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MBI F 5 Z NS T HHEE Penicillium, sTZ AW REL S HBE S SHATBETHL., £R2E5W: &
T AR 15.0 g L A AE s R . A 3.0 g L7 B R A RUR, 10%44 %, pH 5.0, 40 CA®@EAS5d, £
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Screening of a cellulose-decomposing strain from bamboo stand soils

and optimization of its cellulase production

JIANG Yujian, LI Xinxin, SUN Feifei, YU Xuejun

(The Nurturing Station for the State Key Laboratory of Subtropical Silviculture, Zhejiang A & F University, Lin’an
311300, Zhejiang, China)

Abstract: Cellulose, the most extensive and abundant renewable resource in nature with an annual worldwide
accumulation of photosynthetic plant cellulose materials of 10" t of which an estimate of 89% has been used
unreasonably (such as in direct burning), should be produced by more effective cellulolytic microorganisms to
transform these renewable resources into available energy. At present, although important research about
screening cellulolytic microorganisms has been conducted, few studies on isolating and screening cellulose-de-
composing microorganisms from bamboo stand soils have been described. This research isolated and screened
efficient cellulolytic microorganisms from bamboo stand soils based on the size of transparent circles and the
activity of carboxymethyl-cellulase (CMCase). An efficient cellulose-decomposing fungus, J6-1, was obtained
and preliminary morphological observation identified it as Penicillium (Strain J6-1). On the basis of single-fac-
tor experiments, the orthogonal experiment of 4 factors at 3 levels was then taken to optimize the liquid fer-
mentation conditions conditions of cellulase production. And the hereditary stability of cellulase produced
Strain J6-1 was evaluated by the cellulase activity analysis of 5 consecutive generations. Experimental results
showed that the optimum conditions for cellulase production were as follows: 15.0 g+ L' straw powder as carbon,
3.0 g- L™ yeast extract as a nitrogen source, a 10% inoculation quantity, fermentation at 40 °C, and an initial
pH of 5.0 for 5 d. After optimization of strain J6-1, the highest activity of carboxymethyl-cellulase (CMCase)
was 41.82 x16.67 pkat+L™" and filter paper enzyme activity (FPAase) was 17.26 x16.67 pkat-L™. Thus, these

characteristics of high cellulose activity could be subcultured serially, and strain J6-1 could be used for further
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practical application. [Ch, 3 fig. 3 tab. 34 ref. ]
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FRFEARRPOME | R FE N HAEAIEY, YT R E R 35%~50%", 1Eik
A A EEEEHD, Hak BFE N 107 ta LIS SRIM, 2748 R HA R T K HRIE LLRE i i
FRrE, (AT I PR A £ 4 R 2R BT IO R e FI AT . HAl, PR AT 4E R 2R 0TI 20 TR, RER
FIHRAE R AR (10% 22 47) s T3 ah, — eI Ko i Ab B (1% T 2 24 0% 58 D0) A58 g [0 A 7 3%, it i ™ 2 1) PR 8 05
oo FrLL, A SR A A 2 A0 3 T VA X S R A I AR A R AR O TR R OB, R R B
RO E R 77 0, AN e SR L A HLRR A, R i e N2 I I A BR IR SE AL L £ ) R
AN 5 Y S5 (] LA B ) b RAL AR R R ECR AR YL B AR S Tk, |
XLE T R — B N, BN SRR i L 7 LR R R FE AR s e AE . HET, BCARH
2l AR A de 2 A0 37 ol R FUR UE W 7 A A A R Bk B R ar e 25, LA OB SRR AL . 724
PR M IRIG Y SR o ST AER TS — R BB MR 4T 4 R A iUH A W & Gl , e Bl R S
N DI R AR RS (EC 3.2.1.4), M RBERE (EC 3.2.1.91), B-H#bE 11 A% 3 26l , Horb, ISR b
Wil 0 TR T e 3R 0 7 N B-1.4-WE TP 6, TR U /INar 721 4k 5 S DD A SRR I T T [ A 2T 4 3R 0 1K
Uit B-1,4-MEHF B, A AT 4k W s B A W T T A LT A R A R A AT 4R R K R
DR ARG RA T RAVE . itk , s> s Rk th R R B R R R IE B2 LR
VFZ2 W9 07 8 10 27 4k 3 W 1R K B AR - S R Sl Il T 4, X3 e SRR LR S G R e s a1
R i 21 4 25 RE J1 % 1Y 75 B Penicillium T24-2; Sheng 58 )\ K5 B 48 4> 1, Holotrichia parallela 1) i 36 7 i
TE Y 1 R = £ 4E R IS ) R BT Pseudomonas HP207, X AT K - 38 43 25 2 4 2% [ fifk 17 114 BF 5% 48
Mo SEBR b, AR RIER S A MER, AT RN R RO £ 4 AR AR T, v AT AR R A T Y A
R . PRI, A SE I AHTVLAS I 22 i A pkorb R B2 b, FIHTR WY R 2F 2 38 e PR 35 77 2 3 B O vk 1 1 Bk
£ A R R RE BRI TIRR J6-1, JFXS HEAT T RFh 900 20 5 e £F 4 R AR AL

1 M5 &*

11 #EHE

AR IR AL AR ) . R LT 4E K A (CMC-Na) 15.0 g, B — 28 (KHPO,)1.0 g, 544K (NaCl)
0.1 g, FiEREE(MgS0,-7TH,0)0.3 g, R4 (NaN05)2.5 g, 44k (FeCly)0.01 g, 41655 (CaCl)0.1 g5 &
AE10L, A pH M.

Ve PR FE L (A ) . R W L4 4 Z 41 (CMC-Na)15.0 g, BR — 48 (KH,PO,)1.0 g, 4k 4k (NaCl)
0.1 g, FEREE(MgSO,TH,0)0.3 g, FERHM (NaN05)2.5 g, HALEk (FeCl)0.01 g, S ALES (CaCl)0.1 g, By
JE15¢g; EAEI1O0L, AR pHH.

P PR FRE . PDA B30k (45 % 200.0 g, HEME 20.0 ¢, Bifi§ 15.0 g, /K 1000.0 mL, 4K pH {H).

AR R W B ARk . R BT 4E X B (CMC-Na)15.0 g, Wik — (8 (KH.PO.)1.0 g, S4AL % (NaCl)0.1
g, BiIREE (MgSO,-7TH,0)0.3 g, fHER M (NaNO5)2.5 g, A AL (FeCl;)0.01 g, 51645 (CaCly)0.1 g; €%
£ 1.0L, A% pHH.
1.2 H#HHDBIGE
12,1 #o R SCIORE O [RIRR BEJT e ) B0 . R . AT A 2 498 ) o A WM T A bt X RTIG 2  4%
P AT AR (55 77 Phyllostachys violascens #FEAT Phyllostachys edulis ). RA 5 s BUFEE " HL 0~5 cm
TR AR 200.0 g, FEREMMEG BT EE T I GRS, A KE A F LR E 4 CRTF, RE
£ 20 AMFESL
122 §&3BH  FRIC10.0 g £ %] 90.0 mL w4 H FRdkh, 30 °C, 120 r-min™ F53% 3 d 5 WUEE R 1K
DMATR Ry 5% i) He ol i 45 A BT 00 & fE s an dkrh, MR A W4 2 k™,
123 @Exegipikad 1.0 mL &5 RIRAK R BB L 86 B2 24 107, 102, 107, 10, 107 A1 107,
T3 B AR 0.1 mL ¥ A3 2R H 4T 4E K A 1E 57 55 (CMC-Na “F-4ir ) |, 30 CHEEAER IR 3 d J5, PRIRR
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W& s A 3 4> CMC-Na - E(BI 3 W E &) T 30 CHaf 4 6 d, H] 1.0 g- L7 WIER£L3 WO -1
et 30 min, 1 1.0 mol - L™ GRALAM I W Uk 2 W (K 30 min), SR J5 R ]+ 57 3¢ il i CMC-Na “F
M BB B (D, mm)FEE B, mm), LR HAAG(H=D/d, BB ERSw % AR HE)
B PR A A 0 T 7 R AT R0 2 43 B AL T DR A7
1.3 MR &

A4 U 1 20 1) T AR 20 ) e A B Rb - B RSk, 30 °C, 150 remin” B557 3 d, L 10% A B AR
A 50.0 mL % B EE R 92 3R Y 250.0 mL =g, 30 °C, 150 remin™ FHi5%, 5dJE, HS5.0 mL LB
W, T 4°C, 5000 r-min” 8.0 10 min, Fr7500 F i By kL BEGR 2
1.4 BEgENNEFE
L4l AR VIR %5 8% A (CMCase) 89 2 BOHEEWK 0.1 mL fin A 1.9 mL [T & 53 80Ch 1%5R 5L 27 4k
R AT IR 2% vhil (pH 4.8, 0.05 mol - L), DL K 18 I3 Y ALV S WA S % BR, - 50 “CHE TR K 7 30
min J5, LA 2.0 mL DNS B &%, /K% 26 10 min 5, BKEREREEIER N, REEHFE 25
mL, T 540 nm BN E HWOCE DM, FRZMAT, & X 1 h 1.0 mL 8 465 4 K figt 4= i 1.0
ol 45 B BT (G LA 1 ASEENE S0 (U)™ (1 U=16.67 nkat)
142 B EEE S (FPAase)#yml & HUMLEGE K 0.1 mL it A 50.0 mg(1.0 em x 6.0 cm) 47 & il M 1
Whatman JE485%, FHAIA 1.9 mL #7422 22 1l (pH 4.8, 0.05 mol - L), LA 7K ¥ I {5 AR T8 ¥ 2 1oz A
g Xt B, e DNS 22 00 52 i 5 6%
1.5 BEHHMTEE

WS TR 7 R TR S RRAE , 2 BRI 2 T 2R o [ B8 22 ) 20 TR A TR 2 S 5
1.6 ~EEHMRK

DIVBAR K o 3 Fr SR BE Rt BC 7y, SRR B (BB . JRR . IHIRAN . mIREL . A, kIR
ORWMELFAERA . Tk U840, R8 . BEME . Wa8), BME0%, 5%, 10%, 15%, 20%), %)
4 pH {1 (3.0, 4.0, 50, 6.0, 7.0, 8.0, 9.0), I (20, 25, 30, 35, 40, 45, 50 °C), HEFEuf
(1, 2, 3, 4,5, 6, 7T)#FATAFERLE, 35l F 58550 6 & B bs @bk iy s 5 &0

2 HR 547

21 HREERRENKEL £1 5HENH BEREREFEEEEHKN
}J\ﬁ?“?“ﬂ%ﬁﬁiﬁ% *@]i‘ﬁ%ﬁgﬁﬁ% 26 *Sk LB SN Table 1  H, values and cellulase activity of 5 strains

FOIGREY T EBVUKMRE L, FHUERTIE  wmae 0 R0 LF% L /(x16.67 pkat 1)

Y EWIE AT E, SHBIFEBRERILE L, Je1 26 e
Horh bk C2-2 PIER K H A K 2.96, H 5 d KEEE 22 296 443
F5 5 R WP L 4T 4 K WS S 1L 4.43 x 16.67 pkat-17  B22 243 395
W AR T bk J6-1 19 6.87 x 16.67 pkat-L7, #1207 4.89
FRARLT 4 R AR bR J6-1, E21 230 2.60

2.2 Bk J6-1 Y F4S1E
B A AL LI 1, Dbk J6-1 7580 3L LT 428 [ UK 700 F /R KR, 9GS 2R, oh DRI

i ¥ PR 22 e o HE AT AR RN TN
A1 EkJ6-1 e A S
Figure 1 Morphological characteristic of strain J6-1
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MGHEST, Wk, JEIRIRERE, 76 40 5 B AU TSR 2R bR 4B R FIEBOE , 4B
TFHENTE 2238 A, HES A - R T A T LT . T 9025 B0 & Akl 5 858 Penicillium
2.3 HEH J6-1 KEEHERL

231 RRMAARTEEDGH A SADIEERE . KK MR, IR . B ER T K L
5o S5 2A BT R BRR 00 7 B RE D 0 R A K, A PR B T S B S T TR AL
Ro XRME JO-1 BB AP R A WA . YA BEEEEER IR, EHK Jo-1 2R 4L Z 10E T e, R
L R G J1iR5 %) 16.62 x 16.67 pkat-L™, JEACHTFIE A F] 3.76 x 16.67 wkat- L™ PR 0 BE A 07 1 b B
FESUE .

232 BBRMEATEE G0 SRR ATk, uEAC. REEOR . RERE . RATRE R
IRIEAT R BESLS o 25N 2B Fiom . AR SR T BRE DA RR 2R, MRS M —BRaT,
PRIRR JO-1 1) 2 H L 27 4 22 il 1% 5 DB ARG 35 B e KAE, 43518 20.73 x 16.67 pkat-L™ il 8.20 x 16.67
pkat-L7' Y PLUEACHE M RRIE IS, BEIE . M RE S AR, LaAER. BRI, KEEHED
W, O PR R B BT R R Y R IR D FE A

233 RRABEMHSHARSBEBEAGY R ARERE . BRIEFZET, 258N 1%, 5%, 10%, 15%
1 20%Fh TR T R BESL S o S5 R UNE 2C FrR . A0 A R0 S S A R . YRl 10%
IF, B W LT 4R RS e s RN B 20% 0], BEE PR R X R R R R, HiRR
AR, SHEZSMMEE, LB ERD, R4S RIEHEMER 10%,

207 A 257 B 25T C

215 1 20 20 N

~ = = == \

R 2 % § 15 15 §§

g2 N N N 10 10 § §~§

* N0NaNs NaNE NN IRa MmN N NTANA R
By =R & 2 £ ¥R E g 15 10 15 20
ﬂé% %g{ %ﬁ“%ﬂ'ﬂiﬁ e /%

= = &} e

NEYIE Y S e
B2 fUR(A), iR(B), HAFE(C)rHkJ6-1 785 0%

Figure 2 Effect of different nitrogen sources, carbon sources and inoculation quantity on cellulase activity of strain J6-1

234 AF pHALxI HAkEEFE H 69 FHra  ERBkIE . BRIEKMG T, WEEY M pH {45 %k pH
3.0, 40, 50, 6.0, 7.0, 8.0 F1 9.0 £F 10%Fh ¥ W47 K BESL I . 25N 3A BoR . K572k pH (E AT
PR PR J6-1 BEE J) 52 AR, IR AR S AR Ak fa R T R AT Y R A A R — 3 & pH (T
. R J6-1 BEE ) R B R /NS . 24 pH EM pH 3.0 JHE E pH 5.0 I, FR W LT 4 K i
11 8.85 x 16.67 wkat - L™ e 5dt 6 in 5 fx KB 25.39 x 16.67 wkat-L™, JEACHTTE M 3.15 x 16.67 pkat-L™
4] 10.41 x 16.67 pkat-L™; ZJ5 FThm pH (E, F& W SLET 4k 2 iy 16 Fg 4075 ) $ F A, 7€ pH 5.0
BF, R R AT 2R S A U8 AR B0 2 2 B0 S RS U BH TR R R R R S 3R R BRE R pH 5.0,

235 ARBEMAKRTEE NG Y0 TERNKIE . A, pH 5.0 &0 T, P88 F7EE 5558
20, 25, 30, 35, 40, 45 F1 50 CHzFp 10%F FIR AT R EESL R . 258K 3B s P& R E T &,
TR R Bl 5 ) e 1 RS 2R B, U B SR X B R J6-1 KT S AR, BRI A T B E AN A
T 0, 7840 CHREFRIRE T, R IRLT 4L KBS i Ky 34.57 x 16.67 pkat-L7'5 SKT, iR 35
CHF, IRANEETE 5 2 5y 14.36 x 16.67 wkat- L7, [HI, FEbE J6-1 Sl G SRR E Y 35~40 C,

23.6 FAMENARZEHENGY A ERMHKIE. B, pH 5.0, 40 CHRMATF, #HM 10%F 7 ik
TTRBESCR, oI 1~7 d K BRI TGS e . 25 R WK 3C fR . JEACHR G A2 {34 5 R W Sk 2F
Y RIS AR AL FE 3 BRR J6-1 &t 2 d REERT SR )G, WEUG VR R MR B SR S d if, F bR
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JO-1 f9 F TP 5 27 24k 3%l 0% 0 308 40K Al 35 2 0k B f KB, 70 5108 36.57 x 16.67 pkat-L™ Al 15.42 x 16.67
pkat- L7 QRSEIICEE IR IF(E], Al BE i T W AR AR Y s BEAUE SR A L, BIPR J6-1 7 il 1 115 32 47 ik
5. K, HEREEREY S do
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Figure 3 Effect of initial pH, temperature and time on cellulase activity of strain J6-1

237 ERRACH B I6-1 FE A WAL E R RSR AR, SRATIE S 00 E R bR J6-1 SR 57
MF. PEPERF R BEREER . BESRMEE . BEARESE 4 AR, BRI 3 AKFHETT Le(3Y) IEAL
U, WIRRAME N 10%A A P)4h pH 5.0, 150 remin™ AT . SLIRAIRINE 2 R £HER
X B J6-1 77 B2 R R/ MK YR RS OB & BERRE & BEIRIFI] . BRI, TR 6 SRR, M
2 P L LT 4 K WS ) AN G ARG 140 51 40.59 x 16.67 pkat- L7 Al 16.43 x 16.67 pkat-L™, IE58 905 %
A e ARG 3% 210 A2B3C2D2, BP15.0 g- L7 R Rk, 3.0 g- L7 EEEEE | 40 CHEFR 5 do

K2 L(3)EXXWEITRSM

Table 2 Design and results analysis of Lo(3*) orthogonal test

e ISEN BRI IELT A RBHE  UBACHHS J1/
A FERRY (g- L") B EEREF/(g- L) CHiFRIE/C D £ 3EmtRl/d J1/(x16.67 pkat-L™") (x16.67 pkat-L™)
1 1(10) 1(2.0) 1(35) 1(4) 28.28 9.47
2 1(10) 2(2.5) 2(40) 2(5) 30.15 11.26
3 1(10) 3(3.0) 3(45) 3(6) 30.67 10.61
4 2(15) 1(2.0) 2(40) 3(6) 36.44 14.55
5 2(15) 2(2.5) 3(45) 1(4) 38.18 15.59
6 2(15) 3(3.0) 1(35) 2(5) 40.59 16.43
7 3(20) 1(2.0) 3(45) 2(5) 31.87 12.50
8 3(20) 2(2.5) 1(35) 3(6) 29.29 11.45
9 3(20) 3(3.0) 2(40) 1(4) 34.72 14.68
K\ (5 B Sk 7 2 Z 1y ) 29.70 32.20 32.72 33.73
Ko(F2 W SL 21 4 R iy ) 38.40 32.54 33.77 34.20
K3(F2 W SL 21 4 R iy ) 31.96 3533 33.57 32.13
ke (UE AR ) 10.45 12.17 12.45 13.25
ko (UE AR RS J7) 15.52 12.77 13.50 13.40
ks (UE ARG J) 12.88 13.91 12.90 12.20
RORW ELLT AE R WG ) 6.44 2.79 0.85 2.07
r(UEARHGTE 1)) 2.65 1.73 0.45 1.19
ufeTr % A, B, C, D,

2.4 Wk J6-1 EEFETRE MM R
B L0 1 2 A B J6-1 HEATIELE 5 ARG IR, SRR S A AR 1R e 1 B R I L A AU R AR OR Y 2R 47
2 R 1 FUE KRG J) o Z5RANEE 3 PR . & TAURAR I RE B HE 2 ISR MRS g, R LT 2 R
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Titi 3% 3 A S AT 15> W44 1E 41.82 x 16.67 pkat-L™ H1 17.26 x 16.67 pkat-L™ 45,
£ 3 EHJ6-1 EREEFN

Table 3 Cellulase activity of Strain J6-1 passage

FRP BT Y RS ) UEACRGE )/ PR R Y RS g/ UEARHGTS T/
e (x16.67 pkat-L") (x16.67 pkat-L") ook (x16.67 pkat-L") (x16.67 pkat-L")
1 4237 17.78 4 41.03 17.55
2 41.93 16.22 5 41.28 16.42
42.50 18.31 -4y 41.82 17.26

3 WAkEER

ABIEGE R IG5 W B W0 0 . S 0 A 0 O 1, MATAR B b R B 1 R S AT e R R R,
T A W) 2 WA A 56 58 A R AR N T B TR R Penicillium, SR G E T 1% B AR IO ¥R Y L 4F 4 28 i 0% 106 4C
W, JEE— B XN IR TR I R I B A PR AT TR s S REBH . FEUIN 15 g- L7 R sy . 3 g L7 BEALH
VEURIE AR, 10%4F &, pH 5.0, 40 °C, 150 r-min™ KM FE S d 00T, BRI IR WYk
2T Yk Z Bl 1S AR ACHETE , 09k 41.82 x 16.67 pkat-L™ 1 17.26 x 16.67 wkat-L™,

FIHT, C 40 A R RS AR AT e R A A B L B B 2 i3k S 7 4 381 (0 e i 21 4 25 44
JeH 0 175 P Bl A 3 i e o7 T A o R D R I L CRR AR RB TR 1 A= 77 ) B0 DRk A= 7 BURIRS 30 FH 4 3 %
NEEE Ty T, AW S0 L B 0 TR R R B ATAR 13, ORI R TR B ARSE, ZEATAR A KRR R
MRFRE, IS G T HIAE AT L B B R R, A S5 A SRR R 0T i s e

TELT 4 R GG RS rh,  UE ARSI 3 F 4 R Ol SR AE 3 R AL 20 D RV FH S 0 R S B A S i
BT B2 J6-1 L0 5 FOUB ARG IS ) T B35 17.26 x 16.67 pkat- L™, 5 T 0] 452 MU A7 Ak + 58 o i
VER) 7 B i 2.1 (DEARHEIG O 11.19 x 16.67 pkat-L™), X LF4ER B ACR B 4F o R, %W bk ™
fitt pH 5.0, WREEH 40 C, RIME—ERMBRAE ), AEIEN AR A MR R G, X T H SR B A &
RE S

4 5FXwk
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