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Identification of a psychrotroph Pseudogymnoascus roseus

HD1031 and the properties of its producing cellulase

HAN Long"***  SHI Jia-Ji***" SHI Lei'”

YANG Jing>® ZHANG Guo-Qing”® QIAN Shi-Jun*’

(1. College of Life Science, Qufu Normal University, Qufu, Shandong 273165, China)
(2. Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China)
(3. State Key Laboratory of Sensor, Beijing 100101, China)

Abstract: [Objective] To screen a psychrotolerant cellulase-producing strain from the decayed
soil of Huanglong Mountain, Sichuan, China, and determine the properties of the cellulase.
[Methods] The strain was identified by the morphology and ITS sequence analysis. The DNS
method was used to determine the activity of cellulases. [Results] A psychrotolerant cellu-
lase-producing strain HD1031 was screened from the decayed soil of Huanglong Mountain. It
was identified as Pseudogymnoascus roseus by the morphology and ITS sequence analysis.
The strain could grow between 4 °C and 25 °C and its optimum growth temperature is
16 °C—17 °C. In the medium containing Avicel, corn cob powder, (NH,4),SO,4 and Tryptone, the
strain HD1031 produced cellulases. After cultivating under the conditions of 17 °C and
160 r/min for 8 days, the cellulases activities in the fermentation broth were CMCase activity
366.67 U/mL, FPA 87.6 U/mL and the B-glucosidase activity 90.8 U/mL. The optimum pH
value and temperature of the CMCase was pH 6.0 and 50 °C, respectively. [Conclusion] A
psychrotolerant cellulase-producing strain HD1031 was screened and identified. The cellulase

possessed the characters of cold-active cellulase.

Keywords: Pseudogymnoascus roseus, Psychrotroph, Cold-active cellulase
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2T 7 3R I — D RE N 2T 4 2R R i
WE AR, T8 3 MU, B )
B BERE(EC 3.2.1.4, CMC [i§); YN 5 bk
(EC 3.2.1.91, EQFRET4E —Bi/Kf#EE CBH);, %
W EE(EC 3.2.1.21, /KipiEE). £F 48 20 A
BRIz, TG EUTI R o, 5
T ARAF AR KGR A B AL B, AR AL 8
AR A O . A 4 R B AL BEAR RS Y B A
AR AR (1) Re 7 2L iURe A (0 R T
B H R 25805 E 0 R () wiEE

VA XA Y B, Wi Y AL BRAE Ty, 2
A PEROR (3) W RTREAR, 15K S AR, AT
TR,

Tolk A== bF M- a4 R B E Y 2w
TR IR 22 R, EATRES 7 A e R T 4 R
W25, T LLKRZE AT 2 R 58 A 0 A, .
ﬂ(%?(Trichoderma Sp.)- E|é15f'i?(Pem'cillium Sp.)- 5
B (Humicola sp.)?Y%5: . FRBERRF = AL LT 4E R
Bl R 22 e EEAE R e T B 2R A N A RE R AR Y
RAE, BB R, MRS J#RE
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AR MR TRLET 2 2R Tl ) 7 =l AR B 4
e OB ) o TESEBRRL D, BRI R B
BARRIRERE, el 2 PRI 2T 2 2 WXt 2474 ik
FroKBEAL R, 2o AR 0 il Ak B B G 4 o JR
sER) R, JCTEAN Bt A S . R, JF AT
SRR AT A R BEAE Tolk b EA =R

R Al A A2 R AR L B ™ A 1Y, AR S Moyer
5 Morita B %€ SC, Bl 1% W 2 it v B
(Psychrotrophs)5 &4 i (Psychrophiles)*!, HAif &
Tl R AT 4E R R RA T ILKk, KRR
kA L T E R L0 A AR AR BRI T R L
W) 3K ST AR BT 7 AT A 25 i ) S5 e g TR R
TE 20 °C—40 °C, X PR, pH A2 PR IE AT
B, P e X MBS o 7 R A
R MM B (Pseudoalteromonas sp.) . T 5
(Penicillium sp.). K% (Trichoderma sp.). HEF A
(Streptomyces sp.) @%Bﬁ@?ﬂiﬁﬂ@(Brevundimonas
sp.) FIHL 22 25 (Geomyces sp.) 08,

A Sy DU B e B 1S 5 L v
EB—#k T DL T AE R WL, HBT ™ R 21 4
2R BB A, FAT IR O I

1 #8

1.1 t#

Hh L DO 48 88 he v v LU
1.2 EFERF

W LT 4 Z4(CMC, Fluka), 3,5-—filf3ksk
Wk (E 254 141), Avicel PH-101 (Fluka), Tryptone
(Oxoid), 7K# 1 (Salicin, Sigma), Hfe 1 SJE4L
(BUMHrAE)
1.3 1EHE

RHET . FHRKEFRIL: PDA KiFR3k,

TR R R (g/L): P4 E R 15, Wil 5,
BEIR — & 1.5, REMRR 1, 3§ 15, pH 6.0,
HHRTIMA S &L
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W22 AR B SRk (g/L): HAHE 10, KK 5,
Tryptone 10, B2 —Z# 1.5, pH HAA.

FERERE SRR (g/L): ERETSER 20, BkEZ 10,
T KK 10, Tryptone 10, BEfR &40 1.5, HK
K, pH B4R, 1x10° Pa K# 20 min,
2 ik
2.1 EHRBYIFIZ

1 g £FEF 40 mL Gk 3L R mEig
¥HH, T 19 °C. 140 r/min #E3% 5453 10 d.
HUE S A TC R K B EE R A 107210 e B,
ABEEEHC 0.5 mL ¥R A T [0 e 35 5 2 1,
17 °C—20 °C i3 Fr a4 Z /Y b &K iR 2
YK=L E W, PN TS, 75 PDA [E{RK:
FRIE PRI Ak, A EILERE TR .
22 HEEZFEE

FHFTALES B2 5 mm (T 2283550 T PDA
A b, BRTEACEEE, 7F 20 °C BEALKESE 50 d, il
SEHTEIEAS; Ji7E PDA [ERE R3E Tidd B 5537,
3 A O 2 0 AR RN A PR 0 U A T OO AN
RBROREE, FHR AR/, ST AR A E
23 HFEE

R HD1031 7£ 17 °C . 160 r/min 537 7 d, F
FARAR IR 43857 & A HD 1031 fiY B 2244
JLHZ] DNA 1R PCR & 844k, SR A5149 ITS1
(5'-TCCGTAGGTGAACCTGCGG-3') #l  ITS4
(5'-TCCTCCGCTTATTGATATGC-3") #f 47 W #
ITS FHIY 38, e e 55 PRI Y PCR KL
TR S5 T o 97387 A SRR Y)
s BN o B0 5E 1 P 1 238 GenBank 4 4 1
#E47 BLAST W4, JFHI MEGA 3.1 kAT
IR T, B REK B .
24 HEKIREHZAINE

FHFTFLAS U E AR 5 mm (118 228270 T PDA
FARRE IR I, 435I E T 4 °C. 10 °C, 14 °C,
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17°C, 20 °C. 25 °C. 28 °C & AN[FNRELMIT
3% 10 d, MRV EAR
2.5 AHREEFHENRGNE

FRRAE =i 323 R 17 °C. 160 r/min k&
Fedse 10 d J5, ARG, LI W R0 AR
W F R PR AR e CMC S
5 RAREHE T

B-HI A MRS ST E: LA 1.5%IM KA T
RPN CMC, HoAth[s] CMC BEE I AE .

TG 77 B I S S BEARCSCHR[7,11-12],
WA SO I AR R BTE J1E ol 7 LR &
T, B BK IR A 1 pg W8 JERE B B —
AN 3 57 (U/mL).

2.6 FEREKHFHIFR

2.6.1 FRIBEFIGEX FEEERYSLIN: 78 & B IR AL
HARIA 2% (W/V)RIASRIBIR(FERR . oK
. Avicel PH101. Avicel 4 5. Avicel 2 5,
Avicel PH101+F K17 & e 7~ RS2 5, 43
SIMA 1% (W/VRIARRIRIREEREE . 4FRE
Tryptone. fHMRHR . WEIREL . IKER . TilREL . Wi
FREE+A4- N IR IR R AR IR e+ Tryptone)
HEAT e B S 00 W A IR TG, 0 e i
AR . S7E HD1031 [, 29I
1.0%. 1.5%. 2.0%. 2.5% (W/V)FIBRIFEFT 0.5% .
1.0%. 1.5%. 2.0%Z 5 B A7 2 e il 55 5
T e fEe . IR EE

2.6.2 AEBEREFEFEVS pH HRE: 7£R
JEH 10°C, 12°C, 15°C, 17°C, 20 °C Kyt
AT R B EESC A, W R R TEIRE . AR
FRILAWIE pH 235K 5.0, 6.0, 7.0, 8.0 BY&1F
AT RS, MEANR] pH AT R
FitgtR L, B0 E IR pH.

2.7 EEFEMREIAR

271 mERMGRE: 53 500E HBREAE 4 °C.
12 °C. 20 °C. 30 °C. 40 °C . 45 °C. 50 °C. 55 °C,

60 °C LA 70 °C T IS

272 REXMESTRE M RY R KM T
4°C, 20°C, 30°C, 40°C. 50°C, 60 °C LI}
70 °C AR 9MRIR 1. 2. 3. 4715 h)5, 78
50 °C T I E A S T o

2.7.3  EiE pH: 40500 EMEERAE pH 4 3.0,
4.0, 5.0, 54, 6.0, 6.6, 7.2, 8.0 (H:H pH=6.0
2% A 0.1 mol/L MR Eh 2% 1P, pH<6.0 [ 2%
IR 0.1 mol/L FriEMREhss v, TN T
PR T <

2.7.4 pH XESTEEMERISINE: FOHLERR 5 B
FpH } 3.0, 40, 50, 6.0, 6.6, 7.2, 8.0 Z&
M F 4 °C R 23 h 5 T il .

275 B MEBEIEM: FKEF S 10 mmol/L
KNO;, CaCl,. FeCl;, CoCl,, MgSO;. MnSOj,.
ZnSOy. BaCl,, CuSO,. FeSO,. Li,SO,. NH,CI,
NaCl.EDTA HgCLIEA 58 T 4 °C it 30 min,
SRIGTE B IR B fdeid pH R IUE RS 1. AR
T4 & B 7 BB T R, SRR G . 3 Ah
Pl 515 10 mmol/L K,CO;5. KoCr,05. KuSO4 .
KH,PO,. KI. KCl. KNO;IRAJGE T 4 °C it &
30 min, K5 7E o I A pH il B .
DUKHLERCA T R, T H A T

2.8 SHMMALFHREGH LI

2.8.1 AREIRE THIBEEYFM: I HD1031 fi™
YR SRR R H31-3 e R 4 R
A LA AR BE T211 = R M 4F 4 R B (AR S =
) FIRHE T 4 °C. 10 °C., 20 °C. 30 °C LLK
25 W) Foead S WL HEA T SO, DB T
PIBES N 100%, AR T BYFRIAR TG 77
282 ERTHIELKEEILL: ¥ HD1031 =
1) 41 4 2 it 55 068 o 8 T 7 1 b vk 4 A 2 DA
AREG T B FRYE £ 4 22 (7] L) Iy = AR TR L i
71 625 U/mg. B I 3 FPEAE 1 mL 43515 5 mL
ZE PR (HD 1031 5 Bl H31-3 FT P21 4 < i

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



932 AWy m 4. Microbiol. China

2013, Vol.40, No.6

7£ pH 6.0 1Y 0.1 mol/L BEFRELZE i, A% T211
FITP=£F 4 Z/ETE pH 4.8 1Y 0.1 mol/L BSFRZZ vhilk
HFORE, A 50 mg IE4E55(6 cmx1 cm), JEE T
25 °C. 140 t/min MFEIR N7, 05845 H I8 4L
F1R) 5 i st )

3 HR50H
3.1 EHRIFIE

Kl 1A b, FERfERE SR T 20 °C 5557 3
JE G A5 3 — A I a3 K R R A T RR, 2 F AR
RILM bR alifl, 58] —bRIEMGIR KT FR T rl L
ST IS YE R B RAR, 44 4 HD1031,
32 EEFETE

ZETE PDA AR FR 3 T 20 °C T ELH:

F50d )5, WEHEHAAN 58 mm; HIERMEHNE
R, HIEA BRI AW, D% EST, NE,
AWEHRIBEL, TR EH AN 1B), WiEHHE
SRR A —E FISNE, 7520 °C Ml 4 °C T
B 2L O 6, AR,

WA HONEE, W EEW, 208, 4
B, BN 1.0 pm—2.0 um, 7K AT WL AR AE A
(& 1E). M EFTRERIR, 2R, SR, a4
T AE s AR B Ao 3B F-(2.0-2.5) pmx
(3.0-3.5) pm; Joth; B, WM R SRTAHIAS;
F9E, B, AT, I aE(E 1C-F) iz kY
FEAEHE, 5k AZRIAIER Pseudogymnoascus
sp.— 2L AHIZ B TE 2 PR RS T A=A
FHER, BRI TOHERL,

1 HD1031 B 7S4HE

Fig. 1 Morphological characteristics of HD1031
TE: A: HD1031 KIBLF 4 £ 7= 1 W B: HVATEZS, 76 PDA AR | 20 °C #EREHE 50 d; C: #1595, b BB,
WL, 20, p8G D-F: FARBEBIES, SRR IUESMIE, (2.0-2.5) pmx(3.0-3.5) pm. E: k48R AR 1

kI C=20 um, D-E=10 pm, F=2 pm.

Note: A: The cellulose hydrolysed zone of HD1031; B: The colony of HD1031 after cultivated for 50 d on PDA at 15 °C-20 °C in
the dark; C: The morphology of Light micrographs. Hyphae hyaline, septate, ramose; D—F: The morphology of scanning electronic
microscope. Conidia acrogenous and lateral, (2.0-2.5) pmx(3.0-3.5) um. E: Arrow locate swollen internode; Scale: C=20 pum,

D-E=10 pm, F=2 pm.
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33 EHRATENFERE BRURA 10 FpRIRAEAT = e A BESC T . R H

Pl HD1031 RRIEHF 4] DNA ARARY 1%
P ITS J¥3, W&l 2 Frs, P K/NA 627 bp,
Bz 7 5 8 22 GenBank %0 #E JE (B ;5
JQO081229)i47 BLAST X047, #IJH MEGA
3.1 B ER G AR, G5 NE 3 PR,
HD1031 5 B 41 i #R 4 & (Pseudogymnoascus
roseus)FIIIETR 99%, 4561 H B ARHIEA &
N — R B E  Pseudogymnoascus
roseus o
34 HKIREHZRINE

SLEGLE I HD1031 7] 7E 4 °C—25 °C 4= K,
17 °C-20 °C BfA K H A XA, YR
28 °C WHZRE IR, FF AT R E L& 4),
35 FEERHEIMR

3.51 BRIBEFEEXMFEERYSME: IR AH 6 Fh

76

86
86

97

100

Avicel PH101 FIE KK AT, =i )
k9 342.8 U/mL, B 5 A AR U5 7= Bl 7 =
DAB IR %+ Tryptone S 2RI, Fir 7 21 4 % g i
W AR PR s, SR 1.

bp M 1 M

B2 ITS FHIIRBEHE SRR KSR
Fig. 2 Result of agarose gel electrophoresis for ITS

sequence
Note: M: Marker; 1: ITS sequence.

Geomyces vinaceus (AJ608972.1)
Pseudogymnoascus roseus (AF062819.1)
HD1031
Geomyces sp. GS4N1a (AY465444.1)

Geomyces luteus (AJ938164.1)
Geomyces pannorum (AF015789.1)
Gymnostellatospora japonica (AF062818.1)

Myxotrichum deflexum (AF062814.1)

99

85

78

Myxotrichum stipitatum (AF062816.1)
Oidiodendron periconioides (AF062802.1)

Oidiodendron rhodogenum (AF062803.1)

0.05

Gymnascella hyalinospora (AF129854.1)

3 HD1031 EHRAIRGEHE L
Fig. 3 Phylogenetic tree of strain HD1031

S50 TP GenBank HHE SR

75 I SCRBTAREE RAA, BRRACRIP SR B

Note: Numbers in parentheses represent the sequences’ accession number in GenBank. Numbers at the nodes indicate the bootstrap
values on Neighbor-Joining analysis of 1 000 resampled data sets. Bar 0.05 represents sequence divergence.
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30 1

25 r

20 1

15

10 r

Diameter of colony (mm)

4 10 14 17 20 25 28

Temperature (°C)

4 HD1031 HHRRIECIRE 2k
Fig. 4 The growth curve of strain HD1031 at different
temperatures

A3 M LA AL BE ) Avicel PH101 F1E KPS
R, LIS [ B B ER £ AN Tryptone A AU,
HEATWAR &, | SA. B Z55RE: 24 Avicel
PHI101 ¥Ry 2.0%H) & Pk s o d5cmi, YRR
HeBE R 1.0%0 g 77 5
352 ABEEMIEFENE pH MBE: W
Kl 5C fizn, HRBERIER 17 °C I, -4 4%
TS 7R 164.25 U/mL, W15 es T HARE T
Fi P 71, Bl 5D IR, #ith pH R 5.0-6.0
JIT 7 £ 4 R B RS A e
3.6 EEEFEMR
3.6.1 EERMEE: K 6A IR, HD1031 Bk

JIiP= A 4 Z e 50 °C B EA B BEG 1, 7
30 °C—60 °C IS 1w T 50%; 1 i BE I T
30 °C FiIfE T 60 °C BTG SR T 40%.
3.6.2 BREMESIEEMRIEM: 4RI 6B A
N, MM 4 °C WHZEE R E R,
20 °C-30 °C B}, 5 h PIAHXS G R FEAE 60% LA I,
FEARAE 20 °C W, 5 h Z PIAARNS B 1% (351
80%LA I, X RUIXEHAE IR A N AR S
FasEE; MRYIREER T 60 °C WA E Ptk
TR#; 70 °C PR 5 h JEIRBEIEAR I
3.6.3 EEBYERIER L pH: & 6C 45 HFE M, pH N
4.0-6.0 BTG PER S, pH 6.0 I EERE Hfeis . 16
MRVEIRSE Y, pH 4.0 I AYRETE /) 1 pH 3.0 1 pH
5.0 BFAYRES 0, X T REE R THE A E 2
FF 2 2L L 43 1 A
3.6.4 pH WEEIEEMERIZME: K 6D SR, 4
AbF pH 4 5.0-6.6 IR BT HC AR E, pH T8
s REAG, FE A T N, (HULEGAE pH j@
3.0-8.0 FR_AF 23 h )5, FIRBHEIRT 60%, X
UEIAIZ A pH R MR ) 2 .
3.6.5 BEXEERIEM: £ 2 45KV, Ba™.
Ca’*, Fe'", Fe*', Co’", Cu”". EDTA., Mg*",
Zn* FI NH, %} HD1031 [ 474k Z A 1E a2 vEE
A, JEHJE Ba™ . Ca™ il Mg” X B AR A A
h . Mo Heg XHEEAMGIER, Hd Heg™

F 1 AEBRFEAEIE R0

Table 1 Effect of different carbon source and nitrogen source on cellulase-producing

e BE L mm G U W
Carbon source Enzzgz;gwﬂy : Nitrogen source Enzzﬁfr;glwty Nitrogen source Enzzﬁfr;glwty
Straw powder 0 ! Yeast extract 256.50 i Beef extract+(NH,),SO, 107.56
Corn-cob meal 68.60 Beef extract 271.38 Tryptone+(NH,4),SO, 360.74
Avicel PH101 137.10 Tryptone 178.70 Yeast extract+(NH,),SO4 49.00
Avicel 4 0 KNO; 143.97 (NH,4),SO4 158.86
Avicel 2 0 NH;NO; 110.87 |
Avicel PH101+ 34280 Urea 0

Corn-cob meal

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

Relative activity (%)
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100

Relative activity (%)

A

Relative activity (%)

Relative activity (%)

0
0

120
100
80
60
40
20

0

80
60
40

20

120 1
100 |
80
60 r
40
20

_ 1

0

1.0 1.5 2.0

2.5

Concentration (%)

10 12 15 17 20
Culture temperature (°C)

& 5

120 1
100
80
60 &

<

40
20

0 1
0 10 20 30 40 50 60 70
Temperature (°C)

40 50 6.0 7.0
pH

8.0

B

Relative activity (%)

Relative activity (%)

120
100
80 -
60

40
20
0

120 1
100 [

80
60
40
20

FEERHRE
Fig.5 Determination of the enzyme producing condition
TE: A BRUEIREE: B: RUIBIREE; C: B3R D: W14h pH.

Note: A: The concentration of carbon source; B: The concentration of nitrogen source; C: Culture temperature; D: Initial pH.

B

Relative activity (%)

Relative activity (%)

1001
80 r
60 r
40
20

100
80

0
0

LN(E

0.5

1.0

1.5 2.0

Concentration (%)

5.0

6.0

7.0 8.0
pH

+4°C

-=20°C
-+30°C
——40°C
~50°C
~-60°C
—70°C

t(h)

0 1 1 1 1 I
0 10 20 30 40 50 60 70

60t
40
20

40 50 60 7.0 8.0

pH

6 AEIREF pH MEGEHH G
Fig. 6 Effect of different temperature and pH on enzyme activity
A OB B ISR C: fdE pH; D: pH RE .
Note: A: The optimum temperature; B: The temperature stability; C: The optimum pH; D: The pH stability.
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Table 2 Effect of different ions on enzyme activity

B A A BT A A
Ions Relative activity (%) Ions Relative activity (%)
Control 100 Mn?* 65.30
K 106.10 Mg* 140.80
Ca* 178.57 Ba* 271.43
Cu® 122.45 Hg™ 21.43
Fe’* 126.53 Li+ 95.90
Co*" 128.57 Zn* 155.10
Fe?* 133.67 Na* 115.30
EDTA 148.98 NH," 160.20
r 104.35 NO;~ 107.25
COoy> 78.26 S0,* 131.88
Cr,0,4 73.90 H,PO, 113.04

FAMEIVE R . K, Na*, LiXEg e A TR,
COs™ . Cr,O7 X EGEA M HIfEH, SO, H,POy”
SRR EEER, Hord SO e /R AT &
1Ml C1 1 NO5 X E A _F IHem .

3.7 EHMEKATF ARG LR

371 ARIEETH CMC BEEZTL: 45480
Bl 7 BoR, HPR 22 22 il AR 21 4 25 Tl o i
J3E ) 38 AR Tl 0% L AT, G v R PR 4T 4 R A
10 °C BFRPZE LS, 17 HD1031 7 4 °C BHFA
24.27% T ARG o AL ULV B T P-4 4
R TE R EAIRIR S5 T AT RE DR = RS T o
3.7.2 EYKERRRSEIE: 7F 140 r/min, 25 °C 5&f{F
T, HD1031 i =41 4t R B i s 4R Sk s Se i g, A
ff B B[] 195 min, HUCFERE, rhikeF4E R
FIFR 27 24 25 Wl X UE AR SR T LI 7K AR (] 8) 0 iX
VEUIZESCIR 451, HD1031 FIF =21 4k Z i Ik
YRAREARRE T8 o

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

100 1
—e—HDI1031

80
. —=— Neutral cellulase
& 60 | —+— Acid cellulase
>
=
S 40 t
[}
2
=20
o~

0 .

Control 30 20 10 4

Temperature (°C)

E7 ARIEETHEEEN
Fig. 7 Changes of enzyme activity under different
temperatures

TE: XS HD1031 = 4 il . vhPE2F 2 R AR
PELT 4l R B AE RIS IR T RYRHE (HD1031: 50 °C; WPkt
e KW 65 °C; BalELF4EZRER: 50 °C).

Note: The contrasts are enzyme activity of the HD1031, neutral

cellulase and acid cellulase in respective optimum temperature
(HD1031: 50 °C; Neutral cellulase: 65 °C; Acid cellulase: 50 °C).
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8 IEERRRCINLER

Fig. 8 Result of cellulase disintegrating the filter paper
TE: A BT B: HD1031; C: K%

Note: A: Humicola sp.; B: HD1031; C: Trichoderma sp..

4 4k

AR SIZI0 30 5 %ok e e LU AR A bR B Y
—HRBERE M4 AT 4E R ) HD1031 ERIE T4
FEWEGE, W L RO — PR BCLL R RR 4 T
(Pseudogymnoascus roseus). H Hiii% b 75 feids r= i
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