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5 E: [86]) RS0 LB = SRR T E AE, VL I & B R R K (7 K) 8 F AR
AR, [k ] RA PRI L HRAF 7 TBATR A A, HERAGRD AN EE, RICEABFHL
B RA R . 3R pH AE A4 RS, SHE A KT 4R IUNF HAR 6 2 A B 48 5 547 = TR 8 3 A
ey LM AeAE SFAE, [ R ] 75 TEUH B B A SimpCom| ZEFLER &M T EAA H BB MG TR
ALEE )y AR KA R B AT, AR E AR HLE 30%—50%. K BEAL4S pH 5.50 #97 X 7T 52
MEBASE A K H R A 50%E KKE . A246 pH 5.50 54 48 h /& 454 pH (6.50<pH<7.00)#) ik
RAME R B 75 X, WOR MR K BEPEIR G -F ¥ TER R AR A 16.83 g/L, F ¥4 2% % 3.05 g/(L-d),
3 TR (TER B S A SBILE) A 67.27%, FLERE TEA T EITEA 042 glg;, KA
B 20 % 5 #7 & 8, SimpComl B B4z S £ & & 3% 4 L8R T s 4 & (Caproicibacterium
lactatifermentans) . B2 & 75 £ X B4 L4 i§ (Ligilactobacillus acidipiscis). B T B4 & (Clostridium
tyrobutyricum) #= ‘Butyriproducens baijiuensis BIN0003*, £+ f# L8 @ s 4F iFf #= ‘B. baijiuensis
BINO0003’ T /£ £ A F K ¥ A A K EAR TR, £ 50% B E KL BEL B4 FE 053 4
45.3%% 6.7%. [4# 1 /2L A & E LR T A # F2°B. baijiuensis BIN0003’ 49 = T ERAF 4 8 #F
R EEAEA QBRI R, FRHE. S KARAKIIL,
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Abstract: [Objective] To obtain a stable microbial consortium with a high yield of caproate and
achieve high-value carbon recovery from Baijiu-making wastewater (Huangshui). [Methods] We
used the plate screening approach to obtain a simplified caproate-producing microbial consortium,
evaluated the preferred carbon source of the consortium, and optimized the substrate concentration,
pH, and feeding strategy. The metagenomics based on nanopore sequencing was employed to
determine the composition and stability characteristics of the simplified caproate-producing
microbial consortium. [Results] SimpCom1, a simplified caproate-producing microbial consortium,
demonstrated significantly higher conversion rate of lactate than glucose to caproate. When
SimpCom1 was used to ferment unsterilized Huangshui, we controlled the working concentration
of Huangshui between 30% and 50% and initial pH 5.50 to achieve stable growth and
metabolism of the consortium for caproate production. The fermentation was carried out in a
fed-batch manner with 50% Huangshui, initial pH 5.50, and pH 6.50-7.00 after 48 h. Within four
fed-batch fermentation cycles, the average caproate titer, productivity, proportion of caproate in
total acids, and conversion rate of lactate to caproate reached 16.83 g/L, 3.05 g/(L-d), 67.27%, and
0.42 g/g, respectively. The metagenomic analysis showed that Caproicibacterium
lactatifermentans, Ligilactobacillus acidipiscis, Clostridium tyrobutyricum, and ‘Butyriproducens
baijiuensis BJN0003” were the core species of SimpComl. C. lactatifermentans and ‘B. baijiuensis
BJN0003’ remained stable growth and metabolism in the unsterilized Huangshui, with the relative
abundance of 45.3% and 6.7%, respectively, at the end of fermentation with 50%-diluted
Huangshui. [Conclusion] We successfully established an efficient and low-cost approach for
producing caproate by fermentation of unsterilized Baijiu-making wastewater with a simplified
microbial consortium containing C. lactatifermentans and ‘B. baijiuensis BJN0003’.

Keywords: caproate-producing bacteria; fermentation with unsterilized feedstock; microbial
consortium simplification; carbon recycling of Baijiu-making wastewater
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FLIR S 7 IR A AR LR R A, AR, DA
FLIR A R Y BE IR 7 R i B JE K T 2
Wiz B EARS, (AASAEAE AR B SR TR K2
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KR PR
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(bottom-up) (1 I FE A 25 W, PRERIG E R
PRECALTERE, B N & i e IR (B anFLIRR)
(A HILIE 3740 v A 5 H e G Uy P e i A S ™).
H SR SR DL FL R A AR AR (B 2L R 1) A
PITAE B M A, HETE & & IR LR A
B PR AR AN F 08 1 o B IR RE BB T
(Megasphaera elsdenii), 5 8k g% 1 1% F) F FL R
FECTR, HIEMEAER, IR SAEN KR
RS AL N IRY, 1 TR - O R Tt
FE P BRI 0] P 430, 2B e DU A 2 A
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B S O R T RO LR B R R T, ke
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M A AL T2 b 7 T IR /N IR X T
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T it T e Vi R K A A AR AR AR AR R

Ui HGEREE R FHFLER X O BRI TR Ak
A T B A AR R 4N (Clostridia) T FLIRC
/INFF i (Caproicibacteirium lactatifermentans)!' ' |
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44 (Negativicutes) T M1 E Kk JE 17 (Megasphaera
cerevisiae)'" | 7 & iR H Bk IE & (Megasphaera
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elsdenii)!'®, H:rb C. lactatifermentans (F 1% 71 3¢
P RFLIR C /TR g AT S AT BRI ST DA 1
T R 5 2 e i e S8 B AR R, A RAFHY
AR-C R ALRE ), (% A/ NE R A
(G R /N<2 Mb), i 4fa J PR 20 3 e 4G SR 4=
FoR Z R FE IR E TR B LE W), R A TR
PRAEIE TR Rl B o8 FR 75 K ol iy, TR R Sl Ak X 2
U MR AR A LR O /INFF B 07 o 3o e v e R
5 A GUE P AR R (N T AR TR . BT
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1 ﬂ'ﬂ@',_‘% 73‘ 52 N1C126H20 500, NazsCO3'5H20 1000, H3BO3
50.0, EDTA 1000.0, HCI (0=36%) 1 mL.
L1 #1h 12 7= BT B R K b RE Y
L1l EREK it
'/_‘? ‘% il = b > ) Wi Ache = Ly —H= e el — L L
ﬁ?}nﬁﬁﬁﬁm“mﬁ%ﬁ#j‘( PRAT 121 murcBREsnmERLe oD

1.1.2 FERFANLEE

CTREN . TTHREN . CIREM, Solarbio 2AH]; AL
TR . FLERAN, Sigma-Aldrich 23] ; DNA $2HGK
574 PowerSoil DNA Isolation Kit, QIAGENiagen
oyl BESIMARF], NEB A wl; HAE L
2R 25 AR b 2R A PR A ]

NanoDrop 8000 & FHAZ R 2 43 Y6 EEE T
Qubit #¢ it . KA T AE ¥, ThermoFisher
Scientific 23 F]; AHEAIE{L Agilent 7890B.
BORA 5L Agilent 1260, Agilent 23] ; K
% pH it, METTLER TOLEDO A +l; ##L#R
¥ Aminex HPX-87H, Bio-Rad /A#); A%
¥ CP-WAX 57 CB, Agilent 2 5]; 3 L 3%
lizi# , Eppendorf 2 ] ; Oxford Nanopore GridON
M4, Oxford Nanopore Technologies 23 ] o
1.1.3 EHxEE

FAM mCGM 355 (g/L): FLER 10.000
B B 20.000, RS 5.000, BEEERY 10.000,
% 10.000, (NH,),SOs 2.000, NaH,PO,
1.000, K,HPO, 0.500, MgSO, 7H,0 0.100,
FeSO,-7H,0 0.015, MnSO4-H,0 0.010, CaCl,
0.010, CoCl,0.002, ZnSO4 0.002., [Fl A5 55
NN E A 1.5% B IR B

RAE MM B #: 3 (e/L): FLER 10.0, fEEE
1.0, ZBR4EN 5.0, (NH,),S0,4 2.0, MgSO,-7H,0
0.2, NaH,PO,2H,0 0.5, CaCl,-2H,0 0.1,
K,HPO, 0.5, ffitJe® 300 pL. fMiEcR M
A% 43 (mg/L): FeSO4-7H,O 2 000.0, ZnCl,
50.0, MnCl,-4H,0 500.0, CuCl,'H,O 30.0,
(NH4)¢Mo07044+4H,0 50.0, CoCl,-6H,0 2 000.0,
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ik, HARWS , DA IRAE A B R e U
PG pH 5.50 HESI TR ECH 20% 0 #
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KR ZIRBD N 5%0 L pl B fh B a2, 78
37 °C AR P A AT EEIEFRE 7 d,
SRIG LR mCGM 55 7= 3650 & A TR A 107,
107 F1 107 Fis R EE LA TG R, BL 100 pL AR TR
i F mCGM Bilg Pl b, BT 37 CIRE T AE
sl R 3 do SR A PRI T VR e Pl 2 B LR
Wi i) mCGM R IAE R B 1% 7 d, BERW
E S AT E SRR TR A, PR
B RV FE>1.00 g/L BB, X B O B A
WHATY R ORI SO, Bike Al Sanger il
JPERM, XA AR TRTE R G2 alifk,
J A LR /MR BERE, B2 e
PR a7 R

K mCGM WA K5 77 FE X 7 O B fRi T
TEUEAT R e = O BRRE T B2 o LA PG PR s ok
T rbrws DR IR —— A0 . FLIR 4 By & %
Tb AR A SRR TR, 7R DR TR PN DA TR
PRTR 10% 1) 42 - K Ab % 500 7 7™ L R K 17
PRFFEERN 2 100 mL B EFBR A1 mCGM 1 97 2
. WG pH EE K 5.50, &E 3 AT,
T 37 CCIELRE TR 5 do KEEWIA 19 K& S U,
FEAEHE S DR RN 13 2 B )5 2 SR A7 220 °C
UKFEN, DAIEAT 5 2k S B 1 75 R4 o
122 FREKEAE—HFEXN=CEREEE
B ITHE Rl R B

ASAIFFE Hp I A B K B G
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FLHR 7421 g/L, W8 8.13 g/L, 1% 53.99 g/L,
BEHE 30%A B . 50% 1 BEFIA T RE(JELK) 3 i
PR B KT R RE AT R e, JTAE K I 1
LR 5 mol/L & AL AN 1 K pH 2 5.5,
H A T T FOHT B 7 O R A A7 B LA R I AR
10% A 42 Fh i 4280 2 100 mL F ik 3 B B iy
BRI T R, BASMRE 3 T4
R A B R S ORE , IR AR S AR 3
Oy B I BIGRIEAE—20 °CUKAE, J5 S kAT &
AR T A AT

123 FeERBEEEBARSCEBROZHRK

FHCRME R B T, B EAMEHE pH Xt
R =M. LIPS pH 5.50, RN
50% 14 ¥ 7K X 77 O BROKG 17 AR A 7 Ak & T 52
5. TEFEAMEE Y pH X EBEA R ORI
SR, A8 HCLE Y pH 2[R ¥ EE (pH 5.50 .
6.00., 6.50 ., 7.50)F KISk B 58— 815 % 40 g/L
JE AT RS o A T RO Y O R T
HELLR T SR TR 10% 4P &L 4R 2 100 mL
FREOK AT R EE, BRI E 3 AT
W KRB R ESLIORE, IR S R AR
WS B AT AAEAE—20 °CUKAH, e LT
KB BRI TE R HT o
1.24 ERA#RI A AEA XL SimpCom1
HR A SRS AR

W2 T SimpCom! B fiadi #h RN s
K HE AN 7 20E 3 L & e v ok & ek
PR, DIVE S R 5. iwieh pH
5.50, WBERER S0%M KT R EESLES, Y
pH 53] 6.50 B (kB 48 h)JT Uil & Bk £
pH 7E 6.50-7.00 Z [f] .

3 L KBEEEES A EIRA TR
(ThermoFisher Scientific /A7) SimpComl
R SR EX OIS, LUK B EARTL 10%AY
FhEb B e A 3 L REERED, kBRI HITE

37 °C, R 8 mol/L ) HCI =il # 737 pH 1H.
T YR HURE 5 43 990 %oF e T 3l 2 P ) 2L 0 ) R4
KERRIR(L TR . TR . R ™A 18 Btk A7
W, MFLRRIEFEE S 20T, B2 50% K 1
R AR R B, RN SR AR
R 50%HY B K o & BEGE B 1 B AE 200 r/min,
KW R DL N, 4R R0 N IE % .
1.3 &I E

R FH A A0 (X 28 (Agilent 2 E] )W FEA o
) 2 B R A LR IET T T, ST S
CP-WAX 57 CB (Agilent A7), FEAHI 5 )7
e WS S0 pL BUSCHR AR (AU 12.5 g/L,
T LIRTE S% MR ERER)F 200 pL & e b i W H
ERATEA 0.22 pum KAHBER T AS), R EX
200 pL by REA T o B L A HLER ARSI -
THRFER : WIRIRFE 60 °C, {£45 0.5 min, LI
20 °C/min JHEF] 180 °C, 1#+% 5.5 min., 2}
LR 5:1, HEFE R BN 220 °C, A& kA
Ao D 485 1 E A 220 °C

R R RCAH TS (Agilent 23 w1 )%k 8%
R B R R BEAT 4 A, B AN Aminex
HPX-87H (Bio-Rad A #l). HU 500 pL & % i
W, A 0.22 pm KA UEBET S R, Hish
AR 5 mmol/L Wi MR , i 0.5 mL/min,
FEIR 60 °C, R FH 7% 2 6 I 2 A6 0 2L B8 114 5 o o
1.4 DNA ZREUFIS@EENF

J T XU YRR A R A T A e e, TR
FEACEAT DNA $RECZATEINNFREE . bR A
(PRI T S TRT ) 8 o 8 L TS Dt R A o s X 3=
W hS % E SN AR EE &R
DNA #2518 5.2x107 cells/mL %301 AR i
DNA #2HBUT 2 I Power Soil DNA Isolation
Kit (Qiagen 2 Al )Ba B 5 A7 HE L, 78 58 i Ht
JG 4 NanoDrop 8000 43¢ B 11 % A i vk
£, JEfEfFF-80 °CHTFHl. PCR ¥ 345|410
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338F (5'-ACTCCTACGGGAGGCAGCAG-3")FlI
806R (5'-GGACTACHVGGGTWTCTAAT-3")*,
XM B ) 16S rRNA JE[H V3-V4 A AR X JE 74
B, PR EE S A i AR
H BR 2\ ) llumina MiSeq PE300 il 5 & 52 il o
TEIE mCGM K 5 5k K Tt v (PLIR B ) 55 8
TK R TR Vi J T 2% s B TR AR 1E 4 T Nanopore 7
PLEH I Y o e AT BT A Qubit 2861t
(ThermoFisher Scientific 23 F] )X JE K 2 DNA ¥
FEitrE R, $RJ57E Oxford Nanopore GridON
)74 (Oxford Nanopore 2~ F))FEATIN)F, )7
A floweell R9.4.1, 16S rRNA F:[H 14+
$¥E 5 Nanopore 72 5E R 20 2 7 i B ds B F A%
NCBI, % 5% % 4 Jll 4 PRINA1081667 #l
PRINA1081632,
1.5 EMEERESH

16S rRNA JE A1 - 17 B4 20 B R
QIIME 2™V5E i, Horp el 250l DADA2R,
K vsearch®%t ASV #E4T 99% A I /K -2,

PWAHCEME ASV ¥4, ASV UERIFH P Fh
TERE 19 Y6l ] Greengene2 43232 B 4fa R kA
FeXt, FFZ: NCBI 16S rRNA KA 2 Fl nt
B A A R R

22 IR 21 0 P B8 48 metaFlye™ kA7 M sk
0%, K Nanophase" P B [} Metabat2
Maxbin2 F1 SemiBin2 #1734 , PN E A MetaWrap
AT R R Pl AR A T R R
EiTE M CoverM 5 i (https:/github.com/
wwood/CoverM). J& [ 21 FL 2k P4 3 #r S T A4k
i Mauvel 58 it .

2 BERE59
21 ERERBEEBENRLR LR TR

Wwilf - CBE & B2 e 11T

WE 1R, & 258 E- TRk,
RAARE 1240 C AR I>1 g/L )" O RN
WAL, SFExfFAmR™EKE R SimpComl
(CLIRF= N 5.52 g/L)i# AT Kk WehE 1 .

mm Acetate Butyrate == Caproate
)
2
=
5]
=
!
4t
-]
o
=
=
-
3]
N
Q
0 D QJ > > e} o A ) 9 Q > Y
S > >
QQO& QQO'@ QOO@ &06\ ‘Qc)o'@ QQO’& QQO& QQO(Q Qgé& CP"\Q Qo‘é\ Co&
£ & & & ¥ ¢ F & & ¢ & S
Bl1 “EBR-ARERBOAEFCREEGHAMAARSE. PREHERER
Figure 1 The metabolism of different simplified consortia obtained by the method of “enrichment-spread

plate” under lactate conditions.
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mEl 2A Fron, FRAS I O EROKS A7 R A
SimpCom|1 7EFLER 414 T R B Tt pH 270 &
iz, pH M 5.53 ETHE 6.86. JEEPIEFR
B, xR A SR FLRR A FHRE ), R EL
BRI 0] ik 5.8 g/(L-d) (K 2-3 d), CMR
177 A 5 LR B T AEAHRRER , 7E 11 /L IFLER
T, ORI KFEE N 4.49 g/L, FALFE N 40%
(FREHAL R A 43%), Zd R b fERE =4 T
2.65 g/L B T R . SRR T BRI AT LIVE A C R A Al
P2, 72O R P AE BURTHACR % 2-3 d),
b E BRI FEAR, KIS 0.77 g/L, [FES
TR A B HCR IR R, IS A el A P (R )
FHEG ) ) B-AE AR AR AT ORI A

mEl 2B Fin, FERERE R AT
SimpCom1 & Ff X7 28 W% 1) T G B3 SR AE N &
e AR, JOF B R U B pH Xk
B, 59ihh pH AL, pH{EM 5.42 %= 4.90,
KR EENR MR P AR LR B, FE 21 g/L 4
W, CRMRAT RN 474 gL, HiEEN
22.4% W HCFLER S50, AEE SR C R EL
ETRET 17.6%.

L R 2 AR VR RS 40 %) e TR S 2 A
TEABRHIE T, SimpComl FHBEEA MM
FRyP=AERE ST PP 4.49 g/L CUBRFN 2.65 /L TR
e AT E 1590 /L WFLIR, KT A B FE
R L BN FERE(8.81 g/L), XFEH] SimpComl
B REE R AT BE A R AR LR ) 1 R
W) TR 2 R B Rt WK HoA — e R A L 22
ZEMEFE RS P, SimpCom1 B RE (B A
FHEE I RWIILAT LIS & & AT s 0 1K . D
FE SRR, EHTT SimpCom1 B K &) A9 1
o, BOMAEW A — e AR, X
LW RS T —E SRR RE ), % E
AR AP RE R R 4ERF SimpCom1 B E & #
fiR-CL R ALRE T B RN
2.2 SimpComl & ## & B iR & Al = s 7k 7=
o B KR AL

WA B B R T2 AR e PR UE T K
J ) ARG E P, (A ) SIe Y8 i 5 7K 4 DR
T T2 A AN TR) s G K T B 7 A — E A B
HY A B K R B Bt % AR i IS
CRLIR ) A1 HL b 35 J TR AR B SR 5, vk

A —=—Lactate —#—pH —v— Acetate B —#—Glucose —#-pH —v Acetate
e —e—Butyrate —+— Caproate 175 <8753 30~ % Butyrate 4 Caproate .56 183
£ c
s 25t 2
7.0 6 & 154 g g
5 = S
e 16.5 - & 45.2 9
= 14 & = 14 £
@ Tl = 215 e
8 = g 28 o g
g 16:0 E 2, 150 | E
% 19 Z - 19 2
% ‘2% e
5.5 g 5k —4.8 g
= 8
103 10 3
< 0 <
I 1 I I I I 5.0 o 4.6 Rt
0 1 2 3 4 5 N N

t/d
2 SimpComl & & 7E FLER (A)F1 8 & 78 (B) 1E 24 R R B ARG

Figure 2 The metabolism of consortium SimpCom1 under lactate (A) and glucose (B) conditions.
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HERBAR T REBAR, A& ek E L
f2>40 g/L)W i LKA R e 2R M. IR
SimpCom1 & 75 A KB (1) B K h i AT 2L IR - O
R R FE SR AL MBS AR R B, B A B
P pH . AT I HAAT AT SNBSS R B
JE K HP A T R T, BOKAE FH 2R E N 30% .
50%71 100%.

W 3 FrR, 76 30%F1 50%Hk () #K
SimpCom1 B Ff 4L 8 K4 I FLER A FH Al
M= AR T, 50%Hk v K B A Al F R
W BE 0 O R (B 10.37 g/L). 100%3H8 i () BT 7K
X SimpCom 1 B A9 iS40 A FH LA S5 AR 3170 1l
YERL, “Tt pHAE A BEM I AU B, 2™
AT 292 ¢/L TR . AR T7E mCGM B335
R R RE, SimpComl T #F7E B /K 85 72 S v i
PR TR S A, ERA R, CRIGL
S bR, AR R 28R A A .

H T K PAFAER BB Pta-Ack #1284 &
FRIGGLZED , an T TR AR B (Clostridium butyricum) |
X5 M T BR ¥R B (Butyricicoccus pullicaecorum)
SERCEEY I A R K R RN RN T R Y
BRI BE Hy BOK X S R R AR K G .
Hh, T B 3 PR RE R EOK T, BIoRA I 3]
A NR ™ Az (N R ™ & die s 4 0.56 g/L), KB
SimpCom1 & HETE & IFBIKING, R/ i it
IERZENIHIRIBIE T ENIR . 25 Bk, 50%
VR T B K Ry R T 1 ) AR

YF SimpCom1 T BE7EFI FHFLER AT pH 4
TS, FLRWIGRE K BRI LG pH A
Xf e O IR 7 B AR . Ry T iR
THE &, KBRS R & 5 pH A7 2K,
A R R AE IS 78 R AR R EBHS 19 pH (X P
TGO X TR SRR . ANl 4A B
/N, ANEUR EIRILG pH {E23 T 2 5,50 6.00,

- 30% Huangshui = 50% Huangshui -+ 100% Huangshui
A g0 B 7sp C 6s5¢
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Figure 3  Effect of Huangshui ratio on the production of caproate by the consortium SimpCom1. A: Lactate.
B: pH. C: Acetate. D: Propionate. E: Butyrate. F: Caproate.
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Figure 5 Fed-batch semi-continuous fermentation by inoculating consortium SimpComl with diluted
Huangshui as feedstock. The red arrows represent the feeding points.

F1 OMHURABHEIR LB R SR ABSHRIE

Table I Fermentation parameters for caproate within four fed-batch semi-continuous fermentation cycles

Cycle t/h Accumulated  Net titer Productivity® Yield* Selectivity' (%)
titer (g/L) (g/L) (g/(L-d)) (g/g)

I 0-66 11.79 10.77 3.92 0.43 75.43

I 67-138 16.02 7.92 2.68 0.40 53.71

I 139-204 18.12 7.49 2.76 0.38 61.85

v 205-302 21.39 11.52 2.85 0.46 78.06

Mean+SD (I-1V) 0-302 16.83+3.48 9.43£1.75 3.05£0.50 0.42+0.03 67.27+£9.95

%: The productivity was calculated by using the net titer divided by the fermentation time of each cycle. *: The maximum
theoretical yield of lactate to caproate is 0.43 based on the formula of 3 lactate—1 caproate. : The selectivity was calculated
by using the amount (M/V) of caproate divided by the total amount (M/V) of acetate, propionate, butyrate and caproate.

24 MPARAKEKEZEFREAZSAACE  mCGM ILRREFFRIEH) PR LE O, UL K 55
B &f SimpComl BIMIFHAAR R EIEFTE Mm@ BB UK b A G MR s a1
KEEBREELSEW A3 mCGM K5 375 % TR 7% (BD SimpCom1 B
mEk 2 s, RAFETAEIORLK R B K A RS (B SimpCom1 B RF4EAD £ 95
WP B 72 B R 4 2420 M SimpCom 1 ARG IR T AKPIE A RETS ) 3K45 31.54 Gb 1 21.04 Gb )
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®2 PRI KEEFBZF 54 SimpCom1 EH RV FLE R B Efh T 27k L B2 fR O FPLE A 1F IR
Table 2 The species compositions of consortium SimpComl and the fermented-Huangshui broth inoculating
with SimpComl by using Nanopore long-read-only metagenomics

Microbial MAG Completeness Contamination Genome N50 Contig  Species annotation
consortium No. (%) (%) size (Mb) number (bp) number
SimpComl in binl  99.04 1.83 245 2 450 064 1 Ligilactobacillus acidipiscis
mCGM bin2  97.99 0.00 2.36 2360 188 1 ‘Butyriproducens baijiuensis BIN0003’
medium bin3  99.78 437 3.42 478913 37 Clostridium tyrobutyricum
(10 g/L lactate) bind  97.65 0.34 1.97 1970 109 Caproicibacteirium lactatifermentans
binS  90.60 0.67 2.14 327 753 Metalachnospira sp.
Culture bin6  78.36 4.59 1.54 1129997 Caproicibacteirium lactatifermentans
in 50% bin7  98.02 2.36 3.90 618581 11 Clostridium sp.
Huangshui bin8 97.17 0.00 3.10 338638 12 Thomasclavelia ramosa
inoculated bin9  94.41 2.80 3.40 559 207 7 Tepidimicrobiaceae sp.
with binl0 98.39 0.67 2.74 1265736 3 Agathobaculum sp.
SimpCom1 binll 82.73 4.49 1.99 498 745 4 Rubeoparvulum sp.
bin12 98.82 0.00 2.97 453691 10 Clostridium sp.
binl3 82.76 0.00 2.19 467 186 6 Clostridium cochlearium
binl4 95.30 0.00 2.70 340219 11 ‘Butyriproducens baijiuensis BIN0003’
binl5 70.75 0.00 3.53 233177 33 Anaerocolumna sp.
binl6 98.66 0.34 2.52 2201813 2 Caproicibacteirium amylolyticum
binl7 86.39 1.90 3.96 290 143 35 Butyricicoccus pullicaecorum
binl8 98.81 0.92 3.02 2988 172 Clostridium tyrobutyricum
binl9 96.97 0.65 1.51 758 254 Lactobacillus acetotolerans
bin20 83.63 1.85 2.50 407 264 Muricomes sp.
bin21 54.75 0.67 1.49 225976 Caproicibacter sp.
bin22 93.62 1.34 2.27 239 957 15 Caproicibacter sp.
bin23 65.52 0.00 2.97 267 615 19 Hal oimpatiens sp.
bin24 52.23 0.00 1.59 34738 63 Levilactobacillus sp.
bin25 54.31 0.00 2.06 86894 34 Garciella sp.
bin26 54.83 1.72 1.91 48412 67 Sedimentibacter sp.
bin27 92.45 3.24 2.60 199173 19 Pseudoflavonifractor sp.
bin28 91.61 0.00 3.23 599 354 7 Blautia liquoris
bin29 78.89 0.70 245 309006 10 Spooranaerobacter acetigenes
bin30 81.43 1.34 2.52 198979 16 Mobilitalea sp.
bin31 94.06 4.55 2.46 171378 17 Methanol obus chelungpuianus
bin32 73.49 8.17 1.42 104497 19 Intestinibacillus sp.
bin33 52.75 4.03 2.85 49831 96 Intestinibacillus sp.
bin34 65.50 0.00 2.48 142325 21 Clostridia sp.
bin35 86.35 0.89 3.34 580 906 9 Anaerocolumna sp.

JE IR P A s, metaFlye 412%% j5 3R 45 A9 41
HFr 41 (Contig) S A FZ 4391 o 11.52 Mb Al
144.86 Mb, M mCGM 55573 & R 74 A # K
REERETE Th A G2 4 R 31 AP AR AN
Jo i 20 25 FE R 4H (metagenome-assembled  genomes,

P4 actamicro@im.ac.cn, 7 010-64807516

MAGs), H Contig J¥4BKEHN 102 Mb Fl
79.36 Mb, 4351 i 0% Contig B 1Y 88.54%
1 54.78% K159 3 2RI MAGs Yok A
mCGM 5373 L e . IR R, KiZkKA
LR H M P E 445 SimpCom1 B HEY) 1Y 52 3%
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Figure 6 The microbial structures of consortium SimpComl in mCGM medium and the fermented-

Huangshui broth inoculating with SimpComl.
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Figure 7 The genomic synteny analysis of Caproicibacterium lactatifermentans bin4 from SimpCom1 with
Caproicibacterium lactatifermentans LBM 19010 and Caproicibacterium lactatifermentans INU-WLY 1368.
A: The results of a genome-wide covariance analysis of bin4, which has been assembled from SimpComl

with two previously reported triple genome-wide covariance analyses of the LBM19010 and INU-WLY 1368;
B: Further genome-wide analysis of bin4 and LBM19010 in both groups. The red arrows indicate the

unmatched regions.
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