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Abstract
Anaerobic oxidation of methane (AOM) in the marine environment is meditated by three phylogenically distinct
clusters of Archaea called ANME-1, 2 and 3 (Anaerobic Methane-Oxidizing Archaea : ANME). ANME-1 and

ANME-2 can be distinguished with biomarker composition. Environmental regulation leading to the dominance of

ANME-1 or ANME-2 is not clear.

In this study the author investigated the lipid biomarker composition of ANME at the selected seep sites with high

methane flux to find the clues to potential niche occupation by the different type of ANME groups. Samples were

collected from (1) Umitaka spur off Joetsu, (2) Ryuyo canyon off Tokai, (3) Kumanonada mud volcano, (4) Sagami
bay off Hatsushima and (5) Kuroshima knoll. ANME-1 markers were detected in the samples from (1), (2) and (3).
On the other hand, ANME-2 markers were detected in the samples from (4) and (5).

This study will be useful in identifying the environmental factors controlling the ANME community.
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oxidation of methane: AOM) |2 X - T, FDO Kk}
DSHERE W T B & LA (Iversen and Jorgensen,
1985), WS M A ¥ > AL &5 #M & (Anaerobic
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I2& 5 A8 VEALOMAEDEIZL > TiThNI T
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BT, ANME2 [Z0HICHZE L, Z41% SRB
ALY A TS, 20X W& oY R
1%, SRB & ANME-2 O LA IR DOFEI & 72 > T\
Bo ZHUTKIL T, ANME-1 1%, LiELIZH D
E4TEIEENS (Orphan et al., 2002), A ¥ fg
1L 1L ANME-1 12~ ANME-2 5% L < @
(Nauhaus et al., 2002, 2005) ,

BETHMBLONA T~ =D =G L >
T, A% BB 5 ERBHEREY T O ANME
DR DATHO NIz 728 21X, /N3 22— #7f Lost
City #K 7 1 — )V F (Atlantis Massif ® T8 |) 2
BT A EIEHIRIC 5T ANME-1 25 & 7z
(Brazelton et al., 2006) . # L T > i Hydrate Ridge
251X ANME-1 & ANME-2 O T & 238 &
#FE Tld ANME-2 2MEZTH - 72 (Knittel et al.,
2005), B0 LA S (X ANME-1 A58
SNz (Michaelis et al., 2002) .
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FDth, EITBRETAY VBLEIToTWwWaAE
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& z.1E Mills et al., 2003) , Blumenberg et al. (2004)
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Frzuatxsy r 1) 23PMI (D) DD S HMED
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XD IZ&o THEFITOND, ZoL) 2 Ex
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V372 ANME-3 GR9E D A 7 W FE 51 T & 5 5,
Blumenberg et al. (2005) Tl, H#Eo> ANME-1
ENSEANCHRTEWVEED PMI4 B L UV5 R
FIZ S L TBY, PMI OAFIHIEIZ ANME-3
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Table 1. Biomarkers for identification of ANME community.

ANME-135 & U'ANME-2, 3D EIH &4/ 14 < —h— (Blumenberg et al ., 2004)

Hydrocarbon

Glycerol diethers

Ether-bond cleavaged lipids

ANME-1 marker IX \)WWNV\NW
n )\/\/L/\/L/\A(\A( m c40:0
H

xvaijvwawrﬁh
C40:1
mv@VQ*“*ﬁ”?QAﬁA

C40:2

ANME-2 marker

A A

ﬂ i W i MTM/HA)V

n M\NLN\F/\( v W VIIIWV\%}/

ANME-3 marker W)W\M/
ABLUSTIT> > 2,379

(ANME-2\ b DIR5I)

DT 2L, DIBBIEROE S WERLT
WL EEM: S & 5 (Niemann et al., 2008) .
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FUkEEZ IR L 22BN, IEESFLEK IS T RIE L
720 ByRBVE 2g & 50ml 7 7 10 BRI 1D
Y, 40mlpy7uana Xy X% 7 —) (93:7)
MR 720 TN ZBEPEERE 2T 60 4l
L, mLABEE T o7, MLEEIEF A7 7 22
L7z IEEEIE, 3R R L 720 F AT
FAIZEDMERIE, o—% ) —T0R
L =4 —BIUERT AL I TRM L7 7
SNEF 2 XU, YISV I TR
7774 —\2& o7, RpigERALKERm S (N-1),
LB TR RACKFE B 5 (N-2), A 43 12 55 ]
L7z BT LIS AY = VEXRY bz Hw, F
723wt MO IS L7z AV 78y ) H 470
(grade 10180, 70-230 mesh) % fv 7z, N-1 JH431%
AT 2 4ml, N2 EA AT v ran R
& v (2:1) 4ml, BUEESIETs0O xS 0 R
7= (1:1) Tml ZHWTHE L7720 2 O4H
EMIZB VT, PMIOfRIA S 2 AR F Tl
N-1 Wi5312, 4 2> 5 5 AN @l N-2 Wisr o5 &
NDo 3 A PMI 1L N-1/N-2 5B 4 5 72
O, BEMEOWREIZ X 5 TN-1 /21X N2 125
W L720 $7&bbH, 1, 2 AREf PMI A 12 %
WIGAIZIE, N-1EGOANFT V&S Sml & L3

ANEAN PMI % N-1 (250 L 72, FIBRIZ 4, 5 A AY
1 PMI 23 WA 121E, N-1 S OANFH 8%
3.5ml & LT 3 A Aafl PMI % N-2 i 45~451l) L 72,
A7 Tid, =—F VREGRIEILKEZIZON
T, DT OB L > TOM 24T o720 Fiks
RN AGI IS THEM L, 1ml @ 55% HI &
HiZT7 v TINVEICEH ALz, 2% 110T T 20 I
BT L, T—7 Vi xlr LiR{bkFE#HE 3
AT IV F NV E LTz BURHIAF A P 2k
Bk 20ml % A7z 50ml F 3B 7 5 2 a2 L
ANFH Y Z—=F) (9:11) TITATILFRILE 3
B L7z il L 223 BHEE R T ARG T2 T
WA L, 20mg @ LiAlHs & KT M F e N7 7
v, —HorzaaR)VAzEhA, 70T T2 KE
TSI TT IV F NV ERALKEE Lz kT
ANFA R EAFE A 20ml 2 A7z 50ml -
79232 L, A¥¥ >y =5 (9:1) T
FeAbkFE % 3 [l L7z

GC/MS {#l] % 12 1& ThermoQuest 1 # Voyager %
A L7z0 RN A > T 2TEAEE, S T A
13 HP-5ms (£ 025mm, £ & 30m, fEJE 0.25
um) TdH o725 GC H LG L 40T T 1 55 RH
L, 4C /4 T300C T CTHE L 72, 30 5
L7z BEOMENEEA T v AF Yy VE—F (mz
50-580), A 4 ALEIEIX 70eV IZRRAE L7,
FALEW O R F A AR Y, a—L v
FSy o — 8L 6980GC % v C4rBE L 721k E
W) % ThermoFinnigan £ # Combustion device 2T
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B, sukwy 747 VIEELE Co A VT
LA RIRALKETH H7-0, TAZ7u~<x b7
LTI BV TEHEBFEMANIZFELL, #A7 0
< NI LG TRV L v, £ 2T, FA
rux b7 A EERPHWO NG, AR
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to-tail F5 & % & e 728 m/z 169 DSEM$ 5 D 1%}
LT, 74% 2 dmkz183 THBMNTONE, T
bbb, mz169 & 183 oELEHWT, o201k
EWEXNTE %,

4. A
ARWFZEIZ W 72 50RO 3R IUH 1 & KR % Fig.1
RS ZatEHE, AN yaT7ombEEd L
WAL X B HEREWAEIR 2 7 (push core) %
Wzo SHLEIZ BT A EIROFEMZ LIRS,
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RIS CHENE S L7z “ 7D L F 7 NT-06-19 fiiif12
BWT, NARX—=FT7 1 &AW EiEED
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hoElg:, HWEREWAIR 2 7R B OB L= A
F UGS L B RO A AT 5 720 RIFZEIC
FV 72508, 55 600 AL PC3 ThH D, JE I
JEEBDOAKGE 912m DIFIEH /N7 7)) 7= v M
AN S 7289 16cm OFLIRIERY)
AETH B BRI T O KIRIZ, 0.2 ~03T
Th-o72,

42. RBABEFBES

WEEEES (2) 12, BFHE L 200k
FEINTWERATH Y, FOHMEILrEr HEE
~M P~ & AT AT A S W
FlOWES LR EN TV D CaERIED, 1991),
AL T ORI O ERIL R TR ICE DI
HTH 5, WU WSETIZyay )
4 a0 =Ny 7 72X A mI A &P
T AT B RWFZETHGZZEREHE, “ LAD
V2K 55 821 VEEAIC X o T, TEFE 1093 m D2

WU CTHELL 72 16cm OHEREWATEIR 2 735k T
bo M EEIEIZI DL, ZoOEHIWEE L H DR
T, HWEALKEENRD 5z, ZOFEEORM
BRAKDODATIC L B &, A7 VREOMINIfEZ -
TR SR RN ARA L ASEE < 72 BTN ASFED H 7z
(Tsunogai et al., 1999) ,

4.3. REEF R AL

WFzeic w758k, (H) AlARAE R L <
WD [RIEMIC BT 2 A& IRz & ORI 72
EIEBETA ] 12 BT, S 14 4R RS = R AL
AT B CHERFERR AL (MR 3), K 1930 m |2
BT TozEA a7y v 72k o TIRILL
72 850cm OB R O FEE (23cm) TH 5,
WM OEEIE TV MEIRT, ¥ —E5 A Ok
TEZRBDO N D o720 T 7 T RN 20 & HERE S E
DEPR & L CE L CEL, PR oS
FREDENT LRI NI,

4.4. BB EH

PRI V725080, AHERER S (e 4) K
1165 m D A & > 8 R 12 331> T 2003 4R |2 FREL
EN/ZE A » a7 KY03-11-PC18 () 100cm) @
w®EE (10em) TH b, HHIE, YV 620 b

. Umitaka Spur off Joetsu (912 m)

. Ryuyo Canyon off Tokai (1093 m)

. Kumanonada Mud Volcano (1930 m)

. Sagami bay off Hatsushima (1165 m)
5 . . Kuroshima Knoll (620 m)

A wWN =

Fig. 1. The location map showing the sampling point and the
depth of water. 1. Umitaka spur off Joetsu, 2. Ryuyo
canyon off Tokai, 3. Kumanonada mud volcano, 4.
Sagami bay off Hatsushima, 5. Kuroshima knoll.
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BRSTHY, uar ) HA OB ELEIZE . 5
MZIZ> Ty ) A 5w B2 R 2 F v 7z,

45. 2EBE

BEWwL (A5 1F, WBEAEE O R
25km IS BT 5o THEOKFEIZH 620m TH 1),
WK% O (LS A A W TR R0 R R S A
AL TS, BUEDIHEINZ: X & VI 23Bi%E
SN, KPR A ENY FAHaa = —8
Blgans, A cHwWZHzHE, < LArw
2K” 55 1363 HHiLIlc €, BEmRTEH O a2y ) I
1 a0 =—DRpHAmTE2A~FOONIT)T
Yy NTHEBEINLHREY TH L. WRiRFE % EA
AK 25 cm OHEREWIFEIR 2 7 58 2 $RILL 720

5. MEREEER

BB ONA T == =T OREEE LT IR
o ANME OGN A #) 7% LK ER 5 & = — 7
WAEE R RALKFE O GCMS Gtk (b — % v
AF oA NTTLTIC) R LTz, B, 4
TORENIOWT, NAF =D —irxnifts
L7 ThNTE ST, FRIUI AW 7-4%
fr, AR OHREPR LN,

5.1. By LiEAEEER

WEEME O A & @ X DRI 7258t o 4
Wbz Fig2 \IR L7zo &0 3 A H1 PMI (R
IRl DA EA R 5 2 fiHH) TR SN, =
AU 2 AN PMI, 2 ANEFD Cos 7V v & BETR
BN 2R 35 Cy, Cu, Cy BT IV
CERMER D, 7 ut sy B X ORI PMIIZM &
Nadolze REBODVIRCESET VI 23
M2 ETHY), CORAT—Norux 770
WCHN R, REITR LB SRIBOHERILEY
QR2-VAFNVTIVH ) IZONWTYL, N F<—
H—EDBL VAL, FEASHBEIIES R
Vo M B 3R R AT AR L, 1 R AT IS
C23:2-91.0%0, 2 ANBZH] PMI —114%0, 3 Afafl (7))
PMI —114%o, 3 ANBgHl (#2) PMI—116%0 Td > 770
B, BHLTWSE XY ¥ (RO BBK TR
DA Z ) OiRFEFNAARHIL ~71.9% TH > 720
I— T I)VAEATIRALKE, S, 4o 7 1%

AR E NS, BT 47 v (IX) 2SE#L, ©
7 4% v (X, XL XID 3R TH L,
T, 17BH, 21pH-C3; k78> & 178H, 218H-C3; 7R
INYDMENITIRIB E 72,

CORER, MBI O A & VB E D SERIE
nziehE, 2ok y CoXRIMNEAREA PMI, E
744 v (X, X, XI) CHEAMNT SN, EEL
TV 5 A Y VERALH A (X ANME-1 #E 4R & 7208
SND, Coa TV 2OV T, n-Cn BLUZ
OAFANIRFEARHTH 555, AOM (2B W TH
UM ENLn-TIV I VTHDH I EDPHE SN
CT\»% (Thiel etal., 2001), AKHFZETIX, RFERAL
RAE DT -91.0%0 & FIEF N NELZFFOZ LA 5
L AOM ~NOBLZRIELTEY, SHEOWEIC
Lo THENRIBIEE 2 AWM H D, 22T,
BAEA S & ANME IR B O ji 35 R AL AR ML 0 22
13#9 43%0 TdH - 720

W W BT 5 AT Ak RO FENIE, 3R S
(2009) (2SN TV 5,

Um itakaSpur
#600-PC0O3
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Fig. 2. Total ion chromatogram (TIC) of hydrocarbon
fraction (upper) and ether-bound cleavaged frac-
tion (lower) from surface sediment covered by bac-
teria mat at the methane seep site of Umitaka spur
off Joetsu. IX, X, XI and XII are biphytane with
0, 1, 2 and 3 cyclopentane ring (s), respectively.
a and b indicating 17H, 21H-hopane which car-
bon number is 31 and 33. Arrows indicating the
contaminated compound 2,2-dimethylalkanes.
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52. RiBAEXEBES
RS L) BRIL 723 o 50k R %
Fig3 |IR L7z, foikkl e B0 ZoilkEoji
L/AKZ W 431213 ANME OB 2 R+ 57 0k
7 v B LU PMLIIIRIE E N h o7z SIS
R LT N2W 525, 3~ 5 ANfafll PMI A3 &
Nz 20720, ZoORFHIDWTIE, RILKE
L5 %R & IS LB ERE > 2 7R L7z A
BYIC 3 AEIRNE DT 4 B X O 5 REgflEn%
WV, ZDOGHTEMETIE, 4 AR3F1IE STD (CasDso)
DBERN, 5 ARANIERISHELT % 4 Afafl,
SAER, A7 Tl IZoWT, ERRERAA
FBE, I, —114%0, —109%0 35 & TF —41.6%o
ThHolze TOWGNE, ZRFBEHRTIINR) L
Y EN, BRI PMI B X S 7 ek s v
I N VWEEL S, LEOPMI3 ~ 5K
RIS SNSRI TR E DD v, 70w sy
UOMERE LA, S0 Xk ) R PMIB ~ 5 R

Ryuyo Canyon off Tokai

PAH Fr. I Ay

CasHBIs with 3 to 5 double bonds

R

with 4 to 5 double bonds

CaoHBls

— perylene

4

Intensity

40 50 60
Ether-bound Cleavaged Fr.

a X X Xl
66 68 70 72 74 76 78

80 Retention Time (min)

Fig. 3. Total ion chromatogram (TIC) of hydrocarbon
fraction (upper) and ether-bound cleavaged frac-
tion (lower) from surface sediment covered by bac-
teria mat at the methane seep site in Ryuyo canyon
oft Tokai. Arabic number (upper chromatogram)
indication the number of double bonds in pentame-
thilicosene (PMI). IX, X, XI and XII are biphytane
with 0, 1, 2 and 3 cyclopentane ring(s), respective-
ly. a, b and c indicating 174H, 21H-hopane which
carbon number is 31, 32 and 33.

wms
e
=
1 \
squalene
5

1L, ANME-3 OJ81E & 72 % 7% (Niemann et al.
2006), AFELO SRR & B L THAEDE
ASH 72 %, Niemann et al. (2008) O¥irsd X 9 12,
%80 PMI3 ~ 5 REFIOLEAE, Wk srE M
OREXRLTVLHREETTEZ NS,

I —FI)VEEMRALKEL S, 4FFHOE
74 %2 (X, X, XI JROTXID) 2580 b5iz, &
T, E74% v (IX) OBEHC 176H, 218H-Cx
FNUPEH LTV, 2OL)ICT—F VS
Ao, 4O 7 4 4 > & 176H, 218H-Cx
RTINS D, B, €745 2 (X)
DA e AL 1 —85.0%0 T - 725

REHA PMLIZFEO LN L7 04y VxR E,
3O 7144 v (IX, X BLOXI) 1&, ANME-1
DFBTH 5. FifFMMEE KON 7Y T
~v M, ANME-1 #4£TH 5,

Z 2 C, AEIAN CsHBI B X OF C3oHBI 1%, RV
IF Ly BRREORENFRLEN TH 5. 15
R OPRMEEM TH 2O, AL
T BRI DG YR RRII I T d D o RIRTREMK
ENFZAREI CosHBL B & OF C3oHBI 1%, & THRY
IF L UBERPOBESNL, HilEh s RKETE
FALEMORFNZIT2 ) T LI TE RV, 2B,
HRILEWIIRY) =5 L U EROERNRA L
RO (FBF) IZIKGFEL RV, Thbb,
M UMHORZRTOO Y M BRRLEETNDTE
JALEM R e b HEIZTAMLIZLD LT
Bl CHHREWMIR L L EDHLDOT, 7
TV T AMIVEATDH D, R{FHIH W25
WOT T T ANNE, AR CsHBL B L O
C3oHBI 25k H & 7z,

BRI PR BT B ATk B o FEM 1L,
FIE - 7 (2004) 12 STV 5,

5.3. gEEF i E L

HEBP MR AL X 0 BRELL 723 B o 0 TG R %
Figd |ZR L7ze TVARY V& T4 57 VS,
Pr/Ph 1 2.5 TH o 720 EFEMWE RO Bk
FENEEFD n-Coy, n-Cw, n-Ca 7NV 2, &
BorFEBNEDZ L\ n-Ca1, n-Cas, n-Cos TV H
v, BROTFBENEE R RV IREO D v
(Ca0 L) =TIV 3k S 7z iso-Cis 7 v
7Y BERRBEO T VA AN TERISHIE &
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N7ze A7 7 VPR SN0 T m/z 217 THERR
AT 2770 AT T VIE Co D3 Corr BL W Cas 121X
TRRE N, HERICBUITLHIRKINE L, T OH
RS A 7 ENE L CTHEIEHRLZHDT
Hbo AT L7-HEHIRBHERY TIER <, T
PHLHENZLOTHY, BHIERE# - T
W5,

ANME (2423 21L& W1E PML 3D § H 2k
WENZTT, 708y Y 3EEDTAID
FAEZ L > CTHERECE o 70

I —F VA ERIE Tl 4o 715 >
(IX, X, XI, XI) i &z €74 % >~ (XD)
BET4 8y (XEXID ICHRTEETHLHI &
P TH 5,

RETTERE KIL DR EHEREME, 70ty v OF
IS TRV, PMLEE 7 47 (IX, X,
XI) OFFEAEAH B ANME-1 TH 5 W[ BEEATH -,

Kumanonada
DO20-KUPC-2
H.C.-Fr. TIC a

Intensity
h
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Fig. 4. Total ion chromatogram (TIC) of hydrocarbon
fraction (upper) and ether-bound cleavaged frac-
tion (lower) and partial in chromatogram (middle,
m/z 217) from surface sediment of Kumanonada
mud volcano. Arrow indicating pentamethilicosane
(PMI) and 4 showing steranes. IX, X, XI and XII
are biphytane with 0, 1, 2 and 3 cyclopentane ring(s),
respectively. a is indicating 174H, 215H-C5;hopane.

HE BF U8 KIS BT 2 40 B il R o 7EAIE,
Ogihara et al. (2007) |Z#E SN T 5,
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FHBLTE A & 28 S L D BRI L 7250 o0 2347
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Fig. 6. Total ion chromatogram (TIC) of hydrocarbon frac-
tion (upper) and ether-bound cleavaged fraction
(lower) from surface sediment covered by bacteria
mat at the methane seep site of Kuroshima Knoll.
Arrow (upper chromatogram) indication pentam-
ethilicosane (PMI). X, XI and XII are biphytane
with 1, 2 and 3 cyclopentane ring (s), respectively.
a, b and c indicating 17fH, 21fH-hopane which
carbon number is 31, 32 and 33.
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Table 2. Result of identifications of ANME community
from five methane seeping sites around Japan.
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