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Characteristics of Microbial Communities in Full-scale Biogas Digesters with Straw as Substrate
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Abstract:In China, low biogas yield and poor system stability have seriously affected the popularization of biogas production with straw as
substrate. Understanding microbial processes and their interaction in biogas digesters is a prerequisite to improving efficiency and stability of
biogas production. In this study, characteristics of bacterial and archaeal community structures in full —scale biogas digesters with straw as
mono or major substrates were studied using terminal restriction polymorphism analysis(T-RFLP) and cloning library construction. The di—
versity of bacterial community was rich, belonging to nine phyla. Among them, Firmicutes, Proteobacteria and Bacteroidetes were dominant,
with the relative abundance of 19.3%~47.2%, 4.8%~24.3% and 2.5%~15.5% respectively. Hydrolytic and fermentative bacteria were dom—
inant population. The species of archaeal population was much less than that of bacterial population, belonging to Methanobacteria and
Methanomicrobi. Methanosaeta was the dominant population in the digesters with straw as mono—substrate, and the relative abundance was
69.2%~71.9%. However, Methanosarcina was the dominant population with the relative abundance of 73.1% in the digester with straw and
pig manure mixture as substrates.
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1.1 SEIg#rast

I TP S BT T R R A IH R
IO A H S g 28 SRy 155 ) ¢ S L L TR AT 0 L
1, FEMCREERT, JoHE A R B Th IR AR IR TS
Ve, SR I5 PR DA TS TR Il AN Bl L A3 e FH G TR S R
HRARFE S, U R AL 2R SR G 1 5 HEA R
Fek o SRJE S B Sl Rl S 8 %, RAF T -20 “CIY
UKAR A
1.2 R
1.2.1 JE[HZH DNA $#2H

27 Feng S5 J7 75 BL 2 mL SRR YRI5 T
b, AR % 2 O ML (Eppendorf , 5 )7E 14 000x
g T B 10 min, K5t EIFHE AR SWIP K IE S

R TP A Y o A 20 DNA 1y $2 BOR H
FastDNA ® Spin Kit for soil i#7] £ (Mpbio, USA )47,
BARFRT 2 BN G BB 45y 1 PRIESRIBORE i 1)
KIZH DNA (AR, ARG IR AR P AT H IR =
Wi 1% R BE B AREE A H VKOG BRI ZH DNA 4
GERHEATR , s A& AFE A AR 2H DNA 9y 4-
20kb,
1.2.2 T-RFLP

FHT T-RFLP 23 #fr 9 4il i PCR 514900 27 (5'-
AGAGTTTGATCCTGGCTCAG -3’ ) #1 1392r (5’ -
GACGGGCGGTGTGTGTAC-3" )9, FiiF5 | HHy 5' K
Vi F 6—carbixtfluorescein( FAM) 5 Yt = #ric. PCR 2
WK Jg 25 wl, JBLAAEATE 95 CHUAZE S min,
94 CAHE 1 min, 56.5 CiR & 1 min, 72 “CHE{f 3 min,
3L 30 M s e 72 CCLEA 10 min; 5 & AY PCR 7
ok O #5149 A109f (ACKGCTCAGTAA-
CACGT) #1 A912r (CTCCCCCGCCAATTCCTTTA ) ',
TSR A v 6—carbixtfluorescein( FAM ) 9¢ ) 2%
PRics PCR SN ZR H 25 L, PCR Z5AFUTT - 94 “Cil
ARPE 5 min, 94 CZEE 1 min, 56 ‘CiR K 1 min, 72 C4E
filt 1.5 min, 3t 30 AR feJm 72 “CHEA 10 min,,

N T REAR PCR B AFPE RIS, B
HId =K. PCR 44 W ] 1.0% B BRI i vk
Kl , S8 5 F = APA TR PCR 77414, K DNA
2l AL R & (TaKaRa, K34 ) XRG4 7 Py #E4 74l
b difb 5 40 PCR 74, Sk FBR i 1 oA 1) T
(TaKaRa, K% )Msp | 7€ 37 CF M4k 5 h; 4ifb )5 (4
W PCR 74, >k FHBR ¥ N VI (TaKaRa , K% ) Tag
I 7£ 65 “CiHAk 5 ho THALS By in A HiDi F it
e, 7E 95 C/K¥y b KT 3 min, gD Hifi A7 i Eh ol
fbJ5, A ABI3130 154550 (Applied Biosystems,
CA,USA) AT BANE Ik 78S, NARN S00LIZ, e
JGRE SORFU Sy B2, R v B i ¥4 1 Bt (Terminal re—
striction fragments, TRF's )R /INFITER B TR 5K FH GeneS—
canTm 3.7 (Applied Biosystems, CA ) 3 {4 #1743 #7 Ak
B, 3 R e BeR/ Ay 50~600 bp, 7E T-RFLP 5]

x| RERM[ERRKSR

Table 1 Basic information of biogas digesters

FEbh P FRYm® AT GEATHIRAE KRR/ C J5kL PR M R A Bk R/%  pH
1# U 1R #R 500 I i A =X 2 35~38 IKREREAT 0.8~1.2 55% 7.53
21 TR 22 800 U ] R 4 36~38 FORFEFT 0.6~0.7 47% 7.19
3 N 1000 ) AL =X 4 35~38 INAEFEFT 0.5~0.6 51% 7.86
44 bR 600 W R 2 34~36 80%F Fs +20% 3% 2% 1.0 51% 7.54
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Figure 1 T-RFLP fingerprint patterns of bacterium community digestion with enzyme Mspl
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F 2 HER 16S TRNA ZEFHDHER
Table 2 Distribution of bacterial 16S rRNA clones

MAEPFZE(T])  OTUs $/0TUs B4 ekl el S k%

Firmicutes 36/91 87/289 30.2%
Bacteroidetes 21/91 62/289 21.5%
Proteobacteria 17/91 117/289 40.5%

Chloroflexi 5/91 5/289 1.7%
Synergistetes 3/91 3/289 1.0%
Spirochaetes 3/91 5/289 1.7%

Tenericutes 2/91 5/289 1.7%
Actinobacteria 2/91 3/289 1.1%
Planctomycetes 1/91 1/289 0.4%

BT AR AN T S AR FERE . B 136 3 Al I, T
RFLP $5 40 3 h A A5 AR AU S0 g B DL 34
WA EE, 4y )8 TR BE T ] ( Firmicutes ) A8 T2 1 7]
(Proteobacteria ) S5 I ] ( Bacteroidetes ) , = K FH
XoF = B TR A A AR AR I B g s P 43 0l o 19.3%~
47.2% 4.8%~24.3%5 2.5%~15.5% , % 5 4 vi [
PE R 45 R —3,

ZNTEHY T-RFLP 48408135 5 OTUs Fy41 R0t
PIb X g5 R Bon (£ 3), dw ) T-RFs L3R B
149bp (OTU48), 5 Jilt £k 7 1] (Actinobacteria) H' )
Thermopolyspora flexuosa t%% , UL 97%. Ther-
mopolyspora flexuosa A PB4 [CPHPEH, A KR
JE2 37~60 °C, 7K fifp Th% e Ry A S R A A
FAZ L T-RFs Fr B 158bp(0TU79), 52 RERE ]
(Firmicutes ) 1) Clostridium jejuense J1%% , FHALITE A
94%., Clostridium jejuense 435 H 138, FE A KAEH
TP T, el A IRy 30 °CLpH {H2H 7.0, 7]
DIFIHEF4ERR TR b UM AHE S e &
JUNTR SRR PR T-RFs 7Bt 494bp(0TU27),
54 1E 1] ( Actinobacteria ) H (¥ Solirubrobacter soliift
2 FHE A 90% . Solirubrobacter soli “NFFAR 22 [G
PR AN 27 R A A i, 0 H I AR RIRE
25~30 °C, MifEh i~ 0~1.5%(W/V )NaCl, v] /K fi# B
VEA A TR A R R AN A R £ P T-RFs Bt 496bp
(0OTU28), 5725 ] (Proteobacteria) H1[K] Pseu—

*3 HER T-RFLP 5 0TUs F5IpyE Bl L 3t 4 B

Table 3 Bacterial comparison between T-RFLP patterns and OTUs sequences

Fedh  T-RFs  AAXSERE/% OTUs LA B AR ! i
1# 84 49 OTU18 Owenweeksia hongkongensis NR_074100.1 85% Bacteroidetes —
OTU19 Proteiniphilum acetatigenes NR_043154.1 90%
89 4.0 OTU12 Cytophaga fermentans NR_044696.1 85% Bacteroidetes —
143 3.3 0TU23 Pseudomonas fulva NR_040859.1 98% Proteobacteria —_
145 4.0 0Tu40 Acetobacter pasteurianus NR_044607.1 97% Proteobacteria  Acetogenic
148 4.7 OTU60 Methylocystis heyert NR_042531.1 90% Proteobacteria  Acidogenic
152 1.8 OTU46 Paenibacillus odorifer NR_028887.1 93% Firmicutes
154 29 OTU64 Thermanaerovibrio NR_074520.1 100% Synergistetes Acidogenic
acidaminovorans
160 5.0 OTU79 Clostridium jejuense NR_025796.1 94% Firmicutes Cellulolytic
200 5.0 0OTU61 Thermanaerovibrio NR_074520.1 85% Synergistetes Acidogenic
acidaminovorans
490 6.5 0TU26 Pseudomonas xiamenensts NR_043533.1 97% Proteobacteria Hydrolytic
517 12.8 0TU62 Levilinea saccharolytica NR_040972.1 89% Chloroflexi Acidogenic
543 12.5 OTU35 Clostridium innocuum NR_029164.1 84% Firmicutes Hydrolytic
Others 37.0% Unknow — — — — —
24 64 39 0TU9% Sporosarcina psychrophila NR_036942.1 96% Firmicutes Acidogenic
89 1.3 OTU11 Fluviicola taffensis NR_074547.1 85% Bacteroidetes Acidogenic
OTU12 Cytophaga fermentans NR_044696.1 87%
91 1.6 OTU15 Bacteroides thetaiotaomicron NR_074277.1 90% Bacteroidetes Acidogenic
OTU16 Paludibacter propionicigenes NR_074577.1 84%
OTU17 Prolixibacter bellariivorans NR_043273.1 88%
93 2.4 OTUS0 Cytophaga fermentans NR_044696.1 85% Bacteroidetes Acidogenic
96 32 0TU21 Proteiniphilum acetatigenes NR_043154.1 96% Bacteroidetes Acidogenic
125 1.2 0TU84 Sphaerochaeta globus NR_074808.1 92% Spirochaetes —
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4E5% 3 HHER T-RFLP 5 OTUs Fr 5 BRHUBE T bL 3 45 3R
Continuing table 3 Bacterial comparison between T-RFLP patterns and OTUs sequences
Fedl T-RFs  AHXFERE/% OTUs bl oL ks AR )&l i
24 132 3.6 0TU85 Aminobacterium colombiense NR_074624.1 90% Synergistetes —
150 53 OTUs1 Paucisalibacillus globulus NR_042445.1 86% Firmicutes Hydrolytic
0OTUS52 Moorella thermoacetica NR_075001.1 87%
154 44 OTU64 Thermanaerovibrio NR_074520.1 100% Synergistetes Acidogenic
acidaminovorans
160 1.3 OTU79 Clostridium jejuense NR_025796.1 94% Firmicutes Cellulolytic
227 9.9 OTU6S Alkaliphilus transvaalensis NR_024748.1 85% Firmicutes —
277 2.4 0TU33 Pseudomonas pseudoalcaligenes NR_037000.1 95% Proteobacteria —
281 1.4 OTug87 Sporosarcina koreensis NR_043526.1 87% Firmicutes Acidogenic
300 1.7 OTUS57 Tissierella pracacuta NR_044860.1 95% Firmicutes —
494 23 0TU27 Solirubrobacter soli NR_041365.1 90% Actinobacteria  Hydrolytic
496 2.4 0TU28 Pseudomonas pseudoalcaligenes NR_037000.1 96% Proteobacteria —
524 8.8 OTU30 Levilinea saccharolytica NR_040972.1 89% Chloroflexi Acidogenic
543 2.4 OTU35 Clostridium innocuum NR_029164.1 84% Firmicutes Hydrolytic
Others 37.2 Unknown — — — — —
3# 64 8.7 0TU9 Sporosarcina psychrophila NR_036942.1 96% Firmicutes Acidogenic
84 7.1 OTU18 Owenweeksia hongkongensis NR_074100.1 85% Bacteroidetes —
OTU19 Proteiniphilum acetatigenes NR_043154.1 90%
89 5.6 OTU11 Fluviicola taffensis NR_074547.1 85% Bacteroidetes Acidogenic
OTU12 Cytophaga fermentans NR_044696.1 87%
93 2.8 OTUS0 Cytophaga fermentans NR_044696.1 85% Bacteroidetes Acidogenic
125 22 OTU84 Sphaerochaeta globus NR_074808.1 92% Spirochaetes —
135 1.6 0TU31 Acholeplasma laidlawii NR_074448.1 100% Tenericutes —
143 1.7 0TU23 Pseudomonas fulva NR_040859.1 98% Proteobacteria
148 3.6 0TU60 Methylocystis heyert NR_042531.1 90% Proteobacteria  Acidogenic
152 1.6 0TU46 Paenibacillus odorifer NR_028887.1 93% Firmicutes Hydrolytic
160 1.2 OTU79 Clostridium jejuense NR_025796.1 94% Firmicutes Cellulolytic
300 3.1 OTUS57 Tissierella praeacuta NR_044860.1 95% Firmicutes —
494 16.8 OTU27 Tissierella praeacuta NR_044860.1 95% Firmicutes —
496 19.0 0TU28 Pseudomonas pseudoalcaligenes NR_037000.1 96% Proteobacteria —
543 11.4 OTU35 Clostridium innocuum NR_029164.1 84% Firmicutes Hydrolytic
Others 13.7 Unknown — — — — —
44 84 2.5 OTU1 Owenweeksia hongkongensis NR_074100.1 85% Bacteroidetes —
OTU19 Proteiniphilum acetatigenes NR_043154.1 90%
149 10.1 OTU48 Thermopolyspora flexuosa NR_042721.1 97% Actinobacteridae  Hydrolytic
152 1.7 0TU46 Paenibacillus odorifer NR_028887.1 93% Firmicutes Hydrolytic
300 5.1 OTUS57 Tissierella praeacuta NR_044860.1 95% Firmicutes —
302 4.2 OTUSS Synirophothermus lipocalidus NR_040796.1 98% Firmicutes Acidogenic
454 1.4 0TU25 Nautilia profundicola NR_074388.1 78% Proteobacteria —
490 2.5 0TU26 Pseudomonas xiamenensts NR_043533.1 97% Proteobacteria ~ Hydrolytic
494 25.2 OTU27 Tissierella praeacuta NR_044860.1 95% Firmicutes —
496 16.1 0TU28 Pseudomonas pseudoalcaligenes NR_037000.1 96% Proteobacteria —
517 3.0 0TU62 Levilinea saccharolytica NR_040972.1 89% Chloroflexi —
520 52 0TU36 Clostridium disporicum NR_026491.1 99% Firmicutes Acidogenic
543 5.8 0TU35 Clostridium innocuum NR_029164.1 84% Firmicutes Acidogenic
571 1.4 OTUS9 Pseudomonas pseudoalcaligenes NR_037000.1 95% Proteobacteria —
Others 159 Unknown — — — — —
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domonas pseudoalcaligenes IT 2 , FH LY N 96% .
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AR AN TR FPE (DL 3R 3) %0 4l i B AE R AN A
1578 SRR AL BN A | FRFEFT PR AAUS  d™  45
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AERE IR 20 B L S DR TS e S , Tl
FIRITER KEERR TR M S SR 5 , B KSR 3
I3 AT A B AAE R, TR 1] (Bacteroidetes ) 72 P4
ANFEFE RN AR 53 A1 S = RO ERRE, T2 A

LiROES
Relitive abundance

VIS 1B DA SN i S R AR , A i R ok
IKACE DT BRI RE . TV SEN FORFEFFIR L
T o R ) 200 DR PR A AR A TS, 5 R e IR RE TR ]
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o Klock SEP05 5 I HIHH SR DE AR Tl B2 i e
WK S5 K M, e IR EEE T 7] (Firmicutes ) (8—28TE
Hil 1(Delta—Proteobacteria) FI4UAFE ] ( Bacteroidetes )
HEMEHRSERE . REHSEPR A DGGE Jrid %L
Bt RG2S R R R AR K e F
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FEAL ) T-RFLP $5 50 B UL 2 AT, it
AR S R R R T T-RFs B il 5 4%
(14 SOV ) 7 45 (2# [N 2 ) (5 45 (3# S #% ) Fl 6
Ak (4 [ ), RO AN RS e > TR, T-
RFLP $:4E 4387 Fr Bt (T-RFs )279bp F1 387bp i 4y 4
AFEFHRASON A T B, AR S g3
RARFEBIRE, E AR SN P B AR 2 BE 43
69.3% 1 18.5% (1# L L% ) 169.2% Fl 7.0% (2# S Jif
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B 2 HEEE Tl B T-RFLP 354 EE

Figure 2 T-RFLP fingerprint patterns of archaeal community digestion with enzyme Tagl
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Genebank $(4i FEHEAT HUXF, S50 /R BT 913 )8
T H I H H 40 (Methanobacteria) A1 H 45 13 78 29
(Methanomicrobia ) , 3% 5 FF VT35 280 A AE /081 KRG
FFRAAUR e A rp AR B 45 2R — 2

TEJR 732K B (WA 4),12 A5 OUTs ]
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Table 4 Distribution of archaeal 16S rRNA clones

A AP A R S A S XA Y B R AR
Y1, o] ARG T-RFLP shxd i) T-RFs Bt
BT TR SR R, S5 DLER 5 IR 3, 4R,
TRFLP $ 80, A2 VYA S A 229 o D55
MY 25717 T-RF279bp (Xf i OTU6 )5 Methanosaeta
concilii %k (A, 100% ) 55 4h—"1FA T-RF 2%
i 387bp (X} OTU7 8 OTU8)5 Methanolinea tarda
(FHARLE ,96% )Y, Methanospirillum hungatei(AHALLIE
96% )it %% . A# JUva TP ISR T-RF 181bp(Xf
R OTU4 %, OTUS5) 5 Methanocorpusculum bavaricum

Unknown

OTuU7/

]
UnKnown

OTU7/ oTU4/
OTUS 2% 0TUS5
17%

MeEmRZE(s)  OTUs$tH ke r#H  sekefy b B4t

Methanobacterium 3 8 4.42%

Methanosphaerula 1 2 1.10%
Methanocorpusculum 2 5 2.76% OTU6/

Methanosarcina 1 69 38.12% 3# 2%
Methanosaeta 1 83 45.86% 3 7 165 tRNA T-RFLP 55 LR
Methanolinea 2 2 1.65% Figure 3 Relative abundance of each OTU based on the T-RFLP
Methanospiritlum 2 1 6.08% profile of archaeal 16S rRNA gene
&5 HE 165 RNA BE X EEFEMREE PRIBLUE LT ER
Table 5 Comparison between summarized clone sequences of archaeal 165 rRNA and GenBank

OTUs  T-RFs iz ot BT L AAMBLEE e

OTU1 86 Methanobacterium beijingense NR_028202.1 Methanobacteria 98% Hydrogenotrophic
0TU2 86 Methanobacterium congolense NR_028175.1 Methanobacteria 99% Hydrogenotrophic
0TU3 100 Methanosphaerula palustris NR_074167.1 Methanomicrobia 95% Hydrogenotrophic
0OTu4 181 Methanocorpusculum bavaricum NR_042787.1 Methanomicrobia 99% Hydrogenotrophic/Aceticlastic
OTUS 181 Methanosarcina thermophila NR_044725.1 Methanomicrobia 99% Aceticlastic
0TU6 279 Methanosaeta concilii NR_028242.1 Methanomicrobia 100% Hydrogenotrophic
oTu7 387 Methanolinea tarda NR_028163.1 Methanomicrobia 96% Hydrogenotrophic
OTUS8 387 Methanospirillum hungatei NR_074177.1 Methanomicrobi 96% Hydrogenotrophic
OTU9 227 Methanocorpusculum labreanum NR_074173.1 Methanomicrobia 99% —
OTU10 392 Methanospirillum hungatei NR_0741717.1 Methanomicrobia 93% Hydrogenotrophic
OTU11 461 Methanobacterium formicicum NR_025028.1 Methanobacteria 99% Hydrogenotrophic
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