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Screening and identification of a cold-adapted cellulase-
producing strains and characterization of cellulase
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Abstract: [Objective] In order to prepare strains for microbial fertilizer production, a
cold-adapted cellulase-producing strain was screened and identified, and its characterization of
cellulase was analyzed preliminarily. [Methods] CMC-Congo red staining was used to screen
the cellulose-degrading strains initially under the condition of normal temperature. Low tem-
perature induction was followed to screen the strain with low temperature resistance and fa-
vorable cellulase activity. Then the strain mentioned above was identified by its morphologi-
cal, the physiological and biochemical properties and ITS sequence analysis. Single factor test
based on temperature, pH and metal ions was used to determine the influence of the cellulase
activity. [Results] Strain M11 producing extracellular cellulose under 13 °C was isolated from
the straw returned soil. It was identified as a Penicillium oxalicum. The results of fermentation
tests showed that, when corn straw was taken as the only carbon and nitrogen sources, the ac-
tivity of cellulase was maximum as 33.08 U/mL in the ninth day, under the fermentation con-
ditions of 13 °C, 200 r/min. The results of its cellulase characterization revealed that, the op-
timum pH was 5.0 and reaction temperature was 20 °C. The relative cellulase activity still
reached to 90% in the range of 5 °C—20 °C. [Conclusion] The cellulose-degrading strain
Penicillium oxalicum M11 could secrete cellulase under the low temperature, and was tre-
mendous potential valuable for microbial fertilizer.

Keywords: Low temperature, Inducing, Screening, Identification, Cellulase
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1.1.2 XFBBE#: HICAKE Trichoderma reesei
DSM768 (kg 5t 4Rl K225 %)

1.1.3 iXF: DNS iK% 7)(3,5- Rk IR . %
WEVRETS IR . FrBERROE vl . FR T LT AE R A
H B A AARAA R A F . ERFEFH Rl
2 B EARFEFF B 2 em=3 cm /BB, ML K
Wi it 40 H i,
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| 5555700 PDA 53, Pk AL QL) &
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YRREFRASTAR, 30 °CEIRIGFE, HIA 1.0 g/L W
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1.0 uL, ddH,0 15.7 uL (514 1TS1 F1 1TS4 H Lt
A TAR, HA PCRAMBHE T K%k F AW A BRA
H])o PN 451F: 95 °C 5 min; 94 °C 30, 55 °C
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BB I L ARSI S 226 3 ik T e, A
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Fig. 1 Cellulose hydrolysis photos of strains

TED Xo 400, M: B, Fr R, DSM768: X R, CK:
ZH.

Note: X: Bacteria; M: Fungi; F: Actinomyces; DSM768: Con-
trol strain; CK: Blank control.
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Table1 The diameter of cellulose hydrolysis
circle for each strain

73 HiZ ; LS HAE
Strains Diameter (cm) | Strains Diameter (cm)
X1 2.26 L M4 2.46
X11 212 | DSM768 2.08
X12 2.78 L R 1.42
X13 2.69 F2 2.23
X20 321 | Fa 113
M8 2.17 F6 2.15
M11 241 | F1 172
M13 3.02 F9 1.34

22 HEZRMFHEHNE

SKFH DNS B 42 13 °C AR a) 2 17 )
HETYERTERG 11, 20 ARG 1 i L IE 2 (I
1WFH OD HAT 0.1 MBEELF 4/ J1ith
£R). FHIEL 2 AT X20 PARERGTE ) il 2t g A
V2%, YERBHE TR, AT RE R A B R AN N
MRIRIAEE, Bk ML A o b B B 5 RE TR A2 1K IR
EE, 1 13 °C BRI R o A A R T ),
H ODsgo fHFf# & BERTIE] (1 EA TG R, #E
RIERGFENE O REFINERRAE, LR BRG T is,
115 T BE TR FRABEAH] . B IR s 45 R

—X11 —X20 ——M8 ——MI11
—a—-MI13 —+—Ml14 —2-DSM768 —e—Fl1
——F6 ——F7
0.800
0.700
0.600 |
2 0.500 +
S 0400 : = :
© 0300 | A — ~
0.200 = - 9
0.100
0.000
3 5 7 9 11
t(d)

2 13°C B EMHFHERT Lk

Fig. 2 The cellulase activity curve of strains at 13 °C

N, G T R IR ER S 11t
AR A S R 2k, THEAR M11 A
6 18R 33.08 U/mL,

N T IRBEAFR R R M1 A
YR ERE I I RE A, FAR M11 5% BRI bk
DSM768 17 i A BE A& el 56, 156 J7 12 [
1.2.2, HAMRELAM THFE 3 d JFHU5.0 mL &
W AT A R G ), igm A R & 3 iR, ik
W], DSM768 & W 2F 48 R R bk, 16
30 °C-23 °C [ 1z Wiy, 1 Ja bt e
I AT 7208 B %, AT e A bR A
N2 BN, A T AEAEIHFE T R W T A IE T
Bi. M1 EPRAYERTS J7 4 L ABCT 22, TR RSk
(30 °C-23 °C)thfigIE® K . 1R, HE=7E
13 °C IR I T AR AR o 10 21 4R R G 77,
BRI R T L 2T 4 R PR A Bk
23 E#MESESEEE LY

S WA B AL bR M1 22 A RERe, T
SrHE/INEE, AR T AR A A R R, REFIER,
UG T TE A, DL 4. M11 BERRLE
PDA #5775V F AT IEDE, hE5%, Ik
P, UG B R, TRVE R I AR,
L& 5,

—— M11 —=— DSM768
0.600

0.500 |
0.400 |
0.300 |
0200 ¥
0.100 |
0.000

OD 540

30 28 23 18 13
Temperature (°C)
3 ARELRE TEKAHEREGE Hhsk

Fig. 3 The cellulase activity curve of strains under dif-
ferent temperature
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4 HEHk M11 R SHFE

Fig. 4 The micromorphology of strain M11

TE: AL MLL M2, B: R FIES.

Note: A: Mycelial morphology of M11; B: Spore morphology
of M11.

5 Ekk M1 RIEERS
Fig. 5 The colony morphology of strain M11

M1 BRI BRI F 95 T Y
Biolog #iufitfLH, 153% 72 h J5, 4 Biolog E 1A%
TERGLHT MLL AR BIACHE%L ML Rtk e 5

27 75 (Penicillium oxalicum),
24 B ITS FIISEERRFELEENT

FEE M11 BEFERYIE L] DNA, PCR ¥ 34
ITS JFFI (& 6)5 % LA Ty, My
BN 566 bp, 5 NCBI $i st 17 LX), &
BATS JpH 5 M1L AR i R 34 s T
Penicillium J&, H:r5 Penicillium oxalicum {12l
3551 99%, FF MEGA 5.0 i1 Neighbor-Joining
MRS LFM(E 7), BAEEE BREK M11
HEMRTEm GRS R, MG
g, AT LUK R bR M11 % N BT &

(Penicillium oxalicum).,
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MI11 Marker kb

Bl 6 MILEH ITS F5li i ikE
Fig. 6 The electrophoresis figure of ITS amplification
of strain M11

25 HEFk M11 £k
RG22 T E2ZEELHER ML 4K
Mk (K 8), Ak HhZk R S AL, 7£ 3-6 d I}, H%
FEAR R B, WA KB, s
BT HE A RS F5 N R AP AP R A0 B o, S R RS 57
BUE T M PSSR
2.6 HEik M1l FHEEEF R
26.1 RENEFEHEZM: HE 9 AILIEH,
FYER B FAS R 20 °C, 7£ 60 °C LUG
fitg i S d R, AE 5 °C—20 °C 45 FRES J1#T
FeA s, ARG IR 90% LA |, £FA kiR
(RS R d
2.6.2 pH XIBEEHBIFND: HIK 10 FTHHZLT 4
2l U 4 pH K 5.0; 7E pH 3.0-5.0 2 [A] il
% B GR, 76 pH 5.0-7.0 Z [ HA 80%LA I
IR 77
263 ERBTFXEEFENMEM: /£ pH 5.0,
20 °C Wi 2FF, A 0.01 mol/L fi) Cu** \Fe**.
Mg, Zn™. Mn’*&B& 145 0.5 mL, JsEMLr
HEFZBEE S0P 11 Fis, Cu® Fil Fe” X BT S
EHEVER, o Cu* Rt A B 3, Zn™ |
Mn** i BETS 18 PHIFE T, Mo X ligG i IF ek

B
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99 |Mll
35 ! Penicillium oxalicum (JN851028)
Penicillium rolfsii (HQ443253)

12

Paecilomyces parvisporus (DQ187954)
13 Penicillium piscarium (FJ571474)
29 Penicillium simplicissimum (HM469430)
Penicillium ochrochloron (JF311909)

27 Eupenicillium javanicum (GU966506)
Penicillium expansum (HQ732137)
Penicillium brasilianum (HM469396)
Penicillium janthinellum (HQ637348)
Penicillium ochrochloron (AY213675)
20 Penicillium boreae (AF481122)
Penicillium dipodomyicola (F1025172)
Penicillium decumbens (JN986754)

Eladia saccula (FJ914702)
99 4|
67 Penicillium restrictum (AY373928)
Penicillium citreonigrum (EU497942)

46

94

0.005

B 7 B M ERRGELFHLH
Fig. 7 Phylogenetic trees for ITS sequence of M11
T AR SAECT R Bootstrap fi; 55 N IVEUCTRTE GenBank LIYFFSIVE S, G g L.
Note: Numbers at nodes present bootstrap percentages (based on 1 000 sampling). The numbers are accession numbers of sequences
in GenBank. Bar “0.005” sequence divergence.
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Fig.8 The growth curve of strain M11 Fig. 9 The effect of temperature on relative activity
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Til T e DA 2 DA — L6 oy SR DRI 35 1 3]
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Fig. 10 The effect of pH on relative activity

160
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Relative activity (%)

Control Zn** Mg* Fe* Cu* Mn*
Metallic ions

11 &EBETFXEE NI
Fig. 11 Effect of metallic ions on enzyme activity of
M11

(Brevundimonas sp.) XW-1; Z=Ifi% 2518 )\ 75 56 25
J R AR BYHE LR 2 rh o B AR B — R IR AT 4 R
fitf g 1 %5 5% 1) B 2% P4 J® (Streptomyces sp.) Ti-
bet-YD5227-2; 5 LT 25 58 i i vk )1 | 5
Hh i et — b A A 4T 4 3 B 7 LG e 1 A
TR B Pk LHG-C-9,

AAHFEF TR 72X, 38 Ak I 7 3 ARk
FEEEG S, I it — MR AEARIR A T &
R i £ 4 R 1Y B R 75 %5 (Penicillium oxalicum)
M11, HATHER T R AT S E A A MBI 6
5 A A VO DR R A A A TR R AR ERUR
JE T TR A, T B8 A o = P S )
2530 IR 20% 2R 7 25 K R X oK/ NBE A
RAFII BT 1A R o AN AT S0 T 4 S W A 75
T A SY, [HE R A G AT AT 4 2R B AR 5 T Y
Rif

X HE B #E HL G K % (Trichoderma  reesei
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DSM768)/& H i A= r= 21 4k Z lilf i FH kR, FoHFRE
JI58, (ALEMRRAME PR % M1 B [OR %
FAAEAR KA HA . ML g n: Tt % P
28 °C Z&fF ik 8 A SR AT 4 ZRE R RE 110
B B PR 5 R 75 2% (Penicillium  oxalicum) 98MJ,
LT G 11k 2.89-5.78 U/mL; XFEZELII /N
M T AR AR IX S B IR T A B 4R T Z AR RS FRIE
FET 118 498 v 0 2 1) — Ak 7 2T 24 2Rl o PR TR
B QSH3-3, 7£ 30 °C &M T 1557 4 d R4 Rl
6 S8 33.0 UimL, M11 BRI BfE
SR, T LR, B R — kT A RO
BT RIR LT A R A P2 R bk . N — 2B T2
FERTE R M1L R RRE T 2,

2 % X Wk

[1] WS, AN, XML, 5. IRREF24E 2 b i
PR 36 K 7 g AR AR IR [9]. TR 4k, 2011,
31(4): 47-51.

[2] EHbige, N4 =Wk AR AT 2F 4 3% i R
14 O e L G I i AOR [3]. Bl o2 4, 2010,
50(7): 870—875.

[3] Nogawa M, Goto M, Okada H, et al. L-Sorbose
induces cellulase gene transcription in the
cellulolytic fungus Trichoderma reesei[J]. Current
Genetics, 2001, 38(6): 329—334.

[4] S, $B e, BOALRE. EFFIE I A0 B oL
PR 5% e 7 BE R [3]. A W 2k Ak, 2002,
22(1): 47-50.

[5] Zhang Q, Lo CM, Ju LK. Factors affecting foaming
behavior in cellulase fermentation by Trichoderma
reesei Rut C-30[J]. Bioresource Technology, 2007,
98(4): 753-760.

[6] lkeda, Park EY, Okuda N. Bioconversion of waste
office paper to gluconic acid in a turbine blade
reactor by the filamentous fungus Aspergillus
niger[J]. Bioresource Technology, 2006, 97(8):
1030-1035.

[7] Solov’eva IV, Okunev ON, Vel’kov VV, et al. The



BHEES KRS 4 R MR R OTRE . K E N EF g K B i 1201

selection and properties of Penicillium verruculosum W BE . % E KR A 9], kY ok s
mutants with enhanced production of cellulases and $i, 2011, 38(5): 709-714.

xylanases[J]. Microbiology, 2005, 74(2): 172-178. N N » v o
(8] WRWTHR, vk, FdEm bkt prpbcpre (181 PR RO DARUERRE S TR
BFE TR0 5 DNA ISR, 425

[J]. “Z#ide 8 4K, 2006, 12(10): 64—65.
244, 2002, 22(11): 2015-2019.

[9] ¥ %22, ZE4E, XBET, 4. —BRIHEIRL %%
2%y, FLYL, THEENT, . 7% IR LT 4 % W
R S A st T16) P TLBL MR, G PG S
ST . Y R B BT[], R

T ¥ 2# 4R, 2010, 37(5): 637-644.

[10] Zhang JE. Normal methods and techniques of SRR, 2010(7): 216-220.
ecological experiment, 2007[M]. Beijing: Chemical ~ [17] SKIEZL, XIF 46, B, 5. (%R 25 4 5% P Ak 14
Industry Press, 2007. F i B HC e BRI DR, SR 0 i

[11] Mandels M, Weber J. Production of cellulases[J]. 2009, 29(3): 97-100.

Advances In Shemisiry Serles, 196985 SOV gy womi, K, . T R BB

2] XU, SRR, R SRR e SRR RIS, MO T, 2004,
[ T4, 1994, 24(4): 27-32.

34(1): 69-74.
(18] fbyee, e €, SORME FMAFARIBRION  r1o) Sz, 5P 4. HoRFLR4E R WERR S QSH3-3U0 T
IE[]. Fih FHE, 2006(8): 50-52. M BB S 0]. RISk AR, 2012,
[14] Wik, LAk, R, 5. ke E M e 18(1): 218-226.

R oY oY SR Y SRY Y RY RY SR R RY SR RY RY R R RY R R RY R R RY RY R RY RY R RY RY R RY Y S R Y SR R R SR R R SR R R R R RY R R RY RY Y RY RY R R

e H EE

AR RN IZ B BT AIRFEER

R H, R E A YA EIMRHE TR EeE I, W E A RBEA L TI
BAZ AR E . 2R B L IR B HA S E R = A BT RE, — 5 T8 A S i A ) 2 B O 4 i — A
RSB, RN GHEE YA B — 08 520055 BIe STl T IEIUA R, 2R~ B RS = T
AL AR P

A H I SCREA T H ARSI T, FFOART AL . ZORIEE R A0 4, Y IR
B B, ARZZMAGRECABO T S R, MR ST K, R AR AT IR 2, SUETE RS T RER Y
{EAF RIHERY . T A RATTHE A ISR . 7E A et DRGZAT SR ARSI, () R A . SR
SRR R T . BOMREE R S R, TR E AT IR R M A B B R ez b, HA X
BEAREHIE RS S w0 E.5), (Rt R e s e i e, T2 A R I E A H 2R AT A . X2
AR H B H A ETE

I, S 1 g 4 A )~ SO e TARE SR — AN W B 2T 6, A HIERTTRE 123 BRUFAE R
B, BAMRAEMPI AU, WRAEY . T AN IR B IR R e AR ER
R AR R R R, AR Rl AT L St e T Bl s A B s A RE T 15 3R 45 05 T 2R
IRETHIRTFIE S, N AT LL At | (A A MR A — A T RS R T B~ 6, ik s B F A B 77
I o

WAMAERR | UG AR H 25 T 5L

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



