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H E ARBRTLESLEHA(CMC-Na) 3 shk X Ror i &5k Kk BB 825 3080 i) 4 57 R 6 KA
FREE | RFHABERGEEHE, RITTHIFHARENELP 16S DNA R XRZ A RAL TR
w5 R RAEN X B ARE T LR E (Herbaspirillum huttiense) , $ B A FRRA, KK F 8444 pH 8.5 48
#HE=5%.CMC-Na R, ZFOHARR, ELALFRASE ARV AL EEBEHIRRGIANAEE
pH.CMC-Na #= % & i , £ Al JE X AR AC R W = S R E Moy RAE 5145 pH8.0.CMC-Na 1.5 g &G Bk 1.5
g, RALEBEEHIRH A 10.498 U/mL, Mike)F ERE A REFRFREARL LA ETEHARTE L,
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Screening of Marine Cellulase-Producing Herbaspirillum huttiense and
Enzyme Producing Conditions Optimization

JIANG Nai-wen, XUE Yong-chang
(Schl. of Bio-Engin. , Dalian Polytech. Uni. , Dalian 116034)

Abstract  Adopting sodium carboxymethylcellulose (CMC-Na) medium and Congo red staining method, one cellu-
lase-[‘)roducing marine bacillus strain was isolated from the mixed water-sand sample in Heishi (black stone) reef sea
area in Dalian. Morphological, physiological-biochemical characterization, and 16S rDNA sequences analysis as well
as phylogenetic tree construction were carried out, the results of the identification had proved that the strain belonged
to Herbaspirillum huttiense. Single-factor experiments showed that its optimized fermentation conditions were as fol-
lows; pH 8.5, inoculation volume was = 5% (v/v) ; carbon source was CMC-Na and nitrogen source was peptone.
And three most affecting factors, pH, CMC-Na and peptone were selected for orthogonal experiment, and the opti-
mized fermentation conditions were as follows: pH 8.0, CMC-Na 1.5 g, and peptone 1.5 g, the cellulase activity in-
creased to 10.498 U/mL after the optimization. The screened Herbaspirillum huttiense is the first discovered in Dalian
sea area and possessed important significance in future research.
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THZRA; Gupta " FI AR BIRFEB L
HEMER, MEFEEBRELE™. 2HER
EMEREE TE SR, FEREREEH
EREAMYMES . KIEEHY P, HiREE
FHLER, BRI R EPKHT ALK, FEH
FAHEYHE R ; EEEN) X 200 & 2 B
R4 NH, Frg k240 Jo B AUESIE 115 X
Fmka U A ZE Rt 43 B 0 B R B B ) T BE K
BB A VB RO, th R —F e
MRt KA. BRTMEY 5 B EIR g
i, EAETE ] A S #EY , R B R EE L
i, AAEEMHRE L. AHRANIRIRA
BTV DA SeR N ) v JR AN KR B KRR R
e 1 MR A R BRI VAT A, IR AE AL
FRAEDS GG T O 3 0 B B bR T
%5 R R AR A IE 38 K50 LA P B Y
BRACSME, FEXHR BRI AT BT R RS %

1 HH57%

1.1 ##

L1 #HskR K& B A B W
DIRMBRIBEKEE,

1.1.2 %% % (L) OWMMHERE.EOK
20.0, B2 328 10.0, %585 20. 0, BEASHs 20.0,
Wik B, pH 6. 0,121 C K& 20 min; Q%
1% % % CMC-Na 2. 0, (NH, ),S0, 2. 0, K,HPO,
1.0,MgSO, - 7H,0 0.5, Bifg#; 20.0, =B F/KEL
#l,pH 7.5,121 CKE 20 min; @ K BEIE R 5.
CMC-Na 2.0, (NH,),S0, 2.0,K,HPO, 1.0, MgSO,
-TH,00.5, K8 F/KBECH,pH 7.5,121 CKH
20 min; @4 NEEAMEFRE . 4RF 3.0,EA
J#: 10.0,NaCl 5.0, B F/KECHl, pH 7.4,121 C
K& 20 min,

1.1.3 £ &2&XA  HIEH . BEEES EBE.
(NH,),S0, .K,HPO, .MgS0, - 7H,0. H Ef.CM

FHEEHEh 800 ~1 200( CMC-Na) . 4= E . E4b
9 .Gold view 1 RUZER YL A5 . 405§ DNA 48 Htisk
MEETAYTE(LE) REARLAE) IR
FRASIYHEEY TR(KE) BRRERAFA
B,
1.2 #
1.2.1 HEFHAFHARGHE MARKER
AR ) KR R R FE KRG K,
HESBRE, BRERBEE 107,107,107 1074,
107°, %4 TR ,30 CHEEER 12 ~
18 h; MR E KRR, FREEEGE, PR
HPHVETESE ISR A PRI ISR, 30 CHEEEF
12 ~18 h, IR HAEHE , KImEEr 8680 B a9
PREEFD FRE IS 4,30 CEIRER3 ~4 4,7
IR R B e 6 2 b, (BRI R S & RN SR e
83,1 mol/L NaCl §if8 30 min'""""") SMEIEF 5
FREAEHEHH, REEHBKNEKRAT
%E
1.2.2 A ABANBELSSTADFER
X IR TR 0 B B BRI TIE S B4R
K, FERIECIAZR B S T O F R LA
RGN T # T ARG, R
¢ DNA f4RE S B T TR (1) Bh
A PR/ R B 4 B 2 R 4 DNA B 32 X0 & ik
B4, A4 16S fDNA [R50 1 /@ F 5|
#) 27F ( 5'-AGAGTTTGATCCTGGCTCAG-3') #I
1492R ( 5'-GGTTACCTTGTTACGACTT-3") ¥~ 3 1
16S tDNA, PCR f i &4 :94 CFiASH: 3 min;94
C AR 30 5,58 TRk 60 s,72 CHEMI70 5,35 4
ﬂﬁﬂ 72 CHEfH 8 min;4 CIRHK. ¥ =W H
EFEARBHRREE RS A R AR AT F
B0 7 PFIE 45 R 42 3¢ B NCBI ¥4 B it /7 BLAST
bk, 3F F ClustalW 2. 0 3 17 [6] U8 ¥ 4 ¥t #0
MEGA 6. 0 {4+ 3 10H
1.2.3 SDS-PAGE #ik#n WOHMESEH
FEEE B EH OB S A BL21 KR ABRZS
M, RBUG IR TS A 50 py/ml A FEFEEM
LB VAR L35 AR R T &HF 50 pg/mL
HAFFERNMIEEFREPESR, 4 oD EET
0.6 B}, %0 0.5 mmol/L S IPTG, 43 5F 20
C .37 CHRMATHESF, REMEF R HIEFREE
TR, HREBIME RSB AR L, R
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Fig.9 Effect of inoculation on cellulase activity
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WA , 435035 FA U 4% .CMC-Na M 7€ g v — BRI #E 1T
EREE, AR R A& pH 8.5, BB 30
CEME RN 5% , M1 45— F IR R (NH, ),S0,,
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Fig. 10  Effect of different carbon sources on cellulase activity

EREFW, HLURE IR ER , FIREEYE

BIR,HEILPRA R RIS, ekt TR
BRI R RN BREREE K, IR
FRARIEFGRE, BT EIREERTHER
Al REFFEERRRYE, HE BB A AR WY IR & TR
ff s IRAK MR RET , HR A B RAL, AR A4
E/IE S H 1. 98 U/mL; CMC-Na 3 M — B B it
HZHAMBRE AREXBIENRE N 2.2
U/mL, B MHHEBEBIE AN CMC-Na,
235 FEARMNERE Il PHEEHBEN
HYh SHHNERABAKE BEESEH.
(NH,),S0, NaNO, A — & 17, iK1 6t 90 8 &
1 :pH 8.5, 1B X 30 C,EMEH 5% , BB N
CMC-Na,170 r/min & 5824 h, T 540 nm F
W E R IERE , i B R B AT 4 RIS 115 T 600
nm FIERINE, L H HARKME , XKL R
A1,

R R R, Y AR BRI — R,
BEEAEYBRK, BRIEEHIE R, UH
2.33 U/mL; PA(NH, ),S0, 1 NaNO, M — B
e, BE B A A ) B K - 323 5 B LA (NH, ), S0,
ARG, FIRE A A EMIEN3.71 U/mL, X
F NaNO, Jy R IRET , EIRE =41 4k Z RIS 11 3. 36
U/mL, BAKGNREN, ERENEDE N TBE
B2#F (NH, ),S0, 535 h B HE EIRH 4+
WEZE, AEREE NN 3.48 U/nL, HAEY R
MALERMEN B RALFRE, BEEAK
ABAERR
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Fig. 11  Effect of different nitrogen sources on cellulase activity

2.3.6 EZXRELZR EHRRRWITREML,
VIR R BETE I LRI, I 3 MEE pH.
CMC-Na . BB, 73 IbriER A B .C, 4 5IEH 3
AKFERRIEN -1.0.1, R L (3°) EX %K, #H
FKER2, #1173 BE 3 KFEXRE,  ERE
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Table 2  The table of orthogonal experiment factors and levels

KF A . B C

pH CMC-Na/g Bl
-1 7.5 0.5 0.5
0 8.0 1.0 1.0
1 8.5 1.5 1.5

£3 EXHABBHRERSN

Table 3  Orthogonal experiment design and analysis of result

_ i
B2 A B c CTRREED

1 7.5 0.5 0.5 0

2 7.5 1.0 1.5 5.318

3 7.5 1.5 1.0 9.116

4 8.0 0.5 1.0 9.462

5 8.0 1.0 0.5 7.3%0

6 8.0 1.5 1.5 10. 498

7 8.5 0.5 1.5 9.807

8 8.5 1.0 1.0 9.462

9 8.5 1.5 0.5 4.973

I, 2.841 4.261 1.420
n, 5.514 3.509 5.765
m, 5.263 5.848 6.433
K, 0.947 1.420 0.473
K, 1.838 1.170 1.922
K; 1.754 1.949 2.144
R 0.891 0.779 1.671

x4 HEGW
Table 4 Analysis of variance
HE WEFHN AHE FW.  FigRE BEHE
A 30.298 2 1.320 .11 FEE
B 4.727 2 0.206 3.11 rBE
C 47.493 2 2.070 31 REE
mE  91.788 - 8

HE3I A3 TMHERMEZREKK A C>A>
B,BIZE H B > pH > CMC-Na, it & 4 #E4H
L RN 3 NERZWARE, B0 FE 3
TEHEFRKFEHZEHEILE, B KETH, &
%1435 A,B,C,,B) pH {58.0.CMC-Na 1.5 g. 5%
AR5 g, B BRIFEHEGH , FEEMEN RN
10.498 U/mL,

3 i #®
SR FARIRAT H (2, K I 28 5 A 01

HRUMBERRGKEREL 1 BT ERBEN

WHAPRE . EEESIEMS FEMELEES
R %EHk 165 (DNA EFE R 7 BHEFFIKE N
1434 bp, F NCBL #1TFF L HHB R KR E
LW, B W& B 5 Herbaspirillum huttiense SC-
SI043762 FEH X ARG, EF BNEKE TER
R, SRR, R, BT EIRE A%
EEHTFE B, 7E NCBI {U 0] & BiZ B vk 7= 4F 4
EEIEAFY, R BB IR, AR
T BB RV ISR B YR OO o 7 T A R R B R
HEREE T A PRESFIRRES %,

BT, X T4 R ZBMOT, AREWHFA
ERFAEMOMIRRS  REHEETER
FHREMBRE. EBEENTR I E, Jian
L AP/ E B, 54 R0
¥ 510 243.73 U/mL; BRE %1 IR0 E kA5
Fr i i ARB B, £F 4 BB IO BEIE J1 0 447. 22
U/ g3 3k 7 1) 75 o0 S FUPR 37 i 32 R o 748 256 19
BUhE, SR EBOEIE S K 58.75 IU/mL, T
TEFAAE Y ROBRAT T T, Sun %4 AR 0 1 4
MZE PRGNS, ER AT, ™
S REEHORIE /1553 1 204 U/mL,

Db BB A e A A R BT, T
BURIAT R o R b B R O BB B M B
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BEEE. MEEEMIET, Han £ 32
TR b SR B /KRR IR /Y Vibrio alginolyticus F1 Aer-
omonas sobrial WFEEF=41 4k R REHIBETSE 0 5k
$]10.3 U/mL #111.5 U/mL; Zhang 2 BF5T
BEBSEFERBNEEE R 4.51 Ung,
TR, G A=A 4 R HNEE 1R
R, AR P IELRBEA RN AERBIE AR
10.498 U/mL, AUEIESE T X MEE .

A IR B B R PG v B R B TE M — BR TR R
B, YiRE Y L EPREFERIE ™4,
MM EERT A ER , DGR, FTRER
BHERETRRERTAR S A AEERS
YR, REFAENBE. BATFRFELKE
YRR, AITE KPR AL ERE, L THEE
BRETFHEYP L, BLWEH S BHERE
RER— 1R HL
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