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Fluorescence in-situ hybridyzation (FISH) technique
in the determination and localization of acetoclastic methanogens in

paddy field
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ABSTRACT

Microbial community characterization of a rice field microorganism, Ubon Ratchathani
province was investigated by FISH technique (Fluorescence in situ Hybridization). The use of
tRMA-targeted probes or phylogenetic strains can provide a unique insight microbial ccology,
enabling both the visualization of whole cell and in situ microbial ecosystem. This technique
correlated the characterization, composition, the abaundance of cells and relationship within
microbial communities.  /n situ fluorescent hybridization were used with the methanogen-
specific probe (Eub 338, ARC 915, MPB 1 lia= MSMX 860) in this study, Almost of 165
rDNA of Archaea clone library were affiliated into Methanosaeta sp. and Methanosarcina sp.
The group of Bacterial clones revealed into different cluster, all of them were clustered into
anaerobic or facultative anaerobic cultures. By the epifluorescence microscopy, methanogens
were characterized the majority of long sheathed filament Methanosaeta-like morphology, with
a similar result to the Archaea- specific probe hybridization. This  FISH  technique was
siuccessfully applied for in sifu detection of microbial communities in  particular an acetate

microbial communitics from paddy fields.

Keywords: Rice field, Acetoclastic methanogens, FISH, Methane production



FISH
DNA
DAPI

mg

ml
MPB
ng

0.D.

RMAse
RMNA
rDNA
rRMNA

MPN

Tg

iv

mesUeFyanNE

Fluorescent in situ Hybridization
Deoxyribonucleic acid

4, 6-diamidin0-2-phenyllindole, dihydrochloride
Gram

Miligram

Milimole

Mililitre

Methane Producing Bacteria
Nanogram

Optical density

Round per minute

Ribonuclease

Ribonucleic acid

Ribosomal deoxyribonucleic acid
Ribosomal nbonucleic acid

Muost probable number

Teragram per year (1 Tg= 10" aram)



n13191nATiA Fluorescence in-situ Hybridization (FISH)

lumsAnuriiauazanumzvod Acctoclastic methanogens Tuurinm

1. umin

= i o o fag 3t =) v o
Acetoclastic  methanogens ity ﬂf!l.li_]lfm'lflﬂ.l“ﬂdl'h' acetate 1luunaInITUon Y
ke a s i B & . o a
#1712 1390194 (anaerobic condition) Ty ﬂ'l‘i!ﬂﬁﬂ;]ﬂ'i{l't Methanogensesis uas AT iimu
o = o el ¥ q:l [ a & A oo o
l'J_J‘L!N’ElF*IE'I'ﬂ PaunIUng Methanogens IHa U 'LF"IQﬂflijﬂ"ll.l'1'J'ﬂﬁﬁi%’lﬂﬂﬂmﬂﬂu'ﬂﬂﬂuﬁﬂ
° . = 3/ : gt -
@1 (psychrophile) l1laufanannuiou (extremely thermophile) Tuaniiz 1$eandinu lu
B e = g oo =@ .
AUHEHUT ﬂU'ﬂﬁﬂﬂuuﬁE'ﬁHU"l'{I"ﬂ "h’illﬁ'l-lll'ﬂﬂd‘ll’lmN'Iﬁﬂ'llcluﬂ'ﬁﬂﬂﬁﬂ"lﬂh'ﬂlﬂﬂ (Cicerone

and Oremland, 1988; Conrad, 1989),

ﬂmu'ﬁ'g]ﬂﬁaﬁﬂﬁﬂummnuﬂﬁ1uu1ﬂ’1’11nﬁﬂg'r°lu=ihq 20-100  Teragram (Tg)
(1Tg=10" ¢) @01l TneTiAunAuniify 60 Tg (Prinn, 1994 TPCC, 1995: Roger, 2001) 113
iusuveadimiluuTseinms danarantag Tanda (Global warming) Havzduiusm
fudnsimsissuonlszans Tandhudadndmaaiun (Denier van der Gon, 1996) A711

1 = 1 = | ol i
apamsaamanantnaluTanmad ety 760 million Tons A01) M50 MUY 47 % Tv

Tl ¥
=

dv 3 i g/ = = =
iasalszeng lan v imeaneasanudeanitsvedlszeng 9901 e 1992 fudy iy
- = ) o - = g ¥
dune 3 Fuaunuluil aa 2020 (Newe, 1993) Tasmafisuuinde wunimwigo
Fuiludansvmnsdannnnedaaniaos bl lummasswini GRRIL 2000) iazvzdana i
4 ) e o i | e e ¥ o

917 lued suiiisampinmnzauasmenaatmu duaungimifiiitaiiuedabaves

NITHARNIMUTUITOINA (Neue and Roger, 1994; Neue and Sass, 1994),

fradimuiigmlamldesoendussuim (Awmospheric methane) iudamsdiiny
fnﬁﬁﬁﬁmqﬂfu“'mﬁaumxmw (Greenhouse effect) itae Taninu (Global warming) Tu
it 1feiftﬁmi|mﬁmuﬂ:i’iﬂ"numm‘sn’llnmﬂﬁvﬁui’qﬁﬁuﬂsm'ﬂ (Infrared-absorbing
capacity) Tuussnmalauinail co, 1530 w1 (IPCC, 1996) W1liA1 Global warming
potential (GWP) @011 CO, 23-25 1M1 (Sass, ct al., 1990; IPCC, 2001) B fadimy
aunsoandaluyssonia duszeznm dnuds 1012 3 e Smduusseimedad
adIAyasid uﬁ’mm_lﬁzﬁmiﬁwmﬂﬂpiﬁqudﬂﬁmﬂuﬂﬂﬁu Masimuiand sty

USTOINTA (Methane loads) argalidumiiu 4,700 Tg mndnsilmuiitanldessang



R = o .
UTTHIMARDY FANMNU S50 Tg TAL 375 Te 1AATINAINTTUYBAUYNE (Cicerone and
= i -'!’.lI [ ooy = =" =
Oremland, 1988) nenssunaItiszaama mnamslasuulasssndsznoumaniily
ViTIN (Cicerone and Oremland, 1988; Khalil, et al., 1993: [PCC, 1995) ﬁmuﬁgﬂ
tanddesluvssommzidvaunguesilymlanden 1520%  sndimuiinndaayly

UisuINIRNa lan (IPCC, 1990; Neue, 1993, Denier van der Gon, 1994).

v = L 8 TP S ;
AN IuYoalmuluUII0INIH (Methane concentration) lAfinAwih 2 vl
Uog1iu 910 1.7 ppm Tussamasseiidm uazmaheziimihu 4 ppm Tuil 2100 Tao
dnungnilaatldssgusssimminninnanssuuoanyud @ msmhonsiuiazmiisg

o1 ] ; o (]
R9FTIuTA Yyadnd mamudomas uaEHALNFNAULYURNAVANHME (Sanitary landfill)

» 3
o

= P - et

ATy 72% wazMADaINTITUINRA (Hydrates and ocean) UASTUAYINT (Wetlands) 16%
W I po

HaEMIRIUI117 (Rice cultivation) Aathy 12% (Augenbraun et al, 2003) A4UU RLREERISINT

i é ki o
unasiiaveamstanilasoimuluilegiv

'
i

3 g = = = L - |
msAnmriAlazanyusaunioninedas lunssaalimu (Methanogens) Iaw
14mniia Fluorescence in-situ hybridization (FISH) vz1i7 11l amsmsAnuINIA1s ¥ inued
] 5/ ] L] =" . = L
ngu Methanogens 1131411 Tasd v 67% vziilu Acetoclastic methanogens 1%
acetate tﬁﬁﬁqﬁu"lwmum? Methanogensesis (Conrad, 1999) FISH ardunny ly
NITANEINGUUTZHINTYAUNTE Methanogens Tun 417 iioifiouiunisfinuinuy MPN
o= = 3 o de o : g .
wiofny1 Ingnaoaganmidianaseu (Electron microscope) tazaatunoulunizinmn
= ar o e = . : ; -
FUALASANYUZUBIAUNTINANINATOUN T UAN (Biochemical test) FISH technique
= w = = = s o s . b (] ol
A ENINANYITiA AnyuziazMIINIIeAIveINAuNEE las Tty 1 Tddns i
= iy = w A '
mrdinlzudly iamsilymdanadennnnsaamsdasldosiimudussoinia uaz

- ey = ] i - &
ATSUITAUNTONGUL (Methanogens) 111952 Tomide 1)

s o
2. Inailszaan
.:i [T | - 34 .-{.—-. i |
L LWBRARIADN Acetoclastic methanogens 117310977 NUNTTHARINUTA
2. IWORIIADUFIANALANYMZANI Acetoclastic methanogens 1INUIVTY Tag
Tdimntian Fluorescence in-situ Hybridyzation (FISH) tionozii lilgms

Anuridaaa i



3. MIATINONETT
T =l 1
3.1 msdaadassiimuesngussmima

Taona 1y MadimuTusssumd (Biogenic methane)  1FAINAUNT ERARMIA
1inu (Methane producing bacteria or Methanogens) Yavzouaawiuniimsneldaniae

¥
of g oy =

15amm (Anaerobic condition) I.Iﬂdigﬁu‘ﬂ'.iﬂﬂfi'ﬂ Hydrogenotrophic methanogens ﬁﬂﬁﬂ i
TNUIIN H, 108z CO, AUNIHONNGUAD Acetoclastic methanogens THARAAHTINUIIN
acetate ﬁ'wﬁmumﬁwﬁ”ﬂ:gﬂwﬁﬂmﬂﬁnmmﬁm"mq wu yadnd nisHanauyeRonia
wagut udy g (rigaed  ricefield)  ShumaeniivosmsHantmu

UardasuasngussoInie (Sass et al., 1990; Wassmann et al., 1996, IPCC, 1996)

= P o 1 ] !
ATTIN 1 llTiﬁﬁﬂﬂQﬂT“ﬁﬁlﬁu {Source and sink} ﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂqu’i THIFF

; Uneertainty
Sources Estimate 2 T Total
(T year'}
Sources
Natural
Wetlands 115 35-150
Termite 20 10-50
Occans 15 5-50
Other 15 10-40)
Total 110-210 160
Anthropogenic
Fossil fuel related 100 70-120
Cartle (Enteric fermentation) 83 63-100
Rice paddies 60 20-100
Landfills 0 20-70
Animal waste 25 20-30
Biomass burning 40 20-80
Total 300-450 375
5 4 = 535
Total of identified source H10-000 i
Sinks
Reaction with OH 330-360 445
Removal in Stratosphere 25-55 40
Removal by soil | 5-45 30
Total 55
Atmospheric increase 35410 37
552

Total of sink (sinks + atmospheric increase)

Source: adapted from IPCC, 1995, Denier van de Gon, 1996, Leisack e al 2000 Foger, 2001 )
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Probe
; Pk sy St Berasrn

517 4 uAAIMTIIYBT Methanogens probe F¥1f Methanogens cell WAI9IRNTT Hybridyzation

(Mighibara et al, 1995; Juprapubiasr, 2001)

8UN3UNGU Methanogens 11 Order Methanococcales 1A% Methanosarcina (Amann
etal, 1990) ¥gnusneanvInNTEdangauniinaliling General probe (Eub 338) uazTau
Specific probe (ARC 915, MPB1, MSMX860) #1171 Archaebacteria, Methanosarcina 1A%
Methanosaeta (Anann et al, 1990, Raskin et al, 1994, Jupraputtasri et al, 2001) 1[¥auunnGy
1zndoud ol DAPI WaavIn Hybridization Hasguyayaunid launanaganimiisoanas

( Epiflorescence microscopy)

AN FISH (Fluorescent insitu hybridization) il il¥nsuwiia dnvazen
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et al, 2000) viol¥lumsnsasuyaunidnne Wiia laaunawinmeduanses i
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Sekiguchi, 1999) A Tumsdnugiunidluszuuinmi (Microbial ecology) AATING
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sampling of bacterial cells from environments Ethanol and Paraformaldeliyde Gxation
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Spot cells on gelatin embedded glass slide

Hyhbridization with labeled aligonucleotide probe

Visualization

7UN 5 FunpumiazeTBLREUNT AR 10MATIA Fluorescent in situ hybridization (FISH)

(Mishihara et al, 1995; Jupraputtasri, 2001)

Raskin unzams (1994) 14FnuTuazeanuuy probe i 19lun1sas19901
Methanogens 1ungua1a9 $119U & probe &4 probe ¥4 8 ¥iia ANBUARY Methanogens 19
WaM1A 3 Orders 7 Families 1AYAT1 15 Genus 11814 oynondrduIuTuns 165 DNA
910 Methanogens 17129 %ia lumseoniuy uaz 1dANEIA I INIZY03 probe TABANT
nﬁmuﬁunfjmﬂmmu‘luulpiawﬁﬂﬂuﬁ:am-iimm waiiianga lumsiuyes probe fu

ﬂfjmﬂ‘mmﬂ (Optimum temperature for hybridization)
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Harmsen uazamz (1996) 1al#maiin FISH TumsAnunnuduiusunagdunso
11:1’1fi:.|‘IJEN Eubacteria., Archeabacteria, Methanogens 'IJ‘L:l‘Iq"ullﬁz Syntrophic bacteria ﬁ
#1130 oxidize Propionate Wil acetate, formate, €O, uaz H, Miiluundennsves
Methanogens AITNARDYIIG probe 7 ¥1ia 1114 lun1saseaeuldud EUB 388, ARC 915,
MPOBI1, (Specific for Symtrophobacter woilinii strain MPOB), KOPI (Specific for
Svntraphobacter woilinii strain KOPROP1), MX825, MG1200 uaz MB310 NIN1TATAINEAD
HAZATITNIAMNUIUDITAUNT O 1Y Granular  sludge snssuuthiiminde Upflow
Anaerobic Sludge Blanket (UASB) MITANETT  Sorensen LAZABE (1997) Tazimsian
probe #1151 Methanosarcina 5. Tﬂﬂnl‘l?rﬂ;ljﬁﬂﬂ 271 165 tRNA 999 Archea 1182 Eubacteria
1142 1ilA TAull Methanogens 28 ¥iIAT10080 probe At T1sl 2 wila 18R sARC
1551 A% SARC 1645 1At probe v 2 afiadianFoufsunuinzudang i1 SARC
1551 111 probe AilszANTnMAINT SARC 1645 1ipanin bimnsadndududhmune 14
Fl‘ix!ﬂ'luﬁklﬁ"ﬂﬂﬂl.muhl'ﬁrLlﬁﬁ'lu'l'iﬂﬁrllﬁm Methanoeaccaide  methyllens ”ﬁﬂﬁ‘ﬁlﬂu

= =d N
vaunionguithnine

Jupraputtasti LAZAME (2005) AN AZWALT probe e nNAnMANULEYRUNTE
Tunaniin {Wastewater reactor) ”lumju Methanogens ’i‘.‘ﬂuﬁ 4 wiln 1A0A EUB338 (Specific
for general bacteria), ARC 915 (Archaebacteria), MPB1 (Methanogens) Lifiz MSMX860
(Methanosaeta spMaY Methanosarcina sp.) 914U Hybridized cells 182 percentage of DAPI

fiflaunaa9n Hybridization tanaluaisiai 2

| P i o I 3 5 = e
"r"l'l‘i"t'lﬁz Tr'lu“.luuﬁ:t"ﬁﬁl.ﬂﬁﬂ{%}'rlﬂ&il'lﬂﬂ'l‘i’!‘[yhr1dlzatmn WY probes ATITUANUY

(Conjugated with fluochrome -Cy 3) (Jupraputtasr et al, 2005)

Average hybridized cell

Probe (Cell/mi)* Percentage of DAPI
ARC 915 1.8+0.25%109 567+ 7.8
MPE1 1.6+0.22 % 109 50.7 £ 6.9
MEMXEGD 1.2+0.30 %109 372494
EUB338 94+320x 109 20.4 4 10

Duplicate samples were taken and measured in duplicate from 10 mndomly chosen microscopic
fields for each samples

" Average number of cell hybridized with probe £ 5D (n=40)

" Average number of cell hybridized with probe £ SD (n=4))
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matin FISH lTagmiannauiilsz@ninmiivavedesmindr ld g lumsasmeaoy
= d.ic: @ i ¥ 4 = 1 1 =y a
piumsinaruizAenguuea Archeabacteria TuAu TAlusd @ msfnuiwils dnuos
] ¥
LALNIINTZIOAIUDITAUNTONGY Methanogens NHMIsHaATmMUguT N1 9zvi 1
[ o 1 " = o 1
AWITANTIVANHUZUAZAWNUIYDINGUTAUNT I Methanogens M543 0 Tuwd
i a v o 3l w = i
o Tlgmsdfulgadlvnsiamsamnzaylundn amuguuazsaanisdasldes
i \ v 2 o Y Y &
dmusengussontd unilywiniizieunszanuialaniou Tunmissymi 520
[ a ¥ = o E a
sz Tominaidolumainguydunid Methanogens  w1ldlsz Tewd lunisiwede

o £ o o ) a
vz Toand (Waste utilization) iforaavdiunannu Tuouina

g =
4. Qﬂﬂ?mtiﬁﬁﬂﬁﬂ"l'ﬁ‘ﬂﬂﬂﬂﬂ

41 aoufifuimedsauuinus Nt e ANy Hauazdnyue Acetoclastic

methanogens Tuindin

AudlesadanuItmious gy $1uau 5 A1ete sinulanndiavey

P = " oo 7 [
uzd UInaARIAL BN UTIT 1L SanTRouas¥sIll
42 MEHUMIBEIEANINYN

g ' i - ad e [ 9 [ = = o > o
mfudladamie M lunmsfnu Tapfudtaouamnd v fdnimddamio
(s 90 1) Uszmaunarafsunumoud mivul vie woutuwmudmsuuilia Tu
o 3 e PO E 3 = 3 e of . oo B E ; :
vinaniimands ilmslgnddmeouuzaluieddy thudledialagly Plastic soil
io= o = o oW '
core UUIA 200 ml (5%10 em) NUSIWEAN 5-10 ¥ AUAUWIDUTIAAUTIT 5 A7881 (n=3)
i an L] =) : of a Y] = aren 34 B o ] -:!I‘I
Taganataanut lunszamiudnbndundosdfidns uanbduaiodiani@oly
(V18 ="
D117 Acetoclastic methanogens medium Tuan l301ma (Chawanakul, 2002) (1u
w ' ¥ =
szpeIal 1 Aoy 1nnud imulS e (Endchment) o ifnyianuaziasyin

oy o3 '

&l 3 = =, : 5 - -
AUNT [AEMTHDUAILNAUR FISH (Fluorescence in-situ Hybridization )
T | = d::. = |
4.3 ﬂ"l";'FFIF!lﬁE!ﬂ‘ﬂﬂ“ﬂ?ﬂﬂﬁ'ﬂﬂ‘iﬂﬂﬂﬂlﬂ“l—!ijd

a o 1 = 3 = = o = i ut = =
'I-lTﬂﬁﬂﬂ'\dﬁ“ﬂ’l'lilj"l'liﬂﬂ'IT"I"l‘Iﬂ'ﬂEgEIﬂ@ﬁuﬂﬁﬂﬂﬁ"ﬂﬁﬁ‘”lﬂ'ﬂu {Acetoclastic
] d' E - o
methanogens) Taomaumdoluomismmiz (Selective medium) A8 Methanogens  basal
o = . i = oy = o
medivm MIAY acetate 3% Tll.ﬁ‘llllﬂ'ﬂ-lE'I'"l‘i'El'I‘i‘T'lil.ﬂ‘l"l'I:-’ﬁ'ﬂ-'l'i'l._lﬂ'l‘il.i'l'iﬁj'qlﬂw!ﬂi’l‘u'll'l'iﬂ

¥ o o
Acetoclastic methanogens Ty serum vial 50 mi i‘jﬂﬂ.n cab 11A7 flushed Aon 1y TuTasiau



wdnirT Il ugiunieldgumngd 37 ‘e fhune 4 e TaslnAud T5msil wien
i y Y ] 1 H & = = w5 .-_;f =
Uude Useuimdui 3-5 ynamaiude 33% yosmaiimunignEan Y 92AA0IN H, uas
) i A 13 a = [ i
co, lufedugnufdeudlumsiimu Tavgauniingu Hydrogenotrophic methanogens i1z
or n-: e e o =i = = = o g W o]
naanniu Uszanuiun 7 masinudn 66% vzgnuan Taoaunionld acetate H3o

= o o | . [ =] = e ot fan i = i
TaunIunNgy Acetoclastic methanogens Tﬂuﬁ1fﬁﬂlﬁ1uﬂﬂﬂ'ﬂi‘lﬁ'l!ﬂﬂ.l'lﬂ-m'lﬂﬁf!ﬂ HTHHRAIIIN

E 3
= =1

Ve 1 37°C e 2-4 dlasd

[ ! A e gl = o el
madimuiiianageuid 2 33 fe Tasmsmagoumsyaia Mvesiadinunn
. .M i o = o A - W =
W3R serum vial MINTUN INDBUEUGNIAR Ilvasmatimu Taeassazdadfine Tas Ge
7] = & s o = e .r.".-l o
: column TCD dwmiuaindinssiuezinlSinamsiimunas co, ifindiundaninns
r ﬁl.‘ 1‘; = oer ;dml a. o o o ﬂ? a (= =
vude wesnnaideiiiiaglzasnvan lunsda@enidauasiinniin FISH 1dnu
- o am = 1 o -t o
1A ANHUZYAUNTH Acetoclastic  methanogens fiNsHAAMEHImuTuTumgaIn

o o = ¥ : = :’: - o
e AR ATER LG 1um}nﬁ1guaiwﬁmmmu FAHN 98 UNT0 Acetoclastic methanogens

o oo

nimspaamaimuandiein wganageumsiiamaiimusingaauiia lumsia
vosmatimusinvaadaedrs miuiudeyauniduidnut Taensihidemndsasiy
g M1sAbaED (Stab) 9IndIedIeRTNsHARR MY luuSnafiimsniguonaunis
97 serum vial 1 IATTALUTI (Enrichment) 4 serum vial W11R 100 mi ouonh 14
YSuayaunifusqniidhnniu inmindodefinamaii 37 c 24 Flani wunszig
Funamaniauandunitluannamarfiilinaneaunisluiiadiss nmiuaTs
(% Methanogens irAnmskAATmudmugs 1 -4 "c nungduiddinndnumdomain

FISH fn Ty
4.4 MIDMUNTHAYDS Acetoclastic methanogens

ﬁntxraﬂq:n’ﬁyuqlﬁazﬁuﬂ?umrﬁaﬁ'm Methanogens medium T acetite 0.5%
§1131 Acetoclastic  methanogens  ttazaTuwal3i -4 ‘c wadey AuTEnisues FISH
(NIAEYIN) Trold General probe (Eub 338) a2 Specific methanogens probe (ARC 915,
MPBI  uaz MSMX860)  lumsAnwiuasiufindnunzivasaunianuon|ada
Fluorescence microscopy 138 Confocal microscope "FII'H‘IE':IU Biogas lab: Waste treatment and
wtilization Laboratory N viiuma TuTaBwszaoundr Snonvanayuiion Tasaas
Fadlavasdninnuianninmmaniiazma TuTaBudaaA-a9n% (National Center for

Genetic Engineering and Biotechnology -BIOTEC)
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<
5. HANSNARDINAZID1T

oA T wr A : =
5.1 MESNUAIBETLIRENINAEEN Acetoclastic methanogens ‘ﬁﬂﬂﬂﬁﬂ‘l"ﬂﬂlﬂi—l

¥ )
=t v

as i -y q [ ® gl gf [
A0E19AUT N nunInudasu i manduda (Paddy  field)  Tusa11.00-
¥ ) . = =4 = oo [ : 3

15,00 1 Taw 14l Plastic soil core N3zAUAINER 5-10 3. vnfAu1dszduii luuadng 91n

3 i o -=: o el : 5/ A d & o : i =5 Pl
mlaaudnaasoglszeia 60 Tu iMawmeariononin Tamiuaunimiutamwion
ot g oy i - & u o
AUTING1 TINUTI A WIAGIAD 8. 1TTUF1T1U 9. suas1vs1d anuuzTaonallves

A79813 (A1-A3) HuAumileT (Clayey soil) hivarauazibatady Tanialil (misaf 3)

m1190 3 aneuz Tavia luazmsifamatimuvesduudiaions s.9uas19517

fundn
i o =
W i = Redox i =1 = AINARIFImMY
A10614 AU ANYUEAIDH .
pH i potential (4 duani)
(C)
(mV)
2 o s
Al 7.55 29.9 -231.3 Aumihaiaung i
¥ ¥
A2 7.5 8.7 -217.2 Aumbnaar LA it
w
Al 728 30.4 202 Aumbmara ++
L £
A4 7.09 30.1 2012 Aumimiady A 4+
AS .96 297 1943 Audiag 2
Mean 7.28 20.7 2092 = =
'|-|1]'|ﬂ|.'|‘l'i] M=3

e 1R, = Tenas, + do

T

] ] oy i =l =0 [ [ = ==

AredauudnaniAne 125 pH 00521319 6.96-7.55  (X= 7.28)  Soil
lemperature ﬂgﬂu{m 28.7°C -30.4°C (X=29.7°C) uaziia1 Soil redox potential AL -194.2
U0 -231.3 (X=-209.2) 1AUAID013IHAUNY Acetoclastic methanogens basal medium 11
DATIAIUAUAIDEII: DIMTTIABFD (25 gm : 25 ml 430 1:1 ) 11 serum vial 50 m] Flushed

¥ e (I 3 b T = =

A0 N, Tagn cab udanir lihiuludude sumgi 37 "c nwlavisoma N, Titluani
e s R ) vooa o v T - 1
ot dunar 4 #lani udnhdndeRuindnde smageumsiaimuisaniy

nnqaiansgaaa Tlusaiadimuninvaadiedi
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; .=|” A P J-':;'I Qi ts -=II.|'I -:1” e
fnatidinaninszesar lunsvmdedssnm 4 ddaviuazvineisiaeuta i
acetate 1UATIREIATHTIUDIHITIONTE (Selective media) A1HTU Acetoclastic methanagens Y17
G & b b = 3 ] & ' !
Tifyaunionguil szs gy lavtuniwazilSuimuinnd1 Hydrogenotrophic methanogens
o o A - = e g W i o
wasnnszoznaimEntunay Tnsyaunidnguuaald 0, uaz co, Tunasuiuy
= o =t L] wy [} = = iy J o i
naamaiimu Tasmsasivaou laninmsyaan Ilvssmsiimuignuaaiuin TasAiodn
H = [ L | = =l =1 ay £y 5
Ahlfumagalaun A1, A2 ez a4 Tao A3 uaz A4 Tmatimugnrialnffuianios
i ': -Er i

i 3 o - o ' ol
137 ﬂquu-ﬁlﬁiﬁu lﬂLlﬂlﬁEQﬂ]ﬂ‘]f”ﬂllﬁtﬂﬁﬂ-Iﬂ-I‘U'EN Mﬂthﬂl‘lﬂgﬂns 1“'?!'}@{]14 PTHITHHEUYING

¥ 5
1 i ot o

91%09INUIA Serum vial NUMIHEAMEIHNUIIAAIBE12 Hni)Tua (Enrichment)
o= o 2 - a : ~
UANIITAUNT HANEIANYIIE F1A UDTAIINIZTIOATVDY Acetoclastic  methanogens 1

pfiweg ludAnsng1 Tae matia FISH de T

52 AITATIDAOUTHAIAZANYMZ VD Acetoclastic methanogens 10119712 lag

IMAA Fluorescence in-situ Hybridyzation (FISH)

iidediadnndfiinsedamaiimu snudasundiuinunieagiae
o B [ ; o < V ; - e Ai” - 1-'1!.'
vauanysil viamniudedszinm 24 dlawi diede iiudTinaie el la
oy 4 . e -::" L o & ket & =
AUNSEN active taziilTuraumauindn ua nduragdunsennmaulSnanlsznu 12
F1la1yi 15 aewa Tae TUNauR Fixative reagent  (Paraformaldehyde) 750 2l HE¥AUISA
499 Methanogens 11 11uui 4 "C fwin (24 ¥2Tus) udnhunthawios (Centrifuge) 0
ANG1 7,000 rpm (a5 wii waztenotdaule Supematant) 11 2miuiiua
#
vintiule Specific probe Tumism Hybridization ldun EUB 338 probe (410), ARC 915
probe (A1, A2), MPB1 probe (A3) iaz MSMX860 (A4) 91nm13fiaudiu FISH (317 6)
] y = L] ¥
WU tile Hybridized @79 EUB 338 (¥18)  nazdoudiod DAPL nazgeiundad
= = e o (= H ar [
Fluorescence microscopy 9£1HaIAUNTans=iAns a0y lnena lninaleie Al, A2,

T
AJ IR A4 ATUETELD

TusiAmanils W1 ARC 915 probe (A2) 1iinnfSouifouiuiy EUB 338 probe
o g o ' ; i ) =

(410) LHUIAUNT O 1UNGY Archacbacteria LIADONIN 2INTUATLYIND MPBI (A3) uaz
MSMX 860 (A4) lAmandiendany Tasdiofonudio® DAPL uaniu Tav Specific probe 32
w = ut A 3
i 111:1=Hmﬂ1111nu LA WAL short-rod AA18 Methanosaeta sp. VINAIDHIATINGT
! 1) v = oo ' 3 i = v
drulvn duneraadt gaunidngulug lusindrdlungy Memanosacta spautlundgiuoa

] ' = 3
Acetoclastic methanogens 1 INATHIHALIINUTY
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A3

Ad

e nmen Epifluorescence microscopy 1eAa Whole cell hybridizations YB3 Mixed
culture (wagfiunTiia hlunzngu Methanogens (a1 (318) probe EUB338 U0 specific probe (A1,
A2) probe ARC 915, (A3) probe MPB1 and (A4) probe MSMXB60 W19 In8oud DAPI Bar, 10 LM

(applies to all photomicrographs).
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Fluorescenee in-situ Hybridization

(FISH)

¢ =
1. Qﬂﬂﬂmliﬂzﬁ]ﬂﬂu

1.l Water bath USugaivigii 1d1usi3 40 - 60 °C
1.2 Farind
1.3 nizaniadlan
1.4 TuTastalad wira 1,000, 2,000 uas 20 g4 wiouil
1.5 Fixative reagent
1.6 1 x PBS Buffer
1.7 96% lce cold alcohol M8 Absolute Alcohol Acid aleohol
1.8 Ethanol series 50, 80 Hne 90%
1.9 Hybridization buffer
1.10 16 rRNA probe
1.11 Formanude
1.12 Washing bufTer
1:13 Antifading reagent
1. mamsnumaai

2.1 Fixative reagent

dow ' s . - -
dluesfiilfisadnioTaelivien rbosomal RNA wpuwan wion sy 2 o Paraformal
dehyde 717 0l dH,0 33 ml @ 10 M NaoH | weaaa lleeuas o Tneldnsoa Stiror waterbath
o = ' = 3 . d i =
Agoiugil 60°C suAhEEIzEza DA UYLA @AY 3 x PBS 165 ml aald udaihiibuuninds Uiy

¥ ¥ ;
ptt 1ty 7.2 A0 | M NaOH naznsesdanitilanaiie Fixstive reagent TinzAnaldninlu 24 .

2.2 Acid alcohol

Tvhnrmaz o ladnenir Tt coat slide #30 poly — L — lysine in3uuTagdn 1% HCL 84

11 70% Ethanal Tudasiaue 1/99
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2.3. 3 x PBS buffer

T Tandn 23.4 ml 484 5 M NaCl 83y 180 mi 494 0.5 M NaPO4 buffer 151 pH T¥iidy

7.2 uasl§udFnasgaiodiu 300 ml 410 dH 20
2.4, Hybridization buffer

ysEnoudan 0.9 M NaCl, 0.01% SDS, 20 mM Tris — HCl (pH 7.2) uaz 0 — 35% Formamide

w W
LT

=4 b - - v
{I'IT'ip|'!’Ir Formamide N % UUUHBINUTUAYDL probe) OATIAIMUDY NaCll SDS/ Tris — HCl Formamide

Y 1/1/1/1 UaE0R3 187U Hybridization buffer! probe 110U 971 (probe (M1 50 ng/t1) 130 pHi = 7.2
2.5. Washing buffer

UsEnoudIna IS AT UIRLIAY Hybridization buffer (Wuai@ il probe 182 Pormamide
FA061IN1TIAT 0 washing buffer ADIMINARDAT 1% Formamide 15% (1danunduduinie 0318 M)

Wwiu 100 ml

AMNTITOEN stock solution
NaCl  1ud 3 M
SpDS  Wudu 10%
Tris-HCI Wyt 1M
-y . e i LR e !":‘ h e
'i'lllﬂ‘.fl.l'l'?l‘iﬂ'lﬂﬂ”ﬂﬂﬂﬂ'ﬂ Ny 1064+0.1+2 = 12.7 ll'ﬂﬁ‘i]:'ﬁjﬂiii'?ﬂl'lﬂﬂ'lrlﬂ'iu'lﬂ'i 12,7 =873 ml

WU pH=72
2.0 DAPI solution

= & 0 o o 3 i
A1 1991 Counter stain TsuaIazaIn DAPL 100 4™ 1iuf 4°C diodaanya 19 i
- . P e ¥ - oy = {- ar §oocm
a1a3lu 300 nM 111 Tiduaahusadfisuns Hybridization 182 Uuil gangiios 5 winudaadnh

fau

- { i 1 & s : & I LIS N
dlmeg e e IsasaTent suud1 TAuuToalinaasnt i lsibmin s ady dw
w ¥ - oy
ashisnsAsadelsums 50 ml il ldemadions fush Ao TuTasouiiuna 5w Tadias
i " o - W q
as Iiniu Tdaalunszuenifiu plae  yamsuialunssuonuanlarkhnizuonilaiutosines
oyl

b 2 3 “ o
pszuaniavuad ol la dui 35°C Munm Lidew ianih hfmulssrnsgaunioanmnain FISH

(Fluarescence in-site Hybridization)
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Q'Fr'm‘m'l'ilﬁﬂ«!lﬁi] Acetoclastic methanogens medium (5o 1 Ga3)

- Spdium acetate 5g

- KH, PO, O4g
- K HPO, D4 g
- MeCl Olg
- MgSQ,.TH.O lg

- NH,CI lg

- Mineral Solution * L0 mi
- Vitamin Solution® 10 ml
- NaHCO, 5g

= Yeast extract | g

- L —Lysine-HCLH,O 05g
-Na,5:9H,0 05g
iy 1,000 !

MUIIME : NaHCO, 11A2 L-Lysine Nazauidnia niuaiiinduns auto clave

77 Mineral Solution

- Nitrioliacetic acid I3

- Mg50,TH.O lg

- MnS0,2H.0 05g

- NaCl lg

- FeS0,7H,0 0.1¢
- CoS0,.TH,O 0.18 g
- CaCl, 2H.0 0.lg

- ZnSO, TH,O 0.18 2
- Cus0, 5HO G0l g
- KAI(S0,), 12H,0 .02 g
-H,BO, 0.01 g
- Na,Ma0,.2H,0 0.01 g
- NIClL.6H,0 0.025 ¢
- Na_3e0 5H.O 03 me

- Al 1,000 ml



:
®  nisATon Mineral Solution TMIEN ALAIY Nitriotriacetic acid H&315U pH 111 6.35 Ao KOH

aindudmndsusaall Uiv pi dlu 7 dae KoH

In1 Vitamin Solution

- Biotin Img

- Folic acid Img

- Pyrodoxine-HCl 1 mg

- Thizmine-HCI 10 mg

- Riboflavin Smg

- Micotnic acid Smig

- DL-Ca-pantothenate Smg

- Vitamin B, 0.1 mg

= p-Amonibenzoic acid img

- Lipoic acid img

—d.mf"fu 1,000 ml
4, 3EmsHBNANUY Fluoreseence Lo situ Hybridization

L. M3 Fix Faeeaan: THamaeaa logarithmic cell Tauinn centrifuge ﬁﬂ‘l‘lul;i
7,000 pm (W87 5 WIT UAZUADTEIM supematant U1 750 w4 | smnniiead kY Fisative
reagent 750 22111 1Wind 4°C Frufiu (5 T - 24 $aTue ) s centrifuge IAINGED 7,000 pm
Suaat 2 11T IMPRENB T supematant DDAN A3 2 A54470 1 x PBS buffer 110N supematant 890

Fudataihimsazai 1/1 109 1 x PBS buffer 88 96% lec cold ethanol thufiguivgi 20°C

2 mmwessuelad: innuezetan laddan Acid alcohol (1 = 2 % HCL i 70% Ethanol)
5w sTmiuanlad i poly — L — Lysine (0.01%) figamgiives s wii haladlihuda 1 #2109

60 "C w3 athuRufigungites

- - L ¥ l'.‘ -’:r
3. A9 In situ hybridization; 1780137 Fixed 189301 3 - § 4 11 spot dauua adng
i L ¥ E: i ,
Wiutaitnuniidoadhuna 10 - 15 wifioniuirhlddmid e aleohol series Tamba lad it T
e ' - I o wd o g u ¥ 2
30870 alcohol AT 50, 80 uaz 96% #a3ax 3 wid vintufaliwiaiiguugiie il
L - - 3 i g =L Vv
Hybridization U9 g Hybridization buffer 182 probe | 4l (50 ngl 1330307 Hybrdization #7370
Formamide (0-35%) 1i lthisfgavai 46°¢ duaan | % - 2 §2Tua wianinrums Hybridization 182
" » ']
Haaladdan Washing buffer Hitgnil 48°C 312 Washing buffer A3mindu 11l it mount 470

A PO P ¥ . =
Anti ~ fading W1 1A Inndng Fluorescence Olypus BX 60 A7 filter NIWAZ



[
Ly

b ar ar - o # o B = om -
o TpaTizdn vAmRTIMIteumEIA 1T v Iddeas 190y (103907 Fluorescence 12

) o 5.9 ¥ - . A
fading (770797 MHmansinssiaaianaou

A1519015 1% Formamide Ung ATV Ban oM san

us Formamide MaCl (M)
] 0.5900
3 0636
10 (1450
15 0318
20 0.225
25 0.159
30 0.112
33 0.080
40 D.036

*HINUITE: Hybridization buffer a2 Washing buffer ATV
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