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T A5 < 2T RAPRAL S5 7 g AT 248 2R I 24 FRUAT T 119 0 1 B ELTE 1 -353-

THBRRHER B AAT FRZA 7 5 i 5 27 70T B ( Bacillus subti-
lis ) AL SR @0 B LR A= ) TR TR A F
JiEE F1 R ( Tryptone ) ¥R IBUY) (Yeast Extract) g 4
A TAW TRE A A FR A ) 5 A B (oA 2) g A oY
B AT B A7 R 2 7] s CMC-Nalle) B 5 245 46 141 4k 2712
AR T WIPRELE B PG PRk B A IR s = O
FE ) S HE R B il ( Tris-HCL) W B 2K TR R
571 DNS ) Melvaine 020 1T TS
AR A,

FEef i K B R #7355 CMC-Na 10 g, KNO, 1 g,
K,HPO, - 3H,0 0.5 g, MgSO, - 7H,0 0. 5 ¢,
FeSO, « 7TH,0 0.01 g, B 17 g,H,0 1 000 cm®, pH
=7.0,

LB 1% # %k . Tryptone 10 g, Yeast Extract 5 g,
NaCl 10 g,H,0 1 000 em’ ,pH 24 7.2 ~7.4( [&{£& LB
BrgrBerp s g 15 ¢) o
1.2 FEXHF

S T RN AR i TAE & SW-CI-1FD (3
HEAEARA T R IR (T OB RO R
AT ZUIREREPR X SpectraMax MS (3¢ [E &4 7
THRAT) KHEH GR85DF (3 H B %A R
23w .pH i1 BP-10 (12 38 2 Al g A1) | B 6l
DM750 ( [ SR AR A PR ) 3% 56 H 1~ 2 ol e
JEM-1230 ( HAH 7kt ) o
1.3 HmrRER AR

ARSI R A R 2D R AR A A A
X (24°12" ~25°44'N,116°50" ~118°02'E) ¥ JIE IR IT
RNy, B 6 13 AREE i A FRIZY 0.5 ¢ I
FHRBUIMN 0.9% 15 om® Jo i A BEER K o, 4
80 C/KiA 10 min J5 2 FRFL B M BT IR A T LB 1
IRk, PRI R AT RIZR 0 B R 5
1.4 SKEHE
L4 1 ZFHfmismis  FElim R T LB
BEgR3E  7E 37 °C 180 r/min F 537 12 h % 1 6 7e
L AE R WG SR 5 Al AT 8 mm AR /ML,
A 50 mm® B, 1E T 37 C AR A R 1
~2 d, BE A A & E R L AM ;78K AR AR
N L mg/em® WIS LTI I Z B 25 A AR L 10
min J5 , {5 2 IR LI, A 4 mol/dm’ ff) NaCl ¥
W, 10 min J55 2 NaCl ¥, T4 J] [ L 301 325 B
Bl BV 21 4 R K A B
1.4.2  HARS IS ABEE R E T ik WK A P
BORMIEMR RN T LB #5535 2E, T 37 °C (180 v/min
TG, J5 H AR B 5% HeRh & 2 Fh T 100
cm® LB BRI LT 24 h J5 B0 (10 000 1/min, 6

min) , BLOPS FE R HLEGR, T 4 CNRAF
#wH.

21 AE R S PRI o 2 RSOk [ 13-15 ] 5l & 7
2, 4610 em® ZEERAE PO AR BRI 0.2 em® (3
SOPATRE) PRSI 0.8 om® (RFLAMHCR 1% 1
CMC-Na # (pH =5.0) , #8257, T 40 CHMATF K
¥ 10 min, BUB R HI E R, A 1.5 em® DNS i
), R A J5 Tk K i RN 10 ming, A5,
EEFKERE 10 em’ 258 [ FHE5], 55 HL0. 2
em’ BB A 0.8 em’ 0. 1mol/dm’ Mecllvaine ZE i
VEWE N2, AN CMC-Na 383K, [RJ R R 3R 2D
BB A, T 554 nm R IIRSGREE
1.5 HEHREE
L5 1 @#kegmnd 52 WERTF S8 WK TP i
T TSR AIE B o 22 IR YL (5 117 5 2 3008 A i 4B
A AT AR B R AT
1.5.2 16S tDNA AR /o) AT & 58 PRI
PIFRIER 2L DNA, L 16S rDNA JEH 57751 27F
5"-AGAGTTTGATCMTGGCTCAG-3" #1 1492R. 5'-
GGTTACCTTGTTACGACTT-3' iy 5| % #t 47 PCR ™
B 07 2 A T R AT ST o A5 A B
16S rDNA JE[H P41 78 GenBank 4 o v #£ 47 Ho X
30T, IR MEGA 5.1 B R K B .

1.6 EHR~EERAR

WEC 10 em’ W T B 045, £E 4 °C .10 000
v/ min®F AT B0 10 min, 43 510 B L E IR
& 10 em’® 50 mmol/dm’ Tris-HCI( pH =7.0) 4% th ik
HAY R R AR T 500 W R R B 25 min, S35
TEAS UG A AR IS
1.7 ARG THEEREEERNNE
L7.1 REBEMZ BHEVERAL(U) E L BITE
A SO AR AT T RSB B 7 A T ol A JiE
BB AR 1RSSR U KRR S 1% 1)
CMC-Na i (pH =5.0) DL 1: 4 R FRILIR G, 4
SFASE LR (30,35 .40 .45 .50 .55 .60 .65 .70.75 .
80 .85 °C) Z5MF N HEAT SO T I 2 £F 4k R Bl % 1k , 15
LB AR S ) i Y
1.7.2 i pH a2 WHEFR S 1% AR pH
CMC-Na JFW (pH 235118 3.0.4.0.5.0.6.0.7.0,
8.0) LA 1:4 MATRILIR &, I T fcid R BT I &1
Yk ZR S 1, 5 RO SO Y il pHL
1.7.3 2B & T8 E®Yaanl 2 5N
100 mm’>10 mmol/dm® fJ Mn** _Fe’* Zn** \Mg“ g
Cu®* F SR, I FHad B A pH i 7 27 4
RS o
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2.1 FRFEEEKRTTEZHEERIHT

HRARE R 3 B 4 R, JL3R AT 52 MR 24T 1 1
WRo TE I 4F 2 257 A D, AR B K A T )N
(AR Xof 77 £F 4 R B B MR A T 0 97 , G v 7K g B R
T30 mm A 4 B, K- AT 20 ~30 mm A 15 %,
KB /N 20 mm A5 8 Bk, JCOK BT 25 K, AT
MR BHE OO 1 R o

I ZIREARARE ity v 2 ST T A [ R R ™ 155 0
Fig.1 Cellulase production of Bacillus strains
from mangrove samples
T IMBCR N [ P B DL AR o5 S RARECH B HL 5
A FIRTOK R, B Fon KR B <20 mm, C IRk iR B2
320 ~30 mm, D R /K EAE >30 mm,

2.2 ALEEMEUERF

R 7K A B R/ N B T e 1) B AOR DU 6 4 b 1A
PR, 43 A T4 62 0 I D00 KLl 9 6 3 12k, R
R, HdhgE h ms2 MEMRENSNTT
MR, KR P B K /N R 26,776 mm (& 2)
PRI FH I R AR A i — 22 B9

(a) AH A

—
000z M e

2.3 BEHHEE

2.3.1 AhemFEL KHEHK ms2 W& T
TSA (A B 2R B AR AL S e R & Bl ) AR I
37 CHiF7 18 ~24 h J5 R IR ¥ 2R A A
W e T EEA R SIE A 3 S B BRI
BAREGE ER WA E, K 2.38 ~4. 19 pum, K1 0.7
~0.9 wm, Z R BB DL R R EERGE B2, I
K3 (ab) iR ; #2245 L 2 PHE,
PR vl EL AR, S s B R IR A TR s A 2
16, ZEf A s A [ 18 3 (o) 15 B AR ms-2 A4k
FRIE DL 2,

R1 FUEIRWEUHERON

Tab.1 Rescreening analysis of cellulase activity

[EL73 B/ (U - em ™)
ms-2 0.2210
ms-7 0.1559
ms-9 0.239 2
ms-29 0.156 1

(b) B

B2 bk ms-2 25 4E R BRI

Fig.2 Picture of cellulase hydrolysis rings by ms-2 strain

" T o

SRNOF T3-S
; I o

K3 Bk ms2 BT BRI S 2 R S E SR
Fig.3 Identification of ms-2 strain by transmission electron microscope and Gram staining

B (a.b) 77T M8 g Sl T AR IR 1 RO 5, 18 (o) Rl T B, AN R A

2.3.2 16S DNA A H 53] 94 % %% 16S rDNA
FEDH HE X5 SR, 1% 3 TR A B 5 2 Bt B 2 F AT

A RIETR 99% (] 4) 256 BRI bR BAL S AT
SR R KR RO B ZE ST R R AN IR S0 1 Y
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BRI PR ms-2 i 44 Al R ZF FAT R ms-2.

F2 HHEms2 EBAENEREENN

Tab.2

Identification and analysis of physiological and biochemical properties of ms-2 strain

SR

ms-2

CMCC(B)63501

i B

+

+

HERnE

+

+

(IERX(sEi

+

+

+

+

+

+

{E:“ CMCC(B) 63501 " NN FZEFUFT AR MERI AR 7 5 + 7 Fn T R A MIRLARFAE , = 7 B8 AN n R 4 o sl G AT D AR

87

ATHFE BB ms-2
JX515568 Bacillus subtilis

66| AB018484 Bacillus subtilis

GU124639 Bacillus subtilis

99||HQ336636 Bacillus subtilis

54

L —
0.01

MK240360 Bacillus subtilis

MH161577 Bacillus halotolerans
GQ926886 Bacillus sp.
KJ777150 Bacillus sp.

4100';@)80062 Bacillus licheniformis
61' KT588645 Bacillus licheniformis
LCO010661 Bacillus pumilus
JX867750 Bacillus stratosphericus
10;)5 KM226917 Bacillus pumilus
GU726171 Bacillus sp.

IOO\W{

KT364252 Halobacillus dabanensis
KT695857 Halobacillus sp.
MG651523 Halobacillus dabanensis

4 JET 168 rDNA M EEFR ms-2 RER T
Fig.4 Phylogenetic tree of ms-2 strain based on 16S rDNA

2.4 HBHRFFEERS T

S TR TR R A T L Y R A4 P SR A, o
A2 AT e 2R BTG . IR S P, TR &
P b W R £ 4 2R T 1 T B 25 5, A I SRR
WILTTCTEYE . 45 SRR WL TR T 7 £ 4 25t 0
A7 T A S8 T 5 A0 L S8 s P Bl T 2, PTRESR A
T P B 0 BB I AR 58 U 1 3o R 1 £ 4k R g
(N7)is
2.5 rHERREEFEERD M
2.5.1 BEXEEEGT A K6 iR, HLIEHK
(1) P Bl o U B T e SRR SR e A I T 65 C
I 381 3K e ey 5 T i i IR P s T AR AT, 224 00 8 3k )
75 CHY AR EE 60% ()T 1 5 B, BEE IR E BTt
it G PRIV T R, S IR R 2 3k 85 C i, G M T RE
3 27% ., ZERF VX IS B R 65 C, B4

0.6 1

H

0.5 4

0.4 1

0.3 1

BEE/(U - cm™)

0.2 A

0.1 4

—

Wik i 1oL
BIS TR A0 R b T R T 4 2% T R AG I 45

Fig.5 Results of cellulase activity in bacterium liquid,

0.0

supernatant and cell pellet

—E IRFEE N, & TR AR
2.5.2 pH MEERG Y TG 65 CF,
pH R R TS 2 ) 2 e AN 1 7 B Bl VR RS
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0.5 1

0.4 1

0.3 1

0.2 1

fipE A /(U - cm=2)

0.1 1

o+
25 30 35 40 45 50 55 60 65 70 75 80 85
i/ C
Pl 6 G R BE 19748 (R4

Fig.6 Changes of enzyme activity with temperature

pH 19 ETFmE# BT, F 6.0 BHE R 5 KME, MG
bt pH 19 b Th i 2838 T B, Beid pH o 6.0 245,
pH XTEHEPE A 25 REZW] , pH A+ F5.0~7.0 Z
(¥ it 7 4 35 B e K G M Y 84% DA I #E pH =3.0
B, TG P B e R 1 1 16% DA b o FRBHIZ T
PR ms-2 JIT P 2 ZE 0 55 FR MR . A fead Y B AN
pH 50T, 1% BRI K BT 7= 41 4 25 166 1) B = T PR A
0.6557 U/em’

0.7 7
0.6
0.5 1
0.44
0.3 1
0.2 1
0.1

0.0 T T T T T )
2.0 3.0 4.0 5.0 6.0 7.0 8.0

pH

K7 ERHEVERE pH 28 f 2t 2R
Fig.7 Changes of enzyme activity with pH

P /(U - em=)

2.5.3 &% & TEERG e WK 8 Fin, 7E
We R 23 314 1 mmol/dm® Cu’* Mg®* [ Zn*" Fe'* I
Mn®* B8, Cu®* X6 B S50 JC B 35 5 0, Mg™
Zn* Fe’ I Mn® " XoF [ 507 3445 AN [R) A 8 1) 400 il
YEHT, M5 1 53 ) T B 2. 849% 5. 75% .9.49% FiI
29.96% , Ferp Mn® " S I P4 14 90 ) AR S5 A
2.6 iFig

AW O T PG S 22 VAR o 5 LY UG E S
A G IR b , 2 Bl 1L 1) TV o U PR R A S R
Gil T L0 RS SR B AF 4 R TR, PR AT
2k R R B O R X G T A R
ARWFFE IR 52 B IR T LU ARTTER YA 1) 28
FLFT T Ja8 TR RR AT 7 21 24 22 WPl ik, 45 2R 360
PRETHE IR PRI AT 27 B, 25 MROCET 4E R S

0.7 7
0.6
0.54 =
0.4
0.3
0.2+
0.1+

B AE/(U - om?)

0.0
AN Mg¥ Cu? Zn?** Fe* Mn?
&EET
K8 4 )@ B FXF 1 4k KBS I 1Y 52 i)

Fig. 8 Impact of metal ions on the cellulase

PE; 3 4h a7 8 AR, A X 27 vREA
YRR B PE WA B G PE, U Ah 25 BRh 23 fk
AR RS M, 2 AR A B S Mt A A 4
REGTEYE , e 2RI RE P RIVE A, 3 R g
B FETE R SE BN BE 4> To BHUL, LD R B 35S
PR AR AR EA T IZ RS 5

FLIE A BRI R 8 DL I 7 A 4 R AR
Yy, Horbr, B T 2R AEAE , BT 2R 4 A A T R
T 7 30 55 7 T AT R R DR, R B E iR
GO HE R TRUE Y0 — A EE I . WZE AT
VRSP FR B H P R, AT DL 320 T 7 5
IR ST S DAk b T, B T R TS 3 AR o
SRR R K ORI TR X B R TG 3
ma) , PRI, ZEARAT AR T B A W . AN
BRI = A O £F 2 Z Tt A — 2 () 22 5%, Infan 5§
(2017 ) 3 3xk XoJ g B TR AR Ay R 2 FUAT 7R K-18 7= 4F 4
RSN HAT AT, WA E T % B RS T N
50 °C, il pH g 7. 075 5K U5 25 (2017 ) MG A
PR DRI T TSR X i e o — bR AT AR
ity 75 Pk 0 W8 A M ZF A AT R ( Geobacillus sp. )
HTA426 38 48 X712 B ik 7 it e 0 2R 47 40 #r , LTS
PEFEIRJE }y 60 “CHI pH 7.0 ZfF F ik sHReE >
Li 45 (2008 ) 3 3k % I 52 H 53 25 45 2 i 47 21 4 3R
it P B 2 FELAT B il 2R A A0 BT, R I R AR 7
fe il J N BE D 50 °C, Ub B M 0. 26
U/em™ ) H T, 720G PALT 4E 2 1 1 bk Ok 22 R 5
TR R 3 S TR R S 5 A, 21 B bk A B 07
WA RBEER AR 2L EE N
E B R LSRN B 1 4T 4 R R SO TR
JETE 55 CAA™ o ASHFSE LTI bk A 35 0 v L 1Y
M REZE AT P ms-2 B ddi B R 65 °C, 5 HAh R
B BT R AR LY R B R I B
HAf A m MBS . BT b P R AT 4 2R
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Screening and activity analysis of thermophilic cellulase-producing
Bacillus sp. from mangrove sediments

HU Rui"?, SUN Xiao-hui’, YANG Miao-sen' , TANG Xu®, XU Chang-an>* , JIA Ruo-kun'*
(1. School of Chemical Engineering, Northeast Electric Power University, Jilin 132000, China;
2. Third Institute of Oceanography, MNR, Xiamen 361005, China)

Abstract: In this study, the ms-2 strain with high cellulase activity was screened and identified from mangrove
sediments samples. It is identified as a strain of Bacillus subtilis according to its morphological, physiological and
biochemical characteristics and 16S rDNA sequencing result. The study on the enzyme producing properties found
that the cellulase produced by the ms-2 strain was extracellular enzyme rather than membrane anchored enzyme.
The enzyme presented good thermophilic activity and high activity in weak acid condition and produced the highest
activity of 0.655 7 U/cm’ under the optimal conditions of 65 °C and pH 6.0. In addition, the enzyme activity
showed no significant difference in 1 mmol/dm® Cu®* | and significant inhibition in 1 mmol/dm’ Mg’* , Zn’* , Fe’*
and Mn®* | respectively. The enzyme activity was inhibited by 29.96% by Mn®* while it showed more and less in-
hibition by Cu®*, Mg’", Zn** and Fe’* , respectively. Enzymatic hydrolysis of cellulase in industrial applications
usually needs to be carried out at 55 =60 °C. Thermophilic cellulase obtained not only is suitable in such tempera-
ture environment, but also can maintain a high level of enzyme activity. Moreover, the feature of less sensitive to
Cu’", Mg’*, Zn’"and Fe’* is favorable for the potential industrial application.
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