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Optimization of Enzyme Production Condition for Cellulose—degrading Strain

N32 and Enzymatic Characterization
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Abstract: In this study, a high cellulase activity strain, Pseudomonas fuchunensis N32, was screened. The fermenta-
tion conditions were optimized by single factor and orthogonal design, and then the fermentation tank was used to ex-
pand the culture. Finally, the enzymatic properties of N32 were studied. Finally, the enzymatic properties of N32
were obtained. The results showed that the optimum conditions of enzyme production were as follows: culture time
was 3 days, carbon source was starch, nitrogen source was yeast powder, initial pH was 5.0, liquid volume was 100
mL, the culture temperature was 30 ‘C, inoculum amount was of 2.0%, the speed of shaking table was 160 r/min.
The optimal combination was A;B.C,D,E F5Gs, i.e., initial pH was 6.0, the speed of shaking table was 140 r/min, the
culture temperature was 35 ‘C, liquid volume was 125 mL. The study of enzymatic properties showed that the opti-
mum temperature was 30 °C, and the optimum pH was 4.0%, Na*", CI", NO;", CH;COO™ had a activation effect on
CMC, while K*, Mg** had inhibition effect on CMC activity. Urea, EDTA, SDS had inhibition effect on CMC activity,
and EDTA had the strongest inhibition effect.
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B RS R [3-4]. 77 M Rk R RT R %
CMC-Na 10 g, MgSO, - 7H.0 0.5 g, KH,PO, 2 g,
(NH.)-SO, 4 g, R 10 ¢, 4+ A 5 g, 2518 7K 1 000
mL. JCRRFIERRE I %L MgS0,- 7H,0 0.5 g, KH,PO, 2
g, (NH.).S0, 4 ¢, B 10 g, 4 E 5 g, 28187K 1 000
mL. JoR KA F 3 . CMC-Na 10 g, MgSO, - 7H,0
1 g,KH,PO, 1 g,NaCl 5 g, 77K 1 000 mL.
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& pH Z51F T BC i 249 224 107 mol/L 1Y Na*, K*,
Mg™, CI", NO;™, CH:COO™ % 2 1 1A 2 5 T LA % T il
TN PR 2 CEDTA (SDS & [ 5 41 il 770 19 )5 ;44 &
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J1 15
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e 1 AT, Fedd 7 Wl Ak B SR ) 3 d
T VR UE A, ACUR 8 BE Ry L W0 4 pH A 5.0, % W i
100 mL, 1% 7% 6 B 30 °C, $& Fh B 2.0% , £ IR i i
160 r/min.

R REEF X E R N2 7~ B i %20

Fi R [H] (d) 1 2 3 4 5
i 3% (U/mL) 97.68 145.18 447.94 306.69 234.27
e 5t CMC-Na Starch MCC - -
i 1% (U/mL) 300.95 398.82 247.89 - -
AR el T B ¥y 4 (NH,).S0, NaNO;
i 1% (U/mL) 198.77 349.71 255.42 41.39 19.34
pH 4 5 6 7 8
i3 1% (U/mL) 81.54 275.67 170.81 159.52 180.13
W Kt (mLL) 25 50 75 100 125
iff 7% (U/mL) 261.16 299.34 243.41 439.69 290.19
R (C) 20 25 30 35 40
fiff 15 (U/mL) 351.5 374.8 508.53 414.42 283.2
(%) 1.0 1.5 2.0 2.5 3.0
it 3% (U/mL) 463.35 488.81 509.24 449.73 400.08
5 K ¥ (r/min) 120 140 160 180 200
fif 3% (U/mlL) 198.24 263.31 512.11 491.32 313.68
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3 4 180 35 125 D,EF,Gs 643.54
*5 EXRBERSH 1E 32 56 3% W s AR 4 A Wl s, PR U A 2 B
" IR 5N AL G N DEFSGs.
7J( IXI%? é’n . e . N
£ b . . C (CMCase) 2233 KT AR 7 i A
’ ’ 1 ’ 1 307.65 AR BB 0 Al T2 KX A T A
2 1 2 2 2 191.32 M B, 25 R W R 8. g B Rtk A
3 1 3 3 3 602.67 CMC i 15 2 AL AT 1.26 1% .
4 2 1 2 3 643.54
5 2 2 3 1 356.81 K8 MUNIEEABIEZERTHMERILR
6 2 3 1 2 131.99 .
e . i 116 4
7 3 1 3 2 558.99 'ﬁl:'ﬂﬂ A1 'ﬁﬁﬂﬂ)ﬁ %‘1%7;&
8 3 2 1 3 114.11 s Femt i (d) 3 3
0 3 3 2 ! 172.92 2 U5 CMC-Na  Starch
K, 1101.64 1510.18  553.75 837.38 BN
o s e "
K. 113233 66224 1007.78  882.29 ERER AR FAF. R
F>E>G>D \ (NH.).S0,
ALK ERLZ Y4 pH Nature 6
K: 846.02  907.57 151846 1 360.32
D.E F;G, AW (mlL) 100 125
R 28631 84797  954.71 532.94 BRI () 37 35
DB FSGs, il 3 B 22 20 B a L, E IR A F>ESG> Bt (%) L5 2.0
Do LRI T3 d FEIRGEE 140 imin, AR (dlmin) 180 140
NN o S s 7 (U/mL 246.19 300.11 1.26
RrFR IR 35 °C, 25 125 mL, (U
223 ARACK M8 IR B 224 REEHARAKE
2231 BEFEIE R B i 5 E = IR AL B R S L& B RE 5

P IE 35 e 5 5 (0 N32 S A R e ke e sl 4y UMUK RESERS . AP P MR RY TR O o HU S



240 Jo AL A« T 2 R R A 3 2 ) T AR UL B LR A M 65

RULFE 9, JE B LR, A I T R A
A%, b BB DA O BB £ 85 R &5 D IR, 7= il L
AR GHMAITEA AE . Wi, AR f
frit— e

R ABRES=-AMABIZRAEFBERILER

200 fitf 7 (U/mL)
K e 221.99
= 309.11

2.3 MEMERMR

B A5 0L R 2R 3 R A BE n, CMLC i 36 22 35
TR R AR ), MR 30 C,CMC
il 15 PR Bt K, K 314.04 U/mL, B % I8 B 15 T7F i,
CMC i 1% £ FF 1 B, R B2 4 60 °CH, CMC i 7%
PE & 2] B A%, HAE M 274.06 U/mL, 58 H R K A fig
TR AR, Y T A D BRI 5 TR A, S B
I8 AT 52 Wi 3% 7 0 K/ o PRI, J5 0 i 412
B i EE R 30 °Co

B & S A Z pH IS I, CMC i 522 06 H 4k
LRGN B L T S R R S (E
2). Y pH F| ik 4.0 i, CMC B 75 PE 8 B fe i,

200 —e— A

310

g /1 (U/mL)

20 30 40 50 60
E T

B R E X B E AR

A -

3 5 7 9
pH
B2 pH Xt EiE 8%

446.68 U/mL, Fifi & 1 W pH 4k 22 7t 5 , CMC i
TG YEZ W B, pH A 9 B BEE EAK . A
TR 2R T W TR o 38 25 B B R T o IR, B
i it A2 S pH R 4.0,

WK 3 78, Na*.Cl” \NO; .CH;COO Xt CMC [iff
A —E BEOEE R, K Mg X CMC il i
e T RIAE A o Horb Na® | Cl By 300 2008 i
£, I, ZE B AR B2 0 H, o158 2 A NaCl RL 3R &
B % 77 .

30 T BEEg
300 F — —
250 . :
200 -
150 | |-
100 t |-
50 |-
0

g /7 (U/mL)

X

S %Q‘b &QQQ w < K¢
B PHESF
B3 PBB.PREFXEENRNZN

WA 4 fr 7, 85 B0 3R PR E VEDTA L SDS
XF CMC B % 32 7= A S I AE D, EDTA /9 31 604 H
o, TS 22 4 99.92 U/ml, 8 CK F#A% 51.13%

20T amgE
200 b
> 150 |
E 100 |
i 50 |
X} R EDTA SDS
=T ERA

B4 F QST X EE KR

3 kbt

HHT, K28 T £ 4 R 2ok B H5H
Xt 4 T AR T BB A X R B
A £ A G S A0 BT AT R T A A
PR BT H T E B) T — R R OB Al R I A A
He, 2 M RE O R TE A ZF AT B . KB IRAE N A
IR A 26 P 0 BRI W AT HE RO T L &
UETE NG REZFIAT R . RRIR SRR N RS AT LR
RAGFE LA T 2 i T ELAZ AL W B s 24 2
J AL O FRE L R AR o A, S5 R R N
M Gl Y de o 26 o IR S IR AR HE TR AT
BRI T BT B S S S SRS AT R A B AR AR 3k L
P DR SR 41 4 3R 0 il T, 2200 A0 S8 O 2 AR TR
J& , FBETE AL A B S B

7RSI 6 0 0 H — R e A i 2T 4 2 R bR —
FHECA TR N32, i SR LA (F #5481 )



24

YRS 457 - AN ) 222 JERT 3380 00 M 2 RN 2 T4 B ) 32 1 81

[17]

[18]

[19]

[20]

[21]

[22]

[23]

WO, B R, AU A BT AR RO 2R S ) R R 2% G
Z 9SSR 43X M (). Pl 2025 4k, 2012, 39 (3 H]) : 2602.
WKSCHE v DU DL Mg AT A WA OO 2R R R R
ZER TS ,2017,35(1) : 20-25.

Tr o WEL,ZEOJELR SR R A MR A TR B A
SE AR P T B B A A 1 700 6 478 T 3R 04 5 g (], o A
bR 24244, 2014, 19(5)  73-79.

4B T ik ML b st R E AR AR AL, 2000
7-12.

BRREE R, B 4, 25 O[] 3 B 0 B AR AT 4 A
()], LB AREFT ,2017,35(4) : 43-48.

B AR EEREAR, MNP S OR TR I R R AR K R X L
AT A AR A SR 1. 65 B 2, 2012(13) : 32-34.

Tl A2 A . S [ Ak 380X D) 25 B T 5 AT 4 2 AR 174 5% i 4F 5 (D).

[24]

[25]

[26]

[27]

rp [ A 2 A, 2006, 22(4) £ 331-334.
ARAPR L 4 BRLJE dm, AR AR R RN IR R
e AT 47T B AR B [J]. Ol B2, 2013, 30(6) : 874
879.
B, A . WA R T T B R AR ST A R (D). R
2%,1994,11(3) : 186-189.
IhEH R AT, Wi S0, A A [R] 3 RIAS W) e RE 1 A AR
T SC Rk B AT B BT B9S2 A [T]. bl 2 B ARRL 2 L 2006, 22
(2):310-313.
XESCHT, o FI , Al S, 4 R AR BR300 S I S ik
5 AT 47T 2B AR 04 52 i [, v R MOl BB K 2 24 4z, 2011, 31
(3):160-163.

(A% £

£)

3333333 33IFIIIIIIFIFIIIIIIFIIIIFIIIIIIIIIFIIIIFIIIIIFIIIIIFIIIIIIIIIFIIIIFIIIIISIIIIIFIIIIISIIIFIIIIIIIIIIFIIIIIFIIIIIIIIIIIBIBIBIIBD>

(4% 65 W) MIEACIR I 7 B A, Ho A 7= Wi 5%
120 - W1 46 pH 6.0, B IR VE Ay , AR EEBE# | 15 77 I
6] 3 d, ¥ AR %4 140 r/min, J5 3518 JF 35 °C, 2 =
125 mL, #F i 2.0% . R 2R Lk 5 CMC
BTG AR AT 1.26 7% . = AR5 & BEGE ™ il 25
F R, A T T %) T AR G A, T R R oA L
AR 05 R A Dt B G 7 il L A 45 2R 5 0 i 5
A PEARTE R A AT ff itk — 2 5T

Xof Mg = R Y A9 ST AT« I A Bl IR R

30 C, f i pH o~ 4.0, Na* . ClI" \NO; . CH,COO™ %}
CMC i % ¥ — & i3S 1 L KT Mg™ % CMC i
G = R HRIVE ] . JRE (EDTA (SDS Xf CMC i
T 8 7 A AR, EDTA 940 ) V6 FH fe i

S

[1]

[3]

[6]

Hasunuma T, Okazaki F', Okai N. A review of enzymes and mi-
crobes for lignocellulose biorefinery and the possibility oftheir
application to consolidated bioprocessing technology[J]. Biore-
source Technology, 2013, 135: 513-522.

Nogawa M, Goto M, Okada H, et al. L=Sorbose induces cellu-
lasegene transcription in the cellulolytic fungus Trichoderma re-
eseilJ]. Current Genetics, 2001, 38(6): 329-334.

Lin Y S, Lie P Y. Separate and screen fungus which can biode-
grade cellulose and assay its enzyme activity[J]. Acta Scien-
tiarum Naturalium Universitatis Sunyatseni, 2004, 43: 82-85.
Yoon J J, Kim Y K. Degradation of crystalline cellulose by the
brown—rot basidiomycete Fomitopsis palustris|J]. Journal of Mi-
crobiology , 2005, 43(6): 487-492.

X & P IR BT G i T 9 075 2 o LR T e e S8R T 5
[DI.Atat: i E gl B B, 2011.

BUHLL, R, R, G A AR R W R T HS-F9 1 i
e S I W SR AR UG AR D], B 5 BRI A 4 4, 2010, 16
(2):274-278.

[7]

[ 8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

ARSI B e ARSI ARG AF S U HENE 7 AT 2 3 A
TR PR 97 0 D™ il A PR AR D). 2R 25 5 R PR~ 40, 2013,
29(6) :768-772.
FOR LT YRR AR A Y 03 B O 0L | A T R HOW AR R
T 2 A B FE D] AR < i ARl 2%, 2013,
U HE I . 2T 24 2R A TR 4 075 2 SRR PR FE (D], i aCOUR)
HK2F, 2004,
VA A — AR IR 2 4 3R AN T A O e A Lk
W7 i A AR, B 5 R R, 2014 (1) : 38-41.
Mo U, EEER G, WS o A BT B TR R 1R T Mk
T AR BEFEN]. Tl A9, 2007,37(6) - 49-52.
WAL, e/ N EALR  SF L — R LT AR R B R PR AY 40
M R R R (). B o8 AR, 2015, 42(4) £ 646-653.
Nagendran S, Hallen—-Adams H E, Paper ] M, et al. Reduced
genomic potential for secreted plant cell- wall- degrading en-
zymes in the ectomycorrhizal fungus Amanita bisporigera,
based on the secretome of Trichoderma reeseilJ]. Fungal Genet-
ics and Biology , 2009, 46(5): 427-435.
W HE 2T 4 3R AR A I O 32 | R R TBE ) T R AT S
[D]. B 78  PHEE I K 2%, 2016.
KT BRI, ACHA R 2 4k KRR A T A0 O I L S
HEALKFBEFEN. T AR AL FE27, 2017, 44(2) : 104-111.
KER, AR, BER, TR RN RN
TE N HERE BOR WF ST 1], A B 35 B) 2 27 4, 2016, 35 (2):
380-386.
IS I S - R ey (P NP NP A NS e )
AR i Ao i v g o e S 2L BRI 2 M B T B A BT (. AR
JeAlFL %, 2018,43(5) : 31-37.
B, 2 T UMK, SR 2 3R DR SR R A G
1 S B4 T AT SE . AR AL AR RE 27, 2014,39(2)
87-92.
FEAE , B0 R, 45 . L IROR % R3 MUK IR 2 L 18 ™
LT Y R T L ARALHTFE D] T R Tl K% 24 i (H SRR 2
Ji2),2006,27(5) : 47-50.

(hEHm®.E 2)



