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Abstract
In this study, a batch of halophilic fungi were purified from the samples from the Chaka salt lake in
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Qinghai, and the degradable cellulose strains were preliminarily screened by Congo red staining,
and further screened by DNS assay to obtain a strain with strong cellulase-producing ability F33.
Through morphological observation and comparative analysis of ITS rRNA sequences, the strain
was preliminarily identified as a Cladosporium sp. (GenBank accession number: ON318389). The
use of corn stalks as a carbon source for induction, the collection of fermentation broth and the
enzymatic properties of the cellulase secreted by it were found that the optimal reaction temper-
ature of cellulase from F33 source was 45°C, the optimal pH was 4.0, and there was more than 50%
enzyme activity within 0~3.0 mol/L NaCl. In addition, Mn2+ has a strong promoting effect on the
cellulase produced by this strain, and the chemical reagent sodium lauryl sulfate (SDS) has a sig-
nificant inhibitory effect on it, and the total enzyme activity measured under standard conditions
reaches 0.54 + 0.03 U/mL. These properties indicate that the cellulase produced by strain F33 has
the characteristics of acidophilicity and salt tolerance, indicating that it has broad application
prospects in the fields of food, feed, textile, and paper industry.
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1. 518

Bt AR RO A AT AR TG R 3R i, PR 1) LZ T O AATTORTE I A R Rl AL S IR R 2
HH A W F, — MOl = AMEREIEAT AL B, T8 ™ A i) KB i & R AR e & 0
AURERRR. 38R TIE L UL BRAR IR S R 22 “TuX” [1]. WRFURIL, SF4ERME T4
PRITNRK T, RER HLAT BB, ANDUR O TS gL rl i, e, TRk 9. G ARAL AR
AT R R AT R [2] [3]

ST RO X IR B E AR, AL RS SRR, YRR SR R SR I R
VR —, L YEZR MY TR Sr 2 —[4]. DRI H ] B AP 2T 400 3 0 i 5 TR 0T A o B IX 1)
BRUSAE A H o) RIS e v RBUR A B B S W R U S A M M E MO AH U BE Sy R R, HOM T B
TR ERAE ], RAR KR RIERES]. A SCHRIRIE: 78 i 5L K E A Penicillium sp.
NICSO01 AJ LAfE A=W HERERI A= M B 6 R CSCE R AE , SR R AR BT ER AR ORIV, 2270 13 11 IR AL )
[6]; Tolb bA#EHI g Hh AR 2 thlR ok B g 1, g ERME RN BRI %, W N T AR B s
PR AR T 25 Ay AR HERCE SR BETCHLER PR K B TR BRI 7]

ASHIT U S DX it BAT A R SR R LT R R B IR, PR RIEIR L pH SR VE AT R
FCo B A E ASE PR R SR 7 AR SRR, DT £h 2T 4 FR N AT AR R SR AL AR

2. M55
2.1. SEEEMIRY

B K B R R ERIR e = LA 100 g, 4K 3059 m, b4 36°20'60", R4 99°02'21".
2.2. R RBBRBE KR IFIE

W FRERATE(L0™ 107, 107 )XERE S HEA TR0, #5150 pL AR R B ERIR AT E 2.5%F1 5%Eh 7K
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FERY) PDA [l E 7k rh B B 5597 3d [8], PRICH B B 22 VY X R 2 B 245 B a4 B b 2 0aad Wi AR
LT Yt [9], M EUK B T P B4R EL (DY B R B R TR PR AR R 27°C L 180 rrmin MR K Y, 4 d
J& 4°C. 8000xg E5.C» 15 min HX G4 E Ak B3 T IR 770052 [10] [11]. 456 DId {EFNER i 71K /INifi g
FIPEAYE R B AR . AR KRR R 10 gL BRFSLAF4ERBI(CMC). 4 gL (NH.),S0, 1.2 gL
MgSO,7H,0. 1g-L ' KH,PO,. 1g-L "t K,HPO,. 1g-L ™" NaNOs. 0.5 gL E#EFH. 50 g-L " NaCl/25 g-L ™"
NaCl.

2.3, FRAGERBEREHRNFESUE
A T 7 T A 2 T TR R 1 B [ L2/ At E SR L A4S
24, FAERBERERN S TEYFLEE

PREUD R R 22T 25 pL 7 2% CTAB (752 = F ISR AL ) It TE 2 (pH 8.5) 1, PCR 4 1
98°C %% 30 min, 10,000xg &.C» 10 min, HU EIEMBAE AR ABR . FIH R AZIEE RNA K [E
k& X FE 5 (1TS)38 H 51 40(1TS4: TCCTCCGCTTATTGATATGC, ITS5: GGAAGTAAAAGTCGTAACAAGG),
i Taq Fik4T PCR 43 o Il F S M et i L vk B0 HH DNA 4577 I, I8 SR AE MR A BR A =14 T 5
W3R8 %1 5 NCBI 4 FE (https://blast.ncbi.nlm.nih.gov/Blast.cqi) A 3EAT EE 6, A MEGAX 45
fizi%(Neighbor joining) 4 i R Gt B W, AR WA 18] 155 2% Ok 2R 0 € TR R I A B [13] [14] .

2.5. kB RIERIERTEIE

F 0 H R e 7 AT 4 K B R (F33) 3R T 100 mL #1746 pH N 7.0, 1% ANERRIE(NE . Bk FEFF.
WA WA B R B T 28°C . 180 rmin 14435 96 h JSHURE, X T A A B AT BRSO 5 [15] [16],
i 5 L BOE IR
2.6. MBS RS R RIE Kk NIBEFBE R M E

ECHIIBOE S T, PLWIEE pH oA 7.0 KR FE A 1% CMC 1E N 4 SR BRRAE AR AR E T (0°C~90°C)
S S AR RIS TR), DA SE F33 KU 21 4 2 il o S S T B2 [17] [18]» 38 ik R B AE AN [R)3RLEE (40°C . 45°C
50°C) N & AR [A](0. 204 40, 60. 80. 100 min)j&, & IR EHIHTE[19] [20], RIRFTIRLX] F33 K
VELT Y AL E R RO R, AR AL FE (0 min)KH B A BH 4 % 1 (100%)
2.7. HERRPAY RERRIE pH 1 pH BRI 730E

ECMPBIESME T, FARFE pH 2k (e 28 - Frig Rl pH 3.0~8.0. E &M - HEA
fe gz P pH 8.0~10.0)% CMC #ifE 3| 1%J5, E*Ez&fimﬁﬁﬂa‘ i), DABfE F33 SRR 4E 5 i il
N pH [21] [22]. KB S5ANE pH 22 (pH 3.0~10.0) 1:1 V8 &, 7E 4CHER 12 h Al 24 h J5 i H % B
TEPE[231 AR pH %t F33 SIe il £ 4 2 Filg (1) 500

8. ERE XA 4 REFHIF M

TECHPEEEST, 5 05M, 1L.0M, 1.5M, 20M. 25M. 3.0 M. 3.5M f#] NaCl it A Z| 1%[¥]
CMC F{E MBI S N YD, HURL BRI EL5R B VG R [24],  DABA 32 $R VR FE X F33 SR £F 2 Z Bl 1 52 1l
2.9. AR BB TFINHIFIxT 4t REFE DR

1E O BoE T, BOHEER > BN 1 mM #1 10 mM AN 428 B 7(KH. Mg?* . Fe**. Ca®*. Ni%*.
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Ba®*. Mn*, Pb*. Zn®Hl AP LK 0.19%F1 1%L 2RI [ 2 I VU 28R —4N(EDTA). + ke SRR en
(SDS). 7% H J: 1tk ot S (PMSF) A ik 75 Bl Bt (DT T) kAT Bl vl 2 [25], LA 4 J 15— ARl 5% F33 >k
IRAF YR BRI, IR N SR A PR X I (100%) -
2.10. REERTEIRS =414 REGHIFZ I

VIR F33 Fh i, LA 1% Fh B4R T kBt g5k, 27°C, 180 r/min B35 7%, & 12 h BB
HEATEEE I E[26], LAE F33 IR £ 4k M (1) ool K BEINHA]
3. BRER

3.1 FEAYREREMNIEE

L WPRA G (R IL T 1L H 42 PREARAE TG, A 16 R B EAR (D () > 1, Wk 1 s, H
TR bR F33 ERIR AL 77 ERE MR oK, EARN 90 mm, B EAE A 210 mm, TH B EAEHL(D/d fH)
2979 2.33 (K1), 16 PREAMREREIE S5 R 2 frax, F28. F33. F53 MLF4E s Bag MEARN Bim, Horp

F33 [ 14 B e o

Figure 1. The halophilic cellulase hydrolysis rings by F33 strain
1. Btk F33 REEL A4 RER/K AR
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Figure 2. The relatively cellulase activity in fermentation medium of various strains
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Table 1. Diameter of hydrolysis circle and cell diameter on Congo red plate of each strain
%= 1. SEMNIRLTER EKBREERURERER

Ak ZWIFE D (mm) B 44 d (mm) 1% B P/ B4 44¢ (D/d)
F26 170 130 1.31
F27 260 240 1.08
F28 280 130 2.15
F29 290 120 2.42
F30 140 120 1.17
F33 210 2 2.33
F34 340 180 1.89
F35 350 20 1.75
F36 210 130 1.62
F40 330 30 11
F43 170 130 1.31
F45 190 160 1.19
F50 180 90 2
F53 150 110 1.36
F66 220 130 1.69
F70 240 180 1.33

3.2. FEETHEREEEPK F33 SIS

FIRIERZH F33 4R E 5% NaCl PDA P72k b, WivERER 6 d Ja (LAl 3(a)s K 3(b)). W& Ht
Flbrext, BE, 0K, Walk®RE, RiE, 28, fRt. 2ERTEE SRS, AR, 4
W, MR, fRIRESE, RRZR, RUBERORGSE, JEEE. PR EmE A, KRR ELT
., WL, NEMTERROEEEY, R, e, JFEE.

3.3. FABREENK FB NS TFENFELE

ST TS 38 FH 5199 BRI 2K 543 bp ) DNA 2547 (1 4), £ 53843 1TS rRNA B4R 751,
AL A ZE GenBank (http://www.ncbi.nim.nih.gov/genbank), GenBank &3%'5: ON318389, 5#tk
Cladosporium perangustum F05-01 (& 5% 5 : KX664325.1) 5 P A 99.08% . % T i ¥k F33 ITS /741 7E NCBI
s P [FR RV RGN, TRV F33 SR E R —H, 4G ESRHE, R4 HE F33
“A Cladosporium sp. (&1 5).
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Figure 3. Characteristics of F33 strain colony. (a) colony front; (b) colony back; (c) F33 hyphae
(40x); (d)~(e) F33 conidiophores and conidia (100x); (f)~(h) F33 Conodiogenous cells (100x);
(i)~(j) F33 conidia (100x). Scale bars: C = 90 um, D = 20 pum, E = 30 um, F-L = 10 pm

[ 3. E¥k F33 MRENFHEFRMEAS. () EEEM; (b) BEERME; (c) F33 EZ(40%);
(d)~(e) F33 HEMFHER S E 18T (100x); (f)~(h) F33 FZHILHAE(100x); (i)~(j) F33 HERT
(100x), #xR: C=90um, D=20um, E=30 um, F-L=10pum

—_

M

Figure 4. Argarose gel electrophoresis of the amplification products of F33 gene. M: DNA
marker; 1: The amplification products of F33
Bl 4. F33 R #E= YR IEBEFEEAAN . M: DNA marker; 1: F33 EE 17574
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43

- - EU272531.1 Cladosporium tenuissimum

OK510271.1 Cladosporium colombiae strain A18

- KY951908.1 Cladosporium australiense MoEF029

MZ558049.1 Stagonosporopsis stuijvenbergii CB0101

—_—

0.050

Figure 5. The phylogenetic tree of F33 based on ITS rRNA sequence
5. &T ITSIRNA FRHIEIRMEAZE EK F33 B RFEH LK

3.4. F33 kR4 REE A SBE BIR

WA FEBR KRS, AT R E A AR LE 6), ME—BEONREAT . TORFF LN Z )G
R, A FORF N bk F33 (Bl il -
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Figure 6. The optimal carbon source of strain F33
6. EI¥k F33 MR IERRIR

V7722222222224

3.5. F33 KR4 REA0 R & K MR B B H T2 E R

F33 S5 2T 4 2l (1) B SN IR EE N 45°C (14 7(a)). F33 SRIEFH B AE 35°C~55C, LI it
80% LA AN M 0°C~45°C Eikk F33 MIBEIS JITEIZ D1 5, 1F 45°CHTIA R, 45°C LAJSRENE
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FUGZHT RG . BEER AR, ZRERIE R rfa e, 75 40°C. 45°CHI50°C FIFHE 120 min J5, 4
AR BE 2 82%- 73% 1 60% 11 AH XT3 14 (<] 7(b)), i B B A A il g H7E 40°C~50°C 3R B H 3% v 1 R e 1

120 2 40C - 45C A 50C

120+
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:\j 804 g 80 -
= fesal
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Figure 7. Effects of pH on the cellulase activity (a) and stability (b) of strain F33
& 7. pH 3 EEIHR F33 SRIRLF4E RBEIF M () AR E 14 (b) B9S2

3.6. F33 KR HEREBBHNRER N pH REBEMR M

F33 SR LT 4 K B 1 Bod SN pH o~ 4.0 (14 8(a)). F33 SKISHHEETRAE pH 3.6~9.6 I #A — & vt
40%LL_EAARNHEYE, BRIRESEE K, 7 pH 3.6~5.6 I R HLH Fe mnid 1k 75% LA b AR ST, pH X F33
AR LT 4k R A 2 T 1) 50 2 DR B VCE pH 4.0~10.0 19 5 24 h J, B B A2 2 P (>75%) (14 8(h))-
Tt B 1Z B BRI H. pH 2 5E MR R

120 L o 120-
== IR A - MR R
1004 = SN - HERZE W 100+
g 80+ g 80
sl sl
I 60+ W 604
= =
Z 40 £ 4 = 24h
20+ 204
O L] L L L L T 1 0 L] T T L] T L] 1
3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10
pH pH
(@ (b)

Figure 8. Effects of temperature on the cellulase activity (a) and stability (b) of strain F33
8. mEXTE#K F33 SRiRLTLE REFIE 1 (a) RIZE 14 (b) 92N
3.7. EhIRER F33 KR4 KERIF M

F33 SRIFZF 4 ZBEAE 0.5~3.0 mol/L NaCl 26 £F T I H B b i v (14 9), 724 NaCl <% 3.0 mol/L
I, 752 50% LA E ARSI BECE SRR BEE B I 52 v, o e i iRo& #hvK 22 0.5 mol/L

NaCl.
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Figure 9. Salt activation of Cellulase F33

B 9. ShREIIEK F33

RIRATHE RERTE AT

38. FEIERBFMUFRFIN AL RBHT I

1E F33 SRIFLF 2R BN 1 mM £ )& % 1A 0.1%3R FE | i, AH X REZE,

BB Mn** (119%)

X IZEEA — PR E s 0177 SDS (57%) A B MAm il /e F o oAtk FH B v 2T 4 2% Bl s P 35
BEER, W PRERE 80%LL L (14 10(a)). ZEAIA 10 MM &2 & 551 F1 1% FE 3 7R, #H Ebxe iR 4,
BT Mn®* (181%) %} iZ A5 Bem R BEE . Fe® (65%). Pb®* (73%)F1 AIP* (69%) & HIL H {5 2 4]
YEFH; 30157 SDS (0%) 5 4 #i 7 BEE M, DTT (118%)%f A — & HIE#tER . A MRRRHZLF 4 K i
TG B AR RO, B P FE 47 86%~108% (%] 10(b)).
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Figure 10. Effects of different metal ions and chemical agent on the cellulase activity of strain F33
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3.9. 1EFREEIXTEYR F33 FEES M

B bk F33 1E RIS IR 3L BE 9% 24 h 5, Bl G 55 7 18] A 88 in HL & BV rh 4 4 R s AN it i, 7
60~156 h i AR R, 156~204 h G /13 iniass, 204 h JEEES 1 XOF i KIEZ A, % F 300 h
IS ik BB, N 0.54 +£0.03 U/mL (14 11).
0.6 ==
0.5 =
0.4 =

0.3 =

F§vd 71(U/mL)

0.2=-

0.1=

B s o B o B P B B B B T e e
12 36 60 84 108 132 156 180 204 228 252 276 300 324 348 372

I 18] (h)

Figure 11. Effects of different culture time on the cellulase production of strain F33
11. T EIEFFRES Ebk F33 T4 RES T

4. ¥ig

ITAER, [ N T8 £h 27 4 2 = A= A T 9 32 BEAR R AR 20 R AR B 1 [27] [28] [29] [30], KT
B PG Sh A 4 R B RE b, HRZ R IRT % 8 Aspergillus Link [31] [32] [33] [34] [35]. #FFE M
WE SR AR A P R L, R ER 20 Y (035 A0 DNS 075158 Y — R 7T AR T 4 s EL G % A e v
HIWEER LR F33, 455 TEA M ITS rRNA [FJE T 5125 R i idar, 58 1%k R )& (Cladosporium
Sp.). B BRLDH 3R SE UG4S B F33 214k R M i AL K BERT [F) 2y 300 h, KA 45°C, pH 4.0, B§iS /A% 0.54
+0.03 U/mL, HERHRINF=LFYERKBEIIGE ST, F33 R AE 5%EhIRk FE 5 7= L a8 B 1 i bk, HL 0@ #hiK
FE 4 0.5 mol/L, H7F 3.5 mol/L &Ik FKIAE 45% 7 A7 AR IRk, DRl ig & BU F33 nl fE = 2hF
58T B A £ 44 2 A6 8 S B AN T LA e

FIRT, WE2h 5 BN R AT SR %R, 9T O i PR S5 i A o 7 ) B 2 R 2
H AT SR g SR o A P A2 b SRR AR N RSB AR AR P2 [36], 43 W Bh 3 B B A B pi i
JEAER, BlAnBR R an S N AV L I AR R I —AkE £ B Epicoccum sorghinum FOREUYI%T FGFR2 iX ik
AL A MDA-MB-231-(S252W) 38 56 A B A E I [37], LR ARAE -1 = Eh A S 98 IR AR
W, BRI B T OCEIEFH[38], B AR B R AR R M B, Rk F33 [izdE, A
AR RAN TS B3 HEA R AR K, S4h 7 H CrImg 7 iERE ML
il AR 22 BRI TR i Ik A P W e 3 S A i P 05, B8] B AR A7) 22 A M T SR L 5 A0 i AR 455 P 3
BLUH A, SRR A AL, [FR PR A& —PiEm T A

EHEWHE

AW TG 7 7 8 TR 7T L T ——F5 4R 5 H (202101AU070138) . KT 111 v i L 1 2 R 1 L 2
Z SRR = IR NA B S 3 2 SR
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