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# ZE: AT PCR-DGGE HiARWFF 2 EREFT A -FHERAB = R, AR AW IR S MR AE R R . 25k
B, DREEE = FE P AU s B V5 G M A A AP AR I BB Bt 2= 5 . PR BT, A R B AR AR, B DR = 11
HEAT, BN 2 e A m e IR R RS E , BRAARME R A, TR (Cs) b 83.6% (3 12, 24 /M, kil
H3 A1 H4) . P2 Hg g Cs (A 5] 87.4% (55 2104 258 /M, ki M6, M7), BEESZMARE, 7= FEA N Cs (K
% 51.5% (58 210, 432 /N, JKIE M6, M9). FH)0H1R W], Enterobacter aerogenes =< JiAT B & HA B0 238 1
HEPE R AW, Sedimentibacter 1= LR W =S BIL B4 Y . Clostridium thermocellum V& A2 25 W & AR B
PRI A, RAT PR LT 4E R ThAE, X BRI e AR R B R

kR AT @i AR T P BRRYR
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PR AE S R R R 2 —, R
LR AR B M A KR SRR A ARG R
WRELAN, R BRARAE K R AR, 0 KRG R 08 1™
F RIS, N TR PR RUK U, PR
FF B8 PR T R kg A A e RO PR ) R, 75 25 Rl o
oAV AR E SRR, HAESEE, 24P
JREJEAC I ERAR OB, R DA AE D b SRR AR = AR
e S IR 25 RS AT R UL A F (0 2R AR, IR
IDCP= A AU AH 20 2 B B, K = S BRI = FRGE B B 2
RGN 2 Phagils, ReIR AL ROR i T ik 89%,
%L AR T 400 R RAL SO RIVE b v
T R IR AR TR TR AR I A 17 B IAEok
LKA S HUR T AN S, W90 T IR Bl s
AR FRALFR 7 v 06 - PRI = (R S ™), R4
P i R A tH AR 2 AN [ D R A= PP [H) 2 5 e i, Tl
VIR SR 2, AR AR BAE FIWLIANT R4
W 3 A T 4 TR e

MR H A 2015-06-09 &7 HIA: 2015-12-29

FEEWH: “+h” KRR (2014BAL02B0S)

fE# R 31 WE L, WHAEAZKIEN, JHl, o, RN R R B
BACFIHTET . Jbnt et RS HERIY: H TR R, 100048,

Email: jiaxuan@ btbu.edu.cn

XIMMEEE: 2, U, Wb, BIFFT R, Wb, 2N E AR
WHIEA S TG PRI bt P R ERERL 2R 5 g PR R KU
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ARV S AL B2 i e JE T B AR S Th g
XF 2 5 5y s A S e A A T I R A P v e 1) S
HMUERBEFT, R B S HLRE K 5% Bt B A B A E
OO SR SN AR R B B HL UK (polymerase
chain reaction-denaturing gradient gel electrophoresis ,
PCR-DGGE) AR Ay 4575 AR AR R AL 2 R
AT T REN L RO VA A AE AN SO RE IR BE (1
U, [T 2 AR EAT 20T, U T840 R I v A
IS )R ) 324k, 38 w] LA 41 43 B el R B
FATHE SEP ORI REAL Y, R T T DRAES T
V5 K AL B S IR A ) 2 REE R SO T Ho, R
] PCR-DGGE 3 ARWIFT IR A B FE T i A R v A2 A
TR EAL G IS . AR IREE L T2, B0 2
R PRI - AN R B, 40 8 ol A M A 4 1
G U R AIE A R

AHEFELLF BRI R %, KH] PCR-DGGE %
RO AR T AN [ B Bl B V& 45 MR
PRUFI ™ L R v 4 v RV (R R, DU b PRAEU K 19
W7 FR A A A FH LR AR s A E AR S BB 4

1 MR57E%

1.1 HARE
FOEERERCRAE BN SO SRR, K E T
B, BREE 1~2mm &H, PO TR 33.77%, &
R 0.57%, MEMA (TS) it /% 98.68%, % K[
& (VS) JES4L 91.39%, KO3 T4 7.28%. Hhhisie
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A R AT DA AT, V5l S K
i 30 HifsH, V9IRS 35.2%, SRR 3.06%, TS i
0 16.69%, VS TR 11.97%, KT 50 4.72%.

¥ 32 g METHAAAEZMHAIE 48h J5, A
200 mL R AT, V5 PR E N AR Ok e I AR AR 1T
12.5%, P54 pH ER 5, 37°C, 150 r/min £51F Rk
ITEA-HEEER . AW BORIE I 4 d, 23T 04
6. 12, 24, 36. 60. 96 h REEFES, 4’5k HI-HT; 7=
FRGERT BE R IR IR 18 d, 4390 F 42, 66+ 90, 114+ 162,
210, 258, 306. 432 h REEFEN, %5 M1~M9,

1.2 S DNA3EEY

KA BIOTEKE Ji Y 3£ K141 DNA Puigi$2 BORA 5 & de
VLN 2] DNA, ‘B T-20CHRA7F%

1.3 HEBER R E

W2l 5 1R N 2 DNA A Sk 28 Il ik X e 0 (1) A
B, R AN 4 SRS |6t GC-F341 Rl R534, 5147
)4y 9 b 5-CCTACGGGAGGCAGCAG-3>
5-ATTACCGCGGCTGCTGG-3' , GC ¥ T 4i ¥
5-CGCCCGGGGCGCGCCCCG GG-3'.

PCR & % : 10xBuffer 5uL. dNTP 4uL. 5|4
(10 umol/L) 4% 1 uL. # DNA 20~50 ng. Tag %5
(Takara, Ki#) 1.5U. K m4iKE 54 50 ulo

Y44t K Touch Down PCR, LI =4 i)y
St RNALFWR: 94 CHIAETE 5 min; 94 CARE
1 min, 56~65 ‘CiE-k 1min GEJXIREEM 65 CFE3
56 °C, FEAMEIRBRAL 1 °C, 410 MEH G, 3B K
% 56°C) , 94 CANE 1 min, 55 CiBK 1 min, 72°C%E
ff 1 min, 20 ™MER, Hifi 72 CLEAH 10 min.

1.4 PCR-DGGE H#7

1) PCR P=#)t i ik &2 DGGE

PCR W 1%35 IR BH eI RIS i B /N R
. HL20 uL PCR =4 (4200 ng) 5 10 uL 5xLoading
buffer V55T K, DL R+ H IR RN R 22 o0 A2 1
), HA AR YRS A 40%~70%, SR ARSI Bty
K9 8%, HiH 20 V FiiHEik 10 min, HLH 130 V HLik 6 h,
MWIETEE R 60 Co HIIKG NG, HEHKLL Gel-Red B4
6,30 min, VEEER)G T Bio-Rad USA 36 8% 70 #7 -

2) gkt R e Alifh

7E 345 nm K PR AZE AT RIEE &Y,
Veid R i it T Ak 0 2 mL B0, R
BN 60 uL TE ZE0A, 4 CIE 24 he B 5 uL M
WIVEMEERR, EE GC Je¥ 1) L& PCR 514, % 1.3
JFERIRY . %] TaKaRa Mini BEST DNA Fragment
Purification Kit #£4T PCR F=4)[rik 46tk .

3) walEn P

DNA #4580 10 ul, I 100 L IM109 B52 25
b, EN 890uL SOC Rigidk, 37 CHR%HiIF
60 min. T4 X-Gal. IPTG. Amp ) LB A% FE%E
IR, U TE . PRIT BT AR P R, T
NIAENPTEER LB #5584, 37 °C, 250 r/min, #5355
10~14 ho AT FURAEE, KA 3730x1 WA . Wl

PP R 548 GenBank I3k #5442 5 . FIJI] BLASTN f&f¥
P 5 AT [RIJEPE 438, SRAFAHOCTN & 1) 7 215
1.5 DGGE EEHEIATES #

454 Imagel, Mathworks Matlab v7.1 LA PAST &
% DGGE KIS T43 4T . 1956 H Image] 4%} DGGE
K574k, LA Mathworks Matlab v7.1 3456 #74k,
PRISHEAT# S ALEE, BJE ] PAST AR{FIEIUNR L B i
BE A S HOEAT RIS AT
1.6 A E

VS. TS, Ko RHAFEENE . SRS R
AENE, FAMPBLGEEERH SP-6890 A1 AH IR
e, HERMIENIE (VFAs) X Clarus 500 B4 A0 (0
WA, GC-FID EEHEFENE o

2 FER5HM

2.1 BERFESERPEAHTHER

PO R T 40 £ o T A B i R AT IR AR R AN
e, B la Kom BRFAS b [ ARG, BRI
WHERA A B 0~12 h, BEFSERE LT, 12h )5
EREMEIRSE, AN BRRE KRR TRAELET
42.5mL/g, XTI 3 %, Hy A5 4 12 h K,
ILE] 52.1%. 70/~ HBEH B, Bfif pisd 34l SR =< = bl
IFaIESE BT, 353 h BRU A E & A, 153 137.5 mL/g,
JEXT IR S £, CHy AR Bdse ik 68.4%. mT UL,
B L XM TR I 5 A SR e 1 3 e

g 50 55700
= 5]
=] 45 o 03 AbPEZH
H25 40 H_g ;‘3600 NZymes
WEE,_ 35 Stt 2E500f treafment
5 83% 30 - FEAL B =g Sg0l v AT HEY
K28 25 nzymes treatment z(-: £ Contro
32 E 20 ~+ % # 2H Control 855300
&2 53 15 SE£200
S22210 ¥
mg—gm 5 ‘:_i'g 100 i_ -
B 0703030403060708090100 ~ — g o TR % O
g-= 3 iR 2/ TR R CfR
S I} [ Time/h
a. AN B R BT A b. M B VFAT &
a. Cumulative biogas production b. VFA content in hydrogen
in hydrogen production stage production stage
= o~ "
) I AN
BEe 19 | maena s £5, 350 yrma
is%g 140F = Enzymes Gog 300 treafment ]
B35 ~ treatment < 2=
B 8= 120 w =%5250 XT_]‘HL?
S b =0 ] z
= oo 100 >.Z &o Control
KsEAQ 2= £200
ik &' £ 80 82150
HEZ G, 60 wEE
- O <0 kRog
E2E S 40 = 53100 _
wELS @ T<3
L= E 20 4=8 50 I |
EEs et L L - L
®E 0750 15 25 350 4% LR IR TR B OB

B 1] Time/h
o Vel B SR e
¢. Cumulative buggas production
in methane production stage

B 1 RA”RZH VFAs T
Fig.1 Cumulative biogas production and VFAs concentrations

d_ ek R VA &
d. VFA content in methane
production stage

VFAs J& 7 25 RAEUR IR Rl A 2 (1 (A 4
K 1b. 1d fioR, ZEEWATLG VEAs &g,
HBERTBUT VEAs S T a W BL HAE AR
e AN B P rh EEU TRV E, S
BORMILIR, & TR TR . 7 PhehirBe, B
H BEIEAT T IR A TG b, IR AR
TR T AR P I E R AN IR AT AL



BUOBERE: AR R AR

55 4 3

£

P o 5 0 B v R R 201

YKL A% VEAs, RIBEITIR. LR FiRpdt—
SR, AR A TR AN AR, (R PR o
B, I M R A T AR MR TR . TR
2.2 YA DGGE B4

AL DNA 453 PCR ¥ 84 )5 (K774 A BL oy
AITE 230 bp Zidi, 48 PCR = W)alifl ikl & alifb = s i1
BANFE S8 BT J5 22 DGGE 437 -

DGGE il 417 (8 H 58 AT R B e T RE
i P E IR T 2 AR S S, B RS RN
WARER—MIEY), 480 H R S eI IR B
JERAIE Y. 4lE DGGE Bl s (K 2) , R
CP= I BN RS E A BRAE 30 DL . DREUKIRE
WG, TP IR R AP B, AR &
PRI ILG, R 8 2R AR .

H1 H2 H3 H4 H5 H6 H7 M1 M2 M3 M4 M5 M6 M7 M8 M9

" 2 S > B 2 S
HERRRERC T
g e 3 D) ‘e & 4 4
5 s B B BN £ Fied :
- 1
6 6 - 6 d— Bo e & i' ‘ 3 [ =<7 .
b THRNE TN T . — -
8 .s-_8=8 L Sy K — 3R X o] —
5 ; — pi, %1 Bonouon
< — S 1 1 B 12 12
13 :~5— ) a" ¥ o R s— g— T 13
e B 1 T— —_— =3, e s =
— - t— 3 — = Pt — - 17 v
" R bt e b o -4 &
21 -2 =y Gump L _———
,,._.f,:"-— 265 20 B 020 - bt
;3—. ; 5 g&..i;h e . -a 33~ 23
SEEEERN L e
3 pra—
e g ~331 1 1 — -
— —— -2 8 B2
f o= s ZEHH ~ ” Hz&‘-‘!z“z&«zs-
208 o 8 - b B 297 2 yg— g™
MM oy 00 30 3

32 32 32

T HI~HTFRP A BRE S, MI~MOFKRT= I B, 87 A4
WoT. T

Note: H1-H7 represent samples in the hydrogen production stage and M1-M9
represent samples in the methane production stage, the number is the number of
band. The same as below.

B2 @ DGGE k& ik BR
Fig.2 DGGE profile of bacteria produced from different sample

B2 mlgn, IREKBEASFM BEIY DGGE £ fps
oA B 2 22 e vk, P S B 4 Bl A H =
PEHBERY B 45 44 64 74 114 124 134 14, 15, 16.
17. 18, 19, 20. 23. 25. 28. 29. 30. 31 4 2 /NFr
Bm Ay 4afr, o, &4 6. 7. 144 15, 23, 24,
25, 31 A Beb A (WkiE H4-H6) /¥ w98
R, 4t 4L 11, 124 13, 164 17, 18, 19, 20. 30
FE7 UGE MY BEREA 1835, AN TR AU SO B2 38 bR 1 4N T 1A
T 22 bk

25l 24, 28, 29 1E A BORL T FUGE R S R v
AT RE T 7 2 B ) R e B B o Y I O IR O B AN
EE MR K, W2 R 2. 44 1. 5. 8.
21, 22, 26+ 27 /A B Ay, R4k 14X
WILAE =M B BT Gkl H3) Rl DA R N E
17, ZEAI RIS, 447 20 3. 94 100 32 B4
e B, A= H BB B IR IR AR ) . K HT7 . ML
FT M2 S B ) T B B Y IR R Ak A ) A
%, MW BUAR 20 SO R, Ak 24 25 AR B
LR PRAT, 455 230 264 27 S A M BRI,
AU, PR BB R B A R A R AR T R
I AR A
2.3 HEBEEINES

F]FH BIO-RAD QUANTITY ONE 4.6.2 % f1-4b ¥ frr 15
P, H#83 R2U(Dice coefficient, Cs)VI 51l EWHE
AR A .

Cs=2j/(a+b),
A j WFEa A BB ILHE IS, a A b Rl ARES A
B & AL BT RECY 0 GRAAMRISA) -1
CITAT [ 44 MTRD o Hc B Complete Linkage 5754} DGGE
S TR T

IRER A [ B4l BB TR AR Cs (R 1) A
RO HT (B 3) KB, AHARE A B R AR 5 e, 3
h—RK, Cs BAK, ARFEEACEE N, B0 PRA ™
IR AN REA ) T W BB T s AR & .

F1 BETEHHRLE (Co) HMEINELER

Table 1 Similarity matrix based on Dice coefficient for DGGE patterns %

M9 M8 M7 M6 M5 M4 M3 M2 Ml H7 H6 HS5 H4 H3 H2 H1

M9 100.0 44.6 45.7 51.5 56.2 49.1 52.6 30.7 45.6 534 40.6 48.7 442 437 36.7 42.8
M8 100.0 71.5 69.9 56.8 52.8 47.1 38.3 479 49.8 40.0 46.6 46.1 44.5 33.6 375
M7 100.0 87.4 73.0 70.8 62.2 41.3 56.4 54.5 52.7 54.0 57.2 56.9 42.1 39.2
M6 100.0 77.7 72.0 65.6 42.6 57.0 61.2 53.7 58.1 61.6 57.5 445 442
M5 100.0 71.7 76.8 43.7 63.1 66.4 57.5 62.1 62.9 63.8 50.6 50.1
M4 100.0 83.2 43.7 63.9 65.4 56.1 53.1 55.4 58.5 48.1 43.7
M3 100.0 56.1 73.4 71.9 57.4 62.9 59.2 60.7 49.1 50.0
M2 100.0 65.6 61.3 40.9 47.8 40.6 40.0 36.7 49.6
M1 100.0 77.1 52.3 59.3 52.9 58.8 50.8 54.9
H7 100.0 61.3 66.9 60.1 58.4 62.8 61.2
Ho6 100.0 81.4 80.5 80.5 61.1 57.0
HS5 100.0 82.9 82.1 63.6 63.9
H4 100.0 83.6 66.0 55.0
H3 100.0 61.8 57.5
H2 100.0 63.3
H1 100.0

H: MI9~MI1 LR FEEB BORE i, H7~H1 RoR 20 BRe i

Note: M9-M1 represent samples in the methane production stage and H7-H1 represent samples in the hydrogen production stage.

FEFEE e, AR REE SRR e, Cs H4 83.6%
(JKIE H3, H4) . FEEBh)E, Cs #xtsisE, 20951

H 82.1% (ki H3, H5) . 80.5% (Jki& H3, H6) , i
B RIEALRFFAAL . P2 b s I, BER S5 Cs 18
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5w, N 87.4% GUKIE M6, M7) , 7P e Cs 1H 5
FRBEE 69.9% (UkiE M6, M8) , HJ UL, 7= Fike i i)
AR E TR SRR, GRUE T 7= eI kA7
Bl KA R T TR K, TOARBE I ARk, T e 2 FF
PEBETR, =GR Cs [HACH 51.5% (JKIE M6, M9) .
GELRW, PREB BRI, A A AR RNl
BRI, B NI TR AE K, A2 REPERS N,
TR 0 A 7 S VA BT R = R e e Ve DR RS, BT AH
bR, B BRI, AU PR G, T, PRAR
P AN [ B B () PR A 355 28 2 40 4% ) % 11 B 2
JE Rz —1,

3 Al U5 e SNEEE
Maximum distance between clusters
045 060 070 080 090  1.00
M2
M9
I HI1
[ H2
| —
HS5
B —
H4
M8
I
Ml
_ M3
M4
M5
M6
M7

B3 i DGGE B ) K E 41 H
Fig.3 Clustering analysis for DGGE profile of bacteria

2.4 MEREELMD

Xf PRAUR IR AN RN BERRAE S5 e - T, 40
JPA5 RARAE Genebank HEAT LU JG 3R A LEXT 45 ML 2. 45
RAIL, 32 AR, 28 M5 GenBank LB KINFS
[FJEVE =T 98%, o 6 AN H AT MASRIG 2l TR, 2 AMA
EPERUR 94%,  ATRERIX 2 SEI0ADRT Y. & v KB A .

PREER ™ 2R e A IR (1) 4 8 - 24T Sedimentibacter
Roseburia. Methanogenic. Pseudomonas- Eubacteriaceae
Clostridium . Anaerostipes « Enterococcus « Chloroflexi
bacterium FALG 7AW FRWMAEY) . H Clostridium
thermocellum (55717 20) J& TWEMLTYER B, HATFRARLT4E
FPEANIRE, RN R R AR A
Enterobacter aerogenes (4571 28) J& TPkt vd, 2&—Fh
HAT w08 S He e IR AN B, Ree R 2T,
HRE. TEMERAEEPY . Sedimentibacter (415 29) J& T
FEET CIRW, SREEE B IE, A AR B b
prBod R A LR R IER R,

454 DGGE Kl ortfr, 7B BOH™ Heh B4 i
T ) T e 45 R AR 52 B 3 B o Clostridium
clostridioforme (45717 1) AUHIAEF=S s Gikaly H3)
AN BIIILAM A . Methanogenic prokaryote (4%iii
5. 8) , Clostridium aminovalericum (4&ii 10) , Bacillus
(%417 26) , Clostridium beijerinckii (45715 27) =M Bt
R, A AR B B m . B 7SS,
Uncultured Synergistetes (4715 2) , Roseburia (477 15) ,

Enterococcus faecium (55715 9) , Clostridium aminovalericum

e 2D A6 b B B, 27 e B R A ) o

# 2 A& DGGE &% FFI tbt4E R

Table 2  Blast results of band sequences of bacteria

il AR B K AR R E it MBI S K R R
1 Clostridium clostridioforme 17 Bacterium
2 Uncultured Synergistetes bacterium | 18  Anaerostipes
3 Roseburia sp. 1120 gene 19 Uncultured bacterium clone
. Clostridium  thermocellum
4 Anaerostipes sp. 992a 20 strain CTL-6
5 Methanogenic prokaryote B19 149 | 21 sﬁ:f?dmm aminovalericum
6  Pseudomonas sp. UA-JF2901 22 Chloroflexi bacterium
7 Pseudomonas ~ syringae  pv. 23 Bacterium enrichment culture
syringae strain Tk21R clone
. Clostridium  xylanovorans
8  Methanogenic prokaryote 24 strain HESP1
9  Enterococcus faecium 25 Comamonas sp.01XTSA12A H10
10 Clostridium aminovalericum 26 Bacillus sp. JCA partial
11 Pseudomonas 27  Clostridium beijerinckii
12 Clostridium fimetarium strain 28  Enterobacter aerogenes strain P5
13 Uncultured bacterium clone 29  Sedimentibacter sp. NP2
14 Uncultured bacterium clone 30 Clostridium sp. BIP1
15 Roseburia 31 Eubacteriaceae bacterium DY 1
16 Uncultured bacterium clone 32 Uncultured bacterium
3 W ik

FEERE R (R AR - F eI i I 2 P A A A
¥ K51 WL B A A S SOR R e 55 AR ) 5 R 1)
PR . BRI S5 R I AL OR R B A B, W T L
BAMR e ERYRE. AR PCR-DGGE K, 4
BT T PR RS AT AN R BORE Sl Al VR AL, L
T AN R AR R RS ) R sh &R L. 41 DGGE 1
BT &I, FramBanmm. BEmEgym e
R B, R T M 2 k. K2 590m
IREAFAE T IREB = R, B RO BT (1 B IL
= FE RS P R I H AR AR

X DGGE 45 HEATAME 34T, T Cs &L, K
i Complete Linkage HVERATIRE /04T, BIR T PRAE™
ANRIBY BT it P 40 B R RO A . = BT, 4
PR AN AR AN TR D, Bl DA R IR E
1T, AMWEHH 2, F=2W B RS aL 8 s
42.5 mL/g N A AR Ry, Cs {2 83.6% (JkiE H3,
H4) o B, PREHE WA, Bhimtkys e mrmh
B BEEARRIEAN, B RNV IHET, SN AR EE
M AAFH RS, BRI =, LT &b B
PRS2, P2 eI, AR AR B
b = AT, 4 BB i mh 137.5 mL/g I,
Cs {HILH 87.4% (ki M6, M7) , REk&itufase, =
KA Cs {HIFEE 51.5% GKIE M6, M9) « 7= FEERT B,
Bt AU = RO B AR Ak, AN TR ETE 25 R D Re R A
T WA, S AR OGN iR R, TR RO
A . Y SCERARIED2, PR B S S — AR A
FR R BE B A S B g A, AN B ok R R B R
LRI FGERY B AR e 18T

KT, SEAWSY DGGE # FE rh A [R] i Bess
FEwm FRERIISAT AT /08, 456 Bl i i s A
KIN, Clostridium thermocellum (4575 20) &R EAH [
RETYE ZIRRINREMIRE AT R B, 0 RS FF 47 4
B 2 AR RO, Clostridium beijerinckiiC 435 27)
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& TH KR EE, - ab B R, 2 m B
YD, Trevor 2285 KL, KT RENE A KK 1
[E]5€ Clostridium beijerinckii W] 3R H KA K IEHNES
;i . Enterobacter aerogenes (4%ili 28) 1=kt KA
R e AW 7, Batista 5PVl ik Rl Enterobacter
aerogenes ¥ AL N AR Hu PR T Clostridium
butyricum ,
beijerinckii F1 Enterobacter aerogenes “& 4 Fj =5 B I K44
PR . PREST CIR B RATE SRS AL T A
FEFI = RGC e 0], Dhfe bl B FERI—2K
WA, AW 4R 29 Sedimentibacter J& T ILIAL A
WEY), HAT SREE R B IV E R R B S
5 — AR & B (0 E 2 TR, H 2 AN ) AR AL
i 2 P E A S 2R A HAE T S, Enterococcus
Faecium (4717 9) J& T RIGEKB 8, BEAMHI 2 107 4,
PRI F R B pH Rzl

IR 2R DR I v 4 v i A A T
BRI, b S R B AT AE Y, LA
PRAAIE T H A A S L B AR, AT 7K
PR ASAT R S AR E B A T IR L 2 YA S

4% 7

AWK PCR-DGGE A #7725 R AT IR A K
BEP= V- R D, Al B A DR O A R R R R
MIREEIE = AN [H] B B DGGE P i A1 4% i AH S 2 A ml 0
eI Be g AP, 4T RBE 30 DL, AHARKS
A P B AR A R vy, RO —2K, AR BRI R AL Cs A
i, BEHIRAEUR B R A B 22 [ 1 WA I e sl 2 s
o Hordr, PR BT IR E DI AR AR AN R,
BEAE SN IS TR REAS T AE IR I W I 22 O =
FRGE e R AR, R AR IR B R, 307 H e R,
ARALPE PR IR B . M5 R, 72 DRI i A2
Clostridium thermocellum W&NAT 4 25 1 ELA B = 5 F5FF
Y ZINTNEE, Enterobacter aerogenes J& T r==S Wkt &,
B A ST AR A AN R, Sedimentibacter s
BAHRAR LS LARN A= e, fEohae Ltk
FRETREZEEM.
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Bacterial community structure succession in fermentative biohydrogen
with methanogenesis integration from reed straw

Jia Xuan!, Ren Lianhai!, Li Mingxiao®*, Xi Beidou?, Zhu Chaowei?, Zhao Youcai®
(1. Department of Environmental Science and Engineering, Beijing Technology and Business University, Beijing 100048, China;
2. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing
100012, China,; 3. State Key Laboratory of Pollution Control and Resource Reuse, Tongji University, Shanghai 200092, China)

Abstract: The two-stage coproduction of hydrogen and methane using cellulosic biomass, such as reed straw, is a promising
technology for achieving energy saving and emission reduction and developing a circular economy. The enhancement of
hydrogen and methane coproduction from reed straw under enzyme pretreatment was evaluated during anaerobic fermentation.
The effects of cellulase pretreatment on biogas production performance and intermediate metabolites’ characteristics were
investigated in this study. In addition, the combination of polymerase chain reaction (PCR) amplification of 16S rRNA genes
with denaturing gradient gel electrophoresis (DGGE) analysis was used to study the composition and succession of bacterial
community in fermentative biohydrogen with methanogenesis integration system. The results showed that the maximum
accumulative biogas production and hydrogen proportion were 42.5 mL/g and 52.1% respectively in hydrogenogenic stage.
And the maximum accumulative biogas production of 137.5 mL/g was 5.36 times higher than the control in methane prodution
stage. However, the highest methane proportion of 68.4% in control test was similar to those under cellulase pretreatment.
Therefore, the cellulase pretreatment has the benefit of structural damage on refractory organics while improving the hydrogen
production potential in this study. Usually, hydrogen and methane formation is accompanied by volatile fatty acids (VFAs)
generation during anaerobic digestion process. Hence, the composition and concentration of soluble metabolites produced were
useful indicators for monitoring the hydrogenogenic process. The investigation of the soluble metabolites at the end of each
stage showed that the main VFAs were distributed under cellulase pretreatment compared with the control. The composition of
VFAs in hydrogenogenic stage was butyric acid and acetic acid, indicating that butyric-acid type fermentation was established.
During the methanogenic stage, the butyric acid was consumed and the propionic and valeric acid were produced more. These
results showed that cellulase pretreatment might be attributed to the diversity of microbial populations in 2 stages after
enrichment. The sequences of 16S rDNA DGGE predominant band fragments were determined by comparison with NCBI
database. The DGGE patterns showed that the 2 stages experienced different microbial community structure changes during
the period. Early in hydrogenogenic stage, the low similarity of bacterial communities was observed. And then the high
similarity with Deiss coefficient of 83.6% (lane: H3, H4) and 87.4% (lane: M6, M7) was obtained in peak production period of
hydrogen and methane, respectively. The Cs value was reduced to 51.5 at the end of methane production stage (lane: M6, M9).
The majority of the sequences obtained were affiliated with Clostridium thermocellum (Band 20), Enterobacter aerogenes
(Band 28) and Sedimentibacter (Band 29). In hydrogenogenic stage, the dominant microorganism was Enterobacter aerogenes
(Band 28), which can produce hydrogen and dramatically enhance the hydrogen production performance. A
hydrogen-producing acetogenic bacterium of Sedimentibacter (Band 29) was also the dominant bacterium, which can produce
hydrogen and acetic acid in hydrogen and methane coproduction process. The dominant microorganism of Clostridium
thermocellum (Band 20) existed in 2 stages, which can degrade cellulose and play an important role in reed straw utilization
process. Hence, the maximum cumulative biogas yield and proportion were increased dramatically under the cellulase
pretreatment, which directly impacted the hydrogen and methane production ability. The result provides an important
microbiology theoretical basis for the biofortification in biogas coproduction process from cellulosic biomass.

Keywords: straw; bacteria; hydrogen; methane; reed; community succession
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