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Abstract

The discovery of enzymes with high activity and special activity in extreme environments is of
great significance to the development of new materials. In this study, sodium carboxymethyl cel-
lulose and rice straw were used as the only carbon source, and a cellulose-degrading strain F39
was isolated from Chaka Salt Lake in Qinghai Province, China. After morphological observation
and ITS sequence comparison analysis, the strain was preliminarily identified as Cladosporium sp.
(ON318388) Using wheat residue fermentation medium for induction, the optimum pH and tem-
perature of cellulase production were 5.0 and 50°C, and the highest activity was 0.237 U/mL under
the optimum conditions. Keep at pH 4.0~6.0 or 45°C~65°C, or keep more than 60% activity when
the salt concentration is low of 2.5 g/mL. The activity is stable under most metal ions. The metal
ion Mn?* can stimulate its strong activity. The activity of enzyme inhibitor DTT and SDS was
strongly promoted in the presence of low concentration. The supernatant of the strains fermented
in wheat residue fermentation medium for 312 hours had the highest activity towards carbox-
ymethyl cellulose sodium (CMC-Na) which was 0.223 U/mL. The Cladosporium sp. has acid and salt
tolerance, good performance and great economic value.

Keywords

Halophilic Fungi, Cladosporium sp., F39, Cellulase, Enzymatic Properties

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

R R & — R K MR LT 4R R 1Y B-D-WE 58 A= BSU1 %0 5 (1 22 20 7y B ) PR [1], BLFE AN DDA S b
B, YR SREBEE R AN p-E A MR, (ER L. TRE. BEZG. Ui KGR VAT AT T N R B2
YR 2 A T HAR T IR . A A 25K gk B P e AR A R SR B b A B IR
B RRICKEFIEME[3]. 1EAEIRE LI S R, A4 R BAE Tl N 75 B B — SRR R 1)
WAL, Wi b SRER. MRINAE[4]. PrUAUNESRF D, FRalRmah . IR i, i ik dn
B R 2T 4 B AR T B A I AR [5] . AIXEEIRES rh ik P oF 4k R R bk, BT
FHEE IR AN, B T ARREI A I A AE R, 1XO0 T DA BT EORIIE I

W AR MR B R IR B AR AE R, A REAAF AV AE KA PI[6] . —Lurg SR E M REBEAE R ER, = pH
MREFR IR AR, HEMERTE R AT E IR, A4 g R AE M B 7 AT U R e R AR
ToBE AR5 G, T RESEAT KB AR L R B[ 7], W8 Eh i 36 5 o B R O SR AL, o LA Reag =
ARFER AR A, T AR AE R AR TOESHIF . SGE BT ER PU R AT R H B A R
AHEBEEZ 8], KL, wghE w2 —RWAFFRAME KA

IRZ W FCUF G S AR 2 Re ks e P40, 7EVIUEF r A R m sh o s, 2R AR 2 fluAT
PRI R 5 AT R A 2 AT B ) P A KR VE R G IR AN R R [0]. 7E SR FEEEAT R 1
g ER TR SR B 2R JE 1K [ .37 (%) €0 1 4 T i AR o P R R bt L B2 B K A A e 70 [10] SR T
— IR RO % P M A AR 1 B R AR S 2h H BRI Halococcus salifodinae A5 2 I BEEE[11]: FKEEHFS5E N
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XU 37 v i e HH G L B 455 G 2h 2 AT 1A Halobacillus trueperi Ho A5 5 i 1) 8 U BENE F1[12]: 5K ik
i Eh BBk Halorubrum sp., BAG T o-TEK G EE 7 [13]. PRAEMESE I %6 1) o Eh Rk Salinicola sp., H
B B AR [14] o B SIR GRS 5 348 1) 1 25 B & Halomonas sp. B i R4 B I E J1[15]. Bl T 4% b Eh ik
AR B (= AN TN 75 SR AO3G N, F240 7= 27 24 2% Wi 5B A KRR M 1) 6 B A 2T 24 25 10T 36 R0 SR A= 4
() 4 5 1 106 LA B FEANMEL

AW TR R R R, SRR — bR E R G SRR, X RS S AN A g R
JREATHEE, B AEWE Eh 2T 4 3 M 0 T RN S B A g LA 4

2. MRS
2.1. #H

2.1.1. ¥
FEG R E 5 A 2R ERHI (K %) 3059 m, 99°02'0.85"E, 36°31'0.51"N)/K-F1fi T 15 cm &bHI/KEE, 4°C
AT

2.1.2. IEFE

R IR (g/L): /NEREFF 109, 15 2009, NaCl50g, #flE 20 g, pH EHR.

MR 2T G e 55 78 55 (g/L): PR LT 4E R4 19, KHy,PO, 19, K,HPO, 2FeSO,-7H,0 1 g, NaCl 25 g/50
g, (NH4),S042 g, MgSO,7H,0 1.2 g, K,HPO,1g, CaCl,0.3g, E£EEH; 059, & A% 0.5 g/L Bl 20 g.

KR 3R (g/L): /NEREFF 10 g, KH,PO, 1 g, K,HPO, 2FeSO47H,0 1 g, NaCl 50 g, (NH4),S0,42 g,
MgSO,7H,0 1.2 g, K,HPO,1g, CaCl,0.3 g BEEEM; 0.5 9. KE2&MF: 121°C, 0.12 MPa K 30 min.

22. FAYERMIERERNSE

B 1 mL BES, 0 BIFREN 107°, 107%, 10°7°, IRA7Ei I 953 I, 78 25°C FRE3%: MK G,
PRECRAN VA AT PR R 3577, HERIL 3~5 G SEIL BRI 2 B 5 4lidk, IR MM aisssz. FIH
ISR 2L —32 F B AR 4 3 DK R ENE AT W00, IS B AR Rl TR R 97 4k b, 1537 3~5d J5, HH 0.1%HKIIH
LIV t0 20 min, P 1 mol/L NaCl et 25 min, 43 /K iR Bl 5 18 V% 1) BLA% EL R 25 J i £ 44 2%
B s = PR, TRV R AR AR T R R IR B 5 3% 10 d, R FH M A BEE I S V2 9 SO E EAT TR AR 1
ik, KA. 25°C180 r/min B59% 6d J5, 4°C. 8000x g &5.0» 15 min WHX _EiE R, 1F kLB T T
SRR (I A

2.3. BHBILE

2.3.1. ERRIESHE

YRR T PDA £535 3% [ 25°CHE9% 10 d, MIESICFREEM AN, Fikh, B, BgEmng. F
F OLYMPUS BX51 7% @ e it Bir il i o9 (0 B AR HEAT SO0 B, B S Bid sk i 2. kvl
TR AN AR N R A AT (T A5 RN

232. TFEYMFERE

PR B FL I R 22T 50 pL 5 2% CTAB (73 bk = L ISAL ) 10 TE Zrhiti(pH 8.5)F, + PCR
X 99°C /K 45 min, 10,000 g 25.0x 10 min, HU EARAE B B R AR . R FH B B A% BE & rDNA
A [aIBE X #(1TS)iE A 51 #)(1TS4 5°-TCCTCCGCTTATTGATATGC-3’,
ITS5:5-GGAAGTAAAAGTCGTAACAAGG-3’), fiiH Taq Bik1T PCR ¥ 15. ¥4 PCR 4 3 =¥k %A} 4k
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YIREA R AR AT . 32117 5K IR J5 25 £ GenBank o, Jf#E4T Blast LbXf. A MEGAT7.0 fif
{R4%3% (neighbor joining) K Z GEHEALIY ,  HRHJE BRI R 18] (1455 2% 5% 28 R 1 PR AR

2.4, AR P REEENE

VBRI R TR R B3 35 5 R, 25°C T 8595 10 d, BUR BEWAE 8000 r-min 1. 4°C 26 4F K 5.0 20 min,
RN kARG . HX 50 pL KHEEIINF] 250 uL & 1% (WIV)HR 2T 2 28 (CMC-Na) #7458 R AN 2 1P ik
(pH)H, 55°CH#HE 30 min. JIA 450 pL (3,5)- ASFE/KAAER(DNS) 21k [ W, /K3 10 min Ji&, 8 F B
{F 540 nm I I8 JEURE R [16]. — AN EAAL(U) B BEGE T E CA 1 min B 1 pmol ] AT RE 24 S
WJEHET TR B R, SN T 3 MEYER . TR A prism.exe BT B 40T .

2.5, RiEBR M pH FiRERIAIE

A E F39 SRR A4 R B AE M pH, 78 55°C N pH 2 2 10 FIZE B AN 7] pH 5 HH BER A
SO . FPRERRENZE I (pH 2.0~8.0)F H & #2-NaOH 22 (pH 8~10.0). Jyill & F39 Sy £ 4k 251 fiv i [
MR IE, TEFTIE BRENZE M (pH 5.6) HRAS A [R5 B (0°C ~90 °C ) %o HH il iR ) 520
2.6. pH iR B x4t RERFR E 1 ROR N

pH X} F39 SRR LT 4 R igfa e vz, JEibE 100 uL FEEHBINA 400 uL 22 (pH 2+ 3. 4. 5.
6. 7. 8. 9 10)H, T A4CTRIEE 24h 5, fEARMERM T IE KRR EN. LA #E7K(0.9% NaCl, pH
7.0) [F) S50 R R BRI M BH 4 X6 B (1009%6) o L1 X F39 SRR 414 R Wi As e 1 () i, i ok Yo KL B A7 AN R R
J£(45°C . 55°CHI65°C) T, WEE AR E(O. 20. 40, 60. 80. 100 Al 120 min)ja, fEARvESA: T H
BRRATE M, DA ARHE(O min)KH B A FH 14X L (100%) -

2.7. EhIRERTA Y RERIE RIS

I E F39 SR £ 44 25 Ml £ S B 2RV JEE, #E 55°C . pH 5 At I AS [5) B U4 & G iy i 0 AR [] 3k i
R B 0 o TiC B A R BE 1 NaCl 220, #REX 0.5, 1, 1.5, 2, 2.5, 3, 3.59 ) NaCl ¥ f#fE 1 mL
LM, NI E F39 SRR LT 4E R B EAT IR IR BN 2 M (pH  5.6) HH A AN [H] 9% 5(0~3.5 g/mL) e FH B 110
oM, DE R EETE M. T HARESRAETT, RIS NaCl 1 s 8y & P0AF uxt I (100%)
2.8. FEI&BEFMANBIFIX 4 Z8E DR

RN E 4 B T RPN RN F39 SRURLT4E =B II52M,  FERRE IS B 2 b 2 BUINNAS [B] 1 42 &8 2
T(K*. Mg¥. Fe**. Ca®. Ni**. Ba®. Mn?. Pb®. Zn®#l AP)EIKIE N 1 mmol/L, Z VU8 —4h
(EDTA)FIAS R FIHIFRI[+ S BREN(SDS) 7K H L s ok sl (PMSF) Il —HR J5 B EE (DT T 2K E N 0.1%.
i FRRHESRAE R, TEIS I I LR A A E 5t HE(100%) .
2.9. 1EFRETEIN = EERT RN

¥ F39 H bk T PDA 15373, 30°C N5 3% 3 d MBS F=WIME NFF, BRI LA 1% (VIV) e Fh &
FhF R FEEs 36, 180 r/min, 30°C FHEATESFEAIRG 12 h, FESLUCER LG, F T 4R 4E KBS 7100005
3. HERENH
3.1 FAHERERGEER

IR kR SRy B B — Rk B AR RS TR EL B, B H SN F39. ZEMRAIRIR 21K R
BLKE 1, KRBEASEEEAILN 2.26 £0.14,
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Figure 1. Congo red hydrolytic circle of strain F39
[ 1. Btk F39 RIS LK iR

3.2. S ERER F39 RIFSHEHE

Kl 2 9 bR F39 MRS, mIEIWI AL, R E ROMEER iR, RRERIMABINF L, Hi
RE. i, Bos, WiEMRIMmEERt. 2AM TR, B ETmms Res, Mbitst, St
JEEE, 7R S AN T p B 22 A, R, B e )RS T R RN SCRE, B W MR
TEARFIR/INA AR, WERTE . BEERONTE . B0, BB, WEREE, RIE, ol ZR Mok

o
has 1ok 7 ed 10

Figure 2. Colony morphology and microscopic characteristics
of F39. (a), (b): Pure culture colonies; (c), (f): Conidiophore
and conidia; (d), (e): Conidiophore; (g): Conidia

E 2. Btk F39 MEFERSEMBHESHHE. : (1),
(b): HIEFEE; (0, (): FEBFEMSERT; (),
(e): TEBTHE; (0): FEBT
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3.3. FEA4E RERENE F39 O FiL Rt

T ITS A G YN 345 bp ITS IRNA % HBRJF A, FHIFELL F 4% % GenBank
(http://www.ncbi.nlm.nih.gov/genbank), & 3% 5 : ON318388, 5 % # Cladosporiaceae sp. (&3% 5 : 0L818314)
A1 Cladosporium sp. (&35 : MZ452398)3E 4% 5% R cilt,  [FIYE1E 737008 99.44%F11 99.44%., T Ttk F39
ITS J75I#E NCBI ¥ Pe v [F) R R AR i R Gt A, WIS 3, WIENTakk F39 SHfd )8 KA L, 454
TEASSARE, B 05 F39 2N Cladosporium sp. itk .

99% KJ410042 Cladosporium cladosporioides

OM965341 Cladosporium verrucocladosporioides
OM950736 Cladosporium tenuissimum
100% MZ221944 Cladosporium delicatulum

o5% KY951908 Cladosporium australiense

100% "MW342744 Cladosporium pseudocladosporioides
_'7 KM246242 Cladosporium cladosporioides
97% OM950735 Cladosporium cladosporioides

| MH752511 Cladosporium cladosporioides
97%

F39

—

0.0010

Figure 3. The phylogenetic tree of F39 based on ITS rRNA sequence homology
Bl 3. &T ITS rRNA FHIEIRMEAZFE R F39 B RGEH LK

120- 120 o 45°C = 55°C a 65°C
100 1004
i 80+ = 3o
i i A
60 % E
< 40 40 A
£ ® '
20 20
0 T T T T T T 0 T T T 1 | 1
0 15 30 45 60 75 90 0 20 40 60 80 100 12
REE(°C) Time (min)
(a) (b)
120 -~ 12 hours
100 -= 24 hours
1007 -e- Citrate buffer
g _ 80
\\té 80-] -# Gly-NaOH buffer %<
’ﬁ 60 g 60
B 401 g 407
= &/
20 20
0 1 1 1 1 I 1 1 0 T T T T T T 1
3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10
pH .
(c) ()

T A RS R TE — 58 210 B P PR X s A (R i 1 il e T 1 4 B
BB R RN BREE AN [R) 2 AR T AL L B A% Bl B0 L BE T 0 o AR b

Figure 4. Effects of temperature and pH on cellulase activity from strain F39
B 4. IBEF pH XTE# F39 SRR 4 RER AT

HO
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3.4. E¥k F39 RIFAHEZREMRIER K pH FIRE

PPk F39 SRR LF4E R Mg ¥ S od [ S pH AR 2 73708 pH 5 F 55°C (1] 4). F39 SKIFEAHBERAE 45°C
~65°C, RILH A mid 1 80% LA X V(1 4(a))s 7E 5CHI 80°C 4 BRI £ 40%F1 37% I AH T %
PE(E 4(a)). F39 SRUSHHAGAE pH 5, R I femiG 1 80% LA ERIAXEME: 7E pH 3.5~7, XKILHEL
A0%FRIAR X 14 (1] 4(c))- IX 15 B F39 SRIRLF4E 5 5 ONIE TR \ M IAT 4 R I . Ik, FHERAE 5°C~70°C,
TR 40% LA L AR KB, Ui RH 1% 47 4k Rl R RO R AP R E 1 .

3.5. ;EEEM pH X F39 JEiRET4 RS E MR

F39 SKUFHL B R L A mr A2 2 M (18] 4(b)), 7E 45°C. 55°CAHI1 65°C FIEE 120 min J&, 2> HIfEFE 4
85%-. 54%71 320 M AXFIEPE, HAE 65°C FHEEEMIA 40 min. 55°C LM 120 min. pH X F39
SRAIRET Y ZR A T M (52 R B LB E pH 5 ¥ F 24 h )5, R EE HIF2 52 14 (>80%), 7 pH 6 Al pH
7FWEE 12h 5, HIEMERRE T 9%.

3.6. ERE T4 REGE DHIRNG

140
120
100-¢
80
60—
40
20

X B (%)

0 I 1 1 1 1 I 1
00 05 1.0 15 20 25 3.0 35

#h R (g/mL)

Figure 5. Effect of salt concentration on cellulase activity from F39

[ 5. EIREEXT F39 BUsRIRLT 4 REGIE NIHIEMD

W5 AN[F) SRR B (R B g/mL) AT F39 HISKIR AT 4 2 Bl is DAE e . s 5 Al LER], EHhik/E
7£ 0.1~0.5 g/mL 1], A3 HANKHIE 130518 105.61%, 129.93%, 111.23%, 105.%, 100.49%, i%ihik[ZiE
DX F39 P2 4R 4k R B 13E 1A (e dEVE F - F39 SKUSRL BV 7E 252 0.2 g/mL B, R I H s 2 HEE AT,
FHXT BTSSR A 129.93%. IR ST 0.5 g/mL B, RO INHEIIEF, BEE RSN, ARG BV AT
FEAR, ShIRFEEART 2.5 g/mL B, ORFFRE 2 60% LA AN RIS « 24 RN 3.5 g/mL, AHXTHGE % 22 25%.

37. FEIEREFFHMBIFIXEK F39 RIFLTHE REREIRI

ANTF] 4 Je8 B8 - RO R0 BT PR F39 SKUR 44k R B (52 W14 6. B SRR 1 mol/L & & B 1-, F
A MR 68 B 1 AL AT 4 KB M EMEIE A, MnZ RS B i e . AR e RS
X KRG VR 2T 44 2K ) T S5 R o 0. 1% FE 771 EDTA A PSMF X} F39 SKUR I 214k = s /13
HEMARHERLE 7), 0.1% SDS 1 DTT XFHigGtA mmIUE 2 ERH , /& ZBsm e,

3.8. AEIEFERHEXI Bk F39 P24 EEEAIIE

T bR F39 fE R WERE IR L PG 7 48 h Jim, B RIS 1A AN H: BTV AT e X Mg P AN BT i, 144 h
W, AEXEEEEE IS 20%, BEJSEEE J1KIEEESE N, 264 h FHGEMEE T RuE, BB EEETER 80%, &=
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Figure 6. Effect of metal ions on cellulase activity from F39
E 6. BB X F39 HRIRAT4HE REGIE IHVSND

0.1%

300+
2501

=
~ 2004

ol
S 150+

'
1004

=
50

0
0 *# PMSF EDTA DTT SDS

Figure 7. Effect of inhibitor on cellulase activity from F39
B 7. HIHIFRS F39 BSRIRET 4 REGIE VSN

100
80

60

T BEE (%)

T T 1T 1T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20

(days)

Figure 8. Effects of different culturetime on the cellulase production of F39.
The fermentation medium was inoculated with 1% inoculum and incubated
under 180 r/min, at 30°C. Cellulase activity of fermentation broth supernatant
was measured by sampling at 1 day interval

E 8. NEIEFRFEXER F39 FA4EREERIFM. L 1% E 5T
ZBEEFED, 180 r/min, 30°CT#ITIEF:, [EIFE 1 d BUEENE LB L
TBHAYE R TE M

HO
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4. ¥ig

W L LB AR — AR TG AE b AR B P R AR, T RATE 3.0 mol/L £ 2 B A AR VR R AR KRR
YI[L7]. WEERELEH ) THE M sh IR B AR K, RRIE AR R AR B s /b I i 2 v ARG AR i e, IR 2E
A o R AR R AR 0V PR 0 [ 18] 0 AWt R BB 558 W A 0 T 7 g % T 7E oo SR A B8 Hh AT DR e i 1
b, X AR A P P AT Y R I T . DR e B A R IR OO B AN AR L. ARBF RN A
ARV R S R RE Y 1 RRRRRRNERE . FORFTIE M A AR F39, L7 A 4 B N B R OE
A1 pH 235108 45°C~65°C Al pH 5, {EH &M TEEE 7700453 0.237 UmL. &K B R4 04, %E F39
PR A f Bk JE B 918 Cladosporium sp., J&4F4E R BEM b 10 R ZRBE, 3 T, HAKERE N
25°C, HOEMEERER 0.2 o/mL, J& T IAYMEERFIR, A AR R IR IR MR BT P R M 2 A TR K
T 4E R KN Cladosporium sp. F39 B PE-S £ 3555 A M i Eh IR BT T X0 K R b2 B8 1 — PR B P27 4 55
A&} Cladosporium sphaerospermum H#k, [F ABHIJE[19]. FoATA 251 o4 5 193X #k Cladosporium sp.
AR AT AR R A TR T EhRE 7D, FERRIEE S i R AR FE PR AT 4E R IR /), TERPIR ISR R
R4 i PR R AT BRI BB o 12 70 10 B B ity R A 355 75 22 AR e it A T 8 5 B R (B 1S E R 2 B
WARZ AR = B v T J B IR N IR

B oW

AW FIRAR = P48 HEA I L Bl—— 5 AE 10 H (202101AU070138) . KHEAS (L g4k FU B 2 A R 2
BE KB Z RN B E 3 3750 RF o

&E ik
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