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Abstract
proving the decomposition efficiency of straw under cold climate. [ Method ] Under 16 °C , enriched culture in the medium with corn straw as the

[ Objective ] Filter low temperature and high efficiency straw degrading strain from natural habitat, provide strain resources for im-

only carbon source, primary screen in the isolation medium with Sodium Carboxymethyl Cellulose and Congo Red, second screen in the medi-
um with corn straw as the only carbon source. [ Result]The strain( mgz-5) with the strongest cellulase production and straw degradation ability
was isolated from mushrooms, it was identified as Ochrobactrum gallinifaecis sp. by morphology and 16S rDNA sequence analysis. [ Conclu-
sion] The strain has strong adaptability to low temperature, long logarithmic phase, fast reproduction speed, high enzyme activity under low

temperature and high potential application value.
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WAL R 2EAC LS S HE IO S, # 5 e 0 F H3E (Iyt)
SR Pk BE Al R 2 RS i A 0k ik 0 35 el R 3% A1, B 4
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L3 3EgRdk, EAEREFRIL DAYk (Hutchinson ) 1595 5k
SRt , DA FRFERT J il — RV, AR v e, B3Rk L
fi a4y . KH, PO, 1.00 g,NaCl 0.10 g,FeCl, -6H,0 0.01 g,MgSO, -
7H,0 0.30 g,NaNO, 2.50 g, CaCl, -6H,0 0.10 g, #i#/k 1 L, %
100 mL K730 1.00 g FEFFE (FAERIFRE) , 2R pH,

CMC - SR2T 438 55 3£ . CMC—Na 10.0 g, KNO, 1.0 g,
K,HPO, 0.5 g,MgS0, -7H,0 0.5 g,NaCl 1.5 g, {541 0.2 g, 7%
MK 1L, BilEs 13~15 g, 4R pH,

PR RS SR 3L K, HPO, 13.3 g, KH,PO, 4.0 g, MgSO, -
7H,0 0.2 g,(NH,)2S0, 0.5 g, Z&{#7K 1 000 mL, #5FF83 5.0 g,
HEk pH™

CMC—Na 7= it % % 5 3% 3% K,HPO, 13.3 g, KH,PO,
4.0 g,MgSO, -7H,0 0.2 g, (NH,),S0, 0.5 g, #{#7k 1 L, CMC~-
Na 10.0 g, H4% pH,
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114 FZAF], DNS R A50]:3,5- KR 3.05 g,
NaOH 6.7 g,50 °C e il 3 P o 78 40 il , in A IO 7Kg 41 1R
BE 101 g, 50 CF ¥ Al K B 2.5 mL, 28R K & & 2
500 mL, f#77 T RAFR T

0.05 mol/L ¥y 15 1R 2% nh ¥ Wi . C,H,0, - H,0 4.83 g,
C H,0,-Na, -2H,0 7.94 g ZKi8/KE% 1 L,pH 4.8,

1% CMC-Na ¥ : 1.0 g SRH SLEF A Z4NIA ThriE R o2
R, ITE A 100 mL,

0.5% /KRR :0.5 g KM ZEIE THHERRZZ vp i 1, IF
EAZE 100 mL,

PCR § 140k £ . 38 Fl 514 27F (5'~AGAGTTTGATCCTG-
GCTCAG=3") Fll 1492R (5'~GGTTACCTTGTTACGACTT-3") ,
50 wL LRI A, DNA ) 5 wL, F R34 2 pl, Tag 1R
&1 25 wL,ddH,0 HE 50 pl,
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B 2 T IR B, IR AR AILRY A B 20 H RS AT 8
o

122 FEERAE. 7E 10 CLUF A SRPRES o RS B AL Sl
i, REATCH [ B ISR = 4 TR,

123 AR KSR, HU10.0 g IR T4 90 mL G
PRI =, 9%3% 20 min, 7855 &, W E WK 1 mL
F 100 mL AR FE I 16 C T k535, A K MEL $rsh
1R R REFEBOMA IO 30, 55 AR M B A AR TR, L) 5% 45 it 7
SR SRR L L R ARG 5 5 Ik

124 FERAWITE, RAEVIBL. X5 S R LR R
HEAT 10 F5 06 B2 76 B, WA A0 BE VAR 0.1 mL, 43 51 4R A5 T
CMC—NISRLT 3 B 5 55 0 1,16 °C R 135, Phich W i3 1
B 1) AL VA 0B (0 3 B RG FR 3 1 = X RIk, Zkalifk, =
PAFalisE R 4 COHRAT

1.2.5 BRI SO 80t 35 B B AR R K ELAR (i (DY
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(D) Rl es o BRI BRI 7 o 254 1~2 3R,
FzA 100 mL 7R R SRAL, T 16 C R ERFE 5 d, 4 H.

(2)D/d HIME . WOFh PR Tk 1,
16 CTFREFR, FRRTE K IE = A2 B 0 3 B B, R
I EAR D MDA HAR d, 1158 D/d LHE.

(3) FERR P45 o B S mL B Hz A 100 mL =i &
g3, T 16 CH555 5 d,4 °CF 8 000 r/min B.[> 15 min,
WAE IEW,

(4) 25 4 Z WG J7 M52, R DNS 8 gk
Brillze 3 Fh£F 4k Z B Cx.C1 A1 CB 41, [ B0 2 3% 4K il
(FPA) W& 1, FPA 3% 3 FhaF- 4k 3% i D[54 FH 00 536 0 .
1 mL BT — 5 RN #E AT R S0, 1 min 7746 1 pg
HIHE I 2T 4 W o O 1 ASEETE D) HAL, DL U/mL
FRo

(5) T FF A R i 5 . SR Sk BN o BURP 7
5 mL, $EA 100 mL FEFFREMEREFREE, T 16 °C F1E3%, W4
WA AR D), 2 30 d BV I RS AT B, ML TR, T3 A B
JEAEAT B R R R i A

FEFFREAfRA = (W, = W,) /W, x100%
S, W W, 4350k B i RN e S RS AT
1.2.6 PEBREE . A FIREZETAMAIROR CMC-4 &
BEFIL 16 CHEFE 5 d, R &, 32 16S tDNA, PCR -
B YR 2 B BR R EE R LUK B AL, 2% 28 AR T, 4
RAE NCBI B4 14 847 Blast EbXT, >R MEGA 7.0 f9 &
GLREW B R R SR HA
127 Rl KRR E . R @EE" S DL 5%
Tk, BURP V4% T Wi R WSS R 0, 4300 F 16,20 .25 28 C
TEEERESE, 708 24 h BUSE, U E 0D, fl, & OD {H K& 3
A A IEIE . PLas BRI IR
1.2.8 AR A ARRT (G) INE . RHIF R4
o LA 5% HEF R IR T T 300 mL 77 R BEsGIR 5L, B
FhoEARKIEE T Rge, 5 24 h dERIIR 0.1 mL B335, 1%
ATy B Rk b TANOE SR, BT ol 2B KR TR R,
7 d ZEA BT T T mL R IR TS T, LARS ] Ak Ak
B, I R E A braz il AR R M . OO 2 &, 1
1, BFRIETEL N, AN, , fRA L n=1g(N,/N,)/1g2 F1 G =
At/n I G, X, n HEFAIEL, Ar=t,-1,,
1.2.9 fFif BRI E . SRk DNS B ik, LI 5%/
R IOM I T CMC—-Na J7 il & I3 5258, T 35.30,
25.20,16.10.7 4 CHiFE 5 d UL PRI A 21 4t KRS . LA
AR AR TS 1 AR
2 #ERG555H
2.1 BEHREIIGE 7 16 CTRHIER SR ER5R 51,
HEE 5 AR, SR CMC—RI SR 20 40 T 15 55 36 AR B A
T, 2R A B s, 7 B S B A Y R B RE 1
ArEY 11 A~ let—1 htjg—2 htt=7 jedf-3 Iyt-3 jedf-6 szt—1,
mgz—3 .mgt—2 sxt—2 mgz—5,
2.2 FHHKRKEN
221 D/dAH. PG EPIFE CMC-RIZRLL S B R oAl
AR E IR B D R EAR d HE LR 1, Bk 1
AL, TR mgz—5 B D/d F K38 2,715 jgdf =3 (sat—1 IRZ, 53
A 2.31 1 2.43,
222 SFHERWEE ). 16 16 CF, LLEKFEFF A ME— B I
R A 2 T R B b 45 TR OR 4 RREF e RS 1 I 1, f A
1AL, mgz—5 1) 4 FhEF4ER G T HAB bR, H 22 57 W
#(P<0.05) ,H: Cx .C1 ,CB #1 FPA [ % Sk K 11.066
12.387 .7.160 Fi1 22.594 U/mL; Hk Ky jedf-3,
223 FEFFREMRR, 7616 CTF, TKRFEFFALEE 30 d B REf#
RULPE 2, & 2 AT, mgz—=5 Fil jedf-3 BRSFERRAGRE
H2ZE5 % (P<0.05) . 7EsE7 0t B bl e 21 — 3% iy 35 5%
W0 ARG, SR H 1 B At A PR, RS AT B AR Ak
FANEH . Zead W00 R 0, DL S 2 T8 bR 255 % 55, T ik
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HEALFE R mgz—5, x1 #FESBEYHE CMC-Na 1R i D/d &
23 BHBHLEE Ea mgz—5 AT 16SrDNA #Ht .PCR Table 1 D/d value of primary screening separation on CMC-Na plate
PIERT 5 o3 Hr 2 W], 16S tDNA R /NAE 1496 bp, #fiiE 7% i3 D/d f
N s e e e e g S No. Strain D/d value
mez—5 AN mgz—5 [BEAGHEBE R IR R 3,08 4 = o
PCR 3474 25 T I Al B e e Todnly I 34 e 2 htjg-2 1.62
— % . 3 htt-7 1.53
afi, MY 50 78 NCBL B4 e tb x, K mgz-5 5 4 jedf-3 231
Ochrobactrum J& W SIARL M fc s, [RIIRIEAITE 95% L) |, H] 2 ly(;f_ 36 }?é
N jgai— .
MEGA 7.0 #% mgz—5 (RS L TR (K 4) 7 -1 2.43
. 8 -3 1.65
& 4 7] WL, mgz—5 5 Ochrobactrum gallinifaecis strain Iso 9 r;itz_2 1.42
196 {i T4 3¢ 1, B —# , PR UE, AT RAB 5 mge—5 10 i o
Z— S
NG ZEE FAFT I JE ( Ochrobactrum gallinifaecis sp.) ,
16 161
z z
= a =
Chdi b - = 2f
e ¢ e
g g 8
= c =
= g fg = f8 © §
g 4F h h : S 4r
S S
IV & = = $ = = 2 2 < I/ = = = 2 2 = = @ = %
E#Hk Strains ##k Strains
8¢ . LBy .
2 -+~ 4
= = 20t
= 6f b =
% % 4 C c ‘%’ i 1ok £ £
&) g & e ¢ de d . & % = -
g 2F h S 5k
8 E
HFk Strains H#k Strains
A EARFVNG SRR AR PR R) 25 5 i 3 (P<0.05)
Note ; Different lowercase letters on the column indicate significant differences betweeen treatments ( P<0.05)
E1 EEk4FTEZEFNILE
Fig.1 Comparison of four cellulase activities of each strain
BSr
a
1] S b
= e —(Ii— B3 3000 bp e
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= ]
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5 L S NoLs S N
3 EE% R H BBy OB
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H FE_FRRING SRR A B R 22 5 4B 35 (P<0.05)

Note: Different lowercase letters on the column indicate significant

B 3 mgz-5 {4 ITStDNA PCR #1274 B8 ik B

differences betweeen treatments ( P<0.05) Fig.3 Electrophoresis of mgz-5 ITSrDNA PCR products

B2 FEEHESEREFTHERE 24 FEAKEE SRS TR 0Dy, BEE2E il
Fig.2 Degradation rate of diferent strains to corn stalks LI 5, HIE 5 BT, mez—5 7E 25 CF ODy, dx 5 , 2 I 7E
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NR_042447 1 Ochrobactrum intermedjum strain CNS 2-75 16S ribosomal RNA gene partial sequence

34

4|—gt_:|—|: NR_026039.1 Ochrobactrum intermedium strain LMG 3301 16S ribosomal RNA partial sequence
99

NR_113812.1 Ochrobactrum intermedium strain NBRC 15820 16S ribosomal RNA gene partial sequence
NR_042417 1 Ochrobactrum oryzae strain MTCC 4195 16S ribosomal RNA gene partial sequence

50 E NR_025576.1 Ochrobactrum gallinifaecis strain Iso 196 16S ribosomal RNA gene partial sequence
73 mgz-5

a7 NR_146362.2 Ochrobactrum endophyticum strain EGI 60010 16S ribosomal RNA complete sequence

96

22 93

67 |: NR_042600.1 Ochrobactrum rhizosphaerae strain PR17 16S ribosomal RNA gene partial sequence
NR_117053.1 Ochrobactrum pecoris strain 08RB2639 16S ribosomal RNA gene partial sequence
59 NR_042599.1 Ochrobactrum thiophenivorans strain DSM 7216 16S ribosomal RNA gene partial sequence
NR_042589.1 Ochrobactrum pseudogrignonense strain CCUG 30717 16S ribosomal RNA gene partial sequence
48 NR_028901.1 Ochrobactrum grignonense strain OgA9a 16S ribosomal RNA gene partial sequence
NR_114149.1 Ochrobactrum grignonense strain NBRC 102586 16S ribosomal RNA gene partial sequence
—— NR_028902.1 Ochrobactrum tritici strain SCII24 16S ribosomal RNA gene partial sequence
el NR_114980.1 Ochrobactrum tritici strain SCII24 16S ribosomal RNA gene partial sequence
NR_043184.1 Ochrobactrum cytisi strain ESC1 16S ribosomal RNA partial sequence
— NR_074243.1 Ochrobactrum anthropi strain ATCC 49188 16S ribosomal RNA partial sequence
i) — NR_114979.1 Ochrobactrum anthropi strain LMG 3331 16S ribosomal RNA gene partial sequence
NR_042911.1 Ochrobactrum lupini strain LUP21 16S ribosomal RNA partial sequence

B 4 mgz-5 ) 16S rDNA R G ixt
Fig.4 Phylogenetic tree based on 16S rDNA sequence of mgz-5
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Fig.5 The OD curve of mgz-5 under four temperatures

25 AERKEZ fERiEAd KA 25 CF,mg-5 1 1 mL %
RO BELBES (7] A 22 AE RS B UL I 6. h 8T 6 RIRN, BT AR TG
WA 300, 3 L BRI A RO, 5 d SO,
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Fig. 6 The growth curve of mgz-5 under 25 °C
2.6 HEHREKE(G) MBI RREY MR E Y 2 Rk
Fekase , oAU 5 2R AT EO AT R 2 T L
T Bk mgz=5 MXTEUHTE 0~5 d, AT, =24 h Fil e, =
48 h 2 5, A 4G I (1 T A N, =3.54x 10" CFU/mL il

N,=1.23x10" CFU/mL, {0 A n F1 G (3HEA R, K 6=
133 h,
2.7 BEHRRIEFEERE SRR Y A KRR Y
PRAIPER . 7 4~35 CFIAS mgz—5 (1) 3 Fhef 2 G LA
B ASHES  Z5 LI 7, D 7 AT e I AR i Y Rl
P, 4 FhEF 4 R B AT — @ TG e, b 25 C i) 4 P
TR L, 4 Cx 39.518 U/mL, C1 89.687 U/ml,
CB 51.499 U/mL,FPA 63.423 U/mL, H¥J 5 oAb B T B
G5 WA i H ARG 70 Cx 7E 25~ 16 °C X [
TEAE—ASE-E 1, B 39.52~36.48 U/ml, 220 Cx 7Ei%IR R
X ) A 245 i G 7 3 St Ak, €1 CB 1 FPA 1EI% R X 8]
DG 358 e (O TG , 2 B TR R LA 5 A AV TR A i o
(TR
3 #ig5itie

T ] PR T T 4 2R R B O A9 A v e TR R 22 A1
LT 2 25 6 A T (O BOE S8 RO 500, 2 e ) DA 37 3%
TR B AR BB, B AR R & Cx BN PN
14.12 U/mL, F 554 W AR R UR e v - 1) S 3 - 8 rh o
e 1 AR ECER  IZ B AR S Cx BG4 R 8.47 U/ml, o 5
DN A M R O o A )L Bk, AR R Cx IS PR
11.6 U/mLo g i MK g £ e 2 1 bk, Hof s
Cx FEEER59.7 U/mL o i W50 45 2 W, Mgz—5 [ Cx
G 4 2439.518 U/l , %o b A ATR T 2T 4 2 R4 A 11 , mgz—5
(R dRc s Cx TR PEAL T rp EoKF, HLAE 25 % 16 CHPEA 4
B Cx JEEPE . mgz—S5 MR TEA: K HAT X EO & T
SOty M RN I ) AR 0, 1T DA 1 33 R I TR A 85 . mgz—5
VER 1 BRI I e 58V T AT e fie o EL A 5 2 1 17 FH T 5%
JREERFFORE IS8 mgz—5 A HIRIRET A R R R AL, T &R P
JAT? CB BRE 58 04 B AR, I mgz—5 7 Cx s i 00 2515
PAFE ST B AR, S 3R 2R A 3 4 Tt b DX (1 6l o e 2 I AR
S
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Fig.7 Comparison of four cellulase activity under low temperature
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