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Screening, identification and fermentation optimization of
cold-adapted fungi with high efficiency of cellulose degradation

ZHANG Meng-Jun QIU Chen-Hao CHAI Li-Wei HUANG Mu-Ke ZHAO Yan-Ran
HUANG Yi’

College of Environmental Sciences and Engineering, Peking University, Beijing 100871, China

Abstract: [Background] The bioconversion of cellulose has become a research hotspot in the energy, food
and chemical industries. However, there are few reports on the cold-adapted fungi with the ability to
degrade cellulose. [Objective] To isolate and screen the cold-adapted fungi with high efficiency of
cellulose degradation from the rhizosphere soil in the high altitude area of Tibet, and optimize their
enzyme production conditions, so as to lay a foundation for their industrial application. [Methods]
Cellulolytic strains were screened by the dilution plate coating method, the qualitative analysis of Congo
red and the quantitative analysis of enzyme activity. Strains were identified by morphology and ITS rDNA
sequence analysis. The fermentation condition was optimized by single factor and response surface
methodology. [Results] A cold-adapted fungus, namely NLS-2, was obtained and identified as Penicillium
sp. At 15 °C, the optimized culture conditions of strain NLS-2 for producing cellulase were straw powder
2.5%, yeast powder 0.5%, KH,PO, 0.5%, fermentation time 7 d, pH 6.5, shaker speed 170 r/min.
[Conclusion] Penicillium sp. NLS-2 can grow at low temperature and efficiently produce cellulose, which
has a good application prospect.
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Figurel Hydrolytic effect of psychrophilic fungi with Congo red staining

. A: NLC-1TE#k; B: NLS2Hifk; C: NLP-4 Btk
Note: A: NLC-1 strain; B: NLS-2 strain; C: NLP-4 strain.
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Table 1 Hydrolytic diameter of psychrophilic fungi with
Congo red staining

T‘ET-% NLC-1 NLS2 NJP-4
Indices
KA VE EA% D 11.3 17.4 121
Hydrolysis circle diameter (mm)
W% HAZ d 6.5 7.0 8.0
Colony diameter (mm)
H# L D/d 174 249 1.51
Diameter radio
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B-H R WERERE J1 feo , WENS J1iA %) 53.3 U/mL,
IEBEFE 3% E N AE FR A R 75 o

TR B A e PR HEHL 5 FORTR A
PEHEA TG, AN 5B s, DAREEERM A
— SR, WG J13k%) 55.7 U/mL, B & T H
fh IR FP S, PR PR R R ol /U . 7E
PEIERE b, XU 0 B R T AR AL, i
5E i, MRk SRR 0.5%H T, BEG ks,
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84

2 EREENALEEIEN
Figure2 Cellulase activity of psychrophilic fungi

TE: A YD p-ASRMERG; B: SN B-TIRMERG; C. B-HU%IWETTREG.
Note: A: Endo-1,4-B-D-glucanase; B: Exo-1,4-B-D-glucanase; C: -Glucosidase.

3 ¥R NLS2 S EHHE
Figure3 Morphological characteristics of strain NLS-2

fE: A: NLS27#7%; B: NLS2 BEHEE; C: 0BT 4R 10 um,
Note: A: Colony of strain NLS-2; B: Colony texture of strain NLS-2; C: Conidiophores of strain NLS-2; Scale bar: 10 um.
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65 NLS-2 (MK 136784)
Aﬂ[‘j Penicillivin sp. (MF588882)
Penicillium stoloniferum (MH863730)
Penicillium sp. (KX058038)
61 | Penicilliuim sumsomiamm (MH838075})

79 Peniciliium dipodomyis (MHE62862)
— Penicillium griseofultvum (MI1865568)
—’;—”_: Penicitlivm griseafulvam {(MHB66136)
58 Peniciflium griseofufvun: (MHB65646)

——
0.000 5

B4 ETITSERFFEMEEZNEKRNLS2HNRZELER

Figure4 Phylogenetictreeof strain NLS-2 and itsrelated strainsbased on I TS gene sequences

T 25 UXPA GenBank £ 54 THE S, 4pSAbFRTEA AR, 3 R/RK A 0.000 5 TR B,

Note: GenBank accession numbers of aligned sequences are shown in the brackets. The bootstrap values are shown at the node. Bar
0.000 5 means the nucleotide substitution rate of 0.000 5.
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Figure5 Singlefactor optimization of fermentation conditions of strain NL S-2

e A BRIEFPSEESE; B: AR, C. TOHERAIGES:; D: SRS, E: RIEWEESE; F. TV RERE;
G: KEENRILSE; H: pH(HIESE; 1. fEIREEHILEE.

Note: A: Carbon source selection; B: Nitrogen source selection; C: Mineral nutrition selection; D: Carbon source concentration selection;

E: Nitrogen source concentration selection; F: Mineral nutrition concentration selection; G: Fermentation time selection; H: pH selection;
I: Shaker speed selection.
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I L TCHLER R B B e R R 5 RO 1Y)
TCHLER VEFTEETE I, 4nl&l 5C FiR, L KHoPO,
HICHLERRT, W§E 1A% 56.1 U/mL, B &F
HABTCHLER T, HBLERE KHPO, 1E K fieil o
PLER o FESCIERY b, XS E I e A AL
WK 5F i, &k 0.5%00 fEis Jfe s, wlik
#| 57.9 U/mL, Lkt 0.5%1FE K KHLPO, i el
T

I LR F5 S B BE 5« A3 KT 7 i 1 & e
B . pH {E IR IR ik R R ik, 258
Kl 5G- iz~ , Mk BT RN 6 d B S ) s,
1 65.7 U/mL; 4 pH {8 6.0 B BE I dRm, N
67.3U/mL; SHEIREH A 170 r/min BT ) 5
7 69.1 UimL, [, SRtk BTN 6 d,
A pH (R 6.0, SRFR IR H S 170 r/min,
232 NzmEKHLLESR

B T AR NLS-2 1977 S5, R
P IR 2R SR A L, SRRSOk i L R R ]
pH {EAE MmN 2, LAY - S BEEES Sk
M (34T Box-Behnken S23%, SEEGR % 5/KF
m 2 R, SRS RmE 3R,

TWRENE ARG 52245087 FIA Design
Expert 8.0 4% 52 5 BHl i 47 =k 1ml )4 5 7 40
A, I 7 T A [ A S R SR A M A SR R
TR NABERY | S — 25 R AS e A 1o PR K- [l
HAHT. ZRIEEIG TR Y=66.92-3.66X+
7.59%+6.31X5—5.19X; Xo—4.50X; X +4.13X,X5—6.05X,—
5.68X,°—6.24X5%, Hrh Y TR, Xi. Xo Fl Xg
Oy AR RO A . R RERTIRLAT pH Y 2R AD /K OF 5

% 2 Box-Benhnken LIGEZE5KE
Table 2 Levels of the variables tested in Box-Benhnken
design

K-
B Level
Factors ) 0 1
Straw powder X; (%) 25 3.0 35
Fermentation time X, (d) 5.0 6.0 7.0
pH X3 55 6.0 6.5

#= 3 Box-Benhnken SLIG& T R HEZE
Table 3 Experimental design and results of Box-Benhnken
design

SN

G 365
Factors .
No. X v X Enzyme activity (U/mL)
1 =il =il 0 46.25
2 -1 1 0 72.75
3 1 -1 0 48.00
4 1 1 0 53.75
5 o -1 -1 46.25
6 0o -1 1 49.50
7 0 1 -1 52.25
8 0 1 1 72.00
9 -1 0o -1 46.25
10 1 0o -1 49.25
11 -1 0 1 69.00
12 1 0 1 54.00
13 0 0 0 66.25
14 0 0 0 67.00
15 0 0 0 67.50

[Ty 220 Mr ik 4 Bros, P (Pr>F)<0.01,
BRSO A B, RS IF o R B RP=0.994 3,
RPaq=0.984 1, Z&HH MR 5 2RI Dl & FL i 45
I, SRR, HRRIA R — IR X,
Xou Xa» ZEHI XyXo XiXg XoXg FLUCH X1
Xo* . Xo& HIRFIM B /K- (P<0.01), 7451504
PR NLS-2 1 7= RE 145 M 8 2 A 2

Xi. Xoo Xs ZHEAZHAEH AN &K 6
Fin, B 6A—C 43 33 R K et B] . R8s 2 f
pH AR, AR H At 9 R 2 14 28 B A 5 Tl
FIRFRN =LA bR B, B R R SR pH (EA
% TR T [B] (18 i) 1, T 6 8 0V 6 T 1T 60 = 1 LAk
B0 50 2.5%. 6.5 F1 7 d. ZEG PN RLIREE ],
W LA R . FEA 2.5%, R 0.5%,
KH,PO, 0.5%, &MEEffA]l 7 d, pH 6.5, #&KFEH
170 rimin, Y500 BR AR & TR VR AT 4 2 TS D AT Gk
72.07U/mL. A T U IG 45 WAy v g bk, KT
FREMBEGHAT T 3 HEATIRE, 4R
T A HME N 7115 UlmL, ST E A —5, 36
A2 R T8 FE 0 5 -t O P e = £F A 2R AR 0
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Table4 Significant analysis of regression coefficient
IR A S5 A ¥575 F1E P {E
Source df Sum of squares Mean square F value P value
Model 9 1488.81 165.42 97.01 <0.000 1**
X1 1 106.95 106.95 62.72 0.000 5**
X2 1 461.32 461.32 270.54 <0.000 1**
X3 1 318.78 318.78 186.95 <0.000 1**
XiXo 1 107.64 107.64 63.12 0.000 5**
XiX3 1 81.00 81.00 47.50 0.001 O**
XoXs3 1 68.06 68.06 39.91 0.001 5**
X 1 135.24 135.24 79.31 0.000 3**
X2 1 119.00 119.00 69.79 0.000 4**
Xa 1 143.75 143.75 84.30 0.000 3**
Residual 5 8.53 171
Lack of fit 3 7.73 2.58 6.51 0.136 0
Pure error 2 0.79 0.40
Cor total 14 1497.33
R°=0.994 3, R?A;=0.984 1, R%nei=0.916 2; C.V.%=2.28
e rr. B (P<0.01); *. &3 (P<0.05).
Note: **: Extremely significant (P<0.01); *: Significant (P<0.05).
A B C
—_ : ‘ —_
2 g . a
‘g 651 = 65Rr = 65&
= 601 Z 60 £ 60
g ssi 2 55{ kS 55L
év np ‘0 4 i(;y 0o £ 50& 200 o
& fi\-‘ﬁg‘\ v 7 aff k /\9;5 S \0%5 E fi-“\g;’“\ HW ; %5\5\@
AT 4 4 .562\ Js Y 5 & -5@3‘ ARSI 55l ®
Sffaw Q70 e""ema,- 0 StraWpO 07 (O, é&
OWder 01 g, er Qéé\
El 6 MERRZE LS REE R E
Figure6 Response surface of cellulase activity of two factorsinteraction
T A WERRYS pH WL AE RS 15 B LBERINS pH S H S NALT 4R WS 15 Co R RORY 5 R I (1) 2 HL 52 R 2T 2

ENACPIN

Note: A: The interaction between straw powder and pH affects cellulase activity; B: The interaction between fermentation time and pH
affects cellulase activity; C: The interaction between straw powder and fermentation time affects cellulase activity.
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