed d , cd , be ,
de | i i
O.m.%...Iﬁmhd... .ﬁdﬁ@xtmmmﬁfl

345 6 7 8 910

5 6 7 8 9 1011 12 13

10 11 12 13 14 15 16 17 18 19

M Ta] (d)

Time

Eray b...e FAHRENRE R AE B B4 0 H G ) 2 LSS R (P <0.05)
Bl 6 Etk ZY-50 £ 28°C(3~10d) 16°C(5~ 13 ) FA 10°C(10 ~ 19 d) T B-BI B HEEHBEEE S
Fig.6 B-Glucosidase activity of strain ZY-50 at 28°C (3 ~ 10 d), 16°C (5~ 13 d)and 10°C (10 ~ 19 d)

DEATIE IR Ay BERNGS ff FEHR Jr “rh 27 (R 2T LA
Bl DAFON e 20 21 4k 35 WK A ) 75 10 JUm ()
RALLT e 5 M R S OB RE ), LA 2RI 2
W T AYD B SR L Ah) BT R B -
] 7 B T e =l g ) KRR, T PR DR 4K
(FPA) o ANFAIZY S yBARES RARZEAR KU, AWML
HIE P98 IR Bt — 8 at. & 7 AT RE Z2Y-50 1

28C. 16°C A1 10°C N UELLAETE /), 28°C F, Mg
W 4dreE, 6diARHEE 5.4 UmL! JGE#
BEAGs  16°C B ke e BE N R AR AR, 9 d s
ey 7.89 UmL ", 10°C R, 13 d BEIS )2 I
£ 18 dIEH) 4.96 UmL". JEANEFIG W& KW, M
PR ZY-50 46 16°C '~ N U] B-HiI SR bl . AP Y1) B-11 3R
BRI BT 25 0 A ) S TR AR s I A
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B o4r ¢ c : : be |
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P PR Y A 8 6 .E.d.d.d.d._ﬂ_&l ;
34 5 6 7 8 9 10 5 6 7 8 9 10 11 12 13 10 11 12 13 14 15 16 17 18 19
M TE] (d)
Time
ey by oo d FRAHIRRRE TR AR HOEAURE ) 2 HLRESR (P <0.05)

7 HEHRZY-50 7£ 28°C(3 ~10d)16°C(5 ~ 13 d)F1 10°C(10 ~ 19 d) FiELKESE N
Fig.7 FPA activity of strain ZY-50 at 28°C (3~ 10 d), 16°C (5 ~ 13 d) and 10°C (10 ~ 19 d)

0.25 . 28%C

16 C

10 C

0.20 -

IS
—_
W

W22 T (g)
Mycelial dry weight
e
=

0.05

34 5 6 7 8 910

S5 6 7 8 9 10 11 12 13

10 11 12 13 14 15 16 17 18 19
1) (d)

Time

B8 HI#k ZY-50 7E 28°C(3~10d) 16°C(5 ~ 13 ) F1 10°C(10 ~ 19 d) T Lk
Fig.8 The growth curve of strain ZY-50 at 28°C (3 ~ 10 d), 16°C (5~ 13 d) and 10°C (10 ~ 19 d)

2.4 Bk ZY-50 £

Bikk ZY-50 7£ 28°C (3~10d) . 16°C (5~ 13
d . 10°C (10~19d) FMWAEKMZLWE 8, 28C
N3 ~7d, #EEZY-50 B2 KB, Bk
WA 0.197 g5 16C F, WL 6~7 dIEKIR
M, 7d EEKRE T, 10d BlE K EYE 0.210 g;
10°C &, WA 13~18dB#iAK, 18~19d 25
KGNS, mRAEYIEN 0.186 g.

S 5 R AR KA T R AN R S AR S
KR, HIEZEAMN Pl A Kl R v LT
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Fig.9 Effects of temperature on the enzyme activities
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Screening and Identification of Cold-adapted Fungi with Cellulose
Degradation and Its Enzymatic Properties

QI Xiao-xuan'?, ZHANG Yang', ZHAO Shuang?, HAN Si-qin?, LIANG Xiao-long?, ZHANG Ying*
(1. Shenyang Normal University College of Life Science, Shenyang 110034, China;
2. Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: [Objective] The aim was to screen strain resources for efficient cellulose degradation and to promote rapid decomposition of
straw at low temperature. [Method] Low-temperature cellulose degrading fungi were screened by using low-temperature dilution plate
coating method, Congo red characterization and quantification of endo-B-glucanase activities. The strains were identified based on
morphological characteristics and rDNA-ITS sequence analysis, their enzyme production capacities at different temperatures were
investigated, and preliminary studies on the enzymatic properties of crude enzyme extracts were conducted. [Result] D A cold-adapted
fungus, namely ZY-50, was obtained and identified as Metapochonia-bulbillosa. There are no reports of cellulase production by this
fungus. @ Metapochonia-bulbillosa ZY-50 could grow at low temperatures and has strong cellulase production ability. Its Endo B-
glucanase activities were 76.03 U mL™, 128.34 U mL ™" and 115.67 U mL™" at 28°C, 16°C and 10°C respectively, and the abilities of the
fungus to produce Exo B-glucanase and B-Glucosidase were more stable at 16°C. The highest activities of them were 2.31 U mL™ and
2.43 U mL". The synergistic effect of the three cellulases was stronger at 16°C, with the highest filter paper activity of 7.89 U mL™". 3
The endo-B-glucanase of the crude enzyme extract had an optimum action temperature of 60°C. The relative enzyme activity was 90%
within 1.5 h at temperatures between 10 and 40°C. The optimum pH was 5.0, and its activity was promoted by 10 mmol L™ Co?*.
[Conclusion] Metapochonia-bulbillosa ZY-50 can grow at low temperature and has a strong cellulase production ability, which has a
high potential to promote straw decomposition at low temperature.

Key words: Straw decomposition; Low temperature; Cellulase; Fungi
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