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YEEMmANRGERBATRAARZKGEAR., [FF] REAEFLEHFSRHRITETE, AR
WAk A Qﬁ?iﬁ](sodlum carboxymethyl cellulose, CMC-Na)# " — 2R, KA MBRA 7 k0 B 4
ERAM, B E TR AR SR AR T B AR AT, [ R]Y RIF—AR 1S °CHMHT
F%ﬁﬂ”r?w’“é&%?é‘aéwa, w4 )3 K A A K H & (Duganella). Rk AE F B 5t A BARIBE 15°C, @
44 pH 18 7.0, ¥%&% 50/100 mL, A2 12.5%, Skité) CMC 87 & &5 4 398.2 U/mL, HARALHT
RET 40.45%. B RAEIZ A T RPEAK . RAGREAT Fo 2 R ARAT TSR E 5] A 19.24%. 9.48%
Fo 730%. (44 KRR ARRBATGBMAEYD T RBAET FHOBHN TR, B AHEEIKRL
YR EMRARGRRBET RIBEAE .
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Isolation of a Duganella sp. of degrading cellulose bacterium
at low temperatures and analysis of its degradation capacity
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SUN Yufeng4, WANG Weidong*l’2

1 College of Life Science and Biotechnology, Heilongjiang Bayi Agricultural University, Daqing 163319,
Heilongjiang, China

2 College of Life Science, Northeast Forestry University, Harbin 150400, Heilongjiang, China

3 Institute of Plant Nutrition, Resources and Environment, Beijing Academy of Agriculture and Forestry Sciences,
Beijing 100097, China

4 Daqing Branch of Heilongjiang Academy of Sciences, Daqing 163319, Heilongjiang, China

Abstract: [Background] Low temperatures are one of the main factors limiting microbial
degradation of straw returned to the field in cold regions. [Objective] To obtain the bacterial
strains capable of degrading cellulose at low temperatures to improve the straw reutilization in
cold regions. [Methods] The soil samples were collected in winter for strain enrichment with
sodium carboxymethyl cellulose (CMC-Na) as the sole carbon source. The pure culture of the
strain was obtained by the dilution-plate coating method, and the enzyme production conditions
of the strain were optimized by single factor and orthogonal tests. [Results] A
cellulose-degrading strain was obtained at 15 °C and identified as Duganella sp. The optimal
enzyme production conditions of the strain were incubation with the liquid loading volume of
50/100 mL and inoculum volume of 12.5% at 15 °C and initial pH 7.0, under which the highest
CMC enzyme activity was 398.2 U/mL, 40.45% higher than that before optimization. The
degradation rates of filter paper, rice straw, and maize straw by the strain were 19.24%, 9.48%,
and 7.30%, respectively, under optimal culture conditions. [Conclusion] This study provides
new strain resources for straw degrading microbial resources in cold regions, as well as data
reference for subsequent research on low temperature cellulose-degrading strains.

Keywords: low temperature; cellulose degradation; optimization of enzyme production conditions

YR BRI FEER S Z—, AEHFEH
BT 30%—40%", TR EREFF K R
Z, BHERBF AN TREIRS . G %
G T2 . g, ARdui XFR
i A E R S 21.63%, A
RN 63.43% . ALK i F HA KL ZR
Ik, FREemf K SRS, MEDIIOR G 5 FERE
AT, RMEEETHER &S mS, Er-
o (07 PRS0 i R RIS o A ) A 3R
I 305 47 2 25 ot 2 0 0 R A1 U 3 FH RS

o o e R G TR 2 —

EIRT, O 8010t 10 2 25 2 [ T bk i
Rk, WERF . E . LR, Mk TER
FOTACL TR, 20 T8 X W o PR 58 1403 17 B g 5 L
PR A e R SRR DY A E NN 5
P R DX o R AR A B S ARG
(4 °C)VE R ML LT 4t 25 MM AN T , I d5e 780 PO B
Mk R 25 2E 0 FT 1 8 (Paenibacillus) , g o 27
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f Al R R MR , ISR 21 8 i Bl e K Y TR R R IR
PAfif )& (Pseudomonas) . Thakur 25\ 5 Th i
AN [ 1 5 RIS (10 °C)A TR 355 Bk .
BEYS (4 °O)d P 35 #; Hrb, B dE
(Pseudomonas) fix 2 , ik K ZF 41 4T I @
(Bacillus), HbZf 714 I J& (Geobacillus) . 15 &
J& (Arthrobacter) ., 25 ZF 0 FT 14 J& (Paenibacillus)
FH AT 7 & (Flavobacterium) ; - 33 £ 4 5 45 ] LA
f£ pH 5.0-10.0, NaCl¥RE R 2% FAEK, FFH
70%UA B LT A R AR TT o FH AT UL,
IR AR ORI B PR IR B 3 A iz . R %
ZINRERL, MR ER Y R e
TEo  HI AR A MO A [F] 5 Bk AR i U
VIR IR RN R AR, R 4 2 AR BE B
FETEZE ST o BRI, ©FRAS A (RIEL 2F 4 2= [ A 2
R RVEL D RGBT AN RE T A SEPRA TR 2K
T LY AP 10 ST e 25 A TR P g R

R T ARASIE B AR A 2R A X RS AT R A A2
Yk Z il AL AR A Al B SRR AR, PRAGIR
AR, RPN TRILR
+ XA 358 v o B AR U AT G R AR AN,
DAL TR R 1 7 Bl 25 AR I 20 BT X IE 48 . K Fed
FEFERFEFF R BEMRERE 1, DL h FE4 Hb X R
T ER S o4 A i FAL BT 1) B % U

1A

1.1 #8
1.1.1  #&m

B4 2= 5 g8 BV ih & B (134°18.51°E,
48°22.10'N) L 3EFE i, BUFERST SR 9 °C,
FHEBUREZSRAE 5-10 cm IAY LT A B4 AUk
LSFERAT, IR B E T 4 CCURFI R AE & H
1.1.2 EHE

Wik FE A (g/L): CMC-Na 10.0, (NH,),SO,

1.0, MgS0,-7H,0 0.5, KH,PO, 1.0, NaCl 0.3,
g K 20.0,

7 IR (g/L) - TEW) TR B SR B A HLA |
NI 1.0 FERRR RS o

SRR MBI AR R IR0 . TR I SR AR
At E, #F 10.0 g/L CMC-Na 43 3184 5.0 g/L
UEAL. 5.0 g/L AKFIFEFFAN 5.0 /L EARFEF.

ANTRV LT 2 b4 AL A A 3 . 5 P AR 8 4K B9 i
1 ecmx1 cm WIEHTE, KREREFF AL KAEFT 55
A 2 em BI/NBE, 7E 105 °CHET 8 h JE ARG %
e
1.1.3  FERFIFLEE

CMC-Na, V4 B B} 5 &y A BR 2 Al 5
(NH4),SO,, 1 = (K )b 27 il 5 A BR 2 vl
MgSO0,-7H,0 Fl NaCl, K7 aEEEL T AR
Ny BERERA, AU R R AR ER A R T E
OS] RIEREL, R Bk A FRA |
e R B, JE R RSB A PR T
TIANamp Bacteria DNA Kit, KRR
AR H]

FHNM OB, AT E R A R
ANl ERER S, BRI A BR A
%% pH i1, Horiba 23],

1.2 KR4 RPEBE KA I 1L
1.2.1 H¥RBIVITH

HUS g TR E THEA 50 mL KFZER K
1 100 mL 4EFEHH, 15 °C. 160 t/min $z3% 15 57
1 h J5 i & 30 min, B F3E R TR BSR4, 40
BIBEH 107107 F BV T 0 B 7R 3L kA 10
fi, BAME3ANEE, 15 CRrEist.
R 75 1 0 S 43 0 B A ()R 25 1) T 9 A 73 2k
iR, RERNL GBI 6iRG R ik
1.2.2 HHBER

H A5 20 9 Sl 5 77 AR SR T ) 0 1 o Sk v
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[ E, 15 °CHi3E 7-10 d J5 1 1.0 g/L Ml HR4r
WY 1 h, SRS, FHI0A 1 mol/L NaCl
FEWOB AL 1 h, YEECA 7 B R B B R T S
SR, I E R K A B LA (D, em) FIER 4 B
2(d, cm), FFARFEAK SR IE EAE S W% R
{EL(D/d)F] W TR K 7™ 41 4 2R i 1 e
1.3 HHEZREFHNE

CMC [l 17 18 4% il 16 Ao 2 vk 2 IR SC
LINCABIRE (eI

W TRRRIERD TR - BRE S Herh 15 °CHpE
Rigt 18 d, A48 hHL 2 mL ¥, 3 1~ H4 , 15 °C,
12 000 r/min Z5.0> 10 min, $_F 375 843 BIAMA LA
1% CMC ¥ W AN U 4R 45 0 O N JIE W0 14 148
o, DRI R SRR LIS WAE AT RE, 15 °C
JZ v 30 min J5 37 EPJITA 2 mL DNS 857 2L 1F
N o TEEEAM o OB EETHE 540 nm Tl E 1
BRI CAA , 38 ol AR v i 26 43 513 H eMC
FUEARE G 1 KD
1.4 BEMEE
141 EEFETE

W R R TR 85 F7 S, [ A HE 5 0
FHF AL g QY F2E A e o, IR B R 5L
FATFHEM RSN, 2R kS
BR[10]o ZEAYL o)y S Bk 11], 76 TC A%
T, B 1 mL @ AE 10 000 r/min K &> 5 min,
{4 B 2.5% 1 8 I [ e W s A
0.1 mol/L BEMRZE Mk (pH 7.0)8 1k 3 W, Bk
15 min; F 1%8BRE W EE S, 1-2 h 5
PR W R 3 U 30%. 50%. 70% . 90% .
100% 1) & TEEEA 740 B B K, B A6 BE K 2 U,
BRI 15 min; i BRAb B BORE S B T e
USRI
142 HSBELRETE

SR CF WA S R I e T

1 CIAZR R RGN B 2= F 00 ) I i 58 ik
WL TER K I . PR A . R
5. V-PIREe . Ak S A | Bl (R 2 A
FERE . FLBE . EEUBERH g A AT, X
PRAE BAE AR PR AT 5
143 HDTFEYNELE

FF 40 8 A 519 27F (5'-AGAGTTTGAT
CATGGCTCAG-3")#l 1492R (5'-TAGGGTTACC
TTGTTACGACTT-3") X} itk #E4T 16S rRNA F
P H 915 . PCR RWAKF(50.0 pL): K2
DNA (20 ng/uL) 1.0 pL, 10xBuffer (% 2.5 mmol/L
Mg*") 5.0 uL, Taq A5 U/uL) 1.0 uL,dNTPs
(10 mmol/L) 1.0 puL, 27F 5[4#7(10 umol/L) 1.5 pL,
1492R 5[#)(10 umol/L) 1.5 uL, ddH,0 39.0 pL.
PCR S 41 95 °C 5 min; 95°C30s, 58 °C
30s, 72°C 1.5 min, 35 ME¥; 72 °C 7 min,
W aifb s =ik 2 B IR AR AR YR A R
INEIEATINE . ffF NCBI BLAST Fi 544 J5
S5 5B B R R AT O, B E S H bR
WA E R S TR s, TP R R TN .
1.5 FEEEMHMK
1.5.1 BEZRRIEEIT

TE 7 W% 35 v H A 8 AN AR B LT
I 4G pH. W . Hefhar . WA BERER
hnte 5 AR ST SR . 530 B E )
G pH{E M 5.0, 6.0, 7.0, 8.0, 9.0, HiHa N
40/100 ., 50/100, 60/100, 70/100, 80/100 (mL/mL),
BN 5.0%. 7.5%. 10.0%. 12.5%. 15.0%,
BRI A 5. 10, 15, 20, 25 °C, EEERENAN
#4050, 0.75. 1.00, 1.25. 1.50 g/L, {5 A
AT E R CMC B ).
1.5.2 EXREFIT

R Z IS AL b, SEIRPIGG pH ., 2%
Wi R E AR SRR 4 MR R B EVEE,
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W 1 . i SPASSAU 7EL # 4%
2 = KRR %, PL CMC S A W H
XoF TR AR B 35 75 25 A A T4 o
1.5.3 FFEEEAIIER L
W TR D T I AR 35 5 A N T 5 57
LR E G, MEH eMC 8BS RN, IR 51k
A0 T A Bl AT X B
1.6 Xt AS[E] 214 o 1L B P&
FHARACIG (352 560, B TRAR 43 il 4 A
FEKHEHSHE 60 mL P=EiR; 349 100 mL
HEFE R, A 0.3 g BT IR 4R
Ao B 2 em /NBERIKREREFE I EOKFEFT,
15 CCHFE ISR, B 48 h BUFE 11k, Ik 3 A
A2, A e EE U A TR AR A A K AR R
[F) 27 24 b4 6} (9 R i g 7, IF R Origin 8.5 #R44:
XA TS

2 BRS04

2.1 HEHMBHDBESIFE

it 100 0 1 5 ik S 02 R e 3 3R 23148 7 fk
BT, KWL Y0 K NaCl W54 1 Bk
BATA R I S A A P, sl 1 R, R
4 h BYAU-LC3. 7= 8K i B BN
3.5 ecm, WK HAN 0.8 cm, HHk BYAU-LC3
TEAE K AR £F 2 2 S ) A2 ki 2 Feos .
TESS 02 KRUEUCHEE A1 CMC BETE P 7
4354 129.58 U/mL #1 125.35 U/mL, Z 54K

®1 EXERKFEIT

Table 1 Orthogonal factor level design
P9 WG pH EiFRIRE WG Hefh it
Number Initial  Culture Liquid Inoculum
pH temperature loading volume
(°C) volume (mL) (%)
6.0 5 40 10.0
2 7.0 10 50 12.5
8.0 15 60 15.0

B 1 ¥ BYAU-LC3 =4 B R E
Figure 1  Strain BYAU-LC3 produces hyaline circles.

300 _a—cMmC

| —e— Filter paper
250 - % N

=)

E

) 200 /§/
£ 150t

2 100}

e L

@

50k
00 2 4 6 8 10 12 14 16 18
Time (d)

Bl 2 H#k BYAU-LC3 T4 REGZTHEK
Figure 2 Changes in cellulase activity of strain
BYAU-LC3.

i iG— H e T CMC FG , 7655 14 X CMC i
T 768 o0 VB AR T 8 3 e = {58 283.51 U/mL, 4]
I, P CMC BTG AE S J5 Sial g (4 e 1 £
22 KTEHR
221 HEESZFELEEHER

R BYAU-LC3 7E9) i i 77 2 b 2 AR
AR, FLOaAEN, KA, bk —
FERERR, BT D PhEE . ANGarEs, W 3 i
No SHEMHBEIES, Wk BYAU-LC3 i
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[CHIHE, R4, ARmasEgRE R, W
RKEZ A 0.93 um, EHARZHM 0.53 um, S5
FRR HP sl 8], 3R THORLRE A J0R0J8e, il 4
JIiR o
222 HEEUNLEEER

B R BYAU-LC3 94 AR A0 45 R an sk 2

FIE7R TR 7K Ak R e 9k A X 4 SR 5 B
P, UL B Mk BYAU-LC3 fEf% 7K ff# 324 R i 5
LA . V-P e . B b 2= R 45 R
LAYE, BB E Rk BYAU-LC3 ARE™ A B PEY)

B3 B BYAU-LC3 AT
Figure 3  Morphological observation of strain
BYAU-LC3.

4 HEFk BYAU-LC3 HE$EXE(3 000%)
Figure 4 Electron microscopic observation of strain
BYAU-LC3 (3 000x%).

#* 2 B# BYAU-LC3 B4 L
Table 2 Physiological and biochemical properties
of strain BYAU-LC3

Item Result
TE R 7K figp i 0 +
Starch hydrolysis test

HH v A 1A +
Gelatin liquefaction test

F AT -
Methyl red test

V-P X5 -
V-P test

i fb 2 Uk g -
Hydrogen sulfide gas production test
A2 0 A A +
Glucose utilization test

TR FH +
Sucrose utilization test

FUBE A A 55 +
Lactose utilization test

R FUREA A +
Galactose utilization test

0l A A -

Mannitol utilization test

+r OB PR —o SO A

+: Reactions are positive; —: Reactions are negative.

J s Bl A R v R A . RERE . LB
e FUBEF I A5 R S B, H R R AR
SEREL M, ULWTR Bk BYAU-LC3 REF %
WL RERE . FLBERI R FLME .
223 DTFEVFLEER

500 745 21 19 ¥ 51 7 NCBI BLAST 4 )%
BEATHORE, F #5 @tk BYAU-LC3 4k /e
IR 7 PR UERERRT S, IERI ] MEGA 11 1A
MRS LB, W 5 iR E ik BYAU-LC3
5 Duganella dendranthematis 7£ [d] —1~4 ¢ I,
H—3ER 100%, 45585 A AL
)4 FI W7 A AL 48 (G & (Duganella) . [RlR), B
P BYAU-L3 MR )75 C #2258 & NCBI ¥
i, #4511 GenBank %55l PP448179,
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48

44

39

37

100

s

0.10

5 [E#k BYAU-LC3 HIERZ 4 B
HRME; PRRKE N 0.1 AR B R

Z 55X R PME R AR SR 50 TR 5

Duganella zoogloeoides strain KR2-3 (MN752691.1)
Duganella phyllosphaerae strain VMSES59 (MZ234602.1)
Rugamonas rubra strain 3-4R (MK071274.1)

Duganella levis strain CY42W (MN865814.2)

Rugamonas rivuli strain FT103W (MN548382.1)
Rugamonas aquatica strain FT29W (MK968139.2)
BYAU-L3 (PP448179)

Duganella dendranthematis strain AF9R3 (CP051684.1)

O3 3L BT ARR

Figure 5 Phylogenetic tree of strain BYAU-LC3. Preservation numbers of standard strains involved in the
comparison are listed in parentheses; Numbers in branch positions represent self-expansion values; Scale

lengths are 0.1 nucleotide substitution rates.

23 BHEZRALER
231 1EFBEN CMC BEE IS

AR RE 7 B X H #k BYAU-LC3 CMC i
TG J1 B M An & 6 I o 45 SRR R 10 °CHY
il 1 5 12 oM 421.33 U/mL; 243535108 Jy 25 °CHiT,
TG 118l 313 U/mL; i EAk BYAU-LC3
WEATERAMMERE TAK, Hik, SEERIE
FEFE 5-15 °CIX [ i 17 J5 2 5 o

T

A400_
E / 7 v
2 3 N
25300-/ /
g
2 200
>
%100»—
A7 07 77 %A

5 10 15 20
Culture temperture (°C)

25

6 IEFBREX CMC EEERZ
Figure 6 Effect of culture temperature on CMC
enzyme activity.

2.3.2  #1%R pH Xt CMC E§5E HH S

ANFWI s pH XAk BYAU-LC3 CMC i i
JIRsZ AN 7 B . 40046 pH fER 6.0 B,
i 1% 5 e A 382.67 U/mL; 2449146 pH (B R 9.0 A,
FfE Fefloh 213.83 U/mL; 1B Bk BYAU-LC3
EATEMMEBRPERREE AR, ik, ®EYILh pH
{EAE 5.0-7.0 XA iF47 /5 823450 .

400

07

300 [

2/

200

\

CMC enzyme activity (U/mL)

100 F
. T 0% 07 0.
5.0 6.0 7.0 8.0 9.0
pH

7 #1% pH {EXF CMC BE/ERY R
Figure 7 Effect of initial pH on CMC enzyme
activity.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FRIE 2 | (RIRAT 4 ZIEMRAE Dugandla sp. 845 55 K BE AR EE IR

2165

LREX CMC B§E RN
N [R1EE W i % Bk BYAU-LC3 CMC il
JIsE A 8 iR . ek i 50 mL A,
it 1% e i o 433.13 U/mL; 42EME N 80 mL
I, 95 5 A A 331 U/mL 5 356 BH & #k BYAU-LC3
EAEARRTRESNAE ALK, Hik, &
PRAL W R AE 40-60 mL [X 8] AT 5 2R
2.3.4 EMEX CMC B5E NN

AP B X Fk BYAU-LC3 CMC [iffif
RSN 9 B, MR RN 12.5%F,
T 6 B i oA 474.2 U/mL; 43R0 5.0%0
it 15 Fe Kl 252.98 U/mL; i W # ¥k BYAU-LC3
PR S IR R AR K, Hit, BH
FERPRAE 10.0%—15.0% X 7] #4175 223056
235 EEEERMEX CMC B§iE 189520

RERMEMAERKRTLTHNTRZ —, 5
THLRBEM L, AILRBEAMUSHEILE, 8
A 7 HoAth AR K g S 0B 55 AN R RS I i
X} Rk BYAU-LC3 CMC 6 H 0520, 4k 10
FiR e MBS 0.75 g/L B, BTG e
1 417.33 U/mL; MRS S 1.50 g/L B,
FiE 76 B A 4 301.33 U/mL ; 156 BA B 1 V8 i k-

2.3.3

T

o

N

=

(=]
T

T

7 7

3
£
2
2 300
=
E
g 200 -
9
8
O 100
3
0 AN 00 774 %2
40 50 60 70 80

Liquid loading volume (mL)

B8 RiZEX CMC B§E %M
Figure 8 Effect of liquid loading volume on CMC
enzyme activity.

500

400 / /

=)
E
2
>
Z 300} /
g | T
?9;200—/
5
g 100t
s |
N % 7 7

5.0 7.5 10.0 12.5 15.0
Inoculum volume (%)

B9 #EMEX CMC EERN
Figure 9 Effect of inoculum volume on CMC
enzyme activity.

-

ey

~ 400
e
5 ) v
g 300 F / /}
2
«E;zoo—
5
% 100 |
. 4 0 72

0.50 0.75 1.00 1.25 1.50
Yeast addition (g/L)

E 10 E2ERMEX CMC BEERIFN
Figure 10 Effect of yeast addition on CMC enzyme
activity.

Z oM e, R, BEREREEEES N
HFE 0.50-1.00 g/L XA #EF 15 S35
24 EXRELER

GioS /i Rt W T g e LS [ O 7
A3, 39 e A, K E AR R CMC B
ZEREAGR 3 IPX AT 2000, KIRFE 3 A
IK25 JE ) R K AR 3 K45 B B A
8, R OB ZE AT, BUEBORH R R %,
M RAE AT PLE W, B M MR -
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Table 3 Orthogonal test results and analysis of variance

Frs AWIEG pH B SR ILE C M D Efliit  CMC FHE

Number A Initial B Culture C Liquid loading D Inoculum CMC enzyme
pH temperature (°C) volume (mL) volume (%) activity (U/mL)

1 6.00 5.00 40.00 10.00 171.91

2 6.00 10.00 60.00 12.50 267.63

3 6.00 15.00 50.00 15.00 396.04

4 7.00 15.00 60.00 10.00 411.52

5 7.00 5.00 50.00 12.50 308.32

6 7.00 10.00 40.00 15.00 324.84

7 8.00 10.00 50.00 10.00 329.40

8 8.00 15.00 40.00 12.50 351.90

9 8.00 5.00 60.00 15.00 185.86

K 825.58 666.09 848.65 912.83

K, 1 044.68 911.87 1033.76 917.85

K; 867.16 1159.46 855.01 906.74

ki 275.19 222.03 282.89 304.28

ky 348.23 303.96 344.59 305.95

ks 289.05 386.49 285.00 302.25

R 73.03 164.46 61.70 3.70

B2 )7 Ml Sum of squares 9027.45 40 569.17 7361.97 20.64

H 1 & Degree of freedom 2.00 2.00 2.00 2.00

Y7 Mean square 4513.73  20284.59 3 680.98 10.32

F {& F value 437.47 1 965.98 356.76 1.00

P {& P value 0.002 3 0.000 5 0.002 8 0.500 0

LR 37 444 Optimal culture conditions  B;A,C,D,

B Fe RS W) G pH>S B> BRI . AR K ( 220 _u—Filter paper

FOOK P i BB BYAU-LCS e (E 2% 4 fF A B

Jo: HEFRRIE 1S °C. Wl pH i 7.0, et 167

50/100 mL. #ERE 12.5%. P<0.05 BR8] # =}

P AR, 5100 i3

2.5 RUCEHRIE 2 4 R
K AL 09 4% 1% B Bk BYAU-LC3 #E£T ‘2‘

%, 193] CMC FE 128 398.2 U/mL, AL 0

o ‘ N - T 70 12 14 16 18 20
AL HTI BTG SR T 40.45%, Vi E SR IR Time (d)
PLIEER (e B L B 11 @# BYAU-LC3 3REIS 4 EHRHE AR
N . = - ANl T2 = SLHA
2.6 AREIFHMBIBIFERIFR 5
APk BYAU-LC3 XJUE4E . KRR FHA K Figure 11 Degradation of different cellulosic
FEFFIIRE R AR N 11 s, JE4CFE 02 d materials by strain BYAU-LC3.
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TFIRARHE, 2-6 d KR4 AE T, 6-14 d Z Wi,
ZIR TR KRR B R AE 2-14 d 1B
Tk, 14-18 d %18 LI, 18 d Il T FA
FRFEFF ISR AAE 2-8 d 2218 FTF, 8—12.d th
T B R UG TR RS 18 K, B4R,
IKFEREFE A K FEFF I BE AR 000 19.24% .
9.48%. 7.30%. HFHEL T /AKFIREFF AN FKFEFT,
BRI A BYAU-LC3 X i 4G B A s R B 0t o
3 Wik

AT, ©3RA5 AR I 2T 4k 2 [ 20 B 1 ol
KL P T | ] (Proteobacteria) ™ . L4
i# [ ] (Bacteroidetes)!'®! | JEBER [ ] (Firmicutes)'”
&, AW 2R A G 8 (Duganel la) 2 &
AR P HAEFGERXEREI NN EE. &
4 A USR358 75 2] A0 IG TR £F 4 2% 5 A A 1A
FLX-1 ) BscHLAL)S , 7E 10 °CF CMC B
4 13.67 U/mL. A5 B # M BYAU-LC3
TE 10 °C T CMC [i5 4 421.33 U/mL, & T
B E A o WIS 22 B AR A i PR ]
REJE RAERE S . BT R 35 0k B 1 ol 1) 34
JEANTE] . SR, ME4E Morital "X g ¥4 B A 4
HHE X, HHk BYAU-LC3 #A 2 i 2 i .
BRI 4y L pH {EAR (B R R ik
PG VER B B4 E . FAT PO IR . T
AR . WSIREN . EAbEk . BRIk . JREM
B RIRF AT A AL, A5 5y
PR B by P — R P R s R i o AR 9 S 3l
1o A PRV R 1 S T A ) B R 1) e
b, STV A H AT 4 R A
7 CBO4 i 7§ pH {E-H 7.0, X S5AMHFM
R AV M, Wik BYAU-LC3 B
A . = EEE M R, fE—2 ) pH Y
I RERS =R 2 e K. el PRSI AL)E
IRk BYAU-LC3 ) CMC B G325 T 40.45%.

AR 60, i A R B R R
A B Z R 2 T0T D4R AR TR 2T 4 2R R A i 85
I WX FE AT R BEAR BE ) o ASBIFSE 20 S0 T
Ik BYAU-LC3 7ERHEDIRAS T X84t /KAEF
FERCEORFEFF A B A A0k . 25 3R BT, Tkk
BYAU-LC3 X & AKHE FF A B A R BN T oK A
FE, R AT BE R FORFEFF A T &R 1Y & g Y
ol FORAGFF A T2 45 e 52 21, A AR
MEZE B LRI dE KA T 0. SR, BRE
BYAU-L3 X 18 4% 9 [ i 25 v T /K R i 1 R
KAGFE, FRBIEUE AT o A X fRT B XK )
SR A e 1 2 TE A TG B /N FL AT At B R E
of. P, i IR bR BYAU-LC3 XA [R]£F
AR RL R REfRRE T, 15 TR PR BYAU-LC3 X
FRRLF Y R B A e ) S R B AR 4 %
B 1% e —E 25

A GY A ZE SRR i PR A — MR AT
Y Z G RE LlRE SR AR, XN R £ 4 b
BHEA —E MG, 2T DS A
2T 2 R4 i R T 0 TR PR A A AT IR RS A B A A2
AHER, DAE S T 9E XA FFE

4 Zi

(1) AR IR A5 3] — R AR 21 4 2= R i 4
# BYAU-LC3, H CMC B 5 550 283.51 U/mL.

(2) B B 15 °C . WIhR pH
7.0, 2EW AR 50/100 mL, $EFIR 12.5%, Uit
W CMC 5 A 398.2 U/mL, HALALTTIR &
T 40.45%.

(3) TEmAEREFRZM T, Wk BYAU-LC3
XPUEAR . KRR A1 A B OKAS FF A R A 2R 0 51 oy
19.24%. 9.48%. 7.30%.

(4) 2% R MR A AR IR A EE T A9 2R KRS R AT
HEA —EMALEREERE ST, NI TR
A P B R R L BT Y TR R R
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