[DEXyESI

Acta Microbiologica Sinica

2023, 63(8): 3144-3156
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20220881

Research Article Bkt

A7 E E 0 Bk D ZFE Tk E 0[5 151 31 S fe 0
BB AR A B IR i 51

Elﬂﬂﬁl’z, é@%%ﬁ: 3,4 $5:34’ a 12’ XB%%lZ*, E%} 3.4*

1 AACEE 2y B A W e 2 TR A Be, 3dE 13 442000

2 WdbEE 2y B R N R EE BB g B2 oy, Wik THE 442000

3 EBMEBEAE YT MUE YRR OT & B R E A, Jbat 100101
4 hEREBER A MR E R, dEaT 100049

AT, 2R, 250, =ik, B8, RAFHH%K. ABERE Yot £ 8 BR TR T [R) A 15 SR A RN HE A = H e F 5E [J]. fE S
£k, 2023, 63(8): 3144-3156.

TIAN Xuping, LI Lingyan, LI Jie, GAO Jian, DENG Kai, DONG Xiuzhu. Clostridium and Methanomassiliicoccus isolated from
human intestine synergistically convert betaine and choline to methane[J]. Acta Microbiologica Sinica, 2023, 63(8): 3144-3156.

B OE: [86] R|BAME G Slemfedt ok, B HEMEDA T LA HF AR Fe il R4 E
BEZFERGEE, ABRARAZFRZFROERH, KRAETMHE ST S R W E ARS8
Fa B2k = ‘?%éﬁT M, [ %1 B ERE FE AR £ 4 69 16S IRNA ;Q. ZHEM, SHTHE
v LB E AR, A £ & PCR (quantitative PCR, qPCR) £ € F I B R 3K &
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Abstract: [Objective] To explore the feasibility of using Clostridium and
Methanomassiliicoccus from human intestine to synergistically convert betaine and choline to
methane. [Methods] Illumina sequencing of the 16S rRNA gene was performed to survey the
diversity of archaea in the feces from healthy people of 20—40 years old and over 40 years old.
The Methanomassiliicoccus-specific mtaB gene and Methanomassiliicoccus-specific 16S rRNA
gene were quantitated by quantitative PCR (qPCR) to quantify the trimethylamine-utilizing
methanogens in human intestine. Metagenome-assembled genomes (MAGs) were reconstructed
from metagenome data for the identification of the intestinal bacteria carrying the betaine
reductase gene grdH and choline trimethylamine-lyase gene cutC. The bacteria that reduced
betaine and choline were isolated from feces and used to construct the coculture with
Methanomassiliicoccus. The potential of the coculture for producing methane from betaine and
choline was then determined. [Results] The main methanogenic archaea in the intestine of the
20-40 years old included Methanobrevibacter (49.18%) and Methanobacterium (33.34%)
affiliating to Methanobacteriaceae (82.16%), Methanosarcina (5.70%) of Methanosarcinaceae
(5.67%), and Methanomassiliicoccus (3.14%) of Methanosassilicoccaceae (3.13%). The
methanogen diversity was lower in the feces from the people over 40 years old, from whom
Methanosassilicoccaceae was not detected. Quantitative PCR determined that the total
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abundance of archaea and bacteria in the people of 20—40 years old was 3.11 and 2.90 folds,
respectively, higher than in those over 40 years old. Specifically, the abundance of
Methanomassiliicoccus and Methanosarcina was 6.53 and 5.52 folds higher, respectively. A
total of 229 bacterial MAGs were obtained from the fecal specimens, in which 42 MAGs
carried genes grdH and cutC and were affiliated to Lachnospiraceae, Enterobacteriaceae, and
Clostridiaceae. Clostridium malenominatum B8 was isolated from the fecal specimens. The
co-culture of this strain with Methanomassiliicoccus luminyensis B10 in the medium with
20 mmol/L. betaine or choline degraded 47.03% betaine and 25.83% choline to produce
methane, during which trimethylamine was detected as the intermediate. [Conclusion] The
human intestinal Clostridium B8 and M. luminyensis B10 synergistically convert betaine and
choline to methane. Therefore, we hypothesize that they play a role in reducing the
trimethylamine in human intestine.

Keywords: human intestine; betaine; choline; trimethylamine; Clostridium; Methanomassiliicoccus
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1.1 HmXE

AT T AR FEMEAEA . T 2021 4F 6 H
RAEH 20-40 21 40 % LA E AR A HEZEE %
12 oy FEACRAR G RHEE AR AL N, KT
—80 °C %M.
1.2 EHREKIR

% M W (Clostridium malenominatum) B8
SRR B AR NZEME . A OK e e B K

(Methanomassiliicoccus luminyensis) B10 (DSM

25720) [ 18 & BAE Y AR B R SR ) PR R O

1.3 FHREEESFE
1.3.1 EFEMER

(1) ¥ TFIIT:0.2 mol/L KH,PO, F10.2 mol/L
Na,HPO,. (2) JeHlE it (g/L): NH4C1 6, NaCl
6, CaCl-2H,0 0.2, MgCL-6H,0 2, (3) fiEic
ZAi#W(g/L): FeCly-4H,0 2, MnCl,-4H,0 0.05,
(NH4)sM070,4-4H,0 0.05, ZnCl, 0.05, CuCl,-2H,0
0.03, AICl; 0.05, CoCly-6H,0 0.2, H;BO; il
VW 1 mL, ¥ HCl 1 mL. (4) 4i2E K65 (g/L):
A 0.002, MR 0.002, Ehia4E: % B, 0.01,
R4 % B, 0.005, 44K B, 0.005, 4iER
B; 0.005, 44 & By, 0.005, 3T 2 E: K H iR 0.005,
Yk K Bs 0.005, (5) MTV fili i JICHLER i
TR TG R AR AE R AR L 48:1:1 (IR L)
B EL I 2IR A (6) 242 g/L Na,S fifk,
TR B, e R, MTV S5 2 0.22 um
FLRIEE L IERR TS, MRS A RRA, HR
ERBREE, 121 °C BEKEH 20 min.
132 FHER. RERMNGEFRN - EHIER
R EAEFE(1/L)

20 mL & 1, 47 mL %4 11, 0.25 g tryptone,

0.5 g yeast extract, 0.25 g pepetone, 0.25 g L-Cys
HCI, 3.92 g NaHCO;3, 2.925 g NaCl, 3-4 i 0.1%
TNREEW, ZZIBKAZE 1 L, RIE4 8 M
W EZE T N, BRE. BRAEJS A 1.0x10* Pa
) No/CO, (80720, (&R FH LR AT 121 °C .20 min
KW, BEAE o TEH Le R S 5= L BE 7k R
FERDETMA 0.1 mL/5 mL Na,S S R i
K%, 2509 0.15 mL/5 mL MTV f#
W, WREEFHTIA 0.1 mL/5S mL Na,S f## .
133 MERMER

100 mg/mL 2~ PY AR (ampicillin sodium)
WA 50 mg/mL & 2 & AP %5 & (kanamycin
sulfate)7A i, 0.22 pum FLAEUE B U FR e o il =
7S A ABREA
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1.4 FERLFIFNE
141 FERFIRFEM
Ex Tag PCR 1A % (TaKaRa). Fast DNA SPIN

Kit for Soil (MP Biomedicals), 2.0 mL #£ i E
%% (Agilent), DNA marker (3057 FE 3 [E PrA: 4y 5
B+ A BR 2 |l ) . SYBR® gPCR Mix
(TOYOBO),
1.42 FEUFHF

PRI RE B (L= ) . RARRAESE
(Thermo Fisher) . Fa 7Kk =X 16 & & # M
(GHP-9270) . £ I BEAFE il 34 51 £ (Precellys 24
dual), A 03 (ShimadzuGC-14B) . < AH {43
FID (Agilent 7890A) ., B MERFEEN (Viel) . SEH)
9t e it PCR ¥ (Eppendrof) . PCR §"1{{X(Long
Gene) . H 7k {¢ (BIO-RAD) .
Spectrophotometer [Thermo Fisher (ND-1000)].
1.5 #EHEERZH DNA

FRE 0.5 g &M, R Z INREHE S 4 BT as Fl
Fast DNA SPIN Kit for Soil i &, MR ULHH
B TR HEEL DNA, A NanoDrop ND-1000 £
DIFEECE) DNA ¥ EEFLEE, £ F-20 °C f5 .
1.6 PCR 18K qPCR EES
1.6.1 Methanomassiliicoccus ¥553H) mtaB 5147
it

M NCBI il AR5 2 0 1 W o Sh 8Bk T
x1 AWHRFAERBNSIY

Table 1 Primers used in this study

NanoDrop

A B N ZERE W maB W ¥ 5, A
CLUSTALW $ {17 2 17 91 Eb T 21 H e o 8
BRI S AEST ) 2 1 DNA F B, MEfT514i%
(R D
luminyensis B10 Fl Methanosarcina maize zm-15
P3R4 DNA Rtitl, #47 PCR ¥73, JfH%
PCR J* 4l > %5 7 TR
1.6.2 %4 16S rRNA EFE# DEUN EBFRE
R4k

16S rRNA H:[K i) PCR 7= ¥ 25 35 8 W B Je
MR G gl A B, SR )5 &S] pMD19-T
ATk DHSo 2 AN, HREBHPE f 5
PET LB /NER: TR, Sk /MR &tk
JH REL kg 2 PR AL BORLAE ) PCR B 384
¥ DNA it 107" & 107 ZAIF R, FHT0E
7 5 PCR (quantitative PCR, qPCR)%E & 73 ¥ b5
WL
1.6.3 qPCR # #8B{xR K &M

SYBR® qPCR Mix il & /A& % 25 uL:12.5 uL
SYBR qPCR Mix, 0.5 uL 50xROX, 4% 0.5 uL 5|
Y1 F fM514 R, 5 uL DNA &, 6 pL ddH,0.
qPCR § #4251 95 °C WiAE 1 3055 95 °C 28k
10 s, 1% TniBk 30 s, 72°C #Efi{1 30 s, $hfT
30 MEHA

& B Methanomassiliicoccus

Targeting genes Primer name

Sequence (5'—3")

Purpose T../°C

Bacterial 16S rRNA™! Bac-27F AGAGTTTGATCCTGGCTCAG PCR 48
Bac-1492R GGTTACCTTGTTACGACTT

Archaeal 16S rRNAP# Arc-F AGGAATTGGCGGGGGAGCAC PCR 53
Arc-R GCCATGCACCWCCTCT

Bacterial 16S rRNA V3+Vv42% Bac-341F CCTAYGGGRBGCASCAG gqPCR 55
Bac-806R GGACTACNNGGGTATCTAAT

Archaeal 16S rRNA V3+V412% Arch-519F CAGCCGCCGCGGTAA gqPCR 55
Arch-915R GTGCTCCCCCGCCAATTCCT

Methanosarcinaceae MSC-F TTAGCAAGGGCCGGGCAA qPCR 55

168 rRNAPY MSC-R TAGCGARCATCGTTTACG

Methanomassiliicoccus mtaB MtaB-F GCTGATGCAGAAGTACCRYGA qPCR 55
MtaB-R GTADCCRATRCCGAACAGCCA
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1.7 HEZHEMSHR
1.7.1 16S rRNA EFEFFINE

JFH Fast DNA SPIN Kit for Soil i €42 it 3%
fEFEA DNA J&7, 2% iR AR R A R F
AR AR 3 FH R RUE D Z R, 5L
R HE M AED RS DL, SR
NMDC10018328.,
1.7.2 MM S

AR B ANEEAS Y 2T A 91455 6 68 P30
Perl JIAFZ RE DL bRifEXT i dn fastq SCHFEF T
52, bRER: (1) 7E 10 bp M3 E -2 % =
SPEUNT 20 FATAT s S BT 250 bp RS, &
FERLT 50 bp MUEINTELEL. (2) MR SFTERL DL
B, 5IIVCECH Y 2 AT IR ASULHLD, A0 5 )
FRFOE B . (3) (A EE KRBT 10 bp
() 7 9 A MR L E S P 4 A T 418, Ol 2E
HE ST . R PSR T L E R IR T
Divisive Amplicon Denoising Algorithm 2 %75 (4
1% QIME2), DIiRRBIGIE S AR TR . Xof vt 12
RPAT BRI UE , FUREBUR AT 2 TS
% (maxEE =2), £ & I Bl s BUR i & R 1 08
J&, i@ RDP 73264 0 M1~ 16S rRNA JE[H
¥ 51 (A SCHR R Action Script Viewer, ASV)HY £
4 & H K Z& (http://rdp.cme.msu.edu/) [ A 70%
() {3 (B X Silva (SSU132) 16S rRNA $# J%
AT HLR
1.8 “HEREREB S
1.8.1 Tllumina Si@ENF

JH Fast DNA SPIN Kit for Soil 7] &2 i 2%
fEFEA DNA, % g BA YR A BRA w) ik
7 Tllumina /& 38 =¥ .
1.8.2 HBEEBSH

T 458 metaWRAPP iy read qe R E %
JE Uy B Hi A7 2k R B . ] MEGAHIT
V1. 13PN S B0 0047 41258 I 3% S F= B i B
(<1 000 bp). 7E MetaWRAP F 44k He v [ ik

ffi i 3 A4 44 7 2 (CONCOCT v1.0.0%7
MetaBAT2 v2.12.151 MaxBin2 v2.2.6P")H T
R 0 72 Kk R 20 41 4% JE A 4 (metagenome-
Wa, A
metaWRAP H ) bin_refinement fEHLF 3 A4
MAGs 55, BBIRAN MAGs 46
il GTDB Tk v1.0.2P% (classywf TAE#, ZRIk
ZHOXT MAGs 179 Fh 2 ERE, 8 Prokka
v1.13PH1 KofamKOALAP: B 1 I RE
1.9 NEZFIM=FBZ . PRI FIEH R~
b

T 1.3.2 Byl 55 72 2k vh o s I 2 vk JiE
A 20 mmol/L f4) = H iz . JHBFNET 08, K557 H
P S FEEKTA B10. BRI B8 FI 3 iy dLiE sk
Yy, BRIEFRY T 3 ANES, T 37 °C #irE R
BRI B R T2 i b i, 4l SR
27d, HEEFRYIME 13 do

BERULEE 200 pL I# E50>(30 min, 4 °C)ill
SERE IR R = R RERSRN SRR B, )
E 13 d.
1.10 kZERHEE
1.10.1 SHEEIENE CHyw H, #1 TMA

WE CHy: SAHEIEY GC-4B, Akt (H
77 GDX-301, 2 mx4 mm, 60-80 H), M T
Kl % (hydrogen flame ion detector, FID), N,k
2 RIS AEIR 50 °C, HERE IR 80 °C,
Rl # L EE 130 °C, #AUi 40 pLo I%E Ho:
AT AGILENT-8860, {4+ : AGILENT-
8860, FAE S kAl B MR F T, 60 °C
Ff, Ph 20 mL/min HORAEERF 4.3 min, FFRL
30 mL/min 3 ZFiz47 23.5 min; FEEE R E
200 °C; ZHifife 45 mL/min; 2K An, #
AiE 2 mL/min; #EFEEE 1 mL, JoorimiEee.
TE TMA : S A5 7890A {434 : DB-WAX
30 mx0.25 mmx0.25 um (‘ZHER); BAERM: &
TR IR R F THE, 40 °C FF4R, 174F 0.5 min,

assembled genomes, MAGS) .
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Pl 10 °C/min #EM 40 °C J+F] 60 °C, LA
5 °C/min EZFEM 60 °C F+#| 180 °C, HJild
20 °C/min 32 M\ 180 °C F+F| 230 °C; HEAFE T
J&Z 200 °C; 2T M w4l He (99.999%), #H/ Ui &t
1 mL/min; #4462 uL, Joormidkre.
1.10.2  S3UKE B IE N E B S 70 P8
Shim-pack GIS 5% 7K #H . 1E F W AH € 1%
(hydrophilic interaction liquid chromatography,
HILIC)H: I &= . {# A Shim-pack GIS FE7K
AR HAE F WAH 3% (HILIC)H: (4.6 mmx250 mm,
5 um; ShimSen) 1k, Z#E7E 30 °C B LA 1.0 mL/min
BB T /K (85:15)¥E W . {8 FT MCX
(mixed-mode cation exchanger SPE column)ti:
(60 mg/3 mL; ShimSen)X 15 & (200 pL)iFE1 74k
b, 1 0.22 pm JE g B LS g (BHITE )
U8, I 195 nm P R AMRIR DI ZR 4T 507 o
W EL AL 2AA A SR UltiMate 8 3850 JRORH €635
(UHPLC-ECD, DIONEX UltiMate3000, RS Pump)
W5 ARG . ] Hamilton 35488 T30k 5.
FAH(PH 4.0)f1 90 mmol/L Bl — SN — /K&,
50 mmol/L #7R— /KG9, 1.7 mmol/L ki kfi
iRk, 50 umol/L L —fZM IR, 2 mmol/L 5 ik
A 8% o KM #%(Thermo Scientific Ultimate

A
100} . .

- I Marine benthic group D
= and DHVEG-1 norank
S ) Methanobacteriaceae
é B Methanocellaceae
3 Methanococcaceae
_% 60 W Methanofastidiosales
s _uncultured
5 Methanomassiliicoccaceae
& 40
< B Methanoregulaceae
E B Methanosaetaceae
o 20 B Methanosarcinaceae
2 ¥ Rice cluster I1

Woesearchaeales norank

YP MEP
Bl 1 AEFERABEEP =R EERER
Figure 1

B 100

16S rRNA gene abundance (%)

3000RS HLAL2EKGIAS, 7 6041RS ‘&4 Hi
(6 070.3) . LB AR LI (6 070.2) . 6041RS 15/
A Pd SHCHEM)BEE R 150 mV FAE
(Acclaim™ 120, Cis 3m 120 A, 2.1 mmx150 mm)
BT 8 °C. il S HESHNE
Py B8 B T A T ELBOR S e LB

2 BRS04

FEFIRBRABEETIEREAMN
MR N R EAE N ZE(E 16S rRNA JE[H
WS, JEERER] 1482 MR ASV,
FEO RS BT 5y 717 12 49 17 H 23 B 29
JRAYTE T & 1 R AR N P R A R Y
b ol (U LIS S
(Methanobacteriaceae, 82.16%) 1) H & 78 F1 i J&
(Methanobrevibacter, 49.18%) Fl H ki #F t J&
(Methanobacterium, 33.34%). H ki /\ & B
(Methanosarcinaceae, 5.67%)HH % /\ B K &
570%) . H ke o 3% 2R A R
(Methanomassiliicoccaceae, 3.13%)H e Th FEBRTA
J& (Methanomassiliicoccus, 3.14%) %1 H % 22 7 £}
(Methanosaetaceae, 1.94%). T H1 &4 N ZEd

2.1

A

,

(Methanosarcina,

I Marine benthic group D

and DHVEG-1 norank
W Methanobacterium

Methanobrevibacter

B Methanocella
Methanococcus

W Methanofastidiosales norank
Methanomassiliicoccus

W Methanoregula

B Methanosaeta

B Methanosarcina

I Rice cluster |

[0 Rice cluster II_norank
Woesearchaeales_norank

[

L]
80 -
60

40

20

YP MEP

Composition of methanogenic archaea in feces from different aged people populations. A:

Composition of methanogenic archaea family. B: Composition of methanogenic archaea genera. YP: Young
people aged between 20 and 40 years; MEP: Middle-elder people aged over 40 years.
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AL B ot oy TR H AT TR RH(85.52%) A FH e
JEAT IR )8 (28.39%) . HUGEAT TR (58.02%) FTHI B\
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Figure 2 Gene content in feces from different aged people populations. A: Total archaea 16S rRNA gene
copies. B: Methanomassiliicoccus mtaB gene copies. C: Methanosarcina 16S tRNA gene copies. D: Total
bacterial 16S rRNA gene copies. YP: Young people aged between 20 and 40 years; MEP: Middle-elder people
over 40 years. Triplicate experiments were performed (*: P<0.05; **: P<0.01).
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Table 2 Metagenomic analysis of the bacteria containing cutC and grdH in the feces of young and

middle-aged and elderly people

Bin Completeness (%) Contamination (%) Gene Family Genus
YPbin.66 98.10 0.299 cutC Megasphaeraceae Caecibacter
YPbin.76 97.63 0.613 cutC Desulfovibrionaceae Desulfovibrio
YPbin.135 94.58 2.721 cutC Lachnospiraceae AMS51-8
YPbin.99 91.79 0.953 cutC Desulfovibrionaceae Bilophila
YPbin.153 91.53 0.269 cutC Eggerthellaceae CAG-1427
YPbin.80 91.34 1.182 cutC Anaerovoracaceae Copromorpha
YPbin.126 91.15 0.671 cutC Lachnospiraceae Enterocloster
YPbin.18 90.70 1.677 cutC Anaerotignaceae Anaerotignum
YPbin.10 88.92 0.449 cutC Megasphaeraceae Megasphaera
YPbin.83 83.22 0.671 cutC Oscillospiraceae Evtepia
YPbin.112 82.01 2.680 cutC Lachnospiraceae CAG-317
YPbin.91 77.75 3.154 cutC Butyricicoccaceae Pseudobutyricicoccus
YPbin.107 72.63 0 cutC Anaerotignaceae Anaerotignum
YPbin.77 70.19 3.448 cutC Oscillospiraceae CAG-103
YPbin.94 63.00 1.099 cutC Burkholderiaceae Oxalobacter
YPbin.100 62.28 3.508 cutC Lachnospiraceae Agathobacter
YPbin.130 51.46 8.771 cutC Lachnospiraceae Choladousia
MEPbin.76 99.05 0 cutC Coprobacillaceae Erysipelatoclostridium
MEPbin.99 95.63 0.223 cutC Ruminococcaceae Ruminococcus C
MEPbin.33 90.50 0.632 cutC Selenomonadaceae Megamonas
MEPbin.112  89.29 0.146 cutC Lachnospiraceae Clostridium Q
MEPbin.66 85.28 1.342 cutC Oscillospiraceae Faecousia
MEPbin.135  82.24 5.172 cutC Clostridiaceae Clostridium
MEPbin.91 78.71 6.721 cutC Lachnospiraceae Lachnoclostridium B
MEPbin.10 78.10 2.071 cutC Desulfovibrionaceae Desulfovibrio
MEPbin.77 78.02 1.649 cutC Peptococcaceae Peptococcus
MEPbin.9%4 77.58 0 cutC Anaerovoracaceae Copromorpha
MEPbin.126  70.68 0 cutC Dialisteraceae Dialister
MEPbin.153  62.69 5.422 cutC Lachnospiraceae Enterocloster
MEPbin.100  61.40 5.263 cutC Lachnospiraceae Eubacterium
MEPbin.107  60.02 0 cutC Bifidobacteriaceae Bifidobacterium
MEPbin.130  56.80 9.340 cutC Enterobacteriaceae Citrobacter
MEPbin.18 55.26 1.754 cutC Lachnospiraceae Agathobacter
YPbin.118 97.17 0.671 grdH Ruminococcaceae Negativibacillus
YPbin.81 93.73 1.342 grdH CAG-274 CAG-274
YPbin.34 83.06 1.644 grdH Acutalibacteraceae Clostridium A
YPbin.98 81.04 1.461 grdH Lachnospiraceae Sellimonas
MEPbin.118  98.30 0 grdH Dethiosulfovibrionaceae Pyramidobacter
MEPbin.34 97.17 0.116 grdH Lachnospiraceae Clostridium AP
MEPDbin.98 96.17 1.948 grdH Lachnospiraceae RUGI115
MEPbin.81 95.26 0.659 grdH Lachnospiraceae Enterocloster
MEPbin.113  77.38 1.724 grdH Enterococcaceae Enterococcus A
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Figure 3 Methanogenesis by the monocultures of
Methanomassiliicoccus luminyensis and Clostridium
malenominatum, and the co-culture of two strains
from betaine and choline. A: M. luminyensis B10 and
C. malenominatum B8 (insert) were respectively
grown in 20 mmol/L of trimethylamine plus 0.2 MPa
hydrogen (TMA+H;), betaine or choline at 37 °C,
methane production was monitored during culturing.
B and C: Each 10% M. [uminyensis and C.
malenominatum was inoculated into the basal
medium containing 20 mmol/L of betaine (B) and
choline (C). The cocultures were gown at 37 °C,
trimethylamine (TMA), betaine and choline were
determined during culturing. Triplicated cultures
were assayed for each type of cultures, averages and
standard deviations are shown.
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