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FRE 80%. MBI ARREEMEN K. KRRERBAFNE 03 gL. ZAahSBFHRE
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Isolation of Pseudomonas psychrophila BYAU-6 capable of
degrading straw at low temperatures
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Abstract: [Objective] In view of the low decomposition rate of rice straw in black soil fields of
cold regions, it is crucial to isolate lignin-degrading bacteria adaptive to low temperatures to
enhance the straw degradation efficiency. [Methods] Soil samples were collected in winter, and the
bacterial strains capable of degrading lignin were isolated by the streak-plate method with sodium
lignosulfonate as a sole carbon source. The degradation conditions was carried out through
optimized by single factor experiment sand response surface methodology. [Results] Pseudomonas
psychrophila BYAU-6 was isolated, exhibiting strong lignin-degrading activity in low-temperature
environments (5 -15 °C). The culture conditions for strain screening were as follows: sodium
lignosulfonate addition amount of 0.5 g/L, a peptone-to-yeast powder mass ratio of 5:1, initial pH
7.0, and a liquid loading volume of 80%. The optimal culture conditions for lignin degradation
were determined as follows: sodium lignosulfonate addition amount of 0.3 g/L, a peptone-to-yeast
powder mass ratio of 3.2:2.8, initial pH 5.3, and a liquid loading volume of 80%. Under these
conditions, the lignin degradation rate increased from 12.33% to 15.78%, representing an increase
of 21.9%. The results of the pot experiment showed that the control group (without inoculation)
achieved a straw degradation rate of 27.0%, while the inoculation with strain BYAU-6 achieved a
straw degradation rate of 37.5%, an increase of 38.89% compared with the control (P<0.05).
[Conclusion| This study provides novel microbial resources for straw degradation in cold regions
and valuable data for future research on lignin-degrading strains under low-temperature conditions.

Keywords: low temperature; lignin; straw; biodegradation; optimization of degradation conditions
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Mo, Mk ] G 2R e B AL SR,
FE DXCRE AT AR TG 3 2 Pk, Hoh i R 2R
SEFEXAMEYIMORE R FER TR, X TR HEK,
IR SRR AR, R T
PE, R A RBE R  RE. PIIE, $RER
A RSB R B R,

FERSFFIS B, INACE & 0 i RS A1 10 i
YIRS R S A R R R
Iy F R Z A A A BRI T A R
it AT 27 2 2B ] B, DRI AR TR A
Bl 2 RS AT A ) EEELER Y . PEIRIE, A
2 WS K O ok 45 B LL 2K A AT R
(Paenibacillus) . *F f1FT % J& (Bacillus) 55 7 1% .0
BRI B RE LDH, ZEREAE 50 °CRUESFRIR
JERRiFE 10d, KFRERFMRL 32.4%0, 5
B 2F A 3 A TE P T v 0 e A 3 P R A S R
K & (Anaerocolumna) . & IS )& (Thauera) %5
IR TR & LDC, %W R TE 32 °C R 7d
J&, ARIRFERKFEMR N 44.5%0, BIRX LR
YA B 38 o i A8 A, H e R TR A A
WEAGIR S XELUGR ShIE R VR . IRIRAR 2
ok it TR PR BE A8 70 S0 (IR TRLBE T PRSP R, 38 1o O
T R AR IR A 0 41 4 25 43 o o] DAt 2 3 v
FEFF AR 0% . flin, ZEHIFTF 1 SDB-20 7&
10-16 °CH B fe =, 17 28 °CHl 37 °CH il i
WEFEL, 7E 16 °C TR IGFE 15 d Jo b FFREMRER
24.6%", WA AT E ERE CHL-A 1£ 10-20 °C4%
PF T X FORFEFF 41 4 35 (0 B U e i,
HILE 10 °C F R A 5 30.3%", 2R\ BBk
PETE 15 CCARM ISR 8 d 5, RETEEME N
20.8%"2, g ZFAEEHMITETE 15 °CH Lip Al
Lac 7% 15 =, 1M Mnp 7E 20 °CHY i 1% 71 i
m, HOH 15°C, FE 15 °C £ 08 N EZS LR,
KT AR 2R3k 36.14%13 350 S I L T bk I
Y3 PR R, i AR (IR TR PR AT B AR AR
R TG PE XTI 2 RE IR AR N AR A T AR
ot TERICE £ XFEFFE H s,
IR B 50 RE s 338 in 1= S il A ) 2 b B . R

A~ EL[14
i[ ]o

=]

AR A J5it 2R I e 11 104 B9F 5 R R T4 v
FE DA AT ) R4 BAT B S B2 A S B A
B, JECAMCHTE, HHE TR AR
— SRR I, REZEWETANAE S 40 = 451
TNIEREMEAS, R IE 75 B SRk T v n]
REIE B AR, Q28 ¥ VR I IS Tk 9 02 5 AT
BEATEYE, DL R A 5T 3 0 5 % i o
HRRR AT R A 38 1 S PR i TSR AT 55 . ASBIESE
A Z= AR R 3 v 7 AR I AR J5 2R o e 2
WA AR AR BT R B A, ST S
PRV )l iR Ry, R g R M T
(Pseudomonas psychrophila) BYAU-6 TEAKIR 2514
TREMABRIEE S W, IR
R ARTE VS VR AT BE PR AR5 e AU i A B 2% 1 e
JFFEAT RS AT 0 H IS, 578 FE98 HL X Ff
PR e A B2 PR P R A

1 MRE5rHZE

1.1 #
1.1.1  #&EKiR

TR IR VLA KK T 2 4 FF i H A |
(125°14'7.521"E, 46°33'5.491"N; V-5
5.6 CO)IFATHE S RAE , SR FH JC P 2 B 4807 [T S0
AT
1.1.2 ERE

TCHL L B 7% K& (minimal salt medium, MSM)
(g/L): NaNOs; 2.5, KH,PO, 1.0, NaCl 0.5,
MgSO,4+7H,0 0.5, Bifl§ 20, CaCl, 0.1, ATz
R4 0.5, R cRIRAW 1 mL/L, pH 7.0,

FE FIIRET4EE (peptone-cellulose solution, PCS)
W HE. B AN 5.0 g/L, NaCl 5 g/L, CaCO;
2.0g/L, BERERY 1.0 g/L, ARFERRREN 0.5 g/L.
1.2 KRERRFEREMEERTFE

W S g BTEERAE ) 3RS A MSM #5557
e 15°C, 150 r/min 3555 1 h 153 - HEE W,
W R 10% A EEA MSM B33k,
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15°C. 150 r/min 557 7 d. W52 ERRE 2
107, 107, 107 JFabATiR M, FEmvETE S 3k
VEIE A AN [R) 0 TR 7% E AT I Ze oy B A, 40
itk 3 RIGHEA PCS Rkl Al 1
PCS i F2 M AR , B35 55 4 10 TR R0
AT, 4 d e ISR AR
1.3 KEZEBEIESFEELERE
131 KRREEBRENEZIRERE,
R IBAE (RS

¥ 0 A5 B (0 B AP A T L R g ), JF
BT WA TR

WA REHAE LR R S5 (ARl
B E T VR (R WA R ETF
WY VIR ST i, X AR A AT A K S
W IR AIRE: . V-P RS . I 2
= W - W N 2 7 W AN R K
REERES . B U | 2l il R
XoF R RR RS T A BEAE AR ST
1.3.2 FHEE

BB O TRVE . BREEIK . T ms
SRR, B TR T WA T UL,
KRBT HEAT 3T
14 DTFEMFERE

FIH PCR ¥4 FABE VA 1Y 16S rRNA A 7
G, 519 40 16S rRNA J& K 514 27F
(5'-AGAGTTTGATCCTGGCTCAG-3') Fl 1492R
(5'-GGTTACCTTGTTACGACTT-3"), PCR Jz i
K& (25 ul): 2xPhanta Max Mix (p515) 12.5 pL,
b RS (10 pmol/L) 4% 1 puL, DNA % by
0.5 uL, ddH,O 10 uL. PCR i &54: 95 °C T
ARPE Smin; 95°CAEME30s, 60°CiEBk 30s, 72°C
FEMH 2 min, 35 MER; 72 °C ZKAEfH 5 min, 4l
A5 B 7= 26 2 T IR AR v A YRR e A A FR
IS FEIHEATINY o fdiF NCBI BLAST #2745 ¥
S5 S8 v ) R B T R, e S H AR
AR S TR, P R G R E W .

oL

7z
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1.5 ERMERE

$4 Pseudomonas psychrophile BYAU-6 43 5|
BT 5. 10, 15, 20, 25, 30 °C&MF F kAT
ERFR, 7 dEIEHARBTR MR, SRR
i 23 e e D IR BE A T 2R
1.6 EHRIEFEREPARRZERENE

AR BEFRENAE 2 /MEIX 205 nm 1 280 nm
FeAv A BRI, Hh 280 nm DG XK TR
itk 8 0 A WS AR O RS BT D, O
55K JB 2R B TR M P Ik B8 A — i Y L N 52 B R 4
MZPEXRFR . I, FIFE 280 nm il H 0
{6, 2:hlbniE 2 (R>0.999), FARYE bR i £k
T3 R TE B H A v R A R 5T AR B TR B ) R
HB% 24 h HUFE, B4 12 000 r/min 2.0 2 min J5
W B, g 5 A 6 E I e v B O ok
Bl BRIBHERE 3 N EE(TF),
1.7 EHIEFEREPEKIZNE

S AN BT K B 600 nm,
TCEEFHAE X R, W PR AERK e R
24 h TETC IR N HURE, BUE 3R 0-7 d X TR
EMOCE, JFeflAER L.
1.8 EfREFIIED pH BUETE

FFH pH 11 (Horiba 2 7)) %2 & & 1 75
Kt pH A2 ABTE O . B3R 0-7 d YT
W, BHOERE 3 AN ES, e H pHAE, Jf
24 pH A8 fbHh £k .
1.9 EkkiEFREIEPEENE

A2 i E ALY (lignin peroxidase, LiP)Fll
% 13 %A AL W) i (manganese peroxidase, MnP) fif /G
P 5 2 B8 Chen 25UV f 7 5 o 1 i (laccase,
Lac)Hi5 PE & 2 B8 Nakagawa 520 7%
1.10 {REARRRMEREERF AL

1.10.1 BEHRRIE

BRI 5 5 0F . 6 50 mL SRR A
40 mL 1) PCS ¥Rk, oA AR B R R 4N
WRE R 0.5 g/L, B RS IR EB U in L 1y
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5:1, #9046 pH % 7.0, 1E 121 °CKE 30 min
JG, ¥ 10% MR RS R, R e SRR
JER 15 °C N #1857

RYEE 1&g, R AT - HEE,
B3R 7 d JE D R T R B R g B A R, DA
WA A B A B VRS B B A 5 I A
1.10.2 Plackett-Burman 75i% 8 & Z it &

R H R Al B, A Design
Expert 8.0.6.1 ¥, #E4£H P Plackett-Burman
Rt AP ATE(0.1, 0.5 /L), #Iih
pH (5.0, 9.0), HFh & (10%. 15%). %K =
(70% . 90%) 1 2 [ Wi 5 e BF 12 83 U I Lk 4]
(2:4 . 4:2) 5 A DRIZR B B 6T BRL TR Jo 2R A i
S A TR T AN
1.10.3 03~ E Box-Behnken {35

A Plackett-Burman 2% 56 7 156 15 21 /9 X A i
IR m B ENRE: BREEW. win
pH (B). (O MBETHNE, LI E &R
FONM R, HIGHE L 2 fros . FIH Design
Expert 8.0.6.1 %14 *H i Box-Behnken i 4 % 11
HEATI R Rl , AR PRI S AT IR
I Ao R R, e 20 o e AR i A A
JE AT R
111 RINE TSRS B E IS
1L.11.1  EHUFERE

B MREE A 2 mL EP &, BB R Tk
A 4 cCHATIER MERETR 24 h, SRJF LA -20 °C
HEATI R S0 55 55 24 h, B 4 °CiHEAT & 75

=1 FHRARIERIT

KigR 24 h, EJAMERNFI A PCSHAR TR B
FRHA, TE15°CTHEFR 7d, MIEREfRE,
1.11.2  RINEFXFEFE B SR £ 56

B E KRR, KRR 2 em. RS FTH
-5 A ARG, 3ok 0 25 BR 4 T (A BUE P AR R
Yo BRI 0 EOKFEFT 20 g (Bl E KRS AT 42
A H 400 kg/667 m?)%E AL A%, AT &k
N 30% AR, B WA M E S 5 AT T i L
M 10% B Q2 mL) MR G, ARFEHAIA
W ALEP . XTRRAUR R, EIEAG
WA, BB RS LR S A AT
WA ZE R, ARtk 2023 429 A
15 HE 2024 49 H 15 H, 2FFIMNELE L
H-27-31°C, HHREEFE 5-20 °CYEF N T
175 do RIS AR EBORFEAT, 2 A
TE AR

2 ER599

21 REARRERBERNISEFTR
£E

R SR e A s R T A A T 0
FERE] MSMHA R BRI SR EEf, 7E 15 °C
IR 4dIE, BREARIESNRER, A 1R
REAS T 0 e 15 77 2 EARUE AR I bR, v 44
F2. Tl PR 3% i A Jo 2% B R B 3 B ™ AR A o
AN . BRME AR BOR W A AL, PR
Jo 2K aed AT il R i 2o SR A ) il A R
. F2 A BRI G R 5L B AR, )

Table 1 Experimental design for condition optimization

Loading of sodium Initial pH Inoculation amount (%) Liquid loading volume Peptone:Yeast extract
lignosulfonate (g/L) (mL) powder

0.1 3.0 5.0 25 1:5

0.3 5.0 7.5 30 2:4

0.5 7.0 10.0 35 3:3

0.7 9.0 12.5 40 4:2

0.9 11.0 15.0 45 5:1
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7= 2 Box-Behnkeniti&EZ/KkFEER
Table 2 Box-Behnken test factor level table

Component Level

-1 0 4+l
A The addition amount of carbon source (g/L) 0.1 0.3 0.5
B Peptone: Yeast extract powder 2:4 33 42
CpH 50 7.0 9.0

F2 A DR i i IR i e (8 1), PI2E e
HLA PR A T R AR BN RE

i 2A Fris, F2 PR IEREE, i
ABEIEMIBE, REDEHE, HAEN 4mm, F22[%
Pz Rohart, RPN . WiE 2B
Fizs, F2 K 0.3 um, JE 0.1 pm AIFTFHR .

PAORE A B AR A e g Rk 3 TR,
BYAU-6 1] LLFI R &G0, KAEvER RIS, 1
AL AR N . B IELIR I N B . B AR ASBE
IyRA RN . HEEmE . 4R, miETR
R, V-P RGP

Bl FERERERN
Figure 1
CK; B: F2.

Aniline blue decolorization reaction. A:

0.3 um

E2 BESEFSA)FEERE®B)

Figure 2  Single colony morphology (A) and

electron microscopy (B).

P4 actamicro@im.ac.cn, 7% 010-64807516

%= 3 Pseudomonas psychrophila BYAU-6E 324 1,
HILER
Table 3

assays of Pseudomonas psychrophila BYAU-6

Results of physiological and biochemical

Test project Results
Starch hydrolysis test +
Glucose utilization test +
Gelatin liquefaction test +
Catalase test +
Methy] red test +

Cellulose utilization test
Hydrogen sulfide test -
Sucrose utilization test -
Mannitol utilization test -

Voges-Proskauer (V-P) test -

+: Positive; —: Negative.

HRPEI A5 5L, F E R BRI 51 7E NCBI
BLAST B it A7 Lbxt, IF T 85 &tk
PEGNEAIE RIFSER RS, (] MEGA 11 $k
TR TER R K BRI 3). B FER 7
5 7E NCBI BLAST %4l FE b L X, F2 &5
Pseudomonas psychrophila E-3 f AR, AR
N 99.45%. it F AR, B
FIWTZ R MR B TR & (Pseudomonas) . TR,
¥ F2 44 Pseudomonas psychrophila BYAU-6,
[F] B}, PR AR Pseudomonas psychrophila BYAU-6
(%R 751 B2 28 2 NMDC S e, 3RA5 4%
12 ¥4 % 5 ) NMDCNO0006LUO.,

22 @it

¥ Pseudomonas psychrophila BYAU-6 i
Z PCSHAR TR G FR bk, BR300 5.
10, 15, 20, 25, 30 °CH#FfT#FEEFE, 7d/EMNE
HORTR R, WK 4 fr7x, Pseudomonas
psychrophila BYAU-6 7£ 5 °CHl 10 °C 14 F %
ffRRE IR, 15 CCINFEARRE 1 Feii , 20 °CIFAR
[ B BE 0SS, 25-30 °CI TR RE T .
W, FIRTZ TR hy VB v A BT 2R A T, PR R
BE TGN 15 °CHHAT I 2850
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Pseudomonas piscicola P50T(LR797558)

Pseudomonas chlororaphis DSM 21509 (LHUZ01000017)

0.828 0.915

0.871

Pseudomonas haemolytica DSM 1089877 (VOIW01000014)

_|: Pseudomonas canadensis 2-92" (AYTDO01000015)
0.766!

Pseudomonas fluorescens DSM 50090T (LHVP01000014)

_|: Pseudomonas sivasensis PTT(JAAOWUO010000041)
0.973

Pseudomonas extremaustralis 14-3t" (AHIP01000073)
Pseudomonas fragi NRRL B-727" (LT629783)

0.996

0.749

0.833
0.984

0.793

Pseudomonas endophytica BSTT44T (LLWHO01000112)

— Pseudomonas helleri DSM 291657 (JYLD01000033)
0.848 L—— Pseudom onas bubulae TH39™ (KX186982)

BYAU-6 NMDCNO0006LUO)
0.713 Pseudomonas psychrophila E-3T (AB041885)

———— Pseudomonas weihenstephanensis DSM 29166 (JYLF01000016)

Pseudomonas saxonica DSM 108989 (VFIO01000027)
Pseudomonas paraversuta V4/DAB/S4/2a™ (KX186982)

0.05

Acidiferrobacter thiooxydans m-1T (AF387301)

E3 BYAU-6EHET16S rRNAEEFFIZEN RS L B R
Figure 3 The phylogenetic tree of BYAU-6 strain based on the 16S rRNA gene sequences.

12

HH

10 |

Hi
[

—

Lignin degradation rate (%)

20
T°C
B4 &R

Figure 4 The experiment of optimum temperature.

2.3 ARREFEBRNE

wmE s pros, ¥ Pseudomonas psychrophila
BYAU-6 & T 15 °CH&MF TR, 1624 h WILF
AREMARTRE . /S KA, RKERTER
147.04 mg/L, FEMERHN 12.33%., ZIGEH TR,
R BEARAAL , KRBT RFEMIEASE R, Jm
AR &N 146.86 mg/L, 1AL R 4libs 57

BEPR TR E A,
2.4 BEHREKHIZNE

W 6 Fran, ¥ Pseudomonas psychrophila
BYAU-6 T 15 °CAAF T, 1E PCS+ABTRR
PGSR, CK AN R R I 25 H S 7
3. Pseudomonas psychrophila BYAU-6 1Y) ODggo
A EHE S 0-1 d TR 2 0.84 JFTaE,

170 - _a pseudomonas psychrophila BY AU-6
—e—CK

~ 1658
=
8D
g
= 160
g
S
S 155
=
k=
:20
= 150

145 |

0 1 2 3 4 5 6 7
t/d
E5 KRESELLE

Figure 5 Changes in lignin content.
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—a— Pseudomonas psychrophila BY AU-6
| —e—CK

Ele HACHnZIELE

Figure 6 Change in growth curves.

553 KFRR BTHE 094, ZJaT . 257
RIEGFREE NS, ODeoo fHA 0.95. HHILFE M,
Pseudomonas psychrophila BYAU-6 1] 7¢I il ¥
B PReaEA K
2.5 &R pH TNE

wE 7 s, ¥ Pseudomonas psychrophila
BYAU-6 & T 15 °C&AF T Hi:, CK AR
RS ISR AL, H pH (2B h: 0-3d
1% 1 TF% 7.99, 3-5d P FTFE 832, ZJE
T VAR, & pH ok 8.33, T AN 1R 7R 5L

8.4

—a— Pseudomonas psychrophila BY AU-6
—o—CK

8.3
8.2

8.1
T
a,

8.0

7.9

7.8 F

¢
77 1 1 1 1 1 1 1
0

t/d

&7 pHZTALE
Figure 7 pH change graph.
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pH FEAAS
2.6 RIBRAKRRPEFHMAEEEEINE
4 Pseudomonas psychrophila BYAU-6 & T
15 CCEAF T TR 3%, 3 AhER G 13k B (.
AIRHTIASTR], 2 7E 4—6 d ik B T (& 8).
Pseudomonas psychrophila BYAU-6 {9 & i
T IAERER G URT 24 h O 15,15 U/mL, 4 3 K&
F A ) i = 36.63 UmL, ZJa JFIRREG, =
557 REEFRESHRE N 3.52 UmL, AR Ak
Yy 7E 15 9% 24 h P& J1°8 53.29 U/mL, %4
6 KikF| e H 164.47 UmL, 55 7 KR53R4%
it A 83.55 U/mL. it A AP i 22 {5
Je LT T, HEMSRYRET 24 h R 65.14 U/mL,
955 KRB E(E 177.04 UmL, 55 7 KIEFR4Es
W 47.07 U/mL.
2.7 HEMRAKRRFBEREFZ M
271 BREZRKIEER
MR R A R AN N AE 0.1-0.3 g/L Z []
INf, BRI ETE YIS IEAE 0.3-0.9 g/L
ZIES, FEARRIET T . EAR R RN IR
TR 0.3 /L i, [FEffRRRE, N 14.86%.
I, #EFE 0.1-0.5 g/L BRUEAS I E 251 T/ 28156
YUk pH 1E 3.0-7.0 Z[A]INF,  Ffi 258

200

r —=— Lac activity
180 [ —e— LiP activity
160 L —2—MnP activity

140 |
120
100

x©
(=)

Enzyme activity (U/mL)
o
S

408

E8 BEiEHTILE

Figure 8 Plot of changes in enzyme activity.
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FTF; M pH AE 7.0-11.0 2Z06), FEMRAG T
TR, TEWILG pH R 7.0 B, BEMEREE, A
13.69%. I, HEHEVIL pH 5.0-9.0 #E17 )5 42
TR

MEEFETE 5%-12.5% Z A, [FEff %%
Wi ETE; YRR 12.5%15% Z Al [
RGN FERER RN 12.5% B, [ R
. N 1174%, FE, EEEME 10%-15%
W7 G SR

MR 25-40 mL 2[RI, A R
REW ETE; YRR AR 40-45 mL Z [a]iF, [
i RFaE . TSR 40 mL i, PR,
H11.86%. B, PEPEREW i 35-45 mL #4T
Je IR

B MRS EE RN FLBITE 2:4-4:2 B RS
RAEGE, Y El ol 33 m, BRRm, N
14.58%. KU, BEFEER A VRS e B0 v i e 431

2.7.2 Plackett-Burman 7% 8 K &R 18

i1 Plackett-Burman ffi 25 5. [ 2 1055 70 A
K ZE R 0.948 4, EA 1 5w (P<
0.05) 1 P 2 i AR T RN AN it . B ARS
FERERY SN LLA] . W04 pH., W, et
AT R A R AN I R G B MR . TR
I 90% FEFERK X, PRIHHERR

FR 4 Plackett-Burman i 56 5 1145 1, £
XA R MR RN 3 MHE: 4 KR
1 B2 49 R fn &2 (0.1, 0.3, 0.5 g/L). B #)th pH
(5.0, 7.0, 9.0). CHEM W BB 2:4. 3:3,
4:2)0 AR, DI R BEARR i A . AR A
Box-Behnken i85 5 14T = R R = /K Fil56 45
Br, 317 MRKs, IRss R0 40 I R
TR T A3 HT, ST I U RE PR R Ry . A
[ 25 R 2R (% )=—1.718 14— (- 11.872 81) xA+

2:4. 3:3, 42 HATRSR . 14.010  938xB+3.089  96xC+11.581 58xAxB+
%<4 Box-Behnkeni®IEi%it 545 %R
Table 4 Box-Behnken trial design and results
Number Factor affecting Degradability (%)
A The addition amount of B Peptone:Yeast extract C Initial pH
carbon source (g/L) powder
1 0.3 2:4 5.0 10.87
2 0.3 2:4 9.0 10.23
3 0.3 3:3 7.0 15.23
4 0.1 2:4 7.0 11.54
5 0.3 3:3 7.0 15.18
6 0.3 3:3 7.0 14.48
7 0.3 4:2 9.0 10.24
8 0.3 3:3 7.0 14.37
9 0.3 4:2 5.0 14.88
10 0.5 3:3 5.0 11.40
11 0.5 2:4 7.0 8.50
12 0.3 3:3 7.0 14.94
13 0.5 3:3 9.0 13.24
14 0.1 3:3 5.0 13.51
15 0.1 3:3 9.0 8.79
16 0.1 4:2 7.0 9.51
17 0.5 4:2 7.0 13.96
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4.100 00xAxC —0.694 737xBxC —45.854 53x4* -
4.572 64xB*~0.289 170xC, X [\l Y45 AU £ 47 )7
ZoNT, dRWME S PR, ZERE PE A
0.000 2<0.05, i B o1 5 J7 R At 25 ELAH OGP
Bt RPN P E M 0.145 3>0.05, HiHiZ T
BHIREIIA RER . Fit, xBE R
AL T3 B BT A i R B &R B T, B
CIE X
2.7.3 Mo @5 Hr

K i Design-Expert 8.0.6.1 422 1l Wi )i/ [
B, Hr KRR I . AR S R
I ks pH 2 (A1 A ELAE X IR A
R o T 9 SAriaa PR 28 R 7 (B ) 1l
(55 R R = HEma R T el o S5 s 26 KRR IRDE
= e 7 T PR A BERRR, DR A IR 2 [
HIAH EAE FHXT AR BT 2R AR S R o 2
274 FHRICERIGE

RS VAT GG s TN NI i R R E
MR RBTRBER NS & 0.308 g/L. #IUh
pH 5.337. RS EER U L] 3.18:2.82,
LGSR 000 8 A T 28 B i 35 R 15.09% 0 B4R
U5 R A SR I E Dy R ot 2R TR B 8 i

xS EVEAEENBES R
Table 5 ANOVA of the regression model

0.3 g/L. AR SRR I LLE] 3.2:2.8. #146
pH 5.3, J&WE 40 mL. fEMLAMHET, RIEERE
fift K5 F] 15.78%, AL AL AT (12.33%) $2 & T
21.9%, UiHARERITGRE, A SR T E .
2.8 ARMEFINFEFTEHEYERENE
2.8.1 EHRIMEIE M

Ze3F 24 h VR T AL B PR R Bl 8 R S
i, FE 1S °C R E 3R 7d J5, D45 R R R
10.76%. Z5HRFEW, ZEHKRS LR HETIE%
R ff AR LR BB T o IR R TE AR DL B R R AT 8
BN A BRI ZAEAE R, Gl & A 1275,
O AR KRG T AR SRR R RS AT, B SR

Iz E
2.8.2 RINERIXFEFE AR R

2t Pseudomonas psychrophila BYAU-6 A4b 3
Jei, TR A PR RIS 2 TR AL B A R T R i 3R 0 )
4 37.5% M 27.0% 45 GAR BRI ARSF AR 5 L
FRZEETE T 38.89% (P<0.05, FFffFRIET: 1 E).
SR g SRR B, U N R Pseudomonas
psychrophila BYAU-6 X} #% #1140 H 2 AT i 2% 042
HVEH, A E 2R SEPRN A

Source Sum of squares  Degree of freedom  Mean square F P
Model 88.06 9 9.78 23.59 0.000 2
A: Culture temperature (°C) 4.37 1 4.37 10.54 0.014 1
B: Initial pH 6.47 1 6.47 15.59 0.005 5
C: Liquid loading volume (mL) 10.83 1 10.83 26.11 0.001 4
AB 12.74 1 12.74 30.72 0.009 0
AC 10.76 1 10.76 25.94 0.001 4
BC 4.59 1 4.59 11.05 0.0127
A? 14.14 1 14.14 34.08 0.000 6
B? 21.67 1 21.67 52.24 0.000 2
c 5.62 1 5.62 13.55 0.007 8
Residual term 2.90 7 0.414 8

Lack-of-fit term 2.44 4 0.609 3 3.92 0.1453
Pure error 0.466 2 3 0.1554

Sum 90.97 16
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Figure 9 Effect of interaction of sodium lignosulphonate addition, peptone and yeast powder addition ratio, and

initial pH on lignin degradation rate.
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W ¥ AT 7 & (Psychrobacter) ™ F1 1R 24 i i &
(Pseudomonas) V45 TR K 45 EL A I IR RS AT W £ i
Jo SR, X EEAFFEIRIRD TR 2 IR 2
R P R AT A BERRE ), TTIX — ARUTE
BRI B AT NS BRI T
i 38 AR A5 T — PR AE SR TR JE 1Y Pseudomonas
psychrophila BYAU-6, il i ¥ Uik 52 kB , 1%
T PR BE IS 1L AR L& ZRAF TR R OR KR . 3
TRIGEERHH, Pseudomonas psychrophila BYAU-6
TEARHR AR E T Al DURE AR, 7R 5-20 °CHY L
TN YRR RE J),  ELTE 15 °CH P RE
Jdscat 6P R RO I TR PR B B A R A Y
P, RESE TR B AR IR0 L N R FE R A A T
TN I8 XA FE R A H A B2 o BRI
R BELAT AT DL — D4 S RS AR ROR . 8 AR
s P Ve By R.ornithinolytica RS-1 7E 25 °C 4%
TER SR 3d, RBURFEMRIKLT 2421%;
BT X R R R, B P AR R
SRR, BRI RN H RS YER
2 25 4 R0 B fif DA T 0 3 A A O o R
AW 5 2ok R e VLA IR AR AEL A B s
Pseudomonas psychrophila BYAU-6, %55 W /R¥s
INGEFR A AL B CK RS AT REARRIETT T 38.89%,
WEBH Pseudomonas psychrophila BYAU-6 RE % i
HAEFF PR LR AR, RS AR A, I
Ry FE XA FF 34 HH $ LA S BRI A0 (8 Y T A
TR

QR STE R W e 4R E L LN
F A AP TR T KRS R 2 R 7
I [E B AR TR AY Pseudomonas guguanensis,
1 25-37 CCHY K BEP R IR 4, WEIZ W R
PR R BA BRI AR T, ELEE IR SR
B RBEEE N MR . E— 2D B R H R TR
BLOETE N A AR & R IR h kT, ARHFSERAE
S ZAEREFF I AR H , R RAREET
KT FE AR MR DR, HORFE YA YR
5.6 °C, WARIRA 5T 2R Bl D ke 14 2 R L 4t it
VAR, W HPRE RO T 45 K
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JERYOEH, I 2y i 0 ) B il Ak . TR R
H1 710, Pseudomonas guguanensis®* > 15k i %84k
VI RETE VB s, AR R o SRR Z , R
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BYAU-6 il i 7 WA B . 3k S AL il Ao 48 ik
YIBEXT A BTR AT, DAL ERS P

4 &

A BIF 5 9 2 B — bR AR K TR R R
Pseudomonas psychrophila BYAU-6, X %M 4
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psychrophila BYAU-6 X} 114 H [ it LA i 3%
EHEER], eSS4 AL TR B A
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