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gEimEE R, [FE] EFREGT, RAEBKERASHM S E, KA CMC-Nawifsfsx
Mg E, RA LB ZAASBULdtk, 2HEF. AEAAFIERKE. 165 rRNA A E 5770
TESM R R EMR A Gy £ls, LR ERBATITRITE . ZHRBE. W% pH A NaCl Kk
St iRk AR EBEE A Hom. (4R WB A EZARBH T B L —HREFRT =44 % Fm
B KZ-2, HRIBEE BN SFAE. A3 A AR T VAR 16S IRNA LB 55 047, %8 KZ-2
7 WA (Enterobacter sp.), AHBEF A, FEFHER IR ZRALA FBLBZESRA 120 h
Bk KAA, f£ 25-35 T. #1144 pH 4.5-5.5. NaCl ;& 1.0%2.0%5¢ B A 4 4% = B 54,
HRIESA T EEE X 80.93 UmL, ZRAMPT = FBRERT pH 4 7.0, RERLBEH
50 T. (4] KZ-2 R —HEAA &G RER DG @mE, EFR T T o f£0, FHiZ
H MR A AT, BA AT LN,
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Isolation, identification and characterization of a
cellulase-producing strain
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Abstract: [Objective] To obtain microorganism strains for comprehensive utilization of cellulose, an
ambient temperature cellulase-producing strain was isolated and identified. The optimal culture
conditions for enzyme production were determined. [Methods] Filter paper medium was used to enrich
the microorganism cultures. CMC-Na medium was used to screen the cellulose-degrading strains
initially under the condition of ambient temperature. A strain, KZ-2, was isolated and purified using LB
medium, followed by identification utilizing morphological, physiological and biochemical properties,
and 16S rRNA gene sequence profiles. Single factor test based on incubation time, culture temperate,
initial pH and sodium chloride (NaCl) concentration was performed to optimize the conditions for
cellulase production. [Results] Strain KZ-2, capable of producing extracellular cellulase under ambient
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temperature, was isolated from decomposing maize straw. It was identified as a strain of Enterobacter
sp. and potentially to be a novel species. The optimized enzyme production could be obtained when the
strain was cultivated for 120 hours at 25-35 °C with initial pH 4.5-5.5, NaCl concentration of
1.0%-2.0%. The maximum cellulase activity of 80.93 U/mL was achieved under the optimal
conditions. Initial enzymatic property analyses of the cellulase produced demonstrated that the enzyme
was most active at pH 7.0 with a temperature of 50 °C. [Conclusion] The cellulose-degrading strain
KZ-2 is able to secrete cellulase under ambient temperature and is potentially a novel species. The
strain is expected to be further studied and developed to explore its marketing values.

Keywords: Decomposing maize straw, Cellulase, Enterobacter sp., Cellulase-producing characteristics

SRR EART BN TR AR Z —,
SR LT e ME LARE R 2 S BOLA R BA —E R
PR, S AR X £F 4R 2R R 7 T A 5 A A
B, MmE. WREITE RS VIR, B
HEWSE P A A e R TR R 2 4E R P

HEME R ZHTES., g, M
2. PROR B R]PRAR IR A R R L, 324
Mk, EWNINE AR Z 58 X R A AR I E )
MY REW TR, agERMREMAIRE, Bl
R Z R N . QR AR RS, KALCE,
MMIXN EHEERAREROMRBL L, MAKR
(Trichoderma) . Hh % J& (Aspergillus) 1 & % /&
(Penicillium) 571, 20 B it 7= Az (1) 21 4k 26 il — i B
& pH A PE R RRIEE, BEE LT g A
PR 2 2R AR AR 25 K PEAE B 128 R Bk ) 1l
W TN, AP 2T A R R O s R AF Y
N FH TS .

AHIFFE LA IS AR Ay W — i 5L 11 3 48 1 i 9 Rk
fIE4E, R CMC-Na ks 36/ LB B3Rk
Sy aifl, Ik IR AR A ST RN A W E AR 4 PR
REF LT 4E RGN, Hrp KZ-2 =2 4 K AT
B o ASCGH—HRARRIRIEASY: . A BRI
J2 16S rRNA EEEFPHI e Jr IRIXS KZ-2 37 1%
FE, IR R AR R A T TR

1 MRS
11 #

111 HRRE: L E KRR ARKRERBINM
M, AR IEKE, SiikE 15d.

112 HBHFE. S8R E@QL): NaNOs 25,

KH2PO, 1.0, CaCl,0.0507, MgSO,0.3, NaCl 0.1,
FeCl3 0.01, JE4CH 10, Z&187K 1 Lo AR 7 2L (g/L) -
NaNOs 2, KHPO41, KCI0.5, MgSO40.5, FeSO,
0.01, CMC-Na 10, ¥ifig 10, 7&K 1 L. 840
ff s R EE (g/L) : BRI 1.5, B8 A ik 1.0, NaCl
1.0, ZEMK 1 Lo B34 7 om R, FFL
1 cm>6 cm JEAESE, 1x10° Pa K 20 min, LB 1555
F(g/L): BERHREUY 5.0, B E I 10.0, NaCl 5.0,
Biflg 15.0, pH 7.0, Z&IE/K 1 L. PR B SR
F(g/L): CMC-Na 10.0, #EFH M 5.0, EEEEH) 10.0,
NaCl 10.0, pH 5.0, Z&/K 1L,

12 Fi&

121 HMHESE: FRBUEE TR 2 g, A
REAT 20 mL TG /K 50 mL =, 30 T HRIEK
120 r/min 7% 1 h H s E S, #E 15 min, IR
EIEW 2 mL A S A 200 mL & SR SR A
Hr, 30 €. 120 r/min $E KRS 60 h.

1.22 EMMSBESEL: K IR RER R R
FRREI T, il BSAS [ B2 () PR, B 1072107
ASTRVFR B B A A 2 CMC-Na Fdie |, 30 T 5%
FF4d, MEFEEA. RIEAFRTE SR EE,
ARG RIFIETE, 2 LB iR s 775
ti, 30 T. 120 r/min $57% 24 h, P E BRI
FF LB B354 | 30 T 1595 24 h, 4resiisp
W%

1.2.3 EAREARMBSURME : PRIlifb) HE 551
RN PEACSL AR B SR, 30 T, 120 r/min #&
TR T do ESIRAR AR RIS L .
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1.2.4 BESERNE: (1) HAWEPRUERR L2 .
iz DNS L2 il bRt i 2611,

(2) MR AT 25 - R0 L mL FpFE IR 4
A 100 mL Al gEdny 250 mL M, T
30 €. 120 r/min 5535 5d, IEFEKZE 50 mL &0
B, 4 <T. 4000 r/min .0 20 min, Fif5 EIHRK
R APV

(3) R ELLFHE RGN 2 . PBOHIBRK 0.5 mL
FREH, A 1.5 mL BR S —80-Fr 8 IR 5% vhil
(0.05 mol/L, pH 7.0)ACHI 1%I%) CMC-Na JiK#¥%
o 50 <T FRIE 50 min, #RJGMA 2 mL DNS i
FI, Wk 5 min, 7E 540 nm K TN E WO
B, FFIHGATHRBRIE 26 A AR X 0L R 2
i, TFPREEEE 1AL, BERE TR X TG
WAE L min ALY AE AR 1 pg B 40 18 T 75 22 4 il
&, Bl 1U/mL,

WG S A X=(B>n>1 000)/(0.5%)

A B MABRME IR e A v AR 0 v
JE(QIL); n: B 0.5 e B W IO A 22 TR

(4) UEARHEE (FPA)IIAE : KugaRay i %, #
#& R (1 cm>6 cm), A 20 mL HZIEFRE S, A
0.5 mL HMIEHEA 1.5 mL Bl _4N-Fr g nR e np
W, 50 <T {EIRK¥ 50 min JFHUH, LA 2 mL DNS
RANLAE I, #2515 T KA 5 min, B
A HT, 2 DNS b ik JEOH 2 .
125 BEREEKIER: B 1 mL B 3RENA 9 mL G
WK, DRI S, # 600 nm W&
W EAE . A ODeoo TEIFA PR FR A AE KB L
126 HEMHHLEE: (1) MEEESWE KA B4
YE B R TR R R RS AT LB
WKL, 30 THiFE 24 him, BUL mL EW,
FH pH 7.0 119 0.01 mol/L B iR ER 5% bl (PBS)YE 3 1K,
FAG 0 11 5 e 0 PR R B RIE S . LB 3
JESEHR Rk 3R, 30 T ISR 24 h, WL
FARKEO R ETERE, LRy, e B
YL RFIE o 275 CIAZAS FRZH TR 4 F0F ) 1OV
DLAN TR %7 FWE ) BUGEA 78 43 A B AR LRI 45
FEAFENEREE . V-P RIS AR K AR R
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(2) WMk THEYE 5 - $2 I KZ-2 B kR
HAEH PCR P ¥4 KMk, A5 W N 27F .
5-AGAGTTTGATCCTGGCTCAC-3' fil 1495R
5'-ACGGCTACCTTGTTACGACTT-3', PCR [ ik
Z(50 pL): Btk DNA 1 uL, 5147 27F (10 umol/L)
F1 1495R (10 umol/L)#% 2 pL, 2>PCR MasterMix
25 uL, AFE7K 20 pLoPCR 25f4: 94 T 5 min; 94 T
1 min, 55 T 1 min, 72 T 2 min, 30 ME#; 72 T
10 min, 4 T A7, B9 BrRpk s 26 )40 5
HERFEEW Y, 1538075 H BLAST #{47#
GenBank £ di /2 H i 7 EEXT o
1.27 FEEEMMR: (1) HiIemfaxy mEik ™ er 4k
REFARZI « KT A PR MR RN 7 ik Bk 7
B, /rBIREFE 24, 36, 48, 60, 72, 84, 96, 108,
120, 132, 144. 156 h, DI FRIESE,
30 €. 120 r/min $55%, MERFE 10 £5 )5 WAREE 7
FEH R KZ-2 19 ODeoo {H, F4% DNS 320 e HL7if
677, W IR e AR T P e il e ]

(2) FEFERBEXS TR = P e R GRS - 0
TEH RNl R R SR AL, A E T 15,
20, 25. 30. 35. 40, 45 T A[alEFRIE T 55,
FHEIR 120 r/min K557 5.d, M EH# B 10 155 AR L;
FRFEH B REY) ODeoo fHF1-4% DNS 200 RS 77 .

(3) WIkh pH XK= LT 4R B 520 - W
S 0o AR B pH {E 3.5, 4.0, 45, 5.0, 55,
6.0. 6.5, 7.0 F1 7.5 JUA> pH BREE MY K B Bl 15 5%
B, PERPS THRR 30 T 120 r/min 535 5d,
fike 10 %) AR S R B PR AR Y ODeoo {ELIT 4
DNS 3200 g 7 -

(4) BIhf NaCl Ve B X BRI ™ £ 4k R 1% 5200 <
7=l & R R 360 NaCl 5 =2 51 5] 0.5%.
1.0%. 1.5%. 2.0%. 2.5%. 3.0%F1 3.5% LA
WFERARE , 2R 5 THEPR 30 T, 120 r/min K55 5d,
% DNS YA RS 77
1.2.8 KZ-2 BHERZE MRV SR : (1) pH XTEHE
FIIEN . B pH 4351 3.0, 4.0, 5.0, 6.0, 7.0,
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8.0 MR A _4M-Frig R gz MR L E 1%I1) CMC K
W, AR N, #£ 50 T Tl CMCA il
% 715 FPA S /1.

(2) X TS 7 s < YT IR EE 43 A 25
30. 35, 45, 50, 55, 60 T, fEHas pH &R
I 50 min, P AS A3 B2 1) CMCA Bl 715 FPA
RS 7o

() & JB B X WG JI R« A fc 3 I E AN
pH Z&MTF, mEgER VAR ZRPFIMA 02 mL,
0.01 mol/L () KCI. CuCl,, MgCl,. FeCls, ZnCly,
SRJEME CMCA TS 715 FPA G ).

2 HR54%
2.1 EHRAITFE

Y F5 B 1078 14 & 4R B BRI A1 F CMC-Na “F-Aiz
Ripsi s 4 d R R ARFIE SRR RS, it
AR R B TE AR RIZE T LB K s i fs
B 4 BREVE . 4> BIPKG Al Akt (0 TRk s R B, B
1 mLEBINAFA 100 mL & BE5E 37519 250 mL
MR, 30 T, 120 r/min K535 5d 5, ARJEINE
CMCA [ 715 FPA BigE 77 o s a5 R 3k 1, H
W KZ-2 JE4C AR RE ) feik FLBGRS s o DAL
POIEES RIS
22 HHHERE
221 HEHRBESISIEREIBUISE: LB Wik,
FREERGFE 24 h M T AR ™ WEREE R 1 i,
B IERIR . KZ-2 BARAE LB BifiE A 5595 24 h
J&, B 2.5 mm AT, WERTERE, %

A EEE, hgasst, i, BAazlk, NEN,
KZ-2 A= BEA AL RAE R ST 45 3 0 i PR ol 45 2% G
PEGE, ARVEDAR, W SCI0 FN B K g i BAE , V-P
JNE S B, BARRHIEANSR 2 PR,

222 BE#k KZ-2 B9 16S rRNA EFE YL E: U KZ-2
PR DNA B 3% 1Y 16S rRNA ZE A, 74
FLUK A0 f5 % B AR KRR Y, PR PEIS 1S
FFB53 16S rRNA K731 (3 910 bp), T GenBank
Bl e b RS 24T BLAST HeXf I, R B 16S rRNA
FHE Kz-2 FAME & 28 Enterobacter
aerogenes, AHMIYEIL 95%. F|f MEGA 5.0 ¢
Neighbor-Joining 14 R G¢ & &M, 45 R Ak 2 s .
ghh KZ-2 WMETEIEARHE . AL e 25 A K&
16S rRNA K50 Hr, W25 KZ-2 R AT
R, JEAETERTF .

1 KZ-2 T iR

Figure 1 Scanning electron microscopy of KZ-2

®1 FHEZREERGESER

Table 1 Screening results of bacteria producing cellulose

bR HEER IEATH % CMCA F i FPA 1%
Number Colony diameter (mm) Paper disintegration Enzyme activity of CMCA (U/mL)  Enzyme activity of FPA (U/mL)
Kz-1 2.1 ++ 43.52 32.40
KZ-2 24 +++ 80.38 78.98
KZz-3 2.3 ++ 47.24 44.31
KZ-4 1.9 + 25.61 15.64

TE: e+ BERCRELS, MBACRMA BN ++: FEMCR—, UBARMM SIS+ JBARTRBIL

Note: +++: Strong degradation; ++: Medium degradation; +: Weak degradation.
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=2 KZ-2 EHRER IR WHHE

Table 2 Partly biochemical and physiological characteristics of the strain KZ-2

TH %5 i R
Item Result Item Result
W5 WS 1 _ ikl v -a .
Indole test Glucose fermentation
V-P SC N WK A B
V-P test Gelation hydrolysis
FHIE TR P S ~
Stab culture Spore stain
FiAL ALK B PRI B
H2S production Phenylalanine deaminase
WSO . IR .
Flagella stain Urease test

e o+ PHE; - PR

Note: +: Positive; —: Negative.

KZ-2

88| Enterobacter aerogenes strain RB21 (KC431799.1)

Enterobacter sp. (U39556.1)

Enterobacter aerogenes strain K3-2 (K1631292.1)

100 Enterobacter cloacae (AF511434.1)

Enterobacter dissolvens LMG 2683 (Z96079.1)

Edwardsiella hoshinae (AB050825.1)

Hafnia sp. B1_88 (KC306434.1)

Hafnia paralvei strain ATCC 29927 (FM179943.1)

Actinobacillus capsulatus strain NCTC 11408 (M75062.1)

54

0.01

B2 HE#k KZ-2 89 16S rRNA EE RG#HH
Figure 2 Phylogenetic tree of strain KZ-2 and related species based on 16S rRNA gene sequences
T 2REL0.01 FRFANRF M IRIEL; KERT AAIEESR S Bootstrap {H; 55 A RIEUE Yy GenBank ¥tk BT i H %5

Note: Bar=1% nucleotide divergence. Number at notes present bootstrap percentages (based on 1 000 sampling). Those in parentheses are the
GenBank accession number.

2.3 E¥k KZ-2 FFEEH#MR

231 IEFEREXTEKREKFREK BB
K3 R, W& MER BB I R . R 0.3
KAERT I A, 48 h JE Bk A A KX 550l
MRS 72 h i), WA KBRS ER, 144 h
JEM IR . W LT R, Pl S A 01
BA KA, —#C R R EIBR, A

FEARYLE A K A e Rt G i, AR KRR 0024 - 4é 7‘2 96 ]éo 15‘14
SN P R A (R, XEIAEBE SR 120 h o

CMCA [iF 1 711 FPA i1 77 240k 5 o fi . BRI %% 3 EFEHERN KZ-2 £ K= 4 RN

Figure 3  Effects of incubation time on growth and

PGSR 120 h 5 ARSI i S 2 TR 1) 7 il i cellulase production for KZ-2

0.4

OD(QOI)

Enzyme activity (U/mL)
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232 IEFREXEKEAZW: WE 4 PR,
RN 25-35 T BIRAAA RAF, Hy=mfa i
, MEEMT 25 T T 35 THAIELEKZ
i 1 1 DR o W 5 = 1

2.3.3  #%E pH EMKSEERISM: WK 5 PR,
MEEFRILAIPILR pH /T 4.5 B, KZ-2 B4 K ™58
ZEIBRE], BB LR R R AL Y pH KT
4.5 i, AL KEARGRTRE, EWILH pH 5.5
B A . PR =R T HRSPI kR pH ok 4.5-5.5
if CMCA G 5Er, ZIGREE VIS pH T i
MR, 24 pH EHRE T 6.5 JFIEAMIFAZL; 14
 pH 1E 5.0-6.5 I} FPA G A4, 24 pH (E KT
6.5 I HAH IR, (HIZ%A CMCA KR .

1100
80 E
=
{60 &
z
g
40 E
+0Drirm E\
0.1 ——CMCA |5 &
——FPA
0.0 ‘ 0

15 20 25 30 35 40 45
Temperature (°C)

Bl 4 EFBEN KZ-2 =% EEHF0
Figure 4 Effects of temperature on cellulase production
for KZ-2

7100
0.4+ o _
O\O\T 80 g
0.3 L =
60 £
- =
oF 5
3 0.2 ‘ 40 E
E\
0.1F 20 =

. 1 1 L L L 1 1 0
35 40 45 50 535 60 65 7.0 175
pH

Bl 5 #0% pH Xt KZ-2 F=4F 4 BRI NT
Figure 5 Effect of initial pH on cellulase production for KZ-2

2.3.4 #%8 NaCl iKE X Bk BERISZ M : 2512 0
Kl 6, SZEFMWIEE NaCl W X KZ-2 i K BA
—EMEE, ERIIRPILG NaCl WA 1.0%—2.0%
FHZ AR RO R A, FLE = it m o

2.4 Btk KZ-2 FHEEREF MR

241 pHXIEEEARSNE: HE 7 LA T KZ-2
BT (L BERRZE pH 6.0—8.0 22 ] B RE R4 55 1 it
I, 1€ pH 7.0 BTG e . HILIEA KZ-2 Fr= i
LY K BHE pH Ak

242 REXESENISM: 4L E 8 iR, KZ-2
BT 7= 0 47 4k Wi 3045 T W18 ThE, 1
45-55 T B FFHEFX R E , 76 50 T KA 5
T, MR R T 55 T R EEEHGE R R

100
=)
180 E
=
60 2
40 2
3
20 =

0.0 I 1 1 L I 0
0.5 1.0 1.5 2.0 2.5 3.0 3.5
Initial concentration of NaCl (%)

El 6 #1458 NaCliREEXS KZ-2 =44 KBRS/
Figure 6 Effect of initial NaCl concentration on cellulase
production for KZ-2

100

80

60

40|

204

Relative enzyme activity (%)

3.0 4.0 5.0 6.0 7.0 8.0

7 pH XEEE NIRRT
Figure 7 Effects of pH on relative activity of the cellulose
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243 SEXIEEEIHIEM: £ pH 7.0, 50 T
KN, JA 0.01 mol/L £ KCI.CuClz.MgCl,.
FeCls, ZnCLIAWA 0.2 mL, SRJG I EBHE . BEIG
F140FE 9 fi %, KCI il FeCls X il 1% S (e vEAE
CuClz 1 ZnClp X HigE A MHIVER , 1 MgClz Xt
LA W N A8
3 W

R EMF R T IEAIRE , BERNE
FHIY 7 502 U8 AR A% 15 57 36 15 R 2R 20 2 1) o5 o 2
R0 SRR IR B RS R Y fE R AR R £ 4
BRE, DRI RS A EL I I ML R AR TS R AT 1,

100 r —_a—CMCA

80

60

40

20

Relative enzyme activity (%)

25 30 35 40 45 50 55 60
Temperature (°C)
B8 &imEEEIMNZMN

Figure 8 Effects of temperature on relative activity of the
cellulase

=
[=]

[ JcMmcA
. ErPA

- [=2] oo < 2
(=] < < < [=}
T T T T

Relative enzyme activity (%)

o
<
T

<

Control KCl CuCl, MgCl, FeCl, ZnCl,

Choride salts

9 SHEXEETEHHIFME

Figure 9 Effect of chloride salts on activity of the cellulase
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0 5 T O R R B AR LA DI 4R 2% R WE— B U 174 B R
FAK, INHIZERAT BB A YRR A RE
AT LA U8 AT A W — i U5 1) BE B PR B SR LA T
£, MRS FOKRFEFF 3 B 4l A5 8 — kK 2T 4L R il
B PR T (Enterobacter sp.) KZ-2, 16S rRNA FE[A
JPON KI5 RIS A s O BRI R P S A
IZEBE IS BT R TR, R
PR A e LR A 7 T 191, H = 21 A 3K )
BB, BEEMAATR, XA ma
I FF T KZ-2 (Enterobacter sp. KZ-2), 31X} H =1 4
R IR E B AR R TR . AR SOk E
() 77 o PR 27 4 Wl ) R R RO KA R R . A
. FMAFE NS, 1] Enterobacter sp.fEr= LT
Ye RFFAIA D SCHRAGE , X—RINIE—TF R T
FRBERRER AL TR A RS

EF 4 3R 4 FR A B T AR I AT TR 2 E1 B
A, H KRS, FTRES AR SR )
R B R E A % BRTA AN DE YR FEF
FEME A RIAGE , TS A L o B 2R S
FEFRmIN] . BEFRIR A . RRIRHE IS pH Xk
YU PP £F AE R B , %P e S A B AR T I
K CMCA FfiiEF1 FPA & 43524 54.97 U/mL F1
23.10 U/mL; ) i ] A 108V 5o 1F A2 5L B0 i o — AR AT
Y R IR M T AR, FE00 e IR e A P i A%
T, CMCA Hc KB A 38.96 UlmL AXSLEG 8 i+
PR, BRI pH A . PI4G NaCl Wi
Xf KZ-2 PR T TRSE , FEIER B 10 5 )5
PR ODeoo THATEM ALK S BRI KR R .
R R AR A F N 22558 5 d, CMCA
il A1 FPA 75 43 314 80.93 U/mL £ 80.03 U/mL.,

g MR R R AR SE SBs , KZ-2 7 A £ 4 X
J i EeiE pH oy 7.0, 78 pH 6.0-8.0 Z [ #F REMR-5
R G s Bod SOV IRELL 50 T e, HHEA
B BERR A P, 55 X AP AEE LN 2 P A B 276
FFE (Bacillus subtilis) B iAHRl . KZ-2 itk
JIT 77 £ 2 2R Tk 1% 3K 6 e S LR AR 4 ) K kA
A H B RAFIYIT R AT, (EAFSE—2L 05T
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