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PEBCH/INAF Y, ANLREUS ST XTI AR B AR AL
W REMSHR T AR I PUBK TR ARk gE . B U A
FHEF Yl 2 BT 5 AN R AT A A S HAL BT, S 5 T
THUUKREE, BRAR T ESKAERE. MR, fEh 35T
FEXTVERE MR AT e R A Z M B 2R S i R, 474k
B AT R R A 2 A SR ) e, 5 T
et SRR L R AR AR 41 U ML Cicekler
A DVR AT Y R AR, BESR TSR AIRCR, X
WD T R R AR S, AR T B
bR O

EFFRRAGEAR T2, AW A EE
REARA: = A L I oK AR #= BT, IR RT LA SR )
FEfRACIRer 4, ImERTHAGKSRE . Btk %
PERE. B, mvERe Ry A= M mE A 1) T B R I 4R
PRI ARARRE, fEUEE AR Tl i &SI R IR SRS
Yy 1A Y A R 5 A TR A B R A5 1 VA
K, BLANA: W Tt ) Tl 2 R 1 X6 A= 0 Tl 1 5 2 R AT I
ERm, XIwEm S VYRR R, AR T
AN P AR 25 R OB 55 °C, SN[
60 min, pH > 8.5, KAUAUK AN 6%, M
Ik 2 Ulg.

ACHIE 5T 30 1o WIS 216 5 B 5% ik KRS S A
Tl FF 0] 300 0 A S A 68 9 - P O 3 S — Rk
PR ME R B L, A 3, 5- ALK IR (3,
5-dinitrosalicylic acid, DNS ) 7.l H {4 68 77,
FEXF WS T AL, WA R IR 8 LB
PE, DR 21 2 5 A E R A AR T B iy B it
2%,

FEAYRIBE R RX-3 BITFIEE E R BSR4

2 SRIE

2.1 #H

BESRORUR 5 R 28 R D T 20 DX /K e S R A
ARG 0 S 4

KRR R L. &%k 20 g. MgSO, * 7TH,0 0.3 g,
KH,PO, 1 g. NaCl 0.1 g. CaCl, 0.1 g. FeCl, 0.01 g.
K 1000 mL, pH H4K, 121 CKEH 20 min.

T A B (potato dextrose agar, PDA )
Bk DR ERR S g, AN 20 g, HEZK 0.1
g. BUEk 15 g, £B 7K 1000 mL, pH K 5.8~6.2,
121 *CK & 20 min,

o B G KON R ( potato dextrose broth,
PDB) #i3ik: TRER K S g, MM 20 g A
%0.1g. £BT/K1000 mL, pH & 5.8~6.2, 121 C
K 20 min,

NI 2T %8 s 5 5 KH,PO, 0.5 g . MgS0, 0.25 g
¥R B 3L £ 4k E 4 ( carboxymethylcellulose sodium,
CMC-Na)2 g, B2 g, WISRZL 0.2 g, BELEIR KT 5 g
Bilg 15~20 g. FB5F/K 1000 mL, pH AR, 121 C
K& 20 min,

22 FHik
221 FEHBEERGFE

EAE s BOE RS A A AR RS 09 LR
A LKA ME— iR & ARG 57 58, T 28 «C.
180 r/min 58 F1EF% 24~72 h, HFAFREKIRL YR Y
[EL7 3

W . B SRR A T HIR L e B R 2 |
28 CHiF%. REMETERIRLLREFRIE by A 3% W Pl A 1
PR, TR R A AR I AR, AT Y T
FRUEAT 90 5 -8R T PDB K53 e rp 55 3%, H TR 4E
SEH .

S0 X O B TR AR I A AR P 2T 4E R

( carboxymethylcellulase, CMCase ) i, IR b
st 1) 25 A P T 75 501 R P T 0 il 2, 3 o TS e
R ARAVE A H B BRI T 5 285550 . CMCase i
FESLUNE s AEFEE AT 1 min WL 1 pmol i
JOBE BTG B R A — D EERE B (U)o WE ks
HESCHR [15]: B 0.5 mL AR5 1.5 mL Biit 5350k
1% ) CMC-Na iR S, T 55 CTF [ 30 min;

FFIA 3 mL DNS % IF 37K i 10 min 2805 S

ARG HIGERE 10 mL, 2% 5) 50 5E HAE 540
nm AL B EE (optical density, ODsy) o B EE kT
Fi % PDB 553, 43 12 h E —K CMCase T .

222 EhHROER

TE AU . W I 2 I 15 T8 bR 45 Fh T PDA 35
FeEk b, WERKNE AR, WS, AL
[E

SR E s KRR R AR B R T
A BR 2 \ AT, Wy 45 3 AE NCBI M st | H
BLAST )% #1773 #.  Fl MEGA7.0.26 14 £ 14 #
IN 0 % 53t ] B X 2% B /& RNA (internal transcribed
spacer ribosomal RNA, ITS rRNA ) &Gk G T
YT,
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1) BRIEIAL

R T WG AR R I I S AR R, 4 I DL 2
. TherdER | TR/NE . CMC-Na ME—HRIE, m
il 100 mL R EEREFREE, B Tk (R
IYBCN 2% ), 1E28 °C. 180 r/min 4 #Tm%mﬁ
BFE], W CMCase i, i TE B00H 55 = 09 S5 30 401
KRR

2) Rk

T WG AR K T B AR AR, i AR
M. TREER . BERERN . ANmesk o —2008, Hctil 100
mL &R IR AL, AN BT A A BR (B ROk
2%) , 7E28 °C. 180 v/min 414 FEsFEfRefERTR], M
CMCase Fiffi , BGOSR o 1) S 20 A e A AU

3) HERE AL

R T RS TR PR R I O e A EL P AR, LA
S AR IS AR C ] 100 mL R B FR AL, A%
1%, 2%, 3%, 4% R E L TER, 7F 28 C.
180 r/min 2514 F R FdacmtiE] , 2 CMCase B
TRt S o 1) S B A O e B P i

4) pH 1tk

R T RS RAR & I B e AE pHL, DR AR R
FEJAIC ] 100 mL & BERE 352 3k, DA AR b b 4
FRE A 72k, WEREL pH 5540000 3, 4, 5, 6,
7, £ 28 C. 180 r/min &M T 85 IR AL H], P
CMCase iffid , TG B0 B0 2 ) 200 4 R de £ pHL
224 RX-3HF=4Ff Fuaehass Hn

W4 R T B 7 22 RS e e ) TR PR IS 979 10 000 r/min
L 10 min, WA BIEW THEER D, RIFT 4
CUKFE . WCAE A B35 B A A AR

1) J et [

7E 1.5 mL JEEH A 0.5 mL HIBRR, fR3RIRE
A pH AU T, BB ASEBEEE R (20,
25, 30, 35, 40, 45, 50, 55, 60, 65 min ) NI BT
N S EER R, d AN EE T E CMCase
TR , 5 T T 501 e g 110 S 560 2 A e 328 S0 [

2) it

E 1S mL JEYH A 0.5 mL MR, A7e
pH, 7EfGERVETET, &R RNRE (40,45,
50, 55, 60, 65, 70, 75, 80 °C ) MSLELIA TR ;

NEEFE , RN TN E CMCase i
m TG 5P e 1 P S 00 2 Ay 3 o oy T

3) Y SRR AT

1545 pH AE2s | Tmﬁﬁﬁﬁ@ﬁﬁﬁmg
TR, BEIRY SHEBRECAFEIATLL (1:1, 2:1, 3:1,
4:1, 5:1) NI AT RN 5N T
MI5E CMCase s, DA TG FIO0E e s 1) SC B0 20 A e
T S AR L

4) T4 JH B T4 CMCase BT 15401

PRFF pH AN SR, 7E fie il i SN B ) L 52 o i
£ RV SHBRATE, R P AnA 1 mol/L
fy Cu™, Fe’'. Mg, Zn™", Mn® 4 JR A W 45 1 mL
AT o (S4BT AE CMCase [T
PRICN ) 4 8 XoF TR P 5

3 HRESMH

30 FRALZHBARMFESEE
311 A#R®

1) i

H T ARTFRENS LR AR R B ECI, R NI 2L %
SERGSRIE, WAL 3 MR EA W i I P 0 LT
P HA BG4 K RX-2. RX-3. RX-6, HAEA: KR
FE I S e 25 R R 1 PR

a) RX-2 KA b) RX-3 A KA ¢) RX-6 A=K Fil

d) RX:2 =K J5H e) RX-3 A KJ5H DRX6¢kF%
BE1 EEMRRIEES

Fig. 1 Congo red identification results of fungi

H & la~c TAHL, TEAKRTI, 3 R E B 05 B
Rl Rl 2 A M RR X A B B 22 5. th D Ld~f AT 1,
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1 iR N T U/ NVRZEARIESS A era e, R Rk
P KB A AR B AR . SR 1 AT, B R
R /MK R Z: RX-3. RX-6. RX-2, HEH RX-3

FEAYRIBE R RX-3 BITFIEE E R BSR4

A ] AR
*1 AHEMEE
Table 1 Circle diameter of fungi cm
LS ]k Shelts EWE

RX-2 0.72 1.04 0.32
RX-3 0.77 1.49 0.72
RX-6 0.83 1.34 0.51
2) K

(1) Rtz

FESROGRE ODs,, 5 HA A0 & 5 22 [A] AY OC 2
WE 2 s BARILEG ST AT AR e 2

y=1.743 55x—0.185 40, R>=0.998 58.

FRPE PR IEIT 2R, RS0 M EE T IS
JGIE ODsy( By ), R SR A v e 25 46 A W 1 1 GO D
x) , FE (1) 7185 CMCase fi§TE (A0
U/mL) .

CMCase [iff 1§ =G x N x 5.56 + t, (1)
K. G HWOGEEXT N AT AR & &, mg;

N RAHREREEL ¢ R OVEHE], h;

5.56 0w K, BD 1 mg A % OB 08 R0 &
umol,

35

y=1.743 55x-0.185 40;
3.0 R*=0.998 58.

0 02 04 06 08 10 12 14 16 18 20 22
WEBES E/mg

El2 #BEEREHZ
Fig. 2 Glucose standard curve

(2) CMCase fifFif th<k

T BE5E B RX-2, RX-3, RX-6 1Y /™ Jiff fig
J1, ¥ 3 BRELH AY CMCase Jiff 175 42 it 18] JI7 ¢ %% 341
Mgk, S50l 3 o, mEIATAL, 3 AR B pE 1Y BTG
M2 052 2 b I 2w T PR %, Jrp RX-2
Al RX-3 [ fix 5 CMCase it 1 H B0 78 422 Fl S A 26 6
K, 43 %k 7.1 U/mL #1 7.9 U/mL; RX-6 1Y fi% 15

CMCase Jiffid HBITESEME A95E 7 KX, 4 3.7 U/mL,
TE CMCase i 7% 22 16 9 2 #2 #, RX-3 #Y CMCase
fiff 1% — Hom T E W bR . R AT AL, 3R
() CMCase fiff i H K 2| /MR K J&: RX-3. RX-2.
RX-6, FLi# RX-3 ) CMCase i o

8 ]
—=—RX-2;
7r —e—RX-3; PaN
~ A-RX6. & 7 N
L oor g
g “a
5 5F °
= .’, / .
% ar o A
L) g —A
2 3k
S ¥ ~
5 I "
o
1 L
0 I
3 4 5 6 7 8 9
Ha)/d

B3 CMCase EiE %
Fig. 3 CMCase enzyme activity curve
HAE LA WIS E1 %78 W CMCase il 0 7 19 45
REEBHE, HW RX-3 U A s B R Rk, ¢
A R FEHG Iers, N 7.9 UmL, X 57820045 U9 7
LB A I B B 3 - 498075 12 75 28] () 21 2k 25 il =
PERBIEEE (7.91 U/mL) AT, TakiasE 7 E i
TR [E HH A5 2 8 4 BRER Y, CMICase B e oA 0.875
U/mL, HICATAN, RX-3 M7l RE )4 m, PRk d
FLTH RX-3 WSS m fits (4T 4 2= s 7 4
312 AWMBEFER
R TR R RX-3 IR ARFRHE, S HAZR T
PDA #5775, 25 4 FiR, B RX-3 AN
AP, FEKABSRE S, EAKE, W
RX-3 RAKA A AMERLZ, MO8
it A WA g m i e HES, FEREE L S B
—/NP R X RATR B R/ NIORL, TEAE R
W1, WO R R, KRR E TG i/ NSk
R R, TAERE, WERRIEASIF IR K SUE

S

a) 1EIH b) HIil
El4 EERX3HEEEELR
Fig. 4 Morphological results of fungus RX-3
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313 AdSTFER

TR RX-3 BRI, $RHUECRAY ITS
RNA M - M R G & A, 4SRN 5 BiR .
I H A B RX-3 5 A e i R B L S

A L& RN, AT R RX-3 5 Aspergillus
sp. FIAHAL R G5 5] 99.82%, 5 Aspergillus niger (1) ]
LA 99.64%, BT LI LI RX-3 J& T Hh 25 & Hh it 2B
i

RX-3

40

38

54

{ Aspergillus niger isolate SRG5
Aspergillus niger strain BHQ33.ANO1

Aspergillus tubingensis voucher NWUSeq44

32

37

Aspergillus niger breed PDA

E1] — Aspergillus sp. isolate 28

Aspergillus niger isolate ITCC-5448

{ Aspergillus welwitschiae voucher NWUSeq3 1

Aspergillus niger isolate TR3

Aspergillus welwitschiae isolate Kit19

— Aspergillus niger voucher NWUSeq32
soL

Aspergillus niger isolate DNik-4

5 R#l RX-3MRERAER
Fig. 5 Phylogenetic tree of fungus RX-3

3.2 EHBE RX-3 B &HEME
321 BEHKA

T WA R I FL R RX-3 7 B 5200, 43
BILAZE SR . AL 4ER . CMC-Na, J%/NAZ JgMfE—Rk
PR ESLIe A, S E R RX-3 A CMCase B KK
H 7.5, 1.4,24,44 UmL. AR, 4 Fpi i L3 £k
S ME—RRVET , ELEA RX-3 A CM Case G 55 o RLIE,
T RX-3 MR IR Ry 27 %K .

AW, FERIE N B E RX-3 ) CMCase [if
W, 2978 SCHR [18] HR Rk I T CMCase BTG (1.2
U/mL) 19 6.3 fi%.
322 KERKA

R TWFREAS RN R IR B RX-3 77 B2, 43
SICAEE R . BERERRY . TIEER . fismds e — U
WESIA, WA R RX-3 ) CMCase FE KK H
6.1,3.9,1.6,3.8 U/mL. B8R, 4 FpaIEHIE AN
ME—RRIRET, B RX-3 [ CMCase Bf#iG fe i o KL,
B RX-3 (iR

ApFEH, mAERIE T HE RX-3 ) CMCase fiff
6, 2020 3CHR [19] H AR T CMCase BTG (1.8
U/mL) 1 3.4 f%.
323 BHEIR

SR T FEAS [l R X PR RX-3 7l 1 5
Oy VAR 238 1%, 2%, 3%, 4% 4Rt it gk f o

56, M5B RX-3 f) CMCase BEHG 3 51 K 4.1, 5.2, 4.4,
3.2 UmL. @R, RSN 2% I EFH RX-3 (17 il
Ae I, B 2% Rl fEiEsiit. BEOR MM A K
WK, BERE N 1% B, EERERKZER, FEiie
JIHEEG s INRHER i AT FL A I A KA, I —
FEFEE FATIEELA A s B R R AR K
i, SSRBEOTHENA AR SR, A
B0 R, B RX-3 77 B A Bl e N 2%,

A WE e, B AR R T H B RX-3 1
CMCase Jififi, 290 3CHk [20] H e fE 32 5 BT
(2.74U/mL) #y 1.9 f5.
3.24 pH#%4L

N T WA R pH X EL A RX-3 P2 EE 520, L
REFRIERE RIS pH 2098 3, 4, 5, 6, 7 BFEA P 5L 5,
5 B 7 RX-3 19 CMCase fiff 7% 43 5~ 4.7, 5.7, 4.7,
5.2,3.1 UmL. Z3REKW], 4 pH < 7B, CMCase fiff
T AL T4 K, UEBH TR RX-3 J2—Fhirg iR
PEECH, BRVEFREEA AT E I RX-3 PRI R e WY
Tk, I8 pH=4 B EL & RX-3 A CMCase i i/5 i 5
4 5.7U/mL, Bl pH=4 JffERE 35305

Awtsr, fff pH HEFR AT A RX-3 (1)
CMCase B I%, 2920 SCHR [21] o & 4 pH 5 72 3
B R E ZE M AR CMCase BTG (1.12 U/mL) Y
5.1 1%,
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3.3 RX-3 A4 RER B A 451
331 RARBHN

R T RIS SRONE B [ L BR RX-3 7 2T 4 2K it ity
TE 20, 7N 20~65 min B[] BEPY, 458 5 min
M5E —¥K CMCase [T, SCHR45 RN 6 fin. HE
AAL: 7E 20~30 min N, FLA RX-3 P2 AL 4R 2L X il
P BTG AL T3 K- o 7E 20~25 min N, TG4 I
FH#a#; H 25 min Z )5, BEGEAREEIGER; 17F
50~55 min P, G LT — R0 kSRR TR
K, 25 min J2ELIE RX-3 P2 Z Rl E s 0 st
E], LI CMCase B, o~ 6.82 U/mL.

SCHK [22] H, AE 30 min S5O DR B BT
4 6.13 U/mL, BIKTAMFERY 6.82 U/mL,

8

FEAYRIBE R RX-3 BITFIEE E R BSR4

7t

CMCasefilgj%/(U « mL™")
(3] (98] - wn N

[}

20 25 30 35 40 45 50 55 60 65
[5F ) /min

6 R BB A 3 EgE AR50
Fig. 6 Effects of reaction time on enzyme activity

332 RREE

T WEFEAN ] A B BE X B RX-3 B 41 4
REGRG RS2, IR EEAE 40~80 CYEFEIN, HFE 5 C
I5E —IK CMCase ifT , SEHA5 RN 7 P, HiEl
Al FEIRFEIRF] 50 CZHI, CMCase [ & i
JER BRI BT, RN 50 G, CMCase i}
Wi, N 7.7 UmL; 7E 50~55 CEEIN, CMCase
S A R R KO 7E 50~65 CHEEIIN, CMCase
it 5% B IS R TR TS T [ BUARTE 65~70 °C
TN, CMCase BEISAT BTV, (HRREALRF T 1
B, I, 50 CREE RX-3 i e e R M RiE
FVIRIE . Aid, 7 55~75 CYEREIN, CMCase
WIHPRIFER R K b, DU LT RX-3 77 £F4E X i
A E P

SCHR [23] h, TERAER VIR 60 CTF, WlfE
CMCase iffii 47 3.11 U/mL, £ 70~80 “CJZJ¥ 0.5 h )5,
T 4% CMCase [ifi 1§ H A5 30%, Ui B H CMCase fiff 1

DA HAAFGEPEAN N R RX-3 =27 4 5

CMCasefilgj%/(U « mL™")

40 45 50 55 60 65 70 75 80
/T

7 RELREMEERRM

Fig. 7 Effects of reaction temperature on enzyme activity
333 R HaMRARIK

AT ST W -5 R A AN [ R R L LR
RX-3 LM HER TG A5, B8 IR S M AN )
AR TSR, ME CMCase TG, 255 4NK 8 f
MNo HIEIATAL: YRS RLBER A AR Ly 3:1 1),
FLE Y CMCase B#I& f i, 4 6.4 U/mL; FERFR
LR E—2E 48K, CMCase B#GIEAT FRE; SRR
o 4:1 F15:1 B, CMCase BEE FEACFFF, W] 2%
P RFON R BRI 4 f5 2 )5, IRPIXHH R
SRR A . DRI, 301 SR RS2 g e ) B A T
Y SRR AR Z L

SCHR [24] FPAERARIRPIHE T, 45 CMCase
P O 2.5 U/mL, 158 B GO 8 r 457 g 9 114 )™ Pl
REIR T HA RX-3 9.

7

6F

W

CMCasefi/(U + mL™)

0= 21 31 41 5.1
v CEY) v (BEe )

8 IRY5 BRI L3 EEE A
Fig. 8 Effects of substrate to enzyme volume ratio on

enzyme activity

334 ¥4 BB T2 CMCase 85369 Hh
R T IRFEAS R 4@ B X L RX-3 Frr=af- 4
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RMFEEIE B &2, 7EI % CMCase B & I, ] A ]
SR A FP A3 A 1 mol/mL 4 A ) b i 43 i
TS 1 mL, 5K 9 Fos. BERTHE, A
Fe’*. Mn”" J& CMCase i 1 b CK 2H A K, 1 fm A
Zn®  Mg®" . Cu™' i CMCase % Hb CK 1)/ IR,
Fe** 1 Mn™" Xt RX-3 Jilf 7= £F 4 2 il 1) 75 P R e kA
FH, 1 zn® . Mg™ . Cu® EIHIER

AR VRS R P, Mg™ . Mn™", Ca™ Al 4}
FANTE SP18 T = 4F 4 K W1 1, Fe®'. Cu® Xf4F
AR BTSRRI ER . S5 AMR MR, VA
() 245 119 4 i B8 1 XA R BC2E 0 i 7 ) & 4 2R g T
P AN ]

8

CMCasefitg{%/(U + mL™")

Cu* Fe** Mg Zn* Mn? CK
HERET

Vs CK AR AT 42 2 T 0 2
B9 E&ESTFHHENZM

Fig. 9 Effects of heavy metal ions on enzyme activity

4 Z5ig

ZE LR, AR 45

1) 7% SO AR AT 19 — Bk = 7 £F 4k 3 i LA
RX-3, YRz i itha s iy Bih s

2) PR PR A T4, ATHIELTE RX-3
) o FERB IS RN LR 53 0 A 22 BR AN B R, et it
N 2%, tefk pH 5L H 4.

3) Xt BT RX-3 =21 4 K B A0 B e v E A 7
WRIY, RIYIRY SRR L 3:1 MRFRLL, 7E 50
°C I 25 min B, AR TP £ 4E 2 B39 CMCase
Tt T3 A5 5

4) Fe'' Hl Mn™ {2 iF BB RX-3 Jir 7= £F 4k K 1
WEME, Tz’ Mg™ Hl Cu™ IR EL# RX-3 IR AT
Y Z BT

AT L S B AR B LI RX-3 HATHR 1™

LPYERERE TS, TEISACHIRHIAL A i AR A 55
7 AT B B TR

Sk
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Screening and Identification of High-Producing Cellulose

Screening, Identification and Optimization of Enzyme Production Conditions of

Cellulase-Producing Fungus RX-3

LI Xuan, RAN Song, WAN Ziyan, LIU Jie, WU Ruotong, ZENG Xiaoxi

( College of Life Science and Chemistry, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: A fungus with high yield of cellulase was screened for enzyme production optimization and enzymatic
property exploration to provide a reference for the application of cellulase in regenerated papermaking. Several strains
producing cellulase were screened by Congo red identification method, and the CMCase activity of the strains was
determined by DNS colorimetric method. The strain with the strongest enzyme production ability and the highest
enzyme activity was selected to optimize the enzyme production conditions. Finally, the crude enzyme produced by the
strain was collected to explore its enzymatic properties. The results showed that the enzyme production ability of fungus
RX-3 was the strongest, and it was identified as Aspergillus sp.. The optimum enzyme production conditions of fungus
RX-3 were as follows: wheat bran and peptone were the carbon source and nitrogen source of RX-3, respectively, the
inoculation amount was 2%, and the optimum pH environment was 4. The enzymatic properties of cellulase produced
by fungus RX-3 were as follows : the optimum reaction time was 25 min, the optimum reaction temperature was 50 °C ,
the optimum ratio of substrate to enzyme solution was 3:1, Fe’" and Mn®" promoted the enzyme activity, and Zn*", Mg”’
and Cu’" inhibited the enzyme activity.

Keywords: cellulase; fungus; enzyme production optimization; enzymatic property; regenerated papermaking
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