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Exploring the relationship between methane flux and
microorganisms in electrochemical anaerobic digestion system
by using pH as a disturbance factor

LIU Hongzhou, YANG Sixia, WANG Nan, LIU Haibo, CHEN Tiezhu, LI Jianchang*

School of Energy and Environmental Science, Yunnan Normal University, Kunming 650500, Yunnan, China
Abstract: [Background] The metabolic pathway of electrochemical anaerobic digestion (EAD) system
is dominated by microorganisms with different functions, and the metabolic flux is related to the
abundance, activity, and community structure of functional microorganisms. [Objective] To explore the
relationship between methane flux and microorganisms in the EAD system. [Methods] We conducted
the metabolic flux analysis by using pH as a disturbance factor. [Results] At pH 7.5, the maximum
methane flux was 0.398 4+0.029 3, which was 25% and 65% higher than that 0.297 44+0.012 7 in the
control group (pH 6.9) and that 0.136 5+£0.012 0 in the disturbance group (pH 6.3), respectively. In
addition, an average of 33.8%=3.1% of hydrogen (flux) was used to reduce carbon dioxide to produce
methane and acetic acid, and an average of 21.0%+2.6% of acetic acid (flux) was converted into
methane. The methane flux was positively correlated with the abundance of Mariniphaga,
Methanosaeta, and Desulfomicrobium, while negatively correlated with that of Sedimentibacter.
[Conclusion] In the EAD system with the coexistence of methane and acid-producing bacteria, a pH
value slightly greater than 7.0 is conducive to the production of methane, and changing the pH value of

the EAD system can regulate the metabolite flux by altering microbial abundance.

Keywords: electrochemical anaerobic digestion; metabolic flux; pH; microbial community; methane

TR MFA (R BEE WA B T S A AR 5T
AR BT RACITY S AR TR A B A i

Ak 27 IR 48 T 1L (electrochemical anaerobic
digestion, EAD)I1 A i 42 g 5l By IR 480 7H fk

(anaerobic digestion, AD)f= ket HH K&
SR A S R AR AR AR, TR = AD i
PRI B BEsE bR, BATE N AD 4R #4
MBI, AE EAD RIS b, AARHR R AR
[ REGCE D T £, HiE s (EH 5 REHEY)
fF EEARSEBY, DR, AT R A Qe A
FGICA 40 A7 4 7 2 B A = HR e A gt 3 45 ok
Y Z A E G R .
X, 1 38 17 43 M (metabolic flux analysis ,

MFA )2 73 B Bk 38 2t 53 A7 A5 X H o5 R Ak 7™ i
HANAYLR . 2R . ZHEMPTA: ) ERA )

1. DCAR AR M8 55 2 S i oAb A M ad # 42
L34 751 o I MFA ZERIRR RS54 R 40, JF
FLTCE P 0 A AR A S 0 4 Ak 2 1 i o o
WA A Bz A MFA HR B s
T A . gy . REAEE 0
/3 HT . Huang P05 MEA B FH T 17 16 & 75 2
PEACH I RAE, 45 REVIAR AL BEE v 2
B NIRRT RRIFI A O, B AR50
4 0.091, 0.014 F1 0.017 mol-ff iR /mol-# %5 b .
Gonzalez-Garcia ZEU FEIR G B 3R 1K & rhilF 5%
THUE PR S A e a8 S, B TR
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SERE AT S, AR AT I 45 19 38 B
PEA, X2 B 2 U URE [ P 1 UCOR F MFAL 7 i
REH AL R Tl oY, ARAS T R R
52 93 %) 3 Sk A A A 3] 7 3 5 P 0 2 ] 1 O
F o (EARHHE AT, MFA BR Al 3k &R 78
IR S r A RE A T, BE B AR A A
7 I R A R

pH & RIE EAD RS0 1E #3817 IR 1,
AARF T REMRUEPNAEIE &1 pH JE RN A
EIE & A KA, n 2 50" B B S A 1) pH
G E 2 7.14-8.20, I H pH fH7E 7.8 Wfi& I
Tt MR H) T2, Zhang ZPRESE T &
R pH (E R 7.0 LA BH5AA R T3 A: B i &
i, I EMEYT pH AR bR N U . A
5T B fE LA A B RIS, DL pH A 4Esh A+,
SR FEAR I 143 B 1 7 ST IR A 5 3R 1) EAD
PRI RS, R pH YL X S RERUE Y
F14) I S80S 1 R S A R 7= 0 P v 2 i 6 P
M, JETERSE EAD 7™ B Ge Al & S5tz
[ R G FR o

WL

1.1 &M
SCI R ARG R YL 3 NMHEW

PRAETE TS Ve e Fi ) . 200 % , pH (B 7.85,
SR 16.11%, 38K MEER S 7.93%.
1.2 EAD L %EE

EAD [ # R A B3 B8 6 B A [ A T . 8
RNiAs, FEHREIN . HKESEE . Bk,
HLUR . e S R s, il 1 B
RN AR 400 mL, AR N A7 bk
BF % A 4l 40 L i
(30 mmx30 mmx0.2 mm), HL A% ] A 3.0 cm H.
XFRE , HRETARERE RS, RGN
Ag/AgCl 2k 2 L A 5 BH AR RIS A 4 ok — H A
A R
1.3 KIIZIt

BT RSB B, S — B B o B SRR B
Rl EAD JashIfis 2R B, 5 Bl
pH LB Bt .

(1) HigeBrEx

WIGGEFR 5 BfEHIER 1.0 V, PIR
pH{E A 7.12, RN 30 °C. LW R shEt, 7E
A R 120 g DRAEPETS TR . 100 mL 2%
PR 10 mL ff 0 2 (28 P TRORN e
JCFR MR TC b 2 BEOSCHR[16]) . R A A
BN 1.0g, EHIWEN 2.5 o/L, BRI
N A E T 30 °C RYEIREE RS R . S

(30 mmx30 mmx2 mm),

<—— Power supply

Three-way valve

N,

< Take the trachea

— Reference electrode
— Fermentation bottle

Magnetic stirrer
Sampling tube

Measuring cylinder Gas cylinder ~ Graphite Pt

Bl 1 EAD St [78%
Figure 1 EAD single cell reactor.
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FMIRRN pH>7.0 B TAMEL, BRRAMEHE N
1.0 g WiZIbE, TEULAcIE TR 2R,

(2) HshbirE

Hzh pH 9k 6.3 1 7.5, XBAZH pH
HH 6.9, THBE 3 FAT5E% . L LUk
RIRFIWREM S S BN, KRR
PRI L AR R HLRR pH ARk ik
W, FCAFZERM, M ZELERAE 600 mV
iy, pH EAE 7.0 BT A48 Ak B AT AL 3t 7™ A= o A4
AEBER RSN, MEMA 1.0 g b
AT 14 h WA 140 5 1.0 g #ZBERATY
FEFRR); SRIGHAYE EAD AR5 R0 2845 71 43 BT A
0 25 rp A AR R AR R AR (N R L 2
e, MR, TR, Ak, WERR . KR . O,
CWE. N, TR, CO,. CH, #I Hz)[9’13]o
1.4 FERFIFUEE

QIAamp DNA Mini Kit, bt Yk
AR w]l 3 Ex Tag Enzyme, 10xEx Tag Buffer,
dNTP Mixture . BSA #1514, 4= TAEY) TR EH)
BE A RN SERRCAE SUREC T T &,
BUMEBRIN B S b ARABR A w5 SARERE L, A
BRANIE 78 4354 TDX-01 (43 H744A) . KB-FFAP
LN 5 H(30.00 mx0.32 mmx0.25 pm) (4
M HLER) . RB-WAX B4 1%+ (30.00 mx
0.53 mmx1.00 um) (7 H7EE), Wiilfmar o drias
ARRAE]; pH i, USSR A RA ] .
1.5 SW#AEE

(1) pH. HLFHIH

SR FH 56 B JC 4G S S L IR AT R 5 R
A pH i1, 45 24 h M4 — K pH A ; i AT 7
%, 524 h I — R A

(2) MGy

SR FH AR €0 B ASCR I A B 4 o G T 25 128
e K DU A PTG I £ (thermal - conductivity
detector, TCD), TCD ¥Rk 200 °C, ik

110 °C, AN LA, AL TIRE R 200 °C,
HERERE 200 Lo ARUESMAR: CHy 55%, H, 3%,
CO, 15%, Ny Atm.

(3) ALK

K ASAH AR M K 1R, A T A &
KGRI RS o FLAKS I 732 an SCHER 2019734 .

(4) BEiE

3 1o SO LT S S it P T o A 2%
2R s A R, A Ny,
FERIUR IR Ry 60 °C, FHEHEE R 20 °C/min, 3
FERLEE Ry 250 °C, #EFEF N 2 ul.

(5) #3E EAD ;7 HBEAR I M 45

A 5T R AR 38 £ 53 #7 4K4F (Cell Net
Analyzer 2019.2)#J% EAD 7= H Gk 5 3f
TR A P i R L%, 3R 14 EAD
7 HBE S R T A AR AR R 2, X s i 3K
TEARZ WA 5T v B AR BIE s 2122

(6) 16S rRNA FE[H

M4 )s, i QlAamp DNA Mini Kit
PRI E Y RE 20 DNA, ZH4EE R 2R 3
Al AT 43 Hr . PSR AT Tllumina MiSeq
FARBAT, PCR ¥ XK 16S rRNA Y
V3-V4 X3k, FrRH51%°8 341F (5'-CCTAYG
GGRBGCASCAG-3")H1 806R (5'-GGACTACTAC
NNGGGTATCTAAT-3"), PCR W& £ (50 pL):
Ex Tag Enzyme (5 U/uL) 0.3 uL, 10xEx Tagq
Buffer 10 uL, dNTP Mixture 6 uL, BSA 0.6 uL,
. FUFS1#(10 pmol/L)£% 0.6 uL, DNA1 pL,
E4liZK 30.9 uLo PCR Jhiz&f4: 94 °C 5 min;
94°C30s, 55°C 30s, 72°C 45 s, 327 MEHE;
72 °C 10 min; 4 °C {#£5,

K QIIME PH4 | b3 5 2 Brill ¥ 345 19
JEUR %) . K Trimmomatic-0.33 2[4 i 22
W5 41, #IF Flash 846 FF T 3R 4511 2 4> reads
. A, AR S 2 4 M DL E B R B B
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#Fz 1 EAD FHIEKREIEREM RN

Table I Reaction formula of EAD methanogenesis metabolic pathway

No. Reaction formula 'No. Reaction formula

RI1 Glu+PEP=G6P+Pyr 'R20 Pyr+2H,0=Ace+CO,+3H,
R2 NADH+Pyr=Lac+NAD {R21 But+2H,0=2Ace+2H,+H"
R3 Pyr+NADH=NAD+For+AcCoA 1R22 Pyr=Pyr (ext)

R4 2Fd+Pyr+CoA=CO,+AcCoA+2FdH 1R23 Eth+Pyr=Val (ext)+H,0
RS 2Fd+NADH=2FdH+NAD {R24 For=For (ext)

R6 NADPH+NAD=NADH+NADP R25 CO,=CO, (ext)

R7 2NADH=H,+2NAD IR26 CO,+4H,=CH,+2H,0

RS 2FdH=H,+2Fd 'R27  H,=H, (ext)

R9 Lac=Lac (ext) 'R28 2AcCoA+H,=Pro (ext)+2CoA+CO,
R10 Lac+tNADH=Pyr+NAD i R29 Ace=CO,+CH,4

R11 For=CO,+H, 'R30 Ace=Ace (ext)

R12 AcCoA+ADP+iP=ATP+Ace+CoA ER31 Eth=Eth (ext)

R13 AcCoA+2NADH=Eth+CoA+2NAD {R32 But+Eth=Hex (ext)+H,0
R14 2AcCoA+NADH=CoA+H,0+CroCoA+NAD iR33 But=But (ext)

R15 CroCoA+2Fd+NADH=ButCoA+2FdH+NAD §R34 But+2NADH=But (ext)+CoA+2NAD
R16 CroCoA+NADH=ButCoA+NAD iR35 Pyr=Pyr (ext)

R17 ButCoA+ADP+iP=But+ATP+CoA 'R36 CH,=CH, (ext)

RIS 2C0,+4H,=Ace+2H,0 {R37 2H"+2e =H,

R19 Eth+2H,0=4H"+Ace i

Note: Glu: Glucose; PEP: Phosphoenolpyruvate; G6P: Glucose 6 phosphate; Pyr: Pyruvate; NADH: Reduced coenzyme I;
NAD: Nicotinamide adenine dinucleotide; Lac: Lactic acid; For: Formic acid; AcCoA: Acetyl coenzyme A; CoA: Coenzyme A;
Fd: Ferredoxin; NADP: Oxidized coenzyme II; Ace: Acetic acid; Eth: Ethanol; CroCoA: Crotonyl-CoA; ButCoA:
Butyryl-CoA; iP: PO, ; But: Butyric acid; Val: Valeric acid; Hex: Hexanoic acid; Pro: Propionic acid; ext: Means extracellular.

Fr i AMEART 20, A S REOIGRL . P K E T
200 bp HHid i . LT OTU MiTE A FEM
FIERE(R B, FERHARRINE 97%F) OTU #1524
Mr, K Mothur V.1.34.0 i+ A MREEAK) OTU.

A, EBCERERT 20 MRMZEMRET R EEM
Psych, Pheatmap fil Reshape2 {31384 FhHH Xt =
JE S Z [ AR SEE A R 2k, IRt R AC
Ty s A G 2 S AR 2 TR 56 R AR

2 X553

2.1 RBERGF PRI TLSHE

MRAE MFA B S B St 3 B 2R 1R R ik
PR WA R 2RI RS, S5
DAHIRR HL 3. AU AN pH B2 Ak 3ok W
R R AR AN ] 2A BT, BEE EAD R R B9

BE R bR, BH AR H 3AORD BH A H 34 e i R AIG T
HL U A pH Y2840 2R 5 T2 4N 2B FioR . 155+
220 d J5 R R AYERRTE(0.600+0.005) V,
pH {E7E 6.8-7.2 JuH N Z, M FHEH
3 mA, HIF RS Pe B & i s A 52
BRI B B AR B . LA pH AR AL TE
EAD AR IEH 217 S EGE R Y, 28] EAD
1A 2 rh BH B A P S B AR TR 1 EL AR 0 i AR R AR
WA RISy, T2 MFA 52k,
Pzh 14 h 5 RBUR R R Y
il I A5 A AR, RN 2 P, pH
PG N IR  H e RS v 2R LR ) e R
i F AR AR (P<0.01), Horf oy IR Y ¥ A= B 3R T
pHA{E A 6.3 F1 7.5 L 8hiBS 4351 24 0.134 8+0.014 6
A1 0.171 3+£0.012 2, %% B4 (pH 6.9)H)
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Figure 2 The change curve of electrode potential, current and pH value over time in the culture stage.

2 pH T REREYEERSERER
Table 2 Net production rate of key metabolites under pH disturbance (mmol/(L-h))

Metabolites Experimental group

Control group (pH 6.9) pH 6.3 negative disturbance pH 7.5 forward disturbance P value
Glucose 1.127 4+0.015 4 1.127 4+0.007 9 1.127 4+0.001 8
Formic acid 0.003 2+0.000 0 0.015 1+0.005 8 0.008 3+£0.003 2 *
Acetic acid 0.664 0+0.195 0 0.751 1+0.144 0 0.638 3+0.078 3
Propionic acid 0.106 1+0.009 6 0.134 8+0.014 6 0.171 3+0.012 2 *x
Butyric acid 0.418 0+£0.033 5 0.495 2+0.030 3 0.428 6+0.026 1 *

Lactic acid
Pyruvate
Valeric acid

Caproic acid

0.010 7+0.004 6
0.015 6+0.003 7
0.023 0+£0.010 7
0.000 0+0.000 0

0.018 8+0.003 1
0.037 6+£0.018 6
0.026 9+0.013 9
0.000 0+£0.000 0

Ethanol 0.017 3+0.001 4 0.019 7+0.006 1
Propanol 0.000 0+£0.000 0 0.000 0+0.000 0
Butanol 0.000 0+0.000 0 0.000 0+0.000 0
CO, 0.225 8+0.022 9 0.225 8+0.037 6
CH,4 0.297 4+£0.012 7 0.136 5+0.012 0
H, 0.028 1£0.003 1 0.000 6+0.000 4

0.014 0+£0.006 7

0.028 1+£0.004 2

0.021 9+0.0087

0.000 0+0.000 0

0.006 3+0.001 8 *
0.000 0+£0.000 0

0.000 0+0.000 0

0.279 6+0.007 1

0.398 4+0.029 3 HE
0.004 2+0.001 4 HE

Note: *: P<0.05; **: P<0.01.

0.106 1£0.009 6 43 H4E = T 27%H1 61%. H %
B R AE pH o 6.3 08 I 4 vt IR 41 [
KT 53%, 7E pH {H A 7.5 T oh B4 % B 4 4%

=T 35%;

S A BE R JCIE TE pH IE

ME7 e LS RN Erjres) Bl 5 5 W ES S N s i)
0.028 1+0.003 1 F&{X T 97%F1 85%; It4l, pH

Pahfa R . TRRA B i A il R & AR
T AN AR A (P<0.05) . HA T2 EAD (K R 7E pH
P35 A ST A W i b A TRl 10, 2 TS BOR
W] R G A P il i AR i R B il A A T
A AR 125200 e I pH P h R A LA
) ¥ 2 R 2
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2.2 EAD i1 B E )T LHFE

HR A 4 i 2B b 22, 3l 2o AT
T4 (Cell Net Analyzer 2019.2)i1% EAD
PR BERSHE R E R, 4R WK 3 R,
EAD ;7 H GGl i A2 48 200 Ji — Ak ik 42
(R26)FIl Z IR i AL 45 (R29) . 7EHESh 4] pH (H
K 6.3 1 7.5 KX HRA pH H K 6.9 FISMET,
HA i AR e A 43.9% . 21.0%
F136.9% , L IRFEA ™ BE 530 5 56.1%.79.0%
Ml 63.1%, EAD {KRH Ay b F 2 H LR
g8, wah, pH E N 6.3 Bt shd+
7B BE & A2 (R36) 1138 1k 0.136 5+0.012 0,
B BRZHAY 0.297 4+0.012 7 1 pH 7.5 $Esh4H Y
0.398 4+0.029 3 73 HIREAL T 54.1%F1 65.7%. H:
SRR AT RE S pH (B T ™ B e oA AR I8 A3
pH {EFE ] 7.14-8.2027 ) 7= B Bg b 16 M 2 B R 11
i, Eofr B el AR E 0.136 5, LRI R (R30)
F 2 0.751 1, 455 SRR AR H B H AT

T 3 1) EAD A M” L, $d
/R, pH 305 NAD il NADH “F#iiH 45 =&
R (R7)EE A 0.407 7, BAML = &0 5 (R37)
HSEIME N 2.78, J2& R7 @Ry 6.8 5.
I, Y 85.5% A U EAD [ ™4 4
PRI, B R R AR & 5 (R27)HI 0
FE, HER ST AP, =R
TR CRRACH Y R R O A AR AT AL
TEX WA S AL, pHE N 6.3, 6.9 i1 7.5
I 45.2%. 34.9%F1 13.0% 2 (GH &)
Ak OMRGEER), 7AA 1.2%. 4.2%F 3.0%
PG P BEGE &) . B, 78 EAD
T AR R AR O R R R R AR
7, HE R ZRER " LR A EUE IR A H e
M, 2T H R12, R18. R19,
R20 1 R21 i&f2f98], pH{EN 6.3, 6.9 1 7.5
YA 9.2%. 22.5%F1 33.2%1) L IRHEL K

e, 29 A 2/3 R RBEARRE R,
B8 pH IE [Pt 3h £ MR e Ak i 42 (R29) 1Y i & ¥
R 7 G T A AR G s A e,
SZiRRW], 16 EAD Hhal . SBRAN I L 1 ]
HFH R R pH WIS, RN &2
PR B 0 BCOC 2R3 pH M RERUE YA
AV SR B AR B 2, PR, R R 2 A
R AH B G ZR Al H AR ™ M e A i R A
BT
2.3 WEVRETILEE

TE3R 3 AR A A5 B, A6.3.A6.9
Al A7.5 4351k pH 6.3 .pH 6.9 Fll pH 7.5 4 BH L
APIRELL, EATTR OTU $CH 4351k 959 2 069
F12 066 (K 4A). B6.3. B6.9 Fl B7.5 4%~ pH
6.3. pH 6.9 Fil pH 7.5 RIAMKIER A, BATH
OTU ¥t H 5k 1913.1 305 1 1 147 (K 4B).
AR pH L8 N AR AL AL B3 (P<0.05), B
pH 1E [ 4 2l B A= Wy By ol =, A (A
WA AL, X R OTU By hRE 22 5+
HP T EAD 1 pH SRS AR P AE & 0 520,
RVt AR A7

JE KR AR A 5 fn . A
W (Trichloromonas) . #2 1% (Clostridium) . 55 5.}l
W (Proteiniphilum) FEMUTE (Syntrophnmonas) } B
WA AL T8 , T BIKIR (Trichococcus) |
Clostridium  Proteiniphilum F1#I AT & (DMER64)
HNAEE R PR EE . B s, e
YRR FA R W LA TE R 2 =
Trichloromonas 1 Trichococcus WFEEG|E
Trichloromonas {XAEBHM AE PR bR B4, T
AR A F A E . FENELS
R E X RNE 4 Fron, B ™ 48 &
(R37){F4E pH 6.3 (2.927 0)>pH 7.5 (2.773 2)>pH
6.9 (2.639 85, 5 Trichloromonas #1%F £ i
1 pH 6.3 (49.3%)>pH 7.5 (38.3%)>pH 6.9 (26.6%)
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#3 WEMHRAERED HOAE RS EAR — B, R B ™ S B (R37)
Table 3 Grouping information of microbial samples Trichloromonas WIARST 3 5 55 BTAR 3 | L)

Sample Anode biofilm Bulk solution Trichloromonas T 85 -5 EAD ML = 505 S A
NEB U o

H 6.9 A6.9 B6.9 ™ N y "

P ZRE T H e BORIR, 7 2 R T AR
H 6.3 A6.3 B6.3 " v = N \

’ o S B 7 G i R R P, I
H 7.5 A7.5 B7.5 o L e .. ..

2 MR MACIER Y 5., Proteiniphium . Clostridium Fl

A A6.9 A6.3 B B6.9 B6.3

767 168 922
(19.6%) ) (32.9%)

El 4 FRAREIIRBIE M(A)FI A BRI EHI(B)RY OTU Venn [E
Figure 4 The OTU Venn diagram of the anode biofilm microorganisms (A) and the fermentation broth
microorganisms (B).
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Figure 5 Relative abundance at the level of microbial genera.
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*x4 SRBEER3NE Trichloromonas 1831 £ E
B L HF1E

Table 4 Variation characteristics of hydrogen flux
(R37) and relative abundance of Trichloromonas

Group Hydrogen flux Trichloromonas
(mmol/(L-h)) relative abundance (%)

pH 6.3 2.9270 49.3

pH 6.9 2.639 8 26.6

pH7.5 2.7732 38.3

Trichococcus F& AW T 7™ LR AR G AL 3¢
wJE, HOE R S S 2R & (R29+R30)
FIXRUFE 5 Pin, BB RFE pH 6.3
(0.827 6)<pH 6.9 (0.831 4)<pH 7.5 (0.966 7)==
%, 5 RN pH 6.3 (35%)<pH 6.9 (37%)<
pH 7.5 (40%) A8 AL FFIE A — B0, SR FEAS (A
TR I A I B A A Y 7 e TR AE L 7
W BRI BUA R P A i 2 TR
RN, S B ORE R 21.6% (P
B)o BEAh, T2 BHAR A= P i 2 A IR 5 T
EAATER RS . e S2d e | AR v A
SRR

24 WMEMFEESKRE=WEERRER
K&

e 6 i, SR P<0.01 HABEREOKT 0.6 5
/NTF 0.6 AR T . I BEEE IR (Methanosaeta) |
WA IR B (Desulfomicrobium) | 155 (Mariniphaga)
FIULFAT T (Sedimentibacter) AR X 32 B Xof 7 FH o
WA B, KRS S Methanosaeta
Desulfomicrobium . Mariniphaga WARXT 3= 5 1F

£5 ZHRiBE(R29+R30)% H B XM
Table 5 Acetic acid flux (R29+R30) and related
microorganisms

Group Acetic acid flux Relative
(mmol/(L-h)) abundance (%)

pH 6.3 0.827 6 35

pH 6.9 0.831 4 37

pH 7.5 0.966 7 40

MK, Y5 Sedimentibacter WIF-FEETAT, SR
7 F e s A R 4 v SR 1 K SR S
2R RN, 2B S Proteiniphilum |
R WA T (Fermentimonas) . PRI (Petrimonas)
Ml Methanosaeta W)= JFEEIEASE, HEWA
BE, LRl R 25277 50" SR B R B 2
PR B 52 W o Trichococcus . Proteiniphilum |
fif £ Bk W
(Fastidiosipila) . #\FF W& (Turicibacter) . IR
W (Thiobacillus) . W & & (Hydrogenophaga) .
Clostridium FN#R B (Tuzzerella) i) 3= X & <3l
mAREEW, HPESREES Trichococcus |
Proteiniphilum . Fermentimonas F1 Petrimonas
ROFE R IEMSE, 5 Fastidiosipila . Turicibacter
Thiobacillus . Hydrogenophaga. Clostridium Fl
Tuzzerella W) FJFE R FAC, 52 EAHCH
WA Z N Hydrogenophaga F1 Clostridilum
SERIETERAE Y BRI R AR Y
Mg AN ) A Ao aE i, G v S g U A
CRE T PR AR, 28U R
PRIl B TR SRR TR

3 4k

T EAD ", HBerdid A i 27 pH 6.3
P i et FRALREAIR T 53%, 7E pH 7.5 $ gl
BRI E T 35%. FIH 85.5%HEA Tk
T BEAD BAGA JE B, 1 HAF244 31.0%0
ST IR A ALK 1R, FIA 2.8%H)
AT R A AR R, P 66.1%
R BEH IR AR 255 LAk, pH (2K 6.3
If 7 B e TR 3 1 2 4 1l 2 7 PR AR R
0.136 5 AYJGLEAL, 171 ™ F 08 BT O RE X = B2 A/ Bl
CTRFGAE N R A B L TRIE R 21.6%
(SFi’%{E), Methanosaeta . Desulfomicrobium .
Mariniphaga #1 Sedimentibacter 1) = B X 7= H J¢

Fermentimonas . Petrimonas .
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Figure 6 Correlation and significance analysis heatmap of species and metabolites.
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