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e 1T 2% o s o S0 A 0 R e Ak 4, 30 AR 0 I S WA 4 AT AR 34T 16S rRINAJE PRI R 2 i B 11 1 v B 2 & 1
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0.05) ;NaHCO,/CO, 41 Z B ¥4k g F Be ff Lb ) y (88.3 £0.5) %, & T HAW AL 19 77% -81% (P <
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AR E Y o T IR AR B R B R IRT 5
KIS 5 R T B R R R 6 i R AR
Wy, SR BEAL R A 2 A0 o WA R I AR
5y % B pH R T KRG 0T R (VFA) 45 3£ 855 [
T ™ . — b pH (6.8 -7.2) BIEHIHA
I, pH 3 e B M1 A 4 B R B R I )
KM H . Lay W5 K I pH 4y 6.6 — 7.8 [K}
15, B U 75 8 (90% — 96% ) B 1IF % K W 7= 2 W
AR pH AR T 6. 1 5% 5 T 8. 3 I sk & bl
SR pH FE 6.8 Ji 4 N & i A kY o Hao
SRR BRI SR I pH N 6.5 FRARE] 5.5 i, th 41
727 7 T 5 ) 0D 6 9 K, T R A AR g
o A BL 20 TR A0 Ay 3 A Sy 2R L R A
B ™ o DR e, 70 RS SR UK B B SR N
S IR INE PR R E pH, IR R A BT B
#(PB) M (WRMEA, 4—— Z R £k (PIPES) M A
435 2 HEURE LR (HEPES) ™ o {2 ¥ I 2 b
YT R 2 5 WV SR T I R RN AR B R 4
Ralf 2% BLVE I 10 mmol /L ) PB I B fit $2 & /K 7%
A B 0 2 00 6 9 20 T 7 R R B B T K T 20
mmol /L Ji5 I 45 4 41 7% W g AR 35 7 o Lin 45 % DL
B2 R 7E 0. 15 = 0.2 mol /L Iy £ B A 4 25 Bl B4 i 7= A=
P 1 33 24 T YA S5 0 1R ok WO A ) T U SR
e B AR Y . e SRIIR AW B RS
U035 S e R 0 2B K (E O T R A TR R R 2
i3 B P R O R R, L7 R e ol B o
FxF = ) & 7k w " . Bartscht 45 BF 50 &k L 5
HEPES #{ Lk, PB £ 3406 b it 19 2 40 i 2B K9 o 1
HEIEA N ik, AN R pH G2 whons TH R T R A A
PR T U RS AT 5T LA S B 3 IR 1 OF T
N IR I R AR T TR R B R R 0 TR Al o
Y&, 43 s in PBLHEPES. PIPES FI NaHCO, /CO,
Pl WL pH 22 000 HE 4T 77 B e 9%, SR A T-RFLP 46
U 0 BV AL, AT AR S [ 22 o % 7
R RE AR T 4 M 10 S S T VR I B0 6 i 0
FHRT 5 32 G40 4 -

1 MARRTA
11 EERFNE

1L.1.1 EFERIELEE: LI 4 6% E i (Beckman
DU 800, 3% [H) 40 g il % 1 (MP Bio Fastprep24, 3

[E) . PCR 1% (Bio-RAD C100, 2 [#)  # I% i vk 45
( Thermo MDF=22136, ) A HEOE L HL
(ThermoLegend Microl7R, 3£ ). RO
( ShimadzuGC2010, H A ). < # & &
(Agilent7890A , £ [H) , /T % PE R FE 4 (Vied, £ H) .
I FE A% (ABI3130xd, 3 [H])
1.1.2 FEZERAFE: 5 KA DNA g {6l 5 &
(Promega, & [§) + 35t Jig ¥ % S [nl Wie 28 1k 1K 71 &
(Tiangen, 97 ) \TaqTMPCR th & (TaKaRa, HA) -
1.1.3 FERFE#EH:PB (120 mmol/L,pH 8.0) ,
TNS (0.5 mol/L Tris-HCI, 0.1 mol/L NaCl,10% SDS,
pH 8.0) , Tris { F1 15y (pH=7. 8) Iy 5017 ¢ 1 I (25:
24:1) (pH=7.8) 507 7 ol (24: 1) (R,
), ROX1200 (B4 4, o [{) » 51 ) (Invitrogen, 3%
), BRI N VI8 Tag 1 A1 Haell (TaKaRa, A ,
2 mL #2 2% 4 (Sarstedt, 48 [E ), 0.1 mm B ¥ &
(Sigma, 3 [H) o H Al # MR F =208 8 Bl AEY
TREBORA B2 w) A ep [ [ 254 1 .
1.2 EfEHF

ARSI AR A T AREA & LI IE -+
Foe e Bk e 7 PR e T AR M2 T R N LT L AR
B IR T 7S R AT DA A S gk v MR 2H 03 i
WIHIE 5% & 30 H % B8 B (Syntrophaceae) < WWE1 | $h 4y
B 1] (Thermotogae) 42 Ji& i £} (Spirochaetaceae) « H.
F2 W B} (Synergistaceae) %5 i = ZL 41 1/ S BF, H bi 2
IR (Methanosaeta) Fil F 4t %2 & J& (Methanoculleus)
& TR B R 12 AR I IR 35°C, By
F JEL LI s AE AR B A 2 Y o R S 0 O
H A R Y 1) B i R 209 (1 B R & (V/IV) i
FILL 2 MR Ay b V10 B 7 kb R AT AR AUHE 5R. AR
Hungate JR 4856 B 0% RA LA oG 72 ™ 0 3L
B4yt (1L) : 0.5 g NaCl, 0.5 g MgCl, (H,0,
0.1 g CaCl, *2H,0, 0.1 g NH,Cl, 0.2 ¢ KH,PO,,
0.5 g KCl, 1 mg JJREM 0.5 g L PEEIR. A3
JEAEJT S mol /L i) KOH ¥ pH i £ 7.0, 7E N, g4
oy B R IR L, 121°C KA 30 mine % FRORT 0 A
Na,S*9H,0 (5%)) « 4 4= % (Vo Vi, Vo, %
2 mL/L) Ffg i 6 2 (2 mL/L) %, NaAc (¥ 29k Ji
#& 20 mmol /L. HEPES.PIPES.PB Fll NaHCO, HJ#
WE & 10 mmol /L. % 4% NaHCO, 40 ) N, &
#e h N,/CO, & & A (4/1, V/V). J HCI
(1 mol/L) 8§ NaOH (1 mol /L) 45 pH £ 7.0 -7. 5,
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35°C i B I B IR
1. 3 SHhAE

KA S GC2010 2 KA 4L 5 & .
O SR 2% (TCD) Ml Porapak Q AN
B A, AR A (99.999% ) o HEFE 1L A
RS WU 85 1) 3L 43 50l A 150°C < 100°C F 200°C 5 it
g 35 mL/min. FH I ) IR MR B AR &2
0.2 mL 5S4 Hr e d5 o R R HE T AL — 4k
0y BT B 0 N R AR A A B e A oE S
f) P8 IR B B0 o A P HOHR 43 HT B 1 origing. 5 0L £
e Kot e A Kl 2 U A A 2L Slogistic 1:y =
al { 1 + exp [=k* (w=we ]}, 0 AR K5 Ik
KB L AR KT

K AR L3 7890A Il & L Rk B . B 1 mL
K 17000 x g5 min 590 J5, B E W vk 30 min,
iy (0.45 pL) J5 8B 2 FE RO, A 5 mol/L
HCl @tk % pH <2 J5 EHLAHT. % (0 0% Bid A7 &K
R I 2 (FID) A FEAP B 41 45 A, BRS04l &
(99.999% ) , # S 0 i A (99.999% ) « HEFE S
D25 3 52 38 2 250°C o A A UL E 80°C, 20°C /min
FHZ 180°C, f££F 1 min. <y & A 400 mL/min,
H, i fE 4 40 mL/min, F:Ji & 1. 476 mL/min. 4Mx
T .
1.4 WEMHFRTFESELSH
1.4.1 E F 4 DNA B2 BU R 4 £ : R /I beat-
beading 3 HU M DNA P22 0 B0 42 10 mL 33
J5 o 16 T A B AR T N beads 0.5 g PB Hil TNS 22 pft
0 16 A0 M A A L6 m /s [RHE 4R 5 40 s Bl EE .
MV Treis A Ry < G005 A0SR 0 B S S0 S il
P&, I J5 o 9 BE T UE T WA DNA. BT 44 DNA A H
DNA 440K 71 £ 4l 10 1% 356 5 8 U8 J12 | oK Gy 0
[A 41 DNA [f) i &, DNA {47 T -80°C f¢ H .
1.4.2 PCR ¥ 38 R 44k - 73 5l B 5 41 4 51 9 B271/
B9O7r ™ Fi v 18 514 A109£/A934r™ 2% k47§ 434,
o Bac27f 1 Arc934r [f) 57 uigfdi FH 6 FE % &
(FAM) #5ic . PCR ¥ #i1k R 2% Tag™ 3 B 7 &
(R4 A U8 I, 0 T RO B I PCR R ¥ 2 2% AT 2 i
AR Y o PCR P4 alifh 5 % 3 ) £ B 4 0
1.4.3 EYIR A= S5/ W 6ot B o
DU 800 Il & PCR j=#y i &£ . & 1& PCR /=41 H
Tag 1 65°C 1) 3.5 h, 41 PCR 724 % Fl Hae Il
37°CHEY) 3.5 ho WD) = H) b 3 5 AR TG

KR 1/10 4R £ 8 (pH 5.2, 3 mol/L) ,
WRA G -20°C i #, 17000 x g.4°C & .0 30 min J5 -
F& B, N 70% UK £ 200 wL, B0 5 min 3k
T8 8 X T, - 20°C EEARAT
1.4.4 T-RFLP & #7: Hi& & ddH,0 ¥ fi#, I 1 -
2 wL EREEAL 4 F0 0.2 wL 9 EE ROX1200 59 wl
ZE TR B R S, 75 95°C A 3 -5 min, K
10 mino WAL 7= ) 4 31300 W F7 A _E 3E 4T | vk 4>
Mro I H#4F Gene-mapper 4.0 i[5 TRF H K
() AR B ) A 6 3 5 o
1.5 Hitoh

K FH B IR R 7 22 4 BT AN 6] pHL 22 el o 0 A
7 g A K H e L 2E K T 2R 1 22 S P (SPSS 16. 0,
FHED o SR G TR 2R AN ) % b 1 41 R
o TR AT R M (SPSS 16. 0, 5 [H)

2 Ao
2.1 FRENRPHZIHERIEES

Hi P& 1 mT %0, B &R M82 713X LA pH 22 o i
BRI H SR A A I 7= A F G, AL 7 H e 1) 4 i
WIANTE] o M82 £E AN INZZ vl g IS (1) 7 Y o 48 ¥y 391 24
20 d, ¥ il HEPES. NaHCO, #1 PIPES J&5, /= F &%
FEIATE 20 — 24 d, i N PB ) A B GE U AE K
40 d Ziti e W e MRS E W SRR EE, R IN
AT pH Zp i b 10 SR LT # g s FEFR R (<
15 mg/L) (1), AR I £ B 11 55 56 41 55 AN i
LRI HEZH 22 1) 1) FR G 7™ 6 I VS TN 1R 1) S
B2 (AC +) ) SR A4k H e (1 B9 o (81,3 =
5.9) %, AC + HEPES 2 /) /& (76.9 £0.8) % , AC
+NaHCO, 411 (88.3 £0.5) % , AC + PB 41 (] &
(80.3 £0.4) % , AC + PIPES 41 (1) & (79.3 +0.4) %
(£ 1), 412 &I AC + NaHCO, 411 2. 1% ¥ 1k,
hy FRUBE (0 LE A 2 3 s T LA )L 4L (P< 0.01) ,
BEET AC+41(P< 0.05) . {HREEXL A pH
G TR, g K e b R K 4 i AC + 4
0.46 +0.08 d ' AC + HEPES 41 0.46 £0.04 d '
AC +NaHCO, #1 0.47 £0.05 d "' AC + PB 41 0. 57
+0.11 d'F1 AC + PIPES 41 0.46 £0.05 d~' (%
1) o Geih o B K B AN [F) 92 b 3 v 1 s K R 6 L 2
KHEEFALE (P> 0.05) .
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Figure 1. Time course of methane production in consortium of different pH buffer.
% 1. I pH buffer PRI ZE=HEERNEKSH
Table 1. The growth parameters of the acetate methanogens in different pH buffers
Maximum specific Transformation rate of
Buffer solution Cultivation time/d c(acetate) / (mg/L)
growthrate / d ™' acetate to methane / %
AC - 44 - ND -
AC + 44 0.46 £0.08 3.74 81.3+£5.9
AC + HEPES 44 0.46 = 0.04 3.52 76.9 +0.8
AC + NaHCO, 44 0.47 +0.05 14. 11 88.3+0.5
AC +PB 66 0.57 =0. 11 ND 80.3 £0.4.
AC + PIPES 44 0.46 0. 05 ND 79.3 +£0.4.

“ND ”indicates the data was below the instrument’ s minimum detection standard ( <1 mg/L) .

2.2 T-RFLP &R MHH
2.2.1 YHBEBEE LM T-RELP 53 8 & AN [R] 28 o
VOUZEL T 40 A AR 4 R L, B il Bt (T-RFs)
69.77.203.215.222.231.251 Fl 337bp 4 1. 454
AU 2 BT 16S fRNA KE R T B ST M
B T R B R 4 B A R O A
(77bp )« # M W B
( 203bp ). B i Bt
(215bp )~ JK % %4 W F

( Anaerolineaceae ) (222bp) . unclassified bacteria

( Desulfovibrionaceae )
(' Thermotogaceae )

( Spirochaetaceae )

(231bp) «~ H 3% B A} (Synergistaceae) (251bp) Fl
unculturedWWEL (337bp) (& 2) o H A [R] 4 2 ) 1)
Fe 2 S B 77,203,251 F1337bp. T-RF 77bp 1£
AC - 41 AC + HEPES #1 il AC + PIPES 41 (¥ = )& 4
32% -38% ,7F AC + 415 AC + NaHCO, 411 2
N 14% , £t AC + PB A rp L) H 47 2% - T-RF 203 bp
7 AC + NaHCO, £ LA K 13% , £ AC + 21 fl
AC + HEPES 4 =244 8% , /E AC — 411 AC +
PIPES 0P F 210 4% » £ AC + PB 41 h 3= i B AIC
N 1% o T-RF 251 bp 7£ AC + 4181 AC + PB 41 vh i
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% 34% -37% , 7 AC + NaHCO, 41Hl AC + PIPES 4]
2y 24% -27% 75 AC + NaHCO, 41H1 AC - 41
ikl 4 E Bl 6% - 7% . T-RF 337 bp 1F AC +
NaHCO, #1342 fge i 4 18% » 76 HoAts T4 v iy = )i

5% —10% o R R AC + HEPES 4 f1
AC + PIPES ?E/Eé%'é%ﬁ, H & AC + 4/ AC + PB

TR, 1 AC - 415 AC + NaHCO, 4 52K,
AC + 415 AC + NaHCO, 25251 (K 3) -

Relative T-RFs abundance/%

2.2.2 HEESERES MK 4 T IE A E g ( Methanobacteriales ) (95bp) . H i £ iR
W) B B T-RFs 95.228.284 il 495bp 41 ( Methanosaeta ) (228bp) . Ht & H I £ F#
o (R R, AR 45 A VR 1820 2 R B 16S rRNA 3 [K (Methanosaeta concilii) (284bp) FIAT 154K H 4t 22 1

vE W S AR T R K e 1 R T AT

120 " T . , r T . , r

1004 ¢

80

; ] 337

20 4

WA 77
R o

AC-

AC+ AC+HEPES AC+NaHCO3 AC+PB

Buffer

AC+PIPES

2. [E pH £k 4 & T-RFLP
Figure 2. The relative abundance of bacterial T-RFLP profiles in cultures amended with pH buffers.
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Figure 3. Clustering analysis of bacterial T-RFs. (Remark:Each group has three replicates, with

exception that group AC + PB has duplicates. )

(Methanosaeta harundinacea) (495bp) -
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T-RF 95 bp 7£ AC + NaHCO, 4 F & g m b
13% , fE AC + HEPES 41 fil AC + PIPES 41+ 46% -
9% ,{F AC — 41 F1 AC + PB 41 E £y 3% , /1 AC
+ Y FE R RIL AN 0.5% « T-RF 228 bp 7F AC + PB 41
RN 0.3% , fE AW A P F RN 9% -
14% , T-RF 284 bp {f AC + NaHCO, 4].AC + PIPES
41F1 AC + HEPES 4] v 3= &y [ & 42% - 62% ,
AC + 41 AT AC - A F VS HITE 16% —17% , 7E AC +

PB 40 TG F Bt . T-RF 495 bp 75 AC + PB 4 h 3+
JER N 97% , £ AC — 41, AC + 41, AC + HEPES
20 AC + PIPES 4 fil AC + NaHCO, 4 FEF KK N
72% 10% 36% 33% 1 16% - FHKA4HT R HIAC +
NaHCO, #1.AC + HEPES 41 fil AC + PIPES 41 [J £ 7%
SERI LR AL, BB AE i, AC - 41RI AC + 411
R RE V% S R AL, FERAE T3 Ah— 1%, AC + PB A W] 18
AN T HoAd JUEH S S 2R o — % (K 5) «

120 : . T , T T T T T T
110 - i
100 - — T. |
B %
1 RR3BXS % -
90 o POOEOS o -
Reletele% 5
1 Rededs botel i
bo%
80 [RS8 6% -
2 ROS30%% 193
R} h ;’0‘0 0 5L J
2 704 [ < -
g oo <
2 1K 958, i
£ 60+ p 0.:4 -
s 0% ]
[ 0‘4
2 50+ e -
e [ %
.D - ’. ’ B
2 404 (S i
= 1 PR i
(7}
£
=30 R -/ I others
’ i 495
20 - 1B
] 1| [ 284
10_ 111 1 1 7] m 22g
0] B _boreed  HFFEFR | B s
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Figure 4. The relative abundance of archaeal T-RFLP profiles in cultures amended with pH buffers.
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Figure 5. Clustering analysis of archaeal T-RFs. (Remark:Each group has three replicates. )
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3 W fgie

ARSCWFFT R B pH G2 3 S AS [ R 32 i 1 17
7 HUE S Vi 3], Herh PB O S B o W) . AT T
FUR I PB < FE T w23 5% Wi KRG A B~ 71 1 45 IR AR
% I R B B R S R e R L R B
I PB 2k FEME AN 7 4R IR A B b T AR
WAE R o FEAHT IR AT R BV I PB4 b 1l B
FHER L A E IR B e B M. harundinacea
(T-RF 495 bp) AHIE ) 3 ™ M0 95 40— K L
FE P HUBE 1 M. concilii (T-RF 284 bp) JL T 584> 1
Ky IXLW] PB W] A 4y ik R R £ MR SR A
Feli B . 40, BAT R L AC + NaHCO, 41 1) 1 i
O T I Al LA R AT 0 % B e T
Methanobacteriales H 17 FF 48 & B B £ 8 AC +
A BRI n, X R WA R 2 1 CO, il &0
TR R WUt B A E 2 RSN R A8 T g ok B TR
We? &G mi kK Methanosaeta L 88 I H] £ 1 1 AN
R AR A K o SR T Ja 9 1 0F 5 6 0 ok
Foft 8] L A% 35 » Methanosaeta W] LLA F 3 R 4 A0
P B O S 4 AR A SCRE S I 2R P T B A R
2 A A AR 2B B BE 7 A LRI 3K R AT £
Tk DI

AHIEFUR DA AN [R] pH 22 o} 951D Bl 26 0 H
MR ETAFE R, Hfh AC + 45 AC +
NaHCO, 21 i) 1 #f 72 5 f K, X AT g 2 th T b i
ME ML ERRES T EZ M EAREA K.
AC + HEPES FI AC + PIPES 21 /) 41 W A1 1l T8 7 9% 4K
FCECAR L, EATR 40 B 2R s AC + A B RL, 5 2
WRRRES AC+ A= K. HARE A2 bW
FHLL, AC + PB 4155 AC + 21 d5 AR AL, {H 2 J2 A0 K R
A PB 5, 41 B 2K B 9 J& T Desulfovibrionaceae £}
TSI W B B, T BT — BRI AR
unclassified bacteria (231 bp) , 41 8 #), B EE
FE A 25 2 1Y S T 9 R 5 T R )RR AR T R O T R A
ey B AZ AL R e Y PB R i a

AR5 RIS il NaHCO, - HEPES. PIPES #1 PB
A 25w Bt LR ™ T ke I B K B K, H
SR N NaHCO, 25 2 2 41 7 Y e & » T4 I PB 4%
MBS R K S W BE I SE v 1. 53 Ah s PB
A NaHCO, /CO, 22 #8032 10 4 v &5 40 11 5%

Ko

B R RS B e R R b 1 AR R A
b B VE R A WS BT 0 B & 1 AE SPSS et )
B A A8 45 7 1K 48 5 A I

22 3LHR
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Effects of pH on methanogenesis and methanogenic
community in the cultures amended with acetate

Tingting Ma, Lei Cheng, Zhenzhen Zheng, Qianshan Qin, Lirong Dai, Hui Zhang
Biogas Institute of Ministry of Agriculture; Key Laboratory of Development and Application of Rural Renewable Energy,
Ministry of Agriculture, Chengdu 610041, Sichuan Province, China

Abstract: [Objective] To evaluate the effects of pH on methane production from acetate and the methanogenic community
structures. [Methods] Solutions of phosphate (PB), 2-hydroxyethyl (HEPES) , NaHCO,/CO, or piperazine-, 4—
bisethanesulfonic acid (PIPES) were added into the methanogenic cultures, separately. The substrate consumption was
determined by monitoring cumulative methane production, the methanogenic community structuresin the stationary-phase
cultures were analyzed using terminal restriction fragment length polymorphism (T-RFLP) of 16S rRNA gene fragments.
[Results] The period of lag phase of methane production in the PB addition culture (ca. 40 d) was much longer than that
in other pH buffer cultures (20 —24 d, P <0.05). Approximate 88.3% of acetate was converted into methane in the
NaHCO, /CO, addition culture, while the value decreased to 77% -81% in other pH buffer cultures (P < 0.05). The
maximum specific methane production rate was similar between different pH buffer cultures (P > 0.05). The relative
abundance of members of unclassified bacteria, Spirochaetaceae and uncultured WWE1 increased to (15.5 = 9.4) %,
(7.3 £ 4.6)% and (17.6 * 6.3) %, respectively, in the NaHCO,/CO, addition culture, while synergistaceae
decreased to (8.9 + 8.1) % . In archaeal domain, the acetotrophic methanogen related with Methanosaeta harundinacea
became predominant (97 £2% ) in the PB buffer culture, on the contrary, the concurrence of M. harundinacea, M.
concilii and hydrogenotrophic methanogen related with Methanobacteriales were detected in the cultures amended with
HEPES, PIPES and NaHCO,/CO,. [Conclusion] PB retarded the methane production in the acetatemethanogenic
culture, NaHCO, /CO, addition improve methane production from acetate, the pH buffers had not obvious effects on the
maximum specific methane production rate of the cultures, the microbial community structures obviously changed along
with PB and NaHCO,/CO, addition. The research would help us to design suitable condition for the growth of
methanogenic culture.

Keywords: pH buffer, acetate, methanogenic, terminal restriction fragment length polymorphism (T-RFLP)
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