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Abstract ; Cellulose is the most widespread and cheapest raw material for biomass energy production. Screening of high-activi-
ty-cellulase-producing strain is the key to the development and utilization of cellulose energy. Congo red-CMC plate was used
to screen cellulase-producing strains. The strains were identified by morphological , physiological , biochemical characteristics
and 16S rDNA sequence analysis. The optimal fermentation conditions of strain AF1 were screened by orthogonal experi-
ments. Five cellulase-producing strains with high activity were obtained and identified as two strains of Bacillus subtilis and
three strains of Bacillus amyloliquefaciens. The ratio of the hydrolytic circle diameter and colony diameter of the five strains
was more than 4.5 ,and AF1 was the maximum reaching to 8. 04. The optimal solid fermentation medium for AF1 strain was
corn straw powder 20 g,NaCl 0.4 g,CaCl, 0.2 g,bran 32 g, twain 80 0.2 g, peptone 0.7 g, (NH4),S0, 0.8 g,KH,PO,
0.5g,MgS0O, - 7H,0 0.04 g, molasses 0.4 g,twain 20 0.4 g,water 115 mL;The optimal physical and chemical fermentation
conditions were as follows ; temperature 30°C,pH 6.5 ,inoculum amount 1.5% (ODgy, =1.0). And under these optimal con-
ditions , the maximum «-amylase activity is obtained 26. 904 U/g after 42 h,which could provide strain source for cellulase
preparation research and bio-energy development.

Key words: cellulase ; 16S rDNA ;strain identification ; Bacillus ; fermentation conditions
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Table 1  Hydrolysis circle and colony diameter of five strains producing cellulase

LS K fif e AR K SRR/ T A

Strain Hydrolytic circle diameter( mm) Hydrolytic circle diameter/Colony diameter
B4 31.08 £0.21 6.91

AF1 32.16 £0.08 8.04

RC1 42.12+£0.13 6.81

Bl 32.02 +0.22 5.82

7B6 28.52 £0.09 4.61

>

1 FEBEEN-TFIRE K

Fig. 1  Plate screening test of cellulase-producing strains
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Fig. 2 Colony morphology of five rescreening strains
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Table 2 Colony morphology and cell characteristics of five rescreening strains

ik I IR
Strain Cololy morphology Cell characteristic
B B R0, Je T AR S R O N
B o it e o A FPAR B 52 e 052 W SRS I P, JE 36
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oy e
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S Y 5 R R BR 9 A AR AR R AR IR 00 45 SR L
3, WA S,S BRFEERR T i28h Pk V-P X5
FEAE 2], HoAb s 5 #AR TR, AR R A3 5 A A s
WSO S PP LAY T H A B . BRI 6
SER IR IX 5 BRI BRER T B4 BERE T A AT BE
— i, AR R R X B A ARz A4 1 R R
FIHBAEH U, P BLHEI < 3 LR 27 4E R A TR R 2
JIF AT LB A A0 B0 547 B AT 1 O 4, 3 2% TR
Sk FRBAEANE RIS LA AR 20 B £ 4 3% 1) J 2 o
W T 27 4 3 SRR & 70— RE B TR 4T 4 R X
ol MK SR N T AR, N

Serr R A A R B A R R B A e R R R A
e R AT, (HASEF 2 25 n] LU 2 b 2 588 ok 8k )5
FrEA LT e Z W — L AT e 2 X oS Bk R
W5 R B R X A SR N 2 LR AT R R ke
WA 5 6T OB, Bk T RCL ASRE R FH 0 i
A, A R X M L 22 20 | LM RN I 5 AR BE
FHBE B MR 5 6F T 3E 8, AR R MR R RE A
Hodr RC1 X5 # A b

ZEA S MR BB 0B 35 R AE B A B AR AR R
CH LA B R G855 T e L b A Sk
AR, TR TR B AR 4T A A ZEAT BB ( Bacillus ) .

R3S HEFEREERENSE

Table 3 Physiological and biochemical characteristics of five rescreening strains

HARSFAE Characteristic of strain

R

Test B4 AF1 RCL B1 ZB6
i3S Motility _ + _ _ n
O-F i O-F test SRR aiail aiail aiai Al
RAEE UK Hydrolysis of casein N . . . N
YR KRR Hydrolysis of starch . ; . . .
WAL IR Hydrolysis of gelatin " ; N . .
L4 KR E: Hydrolysis of cellulose + + + + "
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2:5% 3 ( Continued Tab. 3)

R EARHFE Characteristic of strain

Test B4 AFI RCI BI 786
F LT 336 Methyl red test " + . R N
V-P &5 V-P test _ n _ . .
R ER A S5 A5 Nitrate reduction + " + N N
A ARG Catalase test + + + N .
JRZ 355 Urea taking test " . + . N

3| Indole test _ ~ ~ B )
& RS Fermentation of carbohydrates

A Xylose + + o+ + + 4+ + 4+ o+
FATH74F 4 Arabinose + o+ o+ + o+ + + o+ + + o+ o+ + o+ o+
% BE Glucose + + + + + + o+ +
S Fructose + + + + + + +
ZL B Galactose + + + o+ + +
EBHE Saccharose + + + - + o+ + o+
% ZEHE Maltose + + + + + o+ + o+ +
FLBE Lactose + + + + + +
T3 5% Fucose + + + + + + + + +
RIVRHETER Starch + + o+ 4+ + +

TE AR T, + " FOR RIS RN B - " FOR IR RO I TERER R AR T, + + + RN MO RN RE AR+ +7
FRXZHFI RIRE B8 5 + 7 FR X R BE I — 85 — 7 FoRARER %

Note: In the Regular characteristics," +" means the test result is positive means the test result is negative; In the sugar utilization test,"

++ +"

means that the strain has a very high utilization capacity of the sugar," + + " means that the strain has a good utilization capacity of the sugar," +

means that the strain has a general utilization capacity of the sugar,and "-" means that the strain can’t use the sugar.

Bacillus subtilis strain GDA3.2 (MK694753.1)

{Baciﬂus subtilis strainXeM20 (MW559365.1)

ZB6 (OM756736)
63| —B1 (OM756734)
[ Bacillus subfilis subsp. NBRC 10158 (AB681487.1)
53] acillus licheniformis strainHHIN-1 (MH373532.1)

Bacillus vallismortis NA53 (LC506467.1)

Bagcillus subfilis strain XeM17 (MW559362.1)
[ Bacillus cereus ATCC 14579 (NR 074540.1)

Streptococcus pneumoniaestrain ATCC 33400 (NR 028665.1)

62;& Escherichia coli strainU 5/41 (NR 024570.1)
60 ~ Haloarculasp. ARA7 (KM289111.1)

_[ B4 (OM755768)
Bacillus amyloliquefaciens strain W2 (MW644970.1)
RC1 (OM756735)
AF1 (KM373520)
Bacillus amyloliquefaciens strain 1Y018 (JQ229807.1)
‘Bacillus amyloliquefaciens strain Tr02A (MH210860.1)
Bacillus subtilis strainBS31 (MN417011.1:20-1492)
Bacillus velezensis strain TK2 (OM401682.1:21-1493)

Bagcillus subfilis strain OPP3 1 (JQ308571.1)
51 —Bacillus velezensis strainNPPS4 (MT383653.1)

5

3 SHRER 16S 1IDNA 2 F I RGER B
Fig. 3 Phylogenetic neighbor-joining tree based on 16S rDNA sequence of five strains
TEAAAE 0 1000, 75 58 EASERR T 50% MPR B, 355 h I U R P SI7E GenBank %585 . Note: Bootstrap percentage values
( >50% ) based on 1 000 tree replications are indicated at the branching points. The numbers in parentheses represent the sequence’s login

number in GenBank.
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2.4 ¥k 16S 1DNA £FE&ER

PIAS AR 1Y 5 DNA SRR, i 16S rDNA i@ H]
1917 PCR 15454 bk 16S rDNA B, 1551 5
MERAY DNA F B3 il o : B1 (1 451 bp) (B4 (1
449 bp) (AF1(1 475 bp) .RC1(1 450 bp) 1 ZB6 (1
449 bp) . EAMT7E GenBank H1 [y %5 5% 5 43 il A«
OM756734 , OM755768 . KM373520, OM756735 i
OM756736.,

22 F PR 16S tDNA JFFI7E GenBank H 4 [A] I
PERZZR 50T, 5 ¥R B TR 16S rDNA J¥ 41 5 GenBank
TS AR Y 16S xDNA J3 471 [F] 6 1 14 8 T
99. 5% , M\ & B 43 [A) U Mk B 0 A,
MEGAILL. 0 i@ RGE L EW (WL 3) 5 Hr &)
Witk B4 AF1 1 RC1 2 IER 18 M 5 ( Bacillus

amyloliquefaciens) ,B1 F1 ZB6 J& A ¥ 2 #f T 1# ( Ba-
cillus subtilis)
2.5 AFl HEMREEFERGIE

B IR B A IE AR SR ke 4 s o il
ZE(H R ] LA & PR X R BbR AFL 7=l ) 1952
M FE R f R BN AMKIR R . 7K > NaCl > CaCl, > Tk
FEFF B > #k 2 > ki 80 > MgSO, - 7H,0 >
(NH,),S0, > KH,PO, > & H Ik > % > it 20,
HIEAS 3BT AR T Y [ AR & e 3% 5 ik d AR T
L« FKRFSEFFRS 20 g 7K 125 mIL,NaCl 0.4 g, CaCl,
0.2 g, # 32 ¢, 1+75800.2 ¢, EHN0.7 ¢,
(NH,),S0,0. 8 ¢ ,KH,P0O,0.5 g, MgSO, - 7H,0
0.04 g, % 0.4 ¢, 037 20 0.4 g,

x4 AP BRBEFERNSEXIBER

Table 4 Results of orthogonal test on medium components of AF1 strain

Fok UEACHR R
s K v?ﬁit ﬁij:ﬁ GpapE (NHy)o o KHy MeSOL - gl ) Cacl, ~ Tween  Tween JE:}l[aZIJ z;:
TestNo.  Water | ™ " peptone S0, PO,  7H,0 Molasses 80 0 ity
powder (U/g)
1 1 1 1 1 1 1 1 1 1 1 1 1 12.86
2 1 1 1 1 2 2 2 2 2 2 2 2 15.68
3 1 1 1 1 3 3 3 3 3 3 3 3 9.99
4 1 2 2 2 1 1 2 2 2 3 3 3 17.16
5 1 2 2 2 2 2 3 3 3 1 1 1 12.32
6 1 2 2 2 3 3 1 1 1 2 2 2 17.64
7 1 3 3 3 1 1 3 3 3 2 2 2 12.47
8 1 3 3 3 2 2 1 1 1 3 3 3 16.65
9 1 3 3 3 3 3 2 2 2 1 1 1 14.23
10 2 1 2 3 1 2 1 2 3 1 2 3 11.61
11 2 1 2 3 2 3 2 3 1 2 3 1 13.13
12 2 1 2 3 3 1 3 1 2 3 1 2 13.87
13 2 2 3 1 1 2 2 3 1 3 1 2 11.24
14 2 2 3 1 2 3 3 1 2 1 2 3 12.50
15 2 2 3 1 3 1 1 2 3 2 3 1 11.63
16 2 3 1 2 1 2 3 1 2 2 3 1 12.50
17 2 3 1 2 2 3 1 2 3 3 1 2 11.93
18 2 3 1 2 3 1 2 3 1 1 2 3 11.42
19 3 | 3 2 1 3 1 3 2 1 3 2 9.24
20 3 1 3 2 2 1 2 1 3 2 1 3 11.07
21 3 1 3 2 3 2 3 2 1 3 2 1 12.87
2 3 2 1 3 1 3 2 1 3 3 2 1 10.63
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213% 4 ( Continued Tab. 4)

S IEACHET
TSI =5 H A i

wn Ak O IR e i, KB MO, g o Twen Twen U0 Pl
Test No.  Water ea om Peptone SO, PO, 7H,0 Molasses a 2 80 20 an paper
bran straw column  activity
powder (U/g)
23 3 2 1 3 2 1 3 3 2 1 1 3 2 13.76
24 3 2 1 3 3 2 1 1 3 2 2 1 3 14.12
25 3 3 2 1 1 3 2 3 2 1 2 1 3 15.42
26 3 3 2 1 2 1 3 1 3 2 3 2 1 11.84
27 3 3 2 1 3 2 1 2 1 3 1 3 2 15.07

K1 129.01 110.32 112.88 116.24 113.13 116.08 122.09 117.51 122.78 125.00 113.01 117.06 112.01
K2 109.84 121.00 128.06 116.15 118.88 122.06 116.87 119.64 124.30 121.14 123.65 116.66 120.89
K3 114.00 121.53 111.90 120.46 120.84 114.70 113.88 115.70 105.76 106.71 116.18 119.12 119.95
k1 14.33  12.26  12.54 12.92 12.57 12.90 13.57 13.06 13.64 13.89 12.56 13.01 12.44
k2 12.20  13.44 14.23 12.91 13.21 13.56 12.99 13.29 13.81 13.46 13.74 12.96 13.43
k3 12.67 13.50 12.43 13.38 13.43 12.74 12.65 12.86 11.75 11.86 12.91 13.24 13.33
R 2.13 1.25 1.80 0.48 0.86 0.82 0.91 0.44 2.06 2.03 1.18 0.27 0.99

WRAER S Iy 20 Wr AT IR WA Rl W, Ko AT RATESR — 7K B AT — 25 B AN [R) 6
FRFEFTHY NaCl [ CaCl, FIKXF AFT BBACHEG A Mk — 2P0k . RIS 73R IR S Se g 45 R Y n] 5¢
AEH W (e IR IESRACE R P, FORFEAT 1, PR IE SRR AT R 4 PR 6 S IR AL
Bl NaCl (9 55 LK SF-7E F DK, o ISR e s A7 3800 L AT S IE S 3, A SRS R it S 2
17K A CaCly B LK AL T KPRV D95 WA 6,

RS REEFRENSEXIXBHTESN

Table 5 Variance analysis of orthogonal test on medium components

R [Eap=S iyl A ¥ F M
Difference source SS df MS Significance

FRAEFHS Com straw powder 18.19 2 9.10 7.22 =
7K Water 22.45 2 11.23 8.91 o
NaCl 23.33 2 11.66 9.25 o
CaCl, 20.52 2 10.26 8.14 =
%k Wheat bran 8.75 2 4.38 3.48

Tween 80 6.43 2 3.21 2.55

(NH,4),50, 3.43 2 1.71

KH, PO, 3.27 2 1.64

MgSO, + 7H,0 3.70 2 1.85

1M Peptone 1.14 2 0.57

Wi Molasses 0.73 2 0.36

Tween 20 0.25 2 0.13

RfiALi%2Z Error e 5.16 2 2.58

%2 Error 17.68 14 1.26

TE:AF AR Fy 0 (2,14) =6.51,F) 5(2,14) =3.74,213. TA<F<6.51 I, F/RIZH R X LIEEHRA BF W, 1" "7 RR ;2 F=6.51,
3 I FOR LK B LI AR AR R RE R, T ROR
Note ; Check the F distribution table ¥, , (2,14) =6.51,F; os(2,14) =3.74. When 3.74 <F<6. 51, this factor has a significant influence on the ex-

perimental results, which is represented by " *". When F=6.51,it indicates that this factor has a very significant influence on the experimental results,

nok oE N

which is represented by

WAL 6 T, IR UALE Rl 5 itk MERiIRIETT RN 3 5, Al TOKRFFFBY 20 ¢, K 115
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mL,NaCl 0.4 g,CaCl,0.2 g, %k}z 32 g, 3k 80 0.2 MgSO, + 7H,0 0.04 ¢, #i% 0.4 ¢ , 11520 0.4 g, [if§
g, MK 0.7 g, (NH,),S0,0.8 ¢ ,KH,P0,0.5 g, T e = AT A 1 26. 52 U/ g,

®6 EXHFEIRBER

Table 6 Results of supplement tests

Kz Fac N I
K Factor TEYEGTE

N Filter

iR 5 : Ex

Test No. K \f/);fil fArh EE (NH,),  Ki, MgS0,. i NaCl CaCl, Tween 80 Tween 20 pa'p ‘?r

Water ~ Corn straw Peptone SO, PO, 7H,0 Molasses 2 - ’ activity

bran ) (U/g)

powder ]

1 125 30 20 0.5 0.8 0.8 0.08 0.2 0.2 0.2 0.2 0.2 21.17

2 125 32 20 0.7 0.8 0.5 0.04 0.4 0.4 0.2 0.2 0.4 22.96

3 115 32 20 0.7 0.8 0.5 0.04 0.4 0.4 0.2 0.2 0.4 26.52

4 105 32 20 0.7 0.8 0.5 0.04 0.4 0.4 0.2 0.2 0.4 21.38

5 125 32 20 0.7 0.8 0.5 0.04 0.4 0.4 0.1 0.2 0.4 21.96

6 125 32 20 0.7 0.8 0.5 0.04 0.4 0.4 0 0.2 0.4 19.94

TE 55 1 RIEACERE 4 i 6 S5 52 RIEAILAY TSR3 4 20 R /K 115 H1 105 mL ##h FESE S ,5 .6 435l CaCly K 0.1 g FIO g
BIRPFESES

Note ; Test No. 1 is Scheme No. 6 in Table 4 of orthogonal results;2 is the orthogonal optimization scheme;3 and 4 were supplementary experiments with
115 and 105 mL water, respectively. 5 and 6 were supplementary experiments with 0.1 g and 0 g CaCl, , respectively.

2.6 AF1 FIENERL BTG /MRS - pH > RE > 3R [, 220
Sl PRAR 2R PO VR P IE SR SR LR 7, AN AFL G A [ R 4 I8 245 11 D < L 30 °C, pH
HIBRZE(E R A LA 45 DA 0 7 B G J e th ok 6.5 4% 1.5% (0Dg, =1.0)

R BUEKHHESE

Table 7 Results of orthogonal tests on physwal and chemical factors

= 91 2T ik
148 5 L pH Qi%f?; t;got" = F1 Fihefiimpfrgﬁtiviw
Test No. Temperature inoculation Blank column (U/g) ’

1 1 1 1 1 18.69

2 1 2 2 2 25.14

3 1 3 3 3 18.15

4 2 1 2 3 18.87

5 2 2 3 1 17.43

6 2 3 1 2 17.07

7 3 1 3 2 17.70

8 3 2 1 1 20.48

9 3 3 2 3 17.07

K1 61.98 55.26 56.24 56. 60

K2 53.37 63.06 61.09 59.92

K3 55.26 52.30 53.28 54.09

k1 20. 66 18.42 18.75 18.87

k2 17.79 21.02 20.36 19.97

k3 18.42 17.43 17.76 18.03

R 2.87 3.59 2.60 1.94
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Fig.4 Curve of enzyme activity with fermentation time
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ABIFTE N SZ 56 3 PR A 1R bR P L0 B 1 S ks
LR YERBE AN, LA AR BLA AL S AE A 168 1D-
NA J3#r e, B R ZF AT R, 2 AR A R 25 J A T
( Bacillus subtilis ) , 3 ¥ % 1€ ¥y 2 f0#F i ( Bacillus
amyloliquefaciens) . |8 9K 5t V¥ 22 EL T F1 41 18 4R g
PR LT AER B, T, A L 2 4E R AT Y
[ %, My R dE R B FEORIE T HE ™
ET Y R WA Pt 3 AR R Y 3 1 1 A HABAE AT
SRR ST, BATAR Al GE A Tl b 3R H 2
ETHER MR o Horh ZF LR RRTE ™ A2 0 53 I K o
SN ICA I SE Y BN, e Ah , BATTIE RETR£T 4
FRALUE R I NI A A A6 7 Rk A ss
FEEART EAT] o TE A, R 2 LA T
AR B 2o PO AT S RO R AR A b 2
FERRT AT 41208

ARSCHE ISR ZL-CMC P Az b K i Pl B A 5 T
HEHARWEB KT 4.5, e/ ZB6 g 4. 61, e K
AF1 TR Y HUAEIRE 1 8. 04, 375 g 8 1ok B [ Y A1 3C
HR 412 T8 B AR [R) Ok Ok B9 v R A0 B R
BRI e SO AR A R KRG S Tang 45 A
KR RAITR N TE 73 8 — R R PX19, Hofz i
I TR R 7K A P8 AR S 7 B U R 4. 83,
LR AFT B 1 7 £F 45 22 Wl 0K 4 8 4% 1 O Ak O
RS, How i AU P LLIA 31 26.904 U/g, BRI

ZHh, ZERTIT T A AT TS A B, AFT BRI RE 7 AR
T PR VE Ry B AN R RS R B, T
O] R 3 B8 e ARDRHG AL 3 b o S B A 1, Dok
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