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FEE AR YIRS 2 S5 B 3 AR AL R Gk W i B S5 4 2, 76 BRAH 58 286 P12 (CSTR) BRI, LR P VR S T5 e AR5 e
HEAT T B B AR P IR A SBLARTE 3 g- L™ d™ (LA VS 31) B BRI 8, 9T 45 45 d AEisEReRase , RMIYIML BIRIR ] 454 £5
BRRR I PP H AT T YIMLETS RGN 1A DR P 250 G5 R 3R WY, B A e v A0 5 IS 25 DDA O, 9N I A0 77 B oty T 1 88 i 26 W Wl 7
b NS R, 58 228 HLYIRE AR D T 28 35 T Bk (UnAR T 49 ( Clostridia) F1( vadinHA17) | 1M &) B fi R /K A6 & 90 & BE TR ( AN Petrimonas )
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( Methanosaeta , 15 85.01% ) 48 % 3= 5% ] &35 77 B 1) B B MR R R ( Methanospirillum , &5 35.35% ) . WP 5t 2 6 & ( Methanoculleus, 5 9.89% ) 52
(46.97% ) H:[6) 325 (4 SR TSR], YL IS Methanosaeta TEAETAL S AF T HORORS S MR, 7T UL HEFh T U6 X R o 2 U0 DR 42006 Ak R GEE VR 251
F 9 3 o B R .
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Influence of inoculum acclimation on microbial community structure in
anaerobic digesters treating food waste
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Abstract: To investigate the influence of inoculum acclimation on microbial community structure during the mesophilic anaerobic digestion of food waste
(FW), a continuous stirred tank reactor (CSTR) was set up to treat FW with inoculum collected from a household biogas digester. Initially, the reactor
was started up at an organic loading rate (OLR) of 3 g-L™'+d™!, and the reactor performance (i.e., methane production) maintained stable for 45 d,
which suggests that the microbial community in the reactor was established well for effective conversion of FW to biogas. The results on microbial
community structure obtained by using 454 pyrosequence approach show that the microbial community structure was closely related to the composition and
quantity of substrate. Both bacterial and archaeal communities had significantly transited after the acclimation of feeding FW rich in readily degradable
organics such as starches and fats. The quantity of bacteria associated with complex organic matter degradation, such as Clostridia and vadin HA17,
decreased significantly, while the quantity of bacteria for degradation of carbohydrates and fats remarkably increased. The readily degradable organic
compounds in FW contributed to the elevated volatile fatty acids ( VFAs) from (222.0+0.3) mg - L™ ! to (2203+174) mg+L™" and resulted in the shift of
the dominant methanogen structure. The acetate-utilization methanogen Methanosaeta ( 85.01%) dominanted in the initial inoculum, while after
acclimation, it decreased to 46.97% along with hydrogen-utilization methanogens, Methanospirillum and Methanoculleus, reached to 35.35% and 9.89% ,
respectively. Nevertheless, Methanosaeta remained dominant even when the system was not operated under optimum conditions, which suggests that the
microbial community composition of inoculum had significant influence on the community structure in anaerobic digesters treating FW.

Keywords: acclimation; anaerobic digestion; microbial community structure; 454 pyrosequencing
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1 5|5 (Introduction)

UTAER , SR R AT A B AR o 488 Jo I 3 it 47 Ak
BRAS BNz eSS G ey 52 BHDOEE Bl K R AR
TE 15 BB AT 2 40k TR 1) D gl [ 0. %o 4 s Ul 1 47
Yk, 5 LA 1 8 Ty 3 A 2 Joi R o S e
YIRETE S A SR AR 2 — X 2 R A 1R R TR AT
A FE AR TUE R Ve A T IR B MR R 4t
ELIE N R P A TRE IS AR R L, X R Gk
A= YIRS R R T A M 2 2 O T L ).

NIRRT T W RIS S5 EAT T
W, 25 R, I 5 A e TE kA T AR Ak A
U, Bertin 55 (2012) LAA- 38 Ry 82 R i k47 A8 16 47 3%
PRAENAL , 35K F DGGE WL 9 Ak 1t 75 v ik A Wy
AR AL, AR R @ 149 d YIRS, SE T
T N TR B A SUAE W BB 5 Cho 55 (2013 ) X5
ARG e e TR EH AR A4 F 9I4E 200 d, IfFiE i
454 FERERR I 7 HE AT WA T IS A v T8 9% R 17 4o
T, DAL F5 22 31 3 i A i 45 e Ah iR A
SH RIS R S E A m RS RIKY I,
T ZE DAk AT K A 1 5 A 52 i | ) st 3 5 T-RFLP
S Y BE TS 128 46 ( Griffin, 2012) . SR, H BT
X EEHFGERAR R DGGE \ T-RFLP 54y 7= ¥ 2¢ F
BE, S BEH AR RE A B b UL B A MR T 7
1k AR E BB T A BR A S4Bk P SR s LA, X
SERFF S AR A5 BE AE A W B U R A T B B o]
RSN Z I, B AT 45 5 IS AR M R O B 1 A K Ry
PEHEATIR A ST . B oy T AE W FRR I R e, L
454 S AR e 38 I AR DU g A sz B
2 R, DGGE S54% 58 1) 4 48 SC RIS H AT 1 i
M) DNA 55138 %A% T 100, 1 85— 18 i 8 B R 45
YR HIT AR AT 0 3 X 5 B A B 2= A7 R

R FIZITEABER I 3) 7 48 rh DLV, 38 REAG:
0 381 4 A A E A S i A A B RE A 9
(7] e 2R G W0 381 J R A 4 AR 43 25 KT Y
Yt DT S 2 W 3 SR it A %) TR A 2 A K R
JE LA, 45 30 T o o 4 E D A5 SR A B TR Sk AT
TRATEAN B9 3 A 0 517 49 4 20 22 B 2R FH v 3 e 0
FeBIFSE , SOOI 1 7 7 vh oty B ZE 9IRS 1)
{8 (Cho et al.,2013) . SRTM, RETH AL — 4 #
Ay B PR B SR 9 A2 AL 3 A8 (Merlin Christy et al.,
2014) , BRIt , 4T AIF 5 20 T A TR DA IS Y
R HAHEAEH].

AT LLE I T B A 28 E AR P
HAMT5 Ve 4RSI, 75 CSTR [0 # Hr 347 9l
Ak, L3 A T 7 3 b e R ST AL, I T I S
RGN A PRI S5 F R R T 454 FEBEIR I Y
BORFEAT 0T, AR R WA 0 48 i 3% K 48008 1k 5%
G A YT TE S5 R0 R 2R Ge Tk BE B S

2 #5577 (Materials and methods)

2.1 A Al B o g AR 7T R

BB A R B KA it SR
0 O T 20 8 K A IR IS, 25 OB UKL % 5T 4 4R
o B Sk SR T BRPLBRE A 5 mm 2245, B
BRI A 4 L B EHE D 318 CUKZRARAE I
A1 JEE T 4 CoKAE Hff V. 420 5 8 B = R T
TP IR N 1247 YRR P R At % T8
S DI E B R W EORL, BLA, BT IR & 2
{6 Je —BEZ AT Y (UINLT R A ) FE AN 5 e R AR )
[E)E At & B AE 15 Je AT SR 2 mmx2 mm
DO 3o S Iz i v R s 0 A5 e 3 e vk
H51.5 g- L7 (LA VSS 1) & 5 Iy 35 RN 2 R s e i
PRI 1.

®1 BEFEIIRREMTEAEE

Table 1  Characteristics of food waste and inoculum

R pH TS VS VS/TS C N C/N
R B 6.4+0.2 28.4%+0.7% 26.5%+0.7% 93.2%+1.6% 53.3%+0.1% 3.6%=0.1% 14.7£0.2
Hefhis i 7.5+0.3 9.1%+0.1% 5.4%+0.1% 59.2%+0.3% 27.5%+0.1% 2.8%+0.1% 9.7+0.4

LTS A VS B3R SR E M E 4, C M N B3R TS E 4 L.

22 RMBRIZATHRE
PRAEWEAIRIEAE SR 50 L ARAR 30 LY
4= [ 3J) CSTR IR AL & 2% N i#E4T ( BMR-AS0U,
iR AE RS RS A RRREAE (3621) C AL
PP I E N 60 remin™' i21T 1 h {5 2 h.pH,

ORP JAS" 4t .CH, & it CO, 7 i 55 AL A8 5 Al 7E
2R M.

SEAI— U 1) S 2% A 30 L 3% Fhi5
Je. WAL 2 JE S, NS TE 3 - L7 d 7 i far T 3.
291 H e, H =S f =SO85 AR R e
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(B R ) | BER 2Bk 2 A0 1 75 Je LAFE il S5 0 2%
ARARR, R X —RIE LI 1 d )5, iRt
il 3 g L7 d™ FEFLEIE 4T 45 dZELLIR] B K
HUEE200 mL HF B VFA R (TA) S22 T8 b
I E A B JR AR R RE 1R, DR A SRR
430 L.
2.3 DNA &3 PCR K &8 7
PEHCEERN TS e 2R 45 d B9RE S4B EE Yk
G RE A T A P A T 0 I R o SR B S S B
A =80 C VKA ¥& Uk A& A7 DLt J5 22 I 2. R
E.Z.N.A Soil DNA kit (OMEGA, USA) #£47 DNA 2
e SR O A UL A3 T 4 TA 16S tRNA 97314 5]
ok M om o FO% M 27F (5'-
AGAGTTTGATCCTGGCTCAG-3") H1 533R ( 5'-
TTACCGCGGCTGCTGGCAC-3") JEATH 14 | iy 1 | 2%
JH 344F (5'-ACGGGGYGCAGCAGGCGCGA -3') I
915R ( 5'-GTGCTCCCCCGCCAATTCCT-3") #4174
K Ry AE I Ok AR AT AR AT B AR 2 R AE
553R F1915R 19 5' Ui 4 PCR 34451444 .95 <C
T A 2 ming95 C M 30 5,55 CiB 2k 30 s,
72 C T IEMH 1 min, 25 MEFR ;524 72 CF 4 10
min. i A PCR 971 25 S A 2L, HOE TR 5L
R 27 A HE S X PCR PR kAT 4l Ak A E &

A I AR M EE ), PCR Poik 2 il SE 75 4
Y 25 A BR A R AT I
2.4 BB T BIE AT

FE W 12 D P B840 4 A [m] i 30 SCHR (Li et al.
2015) A TR P FI 2 1% ) NCBI %4 4
L AEAEIES R SRP065754.

2.5 &

3 gL d i fr kR g B A IR, pH . CH, =R
AELR AT W, B VEA BRFR A 08 (BA) \TA
RRWE, LR TR TS VS &3 d il 1 Y Hiv,
TS VS SR AR 7 20 & ( APHA ,2005) ; & VFA |
BA I TA [ 5E J7 40 Li 45 (2014) Ak, 75 4h, VS
FBRR(r ) R HSCHRH (Koch, 2015) #EFE 1A X
THALBRAEL M A0 ) FE A T A L2 8 AR i E 3 A
SEATRE O

3 R 5138 (Results and discussion)

3.1 R P &M

JRENE , RGAE 3 g L™ AR T i54T 45 d,
BERRE IR K2 45 d RN B PERES UL 2. 3% 2
BRI 3B AT ] 4% TR bR AL TR E H &
Ghb TSRO TIRES , TR b 1 #2156 9 9114k
).

F2 BEMMRERESTHEREREESE

Table 2 The reactor performance parameters at the beginning and stable stage

B AR B VFA/ Z/ B/
I 44 i Ef:,:; T ,1 @5‘,, W%: pH VFA/TA BA/TA
(L-g™) (mg-L)  (mg-L”)  mg-L7)
HeFhet - - 2220.3 15420.3 33£0.2 7.55:0.01  0.07£0.01  0.92+0.01
R 0.50+0.03 89.68%=0.26%  2203x174 171266 376£64  7.55:0.03  0.22x0.02  0.87+0.03

T BRI S ARG R, TE T BE ™ 50 r R, R A R AR 3 A FATRER P S e R 22 B U, 5 IS A I 828 1T 45

d BRI A S B b 22 s UG 7 R LA g VS P AR R e T

3.2 EBERIN TR
RIS 22 GE L D RE TR I s 4 F s
VS 45 d (I5 e AE i FHF DNA $RH 93 K
BB LA SRS 16S rRNA JE[K F 31, HE48 5100 #r
WL 3.0 3 AT, R A4 SC A 7 25 R e B vk U

JPE5 RIEAREAR SRR 5 i B SR . e Ak, 36 3 R
N T Z A A Y 2R B H R TS e Yl
TBJE R 2 345 5035 i 6625 A4 B A AL 571
7419 F1 6221 N EEPLALT AN AEA UM 97% B,
Bk BE A2 R OTUs LUHETT R 58 L & 2 REVESY

x3 HERESREBMBIFRENEEY 16S rRNA EE F 5 B 454 (HH1UE 97%)

Table 3 Sample information and statistics analysis of the microbal 16S rRNA gene libraries obtained from the pyrosequencing at 97% similarity

e R A% OTU % ACE 5%k Chao 5% Shannon %X  Simpson F§%L s
2l FERN5 5035 359 371 371 5.07 0.0125 0.9938
Ytk s 6625 173 192 188 3.14 0.0991 0.9955
L i e 7419 55 58 57 1.02 0.6973 0.9993
Ytk s 6221 35 36 36 2.01 0.214 0.9995
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Br 408 Z 09 OTU %4, L M ACE . Chao ,Shannon
Simpson %5 ZAEMEFE BIL R B 41 R BE S S i &2
FEPE L T AT X 5 R A A9 & — B0 (Kim
et al.,2014) . FF—X] L3R5 Je YIS 15 T8 1Y)
XUEFERR , AT LUE YIRS 4T Y 2 AR EREAR, o
ALY 22 FE 1 2 . T WL AR S AR W kAR B
5.
3.3 AL 4 T B 5 0B

PRAETH AR 1Y 7K i TR Ak 4o A = B 02 78 40 B 1 1
TR SR, X FA R AR, oA B AN ] il 2
ASE TR 4 A TR S ST R, A R W UL A
AR 1K BB o34 W 1 AR RS e
i, S T O L FF T ( Bacteroidetes,
27.13%) 4% 45 B 1] ( Chloroflexi, 1 19.38%) | & BE
B ] ( Firmicutes, & 18. 77%) . & & =W ']
o1 90%) IR iE BT
( Spirochaetae, 1Yf 10.82%) . 7Ef2 E B 1T HYEE 45 d,
Bacteroidetes il Chloroflexi [ AH X} 3= BE A5 /)N i A9
HEM , Firmicutes (1448 XS 3 BE PO 34 I, 58 AOR T
Bacteroidetes %5 — L #4141, Spirochaetae FY AH X}
FEFA T %, 1M Proteobacteria % AH X = & I [ 5]
0.5% VL. AN, B IR ] ( Synergistete ) B AR X = 5
W 6.48% EIEDIfLit R G 2R OL R W T

A Bacteroidetes , Chloroflexi , Firmicutes , Spirochaetae.

( Proteobacteria,

100% -

m FEETE others
RRKKKK 7, Synergistetes
GRS m Spirochaetae
80% - [[111] Proteobacteria
] Firmicutes
Chloroflexi
EHHH Bacteroidetes

60% -

FAX R

40% -

YRt YikrE

E1 YRR EEITKRFE LRSS
Fig.1  Taxonomic compositions of bacterial communities at phyla

level in each sample retrieved from pyrosequencing

a4t 1T, 5% Spirochaetae 41, Hofth 3 /N [] )&
AT IR AR A S R g P B R 2 R A T
(Nelson et al., 2011). IE XA FHMEKRE =/ .
T TR S ) 2 PR v 44 B

% Spirochaetae

AN AT AT AT 4 AU HE T2 K L)
e AH AL, J5 & B9 BT T W 4 Bacteroidetes |
Firmicutes I Spirochaetae (%ﬂ(ﬁf{% 2015; ﬁ%fi;'%ﬁf
2015) ST BR b Il S5 HAB 2 0 PR 32 81, Hi# 1Y
RN 5 AT 5T 5 A AR AL, PRI B AT SRR DL Y R
P& AR O T T 3 v T XK 4R A AR E B Be
MR DL 128 A IS R H Az 47 25 R AR L F
FEA AT (Y] et al. ,2014; Guo et al.,2014) ,iX
AIREAE TR TS I AN [ BT 0. it ml 0L, S A
FETPIG YRR T YR I B b AR A G B
YERT, 33 ] DL S AN [ 27 2 1 F 5 ob L4l ok
(74, 2011 ; Quintero et al., 2012).

gt —2 oy M AR i A b A Py R T — IS
PR I 0, BRI I 2 75 T 3 7 A 7 3
B OCFHATIRE R K YL T 20 F K1 1 B 17
BLSEE TR 4. 03K 4 T LLE B2 AT e 40 R Fh 2k
TorEE, BB DML AT, U e v &k
2 E AR BEF ST 1 49 ( Bacteroidia ) S35 5 i (
10.71%38 & 27.58%) ,iZ N H 1) Petrimonas & 2
FH, IE Bk RERR AR T2 B R R Y B 2R AR A
Petrimonas N /& B 40 T, 5B K W S [ Ak 10) H 28
H: 18 A EALRR ( Grabowski, 2005) , %F HiB S,
M0 1 JEOR R 2 55 R I A 301 8] DR 65 i 7 3%, i
AEZ L AER Y0, )5 2 B S oK i, Hik,
Peirimonas ‘. 3F W K. b Ah N Hp ke e A 1Y) TR
JEIEA ZN R 5 — FE B KR vadinBC2T _
wastewater-sludge _ group . 1 H# 29 ( Clostridia )
Fastidiosipila F1 H. F# B 29 ( Synergistia ) HY
Thermovirga. Fastidiosipila &R FABEIE =4 LR AT
P2 ( Falsen, 2005) , Thermovirga W Fl1 & F J5T 1) [ fif
FHIE(Goker et al.,2012) , YIMLIE BN T FEBARA
S HG . i VadirLBC27_Wastewater-sludge_group F
WA i /b 3 i) R 5128 38 T 5T MERE A LA Y
FEffA O ( Xie et al.,2014) . [RIAEHY | Bt 42 24 A B
Y] vadinHA17 ( Baldwin er al., 2015) Mfl &R £
2 4t K K fi W) B i R B W ( Clostridia ) ( Nelson
et al., 2011) FEFE L RMF L.

3-LIE 1 4K ( Deltaproteobacteria ) Ff) 32 %L J& 25 %5
WG & ( Smithella ) | H.%5 78 J& ( Syntrophus ) , LA )
B2 E 1A 249 ( Spirochaetes ) F) 3 % 8 28 Candidatus _
Cloacamonas #{ & H IR IR EALE , 4 R G &5 R
BRI, 5 A CE IR B G I SR AL TN R
(Siddique et al.,2012;Razaviarani et al.,2015) .31k
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x4 YULETER BKFHEESLEM (XTI HBXNFEXT 1%8925])

Table 4 Taxonomic compositions of bacterial communities at the class and genus level for the sequences retrieved from each sample (only genus with

relative abundances higher than 1% at least in one sample were liseted )

. AR 2 B " ARX
RIS e HeRh 5 e
Actinobacteria 1.43% 0.33%
Bacteroidia 10.71% 27.58% Bacteroides 0.26% 2.84%
Petrimonas 0.62% 18.85%
vadinBC27_wastewater-sludge_group 7.51% 4.33%
Sphingobacteriia 2.07% 2.49% ST-12K33_norank 0.20% 2.49%
WCHB1-69_norank 1.31% 0.00%
SB-1 3.99% 0.56% SB-1_norank 3.99% 0.56%
VC2.1_Bac22 1.97% 0.00% VC2.1_Bac22_norank 1.97% 0.00%
vadinHA17 7.05% 0.91% vadinHA17_norank 7.05% 0.91%
Candidate_division_JS1_norank 1.25% 0.21% Candidate_division_JS1_norank 1.25% 0.21%
Anaerolineae 18.05% 20.88% Leptolinea 1.17% 0.00%
Clostridia 17.56% 8.18% Fastidiosipila 0.93% 1.69%
Erysipelotrichia 0.89% 21.46%
Betaproteobacteria 1.53% 0.00%
Deltaproteobacteria 7.98% 0.09% Smithella 4.07% 0.02%
Syntrophus 1.17% 0.00%
Gammaproteobacteria 1.39% 0.09%
Spirochaetes 10.82% 8.27% Spirochaeta 0.10% 2.87%
Candidatus_Cloacamonas 8.88% 0.00%
Synergistia 1.87% 6.48% Thermovirga 0.06% 4.82%
others 11.44% 2.47% others 59.46% 60.41%

Je BUREAS Y TR A R v T 18 TR L %08 7 B e
PO BIE B2 B R R R BRI, SR T
HAFEHETREERHA T , X RIUSE RGN
FEAE A HA AL T B A0 R B 48 0 i i A= 4, ARG
TENTREA.

Ak ,JEEE HITTFW Erysipelotrichia {2 =1,
Erysipelotrichia £, 7 (19 & JI 18 B 09 41 6L 7% 43
(Ogawa et al., 2011; Bang et al., 2015) , 7-H W58
R IR 215 B 1o v AR T ORI, HOAE 2 UV B R
Yy B EE 151 32 155 ( Greiner et al.,2011) , 7] DWLIZ B AJ
RES R AR A G, B Jm S 1< T RE 2 ol T2 Jef
BIRHEA e & i .

3.4 P T A K B R

YT IS T TR R TR LR B A BT 8 43 A1 1
ULIE 2. N 2 wpom g, FE e RIS e v, W be B2 A
( Methanosaeta ) i Y540 %} = A7, H=E B 5l i B
R85 01%. % W MW ke A\ & BR W R
( Methanosarcina ) F& 2. HALA 1 £ R 5 57 7 7= H e
. — AR Methanosaeta TE 2 TR M FE AN # T 100 ~
150 mg- LB 7 325 11 J5 34 1 SRR B 55 T 250 ~

500 mg - | P = Sl R ( De Vrieze et al.,
2012) 4RGP TP I S BR W Bl (154.0£0.3)
mg- L™ A, Methanosaeta W)= 5457 2 ] i WL A
XA 5 b S R B B 5 AT A R RE T A AR A
FF ) = P IR A Y oy T R — B (R
&, 2015). 9l b Jm, W ok B E B
( Methanospirillum ) . & 3 K (H 2. 25% 3 =
35.35%) , i WAL IR T Methanosaeta (46.97%) W) 55
@2 A, R B ( Methanoculleus ) F)AH Xt
F RN 0.80% 4 %29.89% ik W2 T # I /™A% AU E
FERRU e, P, A5 B RIS iR AR T &
PR B AR I U IR AL P e T A [R) 32 A4 T B 3
BIAMIRY) A L2 1 5 K i, B m
K ik 2 R 38 A Y o B R AT YIAB IE, R ge vk
VFA YRBETHm TN IR |\ T RS VFA TEFEf# &R
()3 FE R 227 42 H,( Merlin Christy et al., 2014) ,
RGN H MR IN, 2575 S S0 3 B e 1 2
(Kampmann et al., 2012) .31 577 3¢ YI4L )5 4i
TEIRES TP A T PR A — S T UL, IS Y
X TR 7 A A TRy S ) DR AR R T (LA
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TR, RE YIS R i) SRR BE &3k 1725
mg+ L™, Methanosaeta WK R J& 5 3 5 19 £ 12 8 37 Y
7 BE B, HAH X =F B 53K 46.97% , Methanosarcina
HIAHRSFREER A BT, JT A B it 5% . 3 AT Fi
WIS —2( De Vrieze et al., 2012) ,{H Tale 4§
(2011) BYBIFFER I, B i PR KI5 X 45 5 Y e T4 1Y
WA H A R U . A B 5T A S e b i
Methanosaeta FAXT £ FE 4 85.01% , 1i Methanosarcina
HAB 0.39%, XHLBEE T Methanosaeta 1£ 22 58 H 1Y
F G, X — B BT H RS e AR M RE
TR A A AR

100%~
—— others
@ Methanosarcina
80% D]ID] Methanosaeta
X Methanospirillum
w Methanoculleus
. 60% -
H#
-)y;(v
=
40%[-
20%}-
TOTH
|
0 mma
|

YLRT YL sa

2 YMemiEEEERKTE EHS S
Fig.2 Taxonomic compositions of methanogens at the genus level in

each sample retrieved from pyrosequencing

4 2518 ( Conclusions)

1) IR 26 0y 32 28 e e s Rk A R P IV Atk
1SRG T JE3hE 16 3 g- L7 d 7 i T i
2215ty 45 d BARRRERERRE , BLIA 4RI U 3k 1
B SR B X TR, Yk .

2) 383 % YA T A0 P R T A IR DU
GEEL SRR WAL, A TR ) 22 AR B A, R
ZREERG .

3)YIMb)E , i v LA, S E A
ML W fif AH O 19 B8 2 B 35 F F% (40 Clostridia 71
vadinHA17) , [A] 5 5 B g e oKk Ak ) J TR AH G 1Y
W25 (W Petrimonas ) M 2 5 g Wi B fit 1) 28
(Erysipelotrichia ) i 14 I, VLR 2 45 Hh £ & 73
A8 R I I T R R 1) 2 R R %

4) T TR 7 435 R 1 9 3 52 ) JIC ) RN DI 4 e
5 V8 I EE 5 M) HZE RS e Y Methanosaeta 5 35 46

b K N L X R e oI e | = & S B S L A 3
AARIROREF = b7 5 R B IR A B (bt R 8T
A E FE M W S W Methanospirillum il
Methanoculleus 53 YL J5 £ 12 AU 7 H %6t T Al
VB FRAL HGE T 2R, A AT ORI AR
SE IR AATH AL 7.

EEEEEN . U E T (1963—), 8, f#, ML+ AE 5, £
EH R T7 o B AR A5 4R 5 YR AL, E-mail ; xypeng33
@ 126.com.
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