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The Effect of Feedstocks on Microbial Communities in Anaerobic Digesters
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(1. Department of Environmental Science and Engineering, Beijing University of Chemical Technology, Beijing 100029, China; 2.School of
Environment, Tsinghua University, Beijing 100084, China )

Abstract: Food waste, vegetable residue, and wheat stalk were anaerobically digested for biogas production, and the digestate were analyzed
by PCR-DGGE to identify anaerobic micro—organism strains and compare the differences in microorganism communities among three feed—
stocks. Three hydraulic retention times(HRT) of 30 d, 20 d and 50 d for all digesters were used at the same temperature of 35+1 °C. The diges—
tion parameters and microbial communities were analyzed in the experiments under optimal conditions. The daily biogas yields were 756 mL-
g'VS™, 696 mL-g'VS™ and 433 mL-g'VS™ for kitchen waste, vegetable residue, and wheat straw, respectively. The methane contents in the
biogas ranged between 51.5%~55.1%. The microbial communities and the variations of bacteria and archaea in three digesters were investi—
gated by PCR-DGGE techniques. The Shannon—Wiener index of bacteria and archaea were 3.14+0.17 and 2.11+0.45, respectively. The
Simpson index of bacteria and archaea were 0.94+0.02 and 0.83+0.09, respectively. Although the bacteria species of Bacteroidetes and the
archaea species of Methanosaeta and Methanospirillum were found to be dominant in the digesters, the quantity and community strains were
different for three feedstocks investigated. The findings could provide useful information for the future studies.
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Table 1 Characteristics of food waste, vegetable waste, wheat straw

AR BRI SR BIR 1
k1% 29.31 37.24 46.02
R/% 2.31 2.15 0.51

C:N 12.69:1 17.32:1 90.24:1
KA L4ES/% 4.01 37.10 75.70
HLIBR/% 24.11 4.99 —
HEE/% 14.42 12.90 —
et ) 35.47 9.86 —
&b/% 22.11 2.51 —
TR53% 5.11 1.25 18.07
TS/% 23.45 13.59 92.19
VS/% 18.34 12.34 74.12

R EEATYRIE &= (TS VS BRAM); “—" FonARIE

7 30.20.50 d, R B HE , SO A5 A IR B H 4R i
1E(35+1) C,

BeF . RERES A A VLA RE N 1.0
gVS-L7-d™ RIE S WEH R I , 45 G B A P
FRARTTHE S H TR AR R = . B H [E e i ) E
L YRGERBRERE(TRE FIREERE,
pH B BF B ASFARHHA B W) IHiET 1 AR
FREA VLA, AR 0.25 gVS-L7-d™,
WA R A T BRI RS & & . pH VFA; 24—
Hor e TR B i far 2.50 gVS-L7-d (3847 110 d)
1 3.25gVS-L7-d (3BT 140 d) B}, BEpE 5] J5 SR 4
FE I H AR R

ZRERE R AR HLA T30, 1.0 gVS-L7-
d?, BEBTRKRMAIAZE 1.30 gVS-L'-d? (G817
100 d), I e 30% (&40 450) , )R v #isfT 15 d
J& , MBEPER 5] o R AR i, il HAH O H 847 . DA B
R A TC R RIS Jo B & F-20 TR
1.3 #HmTAbIE R & DNA 25

B 5E R A R 2 2041 15 000 remin, 42b
38 20 min, [HAE AT BOK DUE T8 R MR B Y & 464
i A 7 . DNA #2550 ] FastDNA ® Spin Kit for
Soil FEHURF £ (MP USA)HHATHEHL, P=#y4: ND-2000
E AT W4 Y66 1 (Nano Drop USA )il & 42 B
Y DNA ¥ BEFI4tiBE | 24 A260/A280 7E 1.8+0.1 2] B
Al FIREsLE,

1.4 PCR ¥"1&

Sy HEANEE V3 XA B X, AR 9E SOk
F51Y1an3& 2 Fis .

DAPRER A FE P 20 DNA AR, 403 PCR 2 4
%K 50 uL, H B AT : 10xBuffer 5 wL,dNTP 4 wL, 3|
% (10 pmol -L7) £ 1 L, #EHk DNA 20 ng,Ex Tag
(Takara K% )1.5 U, K 4K #5FE 50 L, KA
Touch Down PCR(I.3E 2), & 16S rDNA V3 X%
Fi 55X PCR(Nested PCR)#ATH 1, 55— 50 pL 3~
WERRSMEERMRE; LSE—5 PCR =4 100 £
R AR AT HE — % PCR, BREH 31 4, R
EREE—FMHRA(LE?2),

1.5 DGGE R &H#H B F T4

¥ Deode™ i R 2845 Kl 22 45 (Bio—Rad USA)
X} PCR 34 =Wy AT IK 73 S o DA BS  F BN
FREAZENER], RGO R 8% , HoAh T AR
PEREE R 35%~T0%; T RIAR AR B 509%~T5% , ¥
20 pLPCR ¥ (%) 200 ng) 5 10 wL5xLoading buffer
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Table 2 Primers of bacteria and archaea for PCR operations

B¥rtda= 4 514 FH1(5-3") Bk S B BB S ICER

il 341F-GC CCTACGGGAGGCAGCAG [10]
55 °C 1 min, 25 AMEH

534R ATTACCGCGGCTGCTGG [11]

HE ARCH46F YTAAGCCATGCRAGT [12]
52 «C 1.5 min, 25 MEH

ARCHI1017R GGCCATGCACCWCCTCT [13]

PARCH344F-GC HGCAGCAGGCGCGA [14]
52 C 1 min, 25 MEH

UNIV 522R GWATTACCGCGGCKGCTG [15]

7 : GC—clamp(40 bp )}y 5~CGCCCGCCGCGCGCGGCGGGCGGGGCGCGGGGCACGGGGGG-37,

TRATEINRE , Ik 254342 60 °C,20 V FilHLJK 10 min,
130V HLIK 6 h, ffif] Gel-Red ZL €50 4L €4 30 min, SR
JETEBER R 2 4t ( Bio—Rad USA ) #EAT40 BEATHT

VI P i RR M AR IR E T 30
pL (K TE Z i, BT 4 CHRAERERT. U
¥ DNA AR, LI GC—clamp 51 I H#EF 748
TR PCR Y3, R NAR R B S5 AAAE o F PCR P2 #1Y)
Jie il AR 26 FAL R SR A R .
1.6 DGGE B R &7 a1

i FAL % B #7344 Quantity One X} DGGE &%
AT BB, KR E S B g P Al
MBS, KIEA T Shannon—Wiener $5%5
A Simpson F5EUY, F LA RAERE S P RUEYN F F
ST EE M A5 5 GenBank 3R FErh E 8 )75
PEATHE 40T , (8 PR MEGA4 22| R4 R B HIA,

2 #HRSIE

2.1 RERMEZIEITIERE

3 A B A B R R 7 A B 28 43 AR R TE 2,50
3.25 gVS-L1-d™ #1 1.30 gVS-L'-d*, iZ175: 5% 3
B o

3R 3 AT, 3 N RONARTE 35 CTFiB1T3 RAT,
pH Hyms 2, 4ERRTE R SR LRAER pH YL A
(6.8~7.5); BB s H R A & =R, 1532 1 865.21
mg- L™, HFFEREA0Y, MR A & #ik%) 1 500 mg-L™ Bf
FI X B e B A BEMEAE L SR S v R U
I RE R H e B & VS PR R RRRAY R IR 5 8 5

LA B AT SR VS PR R B R
ERERNEL, AN 1.89 L-L1+d™ F1756.4 mL-g;
ERE RN A AR RERAL, O 073 L-L7-d?, X
EERBPAGR AREMREUBBEYERARKH
KR EHFRSEM VA IR B HATE,
2.2 WEMNEHE DGGE Bt R EAHT

£ Gel doc 2000 EERL SR R GEIRS FL UK ET AN & 1
7~ [FBY, #]F Quantity One X B ¥k I HEAT T 2 4F
MFGESIHT , FEx B Ik B P R At AT T IR
F 43 HT, K5 RT .
2.2.1 PRENAR A0 B8 ZHEE ST

DGGE EIEH & % H 5 B X E B B R B
TR P YRR R R B R R
81T L MR, S 5B R S5k
YR P R AN & BRE B8, F 405 DGGE Elig
A (B 1A),3 AR 40T BB TE 40 DLk,
Simpson FEEUE R = FH L 0.90 DU _E (3 4), FHRE
i RE IR AT 3 MR AT 11 4,
BB CRBERER LA S 22 &%, ik RS IE &
18 % & Jot . EREFE ML F 15 7%, XRAAEIREA
RNERH AP RS ORI A IR 2
IEHRR, BRI BB, FEMAE YL . 55,
SHETEMBEN T RAEEHARNER  £A RHE&AH
FEAE , FL R e S N R AR T R A X B B, SRR A
Fnd 2 s & B ) Y Shannon—Wiener $850°h 3.28(3%
4), 1 XWEE T ERK 3.11 AR 3.04, XRAHE
B EM SRR TR .

R3 EE RR ERRERMFETSH

Table 3 Operational parameters of various anaerobic digesters

BoREmtE/d  gERafr/gVS-Lt-d?t pH ARERF/L-Ld? VS PERR/mL-g'VST BEE&E/% VFA/mg L' HA/mg 1!
B 110 2.50 7.22 1.89 756.41 53.03 1 051.82 1 420.42
Bk 140 3.25 7.37 1.31 433.52 51.65 963.15 1 865.21
Tk 115 1.30 7.42 0.73 696.54 55.31 1 898.66 798.63
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Figure 1 DGGE pictures of bacteria and archaea
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Table 4 Diversity index of bacteria and archaea in

various digesters

&t ik B

BiH
L I T

Shannon—Weiner 557 (H) 3.28 1.76 3.04 238 3.11 2.19
Simpson ZFEMEFEE(D) 096 076 093 0.89 094 0.85

MFFEERINZE 5 BiR, 3 Fiit i A M4 R
711,13, K 7 B8 53 E ] (Bacteroidetes ) 4
PUE L E] 99%,13 5 512 e K& (Spirochaetes ) FH {1
JEIRE] 98%; A& AR B AL i PG MR AR
2.4.5.6, i 2 5 &4 ST BB (Bacteroides ) #

PIUE X3 100%,4 55 Wang H.ZE7E 35 CH A E
WA RE T VIR RN AR , $EAT 7 B e it DRAEK Ak 3
HEDRAMBEY T4 E0E , 58] 100%;5 545
W5 EEIRKEE (Prevotella) FIHE R 100% ; % J5F
G PR LA R 1.3.8.10, H 8 544
5453R%JE (Streptococcus ) ML R 100%,105 5
IFFE ] (Bacteroidetes )AHRIPEIRE] 100% ; SRR 5
R AT 12.15.16, HA 1555 Egrave DR
S POTE PR AL 15 U8 Hh R B0 40 B AE (DURR B B i ik
2 100% ; ZFEFE R P REE AR 914, HH 9 5
5 HHAFIE ] (Bacteroidetes ) F{BUEE IX 2 96%
BEBIR A E I, HEE AR RS Y
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Table 5 Sequencing result of bacteria DGGE preponderance bands in various digesters
MRS B AU R R AR ARABLEE/% BR5
1 Uncultured WWEI bacterium 100 CU921669.1
2 Bacteroides graminisolvens gene 100 AB547643.1
3 Uncultured bacterium clone UC-11 100 FJ228426.1
4 Unculiured bacterium isolate DGGE gel band b5 100 GU584032.1
5 Bacteroides suis gene 100 AB542771.1
6 Unculiured bacterium gene 99 AB425282.1
7 Uncultured Bacteroidetes bacterium clone 1946 1 99 EF188796.1
8 Streptococcus macedonicus strain ChF-II-str93 100 HM462406.1
9 Uncultured Bacteroidetes bacterium clone FO7CT_ControlDay15 96 GQ243099.1
10 Uncultured Bacteroidetes bacterium 100 CU918786.1
11 Uncultured bacterium clone 67¢ 99 FJ462097.1
12 Uncultured bacterium partial 100 CT573933.1
13 Unculiured Spirochaetes bacterium 98 CU922012.1
14 Unculiured bacterium partial 98 CT574045.1
15 Uncultured bacterium gene 100 AB494300.1
16 Uncultured bacterium clone GN01-8.177 87 DQ154877.1

SR, SO L AR & B MR R 2R
AR FMMAEY AR, XSRS fIEAES BB
B, AR IS 5 U R I 5, AT 18 A A
ZRMRR, BRI FE B W SR X B RS
Y ZR AR PR TARRE RS EWE SR
ORI, X T R AR A T 2 M A Y R
F, At 43 52 220, R B phy 3 AR o A B — e
FEREfRYE, WAEMBR SIS KA B AR,
RIHSFMEYBEMEEAK, FEHENRE, &
AR B MRS E, X 5405 DGCGE EigEfE
FEMEFE BT B H SR I S5 A AT
2.2.2 RS S HEE ST

H B DGGE 3% (& 1B) AT 51,3 MM
S IEMT S, A BB T 4~10 ZE), = 4L
BRI G RHTR 40%, RiE MERE L
oA, AR 8 5H0 6 4. BT FEH BERFhR
FEXTEE D, B R A BE 3R /A R (an — & Ak
BR. CFR%E)™, MRILH B FAERIM: ; Shannon—
Wiener $5 51 Simpson $5 $UHH ¥ F 40 B 3/, H
REHRERTREBMEZRES, 4553 2.38 #1
0.89, FREFEMAIY 2.19 #10.85, FIFEE T& B
i, E AR R S B E (L3R 1), X HFER
FIFA T BB TR LA IR e T8, X a2 B
PRIE SRR

H R 6 FIE 2 /B, B RE ER 3 fike R

A B E A A BLLL, PSR ER,A S
B Lt 2 5 J& (Methanosaeta) #1 ML & 100% ,B 5 H
ke N\ BIRE (Methanosarcinales ) B E & 99% , H.rh
A EKlocke MPRIF5Y 1) LA AE ¥y i B} 347 B 4 LBR
BN g H R PRSI AR AL, T T 5 H bR
B J& (Methanospirillum )AL E R 98% , X 5 Trzcins—
ki A PPffi ] DGGE JA7E 35 CA& 4T BEA YA 3T
B T (R B 32400 e & B 7= R e S A 138 B 99% 25
TARRL; B 454 C.D.G.H, K
G 5H bt )& (Methanoculleus ) ¥ 1L B K 3| 99% ;
RS PRA MR EF, BB RRIESR
BIHTTE , HoH F 5 Grabowski A P55 AR AE P %
i 7K FE PP BT BT R B 7 R B A AR (LB A 2
100%

HE 3 s, REFRAFH D 5SERFA KT E
EGKFRIEF 99%, [AE C 5 F k% 100%, i T4
B RMERPEESAE KREHARREY R, XA TS
B AR (L A v ) 7 R e TR A DR SRR
AWM G H 5H LR & (Methanoculleus )43
AR, T H K 43 K BT IR 4 shPiE E WP, ixX [FE
£ G.H 5= MK B R Y5 R H b Ab R
BRRMKR,

R EM, BIR 3 NN AFEMTG I K27 T
FEER (BLI KA ETEHETRE, B8R
TR 1A 2 A4S I 5T 4 22 S5 6 AR 0 A S B
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T ORE R, DGGE Z5 3R, 4 S8 5B, I o, U B ( Bacteroidetes ) . F i 22 i J& (Methanosae —
NiEE VS PER RS, XRALSHOMEILFEERE o) FIH IR BB (Methanospirillum ) 35k A8 R B I 2
FIF IR RERE 3 PP BHE R AT R AR AW, Ui LM A A R R YRS A RS8R Y

Bacteroides suis gene( AB542771.1)
ﬂl Bacteroides pyogenes gene( AB200229.1)
5(1.1)
l Bacteroides graminisolvens gene( AB547643.1)
100i2( 1. 1)
Uncultured bacterium clone UC-11(FJ228426.1)

66 100*3( 1)

100 Uncultured bacterium isolate DGGE gel band b5(GU584032.1)
|4( I.m

60 | 58 Uncultured bacterium partial (CT573933.1)
1001 12( 1)

1()0‘ Uncultured bacterium gene( AB494300.1)
15(1)

59 Uncultured Bacteroidetes bacterium clone FO7CT_Control Day15(GQ243099.1)
99 E—9( Im)
91 10(1)
100| | Uncultured Bacteroidetes bacterium clone 1946( EF188796.1)
9L7(1.1.1)
ot r Uncultured bacterium clone 67¢(FJ462097.1)
1000 11( 1.0, 1)

60

45

1

| Uncultured WWET1 bacterium(CU921669.1)
100-1(1)
99 (—— Uncultured bacterium clone GN01-8.177(DQ154877.1)
1
16(11)

100— 13C I . I.1I)
70 | Uncultured Spirochaetes bacterium(CU922012.1)

— 14(1)
100! Uncultured bacterium partial(CT574045.1)

35 1001~ Uncultured bacterium gene(AB425282.1)
{6( I.1)

92 | Streptococcus macedonicus strain ChF-11-str93 (HM462406.1)
10018( 1)
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Figure 2 Phylogenetic tree based on the sequences of bacteria in various digesters
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Table 6 Sequencing result of archaea DGGE preponderance bands in various digesters

s B R AR ARABLEE% BR5
A Uncultured Methanosaeta sp. clone DI_G06 100 AY454766.1
B Uncultured Methanosarcinales archaeon 99 FN646492.1
C Unculiured archaeon clone arch6 99 GQ369771.1
D Archaeon enrichment culture clone C4-54C—A 99 GU196192.1
E Unculiured archaeon clone SB-BN31 100 EF639575.1
F Uncultured methanogenic archaeon gene 100 AB491299.1
G Unculiured Methanoculleus sp. clone C65 929 GU475175.1
H Uncultured archaeon clone F5T20L533 929 DQ262575.1
1 Archaeon enrichment culture clone C4-46C—A 99 GU196185.1
J Unculiured Methanospirillum sp. clone ARK2_26 98 GQ995121.1
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Figure 3 Phylogenetic tree based on the sequences of archeae in various digesters

Rttt , WS R AR A SR AR AT S DL A TR 42 R
PANEF , #5A BY TR R RS N AR AL BRAE T

3 #ig

(1)35 Cht , & J5f b7 3% R B3 A1 22 4 1 R
i 437 2.5.3.25 g VS-L1-d! F1 1.3 g VS-L?'-d?
AT, Y58 RAF b7 IR EIH AL 72, (H 3 F /Y
VS PR BHFEESR, B BMRIKRIK & B b %
(756.4 mL-g'VS™) 5 (696.5 mL-g'VS™) FI SR ER bi
$(433.5mL-g'VS™),,

()RS, 40 Shannon—-Wiener 35 £l Simp-
son F8EAr RN 3.14+0.17 F1 0.94+0.02, HHEHHN
2.11+0.45 F1 0.83+0.09, 355 5 B ZAEMETE BUATL T 1%
YIRS ST, RIEERBET IHA T MRS RE;
FERPEFEE B, AN Tl L F s, 3 4
¥ 5 3 AAT B8 (Bacteroidetes ) 3 , o & 1 A9 DL £
7= e BRI K H L 22 T B (Methanosaeta ) AT
SR & (Methanospirillum ) , Forh Fgk B 3% R HY)
T R B GE 2 T J& (Methanoculleus ) , % [7] ) 4 35
MAEMIHATR AR BEA R FRA T Z M.

(3)3 Fiet T A REAT 257 22%, B R40%,
REAKAERRALIT B 3 Biee it i A 22 RAR K, T
PR B B AR H = e S B2 R A K, U
B fin 5 7K S R Ak 3 AR ) R 455 B R T BRI SRR B o 22
5. REIHARER LR R R A A HE R

[E RSO o T 45 SR B , RETH IR R N R BE A
YT 5 LR (T N 56% , B N 40% ), 22 B IR
AW MER P MEDTFESE B RANIHR .
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