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Separation, Purification and Enzymatic Property of Cellulase
Produced by Thermostable Bacillus amyloliquefaciens BA-DES4

ZHANG Zhi', WEN Dongzhuo', FENG Lirong’, ZHANG Shenglong’, YANG Kexin', ZHANG Xiaotong'

(1.School of Forestry, Northeast Forestry University, Harbin 150040, China;
2.Heilongjiang Guohong Energy Conservation and Environmental Protection Co., Ltd., Harbin 150040, China)

Abstract: Objects: This research was performed based on taking one Bacillus amyloliquefaciens BA-DES4 producing the
cellulose as the material, and the enzymatic property of its cellulose was researched upon the purification. Methods: This
research applied the ammonium sulfate fractional precipitation and SephadexG-75 gel filtration chromatography method to
carry out the separation and purification to the cellulose it produced. Determined its molecular weight by means of
polyacrylamide gel electrophoresis (SDS-PAGE), and carried out the research of enzymatic property to enzyme solution of
cellulase upon purification. Results: The cellulase system components could be obtained in zymotic fluid upon separation
and purification (endoglucanase), and its specific activity was 51.08 U/mg through carrying out the measurement of enzyme
activity to purified electrophoresis endoglucanase. It was identified that its molecular weight was 22.4 kDa. The primary
research of enzymatic property indicated that the optimal reaction temperature and optimal pH for this enzyme were 65 °C
and 6.0 respectively with a high stability when pH was 5.0~7.0 and temperature was 55~65 °C. The activation of Mn*" to
cellulase activities was significant with the highest inhibiting effect of Cu®*. Conclusion: This bacterial strain can be used as

the potential strain for producing the endoglucanase with the enzymatic activities of endoglucanase can be promoted under
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the effects of Mn**, Fe*". Meanwhile, it can work under the high temperature and acid environment along with participating

in the cellulose of high effective degradation and high-temperature acid environment so as to improve the production

efficiency. The glucose to be decomposed can be used for fermentation with a potential of producing the fermented wine by

applying the high-temperature Daqu, which has laid a foundation for further studying this cellulase.
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B, MEEAEYEOR KRR, FER v S SRR
SR ARAG R RN VIR SR B IR A RGEAES . fRTE R
AT TE BA-DES4 E &g ik, BATAEE0m .
B T <R O T I i i eV =W LN 1 YN = W /2
Ty TE ARG 0., SR BRAR 0 P YA TbE i 1 A =
ZEIRAE 32, SR, FATTHTHH X DE 8 27 A0 B = 4T 4i:
REGFHAT TR 5T, BRI SN YIAE SRE A TE A
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WS HTHE, AR R B Tk e A = Fn e 1
oo DAL, AN B X AR ZF AT B BA-DES4 A&
PR P AT Y ZE g R A T4 S alifb, FHX A ma it
T o R AR ER 82 4 R UL HE L Al SephadexG-75
B pEEATA L S BR—2H S i SR AR e, dE SR
TR B FL Pk (SDS-PAGE) Hffi 52 ooy Tk . %t
LA IRAT DB TREA P BT 0OFSY, 381 B B AN [
B, S R BRI 25 AR, 0 52 21 4 25 1 B 1 AN B il
pH, X4 4 FE A TAR s PEEES, AR L R
RIS bR 2 e . LIS TE s
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1 SR
1.1 RS EE

FHTERN ST (Bacillus amyloliquefaciens ) BA-
2. fRUERT ZEFEAT B (Bacillus amyloliquefaciens )1757%
iR BA-DES4  ZRdbARolk K24 & 19 52 56 2= LR 80 o
KW= R IR BRI 3.0 g, WEERKT 5.0 g, Ml
2.0 g, BEIR A 4.0 g, SATLEN 3.0 g, BElREE 0.3 g,

R P LT YER4N(CMC-Na)20.0 g, 7&K 1000 mL .,
121 °C KA 20 min. A IMVEERE M FEBREERE G-75.
ZZ I s R-250, - e LR e (SDS) | PU A 3t
. J(TEMED) , — ¥ HI 3La 3L edhigsh | B H
LR (CMC-Na) T iR AR
BRONE]; L. IE V. ZBRAN . FRmRsy . S5 IR %
By EAREN T ORI R S 1iESRA BR A /) N
T . 3,5- Ik AR (DNS 57)) | flmef4E 2 |
IKAGIE W22 e RIS 7 HAR 3 =43
el i REETTH RS .

JA2003 S3HT R g BASFAUHHERA RS
H]; DHG-9240 HLIRGXTHEFE  _Li—TER=NES
FHBRAT; TGL-16 G HRE LML HIERIFINERA
A BRATE]; RT-6000 B IRYIEE A dwkleEa
BRZSE]; UV-5500 PC 2840 A] Lot _Bilgoo
B ZSA PR 713 DYY-70 HEIKAX AL ET /S —AXo%
J7; DK-98-11 A HEHVE IR KRS RHEETH IR
A BRZA T KQ-300 DE s #a s e v ss B LU
TH A A28 BRSNS 75 BSZ-160 [ ShHk - e S 8% .
HL-2B fH{HZE ISP PITIES
1.2 EWHE
1.2.1 AHEGEHIES A RRTE 26T BA-2. fRIE
B ZEFATH BA-DES4 28 50 °C iSRS T 4d
J&, ¥EEFEME 4 °C, 10000 r/min B5.0» 10 min, FIEWK
BB . SRR BRI T —20 °C VKFE TP iRAF I
%, M H 4 °C %1, 10000 r/min B5.C008E I,
1.2.2 L4 esalift
1.2.2.1 TRIRESTRUTIE S BN IR 1 RE
PEE T 8 B, 533N 0% 20%. 30%. 40% . 50%.
60%. 70% . 80%, UMW 5 mL, vKAKHEZRA4 T, F
TR I AR S PR IR LA A, A HG R B =R S e it
PR IR BRI B, S 7EVKAR (4 °C) HECE: 4 h, 38
B IR W, 0.05 mol/L A ik 2% nhitk
(pH4.8) X MIE AT EH, W ETTE P E AR SR &
IS WAERE S RN PEIR L ERE, ARE LTS
F1 58 A UTIE RO 0 8 Al AT X ] N ~N,,.

L IRIRAS A AN X R, B SR B 1 A
FREZFNEE IR R N, BSOS R B IS, PR BV
AR R B A AN RS IR B N, 87 57 LV U, RIS i UL
TE, TS, TSRS IR I A T4 ([ FHRT
FAZK R 2 vhde T30 i, 12 h #i— IR G rhisw, RE
3 WG, BB T 30% R 2 AR H s =
IS, 4 C vKFE R
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1.2.2.2 BREREIHUUIE S SephadexG-75 EEBE L 1E
JENT e ARIR I TEAT R RS, RERR
FRADIR, AR FHEE RS U8 2T AR M~ — 24l
1k, PEAURNER SR BB, AR5 5 AR dR AR,

FREL SephadexG-75 18y 15 g F 500 mL LebrH,

FEIRIKIZ UL 48 h, KA Zh DTTE 4/ MR 2558, <o
JEHTHE(1.6 cmx60 cm) HiiiZ & 14 0.05 mol/L #5482
PRLE M (pH4.8) 1R, e 5 mL, ARSI, H
FHGTREE PR (pH4. 8 ) BEM, TH IR Atk 0.25 mL/min,
10 min Y8 —48 . 280 nm e8NS GEE Tk
R AIBENE R A TSI, 2 el th£k, I & 2520 43 1Y
A NS 7, XN 15 = 4 53 BT T SDS-
PAGE #0222 20 53 i A 2l K G-l o 1
1.2.2.3 SDS-PAGE HLIK4HT  #EH 4% Mg,
12% 153 B IE . 58 53 25 B TE il S, K )2 BT 3R A5 0%
T e A 04 4l 86 R S ERESR shiIR A, 100 °C F
&0k 5 min, (FHARME, ERER 10~15 pL, fHJE 80 V
FELTK, S5RF S B IR T 40 IS AN B IS B 40 Ak, T LR
VA2 120 V, YREETRRERET, SCh s i, FEBERE B
T 1% % Sz i ge @k b, Jefa 30 min J5 4%
FIML AR P, R, R o aaR 0B, DL
FRvERE 15 (14400~97400)VE M2 18,

1.2.3 FRG S0 a. iEH HHUE4CHEE TS /7 (Filter
Paper Activity, FPA) 3k 2 BREF 4 2= Jifg 11 9% 70,
W B 0.5 mL Jiff 9 >k I a2 2T 4k 2 il 0% 7, LA g 4R
50 mg 1E IR, B 4 32 20 mL HZEiR04%, 23 B A
B 0.5 mL F1 pH 2N 4.8 MUFFAE IR -BE IR = —4N2%
M 1.5 mL, fFEHA—MAEHNIIA 1.5 mL 3,5-—
KA (DNS GDAVE X RRZE . #F 4 S48 55

AUE4R 50 mg, I TZIEE T IO 60 min, BUTARE S
JETEE MR P SZRIINA 2.0 mL DNS &85, #4735
K 5 min, BUL S 57 RPE S 20 2 2= 00, #hFE 2818
IKREZEZ 15 mL, FHam i s EEETH H AERR S Y
WSCREE . BERESAEATIN 3 IR, BCEAE . AR
OD 18, i@ i3 il A 2 BEAR ME T ZR 2EA T LU X, oA
AR A A S . B/ NE IR 7 A 1 pmolLl i &0 T
T I 5 A — NG 1 52 (U), FPA(U/mL) 225X
ﬁﬂ?:

MXxV x5.56

AXBXT

o M: #i A i, mg; Ve B AR, mL; T:
JZ R B [E), hy A: 0B &, mL; B: IS4 BT &, mg;
5.56 A 1 mg BIZFEIIY) T &, pmol,

b. PN SR (R W L4 4 K iff (CMCase) )
BRI AE 1% $42 F ILLT 4 2240 (CMC-Na) VBN IS
Y AR S a AHIR] (1% ¥R B KL 4T 4 48 (CMC-
Na): ¥ 1 g R L 4EZR A T 100 mL. pH N
4.8 MIFTAEIR-BFIR = — NG PR o

c. FMIIH SR PEEEBETE I E - 2 1% TR LT4E R AE

FPA = = (D

MR, HAREAES a MHF (1% A ET4E2R: pH ly
4.8 MR IR-BEIR S NG vPRUTHC ) o

d. p-5 B BEEF I (S-Gase) BTG I 52 - 5 1% 7K
M WAE R, AR BE S a MR (1% KA
W B 1 g KA ERT 100 mL., pH °~ 4.8 2%
D) o
1.2.4 B JEbREITZE B9 22 T M AR P S el
1.2.4.1 AT AEITZ 2 ® a2 s s
G-250 Yettyk, M5 Zead alifb J5 B LT 2k 22 B A9 25 1R
L, WT 6 NEREE, R 1~6(3R 1), BEERE 3
AT, 2R M & 53528 0. 0.2, 0.4, 0.6, 0.8,
1.0 mg/mL JIAZE] 6 3248 b, FHZEIBKBHUIGER#b
FE&] 1 mL, ILA 5 mL FZE5H5E0E G-250 JLtauy, i
SV EHTE] 5 min, T 595 nm AR E R SEETTY, AR
YRR I BhnrE T I TR S P AR U5 B i, BT
SPATIAE 3 ¥R, BOFHAME

1 EATRE LA RS R R

Table 1 Protein standard curve different solution content
configuration table
i
el
1 2 3 4 5 6
A 1L # H (mL) 0 02 04 06 08 10
#EH/K (mL) 10 08 06 04 02 0

F O G-250 0 Ak (mL) 5 5 5 5 5 5
EH&E(mg) 0 0.02 004 006 0.08 0.10

YNAB R A W SEAE ODyys, 1 AR B A 2 e JE
(mg/mL), ZHlEE FIbaEINZR, IS SRR, Horfe
N y=3.7614x+0.0068, H: L5 R ECH R*=0.9986.
1.2.4.2 HEWEMRSIFHAERE AR S il A
TG BEEH & PR RE BA-2 VBT BEEAAR, Wl H & P
Bk BA-2 5iEA83R 15 Btk BA-DES4 FEHE & &, b
B 8 U & ARG, WP IR I 3RiA i
TGN, Tl A i o
1.2.5 FEEAILLIE ST B TS 1 A SO, TR
Aanr.

il %
HHRE

b PR 1Ay s U/mg; BlES BA7 . Us 75 1R

A7 mg.

1.2.6 LR ARG # BT ST

1.2.6.1 4 RAEEAERE XTalifb/s e 4 K i
FROTSHRA, 208 o 1A% B P PR R /K TS R A R R T 2
TR (45,55, 65, 75. 85 °C) i & BEAE 2 N B A4 1
FEUTI8 D) e i B RG 1 M 100%, 33 HAm IR R iY
XS 77 o

1.2.6.2 £FAERNERGE pH  TEScid BEIE SO il 4%
7F, {5 FH 50 mol/L 1Y pH4.0 H & lR-Eh B2 2% vh itk
pH4.5~6.0 ESFR-BETRENZE K . pH6.5~8.5 WEliR+h 22

L /7 = X @
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SR BC I CEW,  E AN RIRIE A4 (4.0, 4.5,
5.0.5.5.6.0.6.5.7.0,7.5. 8.0, 8.5), A& HHE S
S 100%, THEHAL pH T BAEXT TG 109, #98A
W) pH XS 1 i 5Em

1.2.6.3 £F4ERMAIRERGEN: R srE T
i, BE VRK 8 P 45, 55, 65, 75 Fl1 85 °C 4514 F
R 60 min, T2 214k 2 fifgs J17%, PRETEGF IR R
EMES

1.2.6.4 £F4EZEN pH R EM KRS pH N 2.

3.4.5.6.7.8.9 WZMKIRS], 55 C {&iF 60 min
M 4R 2R 12, BRITEF4E LT pH FRuE k.
1.2.6.5 &)@ B FXFHETS S1 0 m B InAA
[ 2B A 4 8 B (Mg?', Zn*', Cu*', Na', Fe*'.
Mn?", K+, Ca?t) B E N 10 mmol/L, & ik B
60 min, IR NNEE B TR IETEN 100%,
WNING T BT Ja AR TG ), 85T 4 T BT X il
palis- A a
1.3 #HIELIE
S H BRI TINE 3 UK, LSRR T
2= (x+s) TR, HEREIRST IR Excel k44, EEIR
JH Origin 8.5 {4, 3143 HT>R FH SPSS19.0 F 4
2 HBRESH
2.1 HAEZRMIBEMANE
2.1.1 Wil E 52U TE M SephadexG-75 HE it &
JZHT
2.1.1.1 BRBRELSTRITIE  BRIREL 7T TE 1 & he
SNSRI alifb i —Fh R R BARS AR AR . i
El 1 AT, MR A R 20%~70% B, 175
TG 2UR IR, SRR R 70% 20T, LiEm
FAYTIRHS 0T ReE 0 AH i VR I 6 114 9.3 %, 2 HH LAY G
SYEFYERFFC ST M ADIE . PE ELE R IE,
Tiffy R A R 2 R AT 7 26 M 20% W ATEE A (NH,) ,SO,,
FRMTBRZ% . 70% 1N BE 19 (NH,) ,SO, UTIE £T 4
fitF . XI5 SR o Hikk BA-DES4 S5 iR 45 9%
DIVEALIR)S , AT e AT TE DX 1A S 4 il [ 1A
SEAy 28.18%, 4iALfEECH 1.88 fifo
120 r
100

B = [e]
[=] S S
T T T

AHXS T (%)

[ye)
(=]
T

0+

~10 0 10 20 30 40 50 60 70 80 90
TRIREL M FITE (%)

1 BRR B 3 S TE A Tl

Fig.1 Ammonium sulfate graded precipitation

relative enzyme activity

2.1.1.2 SephadexG-75 it i8)ZHT £:id Sepha-
dexG-75 BRI UE)ENTIS , YA TUEE A T S 1 AR
A B A0, ANl 2 BT, AR A B ik i AR g
TE 20~95 45 22 [8], 30 1k P IS HE 45 PEA T 4T 4 2R I 1)
M5, FRAHTE 60~80 45 22 [A14T 58 i3 114 N LI 4] SR Tl .
aifb 2> J5, AT HE KR BADES-4 2l {b 550k F) 3.73
135, BEE I R 10.62%, 18 T E1sliss 46231 o\ Srcisy
(Meretrix meretrix L.) 53 ZE i34 —Fh LT 4 2=
fif§, 2520, 4lifb )5 4T 42w Lk % 717k 40.33 U/mg,
A FRISCER 4.82%.

035
030} I
025} /\
: ]
2 0.20F
£020 ) |
Z 0.15F I | v
St L
= 0.10+
0.05 r~ I\ /\
W b/ J\a-\“_.
000 [ \..
0 20 40 60 80 100

R
B2 BEEGTUE RN R
Fig.2 Elution spectrum of gel filtration chromatography

soyEaif 2 )5, RERE T HUTES B E H
W, AT S5, MR W LA, ik
SephadexG-75 EERCEIUR)ENT IS, 43 PTHEE T 15, —
B 4 DR A, g5 R AaE 2 s, W =
FEE, ST LS SR, e T | IVIEE £ 4K G, 2
FEAWET AR BAREE A, g . A 44 E i
i, g 11 40,5 P9 U0 SR, D)6 SRR AN -
A BRME T iy, W TIT EL A 452 vy 17 PN U0 ) SROB i, WAT B0
T EATHHE, Wi fa A TR I M IR B L UK
2.1.2 Mtk BA-2. BA-DES4 4355 4lif 3= #42 Fh 41 4k
NS SR ARG anER 2 PR, BA-2 fH
R Y EE 36 1345 %) 10.59 U/mg, SRR % 5T S DTTE
AbF EE R S135 % 13.78 U/mg, difb %y 1.31, &
i SephadexG-75 &t it MR Z M), ik 13k F)
26.63 U/mg, AlifbfFHUE 2.52,

%2 Hkk BA-2 £ Yk £ B Alifh gk R

Table 2 Separation and purification results of cellulase from

strain BA-2
Johr S BN [T [ A S
H (U) (mg) (Umg) 50 (%)

HIBHR (BA-2) 196.62£0.23* 18.57+0.12° 10.59+0.07° 1 100
BRERELUTHE  102.74+0.41°  7.46+0.09° 13.78+0.11° 131 40.17
SephadexG-75  75.38+0.36°  2.83+0.06° 26.63+0.08" 2.52 15.24

T R A BRI RPN 5 R R 2257 B35 (P<0.05),
3.

W # 3 T 7~ , BA-DES4 ¥ fiff #& /9 Lk 7% 1
(13.68 U/mg) L I A itk BA-2 Lbik /7(10.59 U/mg)
=, ULHHEZS R BA-DES4 BiEE 1A e . B bk
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T BSOS B LT HE L Big2ES T SDS-PAGE A5
F3 bk BA-DES4 SRSB4 AT R

Table 3 Separation and purification results of cellulase from
strain BA-DES4

R BEA LR alifk MIfeR
(U) (mg) (Umg) 0 (%)
HLEHE (BA-DES4) 319.51+0.25° 23.35+0.11° 13.68+0.06° 1 100

TR TTE 168.84+0.39° 6.58+0.08° 25.66+0.12° 1.88 28.18
SephadexG-75  126.69£0.28" 2.49+£0.10° 51.08£0.09° 3.73 10.62

Eisan

2.1.3 4lifbeT 4 £ mF SDS-PAGE &3 40 3 iy
TN AR 5 53 R DT DE R TR 2T 4 2 1, 2l ET 4 25 1
i) SDS-PAGE Iz 3L, JrHE N Sy HARER 1 45707, 3k
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Fig.3 SDS-PAGE gel electrophoresis analysis of crude
cellulase

TE: VKA 1: 5> 78 1 Marker; Jk38 2: 1R Bk BA-2; 7K
i 3: 7P Wbk BA-DES4; VkiH 4. 5: FAT15; kDa: 43T .

F alifb A5 2 1Y B K 1T SDS-PAGE A1l ,
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W PR B 2T, AT T BT S TR RO G, SR alifl
A5 BN AR P A B ZH S SR AT . Bt
PR Marker 28, BT 52497 22.4 kDa.
A S i UE Y ZEFEAT B BA-DES4 77 il & B 5
B A AL ARAT i PN D) A SR S I AE 5O N DDA 2R
WM 23 kDa AT 5 QAP XJ R O 25 17528 B AR
SG0026 10L % Izt A Wk h 2T 4 28 g Z2 204793 85
alifk, K15 3 HIUKSE LT 4EZR i R 455, b Y]
R MEREEG E >R 78.1 kDa, FRITSERY MAAR
JAB PRI (Pseudomonas fragi) 53 E5 3R A3 N DI R
Wi, FHOAHXT 40Pl 31.2 kDa.  FaREE SR AKT
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Fig4 SDS-PAGE gel electrophoresis analysis of purified
cellulase
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Fig.5 Optimum temperature of cellulase
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MbRE. AnEl 6 I, 2B 7 41 4E 22 B S0 1Y) il
pH N 6.0, 474 Z Hif7E pHS5.0~6.5 B AH X B 775 =5 T
80%. — Kk F A ES 1Y PN DI SR B pH e
MG, ANk JT B Q7-31T MURid pH i 6.07, 54
WFFELE ARARL; (ELIR) 2 28 MOAT R, H N DI SROpE
HidE pH AEAEIR K225, W Bacillus amyloliquefa-
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Fig.7 Thermal stability of cellulase
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Fig.8 pH stability of cellulase
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Fig.9 The effect of metal ions on enzymatic reactions
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