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Acclimatization and Characteristics of Microbial Community in Sulphate-

Dependent Anaerobic Methane Oxidation
XI Jing-ru, LIU Su-qin, LI Lin,LIU Jun-xin
(Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: The greenhouse effect of methane is 26 times worse than that of carbon dioxide, and wastewater containing high
concentrations of sulfate is harmful to water, soil and plants. Therefore, anaerobic oxidation of methane driven by sulfate is one of the
effective ways for methane reduction. In this paper, with sulfate as the electron accepter, a microbial consortium capable of oxidating
methane under anaerobic condition was cultured. The diversity and characteristics of bacterial and archaeal community were
investigated by PCR-DGGE, and phylogenetic analysis of the dominant microorganisms was also carried out. The DGGE fingerprints
showed that microbial community structure changed distinctly, and the abundance of methane-oxidizing archea and sulfate-reducing
bacteria increased in the acclimatization system added sulfate. After acclimatization, the bacterial diversity increased, while archaea
diversity decreased slightly. The representative bands in the DGGE profiles were excised and sequenced. Results indicated that the
dominant species in the acclimatization system were Spirochaetes, Desulfuromonadales, Methanosarcinales, Methanosaeta. Methane
converted into carbon dioxide while sulfate transformed into hydrogen sulfide and sulfur in the process of anaerobic methane oxidation
accompanied by sulphate reduction.

Key words : anaerobic oxidation of methane; sulfate reduction; acclimatization; microorganisms; microbial community structure
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1 #RE5FE

1.1 B R SAAb- B PR I s A ) 9k T ik
FR e DR 480 S - 2 0 0 it DR 1) 9 A 2 ol
HH AR5 KA B ) IR AR BT 8, 15 U 1 T L 3%
L. KR 5B TR —E LR & IR B R TS
JeHEE 42 800 ~3 500 mg-L~", K,S0, HIHkE N 5
gL' EFEWAALS A NaCl 2.0 g-1L.7", CaCl,0. 1
g-L~", MgCl, - 6H,0 3.4 g-L~', FeCl, -4H,0 0.5
g-L™" ,NH,CI 1 g-L™", pH 7.2, Bt FHi #2443 #F
afi | [ 2548 b 220 A R J A . A WOIA

100 mL IfiL 75 FE A 50 mL B e (60% , A 3H
AR, ATTAETCR AR TA BRA R ) |, K il 78 I 25 &t
JE A TE IR LR (30°C, 120 remin ") RA I FE.
B% 30 d, HUil 10 mL VEA W AMRIE TR, 158
A 50 mL B H 60% W e, MR RS540 T 4kl 35 5% |
Ytk e BIIORE W0 2 O e | B R R R
PR W R AR, 3 A H R RO P i
BEd RS D, LR R T X R [ A R
AR K BT, B0 E T R 519 IR, 56
PN T 2. HYMLLE (IR A WA R 24 T
AT B R A AL ISR

x1 SRER
Table 1 ~ Characteristics of sludge
BHLT & & ToHLT & TOC COD e
/mg-L'l /mg-L_l /mg-L_I /mg-L_] P
14 820 13 080 8332.24 27320 7.2
x2 REEH
Table 2 Conditions of test
i PERIS H T/ mg - 1! CH, #JE/% K, S0, ¥/ mg-L~! Zat
MS1 3529 57.29 5 000 AR
MS2 3561 0 0 R
MS3 3485 60. 43 0 AR
MS4 3557 41.95 500 AR
MS5 3428 0 5 000 AR
L2 itk SO;~ ¥ J¥ . DIONEX 1CS1000 & T (0% (% ( 3

F e, — S Ak filk A Ak &0 35 SR A0HE 2335 X
(LHEAE 6890N B e ) K, SMAR TS
FH N AR S

CH, . &G TR AR, N, M3 ; HP-5 B
54 (30 m x0.32 mm x0. 25 um, Agilent) ; #FFE
IO B | Yl R 0 8% 3R 32 43 0 R . 50, 100 A
250°C.

CO, . AR M #% , He S AN AE
Thx-01(2 m,$2 mm, 60 ~80 H ) ; FEFE IR |+
T RIS DU #3501 . 110, 100 1 250°C.

H,S: KIEEEER R N, A#E<; DB-1701(30
m x0.32 mm x0.25 wm, Agilent) ; BFFE IR | A
TR £ 0 B 4331 4 £ 100 . 50 1 200°C.

) P E
% Ui (COD) : HACH COD W & X ( 3%

&

).

MA LR (TOC) : TOC-V CPH Ml AL ( HA)
W5E .

ST [ A4 (TSS) FHAE A M2 B AR (VSS) »
FAETEIE (EZRPRME GB/T 11901-1989) .

AT - F MOBIO Power Soil 3[R 2H 32 Bt
R (L E Mobio) FEHUEL 20 DNA. G4
357F-GC, 517R Fil 344F-GC, 522R %42 HU[) DNA
Ay AT A A TR 16S tDNA JLH V3 X4 4 H
JPH L 3. I SOW A ZR (50 L) E24% : DNA itk
5 uL, 10 x Buffer 5 wL,dNTP 4 plL,MgCl, 4 pL,5|

%£3 PCR3|#FFIE
Table 3 Primers of PCR

[PER/ESiE EIE 7 eIkl
W 357F-GC 5’-CGCCLGCCGLGLGLGGLGGELGEGGEEGGGGCACGGGGGCLCTACGGGAGGCAGCAG-3!
} 517R 5'-ATTACCGCGGCTGCTGG-3’
g 344F-GC 5’-CGCCCGCCGLGLGLGGLGGGLGGGGLEGEGGCACCGCGGGACGCGGGHGCAGCAGGCGCGA-3!
522R 5'-GWATTACCGCGGCKGCTG-3'




4604 T

B 35 %

Y1(10 wmol-L™") 4% 1 pL, Ex Taq fif ( Takara, H [E
Ki#)0.3 pL, KE#aisk 29.7 wl. 4EY =25
N :94°C AR 5 min, 94°CAEYE 1 min, 48°CiB K 1
min, 72°C #E 1 1 min, 30 MEIF, 72°C ZEAH 10
min. TP EFEF N .94°C THAE M 5 min, 94°C 28
30 s, 68 ~58°CiE &k 30 s, 72°C ZEfHf 1 min, 10 4>
PEER, 94°C 75 30 s, 58°C IRk 30 s, 72°C ZEifi 1
min, 20 /l\ﬂﬁ%, 72°C ZE{# 10 min.

K DCode i JHZ&AAG I 2 4 ( 52 [ Bio-Rad)
Xf PCR N 7 Wy AT HL DK 735, 58 PR s Tt i 5 Js e
JEMIE 6% ~ 12% (it W B ), B8 A2 PR B
40% ~70% , L FEH .15 pl, 60°C K 65 V HLK 16
h,SYBRE Green %4 {1 )5 | Gel Doc XR %K AR X
(2& ¥ Bio-Rad ) ffi 2k B 1 £ 5 K%, 7F HIEUE 73 #r
B A4 Quantity One X} DGGE F8 40 K& 3474347

Xt E R AT I, B | difb R ek
1 T7 5149 (5'-TAATACGACTCACTATAGGG-3")
M. B 4k 45 1) 7 51 76 NCBI ( National Center for
Biotechnology Information, http://blast. ncbi. nlm.
nih. gov) B4 BE 9B FT BLAST (Basic local alignment
search tools) 73 #4fT.

L1 Shannon-Weiner index ( H) & 78 J2 W A £ )
oA MR 2Rt At ()

(b o

A, n s BRI s 050 O DTKIE AL
N 5 0 ASPKE TR 25 B B .

2 HREWE

2.1 BRFRER I SRR e IR S SR TR A 45 R AR
2.1.1  4HTR RS H AR

YE N DGGE 35 anE 1 s, Hefpi (MS2)
SR INGRERER i IIE TR R (MS3) 1Y DGGE % &1 4%
B AT RN B ARl MS2 5 MS3 K R YAk, #B
WA IMAGLER LR, MS3 A T 60% 1 H ke, Y4k 5
AR R AR RE TS S5 A A, F 22 R AT
. 5 MS2 FiMS3 ARG, A BRERER Y MST (R R 11
Mgt 22 5 W3 AR RIEH N 3.79, MR & T
MS2 il MS3. 4 & #F 95 RS o0 i 4 2R o, MS2 Al
MS3 1R R T REREVR AR RUME R 78% , MS1 5 HI I &
FIREALEAN Ry 63% . R AFE v 445 FA R PR 6 R T A
BT BB, I H 2R .

FEYIA AL TR | 40T Ay B B4 TE 7 45 A8 R R B
B A I ) R R e R AR, BRI R

FREERTE T, A — SR A5 | 8 I 24 TR
PIGFREE, IR DI RE ML AL T B A AR . XS
MS1 . MS2 Fi MS3 Y DGGE % [&], MS1 Hv 4458 1) 4%
i 11 4, B0 B2, B3, B7. B9 ~Bl1, Bl4. BI6,
B17. B19 il B24. 44 B4, B8, BI2. BI5. BIS,
B20 . B22 . B23 i1 B25 #£ MS1 , MS2 FI MS3 144
Kot 2R B 3k S AE H2 Rl v AT 1 B A A i A
h— P fEAE. [RIF 464 B1, B5, B6. BI3, B21 il
B26 {H 4%, X LRI AT BE P 27 2 6 R R A 3 61 1

BEFE 26 OGRS DGGE 454 (Bl ~
B26) AT UIME , dlifk, mokERID T, BT AT 5 AE
GenBank U3 5 F BLAST HEAT R VEME L85, 1
2 25T P AR 2 1 4 TR TR B 4 DS LA, A3 AT MST
MS2 I MS3 P L B pR B, 4% 1A R TP O 34 A v 2
HAHBUE 51 F 3 4. K/ AH U (A ALE R F
98% ) J2= M\ 15 7K Ab B 1y DR 400 Ak 75 T vh 4 5 75 2]
B, BT e T ] SUFF BT, SRR
PAIGTT, ST, AR, TREW ], ik
BT MR, 5 MS2 Fil MS3 #H b, MST H#4H 7
BT

2545 B14 H1 B2 & MS1 JhA (R EE, AELET
MS2 Fl MS3 f, J& T YAk ik A2 v = 4 v i 3 Y 2

MS1 MS3 MS2

BIl

BI2

Bl4
Bl16

BI17
BI9 D

B22

B23

B24 0.78

MS3 MS2 MSI
354 362 379

Shannon ¥

-
E1 YMLi R EM DGGE I EMBEERE ST
Fig. 1 DGGE fingerprint and community clustering

analysis of bacteria during acclimation
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AR Hob, &0 Bl4 B TR AR E B
( Desulfuromonadales) , FAH LB 43 25 B Ab #5557 R
ER IR K 0 RS U, BE LA IR £k 3 B O L 7 A2 44
HEATTCAEEI | P A= ) BEAR B 1 LA B2 6 O i
Wyt A7 A K0 B2 5% i R
Proteiniphilum AL, 7T LLKE 85 (1 BK gl £ R FTTH
R R TR A Bl R LA B AT WL R T IR
B7 AL T A T H Mesotoga , %3S & HETE =1 i 2R
55K or i b K AL G W, 7 W A RT BT I e T
AR5 BIO MR R B BE BROR R
( Sphingomonas) Xf 75 T Ak & WA W T iz 0 A AE

x4

I1, B FEIR IR R L], o] DAIE R SR e =
(EREEN . B11, B16., B17. B19 F1 B23 HYAH{LE
)@ FRTedA ] ( Spirochaetes ) , A T4 W H BLAEIR
ARG R IR L Bem Kb 9. it A
BER] LA Y, 45045 B12 1 B18 2 W4kt i — B AETE
(R 3 B, DA 2 TR & 19 R R0 R I 2 4 5 1Y
BH62 5 B18 ML), B12 5 7E/KA% B p & B 7
51 ] ( Planctomycetes ) #HBL, 77 25 B4 |1 10 S L6 b g
HAT 5 B B A/ A G C R 2E M e 7

Zead Wik, MST 19 41 B B8 7 A9 00 35 o e
A FEBRRRER I ST | A7 LA ik A7 L B ™ R e

MS1, MS2, MS3 & % A 35 4 B A9 48 1L

Table 4  Similar bacteria of the dominant bacteria in MS1 ,MS2 , MS3

WEN i AL I BRI g/ % HFS
B11,B16,B20 Uncultured Spirochaetes bacterium MADSa69 anaerobic digester sludge 100 AB669259. 1
SN Uncultured Spirochaetes bacterium mesophilic anaerobic digester which treats .
BRIEATT  B17 QEDNI10AHO7 municipal wastewater sludge % CU926612. 1
B19,B23 Uncultured Spirochaetes bacterium SWHR3 surface water 99 JQ346773. 1
BT B2 Uncultured Proteiniphilum sp. zeol swine manure 100 KF530887. 1
B26 Uncultured Bacteroidetes bacterium SAO1 B74 anaerobic lab scale digester 100 JN998177. 1
JERE ] B3 Clostridium sp. JCC human stools 100 HG726039. 1
- B13 Lactococcus garvieae strain TRF1 timber rattlesnake fecal material 100 KF111340. 1
O] B7 Thermotogales bacterium PhosAc3 —b 99 FN611033. 2
- Uncultured Thermotogae bacterium mesophilic anaerobic digester which treats )
B9 QEDR1CCI12 municipal wastewater sludge % CU922832. 1
ST Bg Uncultured Chloroflexi bacterium QEDNIBGog MesoPhilic anacrobic digester which reats g9 110)5985 |
municipal wastewater sludge
B22 Uncultured Chloroflexi bacterium QEDR2CFo2 MmescPhilicanacrobic —digester which —treats = gpyges |
municipal wastewater sludge
3L B4 E“i”lf”redDgeNs;g”mm"“adal“ Estuary in middle of river 90  KCO006088. 1
acterium
B15 Uncultured Syntrophus sp. OWB-7 petroleum hydrocarbon contaminated sludge 99 JF773293. 1
a7 HIT B10 Sphingomonas sp. NBM13 Manikaran hot spring, India 99 HQ703929. 1
FEE] B12 Uncultured Planctomycetes bacterium FeB12  Fe oxide mottles in rice field 100 AB368748. 1
] B25 Uncultured actinobacterium 13_121-M13F_EO5 mixed liquor 100 JX442892. 1
Uncultured Unclassified bacterium mesophilic anaerobic digester which treats
Bl QEEA1CGO1 municipal wastewater sludge % CU918505. 1
B4 Uncultured bacterium QEEA2BAO7 mesophilic anaerobic  digester - which treats g9 1918473
municipal wastewater sludge
A B5,B18 Bacterium enrichment culture BH62 mesophilic acetate-fed anaerobic reactors 99 KC961908. 1
B6,B21 Uncultured bacterium Bact_2011_C_1A-H6 UAtSB granulated biomass from brewery waste o) (36905
waters
B4 Bacterium L55B-115 N.[ethanoge.nlc cnns?rtlum enriched with crude 99 1F947100. 1
oil-contaminated soil
1) FR SCFE A AR X EE

2.1.2 TR BELS FRAE

W H) DGGE 3 & BoR R4 MS2 5 R s
FRER DAk MS3 Tty TR T A 19 1 i 435 ) A oL (1A
2) FHLPEIN R 96% |, 15 MS1 A B B X 5. MSI |
MS2 Fl MS3 1Y 7 A< 45 £ i o 2.51, 2.53 Al

2,53, AP 2R 2 SR B, I ABR R R A9 MS1
TR TR T8 22 P I TSR AT

11 ANEH (AL ~ ALL) 2005 . I HexT e, 4%
R R Bty B R AR S F 36 5. 455K X
SER AR T BT TR ] A AL B
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B % 35 %

(FUEER T 98% ) 738 H RSB AE W) S i 4.

MST Mz i as 5 2%, B AL, A5, A8, A9
FIAL0. Horb, A1 5 B2 R T8 AR BLEE  100%
Valentine %™ 75T 38 i) HY o DR 4 84 SN et
RIZEEBA P ALIIRE. s R K F 0T,
TR BRSO T (ANME) 734 3 AN 2ERE, /I
ANME-1, ANME-2 Fl1 ANME-3. X 3 P2REEERE T
J AT ] ( Euryarchaeota ) , HAG M AL B b i) IR S 58K
A F 2R AR, L ANME-1 5 HH e A\ & Bk H
( Methanosarcinales ) 1 B % %t W H
( Methanomicrobiales ) /325 K R HE, ANME-2 J& F
F e\ B Bk H ( Methanosarcinales ) , ANME-3 5 )
FEER T & ( Methanococcoides ) 364 3 285 . A5
ROARMRIE & T BE i H , 55 ANME- 1 R4 R
AT, Hinrichs %57 7R 28 5210 IS FF g 14 SR B 3T A 0T
Rl TR R I RS, A K&
F M RBLAR. A9 5 HLEER T H BRI BLEE D 99% , %
KR TR SO IE R I E I ANME-21 2,

MS1 ., MS2 Il MS3 A5 — 641 ] (i 3 A A A
sk A3, A7, A8, A9 Fll A0, HLAR 52 LA i A8
b BAETE TR Y R v | AT BETETRUZE v 1Y)
Yy rnge E A LA AR, Hoh A7 5
Wt 22 IR R & ( Methanosaeta ) #HLLE R 99% . A3 5 H
Pt 3 T T ARLABA 122 T e et T 4 498 TR R By 7 PP e
B —FP 2 A4 B2 5 b /B R R A
LLRE S 99% , Bryant' ! & B L AEHS £, R B3 Y A C it
A, ALL 25 5 HUGEAT B AR B, T8 7 HY e
WL 2R A2 A6 YL S W s, A2 AL TR &
T BERER JE , T A6 B AHAL I Jm T H e /\ & 3K 1A
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=]
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A10 Uncultured Euryarchaeota clone 027D03. g slurry of biogas-reactor 100 EU838253. 1
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