BMIAEBBRLFENARSIMBEMERAVEA S VERTHEOS M - BE

1. IZLU®HIC

AL R (LU, A X V) B0k - B
& L, T O BRI RS A T 95 2 L 139E
WIZEERED > TH LN, A X L EHOHEE -
ERIT IR TH L Z EnmbNTW5, 5D
FERID A Z Rz WL L O & LIca, 20
FEFERER RPNCIZIREA D A X VB DNRAE L T
DAMNIEE A LT, TN O IHRO R 2 F)
RT3 25808 LIZLIES D, (e~ T, ERITIKIFL
T RERDSBETEAZ VT b, BED A X 515
REVITHERT D Z LI L < | MBS 2121340
BOREH] & N EMTEE T 5 L0 AL Z
T, & 2 TARRFZETIL, 72 DR 2 &9,
BN SR L A X V& BT 2071k & LT,
77— A kA MU — (BLF, FCM) OFEEAHIf
OSYBEAT 2 G Uiz A 2 B OF RSB OR
WEATHT,

FTo. RWFEORAMEBEEITEHH R A 2 VEH D5y
HE - R ThH H 0, BEKIAERTRER L OERD
SHEFEE W A 2 VO - BB OB b B
O T-o7,

2. FRBEFIEDOB%E

2-1.FCM B LK OSH#l sy BEF i O

FCM [ ZEHHNZHRAL TN DI (droplet) (ZHIAE
WEEN, T I L—P =B SNBRCEL S
HOERCHGELIE DT — Z T ES W THERY DR 0D T
ZREBAIZ 0 HR (sorting) 775 Z &N TE HIET
BH% (Fig. 1 BMR), — MR THIR PR 2 f k-4
% Side scatter (SSC) i it DI RE & [ k3~ %
Forward scatter (FSC) & 5 o7-iELEAZ /T A—4
& UTHRAT L. 24 IR TREEROARAE 2 3801 15
HZENTED, ZHUTINA T, A UHEICIE Fao
&) BER DN D D T2 ORI T D & %+
ST HEHTHEFHAVAFRNEHT DR E
HLTWD, 1E-T, AXUHEHIZOUWT 408 nm D
W% Ri> 72 Violet L——% I\ T FCM fi#tT %

KB EHEEBR BT AT R R RAVIEA
fREHE  LnfER

EBHRT
" Bl ki
ERT BRORELD
AR ' 7SR
Ozt

25 E O
®3 £ O FaoBREK,
O SSC.FSCZEi&
e ) SSC (idescaten)
Violetl—f A4 @rRONSNE
: £ C— >
FsC
(Fuﬂ:':;ldl-r)
RER RO

AUBIZHED
“"'ﬁ Fa0BREIN

A & & .
J @ E@ B A2 A SR

Fig. 1 Principle of specific cell (methanogens) sorting
technique.
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Fig. 2 FCM behaviors of E. coli, M. maripaludis and
these artificial mixture.
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Fig. 3 FCM behaviors of rod-shaped methanogen
(Methanospirillum  hungatei) and  coccoid-shaped
methanogen (Methanosphaera stadtmanae).
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Fig. 4 FCM behaviors of art1ﬁc1a1 mix culture of rod- and
rod-shaped methanogens (Methanobacterium formicicum
and Methanocella paludicola) and these specificities that
sorted each methanogens.
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= Specificity by cell count
M. paludicola M. formicicum
P1 67.9 % 2.1 %
P2 4.2 % 95.8 %
P3 333 56.7
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Fig. 5 FCM behaviors of artificial mix culture of rod- and

m Specificity by cell count

coccoid-shaped  methanogens  (Methanobacterium
formicicum and Methanosphaera stadtmanae) and these
specificities that sorted each methanogens.
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= Specificity by cell count
M. stadtmanae M. chikugoensis
P1 96.6 % 34 %
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P3 82.0 18.0

Fig. 6 FCM behaviors of artificial mix culture of coccoid-
and coccoid-shaped methanogens (Methanosphaera
stadtmanae and Methanoculleus chikugoensis) and these
specificities that sorted each methanogens.
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Fig. 7 Phylogenetic tree showing 16S rRNA gene clones
obtained in this study among the order
Methanomicrobiales. The based tree was constructed
with the neighbor-joining method. The bootstrap values
(percentage) obtained with 1000 resampling analysis.
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Fig. 8 Photomicrographs of strain SMSP' grown on formate (40 mM)
media supplemented with acetate (1 mM), yeast extract (0.01 %) and
coenzyme-M (0.5 mM).

(a & b) Photomicrographs of a middle-exponential phase culture
obtained by phase contrast (a) and fluorescence (b) microscopy
indicating the presence of the methanogen-specific coenzyme F420 in
identical fileds. (c¢) Asymmetrical cell division in rod cells of strain
SMSP, and arrows indicate the asymmetrical division points. (d)
Phase contrast micrograph of a late-exponential phase culture
contained rod and coccoid type cells. (e & f) FISH of SMSPT cells.
Phase contrast (e) and fluorescence (f) images of strain SMSPT cells
stained with probe SMSP129. Arrows in (e. f) indicate that the
coccoied cells. Bars, 10 pm (a-b, & d-f) and 5 pm (c).
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Fig. 8 Phylogenetic tree of the order Methanomicrobiales based on
comparative analysis of 16S rRNA gene sequences. showing the
placement of the isolated methanogenic archaeon strain SMSP”
(Methanoregula formicicum). The tree was calculated based on a
distance matrix analysis of 16S rRNA gene sequence (neighbor-joining
tree). Bootstrap percentage was obtained from neighbor-joining (first
value), maximum-parsimony (second value) and maximum-likehood

of each reference sequence is shown in parentheses.
Bar, 0.1 nucleotide changes per sequence position.
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Table 1 Differential characteristics between strain SMSP”, other members in the group E1/E2 within the oreder Methanomicrobiales.

Data from strain SMSP" 1s from this study. Data from other species are taken from the following studies.'Candidarus Methanoregula boonet' (Briiuer ef al., 2006a),
'Candidatus Methanosphaerula palustris' (Cadillo-Quiroz ef al., 2008), and Methanolinea tarda (Imachi et al,, 2008). Abbreviations, ND, not determined; -, negative; +,
positive; +, variable. Numbers in parentheses for the optimum temperature, pH and NaCl concentration indicate the range allowing growth. *Irregural coccoid cells with
0.5-1.0 um in diamter are observed in the middle to late-exponential culture. TCells sometimes become up to 7 um long. Cells sometimes become spherical with a
diameterof 0.3-0.8 um. §Growth is greatly stimulated. §The G+C content of the genome DNA was determined by full genome seqeuence (http://www.ncbi.nlm.nih.gov
genomes/Iproks.cgi). #Cells often form multicellular filaments longer than 8 um in the syntrophic propionate-degrading enrichment culture

. % O 'Candidatus Methanoregula  'Candidatus Methanosphaerula A 2
Characteristic strain SMSP” 2 e Pl Methanolinea tarda NOBI-1"
boonei' 6A8 palustris' E1-9(
Cell morphology Rod* Rod} Coccoi Rod
Cell width (um) 0.5 0.2-03 0.5-0.8 0.7-1.0
Cell length (um) 1.0-2.67 0.8-3.0 0.5-0.8 2-8#
G + C content (mol%) 56.2 54.59 55.49 56.3
Optimum temperature (°C) 30-33 (10-40) 37 (10-40) 30(7-37) 50 (35-55)
Optimum pH 7.4(7.0-7.6) -5(4.0-5.8) 53-55(4.8-6.5) 7(6.7-8.0)
Optimum NaCl (g 17) 0(0-10) ND ND 0(0-15)
Formate utilization for growth
R ND
and methane production
L.ocn7_\ me-M requirement -$ ND
for growth
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