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Isolation, identification and enzymatic characteristics of
cellulose-producing strains with high cellulase activity
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Abstract: Two cellulose producing strains were isolated from decayed leaf and soil around it. Accord-
ing to morphology, biochemical and physiological characterization, and 16S rRNA sequence analysis,
CT1 was identified as Bacillus licheniformis and CM2 was identified as Bacillus subtilis. Through de-
teminations of CMC enzyme activity and filter paper enzyme activity using liquid fermentation. The
result of the CMCasae activity of CT1 is 163.3 U/mL and CM2 is 167.17 U/mL after 4 d, the FPA ac-
tivity of CT1 is 211.17 U/mL after 2 d and CM2 is 207.83 U/mL after 3 d. The effect of carbon sources
on the optimum cellulase-producing conditions of these strains were studied. By silver staining after
SDS-polyacrylamide gel electrophoresis preliminary separation cellulose enzyme special bands. The
result showed that the utilization capabilities to different source cellulose were different.
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, 1.3.2 EFHE: [8-9]
, (CMC-Na) ,

, (gL): PDA NB
2 000 t, 7 7 (g/L): CMC-Na 5.0, MgSO, 0.3,
K,HPO, 1.0, NaH,PO, 1.0, 20.0, 0.2,
, CaCl,-2H,0 0.3, FeSO47H,0 0.005, MnSO, 0.001 6,
[3-41. ZnC1, 0.001 7, CoC1, 0.001 7, pH

(g/L): CMC-Na 5.0, 2.5,
0.5, MgSO, 0.3, KH,PO, 2.0, NaCl 1.0,
(NH4),SO4 1.4, CaCl,-2H,0 0.3, FeSO,4-7H,0 0.005,
MnSO, 0.001 6, ZnC1, 0.001 7, CoCl, 0.001 7,
pH
(g/L): (
Na,C0O;) 5.0, MgSO, 0.3, KH,PO, 2.0, NaCl 1.0,
(NH,4),SO,4 1.4, CaCl,-2H,0 0.3, FeSO,47H,0 0.005,

[5-6]
MnSO, 0.001 6, ZnC1,0.001 7, CoCl, 0.001 7,
pH
CMC FPA , 2
’ 2 2 cm—3 cm
16S rRNA
,90 °C 40
’ ’ - 1x10° Pa, 20 min
SDS-PAGE (
PDA NB
’ [10]
[11]
14 EMHSE541L
1 BR5KFE 1.00 g, 100 mL
. . , 28 °C 200 r/min 48 h
1.1 #&mKiR
, 28 °C 48h
1.2 KFEHAR ,
; Tiangen Biotech ,
JINJIE , 3 18 °C
Invitrogen J1-5d 0.02% .1 mol/L NaCl
1.3 ExFE
1.3.1 EBx#AmEAH: Coligan J. E. ’

(7]
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1.5 EMEE
151 SBEHERE: ;
NB , 28 °C 24 h
, 4°C
1824 h

1.5.2  16S rRNA F5IH) PCR #18:
DNA , 8F (5'-AGAGTTTGA
TCCTGGCTCAG-3") 1492R (5'-ACGGTTACCTTG
TTACGACTT-3"), 16SrRNA  PCR
50 pL (10xbuffer 5.0 pL, MgCl, 3.0 pL,
dNTPs 4.0 pL, 1.5 uL, Taq 0.4 pL, DNA
1.0 pL, ddH,0 33.6 uL) PCR :95°C
5 min; 94 °C40s,55.3°C30s,72°C90s, 32 ;
72 °C 5 min; 72 °C 20 min PCR
Invitrogen >
NCBI BLAST 16S rRNA
[91
L6 BE N EE
1.6.1 FHEERATH &

50 mL , 28 °C 160 r/min
1-6d 2 , 5000 r/min 4 °C
10 min, N

1.6.2 DNS EiMERSE A" (1)

104.8 mg R
100 mL , 1 mg/mL
1 )
540 nm , )
) CMC [9:13]
10.0 mL 6.0 mL 1.0%

(pH7.0 6.0 8.0), 2.0 mL
, 50 °C 30 min,

2.0 mL DNS R 8 min,

, 10.0 mL, 540 nm
, 3) FPA [13-14]
1 cmXx6 cm 1 10.0 mL
, pH 7.0 6.0 mL ,
2.0 mL , 50 °C 30 min,
2.0 mL DNS R 8 min,
s 10.0 mL, 540 nm

F1 FRREMAEFEER

Table 1 Glucose solution of different concentration

Tube

Glucose standard 0 0.1 0.2 0.4 0.6 0.8 1.0
solution (mL)

L 20 19 18 16 14 12 1.0
Distilled water (mL)

DNS (mL) 15 15 15 15 15 15 15

8 min,

2 21.5 21.5 21.5 215 21.5 215 215
Distilled water (mL)

50 °C ,1mL
1 ng , 1

, U/mL

1 X=1 000xCxV/VxT
: X (U/mL); C:
(mg/10 mL); V: (mL); Vy:
(mL); T:
1.7 EHARERBER R A
CMC-Na
(d) (2),
3 ,28°C 4d
0.02% 1 mol/L NaCl
) (D)
(d),

(min)

10 min,
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1.8 EHA T IRAHREGE g

2 50 mL
, 28 °C
2_6 d, s
(%o)=I[( - )
1x100%

1.9 SDS-PAGE k!
1.9.1 HKHERBE &

, () (2)
Na,COs (0) ;
4d ,8000r/min 4°C 25 min,
, (
-20 °C) , 1:1 , 10—20 min,
10 000 r/min 15 min S 2
2xSDS , , 95 °C
3—10 min, SDS-PAGE
1.9.2 FEHMK:
, SDS-PAGE , 12 %,
5%, [19]
6 uL
10 uL, 80V,
120 vV 40 min , ,
2 RS54
2.1 EFIE
(H) (©),
, 2
CTl CM2, 2 1
2.2 %k 16S rRNA PCR ¥ #HF 5447
CT1 CM2 DNA ,
16S rRNA 8F 1492R PCR ,
2 1.5kb PCR ,
2 PCR Product Purifi-

http://journals.im.ac.cn/wswxtbcn

cation Kit , ,
1 507 bp 1467 bp ,
16S rDNA GenBank  BLAST
s GenBank
, CTl1
CM2 Bacillus licheniformis  Bacillus
subtilis

R2 AURIBENRAIRELER

Table 2 Transparent hydrolysis circle of cellulose-
decomposing bacteria by Congo red staining

) Transparent H/C
Code Diameter (C, mm) .. (H, mm)

CT1 10.2 38.1 3.74
CcM2 15.3 47.1 3.18

CT1 @\’j ‘oM2

el
1 RIRIRERENBE KT 4 RERE

Fig. 1 Transparent hydrolysis circle by Congo red
staining

bp M CTI cM2
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B 2 CT1 %0 CM2 E %k 16S rRNA PCR # 1% K E&

Fig. 2 The PCR fragments of 16S rRNA of CT1 and CM2
strains
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2.3 AUERFEENRONE

2.3.1 BEEEIREHRZ: 162 n
: Y=0.473 67X—
0.006 16, R*=0.999 42 0.105-1.408 g/L ,
X Y
2.3.2 E# CMC EEF0 FPA B8E 89N E:
pH
, CTl CM2 CMC
FPA ,
3 4 5
180 r —o— pH 6.0
160 —e— pH 7.0
140 + —v— pH 8.0
7
é 120
i 100
i
5 80
<
Q L
s 60
© 40t
20 r
B . . . . . .
1 2 3 4 5 6 7
1(d)

B3 EFEEFARE pH KX CT1 = CMC BRI
Fig. 3 The effect of culture time and pH on the CMCase
activiy of CT1

180
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—e— pH 7.0
--v-- pH 8.0

CMC activity (U/mL)

£(d)

4 EFEEFARE pH K43 CM2 7= CMC BRY %
M

Fig. 4 The effect of culture time and pH on the CMCase
activiy of CM2

250

— CTl
—/ CM2
200 F [ all
3
E
S 150
N B _
=
g8 100
-
ay
=
50 | H H

1 2 3 4 5 6
t(d)

5 AREIEITEE X P EK™ FPA BBRIF NG
Fig. 5 The effect of culture time on the FPAase activities of
CT1 and CM2

3 4 CTI1 CM2
pH ; pH ,
pH 7.0 4
CMC , 163.17 U/mL
167.17 U/mL
BSX5 54.5 U/ mL,
DSH 37°C pH7.0 ,
66 h 4.58 U/mLP"
CTl CM2
5 FPA , CT1
3 , 2
211.17 U/mL, 3 ; CM2
3 207.83 U/mL,
233 MFRAHREFENE: CTI CM2
6
6 , CTI1 CM2
, CT1
5 . 17%, CM2 5
, 19%,
10% U7 ’
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Fig. 6 Effect of culture time on decomposition rate

234 HHEMARRIEDEEN: CT1
CM2 ,
, CTl CM2
, CT1
, ; CM2
2
3

&3 BT ERIRRREEEE

Table 3 Utilization capabilities to different source cellulose

. CT1 CM2
Different source cellulose
Ethyl cellulose - -
++ ++
Corn straw
. ++ ++
Rice straw
++ ot
Bamboo fiber
. + -
Filter paper
o 20 mm—25 mm; +++: 15 mm—
20 mm; ++: 10 mm—15 mm; +: 5 mm—8 mm;

Note: ++++: Transparent circle 20 mm—25 mm; +++: Transparent
circle 15 mm—20 mm; ++: Transparent circle 10 mm—15 mm; +:
Transparent circle 5 mm—8 mm; —: No transparent circle.

http://journals.im.ac.cn/wswxtbcn
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CM2-d CTl-z CT2-d CTI-0 Marker CM2-0 CM2-z kD
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' —85
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BIETLE R BB R 4 B K E
Fig. 7 The electrophoresis of cellulase components in two
strains CT1 and CM2 culture on carbon source medium

\ 5 -Z:

;-0: Na,CO;

Note: -d: Rice-straw only carbon source; -z: Bamboo fiber only
carbon source; -0: Na,COj5 only carbon source.

7 , ,2
N3.2CO3
30-150 kD ,
30—40 kD, 2

3 Wi

>

[20-22]

B

CT1 (Bacillus licheniformis CT1)
CM2 (Bacillus subtilis CM2),
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4
163.17 U/mL
pH

CT1 2
211.17 U/mL;
207.83 U/mL;

19%

N32CO3

(2]

[23]
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s s

XN-13
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167.17 U/mL,
FPA
CM2
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17%

SDS-PAGE
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