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1.1 BEAHEARKRKE

BEURE Hl sS4 T R VAR KR T e KU L, %
T M P AR AR R AR 4 125°07'-125°15, b 4
46°28'-46°32', FTEFR 5050.39 hm®, HURE S M JE
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it , 02 BRI B 5 AR 4 A O R AR AR B AR S
MR AT R LDCPY,

1.2 EEwRKEF

MSM (JEHLER) 5 55 5 (g/L): NaNO; 2.5;
KH,PO, 1.0; NaCl 0.5; MgSO,7H,0 0.5; CaCl,
0.1; R URIRAW 1 mL; HHIRAERF 1L,
WY pH A 8. FKRFEFFUNINE 2% (WIV), Kigidk
PN 50% (AR E T 1 L HEIR R E 3R (L
TITCRRAUE RIS T R SRR R Y 1L
JEH), 1x10° Pa K 30 min i & T#% TAEAH,
SHMKIE 15 min J5# B SR BLARTR Y 10%4% 74
30 °C ¥ B G

R CR IR A WA M (2/L): FeCly6H,0 0.16;
ZnS047H,0 1.5; CoClL6H,0 0.16; CuSO,-5H,0
0.15; MnSO4H,0 1.5; H3BO; 0.3; Na,MoO,2H,0
0.1,

FORFERF: A0 Bk F 9 £ RSPk B
TN AR B R 2 A 2 S o R Bk 2 1 K il 5
MRS FE . X EORFEFF AT 40N AL 3R, K 25 i B8
LR EKRFEFCE T 1%A89 NaOH R+, 12
24 hji K sk = ek, 80 °CHE TRy i Jm 45
1.3 RERERWE T E

Z ML R YERMEL, FIH FIWE3/6 £ 4E
FME AL (E A VELP)IIE FKFEFFH A BT 11
i, TR PR

1.4 HEWRBEEERFBTHARR AR
1.4.1 BoEFRFEE: A MSM B3Rk, DIE
KFEFF RIS I G R 2%, FEFEFEEWRE 50%,
TN 10%, Y146 pH i 8.0, #EdEsE 7d, ¥
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FEFF R E AR TR & AR IE O, 1 feid 55 57
.
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AR AR R & AR RO, i i
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JRR AR, 0 e aE e
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1.6 16S rRNA ¥ ¥ FREENF

1.6.1 WFHERRE: 2B ILHKMET, 55
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7 TR A B Y 355 7 T R B 20-40 °C
2.1.2  HEFRERFIMG pH XM E S W R LDC FEfFA
BRI : W 1-B FR, 49046 pH B 5 EJF
) 8 B, A WILG pH FIIE KR, KRG RFEER 2
BT A, BEE pH M4kEE K, KRERF
il R RAG o UEHITE pH 20 3 I RE IR 561 T RA
THRAEWHR LDC 4K, X pH 2 10 B, KEEHRIL
P AN AR o AE pH A 8 B A T 3R R T Bl e
N 44.3%. RIHREma R LR AL e i B SR 0 16 pH
WHE N 79,

213 BFEEREXNESWAR LDC REMHAR
R : WK 1-C PR, BEE R AT
I, R PR EABIFEAL, AW &R LDC XA
R R R R BE BT TR AL, 24
IR EBE R 40%0 , AT &R LDC MR
WA i i R 44.7%. ARSI 100%, AT
FIL P AR DB AR TG
F LDC WA o Rk mon 1o TRT G A 13 g 355 73
BB 20%-60%

214 FBHREMBEFENTESGEFR LDC FEER
BRI WK 1-D Fin. YEFERH 5%
THE 10%0}, AT 2R R Al 5 52 B i I v 1 i
P BER RV RO ARSEIE A, AR 28 PR A SRR
ARG dE R A2 . B FRIA R b & B R i —
SE , CHEAE R BCR A ARG, BRI AR SR
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Figure 1.

Effect of temperature (A), pH (B), media loading quantity (C) and inoculation concentration (D) on

lignin degradation rate. Different lowercase letters indicate significant differences (£<0.05).

215 BAHRBEBFINAER: EEAR
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3.80xC? TR

R 1 Fros, e o i i A AR Ry

ZAMT AL, B F=29.05, P<0.0001, FHiZ%
IR 2 TR R 0 R AT, g vk Al R
F=1.78, P=0.2894>0.05, F/REFANEE, il
iﬁgﬁ%%ﬁa?ﬁﬁﬁ —I A, C, ZZHI AB. BC,
SR AT B CP X I e (A 5 3
(P<0.05); —IKI B, A& HII AC Xzl 5 i 1 i 1)
%ﬂﬁﬂa%ﬁ%(ko.os» RUE R R ZE 28 5 AR
AIR TR BARILRIE S FR o XTSI ] {5 B A3 ml
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F1. EPEARBEFESN

Table 1. Variance analysis of regression model

Source Sum of mean square Free degree Mean square F value Pr>F Significant level
Model 135.21 9 15.02 29.05 <0.0001 **
A-A 12.98 1 12.98 25.10 0.0015 ok
B-B 0.004 1 0.004 0.008 0.9282 N
C-C 9.20 1 9.20 17.79 0.0039 Hk
AB 3.42 1 3.42 6.62 0.0369 *
AC 0.59 1 0.59 1.13 0.3228 N
BC 3.52 1 3.52 6.80 0.0351 *
A? 30.81 1 30.81 59.57 0.0001 **
B? 5.05 1 5.05 9.76 0.0167 ok
c? 60.88 1 60.88 1117.71 <0.0001 *E
Residual 3.62 7 0.52

Lack of fit 2.07 3 0.69 1.78 0.2894 N
Pure error 1.55 4 0.39

Cor total 138.83 16

**: extremely significant level of 1% (P<0.01); *: significant level of 2% (P<0.05).

RUEAAT ], RUBG R R; cv.% (BR
FEO=1.77<10%, W30 HA B A ke e v,
SE RS AR

M 7 7 P19 568 1 2 A — 4k R o] LA 8 R R =2
] VR R UEAT A B, MR mT LA 3 i
{14 e i) 1 AL DA B I ) e 45 E . SRR ITE
RATDLE H AR E L EAER, HEREN
MR, WK EERBR, BERZ.
17 =4 & i Fa AN mT LU AR R R, DR B BE
W, URBHAS HVE AR, B R U B I ] AR
LK

TEE 2 v, A2 AR AT 35 R B F) 4 pH 1Y
SR EEE , BB RS IR IR ) iR pH Z 18] 1Y)
SEHAE IR AT 3R B4 5200 S8 35 (P<0.05) . AR
o g TG PRV RT DA AR, R BT R Y R R B B ) U
pH FEE IR IR A T i I (ER 5 7K R 1 pH
By B R I R A i AR s 1 UK R BT
W BRI E FEREFRIRE R 30 °C. ¥lls pH Ry
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Hher e o7 167 L AT DA M, AR 34 R A R B A R
R SRR TR R B B TR R R
B, U A 1 ¥ SRR o B R i AN
AP AR . R E e SRR R 30 °C
PR 40%I, AR BT R FEARRCR 4T

TEE 4, s BAE BRI IR pH FIRE R it A 55
FZEMEIE , BLEBARIAG pH AR 2 (8] 128 5.
VB FIR A J5 28 R A 28 1) 52 T (8 25 (P<0.05) o AR 48 i)
LT AT LA HY, ZERI AR pH —E I, AR AR
fifk 3 B A 2B VR Y T SR S B THR R R
P R — R, RTRWREFRNEE VG
pH TR W2 I F TG TR & nT i
FETENILR pH ol 8. Wl 40%KT, A J5TE A
HOR LT
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Figure 2. Response surface and contour map of the effect of temperature and pH on lignin degradation rate.
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Response surface and contour map of the effect of temperature and media loading quantity on lignin
degradation rate.
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Figure 4. Response surface and contour map of the effect of pH and media loading quantity on lignin degradation
rate.
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LA 5B, WA BT ER B A 28 Y 5 ) R
MR R EEFR IR > Beiit > WG pH, w24k
R R IR A IR 32.5 °C. WA pH 8.2
B 42.9%, WOAAFT AT 2 RS 25 00 Tl (i
N 44.5%. FRBITPREN, ¥ iR RS
1E IR 32 °C, WIth pH 8.2, & 40%, Fi%
MRUL A5 T 3 RE RS, 15 BIMAR BTR %
%N 44.5% (RSD=0.22%), MIHET4E 2 F2fef
Y RIEARF AT BN 5.0%H1 35.9%, A%
SIS FONME AR 22 AN, U8R IZ O R S BR G
WAARGE, FE4 M TR T 200 ml Sk

22 ARERBEBRESERMEY RSN
XF S TRV L AT Ak v A B DL B i
A 4 A ML RUHRE G AT 168 rRNA K& [R5 3
W7, AEDFIREE RS 5000 45740, AN
AR TS B R R E 2P R 25, BEE
T P R B8 B AN DTSRI, A B 0 ER) A ot T U 3]
(AR 28 S B R o TERUE MR At
B X 8 A B S A o i UL 1) ) 0 A 5 DA K3/
Rk JE CC>CD>CB>CA.,
221 ARNHPEESERE Alpha ZHAE. W
%% 2 Jian, FEF Simpson F8%(F1 Shannon 84T

*2. TERMEAESEZRL Alpha ZHIEEE

Table 2. The alpha diversity indexes of consortium in different stages of degradation.
Sample Simpson Shannon Chaol ACE
CA 0.92+0.009b 5.66+0.12b 1129.36+182.84c¢ 1120.90+174.16¢
CB 0.96+0.004a 6.02+0.18ab 1200.5+142.62b 1216.22+117.91b
CcC 0.95+0.002a 6.21+0.11a 1261.86+71.91a 1280.04+76.74a
CD 0.92+0.02b 5.70+0.34b 1123.32+292.90d 1135.51£296.52d

Different lowercase letters in the same column indicate significant differences (P<0.05).

IR, S G TR A TE R ATRA0) SUI R g DA U] 10 Bl A ) 22
P55 DR O B R R A B 2R s T
Chaol J5%UF ACE 880N, &4 W RTERF S
e 301 ) R g A A% I S LA A R 2
Sto VHIHEARI I, AW R P RUEY R 2
PRI R & AR A

222 AFBHAEEGERE Beta ZHEM:: 73501
17T FEF AL Unifrac #2509 £ 5553 T (principal
component analysis, PCoA)FIAESE LIt 7 225017
(permutational multivariate analysis of variance,
PERMANOVA)., N 5 Fi7s, 4/ FEA IR 2400,
B — AR T S8.9%MBEIK 2R, W EAk
PRARE T 28.1%HIREE 2255 S0 20
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Figure 5. The PCoA map of consortium in different

stages of degradation.
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45 R WIS [6] i A B e A B B B 35 22
(P<0.05; N=999 permutations). WiFhs>Hr4sh Ry
Ul A (6] IS AR A LR R 2E . AR 2 BE AN R
GRE FHAZER
2.2.3 AR EEEE R K H R A F B
A XA B S RS DNA #-17
16S rRNA FEAY I T @ e, FE Ty 4s
B, X FEE G R F 1% @ 75, AT
5 5 b, 53 B A [ e e Bl SO G A D R T 2, LUK
ATz E 2R, L3 AEE N —4UR I el
W E o AR S 0. Gl 6 P, ek
P2k b, SR 6 MR, 7E CA
e, UFFEE T ] (Bacteroidetes) ) 5 FE e M 49.6%,
HIR B E ] (Proteobacteria) 1% N 38.0%, HE
TES = LB N ERER ] (Firmicutes), FFEAL R
5.8% o T IR 1] 14 = JEE AR B A [ figp aod A b AR A AN
BE, RABIHEITHFRER 42.5% BT
RS BT R B, B g

1001 o - | --Others

W Verrucomicrobia
Bl Actinobacteria
I Spirochaetes
Firmicutes

B Bacteroidetes
W Proteobacteria

B (o) x
(=) S S
T T T

Relative abundance/%

[\
S
T

(=]

CA CB cC CD
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6. TREIFMITAMESERETEKTE LA
E R A
Figure 6. Bacterial composition of consortium in
different stages of degradation at the phylum taxon.
Others represented bacteria which relative abundance

were less than 1.00% in each sample.

36.3%FIARM 42.4% M F WA B E 2R, (HEY
JRTEI 49.6%FIE G 25.2%0 £ /F HAY & 2
F(P<0.05) JERER Y = B AR b ta 35 S HIFF IR ]
HAR ST e TR, R 5.8%F
FEREARIN Y 5.4%35 5 MY 12.6% 1 fm U 1]
) 29.8%H% - J& BLAY I8 2514 22 57+ (P<0.05).
ZEAWARPBIEHETINEE R 42.5%, FHE
14 42.4%, WRTERT 1A 8.8%, o &/EREwR ]
M 5.4%.,

A B 53 25K F(K 7), FIA Circos X
HAEWRTHRAE BT 0r. FhF e
40 B "N Ruminofilibacter (27.4%) .
(9.1%) . Pseudomonas (6.0%) .
(5.2%); KWW A Proteiniphilum (11.9%) .
Sphaerochaeta (8.4%). Ruminofilibacter (8.6%).
Pannonibacter (6.7%) . Pseudomonas (6.1%) F
Rhizobium (5.7%) 5 Vi i v W& 101 0 06 #5147 &
Anaerocolumna (24.0%) . Ruminofilibacter (10.9%) .
Caenispirillum  (9.2%) I (7.0%) .
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Circos cluster analysis of dominant genera in different stages of degradation.
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Microbial community succession associated with corn straw
degradation in a bacterium consortium
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Abstract: [Objective] The aim was to attain the optimal conditions for the degradation of corn straw by microbial
lignin-degradation consortium and define the functional microbes that are important for the degradation of corn straw.
[Methods] Based on the results of single factor experiments, such as culture temperature, pH, media loading quantity and
inoculation concentration, the response surface method was adopted to optimize the culture conditions for the degradation
of corn straw by the consortium. The changes of community structure in different stages of degradation were analyzed by
high-throughput sequencing of bacterial 16S rRNA amplicons. [Results] The optimum degradation conditions were as
follows: fermentation temperature 32 °C, pH 8.2, loading volume 40%, inocula concentration 10%, under which the
degradation rate of lignin was up to 44.5%. Compared with the non-optimized treatment, the increased rate of lignin
degradation was 13.3%. At the phylum level, Proteobacteria, Bacteroidetes and Firmicutes were dominant. The dominant
genera included Proteiniphilum (11.9%), Sphaerochaeta (8.4%), Ruminofilibacter (8.4%), Pannonibacter (6.7%),
Pseudomonas (6.1%) and Rhizobium (5.7%) in initial stage. In the peak stage of lignin degradation, the abundance of
Anaerocolumna (24.0%), Caenispirillum (9.2%) and Thauera (7.0%) increased significantly, it was 16.5, 3.0 and 5.9 times
higher than that at the initial stage of degradation. Meanwhile, the abundance of Ruminofilibacter (10.9%) was still very
high and ranks second. The mainly dominant genera at the end of degradation were Ruminofilibacter (25.4%),
Pseudomonas (9.7%), Sphaerochaeta (8.8%), Caenispirillum (8.4%), Pannonibacte (4.3%), Thauera (4.0%) and
Desulfomicrobium (3.4%). [Conclusion] The optimal conditions of corn straw degradation and the dynamic changes of
bacterial consortium structure were clarified. Pseudomonas, Pannonibacter, Thauera, Ruminofilibacter and
Anaerocolumna were main bacteria that have played an important role in the process of corn straw degradation.

Keywords: corn straw, bacterial consortium, lignin degradation, conditions optimization, microbial diversity
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