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Abstract: The efficiency of hydrogen and methane coproduction was investigated under enzyme pretreatment for reed straw during
anaerobic fermentation. The combination of PCR amplification of 16S tDNA genes with denaturing gradient gel electrophoresis (DGGE)
analysis was used to reveal the composition and succession of microbial community in coproduction process. The results showed that the
maximum hydrogen production yield and proportion were 42.5 mL/g and 52.1% respectively at the hydrogenogenic stage. At the
methanogenic stage, the maximum methane production of 137.5 ml/g was 5 times higher than that of the control. SEM analysis indicated
that the pretreatment induced significant morphological changes. The sequences of 16S rDNA DGGE predominant bands fragments were
determined by comparison with the NCBI database. At the hydrogenogenic stage, the dominant microorganism was Clostridium
thermocellum (Band B20) and Enterobacter aerogenes (Band B28) , which can degrade cellulose and play an important role in reed straw
utilization. At the methanogenic stage, the dominant microorganism was Methanoculleus bourgensis (Band A3) and Methanoculleus

horonobensis (Band A13) , which can use hydrogen to synthesize methane and play an important role during the coproduction system.

Hence, the maximum cumulative biogas yield and proportion were
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increased  dramatically under 10 mg/g cellulose R-0
pretreatment. This provides an important theoretical basis for the

biofortification in biogas coproduction process.
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Table 1 Characterisation of the reed and inoculation sludge

C/N
BR C N S vs "oy FhE  FORE T
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Table 2 Primers used for PCR amplification

TiH 514 frE izl
341F-GC 341357 5-CCTACGGGAGGCAGCAG3”
A 534R 518534 5 ATTACCGCGGCTGCTGG3”
34F-GC 344361 5-GACGGGGHGCAGCAGGCGCGA3”
Gl S522R 522-539 5-GWATTACCGCGGCKGCTG3"
oC % 5-CGCLCCGLCLCGLGLGLGGLGGGLGE
GGCGGGGGCACGGGGG3
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Fig. 1 The maximum cumulative biogas production from reed using cellulase pretreatment
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Fig. 2 The maximum hydrogen and methane proportion from reed using cellulase pretreatment
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Fig. 3 SEM images of reeds after cellulase pretreatment and microbial
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Fig. 4 Bacterial and archaea DGGE band patterns
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R KR B 7= B B B BE 2R 42.66.90. 114,162,210,
258.306.426 h (1414

KH 5153 Bt %z B 58 DGGE 3% & o A [&] By
B m R BRI #E AT b, SRR, KA
K REPRMNBKAEMERL, FERF
Methanogenic prokaryote ( %k 7 B3+ B8) . Clostridium
beijerinckii ( 2% i B27) . Chloroflexi bacterium ( 2% 7
B22) .Enterobacter aerogenes (46745 B28) 4% 4t J7iE A
T B SRR ZE. HoR, Clostridium thermocellum (2%
i B20) J&— 8 F AT WAl 21 4 3 Bk Ak ) e 11 FA 41 4
KW PSR R R B T BB,
FE 77 2B B A B ke ) 5 R ORS F EE.
Clostridium beijerinckii ( 2% 77 B27) J& T JE K R
J& B FE e B R R B B S
¥y. Enterobacter aerogenes (275 B28) J& T /=S T
BRT 5 o — B e R AT ) B SR IR T S R
T 4L 31 %0 2 FUPE T W S5 R4 DR AEUR I
= 2526l - Hu ok eT 8 T Clostridium butyricum-
Clostridium  pasteurianum-~ Clostridium  beijerinckii
Enterobacter aerogenes %5 4 Fh = & W I IR B> &3 77
g5 W], K H A& WE N R IR S K 1% 5 Clostridium
butyricum ] 7= R W F & &.  Sedimentibacter ( % 7
B29) | T A LR, B HA SHA R B E LA
(R ARF M S LB IR AR ST AL T 7 R % R R Y e
B REZ A, D RE FARE R R R E AR Y

TE 7 H e B B 7 W e o B o AR e, 1X 2R
TAEADAL T IR A A B W B I d oK i » 2 PRAEAE M A
PR 20 v e B S A PR 0 B LRV 4 AN B AR Ak
B AR R AR 4 R 4
2671 7 A EE XS 43 BT % B 5 Methanoculleus bourgensis ( %k
#i A3) . Methanobacterium formicicum ( %% 7 A8) .
Methanogenic archaeon (2&77 A6.7.9.14) 25 & 7= F ¢
B EEAEN S E, FEELEE RERE 8T
$E. Foop, Methanoculleus bourgensis FTTE 26T A3 =&
R FE~ = BE R 2 7 e B B AR A AR .
Uncultured Methanosarcinales archaeon ( 257 A10) &
DGGE &1 e 7= L B B A ™ F B ) 3 ) AR 35 2% » T
TANATE IR A BEE P LR @ 42 7 H ke 'EAT]
I AR O TR I8 S AR CH, » [R] I 40 FLR 2
T]}}“{F /EE C02 [30] .
A13) FGEE 1R & AE ™ 25 R AT IR U6 i 7 v 25 5
JZ 2R B A IR SR I 4 1 AR 4 2647 AE 1 A0 3
TG/

Methanoculleus horonobensis ( 2k

R34 DGGE i Fr 41l (¥ HxS 45

Table 3 Blast results of the band sequences of bacteria

RwmT  BRE Rk RE
Bl NRO044715.2  Clostridium clostridioforme 100
B2 KC747801.1 Uncultured Synergistetes bacterium 100

B3.B15 GQ137071.1 Roseburia 100
B4 JX839741.1 Anaerostipes sp. 992a 100
B5 KC821403. 1 Methanogenic prokaryote B19_149 99
B6 JX543561.1 Pseudomonas sp. UA-JF2901 94

Pseudomonas syringae pv. syringae
BT KF735064. 1 °00TTNE MIREAE T ST 100
B8 GUS584042. 1 Methanogenic prokaryote 99
B9 JF136507. 1  Enterococcus faecium 98
B10 JX843651. 1  Clostridium aminovalericum 100
B11 KC747773. 1 Pseudomonas 100
B12 HQ176078. 1 Clostridium fimetarium strain 100
B13 HQ792941. 1 Uncultured bacterium clone 98
B14 DQ800469. 1  Uncultured bacterium clone 100

B16.B32 JQ188658.1 Uncultured bacteriumclone 99
B17 JX271035.1 Bacterium 99
B18 EF096618. 1  Anaerostipes 99
BI19 JQ207450.1 Uncultured bacterium clone 99
B20 F1599513. 1 clostridium thermocellum strain 100

CTL-6
B21 JQ798417.1  Clostridium aminovalericum strain 100
B22 FQ659799. 1  Chloroflexi bacterium 94
B23 JN688022. 1 Bacterium enrichment culture clone 100
Clostridium xylanovorans strain
B4 AB4glles. 1 Ul H 9
B25 EU464704.1 Comamonas sp. 01xTSA12A_H10 98
B26 HG726037. 1 Bacillus sp. JCA partial 97
B27 KF581587. 1  Clostridium beijerinckii 98
B28 KF465841. 1 Enterobacter aerogenes strain P5 99
B29 JQO087164.1  Sedimentibacter sp. NP2 100
B30 HQ698167. 1 Clostridium sp. BIP1 100
B31 JQ208467.1  Eubacteriaceae bacterium DY1 100
#*4 5T DGGE 2% 7 A HLns 45 R
Table 4 Blast results of the band sequences of archae

Rwms  BRT Rk RE

A1.A5.A13  AB436897.2  Methanoculleus horonobensis gene 99

A2.A11.A12 NRO74174.1 Methanoculleus marisnigri JR1 99

A3 HE964772.1  Methanoculleus bourgensis MS2 99
Ad GU196158. 1 Archaeon enrichment culture 99
clone C440C-A
A6 DQ513417.1  Methanogenic archaeon CH42 99
A7.A14 DQ513416. 1  Methanogenic archaecon CH71 99
A8 DQ649317. 1 Met%mnobacterium formicicum 99
strain 202
A9 AJ244289. 1 /érluszzobic methanogenic archaeon 99
AL0 CU916832. 1 Uncultured Methanosarcinales 99

archaeon
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Zr b, PR & 10 mg/g AFUER B RHO Tkt
H5 » BA EF Y 3 R T BE B 40 R A AT R EUE IR IR
A2 BT BE IR o B O DRI 77 T AR v B T A A ik
AW, WIE TG IR O 2 R B A A e 4t T
WA
3 4k

a) PRSI A LY R TAL B S, A A
WrB BB B o (H,) ¥ 82 T, 77 23 )l
WLF| 42,5 mL/g 152, 1% . fEF= W IR B, B2 SR
B BTb, feiik 137.5 mL/g, XTI S £ 1
K ¢ (CHy) 5 X B4 #Hik, 4 5l N 68.4% Al
70.0% .

b) A AL AT £ Wl A T AL B S 5 R H K &
T2 FLEEK FLI N AN S, 500 H R B T iR XAk
A=W T T2 I 52T S 7 S ) 4 AR AT IR AN oI
AN 3 BEAE IR U™ R AT £ WA HhoAT B 1
2, P R ] E ZDLRAT BN 3 BRIF R .

¢) PCR-DGGE 43 #r & ], IR ™ 22 i 2 Fh 4l
B~ o T S UE I 2 SR U R T SE B A
2210 mg/g 4124 R B R0 AL B )5, PR G 1)
AR o (H,y) BERE, BG4 REH 6
HIFE AT 4 25 B8 Clostridium thermocellum (4674 B20)
MEE TR &2 W ke W ke % 1§ Methanoculleus
horonobensis (%675 A13) ¥ B HBHEY.
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