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Isolation and identification of a cellulose degrading fungi
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Abstract: [Objective] The aim of this study was to screen efficient cellulose degrading strains
and to investigate their cellulase-producing conditions. [Methods] The fungus were screened
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from sugarcane soil by using the Congo red dye test, then measured the degradation rate of
filter paper and the enzyme activity for second-screening. [Results] The hydrolyzation zone,
clearing zone ratios (clearing zone diameter/colony diameter), the degradation rate of filter
paper and cellulose activity were taken as evaluating selection criteria. We isolated one fungi
with cellulose degrading ability, of which SJ1 was identified as Penicillium oxalicum by mor-
phological and molecular technology. The results showed that the filter paper activity (FPA),
endoglucanase activity (CMCase activity), B-glucosidase activity and exoglucanase activity
(CBH activity) of SJ1 were 25.15 U/mL, 740.42 U/mL, 58.03 U/mL and 2.442 U/mL, respec-
tively. [Conclusion] Strain SJ1 was a cellulase-producing strain with broad development po-

tential.
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1.32 HFEMFLE: K/ (DNA ITS HHF
FIAHTMY, LIS B S A9 Bk DNA A, PCR
P TS FHI S |9k B S |4
ITS1 (5-TCCGTAGGTGAACCT-3) 1 ITS4 (5'-T
CCTCCGCTTATTGATATGC-3'), PCR J I {4 %
“J3 50 uL, fu4%: 10xPCR Buffer 5 L, ANTPs 4 ulL,
#5140 2 ul, FFS 149 2 pL, Taq B 0.5 pL, £
M5 ub, ZRIEKANEZE 50 ub, [ kM4 94 °C
5min; 94 °C 30's, 53 °C 50 s, 72 °C 2 min, & 30
AMEH; 72 °C 10 min,

PCR ¥ /=2 ik . Bl &4 ki
J&, i TaKaRa Bk i) & 2 iUk f5 1% £
M, B AR F4T NCBI HiiEfT BLAST, Jff
Bk ClustalX 1.83 J% BioEdit #E47 /%512 a4
Fext, mMJE R MEGA (Version 4.0)844u )
Kimura two-parameter % [ # %4 Fi1 Neighbor-
Joining L EEHEERY

2 HZR550H

2.1 BEHRBIVIE IR RIBERE
REERIEES, 4 CMC AT AN LT

Gt NaCl i (005 75 214 115 s 1 R P9 50 BT T A

17 #k, Peiki IR ELUBARREAR T 5%HYTA

PR 6 PRIEATRGIE AR 0, FLE AR HAR ST
PR FLAE (HC 8) SR AR AR fR I 1 TR
2.2 HEHRHIETH

X RIGARAT (%) R 7 A 175 BH 7K fife Bl LX) A g
ARH T ) FL IR R AR A T R R R, AR 22 1 Y 7
W BR UE I ST BRI R IR 4N % 7 . CMC
BRI 7 | B SR T A S ) F CBH B 1k 4T
S0, HE5HRNZR 2 s,

M 1 Ik 2 ATLUEH, SHEHA —Em
FELFYERIERE S, HiRk C3-5. SI1 X KIRIELCH
BRI AE Sy, it SPSS B Ab FRARAE X 4%
BRI RS ) S 5 AT (R 2), ATRAR H: (1) B St
U ARHERS = T HoAth 5 Fp, H5 C3-5 1 19-3
FZEFARE, MS5HE 19-4, K11-1 F1 M13-1 2%
W RE,; (2) SILH) CMC BTG5 HAth 5 P 2
St R, BT HA 5 AR (3) TSI B -
AT S HMEERREE, & TR
C3-5.19-3. 19-4, M13-1, 1B T K11-1; (4)
SJ1 1y CBH MHEMLT I 19-3, ZR i, (H5
THAD 4 FE . 256500, Wbk SI1 By ERE
B, WS AR T AR AR, RO
PR, BT FAE N BB kR, XHSE T T 200
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Table1 The clearing zone ratios and degradation of filter paper

UL A 5 R TEARAY A 5

Bk H
The niﬁ;ﬁo?strains The cleari:;{zﬁone ratios -g??‘i(l:t?e Irleg;s;e(ritzgrg;a RE degre:)daegiec:r}(;:)te o 110
C3-5 2.02+0.05 ++++ 28.26
19-3 1.32+0.03 ++ 8.45
19-4 1.16+0.01 + 7.10
K11-1 1.04+0.02 + 7.33
M13-1 1.43+0.01 S 8.54
SJ1 1.40+0.03 +++++ 32.95

T+ SRR, +HZS, IR T .

Note: +: Collapse degree. The more “+” are, the higher degradation of the filter paper.

http://journals.im.ac.cn/wswxtbcn



224 A 2#3@ 4 Microbiol. China 2013, Vol.40, No.2

x2 AHEREEEN

Table 2 Enzyme activity of strains

strains IR CMC HiH B- A B ARG CBH FfE
Filter paper activity Endoglucanase activity B-Glucosidase activity Exoglucanase activity

C3-5 21.18+8.12 AaBb 319.12+46.63 Ee 31.45+5.15 Cc 1.497+0.08 DAE
19-3 22.87+2.60 AaB 481.06+44.27 CcD 26.15+1.74 Cc 4.056+0.13 Aa

19-4 10.42+1.17 CcD 415.67+33.73 Dd 30.37+2.88 Cc 1.89540.23 CcDd
K11-1 3.81+0.34 Dd 148.13+17.34 Ff 100.85+4.33 Aa 0.804+0.11 Ee
M13-1 16.05+1.41 BbCc 637.98+ 3.22 Bb 30.61+2.46 Cc 2.285+0.01 BbCc
SJ1 25.15+1.87 Aa 740.42+ 6.99 Aa 58.03+5.50 Bb 2.442+0.06 BbC

ARG FRERIR 22 7% 135 (P<0.01), AA/NE FAERIR 25 7 i 3 (P<0.05).
Note: The capital letter indicates utmost significantly different and the different lowercase letter indicates significantly different.

2.3 HHRHIETE

231 FEBSEUE: WRIE CMC FiFkk FAEK
B, LRI ARt R R AR, RE
Kl ES AT, &SRR TR, 5
WG, WIS INGHEEST, iR, Bk,
MG SR, AERMEE P, WK 1 PR,
227 Nl o S VR 2 NG 53 M £ & N i)'
BRI AERT, HERTIHEIE ., Z2EEIEAY
FWIESFERR, WL HWNZEE T 558
(Penicillium),

232 HFEMFLE: D4Rtk si
) DNA S5k, 47 ITS FHI9 3, SRJ5H 1%

1 SJ1 EHRBIRSSHFAE(100x)
Fig. 1 The morphologic characteristics of SJ1 strain
(100x)
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BB AR R EL KRG SI1 ) PCR 7=, 4554
&l 2 fiis, $7H4G09 DNA B H BOs W B Io 2w,
K/INVE 590 bp 247 .

1 SIL 9 PCR =y it nlGasm) £ i
pPMD19-T Vector Zk {4 2 ff4 b /5 1% 2 TaKaRa
NI, BrAs TSI 2R 590 bp (K 3).

FF45RS NCBI MR E#1T BLAST
VR LT, 398 B I) U 1 A v ) PR AR R AT R B
RAEW B8, IFHEB A ClustalX 1.83 &
BioEdit #4771 Z (B i HL X, 1 f5 2R ] MEGA

bp M 1 2 bp

590

2 SJLHJITSIDNA £%E

Fig. 2 ldentification of SJ1 ITS rDNA
TE: 1. 2: SILTERRIY ITS FP51.

Note: 1, 2: The ITS sequence of SJ1.
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1 TCCGTAGGTG RACCTGCGCGA AGGATCATTA
&l CACCCGTGTT TATCGTACCT TGTTGCTTCE
1721 TCCGCCCCCG GGCCCGCOGCC CGCCGAAGAC
121 GTCTGAGTAC TTGACTAMLAT CAGTTAAAAC
741 CGEATGAAGALA CGCAGCGAAR TGCGATAAGT
301 GFAGTCTTTGA ACGCACATTE CGCCCCCTRE
36l  ATTGCTGCCC TCRAAGCACGE CTTGTGTGTT
471 FCCCGALAGE CAGCGGCGEC ACCGCGTCCE
481 CTCTGTAGGC CCGGCCGGCGE CCCGCCGECE
L4l GEATCAGGTA GGGATACCCE CTGRACTTAL

CCGAGTGAGE
GCGGGECCCGD
ACACARACGL
TTTCRACALC
AATCGTZRATT
TATTCCGGGE
GGGCTCTCGO
GTCCTCHAGT
AACACCATCR
GCATATCALT

GCCCTCTGGG
CTCACGZCCG
ACTCTTGZTCT
GEATCTCTTG
GCAGAATTCAL
GECATGCCTG
CCCCCGCTTC
GTATGFEGCT
ATCTTAACCH
AAGCGRAGGL

&3 ®# SJL A ITS rDNA ERH 55
Fig. 3 The ITS rDNA gene sequence of SJ1

TCCARCCTCC
CCGGGEEECA
GAAGATTGCL
GTTCCGGCAT
GTGALTCATC
TCCGAGCGTC
[HE e B e HEE)
TCGTCACCCG
GETTGACCTC

(Version 4.0) 443+ Y Kimura two-parameter 4
BRI Neighbor-Joining 2 3EF 7 BEAL R R 78t
ZE A 4 Fros, M 4 FTLIE T, S4ER
FEH R SI1 S5 ERE & Penicillium oxalicum
(HE651152.1) % h—37, Bootstrap K UFE /- {E =ik
100, 45 ATHE,

3 it
LPYER BRI AR T HAR T, Hf

il 2T A ) T 2 B 3 DA R T A ok
FTHY, X — 4 o5 (A5 2T 2k 2 W A L D e £ 4 R il
FOFF R FIN T b, BN . R S H A bk
FIAREA . HAl, 148 R AR s
M FEEPEARR R . 5% E MR,

T %8 (Penicillium) 5 & 2 A A KAL) 55 57
FIBE S, AN REAE 30 LU 4 A R Al R SR AR o
FHZMBH BB R, T LR ARETER R
RERE 2 2 - AT ),

95 [ Cladosporium sp. (GQ370370.2)
66

50<|7
75

Basidiomycota sp. (GQ370381.2)

Melanospora pascuensis (AJ011312.1)

86

Penicillium sp. (GU985212.1)

Uncultured fungus (DQ178937.1)

90 — Eupenicillium javanicum (GU981613.1)

[’Penhiﬂhnnoxaﬁcunzﬂ{E6511521)
100 Lgj

Penicillium. dipodomyicola (DQ339570.1)

0.01

Aspergillus terreus (JQ766524.1)

4 HEHSIl SHXERRZLER
Fig. 4 Phylogenetic tree of strain SJ1 and its relatives
o ST 3R GenBank B S MR IEIFESR R Bootstrap 1H; SRR IR LKE.
Note: The numbers in parenthesis represent GenBank accession numbers. The numbers on each branch indicate the bootstrap values

(1 000 bootstrap replicates). The scale bar defines branch length.
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HHT, T35 %8 TP RE SR 21 24 5 1Y) T
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7 (P. janthinellum)FN4E R %5 (P. funiculosum)
5, (ARG BN R ARE I A > . BT
B SILEAIG TP AR5 00 7 £ 4 2 A A (Y TR AR,
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FERERE R I B Rean, E— 2 NS B T
I FH 2S5 B

2 % X

[1] Tangnu SK, Blanch HW, Wilke CR. Enhanced
production of cellulose, hemicellulase and

http://journals.im.ac.cn/wswxtbcn

[2]

[3]

[4]

[5]

6]

[7]

(8]

[9]

[10]

[11]

[12]

B-xylosidase by Trichoderma reesei (RUT-C30)[J].
Biotechnology  Bioengineering, 1981, 23(8):
1837-1849.

sRAkIR, EEGU], PhESE. R B4R A
BRI A 1) A 7€ E R (3], BRI AL, 2003, (1):
39-42.

Lynd LR, Weimer PJ, van Zyl WH, et al. Microbial
cellulose utilization: fundamentals and
biotechnology[J]. Microbiology Molecular Biology
Reviews, 2002, 66(3): 506-577.

Verena S, Christian G, Irina SD, et al. The Hyp Crea
jecorina (Trichoderma reesei) hypercellulolytic
mutant RUT C30 lacks a 85kb (29 gene-encoding)
region of the wild-type genome[J]. BMC Genomics,
2008, 9: 327.

BEM, FER, REE, & PIRET7 C)HF 4
ROk A B 0k MR S R SR E ST 3], AR RO,
2010, 20(2): 50-53.

Coward-Kelly G, Aiello-Mazzari C, Kim S, et al.
Suggested improvements to the standard filter
paper assay used to measure cellulase activity[J].
Biotechnology and Bioengineering, 2003, 82(6):
745-749.

Mandels M, Sternbrg D. Recent advances in
cellulose technology[J]. Journal of Fermentation
Technology, 1976, 54(4): 267-286.

Christakopoulos P, Goodenough PW, Kekos D.
Purification and characterization of an extracellular
B-glucosidase ~ with  transglycosylation  and
exo-glucosidaseactivites from Fusarium
oxysporum[J]. European Journal of BioChemistry,
1994, 224(2): 378-385.

Li RQ, Wang AY, Kong LD.
screening of a cellulose-decomposing fungus
strain[J]. Journal of Shanxi University: Natural
Science Edition, 2006, 9(3): 317-320.

MEGE. HEYEFMM]L B BERERR
HipAE, 1979.

Raeder U, Broda P. Rapid preparat ion of DNA
from filament ous fungi[J]. Letters in Applied
Microbiology, 1985, 1(1): 17-20.

Eickmeyer K, Huggins P, Pachter L, et al. On the

Isolation and



W EMAE: —RRET 2 R R b B I 32 S S8 8 227

optimality of the neighbor-joining algorithm[J]. three Penicillium species: Effect of substrate and
Algorithms for Molecular Biology, 2008, 3: 5. evaluation of cellulose adsorption by capillary

[13] Jergensen H, Mgrkeberg A, Krogh KBR, et al. electrophoresis[J]. Enzyme & Microbial
Production of cellulases and hemicellulases by Technology, 2005, 36(1): 42-48.

HRY Y R HRY R AR Ry HRY Y Y HRY R HRY Y HRY Y R oY) Y HRY Y AR oY RY oY) Ry HRY Y AR oY) Y oY Y AR Y Y oY Y ARY Ry AR oY) Y oY Y HRY Y Y oY) Y oY Ry oY Ry RY oY Y Y

iE & &

1 HHETEERRE

CRUED i ) 2 b b BB Be S W5 B A [ A W 2 R0, DURUCE 927 B BE R 52 B2 R B 38
SRR EMLGEEEFARBIT, PIFASARE: TARZEY Y . BERCEY . RS R Rl
WA BaUEY Y . BEBMEY . AYMAEY . BERBUEYY . RESE . MR R TR TR
GUS A ESF TSR, AL AR TR IR RS, LR A W 2 W M 5 . SO AR B DRl . LR 5 4E
WEYSRE . RS ARV s SRR R © BRI TR Bagin . Bl 2iREE.
2 ®'wEAX

BRI B kE 3 7 35 7 http://journals.im.ac.cn/wswxtben, s fEEFRRIX, 55— R e e, A5 P 4 fes
i, SRJG R IRER /R BRSO, PRI E T B

VER W5 P i £ . doc M I L T, FUANAF & (BRI 2R 1 SO, AR AU 32 3
3 BEEX

et BRI A B, Bl e, FBEI, AR
3.1 [k

SCrP R W T, SCTRUAR N S SRR E R . A/ NEIR SRR R /N T 8 em (B AY), RIS EE RN T
17 cm (GEAL),
3.2 B ICHR B

222 SO ST 5 1T I S8 J5 WU HE P 2 B, AR TR R RIBERHE )51 o FR TR 225 SCIR T 2000 B 35 35 CUmkPE
AR 3 NI 4iRa i, 2T 3 AWMFIIET 3 A, JEhn “4F” 5 “etal.” , MEFEIEAT. M5, AFZBIMESREIT). X
Bk T AEE R, EAMI RIS 28, AHHSE, AHRME . 2% SORECE AR

27 kA% 2
BT[] XUAS, BGFER, SE . SARS GUREE nspld LN TERE IR IA[I]. MUEYFE R, 2007, 34(2): 1-3.

[2] Kajiura H, Mori K, Tobimatsu T, et al. Characterization and mechanism of action of a reactivating factor for
adenosylcobalamin-dependent glycerol dehydratase[J]. Journal of Biological Chemistry, 2001, 276(39):
36514—36519.

K43 [8] ek, wmAUGE. MUEYSRRAARIM]. Jbat: JEntRaE ki, 2000: 4.

[4] E&Ed, KWE, TEY, & OBENEYS R BUEHLE AR A ERIM]. deat P ERO R

*t, 1996: 115-120

R (IESCHE TR 7):
HATH: #H 4 H(No. )
W IRAEH: Tel: : Fax: . E-mail:

Weke H 31 2013-00-00; #52 H #14: 2013-00-00

(%% p.255)

http://journals.im.ac.cn/wswxtbcn



