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(LRt TRERHIEE R 5 TR, dbal 100048;

2. PRI R AR UG P SRy XU PRAf K T S 80 %, Jbat 100012;

S AITR R s Gzl 5 B AT ST B X R SR s, il 200092)

#§ ZE: AT PCR-DGGE HiARWFFL A EREFT - FHERAB I FE R, AN A BV S5 MR AE R e . 5 0k
B, PRAB LR b A R BEIE S O A A AE I BB BebE 22 5. PR BV, AN R AR RN, BB RE B
AT, ANRRRRHE 2 e~ A s e AR AR e, BRA AR, ST RS (Cs) Jy 83.6% (& 12, 24 /NI, dkid
H3 Ml H4). F=H ke iidedl] Cs (A% 87.4% (5 210, 258 /M, JKIE M6, M7), BEREEMIREE, P HHEA N Cs H K
4 51.5% (35210, 432 /NI, vk M6, M9). FF4140Hr K B, Enterobacter aerogenes /=< #F i & B w0 &9 11
FHerk PRAR AN, Sedimentibacter f=50™= LI W& =SB B L A48 A9 . Clostridium thermocellum W& #4212 25 b & IR AR BE
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PRI S R G E R L, AR
b ep R B AR M IR RS SRR o VR TR
WORLAN, KBS R AMAE K B A, 0 KRG AR G 3 1™
IRV SR S |bu LTS LMERE S MY ST AR E
10 AR Pl 0 4 R R P PR o R, 5 2 b o
BOANRMABSTE JRuR, Mg En, 2EY
JRAEUEAL IR BEAR UL, R RS AE ) Ak BB AR ™ 2R
FFR eI S L 5 R AT U5 AR i i 1B R4
R I MR AR 0 B LB, g U B e B B
RAFA TR 2 FREEdR, RES ALK i =y mTIE 89%,
Z AR S TS R AL B EIE T, I fE ek
TR PRAEUR R SR BORAR A BT 28 I Aok
LUK EAHUL R R, TR TR, . BG4S
AR TRAREE 7 15 S S - G (K i, {H 1 AR
R i R e A AN DRI B R 2 5 58 i T
YRR SR, LR AR TP, IR
e IS AT RS R AE o

Wk HIg: 2015-06-09 &I HIW: 2015-12-29

BEGWH: I EERHESCE (2014BAL02B05)

fE# R BT WE, L, WHAEAZKIEN, JH, o, BRI R B
BRI AT dbnt dbat Tl RFHETR A TR, 100048,

Email: jiaxuan@ btbu.edu.cn

MMM e, U, b, BB, Wk, ETNT AR
WP UG RAE IR AR T E PRI RL A BT e A B v L UK
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ARV SAL B 2 i JE T B AR S T g
XF 2 5 5 s A S A A T I S A P e e 1) S
HUERBEFT, R B S HLRE K 5% B B A B A F
o SO0, B i 3 S-S B VR R L Bk (polymerase
chain reaction-denaturing gradient gel electrophoresis ,
PCR-DGGE) A N 8 7 IR K I A4 R I B 2 FEAE
PRt T AT AR B Ty VR AN O R R B 11
U, [T 2 AR REAT 20T, LU T4l R I o A
IS ) R ) 324k, 38 w] LA 541 43 B el R B
ZRATHHE L ORI B, PRI ] T . IRETSE
V5 KA FE A RS AR ) 2 RERE IO T O g, R
I PCR-DGGE 3 ARWIFT IR A B T2 i A= e v A2
TR EAL G IS . AR REE I T2, B0
T AT PRAEIE ™ - AN R B, 4l B il M0 v i 4
G U IR AT R

AHEFELLF ERAT IRt %, KH] PCR-DGGE %
RO AR T2 RIB Bl B V& 45 MR,
PRUFIC ™ 1l 2 v 4 v A Vi (R s R, DU DRAEU I
W7 F A A FHHL BRI AR s A E R S B 4 5

1 MR57E%

1.1 HmEE

PR SR AN SN LR, K AT
P, R 1~2mm &, SRS R 33.77%,
AiE 0.57%, [k (TS) />4 98.68%, 4 A& 1 [l
& (VS) JiiEsr4k 91.39%, KIr a4 7.28%. 5l
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I A S A A RE T AT AT, Vol R RE s e
it 30 Hifi#H, y5ie iR 35.2%, SR 3.06%, TS i
B8 16.69%, VS JREE 11.97%, KoM F R 5 4.72%.

¥ 329 METHALAERMHAIE 48h J5, A
200 mL PRAAE A TS YR, V5 RN N A R I S AR R
12.5%, WYHILE pH M4 5, 37°C, 150 r/min 44 Nk
ITER-HREER ™ A BORIE R 4d, 2300 T 0.
6. 12. 24. 36. 60. 96 h REEFEN, 4’5k HI-H7; 7=
Fe B B IR R 301 18 d, 4353 T 42, 66, 90, 114, 162.
210. 258. 306. 432 h RAEFEM, i'5h M1~M9,
1.2 S DNA3EEY

KA BIOTEKE i Y 3 K141 DNA P $2 BOA ) & de
L[R2 DNA, B T-20CIRA74%
1.3 ‘MEBRRFERY1E

W2l 5 1R HE R 2 DNA A 2k 284 il ik s v (1) A
B, K FH AN s = 51 6k GC-F341 Al R534, 514F¢
4y Wl N 5-CCTACGGGAGGCAGCAG-3’ Al
5-ATTACCGCGGCTGCTGG-3' , GC K T 4 #
5-CGCCCGGGGCGCGCCCCG GG-3'.

PCR fk & : 10xBuffer 5uL. dNTP 4ulL. 5|#
(10 umol/L) %+ 1 ul. Fk DNA 20~50 ng. Tag %A1
(Takara, Ki%) 1.5U. K27k kb5 % 50 pl.

4. H Touch Down PCR, LASE b= fr 4
Stk RNAMWR: 94 CTRASYE 5Smin; 94 CASYE
1min, 56~65 CiB-k 1min (iB-KJEJEM 65 CRE2
56 C, FFMEHRK L C, 410 MEHE, BIORERE
% 56°C) , 94 CAME 1 min, 55 CiEBk 1 min, 72°C%E
1 min, 20 MEH, fefa 72 “CLE# 10 min.
1.4 PCR-DGGE 7 #7

1) PCR P~ Hivk J DGGE

PCR 7F=#IH 1% AR HH I I i v ) BE K /N Rl
¥, HY 20 ul PCR ¥ (#£200ng) 5 10 uL 5xLoading
buffer JEA1JEREAT FIK, LLJS i 7 FH LG R R 32 o4 A8
), HA AR YRR A 40%~T70%, SR NS B it 4y
B 8%, HiJk 20V Tk 10 min, HiMk 130V Hiik 6 h,
METEE R 60 'C. HLIKEE NS, BERLL Gel-Red Fe i
6,30 min, PESEIXE T Bio-Rad USA L3447 #r .

2) Il K 4lifk

7E 345 nm 3 KNP ZE R AT ML T T,
Veid i i T W Ak 6 2 mL o B0, $9E
TN 60 ul TE 220wk, 4 CHUE 24 he U5 L [
WIVE IR, EME GC Je¥) kid PCR 514, 1% 1.3
Ty Y. 3] TaKaRa Mini BEST DNA Fragment
Purification Kit #£47 PCR P=#[n| i 4lifk .

3) valEll

DNA #4524 10 ub, JIA 100 uL IM109 252 74
b, NN 890uL SOC ke, 37 CIRwH:HE
60 min. T& 4 X-Gal. IPTG. Amp ) LB ‘A 7R%E |
B IR, TRV . PRI TR I A R s, iR
NIRRT LB By R+, 37 °C, 250 r/min, 157
10~14 ho HEATFORIFEE, KA 3730x1 WAy

P& RARAS GenBank JT 344452 5 - A BLASTN 25
X AT R 20 T SRASAH OCRN 8 1P 515 &
1.5 DGGE EEHEIAES #h

#E4 Imaged, Mathworks Matlab v7.1 BLA PAST %
X% DGGE KIHEREAT /3 #. 1 56 H Imaged % f-X} DGGE
K g4k, FELL Mathworks Matlab v7.1 B0 #e 4k,
BENC AT A s AR B, ftfe F PAST #4438 BURR J L HL 7 i
B S HOHAT RIS AT
1.6 SHAZE

VS. TS. Ko RHFEENE . B S R
AIENE, FAMPLEE R SP-6890 A1 AHIEX
Mg ERIENENITR (VFAs) K Clarus 500 /< HH (4
WA, GC-FID H Bz 52 o

2 FER5HM

2.1 BEfFESERDEANTRER

P B RS A4 4T Yk 0 TAL B S HEAT DR AR B AR
e, B la Kon BRS R [ AR A, BRI
AR PR B 0~12 h, ERSAEMGE FF, 12h )5
A EMENE, AN BRKBBCREE T
425 mL/g, XA 3 6%, H AR 412 h &K,
K F] 52.1%. 767" R B, BfR TALEELN SR =< bl
afs e B, 353 h A &, 1A% 137.5 mL/g,
SENT AL 5 4, CH, MR Bt =il 68.4%. WL, 7
FHALT Y R T B G A S A b= W e e .

B1 ERZAEFM VFAs TIFL
Fig.1 Cumulative biogas production and VFAs concentrations

VFAS #2235 AR B 1 RE 35 1 h AR =4,
Kl 1b. 1d fis, SRS VEAs & e, 7~
R BEY VRFAs S Tr=al B, BRI+
Bo rAMEL Rt L TR, SRS
HORMKIR, & T MR TR K. r=HhiB, b
e G HAT T TR A R8>, IR R
Tt e BT RIS B R AL
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YRR AR VFAs, RIBEGIA TR, L. FfRgit—
SR, AR AL A TR AR, (R PR o
NEE, RIS M KA T AR MR TR . TR
2.2 YW@ DGGE EIiZH#f

MAYFE ] DNA £ PCR ¥ 14 )5 (7= v B oy
BIFE 230 bp Zi47, 4 PCR P=aiAb il Al G 4l [FLs (1)
FAFE Y38 AT 5 4L DGGE 43#7

DGGE [Kiltrh 47 s H o e ST AL E e T FE
i T E IR T 2 AR S RS, e BSR4
WARER—PEY), 4B H MR SRR B
e IE Y, i DGGE EhEnr4n (K 2) , R4,
=PI B Al BRI E R, AT R AE 30 DL L. IREUKIRE
MRS, TEEYISH R R L B B, AN R S
I SIS, KO FE 2R A A .

e HI~HTERT A BRERL, M1~MOE R HIEE I BoRe i, BT 4
W 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.
A2 #mE DGGE #tAx k@M%
Fig.2 DGGE profile of bacteria produced from different sample

B2 g, IREKBEAFM BLIY DGGE 4 s
oA W S 22 S vk, P A B 4B B SRR E = T
FERE R B . 4577 44 6. 7. 11, 12, 13, 14. 15. 16.
17. 18. 19. 20. 23. 25. 28. 29. 30. 31 K 2 M
BRI &y, Mo, & 6. 7. 14, 15, 23, 24,
25, 31 e/ A Beb A (WKl H4-HB) Sf¥m. 9
ER, 4 4. 11, 12, 13, 16, 17. 18. 19. 20. 30
FE 77 F ey B A 23, AN TR DAV PO B2 3 B 7 40 e 1
B 2 Sk

Zcilt 24, 28, 29 1R A BOR T FUGE S RE v
AT RE T 7 S B e e B Bt Y I O TR O B AN
EAMRMA L, W2 R 2. 44 1. 5. 8.
21, 22, 26, 27 &/ AW BeRE A gk, Horp 4l 14X
WILAE =M B BT Gkl H3) Bl DR A W E
17, SWMIE LD, 4 20 3. 9. 10, 32 i HIAE
HBER B, 27 FRE BRI AR . ki H7. M1
FU M2 S =SB B ) 7 FE e B BB Y N S0 1 Ak A A
%, Ml BUART 20 SEfE R R, Ak 24 25 H AR B
L BRAG, 457 23, 26, 27 =B A BRI,
AL, R BB R B AR IR A R AR T R
I AR A
2.3 {HEEFEMEMIES

FIFH BIO-RAD QUANTITY ONE 4.6.2 % {1} 4ub 24 fr 45
BRI, b & %(Dice coefficient, Cs)iH5ii LWt
HIARLLE .

Cs=2j/(a+h),
A j AFEM A FI B LA M4, a flb 23l FER A
A B 5 A& E W RN 0 (GRA L&) -1
CHT A I 45D« 4l Complete Linkage 525 DGGE
TR T .

PRAUKR BEAS TR BN B REE TR ARE Cs (3R 1) A
RSN (B 3) B, AT R] fr B ol AR e v, 2R
N—2, Cs BAK, AMwFEAAHRIER DN, I DRA
IR AN RER 200 T W B R sh S R R

x1 ETEHARL (Co) MBI

Table 1  Similarity matrix based on Dice coefficient for DGGE patterns %
M9 M8 M7 M6 M5 M4 M3 M2 M1 H7 H6 H5 H4 H3 H2 H1
M9  100.0 446 457 515 562 491 526 307 456 534 406 487 442 437 367 428
M8 100.0 715 699 568 528 471 383 479 498 400 466 461 445 336 375
M7 1000 874 730 708 622 413 564 545 527 540 572 569 421 392
M6 1000 777 720 656 426 570 612 537 581 616 575 445 442
M5 1000 717 768 437 631 664 575 621 629 638 506 50.1
M4 1000 832 437 639 654 561 531 554 585 481 437
M3 100.0  56.1 734 719 574 629 592  60.7 491 500
M2 1000 656 613 409 478 406 400 367 496
M1 1000 771 523  59.3 529 588 508 549
H7 1000 613 669 601 584 628 61.2
H6 1000 814 805 8.5 611 570
H5 1000 829 821 636 63.9
H4 1000 836  66.0 550
H3 100.0 618 57.5
H2 1000 633
H1 100.0

T MO~ML o7 R Bk dt, HT~H1 Zom7 2B Bobe it o

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

TP A e, AEBVE 45 ktaE, Cs {Hl 83.6%
(JKIE H3, H4) . FEMBh)ail, CsHxtsim, 29

F 82.1% (ki H3, H5) . 80.5% (Jki& H3, H6) , i
B RIEALRFFAAL 7= b i I, BER S5 H Cs
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5w, N 87.4% GUKIE M6, M7) , 7o Cs 1H ti
FFPEE 69.9% (VkiE M6, M8) , FJ UL, 7 Fi e e ib]
M AR g R AR, TRUE T 7P e R 0dE AT,
Bl RAE R T T K, TOARBE Ik, TAEY 2 FF
PEBETR, =GR Cs A 51.5% (JKiE M6, M9) .
gERRW], PR BT, N SRR N 4N
B D, B NI R EK, fcEY 2 RErERE N,
TR o3 T AE P S W SR e i S AR e AR, RIRHAH
PR R, B R, AR RREG. TIL, PRAR
I5C7 A [F A B PR AR 15 780 1 2 A0 1 T 9 45 g Y5 1) o 22
JE Rz 09,

B3 mHE DGGE Bty RENHTH
Fig.3 Clustering analysis for DGGE profile of bacteria

2.4 HMEREEEHON

X REARK R P AN IR B B R AE 2T EA T 7, 4
Fr 45 RARAT Genebank BEAT LU G 3k EL x5 S L3R 2., 45
RKRIL, 32 ANFps, 28 AL GenBank 1 kR4
[FJ5 e T 98%, Horbr 6 AN H AR ARG F:, 2 /M
WAL R 94%, BIREZIX 2 BRI N & H (B

DREAIC™ R8P R 21140 8 322247 Sedimentibacter
Roseburia. Methanogenic. Pseudomonas. Eubacteriaceae.
Clostridium ., Anaerostipes - Enterococcus .  Chloroflexi
bacterium FL G 7 AT REFRAEY) . Sorb Clostridium
thermocellum (55747 20) J& THEIMET4E L pe, HATRRMRLT4E
R EARMTRE, AR i R A A 0
Enterobacter aerogenes (4577 28) J& 7T, & —Fh
HABR 208 SIS E R 4w, Re R 2T 4. i
HIRE, Ve IR A PY, Sedimentibacter (4571 29) J& T
PR ORI, SREAR I, e AR BRI
B R A BT ER,

45t DGGE i 7#r, 7l BOH ™ el B 4 B
Tl A P A Vs 4 R R IR 5 B S 3 3 B . Clostridium
clostridioforme (%717 1) {UHINAE =S¢ Uiy H3)D
SEFE R Bt . Methanogenic prokaryote (4571
5. 8) , Clostridium aminovalericum (%7 10) , Bacillus
(44115 26) , Clostridium beijerinckii (45717 27) &P ~E M B
R A, A dM B R . B AN,
Uncultured Synergistetes (4% 2) , Roseburia (%75 15)
Enterococcus faecium (4577 9) , Clostridium aminovalericum
(G 2D 10~ B B B, S 7= e R BRI A= 4

%2 YiE DGGE &£ F5IfY thtsE
Table 2  Blast results of band sequences of bacteria

Gt AR B K I ol AP E SR
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
Clostridium  aminovalericum

5  Methanogenic prokaryote B19_149 | 21 strain
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 Y
9  Enterococcus faecium 25  Comamonas sp.01XTSAI2A 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 DY1
16  Uncultured bacterium clone 32 Uncultured bacterium
3 it it

P A I ES - TR 6 Sl ik 22 Bh sk 2 A ELAF:
F s B Ko T ML R A Dl ORI e S5 A2 1) o R 11
PR . SRRV SR T AL OR R B OB, v T AL
BAAMR e LR YIRE. AR PCR-DGGE K, 4
BT T P B REATIE = AN IR BORE i R Al B VR 4, L
T AN BRI A 2R E_E s A4 k. IR DGGE i
KT R, Fam B mm. BEmfEEyem e
HRER B, RIH T EEMREY 2. K25
IREAFAE T IRAE = R T, B RO B (1 e I
F2RE NG R A EAR A

X DGGE 4 AT /34T, 15 Cs &AL, JEIK
i Complete Linkage HEHATERA /04T, BIR T PRAIE™
ANTRIBA BERE b h 4l R TA R A . = B, 4
RER AU N TR D, Bl DA R IR 1
17, WMWEHH 2, =20 B BB A ak 8 s
42.5 mL/g VA AR Ry, Cs {Eh 83.6% (JkiE H3,
H4) o b, DRAAHKT W1, Ferpis s vei R
B BEEARRIEAN, AR ROV IHET, SN AR B
M EAF IR, BRI &, LT =B B
L 220, P Ry, AN R AR,
b AT, 4 BB R 137.5 mL/g I,
Cs {Hik 3 87.4% (ykiE M6, M7) , Rfix4ityfas, P~
FEA M Cs {H K E 51.5% (VKIE M6, M) . = FIEERT L,
BEE U = RO AR (b, AN TR MR TR R A
T WA, S AR OGN RO R, TG AR
BAEY) . PR SCRRIRGEDS S, AR BB R AR
F R BE B A S g A, AN B ok R R B R
SEIRJGRIE = HUGE R B AR B 18T

KT8, SEAWTST DGGE 7l rh A [R] r Bes
FEw s FEEERIISATRAT 0T, 456 LR BEE s s
I, Clostridium thermocellum (45747 20) J&—2KH A%
fiR LT 4 K PRI RE MG NAT e 2 0R, X P9 B FE AT (0 21 4
Z et 3 FEAE FHPY. Clostridium beijerinckii( 47 27)



H

54

BEAE P A AR PRARUIB 2R eI R A A R A 203

& THRREE, 7 adM B E s, - aBm
A EY, Trevor 25272 R 8L, R HEVE G Kb
il %€ Clostridium beijerinckii mJ 45 %3 = KA R B ZAUA
F7iE. Enterobacter aerogenes (4547 28) r= R A H EH
RN AW 7, Batista 252Vl 14 #% R Enterobacter
aerogenes WAL /S Hu 2BV T Clostridium
butyricum , Clostridium pasteurianum ,  Clostridium
beijerinckii #1 Enterobacter aerogenes 5 4 =& B 1 R 4
FEEWE . TREDT CRRW RALE RS LA T AT
FEFN = e s e 2 0], Thie BRAEA B FERM—2
WEEY), AWFFER 4N 29 Sedimentibacter J& T2 34
AR, R SFER AR B S
5 — AR & B 0 2 R, H 2 AN A AR AL
)2 R B 48 52 2 i AH HLAE FSEBRIK, Enterococcus
Faecium (%47 9) J& TIRIGEREEE, Aedl e 2 =2k,
HAE > H G B pH R AR 2Bl

T ISP 2R DR I v A v i A A T
AR, AT SR Y B A A=, TRk
PR A A A S L B B A TR, Tk
PR SRR SRS E BT 1) T A 5 s

4% 7

AWK PCR-DGGE A HT  25 Fli b IR A K
- M e, BT PR S5 RO A
WP = AN [FIF Be DGGE IR A4 iy AH G 23 B T 4,
W7 IR Bl s AR, 4% e 30 LAE, AHARIN
B) R B AR A R vy, RO —2, AR B RS Cs A
i, BEHH DR B R T 4l B 22 7 T WA B IR N3 Bl AR B
Bo o, PRI BOIT IITAE AR LR N L B D,
BEAE SN IS TR REAS T AR Rh T8 T 1S 22 A S A
P e S ORFFASOE , BRI ARMBLY RS s 37 VAR,
AEAVE PR IR AR . W7 85 R, 78 DA™= i # v
Clostridium thermocellum Wg3AT4k 25 1R HLAT FEAf 7 25 RS FT
T4 ZINAE, Enterobacter aerogenes J& 17w H i,
R AT ek A 40 1R, Sedimentibacter
HA SREEE B IS R, fEDIRE B 7k
R TNREZEER.
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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.
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