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Physiological and genetic characterization of uncultured methanogenic archaea via
an ultra-high sensitive fluorescence in situ hybridization technique
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The investigation of uncultured methanogens is a significant challenge in
comprehensive understanding global carbon cycle. In this study, we aimed to gain physiological and
genetic information of taxonomically new methanogens by obtaining genomic sequences and isolate. For this
purpose, we first performed mcrA and 16S rRNA gene-based clone analyses on methanogenic sludges to
explore taxonomically novel methanogens. Through the analyses, we found a novel methanogen group, which
may represent the eighth order of methanogen. To obtain genetic information of the methanogen, we tried
to do specific sorting of the methanogen cells using a combination of an ultra-high sensitive
fluorescence in situ hybridization (FISH) technique (i.e., two-pass tyramide signal amplification FISH
with polynucleotide probes) and fluorescence-activated cell sorting. However, unfortunately, the targeted
methanogen cells could not be detected by the FISH technique even after several cell wall treatments.
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AXCENERT DL YA
THZETHEMOAZ VHEHERHDWITH
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XK SR B KAWL L T2 UASB U 77
2=z, b O 1 DOIERITHEKA D
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FEEIC, 7 —F%7 @ 16S rRNA i#Efs 1 D fEHT
WCEWTH ., REBRBIL—TN 1 OF K
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a1 b L<IL, WCHAL-57 16S rRNA % %f
GiL L7 FISH {ECHiflaZ e L, & 1Ad
Y OfiFFt kb Z Lz L,



(2) M merd BAGFICEERMRRY 7 e —
T DERK
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DAATND LW CTE %, 728, MLI/MLr
7IA4~—k > FOHEIERITH 500 bp TH
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ST EOKEV HRP ZMENIZIRE S E D
7O RE LR 21T 5 BN H D DS,
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B AL VIERLE-BEZETH
D, RSN TWARWT &b, KIFZET
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Proteinase K (2 J % HHf@BELLEE ClX HRP D%
R E Lotz A X VELFET D
ZEMG, HCLIZ X D & Mat i B ITHY
ATz, 78, MIEBELERIC BT 5 45 R R
FE DR SRMFREF L. B D R E OBy LIk
THDH I EPEHINTE Y, FFIZ Proteinase
K OEMPBELZTHDHZ LITHLVERES
NTW5, 1o T, TNENORIERE DS
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— VBT o 7 Tkt U Cifa R LB L
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WD, 7T =2 —/V5ed O MCR-2b il
DOFTEEIEMEL . RO T —% 7 ila%z H
HCHERTE o RBERLAHZ LT
B 5, 2006 FE ORI 7 U Z—HND
T—=X%T ENTTIVTDOERET —F TIEA
JTFIVTET =T OHEL 99:11 THHZ

EWNTRENTWS, HLETHLEEMTIED
B 03, 2006 FYREOERE ESBIOT —F T
® 16S rRNA BIFI2HSL 7 o — T
Bon-fEREEICHAT 5 & WCHAL-57
R ZIBTR IS 0.08%DEIA TEET S Z
ERHEE Sz, ZAUE, 10000 FMAETEAES
HHUCHK 1 MRGET A REORETH D,
ZOZEMNS, BHRTHIGHI 2 MR TE 72
Moo= RS+ ICE 2 b, 3 A E I,
B LERY) Fa—TTiIXy S rar—
L ~UL TR O 28 T & TV 7R WA REME
NEZONDZETHD, R Ta—T7 0
REMERERRICIX pUC HISRD 7' 7 A I R TIER
L7 RIBH 7 v — % Wiz, puUC kD7
T A NIE, BHEEA X2 ColEl #HHRE S
NEENTWDHZENBMBTOa e —%
NE< 20, 1 MEHi=n 500-700 = £2—D
TITAI RBFET HRMEEZRF LT D,
AAE—DTTAI FRFELTNL 7 1
— ML L= RIGHE MR Zf# > TRY 7 a—
TOEMEERER L2 b, 7o
E— L UL TOMAERE 2 TE TV a]
BEMEH B 2 BTz, Moraru et al. (2010) DO
ETH, LHAHZY 200 2 —DTF T A3
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TSA-FISH %47 5 72358 1T RN 99%72
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WHEEEEAIT 40%R1#% I F TR RN
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RIS, Uy T3 e — UL THlE &
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AL O EIE O S MM BE LR I E N &
STITMIEORIEEIT, DRVIERSRDZ &
MNTREEND, LT, MiOFEESES
SOAM AR BEAVER IS E N BN T L BT D
TDIiC, TNHORMAZEIY RS ZEnT
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HERIZ X MCR-2b mcrd Bl %A 5
fa & R —Mla DN H 5 2 & PR
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gL U7 FISH {ECHllaz i sg s 2 &
W L7z, BT RE VIR 2 03 L L7
16S rRNA ZFEf) & U 7= FEYERY 72 FISH v %
VN2, 16S tRNA (Tl H 1Ml 7 0 a2
ST av—F1ET D720, B FISH (2
HOoTICHaEzRE T REENRH D 2
& DRI 24T O BN 2 < IR -
A4y 2 BEALER L Z L 0 | WA KR H T X
rnE WO MEERRTE D, I HIT, 16S
rRNA DRBENK» > 2HEIH 2. 168
rRNA ##28) & L7~ CARD-FISH ¥ 172 72,
CARD-FISH O BRI & Mg Iz FET 5
16S fRNA O a v —¥xE x5 L Mgk
PR 2 BT 5 2 &N HRNIZFBEEAIC
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THiAZRET S ERN KRS Z LN E X
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WCHA1-57 7 — % 7 IZH A0 72 Arc864 7
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O MRBHTEHEORBIC L > TRELELE
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0—)LE L TCT —FTICHEN R o —T
ARCI15 BEL O TV TICH RN T 10—
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