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Screening of an Efficient Constitutive-Producting Strain and
Fermentation Optimization for Cellulase Production

XU Jing, OUYANG Jia, HE Bing-fang*
(College of Life Science and Pharmaceutical Engineering, Nanjing University of Technology, Nanjing 210009, China)

Abstract: An efficient strain LC-9 secreting was newly isolated from the soil. On the basis of the
result of taxonomic studies including the analysis of Biolog Identification System and 16S rDNA
sequence analysis, LC-9 was identified as Bacillus subtilis.” According to the effect of various
substance on the cell growth and activity of cellulase, the components of optimized medium and
fermentation conditions were confirmed. Under optimized conditions, 1 301. 4 U/mL of CMCase
and 289. 2 U/mL of Xylanase in cultured supernatant were obtained after 35 h fermentation.
Without cellulose or xylan inducers were used during cellulase production.
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REU g B T P 4 2 R P R R E
B FUS) R SR B A B MRS 1R 5
K0S 6P 4 BRI A B — . X B AR Mk AT
B THRAEE LRSS REME N, WHEHF
EAGEBOULBIAESE. 0 ERAALEIAT
RET —HARVNAREREGETFEEHK Alkalo-

philic bacillus KSM- 635, Z B EKRER N ES

THESS. BRELERREVE=AEEH
HHETRFIMAERRERY, MERE 2U-
04", ZE CMC R G B IE Wik 5.37 IU/mL., &
BRERAEEBYT ZHAHATERERELTRMA
BEB LR AHREHAEER . ARBY
REBERE-AEEH LRGN RRARR
B A BRI A0 K B L A .

EENE SHEYAF LR LB PR % 2 — &%
HEBAEEBTLEE ZEKTRA NG REE
(R AV & 4 £ B, 5, CMCase; endo- 1, 4-glu-
canase, EC 3.2.1.4) fil K B ¥ B ( Xylanase ,
EC3.2. 1.8, AL THBREE KM MR M. BF
REWN. ZHAAARR S WHRBA E LB YR
T RERME  BARXKNFRES.

1 #H#HE5F*

1.1 ZBHH '

L1 EtHRE EEHDAEENLHE 136
g
1.1.2 EHiAk

DRPEFHEEREFE (/L) KH, PO, 1.0,
MgSO, » 7H,0 0.5,NH,Cl 1.0, B¢ 5% 0.5, £k
¥ 1.0 ml/L, B EA %K H (CMCNa) 5. 0;
NaOH ¥ pHHZE 7.0,

2) & B 3 B 3% 5 3 (g/L) : KH, PO, 1.0, Mg-
SO, « TH,0 0.5, B BB (E )5. 0, B A B (EH ™)
10.0,NaOH ¥ pH £ 7. 0. BEMKIEFEPHEM 2
g/dL H g .

DEFHEFER. AREMBEFREFEM S0
g/LR P EAREH(CMC-Na),

1.1.3 2 &&X#H AKEW Xylan (from Birch
Wood) y sigma AR = H; BB EXAHEER P
CMC-Na(Ks  600~800 mPa « s) #13,5- —H§%tK
BB (DNS) R L1 E &R = &, bl m i &
Eri=atrds.

1.2 ZRA®

1.2.1 HA5%FLBEHTEBALL2E BE

MESHYAERNLEMABNRFEGE R
FREPHEITEEREFF (30 C,180 r/min),3~5d JF
B EMHRAMNEFREPLEE IR NEEER
EREBHITHIERB (0 ~10"4). B 100 gL
BRI TAR BHRE A TREE T ERMRIE.,
1.2.2 MIRaPhbekfMidsr MAAHITAR
(ERYA 7 mm) 1€ B KPR LT, A % B 1R %
AR B BE SR, LA 1 me/mL 1R G 4F 4 B AR P
ME, 30 CHAHBPHBEN 2~3 h, 0.1 g/dL R
ROywYE 1 h A 1 mol/L i NaCl B B
- ELF R RGN 0 LB B E A A,
L2.3 H%@FE%ARKRESHEHNET

1) A4 4 E B (CMCase) 7§ 7 B8 2T ]
1g/dLRBESEREN L. 0 mLIERED  MA
0. SmLBYMBWAELWER ERHELXET
JBI 30 min, f DNS 39 i 52 38 B, A B8
Elpe WERBTFENMEEL -8
BA(D,

2) A BER (Xylanase) 5 B9 1. RE 1
g/ dL #Ei R REAE AR, B 81 7 B R BB S 3T
BHERANSEES.

1.2.4 WHAHE P 640 nm BF LK T EE
EREYE.
1.2.5 BHLCIOMABER

1) Biolog Wfp 4 E MIBELRPELERRKE
B A HR AR AL M R, %5 E AR B /Y Biolog % E AR, BB
EHER 05 AN RBERET ISR, A
P B Ek16] ‘

2) 16S rDNA 51 & #1447 . R A48 & 16S
tDNA i@ 314 FQTDHF R(14920) , ¥ R EE
BREG 16S t1DNA H ##3 TRk L, B EBERLE
WEARAFWF, H%EHE 16S rDNA F5 & #
GenBank (http : / / www. ncbi . nlm. nih. gov) , i
Al BLAST BF3# 47 Rk 247
1.2.6 3#4&# ZBHLBRUSHEEHK LCY
SHPAERKI N 8~16 h, KEE 24~50 h A B
BHHmERE AHLBHRAIG CHEHK12h
e 0 1 R IR RO B 296,35 CIRE B
36 h, U B R A K SRR

2 BR5H#®
2.1 ARNAEERBBTHENBERDSRIE

BT RABEEMAN I ERB NETHER
WP BB 2 5kl BEREDIEMT
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FHE AR REGE SRR R R Y’

EEEMERAEMBSEFRETER LG, RE
BE AT R R 20 IR B e o L 15 B — BRE B b
BEgR R SR B A B B A U B A B R Ho
£H LC-9, HEELC-O EWMFFR KRB MBS
) MHERRPRERRNAGEEEE AT 4%
ZWE A2 H 25.02 U/mL # 22. 32 U/mL, 3
HMERR—EHARBME . Bk LCIME
B R TE W R R A B AT EE R R, 4
BEPRERE T A ERB IS ERSE.
2.2 EHLCIMER

Wbk LCO EEMARE LBEEAR, 7 F
HOEXKMEME, AFEE. £ Bolog HEMEE
ARG 5 Bk LC-9 3N Bacillus subtilis , 53 ¥ & B
SIMfEY 0. 95, REKBM . @@k LC
9 ) 16S rDNA FE % il] & 3 i# & GeneBank (& F
5:EU022584), R Al BLAST 4r 47, R B X & i
16S rDNA 5 GenBank % Bacillus subtilis #1FF %]
FEERX 99. 7 %,15 Biolog i 4 M 4 L RESE
EER—B, H K KW PRy & Bacillus subtilis
LG9,
2.3 EHLCOEKRE"MEHRL
2.3.1 BFHRBAAZFAWE pHESEHREK
AFg6Ya EREEE DREBEFREDR
pHE(E ) MEH LC-I EREFBHNEW., XK
WBE KPR BN 35C  RAE R EN G
pH % 5~5.5, 35 h KEEHF# G CMCase 1§77 ik
107.5 U/mlL,Xylanase 1§ A7) 3% 23. 9 U/mL,
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Fig. 1 The effect of temperature on the growth and en-
zyme activity of the strain LC-9

2.3.2 RRAABERFINA S BHei Y &
EREE R — A %K RRARBER KT
MEYTEMEEENBSERYT . EERE

BRESRE PR S o/L REIK AT FEREKER
BRRATERERT  BEEXN AR EHE W,

—a—ARAEFES / (U/mL)
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Fig.2 The effect of initial pH of medium on the growth

and enzyme activity of the strain LC-9

B 3 X, WV vk SRR e AR R B b AR B B
ERATH. AN SR EAE KK
oh 3E B B AE BRI, CMCase 35 f7 AT ik 8] 407.55
U/ml., Xylanase 3§ /73X 90.57 U/mL, ¥ H X} BB 42
BTARER. FHRESHKENZEREAT,
P4 4 R AR BB R A A L S AR — B
MRS, KRPAERLEIARE
BARBEOFMF KRB ERBEE, R ZE)R™
AREBAFES NARBEAREHETE.
2.3.3 AENERLCIALKE FHGYH £
BABEREPHEBIEMS o/L B mkiIRL
B AN, — R AW BT ERE
B (RE 4, EREBEHETHENE
KR BERE TG, 35 h RBEF CMCase 15
H] % 559. 2 U/ml, Xylanase {& /17 35 124. 3 U/
mL; BE BN M OA B EAREERRE KRR
W/, DR i OR3P0 B 1 W AT B AR TR AR
., AEBBEESHTEZBBEE B A8
SRR E L LR REE CMCase N1
4.

EXRFESEAKMAEE=ZKTERERR
£ LEHMTHBREFRMELRBIELSR—B,30
mL/L EXRF M 15 g/L &AM N BAEMRALE F 7T
UAHE B2 o B AR AR K A B8, CMCase RIS A%
763.2 U/mL, [a] Bf Xylanase B & 15 8 172.6
U/mL,
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Fig.3 Effect of carbon sources on the growth and enzyme activity of the strain LC-9
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Fig.4 Effect of nitrogen sources on the growth and enzyme activity of the strain LC-9

1 BABEELER
Tab.1 Result of orthogonal nitrogen design
B A EX¥ B EAkk CMCase E%i
PP/ (mL/L) R E/(g/L) 3%/ (U/mL) (ODggom)
1 15 5 451.8 2.61
2 15 10 450 4.46
3 15 15 604. 8 5.57
4 30 5 ) 637.2 4.99
5 30 10 547.2 5. 65
6 30 15 763.2 4.91
7 45 5 630 6.49
8 45 10 586. 8 4.62
9 45 15 626. 4 3.92
CMC 1% K, 1506.6 1719 i

K, 1947.6 1584

K, 1843.2 1994. 4

K, 12.64 14,09

EX7h- K, 15.55 14.73
K, 15.03 14. 40
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2.4 BHLCIEREBUERFMME
BREERELZER, TN ER BT
iR, B E AL B SR B B 4 h (g/L) : KH, PO, 3.0,
MgSO, - 7H,0 0.3, BE¥ 5.0, BAK 15.0; £X%
¥ 30 mL/L, %144 pH 5~5.5;250 mL M &
% 50 mL, 5% 4 200 r/min, ERLEFEZHET,

-0 3 ¥ 4 4 K 8§/(U/mL)

-8~ K5 ¥ 8/(U/mL)
- LY

44 R@] (0OD,,)

EHEKMERHERLE S, SEARMMEL, #ik
HERBUHE &, B E=REat R H 35 h, B LR
LETEE T 40 £4%,CMCase 3§ W ik1 301.4U/
mL,Xylanase #& /78] ik 289. 2 U/mL., ZE ALK
MEmMAERERas KA THRBAEER
P RE
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Fig.5 Growth curve and enzyme production of the strain LC-9 cultured in the optimized conditions

MEBEBEAYXE B FREH.CM-
Case {5 H17E 3~4 d A SR E A"  WH BB
B — AR L BLAE 48~72 b, A H = LCO
REEFAYNE 30 h, KRBET KERAY.

SENMAEXGEEHATESHL, BARE
B U B B Alkalophilic bacillus KSM- 635 7
XEGAGFER, EHBETYRETEZBE NS
2.202 TU/mL (4 FABFRH 396.4 U/mL), 7
ABBAES KB 48 h J§,CMCase I /135 6.2 1U/
mLOHY T ABIZEA 1 116 U/mL) ;3% 5 %4
EHRBEFRATHE C-36 £ 1 g/dL CMC 3 A B
36 h J§ ,CMCase % #713% 196. 33 U/ mL, i B &
BLCO EXESFMMIEREPA YT ERBIES
A3k 1 301.4 U/ml, A BE R E T 3% 289.2

U/mL, BT R B AR
3 & &

ANETHYGERN LT S REERS

& & 3 @k (References) :

BHEMARORBEFRFEERERESDT —
BAREHRS=TEER LCO 2L B IHEFM
&, v 2 8 Bacillus subtilis LC-9, B LC-9 &
HAERKMFBRE R 35 C,EFEREVR o HE
K 5~5.5, ALERBEE FRERER S R (g/L):
KH,PO, 3.0,MgS0Q, « 7TH,0 0.3, ¥ 5.0, EH
Bk 15.0; 30 mL/L EX¥:250 mLIBRERER
50 mL, ¥ @k 200 r/min, FREZEMBTHEF 35 h
Ja » W PIR RBERRE IS AT 3% 1 301. 4 U/mL, A RHE
K§iE 1Al 3k 289.2 U/mL, (kIR ALRITRE T 40 B
f&, BB LCO FRAHEER, “"HARETSE
B EMERFGTHMTEEH“HHaE A —
BLEMAGHMARBAEEAEEBITH,
BEH#H—-BHIFRES.
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