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H mapovoa perétn gpnuatodomnke and ta Evponaikd Epsuvnrikd [poypdupoto:

ADIOS (EU - DG XII, EVK3 - 2000 - 00604): Atmospheric Deposition and Impact
of pollutants, key elements and nutrients on the Open Mediterranean Sea.

ANREC (EU - DG XII, QLRT-2001-01216): Association of physical and biological
processes acting on recruitment and post-recruitment of Anchovy

BIODEEP (EU - DG XII, EVK3 - 2000 - 22057): BIOtechnologies from the DEEP.

CYCLOPS (EU - DG XII, EVK3 - CT99 - 0009): CYCLing Of PhosphoruS in the
Mediterranean.

INTERPOL (EU - DG XII, EVK3 - 2000 - 00526): Impact of Natural and Trawling
Events on Resuspension, dispersion and fate of POLIutants

tov Ivotitovtov Oardoociog Broroyiag Kpntg (EAAnviké Kévipo Oaracciov

Epsuvav, EA.KE.QFE.),

arnd to Yrmovpyeio Avartoing (I'evikn Ipappateio ‘Epevvoc ko Teyvoloyiag) ko

and 10 Xopfodio ‘Epegovag g Xovnoiog (Swedish Research Council and the

Swedish Research Council for Environment, Agricultural Sciences and Special

Planning).

H mapovca perétn mpoypatoromdnke otic eykataotdoel; Tov EAAnvikov Kévipov

Ooracciov Epsuvov (EA.KE.Q.E. TN'ovpveg Tlediddoc, Hpdrxieio Kpnng), kot oto

Tunuo Oworoyiog ko EEEMENG tov [Tavemotpiov g Ovydiag (Department of

Ecology and Evolution, Evolutionary Biology Center, Uppsala University, Uppsala,

Sweden) e cuvepyoosia pe 1o Epyactpro IepiParioviikav Xnuikov Aepyocudv

tov Tpnquotog Xnueiog tov IMavemommuiov Kpnmg kot pe v vmoot)pién tov

[LOABLK. (EAKE.Q.E.), tov I[dpdpatog Kpatikov Ymotpopudv (mpdypoppo

Ywokpdtnc/Erasmus) kat tov [Mavemotpiov Kprmc.

© Iapaockevn [ToAvpevéiov, 2005

doro eEdeuiiov: Bacterial shape: cocci, rods, vibrio, spiral

Produced by Jim Deacon (Institute of Cell and Molecular Biology, The University of
Edinburgh)

Source: http://helios.bto.ed.ac.uk/bto/microbes/shape.htm#composite
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MpakTikd Anpooiag Mapougiaong ko EEEracng Tng AIGaKTopIKIG
Alarpifhc Trng Kupiog Napookeung MoAupevakou Ynowngpiag
AidaxTopog Touw TpApaTog Xnueiag

H entopeAfc EEsraomikr Enmpond Tng AdaxTopikng diatmBng Tou
Napookevig NoAupevakou exhndn Trv Azutépa 11 AnpiAiou 2005, va
ekerdoe gUpgwva pe To Nopo Trv unodTieIEn Tng SiaTpipng Tou
Lnoyngpiou, PE TiTAD!

«Mepifardovnikn MeAéTn Trg Bakrnpokng MNorkiASTNTOG KAl TRV
EyeTIfOpEVV PHE auTr) Mopiokav Asikrov o IZqpaTa Tng
Avarohkng Mecoyeious

Ta péin Tng Efsrtaomixrg Emrponrg, ex@pdlouv opopova Thv AARpn
IKOVOMOINGor Touc Kal ouyxoipouv Tnv kupia Molupevdkou yia Ty Ugnin
noidThTa Tou NEpiEYopEvou Tng iatpiBig TnG. Ta epeuvnTikG anoTehedpara
e epyagiac T M. MNoAupevakou Eival gnpavTika, npwToTung kKal
Sisuplvouv To Siemornuovikd nebio £psuvag Opyavikns Nepifalhovrikng
¥Xnueiac ko Gaoldooiac BioAoyiog kg1 TO KUPIOTEPD aVOiyouv ONUavTIKEG
npoonmikEs yia Try diepedvnon Tng Asmoupyiog Twv Bahdoowy BevBikawv
OIKOOUOTNUATWY PE TN ouvduaomik Xpron pHoplaxkoy  TEXVIKGOV  Kal
poplakayv nepifoiiovTikdy SeikTdv. Ta pekn tng Emmponng ekgpalouv
enionc TNV aQnoAUTR 1KOVONOINoT Toug yig Tnv uywnirf nodtnra Tng
nopougioonc kai TRV euplTnTa Tov yvoswy Tng Kupiag MNoiupevakou oTo
eupUTEpD Nedio Twv MNepifarhovrikwy Guaikay Emornpoy onwms Siapavnee
kata Ty Siapkeia T eEeTaomkng dadikagioc.

H EEeroomikf] EMmponr npoTeivel opogpyva TRV anovopn Tou Tithou
g MidakTopog ko Tou AinA@paroeg now, cOpPpova pe Tov Nopo,
Tov guvodeliel ornv Kupiao Napookeun MoAuvpevakou.

Ta peAn Tng EEeTacTikng EmTponns:

Eupmmidng M. Erepavou, Kadnynric Nav/piow Kpatng (Enornuoviko

YReuBuvoc)
e .

Nm-.‘.-huqq Mixahdnovdog, KaBnynric Nov/piow Kphmhne



Fepaoipog Aupneparocg, Kadnynthg Nov/piow Nartpuoy
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AnunTpng Noavwrakng, Kabnynmnc Nav/piou Kphimhne

>

Frewpyiog Xpovneg, Kobnynhg Nav/piou Ayaiou*®

Avaotaoiog Toghenidng, AieuBuvinhg Epsuviv Bahdomag Biohoyiac Tou

EKSE | ) | I/-:/,/F“2

XapdAapnog Karepivonoudoc, KaBnynthc Nav/piow KpATtne

* O Kaf. I'. Xpdvng anouoiaoe Adyw npoowmkol npoBAfpatoc. 'EoTeihe
'-,fpnnnhn_; TV agloAdynan Tng AaTpIBRg KAl THVIETIKA Tou yvapn yia Thv
anovopr  Tou Tithou ornv kK. NMoAuyevakou. H  vypantr afohoynon
ENIOUVANTETA

Hpakheo 11/05/2005
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VIWHYPTED AMAMTYIHE - [TRIEH IPAMMATELA FFEYNAL KAT TRnalasdIrial

EA.KE.©.E.
EAAHMIKO KENTPO OAAALIION EPEYNAN

Afotipe Kome TTpoebpe,

Ba ffshe va oo eviuspbon 6ty cofopolc owoyevelakols Adyoug ab
rapeupels  omy vmoomplfn g Aboxtopualg Awcpifis g wuplog Tl
Mohvpeviaxow, pe Bépa clepfoddoviod pedém me Bakmpuxrg [Mowomra

oyenifopévey e auth Moplakdy Sewcrdv og Ipata g Avatolixig Mecoyeioun

Fuvagpdc, BB vo cug yvopion dn pelémon Ty wg dve dwtmfn Ty omoio j
we e Serpif vymion emmédou, 1) oR0ln KADITEL QpIoTO Ko T fewypagy
uefodokoyna] mpootynon  tov  Bavbuwdy  pwpofusdy  wowovidv oe &
nepfdiiovta.

Kot suvénein cag Snhove 6m eipm Genkoc oty omovopr Tou Tithov Tou Abak
vroympia xupie TModvpevixov Tlepuoxewn, exppalovrag cuypoveg Kal e ouy,

LoV OF QUTAV 7ia TN onuovnikt] cupfold ™ om yvaan g OKoAOYiRG TOL |
Avaroiwnc Meooyeiou.

Me extipnon,
; ¢ e

Kaf. lNewpyog @ Xpo

11742005



Evyapiorticc

H mapovca odwrpif mpoypotomominke oto Tunua Xnueiog tov
[Mavemompiov Kpnmg, oto EAMnvikdé Kévipo Oalacciov Epesvvov kot oto tunuo
Oworoylog kar EEEMENg tov TTavemompiov e Ovydrag ot Zovndia ved v
emifreyn tov kabnynm k. Evpurion Xtepavov.

Y10 onueio ovtd, B MBsha va evyapotow to Tunuo Xnueioag tov
[Mavemommpiov Kpntg, mov pov €dwoe v gukoipios vo TPOyUOTOTON|CM TN
OWOKTOPIKN pov dtpPny kobdG kot OAovg ekeivovg mov cuvEBaAav otV
npoonafeld pov avtr. Koatapynv Ba nbeia va ekppdon tig Pabvtateg gvuyapiotieg
pov otov emPrémovra kobnynm k. Evpurion Xte@davov yuo v dyoyn cuvepyacia
0V, TV KaBodnynom, v evBdppuvon po mEveo omd OAd Yoo TNV OUEPLOTN
EUMIGTOGVVN TTOV LoV £JE1EE KATA TNV SIUPKELL TNG CLYKEKPLUEVIC LEAETNC.

[Switepa, Ba NOeha va gvyoapiomom tov AtevBuviy Epevvov tov EA.KE.Q.E.
K. Avaotaoro Toghenmion yio v anepldpiotn LIOSTHPIEN KOl CUUTAPACTOCT] TOV
KaBMG Kot Yoo TNV EUMIGTOCHVN TTOV Hov €0€1Ee OAO aVTd Tl YPpOVIK. ATO TNV TPOTN
otiypn, 6tav tpotonpba oto LOA.BLK. (vovv EA.KE.G.E.) 10 Zentéufpio tov 2001
OV TPOTEWVE Kol TAPUAANAG HOL £0WGE TNV OLVOTOTNTO Kol TNV €vkoipios vo
TPOYUOTOTOMOM TN OOAKTOPIKN HOL SloTplPr] GTOV €VPEMS OVOTTUGGOUEVO YMDPO
™¢ Mkpofrokng Oworoyiag otnpilovrog kabe Tpwtofoviia kot kébe Pripa pov.

Evyapiotd toug kabnyntéc k. Niko Myaiémoviro, k. Anpuntpn laveotdakn, K.
Xapdrapmo Katepivomrovio tov tunpotog Xnueiag tov [Havemommpiov Kpnng, tov
kaOnynt k. Fepaocypo Avprepdro and to [avemompo g [dtpac, kabmg Kot tov
kaOnynt k. Feopyro Xpévn xor mpoedpo tov EAKE.@.E. mov oéymmrav av
CUUUETAGYOLV OTNV EEETAGTIKY| LOV EMLTPOTN.

KaBoprotikn yia v ekndévnon mg dwrpPng pov nrav n cvufoAn tov Ap.
Stefan Bertilsson (Epgovntm) tov Tunuatog Owoloyiog wor EEEMENG ToL
[Mavemommuiov ¢ Ovydrag) tov omoio  gvyoplot® Oeppdtata  yoo TNV
EMOKOJOUNTIKN GLVEPYAGIO TOV KT TNV SLUPKELN TG TAPOLOVIS OV 6TV Zoundia
OOV KOl TPAYUOTOTOMONKE £Vl OTUOVTIKO UEPOG TNG JATPIPNG, YOl TIG OTEAELMTEG
oL{NTNOELG HOG Kol TIC VTTOJEIEELS TOL KOBMG Kot Yo TNV AWoyn GUVEPYAGIO oG KOTA
™V OGPKELD TNG CLYYPUPNG TOV EMCTNUOVIKOV EPYACIAOV TOL TPOEKLYAY OO TNV
Topovoa dtoTPp.

Bepud evyaprotd 6A0 10 Tpocwmikd Tov EAKE.Q.E. kot dwitepa toug Ap.
Nworoo Aapmadapiov, Ap. Xtéhha Yoppd, Odrierwa IMorvypovakn, Pty
Havraloyrov, Anpitpn Hoddpa ko1 Wanda Plaiti yio ™ Ponfeid tovg otig

WKEAVOYPOUPIKEG OMOCTOAEG KOOMG KO Yol TO ELYAPIOTO KOl QIAIKO KA 7OV

Evyapiotieg



dNuovpyovv 6tov gpyactakd ywpo. Emiong svyapiotd v EAévn Aa@vopnin kot
Snezana Zivanovic yio 11§ 0vOAOGEIS YAOPOPLALDY KOl OPYOVIKOL GvOpaKo Tov
TPOYLOTOTOINGAY.

Evyapiot® tov kabnynt) Lars Tranvik tov Tpnuatog OwoAoyiag kot
E&MEng tov [Movemommpiov g Ovydrag vy Vv  7POCKANGCY, TOL Vo
TPOYUATOTOOM HEPOS TNG O10TPPNG LOL GTO €PYACTNPLO TOV VIO TNV EMIPAeYN TOV
Ap. Stefan Bertilsson ka0d¢ kot 6ha ta péAn tov Microbial Ecology Group ot
Youndio aArd Wwitepa tovg Alexander Eiler, Lisa Nirell (yio v expdbnon tov
evioyevetikoy maxkétov ARB), Dr. Eva Lindstrom kot Silke Langeheder (yio
BorBerd tovg oty texvik] DGGE) xotr Dr. Helmut Fischer. Evyapiot®d tov
kofnynty Orjan Gustafsson ané 1o Ivotitovto Egoppoouévav IeptBalioviikdv
Emomuav tov [Hovemompiov g XtokyoAung yio tnv moAlvtun Bondeid tov Kotd
TN JIIPKELD TOPOLOVIG OV 6T Zovndia.

Ot gvyopiotieg Hov OUMC OeV GTAUATOVV £00. OEA® va. EKPplom TG fabiTaTeg
EVYOPIOTIEG LOV GTOVG KATETAVIONS Kot TOL TANPOUATO TV QKeavoypapikdv [Thoimv
tov EAKE.Q.E. «AITAIO» xotr «®PIAIA» kot tov Itodikod Qkeavoypo@ukov
«URANIA» y1o tnv moAvtiun fondetd toug Katd tnv S16pKeL TOV OTOGTOADV.

®a NBela vo guyoploTNo® HESH amd TV KoPOld pov Tov dddktopa Mavoin
Movooraxn yw v aydamn tov, v NN tov vrooPIEn KabMOG Kol Yo Tig
TOAVTIES GLUUPOVAEG TOV KOTA TN SLAPKELD TNG SIOAKTOPIKNG LOL SlaTpIPNg.

Téhog, Ba MO va ekQpAo® TNV ATEPLOPLOTH EVYVOUOGVUVI] LOV GTOVS YOVEIG
pov Niko kot Mapiva kot ota adérera pov Ovpavia kot ['dvvn yoe v aydmn toug
Kot Ty NOwn Kot VA toug Bondeta dha avtd To
YPOVIOL TOV OTOVODV HOVL. AV KOl OVOYKOGTIKA,
AOY® T®V OTOVd®V POV Kal NG gpyacio pov, (o
TOCO. YPOVIOL HOKPLE TOLG 1 OKEYN HOL Kol M

Kapold pov Ppioketonr kABe oTIYUN KOVTO TOVG

KaBdg Kot otov TOMO TOL  yevvnOnka Kot
peydimoa, otnv Toakmvid Kuvovpiag (ECov épot and ta Toakdva, vie euyopiotova

TAGOV).

YAYX. EYXAPIXTQ ITOAY!!!!

Evyapiotieg
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IHEPIAHYH

INa wmv meprypapn tov Pevlikodv HUKPOPlOKOV KOWVOVIOV GE  SLOPOPETIKA
nepPaAlovto Kabdg Kot TV TEPIPOALOVIIKOV TAPAUETPOV TOV TOI{OVV TPMOTOPYIKO
pOAO oI PLOUICT TOV KOTOVOU®DV TOVG CLAAEYOMKav Oetypoto WCnudtov omd
dwpopeg meproyés g AvotoAikng Mecoyeiov (Oeppaixkog Koimog, Kpntikod
[Téhayoc, ®dracoa g Aefavtivie, Opakuco TTélayog, KoOAmog Aovykovota).

H ovykpion tov pikpofokdv Kowovidv omd JSQopeTikés mepPaAlovTikd
TEPLOYES TPUYUATOTOMONKE LE TIG TEXVIKES YEVETIKNG OMOTOHTOONG TOL Yovidiov 16S
rRNA (DGGE, T-RFLP) xofd¢ kot pe tv avdivon tov Mropodv oEEmvV Tov
eooeoMmdiov (PLFA). H avédivon DGGE dswympioe Tic pikpoPlakés Kowmvieg g
TOPAYMYIKNG TEPLOYNS TOL Oeppoikod KOAmov amd Tic 0AyoTpOoPIKES mEPLOYES TOV
Kpnrtikov, Notiov Ioviov kot AgBavtivng. Avtifeta, 1 avéivon T-RFLP napovsioce
ONUOVTIKES OLOPOPEG GTN) CVLGTOCT TOV HKPOPLOKAOV KOVOVIOV ovaAoya e To BABog
Tov otobudv. Meta&d tov TEPIPOAAOVIIKOV TOPAUETPOV O GLUVOIVACUOS TV
EMIEOOV OPYOVIKOV AvOpaka Kot YAPOoPOAANG a goaivetol vo mailel To péyloto poro
o pOOUION TV PAKTNPLOKOV KOWVOVIDV.

H obotaom tov Baktnplokdv Koveovidv HEAETHONKE PE TN KATOOKELT] LEYIA®V
BPobnkov kAdveov tov yovidiov 16S rRNA oamd 1lnuota mov mopovsiocov
ONUOVTIKEG SPOPES ®G TPog T0 PAOOC Kol TIG YNUIKES TOPAUETPOVS EVA M
OULYKEKPIUEVN OVOAVOT) TTPayHOTOTOMONKE Yot TPOTY Qopd o€ ofwkd K HaTo TG
Avatolkr) Meocoyelo. H @uhoyevetikny avdivom £0€ie 0Tl M mAsoynoio oV
aAAnAovylov opadomolovviav kupiog ue Gamma-, Alpha-, xon Delta-Proteobacteria,
Acidobacteria | Holophaga, Planctomycetes, Actinobacteria, Bacteroidetes,
Verrucomicrobia xobmg kot pe tnv vmoynewn oudda OP8. Ov mepiocodtepeg
aAAnlovyieg cvvocovtav pe 16S rDNA puAotimoug mov oev €xovv kKaAlepyndel oto
EPYOOTNPLO KOl UE KADVOLG omd mePIPAAAovIa TAOVGI GE VOPOYOVAVOPAKES, TOL
dwbétovv emiong v wKOvOTNTO €TE VO OMOIKOOOUOVV OPYOVIKOUG PLTAVTES (TT.).
Bevloho) eite va ypnoiponoovy Beio N appovic oto petafoiikd tovg povomdtt. H
BlomowAdTTOl OV VTOAOYIGTNKE, TOPOVGLAGTNKE 1O0UTEPO VYNAY HE TUHEG
OLYKPIGULES TV YEPOAI®V TEPPUALOVI®V.

Y éva emdueVo oTAO0, LEAETNONKE 1 EMIOPAUCT] TOV JAOTIKAGLOV GTOLYELOTOINOTG
oTNV KoTavoun Tov Mmdiov og Tpelg otafpods Katd PiKog TS VOAAOKPNTIOS TG

Kpnme. H peloon tov dwoyvootikdv AOYovV Ttov vopoyovavlpdkmv Katd tnv
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nepiodo NG eMAMOONG OMOTEAOVV 1oYLPN £VOEIEN Yol TNV TOPOLGIN OlUOIKACUDY
OTOIKOOOUNOMNG EVA Ol OAAQYEC OTIC KOTOVOUEG T®V eAgVBepv Mmapdv 0oEEwv
éoe1Eav EexdBapa 4Tl o1 puKpoProkés Kowvmvieg Tov INUATOV NG OAMYOTPOPIKNG
veorokpnTidag g Kpnng mepvovcav o Katdotaon ‘meivag’. ['a mpdt popd otnv
TOYKOGLLOL Biproypapia mapovctalovrat dedopéva ATOKOOOUNONG
vdpoyovavlpdkmv 6e 1660 OAYOTPOPO TTEPPAAALOV KOONDS Ol HEXPL CTIYUNG OYETIKEG
epyaocieg mepropilovrarl o mEPPAALOVTO VIOV PUTOGUEVOL.

[No ™ perém g emidpaong ™G oAoTOTNTAG KOU TV 0EEWDOOVAYOYIKOV
ocuvONK®V o1 GUCTOCT TOV  HKPOPIK®OV KOWOVIOV GLAAEYONKav deiypota
Unuatov and tic Pabiéc avosikég Aekaves g AvatoAikng Mecsoyeiov (Bannock,
L’Atalante, Urania ka1 Discovery). H avdivon tov k-aAkaviov £€0e1&e v mopovcio
SWPOPETIKOV TNYDOV 0pyovikov dvBpaxa. Me v mapodco epyacio deifape 0Tt ot
BevOukég pikpoProkotvmvieg cuvdEovTal OTEVE LE TIG 0EES00VAYWYIKESG CLUVONKEG EVAD
avtifeto N oAatotnTo dev @Avnke va mailer Kdmowo poOAo otn pvOom TV
HUIKPOPLOK®V KOWVOVIDY VTOONAGVOVTAG OTL ToL kpOfia Tov evolatovy ota. Wnuato
avtd givarl mBavoTaTo 0A0AVOEKTIKA Kot Ol AAOPIAA.

Téhog, Yoo T peAétn g eMidOPAONC TOV UM OTOIKOSOUNGIHOV OPYAVIKOD VAIKOV
ot Prodebecomro Tov TNydv AvOpoke Kol Kot ETEKTACT] OTN GUGTACT TOV
BevOikav Kowovikav cuAléyOnkav dstypota iCnuatov ond pumacuUEVES Kot pn
mePLoyEC ¢ Avatolkne Mecsoyeiov. Me v epyacia avt dei&ape 6tL n cuveElGPOPA
TOV HoOpoL AvOpoka TN GLGTAGCT TOL OAIKOV OPYOVIKOU OvOpaxo givor moAy
onuovtiky. H ototiotiky aviilvon tov ynuikeov mopapétpov £0e1ée v vmopén
OLLPOPETIKMOV TPOPIKMOV KATOGTACEDV HETAE) TV oTaOU®V dEyHOTOANYinG oL
aKoAovBovv pio dafadpion amd TIC TO TOPAYOYIKEG KOl PLTOCUEVEG TEPLOYES TOL
Koinov Aovykodota mpog Tig ‘Kabapés’ Kot eToyés o€ 0pyavikd AvOpaKa TEPLOYES
0V Opakucob [Teddyovg. Me v mapovoa dtatpiPn, Tapovctdlovtol Yo TpdTn Popd
dedopéva mov otnpiCovv Vv dmoym Ott 0 ‘oTtoryEwKds’ dvOpokag pmopel va
amowkooounOel oto mePPaiiov kabmOG UExpt oTIYUNG eivan yvomotd OTL pmopel va
JOTOOTEL LOVO GE TTEPAATO KOAAEPYEIDV GTO epyactnplo. Ta amoteléopata avtd
ONA®VOLV OTL ] TOGATNTA TNG UM OTOIKOSOUNGIUNG HOPPNG TOV OPYOVIKOD LAIKOV
oto npato e AvatoAkng Mecsoyeiov mailel moAd onuoavtikd polo otn pvduon
™m¢ odoung tev Peviikdv pikpoPflokotvovidv kobdc emnpedlel apvnTiKa T

BrodraBecidTTa TV TNYOV dvOpaka Kol EVEPYELNG.
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ABSTRACT

In order to describe the benthic microbial communities in different environments and
the associated environmental factors that control their distribution sediment samples
were collected from various regions of the Eastern Mediterranean Sea (e.g.
Thermaikos Gulf, Cretan Sea, Levantine Sea, Thracian Sea, Augusta Bay).

The bacterial community composition at selected stations was compared by
parallel use of three fingerprinting methods: analysis of 16S rRNA gene fragment
heterogeneity by denaturing gradient electrophoresis (DGGE), terminal restriction
fragment length polymorphism (T-RFLP) and analysis of phospholipid-linked fatty
acid composition (PLFA). DGGE banding patterns showed a significant separation of
sediment communities from the Northern, more productive waters of the Thermaikos
Gulf and the oligotrophic waters of the Cretan, S. Ionian and Levantine Sea. T-RFLP
analysis clearly separated the communities of deep sediments from their shallow
counterparts. We could also correlate the community composition to environmental
state variables such as sediment carbon content and chlorophyll a.

The regional variability of bacterial community composition and diversity was
studied by comparative analysis of four large 16S rDNA clone libraries constructed
from shallow and deep-sea sediment samples. The libraries were dominated by
representatives  of  the  Gamma-, Delta-, and  Alphaproteobacteria,
Acidobacteria/Holophaga, Planctomycetes, Actinobacteria, Cytophaga,
Verrucomicrobia and the candidate division OP8. Most sequences clustered with
uncultured 16S rDNA phylotypes from marine habitats, and many of the closest
matches were clones from hydrocarbon seeps, benzene mineralizing consortia,
sulfate-reducers, sulfur-oxidizers and ammonia oxidizers. All four communities were
highly diverse and the estimated total sequence richness was found to be comparable
to the estimates obtained from microbiota inhabiting terrestrial ecosystems.

In a next step, the effect of mineralization processes on lipids distribution was
investigated along a bathymetric gradient over the continental margin of northern
Crete. PLFA homologue profiles denoted that aerobic gram negative and sulfur
oxidizing bacteria dominated microbial communities while the anaerobic, gram
positive and sulfate reducing bacteria occurred only in traces. The estimated
descriptive ratios of n-alkanes (NA), the sum of short chain NA (C;5-Cy) and of long
chain NA (C;1-Cse) to 17a(H),21B(H)-Cso-hopane before as well as after 2-month
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incubation indicated the occurrence of hydrocarbon degradation processes whereas
the increased ratios of saturated to unsaturated fatty acids indicated that bacterial
communities starved at the end of the experiments.

The impact of salinity and oxic/anoxic conditions on microbial communities in
brine sediments from the Eastern Mediterranean (Bannock, L’ Atalante, Discovery and
Urania basins) and in oxic sediments close to the brines was also quantified by PLFA
analysis. n-Alkanes distributions revealed the occurrence of different pools of organic
carbon originating either from terrestrial or marine source. The presence of a different
microbial community between the oxic and anoxic stations was evident whereas
salinity did not seem to play any significant role on microbial communities indicating
that microbes inhabiting these sediments are probably halotolerant rather than
halophilic.

Finally, in order to evaluate the effects of the refractory organic material and the
different contamination levels on microbial community composition sediment
samples were collected from polluted and pristine regions of the Eastern
Mediterranean Sea. Black carbon was found to constitute a significant part of the
sedimentary carbon pool, whereas the occurrence of a different trophic state between
the sampling stations was evident following a gradient from the most productive and
contaminated region of Augusta Bay to the organic carbon-poor and pristine
sediments of Thracian Sea. The parallel increase on microbial abundances and
aliphatic hydrocarbons indicated that microbial communities have developed the
ability to degrade either naturally occurring aliphatic hydrocarbons or hydrocarbons
derived from oil contamination. The results of this study demonstrated that the
amount of refractory organic carbon in sediments has important implications on
benthic microbial community structure by affecting the bioavailability of the
sedimentary C pool whereas total organic carbon appeared to be important only at the

organic-poor sediments.
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KE®AAAIO 1. Ewcoymyika Xtoyyeia

1.1 I'evika

Ot pikpofroxég kowvamvieg tov Boracciov WCnpatov arotelodV W0VIKO GUGTHLOTO
Yo TN HEAETN TOV OIKOAOYIKAOV apydV Tov diémovy ta BaAddocia owkocvothiuata. Ot
pikpoopyovicpoi moilovv évav moAD onuaviikd poAO0 oIV AVOKOKAMON TV
YEOYMUK®OV oTotyelwv Onm¢ o dvBpakag, o Bgio, To AlwTo KOl GTNV ATOIKOOOUNGN
KO OTOUAKPUVGT TOV 0pYoviK®V purtovt®dv. Oleg ot petafolikés dodikacies, Omme
N aUTOHTPOPN Kol ETEPATPOPT AVATTVEN TOL GLUVTEAOUVTOL KAT® amd oepoOPieg Kot
avaepoPieg ovvOnkeg, kKabBmG Kot M YPNON TOV OPYOVIKOV KOl avVOPYOV®V TNYDOV
dvBpoka elvor gupémg owdedouéveg oto pukpoflokd koéopo (Alexander, 1999;
Boschker et al., 2001; Kieft et al., 1997; MacGillivray and Shiaris, 1994; White,
1994; White et al., 1983). Ze clhykpion LE T0 HLOKPOOIKOGLGTHLOTO, O UIKPOPLOKOG
mAnfocoudg Bewpeitar EDKOLOS GTO YEPICUO TOL EPOGOV 0 YPOVOG ATOKPICT|G TOV GE
TEPPUALOVTIKES aAAaYES (Y. e TV €10000 EEVOPLOTIKM®Y GTO OIKOCLGTNUO) Eivor
dpecog (Muyzer, 1998).

Ta tedevtaio ypoviar Exovv mpoypatomondel apkeTés epyaciec 610 YHPO NG
piKpoPrlokng otkoAoyiag, ot omoieg OU®G £0TIALOVTAL KUPIWG GTNV ATOUOVOCT TOV
HUIKPOOPYOVICU®V He Pdon v wKavoétnTo avATTLENG TOVG GE CULYKEKPUUEVEG
nepparroviikeés ovvOnkeg (Suzuki and DeLong, 2002). X1ic mepiocdtepes epyocieg
TEPLYPOUPNG UIKPOPLOKADV KOWVOVIDV, YPNOLOTOOVVTOL KUPIg KaBapéc 1 HKTES
KOAMEPYELEG Ol OTOIEC OUMS OVTITPOSMOTEVOVY VO TOAD UIKPO HEPOG Omd TO. OAKEL
Baktpra mov vdpyovv oto meptBdAiov (Giovannoni et al., 1990, Ward et al. 1990a;
1990b) ko1 emopévmg Oev EMOPKOLV YO TO YOPOKTNPIGUO TOL  pIKPOPLaKOD
mAnBucpov mov vmhpyel o po. mepoy” (Amann et al., 1995). Xtov mivaxo 1.1

mopovctalovtol To Waitepa YOUNAG TOGOGTA  KAVOTNTOG KOAMEPYEWS TV

MMivexog 1.1: [Tocootiaio duvatodtnTa KaAMEPYELNG PaKTNPI®V O SLOPOPETIKG EVOLOLTILLOTAL.

Evowaimua [Tocootiaia duvatdtnta kodhépyetag (%o)

Balocovo vepd 0.001-0.1

I"Avko vepod 0.25

Mecotpoen Apvn 0.1-1

Mn pvmacuéves eKPoAég motapmy 0.1-3

Apaotikn Adonn 1-15

EApota 0.25

"Edagpog 0.3
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Baktnpiov og dStoupopetikd TepPAiiovTa.

‘Eva emumhéov mpoPAinuo oe perétrec pukpoPlokn OlKoAoyiog amoteAel m
dVOKOAID GTOV TTPOCAOPICUO TV PaKTnplok®V €W0®OV. Ot HIKpoopyovIGHol £yovv
TOAD pikpO péyeBoc, Kot YeEVIKA deV £X0VV EULPAVT] LOPPOAOYIKA YOPOKTIPLOTIKA Y10.
™ MHEAETN NG OLOTNUOTIKNG Tovg. [ Tovg moapamdve Adyovg, M HeAET NG
HUIKPOPLOKN G TOWKIAOTNTOG TPAYUATOTTOEITOL GE €val GAAO emimedo, to yeveTikd. [
TOV TTPOGOIOPICUO TMV HKPOOPYAVICU®Y £YOVV ovomTuyOel pior oelpd amd TeyVIKEG
avEAALONG TOL YEVETIKOV VAIKOV Kol GUYKEKPLUEVA avdAivong yovidiov. Av kat,
Bewpnrikd, omolodmote yovidlo Oa pmopovicoe va ypnoiponombei, wotdco xetl fpedet
ot1 10 Yovidwo tov 16S rRNA amotekel évav e€apetikd poprokd deiktn yio Tovg €ENG
Adyoug: 1. Bpioketar e OAOVG TOVG OPYAVICUOVG 2. €€l CLVINPNUEVES OAANAOVYiES
OV EMTPEMOVY TO GYEOCUO TMOV KATOAANA®V EKKIVNTOV 3. TEPLEYEL ONUOVTIKO
OGO VOUKAEOTIOIKNG TANPOPOPIOG KOTAAANAO Y10 QUAOYEVETIKEG avOADCELS Kot 4.
amoterel €va OMNUAVIIKO KVLTTOPIKO GLOTOTIKO YEYOVOG TOL  OLEVKOADVEL TNV
aviyvevor| tov (Muyzer, 1998).

Mo GAAN dvvotdtnTo. OV Oivel M YPNON TOV HOPLOKADV TEXVIK®V glval 1
HeAET TV pIKpoPlok®v TANOLGUOV Tov JBETOLV KOVOTNTO OTOIKOOOUNONG
ANUKOV OVGIOV LLE TNV OTOUOVOGCT] KOl OVAYVOGCT] TOV YOVIOIov TOov KMIKOTOlEl TO
évlopo dwévuyevaon. H ypnon g owo&uyevaong amoteiel 10 Kpicipuo o6tdo10
TPOTOTOINoNG TOV EEVOPLOTIKOV O©E HOPQPES E€VKOAD OPOUOUDOIUES OO  TOVG
pkpoopyavicpots (Mesarch et al., 2000).

Mo dAAN oTpatnyik HEAETNG TOV UIKPOPLOKAOV KOWVOVIGDV gival 1 oviAvon
TV Mmapov o&Emv tav pocpomdiov | PLFA (phospholipid linked fatty acids)
(Guezennec and Fiala-Medioni, 1996; Rutters et al., 2002; White and Ringelberg,
1997). H avédivon tov Mmoapdv o&émv, ypnotponoteiton emxiong yo v tagvounon
TV Baktmplok®v otedeyd@v. Ta AMmapd o&éa mpoépyovior Kupiwg amd pepPpdves
QeOoEOMTWIOV kol AumomoAvcokydpov. To eoceolmidw elvalr yvootd OTL
vopoAVOVTOL pEGH O PEPIKES EBOONAdES petd Tov Kuttapikd Bdavato (White et al.,
1979; Harvey et al., 1986), yeyovog mov vrmodeikviet 6t | mapovsia Tovug ota ot
amotelel 100vVIKO delktn pedétng g Prooung Popdlog (Rutters et al., 2002).

Mo ™ perém g pkpoProkng mokihoTros Kadhg Kot TV TepPaAlovVIIKOV
mopaydévtov mov  pvOuilovv TNV  KOTOVOUN TOVG, OV £YEL MPOG TO TOPOV
npaypatoromBel poploky avdivon tov UnUAtov otnv €upuTEPT TEPLOYN NG

AvatolMkng Mecoyeiov evdd ol HOVOOIKEG €PYOGIEG OV APOPOLV TO LIKPOPLAKO
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minBououd eotlovior kvpiwg oty KoTapETpnon tov Pokmmpiov pe  yxpnonm

piKpookoniov ¢BopiGpov.

1.2 Baxtnplwokn motkihotnTo
1.2.1 Teyvikég yevetikng amotomwons tov yovioiovl 6S rRNA
H amopdvoon kol 1 avdyvoon tov yovidiov tov 16S rRNA, ypnoyonoteiton evpémg
®G LOPLOKOG OEIKTNG Y1 TNV OVIXVELOT] KOl TV TOVTOTOINGN T®V POKTNPLOKOV E10MV
OTO (QULGOAOYIKO TOVG TEPIPAAAOV KOOMG Kol Yoo TN HEAETN NG HKPOPLOKNG
nowiloTTog. Me tov Tpdémo avtd amogeldyetar M xpovoPopa dadtkacio NG
KaAMEpyelog (Amann et al., 1995; Brinkhoff et al., 1999). H avdAvon avt) amoteiel
TOV 100VIKO TPOTO HEAETNG NG OKoAoYiog TV OoANCCIOV HUIKPOOIKOGLOTNUATOV
(Bakmpua, evkapvotikd, apyaice) (Ferris et al., 1996; Friedrich, 2000; Harmsen et al.,
1997; Kato et al., 1997; Lopez-Garcia et al., 2001; Nogi and Kato 1999; Niibel et al.,
1996; Santegoeds et al., 1996; Staay et al., 2001; Tamegai et al., 1997, Wagner-
Dobler et al., 1998; Yanagibayashi et al., 1999). Ot evpémg dradedopéveg TEYVIKEG TOV
BaoiCovtatl otnv avdyvmon tov yovidiov 16S rRNA, eiva ot e€nc:
1. m pébodog “TInktc Hiektpopdpnong Babdwtig Arodidtaéne” (Denaturing
Gradient Gel Electrophoresis-DGGE),
2. n pébodog “Axpaiov Iloivpopeiopotd Ilepropiopéveov  Tunuotik®v
Amootdcewv” (Terminal-Restriction Fragment Length Polymorphism, T-
RFLP)
3. n uébodog avdrvong PiProdnkng khovev (Clone Library Analysis)

H pébodoc DGGE Baciletar 6tov NAEKTPOQOpNTIKO Oo®PICUO TUNUATOV TNG
owmAng éMkag tov DNA kot cuyKekpipéva oTig S1opopés Tov onueiov ™éNg peta&y
tov yevotomeov (Muyzer et al., 1993). H pébooog T-RFLP ompileton otov
TOAALOTAQGLOGHO TOVv Yovidiov Tov 16S rRNA pe ypnon €WKl GYEOCUEVOV
EKKIVITOV 6TOVG 0moiovg, pa ehopilovoa ovoia Ppicketor TpooKoAANUEV G6TO Eva
GKpo TOVG, eV M emavoAnyipuotTo Kol akpifela g pebodov €xer amoderybel oe
npocpates epyocies (Clements et al., 1998; Liu et al., 1997; Moeseneder et al., 1999).
Ta amotedéopota tov pebddwv avaivong DGGE katr T-RFLP tov yovidiov 16S
rRNA, avimpoconedoviar amd Tov 0plBUd TV OlPOPETIKOV AEITOVPYIKOV
Ta&vopkdv Movadwv (Operational Taxonomic Units -OTUs), mov vapyovv oe pio
ukpoProkn kowvavia. Ov Astrtovpywés Tagvopkés Opadeg eivor évag avbaipetog

OpPOG OV OVLGLOCTIKA OVTITPOCMOTEVEL UKL GLUYKEKPLUEVN PokTnplokn opddo Kot

KED®AAAIO 1. Ewcaymywd Xtotyeia 7



YPNOLOTOIEITOL EVPEWMS Y10 TO XUPOUKTNPIGUO TNG PromotkiAdtntoc. Oempntikd, kdbe
OUT avtiotoyel oe éva Paktnplokod €00 ywpic vo amokAeletor To VOEXOUEVO Kot
éva 0e0TEPO Paxtnplakd €100g va avtiotolyel oto cvykekpipuévo OUT i amd to 1610
€100¢ va mpoépyovion meplocotepa amd Eva OUT. Idavikd, kébe dwokekpiévn Lovn
nov mopatnpeiton oty TNkt niektpoeopnons DGGE «kat kabe povadikd tunpo mov

nmopatnpeitar ota ypopotoypaenuate T-RFLP, avtumrpoconevovv éva OTU otnv

Blokowvmvia (Song et al., 2002).

1.2.2 BiflioBnxeg kAavawv tov yovidiov 16S rRNA

H tpitn péBodog g vOukAEOTIONKNG aVAALONG TOV KA®MVOTOMUEVEOV YOVIOI®V TOV
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Yypo 1.1: To ‘Aévtpo g Zong Paciouévo coe mAnpelg alAniovyieg tov 16S rRNA omov
napovotalovior ot Pacikdtepeg opddeg tov Boktnpiov, Apyaiov kout Evkapotikov. To dévipo
Kkatackevdotnke 6to mpoypoppa ARB (Strunk and Ludwig, 1996).
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16S rRNA, amotelel 10 KUPLOTEPO KOt 1GYLPOTEPO £PYAAELD YiaL TNV eEgpELVNON NG
pikpoProxng motkihotntag oto mepPorroviikd deiypata (Bowman and McCuaig,
2003; Nogales et al., 2001; von Wintzingerode et al., 1997). 'Evag peydrog apOuog
aAAniovylov Exovv kotatedel kol dnpoctonomBel o Pacelg dedopévmv oTIC Omoieg
vapyel eErevbepn mpdcsPaom oto Sadiktvo 6nwe 1 PAodnkn GenBank oto NCBI
(Benson et al., 1997) ka1 to Ribosomal Database Project (RDP, Michigan State
University) (Maidak et al., 1997), eite mepihoppdvovior o  QULAOYEVETIKA
npoypdpupoato 6nmg to ARB Project (latin, "arbor"=tree) (Strunk and Ludwig, 1996).
O Woese pe tovg ovvepydteg tov 10 1987 pedémoav ) Pakmmplokn eEEMEN pe ™
ypnomn ¢ aAiniovyiog tov 16S rRNA (Woese et al., 1987). To ‘Aévtpo ™ Zong’
(Tree of Life) o6mwg ovopdotnke, mepiloupdvel tpelg meployés: to Baxtiplo
(EvPaxmpia), ta Apyaia (ApyaroPaktipia) kot to Evkdpoa (Evkapvotikd) (Zympa
1.1).

Apxketég BipAodnkeg Paxtnplok®dv KAGVOV pe avaivor tov yovidiov 16S rRNA
oe BoAddooto WNUaTO £YOVV KOTOOKEVOOTEL, €VTOVTOLS Ol TEPLGGOTEPEG OO OVTEC
etvar pukpég oe péyeboc, pHe OomMOTEAEGUO Ol TANPOPOPIEG TOL UTOPOVUE VO
OVTAIGOLLE YO TN CVOTACT TV POKINPLOKOV KOWOVIOV Vo €vol TEPLOPIGUEVES
(Boivin-Jahns et al., 1996; Bowman and McCuaig, 2003; Bowman et al., 2000; Gray
et al., 1996; Li et al., 1999a, 1999b; Madrid et al., 2001; Ravenschlag et al., 1999;
Teske et al., 2002; Urakawa et al., 1999). Ot epyacieg avtéc £de1&av 0Tt oL PakTnpio
mov evoltdviol ota Boddooto npato cuvoéovior QuAoyeveTikd pe to. Alpha-,
Beta-, Gamma- ko Delta- Proteobacteria, ta. gram-0etikd foktpia (Actinobacteria,
Firmicutes), T Cytophaga-Flavobacterium-Bacteroides (CFB) (pvro:
Bacteroidetes), Planctomyces, Actinomyces, ko Verrucomicrobia.

O1 puAOYEVETIKEG OYECELS HETAED TMV OPYAVIGIMV TOV TPOKVITTOLV LLE T YP1oN
AV poplak®V SEIKTOV 6w v aAiniovyioa tov 23S rRNA, tov mapdyovia
emyumkvvong EF-Tu, 1 v vropovéda e ATPaong, divouv mapdpoto puAoyeveTIKd
dévipa emPefardvovtog TV ykvpdtTa TS aAAnAovyiog tov yovidiov 16S rRNA.
Eivar gvpéwc amodektd 0t o1 péboodot mov Pacifoviar oty KaAMépyeia Bempodvtan
OKOTAAANAES KOl OVAGQOAEIG ylOoo TNV EKTIUNGT TNG GVOTOONG TOV POKINPLUKOV
KOWOVIOV 6T0 TEPPAALOV, €POGOV TO UEYOADTEPO UEPOG TOV HIKPOPLOKOIVOVIDY
(>99%) etvar advvaro va karlepynbet (Ringelberg et al., 1997; Stalley and Konopka,
1985). Evtoutolg, n oc®wot eKTipnom g 0oUNg TV HIKPOPLOKOV KOWVOVIOV glval

QTOPOATNTN Y10 TNV OAOKANPOUEVT HEAETN TNG OKOAOYIOG TOVG, EPOGOV KATEXOVV TOV
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TPOTUPYIKO pOAO o1 pOBuon g TPoekng oAvcidag. Ta Poakmpla oTig
MEPLGGOTEPES TEPIMTMOELS £YOLV HeEAETNOEL WG ‘pavpa KovTd YopPic Kapio entyvoon
™G ToVTOTNTOS TOV €10MV Toug (Acinas et al., 1997) ko emiong ehdyioteg lval ot
YVOGELS LLOG Yol TNV KATAVOUT Kot TN Agrtovpyio Toug ota Wnpata.

Ta Bordooio 1Cnpato HEc® KUPIog TV UIKPOBLOKOVOVIDY TOVG, Tailovv évav
TOAD GNUOVTIKO pOLO 6T pOOUIoT TOV KOKAOL TOV GvOpoaKa Kol TOV OpENTIK®OV GTOV
mhavitn. H opyavikn DA mov mpoépyetal amd m TpoToyeEV Tapoymyn kabldvel oto
Boddocto PubBd, OmOL TO UPEYOADTEPO TOGOGTO 1TNG OTOLXELOMOEITOL A TOVG
pkpoopyoviopovs. H avaymyr tov Beukdv 10viov amotelel v KOplo HeTaPOAKN
dwdwkacio ota Bardootio Wnpato, Tov avileTtolyel o éva m10cooTo Thve arnd to 50%
OTN OTOU(ELOMOINOT TOL OALKOV opyovikol avOpaka. Ta PBaktiplo TOL GLUUETEYOLV
oe autn ) dwdkocia (sulfate-reducing bacteria - SRB) amoteAovv po moAdTAOKN
(UGLOAOYIKT] OHAO0 OPYAVIGUAOV TOV UITOPOVV VO YPTGLLOTOCOVY EVa LEYEAO €0POG
TINTIKOV MTOpOV 0EEWV HEYOANG aAVGIO0S, OAKOOAEG M| OPOUATIKOV OPYUVIKOV
oVoLOV ¢ TNYEG AvOpaka Kol EVEPYEWNS, OAAL EVIOVTOIS OEV UTOPOLV VO
QITOKOOOUTGOVV TOAVGOKYOPITEG AAA®MV TTOAVUEPIK®V ovcl®dv. Opiopéva Paxtiplo
aLTAG NG Katnyopiog 0ev €£opTMOVIOL OMOKAEICTIKG Oomd TNV TApovsio Beukmv
OVTOV. MTopolV €Mio™NG VOl YP1CLLOTOUCOVY Kol EVOALAKTIKOVG OEKTEC NAEKTPOVIDV
omwg v mapaderypa Fe(Ill). (Ravenschlag et al., 2000). Ondte, ta dedopéva
HiKpoPlokng mowkilotnrag eivon  amopoitnto 1060 Yo TNV KOTOVONON TV
AELTOVPYIKAOV Kol PLOYEOYPOPIKOV OYECEMV UETAED TOV HKPOPLIK®OV KOWVOVIDV
(Staley and Gosink, 1999; Bowman and McCuaig, 2003) 6co kot ywo tn BeAtioon
TOV YVOGED®V PG Y. T0 pOAo mov to PévBog mailel oTIC OKEAVIES OLOOKAGIES

(Bowman and McCuaig, 2003).

1.2.3 Avéloon twv pwopotimidiwv

O mpocdopIoGHOG TG OOUNG NG WIKPOPlokNG Kowvmviag in situ kol €01KE ©g
mePIPAAlovio OTOV emikpatoOV axpoieg ocvvOnkeg (m.y. avolikéc Aekdveg LYNANG
aAaTOTNTOG) AmOTEAEL LEYEAN TPOKANOT GTO YMPO NG HIKPOPLoKNg otkoroyiag Adyw®
TOV OVOKOAIDV OTN JdIKAGIo OTOUOVEOOoNG Kol KOTAUETpNong Tov Paktnpiov
(Rajendran et al., 1993). T'ie Vv amoevyN T€TOI®V TPOPANUATOV, €KTOC GO TNV
avéivon tov yovidiov 16S rRNA, éxel avamtvybel emiong n avaivon oV yNUKOV
OLOTATIKOV (Y. TOMK®OV Amapdv o&émv) tov Paxtnpiov. To Amoapd o&éa

npoépyovtal  Kupiowg omd TG pepPpdves TV OCEOMTWI®V KOl TOV
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Mmomolvcakyoprtddv. Ot ddeopeg LkpoPlakés opdoeg mapovstdlovy SloPOPETIKT
KOTOVOUN TOV MITOp®dV 0&EmV 6TV @mMc@oMTIdIKY dumthootolBdda tovg (Baath and
Anderson, 2003; Guezennec and Fiala-Medioni, 1996; Rajendran et al., 1993). v
napovoo epyoacio, emALsape T HEAETN TOV QOCEOMTIWIOV £pdsov cyetilovtan
dpeco pe ™ KaTovVou TOV POKTNPLOKOV TANBUOCUDV. ZUYKEKPEVA, 1 LEAETN TOV
eocpoMmdiov (phospholipid ester-linked fatty acids — PLFA) amotelel moAhTiun
YN TANPOEOPIOV YO. TNV EKTIUNOCT KOl TOV TPOCIOPIoUO TNG POKTNpPloKng
gloaymyng ota Wnuate (mocotikdg mpocsdiopiopds Paktmpiov; Aries et al., 2001;
White et al., 1998), kabdg amowkodopodvtor TaydTOTO PETO TOV KLTTOPIKO Odvato

(Guezennec and Fiala-Medioni, 1996; White et al., 1979).

1.2.4 Mikpooyoviouoi e ikavotnTo, omoikooOUnans vopoyovovepaKxwy

[d1aitepo evdla@EPOV EYOLV OL LIKPOOPYOVIGHOT TOV S1aBéTovY TNV KOVOTNTL
OTOIKOOOUNONG OpYaVIKOV pumtavi®v. Ov opyovikég ovoieg PeviOAto, TOAOVLOAO,
EVAOA0, EAIVOATY, VOPOOAEVIO Kol O1POIVOALO OVIKOLV GE W10 EVPVTEPT] KOTNYOopio
ANUIKOV VTOGTPOUATOV Yo TV omoia &xel avapepBel éva TovAdIGTOV pETAPOAKO
LOVOTIATL OTOKOdOOUNONG TOvg Omov ovupetéyet to évivpo 2,3 dwo&vyevdon g
KateyoOAnc. Evrovtolg, n pekétn tov avtiotoyov yovidiov g 2,3 6o&vyevéon g
KateYOA G, umopel va ypnowomombel wg PAaon Yy TOV TOWOTIKO YOPOKINPIGUO
Baktnpimv Tov dabétouy avtég Tig KatafoAikég wkavotnteg (Mesarch et al., 2000).

O1 d10&uyevdoeg g meta-o1aomaong 1 ot 2,3 dto&uyevaoceg g KatexOANg Onmg
dwpopetikd ovopdlovton (catechol 2,3-dioxygenases C23DO) miotevetal Otl eivon
O IKOVES a0 TIG aVTIGTOLXES O10EVYEVAGES TNG 0Ftho-0100TOCTG GTIV ATOIKOOOUNGN
TOV OAKVAO-VTTOKOTESTNUEVOV OPOUATIKOV VOPOYovavOpdKmv Onmc 10 ELAOALO
(Bayly and Barbour, 1984; Cerniglia, 1984). Ta yovidwa C23DO Swbétovv emiong pua
TOAD KOAQ YopaKkTnpllOUEVT QLAOYEVETIKY PACT OV EMTPEMEL TO GLOTNUOTIKO
oXEOCHO  €EEOIKEVUEVOY  eKKvnToOV NG Oo&vuyevdong (dioxygenase-specific
primers). H vmoowoyévela 1.2A ¢ 10E0yevAON G GUUUETEXEL GTNV OTOIKOSOUNON
tov PevloAiov, ToAovoriov, EvioAiov (BTX), kot vaeBaieviov (Dagley, 1986; Eltis
and Bolin, 1996).

Adym ™G VYNNG ToEIKOTNTOS Kol KVNTIKOTNTOG TOVUG OTO TEPPAALOV, M
OVTILETOMION TOLG OmOTEAEL oMpeio avagopdg o€ dladtkacieg Proemavopopds oe
ovykplon pe GdAAo ovotatikd tov metpeloiov. H wavommta g eEetdicevpévng

aviyvevong Paxmmpiov mov dwbétovv wavdtnta amotkodounong tov BTX oto
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nePPAALOV EMTPENEL TV EKTIUNON TOL EMTESOV PLGIKNG e&0cBEVIoNS Tov 1 HaTOg
(monitored natural attenuation - MNA). H Bioenavaeopd tov Bolocciov iCnudtov
elval g evolAaxTikn péBodog, Yauniod KOGTOVS Y10 TO YEPICUO TOV PLTOCUEVMV
€00POV Kol TV Vrdyelwv vddtmv. H euowr| e€acbévion eivar n por poper| g
Broemavapopds 6mov AapPdvovy ydpa ot PLGIKEG J1UOIKOGIEG ATOIKOdOUNONG TOV
opyavikov puravtav (U.S. Environmental Ptotection Agency, 1999). Ot dwndwkacieg
OLTEG TPOYUOTOTOOVVTOL OO TOLG HKPOOPYaviouovs (kupimg Paxthipla), mov
SBETOLY IKAVOTNTO. ATOIKOOOUNONG TMV OPYOVIKMOV PLTOVIOV 0KOAOLOMOVTOS Lo
KOpla petaforikn 006 (Mesarch et al., 2000).

H ypron 10V HOPloK®V YEVETIKOV TEYVIKMOV EMTPEMEL GTOVG EPEVVNTEG TN
HEAETN TOV HKPOPLOKDOV KOWWVOVIOV HE TN XPNON TOV KATAAANAQ OGYEOCUEVOV
EKKIVITOV Y10, TNV OTOUOVEOGCT T®V Yovidiov mov Tovg evolapépovv. H perémn g
QTOTKOOOUNTIKNG IKOVOTNTOS TOV OPYOVIK®OV PLTTAVTI®OV TV Bodocciov wnudtov e
YPNOTM HOPLOK®V TEXVIKOV, Bempeital mo éumotn amd v avtiotoyn owdikacio
KOAMEPYELOG TOV OEYLATOV TOPOVGIOG 0pYaviK®OV purtavi®dv (enrichment cultures).

H mieoyneia tov Boakmpiov mov &yovv amopovmbel ypnoiyomolovv Kotd
kavova 1o Eviupo 2,3 douyevdon g kateyOANg Yo T didomacn Tov EEVoPLoTIK®Y
ovowwv. H aviyvevon tov yovidiov mov kmodkomolel to €vlvpo avtd amoteAel
TOAVOTIHO ototyeio mov Ba ypnoomomBel wg dogiktng yo v mapovsia Paktnpiov
OV O1BETOVY TKAVATNTO OTOIKOIOUN O OPYAVIKAOV PLTTOVIAOV 6€ Baddooio 1CApaTa.
Ymv  mapodoo epyacion  €govv  oyedwotel  KOATAAANAOL exkivntég mov  Oa
ypnowonomBodv ywo v amopdvmon &vog Tunqupotoc 238-bp tov yovidiov 2,3

dro&uyevaon g kateyoAng (Mesarch et al., 2000).

1.3 IleprfarrovTikéc mapapeTpor

1.3.1 Oéixég kou ovolikég avvOnkeg

O mpocdopiopdsg v Opov ‘0&ikés’ kot ‘avolikés’ ocvvOnkeg eivor daitepa
TOAMOTAOKOC AOY® TOL OTL 1 JSOIKOGIO OVOTVONG KOOV  UIKPOOPYOVIGUOV
emnpealetar povo 0tav 1 TocoOTNTO TOL d100EcIov o&uydvou pelmbel onuavtikd Kot
TOAAEG QOPEC o€ emimeda YAUNAOTEPO TOL OPiOVL AVIXVELONG TOL UE TIC KAUOOIKES
pefooovg TPocdopicpov. ' Tovg {woAdYoLS Kot TOANOVTOAOYOVS O TPOGOLOPIGHOG
™m¢ ‘avaepoPimong’ eivar moAD amAdg, KaODC 0 pLOUOS OVOTVONG TOV AVAOTEPW®V
Coov peunvetor Otav to eninedo TV o&uyovov pewwvovtal oto 10% atm.sat. ko

nebaivouv og TEG 0EVYOVOL TOV UTOPOVV TOAD gVKOA Vo, Tpocdtoptotovy (Fenchel
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and Finlay, 1995). Ot yewAdyor yopaktnpilovv éva mepifaiiov og ‘aepdfro’ dtav ot
GUYKEVTPOOEIS 0EVYOVOL eivar peyoddtepes omd 1 ml L' (~ 18% atm.sat.), og
‘ovcaepofro’ 1 OVGoEIKS’ dTaV 01 CLYKEVIPMGELS 0ELYOVOL Kupaivovtol petasy 0.1
kar 1 ml L™ ko o ‘alowd’ og modd xapmiotepeg ovykeviphosic. Ot {oopuotoldyot
YPNOWOTOovY Tov Opo  ‘Vro&ikés’ ouvinkec. O Opog ‘vmofwkd’ 1 hypoxic
YPNOLOTOIEITOL KUPIMS Y10 TOVG OPYOAVIGHOVS, KOl TEPLYPAPEL TNV KATAGTACT OTOV
0 o&uyovo Bpioketal o€ TETOW0 EMMEON GLYKEVIPDOGE®V TTOV TEPLOPILeL Tov pvOud
avamvong. O 6pog ‘vroolkd’ 1 suboxic ypnoponoteitan Kuping and Tovg YEOMAOYOLS
Yo TV TEPYPOP TV Bordcoiov Inpdtov 6nov amovcstdlel HeV T0 0EVYOVO OAAY
TOVTOYPOVO, OEV UTOPOVV VO TPOYHOTOTonBovv yNUKEG avay®ykES OLodOKOGIES
(Fenchel and Finlay, 1995).

Méypt mpdopata, ot HKpoPloddyor ypnoomolovcay tov Opo  ‘onueio
Pasteur’ yio va meprypdyouv v oprlokn Kotdotaorn petalld aepofilog Kot avoepopiog
avamvong kot giyav Bécel mg Opro TN o&uyovov ion pe 1% atm.sat. Evrovtolg, to
OLYKEKPIUEVO Oplo dev KablepmOnke KaB®OG OpEPEL CNUOVTIKA HETOED TV
pKpoopyovicpmv. Apketol avaepoPflot opyavicpoi pmopodv v emPOCOVV e
T0GOTNTES 0ELYOVOL YounAdtepeg Tov 0.1% atm.sat. (Fenchel and Finlay, 1995).

Ta Borhdooia iIlnpata aroteAovv Ta mo cuvnicpéva teptPdAiovto ota omoia
emkpatTovy avoilkég ocuvOnkes. Me v e€aipeon tov WnudTOV TOL ATOTEAOVVTOL
and vynio mocootd auuov (Fenchel and Riedl, 1970) ot cuvOnkeg ota Bordcoio
TEPPAALOVTO PETATPEMOVTAL GE OVOEIKES UETA amd €vo. cvykekpiuévo Pdébog. To
BaBoc oto omoio yivetanr avt n petatponn Eaptdtal omd TNV TOGOTNTA 0EVYOVOL
OV OTOULTEITOL Y10 TNV GVOTVOY| TV OpYovISU®V (respiratory oxygen demand), amo
T0 PG Ko omd TN drtdpaén tov nudtev (Fenchel and Finlay, 1995). Xta mapdktio
nepdAlovta, ot ofewoavaymyikés ovvlnkeg tov  Baddooiwv  WCnudtov
petafairovtar cuvnbmg emoykd AOY® NG HETABOANG TOL OnBéciov o&uydvou
(Beristain and Arnold, 1991; Mackin et al., 1991; Parker and O’Reily, 1991). Xtig
TEPLOYEC OV TopaTnpEiton Eviovn OTapaln Tov WKNUATOV AOY®D TOV OVOTEP®V
opyavicpudv ot ovvOnkes petafdiiovior  moAd ocvyvd (Aller, 1994). Xtig
veorokpnmideg (< 200 m), éva mocootd 50% g TP®TOYEVOVS TOPAYMYIKOTNTOG
KkatoAnyel oto Puo. Tvmikd, 1o BdOog oto omoio o1 0EkEG cLvONKeg petaTpEmovTal
oe avo&ikés Ppioketor 1-6 mm xdto amd v emedavee tov Wnuatog (Jergensen,
1983; Jorgensen and Revsbech, 1989). Xtovg wkeavovg, 1 mopoywykotnto eivon

Katé TOAD KpoOTEPN, Kot uoévo 10 1% NG mTPpmToyEVODS TOPOY®YIKOTNTAS TMV
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EMUPOVEIOKAOV VOATOV KOTOANYEL 0TV empdveln tov nudtov og fadn 5000-6000
m. To peyoAdTEPO TOGOCTO OTOVYEIOMOLEITON  OTNV  KOA®VO, TOVL  VEPOD.
Svumepacpatikd, n {ovn 6mov emkpatodv ofikéc cuvinkeg ota Wnuata Tov Paduov
Balaccav eivar o peyddn (néxpt 50 cm; Jorgensen, 1983).

Ymv mapovca epyacic, o Pabudg 0EIKOV Kol avoSIK®V cuVONKOV TV LITd
HEAETN  OWKOCLOTNUATOV TPOCOOPIoTNKOY HE TN YPNON  OEEW0AVAYWYIKOD
nAextpodiov. 'evika, Tyéc Eh vynAotepeg tov 200 mV vrodnAdvovy v mapovsio
wyLpodV ofikdv cuvinkmv evd Tipég Eh kovtd oto undév amotehovv 1oyvpn £vOeiEn
Yo TNV TOPOLGIN VTOOEIKAOV cuvOnkdv. Avtifeta, apvntikég Tipnég Eh vrodeucvoovy

TNV TOPOLGIN AVOEIKDOV GLVONK®OV.

1.3.2 Opyovikog avBparog —prodiobéaiuog ko un

H pétpnon tov copatidtakod opyavikod dvBpaka pog divel po eikdvo g
mocOTTOG TPOoPNS (COVTavNg Kot VEKPNC) TOV VILAPYEL GE £VO. OIKOGVGTI IO, ZTUEPQL
N TEYVIKN avTn givar evpémg dadedouévn ot Bardooio PevOikn otkoloyio evtovTolg
Ol TTANPOPOPIEG TOL UTOPOVUE VO OVTANGOLUE Y10 TO TOPOYMYIKO SUVOHIKO H0G
neployns Pacilopevn oe T€T010V TOTOL peTpnoelg uropet va etvon AavBacuéveg (Gray,
1981; Lampadariou, 2001) kaBd¢ €var onpovtikd HEPOG TOL OPYOVIKOV AvOpaka
umopetl va voiotator pe tn poper] abding n omoio Ouwg dev givor Prodwadéoyun. H
aBaAn M dpopeTiKd ‘oToryElnKds’ dvOpakag dmmg ovoudletal emotnuovikd (black
carbon) elvar mpoidv kawvong g eutikng VAng (Middelburg et al., 1999). H
TOYKOGHLO TOPAY®YN ‘oTotyelokol’ avlpaka 6mwg ektundnke and tovg Kulbusch
and Crutzen (1995) kvpoiverar peta&d 0.05-0.270 Gt yr' kou givar cvykpiowm pe Tic
TOCOTNTES COUATIOKOD 0pYyovIKOL GvBpaka mov l6dyoviatl 6tovg wkeavovg (0.17
Gt yr''; Ludwig et al., 1996) kaféh¢ Kot e TO 0pyavikd LAIKO 7oV evomoTifsTal oTa
fardoota hpata (0.13-0.6 Gt yr''; Berner, 1982; Middelburg et al., 1997). Ot tipéc
avtég OnAmvouv EekdBapa 0TL 0 ‘oToryelKds’ AvBpaxkag omotelel £vo oNUOVTIKO
TOCOGTO TOL GMOUATIOKOD OPYOVIKOD VAIKOD TV NUAT®V Kol 0 VITOAOYIGHOS TOV
Kafiototon ovaykaiog Yo Tov Tposdlopicd Tov Plodlafésilov opyovikov VALKOD.
[Tponyodueveg epyacieg Exovv deiEel GAA®OTE OTL 1] KOTOVOUN TOV ‘CTOLYELOKOD’
dvBpoka pmopel va emnpedost ™ ProdafecudTTO TOV OPYOVIKOV OLGLOV GTO

nep1Bairov (Gustafsson et al., 1997; 1998; Middelburg et al., 1999).

1.3.3 Xhwpopdiin o kor poioypwotixég
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Mo devtepn péBodog extipnong g dSwbéoyung tpoerg oto ilnua eivar 1
YAOPOPUAAN o KOO Kol To GuvoAkd GBpoloua TG YA®POPOAANG o Kol TOV
SAPOP®V POLOYPOCTIKOV (QatopuTivr, eoto@opPivn) mov vrdpyovv oto ilnua. H
YAOPOPVUALN o amoTeAEL £val 100VIKO delKTn TPOGHI0PIGLOD TS PLTIKNG Propdlos ota
Boldooto mepiPdrriovia. To dBpoioua TG YAOPOEVAANG KOl TOV QOLOYPOCTIKMOV
ekepalel 10 1600VvVapo  yAwpomhaoTik®v ypwotik®v (Chloroplastic Pigment
Equivalents of CPE) ka1 pog diver pio évoeiEn cuvoMKng mocOTNTAS TPOCOATNG Ko
narodtepng eutikng Propdalog (Basford and Eleftheriou, 1988; Tselepides, 1992;
Lampadariou, 2001).

1.3.4 O1 deiktec TV K-aAkoViwV

Q¢ popraxoi deikteg, opiloviar o1 opyaviKES EVAGELS TOV OTOi®mV 1 POCIKY|
YNUIKNY  dopn| €lval YOPOKTNPIOTIK TV Ployevdv Kot avOpOTOyeEVOV TNymv
TPOEAEVONC TOVG. ZUUPMVO, LE TOV TOPATAV® OPICHO, Ol EVMOCELS OVTEG KOTE TNV
ékBeon tovg oto mEPPAALOV, TOPOLGLALOLY OVOEKTIKOTNTA GTOLG JLAPOPOVS
TOPAYOVTEG TOL EMPEPOVV JOUIKES LETATPOTES GTNV OPYUVIKH VAN, TOPAUEVOVTOS
ANUIKA oVOAAOIOTEG, VM OTOV VTOKEWTOL GE OAAOYEC O OOMIKOG TOLG OKEAETOC
TOPAPEVEL OVOYVOPIGIHOG. X0y VA, EMEWDN Ol SOUIKES OVTEG OAAAYES fvOl EVOEIKTIKEG
TOV OlEPYOCLDY UETOTPOTNG, Ol LOPLKOL OEIKTEG TOPEYOVY TANPOPOPIES G TPOG TO
€ldog twv depyaciav. Atakpivovpe to akoiovBo €idn poplakdv oeiktdv: 1. toug
poplakoVs delKTeG TOV VIOJEKVOOLV TIC TNYES TPOEAEVONG TG OPYOVIKNG VANG, 2.
TOVG LOPLOKOVG OEIKTEG TOL VTOJEIKVOOLV TIG JEPYOTIEG LETATPOTNG TG OPYOAVIKNG
VANG Katd Vv £kBeom g 610 TEPIPAALOV, Kol 3. TOVG TAANOKALLOTIKOVG LOPLAKOVG
OelKTEC, OV YPNOIUOTOIOVVTAL Y10 TN UEAETN TOV KAMUOTIKOV KOl Ployemynikdv
OALOY®DV TOVL TPOYUATOTOMONKAV KOTA TIG SAPOPES TEPLOOOVS TNG YEMAOYIKNG
ypovikng KAlpakag (I'dyov, 1998).

‘Evoc onuoavtikdg apBpdg opyavikdv evAGE®V TOL  YPTGLUOTOLOVVTAL MG
poprokot Prodeikteg avinkovy oty Katnyopio twv Amidiov. Awmidte ovopdlovton ot
EVOoELS Ployevong TPoELELONG TTOL OEV £ival EVOLAAVTES GTO VEPO, EVM SAAVOVTAL GE
opyavikovg Owhvteg (my. yAopoeopuo, €Edvio, ToAovOMO, OyAwpopedivio,
aKETOVT). ZTNV KOTYopio QLTI OVI)KOVV OTAEC OPYOVIKEG EVDGELS LEYAAOVL LLOPLOKOV
Bapovg, Omwg To K-0AKAVIO, Ol K-OAKOOAES, TO K-OAKOVOIKA 0EEM K.O., KOOMG Ko
oLVOETEG, OMMOC Ol E€GTEPEG TMV KNPOV, TO TPLYALKEPIOW, TO QOGPOMTION, Ol

oTePOELdElg aBépeg Kat e0TEPES, T YAvKOMTIO Kot ot Mmonpwteiveg (I'dyov, 1998).
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H ovompotikn pedétn tov poplokodv deiktdv otnpiletor o po oepd amod
TOPAPETPOVS, TOL  ypnowomowvvior oty Opyoavikn Teoynueic  ywoo v
OTOKPLTTOYPAPNON TOV TNYDOV TPOEAEVONG TNG OPYAVIKNG VANG OTO TEPPAALOVTIKA
delypata: o ™ perétn g mpoérevons TV K-oAkaviov, TOV K-0AKOVOADY, TOV
OAKOV-2-0VDV, TOV K-OAKOVOADV KOl TOV K-0AKOVOIKOV 0EE®MV 6T0 TEPPAALOVTIKA
detypota, ypnowonoleiton o «Aegiktng Ipotiunong ApiOuod Atdépmv AvOpoakoy
(Carbon Preference Index - CPI), o omoiog opileton wg e&ng:

1 20 20
+ 1

CP[ =5 zi z+1

7| =t
; Mefo) z Moe)

i+l

OTOL N,y: GLYKEVIPMOT TV aTOP®V dvOpoka pe povo™* (Luyo™**) aplBuod
KO Ne: CLYKEVIPOOT TOV K-aAkaviov pe {uyd™® (Lovo**) apBud atdpwv dvOpoka
Ta dayvootikd kpiripla (AOyor 1 afpoicpaTo TOV GUYKEVIPOGEMY YOPUKTNPICTIKOV
EVAOCEMV N OLASOS EVOCEMV), dIVOUV CTUOVTIKES TANPOPOPIES Yol TN TPOEAEVOT| Ko
TIC HETATPOTES TOV LOioTavTol ot Proyeveig Ko avBpwmoyevels opyoavikéG evDOELG
(Simoneit, 1999).

H avdivon g pkpofroxng cvotaong tov ilnudtomv o pog divel mAnpopopieg
Yo TG TOaVEG TNYEG TPOEAEVONG TOV LKPOOPYOVICUDV (DCTE VO €vol €QIKTN 1)
gpunveln ™G  KOWNG  Tapovsiag  PaKTNPOK®V  YEVOV  OTOL  OLUPOPETIKA
owoovotnuota. Eviovtol, mn avaivon  ToV  HOploK®OV  PlOdEIKTOV TV
VIPOYOVOVOPAK®OV, ATOTELEL TOADTIUN TN TANPOGOPLOV Yo TN TPOEAELGT TOV
opyavIKOOL VAKOU ota WRuato KoOmG €miong Yo T UEAETN] TOV OYEVETIKMOV
depyasimv mov mpaypatormoovvtal (Wilson et al., 2001; Gogou et al., 1998).

H toym tov opyovikdv evocewv Broyevoig kot avOpmomoyevodg TpoEAELOTG TOL
gwodyovior oto Bordoclo mepBdAlov HECH TOV TOTOUMV 1 TNG OTULOCQOIPIKNG
evamoeonsg, CLVOEETOL AUECH LE TIC OlEPYACIEG TNG TOPAYWOYNG, MUETOPOPAS KoL

evandfeong Tov avTdBovov opyaviKov LAMKOL 6to BaAdccio TepPaAioy.
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1.4 Avatoiki Megodyerog

1.4.1 Kvklopopio voativav uolwnv otnv Avatoiikn Meaoyeio

H Meooyeioc ®dhacoo amotedel €va MUIKAEIGTO GUOTNUO TOV EMIKOWVOVEL UE TOV
Athavtikd Qkeavd péom tov 16fuov tov IPportdp. Ov youning aiatdtmrog
vodTves pales tov ATAOVTIKOD QKENVOL EIGEPYOVTAL OO TO EMUPOVEINKO CTPOLLOL
oV 1600V, dmepvovy OAN ™ Meoodyewo, KatevBOvoviar mpog 1 OdAacca TG
AeBavtivng 6mov otV Topeia. AALOUDVOVTOL TO YOPO-KTNPIOTIKG TOVG VOTEPO OO
avauén pe dAiec vddtves pnaleg Kot katomy eEEpyovtal amd 1o 1010 onueio pHécw
TOV KATOTEPOL oTpOpoToS (Zynpa 1.2) (Lascaratos et al., 1999). H Avotolwkn
Aexdvn g Mecoyeiov mapovoidlel Wdwaitepo evolapépov, kabmg omoterel €va
10oviKo TepPAAAoV 6oLV 01 PLEAETEG TOV APOPOVV T OOUT| Kot AglTtovpyio TG elva
nepopopéves. H Avoatolkn MecoOysiog Bewpeitar amd 11 MO OMYOTPOPIKES
TEPLOYES TOV KOGLOL HE CNUOVTIKG YOUNAES TIES OPENTIKOV evd ovtifeta pe dALES
TEPLOYES, O POGPOPOS OMOTEAEL TO TEPLOPIOTIKO TAPAYOVIO avVATTLENG TOL

eutonAayktov (Ignatiades, 1969; Krom, 1991; Tselepides et al., 2000).

GULF OF LYONS
DEEP WATERS

ATLANTIC _ADRIATIC
;M?JEEM siefly .c’ DEEP WATERS
(AW) THERMAL EVAPORATIVE

’ 1 FLUXES
|

g =
& s
& hE

LEAVANTINE
N _ANTERMEDIA

~WATERS
(LIW)

Zyqpa 1.2: Avarnapdotacn g avakOKA®oNg Tov v3ATvav paldv oty
Avatoiikn Meodyeto (mnyn: Lascaratos et al., 1999).
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Ta vOPOYPOUPIKE YOPOKTNPIOTIKE KOOMG KOl 1) EMUPAVELNKT] KUKAOQOPIL T®V
voatwv ™ AvatoAkng Mecoyeiov éxovv peietnBel extetapéva ta tedevtaio 15
ypoévia  (Malanotte-Rizzoli and Hecht, 1988; Malanotte-Rizzoli et al., 1997,
Theocharis et al., 1993; Theocharis et al., 2002) yapoktnpilovtag T GLYKEKPLUEVN
TeEPLOYN MG Eva oYedOV TEAEID GVOTNHO ETOVOAOUPBOVOUEVNG KUKAOPOPTING VOATIVDV
nalov (Theocharis et al., 1999; 2002) (Zynua 1.3).

H 6dAacoa g AdplaTiking GUVEIGPEPEL CNUAVTIKA GTO GYNUATIOUO TV Padidv
vepav oTig Aekdaveg tov loviov kot g Agfavtiving, evd ot vddtveg paleg mov
npoépyovtal amd tn Aekavn g AgPavtivng ennpedlovv onUovTIKG Tr KVKAOQOpio
010 Atyaio ITéhayog. Eviovtolg, kot to Atyaio anoteiel dgvutepoyevig mnyn vdaTvov

palov mov emnpealetl kuping to Kpnrikd IMédayoc (Zymua 1.3).

KUkAvas ~~~/ HE R el L e ;

........ AVTIKOKADVOG o e G e

Zyqpa 1.3: Avanapdotacn g avakOKA®ong Tov vodTvev Laldv oty Avatoiikn Mecdyeio
Odracca (nnyn: Horton et al., 1997; Theocharis et al., 1999; 2002).

To Awaio ITéhayog amotedel 1n POPElo-0vOTOMKOTEPT EMEKTOOT NG
Meocoyeiov Odrhaccag 6To 0moio kGbe ypOVO EIGPEOVY GNUAVTIKEG TOGOTNTESG YAVK®OV
VOATOV OO TOVG TOTOUOVS, EVA EMIONG EMMNPEALETOL ONUAVTIIKG OO TO. YOUUNANG
aratotTag vepd ™ Mavpnc ®@Ghacoag, Tov EIGEPYXOVTAL GTO POPELD TUNLLL TOV OO
0 otevd TV Adapdaveliov (Poulos et al.,, 1997). H xvkhogopioc twv vodtmv
eMEyxeTOl  KUPlOC Omd TO KOWPIKA QOVOUEVO, 1TNG TEPLOYNG ME  KLPLOTEPO

YOPAKTNPIOTIKO TOVG OLvaToVS POpelovg avépove Kabdg Kot amd T TOAVTAOKN
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YEOUOPPOAOYIKY] Katavoun tov Atyaiov (Poulos et al., 1997). Katd xovova 1
KUKAOQOPIOL TV ETQAVEINKOV VIATOV, EVOOUOTOVETOL GE £VO TEPICTPOPIKO
oLOTNUO LLE POPA OVTIOETN TV SEIKTMV TOV POAOYLOV OTN OLEPKELD TOV YELUDVA, EVED
10 KoAoKaipt N peTakivnon Tov vodtivav paldv mpaypotonoteitot tpog to Noto. H
Oeprokpaciocc TOV EMPAVEINKOV VOATOV TOIKIAEL OVOAOYO LE TNV EMOYN UE WECES
Téc mov dev Eemepvoiv tovg 8°C 610 BOpelo TR0 KATAE TN S1GPKELL TOV YEUDVO,
Kot Toug 26°C ota votia Kotd ™ Sidpkelo Tov kKaAokoiplod. Ot Tpéc aAatdTnTog
nowilovv amd 31.0 psu otic Popeeg mepoyés €wg 39.0 psu otg vOTIES,
TAPOLGIALOVTOG TIC LEYIOTES O10POPEG TOVG KOTA T S1EPKELD TOL KAAOKOIPLOV EVM TO
YELLADOVO, 01 KATOVOUEG TOV TIUOV gpeovilovy pa oyetiky opotopopeia (Poulos et al.,

1997) (Syfpa 1.3).

1.4.2 H voBaidooio opoceipd, tns Meooyeiov

Extoc amd v évtovn vopoypapio mov yopo-ktnpilert v AvatoAikn Mecdyesio
Wwitepo evolopépov mapovcstalel n opocelpd g Mecoyeiov omnv meployn Tov
Ioviov [Teldyovg mov avakaAvednke 1o 1963 amd tovg Heezen kot Ewing. Metd to
1963 évog peydrog aplBuoc epyaciav emkevip®ONKe o1 HEAETN TNG TEKTOVIKNG KoL
ocelopkOTNTOG TG ovykekpluévng mepoyns (Zynua 1.4) (Emery et al., 1966;
Rabinowitz and Ryan, 1970; Le Pichon et al., 1982; Ryan et al., 1982; Truffert et al.,
1993; Lallemant et al., 1994; Le Pichon et al., 2002). H vroBaAdooia opocelpd g
AvatolMkng Mecoyeiov yopaktmpiletor amd v Vmapén evog peydiov oplBuov
SPOPETIK®OV  TEPPAALOVTOV  MEaloTEWOYEVODS  Tpoéhevong (Zymuo  1.5A;
Medinaut/Medineth Shipboard Scientific Parties, 2000) kot oavoéikov Pobiov
Aekavav  vymAng oiatotnrog (Zynuoe 1.5B; Rimoldi et al.,, 1996). Kuvpio
YOPOKTNPIOTIKO TOV TEPLOYDYV OLTAOV ONOV EMKPATOVV okpoies TEPPOAAOVTIKES
ovvOnkeg eivanr  mapoaywyn pebaviov og Waitepa VYNAEG TOGHTNTES YEYOVOG TOL
kafotd ™V AvatolMkn MecOyelo ®¢ 1010iTEPO CNUAVTIKY TEPLOYN TOAPUYMYNS
Broyevav aepimv (Charlou et al., 2003) (Zynua 1.5).

Metd to 1983 otv vrmoBaAidooia opocelpd e Mecsoyeiov avakaAveonkay
Aexdveg pe vynAd enimeda alotdtnTog Kol Evioves avolikés cuvOnkeg (Zymua 1.5)
(De Lange and ten Haven, 1983; Jongsma et al., 1983; Camerlenghi and Cita 1987)

Oardooieg avoiikéc Aekaveg vynAng akatotnTag £xouvv eniong avakaivedet otnv
EpvOpd ®@dracca (Kebrit Deep, Shaban Deep, Atlantis II Deep; Eder et al., 2001) kot
otov KoAmo tov Me&ikod (Orca basin; Shokes et al., 1977). Xtnv Avatoiikn Mecdyelo
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ot avo&ikég Aexdveg Urania, L’ Atalante kot Tyro (Zynpo 1.5) mov avoakaAdednkoav
ota AN Tov 1993- apyég 1994, Bpiokovtar Notwo e Kprtng (Medriff consortium,
1995; Corselli et al., 1996; Vengosh et al., 1998; Wallmann et al., 2002). H Aekdvn
Bannock mov emiong mepiéyel vepd vynAng aratotrag (De Lange et al., 1990;
Vengosh et al., 1998) Bpiocketar kovtd oy afvocikn {dvn 610 voTidtEPO oNUEio TG

opooelpdg ¢ Meooyeiov (Schijf et al., 1995).

18° 19° 20° 21 22 23°

Xyfpa 1.4: Tomoypaeikog xaptg g meploxng Tov loviov Ieddyovg 6mov paiveror n opocelpd
¢ Meooyeiov (Le Pichon et al., 2002).
Méypt atiyung, 600 ivar ot kupleg Bempiec TPoEAEVONG TOV OVOEIKMDY AEKOVMOV
otV AvotoAikr] Meoodyelo. Xoppwva pe v mpon Bewpio, n omoio eivor Kou M
EMKPOTOVGA, Ol AVOEIKES Aekdveg oynpatiotnkay petd v Kpion AApvpodtntog tov
Meoonviov (mpwv 5 ekatoppdpla £€Tn), KATO TNV 0moio S10KOTNKE 1) EXKOVOVIOL TNG
Mecoyeiov Bdraccag pe tov ATAovtikd Qkeavd. Qg GuVEmELD, 1 dANTOTNTO TOV
vepmv TG Mecoyeiov avéndnke e amotélespa v evamodeon tov oynuotilOpevmV

epamoprtv. Katd t yewAoywkn mepiodo tov ITAeidkavov, 1 emkovovio HeTa&y
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Mecoyeiov kot Athavtikov Qkeavod omokaTooTadnke kot 1 Sdwkacio

nuatanofeong cvuveyioke.

40N

~ Hellenic Trenches
\ Internal defermation front
"k External deformation front

B ? Relative convergence rate (mm/a)

=5 Active shearing

NS N Dy
Urania, Atalante and _,
Discovery Basins |
AN O e ) ER

b ~ Ty ’ N
F Bannock MEDI TERR‘;E‘..__J/:/?‘:" / =
o R T

| "

g / /‘ B :’ Tyro Basin

Xympe 1.5: Xapteg g Avatolikng Mecoyeiov démov mapovcialovioar A) n Béon g vroBurdcaoiog
opocelpdc ¢ Meooyeiov kot n neototeoyevig mepoyn Olimpi (Medinaut/Medineth Shipboard
Scientific Parties, 2000) kot B) ot yeoypagpikég Béoeig tov avo&ikdv Aekovov (Rimoldi et al., 1996).

Ot extetopéveg dlepyacieg cVYKPOVONG TOV TEKTOVIKMOV TAUK®OV TG AQPIKNG
kot ¢ Evpanng (Bregant et al., 1990; Camerlenghi, 1990; Vengosh et al., 1998; Sass
et al., 2001) eiyov wg amotérecpa Vv anelevfépwon TV efamoprtdv nikiog 5-8

exatoppvpiov etov  (Messinian evaporates) (Schijf et al.,, 1995) xot v
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EMOVAOIIAVOY] TOVG 6T0 Balaoovo vepd oynmuotilovtag GTPMUATE AEKOVOV VYNANG
alatotntag (Bregant et al., 1990; Camerlenghi et al., 1990; Vengosh et al., 1998; Sass
et al., 2001). Zopewva pe ) devtepT Bepio 0 GYNUATICUOS TOV AVOEIKMOV AEKOVDV
TpaypoTonomdnke dtav katd TV mePiodo ¢ Eviovng ENpavong g AVAToAKNg
Mecoyeiov ot oynuatilopevol vopaTHol ToydeLTNKOY oTo CHUATO KOl KOTOTLY

TPOTOTOMON KAV LE Lo GEPA dtayeveTiKOV dtadtkactmv (Vengosh et al., 1994).

33:_ v .Pb
=
37.‘- £
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CRETE

36 -
URANIA &1’:3
@Gasi

35°=

Latitude, 35°N

' g
22° 23° 24° E !
[} | ] '..E

27

26 28

|
e =3 —
Longitude, 21°E

Xyfpa 1.6: BabBopetpicds ydptng g Aexdvng Urania otnv Avatohiky Mecdyeio (Hiibner et al.,
2003).

To péyebog tv avolikmv Aekovov otnv Avotolkn Mecdyelo sivar Wdwitepa
meplopiopévo (to pnkog dev Eemepva ta Skm). Eviovtolg, mapovoidlovv peydin
dpoponoincn t6co 6to Pabud aAATOTNTOG OGO KOl GTO 0EEL0NVOYWYIKO SUVOUKO
(Vengosh et al., 1998). H Aexdévn Urania &yst pelemOei extetapévo g mpog v
ik e ovotaon (Hiibner, 2002). To ototyeio Ogio (S) amotehei 10 Pacikotepo
OLOTATIKO TNG LE GLYKEVIPAOGELS TOL Kupaivovtal HeTta&d 6.5-18.9% avda Enpr pala
Wnuatog (Hiibner, 2002). Xto Zynua 1.6 mapovcidletor o Paboupetpiog xdptng g
Aexavng Urania (Hiibner et al., 2003).

SoumePAcHATIKA, 1| AvatoAlky Mecdyelog amotedel £va TOAVTAOKO GUGTI O
1060 Omd VOPOYPAPIKNG OCO KOl Amd YEOUOPPOAOYIKNG dmoyne. Kot’ enéktaomn n
KOTOVOUN TOV OPENTIKOV OAATOV ETNPEALEL TNV TPMOTOYEVY TAPAYWYIKOTNTA 1) OO0
pe 1 ogpd g pubuilel TV KATAVOUN TOV OPYOVIKOD VAIKOV GTO Tubuéva Tmv

B0A0GOMVY KOl GUVETMG TN KATAVOUT TV BEVOIKOV LKPOPLOKOIVOVIDV.
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1.5 Ztoyor T Merétng

Av ko n HeAETN NG Katavoung TV BevOikdv pukpoflokdv Kovavidy 6 oxEon
HEe T TEPPAALOVTIKES GLVONKES OV emMKpaTOVV €ivol PEYAANG onpaciag Yoo TV
KATOVONGT TOV OKOAOYIKMOV OpY®DV TOV OIKOGLGTNUAT®OV 0 aplfudg TOV GYETIKMOV
gpyaocidv omv Avatolkr] Mecdyelo elvar daitepa meplopispévos. Ilpwrot, ot
Boetius kot cvvepydrteg (1996) perémnoav m oyxéon g pikpoPraxng Propdlog xot
evOLHOTIKN G dpaoTnploTTog HE TN Prodiafectudtnta TS TPOoeg o€ pia oelpd Pabimv
otafuov ond ™ Odrhacca e Aefavtivng péxpt to Noto [6vio TTéhayog (Boetius et
al., 1996). X ovvéxeln, ot Danovaro xoi ocvvepydteg (2000) oe epyacio mov
npaypatoromnke oty vearokpnmida g Kpnmg €deiav 6tt 1 Paxtnplokm
apBovia oyeddv Tputhacidletar dtav avEAveTon N TOGHTNTU TOV TPOTEIVOV 6TO 1o
dnrmvovtag 6Tt ot BevOBucég pikpoProkovavies tov Kpntukov Teddyovg mepropilovran
Kuplowg omd v TodTNTo. KOt Oyl Amd TNV TOGHTNTO TOV OPYOVIKOD VAIKOL OV
evamotifeton oto ilnua. Ot Bianchi kot cuvepydteg (2003) mapovsialovrtag dedopéva
Baktnprokng apboviag kot dpactnpronTag omd TIC VEaAOKPNTIdeG Tov Bopeiov ko
Notiov Aryaiov emPefainoav T SpOCTIKY OTOIKOGOUNGT| TOV OPYOUVIKOD VAIKOV GTO.
TpOo 6tado Wnpatardbeong kabdg N Poktnploky dpacmplotto cvoyeTiloTay
ONUOVTIKA HE Ta €mimedn opyavikod GvOpoka kot al®Tov HOVO GTO EMLPOVEINKE
wnuata tov teproyov. Emiong, dedopéva Paktnplaxng apboviag kot dpactnpldtnTog
Kataypdonkav oto mAaicwo tov mpoypdupatog INTERPOL oe tpelg emoyég otov
Oepuaixd KoAno pe anmdtepo oxomd ) peAétn g enidpaong e datdpaing tov
Unuatov Tov TPOoKaAOUVTOL 0md To, AAEVLTIKA HEGO GTY GVOTACT KOl dpacTnPLOTnTe
TOV LIKPOPLOKOY Kovavidv Tov Bolaccsiov itnudtev (Polymenakou et al., 2005b).

Ta dedopéva BakTnplokng TOIKIAOTNTOG LE HOPLOKES TEXVIKES Yo To WnHaTO
™G Avotolkng Mecoyeiov eivor gAdyloto Kot mTpoEPyovial amd TNV MEPLOYN NG
vdpobeprikng myng g Mniov (Brinkhoff et al., 1999; Sievert et al., 1999; 2000)
Kol oo GOmPOTNA0VE OV GLAAEYONKaV voTloavatolkd g Kpnng (Coolen et al.,
2002).

Boowog 010)0¢ ™G mapovoag dwTrpiPrg etvor n pedétn g cvotaong kot
KOTOVOUNG TOV WKPOPLOKAOV KOvovidv o€ 1 pate ond Ployeynputkd S1opopeTikes
mepLoyEc e AvatolMkng Mecoyeiov pe texvikég avdivong tov yovidiov 16S rRNA
KOl TOV QOCQOMTIOI0V KaODS Kot TV TEPIPUALOVIIK®OV Tapayoviwy mov puOuilovv
TNV KATOVOU TOVG

O1 Baoikoi 6Tdy01 TG Tapovoag StaTptPng sivat:
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1. H molotikn Kot TocoTIKY EKTIUNON TG cLVOEON S TV PAKTNPLOKADV KOVOVIOV
oe Wnuota g AvatolMkng Mecoyeiov divoviag Epeacn ot Pabiég
0aAacoeg

2. O gvtomopdg Poxtnprok®dv opddwv mov mailovv onuaviikd polo o1
pOOIoN TV Proye@MUKOV KOKA®V

3. O egvromopdg tov meplfarioviikav mapoayoviov mov  kabopilovv 1
KOTOVOUT TOV UIKPOPLIK®OV KOWVOVIDV

4. H eloywyn oLOUTEPUCUATOV GYETIKE LE TOV OALYOTPOPIKO YOPOUKTNPO TNG
AvatolMkng Meocoyegiov, ™ BlOTOKIAOTNTO Kol TNV KOVOTNTO QUOIKNG

Blogmavapopag

Ta empépoug EMGTNUOVIKE EpOTHHATO TOV TPOKVTTOLV Kot BETove £xovv ¢ €ENG:

1. To BéBog ennpedlel T cLGTACT TOV UIKPOPLOKAOV KOVOVIDV?

2. Mllog emmpedlovtar ov pikpoProxéc kowvavies amd 1o Pabud mepiPairoviikng
pYOmavong oe meployég g AvatoMkng Mecoyeiov;

3. H xotavoun tov pIKpofloK®V KOW®VIOV OlQOPOTOLEITOL GE TEPLOYES TOL
napovctalovy axpaieg mepiParloviikés ouvvOnkes (my.  OwPabuon g
0&E1000VaYMYIKNG KOTAGTOONG KOt TNG OAQTOTNTOG);

4. Tlowot givor ot onUAvVTIKOTEPOL TEPIPAALOVTIKOL TAPAYOVTEG TOV EAEYXOLV TNV
KOTOVOUT TOV UIKPOPLIK®OV KOWVOVIDV;

5. Tlow ovumepdopata pmopodv va eEayBodv oyetikd pe to pOAO TOL Evtova
OALYOTPOPIKOD YOPAKTHPO TNG AVatoAkng Mecoyeiov otn pOBon g Sopung Ko
Aertovpyiog v Paktnplak®dv TANBvoU®V;

[o 10 okomd avTo, emALYOnKay Hol GePpd omd SUPOPETIKEG TEPLOYEG OTNV
Avotolkn Megcdyelo, TOv SPEPOLY MG TTPOS T TEPPUAAOVTIKA YOPUKTNPIOTIKA
Toug (). oavoikd kor ofwd mepiPdriovia) kKor 10 Pabud TV avlpwmoysvov
EMPPODV (1., meTperikn pOmavon). To mToAdTAOKA VOPOYPAPIKE, YEDMUOPPOLOYIKA
KOl OTHOCQUPIKE YOPOKTNPIOTIKO TMOV TEPLOYDOV aLTOV emNpedlovy Oyt Hovo
YNUIKNY ovotaon Tov IKNUaTtov oAAd kol T c0CTUCT TV TOTIKAOV HKPOPLK®OV
kowoviav. 'Evag peydrog aptBuog dstypdtov cvuidéydnke amd to Bopeio Atryaio
(Oeppaixog Koamog, Opaxwod IMérayog), 1o Kpntwkod Iéhayog, 10 Noto Iovio
[Téhayoc (amd @ucloloykd mepifdirovia kabdg Ko amd Tic Avolikés Aekdveg
Urania, L’Atalante, Discovery, Bannock), ™ ®drocca g AgBoavtivng kot tov

Koino g Aovykovota ot Xwkedio. H mopovca dwrpipr €xet dwapbpwbel oe
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EMPUEPOVG EVOTNTEG OAOKANPOUEVOV ETIGTNUOVIKDOV EPYUCLDV TOL TEPIAAUPAVOVY TN

OLYKPITIKN] UEAETN NG oVOTAONG TOV KPOPOKOV KOWoVIOV ota nHote e

TEXVIKEG YEVETIKNG OMOTOTMONG Kol avdAlvong Tov yovidiov 16S rRNA, ) peiémn g

OTOIKOOOUNTIKNG TOLG  KOVOTNTOG KOOMG Kot TG €midpacns TV  ofloTik®dv

napopétpov  (Omwg ofewoavaymyikés ouvvOnKeg, OAOTOTNTA KOl  OTOLXEWNKOG

dvBpokag) oty kotavop] tovg oe dpopetikd mepiBdiiovta (Kepdiowo 3). Ou

EMUEPOVS eVOTNTEG £X0VV dlapBpmBel ¢ e&nc:

1.

Melém tov pukpoflak®v kowvoviov og npota g Avatolkng Mecsoygiov
LLE TEXVIKES QTOTOTTOGNG.

Merétn g ohoTaonS KPOPLOIKOV KOWVOVIAOV e ovOAvon tov yovidiov 16S
rRNA.

Melétn G OMOWKOOOUNTIKNG  KOVOTNTOS TOV  HKPOOPYOVICUADV:
OTOL(ELOTOINGCT TOV OPYOVIKOD (vOPOKO KOl OTOIKOOOUNCT OAELPATIKAOV
vopoyovavOpdlxmv.

Merétn g emidpaong TG aAATOTNTOG KOt TOV 0EEW000VAYMYIKOV cLUVONKOV
OTNV KOTAVOUT TOV KPOPLOKOV KOWVOVIDV.

Melém g Prodabecipdmmrag tov mnydv C: enidpacmn TOL GTOLELNKOV

dvBpoka Tov INUATOV GTNV KOTOVOUN TOV KPOPBLOKOV KOWVOVIDV.
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KE®AAAIO 2. lIeypapoatikd Mépog

2.1 leproyég derypatoinyiog

Ot dewypotolyiec mpaypotomominkav ota  mAaicwe  tov  Evpomoikov
IIpoypappdtov INTERPOL, ADIOS, CYCLOPS, ANREC & BIODEEP 1tov
Ivetitovtov Oardoociog Broroyiag Kpnmg (vov EAAnvikd Kévipo Oaloaccimv
Epevvov Kpntng).

2.1.1 O¢cpuairxog Kolmog. Ot otabpol mov emiéyOnkav oynuoatiCouv po dtatopn pe
KatevBvvon and 10 POpElo TPOG TO VOTIO TUNHO OTIG SVTIKEG OKTEG TOL KOATOV. Ot
ovykekpipévol otadpol d€yovrat Evioveg emppoic TOc0 amd ™ Propunyavikn {dvn g
TEPLOYNG TS OeccaAoviKNG, OG0 KOl OO EIGPOES TOTAUDY TOL YPTCULOTOLOVVTOL Y10l
™ A&Ltovpyia VIPONAEKTPIK®V gpyootaciov. Ta fddn tov octabudv Kupaivovtot amd
33 éog 86 m (Zymua 2.1).

2.1.2. Kpnuxo Ilédoyog. Or otaBuol mov emiéyOnkav oynuatiCovv po o1otoun mov
Eexvdel omd 10 kKOATo Tov Hpoaxdeiov otnv apyn e veorokpnmidog pe 1.5° khion
(Cretal, 100 m), cvveyiler ot mo omdroun nepoyn pe khion 2°-4° (Creta2, 617 m)
Kot gmektetveTon mépav g voarokpnmidag (Creta3, 1494 m). Ta wepdpato exmAoNS
oL meptypagovtol oto Kepdiaio 3.3 mpaypatorombnkayv otovg id100¢ otadpong (ot
otabuol oto Keo. 3.3 mapovcsidlovion avtictorya wg MPI1, MPI2 xow MPI3) (Zymua
2.1).

2.1.3. Opaxiko [lédayos. Ta fabn tov otabudv mov emhéyOnkay Kopaivovtot amd 52
¢ 223 m, evd deiypota cvAAEyOnkav amd to empoveokd (0-1 cm) ko and Eva
Babvtepo otpodua Tov Inpatov (8-10 cm) (Zynua 2.1).

2.14. Koimog g Aovykovora (NA 2Zikeria). O «dhmog g Aovykovota
yopoktnpiletor amd vYnAég mTocOTNTEG TETPEANIKOV VOPOYOVAVOPAK®V AOY® T®V
Eviovov avBpomoyevav enppodv amd 1t Propnyovikn {ovn g TePLoyNg OTMS oG
evnuépmoay ot cuvepydrteg pog and 1o Epevvnrikd Kévipo CNRS ¢ Itaiiog kotd
™ SIPKE TNG WKEOVOYPUPIKNG AmOGTOANG Tov mpoypappatoc BIODEEP. Ou
otafpol mov emAéyOnkav oynuotilovv por dtotoun mov Eekvder omd 1o AVt
(AUGU3) ko enexteiverar péypt to fdboc twv 1700 m (AUGU1) (EZyqua 2.1).

2.1.5. Odloooo g Agfovtivpg. O otabudg mov emiéydnke Pploketal votio g
Kvmpov og Bdbog 1780 m, ko kovtd oto vrobordcscio Bouvo EpatocBévng (Zynpo

2.1).
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Zyqpa 2.1: Teoypagtkdg xaptng Tov dElYLOTOANTTIKOV oTadUdV.

2.1.6. Notio Iovio. Ot derypatoinyieg oto Notio I6vio TTélayog mpaypatomomOnkay

ota mhaic v epeuvnTikev tpoypappdtov ADIOS kot BIODEEP. Xtovg 6tafpotc
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S.IonianA, S.IonianB, kot ADEC 1o ilnpota €xovv o&ikd yopaxtipo Kot to Baon
Tovg kvpaivovror omd 2790 £wg 2860 m. Xta mhaicia tov wpoypdhupatoc BIODEEP
ocLAAEYONKav detypota amd Tic avolikég Pabiég Aexdavec Bannock, L’Atalante,
Discovery xot Urania. Ta Pabn tov Askavov ¢tdvoov oc ta 3532 m. To
YOPOKTNPLOTIKO OQVTOV TOV AEKOVAOV EKTOG 0md TOV avoElkd TOLS YOPOKTHPO Etvor Ta
woitepa vynAa emimeda aratotntog pe TwEG €wg 380 psu omv mepimton g
Aexavne Discovery. Xt Aexkavn Urania, cuAAEYOMKav emiong detypato kovid oto

opra aAloyng Tov ovolkol Kot 0Ekod yapaktpa tov Inuatov (Zyfua 2.1).

2.2 Aevypoatoinyiss Kot roysoynmuikés mapapeTpor
Ot detypotolyieg mpaypotomomnkay pe To  gpeuvnTikd  oKAen  Avyoio
(EAKE®E/EAAGSa), Dhia (EAKEG®E/EALGS) kot Ovpdvia (CNRS/ItaAic). Ot
OELYUOTOANTITEG TTOV YPNCLUOTOMONKAY MTOV:
1. o moAhamAog mupnvoinming Bowers & Connelly (8 mupnvoinmteg, i.d. 9.0 cm)
(Barnet et al., 1984) mov gmitpénet T GLAAOYN ASATAPAYTOV SEIYUATOV KoL
2. o deypotomning USNEL Boxcorer mov ypnoipomomfnke pdévo yo
ovAloyn TV detypdtwov S.IonianA, S.IonianB, ka1t ADEC.
Ta detypota omd 10 KOATO TOV Ogpuaikod cVAAEYONKaY T0 DePpovdpro tov 2002,
and 1 Bdhacca g Agfavtiviig o Mdawo tov 2002, and to Kpntikd [Térayog tov
TovAo Tov 2002, amd to Notio [ovio to Noépuppio tov 2001, amd 10 Opakikd T1éAayoc
to ZemtéuPpro tov 2003 ko and TG avolikég Aekdveg Bannock, Discovery, Urania,
L’Atalante tov Notwov loviov ko amd to k6ATO ™G Aovykovota (ZikeMa) To
Noéuppto tov 2003.

Ot PETPNGEIS TOV 0EELB00VOYWYIKOD SUVOLKOD TPUYUOTOTOWONKAV He ¥pnom
Babpovoumuévonv ofedmtikov mAektpodiov (Mettler Toledo, Switzerland). Ta
emimedo oAaTOTNTOG TPpocdlopioTnKaY UE TN ¥pNom owbAacipetpov yepdc (Atago,
Tokyo, Japan) votepa amd @uyokévipnon tov dstypdtov oe pikpn toydmra. Ot
OLYKEVTIPAOOELS YAOPOPVALDY Tpocdopiotnkay @OOpPOUETPIKE, pHe YPNOT TOL
@Bopopetpov Turner TD-700. Ot GLYKEVIPOOELS POOPVLTIVAV TPOGOIOPIGTNKAY
votepo omd emeepyosio tov Ostypoatog pe odAvpa 0.1N HCL. To 1coddvapo
YAOPOTAUCTIKAOV YPOCTIKOV VTOAOYICTNKE ®C TO AOPOICUA TV GLYKEVIPOOEMV
YAOPo@VUAANG kot @aloeutivav (Lorenzen and Jeffrey, 1980; Yentsch and Menzel,

1963). I'a 11 avaAdoelg Tov 0AKoL opyavikoy GvBpako Kot al®tov ota WCnuota
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epappootnke n pEBodog mov Exetl meprypapet amd tov Hedges kan Stern (Hedges and
Stern, 1984), pe ypnon tov Avaivt) Perkin Elmer CHN 2400. Ot cuykevipdoelg
‘otoryelokol’ avipaka TpocsdlopiotnKay akolovdmvtog ™ pnEBodo mov TEptyplpeTa
amd tovg Gustafsson kot cvvepydreg (1997) cdupwvo pe v omole o detypora

o&eddvovtat otovg 375°C yia 24 h mapovsio o&vydvov.

2.3 PvOpoi otorygromoinong Tov opyavikov avlpaxa

Ot pvBpoi otoyeomoinong Tov GvOpoKa VITOAOYICTNKAV UETPMOVTAS TNV TOGHTNTA
CO; mov mapdydnke Kotd ™ Sdpkel TV enodocmv Tov Inudtov (Dauwe et al.,
2001). Ilepimov 20 ml @péokov vVAKoD petaEEPONKAY € OKOTEWA YLAALVOL
UTOVKAALD €T®AcE®V oTo, omoia wpootédnkav emiong 10 ml mwpo-piltpapiopévou
Balacovod vepod. Ta delypata enelepydotnkay pe ocvuvletikd aépa (N2:0,, 80:20)
Yo TN JTNPNoN TOV 0EIKAOV GUVOINKOV KaTd TNV S1dpKELN TV ENTOACEDV Kol TNV
armopakpovven mlavav vroAelpupdtov CO;. IMa mepiodo dbdpkeng 2 punvov ot
enmdoelg mpaypatorombnkav oe  €101kd Bdhapo otabepng Oepupokpaciog (in situ
Bepokpaciog) Kot avakvouvtay ové TakTd xpovikd dtuctnpata. Ot GUYKEVIPAOGELS
CO; otov KeVO YDPO TOV UITOVKUAIDV TPOGOIOPIGTNKAV GE AEPLO YPOUOTOYPAPO
5890 Hewlett Packard ocuvoedepévo pe aviyveuty Oeppikng ayoypudmmrog Kot
YPOUATOYPOQPIK KoAdve tOmov Carboxen 100G (30%x0.53 mm, Supelco). H
avaKTnon TV O0gdopévev mpayuatoromonke pe 1o mpoypaupo HP3365 series 11
Chemstation (version A.03.01). Ot kopumdreg Padpovounong 7y TOV TOGOTIKO
npocdopopd tov CO, vmoloyioTnKav YPNOLUOTOIOVTOS LIEPKAOAPO aéPLo
CarbonDioxide (Messer, product Nr. 1527). Metd 10 TéAOG TOV EMOAGEDV
nmpocolopiotnkav eniong ot Tnéc pH. Or mocodteg CO, vroroyiotnkay abpoilovtog
TIG GLYKEVIPMOES NG 0€plg Kot OALTIG @Aong Ttov aepiov. Ot puBuol

GTOYELOTOIMONG EKPPAGTNKAY € Hovadeg nmol CO, (ml Wiparoc) ™’ d .

2.4 Avarvoeig DGGE kanT-RFLP

Mo mv exydion tov Paktnpiakod DNA oand to Wpata ypnoywonombnke 0.5 g
VAMKOV Kol epapuooTnke To €0IKA oyedacpévo FastDNA-Spin Kit for Soil (Q-
BIOgene, Carlsbad, CA) axoAovBadvtog Tig 0dnylec TOL KOTOOKELOOTY HE TNV
e€aipeon OTL M KLTTOPIKN ADON TPAYLOTOTOMONKE UNYOVIKO HE YPNOY TOL

unyovinuoatog Mini-Beadbeater (Biospec products, Bartlesville OK).
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lNo ™ pébodo DGGE n amoudéveworn tov yovidiov tov 16S rRNA,
npaypatonomOnke pe ypnon tov ekkwvntav 357FGC kat S18R 6mwg meprypdoeton
and touvg Sekiguchi ko cvvepydrteg (2002). OAn n dwwdikacio wov akorlovOnOnke
neptypdpetar Aentopepmg o€ mpdoatn epyacio (Sekiguchi et al., 2002).

Mo tm pébodo T-RFLP, n amopdvoon tov yovidiov tov 16S rRNA
mpaypatonomonke pe xprion tov ekkivntov 27f, onuacuévo pe tn elopiovca ovcia
hexachlorofluorescein (Vergin et al., 1998), xou 519r (Lane et al., 1985). Katomv
axolovOnce TEYN TV TPoidvimv ™G AAvcdmtg Avtidopaons [ToAvpepdong e Toug
TOPOTAV® EKKIVNTES, e Ta meploploTikd Evivua Haelll, Hhal ko Rsal otovg 37°C,
oOHPmVe pe TIc odnyieg tov Katackevaot (Invitrogen, Carlsbad, CA). To péyeboc
TOV TUNUdTOV Tov TapnyOncav pe ™ méYN mpoodlopionke oto pnyovnuoe ABI
3700, 96-capillary sequencer petd and mpochnkn tov dciktn <500bp ROX-labelled
(Applied Biosystems) oto «dBe Oetypo.. H avakmon tov  dedopévav
mpaypotonombnke pe to wpdypappo GeneScanView 1.1/4 (C.R.I.B.I., University of
Padova).

2.5 Avaivon moiov
H exydbiion kot amopdvmon tov K-oAkoviov mpoypotomomdnke cOueovo HE
uebodo mov meptypdpetar omd tovg Gogou kat cuvepyates (Gogou et al., 1998).

Ta olkd Amidw amd mpolvywopéva kot eEayvouéva deiypato WCnudtov
(Freeze-Drier-Refrigerant R502) ekyvAMotnkav pe ) tpomomomuévn péBodo twv
Bligh ko1 Dyer ypnowyomoiwvrog piypo yAmpo@Boppiov/pedovoinc/emopoptkov
dwdvpartog (2:1:0.8 v/v) (Bligh and Dyer, 1959). H dadwocio yio to dtoaympiopd
TOV EOCEOMTIOV ond ta vTOAOUTe AUTidl Kot Tr HETEGTEPOTOINGCNG TOVG OE
uebvdeotépeg meEPLYpAQeTOL avOAVTIKG o mpdoatrn epyacio (Smoot and Findlay,
2001).

Ymv mepintowon tov Keporaiov 3.3 ov dweopetikés xatnyopieg AMmidimv
avaktOnkav okolovBovtag T pébodo mov meprypdoetar omd tovg Riitters ko
ovvepyateg  (2002). Ta ®Adopota TOV  OAEQOATIKOV — LOPOYovavOpdK®V,
dryAvkepdimv, eAedBepwv Mmapdv 0EEMV Kol YAVKOMTISI®MV avaAvOnkov Tepautépm.
Ta kldopato tov OStyAvkepdiov kol YAVKOMMOIOV petestepomomOnkoy He
pébodo ¢ aikaikng pebavorivong (Smoot and Findlay, 2001) eved to kKAdopo tov

elevBepmv Mmapav o&Emv pe ) xpron owlmpedaviov.
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Ot avoAdoelg TV K-0AKOVIOV Kol TOV VTOAOITOV KAOCUATOV TOV MTdiov
npaypatorombnkav oe Aépio Xpopatoypdeo ocvvoedepévo pe DacpatdpeTpo
Molov (GC/MS) Hewlett Packard Model 6890 GC kot tpiyoedn omin (HP-5 MS
with 0.25 pm film thickness, 30 mx0.25 mm [.D.). To aépto Ao ypnoiponombnke
®¢ 10 @épov  aépro. Ol YpOUOTOYPOPIKEG oLVONKES NTOV Ol  OKOAOVOEG:
(Beppokpactokd TPOYPALLE YIO0. TO O®PICHO TV K-aAkaviov): Oeppoxpacio
gloayoyéa 270°C; Oepuokpociokd npdypapua, 70°C (1 min), 70-150°C (10°C/min),
150-290°C (5°C/min), xou 290°C (30 min). Ogppokpaciokd TPOYPULUUO Yid TO
dwywpopd TV eOoeoMmidiov, elevbepwv Mmapdv o&Emv, StyAvkepdiov Kot
yYALKOMTIOlV oV €xouv peTaTpOmEl 6T HOPPN TV HeBLAESTEPOV TOV AMmTopdV
o&éwv: Bepuoxpacio stoaywyéa 270°C; Ogppokpactaxd npdypappa, 70°C (1 min),
70-140°C (10°C/min), 140-240°C (4°C/min), kou 240°C (30 min). O mo10TIKOG
TPOCOOPICUOG TOV  K-OAKoviov mpoypatomodnke pe obykpon Tov ypovev
éKhovong He auTOV TPOTLT®V JdAvpdtwv tng etoupeiog Polyscience kot tov
MIop®V 0EEWV e TOVS YPOVOVS EKAOVOTG TOV TPOTLT®V JHAVUATOV TNG ETOIPELNG
Supelco (FAME Mix, Supelco). O mocotikdc Tpocdlopiopos Tmv K-aAkaviny Kot Tov
pebvAeostépv TV MTap®dv 0wV mpaypatoromonke aviictoyo e TN ¥pNon TOV
ECOTEPIKOV TPOTLTO®V  OloALPATOV  1-YAmpoeadekavio Kot peBVAESTEPO TOL

VOVOOEKOVOTKOD 0&E0C.

2.6 Kataokev] ifrodnkav khavov

O pnyot otaBpoi ThermO01, Therm30 and 10 Oepuaicd Koino, kot Cretal amd
o Kpnrikd TTéhayog kot o Babig otabudg S.Ionian-A oand to Notwo [6vio TTéhayog
eMALYON KAV Yoo pUAOYEVETIKN avdAvon. o v katackevn PipAobnkne KAdvov n
amopdveot tov yovidiov tov 16S rRNA mpaypatoromOnke pe xpnon tov ekKivntov
27f tpomomomuévo yuoo TV avdktmon Tov yovidiov twov Planctomycetales (5'-
AGRGTTTGATCMTGGCTCAG-3") (Vergin et al., 1998) «xou 1492r (5'-
GGYTACCTTGTTACGACTT-3") (Lane, 1991). Ot ocvvOnkeg PCR oyedidotnkav
£T01 OGTE VO, TEPLOPLGTOVV 01 THAVOTNTES GOUAUATMOV KOTA TOV TOAAUTAAGLOUGLO TMV
yovidiov (Polz and Cavanaugh, 1998; von Wintzigerode et al., 1997). Tla
Sodkacio g Khmvomoinong ypnoipomowidnke 1o mokéto TOPO TA Cloning® kit
(Version M) xo1 epopudéotnke akoAovB®VTOS TIG 00NYieC TOL KOTOOKELOOTY|
(Invitrogen Ltd, 3 Fountain Drive, Inchinnan Business Park, Paisley PA4 9RF, UK).

INo xéBe po and tig téooepig PAobnkeg mov katackevdonkay 200 Beticol KAbVOL
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ATOLOVOON KAV Kol KOAMEPYNONKOV Y10 TEPAUTEP® AVAAVOT). ATO OLTOVG GUVOALKA
228 wor ywoo Tg Téooeplc  Piprobnkec emAéyOnkov  yuo TPOGOHIOPIGHO NG
VOUKAEOTIOWKNG TOLG aAAnAovyiog oto avaivty ABI 3700 96-capillary sequencer
(Applied Biosystems). 9 and avtég mpaypotonomdnkay €ig dmAovyv, 10 and avtéc
AVayVOPIoTNKOY ©C YILOPEG XPNOLUOTOIOVTOS TO Aoylokd mpoypappoa Chimera
Check mov mepiapPaveror oto Ribosomal Database Project II (Michigan State
University) (Maidak et al., 2001), kot 600 ovoyvopiotnkav ¢ oAANAOVLYiES
KUTTOPIK®OV 0pYAvemv  xpnolpomoldvtog T Pdon oedopévov Genbank kot 1o
Aertovpykd gpyareio ovykpiong BLAST (Basic Local Alignments Tool) (Altschul et
al., 1997). Ot evanopeivavteg 207 aAiniovyieg (63 and to otabud ThermO1, 45 and
10 otafuod Therm30, 49 and 1o otabud Cretal xou 50 amd 10 otabud S.IonianA),
xpnowonomdnkav 7y @uAoyevetiky avdivon. Kot ot 207 aAiniovyiec mov
TpoNABav pe TV mopovca epyacia £yovv katatedel ot Pdon dedopéveov Genbank

pe appovg tpocsPaonc AYS533880-AY534086.

2.7 ®vioyeveTiK] Avaivon

Oleg ov aAAnrovyieg swonydnoav oto Aoyiopukd mokéto ARB  Version 2.5b
(Technical University of Munich, dwbéoipo oe mepifdiiov Linux 1 Macintosh)
(Strunk and Ludwig, 1996). H gvbuypauuion tov oAANAOLYIOV UE TIC CLYYEVIKA
KOVTIVEC aAAnAovyieg g Pdomg dedopévav mpayuatoromonke yia kédbe aAiniovyio
Eexyoprotd. Ta puloyevetikd dévipa kataokevdotnkoy epapuolovrog g pebddovg
Maximum Likelihood (Felsenstein, 1981), Neighbour-Joining pe t JS10pOmTIKN
puébodo amdotaong Jukes-Cantor, ko Maximum Parsimony, mov mepilappdvoviot
oreg oto maxéto ARB. H oavtodvvopioc TtovV  QUAOYEVETIKGOV — OEVIP®V
npoypatoromOnke pe tn pnéBodo maximum parsimony mov TEPIAAUPAVETOL GTO 1010

nakéto (Felsenstein, 1985; Strunk and Ludwig, 1996).

2.8 Baktnpuokn mowilotnTo

"o tov Tpocdlopicud g PaKTNPLOKNG TOKIAOTNTOG XPNCLOTOONKaY To dedopEVaL
TOV SLUPOPETIKAOV AEITOVPYIKAOV TASIVOUKAOV HOVAd®V Yo kB PiAiodnkn KAhovov,
Kol EQUPUOCTNKE TO TOKETO avAAVONG Rarefaction calculator
(http://www?2.biology.ualberta.ca/jbrzusto/ rarefact.php). H Bokmmpioxn motkiddtnta
vrooyioTke coppmva pe TV s&icwon Chao, (1984): S *| = Saps + (a*/2b) 01OV Seps

etvar 0 ap1Buog tv 16S rDNA, a givar o apBudg Tov KAGV®V Tov TpocdlopioTnKay
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povo o eopd kot b gtvar 0 aplnodg TOV KAOVOV TOL TPOGIOPISTNKOY dVO QOPEC.
Ov momikég amoxAicelg (SD) vmoloyiommkov cvppwva pe v eElowon SD =

b[(a/(4b))* + (a/b)’ + (a/2b))*].

2.9 X1aTI6TIKI] OVAAVOT TOV OTOTELEGUATMOV

INa to oedopévoa DGGE wow T-RFLP ot opowdtnreg petald tov otabuodv
voAoyionkay ocOppowva pe v e&iomon Sorensen OT®MG TeEPLypAPETOL OO TN
Lindstrom, (1998): S =2 J / (Na + Ng), 0nov J givan 0 apBuog tov kowvaov {ovaov
omv mnkt] DGGE 1Y o apBudc 1oV KOwmV TEPOPICTIKOV TUNUATOV OTo
ypopatoypoaeruato T-RFLP petald tov derypdtov A ko B, kot N kot N etvon o
apluov Tov oMko®v (ovov avtiotoya ota dslypata A kot B. Ot Tipég opotomtov
OV TPOEKLYOAV OO TS OLYKEKPUEVEG PeBdOOLG ypnoipomombnkay ywoo v
KOTOOKELY]  OEVOPOYPOUUATOV  YPNOLUOTOOVTOS TNV  OVAALGT  KOTATOENG 7OV
nepriappaveror oto Tpdypappa Primer 5.2.2.

H otatiotiky pébodoc Avaivon Ilpotapywkov Zvvictowomv (principal
component analysis - PCA) axoAovdnOnke ywa v enelepyacio tov 0edopéEVOV TOL
avaktOnkav pe Tig dtpopes nebddovg. H pébodoc PCA epappdotnke pe ypnomn tomv
Aoyopkov makétov PRIMER 5.2.2 (Plymouth Routines In Multivariate Ecological
Research). AvaAioya pe TIG OMOITNGELS TOV ETUEPOVS KEPOAOI®OV YpMOLHOTOONKAY
elte M avéilvon katdtalng eite 1 OVOALON TPOTOPYIKOV GLVICTOCHOV Y10, TNV

OTOTIOTIKY| Eneéepyocio TV dedopévav.
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KE®AAAIO 3. AnoteAéopota Kol Zvintnon

3.1. Mciétn TV IKPoBLokdv Kowwoviey o (tnnato tTne Avotoitkne Mecoysiov

LE TEYVIKEC UTOTVTTMGNS

Ykomog tov ovykekpuévov Kepalaiov Mtav M odykpion g oboTOoNG TOV
HUIKPOPLoK®V KOWVOVIOV € éva peydlo eOpog iInudtov g AvatoAikng Mecoyeiov.
IMa 1o okond avtd ypnowormomOnKav detypata and 1o Oeppaicd Koamo, 1o Kpntiko
[Téhayog, to Notwo I6vio kot m Odrocoa g Agfavtivng (Zynuae 3.1.1) xon
epopuoOoTNKAY Ol Hoplokég TeXViKES yevetikng amotuomwons DGGE ko T-RFLP,
kaBmng kol n KAaown péBodog avaivong tov eoceoMmidiov. Xtdyog pog NTav M
TEMKT EMIAOYY] CUYKEKPIUEVOV SEYHATOV TOL TOPOLGLALOLV dpOPOTOiNon G OTL
agopd N pikpoPrakn tovg cvotacn yw v Koatackevn Piprodnkov kKidvev. H
ePapLOY TS TeEAevTaing HeBOOOV oE peydrlo aplBud SeryldToV avievdeikvuTal AGY®

TOVL 1010UTEPA VYNAOD KOGTOVG Kol YPOVOL OVOAVGNG.

Therm-30
Therm-27 = u

Therm-3

Creta-3 ® H Levan
S.Jonian-A Creta-2 m
] u o
S.Ionian-B " Creta-1. m___

Yympo 3.1.1: Xdpmg otobudv detypotoinyiog.
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3.1.1 T'eoympuikéc mapapeTpor

Mivoxog 3.1.1: TleptforlovTikéc TapAUETPOL TOV EXPAVEIOKDV ILNUATOV.

Bdabog Eh XAwpogoAln-o  Opyavikdg avbpaxog — Docpoimiow  IMetperaivoi H/C  k-odidvio

Xtofpoi

(m) (mV) ug/g  stdev % stdev ng/g ng/g ng/g

Therm-01 30 348 7.68 2.75 1.47 0.12 2261 17856 3313
Therm-10 41 292 4.95 0.70 1.04 0.02 1491 1479 387
Therm-17 55 416 4.64 0.39 0.97 0.02 2714 2892 1181
Therm-27 64 359 4.88 0.97 0.94 0.07 2294 846 234
Therm-38 51 405 3.02 0.27 1.01 0.04 1945 2001 1095
Therm-30 86 375 1.22 0.07 0.53 0.04 219 1516 399
Creta-1 100 nd 032 0.06 0.45 nd 623 670 147
Creta-2 617 nd 0.06 0.02 0.48 nd 524 939 105
Creta-3 1494 nd 0.02 0.00 0.42 nd 1238 449 130
S.Ionian-A 2790 303 0.05 0.02 0.79 0.07 129 1916 650
S.Ionian-B 2860 277 0.03 0.00 0.78 0.02 96 1876 617
Levan 1780 nd 0.01 0.00 0.38 nd 106 619 280

a - ;
nd: dev &yovv TpocdlopioTel
stdev: tumk andrhion

Ot yeoymuikég TopaueTpol Tov IKNUATOV oL HeAETHONKOV Topovslaloviol GTovV
[Tivaxa 3.1.1. Ot Betcég ko wWiaitepa VYNAES TYEG 0EELO0OVAYMYIKOD OLVOALUKOD
(292-416 mV; ITivaxag 3.1.1), vrodeikvoovy 0Tt o1 aepOPieg LETAUPOAIKES OUOTKAGIES
Kuplopyodv otig Hikpoflakég kowvmvieg. Ot cLYKEVIPMOELS YAMPOPOAANG a Kot
opyovikoh GvOpoka O1(pOPOTOIOVVIOL OO TEPLOYN O MEPLOYN EVAD 1N METOED TOVLG
cvoyétion mapovoidletat onpoavtch (r* = 0.79, n=12). H cvykévipwon yAopo@diing
o Ntav VYNAOTEPN oTa deiypato and o Oepuaikd Koimo kabmg kot 6to pnyd otabuo
tov Kpnrikov Ilehdyovg (Babog < 100 m) evad to emimedo opyovikoh AavOpaxa
mopovciocoyv TG VYNAOTEPESG TIWEG TOVuG 610 Ogpuaikd KoAmo ko otovg Pabeig
otafpovg Tov Notiov Ioviov [Teldyovc.

Ot oVYKEVIPOGES POGPOMTOIOY NTav emiong LVYNAOTEPES GTOLS PNYOVS
61adpong Tov Oepuaikod Koimov (< 51 m) pe tpée petatd 1491 won 2714 ng g’
(ITivaxag  3.1.1). Ot ovykevipooel @ooeolmdiov oto Kpnrikd ITéhayoc
KopdvOnKay amd 524 éo¢ 1238 ng g (IMivakag 3.1.1) evd Sraitepa yopmAéc Tipée (<
219 ng g™ kotaypaenkay oto Noto I6vio, ot mepoxn tg AePavtivie kadde kot
ot0 Pabvtepo otabud (86 m) tov Ogpuaikov Koimov (IMivakag 3.1.1). Ot
OLYKEVIPMOELS TOGO TOV TETPEAATKADOV VOPOYOVOVOPAK®V 0G0 Kol TOV K-OAKAVimV
TOPOVGIOCAV TIG HEYIOTES TYEG TOVG GTOV Tto PO 6Todd Tov Oeppaikov Koimov.
(Therm-01; 17856 ng g xar 3313 ng g avriotoa). O otadudc owtdg Ppioketa
TOAD KOVTO GTNV OOTIKY TEPLOYN TOV KOATOL TG Oeocarovikng (Zynua 3.1.2) ko
yopaxtnpileton and évroveg avOpwmoyevelg emppoéc 1060 and T0 MUAvVL Kol TV
kovtvy Brounyaviky {ovn g Oeooalovikng 060 Kot amd TIG EKPOEG TOTOUMY TOV

YPNOLoTOovVTOL Yo TN Agttovpyian voponiektpikdv otabudv (Karageorgis and
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Anagnostou, 2001). Ot cuYKeEVIPOOELS TOV TETPELAIKADOV VIPOYOVAVOPAK®OV Kot K-
aAkoviov oty wepoyn g AePavtivng ko oto Kpnrikd TTéhayog kopavOnkav amod
449-939 ng g éwc 105-280 ng g avrictoya (ivakag 3.1.1).
— Therm-38
— Therm-17

_: Therm-27
— Therm-10
Creta-3
.l: Creta-2

Creta-1

Levan

[ S.Ionian-B
S.Ionian-A
Therm-30

Therm-01

|
T

60 70 80 90 100
% Opowotta

Yympo 3.1.2: Aevopoypapio Kotatoéng tov otafudv detypotoinyiog Bacicpévo ot ohykpion

TOV TEPPAALOVIIKOV TAPAPETPOV  (YAOPOPUAAN a, opyavikds GvBpakas, owoeolmidia,

netpelairol v3poyovavOpake (H/C), K-oAkévic).
[ ™ o0yKplon TOV SPOPETIKOV TEPIPOALOVTIKOV TOPUUETPOV HETAED TV
detypdtov gpappootnke m péBodog avaivong kotdratng (hierarchical cluster
analysis), To amoteléopata g omoiag dtaywpilovv to otabud Therm-01 and dAovg
TOVG VTOAOUTOLG otafuovs. XOpeova pe T pEBodo avt To delypoto mov
opadomotovvtal Tpoipyovral amd to Kpnrikd ITérayog ko and to Noto 16vio v o
Babvg otabuog tov Beppaikod Koimov (Therm-30) Swywpiletor amd TOLG O

pNYovs oTaBovg TG cLYKEKPIUEVNS TEPLOYNS (Zymua 3.1.2).

3.1.2 Avaivon Tov BokTNpLoK®OV KOvoviev Baciopévn oto yoviorwo 16S rRNA
Ta tehevtaio ypovia €xet avomtvoyBel €vag peydrog oaplOudg TEXVIKOV TOV OEV
Bacilovtal oTig KOAAEPYELEG OAAL OTNV YEVETIKN TOIKIAOTNTO YEVETIKMOV OEIKTAOV
(marker genes) 60mm¢ 10 yovidto tov 16S rRNA (Amann et al., 1995). v mapovca
gpyacia epappdotnkav ot pébodotl avarvons DGGE kor T-RFLP tov yovidiov 16S
rRNA.
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A Oepuoixog Koimog Noétwo Iovio  Kpnried I1. Agfavrivn
: - \ [ B fzes
7 89 10 1 12 13

-
1

R 5

B —————— Therm30 ™\

Therm01

Therm10

Boppag

Therm17
Therm27
Therm38 _/

S.Ionian-B\

S.Jonian-A

Creta-1

NoTog

Levan

,7 Creta-2
I—‘Creta-3 /
20 40 60 80 100

% Opotdtta
Typa 3.1.3: A) ®otoypapio g kg DGGE. 1-Therm01; 2-Therm10; 3-Therm17;
4-Therm30; 5-Therm38; 6-Therm27 7-oavtiypago tov Therml7; 8-S.Ionian-A; 9-
S.Ionian-B; 10-Creta-3; 11-Creta-2; 12-Creta-1; 13, Levan. B) Agvdpoypoppo ovédivong

katdtaéne Paciopévo ota dedopéva DGGE.

H ermavoinyipémmra g peboddov yevetikng amotommong DGGE eléyybnke pe
T obykplon TV poviélmv aneikoviong (ovov ke DGGE petagd dvo derypdtov
oL GVAAEYONKaV amd tov 1010 otabud (Therm17; replicate samples). H peta&d tovg
oVLyKkpion €0g1Ee OTL ot gvdtdkpiteg (dves mov gpeavifovtatl ota S0 detypato (ZyMua
3.1.3A, kohoveg 3 kot 7) mapovoidlovv 75% opodtnta epodcov 2 {hveg anovctalovv
amd TV Kohova 7 AOy® ¢ pkpdtepng mosotntag npoiovioc PCR mov poptdbnke

otV mnkt DGGE. Mg v avdAivon avtr|, kdbe deiypo eppavice 5 pe 11 gvdidkpireg
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Loveg oy it DGGE (Zynqua 3.1.3A). Ot Baktnplakég Kovmvieg 6Toug otafpong
Tov Ogppaixod KOATOL mapovoidlovy opototta 78% (EZymua 3.1.3B). Ot otabpuoi
™m¢ AePavtivng kot tov Kpntikot Tleddyovg opadomolovvion kot dtakpivovior amd
TOVG EMPOPNUEVOVS GE TETPEATKOVS VOpOYOVAVOpakes otafovs Tov Notiov loviov,
INAodvovtag 0Tl To emimedo METPEAAIK®Y VOPOoyovovOphkmv mailovv polo o

pvOuon ™¢ ovoTaoNg TOV PakTnplok®V Koveovidav (Zyfua 3.1.3B).

A
ThermO1

S. Ionian-A

B Therm30 "\
Therm17

Therm27
Therm38

Therm01

Therm10

Cretal

Creta2 -/

S.IonianB )

S.JonianA

Levan

Creta3 -~/

40 60 80 100
% Oporotnra
Yympo 3.1.4: (A) Xopoktnplotikd npdtuno katavouns tov dedopévav T-RFLP tov 16S rRNA

pe ypnom tov eviopov Hhal {npdteov amd v Avatoikn Mecdyeo. (B) Agvdpdypappa
avdAivong katdtaing Paciopévo GtV OHoLOTNTO TOV TPOTL®Y Katavoung twv T-RFLP pe ta
évlopo Hhal xon Haelll.

Etvol modd mbavo, o apBuoc tov petafintdv rRNA ce kdbe KoAdva va givat
Katé mMOAD peyoAvtepog amd tov oplfud tov 5 pe 11 gvdidkprtov (ovov mov
napatnproapne. H pébodog avédivong Pipiodnkng khovov tov yovidiov 16S rRNA
€0e1&e 0Tt 0 aplBuog twv 16S rRNA tunudtov Eemepvder tig 100 petafintég (PA.
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Kepdrawo 3.2; Polymenakou et al., 2005b). H dwapoponoinon avty opeiletan gite
omv advvapio ¢ mnkmg DGGE va dwywpicer to 16S rRNA tuqpata gite ot
pikpn mocotta PCR mtpoidvtog mov elye g amotédespa Kamoleg (mdveg va unv givat
0OpOTESG LE YOUVO pdTL.

H gpappoyn g peboddov avaivong katdataéng Paciopévny otny opodTnIo TV
npdTLTOV Katovouns Tov dedopévav T-RFLP €6ei&e ot ta mepiParrovtikd delypata
KOTOTACOOVTOL UE OLPOPETIKO TPOTO OVAAOYQ HE TO TEPLOPLOTIKO £VOLHO Tov
ypnowonomdnke. H ypnon tov meplopiotikod evibpov Rsal glye og amotéAespo TV
ToPAy®Yn €vOg HKpov oplfpod (LEcog 0pog 23) TEAMK®MV TEPLOPICTIKMOV TUNUAT®OV
(terminal restrictions fragments - TRFs) pe moAd puikpn enwkdioym. I'a 1o Adyo avtd
T, dedopEVaL aVTA KPIONKOV ¢ avemopKn Kot 0 YPNCYLOTOMONKIY Yo TEPULTEP®
avdAivon. AvtiBeta 1 xprion tov meplopiotikov evidbpov Haelll giye o¢ anotélecua
™MV Topayoyn &vog peyaiov apBpov (pécog 6pog 71) TEMKAOV TEPLOPIGTIKMV
TUNUATEOV oL Kafiotovoov OUMG TNV TEPUITEP® EMEEEPYACIO TOV OEOOUEVOV
wloitepa dVoKOAN kot ypovoPopa. ITlapduota amoteléopata (Wdwaitepa LYNAOS
apOpdc tunudtov petd amd méyn pe 1o éviopo Haelll) éxovv eniong avapepbel og
nponyovpevn perétn (Clement et al., 1998). H yprion tov tpitov evlopov Hhal eiye
¢ amoteAéopata TNV Tapaymyn 15 kal 51 nepropiotik®dv Tunpatov (LEcog 0pog 33),
ap1OUOG 1O10UTEPA TKAVOTTOMTIKOG Y10 TNV TEPUUTEP® EMEEEPYATIN TOV OESOUEVOV.

Me ) ypnon tov evldpov Haelll to amoteléopoto avaAvLoNG Katdtaéng nrov
napopow. pe ovtd tov evldopov Hhal (cvvieleoTnC OLOYETIONG METAED TOV
arotelecpdtov Tov eviopwv Hhal kow Haelll:0.81; n = 12 delypota; P<0.001). H
ovoyétion ovt emPePardver v emavoinypuomro e pebodov T-RFLP. Ta
dedopéva, OpoldTNTOG LE TN YPNOT Kot TV 0V0 eVEDUMV YPNCILOTOONKAY Yo TOV
voAoYlopd TG URTPOG opotdtnrag (similarity matrix) mov mapovclaletal 6To Zynuo
3.1.4B.

H pébodog avérvong katdraing pe m pébodo yevetwkng amotdnwong T-RFLP
opadomoince Toug otabuovg pe Pdon 1o Pdboc tovg. H mpd opdda meprrapPdver
6A0VG TOoVug PNYovS otaBots (X 617 m PaBog) evd n devTepN MEPAAUPAvVEL TOVGS
otafpovg Tev Padiov derypdtov (>1494 m Baboc) (Zynua 3.1.4B).

3.1.3 Avaivon PLFA tov pikpoflok®@v Kowveviov
H avdivon g ovotaons tov pocpolmidiov (PLFA) og Boddocio ilnpato mapéyet

TOAD ONUOVTIKEG TANPOQPOPIEC GYETIKA HE TN OOUN TGOV HKPOPLIK®OV KOWVOVIDV
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KaODG OPIGUEVE. POGPOMTIOIL OMOTEAOVV TAL YOPOKTNPIOTIKG GLOTOTIKA NG
KUTTOPIKNG HEUPPAVIG CUYKEKPIUEVOV PBAKTNPLOK®OV OHAO®V EVD 1| OAKT] TOGOTNTO
POOPOMTIIIWV OVTIOTOL(EL 68 TOCOTNTA GUVOAIKNG HkpoPlokng Propdlag (Aries et

al., 2001, White et al., 1998; White et al., 1997; Zhang, 2002).

45
a0 A
;5 35 - O Thermo01
= 30 - M S.Tonian-A
g 25
=
® 20
=
©
@ 15 -
X
710 o
5 ;‘v—v—v—v—r"[LAﬂr
0 -
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C10:0

C11:0

C12:0
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C16:1

C16:0
cis-10-C17:1
C17:0
C18:3n3
C18:2n6c
C18:1n9t
C18:1n9c
C18:0
C20:4n6
C20:3n6
C20:0
C21:.0
cis-13,16-C22:2
C22:1n9
C22:0

cis-11,14-C20:2
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{Therms\
B Therm27
Therm17
g
L Therm01 :5 E <
=
Therm10 ~ B A
Creta-1 j
\ [
S.Ionian-B E E
s <
S.Tonian A 2 8 M=
S S
s B A
Therm30_/
60 80 100
% Opowdtnta

Typa 3.1.5: (A) Xapakmpilotikd tpotome, katavoung tav dedopéveov PLFA
oto empavelakd Wwnpata dvo otabudv derypoatoinyiog (ThermO1, S.Ionian A).

(B) Asv3pdypapLio avaAvong KaThTaEng Tov TpoToney Katavopnc tov PLEA.

Ta mo dpbova kKopeouéva Amapd o&eéa Ntav o Ciao, Cis:0, Cie:0 Kot Cis:0 VO TO
mo apbova povoaxopeoto Amapd oféa frav to Cis.p, Cie kot Crg: (Zynua 3.1.5A).
Avtifeta ta molvakopesta Mmapd o&fa NTOv o wWwitepa YOUNAEG TOGOTNTEG
IMAOVOVTOG TNV €AAYLOTN GULVEICEOPAE TOV HKPOELKAPVAOTIKMOV OPYOVIGUAOV GTN
ovotoon TG oLvoMkng Covrovig pkpoflokng kowaviag. Ot GLYKEVIPADGELS
POSEOMTISIOY Kopdvinkay omd 96 éwc 2294 ng g (Enpod Papove KnuaToc;
[Tivoxag 3.1.1) evd ot youniotepes TWEG KaTAYPAENKAV OGTOLS TPES Pobdeic

oT1apovg. Ot TYWEG avTég NTaV oXedOV TPELG POPEG LUKPOTEPES OO OVTIOTOLYES TUYLES
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QPOCEOMTOIOV  d10PopeTiKAV  TePPaArldviov mhavotato Ady® TV UIKPOV
OLYKEVTIPOOE®MV opyavikoy avOpoka (Bowman et al., 2003; Guezennec and Fiala-
Medioni, 1996).

Ta eninedo cvykévipoong tov moAlvokdpestmv Mmapdv offéwv Cy ko Cx
(PUFA), ta onoia xpnotpomolovvtol g dikTeg €0KOAN ATOIKOIOUNGILOV OPYAVIKOD
vAtkod (Bowman et al., 2003), kopdvOnkay a6 28 £oc 165 ng g™ yo toug 5 pyode
otafuovg Tov BOeppaikod Koamov kabBmdg kot yioo OAovg TOovg oTOOUOVE NG
voorokpnmidag g Kpnme. Avtifeta, ot Kotayeypoppéves TIHES TOV TOPOTAVED
o&éwv otovg Pabeig otabuodg tov Notiov loviov kabmg kol 6to Babld otabud ToL
Oeppaikod KoéAmov ntav dwaitepa youniég Kot Kovtd oto 0pto aviyvevong (2.5 — 7.9
ng g IMivoxag 3.1.1). AveEdptnta amd QUTEC TIC HIKPOSIPOPES, TO. TPOTVTOL
KOTOVOUNG T®V ¢Oc@oMTdinv 08 d1épepav Wwaitepa and otadud oe otabuo (Zynuo
3.1.5A). Ermopévemg, n pé€Bodog avaivons katdtaéng opudoTnKe Kol G€ QVTRV TV
TEPIMTOON E GKOTO TO OYWPIOUO TV TEPPAALOVTIKAOV Otypdtov pe Paon t6co
™V ocoTNTO OGO Kot TN 6VOTAoT TV Poo@oMminy (Zynua 3.1.5B). Zouewva pe
TNV OVOALCN QLTH, 1 OHOWOTNTO WETAEL TV GTaOU®V Tov Ogpupoikod KOATOVL
napovctaletar Wiaitepa vymin (95% opodra petald tov otabumv Therm27 kot
Therm38) evd 1 pkpodTEPN KOTOypdAeNKe PETAED TV oTafumv Tov Notiov loviov kot
tov Ogppaikod (31% opowdtnta petaéd tov otabudv S.lonian-B kot Therml7)
Emua 3.1.5B). Ta amoteAéopato g OvAALONG KATATOENG TOV QOCEOATIOI®V
dwywpilouv Tovg otafuovc pe Paorm to PAbog tovg Kot T Ye®YpagiK] Toug Béom
kaBdg ot Babeig otabpoi oto Noto yopaktnpilovrar amd younin pikpofrokn Propdalo
evd ot pryot otabuoi oto Boppd amd vymiég mocodTEG POGEOMTIdIMY (XM o

3.1.5B).

3.1.4 ZUykpLon TOV OQPOPETIKOV NEOOO®V ATOTOTMONS KOl GLGYETION UE TIG
nepfarhovTiKéG TaPapETPOVS
Mivexoeg 3.1.2: Zuvtedeotéc cuoyétiong Spearman pe v aviivon ‘Agvtepov Xtadiov’. O tyég P ko

Rho mapovciaovtar pe mAdylovg YOpaKTiPES.

Yuvreheotic ovoyéTions Spearman / P/ Rho

Avaivon 'Agvtepov Xtadiov’ DGGE T-RFLP PLFA
[epBarrovtcég mapdapetpor  0.617/0.06/0.233 0.546/0.09/0.009 0.755/<0.001/0.511
DGGE 0.760/<0.001/0.519 0.617/0.06/0.233
T-RFLP 0.693/<0.001/0.386
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Mo va g€etdoovpe 10 Pabpd opotdOTNTOS TOV SOPOPETIKMOY HEBOd®V amOTHTWONG
DGGE, T-RFLP kot PLFA peta&d tovg kabog kot pe Tic meptParlovrikég
TOPAUETPOVS YPNOULOTOMGOLE TIC ECOTEPIKEG GVOYETIOEL (inter-matrix correlations)
¢ Paon dedopévav yia TV avdAvor opotdtntog ‘dgvTepov otadiov’ (‘second stage’
analysis of similarity) (ITivokag 3.1.2). H ovoyxétion peta&d tov pedodowv
anotvnwong DGGE kot T-RFLP mov BaciCovtar ommv PCR frav dwitepa vynAn
(0.760, P<0.001; ITivaxag 3.1.2). H péBodoc oamotvmwong PLFA ocvoyetileton
onuovtikd pe tig meptParroviikég mapapétpovg (0.755, P<0.001; IMivakag 3.1.2)
KaBog kot pe ) pébodo T-RFLP (0.693, P<0.001; ITivaxog 3.1.2) evad avtibeta ot
OLGYETIGEIS PHETAED TOV POYEOYNUIKAOV TOPOUETPOV KOl TOV HEBOO®V amoTOTOONG
DGGE xot T-RFLP odev Ntav otatiotikd onpaviikés (0.617, P<0.06 wor 0.540,
P<0.09 avtictovya; [Tivaxag 3.1.2).

MMivexoeg 3.1.3: Xvvontikny mapovsioon tov amotedespudtav e oviivong BIOENV tov pedddmv
amotonwong DGGE, T-RFLP xat PLFA. Ztov wivako mopovctdlovtal emiong ot vynAdtepot

GUVTEAEGTEG GLGYETIONG TG KGBe peBddoL pe TIg TEPPOALOVTIKES TAPAUETPOVG,.

DGGE T-RFLP PLFA
Avaivon 'BIOENV'
Metapinm 1 0pYOVIKOG AVEpaKag — 0pyavikog avOpokos — opyovikog avlpaxag
Mertafint 2 XAWPOYOIAY @ YAWPOQYOAAY O YAWPOPDOAAT
MetofAintn 3 - padbog PLFA
Yymotepog Zuoviehsots 0.747 0.820 0.983
2VGYETIONG

Youpwva pe tovg Clarke kot Ainsworth (1993), ot mepiPailovtikég mapdpeTpot
ypnowonomdnkov o¢ Phon odedopévaov yoo v avéivon BIOENV yopis kopd
nepaltépm Tpomonoinor. O vymAdTepog GLUVTEAECTNG CLGYETIONG Spearman pe To
dedopéva g pebovoov DGGE (R=0.747; Iivokag 3.1.3) mpoékvye yia Ti¢ HETAPANTES
TOL 0PYOVIKOV GvOpaKa Kot TS YA®POQOAAMNG @, evd To PAB0og Kal 11 GLYKEVTPMOON
QPOCPOMTOIOV TPOEKLYOV G EMITAEOV HETAPANTEG omd T xpnon Tov uebddwv T-
RFLP xotw PLFA (ITivakag 3.1.3). Ta arotedéopoto avtd toviCovv T onuocio g
mocOTNTOG KOl OOTNTOG TOV OWBESIHOL OpyaviKod VAMKOL oT1n pvdon Ttov

HIKPOPLOK®V KOVOVIDV.

3.1.5 Zvlntmon
Ta tedevtaio ypovia, €xovv avamtvybel kol epappootel oe €va peydho aplBuod

BoAaocoiov Wnudtov pe oKOmO TN UEAETN TOV WKPOPLOKOV KOWOVIDV, £VOG
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ONUOVTIKOG aptBpog texvik®v mov ¢ Pacifoviat otnv KaAlépyeta. Ot TexVIKES QVTES
dtvouv 10 mAEOVEKTNHO HEAETNG TV PakTnpi®v OV dev UTOpovV v, KaAlepynBodv
HE TIG KAOOOIKEG TEYVIKEG OV KOU OMOTEAOVV €va TOAD HEYAAO TOGOGTO TNG
pucpofrakng kowvoviag (Amann and Ludwig, 2000; Amann et al., 1995; Koizumi et
al., 2003). H epappoyn tov pedddmv amrotintmong Tov HiKpoBloKdv KOmVidVY, 0w
QLTOV TOL YpnolwomomOnkay otnv moapovoo epyoacia, amotedel €vo TOAVTILO
epYOrElo Yoo TN HEAET TV TEPPAALOVIIKOV EMIMTOGEMY OTN GVCTACT TOV
ukpoPfokdv  kowvoviov. O oplBudc tov gpyacudv mov  mepAappdvovv v
TOPAAANAT EQOPLOYT SLUPOPETIKMY TEYVIKAOV OTOTOMONG EIVaL TOAD TEPLOPIGUEVOS
(Balkwill et al., 1998; Bowman et al., 2003; Casamayor et al., 2002; Flynn et al.,
2000; Massana and Jiirgens, 2003; Moeseneder et al., 1999; Muyzer, 1999).

2mv mopovod epyacio, £QOPUOGOLE TPES OLUPOPETIKEG TEYVIKES OMOTLITMONG
DGGE, T-RFLP ka1 PLFA avéivon, pe okomd vo GLYKPIVOLUE TG UIKPOPLOKES
Kowwvieg oe éva peydio aplBpud Wnudtov and v Avatolkn Mecdysio mov
SPEPOLY ®G TTPOG T TEPIPAAAOVTIKA YOPAKTNPIOTIKG TOVE. XTI KOTOVOUEG TV
QPOGEOMTOIOV, 1) HeYoADTEPN a@Hovia TOV LOVOAKOPESTOV MTAP®V 0EEWV, dONAMVEL
OTL TaL aepOPLor gram-apvNTIKA POKTPLO KUPLOPYOVV OTIG LKPOPLUKES KOWVWOVIEG TMV
Unuatov g Avatolkng Mecoyeiov (Guezennec and Fiala-Medioni, 1996). To
OTOTEALEC O, ALTO EIVOL OVOUEVOUEVO OESOUEVOL OTL TaL IKNHOTO. TOV avaAvONKaY 6TV
mopovoo  epyacio. Mtav o&kd pe  dlaitepa LVYNAEG TIHES  0EE00VAY®YTIKOD
duvopkod. Ot GYeTKA YOUNAEG TOGOTNTEG POCPOMTIIIWV TOV KATOYPAPNKAY GTOVS
Babeic otabupovg mbovotato oeeilovior otn younin dobecipudnto OpemTiK®dV
aAdTOV OV YEVIKA YapoakTnpilel Tnv Avatoiikny Mecdyeto (Ignatiades, 1969; Krom
et al., 1991; Tselepides et al., 2000) ka1 oV €€l ®G GLVETELN TNV YOUNAT TPOTOYEVT
TOPOYOYIKOTNTA KO KOTE ETEKTAGT TNV TEPLOPICUEVN OTOONKEVGT) OPYOAVIKOD VAIKOV
ot0 inua. Ot otabuoi tov Oepuaikov KoAmov yoapaxtmpilovior and to puKpd toug
BaBog, TiIc VYNAEG TYES YAWPOPVAANG G KOl OPYOVIKOD AVOPOKO TOV KOTAYPAPNKOV
o€ OYEOM UHE GAAEC TEPLOYEG KO TIG OYETIKA LYNAEG TOCOTNTEG METPEANIKDV
vopoyovavOpakwv. Ta amoteréopoto ™ avaivong DGGE onmidvouv o6tL ot
ppofrakéc kowmvieg avtdv Tov npdtov tov Ospuaikod KoAmov dapépovv and
Oleg T1g aAlec meproyés. Emiong, pe v T-RFLP teyvikn ot téooepig mo Pabeic
otafuol (> 1494 m) EexdbBapa dwywpilovror amd Toug mo pnyovs. O Adyog ylo To
SPOPETIKO ATOTELECLLA TNG OVOAVONG KATATOENG HETAED TV 000 peBddmv dev eivar

npoeovis. Mia mBavn epunveio eivol 1 TEPLOPIGUEVT] OVOAVTIKY KoLl SLO(WPICTIKY
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wavotra g pebddov DGGE mov €xel o¢ amotéAes o T Tapoy@yn HiKpov aptfpov
Covov oge avtiBeon pe 10 peydAo aplBud kopvedv mov gpgoaviCovior ot
ypopatoypoaerpato g texvikng T-RFLP (1.5-8 @opéc peyaidtepoc). Mia devtepn
EVOALOKTIKY] epunveia efvor 1 vynAotepn do®PIoTIKY KavotTe. KoOMG Kot
evatoOnocio. tov opydvov mov eivar efomAopévo pe aviyveutny GOBOPIGHOL Kot
ypnoponoteiton yio v texvikn T-RFLP. H vynAn evoisOnoio tov cuykekpipévov
0pYAVOL €Yl MG AMOTEAECUO TNV aviyvevon pROTLTOV YOUNANS apBoviag mov OUMG
dev glvar duvatd va yivovton opatol pe youvo pdtt oty ankt) DGGE (Moeseneder et
al., 1999).

H avéivon xatdraéng tov eocpoimidiov (PLFA) opadoroince to fabd otaduod
and tov Ogpuaikd Koimo (Therm 30) pe tovg Pabeic otabuovg tov Notiov loviov kot
mg AePavtivng. To amotélecpo ovtd EpYETOl GE GLUEOVIN HE TNV OVOAVOT
KATATOENG TOV TEPIPUAAOVTIKAOV TAPOUETPOV EGOCOV KOl GE LTIV TNV TEPITTMOT| O
ot00uo6g Therm30 opadomoteiton pe toug Pabeic otabupovg tov Notiov loviov, g
AeBavtivng ko g vporokpnmidag e Kpnmg. H opadomoinon avty mbavotarta
OQElAeTOl OTA YOUNAL EMIMESD YAMPOPUAANG @, OPYOUVIKOD (vOPAKO Kol OMK®V
POGEOMTIOIOV TOL PETPHONKAV 6T W LOTA OVTA.

H ovykekpuévn dtapopomoinon mov mapatnprdnke oto otabpd Therm30 wg mpog
Tovg VOAOITOVG oTafuovg Tov Ogpuoikod Koimov miBavotata ogeileton otnv
YEOUOPPOAOYIKT] TOAVTAOKOTNTA Kol Tomoypopio g meproyng (Karageorgis and
Anagnostou, 2001; Poulos et al., 2000). Ta WApato TG SLYKEKPIUEVNG TTEPLOYNS
ATOTEAOLVTAL KUPIOG amd COUOTION TOAD PKPNG SAUETPOL (KVPImg AUCTOING) EVD
060 UETOKIVOOLHOOTE TPOS To AvatoAlkd (otabudc Therm30) n meplektikdTTa o€
YOVIPOKOKKO VAIKO av&avetonl kol 1 GUPOG amoTeEAEl TO KUPLOPYO GLOTATIKO TMOV
Unuatov (> 70 %) to omola eivor mhovolo oe Papéa pétarioa (Karageorgis and
Anagnostou, 2001).

H voeoroxkpnmidoa g Kpnmg, yopokmpiletor emiong oamd  moAOmTAOKM
yveopopeoroyio kot kvpiapyeg vopoypoewkéc ovvOnkeg (Chronis et al., 2000;
Tselepides et al., 2000). O otoBuog Creta-1 Bpiokeror oTnv apyn g VEAAOKPNTISOG
evd ot otabpoi Creta-2 ko Creta-3 Bpiokovtor oty andtoun mAayld kot ot Pdon
™ vearokpnmidog, avtictoya. O otabuog Creta-3, emiong, Adym g TOMOYpPOPiag
TOL &lval GYETIKA OmOpaKPLGUEVOS omd yepoaieg emppoés (Chronis et al., 2000;
Gogou et al., 2000; Tselepides et al., 2000). H kvkAoopia tov vodtov cto Kpntwkd

[Térayog yopaknpiletor amd TV mopovcio €vOg OMOAOL (e OVTIKUKAGDVO oTo
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Avtikd Kot KukA®va ota Avatolkd) to omoio Aettovpysl coav oviAia yio T
petapopd Pabvtepov oTpOUATOV VEPOL TPOS TNV empdveld. Tavtdypova, ot
BoAdooleg ovtéc paleg petagépovtal mpog TV veorokpnmida e Kpntmg kot
emnpealovv T1c PevOikég Kovwvieg katd T O1GpKEW TOV KOAOKOPLOU (TnV €moym|
omov ta delypata cuAléyOnkav) (Balopoulos et al., 1999; Tselepides et al., 2000). Ot
YE@YPOPIKES OPOPESG TOV TPL®V oTtalfudv g veorokpnmidag g Kpnme oe
oLVOLAGUO LE TOL TOADTAOKE VOPOYPOUPIKE PALVOUEVO TTOL ETIKPATOVY GTNV TEPLOYN
(Tselepides et al., 2000), pmopovV va €ENYHGOLYV TV TOPATPOVUEVT] SKVLLOVOT GTY|
oLOTACT TOV UIKPOPLoKdV Kovoviov (Zynupata 3.1.3, 3.1.4, 3.1.5) aveEdpmra and
TNV TEPLOPIGUEVN YEOYPOPIKT KaTAVOUn avtodv Tov otofudv (Zynua 3.1.1). Ta
armoteAéopato TV UeBOO®V avaivong KotdtoEne TO60 TV PloyE@YMUK®OV
TAPOUETPOV OGO KOl TOV GUYKEVIPMOGE®MV TOV QOCEOMTIWI®V ToTofeTovv OAoVvg
T0Vg otafpovs g vearokpnmidag g Kpnmg pali pe tovg mapdxtiong otadpods
Tov Ogppaikov Koimov. Avtibeta n avaivon DGGE opadomolel Toug otabpovg g
Kpnmg pe tovg otabuovg tov Notiov loviov kot tg Agfavtivng. Dvokd, oev
UTOPOVLE VO ATOKAEIGOVE TO €VOEXOUEVO M €mOYN TNG OtypatoAnyiog va moilet
ONUOVTIKO pOAO OTN KATOVOUN TOV HIKPOPLOKOV KOW®VIOV KaB®G emiong Kot oTig
OWKVUAVOELS TV PBLOYNUIKOV — YOpAKTNPOTIKOV TV nudtov. Evtodtowg, o
mopdyovtag emoyn Oc Oewpeitor 1010TEPA CNUAVTIKOS OTIS TEPUTTAOGELS TOV Pabidv
otafumv g AegPavtivng, tov Notiov loviov kot g vearokpnmidag ™ Kpnng
(xewmvag) kabag kot oto pnyd otabpd e Kpnmge (kahokaipt).

Ot oVVTELEDTES GLGYETIONG TTOV VTOAOYioTNKAV pE TN péBodo avdrvong BIOENV
Nrav witepo vynAol dnAdvovtoag 0Tt ot pkpofrokég Kowvmvieg cvoyetilovrot
ONUOVTIKA pe TIG petpovpeveg mepiBarioviikés mapapétpovs (IMivaxag 3.1.3).
Meta&d avtdv, 0 GLVOVAGHOS TOV EMTESDV OPYOVIKOD AvOpaKo Kot YA®POPUAANG a
eoaivetor 0Tt mailel T0 péyioto polo otn pOOUoN TV POKTNPLOKOV KOWVOVIDV
EPOCOV OAEG Ol OLPOPETIKES TEYVIKEG OMOTOTTOGONG ToPoLGialov TS LYNAOTEPES
OLOYETIOES OTAV Ol TEPIPUALOVTIKEG TOPAUETPOL TEPIAAUPAVOVTAY GTNV avAAvoT).
Emumiéov 10 PaBoc (T-RFLP) ko m pkpoPuokn Propdlo (PLFA) ¢aivetor va
GLVEICQEPOVY KOTA Eva Pabid otny pubuion TV BakTNPaK®OV KOWVOVIDV.

OAec o1 péhodot amotumOoNS TOv £QPAPUOLOVTAL MG TOPO Yo TNV UEAETN TOV
HUIKPOPLOK®V KOWOVIOV £YOVV KOl TO HELOVEKTNUOTE TOVS OVOQOPIKE HE TNV
aviyvevon OA®V TOV GLOTUTIK®V TOL VLTAPYOLV OTIG TOAVTAOKES PoKTNPlokég

Kowwvieg ot @vorn. Me v mapovca gpyacia, dsiape Tt 1 xpnon piog Kot povo
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TEYVIKNG AMOTOTMOONG Y10 TV CLUYKPITIKT LEAETN TV BOKTNPLOK®OV KOWVOVIOV UETAED
SPOPETIK®OV NUATOV glval OVETAPKNG EPOGOV OAPOPETIKES TEXVIKES UTOPOVV Vi
dMOOVV KOl OPOPETIKA amoteAéopata. Agv pmopodpe va movue pe Pefordtnra oo
amd TG TEXVIKES Tov gpapudcape otnv mapovcoa epyacio (DGGE, T-RFLP, PLFA)
AmOTEAEL TNV MO OCEOAY, AVOT Yoo TNV TEPLYPOPN TOAOTAOK®V PevOikmv
Baktnpuokdv kowvovidv. Eviovtoic oeifope 01t M mopdAAnAn  epoppoyn
OLLPOPETIKMOV  TEYVIKOV UTOPEL VO TPOCPEPEL TOAVTIHES KOl TO  OCQPOAEIQ

TANPOQOPIES 6T HEAETN TG GVGTACNG TOV UIKPOPLOKADV KOVOVIDV.
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KE®AAAIO 3. Anoteréopato Kot Xoltnon

3.2 Mciétn TS 6UGTUGNC TOV MKPOPLOKOV KOW®OVIAV IE 0VAAVGY] TOV YOVIOiov
16S rRNA

YKOTOG TNG CLYKEKPIUEVNG EPYACTiag NTav 1 HEAETN TNG cVOTAONG TOV POKTNPLUK®V
KOWQOVIOV UE TNV Kataokevn BiAtodnkadv khavov tov yovidiov 16S rRNA. Me Bdon
TO, ATOTEAECUATO TNG TPOoNyovuevng epyaciog emAéyOnkav ot otabuoi ThermOl,
Therm30, Creta-1 kot S.Ionian-A (Zynuo 3.2.1). ZOp@ova [Le To. OTOTEAEGUOTO TOV
teyvikov omotvnwong DGGE, T-RFLP kot PLFA ou mepoyég tov ®Ogpuaikov
KoAmov, tov Nortiov Ioviov kot g vearokpnmidoc g Kpnmg mapovoidlovv
dlpopomoinon oe OTL APopPA TN LKPOPLaKT) TOLG GVOTACT EVA Ol 6TAOLOT EVIOS TOV
Oeppaikov KoAnov (ThermO1 ko Therm30) eivar apketd opotot. Ot tekevtaiot 600
otofpol emAéyOniay yo va emPefaiwbovv To amoTEAEGHOTO OUOOTNTAG HETAED TOV

otafumv tov Oeppaikov Koirov tov Keparaiov 3.1.
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Xympa 3.2.1: Xéptng otobudv detypotoinyiog.
3.2.1 I'evika
Ot otaBpoi mov emA&yOnkav yoo TN GLYKEKPLUEVN] UEAETN TOPOLGLALOVV TOAAES
APOopES oTIG TEPIPAAAOVTIKES TOPAUETPOVS TOVG (Zynpa 3.2.1; TTivaxeg 3.2.1, 3.2.2).

Ta BéON tov otabuov derypatoinyiog kopaivovror amd 30-100 m yio Tov Ogppoixkod
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Koino xor v veorokpnmidoa g Kpnmg eved 1o detypo amd 1o Notio Iovio
ocLALEYONKe amd o PABog TV 2790 m. Ot GLYKEVIPOGELS YAMPOPOAANG ¢, OPYAVIKOV
dvBpoaxka, metpelaik®v vopoyovoavOpakwv (H/C) kot k-aikaviov ftov vymAdtepeg
610 61afpd ThermO1 (7.68 pg g, 1.47 %, 17.86 pg g won 3.31 pg g avrictouya)
evd ol youmAdTepeg TéG Kotayphenkay otov otafud Creta-1 (0.32 pug g, 0.45 %,
0.67 ng g xar 0.15 pug g, avtiotora) (ivakag 3.2.1).

Mivaxoeg 3.2.1: Tlepiforioviikol TopdpeTpot Tov otafumv detypotoinyiog.

Therm01 Therm30 Cretal S.Ionian

Heproyn Beppaikog Koamog Oeppaixog Koimog Kpntiko [Téhayog Noto I6vio
Xapaktnpiopdg PNXOG HEGOTPOPOG  PNYXOG LEGOTPOPOG  PNYOG 0ALYOTPOoPog  Bafidg olrydTpopog
Xhopogviin-a (ng g”) 7.68 £2.75 1.22+£0.07 0.32+£0.06 0.05 +0.001
Opyovikog avOpaxag (%) 1.47+0.12 0.53 £0.04 0.45 +£0.06 0.79 £0.07
Metperaikoi H/C (ng g™) 17.86 1.52 0.67 1.92
K-ohkavia (pg g™) 3.31 0.39 0.15 0.65
pocpolmidw (g g”) 2.26 0.22 0.62 0.13

3.2.2 To&wvopikéc opdoeg Kot 1) KOTAVOUT] TOVS

Mivakag 3.2.2: ZOykpon peto&d tov apfuod tev KAdvev, tov appod Tov QLAOTITOV, NG
eXTIL®pEVTG apboviag g oAAndovyiag Kot TG KGALVYNG peydiwnv PBiprodnkdv kiovov 16S rDNA
v Baktipra wnpdrov. Ta Badn tov nudtov, o aplipdc Tov S10popeTikdV detyLdTmV, 1| dladikacia
arotonwong RFLP, n agpbovia tov edmv Chao-1 kot 1 kdAvyn tov Biiodnkedv topovsidlovtat
otov mivaka. H xéivyn vmoroylotnke dwpdviag tov aptBud tev HovadIKOV @LAOTUTOV TOL
Bpébnkav pe v teyvik] RFLP mpog tov ohikd opBpd apboviog €00V TOv VTOAOYIOTNKE HE TN

dwadikaocio Chao-1.
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Topovoa ueiétn
Oeppaikog Koiwoc-Therm01 30m 1 94 80 Hhal/Haelll 440 18.2 napovsa HERETN
Ozppaikéc Koiwoc-Therm30 86 m 1 190 165 Hhal/Haelll 958 17.2 Topovoo LEAETN
Kpntko IL.-Cretal 100 m 1 190 152 Hhal/Haelll 478 31.8 nopodoo LEAETN
Notio I6vio-S.Tonian 2790 m 1 190 171 Hhal/Haelll 1306 13.1 napovsa HERETN
Tponyovueves ueléteg
Continental Shelf, Antarctica 761 m 3 1046 496 - 4350 ~22.6-35.6 Bowman, 2003
E. Antarctica, Vestfolds Hills TOPAKTIOL 6 555 202 Ncil/Rsal/Hinfl - ~15-36 Bowman, 2000
Arctic Ocean, Spitsbergen TOPAKTIOL 1 353 140 Haelll - 71.95 Ravenschlag, 1999
Deep Sea sediments 1159-6379m 7 149 75 Rsal/Mspl - - Li, 1999
French Guiana, S. America TOPAKTIOL 1 96 63  Hinfl/Haelll/Ddel/Hhal - - Madrid, 2001
Sagami Bay, Japan 1159 m 1 77 57 Hhal/Rsal/Haelll ~126 45 Urakawa, 1999
Sagami Bay, Japan 1516 m 1 62 17 Hhal/Rsal/Haelll ~21 84 Urakawa, 1999
Tokyo Bay, Japan 43 m 1 58 21 Hhal/Rsal/Haelll ~29 74 Urakawa, 1999

Kot ot téooepig Paxtnplaxéc Piprodnkeg kKhovov 16S rDNA yapaxtnpilovior amd

VYNA]  TOWKIAOTNTO KOl TEPIAAUPAVOLV  VOUKAEOTIOWKEG  aAAnAovyies oTEVA
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OLVOEOEUEVEG LIE TIC TTO YVOOTES KAUGELG KOl TO O Stodedopéva UAO OV EXOLV
avaeepBel ota Wnpota (Ilivakag 3.2.3). Meta&o tov 207 Bakmmplaxkov 16S rDNA
aAAnAovyldv mov  ypnowomomdnkov yw  @vAoyeveTkn] avdivon, 10 37%
nopovciocay  92% opowdtnta pe  PokTnplokd  GTEAEYN TOL  UTOPOVV V.
KaAlepynBovv. Ot vmorowmor 131 Khdvor dev cuvoéoviav GTevd He PokTnplokd
OTEAEYN TOL WUTOPOVV Vo KaAAlepynBovv oto gpyactipo (< 97% opotdtnta
aAnlovyiov). H ovykpion tov 207 adlinlovyiov avd (evyn £€0eie vymAin
etepoyéveln Kobmg 153 amd Tic aAdnhovyies eppdvicav opowdtnto < 86% pe
omotadnmote and Tig 206 aAAnAovyieg 1 [e OMOWONTOTE OO TIG AAANAOLYIEG TTOV
&yovv dnuoctevtel ot Paon dedopévov Genbank. H @uAoyevetikn avaivon €deiée
OTL N TAgloyMoio TV aAAnAovyiov opadoroovviay Kuping pe Gamma-, Alpha-, Koa
Delta- Proteobacteria, Holophaga / Acidobacteria, Planctomycetales, Actinobacteria,
Bacteroidetes, Verrucomicrobia kafdg kot pe v vmoynola opddo OP8 (candidate
division OP8). Emiong, évoc meplopiopévog apluodg khavav (<4 ovd opddo) Moy
oTeEVA ovvoedenévog e Betaproteobacteria, Nitrospirae, Chloroflexi (green non
sulfur bacteria), Spirochaetales, Chlamydiae, Firmicutes Ko e TNV vroynelo opdoo
OPI11 (candidate division OP11). E@td xA®vot dev cuvvdéovtav pe Kopio omd Tig
YVOOTEG Baktnprokés opdoes (Zynua 3.2.2).

Mivaxog 3.2.3: Katavour tov 16S rDNA ¢uiotomev v 116 Bipiodnkeg kiovov tov nudtov
Therm01, Therm30, Cretal kot S.Ionian ka1 vroAoyiopoi yio OAn v Avatoliky Mecoyeto.

% @LAOTUT®V oTIS BPA0ONKES KADVOV VTOAOYIGHOL Yo OAEC TIC BiBAobnKeg
Taéwvouikés opdoes Therm01 Therm30 Cretal S.lonian Avatolkr Meodyetog
Beta- Gamma- Proteobacteria 31.7 28.9 36.7 20.0 29.5
Deltaproteobacteria 23.8 17.8 12.2 12.0 16.9
Acidobacteria 11.1 15.6 12.2 24.0 15.5
Planctomycetes 7.9 13.3 10.2 14.0 11.1
Alphaproteobacteria 32 8.9 8.2 4.0 5.8
Bacteroidetes 4.8 44 2.0 2.0 34
Actinobacteria 32 4.4 2.0 4.0 34
Verrucomicrobia 0.0 22 6.1 4.0 29
Green nonsulfur bacteria 32 0.0 0.0 4.0 1.9
Nitrospira 0.0 0.0 6.1 2.0 1.9
Chlamydiae 0.0 2.2 2.0 0.0 1.0
Firmicutes 1.6 0.0 0.0 0.0 0.5
Spirochaetes 1.6 0.0 0.0 0.0 0.5
OPS8 group 1.6 0.0 2.0 2.0 1.5
OP11 group 32 0.0 0.0 0.0 1.0
Nonaffiliated groups 32 22 0.0 8.0 3.4

Ta Gammaproteobacteria Mtav ta mwo aeBova petald Kol TOV TEGCAP®V
Biprodnkav Khovev avtimpoconevovtag to 31.7, 28.9, 36.7 kot 20% tov cuvoikol
apOpod tov KAovev yu tig Bifaobnkec Therm01, Therm30, Cretal xou S.Ionian,

avtiotoyo (ITivaxoag 3.2.3). 13 oAAniovyieg ouvoéoviav OTEVE HE YVOOTES

KEDAAAIO 3.2. Zvotoon kot ToKIAGTNTO LIKPOPLOKOV KOWVOVIDV 49



(QUAOYEVETIKEG OUAOEG IOV TEPLEYOVY OVTUTPOSMITOVS HE dUVOATOTNTO KOAMEPYELOG
o010 gpyaotplo Oonwg Thioalcalovibrio, Legionellales, Thiotrichales, Chromatium,
Pseudoalteromonas xow  Pseudomonadales (Zynpo 3.2.2). 27 aAinAovyieg
OLadOTOLOVVTAY GE OUAdES e GALES adAnlovyieg mov mponABay pe peBddoVG OV deV
Baciovtar otig kKoAMépyeleg (Zymua 3.2.2; IMivaxog 3.2.3). AAAnAovyieg mov
OLVOEOVTOV GTEVE LE TIG PLAOYEVETIKEG Opddeg Legionellales kon Pseudoalteromonas
Bpédnkav povo ot PpAodnkn amd v veorokpnmida g Kpnme, eved ot opdoeg
Thioalcalovibrio xon Chromatium Bpédnkov povo ot Piprodnkn kiaveov Therm30.
H Biprodnkn kKhovev mov katackevdotke and to Babd otabud tov Notiov loviov
dev mepielye aAAnAovyieg oTeEVE GUVOEEUEVEG LUE YVMOOTES PLAOYEVETIKES OUAOEG TTOV
TEPLEYOVV  OVTITPOCHOTOVS UE OVVOTOTNTO KOAMEPYEWNS OTO gpyacTiplo (Zynua
3.2.2). Ouv aAknrovyieg mov oupadomowovvtav pe Thioalcalovibrio Mtav otevd
ouvoedepéveg e o Yvootd Pakmnplaxd otedéyn Thioalcalovibrio denitrificans kou
Thioalcalovibrio versutus mov daB€Tovv TV IKavoOTNTA Vo 0Eeddvovy Bgio (sulfur-
oxidizers). Emiong ot aAAniovyieg mov cuvdéoviav HE TNV (QLAOYEVETIKN] OUAOW
Legionellales x0Bmg ko pe v opdda BPCO022 oyetiovion pe arAnAovyieg mov
npoépyovtay and Wnuata thovota oe VOpoyovavipakes (ZyMqua 3.2.2). Ta péAn g
opdoag Thiotrichales cvuvoéovtav otevd pe 1o Poaktnplokd otéheyoc Beggiatoa sp.,
EVO LOVO £Vag KADVOS avike otnv opdda Betaproteobacteria (Zynpo 3.2.2).

‘Eva. mocootd 16.9% 1tov klovov ovuvoedtav otevd pe TV opddo
Deltaproteobacteria ko opadonoovtay kvping oe 4 owoyéveleg (Desulfobulbaceae,
Bdellovibrionaceae, Polyangiaceae «ov Desulfobacteraceae) mov mepLEyovv
AVTIPOSAOTOVS pe dvvatdtnto KaAMépyelag (Zynua 3.2.2; Ilivakag 3.2.3). Tpeig
aAAnAovyieg Tov MoV 6TEVE GLVOEdEUEVES LETAED TOVG amd TV PipAodrkn ThermO1
avayvopiotkov ¢ Deltaproteobacteria al\d dev cvvdéoviov oTeEVAL pPe Kopio
YVOOTH QUAOYEVETIKY opddo. Xpnowomolidviag T Pdaon dedopéveov Genbank
Bpnkape 6t 0 mO cvyyevng ekmpdcmnog (94% opoldtnTa) NTaV 0 AKOAMEPYNTOGC
KAovog Deltaproteobacterium Sva0103 mov €xel mpoéAber amd PiAodnkn nuatog
¢ Apkrtikng (Phillips et al., 1999). Mia opdda (Creta/S.Ionian) mopoatnpr|Onke péoa
oV eVAoyeveTikn opdda Bdellovibrionaceae e opoldtra HeTa&d TV OAANAOLYUOV
93%. Tpeig emmAéov opdoeg pe OHOIOTNTEG UETOED TOV OAANAOLYLOV UEYOAVTEPES
and 86% (Therm30/S.Ionian A, Therm30/S.Ionian B, NB1) nopatnpndnkav emiong
va oyetiCovtor pe Tic uAoyevetikég opdoeg Polyangiaceae ko Desulfobacteraceae

(Zympa 3.2.2; Tlivakag 3.2.3).
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beta proteobacterium, AF063633 i
A L Cretal-H10, AY534019 | Betaproteobacteria

e sulfur-oxidizing bacterium, AF170423
Therm30-E07, AY533984 .
S.lonian-FO1, AY534017 | Therm30/S.lonian
S.lonian-H04, AY534004
sulfur-oxidizing bacterium, AF170421

Therm30-G07, AY533988

Thioalcalovibrio denitrifucans, AF126545] Thioalcalovibrio

Thioalcalovibrio versutus, AF126546
Cretal-H12, AY534008
Cretal-A10, AY533993 Legionellales
hydrocarbon seep bacterium, AF154087
Therm01-43, AY533967
Therm01-85, AY533977
Beggiatoa sp. AF064543 R
Cretal-E11, AY533997 Beggiatoa | |MOtrichales
Cretal-HO5, AY534005
92 Therm30-H08, AY533990

Solemya occidentalis gill symbionts, U41049
Dechloromarinus chlorophilus, AF170359
Escarpia spicata endosymbiont, AF165909

Thyasira flexuosa gill symbiont, L01575
Therm01-40, AY533966
Cretal-F08, AY533999
Therm30-F09, AY533986
Therm01-3, AY533960
Cretal-E09, AY533996
Therm30-A12, AY533981 Therm/Cretal A
Therm01-96, AY533978
Therm01-72, AY533975
Therm01-56, AY533970
ThermO1-71, AY533974
Therm30-F11, AY533987
purple sulfur, AJ01149 .
Halochromatium salexigens, X98597 | Chromatium
phototrophic bacterium, X93472
Cretal-E07, AY533995
Cretal-F10, AY534000 Pseudoalteromonas
oligotrophic bacterium KI89C, AB022713
Therm01-66, AY533973
Cretal-A09, AY533992
Therm30-E11, AY533985 ] Therm/Cretal B
Therm30-C09, AY533983
gamma proteobacterium, U70702 | Therm A
Therm01-55, AY533969
Pseudomonas group, AF102866 Pseudomonadales

Microbulbus hydrolyticus, U58338
Pseudomonas elongata, AB021363

Therm01-35, AY533965

95 S.lonian-G06, AY534016
4'_7,_7 Cretal-G09, AT534002
S.lonian-G04, AY534015

Cretal-B09, AY533994 BPC022
Cretal-H11, AY534007
Cretal-HO7, AY534006
54 hydrocarbon seep bacterium BPC022, AF154086

Cretal-G12, AY534003

 E— Cretal-H04, AY534004
gamma proteobacterium, AB015547
Cretal-G08, AY534001
Therm30-A10, AY533980
ThermO01-25, AY533963
Cretal-E12, AY533998 | Therm/Creta/lonian
S.lonian-C05, AY534012
S.lonian-B06, AY534011
S.lonian-E01, AY534013
S.lonian-HO6, AY534018
Therm30-H10, AY533991
S.lonian-A06, AY534009
Therm01-32, AY533964
Therm30-A08, Av5a3are | 1nerm B
Therm01-57, AY533971
Therm01-53, AY533968
Therm30-G10, AY533989
Therm30-B09, AY533982
ThermO01-15, AY533962
gamma proteob Sva0115, AJ240974
S.lonian-A10, AY534010
Therm01-2, AY533959
Therm01-60, AY533972
0.1 Therm01-13, AY533961

' Therm01-83, AY533976

Tyqpna 3.2.2: Qvioyevetikd dévipo péyiotng mbavotntog 16S rDNA 6mov gaivovtan ot Bécelg tov

100
— 99

82

65

94

69

93

71

96

86
93
87

Therm30/Cretal

73

96

96

79

euAoTOTOV OV cvvdéovtar pue A) Beta- ko Gamma- Proteobacteria, B) Deltaproteobacteria, C)
Alphaproteobacteria, D) Holophaga/Acidobacteria, E) Planctomycetales xoir F) Green nonsulfur
bacteria, Firmicutes, Spirochaetales, Actinobacteria, Nitrospirae, Bacteroidetes, Chlamydiae,
Verrucomicrobia, tig vmoynoieg opddeg OP8 and OP11 tov Pifrodikev «hdveov (ThermOl1,
Therm30, Cretal kot S.Ionian) mov kotookevdotnKov and WRpata g Avotolkng Mecoyeiov. Ot
TIWES oTIG SKAASMOES dNAdVOUY TNV avtoduvopic tev opddmv. Tyég kdto tov 50% dev
mapovctdlovtal oto oynua. H avoroyio 0.1 dnidver 10% dwapopd vovkieotdiov ava pia 0éon 16S

rRNA.
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B ThermO01-4, AY533924 -
100 | [Therm01-77, AY533933 | unaffiliated Delta
rTherm01-9, AY533925
hydrocarbon seep bacterium, AF154090
Desulfocapsa sulfoexigens, Y13672
sulfate-reducing bacterium, AJ389626 [Desulfobulbaceae
Desulfofustis glycolicus, X99707
Therm01-23, AY533926
Therm01-48, AY533930
Desulfovibrio desulfuricans, AF098671
Bdellovibrio bacteriovorus, AF148941
Cretal-B11, AY533947 ihri
Cretal-C11, AY533950 ] Creta/S.lonian Bdellovibrionaceae
S.lonian-G01, AY533956 .
Therm01-C05, AY533935
Myxococcales str. NOSO-1, AJ233948
Cretal-F09, AY533951
CTondromyceﬁ clrocatus, M94275
Poluangium cellulosum, M94282 .
Cretal-H02, AY533952 Polyangiaceae
myxobacterium SHI-1, AB016469
Nannocystis exedens, AJ233946
ThermO01-34, AY533927
Y Therm01-80, AY533934
Cretal-C07, AY533948
95 Therm30-H09, AY533946 X
S.lonian-A02, AY533953 (Therm30/S.lonian A
S.lonian-E02, AY533954
S.lonian-G02, AY533957
Green Bay ferr. micronodule bact. MND4, AF293008
S.lonian-E06, AY533955

99

99|

86

100

85

80

Delta proteobacterium NB1-1, AB013830
Cretal-C09, AY533949
Therm30-D07, AY533941 NB1
Therm01-D09, AY533937
Therm30-F10, AY533944 —
hydrocarbon seep bacterium, AF154096
Therm30-D12, AY533942
96 benzene miner. consort. clone SB-21, AF029045
hydrocarbon seep bacterium GCA017, AF154102
Therm30-H07, AY533945
sulfate-reducing bacterium, AJO12596
Desurllfobacterium indolicum, AJ237607
Therm30-B10, AY533940
ThermO01-67, AY533932 Desulfobacteraceae
Delta proteobacterium Sva0863, AJ240977
Therm01-47, AY533929
Therm01-D11, AY533938
ThermO01-65, AY533931
09 benzene miner. consort. clone SB-29, AF029047
Therm01-42, AY533928
Therm01-D06, AY533936 _

91 76

92

99

99

0.1

S.lonian-D04, AY533922
S.lonian-F05, AY533923
Cretal-E10, AY533919
Cretal-F12, AY533920 Therm30/Cretal A Rhodovobrio
Therm30-A07, AY533914

60 RdvSodom, Rodovibrio sodomensis, M59072

Therm30-F08, AY533917

magnetite-containing magnetic coccus, L06455
Rhodospirillum rubrum, X87278

alpha proteobacterium, AB015245

T St s Temancin e

Rhodopseudomonas sp., D14426

Cretal-D12, AY533918
Rhodobacteraceae
hydrothermal vent strain NF18, AF254107.

ThermO01-6, AY533912 hvi
Methylocystaceae
type Il methanotroph AML-A3, AF177298 yloey

65

78

Hyphomicrobium hollandicum, Y14303

Therm01-52, AY533913 . .
. i . Hyphomicrobiaceae
Pedomicrobium manganicum, X97691

Therm30-C12, AY533915

84

0.1

Xyfqpna 3.2.2: Zuvéyeto.

h
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|
1
1
1
1
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|
1
1
1
1
i
1

Olavius loisae endosymbiont, AF104474 | Rhodospirillaceae
|
|
I
1
1
1
1
|
I
1
1
1
1
|
1
1

roteobacteria

Delt

Alphaproteobacteria

KEDAAAIO 3.2. Zvotoon kot ToKIAGTNTO LIKPOPLOKOV KOWVOVIDV

52



D —uncultured archaeon, AF419649
99 Therm30-D11, AY533891
Acidobacterium group OPB3, AF027004
100 | sponge symbiont PAUC26f, AF186410
S.lonian-A04, AY533900
S.lonian-A05, AY533901
Cretal-H03, AY533898
hydrocarbon seep bacterium, AF154083
Therm01-39, AY533883
Therm01-18, AY533880
Therm01-D02, AY533885
S.lonian-C06, AY533906
S.lonian-A08, AY533902 Therm01/S.lonian
S.lonian-C02, AY533904
S.lonian-G05, AY5339211
S.lonian-F04, AY533909
S.lonian-D05, AY533907
hydrocarbon seep bacterium BPC066, AF154095
Therm30-H12, AY533893
hydrocarbon seep bacterium, AF154085
100 soil bacterium, AF013527
Therm30-A11, AY533887
uncultured sludge bacterium A22, AF234701
Ebctr_4, Eubacteria, Z95729
Therm30-B12, AY533889
hydrothermal vent eubacterium PVB OTU 9A, U15118
Holophaga/Acidobacterium Sva0450, AJ240998
Therm01-27, AY533882
Cretal-E08, AY533897
Ther|m3tg)-Galjl, A:jYElS)33892
Holophaga/Acidobacterium Sva0725, AJ241003 i
S.lonian-C01, AY533903 Therm30/S.lonian A
S.lonian-E05, AY533908
Cretal-D10, AY533896
Cretal-H06, AY533899
Therm30-C08, AY533890
Cretal-B08, AY533895
S.lonian-C04, AY533905
Cretal-Al12, AY533894
S.lonian-G03, AY533910 ;
Therm30-B11, Ay53388g_| | "€/M30/S.lonian B
Holophaga/Acidobacterium Sva0515, AJ241004
Therm01-22, AY533881
Therm01-49, AY533884
Therm01-E01, AY533886

E —————uncultured archaeon, AF419649
100 gsis.lonian-BOL AY534081
I Planctomycetes Sva0503, AJ241009
86 Cretal-B12, AY534076
Cretal-A08, AY534075
72 Therm01-C06, AY534067. ThermO1/Cretal
S.lonian-D01, AY534082
90 S.lonian-D03, AY534083
95 Therm30-H11, AY534074
anoxic biofilm clone Pla2-19, AF202661
Candidatus ‘Brocardia anammoxidants’, AF375994
uncultured anoxic sludge bacterium KU1, AB054006

99 Planctomyces sp., X81952
S.lonian-HO03, AY534086
Cretal-H09, AY534079

ThermO01-28, AY534064 DSP26

Therm01-C04, AY534066
hydrocarbon seep bac.BPC061, AF154092
S.lonian-A07, AY534080
S.lonian-F03, AY534084
Pirellula sp., X81947
Cretal-C08, AY534077
Therm30-E09, AY534071
planctomycete str.529, AJ231169
Pirellula clone 6N14, AF029078
Therm30-E08, AY534070
Therm30-E10, AY534072

S.lonian-FO6, AY534085 ] Therm30/S.Ionian

96

99

87|

Therm30-G08, AY534073
planctomycete str. 535, AJ231176
Cretal-D11,AY534078
ThermO01-86, AY534065
Therm01-HO2, AY534068
Pirellula clone 6013, AF029077
clone HstpL8, AF159639
Therm30-A08, AY534069

0.1 94

Xyfqpna 3.2.2: Zuvéyeto.

Holophaga / Acidobacteria

Planctomycetes
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F —— uncultured archaeon, AF419649
candidate division OP11, AF047573
Therm01-89, AY534053 i| OP11 group
Therm01-HO5, AY534056
S.lonian-Al1, AY534050
va sporlljge symblgnt WS52f, :5115846&147
rocarbon seep bacterium,
green non- sulfupbacterlum AF027043 Green non-sulfur
benzene miner. consort. clone SB-34, AF029049 |GNS
S.lonian-C03, AY534051
Therm01-59, AY534048
Therm01-E11, AY534049

100

Bacillus benzeovorans, X60611 e H
o 71 Therm01-14, AvY534020 ]Flrmlcutes / Bacillales
Therm01-B12, AY534020
candidate div. clone OPB40, AF027047 Spirochaetes / Spirochaetales

54

Treponema species, M59179

Microth i pAGaIa, X007 T4 3

icrothrix parvicella
Therm01-41, AY534023 |Acidimicrobiales
S.Ionian-A03, AY534027
Therm30-G09, AY534025 . )
actinomycete OCS155, AF001652 . Actinobacteria
Cretal-D07, AY534026 Actlnomycetales
Therm30-F12, AY534024

high G+C gram-| posmve AJ241019
Therm01-26, AY534023
Nitrospina graC|I|s L35504
candidate division, AF027067 :
Cretal-ALl, AY534029 Magnetobacterium/
Magnetobacterium bavarium, X71838 _| Thermosulfovibrio
Leptospirillum ferrooxidans, X72852 . .
S.lonian-H02, AY534032 Nmosglra
Green Bay ferr. micronodule bact., AF293010 Ni n
Cretal-G10, AY534031 itrospira
Cretal-C10, AY534030
Nitrospira marina, L35501
99 Cytopha asp AB015543 ] . TTTTTTTTTTTTTTTTTTTTA
aloph ic eubac EHB, AJ133744|Sphingobacteria A

S. IIonlban -E03, AY534039

Flexibacter aggregans, M64628
Cytophaga Sgpg 330155 ]Sphlngobacterla B
Therm30-C07, AY534036
Cretal-G11, AY534038
Saprospira grandis, M58795

Cytophaga 65D11, AF245038
Lewinella cohaerens, AF039292
Therm01-D08, AY534035
uncultured Cytopha ales, AF354619
Cytophaga sp., AB| 15262

Flavobacterium SRH ABO175 } Flavobacteria
W17

[
100

94

61

98

39_ 99

Cytophaga/
lavobacterium/

99 E
Bacteroides

marine psychrophile SW17 AF001368
Therm30-F07, AY534 037
ThermOl 12, AY534033
Therm01-A12, AY534034

98
Therm30-D09, AY534057 -
—{ E S.lonian-D02, AY534061 ] Unaffiliated A
S.lonian-F02, AY534063

Cretal-B07, AY534058
i S.lonian-A09, AY534059 [OP8 Group
Therm01-68, AY534052
e

erm ili

S.lonian-B04, AY534060 Unaffiliated B
100 S.lonian-D06, AY534062 —————

Therm30-BO7, AY534040 . .
Cretal-B10, AY534041 i Chlamydia
Waddlia chondrophila, AF042496 .
S.lonian-B05, AY534047
Cretal-D09, AY534044
gncuIturegs\/errucgng)icgobia, AY028219
retal-D08, AY53404. . .

uncultured Verrucomicrobia, AY028220 w
Therm30-C11, AY534042
Cretal-G07, AY534045
S.lonian-B02, AY534046

95

0.1

Xyfqpa 3.2.2: Zuvéyewn

Ot oAniovyieg mOL  OMOOOTOOVVIOL HE TNV QUAOYEVETIKY]  OHAOW
Desulfobulbaceae cvvdéoviav otevd pe  Paxtipl  TOL  TPOEPYOVTAV  Omd
nepPdAlovto TAoVo 6€ VOPOYOVAVOpaKeS KAODS Kol pe T PakTnplokd oTEAEM
Desulfocapsa sulfoxigens xou Desulfofustis glycolicus. Emiong, opxetéc omnd Tig
aAAnlovyieg ovvdéoviav otevd pe Poxtipie mov dSwbétovv TNV KOVOTNTO VO
avdéyovv Beio. Ot ekmpdommol TG owoyévelng Desulfobacteraceae mov Tpoépyoviav

amd Tig Pprodnkeg tov Oeppaikod KoOAmov, cvvdéoviav otevd pe Poaktnpio mov
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npoépyovtay amd mepiPdAlovio TAoOGI 6E VOPOYOVAVOpaKES, HE PakThAplo TOL
dwbétovv Kavotta otoryelomoinong tov Pevioiiov kabmg kot pe 10 Paktnplokd
otéAleyog Desulfobacterium indolicum (Zynpo 3.2.2).

‘Eva mococt6 5.8% tov cuvolkav 207 KAOVOV GLVOEOTOV GTEVO E TO
Alphaproteobacteria (Ilivaxoag 3.2.3). Ot meplocdtepol amd  TOVG  KADVOUG
opadomoovvtay oe  TEGoEPLS  owoyéveleg (Zymua  3.2.2). Olor ot otabuol
derypotoAnyiag pe e&aipeon tov mo mopaywykd otafud tov Ogppaikod KoAmov
(ThermO1: ITivakag 3.2.1) mepieiyav oaAAnlovyiec otevd OLVOEdEUEVEG PE TNV
owoyével Rhodospirillaceae eved 5 KA®VOL OHOSOTOOVVIOV GTO YOPOKTIPLOTIKA
vévn Rhodovibrio won Azospirillum g owoyévelag avtig (Zymua 3.2.2). Ot
MEPIGGOTEPOL QMO TOVS VITOAOUTOVS KAMVOVLS OUAOOTOOVVTAY HE TIS OIKOYEVELEG
Hyphomicrobiaceae, Rhodobacteraceae ka1 Methylocystaceae (Zynua 3.2.2).

O oplBuds TV aAANAOVYIOV TTOV GUVOEOTOV HE TN (QUVAOYEVETIKY OUAOW
Holophaga/Acidobacteria Mtav 1dtaitepo vynAdc kot ot téoceplg PiAtodnieg
(ITivaxag 3.2.3). Z11g PpAodnkeg kKAwvov ThermO01, Therm30 kou Cretal to mocGootd
TOV CAANAOLYLOV TOV GLVIEOVTOV LE OVTHV TNV opddo KopdvOnkav omd 11 émg 16 %
eved 010 Pabl otabud Tov Notiov loviov T0 mocootd avepyotav oto 24% (Ilivaxog
3.2.3). H ovuykekpipuévn QLAOYEVETIKN] OUAON TPOTOOVOYVOPIGTNKE MG KOVOLPYLO
@OA0 TV Bakmpiov ota €A tov 1990 ko oyetileton pe ta @OAa Planctomycetes
kot Chlamydia (Ludwig et al., 1997).

210 GLYKEKPUEVO POAO avayvepiotnKav Tpels vroopddes (clusters). Ot dvo amd
avtég (Therm30/S.Ionian A kou Therm30/S.Ionian B) napovsiocav opodtnta >89%
OTIS VOUKAEOTIOWKEG OoAANAovyieg kobmdg M Tpitn vmooudda ThermO1/S.Ionian
napovciace opototnta >86% (Zynpa 3.2.2; MMivakag 3.2.4). Evtobtog, xopio and 1t1g
OLYKEKPLUEVES VTOOWAOES deV oyeTioTNKE e Paktipla Tov £yovv KaAiepynOel oto
ePYAoTNPO 0ALG avtiBeTo cuvdéovtov oTeEVA pe OpKETEG aAlniovyieg amd Pabid
Bardooia mepiPdrrovta Kabhg kot amd mepPAilovia TAOVGIO GE VOPOYOVAVOPOKES
EmMua 3.2.2).

‘Eva m0coot6 11.1% tev cuvolkadv 207 aAANAOLYLOV GLVIEOTOV GTEVE pe TNV
14En Planctomycetales (7.9, 13.3, 10.2 kot 14% 7y 11g Pprodnkeg ThermOl1,
Therm30, Cretal xou S. Ionian, avtiotorya; ITivaxoag 3.2.3). H mowddmra tov
OAANAOLYIOV PECO GE ALTIV TNV OUAS0 NTOV OHTEPO VYNAN EVAD OVOYVOPIGTNKOV
tpetg véeg voopddes (Therm01/Cretal, DSP26, kot Therm30/S.Ionian), pe opototnta
petald Tov aAAnlovyimdv peyaivtepn tov 86% (Zynua 3.2.2; Mivaxoag 3.2.4).
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‘Eva. moAd pikpd mocootd amd Tig cuvoAkd 207 aAAniovyieg (3.4%; IMivakag
3.2.3) ovvdedTav oteva pe to GOAO Bacteroidetes. Técoepig O10popeTIKOl PUAGTLTTOL
and Tic PProdnkec Tov Oepuaikod KOAmov opadomolodvtay pe T QUAOYEVETIKY
ouada Flavobacteria evd tpelg amd avTovg GYeTilovtay 6TeEVA HE TO POKTNPLOKO
otédeyog SW17 (>94% opototta adiniovyiov; Zynpa 3.2.2). ‘Evag kAdvog and
BProdnkn tov Notiov loviov oyetiomke pe éva oddeirio PBoktipro (halophilic
eubacterium EHB) evd tpeig guAdtumor opadomombnkav pe KAOVOLg g ouddog
Cytophaga mov mpoépyovtav and v youxpn kot Babvtepn meployn Tov KOGHOL GTNV
lamwvia (Japan Trench; Accession no: AB015585, AB015262) kabohg kot amd tov
KoAmo ¢ Suruga (Accession no: AB015543) (Li et al., 1999a, b).

Ot apBpoi tOv KAOVOV mov oyetiloviov HE TIC QUAOYEVETIKEG OMAOES
Verrucomicrobia, Green non-sulfur bacteria (Chloroflexi), Nitrospirae, Chlamydiae,
Kot Spirochaetales, qtov Wwoitepa younAég kot otig téocepig Piprrodnkes (amd 0.5
€m¢ 2.9 % tov cvvolkmv aAiniovyiwv; [ivaxag 3.2.3). Ot khadvotl mov cyetiloviav
HE TNV QULAOYEVETIKN) opdoa Verrucomicrobia mponABav pHOVO omd TIG TPELS
Biprodnkeg Therm30, Cretal wat S. Ionian. Ot Guykekpuévol KAOVOL GLVOEOVTOV
otevh pe 16S rDNA kAdvovg mov mpoépyovtay omd detypo PakTnplomAaykToy Tov
Apxtikod Qkeovol (Bano and Hollibaugh, 2002) (Zynua 3.2.2). Ot aAiniovyieg mov
ovvoéovtav otevd e TNV Taén Nitrospirae mpoépyovtay ond 115 PifAtodnkeg kKhavmv
Cretal ka1 S. Ionian Kou opadomotovvtay pe ta yévn Magnetobacterium Y| Nitrospirae
(Zympa 3.2.2).

Avo Kh®vot Tov Tpoépyovtay amd Tig PiAtodnkeg Tov Oeppaikot KoAmov kot tng
voorokpnmidag e Kpnmg cvvdéovtav oteva pe v taén Chlamydiales, ko €vog
Uoévo KAMVOG Tov TpoegpyoTay amd v Pipiodnkn tov Oeppaikod KoAmov cuvoeodTav
oteva pe v téén Spirochaetales (Zymuoa 3.2.2). Eniong, évog neplopiopévog aptipoc
OAANAOVYIOV  OUAOOTOIOVVTIOV HE VLIOYNQPLEG (QLAOYEVETIKECG opddeg (candidate
divisions) m.y. éva T0000TO HKPOTEPO TOL 1.5% TV GLVOMKOV KADVOV GUVIEHTAV
HE TIC VTOYMPLEG PLAOYEVETIKEG opddec OP8 kot OP11 (Eymua 3.2.2).

Kot ot téooepig Piphobnkeg kKAdvov mepielyov aiiniovyieg mov cvvdéovtav
otevl pe 10 @OAO Actinobacteria (2-4.4 %; gram-Betikd Poxtiplo. PE VLYNMAN
neptektikomra. o GC). H opdda avty mepiéyer péAn tov Acidimicrobiales ko
Actinomycetales (Zympa 3.2.2). 'Evag povo kA®vog amd TV mo emPopnpuévn meploym
t0v Oeppaikod KoAmov (Therm01) cuvdedtav otevd pe v ta&n Acidimicrobiales,

Kol OUYKEKPUEVOL HE TO vnpotoewés Pakmplo ‘Microthrix  parvicella’. Ot
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TEPLOCOTEPEG AMO TIG OAANAOLYiEC TOV EUAOVL Actinobacteria GuVOEOVTAV GTEVA LE
mv 14EN Actinomycetales Kol GUYKEKPIUEVO HE €VOV KADVO TPOEPYOUEVO aTd
avo&ika Wnuata Tov Apktikod Qxeavod (Accession no: AJ241019) (Ravenschlag et
al., 1999). Mia povo aAinrovyio g PProdnkng ThermO1 opadomolovtav pe to
@O0 Firmicutes (gram-0etikd Poktpio youning mepiektikoémrog oe GC) ko
oxetillotav pe 1o PBaxmplo Bacillus benzeovorans (Pichinoty et al., 1984) (Zynua
3.2.2).

MMivexog 3.2.4: ITapovciaon tov 16S rDNA Baktnplokdv DTOoUAd®V oL TPocdlopicTnKay oty
mapovoa gpyacic. Xtov mivaka mopovcidfovtal emiong ot apdpol tov oAlniovyidv Kabe

vrodwipeong ko yo Kabe Priobnkm.

Ovop a,(mx Yrodwipeon Therm01 Therm30  Cretal S.JIonian On owrn'w V06
VTOORAdAS voopadag %o
Therm30/Cretal Gammaproteobacteria 1 1 >09
Therm B Gammaproteobacteria 1 1 >06
Therm/Cretal B Gammaproteobacteria 1 1 >06
Therm/Creta/Ionian Gammaproteobacteria 1 1 1 >93
Therm/Cretal A Gammaproteobacteria 5 2 2 >93
Therm30/S.Ionian Gammaproteobacteria 1 2 >92
BPC022 Gammaproteobacteria 4 2 >86
Therm30/S.Ionian B Deltaproteobacteria 1 1 >87
NB1 Deltaproteobacteria 1 2 1 >86
Therm30/S.Ionian A Deltaproteobacteria 1 2 >86
Therm30/S.Ionian B Acidobacteria 1 1 >93
Therm30/S.Ionian A Acidobacteria 1 2 >80
ThermO1/S.Ionian Acidobacteria 1 4 >86
DSP26 Planctomycetes 2 1 >94
Therm30/S.Ionian Planctomycetes 1 1 >03
Therm01/Cretal Planctomycetes 1 1 >86

3.2.3 Boktnploxi mouihotnTo

H agBovia kot cvyvomra tov 16S rDNA gulotdinwv ekTiundnke pe v papuroyn
™m¢ texvikng anotiommons RFLP. O opBudg tov khoveov mov emdéydnke ywo
OLYKEKPIUEVN avdAvon kopdvOnke peta&d 94 kot 190 yuo kébe po amd T1g Téocepig
BPAodnkeg Khdvov. Ty mopovco gpyacio, 1 cOykplon petald TV TPOTHTWOV
katavounc twv RFLP yw kdOe Biprobnkn ftav dvvar) epodcov o aplBudg tmv
KAMovov og Eemepvovae Tovg 190. AvtiBeta, n mpoondbeia cLYKPIONG TOV TPOTLTMV
katavoung t@v RFLP petald tov dwpopetikdv PBifiodnkdv kpidnke dwaitepa
OVOKOAN Kot aTLYNG AOY® TOv peYdAoL aptBuov kKAavev (664 khavol). ['a to Adyo
avTO, NTOV EPIKTOC O VIOAOYIGHOS NG aeboviag Tov €WmMV Yoo kKabe PipAtodnkm
KAMOVOV EEYOPLoTA aALd Ol Kot Yol TO GLVOLOGUO TV BAodnkdv. Metadd tov 94
KMovov mov egetdotnkov amd T PPprodnkn ThermOl avayvopicmmkav 80
dwpopetikd OTUs (dnhaodn dapopeTikdv Tpothinwyv katavouns twv RFLP) evad yia

Tic Pprodnkeg Therm30, Cretal wor S.onian amd tovg 190 KA®VOULG
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avayvopiotkov 165, 152 kot 171 dapopeticd OTUs. H apBovia twv 0mv yio ka0
nepPdAlov ektyundnke pe t Pondeia Tov vroloyioTikoV mpoypdupatog Chao-1 kot
TOPOVCIACTNKE W0woitepa LYNA Yo TS PipAtodnkeg tov Notiov loviov kot tov
otafpov Therm30 tov Oeppaikov Koimov (1,306 + 187 war 958 + 134 OTUs
avtiotorya). Ot agbovieg tov ewdonv yio 11 Pplobnkeg ThermOl ko Cretal
KopdvOnkav avtiotorya amd 440 + 88 éwg 478 + 60 OTUs (Ilivaxag 3.2.2).
Evtovtoig, ot mapamdve vroroyiopol e agpboviag Tmv 10mv dev givan TOc0 akpiPeig
KaOdg 0 aplfuodg tov KAOVOV mov emAéEape avTITPOCHOTEVEL €va TOAD HIKPO
TOGO0TO TV GLUVOAMK®OV 16S rDNAs aAlniovyidv mov vrapyovv otig Pipiiodnkeg
KAovov. To yeyovdg avtd eivor mpo@avég av e£eTAoOVUE TIG KOUTOAEG apaimong
(rarefaction curves) tov Birodnkov (Zynua 3.2.3). Ot oxeddV YPOUUKEG KOAUTOAES
apaimong vrodNA®vouy 4Tt ot aphovieg Tov VIOAOYIGTNKAY TOPATAVE® VTOEKTILOVV
NV TPAYHOTIKY Paktnploky mokiAdtta Tov Inuatov g Avatolkng Mecoyeiov

Kol OTL GTNV TPOYHOTIKOTNTO 0 aplfpog TV PakTnplak®dv WOV givol Katd moAd mo
VYNAOS (Zympua 3.2.3).

Mivakag 3.2.5: ZOykpion tov opoot)tev petosd tov 16S tDNA Bifiodnkov kKAdvov ThermO1,
Therm10, Cretal ot S.lonian, Baciopévn oty mTopovcio/amovsio KoOmv LAOTITT®Y. Ot PLAGTVITOL
KoBoploTKav MG TPOg T0 TOGOGTO opoldTNTaG HETOED TV adintovydv (99%, 98% kot 97%). H
avAALOT TPAYUATOTOMONKE Y1 TOV GUVOAMKO oplpd TV KAOVOV Kol yio. TNV vrodloipeon
Gammaproteobacteria. H opoldmnta petafd tov Poaktnplak®y Kowmvidv vroloyiotnke pe fdon v
ggiowon Dy = Nyy/(Nx + Ny) 6mov Ny kot Ny givor o apBpog tov gulotdnev ota dstypoto X Kot y,

avtiotora ko Ny, efvor 0 aptdpog v Kovmv gLAOTITOV.

Opowotnra TV PUKTNPLIKAY KOWVOVIOV 6¢ IKNpato TS Avatolkig Mecoyeiov

Tradpoi ThermO1 Therm30 Cretal S.Ionian
ovvolikd.  Gammaproteobacteria  ovvolika. ~ Gammaproteobacteria  ovvokikg.  Gammaproteobacteria  ovvolikd.  Gammaproteobacteria

ThermO1 0.037 0.121 0.036 0.108 0 0
§ Therm30 0.043 0.133 0.021 0.087
R |Cretal 0 0

S.Ionian

ThermO1 0.074 0.182 0.036 0.108 0 0
gf Therm30 0.043 0.133 0.021 0.087
2 |Cretal 0.020 0

S.Jonian

ThermO1 0.130 0.364 0.054 0.162 0 0
§ Therm30 0.096 0.233 0.053 0.217
Q' |Cretal 0.020 0

S.Jonian

Epdcov 1 epappoyn g texvikng amotdmwong RFLP yw tov vmwoloyiopd g
Baktnplokng mowKAOTNTOG KPIONKe ovemopkng yw T TAOVCLL O TOIKIAOTNTO
Wnuota g Avotolkng Mecoyeiov ovykpivope emiong 1t obotaon TV
BokTNploK®V KOWOVIOV HETOED TOV TEGCAPMOV OELYHATOV [LE GLAOYEVETIKY| avAALGN
TNG OHOLOTNTAG TV VOUKAEOTIOIKAV OAANAOLYIOV TV KAGVOV (Zymua 3.2.2). T

OVYKPION TNG ETEPOYEVELNG LETAED TMOV AAANAOLYLOV YPNCIUOTOCALE TPl emimEd
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avdivong: 99%, 98% wor 97% opodtmra petald TV OAANAOLYIDV Yo TOV
kaBopiopd evog  euidtvmov (IMivakag 3.2.5). H péytom tiun  opotdmtog
Kataypdonke peta&y TV otabpnv tov Ogpuaikov Koimov (Ilivaxag 3.2.5). Otav to
97% g opordTNTOS HETAED TV aAAnLov DV TEONKE G Bdaom Yo Tov KaBopiGpod Tov
QLAOTVUTTOL 1 OpHOOTNTO UETAED TV oTaOU®V ToL Ogppoikov Koimov Ntov poOAS
13% evd kapio opotdtra dev mapotnpndnke petald tov fipriodnkov ThermO1 ko
S.Ionian Sea yeyovog mov tovilel T0 péyebog g Poktnplakng PrororkildoTrag ota
nepPdAlovta avtd. H opodmta tov Boktnplokdv Kovovidy HETOED TOV GTOOU®OV
petmveton Kabmg o fabog opotdtnTog Yo Tov Kafopiopd Tov GUAOTITTOL OLEAVETAL
010 98% evdd 610 99% Yyivetar oyxeddv undevikn (2 — 4% emwcdioyn; Iivakag 3.2.5).
‘Eva. mocootd peyaidtepo tov 78% TtV BaKINplok®V KAOVOV TOL TOPOLGLALOVV
opoldTNTO. peyorvtepn tov 97% pe T0Ug AAAOLG KAMVOLS GLVOENTAV GTEVA LE TO
Gammaproteobacteria. Kotd ovvémeln, 1 opodTNTo HETOED TOV POKTNPLOKOV
KOWVOVIOV OV OVIIKOLV GE QTNV TNV QVAOYEVETIKY Opdda gival capdg peyoldtepn
(ITivaxag 3.2.5). H peyoivtepn opowdtnta ota Gammaproteobacteria (36%)

nopatnpninke petold Tv otabpmv Tov Ogpuaikov Koinov (Ilivakag 3.2.5).

200

180 U S.Ionian .

160 A Cretal i;g
® Therm30 NABD

1407 o Thermo1

1201
100
80
60
407
207 f
0+ - - -
0 50 100 150 200
ApOpog KAOVOV
Xyqpa 3.2.3: Avdivon apaimong (rarefaction analysis) g etepoyévelog tmv
16S rDNA oAintovyidv otg Pifrodnres kKhoveov mov (ThermO1, Therm30,
Cretal kot S.Ionian) katackevdotnkay omd CApoata e Avatoiikng Mecoyeiov.

— 1:1 ypoppi] ava@opdg

OTUs

3.24 Aw@opég o©T] GVGTOCN TOV MWKPOPLOKAV KOWVOVIOV HETOEL TOV
OLLPOPETIKAV TEPLOY AV SELYNOTOANYIOG
Ext6¢ and v mapodoa gpyacio, otnv emotnpovikny Biproypaeio £xovv avapepOel

uévo tpelg epyacieg pe Piprodnkeg KAOVoOV PakTnplok®V KOvoVIOV ord Jelypata
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Unuatov mov mepiEyovy tave and 100 kidvoug (ITivakag 3.2.2). Ot cuykekpuéveg
gpyaocieg &yovv mpaypotomobel ota yuyxpd mopdktio Whpato Tov  APKTIKOV
Qxeavol (Ravenschlag et al., 1999), otnv vearokpnmda ¢ Avtapktiknig (Bowman
and McCuaig, 2003) kot otlg avo&ikeés Aekbves ™G AVOTOMKNG AVTOPKTIKNG
(Bowman et al., 2000). Emopévmg, 1o amoteléopata mov TPOEKLYOV Oomd TIG
mopanave epyacieg elvar oxeddv omiBovo va €xovv epapuoyr] otnv Avatolkn
Meooyelo mov yopaktnpileTor Katd kovova amd v KukAopopio Oeppmv Baidocimy
poal@v.

Ot emkpatovoeg Tavopkés opddeg Kot TV 1e66apv BipAtodnkov KAdvov
ntav  Gamma-  xou  Deltaproteobacteria, — Holophaga/Acidobacteria  xou
Planctomycetales. Ta Gammaproteobacteria ftav mwoAD mo GeHova GTOVS TPELG
pnyovs otabuodg oe avtiBeon pe 10 Pabd Kol YAPNANG TEPLEKTIKOTNTOS OF
YAOPo@VAAN otafud Tov Notiov loviov. To yeyovog avtd dnidver 6T 1 vVaPEN TS
OLYKEKPIUEVNG OpAdaG ThavoTaTa Vo oYETICETON e TNV E160Y®MYN 0TO {NnUa ppECKOL
0pYOVIKOD VAIKOD KoUM TeAayiKav Boaktpiov and v evpmt (ovn. H tedevtaio
e&nynon Bewpeitar amiBavn epdsov Kapia and T aAlniovyies Tov PPAodNKOV pHog
OeV OYETIOTNKE QUAOYEVETIKGL WE YOPOKTNPLOTIKOVG QUAOTLTOVS TOV HOAACCL®OV
emoaveldv vepwv Oonwg Cyanobacteria, Roseobacter, SARI11, 116 xo 86
(Giovannoni and Rappé, 2000). Emiong, m mbBovommta to Pdabog tov otabumdv
detypotoAnyiog va moilel polo og puOoeTIC TV KPOPLOKdOV Kovovidv eEotpeiton
kaBog ot Li kot cuvepydreg Bprikav 6t too Gammaproteobacteria emkpoTodV KOl GE
Badn peyarvtepa tv 6000 m (Li et al., 1999a, b). H cvykekpipuévn @uroyevetikn
opdoa (Gammaproteobacteria) £xel Ppebet eniong va givor n mo apBovn oe peydreg
BpAoONKeS KADVOV TOV KATOGKELAGTNKOV OO TNV DOAAOKPNTION TG AVIOPKTIKNG
(Bowman and McCuaig, 2003) kafdg kot amd wnpota tov ApkTikod QKeavoy
(Ravenschlag et al., 1999). Avtifeta ota avofikd 1npoto ™G AVOTOMKNG
Avtopktikiig ot KAovor mov  PBpébnkav  va  opodomolovvion e TO
Gammaproteobacteria \tov e dyiotol (Bowman et al., 2000). Ztnv tapodoa epyacia,
N mAewoyneio tov KAOVOV opadorotovtav g 7 vroopddes (clusters) Baktnpimv mov
dev €youvv kaAlepynbel oto gpyactipo ([Mivaxag 3.2.3, EZyqua 3.2.2). Apketol
emiong kKhavol oyetiCovtay otevd pe PakTnplokés OpAdES TOL TEPEXOVV PAKTNPLOKE
oTEAEYM OV £Y0LV KOAMEPYNOEL Kot TOL 1| PLGIOAOYIOL TOLG CLUVIEETOL LE FLUOIKUGTES
KAeWW otn pOOIoN TV Proyeoymukdv kOkAov (.. Beggiatoa, Thioalcalovibrio,

Pseudomonas, Chromatium). Ta Poxtnpuokd &idon Thioalcalovibrio versutus xou
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Thioalcalovibrio  denitrificans avfkovv o€ pio  opddo  Paxtmpiov  wov
YopaxTNPiloviol oG VROYPEWTIKA OAKOAOPIAD Kot YNUEOABOOLTOTPOPO EVD
dwBétovv v KavdtTa va oEedmvovy Bgio (Sorokin et al., 2001). Mia aAAniovyia
amd 10 Pabd otabud tov Ogpuaixov KoAmov (Therm30) cuvdedtav otevd pe TOLS
TOPOTAV® opyoviopovs (Zynua 3.2.2). And 10 cuyKeKpPUEVO oTabpd, pio devTepm
aAAnlovyio cuvdedtav pe 1o €idog Halochromatium salexigens, 1o omoio givon éva
YOPAKTNPLOTIKO wTOTPOoPO Bardcacio Paxtipio Beiov (Imhoff et al., 1998).

Ta Deltaproteobacteria ntav 1dwitepa debova kol otig téoceplg Pipiodnkeg
KAMOVOV ¢ Avatolkng Mecoyeiov kat o1 TEpocdHTEPOL KAMVOL GLVOEOVTAV GTEVA LIE
o Paxtipe tov owoyevelwv Desulfobulbaceae and Desulfobacteraceae mov
dwbétovy TV KovOTNTA Vo ovayovv Oglo Katd Tig HETAPOAIKES TOLG OlEPYOsies
(Finster et al., 1998; Friedrich et al., 1996). Ta anoteAécpato avtd LIOIMADOVOLY OTL
N TOPOTAVE AEITOVPYIKT opdda eivar evpéwg dtadedopuévn ota Baidootia Inpata g
Avatolkng Meooyeiov. Ov aAAnlovyieg mov oyetiCoviav pe TNV  OKoyEvewn
Desulfobacteraceae mponhBov povo amod tig 6vo PiAtodnkeg Tov Oeppaikod Koimov,
delyvovtag mBovotaTo OTL 1 CGLYKEKPLUEVI] OIKOYEVEWD GUVOEETOL KUPIMG HE TLO
napoyoykd Wfuate. Emmiéov, Bakmpia tov yévovg Desulfobacterium givol moly
oNUaVTIKA o€ dwadkacieg Proemavopopds Kabdg apketd péEAN Tov dwwbétovv v
KOVOTNTO VO ATOTKOOOUOVY €Va LEYAAD E0POG APMUATIKMY OVGLDV (PLTOVTMOV) LEGH
TOV peTafolKov povomation ddomaong g kateyoing (Harms et al., 1999; Morasch
etal., 2001).

Ta Myxobacteria Bpédnkav xvping otic BipAodnkes and toug pnyovs otadpods
(ThermO1 a1 Cretal). Ta Paxtpe avtd, yopoakmmpilovioar ocvvibwg amd
avOekTIKOTNTA G€ TMEPIPAALOVTO YOUNANG OANTOTNTAG KOL T TOPOVCIO. TOLG OTO
Bordooia mepiBdAlovia moteveTOL OTL OYXETICETOL LUE TNV EIGAY®YN OPYOVIKOD DAIKOV
yepoaiog mpoédevong (Ravenschlag et al., 1999; Reichenbach and Dworkin, 1992).
Avtd mov eivar Wwitepa evolaPépov givar OTL TO TOGOGTO TOV KADVOV TOL
ovvoéovtol atevd pe ta Deltaproteobacteria mapovciace avéntiky tdon pe 1o fabog
(ThermO1 > Therm30 > Cretal), evdd ELEAVICE GTATIOTIKA CNHOVTIKY] GLGYETIOT TOGO
e o eminedo opyovikod GvOpoka (°=0.84, n=3) 660 KOl LE TIC GUYKEVIPAGELS
TETPENUiK®Y VIpoyovavOpakov (7=0.82, n=3).

Ta Alphaproteobacteria givor yvootd 01l a@Bovovv oTig TeAaykEg PakTnploKeg
Kowovieg (xoita Giovannoni and Rappé, 2000) alAid emiong Ppiokovior Kot oe

apketd Baldooa Wnpato (Bowman and McCuaig, 2003; Bowman et al., 2000;
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Ravenschlag et al., 1999). O owoAoyikdg pOAOC NG CULYKEKPIUEVIC KOTNYOPLOG
Baxtnpiomv dev eivar Wdwaitepa Yvmotog Kabmdg 0 aplBlods TV GTEAEY®V TOL £YOLV
amopovmbel kot KaAMepynei oto epyaotnplo eival meplopiopévos. Eviovtolg, ot
Khovor and Tig PPprlodnkeg e Avatolkng Mecoyeiov mov cuvvdéoviov pe T
Alphaproteobacteria opad0mo100VTOV GE TEGGEPLG OIKOYEVELEG LE PAKTAPLO TOV EYOVV
kaAlepynOetl. ‘Evag puAotumog omd 1o otafpd ThermO1 cuvdedtov pe v okoyEveln
Methylocystaceae (neBovotpopo tomov II) mov mailer poro KAeWi ot pvOSN TOL
KOKAOL Tov dvBpaka Kot emiong elval yvoot) Yoo TV KavOTNTA TOV HEADV TNG Vo
amotkodopovv EevoProtikots pumavtés (Giovannoni and Rappé, 2000; Gulledge et al.,
2001). Eniong, o péAn g owoyévewng Hyphomicrobiaceae givar peBoulotpopo kot
Kot Kavova ypnoonoovy Tig ovoieg Cl g mnyég dvBpaka kot evépyetog (Green,
1992). Ot ovykekpyévolr opyovicpol avortvccoviar cuvnbmg kéto amd o&ikég
OLVONKEG, EVOALOKTIKA OUMG UTOPOVV VO YPNGULOTOGOVY VITPIK, HAYYAVIO Kot
oidnpo wg teMkovg déktec nAektpoviov (Kuenen and Bos, 1987; Moore, 1981). Ot
BPAoOnKeg amd TIG VO TEPLOYEG HE TA VYNAOTEPO. EMIMEdN TETPEAVIKDV
vopoyovavOpakwv (Therm01 xor S.lonian) mepieiyov évov mepropiopévo opBud
aAAniovyldv mov oyetlotav pe ta Alphaproteobacterian (avtictotrya 3.2 kot 4% tov
GUVOAIKAOV 0AANAOLYI®DV). AvTifeTa, 1 CLYVOTNTO TOV AVTIGTOLX®V CAANAOLYLOV TOV
BPAoInkOv amd T mepoyég pe  TO  YOUNAOTEpO  Emimeda  METPEANIKDV
vdpoyovavOpakwv Nrav apketd vyniotepn (Cretal, 8.2%, kot Therm30, 8.9%).

O o108p6g ThermO1 yapaxtmpiletarl amd Evioveg avOpmmoyeveig emppoés and to
Mpave g Ogocolovikng kabmg kol and TV €10pon HeydAng palog vepdv amod
TOTOLOVG OV YPTCLOTOOVVTOL Yol TN AELITOLPYID VOPONAEKTPIKOV GTAOU®V TNG
nepoyne (Karageorgis and Anagnostou, 2001). Avtibeta, o PBabig otabudg tov
Notiov Ioviov mov yapokmnpileton omd emiong VYNAEG  CLYKEVIPMOOELS
vdpoyovavOplakwv emnpealetatl kKupimg amd T Baidootieg ndleg g AdPLOTIKNG Ko
g Agfavtivng (Malanotte-Rizzoli et al., 1997). Ot Wdwitepa youniéc apbovieg Tov
KAMOVOV ™G opdoag Alphaproteobacteria mov KOTAypAPNKOAV Y10 TOVG TOPATAVE OVO
otafpovg oe ovykplomn pe toug otafpodc Cretal ko Therm30 amotehodv £vdelln ot
Ta emineda vopoyovavlpdkwv 6To TEPPAALOV TBAVITATA ETNPEALOVY TV KOTOVOUN
¢ «Adong Alphaproteobacteria oto Wnpoto. Emiong, kAdvor oyetilopevol pe to
@OAo Verrucomicrobia dev Bpédnkov otov emPapnuévo pe vopoyovavlpaxes otaduod
ThermO1 yeyovog mov vmodnidver 6Tt 1 opdda ovt) mhovotato vo ennpedleTon

e&loov and avBpwmnoyeveig emppoég (ivakag 3.2.3, Zynua 3.2.2).

KEDAAAIO 3.2. Zvotoon kot ToKIAGTNTO LIKPOPLOKOV KOWVOVIDV 62



Apketég  emiong Oapopég ot oOoTOon TV POKTNPOKOV  KOWOVIDOV
Kataypbonkav pe Bdon to Pabog tov derypatoAnmrikov otafuadv. [a mapddstypa,
TO TOCOGTO TOV KADV®OV TOL GLVOEOVTOV UE YVOOTA PakTiplo TOv £X0VV amopovmbel
Kot koAMepynBel 610 epyactnplo NTov apketd pkpdtepo oto Pabd otabud tov
Notiov IToviov (22%) oe oclOykpion pe tovg pnyovg otabupovg (38-42%). Kartd
aviAoyo TPOTO M cvYVOTNTA TOV KAOVOV ond to otafud tov Notiov loviov mov
ocvvoéovtav pe Paxtipla Tov dev £xovv KaAAlepynOel NTav Katd ToAD LYMAOGTEPOC
n.y. Therm30/S.Jonian xot S.lonian/Cretal otmv «héon Gammaproteobacteria,
ThermO1/S.Jonian kou Therm30/S.IonianA oto @OAo  Acidobacteria Ko
ThermO1/Cretal oto @OAo Planctomycetales (Ilivoxag 3.2.4). EmmAéov, éva peydio
TOGOGTO TV aAAnAovyladv (24%) oand 1o Notwo lovio cuvoéoviav otevd pe v
TPOCPUTA YapoKTNPGUEV opndda HolophagalAcidobacteria, n omoia 0L GYEOOV
arovciale amd Tovg vrorowmovg tpelg otabuove (Ilivaxag 3.2.3). Ov mopamdveo
SlPopEG  TOL  KATAYPAPNKOV  HETOEL TV pnyodv kot tov  Pabd  otabuov
emPePordvovionl Kol OO TNV GCLYKPITIKN HEAETN TOV UIKPOPLOKOV KOWOVIDV
(Kepaiaio 3.1) 6mov 1 puéBodog anotvonmong T-RFLP gpappooctke yio v cvykpion
TV Baktnplok®v Kowvoviov petadd 12 dapopetik®dv otabumv ™ AVOTOAIKNG
Mecoyeiov (Polymenakou et al., 2005a; Kepdroawo 3.1). Ot kAdvol mov Guvoéovtav
otevd pe to. @OAo Planctomycetales xou Bacteroidetes mpoépyovioav kot omd TIg
téooepig Pprodnkeg g Avatoikng Mecoyeiov (ITivaxag 3.2.3, Zynua 3.2.2). Ot
OUYKEKPIUEVEC (PLAOYEVETIKEG OUADES €YOLV KOTUYPOPEL KOl GE TPOTYOVUEVEG
epyaoieg peydriov 16S rDNA Biprodnkov (Bowman and McCuaig, 2003; Bowman
et al., 2000; Ravenschlag et al., 1999).

3.2.5 A¢Oovie TtoOv €00V — mepropiopoi ko oVykpion pe Prpiroypagikég
avaQopEg

e mponyovpuevn epyacia, ot Torsvik kot cuvepydteg (1998) epdappocay Ty Kivntikn
enavacvvoeong DNA:DNA (DNA:DNA reassociation kinetics) pe oxond va
EKTIUGOLV TNV TOAVTAOKOTNTO TOL POKTINPOKOD YEVOUNTOS GE  Oldpopa
nepipdAlovta. H cvykekpyuévn epyoacio €d€i&e Ot o1 Paxtnplokéc KOW®VIeS TmV
OTOHOKPLOUEVOY  TTEPBaAlOVTOV  Yapaktnpilovtor omd VYNAN TOALTAOKOTNTO
YEVOUATOG HE TIHEG GVYKPIoIUES TV Yepoainv mepiBairoviov (~11.400 oyetikd pe
~8.800 1oodvvapa yevouartog) (Torsvik et al., 1998; Torsvik et al., 2002). Extog and

™V VYN Paxtnplokn ToihdTTa Tov yopaktnpilet T PoKTnplakés KOmvies Tmv
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nuatov évo 6e0TEPO YOPAKTNPLOTIKO TOVG Elval OTL KATA KavOve amoTeAoVVTOL Ao
mAnfocpovg un kaAiiepynoipovg (Bowman et al., 2000). Katd kavova, ta tedevtoaio
xPOVIO, M aVATTLEN TV TEYVIKOV mov Ogv Pacilovial otnv KOAAMEPYEWD TMV
detypdtov ta televtaio ypdvia Emance Evav TOAD oMUavVTIKO pOAO GtV HEAETN TOGO
NG TOKIAOTNTOG OGO Kol TNG KOTOVOUNG TV OPYOVIGU®Y 6T0 TTepPaiiov. Ommg kot
pe TG dAreg pebddovg mov Pacilovral otnv teyvikn PCR, n xatackevn BifAiodnkaov
Khovov 16S tDNA  yopaxtnpiletor amd peBodoroykovg mePLOPICUOVS OV
mBavotato ennpealovy TNV KOTAVOUY TV GUAOTOTTOV ot PiPAodnkn o€ oxéon pe
TO TNV KOTOVOUR TOLG 6T0 LoKkd mepPdirov (von Wintzigerode et al., 1997). Me
v teyvikn PCR didpopa tuyaio yeyovota mov cuvifwe cupfaivouy 6Toug TpdToug
KOKAOVG NG Oadkaciag (Suzuki and Giovannoni, 1996; Wagner et al., 1994) kafwmg
Kol 0 EMAEKTIKOG TOAAATANGLOGHOG KAmolwv aAiniovyiov (Morasch et al., 2001)
eaiveror vo ennpedlovv T0 TEMKO ATOTEAESHO. ZOUQMVO LE TO TOUPOTAVED UTOPOVLE
va. vToBEcovE OTL 1 TOGOTIKY] KOTAVOUY] T®V QUAOTOTTOV oTiS Pipiodnkes mov
Kataokevacape ond ta nuoata ™ Avatolkne Mecoyeiov dev aviumpocomevel
AOAVTO TNV KOTOVOWUY] TOVG GTO QUGIKO TEPPAAAOV aKOLN Kol OV TPOCTAONCOLLE
OTO €PYACTNPLO VO TEPLOPICOVUE TAL UEOVEKTHHOTO TNG HEBOOOV pe TV ETAVAANYM
Tov aviwpacemv PCR kot pe tov mepropiopd tov apfuod tov Kokimv. Avto BéPoa
elval avapevopevo av avoroyiotoope 0tL o aplBuog tov onepoviov TRNA oe éva
Baktnprokd kdtTtapo pmopel va kopavlel petald 1 wor 15 (Acinas et al., 2004).
[Mapora avtd, pe Tov meproptopd tov apiuov tov KokAwv otnv PCR pmopel va
amo@evyBel o oynuatiopds “Yipopov’ Kol HETOAAAYDV TOL UTOopPEl Vo TpoKANBovV
amo to Addn Tov eviopov ¢ moAvpepaonc Taq (Thompson et al., 2002).

Xy  mopovco  gpyacio, E€QopUOcapEe TV TeYXVIKN amotvmwons RFLP
y¥pNoonotwvtag to meploplotikd Evlopa Hhal kow Haelll yio vo eKTIUMGOVUE TNV
apBovia tov v oe kdbe PProdnkn. H ocvykexkpuévn teyviky pe 1 éog 4
TEPLOPLOTIKA EvOupa, cuVNOWG ¥PNCIULOTOLEITOL Y1t TNV HEAETN peYdA®Y BiAtodnkadv
KAOVOV L€ GKOTO TNV ETIAOYT CLYKEKPILEVOV KADOV®V TV 0ToiwV 01 aAAniovyieg Oa
avaAvBoov mepartépw euioyevetikd. [Ipdopartn epyacio £6eie 611 M mapdAANAn
xpon 4 mepoptoTik®dV eviOH®V umopet va dtaympicel KaAdTepa TIg aAANAOVYIEG TOV
elvanl kata 98% opoeg (Moyer, 2001). Katd ocvvémeia, ot dwkol pog vroloyiopol
apBoviag €V mov kvuaivovron petald 440 kor 1306 euiotdmwv umopodv va
BewpnBodv ¢ ot PiKpOTEPOL SLVATOL Kol GUVETMG 1| TPAYHOTIKY apBovia PplokeTot

oe MOAL vynAotepa emimeda. 'Evog dAdog mapdyoviag mov mhovotato vo ennpedlet
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™V EKTILOUEVT apBovia 10dV etvarl 0 kaBopiopdg Tov 6pov ‘euAdtvmog’ 1 ‘OTUS’
mov ovvnBmg dapépel petacy tev epyaciov (Iivaxog 3.2.4). Mia mponyoduevn
gpyacia, otnv omoia emiong kotackevdotnkay PiAtodnkes KAdvwv Tov yovidiov 16S
rRNA, €6ei&e 611 o1 Paktnplakés Kowvmvieg tov Boldooiov tnpdtov tapovstalovy
vynAn mowkotta (Bowman and McCuaig, 2003). H agBovia tov €d®dv mov
VTOAOYIGTNKE GTOTIOTIKA GTO GLYKEKPIUEVO IILATO 1) TOV 1010{TEPA VYNAT Ko o1 e
4350 Boaktnplokods GUAOTOTOVE HE TOCOGTO EMKAAVYNG TOL KLUAVONKE petadd 23
kot 36% (Bowman and McCuaig, 2003).

H vwyn\n apbovia tov €0dvV mov vmoAoyiotnke yw OAo to Wipato g
Avartolkng Mecoyeiov deiyvel 0Tt yAddec KA®vol mpémel va availvBovv yioo tnv
EKTIUNON TNG TPOYUOTIKNG PaKTnplokng TowkiAdtnTog g meployns. H mapatipnon
avt| emPefardvel v vwoyia dtL ot péypt otryung PifAodnkeg kKAdvov mov Exouvv
KOTOOKELOOTEL O detypoto WCNUATOV aVTITPOGMOTELOVY OVGLUGTIKA £VOL TOAD UIKPO
mocootd TtV Poaxtnpiov. Avtd mov wPEMEL VO TOVIGOLPE  (OOTE VO
OUVELINTOTOMGOVHE TO WEYEDOC TG PaKTnplokng TOWKIAOTNTOS TOV IKNUATOV TNG
Avotolkng Mecoyeiov givar Tt Kavévag Kowog KAMVOS 0V eVIOTIoTNKE UETAED TV
TEGGAPOV SOPOPETIKMOV PBAodnkdv. Otav Bécape wg BAon T0 TOGOGTO OPOLOTNTOG
petadd Tov aalniovydv va gtvor 99% o Tov optopd tov puAotumov, Bprkape LOVo
6 aAAniovyieg Kowég petald tov dtpopetik®dv PipAodnkodv aAld Oyl Kol HETOED
tov otafumv tov Oeppaikov Koimov (Therm01 kar Therm30) (ITivaxag 3.2.5). H
mBavotnto dvo OwpopeTikd detypata va ggovv 0% emikdivyn efaptdton KoTd
Kavovo omd to péyebog tov apykov delypartog. H dwitepa yopmAn opotdtnta mov
mopatnpNOnke HETOED TOV TECCHP®V OLPOPETIKAOV OEYHATOV NG AVUTOAIKNG
Meooyeiov og OtL agopd T Poaktnplokn Toug cvotacn mhavotato opeiletonl gite
OTNV TOMIKY| JPOPOTOINCT TOV PAKTNPKOV KOW®VIOV £ite oTnv vIepPoAtkd
VYNAN Paktnplok TOKIAOTNTO €ite TEAOG Kol 6TO GLVOVACUO TV OVO0 TAPUTAVE®

TEPUTTAOGEDV.
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KE®AAAIO 3. Anoteréopato Kot Xoltnon

3.3 Meseiétn  TNC  OMOLKOOOUNTIKNG  KOVOTNTOS TOV  WKPOOPYOVIGUOV:

GTOLYEI0TTOIN G TOVL 0PYOVIKOU GvOpOKE KOl 0TOIKOOOUN G VOPOYOVOVOPAK®V

H modmta kabdg kot 1 TocOTNTO TOV 0PYAVIKOD DAMKOD GTO EMPAVELNKH CTPMLOTOL
tov Unuatov  eaptdror Kupiog amd TG evomobBEcElg LAIKOD  OlOPOPETIKNG
npoéhevonc. To opyavikd VAKO mov Kabildvel Tpoépyetan gite amd Tovg BaAAGG100G
pKpoopyovicovs  (my. @ukn, mpotdlwa, Pokmple, oapyain), elte and 1O
Coomhayktov eite and yepoaia eutd (Postma et al.,, 1988; Riitters et al., 2002a;
Volkman et al., 2000). Ta iiuoto pmopodv vo YOpOKTNPLGTOOV MG Ol TEAIKOL
amodEKTEG TOL 0WTOYOBovOoL Kol aAAdYBovov opyavikov vikov (Fabiano and
Danovaro 1994; Gogou et al., 2004). Eniong, n eicoywyn tov opyovikod vAKoD ota
Wnuota  e€aptdtor  amd TG dadikocieg  UIKPOPLOKNG  omokodOUNoNG  TOL
TPAYLATOTOLOVVTOL KOTE TNV OEPKELD TNG O10YEVEGTC OTNV KOADVO, TOV VEPOV KAHMG

Kol 0Ta. EMPOvVEINKE otpopata Tov nuatov (Teece et al., 1998). H ototyelomoinon

A
KPHTIKO I1.
<

EAAAAA < el
o E = MPI2
= = = MPI1
!
< KPHTH

A. Meooygiog

e B

Tyqpa 3.3.1: A) Xdptg otofudv dstypoatoinyiog omd v veoiokpnmida Tng
Kpftng B) BabBvpetpikdg ybpme g vnd perétng mepoyng (mpoepyduevog omd
Chronis et al., 2000).

TOL OpYAVIKOD VAMKOL &Eaptdtor omd TNV OTOKOJOUNCT] OLGIOV  JPOPOV

KOATNYOPLDV 01 OTOLEG SLapEPOVY G TPOS TOV PpLOWUS amotkodounons. ['a Tapddstypa,
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T Amidle eivor o  avlektikd o€ dwdkacieg amotkodounong amd OtL ot
VOPOYOVAVOPOKES KO Ol TPOTEIVEG Kol YloL TO AOYO avtd doTnpovvTol 6T WKHUATO
(Teece et al., 1998). Evtovtolc, ot yvoelg Hog yio TV TOYN TOV SOQPOPETIKOV
Katnyopldv Amdiov oto  Wnipote Kot cvykekpiuévo  ota Pabid  Baidooio
OWKOGLOTAHOTO  givol Teploplopéveg emedn yvopilovpe Alyo OYeTkd pe TIC
dwdwkacieg otoyewonoinong kabmg kol TOV  KPOPOKAOV  KOW®VIDV — TOV
ovppetéyovv oe owtéc. H mapodoa epyacia oxedldotTnke Y100 VO LEAETICOVUE TNV
emidpacn TV O0dIKOCIOV OTolElomoiNoNG ot Aumdik] ovotaon (aAelpaTikol
vIpoyovavOpakeg, dryAukepidia, YAVKOATIOW kol eAevBepa Amapd o&éa) o TpeElg
otafpotg Katd unkog g vearokpnrida g Kpnmg (Avatoikn Mecoyelog) (Zymua
3.3.1). Eniong n obvotaon tov pikpoPlakdv Kovoviov peAetiinke pe v avdivon

TOV QOGPOAMTOIOV.

3.3.1 Broysoympikog yopoktnpiopéc Tov npdtov

PoOuoi oroiyeromoinons. Ot pvBupoi otoryelomoinong tov opyavikov AavOpaxa
Kopavonkay petadh 2-8.5 nmol CO, ml™ d™, pe ) péyiom katoypagdpevn Tuf oo
pNxo6 otabpd MPI1 kor v eddyiot oto Pabd otabud MPI3 (Zymua 3.3.2). Ot tyuég
opyavikoy GvOpoka fTav TopOROLES Kat 6TOVG TPELS oTaduovg (4.5, 4.8 kot 4.2 mg g
otoug otafpovg MPI1, MPI2 kar MPI3, avtictoyya) kot ftav cuykpicyles pe tig
TIHEG TTOV €lyav KOTAypoapel 6e mponyovpevn epyacio otnv idta meproyn (3.0-8.2 mg
g”'; Gogou et al., 2000) kafd¢ kot pe emimeda opyavikod GvOpaka TOL £XOLV

kotaypagei oty Notiodutiky Meoodyeto (3.8-14.7 mg g'; Bouloubassi et al., 1997).
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Xymqpa 3.3.2: PuBpoi otoryetonoinong tov opyavikod dvBpaka otovg otafovg detypatoinyiog.
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Ot ovykevipdoelg opyoavikoy GvOpaxko pmopel va mowkilovv ota  ddpopa
TePPAALOVIO AOY® TOV  OPOPETIKAOV TPOEAEHSEDY TOVG KOODG Kol TV
SUPOPETIK®V EMTEI®V avOpyavov vAkoL (Gogou et al., 2000). T'a To AdY0 avTo Kot
onwc meprypdoeton amd toug Gogou et al. (2000), vTOAOYIGAE TIG GUYKEVIPAOGELS
TOV OAEIPOTIKOV VOPOYOVAVOPAK®OV Kol O TPOS T EMIMEdQ Opyavikoy dvBpaka o

Ka0e oTaduod (ug g opyovikol GvOpaKa).

MMivoxog 3.3.1: Zuykevipdoelg katl Sl0yvooTikol Adyol TmV OAEIPATIKOY VIpoyovavOpdkmv Kot
TV eledBepmv Mmapdv o&Emv ota 1lpata g vearokpnidag g Kpntg mpv kot petd tovg 2-
UAVEG ETDOOTG.

AHC: olkn ovykévipoon Tov oAelpatik@dv vdpoyovavOpikmv, NA: cvykévipmon tov K-
aAkaviov; CPL: deiktng mpotipnong apBpov atdpmv avlpaka yio ta K-0Akavia Cy emg Cig;
2(Cis:1, Cig1, Cao:1): GBpolopa TV SVYKEVIPOGEDV TV K-0Akevimv Cie1, Cig. kot Cag.; UCM:
uiypo pn dwyopiiduevov ovotdv; Ci;H: 1o omdvio 17a(H),21B(H)-Cse-hopane; 2(C;5-Cy):
Gbpotopa TV oLYKEVIPOGE®Y TOV K-0AKavIOvCs emc Ciy; 2(Cy-Csg): GBpoiopo tov
GLYKEVTPDOGEDV TV K-oAkaviov Co; ewg Ciq; SFFA: kopeopéva eledBepa Mmapd o&éa; MUFFA;
povoakdpeota erevBepa Mmapd o&éa; PUFFA; molvakodpeota eAedBepa Amapd o&éa.

Xrofpoi Astypatoinyiog MPI1 MPI2 MPI3
t=0d 1=60d omnowk.(%) t=0d t=60d omoik.(%) t=0d t=60d amoix.(%)

Alerpatikoi vopoyovavlpares

AHC (ng g™) 4323.1 3573.7 17 2986.9 2041.6 32 2107.4 2117.2 n.d.
NA (ng g 2413 2194 9 1232 1393 n.d 1579 137.6 n.d.
petrogenic/biogenic 0.18 0.07 nd. 0.21 0.19 nd. 0.10 0.14 nd.
CPI(C,; - Cs¢) 2.8 3.8 2.6 33 3.6 42

2(Cy6.1s Crgts Cap) (ng g 34.2 0.0 100 9.3 0.0 100 8.4 0.0 100
NA /C;3H 29.8 232 22 23.8 20.2 15 64.8 22.5 65
2(Cy5-Cyp) / C5H 2.4 0.5 79 2.0 1.5 25 24 1.3 48
Z(Cy-Cy6) / C3oH 245 21.1 14 21.1 17.5 17 56.5 19.4 66
UCM (ng g 4081.8 3354.3 18 2863.7 1902.3 34 1949.5 1979.6 n.d.
UCM / C5,H 504.4 3555 30 554.1 276.4 50 799.3 3239 59

ElevOcpa Aimapad Oéa

Tuvohka (ng g 4633.3 2956.0 36 3995.3 3086.7 23 915.0 9425 n.d.
SFFA (nggl) 2949.2 22753 23 2848.0 2638.4 7 6829 754.6 n.d.
MUFFA (ngg") 1503.1 611.2 59 895.9 398.4 56 2089 1545 26
PUFFA (ngg") 181.0  69.5 62 2513 499 80 232 33.4 n.d.
Cl16:1/C16:0 0.9 0.06 nd. 0.33 0.11 nd. 0.4 0.1 n.d.
C18:1/C18:0 1.4 0.91 nd. 1.29 0.68 nd. 1.2 1.5 nd.

Aleipatikoi  vopoyovavOparxes — (AHC). To  ®Adopo  TOV  OAEWPATIKOV
VIPOYOVAVOPAK®OV ATOTEAOVVTAV OO K-0AKAvVie Kot éva piypo ‘Mn Awyopilopevov
Ovowwv’ (unresolved complex mixture 1 UCM). Ov amdivteg (AHC) wo
KOVOVIKOTOMUEVES MG TPOG TOV opyavikd GvOpoka TIHEG TOV  OAELPOTIKOV
v3poyovavpxmv Kopdvenkav petatd 2107.4 — 4323.1 ng g (Iivaxog 3.3.1) ko
501.8 —960.7 ng g'l, avtiotoro. Ot TIHES AVTEC MTAV GLUYKPIGIUES PE TIHEG TOV EXOVV
Kotaypagel Yo Tov Bopetodutikd Athavticd okeovd (1.3 — 7.5 pg g”'; Farrington and
Tripp, 1977) xor TOAD yapnAdTEPEG HE TIC aVTIOTOLKEG TIES otV Mavpn Odracca
(10-150 pg g"'; Wakeham 1996). Ot cvykevipdoelg K-ahkaviov (LiKkog avOpoKicic
arvcidog petald Cis ko Cyp) frav yopniés oe 6Aovg tovg otabuovs (NA: 123.2 —
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241.3 ng g'; Hivakag 3.3.1) kot ovykpiowes pe T avtiotoryeg Twég omv NoTwa
Koonio @dhacoo (0.5 pg g'; Tolosa et al., 2004) kabdc Kot pe T0 VIO TOL
Athavtikob okeovod South Orkney (0.4 pg g™'; Cripps, 1994). Ot KavOVIKOTOMUEVES
G TPOG TOV 0pYavVIKO GvOpaka TIHEG TV K-oAkaviov NTav 53.6 pg g'l, 25.7 ng g'1
kat 37.6 pg g otovg otadpovg MPI1, MPI2 kar MPI3, avtictotyo. Ta k-oAkévia
Cie:1, Cig1 ko Cop:p aviyvedTNKOV Kol 6TovG TPELS otafnovg mpwv v évapén twv
ENOACEDV e TES TOL KpdvOnkav petald 8.4 - 34.2 ng g (ITivakog 3.3.1). Ta k-
aAkdvia pe peyddo apBud atdpmv dvBpoko 6TV 0ALGION TOLG TOPOVCINCAV CE
6lovg ToVg 6TadoVG TIc VYNAOTEPES cLYKeVTPMGELS (2(Cai-Cse), Zynuoata 3.3.3A,
I'). Ta ovykekpéva aAKAvVio YPNOLOTOmONKAV Ylo. TOV VIOAOYIGUO TOL ‘Agiktn
[Tpotipmong ApBuod Atépmv AvOpaka’ 11 CPL. Ot tyuég CPI (Adyog povov mpog
luyov atopmv avBpaxa) eivor TOAD ONUAVIIKEG YL TOV TPOCOOPICUO  TNG
mpoéhevone TV K-oikaviov (Simoneit, 1999). v mapovoa epyacio, yw TOV
vroroyopd tov tipn®v CPI ypnoponomnke n e&ng e&icmon:

CPI = X(C31-C3s) / 2(C22-C3e)

Ot vdpoyovavBpakeg Tov Tpoépyovtal amd T evor mapovcstalovv tuég CPT > 1.
AvrtiBeta, Tipég CPI ioeg N} yopunAdtepeg TG HOVADOS QTOTEAOVV 1GYVPT £VOEEN OTL O1
vopoyovavOpakeg Tpoépyoviar amd avOpwmroyeveic dpactnpiotntes (Simoneit, 1999).
Ot tipég CPI tov ilnudtov e vparokpnridag g Kpning kopdvinkay petadd 2.6 —
3.6, pe ™ péyom kataypoeopevn T otov Pabd otabud (Ilivaxag 3.3.1). To
dBpotloua TwV CLYKEVIPOCEWV TOV TPV To dpbBovav yepoaiov k-aikaviov (Cr,
Cao kot C3;) fray vynAdTepo 610 pnyd otadud MPIL (104.6 ng g ™) tovilovtac v
OUVEIGPOPA TOV YEPCOIOL OPYOVIKODL VAKOD O©Tr o0oTaoT ToV WNUATOV NG
nepoyns. Eviodtolg, ot cvykekpluéveg TEG NToV Katd moAd younAoTePES amd Tig
aVTIOTOLEG TWES TTOV €YOVV KOATAYPOQEL 08 TAPAKTIONS 6TafoVE 6TV NOTIOdLTIKN
Meodyelo Bdhaooo mov yapaktnpiloviar amd ewopoic motapdv (2.0-12.9 pg g
Bouloubassi et al., 1997). Ot KavovIKOTOMUEVES, OC TPOG TOV OPYOVIKO AvOpako
GLYKEVIPAGELS TOV TPV o ApBovav K-aikaviov (Ter/OC; 23.2, 12.9 kot 17.8 g
g otoug oTadpovc MPI1, MPI2 kar MPI3, avtictowya), frav emiong WynAdTepes 6To
pnx6 otafuo MPIL. Yyniéc tuég yepoaiov k-aikaviov xataypaenkav cto Babv
otafuo (ITivakag 3.3.1) vmwodoniAdvoviog OTL otV OKPN NG VOOAOKPNTIONS NG
Kpnmg emkpotovv dwdwkaocieg owatdpaéng tov nuotog (Zynuoe 3.3.1) omog
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e€aAlov £xel avapepbel kot o mponyovueveg epyacieg (Chronis et al., 2000; Gogou
et al., 2000).

Ta k-oAkdvia pe pkpn avBpokikny advcida (Cis — Cyo) Bpiokovtay oe TOAD Yo unAEC
ovykeviphoels (143 — 54.0 ng g' Enphic péloc Whpatog). To dOpotopa TwV
OLYKEVTIPOOEMY TOV TPIOV YOPOKTNPIOTIKOV K-aAKaviov Bordoctog tpoéievong Cis,
Cy7 and Cj9 koD KOl TOV KAVOVIKOTOMUEVOV MG TPOG TOV OPYOVIKO AvOpoka
cuykevipodoeov (Mar/OC; 1.6, 0.5 kat 0.4 pg g otovg otodpovc MPIL, MPI2 kot
MPI3, avtictoyya) mopovciacav peiwpéveg tipég otov Pabv otabud MPI3 evod n
VYNAOTEPT TIUN TOV XOPAKTNPLOTIKOD Ogiktn TV Bolacciov eukdv Ci; (Blumer et
al., 1971) kataypdenke oto pnyod ctaduo MPI1.
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Yypo 3.3.3: A) XopoktnpioTikd aéplo YPOUATOYPAENHO TOV KAGCUOTOS TOV OAELPATIKOV
vopoyovavBpdkov oto otafud MPI1 mpwv v évopén tov enwdcewmv. B) Tufuo oéprov
APOUATOYPOPNLATOS TOV (PAIVOVTOL Ol 100TPEVOELSEIS VOPOYOVAVOPOKES TPLOTAVIO KoL PLTAVIO. I)
XpoUaTOYPAEN L 1OVI®V TOV OTAVI®V oV Tpocdlopiotnkay ot 1CHHATH TG VOEOAOKPNTIONG TNG
Kpfimg; (1) 17a(H),21B(H)-Cos-nothopane (CasHso); (2) 17a(H),21B(H)-Cso-hopane (CxoHsa); (3)
170(H),21p(H)-homohopane (Cs;Hsy, 225 and 22R); (4) 17a(H),21p(H)-bishomohopane (C;,Hsq, 225
and 22R); (5) 17a(H),21B(H)-trishomohopane (C;3Hsg, 225 and 22R).

H xopmodn mov mapoatnpndnke oto YpOUATOYPUPNUATO TOV  OAELPOTIKOV
vopoyovavlpakmv petaéd tav K-oikaviov Cis éo¢ Csq (Zynpa 3.3.3A) vrodniovet
™V Tapovsio Tov ‘Miypatog Mn Awywpilopevov Ovouwy’ (Unresolved Complex

Mixture | UCM) ota detypota (Gogou et al., 2000). To UCM f\tov TO TO GNUOVTIKO
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oLOTATIKO OTO KAGGHO TOV OAEQOTIK®OV VOpoyovavOpdkwv (88 — 93%, Ilivaxog
3.3.2) evod wo mpooceatn epyacio Exel dgiEel Ot amotedeital amd StokAadmUEVa
OAKOVIO, — KUKAOOAKGVID, — HOVOOPOUOTIKA,  vagpBoAévia  kobdg kol amod
ToAvOpOUATIKOVS  vOpoyovavOpokes (Frysinger et al., 2003). Ot vynhéc
ovykevipooelg UCM mov katoypdenkov ota dsiypato omd TV vaAoKpNTido TG
Kping (1949.5 — 4081.8 ng g™') amotehovv 1oyvpt] £vEeEn xpoviag teptBoAovTikic
pOTaVoNG 6TV cLYKEKPIEVN Teproy. Tldpa tadta, To enimeda TOV KATOYPAPOUEVDV
WOV frav ToAd yapnAdTepa omd To avtiotolya eninedo ot mopdkties (7-488 pg g
Tolosa et al., 1996) kaBdc kol G OMOUOKPLGUEVEG TTEPLOYES TNG Bopetodutiknig
Mecoyeiov (7-13 pg g'; Tolosa et al.,, 1996). Ot 16ompevoetdeic VEPOYOVAVOPaKES
mploTavio (pristine) kot putdvio (phytane) (Zynuata 3.3.3A, B) aviyvevtnkav ce O a
ta detypata. ‘Eva peyddo g0pog Prodeiktdv ypnoipomoteitar ta tehevtaio ypovia yio
TOV YOPOKTNPIOUO TOV OKOTEPYAOTOL TMETPEAMIOV G KVUpLoL artion TEPPUAAOVTIKNG
pomavonc. Ot cuykekpipévor Prodeikteg meplapuPfdvouy, Ta TPIKLKAMKA, TETPUKVKAIKA
KOl TEVIOKVKALKA TEPTAVIO TOV 1 KATAVOUY] TOVUG SOPEPEL LETAED TMV SLOLPOPETIKMDY
ewav metperoiov (Wang et al., 1999). Zmmv mapodoa epyacia, umopécope vo
AVIVEDCOVLE TO TEVTAKVKAIKA TEPTAVIO (omdvia) pe avBpakiky] oAlvcida Cyo-Css. O
TPOGOIOPIGHOC TV omaviov mpayuatorominke kvpiog pe Pdon 10 @dopa palog
TOVG KOODG KOl TOV YpOVO E£KAOVONG OTO AEPLO YPOUOTOYPOUPTLOTA. ZTO GYNUO
3.3.3T mapovoidletar éva YopoKINPIOTIKO YpouoToypdenua wviov (m / z 191)
omaviov. H opdroyn oepd tov omaviov pe aptBud atopmv dvipaka > Cyg Bpioketon
pe Vv popoen g Beppodvvapuxd otabepnc dopng 17a(H), 21B(H) eved o omdvia pe
apBpd atopwv dvBpaxa petald Csii-Css Ppiokovtor pe ) popen Tov empepdv 228
Kol 22R (Zynpo 3.3.310).

Avaivon twv goopolimidiov. To T peAET TNC GVOTAONG TGOV LKPOPLOKDV
KOW®VIOV  OKOAOLONGAUE TNV TEQVIKY] OVAALONG TOV AMmap®v o0&V  ToOV
eocpoMmdiov (PLFA) mov ypnotipomoteiton €upémg yuoo TV TEPLYPOON, TOV
pikpoPiov mov eite SwwBétovv 1KAVOTNTO KOAMEPYEWS OTO E€PYNOTNPLO €ite Oyt
(Balkwill et al., 1998). Ot cvykevipadoels tov PLFA ota mepiPailovtikd dsiypoto
KopdvOnkay petald 0.5 — 1.4 pg g' Enpfic paloc nuatoc (Mivakag 3.3.2).
Baowlouevol otig dnpocievpéveg TéS yuo 1o Paxtiplo Escherichia coli 6mov 5.9 %
10" kdtrapa aviiotorobv ot 1 g (Stratford, 1977), evid 1 g Paktnpiov mepihapfavet

100 pumol PLFA (White et al., 1979), unopéoaue va mpocsdiopicovpe tov aplOuo
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Bakmnpiov ava ypappdplo Enpng pdlog wCnpatog. Ot vrwoloyilopeves KUTTOPIKEG
apBovieg kopdvOnkav petaéd 1.17 kar 2.99 x 10° khrrapo g Enpic palag Whparog
(ITivaxkag 3.3.2). To €0pog tTwv MTOp®dV 0EEMV TOL OVIYVELTNKAY GTO KAAGLO TWV
epocpolmdinv kopavOnke petald Cs.o kot Coo (Zynpa 3.3.5; Iivakag 3.3.2). Ta
Mmopd o&éa TV @OGEOMTIdIMV TEPLEAAUPavaY dV0 SPOPETIKEG OUOAOYES GELPEC:
To, KopeoUEVa K-aAKkavoikd o&éa (kopeopuéva Mmapd o&éa 1 SFA, IMivaxoag 3.3.1) wov
dwympiloviav ota Mmopd o&fa pe Quyd apBud atopmv avOpaxo (ESFA, IMivaxog
3.3.2) kot ot Mwapd o&ea pe povo apBpd atopmv avlpaxa (OSFA, Iivakag 3.3.2)
Kol oto K-oAkevowkd o&éa (axopeota Amapd o&éa 1| UFA, Ilivokag 3.3.2) mov
dwympiloviav ota povoakopeota Amapd o&Ea (MUFA, IMivakag 3.3.2) kot ota

molvaxkdopeoto Mmapd oféa (PUFA, Ilivaxag 3.3.2). Ta xvpidtepa Paxtnploxd
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Tyqpna 3.3.4: Xopaknpiotikd aéplo YpPOUATOYPAPNLE TOV KAGGLOTOS TOV POCEOMTIOI®MV 6TO
otafpo MPI1 wpv v endoon.

Mropd o&€a mov aviyvevtnkav Ntav ta Ciei, Cieo, Cis: kot Cigo (Zymua 3.3.4;
[Tivoxkag 3.3.2).

Téco ta Kopespuéva 660 Kot T aKOPESTO AMTapd 0EE0 TOPOVGIAGAV TOPOLOL
KOTOVOUT] OTO HUNKOG TNG avOpoKiKNg Toug 0Avcidag o€ OAa To Oglypoto Tov
avoloOnkav (Zyqua 3.3.4; Tlivaxag 3.3.2). Ta xopeopévo Mmoapd oo pe (uyod
apOpod atopwv avlpaxa (47.5 + 7.6 % oto MPI1, 54.0 £ 12.2 % oto MPI2 ko1 51.3 +
9.8 % oto MPI3; ITivakag 3.3.2) rav mo aebova and to kopecpuévo Mmopd o&éa e
povo apfud atdépmv avipaxa (3.1 + 2.2 % oto MPII, 8.9 £ 5.0 % oto MPI2, 4.7 +
2.1 % oto MPI3; Ilivaxag 3.3.2) vmodnAdvovtag TauTdXpova OTL 1| GUVEIGPOPH TMV
BoAAGGLOV 0PYOVIGU®V (TAOYKTOVIK®V Kol LIKPOPLaK®V) 6T 600TAGT TV ICnUAT®V

nrav onuavtikn (Eglinton and Hamilton, 1967; Gogou et al., 2004).
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Mivaxkag 3.3.2: Zvuykevipdoelg Qoo@oAmdiov mov mpocdopiotnkay ota nuata g
veorokpnmidag g Kpnng mpwv v évapén tov enmdoemv.

SFA: kopeopéva Mmopd o&éa; ESFA: kopeopéva Mmapd o&éa pe Luyd apBpd atopmv avipaka;
OSFA: kopeopéva Mmopd o&éa pe povo oapipd atopmv avBpaka; MUFA: povookdpeota
Mmapd o&éa; PUFA; molvakdpeoto Amoapd o&éa; sd: tumikn omdkAion. O Adyog trans/cis
VIOAOYIGTIKE Y10 TO POVOaKOPESTO MIapd 0ED Cig.1e0. Ot Paxtnprakéc apbovieg o€ kottapo g
Enpng padog Wnpnotog vmoAoyiotnkay pe fdon tov Tapdyovta petotponig tov Paktnpiov E.coli
OTMOG TEPLYpapeTaL 6 TPOoNyoOUeveG epyacieg (Statford, 1977;White et al., 1979).

DPoopomTioln MPI1 MPI2 MPI3
UECOG OpOS sd UETOG OPOS sd  uéoog opog sd
Tvvolikd (ng g') 644.2 155.6 537.7 154.1 1368.7 312.5
SFA % 50.6 9.8 62.9 7.2 56.0 11.9
ESFA % 47.5 7.6 54.0 12.2 51.3 9.8
OSFA % 3.1 2.2 8.9 5 4.7 2.1
MUFA % 46.3 12.2 30.0 7.5 40.3 8.5
PUFA % 3.1 2.1 7.0 4 3.7 2.4
trans/cis Moyog 1.6 0.5 0.9 0.2 0.9 0.2
x 10® (kotapa g 1.4 1.2 2.9
Kaortavopn (ng g”)
Cso 0.1 0.1
Cioo 0.4 0.3 0.9 0.4 0.1 0.1
Ciio 1.0 0.7 1.6 2
Ciao 34 2.3 3.1 2.9 2.4 2.1
Cis0 0.7 0.7 0.5 0.7 1.4 1.3
Cia 2.1 1.3 1.7 0.2 0.6 0.5
Ciao 48.4 4.8 34.7 7.7 134.9 25.1
cis-10-Cys, 4.1 1.8 7.1 3.5 2.5 1.7
Ciso 11.3 8.9 373 16.9 34.0 11.9
Cie 218.2 48.2 77.8 21.4 364.8 62.5
Cio 208.1 27.7 181.7 359 492.1 86.4
cis-10-Cy7, 1.1 0.8 9.4 0.8 4.1 2.9
Ci70 5.9 3.5 6.9 6.6 19.6 6.1
Cissns 0.2 0.4 1.7 0.2 6.4 8.2
cis-Cis206 3.6 23 1.8 0.3 11.4 6
trans-Cig.19 31.0 6.7 25.7 5 68.7 19.1
cis-Cig.109 19.8 11.8 29.7 1.7 74.1 1.3
Ciso 37.4 11.6 51.1 1.7 58.5 14.7
Ca0406 32 1.4 1.3 0.7 7.7 1.7
Cr0306 1.4 0.8 6.5 1.1 1.8 2.6
cis-11,14-Cyp 9.4 8 15.9 8 19.9 10.8
cis-11-Cyo, 18.3 6.6 83 6.9 36.5 28
Cao0 4.6 0.5 5.0 3.8 10.9 1.3
Caio 1.1 0.4 33 2.5 7.2 7.1
cis-13,16-Cy 2.2 0.9 10.5 11.4 3.6 3.9
Coi1wo 3.7 1.6 1.9 0.6 0.7 0.7
Cxy 3.9 1.5 14.0 13 3.2 4.5
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Ta ®oGOGTA TV HOVOOKOPESTOV AMTAP®V  0EEDV  TOV  QOCPOMTIOIMV
KopavOnkav petacy 30.0 £ 7.5 % oto otabud MPI2 kar 46.3 + 12.2 % oto otabuo
MPI1 (ITivaxog 3.3.2). Avtifeta, o1 GUYKEVIPAOOEIS TOV TOAVAKOPESTMOV ATAPDV
o&éav Ntav wiaitepa yapniés (3.1 + 2.1 % oto MPIIL, 7.0 + 4.0 % oto MPI2, 3.7 +
2.4 % oto MPI3; ITivokag 3.3.2). Ot S0pEG T®V IGOUEPDOV trans Kol Cis aviVEDTNKOV
070 HovoakOpesTo AMTapO 0&D Cis:169 EVO 0 peTad tovg AOYyog kuudvOnke petacy 0.9
+ 0.2 (MPI2; ITivakag 3.3.2) ko 1.6 = 0.5 (MPI1; ITivakag 3.3.2).

EledOcpa limapa oléa. To khdopa tov ehevbepov Mmopdv o&Ewmv meprelappove
Mmopd o&éa pe avOpaxikn aAvcida petald Cs-Cos (Zympa 3.3.5). Ot cuyKeVIpOGOELS
TV eAe0BepmV Mmapdv o&Emv ov kotaypaenkay oy 4633.3, 3995.3 kot 915.0 ng
g Enpic palag Whpatog otoug otadupovc MPIL, MPI2 kou MPI3, avtictoto. Ot
GUYKEVIPMGELS TMV KOPEGHEVOV EAeOPEpV Mmapdv ofémv (SFFA; 2949.2 ng g 610
MPI1, 2848.0 ng g’ oto MPI2 kon 682.9 ng g oto MPI3; ITivaxac 3.3.1) fytav
VYNAOTEPEG A0 TIG OVTIOTOLYEG TV HOVOOKOPESTMOV €AeVBepV Mmapdv 0EEWV
(MUFFA; 1503.1 ng g oo MPI1, 895.9 ng g’ oto MPI2 ko1 208.9 ng g™’ 610 MPI3;
[Tivaxkag 3.3.1). Avtifeto 01 GUYKEVIPOGELS TMV TOAVAKOPESTOV EAELOEP®V MTTap®dV
o&éwv (PUFFA) fitav bwitepo youmiés (181.0 ng g oto MPII, 251.3 ng g ot0
MPI2 kot 23.2 ng g 610 MPI3; ITivaxog 3.3.1). Tevikd, ta moAvokdpesta Mmopd
oféa mpoépyovior amd 1o MAAYKTOV N omd PevOikd acmovovia, kot Oewpovvion
€0KOAO OTTOIKOJOUNCIUO. GE GCUYKPLOT UE TO Lovoakopeota Mmopd o&éa (Wakeham et
al., 1995; Gogou et al., 2004). Ot Gogou kot cvvepydteg (2004) oe mponyodpevn
gpyacia Tov TpaypaTontomdnke otnv vearokpnmioa g Kpnmge katéypayav eniong
YOUNAEC TOGOTITES TOAVAKOPESTOV EAeDDEPmV Mmapdv o&éwv (35.8 - 301.9 ng g';

Gogou et al., 2004).

3.3.2 Adhoyég petd v oo

Alerpatikol vopoyovavBpaxes. Metd v €n®ACN TOV 2-UNVAOV Ol SOPOPES TOL
mopatnPNONKOY OTNV KOTOVOUN TV K-oAkoviov Oev MTov 1010itepo eUEAVELS.
Evtovtoig, ta enineda tov aiewpatikodv vopoyovavOpakewv (AHC, Ilivakag 3.3.1,)
petmonkav onuaviikd otovg otafpote derypotoinyiog MPI1 kot MPI2. O tipég CPI
avénnkav petd t1g emwdoelg vrodniwvoviag OtL To K-oAkdvio pe Luyod aplBuod
atop®V GvBpoka elval MO €OUKOAO OTOIKOOOUNGIUN OO TO OVIIGTOU(O. UE HOVO
apOpd (Ilivaxag 3.3.1). H petafoin twv vdpoyovavBpdkwv katd v mepiodo g

enmoons pereminke péow® g peimong tov k-ohkaviov, 2.(Cis-Cag), 2(C21-Cse) ko
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to0v UCM wg pog 10 ondvio 17a(H),21B(H)-Csp-hopane (CsoH) (ITivaxag 3.3.1). Ta
OTAVIOL OVIIKOLV GTNV KT Yopio TV oucsimv Tov dtabEtouy peydAn avlekTikotnta o
ddkacieg Proamotkoddunong oto meptPdAiov Kat Yo To Adyo avtd £xel Tpotabei N
YPNON TOVG OC €0MTEPIKA TpoOTLTO. GE peAETeG Proamowodounons (Wang et al.,
1999). v napodoa epyacio, 0l GLYKEKPLUEVOL O10YVMGTIKOL AOYOL TOV K-OAKOVIDY
®G TPOS TO OmAvVIo, perwvovtay EekdBapa petd v mepiodo ¢ emmaong, o€ OAOVG
tovg otaluotg (ITivakag 3.3.1) amotelmvtag €161 1oyvPN £vOEEn Yo TNV TOPOLGin
JdKACIOV omotkodounons. Avtd mbavotata ogeidetor oty VYmapén Poxtnpiov
mov  dwbétovy  wavdtTa  omowkodounong  vopoyovavipdkwv. H kavomta
OTOIKOOOUNONG TOV K-OAKOVIOV pHe OapopeTikd aplBud atopmv dvOpoka dEeepe

Abundance
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Yynpa  3.3.5: XopokmpioTikd 0éplo  YPOUATOYPAENUO  TOV
KAdopatog tav erebbepmv AMmopodv o&éwv oto otabud MPI1 A)
mpwv Ko B) petd tovg 2-pnveg endaon.

onuavtikd petacd tov otabuov (2(Cis-Ca)/CsoH ko 2(Ca1-Cs6)/CsoH; IMivakag
3.3.1). 2o pnyd otabud MPI1 éva mocootd ~ 78.6 % twv k-aikavimv Cis-Cog

amopoKPUVONKE HETE TNV ENMOCT VO €va T0c0oTd ~ 86.3 % tov K-oikaviov Cy —
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Cse mopépeve oto téAog tov mepdpatog (Ilivaxog 3.3.1). Tlponyovueves epyacieg
&xovv deiel emiong OTL Ta K-OAKAVIOL e HKpT avOpaKiky aAvcido amotkodopovvToL
o€ TOAD VYNNG puBuovg (Grossi et al., 2002). Ot Grossi kot cuvepyatég (2002), oe
TEPOALLO TTOV TPAYLLOTOTOINGOV GE 0L PUTTAGHEVT] LE VOPOYOVAVOPUKES TEPLOYN OTN
FoAAia, £de1av 0Tt Ta K-aAKkavia pe aplipd atopwv dvBpaka < Cys amopokpbvovay
teheiog and 10 inuo o o ypovikn mepiodo mov dev Eemepvovoe Tovg 6 UNVEG.
Emiong, ot Teece kot cuvepydteg (1998) €dei&av 6tTL exTdC Amd TO K-OAKAVIO, TO K-
aAkévia omotkodopovvtar tayvtata o o&ikég cvvinkeg (Teece et al. 1998). Tty
mopovoo epyacia, Ta K-ohkévia Cie, Cig kot Cyop eopaviomrov petd ond to
nepdapoto  endaons o€ O0Aovg tovg otofuovg (IMivaxog 3.3.1). Ov puvBuoi
ATOIKOOOUNONG TOV K-OAKOVIOV HE PIKPT Kot Pe peyddn avOpokikn aivcido dépepe
emiong onuavtikd petald tov Babdtepov otabuav derypatoinyiog MPI2 ko MPI3.
Yvykekplévo, oto otabuo MPI2, ~ 24.8 tov x-oikaviov pe pikpn ovOpoxikn
arvcido kow ~ 169 % tov k-aikaviov pe peydAn avBpaxikny oivcida
ATOUAKPHVOVTIOV HETA TO TEPOALO ETOAONS, ev®d ot10 Pabbtepo octabuod MPI3, ta
avTiotorye. ToGooTé omopdkpuveng Ntav ~ 14.7 yio 1o K-OAKOVIOL HE HEYOAN
avOpoKIK] 0ALGION, VO TO K-OAKAVIO HE HIKPN avOpoKIKN oAvcida mopéuevay
otafepd (ITivaxag 3.3.1). Eniong ot pvBuoi anopdrpovvong tov UCM (UCM/CsoH)
diépepav petald tov otabumv detypoatoAnyiog, mOavOTaTe MG OTOTEAEGUO TNG
Omapéng meTpeAaiov  OPOPETIKNG TPoéAevong ota  mePParioviikd  delypata
(Frysinger et al., 2003).

Lpoiovta Avaig (Orylvkepiola, yAvkoiimiola, eievBepa Aimopd oééa). Ta KAAGLOTA TOV
StyAvkepdiwv Kot yYAvKOMTdiov mapovsiocay Wdwitepa YOUNAEG GUYKEVIPDOGELS
TOG0 TPV 060 Kot PeTA To meipapa endoonc. Ta Mmapd o&éa Tv dryAvkepidimv mov
Exovv mpotadel G OEIKTEG VEKPDOV KOl TPOCPOTO KATEGTPUUUEVOV KVTTAPWOV Elval
ocuvnBwg mpoidvia AVc1g tv ddpopmv yAvkepwinv (Thiele, 1979) kot ta emineda
OLYKEVIPOCEDY TOVG £ivor 131a{TEPA YOUNAL EPOGOV ATOIKOIOUOVVTOL TOYVTOTO KO
dgvV UTOPOVV v cvoompevtovy oto meplaiiov (Riitters et al.,, 2000b). Ta
yAvkoMmidw  amoTeAOVV  TO  KUPLOTEPO  OLOTOTIKO TG  HeuPpdvng TtV
KvavoBaktnpiov (Smith, 1988) aAld Bpickoviat g Waitepa YUUNAEG CLYKEVIPAOGELG
OTNV KLTTOPIKN HePPpavn Tov ovoik®mv eototpowv Baktmpiov (Imhoff and Bias-
Imhoff, 1995; Riitters et al., 2002b). To younAd eminedo YAvKOMTISI®V TOV

aviyveutnkay oto  TePPaALOVTIKG delypata mBavoétato vToONA®VOLY  OTL Ol
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Q®MTOCLVOETIKOT  OPYOVICUOL AVTITPOCHOTEVOVY  €va. TOAD KPS TOGOGTO  TNG
GLVOAIKTG pikpoBlaxng Propalag ota inuata e vearokpnmidag g Kpnmce.

Metd v mepiodo emmoomng, M Kotavop] Tov eAedfepov Amapmdv ofémv
drapopomomOnke onuavtikd pe t0 kopecpévo Mmopd o&H C16:0 va amotehel to
KUPLOTEPO cLoTATIKO TOVG (Zynpa 3.3.5). Ot cVYKEVTIPMOGELS TOV EAeVBEP®V MITAP®OV
o&émv mapéuevay otabepéc oto Pabvd otabud MPI3, evad éva mocootd ~ 22.8% Ko
7.4% amopoakpovOnke, petd o T€AOG TG EmM®OONS amd To delypata Tov otadunv
MPI1 xor MPI2 avtictora (ITivaxag 3.3.1). Avrtibeta, £va moAd vynid mocooTd ~
59.3% ot 55.5% twv povoakdpeotv AMmapdv offwv amopakpOvinke omd To
detypota tov otafudv MPI1 ko MPI2 avtictoya, evd to aviictotyo T0GooTd NToV
KaTé TOAD LYNAOTEPO Yia Ta TOAVaKOPESTO EAeVBepa Amapd 0&éa (61.6% oto MPII;
80.1% oto MPI2; Ilivaxag 3.3.1). Emiong, ot Adyor 1@V 0akOpECTOV TPOG TOV
KOPEGUEVDV eAeVBepmV MTapdV 0EEMV UEIDONKAY OMUOVTIKG HETE TNV TEPIOJ0

enmaong pe pa pkpn e€aipeon oto otafud MPI3 (Eynua 3.3.5; Mivakag 3.3.1).

3.3.3 PvOpoi otorycromoinong kot anyEg opyavikov avlpaka

Av Kot og ToyKOGHo. KAMUOTO 1) EMPAVELD TOL KOADTTOLV Ol VOAAOKPNTIOES eivat
waitepa pikpn o poAog tovg oty pvduion tov Proyewynukod KOKAov Tov AvOpaka
etvan aitepa onpavtikdg (Jahnke et al.,, 1990; Martin and Sayles, 2004). Zta
wnuata g vearokpnmidag e Kpng ot petaforikés dadikacieg mov EmKpATONV
etvar 0&ikéc. Av Kol Ol TOGOTNTEG OPYOVIKOD GvOpaKo TOL KOToyplonKay MTov
TOPOUOIEG KOl OTOVG TPELS Pobuuetpikodc otabUovg Tov HEAETNOOUE Ol HEYOAES
dwpopég mov mapoatnpndnkov otovg pvuodc oToryEoTOiNoNS TOL  AvOpOaKa
ONAdvVoLV OTL 01 HIKPOPLaKéS Kovmvieg glval mo evepyég oTovg pnyovs otaduovg
(Zympa 3.3.2). Avtd mbBovotnto oPeiletol oTIS TOOTIKEG SLOPOPES TOV OPYAVIKOD
GvBpaka ¢ ATOTEAEG O TOV OLOPOPETIKAOV TNYDOV TPOEAEVGNS TOVG.

Y& mponyovuevn gpyacio mov mpaypatoromOnke oty idwa meproyn ot Danovaro
kol ovvepydteg (2000) £deiov 0Tt M Poaktnprokn agbovio TpuTAacialeTon ®G
OTOTEAECUO. TNG AVEAVOUEVNG E1GPONG TPMOTEIVOV OMADOVOVTOS TOLTOHYPOVO OTL M
avtidpaon Tov foktnpiov Tov Inudtev teplopiletol TeptocoOTEPO Ao AALUYEG OTNV
TO10TNTA KO Ol 6TV TOGHTNTA TOL 0PYAVIKOV VAKoV. [Iponyovueveg peréteg £xovv
deiéel emiong O0TL M Poakmproky avdmtuén meplopiletor omd TV TOdTNTU TOV
dwbécpwv myov avlpaxa kot evépystog (Vallino et al., 1996). ['a napddetypa, o

nponyovpevn epyoacio (Nedwell et al, 1993) eiye mapatnpnbei 611 ot pvOuoi
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OTOL(EOTOINGONG TOV OpYOVIKOV (vBpako o€ mapdktio, WKAHate ™S AVIOPKTIKNG
av&avovtay e TNV €16p0T PPECKOL OPYAVIKOD DAIKOD GTO OIKOGVGTI LA,

Ymv Katoavoun tov K-oAkoviov Ci1-Cse oto iCipoto g VEAAOKPNTO0S NG
Kpnmg ta k-orkdvia n-Capz, n-Csg, ko n-Cs; fjtav 1o mo apbova. Ta cvykekpipéva
OAKAVIOL OTOTEAOVV YOPAKTNPICTIKO GLUGTATIKE TWV QUTIKOV OPYOVICUMV YEPCOING
npoéhevonc. Katd ovvémeln, m ovvelspopd tov yepooaiov mepiPdAioviog otnv
ovotaon Tov Knudtov g vearokpnmidag e Kpritne eaiveton va givor diaitepa
onuovtiky (Eglinton and Hamilton, 1967; Gogou et al., 2000; Volkman et al., 2000).
H ovykekpyévn katovopn tov K-odkoviov Omwg ¢oivetor GAA®OTE Kol ©€
TPONYOVUEVES EPYOCIES EIVOL YOPAKTNPLIOTIKT TOV TopdKTIwV TteptBaildvtav (Gogou
et al., 1998; 2000; Jeng and Huh, 2004; Tolosa et al., 2004).

2y mopovca gpyacia, 1 KOTOVOUN TOV K-OAKOVIOV Topovcioce O10popég
petald tov pnyov otabuod MPI1 kot tov Pabdtepov octabpmv MPI2 ko MPI3
Emua 3.3.4). Ta k-adkdvia pe pikpn avBpakikn aivoida (Cis — Cyo) NTOV 7O
apBova oto pnyo otabuo derypoatoAnyiog (Zynua 3.3.4). AdOy® ™G YEOYPAPIKNE TOV
Béong o pnyog otabuog MPI1, ctov omoio o1 pvBuoi oTotyelonoinong Tov opPyAVIKOL
vBpaka NToV VYNAGTEPOL OEYETOL EVIOVEG EMPPOEG YEPTOing mPpoErevons (Zymua
3.3.1). Xe mpomyovuevn gpyocio ot Psarra xor cuvepydteg (2000) €dei&ov 0Tt 1
TPOTOYEVIS TOPAYOYIKOTNTA o€ &va pnyo otafud dsrypoatoinyiog tov Kpnrikol
[Teddyovg (100 m) Ntav capmg vynAdtepn and évav Pabd otabud (540 m), evd ot
KOTOYEYPAUUEVEG TWEG MTAV TOAD YOUNAES AOY® TOV EVIOVOV OAYOTPOPIKMV
ouvONK®OV OV emKpATOVV YeVIKG otnv meproyr. Emiong, 1o k-oAkdvia pe pukpn
avOpoakikn arvoida (Cis — Cy) elvar yvootd 0TL Tpoépyovion amd to PoakTnplo Kot
Kopiog amd 10 Bohdooio mepiBdAiov. Ot waitepa YOUNAEG TIUEG OVTAOV TOV
oAKaViOV TOV KOToypaenKay GtV Topovca pyacic SNA®MVOLY OTL Ol 0VGIES AVTES
ATOIKOOOUOVVTOL  TOAD  €UKOAM Kot  TopdAAnAa  emPefordvouv TN  younin
mopay@yKoéTNTa TV vepav tov Kpntukob Tleddyovg 6mmg dAlmote £xel avapepet
Kol og mponyovpevn epyacio (Gogou et al., 2000). Or vyniég mocotnTeg TOL UCM, 01
VYNAES emiong tipés tov Adyov UCM mpog o K-adkdvia (UCM / NA; [Tivaxog 3.3.1)
KaOdg Ko 1 TOPOLGio TOV OTAVIKV OTOTEAOVV 1oYLPEG EVIEIEELS OTL | TTEPLOYN NG
voorokpnmidag g Kphmg elvor  xpdvie  pvmacuévn  pe  TETPEANTKOVG
vopoyovavOpakec. H moapatipnon avt emPefoidveror 1060 [e TNV KOTAVOUY| TOV
omaviov  (Zyquo  3.3.3) mov  eivor  OPOKTINPIOTIKY]  TOV — TETPEANIKOV

vdpoyovavOpakwv (Philp, 1985) 660 kot pe v mopovcio TOL TPIGTAVIOL Kol TOV

KE®AAAIO 3.3. Enidpacn TV 51001K0c1HV GTOLYEIOTOINGNG 78



eutoviov ota mepPariovikd detypota (Zynpata 3.3.3A, B) (Gogou et al., 2000).
Evtovtolg, dev pmopodpue pe amdAvtn BePordtra va Paciotodpe ota dedopéva TOV
KAMAGUOTOG TOV  OAEWQATIKOV vOpoyovavOpdkmy vy va  eEdyovue  ao@OAn
CLUTEPACUATO GE GYECT HE TNV TOWOTNTO TOL OPYOVIKOD VAIKOV KoBdS To

OCLYKEKPIUEVO KAAGLLO OVTITPOSMTEVEL £VOL KPO TOGOGTO TOV GUVOALKOD OPYAVIKO

avBpaxa (BA. AHC/OC; Iivaxog 3.3.1).

3.3.4 XYotoon TOV POKTNPLOKOV KOIVOVIOV

Ta Mmapd 0&€a ToL GLGTAVOLV TV KVTTAPIKT] AMTOIKN 6TOPEdA ATOTELOVY TOVS 7O
xpPNoovg Prodeixteg yio tov vroAoyiopd g Lovtavng PBakmprokng Popdlag ota
wnuata. O Tpocdloptordc TV Mmapndv 0EEnv Tov poceomidiov (PLFA) arnotelel
po TOAOTIUN TINYN TANPOPOPIDV Yo TV TEPLYPOON TNG GVGTOUCNG TV UKPOPLOKAOV
KOWOVIOV KaBMG KOl Y10 TNV KATOVONGT TOV QUAOYEVETIKOV OXEGE®V UETAED TOV
Baktnplakdv TAnbucudv (Guezennec and Fiala-Medioni, 1996).

Y& mePapaTo KOAMEPYELDY, Ta Baxtipla yapaktnpilovtol pe faon v wKovoTnTo
OVOTVOT|G TOVG GE: 0epOPla PakTipla, VITOYPEMTIKA 0epOPia PakTipla, VITOYPEMTIKA
avaepofia Pakmpla KaB®OG Kot 6 PaKTiplo. TOV AKOAOVOOLV TV avay®mY| Beukmv
VIOV 610 PETOPOAIKO Toug povomdtt. O dy®mpiopdg HeTald TOV CLYKEKPIUEV®V
Tonev Baktpiov BacileTtol Kupimg 6TV KOTAVOUT] TV OAPOPETIKAOV MITAPDOV 0EEDV
OV GLOTIVOLV TNV KLTTAPIKT ToVG pHepPpdvn (Parkes and Taylor, 1983). Ot dtapopég
HETAED TOV GYETIKAOV GLYKEVIPMOOE®V TOV KOPECUEVOV KOl OKOPECST®V MTOPOV
oéwv pe 16 dropa dvBpaxa ypnowomoleitor g Pdorn Yo 10 Sy®PIoUO TGV
Te000pOV TOHTOV Poktnpiov. Xvykekpiuéva, To aepofla Kot VTOYPEOTIKA aepOfia
Bakthpla, TePEYovV 10€¢ TOGHTNTEC TOL KOPEGUEVOL KOl AKOPEGTOL ATAPOL 0&E0G
Cis, VO TO LVTOYPEOTIKE ovaepOPlo Kot ta Paxtipla mov avdyovv Beukd dvia
StBETOLY NMAGCIEG TOGOTNTES TOL HOVOOKOPESTOL 0EE0C Cig:1n7 OE GYEOT UE TO
kopeopévo Mmapd o&0 Cie (Guckert et al., 1986; Langezaal et al., 2003). Yynhiéc
TOCOTNTEG TV POVOOKOPESTWV AMIapdV 0EEmV Cig. 1 Cig.1 VTApYoLY cuVNB®G GTNV
Mmook pepPpdvn tov Bgro-oEedmtikdv Baktnpiomv (Guezennec and Fiala-Medioni,
1996; Jannasch et al., 1989; Katayama-Fujimura et al., 1982) xafd¢ ot tov
pebavotpopikav PBakmmpiov (Virtue et al., 1996). Ta povoakodpeota Mmapd o&éa twv
QPOOPOMTIIIWV Elval TA YOPAKTNPIOTIKA GUOTATIKA TNG KVTTOPIKNG UEUPPAVNG TV
gram-opvntikov Pokmnpiov (Macnaughton et al., 1999; Ringelberg et al., 1997).

Yyniéc moocodtteg SokAd®UEVeV Amapdv oféwv emiong yopaxtnpilovv ta
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Baktnpila wov avdyovv Beuxd 16vta (Edlund et al., 1985; Taylor and Parkes, 1983), ta
gram-0etikd (Kaneda, 1997) xabmg kot ta avaepofro Paxtipia (Edlund et al., 1985).
Svumepacpatikd, To  agpofin  Poakmplo  TEPLEYOLV  LYNAEG TOCOTNTES TMOV
HOVOOKOpEST®V  AMmap®v  oféwv kol  wWwitepa  YOUNAES  TOCOTNTEG TV
dwkAadwpévav Mmaponv o&éwv (Rajendran et al., 1997).

2NV mopovco EPYNcia, 1 HEAETN TOV MTOPAOV 0EEDV TOV POGPOMTIdIMV £0€1Ee
0Tt o1 pukpoflokés kowvwvieg Tov Wnuatov g vearokpnmicoac g Kpnmng
amoteAovvVTay Kuplog amd Paktiplo mopd amd gvkapvmTikd 1 opyoic (Guezennec
and Fiala-Medioni, 1996) (ITivaxoag 3.3.2). Emiong, ot daitepa yopunAéc mooOTNTEG
TOV TOAVOKOPESTOV MTOPOV 0EE®MV  ONAMVOLV TN YOUNAY] OCULVEWGQOPA TV
EVKOPLOTIKAOV OPYOVICUDOV GTN d0uT| TS PEVOIKNC Kotvaviag.

Ta enineda cvykevipdcewv towv PLFA mov tpocdiopicnkav ftav cvykpicio e
11¢ avtiotoyeg tiwég PLFA mov elyav kataypagel oe mponyovuevn epyacia ce
gotpoen mepoy ¢ lomaviag (0.7 pg g' Enpfic pélog Knuotog otov KOATO
Hiroshima Bay kot 1.1 pg g™ Enpnic pélog nuatog oty meproyfi Eutachi ko Osaka
Bay, avtictoyo; Rajendran et al. 1997). Ou Poxkmpuoxés oa@eBovieg mov
vroAoyiomkav pe Pdaon tov mopdyovia petatponng tov Paxtmpiov E.coli frov
TOPOUOIES LE TIC AVTIOTOLYES OV ElYAV TPOGOIOPIGTEL Yo TV 1010 TEPLOYN OO TOVG
Danovaro kot ocvvepydteg (2000), kaBadg kot yio dAAeg meEPLOYES TG AVOTOAKNG
(Bianchi et al., 2003; Boetius et al., 1996) ka1 Avtikrig Meocoyeiov (Dellile et al.,
1990). O mapdyovtag petatpomng amoterel Eva moAD KaAO epyaAeio TPOGIOPIGHOV
m¢ Covtovig Paktnplokng Popdalog aAld mpémel va tovicovpe tnv mbovotnTa
OQAALOTOC GTOVG VTTOAOYIGHOVS KOOGS elvatl ELVONTO OTL dSPOPETIKA £1OM HTopel va
mePLEYoLVV dropopeTikég moodtntec PLFA otic kuttapukéc tovg pepPpaveg (Balkwill
and Ghiorse, 1985; Balkwill et al., 1998).

H avédivon tov PLFA ota ilqpato g vparokpnmidag g Kpnng £6eiée ot ta
o deBova Mmapd o&éa NTav to kopeopéva Cieo Kat Cig.o Kot Ta povoakopeata Cig:
kol Cig:p OV OVTITPOCMOTEDOVY TNV KATNYopio TV aepOPflov  gram-apviTiK®V
Bakmpiov (ITivaxag 3.3.2). Ta omotedéopota oavtd delyvouv EekdbBapa OTL TO
aepofro Kot vwoypeTkd aepdfia Kabmg Kot o faktiplo Tov S1afETOVY IKOVOTNTA
ofeldwong tov pebaviov kot tov Belov Ppiokovror oe vymAég apbBovieg oty
oAyotpogikn mepoyn ™S  Kpnmng.  Tavtdypova, ot yauniéc  moodTNTEG
SWKAAOOUEVOV AMTopdV 0EEMV dNA®VOLY TIS YapnAég agbovieg tov avaepoPimv,

gram-0eTik®v koD Kot tov Paktnpiov mov daféTovy wKavoOTNTO OVOY®YNG TOV
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Beukdv 10vToVv. Xe Tponyobueveg epyacieg, &xetl Ppedel 0Tt T StaKkAadOUEVE MTopd
o&éa GLGTNVOLV TIC KLTTOPIKES HEUPPAVES TOV gram-BeTikov Paktnpiov Tov YEvoug
Bacillus (Kaneda, 1977; Rajendran et al., 1997), tov Baxtnpiov Desulphovibrio
desulfuricans mov d00étel TV avoTnTa avaymyng Beukov wvtev (Boon et al. 1977,
Rajendran et al. 1997), kaBd¢ xor tov avaepoPiov Poakmmpiov. H avdivon g
BPAodnKng KAodvov tov yovidiov 16S rRNA mov mpaypatomomnke otov pnyd
otafuo MPI1 (Kepdhato 3.2; Polymenakou et al., 2005¢c) €deiée 611 Ta0 gram-0etikd
Bakmpa (m.y. Firmicutes, Actinobacteria) cyeddv amovcialav and to WCnpato g
voorokpnmidag ¢ Kpnng (Polymenakou et al., 2005¢). AvtiBeta, ot emtkpoatovceg
taSvopikeég  opddeg  Mrav  tan  gram-apvntikd  Paxtipwo  Proteobacteria,
HolophagalAcidobacteria xou Planctomycetales, mov meplelyov avIiummpocOTOVS TWV
Boaktplakav yevov Beggiatoa, Thioalcalovibrio, Pseudomonas wov Chromatium
(Polymenakou et al. 2005c).

H xotavopn tov Mmapav o&éwv tov PLFA tg vearokpnmidog g Kprtng
akoAovbel 10 Poocikd TPOTLIO KATOVOUNG TV AMOP®V 0&EMV TOL PaxTnpiov
Thiomicrospira crunega, mov &€ivol €vo YOPOKTNPLOTIKO YNUEO-OVTOTPOPO Bglo-
ofewdwtikd Pokmplo to omoio &ixe omopoveobel amd pi VOPobeppkn TN
(Guezzenec and Fiala-Medioni, 1996; Jannasch, 1985). e mponyoduevn epyacia ot
Brinkhoff ka1 cuvepydteg (1999) £de1&av 6tTL o YMUEIO-0VTOTPOPO BE0-0EEIOMTIKA
Baxtpra (SOB) Bpickovtor oe vynAég apBovieg oTig VOPODEPUIKES TNYEG TG VIIGOL
Mntov (EALGda) (Brinkhoff et al., 1999), kot mailovv éva moAd onpoviikd poro otnv

owoAoyia TV okoovotnudtev (Brinkhoff et al., 1999).

3.3.5 Evociéeig Yo amotkodopnon vopoyovavlpaxmv

Méypt mpdopata, évag onuavtikds aplBudsg epyacidv Exel mpaypotonomel yio
™ MHEAETN NG emidpaomng TV SdIKACIOV OTOIKOOOUNOoNG OTN oUOTACN Kot
KaTavoun TV Plodeiktmv. ApkeTéc epyacieg mov £xovv mpayuatonombet gite in vitro
elte in situ £0e1&av OTL TOL OTTAVIQ KOl TOL GTEPAVIN EIVOIL TOAD OVOEKTIKA GE SLOOIKOGTES
Broamotkodounong (PAéne Wang et al., 1999). Ta opdroya twv vdpoyovavOpdkwv pe
HKPY] ovOPaKIKT 0AVGIO0 OITOUKOSOUOVVTOL YPNYOPOTEPH OO TIG OVGIES TPLOTAVIO
(Pr) xou o@utévio (Ph) (Grossi et al., 2002). Xe peiéteg ProamokodOUNoNG
YPNOLOTOIOVVTOL U0 GEPA OOYVOOTIKOV AOY®V TV OVCIHV TOL OITOKOd0UOVVTOL
TPOG TIG 0vGieg mov dVoKo o omotkodopovvior Onwg ot Adyor Ci7/Pr xou C;s/Ph

(Grossi et al., 2002). Evtovtoig, €xet Ppebel tehkd OTL 01 cuvykekpipévol Adyor
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VIOEKTILOVV OoNUavTiKE Tov Pabpd Proamouoddpunons Kabmdg ot 160mPeVOELdElg
vdpoyovavOpaKeS TPIGTAVIO Kot PUTAVIO Proomowkodopovvral eniong (Wang et al.,
1999). T 1o Ady0 0LTO, TO TEAELTOUN YPOVIOL YPTCULOTOLOVVTOL MG ECMOTEPIKA
npoTLTTO. e GEPd amd ovoiec, dnwg to omavio 17a(H),21B(H)-Cso-hopane (C30H)
(Prince et al., 1994), mov &rovv amoderybel 6Tt glvarl TOAD avOeKTIKEG GE O1UOIKAGIES
OTOIKOOOUTOT|G.

Ymv moapovoa epyacio, OTOL M LEIMON OTIS GUYKEVTIPDGELS TOV K-OAKAVIOV HETH
™V En®Aon 0gv Ntav Tpoeavns (Zynua 3.3.4) Ady® tov pkpov ypdvov emmaong (2-
unveg), vmoloyiotnkav pio cepd dayvootikdv Adyov (6nwg NA/Cs;oH, 2(Cis-
C20)/C30H, 2(Cy1-C36)/C30H) pe oxomd t peréTn TV Sad1KacidV omoikodounons
vdpoyovavlpdakwv ota Wnuata g vearokpnmidag g Kprng (Ilivaxoeg 3.3.1).
O)ot o1 AOyoL TOL VTOAOYIGTNKAY HELDOVOVTOV CNUOVTIKG LETA TEPIOJ0 EMMAONS dVO
unvav, omiovovtag 0tt ot Bevlwéc pukpofrokowvovieg oto wnuata tov Kpntukon
[Teddryoug mailovv éva mOAD oNUAVTIKO POLO GTN TOYN TOV VOPOYOVOVOPAK®V.

Ta Paxtipra mov dwbéTovy KavOTTA 0moKodOUNoNG VOPOYOVaVOphK®Y gival
TOAD OMUOVTIKA ©T0 HeTaPOAoUO €vOg peYdAoOvL €0povg vIpoyovavlpakwv eite
QLGIKNG glte avOpwmoyeEvog Tpoéhevong. [lponyodueveg epyacieg £xovv dei&et OTL TaL
omavia givol ToAD otabepéc ovoieg oe oyxéon pHe GAAL TETPEANIKA TPOTOVTO OTTMG TOL
K-oAkdvio ) to UCM (Prince et al. 1994). Evtottoig, to UCM yevikd Bswpeiton Oti
etvar avBektikd oe dwdikacieg Proamotkodounong. Xtnv moapovod  epyocic. o
dwyvomotikog Aoyog tov UCM w¢ mpog 10 omdvio CspH (ITivaxoag 3.3.1) peiwvotav
ONUOVTIKA HETA TNV 7ePiodo NG EMOOCNG OTOVG T PNyovs oTabuovg
derypotoinyiog (MPI1 xou MPI2). Agv umopodue va movue pe PePordtnro av ot
BevOuég pkpoPraxés Kovavieg NTov vIEVOVVES Yo TV TAPOTNPOVLEV LEIMOT GTO
enineda UCM epocov mponyobpeveg epyacieg €xovv Ogifel ot n dadikacioo g
QMTO0EEId®ONG €lval TOAD O GNUOVTIKY] GTNV OTOIKOOOUN O TV GLUGTATIK®Y TOV
UCM moapd 1 Proamowcodounon (Dutta and Harayama, 2000). ITépa and avtd, dev
LITOPOVLLE VO ATOPPIYOVLE TO EVOEYOLEVO O1 LKPOPLaKEG KOVmVIES TOV INUATOV TNG
veorokpnTidag g Kpng va propotv va arotkodopovv o UCM. ' 10 Adyo avtd
OKOAOVONGOUE TNV TEYVIKN avixveELONS TOL Yovidiov tng 0lo&vyevdong pe t ypnon
TOV KATOANA®V EKKIVITOV TNG 0AVCIO®MTNG avtidpaong g moivpepdonc 1 PCR pe
okond va emPePoardcovpe v Vmapén Pokmnpiov mwov dbétovv  KOVOTNTA

ATOIKOOOUNONG OPOUATIKOY OOV OT®MG OVTdV ov cvativovy 10 UCM (m.y.
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LOVOOPOUOTIKMOY KOl TOALOPOUATIKGOV vIpoyovavOpakwv, Frysinger et al., 2003).
[Ipéner va devkpwvicovpe €d® OTL oL yovidle mov eivor vmedbOBova v Vv
OTOIKOOOUNOY] TV OAKOVIOV glvol o1 Hovoouyevaces €vd To. yovidlo mov &lvarn
vevduva YL TNV OTOKOOOUNGT] TOV OPOUATIKOV LOpoyovavOpdkwv elvar ot
dévyevaoes (Preme Harwood and Parales, 1996; Heider et al., 1999). Zmv mapovca
gpyacia, To Yovidlo g o10&uyevaong aviyvedTnke emTuydg Katevdeiav and to inua
emPePardvovtag v mapén Poktpiov He KOVOTNTA OTOIKOIOUNONS APMUATIKMV

ovoldV ota Wnpata g vearokpnmidos g Kpnmg.

3.3.6 Evociteig o katamdviion tTov Poktnpuokov ainbvopav Aoym £riewyng
TPOPNS

Mo v ektipmon ™¢ LVOIOAOYIKNG KOTAGTAONS TOV HKPOPLOKOV TANBLoUDV,
Tpw TV Evopén TOV ETOAGE®MVY, VTOAOYISTNKE 0 AOYOG trans/cis Twv Mmap®dv 0&Emv
TOV eOo@oMTinyV. Ot VYNAEG TOCOTNTES TOV IGOUEPADV trans TOV PoKINPLOKOV
Mmdiov oyetiCovrol kupimg pe otpatnyikés eniPioong tov Paktnplok®y TAN0veudY
onwc ywo mopddetypo oe mepumtooelg EAAewyng tpoens (Guckert et al., 1986;
Guezennec and Fiala-Medioni, 1996; Kieft et al., 1997). Zmv mapovoa epyocia, o
Aoyog trans/cis otov pnyod otabud MPI1 frav 1.6 dnildvovtoag 6Tt ot PiKpoPlokés
Kowamvieg g meployng Pplokovrav oe katdotaon ‘kotamovnong Aoyw EAAewymg
TpoPNG. Avtifeta, otovg Pabvtepovg otabuovg MPI2 kow MPI3 o mapamdve Adyog
Ntav i6og pe v povada, delyvovtag mapdAinia 6Tt ot pikpoPlokés Kowvmvieg iyov
Eemepaoel TETOL KOTAGTOON (QUOIOAOYIKNG Tieons, aveSdapmta omd Tig 1daitepa
YounAég mocdtteg dvBpaka. I'a To Adyo avto, Yo va e£€Tdoovpe av Kol KoTd TOGO
01 LKPOPLaKES KOWVMOVIEG HETEMITAY GE KOTAGTAOT ‘KATOTOVNONG UETA TNV TEPi000
™G EMMOOONG, VIOAOYIGTNKE 0 AOGYOG TNG CLYKEVIPMONG TMV LOVOOKOPESTMY TPOG
TOV KOpeoUEVOV eAebBepwv Mmopdv oféwv. Metd v mepiodo tov 2-punvov ot
MEPANOTO ETOOONG, OmMov ot dwbéoiueg myég AvOpoka OV OVOVEDVOVTAV O
Topanave Adyoc petowvotav oe OAovg touvg otafuotg (IMivaxag 3.3.2). H péyiom
peimon xotaypbonke oto pnyd otabud MPIL delyvovtag mapdiinio 0Tl Ot
pkpoflokéc Kowvwvieg ™G &V AOY® TEPOYNG MNTOV  TO  OMOOOTIKEG OTNV
OTOIKOOOUN T TV LOVOKOPEST®V MmapdV 0EEMV Cie:q Kot Cg.1, OTOC AAA®OTE El)E
eavel kol amd Toug puOUovE GTotKElOMOINONG TOV OpYavVIKoD AvOpaka (Zynuo 3.3.2;
[Tivoxkag 3.3.1). To amotéleopa avtd deiyvel EekdBapa 6Tt o pikpofrakés Kowvmvieg

Tov Inuatov ™m¢ veorokpnmidag ¢ Kpnme petd 11g enmwdocel mepvodoav oe
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KATAoToon ‘Katamovnong Aoyw EAAeymc Tpoeng. Ot GUYKEKPIUEVEG OAAAYEG OTNV
KOTOVOUT TOV MITOPOV 0EEMV £PYOVTOL CE TANPN CLUEOVIOL LE OTOTEAEGLOTO
TPONYOVUEVNG €PYOCiag Omov gram-apvnTikd Pokmmplo Ppiokoviav 6e KOTAGTOON
evotoroykng ieong (Kieft et al., 1994). Avto mbBavotara oyetiletar pe oTpaTnyIKéS
eMPlwoNS KoL TPOGAPUOYNG TOV LKPOOPYOVICUDV G€ TEPPAALOVTO TOV Elval TMYA
oe Opentikd AOY® NG KaTavaAwong OAwv Tov Sbicumv Tyodv dvlpoka Tov
vrdpyovv oto mepPdrrov. Ilapa tavrta, ov Kieft ko ocvvepydteg (1997) €xovv
avagépetl 0Tt TETO10V £100VG KOTOVOUEG MITap®V 0EEMV GLVIOMG OEV GLVOVIAOVTOL GTN

@VOT 0KOUO Kot 6€ OMYOTpOPa TEPPAALOVTAL.
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KE®AAAIO 3. AnoteAéopota Kol Zvintnon

3.4 Mglrétn T™NC ERMIOPUCNC TNE OAUTOTNTOS KOl TOV 0ESI000VAYOYIKMOV cVVINK@OV

GTNV KOTAVOUT] TOV MKPOPBLIKAOV KOWVOVIAOV

Ot avo&ikég Aekdves g Avatolkng Meosoyeiov (Bannock, L’Atalante, Discovery.

Urania) yopaxtnpilovior amd dloitepa VYNAEG TEGES, VYNAL emimedo olaTOTNTAG,

kaBmng ko and dwpopetikég TnéC pH (Brusa et al., 2001; Corselli et al., 1996; De

Lange et al., 1990). Av kot ta mepPdAlovia oVTG TPOGEAKVOVY TO EPELVNTIKO

EVOLAPEPOV AOY® TNG WO1UTEPOTNTAG TOVG, EPYOCIES GYETIKEG LUE TOV TPOCIOPIGUO

TOV OPOPETIKOV YDV AvOpaka kot evépyelag (m.y. xepoaio 1 Bardooia) kabmg

Kol TG doung tov PBevlikov pkpoflokdv Kowoviov omovctdlovv. Ot €wg topa

gpevveg Exouvv emkevipmbel Kupimg otnv avolikn| Aexdvn Urania (Brusa et al., 2001;

Sass et al., 2001).
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L’ATALANTE =_ m DISCOVERY [ﬁ

URANIA

@

20.5°

Zymqpa 3.4.1: Xdptg mov mapovotdlet Tig 0EGELG TV AvOEIKMY

22.5°

Aexovov Bannock, L’ Atalante, Discovery kot Urania.
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H pedém tov dopkdv oddaydv Tov Peviikdv HIKpoBloKovovidy oTo
TOAOTAOKO avTé TEPPAAAOVTO lvarl 1O104TEPO CNUAVTIKY YO TV KATOVONOT TNG
doUnNG Ko AETOVPYIOG TV OIKOCLOTNUATOV OVTOV KOONDS Kot TG AAANAETIOPOoNC
TOVG LE TO PLGLOAOYIKA TTEPIPAALovTa. [dtaitepa, | cbVOEoN TG dopung TV PevOkmv
LKPOPLOK®OV KOWOVIOV pHE TIG TEPIPUALOVTIKEG TOPAUETPOVS KAOMDS Kol UE TIG
SpopeTIKEG TNYEG AvOpaka Kol EVEPYELNG OTOTEAEL Evav amd TOVG PacTKOVS GTOYOVS
0TO Y®PO NG MIKpoPlaxng oworoyioac. H omovdardtnta tétoiwv epyacidv tovileton
emiong kot amd to yeyovog 0Tt ot pukpofilakés kowmvieg dadpapatitovy vav mory
onuavtikd poéro ot pvbuion v Poyeoynukodv kKokAov (my. dvBpakag, dlmTo,
Oeio), omv amokodounon opyavikev purmaviov (Boschker et al., 2001; Kieft et al.,
1997; White et al., 1983) xobodc ko ot petaeopd evépyswng ota Boldooia
neppdrrovta (Smoot and Findlay, 2001).

H e&epedvnon g doung t@v HKpoPlok®dv kowovidv o meplBdilovia OTov
EMKPATOVLV oKkpaieg ouvOnkeg omotedel TPOKANGN O©TO YOPO NG HIKPOPLoKNg
oworoyiog AGY® TOV TEXVIKOV OVGKOM®OV TOV VLIEAPYOLV GTNV ATOUOVMCN Kol
KatapéTpnon OAwmv tov pikpofiov. Ot mbovotnteg KATaoTPOONG TOL in  Situ
mAnBuopov oe 1000 moAvTAoKa TepPaAilovta eivor moAAég (Rajendran et al., 1993).
"Evog tpomog avtileTdmiong autov Tov TpoPAnatog stvat n HeAET TV HKpoPloKdv
KOWOVIOV UECH TOV YNUK®OV CLUGTOTIKOV (T.Y. MTapd o&éa TV QOGEOMTIOIMY)
TOV KLTTOPIKAOV HEUPPOVOV TOVE TOV €ivol CLYKEKPIEVOL Yoo kGBe piKpoPiokn
onada. (Baath and Anderson, 2003; Guezennec and Fiala-Medioni, 1996; Rajendran
et al., 1993). Ilpénel va tovicovpe €d®, OTL 1N UEAET TOV AMTOPOV 0EEMV T®V
eooceoMmdiov (PLFA) amotedel évo moAD onpaviikd epyoieio HEAETNG NG
Covtavng pukpofrakng Propdlog kabmg o ¥pdvog amotkodOUN oG Tovg eival dpesog
petd tov kuttapikd Bavato (Aries et al., 2001; Guezennec and Fiala-Medioni, 1996;
White et al., 1979; White et al., 1998).

XV mopovco £pyacic ol aVOAVCELS TOV K-OAKOVIOV Kol MTap®dv oémv TV
QPOOEOMTOIWV  ypnolomomnKay vy T HEAETN TOV OOMKOV OAAAYDV TOV
LUKPOPLIK®V KOWVOVIDY GE GYECT LE TG SOPOPETIKES TEPPAALOVTIKEG TOAPAUETPOVE,
KaBdg Kot T1g TyEg avBpaka kol evépysloc. H gpyacia avt) mpaypatomodnke ce
Wnuota pe SlPOPETIKE EMIMEdD OAATOTNTOC Kol OPOPETIKES OEIKEC/ VOEIKES
ovvOnkes. Ta detypata mponABav amd Tig Pabiég avosikég Aekdveg TG AVATOMKNG
Mecoyeiov (Bannock, L’Atalante, Urania xot Discovery) kafdg wor amd o&ukd

TEPPAALOVTO KOVTA GE QVTEG.
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3.4.1 Xnukég mapaperpol

Mivoxog 3.4.1: TlepiforhovTikéc TopAUETPOL TV OTAOUDV deryLaToAyiag.
Xtafpoi Oéon Agkavn Babog Eh Alatéomnroe TOC (%) TON (%) C/N

Long Lat (m) (mV) (psu) péoog opog  sd  uécog opoc  sd  péoog opog  sd
ADEC 20°48°77 34°52°75 South Ionian 2840 543 38 1.30 0.69 0.07 0.01 18.14 7.79
ABO3MC 20°00°39 34°16°51 Bannock 3179 443 38 0.58 0.03 0.06 0.00 10.70  0.24
ABOSMC  20°00°75 34°17°46 Bannock 32953 -82 240 0.42 0.09 0.04 0.01 12.42 0.35

ABIOMC 21°41°42 35°16°62  Discovery 3532.5 10 380 1.63 0.09 nd nd nd nd
AB12MC 21°30°63  35°13787 Urania 3310 438 38 0.76 0.09 0.09 0.02 10.66  2.99
ABI3MC 21°23"16 35°18°19  L'Atalante  3354.7 -136 290 0.67 0.09 0.06 0.01 12.92 0.75
ABI4MC 21°30°64 35°13°78 Urania 3326 -95 160 0.37 0.09 0.03 0.01 13.67 0.20
ABISMC 21°30°64 35°13'78 Urania 3320 475 38 0.67 0.09 0.07 0.00 10.50  0.38

Ta enineda ofgwoavaymyuod dvvapukod (Eh) kot alatdomrog mov petpndnkav ota
detypata tov Notiov Toviov kopdvOnkay petald -136 émg 543 mV kot 38 éwg 380
psu avtictorya (ITivaxoag 3.4.1) evd M petagd TOLVG CLGYETION TOPOLGLALETON
onuovtchi (RZ = 0.717, n=8) kabdc 10 0EEIS00VAYOYIKO SUVOLIKO HELOVETAL HE TNV
avénon g orotdémras. To PaBog tov otabudv dsrypotoinyiog kopudvinke amd
2840 éwg 3533 m (ITivaxag 3.4.1). Ot GLYKEVIPAOOEL OPYOVIKOL GvOpaka
KopdvOnkav peta&o 0.37% £ 0.09% vy t Aekdvn Urania ko 1.63% £ 0.09% ywo
Aexavn Discovery (ITivokag 3.4.1). Ot tuéc avtéc Ppiokovial 6e cupue®via pe TIg
TWEG OV KaTaypdenkov ce mponyoduevn epyacio ywo t Aexdvn Urania (0.4%;
Hiibner, 2002) kot cuykpioULES e TIES TTOV £XOVV KOTAypaQEl 6€ GALES TEPLOYES TNG
Avoatolkng Mecoyeiov (0.38-1.47%; Polymenakou et al., 2005a; 2005b).

o 1 ovykplon 1OV OOPOPETIKOV OTOOUDV OEIYUATOANYINS ®©C TPOS TIg
TEPIPOALOVTIKEG TTAPAUETPOVS EPOPUOGTNKE 1 OTOUTICTIKY] OVAALGY TPOTUPYIKDOV
ovvictwo®v 1 Principal Component Analysis (PCA) (Zynua 3.4.2A). Ta
amoteAéopato £0e1&av 0Tt éva mocootd 75.8% TG GLUVOMKNG OLOKVDUOVONG OTIC
nepBarroviikéc mapapétpovg (Paboc otabumv oetypoa-toAnyioc, Eh, aloatdtmra,
opyavikoc avBpakag, opyavikd dlmto, Adyoc C/N) pnopet va e&nynbet and dvo ko
povo mpotapykés cuviotmoes (PC) kabog n PC1 kol PC2 g&nyodv avtictoya éva
mocootod 40.8% wor 35.0% g ovvolkng dwakvpavong (Zynua 3.4.2A). Me myv
avéivon PCA mpoxdmtouv dvo gvdidkpiteg opdoes. H opdoa A meprrappavel tovg
o&wovg otafuovg ABO3MC, AB12MC kot AB1SMC mov Bpickoviov Kovtd oTig
avoikég Aekdveg evd 1 opddo B mepilapfavel tovg avolukovs otabpovg ABOSMC,
ABI3MC xat AB14MC (Zynuo 3.4.2A). O vroo&ikdg otabuog ABIOMC 1ng
Aexavne Discovery oaywpiletar and v avo&ikn opada B mbavotato Adym tov
vynAotepov v Eh (10 mV; Ilivaxag 3.4.1) ko adotdmrag (380 psu; [Mivakag
3.4.1) og ovyKplon pe TG TYWEG TOV oTaBU®V TG avolikng opddag. EmmAéov o 0&ikdc

ot100u6g ADEC mov gival Kot 0 7o amopoKpLUGHEVOS Atd TNV TEPLOYN] TOV OVOEIKMOV
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Aekavav dwyopiletor amd v ofikn opdda A mBavOTOTA ©OC OTOTELECUN TMV
VYNAOTEP®V emEd®V opyovikov avOpoaka (1.30%; Ilivaxag 3.4.1) kot Aoyov C/N
(18.14; ITivoxkag 3.4.1) oe ocvykpion pHe TOLG VTOAOUTOVG 0EIKOVE GTABUODG (Xymuo
3.4.2A).
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Yo 3.4.2: A) Avdlvon mpatopyikov cuvictowcdv (PCA) tov
nepPoAAOVTIKOV mapapétpav (BdOoc otobudv derypatoAnyiog,
Eh, ahatdétra, opyavikdg dvBpakag, opyavikd almto, Adyog C/N)
TV  emeovelokov  nudtov. B)  Avdlvon  mpotopykdv
ouvictoc®v (PCA) tov k-aAkaviov.

3.4.2 Katavopun K-aAKavimv

‘Evag peydAog aptBuog ynuk®v ovcudv ¥pNoLLomolovvtal ¢ Plodeikteg yo tnv
exTiumon g yepoaiog n/Kout BoAAcs10G GUVEIGPOPAS GTN GVGTAGT TOL OPYAVIKOD
dvBpoxa ota inuata. o Tapddetypa, o1 KOTavouég TMV K-0AKOVIOV TV xepoainv
QULTOV (O0TOV TO. OHOAOYO e HOVO aplBpd aTOU®Y AVOPOKE ETIKPOTOVV EVOVTL TWV
Cuydv; Bouloubassi et al., 1997) éyovv ypnotpomomBei gvpémg ta televtaio ypovia
¢ Prodeixtec opyovikov avOpoka yepoaiog mpoéievong (Bouloubassi et al., 1997;

Farrington and Tripp, 1977; Gogou et al., 2000; Saliot et al., 1991). v mapovoa
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epyacia, eEETAGALE TIG KATAVOUES TV K-0AKavVioV ota (LUOTO amd TNV TEPLOYN TOV
Nortiov loviov pe oxomd vo eEepevviicovpe TIC OUPOPETIKEG TNYES AvOpako Ko
evépyelag kabmg kot to fabud cuvelcpopds Tov Balacciov Kol ¥EPGOIOVL OPYAVIKOD
VAoV 61N cbotaon Tev emeovelak®v nuatov (Damsté et al., 1995). [Ipénel va
Tovicovpe €0 PEPara, OTL dev umopovpe pe amdAvtn Befardtnta va faciotodpe ot
dedopéva. TOV KAGOUOTOC TMV OAEIPATIKOV vIpoyovavOpdkmv vy va g&dyovue
OCQOAT] CUUTEPACUOTO GE GYECT] LE TNV TOLOTNTO TOV OPYOVIKOD LAIKOV KabmG TO
OLYKEKPLUEVO KAAGLLO OVTITPOSMTEVEL £VOL UKPO TOGOGTO TOV GUVOALKOD OPYAVIKO

avBpaxa (BA. AHC/OC; Iivaxag 3.3.1).

Mivoxoeg 3.4.2: Xoapaxmplotikés mToplueTpol TV K-oAKoviov mov TpocdlopicTnKav Yo Tovg
otadpovg detypotoAnyiog tov Notiov loviov.

NA: ovykévipmon K-oikaviov; X(Cis-Cy): GOpOIGHE TOV CLYKEVIPOGEDV TMV K-OAKOVI®OV E
pucpn] ovBpakikn aAvcida (Cis - Cy); Z(Cy1-Cig): GOPOIGLA TOV CUYKEVIPOCEDY TOV K-0AKOVIOV [E
peyddn ovBpakikn oivcida (Cy; - Cie); Mar: GBpoiopo TOV GUYKEVIPOOEDV TOV TPUOV
YOPOKTNPIOTIKOV  K-aAkoviov Oaldociog mpoéievong (Cis, Cyy, Cyy); Ter: dbpowopa tov
GUYKEVIPDCEMY TV TPLOV YOPUKTNPLOTIK®OV K-0AKoviov yepoaiag Tpoérevons (Cyr, Coy, Csy); TC:
amdlvtn xepoaia cvvelspopd; OC: opyavikog avBpakag; CPI: delktng mpotipnong apBpov atdpmv
avBpaka (CPI) yia ta kK-oAkdavia Cy; €og Csg.

Xtabpoi ADEC ABO3MC ABOSMC AB10MC ABI12MC AB13MC AB14MC ABI15MC
THopduetpor

NA (ng g") 2318.0 4975.0 4408.6 1179.3 5445.3 4776.0 1562.0 5675.3
NA/OC (ug g 178.7 860.0 1058.5 72.4 715.5 716.6 4222 852.1
%(C14-Cao) (ng g 194.6 719.5 358.4 252.7 1156.8 252.8 76.8 702.9
3(C14-C20)/OC (g g 15.0 124.4 86.1 15.5 152.0 37.9 20.8 105.5
3(Cy-Cag) (ng ) 2123.4 4255.4 4050.2 926.6 4288.5 4523.2 1485.2 4972.4
3(Cy1-C36)/OC (g g™) 163.7 735.6 972.4 56.9 563.5 678.6 401.4 746.6
Mar (ng g™) 55.8 279.7 145.2 78.1 5233 125.2 39.9 333.8
Mar/OC (ug g™ 4.3 48.4 34.9 4.8 68.8 18.8 10.8 50.1
Ter (ng g™) 578.7 1655.4 679.6 159.0 1415.4 956.3 299.5 1438.4
Ter/OC (ug g™) 44.6 286.2 163.2 9.8 186.0 143.5 80.9 216.0
TC (ng g) 477.4 1561.2 602.9 20.5 1100.4 723.9 96.7 1136.8
TC/OC (ngg") 36.8 269.9 144.7 1.3 144.6 108.6 26.1 170.7
CPI (Cy - C3¢) 1.4 22 1.7 1.0 1.9 1.4 0.9 1.9
Cp/Cyy 0.8 0.9 0.7 1.4 0.9 0.9 0.9 0.8
Cs3s/Cyy 0.3 0.2 1.2 0.6 0.3 1.0 0.6 0.4

Otv ovykevipooelg opyavikod GvBpako upmopel vo mowkiAovv oto d1dpopa
TEPIPAALOVIO AOY® TOV  OUPOPETIKAOV TPOEAEHOE®Y TOVG KOODG Kol TV
POPETIK®V eMES®V ovOpyavov vAkoy (Gogou et al., 2000). o to Adyo avto,
VTOAOYICOUE TIG GUYKEVIPAGELS TOV K-OAKOVIOV G TPOS T EMIMESN OPYOVIKOD
avBpako oe kGOe otodud (ug g opyavicod GvOpaKa), OTWS TEPIYPAPETOL KoL omd
tovg Gogou kat cvvepydteg (2000).

Ot amdAvteg (NA) KOl KOVOVIKOTOUIEVEG MG TPOS TOV 0pyavikd GvOpaxa Tuég
(NA/OC) towv x-aikaviov (unkog avOpoakikng oaAvcidag petald Cis kot Cap)
KopdvOnkay peta&d 1179.3 — 56753 ng g kar 72.4 — 1058.5 ng g Enpric péog
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Wnuatog, avtiotora (IMivakag 3.4.2). Ta enimeda cvykevipdcoewv tov NA O6mov 1
ehGyiot) T Kotayphonke otov vmoofkd otafud ABIOMC (1179.3 ng g';
[Tivaxog 3.4.2) eivar cvykpioipo pe avtiotowyes THES omd TOPAKTIEG TEPLOYEG TOV
Osppaikod Koimov (Bopewo Awaio) (0.2 — 3.3 pg g &npic palag patog;
Polymenakou et al., 2005a) kot ¢ Avtikig Mecoyeiov (2.0 — 27.1 pg g Enpnic
naloc Wnuatog; Bouloubassi et al., 1997) evd ol KOVOVIKOTOMUEVEG (OC TPOC TOV
opyovikd avOpaka tinég (NA/OC; Tlivaxag 3.4.2) eivar cuykpioyueg Pe avTioTOLYES
Téc amd v 1o meproxy (791.0-822.8 ug g of OC; Polymenakou et al., 2005a;
Kepdiaro 3.1).
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Tyqpo 3.4.3: XopokTnpioTikég Kotovopés K-oAkaviov tov otafuov dstypotonyiog ADEC,

AB12MC, ABO5SMC and AB10MC.

To k-oAkdvia pe pikpod oplud atdopmv dvlpaka oty aivcioo tovg (Cia-Co)
Bpickovtav oe moAd pikpéc ovykevipdoelg (2(Ca1-Cse), 2(Ca1-C36)/OC; Tivokog
3.4.2, Zypa 3.4.3) kaboc to K-oAkdvio pe peydin avlpaxikny aivcido (> Cy)
nopovsiocav TG VYNAOTEPES SLYKEVTIPAGELS (22(C21-Csp), 2(Ca1-Cs6)/OC; Tivaxag
342, Zynua 3.4.3). Ta ovykekppévo oAKGvia ypnoyomomdnkay vy Tov
vroAoyiopd tov ‘Agiktn Ilpotipnong ApiBpod Atopwv Avlpoka’ 13 CPL Onwg éxet
avaeepBel ko Tponyovpéveg (Kepdrowo 3.3), tipég CPI peyaivtepeg e povadog
amoTeEAOVV 1oYVPN EVOEIEN OTL 01 VAPOYOVAVOPUKES TPOEPYOVTAL GO TN GVON N Elvar
yepoaiog mpoérevong evad Tnég CPI {oec M yopuniodtepeg e Hovadag amoTeAovV

évoelEn  OtL ot vopoyovavOpakes mpoépyoviar eite  omd  avOpwmoyeveig

KED®AAAIO 3.4. Enidpacn tov 0EIKOV/avoEIKdvV cuvOnKoV Kot oAaTOTNTOG 90



dpacTNPLOTNTES, 1T AMO OUOIKAGIEG OMOIKOOOUNCTG TOL OPYAVIKOL VAIKOV &ite
KaOhg kol amd mAaykTovikovg opyavicpovg (Bouloubassi et al., 1997; Simoneit,
1999). v mopovoa epyacia, ot Tipnég CPI mov mpocdiopiotnKay yio To K-0AKAVIO
C11-C36 sopva, pue v e€icwon CPI = 2 (Cy1-Css) / 2(Cpn-Cse) kopavONKay peta&d
0.9 éwg 2.2 vrodekviovtag TapaAinia 0Tl o1 otadpol derypatoAnyiog StPEPovy g
TPOG TG TNYEG opyavikoy avBpaka kot evépyeag. Yyniés tpég CPI avtistoryovv oe
VYNAR GLVEIGPOPE 0pYovikKoD LVAKOD yepoaiog mpoéievons. O mpocsdlopioudc Twv
Tiuov CPI €yel opwmg tov €€Mg mePopopd. XTI TEPWTAOGES Omov 1 Oaddcoia
ovveloPopd etvor vynAn, ot tég CPI peidvovion oakdpo kot av 1 yepoaio
GLVEICQOPA TOPOUEVEL ] 10100 LLE OMOTEAEGLOL VO ONULLOVPYEITOL GUYYVOT| OG TPOG TN
OMOTH EKTIUNON TNG EMOPACNS TS XEPOOV UETOED CTUOUDV UE SOPOPETIKES TUUEG
CPI (Damsté et al., 1995). 'l T0 AOY0 0VTO VIOAOYIGOLE EMIONG KOt TNV OTOALTN
yepoaia cvvelspopd (TC; [Tivaxag 3.4.2) coppmva pe v eElomaon mov TEPLYPAPETOL
amd tovg Damsté kot cuvepydrteg (1995): TC = 3/2 [(Cyo + Csz1) — 2/3 (Cog + C3o +
Cs)]. H dwxvpavon tov tiwov TC petald tov otobuov eivor m 0w pe v
avtiotoymn tov TV CPI dnddvovtag tedkd 0Tt to. amoteAéspata Tov Tipmv CPI
dgv VIEePeKTILOUV TO Pabud yepoaiog CLVEIGPOPAS UETOED TMV OEYUATOV (ZyM o

3.4.4).
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g 1200 1 @)
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= ]
8 800 1 1 %
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Yyqna 3.4.4: Awxopovon tov tipndv CPI kot TC otovg otabpodc detypotoinyiog.
To dBpoiopa TOV GLYKEVIPOCEDV TOV TPLOV YOPUKTINPIOTIKAOV K-OUAKOVIOV

Bordociog mpoéhevong (Cis, Ci7, ko Cio: Mar; Ilivaxog 3.4.2) mapovsiooce daitepa
YOUNAEG TIEG o€ OAOVG TOLG oTafpoVg (TocooTd 2.4 — 9.6% TV GLVOMK®OV K-
OAKOVI®V) DTOOEIKVOOVTOG TN YOUNAN Topay®ylkoéTnTo TG TEPLOYNS Tov NoTiov

Ioviov kaBdg kot ™V VYNAY BlOaTOKOSOUNGILOTNTA TOV CLYKEKPLUEVOV OVGLAOV.
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Avrtifeta, T0 GOPOICUA TOV GUYKEVIPOGEDV TOV TPLOV YOPUKTNPICTIKOV K-OAKAVIDV
yepoaiag mpoérevong (Cp7, Coo, Csi: Ter; Ilivaxag 3.4.2) kopdvOnke petacy 159.0
¢wg 1655.4 ng g'1 EVD Ol KOVOVIKOTOMUEVES MG TPOG TOV OPYOVIKO AvOpaka TIHES
Kopavonkay petafd 9.8 kot 286.2 ug g (Ter kau Ter/OC, avtictoua; Hivakag 3.4.2).
Ot Tyég TV xepoainv K-olkoviov (AmOAVTEG Kol KOVOVIKOTOWUEVES) TOPOVCINGOV
HEYAAN StokOUOVOT HETAED TV oTafUdV detypatoAnyiog Kafdg ot VYNAGTEPES TIUEG
KaToypdenkayv 6toug 0&ikoHg otafuote mov Ppickoviav Kovid oTig avolikéc AeKaveg
ABO3MC, AB12MC kot ABISMC kot ot ghdyioteg otov vmooéikd otofpnd AB10MC
¢ Aexavng Discovery (ITivaxog 3.4.2). Evtobtolg, ot Tég avtég eivar vynAotepeg
0 TIC avTIoTOLEC VLo TV OAYOTPOQIKT PoAoKkpnmida T Kpritng (28 — 417 ng g™';
Gogou et al., 2000). O vroo&ikdg otabuog e Aekdvng Discovery moapovcioce pio
WTepdHTNTO OC TPOS TNV KATOVOUT TOV K-OAKAVIOV GE GYECT LE TOVG LITOAOUTOVG
otafpovg. Ta mo debova aikdvie mov Kataypdonkav frav o Coy, Coi, kot Cxp
AVTITPOCOTEVOVTAS £va. T0G00TO 26.3% TV cLVOMKAOV K-aAkaviov (Zynua 3.4.3),
o€ ovtifeon e TOLG VTTOAOUTOVE OOV TOL GLYKEKPIUEVA OAKAVIL BpioKovTay G€ TOAD
YapMAES ovykevipooel (2.1 — 6.8% twv cuvolkmv K-aikaviov). H katavoun avt
pog odnyel oe €va TPOTO GULUTEPACHUO: T TNYN TOV K-OAKOVIOV OTn AEKAvN
Discovery dwopépel amd OAec Tig vorowmeg meployéc tov Notiov loviov. Emiong, o
Aoyog tov k-oAkaviov Cio/Cs; amotelel o devtepm toyvpn €voeldn OtL o1
OLYKEKPIUEVN AEKAVY] ETIKPOTOVV SLUPOPETIKEG GLVONKEC GLGGMOPEVONE OPYAVIKOD
avBpaxa (ITivakag 3.4.2) kaBdG 0 GuYKEKPUEVOS ADYOG Etval LIKPOTEPOGS TNG LOVADOS
oe O6AOVG TOVG oTaBUOVS ekTOC amd TN Aekdvn Discovery 6mov wsobtan pe 1.4
(ITivaxkag 3.4.2). Zopewva pe mponyovueves epyaocieg (Gogou et al., 1996; Gogou et
al., 2000) ot dwpopéc 010 AOY0 Cr9/Csp peTAlD SOPOPETIKOV TEPLOYDYV GLVNOWG
oyxetiCetar pe SPOPEC OTIG TNYEG OPYOVIKOU VAKOV (7). HETOQOPE HECH
veorokpnmdag N atudésearpog; Gogou et al., 1996; Gogou et al., 2000). Exiong, ot
wwaitepa youniég tyéc CPI mov koataypaenkav otovg otabpovg ABIOMC «on
AB14MC (Adyog CPI: 0.9-1.0; ITivaxag 3.4.2) amotehovv 1oyvpn £voeién 6t 1060 N
Aexavn Discovery 6co kot m Urania Aettovpyodv oG TeAKol omodEKTeS TOV
avtdyBovov opyovIKoy VAIKOL Tov €xel  dwpopomombel Ady®w TV EViovev
OLILYEVETIKMV O1EPYUCLOV TOV TPOYUOTOTOOVVIOL GTNV KOADVO TOV VEPOL KOl GTO
EMPAVELNKA 1N HOTOL.

Emumiéov minpogopieg yio 10 Babud g Bordooiog kot yepcaiog Guvelspopdg

ot 1NUOTO UTOPOVUE VO, OVTANCOVUE €MioNG KOl amd TO AOYO T®V K-OAKOVImDV
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Cs5/Cs;. Ta emoavelokd WCnpato tov avolik®dv Kot Vtoosikdv otabpumv tov Notiov
Ioviov mapovciacav avénuéveg Tiuég tov Adyov Css/Csy mov koudvOnke peta&y 0.6
kol 1.2 (ITivakag 3.4.2). Ov avénuéveg avtég tiuég mbavotato oeeilovtor otnv
ocvvékhovon g ovciag Avkomdvio (lycopane) pe to k-aikdavio Css (Damsté et al.,
2003) ota aéplo YPOUATOYPOPNLOTO MG OTOTEAEGHO TNG SVVATOTNTOG GLUVTIPNONG
oL Avkomoaviov Vo avoEikég cuvinkeg. e mpornyovuevn epyacio ot McCaffrey kot
ovvepyateg (1991) €deiov 6Tt TO AvkomAvVio amotedel Pacikd CLOTOTIKO T®V
BoAacGimV QUTOTAAYKTOVIKOV OpYOVIGU®V Kot Oyl TV pebBavoyevav opyoimv.
Eniong, mpoceata ot Damsté kat cuvepydteg (2003) emPefaivcav 6Tt 1 ovoia avth
TPOEPYETOL OO TOVG PMOTOAVTOTPOPOVS OPYAVIGHOVS, TOAVOTATH HECH OLOOTKAGIOV
aVOY®WYNG TOV TPOAYUOTOTOOVVTOL OO T UIKPOPla Kol TPoTeivouy T ¥pfon g
ovciag ovtng ¢ Prodeiktn avoéikdv cuvinkov ot apyaio mepPaiiovra. H
TOPOTNPNON OVTH amOTELEL 1IGYVPY EVOELEN OTL 01 avo&ikég Aekdveg Tov Notiov loviov
Aertovpyohv oG amofNKeg GLGCOPELONG OPYOVIKOD VAKOD TANYKTOVIKNG TPOEAELGTG
oL KoO1CAvouy HECH TNG KOAMVOAS TOL vEPOD amd TV e0emTN (dvn Kal dtbétovv
TNV IKAVOTNTA VO GUVTPOVVTOL GE YEOMAOYIKA YPOVIKES TEPLOSOVC.

Kotd tpoémo aviroyo pe TIG yMUIKEG TOPAUETPOVS, EPOPUOCOUE EMIONG TN
otatiotik Avaivon tov [potapywov Xvvictwcdv (PCA) otig katavoués Tov k-
OAKOVI®OV [LE ATMOTEPO CKOMO TN GVYKPLoT] TOV GTOOUOV OEYHATOANYIOG MG TPOG TIG
SLUPOPETIKEG TTNYEG opyaviKoy GvBpaxa kot evépyelag. Ta amoteAéopata £0e&av Otl
éva 10606t0 81.5% g cuvolikng dakdpavons pmopel va eEnynbel amd 600 Ko
puovo mpotapyikés ocvviotmoteg (PC) 6mov ot PC1 kot PC2 g&nyodv éva mocootd
54.1.8% xou 27.4.0% g cvvoAikng dtakvpavong (Zynua 3.4.2B). Me v avdivon
PCA tov x-oAkoviov mpokOTTOUV €miong 2 €udldkpltec OpAdeS, OMMG KOl GTNV
nePinTOoN TOV YMUKOV Tapapétpov (Zynue 3.4.2A). H opdda A meprhappdvel Tovg
o&wov¢ otabpovg ABO3MC, AB12MC kot AB15MC eve 1 opdda B mepthappdvet
tovg avoéikovg otafuovg ABOSMC kot ABI3MC. O 1pitog avolkog otafuog
AB14MC dwywpiletor and v opdda B ko mpooeyyiler toug otabuovg ADEC ko
AB10MC mfavitoto oG amoTéAeGHA TG XOUUNANG CUVEIGQPOPAS XEPSOIOV OPYOVIKOD
VAoV oTic meptoyéc autég (TC/OC = 1.3 — 36.8 ug g, CPI = 0.9 — 1.4; ITivakog
342, Iyua 3.4.2A). Ta arotedéopata dniavoov EekdBopa OTL VIAPYOLV TPELS
SLLPOPETIKOL TUTTOL TTNYDV opyavikoL avOpako Kot evépysiag (Zynuo 3.4.2B). Ou
otafuol g o&ikng opdoag A yapoktnpilovtol and Tig VYNAGTEPES TIUES YEPTAiNG
enidpaong (TC/OC = 144.6 — 269.9 pg g, CPI = 1.9 — 2.2; Tivakag 3.4.2, Tyfua
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3.4.2B) evd ot Aekdveg Bannock kot L’Atalante (otabpoi opddag B) emnpedlovion
TEPIGGOTEPO ATO OPYAVIKO VAIKO TAAYKTOVIKNG TPpoéAevong (VymAdg Adyog Css/Csy;
[Tivaxog 3.4.2). Emiong, ot vynAég cLYKEVIPOGELS TOV K-OAKOVIOV ONA®VOLY OTL 1M
TEPOYN TOV avVOEIKAV Aekovov amotelel to TeEMkd omueio evamodbeong ot
GLGGMPELONG OPYOUVIKOD LAKOD TGO YEPGing 000 Kl BUAGCOIUG TPOEAEVOTG TTOL
&xel ) thomn vo cvvinpeitol og 1060 akpaio TEPPAALOVTO VD OV amoKAgiETOL TO
EVOEYOLEVO VO TPOEPYETOL EMIONG KOl OO TOL YEITOVIKA YeE®AOYIKA otpdpota (Brusa

et al., 2001 votepa and enwowvovia pe Corselli, 1999).

3.4.3 votaon TOV PIKPOPLOKAV KOLVOVIMDV

Mo ™ perdém g ovotaong TOV HKPOPLOK®OV KOwoviov ota fuato £xet
npoaypatoromBel to teAevtaio ypdvie €vag peydAog aplBpdc €pyacidv  mov
Bacilovtar eite og dadwkacieg karlhépystog (Suzuki and DeLong, 2002; Wieringa et
al., 2000) eite omv avdivon TtV Amapodv offéwv tov eoopolmidiov (PLFA)
(Bobbie and White, 1980; White et al., 1979; White et al., 1996). Ta pocpoMmidia
oynpatiCouv v eEmtepikn LeUPPEvVN TOV KLTTAPWOV TPOGPEPOVTAG TOVG TPOGTAGIN
anévavtt 61o tepiPairov. H avédivon tov pocpolmidinv divel eniong m dvvatotnta
VIOAOYIGHOV TG (ovtavng pukpoflokng Propdloc kabmg amotkodopovvTon TaydTaTo
netd tov kuvtropwkd Bdvaro (White et al., 1979) g amotéAecpa g dpdong twv
eoocpoMracov (Harvey et al., 1986). EmmAéov, dAheg kotnyopieg opyaviop®dv OTmG
T apyaio, To UTE, TOL VKN, To OLATOUA Kol TO. avATEPA (MO GLVOETOLV SLAUPOPETIKA
eldn owopomdiov (Gurr and James, 1980; Parkes and Taylor, 1983). Ot
pikpoPloxéc  kowvavieg tov  Wnudtov amoteAodviol  kupiowg omd  Paktipla,
HUIKPOELKAPLOTIKOVS 0pYaviopovg kot apyaic. Ot Aettovpyikés opdoes Tov pkpofiov
(mkpoopyavicpol  mov  mpaypatomoovv  mopduoleg  HeTOOMKEG  dlepyaoies)
dwywpilovtor ota aepoPio kot ovaepoPio etepdTpoPo PakTnplo, GTo POTOTPOP
Bakthplo, oTo ETEPOTPOPO UIKPOELKOVPMOTIKGA KOODC Kol ota pebavoyevn apyoio
(Smoot and Findlay, 2001).

2mv mapodoa epyacio, 1 LEAETN TNG KATAVOUNG TOV QOCEOMTIOImV £0€1&e OTL T
Baktnplakd Awmidwe elvor kotd mOAD Mo dPBova amd TO GLVOAIKA, ONAMVOVTOG
mopdAANA0 OTL 01 pKpoPrlokéc Kowvmvieg amotelobvtol Kupiwg amd Paxtipilo kot oyl
and  HIKPOEVKAPLOTIKOVS opyoviopovg (Guezennec and Fiala-Medioni, 1996)

(ITivaxoag 3.4.3).
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Ot GLYKEVIPMOELS TOV QOCPOMTIOIOV TOov VIoAoyioTnKav oto Wnuata givol
ovykpioyeg pe avtiotoryes and v mepoyn tov Oepuaikov KoArov (Bopeio Aryaio
[Iéhayoc) (219-2714 ng g'; Polymenakou et al., 2005a) kot TG VOOAOKPNTISAS TNG
Kpime (Noto Awyaio ITéhayoc) (524-1238 ng g'; Polymenakou et al., 2005a).
Baowlouevol otig dnpocievpéveg TéS yuo 1o Paxtiplo Escherichia coli 6mov 5.9 %
10" kbrrapo avtiotoyovv oe 1 g (Stratford, 1977), kor 6mov 1 g Paktnpiov
neptiopPdver 100 umol PLFA (White et al.,, 1979), mpoodiopicape tov apBud
Boaktpiov ava ypappdapo Enpnc pélog wnuatog. Ot vroloyllOpeves KLTTOPIKEG
apBovieg mov KupdvOnKay petatd 1.42 kar 7.21 x 10% wottapo g (Mivaxag 3.4.3)
elval ovykpioyes pe tée Pokmmpiov amd v OAYOTPOPIKY] VOOAOKPNTION TNG
Kpnmg (Danovaro et al., 2000), kaBmdg kot amd Pabid iuate g AvatoMkng
(Bianchi et al., 2003; Boetius et al., 1996) kot Avtikng Mecoyeiov (Dellile et al.,
1990).

H xoatavour tov Mmapov o&Ewv tov pocspoimidiov (PLFA) 6Awv tov ctabudv
nmopovoraletor otov Ilivaka 3.4.3. Ta Mmoapd o&a mov mpocdlopicTnKoY
OOTEAOVVTOL OO KOPEGUEVA, HOVOOKOPESTO, TOAVOKOPESTO Kol OLOKANOMUEVA
Mmopd  o&éa (IMivakag 3.4.3). Ta xopesopéva Mmapd o&éo TV omoiwv ot
OLYKEVIPMOELS KuudvOnkov petald 33.25 £ 7.32 % wou 54.09 = 7.41% tov
GUVOAMKOV AMmapdv 0wV amotelobvtal kKupiog and to Cieo kKot Cis.o o omoia glvat
eVPEMC SLOOESOUEVO GE OAOVG TOVG OPYOVIGLOVG KOl KOADTTOUV €va PEYAAO QAGHLO
dwpopetik®dv Paktnplokdv yevov (Rajendran et al., 1993) (ITivaxog 3.4.3; Zympo
3.4.5A).

Ta povooakodpeota Amapd o&éa (0mwc ta Cieipe, Ci7:0) YPNOLUOTOOVVTAL ©OC
deiktec tv gram-opvntikov Poxkmnpiov (Ratledge and Wilkinson, 1988). H
TOGOOTLOH0, GUVEIGPOPH TV LOVOAKOPESTOV MTOP®OV 0EEMV MG TPOS TOL CLVOAKE
Jl€pepe oNUOVTIKG HeTaED TV oTaBU®V detypatoAnyiog He TG AAYIOTEG TIUEG VO
&yovv kotaypoeel yoo tov vroolikd otafud ABIOMC (15.95% twv cvvolkdv
Mmopov o&éwv; Zynua 3.4.5A) ko tov avoéikd otabud AB14MC (19.56% tov
GLUVOMKAOV Mmapdv o&éwv; Zynua 3.4.5A). INa ta AMmapd o&éa pe 16 kot 18 dropa
dvBpaka aviyvedtnkav ot povookdpeoteg Oopég ot Béoelg o7 kot ®9 eved ot

OLYKEVTPMOELG TOVG KOUAVONKay petadd 0 kon 16.74% (Iivakag 3.4.3).
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MMivoxog 3.4.3: Mécot 6pot Kat TOTIKEG amokAicelg (sd) tov poopoimidiov (PLFA) mov tpocdiopiotnkay yio ta Oordooia itipate tov Notiov loviov (n=3).
210V TvaKa TopoLGIELoVTaL ETIONG 01 GUVOMKES TOGOTITEG TOV Poopolmdiov (ng g ), o faxtnpraxé Propdles (ng g kat ot kKuttapticéc apbovieg (x 10°
kottapa g Yo kGOe oTadUd.

PLFA (%) ADEC ABO3MC ABOSMC AB10MC AB12MC AB13MC AB14MC AB1SMC
HEGOS OPOG sd 1EGOG Opog sd HEGOS Opog sd EGOS OpOg sd HEGOS OPOG sd HEGOS OpOg sd HEGOS Opog sd HEGOS OpOg sd

Ciao 3.76 0.02 3.56 0.35 5.69 2.77 7.42 0.29 3.70 1.11 8.36 1.10 4.43 1.01 3.53 0.62
14-MeC 4. 5.85 0.05 3.53 1.28 2.79 1.23 3.92 0.40 2.58 0.73 4.19 0.49 4.65 0.07 3.71 0.87
12-MeCyy, 7.60 0.00 5.90 1.97 4.83 0.10 5.14 2.58 5.56 1.51 5.38 0.48 6.64 2.01 5.65 2.07
Cis 1.27 0.11 1.39 0.03 1.24 0.48 0.98 0.24 1.29 1.10 1.46 0.38 0.69 0.06 1.07 0.29
12-MeCys, 0.70 0.25
14-MeCs, 1.56 0.06 0.86 0.07 0.65 0.03 0.53 0.74
cis -Cig:107 1.90 0.00 0.30 0.23 0.62 0.87
¢is -Cg.109 T trans -Cg.1 7 5.43 0.32 2.63 2.89 5.82 0.03 9.66 0.02 5.52 3.96 13.86 0.58 5.29 1.04 4.52 1.62
trans -C g1 3.08 0.58 1.80 0.26 1.68 0.98 2.26 0.39 1.56 0.76 1.90 0.43 2.14 0.58
Cig:0 22.11 0.13 27.72 0.53 20.30 2.10 34.78 1.97 34.47 7.39 26.79 1.44 18.60 429 21.16 0.49
13-MeCyg, 5.67 1.46 3.04 0.32 2.65 0.85 7.26 1.15 2.38 0.08 1.81 1.52 6.97 1.34
15-MeC g 4.16 0.32 26.46 6.23 3.93 4.52 28.17 4.86
14-MeC g, 6.41 0.02 2.38 0.61 1.67 0.64
Ci7.1 242 0.02 0.65 0.30
Cir0 0.93 0.23 1.11 0.32 2.32 3.28 1.12 0.72 0.91 0.41 1.40 0.90
Cis:303 0.49 0.06 3.47 1.05 221 0.84 1.06 0.54 1.13 0.06 0.41 0.01
Ci8:2069 1.21 0.07 6.04 3.45 1.83 0.48 433 2.03 6.89 1.51
cis -Cig.107 7.46 1.33 7.72 0.81 4.52 0.20 7.90 0.73 7.24 0.38 5.99 1.06 4.86 0.53 9.68 1.63
cis -Cig.109 9.94 0.94 16.74 2.02 5.61 0.13 14.96 1.19 16.08 0.98 10.01 1.11 7.21 0.40 12.54 2.17
trans -Cg.149 1.03 0.35
Ciso 10.03 2.83 7.34 0.39 5.00 1.59 10.91 4.92 9.34 3.87 4.59 1.54 5.01 0.00 9.92 1.34
Cao4 0.17 0.02 1.51 1.47 2.73 0.42 2.48 0.94 2.20 1.47
Co3011,14,17 1.30 0.78 8.55 1.51 5.74 2.06
Cao2011,14 0.87 0.18 2.15 0.23
Cao0 1.00 0.10 1.72 0.12 1.22 0.37 3.61 3.83 0.96 0.16 1.34 0.05
Yuvolkd PLFA (ng g‘l) 1352.10  208.04 757.36 323.73 3807.90  655.18 1019.26 152.06 941.83 9198  2933.83 137576 2736.56  964.86 1287.56 180.24
Boxtnproxn propdde (ng g") 1296.77 191.99 651.01 250.07  3300.83  640.53 1019.26 152.06 941.83 9198  2849.16 1337.45 2504.68  805.46 1086.76 87.70
x 10% KkOTTOpa g" 2.83 0.42 1.42 0.55 7.21 0.14 2.23 0.33 2.06 0.2 6.41 2.92 5.47 1.76 237 0.19
AxépeoTa 35.30 4.65 42.06 12.17 29.43 3.14 34.19 2.92 31.10 5.72 34.97 4.83 27.50 5.65 44.73 11.93
Kopeopéva 39.11 3.43 42.85 1.74 33.45 7.32 54.09 7.41 51.12 16.75 45.93 9.00 30.59 5.93 38.41 3.69

Awkradopéva 25.59 0.45 15.10 4.71 37.12 7.89 11.71 3.83 17.78 3.99 19.10 6.53 41.91 8.49 16.86 5.02




Emiong ot yewpetpieg cis and trans aviyvedtnkov 6To LOVoaKOpeESTH AMmapd o&éa
Ci6:107, Ci6:109 K0 Cigi109 (ITivaxag 3.4.3). Ta povoakdpeota Amapd oéa pe 16
dropo avOpako amoTeAOVV €miong To POCIKG GLOTATIKA TNG KLTTAPIKNG HEUPPAvNG
tov pebavotpopwv Baktnpiov Type I (Makula, 1978; Martz et al., 1983). ['evikd, ta
Bakmplo mov dwbétovv wavotnto ofeidwong pebaviov, oamoteAodv o TOAD
ONUOVTIKT] AEITOVPYIKT OUAOO HUKPOOPYOVICU®Y 611 pOOHion tov Ployemynukov
KOKAOV EVO 1 TOPOVGI0 TOVS 6TOVG OTOOUOVS OEIYUATOANYING TTOV OVOLEVOUEVT

KaBdg to peBhvio amoterel faciKO YMUKO GUOTOUTIKO TOV AVOEIKMOV AEKAVAOV.

A B Gram-apvnticd  Gram-0stikd, B Adevkpivicta 2 MikpogvukapumTiKa
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Yypo 3.4.5: A) Tootaon tov WKPoBaK®OY KOWOVIOV 6TOVE oTafpovg detypatoinyiog
OM®C TPOEKLYE Omd TNV aviAvon TOV Amopmdv o&Emv Tov eooPoMmidiov. B)
Aevdpoypapo Katdtoéng Tov oTobudV detypoToAnyiog PocIoHEVO OTIV KOTAVOUT TV
MIap®dV 0EEDV TOV POGPOMTIOIOV.

Ot White kot cuvepydteg (1996) €xovv avapépel 0Tl To. TOAVOKOPESTA ATOPE
oféa Ppiokovior oyeddV OMOKAEIGTIKA GTOLG EVKOPLVMOTIKOVG OPYOUVIGUOVUS EVED Ol
Frostegard and Baath (1996) mpotewvav ) ypnon tov Awmapov o&éog Cisn g
Brodeiktn mapovoiag pukNTeV oto TEPPAALOVTIKE detypota. ZOUeova Le To emineda

TOV GLYKEVIPMGE®V TOV AMmapov 0&€0G Cigapeo Ol apbBovieg TV HUKNTOV NTOv
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VyMAOTEPES 6TOV avolikd otadud AB14MC (128.28 + 97.26 ng g) kabdg kat 6Tov
0fwcd otafpd AB1SMC (90.12 + 31.90 ng g') g Aekdvne Urania kat pmdopivéc
otoug otafuovg ABOSMC, ABIOMC ka1 AB12MC. Eriong, ot dwitepo youniég
apBoviec TV TOAAKOPESTOV MTap®V 0EEMV oL KLpdvOnKay petaly 0 kot 15.24%
TOV GLUVOMKAOV AMmap®V 0EEMV  LTOONADVOLV TN YOUNAT  GLVEIGPOPH TMV
HUIKPOEVKAPVOTIKAOV OPYOVICU®DV GTI GVGTOCT TOV BEVOIK®OV LIKPOPLok®V KOWV®OVIDV
Emua 3.4.5A).

levikd, ta Ooxkhadopéva Amopd o&éa  ypnoyomolovvior ¢ Prodeikteg
Tapovciog Tev gram-fetikdv Pokmnpiov ota mepiPariovikd deiypato (Zelles,
1999). Ta ermineda 1OV OOKAAOOUEVOV MTOPOV O0EE®V  LTOONAMVOLV OTL Ol
KOTOVOUEG TV gram-0eTikdv Poaktnpiov oEeepav onuaviikd petad tov otadumv
detypatoanyiog. Ta gram-Betikd Poxtipia mapovsialoviav moAd mo apbova oTig
avo&ikég Aekdveg Bannock (otabuoég ABOSMC) kot Urania (otafpog AB14MC) pe
ovykevipooelg 37.12% wor 41.91% tov cuvolMkov Mmap®dv 0LEmv, ovIiicTouyd

(ITivoxkag 3.4.3; Zynuo 3.4.5A).

3.4.4 Enidpacn TOV OL0POPETIKAV O0EIKAOV/AVOEIKOV GUVONKOV KOl ETUTEOOV
aAaToTNTOG
Ta tedevtaia ypdvia n doun TV PevOk®V PIKPOPLIKOV KOIVOVIOV £XEL TPOCEAKVGEL
TO EVOLOPEPOV TMOV EPEVVITAOV GTO YDPO NG MikpoPrakng otkoroyiag (Epstein, 1997).
Axopo peyadhtepo eVOLOQEPOV TPOKAAEL 1 LEAETT T®V TEPPAALOVTIKOV TOPAYOVIMV
nmov pvBuilovv T ocbotaon TOV HIKPOPIK®OV KOWOVIOV OV OVOAOYIGTOOUE TO
onuavTikd poéro mov dwdpapatiCovv ot PBaktmprokoi mAnBuouoi o pvBuon TtV
Bloyemymukov kokAwv. Xe mponyovuevn epyoacio (Kepdiaio 3.1; Polymenakou et
al., 2005a), mov mpaypatomomOnke 6€ SAPOPETIKA 0EKA W HOTO TG AVOTOAKNG
Mecoyeiov (Oepuaixog Koimog, Kpntkd ITéhayog, Notwo Iovio, Odracco g
AeBavtivng), dei&ope OTL PETAED TOV OLUPOPETIKAOV TEPPUALOVIIKOV TOPAUETPOV
OV TPOGOOPICTNKOV TOGO 0 OPYAVIKOG AvOpaKaS 0G0 Kol 1 YAWPOPVLAAN a Tailovv
TPOTAPYIKO pOLO 6T PpUBLIGT TG cVGTAONG TOV HikpoPlakdv kowvovidv (Kepdloto
3.1; Polymenakou et al., 2005a). Avrtictoyeg epyacieg mov vo 0QOPOVV aKpaic
nmepairovta pe iwnpota avolikd 1 ue VYA enineda aAlatdTNTOg OEV VILAPYOLY GTO
YDOPO NG MKPOPLOKNS OIKOAOYING.

Ymv mapovoa epyocio, aKOAOLONGOUE TNV OVOALON TOV QOCEOMTOIOV e

OKOTO VO, EKTIUNGOVE TIS OAAAYES OTn Sopn TV BEVOIKOV LIKPOPLOKAOV KOWVOVIDV
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ot Pabiég avolikég Aexdveg Bannock, L’Atalante, Discovery xot Urania tng
Avartolkng Mecoyeiov. Ot Aekdveg avtég mapovotdlovy dapopés 1060 MG TPOS Ta
emimedo alatdTNTOG 0G0 Kot G TPOog T0 Pabud TV oik®dv/avoSiKdv cuvOnKoOV Tov
15 yopokmpiCovuv. Baocwlopevor oty  kotovoun TV AMmopodv  oEmv  Tev
QeOoPOMTOIV vroAoyicape to Pabud opotdtTog HETAED TV TEPPAALOVIIKMOV
Jelypdtv Kol Katomy e@appocape ) péBodo avdivong katdraéng (hierarchical
cluster analysis). H avédAvon katdtaéng opadomoince 1oug 6Tafpons cOUP®VA LE TO
Babud g ofedoavaymyikng Tovg KavOTNTOG TOPAYovToS dV0 EVOLAKPITEG OUAOES
Eymua 3.4.5B). O vmoolwdg otabuog tg Aekavng Discovery (AB10OMC)
opadomomOnke pe toug o&kovg otabuovg ABO3MC, AB12MC ko ABISMC mov
Bpiokovtav kovtd otig avolikéc Aekaveg Bannock kat Urania. Ot tipég Eh avtov tov
otofudv kopdvOnkav petacd 10 ko 475 mV (Ilivaxag 3.4.1). Emiong, 6iot ot
avo&koi otabuoi (ABOSMC, AB13MC, AB14MC) dwywpilovtav EekdBapa amd v
ofun opdoa. H opadomoinon avtn potdler onuaviikd HE TNV OHOOOTOINCT T®V
oTaOU®V TOV TPOEKVYE AT TIC YMNUIKES TAPAUETPOLVS (N Avaivon tov Tpotapyikdv
Yuvictoo®v (PCA) eniong dwyodpioe toug 0&ikovg and tovg avo&kods otadong)
VTOOEIKVOOVTAG TN OTEVH] GUVOEST] TV PevOKOV UIKPOPLOKAOV KOWOVIOV HE TIG
o&e1voavaymykég cuvOnKeg.

Avtifeta pe 10 Pabud TV 0EIKOV/OVOEIKOV CLUVONK®MV, Ol GLYKEVIPMOOELS
alatoétnTog dev edvnkav va moailovv kovéva poAo otn puduion TV puKpoflakmdv
KOW®VIOV vrodniovovtag Otl ta ikpoPio mov evolontovv ota Wnpate ovtd givol
mBavotato oroavlekTikd Kot Oyt aAOPLAa. AVTO onuaivel OTL Ol GLYKEKPLUEVOL
opyovicpoi puropovv vo avartuyBobv ce £vo peyaAo €0pog SUPOPETIKAOV EMTEOWV
alatottog  yopic mepopiopd. To amotéhecpo  oavtd  emPePforcdveTon  amod
TponyovLEVN epyacio mov mpaypatoromOnke otn pecdpacn e Aekdvng Urania ko
oV omoia PakTnplaKd CTEAEYN TOL amopoveOnKoy Kot KoAlepyndnkav diébetav
™V KavoTTo avantuéng oe dtapopetikés ouykevipwoelc NaCl (Brusa et al., 2001).

IMa va e€etdoovpie to fabpd otov omoio ot d1dpopeg TEPIPALAOVTIKES TAPAUETPOL
(6nowg Eh, ahatdémra, opyovikdg avOpaxag, opyavikd dlwto, Adyoc C/N, ko
nocotnta PLFA ¢ deiktng pikpoPraxng Popdloc) emnpedlovv m cHotaon tov
HUIKPOPLOK®V  KOWVOVIOV TPOYUOTOTOMGANE TN oTatiotiky] oviivon BIOENV.
YOoppwva pe tovg Clarke kot Ainsworth (1993), ot mepiBaAlovtikég TapAUETPOL
ypnowonomdnkoav o¢ Phon dedopévav yo v avéivon BIOENV ywopis ko

nePALTEP® TPOTomoincn. O VYNAOTEPOS GUVTEAECTNG GUGYETIONG UE TO. dedopEVaL
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PLFA (r=0.498) mpoékvye vy TG TES ofgdoavaymywoy dvvapukod Eh
emPePardvoviag to amoteAéopato TG avdAvong Katdtaéng kot tovifovtog
TopAAANAL TO HIKPO pOAo mov M oiatotnTo moilel otn pvOuon TV pKpoPlaKdV
Kowoviov. To arotéleopa avtd BEPaia NTay avapteVOUEVO OEOOUEVOD TV EVIOVMOV
dtpopov otig Tinég Eh petadd tov o&ikdv kot avolikdv otabudv. I'io 1o Adyo avto,
npaypatonomoape v avoivon BIOENV yu kd0e opdda g avdivong katatagng
Eexoplotd  (o&wkn kot avolikn) ®ote va  dlepevvioovpe 10 Pabud  Tov
TEPPAALOVTIKOD EAEYYOL TOV LIKPOPLAK®OV KOWWOVIOV € kB TepBariov (0&kd Kot
avolikd). Xmv avolikn opdda, 0 VYNAGTEPOG GUVTIEAECTNG OCULGYETIONG HE TO
dedopéva PLFA (=0.871) mpoékvye ywo tig petapintéc Eh kot tov opyavikod
aldTOV EVD 0 opyoviKOG avOpakag cuoyeTiloTav eTioNG CNUAVTIIKA LE TN GVOTAON
TV pKkpoflakodv Kowvoviov (r=0.868). Ta amoteAéopata avtd tovilovv ) onuacio
™G TOOTNTOG Kol TOGOHTNTAG TOL OPYOVIKOD LAIKOD otn pvbpion tov Pevikov
pikpoProkovaviov Ommg eixe Ppebel ko oe mponyoduevn epyacio yu tor o&ikd
nmepifairovia g AvotoAikrig Mecoyeiov (Kepdiaio 3.1; Polymenakou et al.,
2005a). Avrifeta, oty o0&k opdoa, ot petafAntég tov Pabovg TV cTabumv
detypatoAnyiog kot g pkpoPrakng Propdlog (rocdémrta PLFA) mapovsioacav tov
VYNAOTEPO GUVIEAEGTI] GULGYETIONG WHE TN OLOTOCT TOV UIKPOPIKOV KOWVOVIOV
(r=0.796) ev® 0 opyavikoc avOpakog eppaviCetatl va mailel Evav moAd pikpo poro. Ta
OTOTEAECUATO OVTE LTOONAMVOLV OTL GTNV TEPLOYN] TV AVOEIKOV AEKOAVOV TOL
Notiov Ioviov vmdpyovv V0 drapopetikés PevOkés pKpoPlakéc Kowvmvies mov
mBovotato JBETouy doPopeTIKEG AetTovpyieg Kot OadPapoTiloUV SLOPOPETIKO
poro oTlg PevOwkég dwyevetikég Olepyaciec. Avtd miBavotato o@sidetor oTIC
OLLPOPETIKEG YEMYNUIKES OLEPYOCIEC TOV EMKPATOVV OTIC AVOEIKEC AEKAVEG GE YoM
ue ta o&wcd mepiParriovia. Me v avdivon PCA g kotovouns tov K-odkoviomv
TPOEKLYE EMIONG OTL LILAPYOLV SUPOPETIKEG TTNYES OPYAVIKOD VAIKOL oTo. WA,
YuyKeEKPHEVO, GTOVG 6TaBUOVG detypatoAnyiog mov Ppiokovial Kovid 6TiG ovoEIKESG
AEKAVEG M YEPCOLN GLVEIGPOPE GTN GVOTACT| TV INUATOV Eivol TOAD o Evtovr amd
6t 6T0VG otabovg mov Ppiokoviol oTig avoEikés Aekaves. To amoteAéopato avtd
VIOOEIKVOOVY OTL To. oakpaio ovtd mepiPdAiovia mBavoToTo AEITOLPYOVV MG
amoOKEC GLGGMOPEVONG OPYAVIKOV VAIKOV Bahdcoiag Tpoéievong mov pmopel va £xet
dwpoporomBel Katd Tn OGPKEIDL TOV OUYEVETIKOV OlEPYUCIOV EVM TAPAAANAL

StBETOLV TNV TAOT VOl TO ST POV KATA TN SLUPKELL YEMAOYIKE YPOVIKMOV TEPLOOMV.
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KE®AAAIO 3. AnoteAéopota Kol Zvintnon

3.5 Megiétn e Brodwofsowmotntoc Tov anyov C: eridopacn ToOv GTOLYEWUKOD

avlpoKko TOV ILNUATOV GTNV KATOVOUN TOV MKPOBLOK®OY KOWW®OVIQV

To opyavikd vAkd mov gicdyeton oto Baddooio fuBd mpoépyetar amd ddpopeg TNYES
eved 1060 T0 €100¢ 660 KOl 11 TOGOTNTA TTOV TEAIKA KoOlAvel eapTdVTOl Omd TIG
OLLYEVETIKEG OlEPYACIEG TOV TPAYUATOTOLOVVTOL GTNV KOADVO TOV VEPOD KOl OTO
emoaveokd nuota (Teece et al, 1998). Ta televtaio ypdvia, M peAETN TOL
‘oToryeloakol avlpaka’ N aBdANg €xel TPOGEAKDOEL HEYAAO EVOLOPEPOV KOOMG Exel
OewpnBel OTL amotedel T PN OTOUKOSOUNGUUN HOPPY) TOL OPYOVIKOD VLAIKOD 7OV
umopet va dratnpnBel kon va cuoowpevtel ota npata (Dickens et al., 2004; Gélinas
et al., 2001; Middelburg et al., 1999). O ctoryelokdc avOpakag Tpoépyetal amd TV

ateAn Kavor g euTikng Propdlog kot Tov opvktov kavsipwv (Elmquist et al., 2004;

it Koimog Aovykovota
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Xympa 3.5.1: Xéptnc e Avatoikng Mecoyeiov mov mapovcialovton ot otadpol
detyporonyiog tov ®pakikov [Teldyovg, Notiov Ioviov kot KoArnov Aovykovora.

Middelburg et al., 1999) evdd oynuatiletor kupimg ot ¥€PCO KOl LETOPEPETAL GTOV
WKEAVO HECH TOV TOTAUMV KOl LEGH TG OTUOGPAIPAS LE TIG OLdOIKAGIES TNG VYPNS

Kot Enpnig evandBeonc tov agpoivpdtov (Dickens et al., 2004; Masiello et al., 1998).
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Ta televtaia gpdvia, Evag LeYAAOS aplBog ¥NUIK®OV 0VCIOV, OT®S Ol CAELPATIKOT
vopoyovavlpakeg ypnotpomoovvtal  ®¢ Plodeikteg Yo TNV EKTIUNGYN TV
avOpomoyevav, yepoaiov Kol BoAdooiov Tnydv opyovikod avBpaxka oto BoAdcoio
neppdrrovra. Ot ovoiec avtég mpoépyovior omd €va peydio apOud oarrdybovov
YoV OnOC Ta Yepooio. avatepa OLTE, kaBmg Kol avtdyboveov TNydV Onwg TO
mAoyktov kot To Paxtipla (Wakeham, 1996). Emiong, ot akewpatikoi véoyovavOpakeg
amoTeEAOVV Ta POCIKA GUOTATIKA TOL OKATEPYAGTOL TETPEANIOV TOPOLGLALOVTOG Lo
KATOVOUN K-0AKoviov omnv omoia ot mocdtteg TV opdAoymv pe povd kot {uyod
apBpd atopwv dvBpaxo eivor mapopoteg (Simoneit, 1999; Wakeham, 1996). I'a to
AOYO avTO, N AVAALGT TOL KAAGLOTOG TV OAELPATIKMY VOPOYOVAVOPAK®OV TPOGPEPEL
ONUOVTIKES TANPOPOPIES Y10 TOV TPOGOIOPIGUO TOV TNYDOV POTAVONG OTA O1Apopa
nepPdAlovra. H ovykekpiévn avdivon e diver kapio minpogopio. Yo Tig
emdpaoelg g TePPAAAOVTIKNG pOTaVONS 6ToVG Baldosiovg opyavicpovg (Fang and
Findlay, 1996) kot emopévog m mapdAAnAn ynukn Kot PloAoyikn HEAETN TV
mePIBailoviik®y detypdtov Kabiotatol avoaykaio yioo TNV EKTiUMoN TG EMIOPAOTG
¢ poravong (Kieft et al., 1997; White et al., 1983; White, 1994).

Ot puokég pkpoPrakég kowvmvieg yapaktnpifovror and vynin Prorokiadtnra,
EVD GLUUETEYOVV GE Evay peydlo apBpd Proyemynukov diepyaciov (Boschker et al.,
1998). Meta&d twv opyaviGUaV, To POKTAPLO TOTEAOVV TOL TPMTO GLCTATIKO TMV
Blokowvwvimv mov S1afETovv T dSLVVUTOHTNTA VO ATOKPIVOVTAL AUEGH GE OAAIYEC OTIG
nepparroviikes cvvOnkeg (Evans, 1977; Fang and Findlay, 1996). O xvpiotepog
O1KOAOY1IKOG POAOC TV PAKTNPLOKAOV KOWVOVIOV EIVOL 1] OTOIKOSOUNOT TV d1dpopwV
OLOTATIKAOV TOL 0pyavikoy VAkoy (Boschker et al., 1998; Boschker et al., 2001).

Epyaocieg mov apopodv ™ cdvdeon ¢ cHOTAONG TOV UIKPOPLIK®OV KOWVOVIDV UE
TG dpopes mePPAALOVTIKEG TAPAUETPOVS (0TS TOV GTOXEWKOD GvBpaka Kot TNG
TETPEAAIKNG PUTOVONG) oe KNHOTO OO TV €LPLTEPT TEPLOYN TNG AVOUTOMKNG
Mecoyeiov eivor mold mepropiopéveg (Polymenakou et al., 2005a). H Avotolkn
MeooOyelog Odhacoa elval por omd TIG TO OALYOTPOPIKEG TEPLOYEG TOVL TAOVITY
(Ignatiades, 1969; Krom et al., 1991; Tselepides et al., 2000), evd meprhappdvet
TEPLOYES OV YOPOKTNPILOVTOL OO SLOPOPETIKA EMIMESN AVOPMOTOYEVOV EMOPACEDV
(Polymenakou et al., 2005a). Xta miaicto TG Topovoag S10aKTOpPtKNG datpiPng mov
€Yl WG OKOMO TOV TPOGOIOPIGUO TOV TEPIPAALOVTIKOV TOpaUETpwV oL puOuilovv
™ o0oTaoN  TOV  WKPOPlOK®OV  KOWOVIGOV, 1 GUYKEKPWEVN  gpyacio

TPOYUOTOTOWONKE Y10 TNV TOPOYN TANPOPOPIOV GYETIKA Le TNV €Midpacn TG Un
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OTOIKOOOUNGIUNG  HOPPNG TOV OPYAVIKOD VAIKOD 0T Plodlafecitdtnto Tmv Tnymv
dvBpoka kot evépyslog KOOMC KOl TNV KOTOVOUN TOV WKPOPLOKAOV KOWVOVIOV GE
TEPPAALOVTO LE SLUPOPETIKA MITESN TETPEAATKAOV VOpOYOVavOpdkmv. ['a T0 cKoTd
avtd oVAAEYOMKaY delypoata WCnUaTOV omd PUTAGUEVEG KOl UM TEPLOYES TNG
Avatolkng Mecoyeiov kot mpaypotomominkoy avoAdoElS oTotyelakold GvOpaxa,

AAELPATIKOV VOPOYOVAVOPAK®VY KOl POGPOAMTIII®V.

3.5.1 Xnukég mapaperpol

Ta dedopéva opyavikod GvOpaka, K-0AKOVIOV Kol QOCPOMTISIMV TOL TPOEPYOVTOL
and touvg otafuodg tov Notiov loviov kot meptlappdvovior 6T GLYKEKPIUEVN
epyacia meprypdpovat avarlvutikd oto Kepdiowo 3.4 (Polymenakou et al., 2005d). O
otafpnog ABO3MC Bpicketon kovid otnv meptoyn s avo&ikng Aekdvne Bannock evd
ot otafpol AB12MC kot AB1SMC Bpickovtor kovtd otnv mepLoyn g avoEIKNG
Aexdvng Urania. Avtifeta, o otafuoc ADEC emAiéynke epOGOV avTimposmmeEvEL o
TEPLOYN AMOUAKPLGUEVT amd avOpwmoyevels emppoés (Polymenakou et al., 2005d).
2T ouvéreld, TEPLYPAPOVTOL AETTOUEPDS TO Odopéva amd TOLG VTOAOUTOVG
oTaOOVG TTOL EMAEYOMN KAV Y10 TO OKOTO TNG GLYKEKPIUEVIG EPYOTTOG.

ivexoeg 3.5.1: BédBog otofpog derypatoinyiog (m), oAkodg opyovikog avBpaxag (TOC), otoygtoxde
avBpakoag (BC), % avoroyio tov BC wg mpog to TOC (BC/OC), Prodwbéciiog opyavikdg avBpakog
(BOC), yropopOAAn a (Chl a), paroypwotikéc (Datoyp.), Kot 16000VALO YA®POTAACTIKAOV YPOOTIKMOY
(CPE) tov ctobudv derypoatoinyiog. Mean kot sd dnAdvouv avtiotoyo Toug HEGOVS OPOVS KL TIG
TUTIKEG amokAioelg HeTa&h detypdTmv Tov idtov otabpod (n=3).

Bd0og Babog

XrafOpoi , , ., TOC (%) BC (%) BC/OC BOC Chlaa Daroyp. CPE
KNpotog Kohdvag vepov
(cm) (m) mean sd  mean  sd (%) (%) mean sd mean sd mean sd
ADEC 0-1 2840 1.30 0.69 0.21 0.03 16.05 1.09 0.06 0.00 0.35 0.06 0.40 0.06
ABO3MC  0-1 3179 0.58 0.03 0.28 0.04 4891 030 0.03 0.01 0.12 0.02 0.15 0.03
ABI2MC  0-1 3310 0.76 0.09 0.35 0.08 45.69 041 0.05 0.02 030 0.04 035 0.06
ABISMC  0-1 3320 0.67 0.09 033 0.07 50.10 033 0.04 0.00 0.27 0.01 0.30 0.01
AUGUI1 0-1 1700 0.55 0.02 0.27 0.02 4826 0.29 0.48 0.07 2.95 0.05 3.43 0.02
AUGU2 0-1 600 1.73 0.06 0.60 0.10 34.73 1.13 1.72 0.41 6.62 0.47 8.34 0.05
AUGU3 0-1 100 1.37 0.07 0.63 0.10 46.13 0.74 1.11 0.00 4.78 0.18 5.90 0.17
THRO8 0-1 521 0.38 0.10 0.08 0.00 2091 0.30 0.05 0.00 1.01 0.11 1.06 0.10
THROS 8-10 52.1 0.55 0.08 0.13 0.01 22.69 043 0.02 0.00 043 0.12 045 0.12
THR10 0-1 62.5 0.34 0.09 0.01 0.00 238 033 0.70 0.18 2.01 0.21 2.70 0.39
THR10 8-10 62.5 0.25 0.08 0.01 0.00 4.31 0.24 0.03 0.00 0.69 0.01 0.72 0.02
THR23 0-1 81 0.42 0.06 0.05 0.05 1297 036 0.66 026 2.12 0.05 2.78 0.21
THR23 8-10 81 0.33 0.04 0.08 0.01 24.04 0.25 0.04 0.00 0.51 022 0.54 022
THR30 0-1 223 0.45 0.11 0.15 0.00 3431 0.29 230 0.15 2.87 0.21 5.17 0.06
THR30 8-10 223 0.33 0.03 0.22 0.01 6568 0.11 0.08 0.03 037 0.11 046 0.14

To Bd&Bog twv otabudv detypatoinyiog kopdvOnke and 52.1 m oto Opaxikd
[Téhayog €émg 3320 m oty meproyn Tov Notiov loviov. Ot GuYKEVIPAOGELS OPYALVIKOD

avBpaka mov kopdvOnkav amd 0.25 + 0.08% ota Pabdtepa otpodpata TV ICNUATOV
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(8-10 cm) tov Opaxwkov ITeddyovg éwg 1.73 £ 0.06% oto otabudé AUGU2 1oV
KoAmov Aovykovota ot Zikedio (ITivakag 3.5.1) elvar cvykpioyieg pe avtiotoryeg
Tipég aMv meploy®v g Avatoikng (0.38 — 1.47%; Polymenakou et al., 2005a;
0.23 — 0.99%; Bianchi et al., 2003) koBmg kot g Avtikng Mecoyeiov (0.38 — 1.47%;
Bouloubassi et al., 1997). Ta enineda otorygiaxod avOpaxa kopdvOnkav omd 0.01 —
0.63% C (Ilivoxag 3.5.1) evd mopovsiocoy CNUOVTIK GLOYXETION UE TA EMIMEON
opyavikod GvBpaka (R* = 0.69; n = 15). H cuvelo@opd Tov 6Torelakol Gvopoka
(BC) ot ovotaon tov olkov opyovikod avBpoako mapovcldotnke laitepa
onuoavtiky (2.38 - 65.68 %; Ilivaxag 3.5.1) vmodewvoovtag 6t T emimeda BC
AmoTEAOVV £VOL TOAD CIUAVTIKO PEPOG TNG GLVOMKNG TTNYNS dvOpoaka ot WCnpota g
Avartolkng Meooyeiov. AvtifBeta pe mpornyovuevn epyacio (Middelburg et al., 1999),
to pato tov Babldv detypatonniikedv otafudv g Avatolkng Mecoyeiov dev
napovciocay Kopio Thomn va TePEYovV ta peyaAvtepa tocootd BC.

I'evikd, o otoryeloxog dvBpaxkag yoapaktnpiletor g M yMUKA Kot Proloyud
otafepny popeY] TOL opyavikoy avOpoka oto Boddocio 1Aupato, oV Kol o€
EPYACTNPLOKG TEPAUATO €YOVV KATAYPOUQEL TEPMTMOGES O1ACTACNG TOV UECEH
pkpofroroyikadv depyasuov (Middelburg et al., 1999). Av ko ot Middelburg xot
ovvepyateg (1999) mapovciocav dedopéva mov otmpilovv v dmoyn OTL O
oTolyEKOg Avlpakag puropet va amowodounel ota Wnpata mopovsio 0ELYOGVOL Kot
VITPIKOV 10VIOV, €PYacieg mov £xovv ONUOclELdel oTa €YKLPOTEPO EMIGTNUOVIKA
neplodikd (Nature, Science) mapovcidlovv ta eninedo BC g onpoavrikovg deikteg
NG U1 OTOIKOSOUNGIUNG LOPPNG opyavikoy dvBpaka oto mepiBdAilov (Dickens et al.,
2004; Schulze et al., 2000) mov Bewpntikd dev umopeil va. a&lomonbel omd TOLG
opyavicpovg. Emiong, ot Dickens kot cuvepydateg (2004) mapovoiacay m Oempio Tovg
COUPMOVO, PE TNV OmOoiol 1 GVOKVKAMOY TOV GTOWEWKOL dvOpaka ota nuota
TPOYUOTOTOEITOL O PEYAAO YPOVIKE SUGTAUATO TNG YEMAOYIKNG KAIHOKOG AOY® TV
wloitepa YoUMAGV pulu®V oYNUATIGHOD Kot Kataotpoens tov. Katd cuvémeia, n
avoKOKA®on Tov Olywpiletor amd 1N PloAoyikn avaKOKAM®GOT TOL 0PYOVIKOD
GvBpaka vVTOINADVOVTOS GTL O 0pyovicHol OV mailovy onuavTikd poro otn pvOLoN
TOV OTOXEWKOV GvBpaka 6To TEPPAALOV, YwPiG OUMS VO amOKAEIETOL TO EVOEYOUEVO
to. emimeda Tov vo emmpedlovv T ProdbecipudTnTo TOV TYOV AvOpoko Kot
evépyewag. Ilponyodueveg epyacieg €ypovv Ocifel emiong OTL 1M KOTOVOUN TOV
oToyyelokoy AavOpoka oto emi@ovelokd wWnpote pmopel va emmpedlel 1660 N

dwpopornoinon 660 kot TN PlodfeSOTNTO TOV TOAVKVKMK®OV  OPOUOTIKOV
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vdpoyovavOpakwv (Gustafsson et al., 1997). v mapovca gpyacia, n TocoHTNTO TOV
BrodwaBéoipov opyavikov avBpako (BOC) vmoloyliomnke a@aip®dvIog TIC TOGOTNTEG
OTOLELKOD AvOpoKa amd TIG OVTIOTOLKES TOL OAMKOV opyavikoy dvBpaka. Ta enineda
BOC ota iypata xopavOnkav ond 0.11 éog 1.13 % C pe ) péyom mun va €yet
kataypoeel oto otabpud AUGU2 tov KoAmov Aovykovota (ITivaxog 3.5.1). Ot
OVYKEVIPMOOELS YAMPOPUAANG & KOl QOLOYPOCTIKAOV TOPOVGIOCOV HEYAAES OLOPOPES
HETOED TOV oTaOUOV SEYHOTOANYING HE TIG HEYIOTEG TUWES VO EXOVV KOTOYPOQET
oToLG PNYoVG otafovs tov Koimov Aovykovota (avtictorya 1.11 — 1.72 pg g'1 Kol
478 — 6.62 png g'; Mivakog 3.5.1) kat oto otadué THR30 (0-1) tov Opakikod
ehdyoug (avtiotorya 2.30 ko 2.87 pg g™'; Tivakog 3.5.1). O cuykekpipévoc oTadpoc
emnpedleTol oNUOVTIKA amd TIC YOUNAES GE OANTOTNTO KOl TAOVGCIEG O OpemTIKA
naceg vepov g Mavpng @dracoag mov sioépyovior 6to Bopeio Aryaio péom twv
otevov tov Aapdavediov (Poulos et al., 1997). Ou pdleg vepov eite petapépouvv
VYNAEG TOCOTNTEG YAMPOTAUCTIKOV YPOOTIKMOV (YA®POPUAAN a, (OIOYPOCTIKES;
[Tivaxog 3.5.1) mwov kabldvouv Kot cuscmpevovtol 6to oo ite ennpedlovv Tomkd
TNV TPOTOYEVH TAPOYOYIKOTNTA LE TIG VYNAEG CLUYKEVIPAOGCELS BPENTIKOV OAATOV TOV

EUTEPLEYOVV.

3.5.2 AvOponoyeveic ko Proyeveic emopdoerg

‘Eva peydAo mocootd TOL OpyavVIKOD VAIKOD 7OV EIGEPYETOL OTNV AVATOMKN
Mecdyelo mpoépyetor amd T Prounyovio kol yeVIKA TS avOpoToyeVeis
dpaoctnpromteg (Caddy, 1993). To vikd avtd kabildver oto Baldooio PvBo Ko
emnpedlel ) ovvBeon kol Asrtovpyio TV PBevhikdv kovovidv. Xtnv mhoicla g
TOPOVCOC SOOKTOPIKNG OTPIPNG, 1 KOTAVOU TMV OAELPATIKOV VOPOYOVAVOPAK®V
peietnOnke pe okomd v ektipmon v avlpwmoyevadv Kot floyevav (xepoainv Kot
Boddooimv) emdpdoewv otnv Avatolky Mecdyeto (Zynua 3.5.1).

Ytov Ilivaxa 3.5.2 mopovctdlovtal Ol GCUYKEVIPMOELS TMV  OLOPOPETIKAOV
KATNyoplidv vdpoyovavOpdkmv Kobdg Kol o1 OlyVOOTIKOL TOPAUETPOL OV
vroAoyiomkav. Emiong, ot xovovikomompéves ¢ mpog tov opyavikd GvBpaka
GUYKEVIPOGELS TOV AAELPOTIKGOV VIPOYOVaVOpaKmY VToAoYicTNKAY (Ug g opyaviKoD
dvBpoka) coppova pe tovg Gogou kot cvvepydteg (2000). To k-oAkdvio Kot TO
‘Miypno pun Awyopiiopevov Ovoiov’ (UCM) ftav ta o debova cuoTtatikd TV
KAOUGUATOV TV OAEWQUTIKOV vIpoyovavlpdkov evd oto otofpd AUGU2 ta mo

deBova cvotatikd tav to UCM kot ta ondvia (ITivaxeg 3.5.2, 3.5.3; Zynua 3.5.2A).
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Mivexoeg 3.5.2: TTapdpetpol TV aAELPATIKAY VOPOYOVOVOPAK®OV.

AHC: olkf] ovykévipwon oAeipatikav vdpoyovavBpiakmv, OC: olkdg opyavikdg avipakag; NA: cvykévipmon k-aAkoviov; UCM: piypa pn dwyoplopevov
ovoldv; Pr: tpiotdvio; Ph: gutdvio; 2(C4-Cyg): dBpoiopo TV cLYKEVIPOoE®Y TV K-0Akaviov and Ciy §0¢ Chy; 2.(Cy-Cag): GOPOIGUO TV GLYKEVIPOGEDY TOV K-
aAkoviov and Cy éog Cs; Mar: dBpotopa Tov cuykevip®@oeny tov Boddociav k-aAkoaviov Cis, Ci; kot Cio; Ter: 40poiopa TV GUYKEVIPOOEDY TOV XEPCUIDV K-

aAkoviev Cyy, Cog kan Csp; CPI(Cy -Cse): deiktng mpotipnong aptfpod atdpmv davlpaka yio ta K-aAkavia ond C,; émg Cse.

Xrtabpoi ADEC ABO3MC ABI2MC ABI15SMC AUGUl1 AUGU2 AUGU3 THROS8 THR10 THR23 THR30
Babog {npartog (cm) 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 8-10 0-1 8-10 0-1 8-10 0-1 8-10
THopauetpor

AHC (ug g 5.1 22.8 54.5 114.1 34 462.8 163.3 14.4 8.4 6.9 7.4 1.9 9.8 13.8 1.2
AHC/OC (ngg™) 3942 3939.7 7167.0 171314  610.7 26698.4 11911.8 3829.1 1530.4 2041.0 29553 4459 3030.5 3098.0 370.8
NA (ng g) 2318.0 4975.0 54453 56753  1829.8 51279 4941.2 1899.4 24447 17509 5327 1775.8 2293.0 1839.3 8125
NA/OC (ug g™ 178.7  860.0 715.5 852.1 330.6 295.8 360.5 5034 443.6 5153 2129 4242 7055 411.4 246.5
UCM (pggh 2.6 17.8 48.0 103.3 1.3 447.4 155.8 12.4 6.0 5.2 6.9 0.1 7.4 11.9 0.4
UCM/OC (uggh 200.0  3079.7 6311.7  15513.0 241.0 25809.7 11371.0 3294.1 1086.8 1525.7 27424 21.6 2291.1 26613 124.3
UCM/NA 1.1 3.6 8.8 18.2 0.7 87.3 31.5 6.5 24 3.0 12.9 0.1 3.2 6.5 0.5
Hopanes (ng g™") 199.7 - 1064.0 5103.6 2162 10277.6 2470.7 119.1 - - - - 110.3 113.0 -
Pr(ngg") 31.5 102.9 142.0 92.1 86.4 84.0 122.3 93.6 18.1  102.6 59.3 54.4 119.1 39.1 30.2
Ph (ng g™ 14.6 53.7 144.0 100.1 57.0 75.2 108.7 75.8 8.7 43.4 39.1 449 41.7 31.8 17.5
¥(C1,-Cyp) (ng g™ 1946  719.5 1156.8 702.9 3333 720.7 1017.3  496.2 632.8 635.6 143.0 5233 5119 353.1 217.1
2(C,,-Cy) (ng gh) 21234 42554 4288.5 49724  1496.6 4407.2 39239 1403.2 1811.9 11153 389.6 12524 1781.1 14863 5954
Mar (ng g 55.8 279.7 5233 333.8 128.7 342.8 494.9 156.6 220.1 268.4 61.7 2222 2063 118.2 87.5
Ter (ng g") 578.7 16554 1415.4 1438.4 5723 1767.0 1171.0 4422 704.1 386.0 1455 473.6 600.8 4259 226.4
CPI(C,; - Cyp) 1.4 2.2 1.9 1.9 1.6 1.4 1.9 1.6 1.8 1.8 1.5 1.7 1.5 1.5 1.8
% Mar to NA 2.4 5.6 9.6 5.9 7.0 6.7 10.0 8.2 9.0 15.3 11.6 12.5 9.0 6.4 10.8
% Ter to NA 25.0 33.3 26.0 25.3 31.3 34.5 23.7 233  28.8  22.0 27.3 26.7 26.2 23.2 27.9




Ot andivteg (AHC) kot KOVOVIKOTOUEVES MG TPOG TOV OPYOVIKO GvBpaio
ovykevipooelg (AHC/OC) tov alelpotik®dv vopoyovavipdkmy Tapovciacay Leyain
dwpopomoinon petald Tov otabumv OstypatoAnyiog Me TIMEG Vo Kupoivovton
avtiotorya and 1.2 émg 462.8 g g'l kol and 370.8 o 26698.4 ng g'1 (ITivaxag
3.5.2). T'evikd, 0TOV Ol GLYKEVTIPMGELS TV LOPoyovavOpdkmv evog delypatog eivor
neyodbtepeg amd 500 pg g amotehodv woyupdToTn EvaelEn OTL 1 mEPYPOANOVTUCH
pOTavon elval TOAD GNUOVTIKY OTN GUYKEKPIUEVT) TTEPLOYT], EVO TIHES KAT® omd 10 pg
g'l Bewpovvtor oyeTkd YOUNAES Kot yopaktnpilovy TV TEPLOYN OC LN PLTAGUEVN

(Tolosa et al., 2004; Volkman et al., 1992). Ot péyloteg GLYKEVIPOGELS
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Tyqpo 3.5.2: A) Aépo ypOUATOYPAPNUO TOV KAACUOTOC TMV OAELPUTIKOV
vdpoyovavlpdkmv otov €vtova pumacpévo otafud AUGU2 1ov KoédAimov
Aovykovota. UCM, ‘Miyua Mn Awyopillopevov Ovowdv’. B) Ilapddstypa
xpopatoypaenpatog wvtev (m/z 191) tov omaviov mov npocdopicTnkav GTo
otafpo. To mApn ovopoTo TOV OTavVimV oV TOPOLGLALOVTOL GLVTOUOYPUPIKA
neptypdpovton otov [Mivaxa 3.5.3.

vopoyovavlpdkmv Katayplenkay otovg pnyxovs otaduovg tov KéAmov Aovykovora,
vrodnA®vovtag Ott 0 avlpomoyevig TapAyoviag £ivor TOAD ONUOVTIKOS OTh
ovykekpipévn mepoyn. Ta emimeda TOV GLYKEVIPOGE®MY AVTOV glval cuyKpicla e
T OVTIOTOLYO TTEPLOYDV TTOV AVTIUETOTILOVV coPfapd TPOPANUA XPOVING TETPEANTKNG
pomavong, onmg oto Hong Kong (60 — 646 pg g'; Hong et al., 1995) kat otnv Kaomnia
Odhaooo (29 — 1820 pg g'; Tolosa et al., 2004). Avtifeta, ta eninedo OAEPATIKGOV

VOpOYOVAVOPAK®V TTOL KaTOypAPNKav Yo to npata ard 1o Opakucd I1Elayog, amod
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10 Pabd otafud tov Koimov Aovykodoto Kot amd TO YOPOKTNPLOTIKO oTaOUO
amOpOKpLOUEVNS  Tepoyns  tov  Notiov loviov, nrtav  waitepa  younAd
yopaxtnpiloviag Tic meployés avtég g un pvmocuéves. Ot amdivteg (NA) ot
KOVOVIKOTOMUEVES MG TPOG Tov opyavikd dvBpaka cvuykevipmoels (NA/OC) tov k-
oAkaviov Kopdvenkay avtiotoa arnd 532.7 émg 5127.9 ng g Enpic palag kat omd
178.7 ¢wc 860.0 pg g Enpic palec whpatog (Iivakog 3.5.2). Ot pkpdTepes TEC
NA xotaypaenkav oto Babdvtepa otpopota Tov npatov tov Opakikot ITeddyovg
(6nwg 532.7 ng g'l; [Tivokag 3.5.2) evod o amopakpuopévog otabpdg tov Notiov
Toviov (ADEC) mapovcioce 0 pucpdtepn Ty NA/OC (178.7 pg g'; Mivakog 3.5.2).
[Ma cHykpion, avapépovpe €d® TIS WOiTEPO YOAUNAEG cLYKEVTIP®GELG NA Tov &xouv
KOTOYPOQPEL G AALEC AMOUOKPVOUEVEG KOL 1] PUTOGUEVES TTEPLOYES, OTMG GTO VNGl
mg Avtapktucric South Orkney (0.4 pg g™'; Cripps, 1994) kat ot Bobid Aekdvn e
Bopetodvtikiic Mecoyeiov (1.1 ug g'; Tolosa et al., 1996). Avtifeta ot veorowol
otafpoi Tov Notiov Ioviov, Tov Bpickovtal kovid otig avoikéc Aekdveg Bannock kot
Urania, ko1 mbBovotoata emmpedlovior amd ovTéC, TOPOLCINGOV TIS LYNAOTEPES
(kovovikomompéves g mpog tov opyavikd avBpaxa) Tipég NA (Kepdhowo 3.4).

To pnkog avOpokiKng 0ALGIONG TV K-OAKOVIOV TOL OVIXVELTNKOV OTO
ypopatoypoaerpato Kopavinkav and Cis é0¢ Czo. Ta opdAoya pe pkpr| avOpokikn
aAvcida (D (Cia-Cyo); IMivaxag 3.5.2) mpoépyovian Kupiwg amd QUTOTANYKTOVIKOUG
opyoavicpovg (Gogou et al., 2000) evd to opdAoya pe PEYEAN avOpoKiK oAvcida
(Q(C21-Csp); Hivakag 3.5.2) yapaxmpilovv v dmapén mnydv yepcoicg TpoEAELONC
KaBdg Tpoépyovtal amd to avatepa eutd (Gogou et al., 2000). Kot ot dvo katnyopieg
aAkoviov Tapovciocoy VYNAEG CLYKEVIPMOELS TOGO GTOVLG PNYOVS GTOOLOVG TOV
KoAmov Aovykovota 660 kot otovg Pabeig otabuovg tov Notiov loviov mov
Bplokovtav kovtd otig avodikég Aekdveg (ITivaxag 3.5.2). Ta vynAd enineda TV K-
alkaviov pe pkpn ovlpakiky aAvcida (Cis éog Cy) mOL KOTAYpAENKOV GTOVG
o100H00g aVTONG VTOOEIKVVOVY EMIONG TNV TOPOVGIN TNYDOV ‘EAAPPL’ TETPEAOIOV
(light oil; Tolosa et al., 2004). Ta oudAoya pe peydin avlpakikn aAlvcido to omoio
Bpénkav oe peyolvtepeg apbovieg amd Ta avTicToy o e HKP ovOPaKIKY 0ALGIdQ
oe Olovg tovg otalfuovg  (Q(Cia-Cy) war D (Cy1-Cse);  IMivakag 3.5.2)
ypnoporomdnkay yo tov vroAoyiopd tov Agiktn Ilpotipnong ApiBuod Atduwmv
AvOpaxa 11 CPI. Twyég CPI peyoAvtepeg g LOVASOG DITOSEIKVDOOVY OTL O1 OAELPOTIKOL
VIPOYOVAVOPUKES TPOEPYOVTAL OO PUGIKEG N)/KoL YePTaieg TNYEG EVO TIHEG KOVTIA 1)

{0€G pe TV HoVAda aVTIGTOLYOVV G€ TETPEAMiKEG 1)/kot avOpwmoyeveic myég (Gogou
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et al, 2000; Simoneit, 1999). Xmv mnapodoa epyacio, ot twég CPI mov
vroAoyiotkav oopeova pe v e&icwon: CPI = 2 (C;1-Css) / 2(Cn-Cs6) (Simoneit,
1999) woudvOnkav ond 1.4 éog 2.2 (Ilivaxag 3.5.2) vmodewkvoovtog 6Tl 0pyoviKo
VAMKO YEPOALNG TPOEAEVGNC CUVEIGPEPEL GTT GVOTACT] TOV INUATOV TOV VIO HEAETN
neproymv (Gogou et al., 2000). Evrovtolg, oty mepintmon mov ot Bardooieg mnyég
etvon e€loov onuavtikég ot Tég CPI katd cvvémelo peidvovior okOpo Kot av 1
Yepoaio. ouvelsEopd mopapével 1 101, pe omotéhecpo Oty Pacilopaocte
amoKAEIGTIKA Ko pOvo otic TinéG CPI va voekTitov e onUavTikd T GLVEICQOPE TNG
yépoov (Damsté et al., 1995). I'a 10 Adyo avtd, vToloyicape TNV ATOAVTY YepoOio

ovvelopopd ota inuata afpoilovrac ta tpia wo dedova yepoaio k-oAkavio, ta Chy
b b

200017 T 25
—&— Ter
1800
= —O—CPI (C, - Cy)
e 1600 T2
o0
£ 1400 o
& 1200 +15=
= S 2
£ 1000 e
1
g. 800 7 T1 0
=2
g 600 =~
S 4001 T05
W
200 7
0 T T T T T T T T T T T T T T T 0
v P U U R, E S 7S v S T =
2 Z2Z 23238z %c sz sg 2
% L - - = = =2 S g v 3 o >
2 8 B < < < g é g % g g E g
“ = = = =T =

Tyqpa 3.5.3: Awypappo mov mapovowdfovrar ot tég Ter kar CPI tov
otofudv derypotodyiog. H ovykévipoon tav Ter mapovoidletar oe ng g
Enpng nalos wnpatog. Ter: dBpolopa TOV GLYKEVIPOCE®MV TMV XEPCOIOV K-
aAkaviev Cyz, Cyg kot Csp; CPI (Cy1-Csg): deiktng mpotipumong apBuov atdpmv
avBpoaxa Tov TpocdopioTnke yio Ta k-aAkdvia amd Cyp £0¢ Csg.

Cyokan Csy (Ter: IMivaxag 3.5.2). To arotélecua £0e1&e OTL 1 KATAVOUT TOV TILOV Ter
dépepe onpavtcd and v avtictoyn tov Toav CPI (Zmpa 3.5.3). T'a napdostypa,
ocvppova pe ta aroteréopata CPI 1 xepoaio cvuvelcpopd oto Babd otabud AUGU1
vrepekTipdtal o€ oxéon pe 1o otafpud AUGU2 kaBag ot avtiotolyeg amOAVTES TIUEG
Ter dwapépovv onuovtikd (Zynmua 3.5.3). Ot GLYKEVIPMOOELS TOV TPLOV TO APHovmV
YePoaimV K-aAKoviov mapovsiocov peydAn dwupopomoinon peta&d Tov otabumv
SetypotoMyiog pe TEC mov Kupdvenkav omd 145.5 éog 1767.0 ng g (Iivaxag
3.5.2). H vymAdtepn yepoaio cuvelspopd mapatnpndnke otovg pnyovs otadpnoids Tov
KoAmov Aovykovoto kabdg kot otovg Tpelg otabuodg tov Notiov loviov mov
Bplokoviav wovtd otig avo&ikég Aexdveg (Zynmuo 3.5.3). Avrtifeta, ta yepooaia

aAkdvia ftav Ayotepo apBova oTovg pryovs 6taduovg tov Bpaxikov ITeddyove. Ta
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oporoya K-0AKavVioV yopaktnplotikd Boidcciog mpoédevong (Mar: dbpoicpo twv
OLYKEVIPMOGEDV TOV K-0Akaviov Cis, Cy7, kot Cio, Tivaxag 3.5.2) Bpickovtav emxiong
o€ YOUNAEC GUYKEVIPAOGELS e TIUEG TOV KupavOnkav and 61.7 £wg 268.4 ng g'1 Kol
QVTITPOCOTEVAY £V TOAD HIKPO HEPOG TMV GLVOAIK®V K-oAkaviov (6.4 — 15.3%;
[Tivakag 3.5.2). Ot Tipég avTég VIOSEIKVOOLVY TOGO TN YOUNAN TOPUY®YIKOTNTO TOV
Opaxwotd Tleldyovg 660 KoL TV LYNAN OTOWKOIOUNCIHOTNTA TNG CLYKEKPULEVNG
Kkatnyopiag aikaviov (Gogou et al., 2000).

To UCM 7ntav 10 KUPOTEPO GLGTATIKO TOL KAGGHOTOS TOV OAELPUTIKMOV
V3poyovavOpaK®V o6ToVG TEPLosOTEPOLS otafpove (ITivaxag 3.5.2). M mpoéceat
epyoacia £€0€1Ee 01t To UCM amoteheiton amd éva piypo StokAadOUEVOV OAKOVIOV,
KUKAOOAKOVI®V, vagOaieviov Ko TOAVKUKAMK®V TOAV AP OUATIKDV
vdpoyovavOpakwv (Frysinger et al., 2003) evd 1 mapovsio Tov ot WHpaTe GVVIEETOAL
dpeco pe myég metpehoiov M/Kol SOOIKOGIES OTOUKOOOUNGNG OPYOVIKOD VAIKOV
(Tolosa et al., 2004). Eniong, UCM mov gpeaviletal 6To YpmUATOYPUPIUATO GTIV
TEPLOYN TOV K-oAkaviov pe pukpn avlpokikn aAlvcida umopel va ovvoebel kon pe
dwdkacieg Paxtnplokng omowodOUNoNG OpyaviKoh VAIKOL Om®G ouTh  TOV
kataroinwv Bolacoiov eukadv (Tolosa et al., 2004; Venkatesan and Kaplan, 1982).
Ov amdivteg (UCM) Kol KOVOVIKOTOMUEVEG MG TPOG TOV OPYOVIKO GvOpoKa
ovykevipooelg (UCM/OC) tov UCM ftov vynlotepeg oe otabpovg tov Notiov
Ioviov (avtiotorya 2.6 — 103.3 ug g'1 kot 200 — 15513 pg g'l; [Tivakag 3.5.2) kot Tov
Koinov Aovykovota (avtictoyya 1.3 — 447.4 g g'1 kot 241.0 — 25809.7 ng g'l;
[Tivokag 3.5.2). Ot younAdtepeg Tipég Kataypaenkay oto Babitepa oTpOUOTO TOV
nuétov tov otabudv THR23 (avtiotoyo 0.1 ko 21.6 pg g Mivakag 3.5.2) kot
THR30 (avtiotorya 0.4 kon 124.3 pg g'; Mivakag 3.5.2) tov Opokikod [eddyov. Ta
enineda UCM otovg pnyovg otafpodc tov Opaxikov Ileddyove, oto Pabd otabuod
tov KoAmov Aovykovota (AUGUI) kot otov amopokpucpévo otafud tov Notiov
Ioviov (ADEC) givan ovykpiotpa pe v oAtyotpo@ikt] veaiokpnrmido tg Kpning
(0.3 — 4.8 ug g'; Gogou et al., 2000). Avtifeta, to eninedo. UCM tov vroloinmy
otafudVv etvar Tapdpotla TG0 Ue TG TIES TopdkTiov Teploy®v (7-488 ug g'l; Tolosa
et al., 1996) 600 kot pe Tig TIREG avoryT®V Teploy®v TG Bopetodutikng Mesoyeiov
(7-13 ug g'; Tolosa et al., 1996). Ot 160TPeVOESELS VEPOYOVAVOPOKES TPIOTAVIO KoL

QLTAVIo Bpédnkav oe OAa Ta detypata pe TIHEG Tov Kopavinkav and 8.7 émg 144.0 ng

g'l Enpne patog wtnpartog (Ilivaxag 3.5.2).
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Ta vynAd enineda UCM mov katoypaenkoyv 6tovg otafpovg, ot vyniol Adyot
UCM mpog NA (UCM / NA; ITivakag 3.5.2) kot 1 Topovsio TV 0VGIdV QUTAVIO Kot
TPIOTAVIO OTTOTELOVV 1oYVPOTATEG EVOEIEELS YpOVIaG TEPIPAAAOVTIKNIG PUTOVONG OTIG
vro perétn meproyes (Gogou et al., 2000). EmmAiéov, ot vynhdtotes KOTOYPAPOUEVES
TIWEG  OAELPATIKAOV  VIPOYOVOVOPAK®V GTOovg pnyovg otabuovg tov Koimov
Mivakog 3.5.3: Tvykeviphoels tov omaviov (ng g') mov mpocdiopictnoy 6Tovg oTodpong

derypatolviog. Ta eninedo tov onaviov tov otabudv mov dev tapovstdlovtat otov Ilivakoa frav
KGto and 10 Oplo aviyvevonc.

YraOpoi ADEC ABI2MC ABISMC AUGUl AUGU2 AUGU3 THR08 THR23 THR30

Babog iinpotog (cm) 0-1 0-1 0-1 0-1 0-1 0-1 0-1 8-10 0-1
Ondvia (ngg™)  Ovopaoia
CyHTs 180 (H')-22,29,30-trisnorneohopane - - - - 4109 103.0 - - -
CyH Tm 17a (H)-22,29,30-trisnorhopane - - 2177 - 4234 1065 - 16.8 -
C,H 170 (H),21p(H )-29-norhopane 322 2089 634.9 647 27266 531.7 333 247 265
CyH 170 (H),21p(H)-hopane 374 2267 840.8 84.8 25352 5373 505 434 332
C;HS 170 (H),21B(H )-homohopane 26.6 194.9 659.5 313 11657 2914  18.0 14.1 189
CyHR 17a (H),21B(H )-homohopane 18.2 105.6 441.0 20.8 7834  211.6 17.3 112 134
C,HS 17a (H),21B(H)-bishomohopane 19.3 160.3 482.3 146 6252 1741 - - 12.9
C;,HR 170 (H),21B(H )-bishomohopane 11.7 80.1 330.7 - 4389  130.1 - - 8.0
CyHS 170 (H),21p(H )-trishomohopane 13.7 87.4 401.7 - 367.4 98.6 - - -
CHR 17a (H),21B(H )-trishomohopane 11.6 - 202.3 - 1928 637 - - -
CyHS 170 (H),21B(H )-tetrakishomohopane 7.8 - 320.8 - 2679 96.7 - - -
CyHR 170 (H),21B(H )-tetrakishomohopane 6.2 - 133.5 - 99.7 36.5 - - -
C3HS 17a (H),21B(H )-pentakishomohopane 9.1 - 240.9 - 1267 437 - - -
CysHR 170. (H),21B(H )-pentakishomohopane 5.8 - 197.3 - 1137 457 - - -

AovykoOoTa VTOdEIKVOOVY EgkdBapa OTL 1| GUYKEKPIUEVN TTEPLOYY| OEYETOL EVTIOVES
eMPPoég amd T Svvapkn Popnyaviky {ovn e WOANG Kol EMOUEVEOS Ot
avOpomoyevelg dpactnprotnteg emnpedlovv Katd moAD tn cvotacn TOvV WKNUATOV.
AvrtiBeta, ot vyNnAEG TIHES VOPOYOVAVOpPAK®OV 6ToVG oTafovg Tov Notiov loviov Tov
Bpiokovior kovtd oTig avolikég Aekdveg, mOAVOTATA TPOEPYOVTOL OO TO YEITOVIKA
YEOAOYIKA oTpdpate kabmg eivar oxeddv amibavo ol emppoic TV avlpmTOyEVOV
dpacTNPOTATOV Vo @TAvoLV G€ TOGO peyaro PdBoc (~ 3300 m) xou o€ TOCO
OTOLOKPLOUEVES TEPLOYES Ommg ovtéc Tov Notiov loviov (Brusa et al.,, 2001,
Polymenakou et al., 2005d).

INo mmv emPePoioon g mepiParioviikig pOmAVONG, TPOCTUONCAUE Vo
OVIANOOVLUE EMMAEOV oTolyeld pHe TNV aviyvevon 1W0OvVIov mov yopaktnpilovv
OLOTOTIKA TOV TETPEANIOL OMMOC TWV MEVIOKVKAIKOV Tepmevoiddv (Gogou et al.,
2000; Tolosa et al., 2004; Wang et al., 1999). Zmv mnapodco epyacic, T
TEVTOKVKAIKA Tepmavio.  (omavia) pe avBpakikr] oivoida amd Cy; éog Css
TPOGOOPIGTNKOAV GTOVG TEPIGTOTEPOVG 0TaOU0VG pe Bdon to edopo pdlag Tovg Kot
ToV Xpovo €xkAovong ota ypopatoypaenuatoe (Phillip, 1985) (ITivaxag 3.5.3). £t0
Zyua 3.5.2B mapovotdleTal To yopakTpIoTIKd YpouaToypaenue Wviov (m/z 191)
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OTAVI®V TOL KOTAYPAPNKE GTOV TO EMPAPNUEVO GE TETPEAATKOVS VOPOYOVAVOPAKES
otafpd AUGU2. Ta opdroya pe apBud atopmv avipaka > Cog eppaviCoviav pe
pope1] v Bepuodvvapukd otobepav dopwv 17a(H), 21P(H). Ov péyloteg TéG

omaviwv Kotaypdenkav yio o opoAoyo Csp kabdg ot Adyotr Cuy/Csp kopavOnkay amd

6
& . THRO8 0-1
§ / THRO.S &10-7. THR23 8-10
3o THR100.1@%® @ THR308-10
~ ® @ ADEC P
N
8 AUGU3 AuGU] THR230-1  THR108-10
[
® AUGU:
-6
-6 0 p
PC1 (53.9%)
4
ADEC
[ J
THR30 0-1
ABO3MC THR038-10 ¢
[ J [ J
& ) ®
% AUGU2 AB15MC AUGUI
w ).
: 0! @ THR10 8-10
g o THRO8 0-1 @ TEHR23 0-1
AU o ® THR23 8-10
ABI2MC
THR10 0-1
-4
-7 0 7

PC1 (53.9%)
Zympo 3.5.4: Avaivon Ipaotopyikdv ZovicTOo®OV TOV YUpaKTNPLOTIKGOV WKNHATOV
(oMk6g opyavikog GvBpokac, otolyewkog GvOpakos, Plodiabéciog opyoavikog
avBpakag, YAopPoPOAN @, POLOYPOCTIKES, IGOSVVOLLL YAMPOTAACTIKMY YPOCTIKMV,
TAPAPETPOL AAELPATIKMV VOpoyovavOpdkwv). A) Audypappa cvovictwodv PCI kot
PC2. B) Awdypappa cvvictocdv PC1 ko PC3.

0.57 ém¢ 0.92, evd yuo. Tovg pryovg otafpovc tov KoAnov Aovykodota 1 KaTovoun
petald Tov oporoywv Cyy kKot Csp d1épepe (AUGU2: 1.08; AUGU3: 0.99). Ietpéiaro
OV TPOEPYETOL Ao avOpaKiKd dAata cuvBwg Tapovstaletl TIES AdYov Cae/Csp > 1
oe oyéon pe merpéhoto oylotoAbkng mpoéievong (Tolosa et al., 2004), ondte ot
JpopES mov  mapaTNPNONKAV OTO GUYKEKPLUEVO AOY0 peTa&Dd TV oTafU®V

mBavotato oyetiletor pe daupopésg otig mnyég netpelaiov. Ta opdroya onaviov Csi-
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Css epoavilovtav pe ™ popon tov C-22 dwuotepeotcopepav (empepn 228 kot 22R)
(ITivaxag 3.5.3). O Aoyog tov empepadv 225/(22S + 22R) mapovciooce TIHEG KOVIA GTO
opo 0.6 (tég Adyov: 0.51 émg 0.67) mov yopaxtnpilel v mapovcio ‘®PLov’
netpelaiov (Tolosa et al., 2004).

Yg o mpoomdbelo. Vo peAeTcovpe TN oxéon  HETOEL TV oTOOUOV
derypotoAnyiag, mpaypatomombnke 1n  Xtatiotikny  Avaivon  Ipotopyikodv
Yuovictwodv (PCA) oe oo to ymuikd oedopéva (0AkOG opyovikog dvBpaxag,
otoyyelokog  GvOpakag, Prodwbéoipog  opyavikdg  dvBpakag, YA®POPLAAN  a,
eaoypwotikéc, CPE, mapdapetpot aderpatik®dv vopoyovavipdkmv) (Zynua 3.5.4). Ta
amoteAéopato €0eav 0Tl éva mocootd 87% NG cLVOMKNG petafintotnrag TV
TEPIPUALOVTIKDOV  TTOPOUETPOV  UTOPEl v epunvevdel pe TPES TPOTAPYIKEG
ocwvictwoec | PC omov o1 PC1, PC2 xon PC3 e&nyovv avtictorya to 53.9%, 24.5%
kat 8.6% g cvvolikng petafintomrog (Zynpata 3.5.4A, B). H tpodt cvvictdoo
(PC1) o@aiverar vo dwympiler toug mo pvmacuévous otafpovg tov Koimov g
Aovykovota kot tov Notiov Ioviov mov gpgavifovtor 6to aplotepd UEPOC TOV
SYPAULOTOC, OO TOLG LN PLTOCUEVOVG GTaBIOVG Tov gp@avifovror de&id (Zymua
3.5.4A). Toco o Babic otabuog tov KoArov Aovykovota 660 Kol 0 OTOUAKPUCUEVOG
Kol un pvracpévog otafpdg tov Notiov loviov opadomoteitan pe Tovg 6TaOpHovE TOL
Opaxwob Ileldyovs. H mpoPoin kot n oxetikn 0éom tov oTabUdvV 0TO S10yPOLLLLLOL
PCA oaiveton va oyetileTon pe TIG GUYKEVIPAOGELS TOV TEPPUAALOVIIK®V TAPAUETPMV
(Zympa 3.5.4A). Zvykekpléva, 1 KATovoun TV oTafudv ond ta aploTtepd TPog GTo
0e€1d aVTIIPOCMOTEVEL Lol TAON UEIMONG TOV GLYKEVIPMOGE®V TOV TEPPUALOVIIKMOV
mopapétpov. H mapatnpnon autn, vmodeikvoel Tnv VTopEN SLPOPETIKMY TPOPIKDOV
KATOOTACEOV HETAED TOV GTOOUOV detypatoinyiog Tov akolovBovv pia dafaduion
a0 TIG MO TOPAYOYIKES KOl pLTOCUEVES TTEPLOYES TOL KOATOL Aovykovota Tpog Tig
‘KaBapég’ Kot Tyég o opyovikd dvBpaka mteployég Tov Opaxikov Tleddyoug.

H devtepn ovvictca (PC2) daywpiler toug otabuotg tov Notiov loviov amd
Tovg otabuovg Tov KoAmov Aovykovota mOavoTaTo OC ATOTEAEGUN TOV GYETIKA
YOUNAOTEP®V EMTEOMV OAELPATIKOV VOPOYOVAVOPAK®V Kol opyavikoL davOpaka
(ITivaxkeg 3.5.1, 3.5.2; Zynua 3.5.4A) kot @oiveTon vo, GUGYETILETOL TEPIGGOTEPO LE
OPOPEG OTIG KOVOVIKOTOMNUEVEG OC TPOS TOV Opyovikd avOpoka TiHéG TV K-
oAkoviov. Avtifeta, n tpitm ovvictwca (PC3) oaivetor vo dSwyopilet ta
neptParloviikd detypato pe Paocn tv omdivtn Bordccwo (Mar) ko yepooio

ovvelcpopd (Ter) ota wnuota. o mapdderypo, peydrlo eVOLOQEPOV TAPOLGLALOVY OL
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drapopetikég Béoeic twv otabudv AUGU3 kar ADEC otic ovvictdoeg PC2 kot PC3,
av Kot dttnpovv otabepés T1g BEcelc Tovg g mpog 1N cvvictwca PCl (Zynuoto
3.5.4A, B). Ot mapotnpodpeves d10popég LETAED TV GTAOUMV TOL TPOKVTTOLV LE TN
ocwvict®co PC3 onidvovv v Omoapén SoQopeTIKOV TOTOV OPYOVIKOD VAIKOV

petalld TV mePLoYdV detypatoAnyiog (Zymua 3.5.4B).

3.5.3 XYotaon TOV KPOPLOKOV KOVOVIAV

Ot pikpofroxés kowvavieg tov nudtov anotehodvior and Poaktiple, apyoio kot
LKPOELKAPVAOTIKOVG 0opyoviopos. Ot Asttovpyikég opddeg tov pikpoPiov (SnA.
piKpoopyovicpol pe mopdpoleg petaforikég dradkacies) daympilovion ota aepofia
Kol avoaepofro Pakmpla, OTOTPOPa PaKTiple, ETEPOTPOPOVS UIKPOELKOPLMTIKOVS
opyaviopovg kot pebavoyevi apyaio (Smoot and Findlay, 2001). "Evag moAd ypnoipog
TPOTOG eKTiUNoMg TG HikpoProkng Propdlog Kabmg kot TG cHOTAONS TOV KOWVOVIDV
TOVG €ivol [LE TOV TPOGOIOPIGHO TV YNUIKADOV GLCTUTIKAOV TOV HeUPpavdv Tovs. [
mopaoelyua, ival yvmwoTtd OTL Ol SPOPETIKEG AELTOVPYIKES OUAOES TV HIKpoPiwmv
oLvBéTovy OloPopeTIKE PoopoMmidle pécw Proynuikdv povorotidv (Badth and
Anderson, 2003; Guezennec and Fiala-Medioni, 1996; Rajendran et al., 1993; White
et al.,, 1979). To yeyovdg avtd kabiotd ™ ypnon tov eoceolmidiov 1| PLFAs og
TaEVOUIKOVG PLOSEIKTEG, 1010UTEPA YPTOLOVS GTOV TPOGOOPICUO TNG GVGTACNG TV
pikpoProkotvaviov. Eviovtolg, n emikdAvyn tov tpoétunov katavouns tov PLFA
HeTAlD SPOPETIKMV WMV givorl yeyovos, pe amotédespo v kobiotatol adbvatn n
HEAET TV PLOKOVOVIOV GE EMITEDO EWOMV.

Y10 mAoiclo TG mOPOoVcOS OOKTOPIKNG dwTpPng, N avaivon tov AMmapodv
o&émv Tov poceoMTidimv mpayuatonomonkKe pe otoéX0 TV EKTIUNoN TOV aphovidv
KOl TG GVLGTACTG TOV POKTNPLIKOV KOWVOVIOV KOOMG Kot NG Thavig amOKplong TV
LKPOPLOKOIVOVIOV OTO JPOPETIKG Minedo TV TEPIPUALOVIIKOV TOPAUETPOV
(6mmg oAKdg opyavikdg dvBpaKag Kot 6Totyelokog avOpakag).

H obotaon ko xotavoun twv PLFA ota ilquata tov KOAmov Aovykovota kot
00 Opoakwov Ileddyovg moapovsidlovtar otov Ilivaka 3.5.4. Ta Mmopd o&éa mov
aviyvednkav ota  Wnuota  wepleAduPovay TG KOTNyopieg TV  KOPEGUEVMV,
HLOVOOKOPESTMOV, TOAVOKOPESTOV KOl OLOKAAO®UEVOV AMTOPAOV 0EEWV HE HNKOG
avOpokikng aAvoidoc vo kvpaivetor petald Cigo ko Cyoo (Ilivaxag 3.5.4). Ou
OLYKEVTPOOELS TV GuvolMk®v PLFA diépepav onuovikd PEToED ToV oTafumv

Setypotoyiog pe Tipég mov Kupdvenkav amd 273.8 + 96.8 £oc 10656 + 959.5 ng g™’
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Enpne padog wnuotoc. Ot pikpoTepeg TIRES KaTaypdonkay ota Pabvtepo oTpdpOTL

wnubtov (8-10 cm) tov Opoakikov [leddyovg delyvovrog 0Tl o POSPOMTIOL dE

STNPOVVTOL OTOTEAECHOTIKA 6Ta ICNHOTA KOTE TNV dtdpKeEwn TOV InUaTamofEcemy.

Adievkpivicta
THR30 (3-10) ADEC ABO3MC
1% 3% 2%  ABI2MC

THR30 (0-1)
14%

3%

THR23 (8-10) ABISMC
2% 3%
THR23 (0-1)
% AUGUL
THR10 (8-10) 9%
2%
THR10 (0-1) N\ AuGu2
6% 5%
THROS (8-10)
3% THRO8 (0-1) 17%

4%

Mukpogvkapvotikd | Bapogiikéd
ADEC
2%

THR30 (8-10)
0%

ABO3MC
5%

THR30 (0-1)

299% ABI2MC

0%
ABI5MC

9%
AUGU1
9%
AUGU2

12%
AUGU3
THROS (8-10) | THRO8 (0-1) 16%

2% 3%

THR23 (8-10)
0%

THR23 (0-1)
9%

THR10 (8-10)

0%

THR10 (0-1)

4%

Gram-gpvnTika
ABO3MC

o,

" ABI2MC

THR30 (8-10) ADEC
0% 3%

THR30 (0-1)
11%

THR23 (8-10) 2%
1% ABISMC
THR23 (0-1) 3%
6%
THR10 (8-10) AUGUI
1% 12%
THR10 (0-1)
7% AUGU2
THROS (8-10) 30%

1% AUGU3

19%

THRO8 (0-1)
3%
Gram-0stikd

THR30 (0-1) THR30 (8-10)
9%

ADEC
5%

ABO3MC

THR23 (8-10) 2%
1% ABI2MC
THR23 (0-1) 3%
6%
THR10 (8-10) ABISOMC
1% 3%
THR10 (0-1) AUGUIL
6% 15%
THROS (8-10)

2%
THROS (O-1) | AUGUS g0,
3% 15%

Tyqpa 3.5.5: TOykplon TOV AETOLPYIKOV opadmv (adlevkpivioto, gram-opvinTika, gram-0etikd,
UIKPOEVKAPLAOTIKA 1 Bopo@ilKkd) HeTa&d TV 6TabUdY detypotoAnyiog.

Ta enineda PLFA mov mpocdiopiomnkav 7y 10 Opokikd [Télayog Mrtav

ovykpiowa pe avtiotoryeg Tipég amd nuata tov Oepuaikod Koimov (Bopeo Aryaio

[Iéhayoc) (219-2714 ng g'; Polymenakou et al., 2005a) kot TG VOOAOKPNTISAC TNG

Kpime (Noto Awyaio ITéhayoc) (524-1238 ng g'; Polymenakou et al., 2005a).

Avrtifeta, ot ovykevipwoel PLFA otoug otabupovg tov Koinov Aovykovota ftav

KaTA TOAD vyMAGTEPES amd TG VTOAOUTEG TTEPLOYES TG AvaToMkng Mecoyeiov kot

YOUNAGTEPES OO €viova gVTpoPikd cvotipota 6mmg g Wadden Sea (36.0 — 71.1

ng g"'; Langezaal et al., 2003), § pag vodipopng AMuvng ot Teppovikh Bodtiki

0dhoooo (> 40 pg ml”' ipotog; Boschker et al., 2001). Ot Paxtnplakés a@doviec

Omm¢ voAoyionkav pe Bdomn tov mapdyovta petatponng tov Bakmpiov Escherichia

coli xopdvOnkav omd 1.0 + 0.1 to 21.3 + 1.7 10° xotrapo g pe ™ péyom

KOTOYPOQOUEVT] TN GTOVG O TAPOY®YIKoVg oTafpovg tov Koinov Aovykovota
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(ITivaxag 3.5.4) kot v ehdyiot oto Pabdvtepa otpodpa tov Cnpdtwv (8-10 cm) tov
Opaxwov [Tehdyoug.

Ta kupotepa Paxtnplakd Amopd 0EEN TOV OVIXVEDTNKOYV NTAV TO KOPECUEVA
Ci6:0, Cis:0 Kot T00 povoakodpeota Cig: kot Cyg (ITivaxog 3.5.4). Ta kopeopéva Mmopd
oféa dg yapokTNPilovV KATOW GCULYKEKPIUEVT] KOTNYOPID OPYOVIGU®OV KoOMDG
Bpiokovioaw oe O6Aa ta Poaktnplaxd €idn (Rajendran et al., 1993) kor emopévog
Bewpeiton OTL AVTITPOCOTELOVY TO TOGOCTO TMOV OPYOVIGUMOV TOV OEV UITOPOVV V.
TPOGIOPIGTOVV. LTIV TaPoVGO EPYACIHL, TA KOPESUEVA AMTOpd 0EEN KupAVONKaY Ao
33.3 £ 2.1 % oto Babv otabud tov KéAmov Aovykovota émg 58.7 £ 16.8 % otov mo
pnxd otobud THRO8 (0-1) tov Opakikov Ileddyovs. Ta vynid mocootd g
OLYKEKPIEVNS Katnyopiog Mmapdv oEEmv dnAdvouy 0Tt éva TOAD HeYOAO TOGOGTO
™m¢ {ovtavig pikpoPlokng Propdlog tov inudtov g Avoatolkng Mecoyeiov dev
umopel va yopoakmnpiotel kot vo tagwvoundel oe omowadnmote omd TS YVOOTEG
AELTOVPYIKEG OUAOES LE PACT TN YNIUKT TOVG CVGTOGCN.

Ta povookdpeota PLFAs cvotivouv katd kavéva Tic pepPpdveg tov gram-
apvntikeov  Paxtmpiov (Macnaughton et., 1999; Ringelberg et al., 1997).
[Tponyodueveg epyacieg €yovv Ociéel emiong OtL ta Amapd o&éa Cigq kot Cis:g
ATOTEAOVV YOPAKTNPIOTIKOVG Ocikteg Poaktnplakng mpoéievong (Langezaal et al.,
2003; Oliver and Colwell, 1973), mov wpoépyovror and pebavodtpopovg opyavicroHs
(Virtue et al., 1996). Yyniéc mocotnteg tov AMmoapdv oféwv Cig M Cisp oOTIC
KUTTOPWKEG TOoug  pepPpdveg dwbétovv emiong to Oer0-o&edmTikG  Paktiplo
(Guezennec and Fiala-Medioni, 1996; Jannasch et al., 1989; Katayama-Fujimura et
al., 1982) kabng kot 1o ynueoovtodTpoeo Paxtipro Thiomicrospira crunega, TOL
dwbétel wovotnrta. ofeidmwong tov otoryeiov Beiov kol €xel amopovmbel amd o
vopobepuikn mnyn (Guezzenec and Fiala-Medioni, 1996; Jannasch, 1985). v
Tapohoo EpYcio, 1 CUVEIGQPOPE TOV HOVOOKOPESTOV GTO GLUVOAMK(O AMmopd o&éa
SLEpepe onUOVTIKA peTacy Tov otafumv tov Koirov Aovykodota kot tov ®pokikov
[Teddyovg (ITivaxag 3.5.4). Ztov KO6Amo Aovykovota, to gram-opvntikd Poktiplo
ntav ta wo debova pe Tipnég mov KopudvOnkay and 40.4 + 3.1 éwg 41.8 = 0.4 % tov
OLUVOMK®OV Mmap®dv 0&émv, evd oto Opaxikd TTélayog ta kopecpéva Mmapd o&éa
mopovciocov TIc VYNAOTEPES cuykevipmoelg pe e&aipeon oto otabud THRI10 (0-1)
(ITivaxkag 3.5.4). EmmAéov, ta fabbtepa otpodpata iinudtov (8-10 cm) tov ®poakikov

[Teldyoug €de1&av TIc VYNAOTEPES O10POPEG HETAED TOV TOGOCTMV TWV KOPEGUEVMV
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Iivoxog 3.5.4: Méoot 6pot (mean) kot TomkéG omokAlcels (sd) tov Mmapdv o&éwv Tov pocpoinidiav (PLFAs) mov tpocsdiopictnrkay oto inpata tng AVATOoAIKNG
Meooyeiov. H oy mosodmta tov PLFA (ng g), n Paxtpuaky Propdla (ng g7), o kurtopkds apdude (x 10° khttapa g') ko o oxetucée avoroyieg tav
KOPEGUEV®V, LOVOOKOPEGTMY, TOAVUKOPESTMV Kot SIAKAUd®UEVOY MTapdv o€V Tapovctdlovtal eniong Yo KaOe oTadud.

PLFA (%) AUGU1 AUGU2 AUGU3 THRO8 (0-1) THRO8 (8-10) THR10 (0-1) THR10 (8-10) THR23 (0-1) THR23 (8-10) THR30 (0-1) THR30 (8-10)
mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd
Ciao 45 0.6 6.1 0.1 5.9 0.3 6.8 0.7 6.3 0.9 5.0 0.4 44 1.1 2.6 1.8 38 0.0 5.4 0.5 4.6 0.7
14-MeC, 4, 52 0.7 49 0.0 3.8 0.1 4.2 0.9 1.1 0.4 3.8 0.4 2.8 0.3 34 0.4 2.8 0.5 2.1 1.0 1.0 1.4
12-MeCy4 5.6 0.7 49 0.3 42 0.2 3.1 1.4 2.1 0.9 33 0.3 5.2 0.1 2.8 0.8 6.2 0.1 1.8 0.7 34 1.1
Cisg 1.3 0.1 2.0 0.1 1.7 0.5 2.0 0.3 3.7 1.5 1.4 0.0 1.6 0.4 1.8 0.0 2.1 0.7 1.3 0.1 2.1 0.1
10-MeC, 5, 0.4 0.2 - - - - 0.5 0.1 0.7 0.9 0.3 0.1 0.6 0.1 0.3 0.1 - - 0.4 0.1 1.1 0.1
12-MeC;5, - - - - - - - - - - - - - - - - 1.2 1.7 0.3 0.2 - -
14-MeC,i 5, 1.9 0.1 23 0.1 1.6 0.0 1.7 0.2 0.2 0.3 3.7 0.1 1.1 0.8 2.7 1.2 1.3 0.3 43 22 - -
¢is -Cg.107 1.7 0.2 0.9 0.0 0.9 0.2 0.7 0.9 0.8 1.2 1.2 0.1 1.0 0.3 0.7 1.0 - - 0.7 0.3 - -
€is -Cg.109 + trans -C 6,107 9.4 0.8 10.6 0.7 10.4 1.2 5.3 0.2 29 1.3 12.7 0.2 4.6 1.7 9.2 5.3 6.5 22 12.7 39 49 2.7
trans -Cyg.1.40 35 0.6 2.0 0.1 2.0 0.3 1.9 0.2 0.3 0.5 2.0 0.0 1.1 0.2 1.8 0.5 1.1 0.2 1.1 0.4 0.0 0.0
Ciso 21.1 1.8 242 1.4 25.2 0.6 28.3 3.7 29.5 7.4 243 0.4 28.1 3.6 25.6 1.8 284 0.8 27.4 6.5 29.1 0.1
13-MeCi¢, 44 0.0 23 0.0 1.9 0.2 1.4 1.9 2.1 0.7 2.6 0.1 33 03 2.4 0.6 32 0.5 1.3 0.6 - -
15-MeC ¢, 2.8 2.3 1.2 0.1 1.3 0.1 1.2 1.7 10.8 35 1.2 0.1 0.9 0.2 1.9 1.0 0.6 0.3 1.5 0.4 - -
14-MeC4, 1.5 0.5 1.1 0.2 1.3 0.4 0.8 1.1 - - 1.0 0.0 2.6 0.3 1.4 0.3 1.9 0.2 0.8 0.0 17.2 32
Ci7a 1.6 0.1 1.0 0.3 0.8 0.2 0.5 0.7 - - 1.2 0.1 1.2 0.2 1.0 0.1 0.7 0.0 0.6 0.1 - -
Ci79 0.9 0.1 1.1 0.1 1.1 0.1 0.9 1.3 1.4 0.4 1.1 0.1 1.5 0.3 1.6 0.5 1.4 0.3 1.2 0.5 1.6 0.3
Cis303 0.5 0.2 0.4 0.2 0.4 0.1 0.2 0.3 0.9 0.1 0.9 0.6 0.1 0.1 03 0.3 - - 0.5 0.2 - -
Ci32069 1.3 0.3 0.6 0.2 0.9 0.1 1.2 0.2 2.4 1.2 0.7 0.3 0.5 0.7 1.3 0.1 0.2 0.3 1.0 0.3 1.1 1.6
cis -Cg.107 7.0 0.4 6.0 0.4 6.5 0.4 8.0 1.6 6.5 0.4 6.7 0.3 8.0 1.4 7.5 0.4 7.7 1.9 59 1.6 6.5 0.6
cis -Cg.109 17.1 1.7 16.7 0.4 17.1 0.7 16.2 0.4 6.9 7.9 13.8 0.3 15.2 4.0 15.7 1.3 11.4 2.6 9.6 1.1 6.6 4.2
trans -Cig,y 9 - - 4.6 1.0 2.9 0.1 1.0 0.6 - - 4.4 0.2 1.3 1.8 0.8 0.3 0.5 0.7 3.1 3.6 1.7 2.4
Ciso 44 0.7 4.6 0.3 53 0.2 9.1 0.1 14.9 8.5 6.1 0.3 14.8 45 7.9 2.5 16.9 8.7 6.4 34 15.8 1.3
Cyo4 0.7 0.1 0.7 0.1 0.9 0.1 1.0 0.3 0.6 0.3 1.1 0.1 - - 1.5 0.4 - - 1.6 0.2 0.5 0.7
Cro3011,14,17 0.9 0.1 - - 1.5 0.1 - - 3.0 1.9 - - - - 2.4 1.1 - - 5.7 0.2 - -
Cro308,11,14 - - - - - - 0.8 0.6 - - 0.1 0.0 - - 0.3 0.1 - - 0.4 0.3 - -
Cao2011,14 0.8 0.4 0.2 0.3 - - 1.3 0.5 - - 0.5 0.0 - - 12 0.8 - - 0.6 0.4 - -
Cy: + Cra 0.2 0.4 0.7 0.4 1.5 0.6 0.8 0.3 - - 0.3 0.4 - - 0.8 0.2 - - 1.7 1.0 - -
Cao0 1.2 0.0 0.8 0.1 0.8 0.1 1.2 0.2 29 1.8 0.8 0.0 - - 1.0 0.2 2.0 0.3 0.6 0.1 2.9 0.1
OMkd PLFA (ng g'l) 4457.7 1029 10656.0 959.5 70857 711.7 1371.6 3479 7258 272.1 24549 552.0 516.0 49.1 2529.0 752.6 4882 262.8 52957 24923 2738 96.8
Bakmpiaki Propda (ng g™) 39438 748 9738.0 787.7 62623 7214 1190.8 318.0 633.6 2640 2198.7 456.8 471.8 47.8 21385 615.0 4473 2343 4330.0 18602 253.1 97.0
x10° kotrapa g’ 8.6 0.2 213 1.7 13.7 1.6 2.6 0.7 1.4 0.6 4.8 1.0 1.0 0.1 4.7 1.3 1.0 0.5 9.5 4.1 0.6 0.2
Kopeopéva (%) 333 2.1 389 1.6 40.0 0.0 483 2.1 58.7 16.8 38.6 0.3 50.5 9.3 40.5 3.1 54.6 7.2 423 10.1 56.1 1.0
Movoaxképeota (%) 40.4 3.1 41.8 0.4 40.7 1.6 33.6 0.9 17.5 8.6 42.0 0.2 324 9.0 36.7 3.1 27.9 6.2 33.8 7.9 19.7 3.8
Molvoxkopeosta (%) 4.5 0.8 2.6 0.5 52 0.9 53 0.4 7.0 35 3.6 1.2 0.6 0.8 7.8 0.5 0.2 0.3 11.5 22 1.6 23

Awkhodopéva (%) 21.8 4.4 16.7 0.7 14.1 0.7 12.8 2.6 16.9 4.7 15.8 0.7 16.5 1.1 14.9 0.5 17.2 1.3 124 4.4 22.6 0.6




KOl LOVOOKOpeEST®V Mmapdv o&Emv mov mepteiyav (Ilivakag 3.5.4). Ta enineda TV
00 VTAOV KATNYOPLOV MITOPOV 0EEMV TOPOVGIOCOY GUOYETION LE T ETIMEON TOCO
Tov opyavikov dvBpoka 6co kot tov CPE (ITivaxeg 3.5.1, 3.5.4) dnikadvovtag OTL Ot
agpBovieg TV HKPOPOK®OV AEITOVPYIKOV OUAd®V, OM®G TPOKLITOLV Oomd TNV
avdAvon Tov eoOceoAMTdinY, THAVOTATO GUVOEOVTAL LE TIG SLOPOPETIKES TPOPIKES
KOTOOTACELS TOV VIO UEAETT OIKOGUOTNUATOV.

Ot White ko1 ovvepydteg (1996) avépepav Ot1 ta moAvakopeota PLFAs
AmOTELOVV TO POGIKA GUOTOTIKA TOV EVKOPLOTIKAOV 0pYAVIGUAOV gvd ot DeLong kot
Yayanos (1985) dMAwocav 6t 1 cvykekpuévn katnyopio AMmoapdv o&émv pmopel
eniong va  ypnowormombel g deiktng mapovciag PapoPliikdv  Paktnpimv.
Jvuykekpléva, 1 obvieon TV TOAVAKOPESTO®V AMmapdV 0EEMV OTIG KLTTOPIKES
HeUPpAveS TpayILOTOTOLEITAL TG TOVS OPYOVIGLOVG TOV PobLdV OIKOCLGTNUATOV G
péco emPimong oe axpaieg mepParloviikég cuvinkes koG pe tov Tpdémo avtd
dtvetar  duvatdtTa dStaTPNoNS TG pevoToTnTaS TOV HEpPpavov tovg (DeLong &
Yayanos, 1985). Xmv moapodoa epyocio, TO TOGOGTO GLVEICEOPLS TMV
TOAVOKOPEGTMOV GTA GLVOALKA Amapd o&éa kKopdvOnke and 0.2 £ 0.3 €oc 7.8 £ 0.5 %
He TIG EAYIOTEG TIHES Vo €xovv Kataypapel ota Babdtepa otpdpato Tov Opoakikol
[Meddyovg (ITivoxkag 3.5.4). Ot yopunAés aebovieg TV  KOTOYPOPOUEV®OV
molvakdpectwv PLFAs onAmvouv EekdBapo OTL 01 HIKPOELKOPOTIKOL OpyOVIGHOT
n/xor 1o Bopo@Mkd PaKTiplo aVTITPOSMOTEVOVY £va TOAD WIKPO TOGOGTO TNG
ovvoAlkng PevOkr|g pikpoPropalog (Guezennec and Fiala-Medioni, 1996).

H televtaia katnyopia PLFA, dnAiadn| ta dtokAadwpéva Mmopd o&éa amoteAovv
LE TN OEPA TOVg deikTeg Topovsiag Tov gram-Oetikwv Paxtnpiov (Zelles, 1999). H
OLVEIGPOPA TV gram-OeTik®V Paktnpiowv ot odvleon tov PevOikdv pukpoflakodv
KOW®VIOV 1TV TOPOLOLN LETAED TV CTOOU®V LE TIHEG TOV KLpdvOnKav amd 12.4 +

4.4 £0g22.6 + 0.6 % (ITivaxag 3.5.4).

3.5.4 Enidpaon TV vopoyovavlpakwv

H pelém g pikpoflokig motkiAdtnTog Kot TG amoKpions TV UKPoBLoKOvmVIOY
oe oAayEg oTic TEPPOALOVTIKEG cLVONKEG AmOTEAEL éval TOYEWS OVOTTUGGOUEVO
KAAOO 610 Y®po TS Kpofrokng oworoyioc. H avédivon toco g pikpofioxng
Blopalag 660 Kot TG cVLOTACTC TOV KOWVMVIDV TPOGPEPEL TOAVTIUES TANPOPOPIEC GE
pHeAéteg  moOL  a@OpovV TNV mieon TG mMEPPAAAOVTIIKY]  pOTAVONG  OTIG

pkpofrokovavieg (Fang and Findlay, 1996).
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211 CLYKEKPIUEVT] EVOTNTA Ol APOOVIEG TOV JUPOPETIKAOV AEITOVPYIKADV OUAOMV
(6mwg gram-apvnTikd, gram-0TiKd, WKPOELKOPLOTIKA /Kot Bapopiiikd Baktipio)
ovykpidnkoav petald Tov otabudv detypatoinyiog (Zymua 3.5.5) o o tpoomddela
EKTIUMONG TOV OOMK®OV OAAOY®V TV pKpoflok®v mAnbuvoudv amd dstypota
Unuatov mov moapovstalovy SlaPopEg MG TPOG TNV TPOPIKN Tovug Kotdotact. Ot
ool otabupoi tov Notiov loviov mov meprypdpovion oto Kepdriaio 3.4

(Polymenakou et al., 2005d) nepirappdvovtav eriong oty avaivon.
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Tyqpa 3.5.6: Awypdppoto mov moapovoidlovy A) to GOpolcue T®V KOPEGUEVOV HE HOVO oplOpud
atop®mV avlpaka Kot povoakopestov Amapdv offéwv kot B) to dbpocpo tov doxkiadopévev
Mrapdv oféwv tTov otabumv dstypatonyios. To dBpoiopo Tov OAEQOTIKOV VOpOyOoVOVOpAK®Y
(AHC) mapovcualeton emiong og kKaBe didypappa. Ot cLYKEVIPOOELS TV MTap®dV 0&Emv kat Tov AHC
nopovstdlovial avtiotorya o ng g ko pg g

Oleg o1 010popeTIKEG AEITOVPYIKEG OHAdES NTaV TOAD mo AgBovec otov KOAmo
Aovykovota Kot 6tov mo emapnuévo otafpd tov Opakikod Ileddyovg (THR30 0-1;
Yyua 3.5.5). Evtovtoig, ot younidtepeg agbovieg kataypaenkav oto Pabdtepa

OTPOUATO TOV INUATOV ©¢ amoTEAEGH TOavATATO TNG HKPNG dtbeciudtnTog TV
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myov GvBpako kot evépyelng (OTMG Opyovikdg GvOpaKoS Kol (POTOCLVOETIKES
YPOOTIKEG). Ol puKpogvKopuTIKol opyavicpol Mtav moAd mio  debovolr ota
emoavelaka otpopata Tov otafpod THR30 o onoiog emnpedleton amd tig Oaldooieg
naceg vepov g Mavpng Odraccos (Zynpa 3.5.5) Kot 6Toug pnyovs otadovg Tov
KoAnov Aovykovota.

Ye melpapo mov elye mpaypatorombel oe mponyovuevn epyacion ou Aries kot
ovvepyateg (2000) moapampnoav Ott Bohdoola  Poakmmplokd oTEAEYM  TOL
avanmTOcooVTIOY GE KOAMEPYEEG mopovoia meTpehaiov ouvébetav o€ PeYOAES
TOGOTNTEG KOopeopuévo Amapd o&éa pe povd apldpd otdpwv  advBpaxo kot
HoVoaKOpeEST®V Mmopadv o&Emv (Aries et al., 2000). Eniong, ot Pinturier-Geiss kot
ovvepyateg (2002) mpdtetvay OTL 1 TOPATNPOVUEVT AOENCT OTIS TOGOTNTES TMV
SWKAMOOUEVOV Kot e Hove aplBud atopov dvBpaka Amopdv ofémv TtV
QeOCEOMTOIOV TOUVOTATO GUVOEETAL pPE TNV avATTLEN VOPOOVOPUKOKAUGTIKMV
Baktpiov oe 1nuoata mAovow oe vopoyovavOpokes. o to AdYo avtd, otnv
mopovoO  Epyacio, vmoAoyicape TO (GOpPOICUO TOV HOVOV KOPECUEVOV KOl
LOVOOKOPEST®OV MTapdV o&éwv (Zynua 3.5.6A) kabhg xor to dfpowcuo TV
StkAadwpéveav Mmapov o&émv (Zynuo 3.5.6B) kot ta Topovcsldcope 6To 1010
Oy PO LE TOVS AAELPATIKOVS VOpOoYOoVavOpakes (XyMua 3.5.6). H oyetikn avénon
0TI MOCOTNTEG TOV OWKANOOUEVOV KOl HOVOV MTopodv 0EEmV GTovg prnyovs
ota0po0g Tov KOdATouv Aovykovota Kabdg Kot 6Toug 6Tafpovg mov Bpiokovtal Kovtd
otlg  ovolwkég Aekdveg mBavotato  o@eidetor  OTIC  AVENUEVEC  TOGOTITEG
vdpoyovavlpakwv (Zynua  3.5.6). Xvvnbwog, ot dwdikacieg Wnuotamddeong
HETOPEPOVY COUATIOW TAODGL0 GE OpYAVIKO GvOpaKa e amoTEAEGHO TN dNovpyia
tomkd Covtavav Prokowoviov (short-lived hotspots; Fenchel and Glud, 2000;
Tselepides and Lampadariou, 2004). Koatd avdioyo tpdémo, m mopoatnpoduevn
TOPAAANAN ADENCT] TOV POCPOMTIIIOV Kol VIPOYOVAVOPAK®OV GTNV TEPITTOCT TOV
wnubtov mmg AvatolMkng Mecoyeiov pmopel vo epunvevdel mbovotata g to
amotélecpo piog OodKaciog oynUATISHOD BevOKdV TOmKOV WKPOBLOKOVOVIGDV
(benthic hotspots) Loym ™™g Tapovsiog VYNADV TOGOTHTM®V VIPOYOVAVOPAK®V.

Bool6pevol 0TI GUYKEKPIUEVEG TAPOTNPNOELS, TPOTEIVOLUE TV €ENG epunveiaL:
ot PevOikég pikpoPrlaxéc kowvmvieg mov evolotovv ota pumacpéva ICpate g
Avatolkng Mecoyeiov €govv odnyndel oty avantuén Poktmpiov mov dabétovv
KOvVOTNTA  OTOIKOOOUNOTG VIPOYOVOVOPAK®OV HE GTOYXO TNV OTOKOOOUNCT TMV

dwbéopwv myov avpoka. To epdOTNUO TOV TPOKLATEL KOl TPEMEL TEPULTEP® VOl
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depeguvn et elvar gdv kot KoTd TOG0 01 OpyaviGHol avTol S1aBETovY TPOYUATIKA TNV
KOVOTNTO. VO OTOIKOOOHOVV  LOpoyovavOpakeg eite QLo &lte TETPEAATKNG

TPOEAEVOTC.

3.5.5 Enidpaon Tov pn 0101K030 U1 GOV 0PYAVIKOD VAIKOD

O oroyelaxog dvBpakag (BC) amoterel ™ ymukd ko froroyikd otabepr| poper| Tov
opyovikoh vAkoO oto mepiPdAiov (Dickens et al., 2004; Gélinas et al., 2001;
Middelburg et al., 1999). Ot kahdtepa TPOCAPULOGHEVOL OPYOVIGUOL GE AALAYES GTIG
nePPOALOVTIKEG cLVONKES KAOBMG Kol OTIG OAPOPES HOPPES TOL TOPEXOUEVOD
opyovikoh VAKoU eivar ta pukpofua. Avtd yevikd yapoaktmpilovror amd vymAn
TOIKIAOTNTA KOl GUUUETEYOLV OE &va PEYOAO €VPOC PlOyE@YMUIKOV Ol00IKACIOV
(Boschker et al., 1998; Evans, 1977; Fang and Findlay, 1996). Epyacieg 6pwc mov va
TEPLYPAPOVY TNV EMIOPOCT] TOL U] OTOKOSOUNGIUOV OPYOVIKOD LAKOD oTNnv
BlodiaBeocipom o TV YoV dvBpoka Kabdg Kot ot doun TV HKPOBIOKOVOVIGDV

oto Wnpota g AvatoAtkng Mecoyeiov, dev vdpyouv.
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Tyqpa 3.5.7: Aevopoypappo avaivong katdtaéng Baciopévo otn cOyKplon TV HoTiBoV Tov MTopdv
oféwv Tov pocpolmidiov (PLFA) tov ctobudv detypotoinyiog.

YV mopovoa epyacia, pe fACT TNV KATAVOUN TOV QOCEOATIOI®MV VTOAOYIGTNKE
N opowdtta peTaEy TV mepiParroviikdv derypdtov. H Avaivon Kotdraéng mov

Tpaypatonomonke €iye ®G amoTEAEGHA TNV TOPAY®YN 000 ELOIIKPITOV OUAd®V
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Zympa 3.5.7). H npdt opdda mepapfdvel oOlo ta em@avelokd 1Hoto Tov
Opaxwot Ilehdyovg, 1o WCnpota amd tov KoAmo Aovykovota kafmdg Kot To pun
pvacuévo otabpd tov Notiov loviov evd 1 ogbtepn oupddo mepthapPaver to
Babutepa otpopato tov otabuov tov Opaxikov I[leldyovg xar ta Wnipoto mov
oLAAEXON KAV KoVTd oTIig avolikég Aekaves (Zynpa 3.5.7).

To amotédlespa avtd opadonolel 6tadnovg mov yapaktnpilovrol omd S1POPETIKA
emimedo METPEAATKNG pOTAVONS (PLTOGUEVOLG KO UN) HUE CLVEREW Vo, Unv &ivon
€0KOAN M €£0Y®YT] CUUTEPUCUATMOV CYETIKA UE TIG TEPPAALOVTIKES TOAPAUETPOVS TTOV
evBvvovtarl yw ot v opadomoinon. e 10 Adyo avtd, n avdivon BIOENV
mpaypatonomonke oe o Tpoomdheio vo TpocdopIeTOHV 01 KUPLOTEPES TOPAUETPOL
mov @aivetor vo mailovv 10 TPOTOPYIKO POAO OTI CLOTOCT TOV WKPOPIOKAOV
Kowoviov. H pébodogc BIOENV avaibdetl tn cuoyétion petald TV OUO0THTOV TMV
TEPIPOALOVIIKOV UETAPANTOV KOl TOV OUOOTHTOV TOV TPOKVTTOLV OO  TIG
katavopuég PLFA. Ot cvoyetioelg avtéc emavalappdvoviot yio 6A0vg Toug Tihavong
OLVOVOAGHOVE EVMD O TPOKLATOV GLUVOVACUOG TEPIPAAAOVTIKOV OEOOUEVOV  TOL
eupaviCet tov vynAdtepo ovvteleotn ovoyétions (R) eivar avtdg mov e€nyet
KaAvTEPa T0 amotélecpa g Avdivong Katdraéng. Zopepwva pe toug Clarke xon
Ainsworth ~ (1993), O6Aeg ov petpovpevec  TEPPOALOVIIKEG — TOPALETPOL
neprrappdvovrav oty avdivon BIOENV ywpic mepoatépm tpomonoinom.

O vynidtepog cuvviedleotng ovoyétiong pe ta ogdouéva PLFA (R = 0.772)
npoékuye pe OVo pOvo petaPAntés, tov Prodiabioio opyovikd GvOpaxo Kot To
enineda CPE, evdd o olkdg opyoavikdg avOpokag oe @dvnke vo mailel kdmolo
onuavtikd poro. ‘Etol, n opdda A g avdivong katdtaéng mepthapfavel OA0VG Tovg
otafuotg mov yapoakmmpilovror amd vVYNAQ eminedo ProdlabEciov  0pyavIKoy
avOpoaxa kot CPE evad n opdda B mepthapfaver ta wfpoto mov elvor oyetikd gtoyd
0€ OPYOVIKO DMKO KOl OOTOCLVOETIKES YPWOTIKES. Xe Oe0TEPO GTAO0 M avdAvon
BIOENV mpaypatomromfnke petaéd tov otabuodv kabe opddoc pe otd)o
dlepedvnon TV TEPIPUALOVIIK®OV TopapéTpwv mov puvOuilovv TN pkpoflokm
ovotaon o€ Kabe TepPAiiov yoprotd (TA0VG10 1| ETWYO GE OpYavIKO VAIKO). MeTa&d
TOV OTOOU®OV TG OPAdag A 0 VYNAOTEPOG CUVTEAEGTIG GUGYETIONG UE T dedOUEVAL
PLFA mpoékvye pe tig petafAntég tov otoryetokov avlpaka kot tov emmédwv CPE
(R = 0.866), eved petalh tov otabuov e oudooc B ot petafAntéc tov olkov

opyavikob  GvOpoka, yAOPOEVAANG a, KOl OAEWQATIKOV  LOpoyovavOpdlkmv
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TOPOLGIOCAY TV VYNAGTEPT GUGYETION LE TN CLGTACT] TOV HKPOPLIKOV KOVOVIDY
(R=0.856).

Ta oamoteléopota ovtd ONA®VOLV OTL N TOGOTNTO TNG UN OTOUKOSOUNGUUNG
LOPONS TOV 0pyaviKoL VAKOV ota Wnpata e AvatoAikng Mecoyeiov mailer moAd
onuovtikd poéio ot pvbuion ™G Soung TV PevOikdv  UIKPOPLOKOVOVIDV.
[Tponyovueveg epyacieg ava@Epovy OTL 0 0pYOVIKOS AvOpaKaG eV aAVIUTPOCSHOTEVEL
KaAO Oelktn g dwbéoung tpoenc oto mePParlov Kabmg mepiéyel €vo peydlo
TOGOGTO OO U1 OOIKOJOOUN GO VAKS To omoio eivar pun Prodiabéoipo otig PevOikéc
kowovieg (Tselepides & Lampadariou, 2004). EvolAaxtiKd, ot YA®POTAACTIKES
YPOOTIKEG TOV TPOEPYOVTAL OO OUOIKAGIEG TPOTOYEVOVS TOPOUYDYIKOTNTAS LITOPOVV
va  ypnoworombovv ¢ Plodeikteg TpoPnc. XtV moapodoo epyacio, 1M pUn
OTOIKOOOUNGLUN HOPON TOL OPYOVIKOD VAIKOD TPOGOOPIoTNKE YMUKd, KAMoTOVTOS
duvatd Tov VIoAoYIGUO Tov Prodiabésiov opyavikod GvBpaxka o omoiog Ppédnke
teMkd va cvuoyetiletan BeTikd pe T dopn twv Pevlkov pikpoProkmv tAnbvoumv. Ta
PTOYA 08 POTOCVLVOETIKEG YPOOTIKEG KOl 0pyoviKO dvOpaka 1Apato Tov OpoKiKov
[Teldyovg kot Notiov loviov (octaBupoi opdoag B) mepilapfdvovv pucpofrokés
KOow®vieg Tov mhavitata £XouV avamTOEEL TNV IKAVOTNTO VO YPTCLLOTOLOUV OAES TIG
dwbéoueg myég avOpako GLUTEPIAAUPOVOUEVOL KOl TNG U1 OTOIKOOOUNGUUNG
HOopO1G KaB®G 0 0MKOS 0pYaviKOs avOpakoag Emaile To TPpOTAPYIKO pOLO 6T pUOoN
™G doung tev kowvoviav avtov. Eivar oloedvepo, 01t mpotod katoinéovue oe
acQOA ovumepdopata mpénel vo mpaypoatomombel moAv mepiocdHTEPN OOLAELL
OYETIKA L€ TN ONUOCIO Kol TNV EMOPACN TNG N OTOWKOSOUNGIUNG HOPPNG TOL
opyovikoh vAKoL otn frodtadeciuotra TV TNYdV avipako kabmg kol ot chvieon

TOV KPOPLOIKOV KOIVOVIOV GE PUTOGLEVES KO LT TEPLOYES.
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KE®AAAIO 4. XvvOeon - Zvpnepdopato

2100¢ TG TOPOLGOS OOOKTOPIKNG OTpIPrg MTav 0 TPOGOIOPICUOS TMV
nePPoALOVTIKOV  TapapéTpov mov  pubuilovv 1t obotacn TV HKPOPLK®V
KOWwoViov o€ Wnpata omd v guputepn mepoyn s Avatolkng Mecoyeiov. ['a 1o
oKOmO oVTO GCLAAEYOMKE €vog peydrlog oplBuog derypdtov amd otabpovg mov
TOPOVCIALOVY EVTOVEG OLPOPEC MG TTPOG TNV TPOPIKN KATAGTAOCT (OALYOTPOQPIKA,
HecOTpOPa Kol 0TPOQA), T0 Paboc (mapdktia, Pabid), To Babud meptParloviikng
pomavong (pvmacpévo Kot pn), to Pabud ofewdoavaywykdv cuvinkomv (o0& Kot
avolikd), to emineda arotdTTOog (OO  QUOIOAOYIKE pEYXPL 1WOwoiTEPA VYNAES
OLYKEVIPMOELG AAATOTNTAG) KAOMG KOl MG TPOG TO TOGOGTO TOL U1 OITOTKOOOUN GOV
0PYAVIKOD VAIKOV OV EUTEPLEYOVV.

H obotoon tov pukpoflok®v Kowovidv HeAeTOnke pe TV €papuoyn
OLPOPETIKOV YNUIKAOV KOl HOPLOIKDOV TEYVIKAOV ONMG HE TIS TEYVIKEG YEVETIKNG
amotOHT®oNg Tov yovidiov 16S rRNA, pe t katackevn PBiprodnkdv khodvov tov
Wiov yovidiov kot pe Vv oviivon tov eoceolmdiov. H mapodcoa dwutpin
dwpBpmbnke oe empuépovg ohokANpouéves epyacieg mov kdbe o eiye oyediaotel
£TG1L MOTE VO, ATOVTIOEL GE GUYKEKPLUEVA EPOTNUATA.

Ye évo TPMOTO OTAO0 EMYEPNOAUE TN OVYKPION TNG OVOTACNG TOV
pkpoflok®v  TANOuoU®V o €val HEYAAO €DPOG  SPOPETIKMV CNUAT®OV TNG
Avatolkng Meocoyeiov. T'io 10 okomd avtd ypnoyomomdnkav deiypato amd 10
Oeppaikd Koimo, to Kpnrikd IIéhayog, 10 Noto Iovio ko ™ Odhacca g
AegBavtivng Kot epapuOcTNKAY Ol HOPLOKEG TEYVIKEG YEVETIKNG anotinwong DGGE
kot T-RFLP, kaBdg kot n kAaowkn péfodog avaivons tov eoc@oMmdiny. ATOTEPOC
OTOY0G LOG MTOV 1 TEMKN EMAOYN CLYKEKPUEVOV OEYHATOV OV ToPOovctdlovv
dwpopomoinon oe OTL aPopA TN WIKPOPLoKN TOLG GVGTACT YL TNV KOTUCKELM
BpAonkdv khdvev. Ot otabuoil derypotoAnyioag mov emA&yOnkav OlE@epav
ONUAVTIKA T060 ®G TPog T0 PAB0C Toug GGO KOl MG TPOG T EMIMEDN TETPEAATKMV
vIpoyovavOpaK®V, opyavikoy aGvOpaka Kot YAWPOoEOAANG. Ot oyetikd yopnAég
TOCOTNTES POGPOMTIOI®V Tov KoTaypaenkoay otovg Pabeig otabupovg mbavotata
opeilovtal otn YOUNAN O0BecIUOTNTO BPENTIKOV OAATOV TTOVL YEVIKA YopakTnpilet
v AvotolMk] Megooyelo Kot Tov €YEl G GUVEMEWL TNV YOUNAY TPOTOYEVN
TOPOYOYIKOTNTA KO KOTE ETEKTOCT TNV TEPLOPICUEVT OTOONKEVGT) OPYOVIKOD VAIKOV

010 inua. Ta amoterécpata avdivong DGGE £o€i&av Ott o pikpoPiaxésg kotvavieg
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TV NUATOV omd TV To Tapoy@yIKY| (LecOTpoeN) Teptoy] Tov Oepuaikod KoAmov
dépepav Katd ToAd amd Tig oAryoTpoPikég meployég Tov Kpntukov, Notiov loviov
kabmng ko g Odhaccoc g AePavtivng. Avtifeta, pe v avaivon T-RFLP ot
ppofrokéc Kowvwvies tov Pabidv iInudtov SEEEPOV CTNUOVTIKA amd OVTEG TOV
TAPAKTIOV TEPLOYADV. Ol GUVTEAECTEG GLOYETIONG TOV VIOAOYIGTNKAV HE TN UEBO0DO
avéivong BIOENV ftav wiaitepa vyniol onAmvovtog 0Tt ot pikpoPlokes Kotvavieg
oLOYETILOVTOL ONUAVTIKG IE TIG LETPOVUEVES TEPIPAALOVTIKES TOPAUETPOVS. METOED
AVTAOV, 0 GLVOLAGHOG TOV EMUTEODV OPYAVIKOL AvOpaKa Kol YA®POPOLAANG o paiveTat
va moilel 1o péyoto polo ot pYdUon TV Paktnplok®dv Kowvoviov. Emumiéov to
Ba&Bog (T-RFLP) xkou n pikpoPraxn Propdla (PLFA) eaivetal va cuvelc@épovv Katd
éva Babud oty poduion TovV PBoaKTNPOKOV KOWOVIOV. XTo TAAICI TG TopovsOg
epyaciag, Osi&ope OTL M TOPAAANAN €QOPUOYN SPOPETIKMOV TEYVIKOV UTOpPel va
TPOCPEPEL TOAVTIUEG KOl TLO OCQOAEIS TANPOQPOPIES 0N HEAETN TG GVOTAONG TMV
HIKPOPLOK®V KOVOVIDV.

YOoppwva pe o omoteléopota tov teXVIKoV arotvnwong DGGE, T-RFLP kot
PLFA, ot mepoyés tov Ogppaikov Koimov, tov Notiov Iloviov kot g
voorokpnmidag ¢ Kpnme mapovcsidlovv diagopomoinon oe OtL agopd
piKpoPlokn Toug ovotaon. AVTITpoowomevTikol otafpol TOV  TEPLOYOV ALTOV
eMALYONKaY Yoo TN HEAETN TNG OLOTOONG KOl TOWKIAOTNTOG TV POKTNPLOKOV
KOWVOVIOV UE TNV KOTAOKELT] LEYAA®V PiAodnkdv kKAdvwv tov yovidiov 16S rRNA.
[Ipémer €dd va toviotel Ot givarl 1 TPAOTN POPA TOL TPOYLUATOTOLEITAL TETOWOL PLEAETT
o€ 0&Ka mepPdArova omd TV guputepn TEPLoyn TS Avatolkng Mecsoyeiov. Kat ot
téooepig Paxtnprakés Piprodnkeg khdvov 16S rDNA yapaktnpiloviav amd vynin
TOIKIAOTNTA KOl TEPLEAGLUPOVIV VOUKAEOTIOKEG OAANAOVYIEG OTEVA GUVOEOEUEVES UE
TG MO YVOOTES KAAGES Kot To o dtadedopéve. GOAN Tov Exovv avapepbel ota
Wnuata. H @uioyevetikr] avdivon €0ei&e 0t 1 mAgoymeio TV oAANAoLY OV
opadomoovvtay  kvpiwg pe Gamma-, Alpha-, o Delta-Proteobacteria,
Acidobacteria/Holophaga, Planctomycetales, Actinobacteria, Bacteroidetes w1
Verrucomicrobia xaboc. Emiong, évag mepropiopévog apBuog kidvev (<4 avd
ouada) mMrov otevd ouvvdedepévog pe  Betaproteobacteria, Nitrospirae, Green
nonsulfur bacteria (Chloroflexi), Spirochaetales, Chlamydiae, Firmicutes kai pe tmv
vroymoto opada OP11 (candidate division OP11).

Ot agpBovieg v aAlnrovyidv mov cuvdéovtav e to. Gammaproteobacteria Ntov

VYNAOTEPEG OTOVS  MOPAKTIONG oTabpovg Ttov  Bgppoikov KoAmov kot g
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veorokpnmidag g Kpntng o avtiBeon pe 10 Babd otabud tov Notiov loviov. Ot
SPOPES ATES LTOONAMVOLY OTL 1 VITapén TS GLYKEKPIUEVNG OUAdOG THAvVOTOTO VL
oyetileton pe v €16aymyn oto inuo ePECKOL 0pyavIKOD LAIKOD KOUT TEAUYIKMOV
Baktpiov and v evpot Lovn. Ot tepiocdTepeg aAiniovyiec cuvocovtav pe 16S
rDNA @uAiotdimovg mov dev £xovv koAAiepyndel 610 €pyacTiplo KoL e KADVOLG Ao
nmepBailovia mAovol 6e VOPoYovAVOpakes mov dbéTovy TNV KOVOTNTA ElTE VO
OTOIKOOOOVV 0PYOVIKOUG pumtavtég (m.y. PevioMo) eite va ypnoipomolovv Oeio 1
appovio 6To HETAUPOAIKO TOVG LLOVOTATL.

Me ) ovykekpiuévn epyacio dei&ape 0Tt ot Paktnplokéc kowvwvieg Tov Padidv
Bolacowv  yapoakmmpilovtor omd vynAn  moAvmAokotnta  yevopoatog (4350
Baktnplakodc @LAOTUTOVG LE TOGOOTO emkOAvyng amd 23 €wg 36%) pe Tég
ovykpiowes tov yepoaiov mepforirdviov. H vymin agbovia tov €d®V mov
vroAoyiomnke Yo OAo o WCnpato g Avatolkng Mecoyeiov, deiyvel 6Tl yIA1ddeg
KAOVOL Tpémel va. ovoAvBoOV Yyl TNV EKTIUNGT NG TPAYHOTIKNG PokTnplokng
TOIKIAOTNTOG TG  Tepoyns. Avtd mov  7mpémel v TOVIGOLPE (OOTE Vo
ocvvewdntonomoovpe 10 pEYEBog ¢ Paktnplokng mowAdtrag tov WCnudtov g
Avatolkng Mecoyeiov givat 6Tt Kavévag Kovdg KAMvog dev evtomioTnke HeTald TV
1e000pmV dopopeTik®V PipAodnkadv. To yeyovog avtd mbavotata opeideton gite
OTNV TOTIKY] O0POPOTOINGN TV POKTINPIKAOV KOWOVIOV &ite oTnv vrepPoAtkd
VYNAN POKTNPLOKT TOWKIAOTTO.

H @uhoyevetikn avdivon £0e1&e 0Tt évag Leyahog aptBdc GLAOTHTOV GLVOEOTAV
otevh pe Boaktnpla Tov SabETouy KavdHTNTe aToKodOUNoNG vipoyovavlphkmy. o
T0 AOY0 avTO 0€ £val EMOUEVO GTAO10, EMYEIPTCAUE VO, LEAETICOVUE TNV KAVOTNTO
OTOIKOOOUNONG TOV UIKPOOPYOVIGUAOV O€ &va €vIovo OALlYOTpopo meplPdAiov
(Kpntuceod TIEAayoc) e v mpoyLotonoinotn TEPEIaTog EmMAoNS OIEPKELNS 2 UNVOV.
¥10 ovyKekpluévo meipapo wpoodopiotnkay ot pvBuoi crTolyelomoinong Tov
0pPYOVIKOD DAMKOV Kot OlEPELVIONKE N IKOVOTNTA ATOIKOOOUNOTG VIPOYOVOVOPAKW®V
eV 1N oLOTOOT TOV HWKPOPLOIKOV KOWVOVIOV HEAETHONKE pe TNV avdivon tov
POGPOMTOIWV.

H avédivon tov poceolmidiov €dei&e Eexdbapa OTL agpOPlo Kot VIOYPEDTIKH
aepoPfia gram apvnTikd Poktipla ko@dg kot Paxtipioe wov Sbétovy KavOTNTA
ofeldwong tov pebaviov kot tov Oelov Ppiokovror oe vynmAég apbBoviec oty
oAtyotpogikny  mepoyy ¢ Kpnmmg.  Tavtdypova, ot younAés TOGOTNTES

SWKAAOWUEVOV AMTOpDV 0EEMV dNA®VOLV TIG YauNAES apBovieg TV avaepofimv,
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gram-0eTik®v koD Kot tov Paktnpiov mov daféTovy KavoOTNTO OVOY®YNG TOV
feukdv 10viov.

Metd amd enmaocn 2-punvev ol dAAaYES OTIG KATOVOUEG TV EAEVBepOV MTtapdv
oféwv €oetgav  Eexdbapa 0Tl ot pikpoPlokég kowwvieg Ttov Wnuatov g
veorokpnmidag g Kpnmng mepvovcav oe katdotaon ‘katomdvnong’ Adym EAlewyng
TPoPNG. AvTo ThavoTata oyeTileTON LE OTPATNYIKES EMPIOONC KO TPOGAPUOYNG TOV
HUIKPOOPYOVICHL®V oe TepPdAiovio mov eivar @toyd oe Opentikd Ady®m NG
KATavAA®oNS AV TV SBECILOV TNYOV GvOpaKe Kol EVEPYELOS TTOV VITAPYOVY GTO
neppdAlov. H petaforr] twv vopoyovavOpdkov Kotd v mepiodo Tng enmaong
ueletnnke péow g peiwong tov k-olkaviov, 2(Cis-Ca), 2(C21-Cse) kat tov UCM
¢ mpog 10 omavio 17u(H),21B(H)-Cso-hopane (CsoH) 10 omoio Bsmpntikd dSrabétet
pHeyaAn avlektikdtmro oe dwdkacieg Proamorkoddunong oto mepPdiiov. Ot
OLYKEKPIUEVOL SLOYVMOOTIKOT AOYOL TOV K-OAKOVIOV MG TPOG TO OMAVIO HELDOVOVTIOV
EexdBopa HeTd TV TEPI0d0 EMMAONG G€ OAOVG TOLG GTAOLOVS. AVTO amoTEAEL 1IGYVPN
EVOElEN Yol TNV TOPOLGIN SLOSIKAGIOV ATOIKOIOUNONG THOVOTATO MG OTOTEAEGLLN
™¢ Ymapéng Paxtnpiov wov 610B£ToVY IKAVOTNTA OTOTKOOOUNGNS VOPOYOVAVOPAKMV.
INa mpot @opd otv maykoouw PipAoypoaeio  moapovoidalovror  dedouéva
ATOIKOdOUNoNG VOPOYOVAVOPAK®Y G€ TOG0 O0AYOTPOPo TePBdArov kabBmg ot £mg
TOPU GYETIKESG epyacies mepropilovtal e TEPIPAAAOVTA £VIOVO PUTOGUEVAL.

O Jdwyvootikdg Aoyog tov UCM g mpog 10 omdvio CioH peiwvotav e&icov
ONUOVTIKA HETE TNV TEPIOS0 EXMACTS GTOVG O PNYOVG GTOOLOVS OETYUATOANYING.
[Noa mv emPePoioon TV mopandve omoteAeCUATOV OKOAOLONGOAUE TNV TEYVIKN
aviyvevong Tov yovidiov tng do&uyevdong He T XPNoN TOV KATOAANA®V EKKIVITOV
™G 0ALGOMTNG avTidpaong g mtoAvpuepdong 1 PCR. Xtoyog Ntav n emPePaioon g
omapéng Pokmpiov mov d1BETOVY KAVOTNTO OITOIKOSOUNONS OPOUATIKOV OVGLOV
onw¢ avtov mov cvotivouy 0 UCM. To yovido ¢ dro&uyevlong aviyvevtnke
emtuy®s emPePordvovtag v Vmapén Paxtnpiov pe KavOTNTO OTOKOOOUNONG
APOUOTIKOV 0VCI®V oto. K pate g vearokpnridos e Kpnmg.

Edd mpémet va tovicovpe 0Tt givar 1 TpdTN opd otV Taykocsua BirAtoypagio
O6mov yovidlo amotkodounong (0nwg m do&vuyevdon) aviyvevtnke Koatevbeiov amod
delypa oAlydTpoov mepBAAiovtog ywpic T HECOAAPNON KAAMEPYELOGS, YEYOVOS TTOV
dNAdveL OTL TO GLYKEKPLUEVO Yovidlo PBpioketon oe peydAo aplOud aviypdemv oty

Avatolkn) Meooyero. Ilpooceata, ot Junca wor Pieper (2003) katopbwcav va
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aviveDoOVV TO YoVidl0 NG dto&uyeviiong amd Eva EVTovo pLTAGHEVO OETYLLA E0APOVG
(Anpoxpatiac ¢ Togyiag) o©10 o0moio 0Ol TOGOTNTEG TOV  APOUATIKOV
vopoyovavOpdkmv PeviOAlo, Tolovoio, eBvroPevioMo kal ELAOAL0 MTov 1dlaitepa
vynAég (6-320 mg L™'; Junca and Pieper, 2003).

[Mog 6pumg ot pkpofrokéc kowvwvieg dtapopomolovvtal o TEPPAALOVIO TOV
eMKPATOLY akpaieg ocvvOnkes; I'a 10 okomd avtd cVAAEYOINKaY pa cepd Wnudtov
and meplPdAiovto  pE  OOPOPETIKA  EMIMEdN OANTOTNTOG KOL  OLOPOPETIKEG
ofewoavaymywés ocovinkes oamd Tc Pabiég avolikég Aekdveg ™G AVOTOMKNG
Meooyeiov (Bannock, L’Atalante, Urania kot Discovery) kafdg wor amd o&ukd
nmepairovia Kovtd oe avtég. H e€epedhivnon g dopng tov HikpoBlak®dy Kovevidy
o€ mePPAAAOVTO OTTOV ETIKPOTOVV OKPOieg GLVONKEG amOTELEL TPOKANOT GTO YDPO
™G UIKPOPLOKNG OWKOoAOYlOG AOY®D TV TEYVIKOV SVCKOAM®MY TOL LIAPYOLV GTNV
amopOVMoT Kot KOTOUETpNon OAwv Ttov pkpofiov. Ot dtayvootuikol Adyol mov
vroAoYioTNKAY HE BAOT TIC KOTOVOUES TOV K-OAKOVIOV 0moTEAODV 15YLPT EVOEIEN OTL
ot avolikég Aekaves tov Notiov loviov Aetrtovpyodv ®g omobnKeg cLGGOPELONG
0PYAVIKOD VAIKOV TAYKTOVIKNG TPOEAEVOTG OV KOO AVOLV HEGM TNG KOADVOS TOV
vepoy amd v Vet (dvn kot S1afétovy TV KavOTNTO, VO, CLVTNPOVVTOL GE
YEOAOYIKA YPOVIKEG TEPLOd0LS. Emiong, ot vynAéc cuykeVIpMOELS TOV K-OAKAVIOV
oniadvouv OtL M TEPOYN TOV OvVOEIKOV AEKOvVOV amoTeEAEl TO TEAMKO onueio
eVaTOHeoN g Kol CLGCDPEVGNG OPYOVIKOD VAIKOD TOGO Yepoaiog 660 kol BaAdooiog
npoérevone. ‘Exetl de v téom va cuvinpeitat 6g 1060 akpaio eptPdAlovio v dev
ATOKAEIETOL TO EVOEXOUEVO VO TPOEPYETAL EMIONG KoL OO TO YEITOVIKA YEOMAOYIKA
OTPOUATO.

H oavdivon xatdtoaéng tov 0edopéveov QOOEOMTIOIMV OUAJOTOINGE TOLG
oTofpovg Kotd TETOo TPOMO VROJEKVOOVTOS TN OTEVH] GUVOEST TV Pevikmv
LKPOPLOK®V KOWOVIAOV UE TIG 0EE00VAY®YIKEG cuvOnKes. AvtiBeta pe 1o Pabud
TOV 0EIKOV/AVOEIKAOV GUVONKDV, Ol GLYKEVIPMOELS OAOTOTNTAG OV QAvnKav Vo
moilovv kavéva poAo oTn PpLOUION TOV HIKPOPLOK®OY KOWOVIDY DITOINADVOVTOG OTL
T KpOPia Tov evolatovy ota Wnpato avtd etvor mOavOTOTO AA0OVOEKTIKA Kot Ol
aAOPIA. AVTO oMpaivel OTL Ol GLYKEKPIUEVOL OPYAVIGHOL UTOPOVV VO, avamTuyOovV
o€ €vo UEYAAO €0POC SLOPOPETIKMOV EMTEOWV OAATOTNTOS YWPIG TEPLOPIGUD. LTOVG
avo&iKovg otafpoig ot peTafANTéC Tov opyavikov aldTov kot dvOpaka gaiveton va

nailovv TOAD onUavTiKO pOAO 6T PUBULOT TOV HKPOPLOKOV KOWVOVIGDV GE avtifeon
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pe toug o&wovg 6mov o pOAOG TOL opyavikoy GvBpako TapovotdleTor AydTEPO
OTNUOVTIKOC.

Ta amoteAéopata aVTA VTOONADVOLY OTL GTNV TEPLOYN TOV OVOEIKOV AEKOVMOV
tov Notiov loviov vdpyovv dvo drapopetikég PevOucés tikpoPrakés Kowmvieg mov
mhovotato JBETouV SPOPETIKEG AgtTovpyieg KOl OadPApOTICOVV SLOPOPETIKO
poro o1lg PevOwkég dwyevetikég Olepyaciec. Avtd mBavotato o@sidetor oTIC
OLOPOPETIKEG YEOYNUIKES OLEPYOGIEC TOV EMKPATOVV OTIC AVOEIKEC AEKAVEG GE YoM
ue ta o&wcd mepiParriovia. Me v avdivon PCA g kotovouns tov K-odkoviov
TPOEKLYE EMIONG OTL LILAPYOLV SAUPOPETIKEG TTNYES OPYAVIKOD VAIKOL oTo. WCHUATO.
YuyKeKPEVO, 6TOVG 6TafoVG detypatoAnyiog mov Ppiokovial Kovid 6TiG ovoEIKES
AEKAVEG M YEPCOLN GLVEIGPOPE GTN GVGTACT] TV INUATOV Eivol TOAD o EVTovT amd
OT1 6T0VG 6TABHOVE TOV PPIoKOVTOL OTIG AVOEIKES AEKAVEGS.

Xt ovvéxel  peAeToapE TO  POAO  TOL  ‘GTOLXEWKOL’ — GvOpako o1
BlodiaBecipdTTo TOV TNYOV AVOpOKO KOl EVEPYELNS KOl KOTO GUVETELD GTI GVOTOON
TV UIKpoPlok®dv kowvoviov. To tedevtaio ypoévia, 1 UEAETN TOL GTOLELOKOD
vBpaxa M aBdAng €xel TpocehkvoeL LeYAAo evOolapépov kabBdg €xel BewmpnBel OTL
amoTEAEL TN W1 OTOIKOSOUNGIUN HOPPY] TOV OPYOVIKOD VAIKOD 7OV UTOpEl va
dtutnpnBel kol va ocvocwpevtel ota nuata (Dickens et al., 2004; Gélinas et al.,
2001; Middelburg et al., 1999). T'la. to okond avtd cLALEYONKAV deiypato Inudtov
amd PLTOGUEVEG KO U TEPLOYEG TNG AVvatoAkng Mecsoyeiov Kot Tparypatomomonkoy
OAVOADGELS GTOLELKOD AVOPAKO, AAELPATIKOV DOPOYOVOVOPAK®OV KOl POGPOATIOI®V.

H ovvelspopd tov otoyyeiokov dvBpaka (BC) ot obotaon tov oAikov
opyovikoh AavOpoako TOPOLGLAGTNKE 1O10UTEPO CNUOVTIKY] LTOJEIKVOOVTOS OTL TO
eninedo BC amotehovv £va TOAD onUavTIKO PEPOC TNG CLVOALKNG TNYNG AvOpaka ota
wnpato e Avatohkng Mecsoyeiov. Ot péEYIoTEG GLYKEVIPMGELS VIPOYOVAVOPAK®OV
KOTOYPAQNKAY GTOVS p1XoVg 6Tafpovg Tov KoAnov Aovykovota, vtodnimvoviog ott
0 avBpomoyevig mopdyovtag eivor TOAD ONUAVTIKOG OTN GLYKEKPLUEVT TEPLOYN.
AvtiBeta, To emimedn OAEIPATIKOV VIPOYOVOVOPAK®V TOL KATOYPAPNKOV GTO
Opokwkd IIéhayoc, oto Pabd otabud tov KoOAmov Aovykodoto kot 610
YOPOKTNPIOTIKO 6TaOUd amopaKkpLuopévng Teptoyng Tov Notiov Ioviov, Ntav Wwitepa
YOUNAG yopakTnpilovTtag TIg TEPLOYES AVTEG MG LN PUTOGHEVEG,.

H avaivon Tlpotapyikdv Zovictowodv Tov TeEPPOALOVTIKOV  OEO0UEVOV
VIOJEIKVOEL TNV VTOPEN SLUPOPETIKAOV TPOPIKDOV KATAGTACEDV UETAED TV CTAOUOV

detypatoAnyiog mov akolovBovv o dwfdduion amd TG MO TOPAYOYIKEG KOt
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puracpéveg meployés tov KoAmov Aovykobvota mpog T ‘kabopés’ kot QToyég o
opyovikd dvOpaka meployég tov Opaxukod Tleddyovg. Ot younAdtepeg PakTnplokes
apBovieg kataypdonkav ota PBabvtepa oTpoOpaTo TOV IKNUATOV ©OC OTOTEAEGHO
mBavotato ™G PKpNS SbecuoTTOS TOV TNYDV dvBpaka kot evépyslog (Omwg
opYavIKOG GvOpaKkag Kol (POTOCLVOETIKEG Yp®OTIKES). AvtiBeta, ol LVYNAOTEPES
apBovieg Kataypdenkov 6Tovg TAOVGI0VG GE 0pYOVIKO VAIKO otafpodg Tov KoArov
Aovykovota Kabmg Kol 610 empavelakd otpopa tov otafuod THR30 o omoiog
emnpedletar omd Tic Bordooieg pales vepov g Mavpng @draccas.

H oyetikn avénon otic mocdtTeg TV SIKAASOUEVOV Kol LOVOV ATOPOV 0EEMV
otoug pNnyovs otafuovg tov KoAmov Aovykovota kabnd¢ kol otovg otafuods mov
Bpiokovtonr kovid oTlg avoiikés Aekaves mibovotota OQeiletal OTIC OVENUEVEG
nocoTNTeS  LOpoyovavBpdkwv. H mapoammpoduevn mapdAAnAn  adénon TV
POCEOMTIIOV Kot VOPOYOVAVOPAK®OV 6TV TTEPINTOOT TV WKNUATOV TG AVOTOAKNG
Meooyeiov pumopel va epunvevdel mbavotato og 10 amotéAespa piog dladtkaciog
OYNUOTIGHOD YOPAKTNPIOTIKGOV Beviikdv pukpofrokovovidmv (benthic hotspots) Adyw
NG TOPOVGLOG VYNADY TOGOTHTOV LOPOYOVAVOPAK®V.

Bool6pevol 0TI GUYKEKPIUEVEG TAPOTNPNOELS, TPOTEIVOLUE TV €ENG epunveiaL:
ot PevOikég pikpoPrlaxéc kowvmvieg mov evolotovv ota pumacpéva CHate g
Avatolkng Mecoyeiov €govv odnyndel oty avantuén Poaktmpiov mov dbétovv
KOVOTNTO  OTOIKOSOUNONG VOPOYOVAVOPAK®OV HE GTOYO TNV OMOIKOOOUNoN T®V
dwbéocpwv myomv avlpoka. To epdTNUA TOV TPOKLATEL KOl TPEMEL TEPULTEP® VAL
depeguvn et elvar dv kot KoTd TOG0 01 OpyaviGHOl avTol S1aBEToVY TPOYUATIKA TNV
KOVOTNTO. VO OTOIKOOOHOVV  LOpoyovavOpakeg eite QLo &ite TETPEAATKNG
mpoéhevonc. To omoteAéopoto ovTA@  ONA®VOLY  OTL 1 TOGOHTNTO NG UN
OTOIKOOOUNGIUNG HOPPNG TOV OPYavVIKOD VAKOVD ota Wnpate NG AVOTOAKNG
Mecoyeiov mailer moAD onuoviikd poéko otn pvOuon g doung Tev Pevikmv
pikpoProkotvaviov. Ta etoyxd ce @OTOGLVOETIKES YPOCTIKES KOl 0pyaviKO GvOpaka
wnuata tov Opaxwkod Ileddyovg kot Notiov loviov mepriapfdvovv pikpofiokég
Kowmvieg mov mbavitata £ovV avamTiEEL TNV IKAVOTNTO VO YPTCLULOTOOVV OAES TIG
dwbéoeg myéc AvOpoKo Kol EVEPYEWNG GULUTEPIAAUPOVOUEVOL KOl TNG N
OTOIKOOOUNGLUNG LOPPNS KABMG 0 0AKOG 0pyavikog avOpaxag Emaile T0 TPOTAPYIKO
poOAo ot pLOUION TG SOUNG TOV KOWVOVIOV awT®V. o TpdTn popd mapovsidlovtal

dedopéva mov ommpifouv v dmoyn OTL 0 ‘croEwKkos’ avOpokag pmopel va
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amotkodoundel oto mepPdArov kabmg HEYPL oTYUnG €ivarl Yvootod 0Tl pmopel va

lICTTOCTEL LOVO GE TTEPALATO KAAAMEPYELDV GTO EPYNCTHPIO.

2Ovoyn LopuTEPUCPHATOV

[TeptAnmTikd, Ol OMOVTACELS TOV EXUEPOVS EMGTNUOVIKOV EPOTNUAT®OV OV BEcaE

apywa (Kepaiato 1) éxovv o¢ e€Nc:

1. To BaBog enanpedler T 6V0TAON TOV HIKPOPLOKOV KOVOVIAV?

N

Me v teyvikn yevetwng amotvmmong T-RFLP deifape 611 o1 pkpoProkég
Kowovieg Tov Babidv npdtov dlopépovy oNUAVTIKE omd aVTEG TOV TOPAKTIOV
TEPLOYADV.

H o¢vloyevetikn opdda Gammaproteobacteria Mtov woAD wo AapBovn GTovg
TOPAKTIONS 6TaBOVE Tov Ogppaikod KoAmov kot g vparokpnmidag g Kpntng
og avtifeon pe 10 Pabd otabud tov Notiov loviov oTov omoio kKvplapyo poro Exel
n opddo Holophaga/Acidobacteria. T TpdTN QOPA, N CLYKEKPLUEVT OLADOL TTOV
Exel yopokmnplotel apketd mpocepata Ppébnke oe tOcO peyareg apbovieg og

Bardooto mepiaArov.

. Hag emnpealovror ov pikpofrakéc kowvovieg and to fadpé meprforiovrikiig

pPUTAVENS 6€ TEPLOYES TS AvaTolKkig Meooyeiov;

Ov Boxmpuokés agBovieg Mtav mTOAD vYNAOTEPEG o TEPPAAAOVTIO OV
emnpedlovion onuavtikd amd avlpwmoyevelc dpactnprotnreg (m.y. Ogppoikog
KoAnog) xabmg kot og mepipdiiovta mov yopaktnpilovtal ¢ £VIovo pLTAGUEVO.
AMy® Tov VWnAOV emmédwv TETPEAAIKOV vopoyovavOpdkwv (m.y Koimog
Aovykovota).

Ot vyniés mocodtTEG LOpOYOVOVOpAK®OV 7OV Kotoyplenkay o©TovV Eviovo
pvracpévo Koimo Aovykovota gvBovovior mibavotato yio 10 GYNUOTIGUO

YOPOKTNPIOTIKOV Peviikdv pikpoPlokoveviov (benthic hotspots).

Ot BevOkég pukpofrokés Kovmvies mov evolaTovy 0T £VTOVO PUTTAGHEVA 1K HOTA
™mg Avatolkng Mecoyeiov mbBovotato €xovv odnynbel omv  avdmtuén
Bakmnpiov mov SebETOVY IKOVOTNTO ATOIKOIOUNGNG VOPOYOVAVOPAK®VY e GTOYO

TNV EKUETAALELGT TOV SAOEGIUMV YOV AVOpaKO Kot EVEPYELOG.
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3. H xotavop] TOV PIKPOPLOKOV KOLVOVI®OV OL0QOPOTOLEITOL OE TTEPLOYES TTOV
napovordlovv akpaieg mepiforiovrikéc ovvOnkeg (m.y. owfaduion TG
0&€1000VaYOYIKNS KATACTUOTS KO GAXTOTNTOG);

o O PevBwcég pikpoProkés Kowvmvies omnv mEPLOYN TOV OVOEIKAOV AEKOVMV TOL
Notiov Toviov @aivetar va cuvdéovtarl 6TeEVE LE TIC 0EELO00VOYWYIKES CLUVONKEG

OV EMKPOTOVV.

o Avtifeta pe 1o Pobpd TV ofk®V/OVOEIKOV cLUVONKAOV, Ol GUYKEVIPOGELS
alatotnTog dev edvnkay vo mailovv Kavéva polo otn pHbuon tov pukpofokmy
KOW®VIOV DTOOMADGVOVTOS OTL To. fkpoPia Tov gvolontovv oto iinpata ovtd sivot

mOavoToTo aAoovOEKTIKE Kat Ol OAOPIAA.

e Ymv mepoy TV ovoSikav Aekavav tov Notiov loviov vmdpyovv dvo
SlpopeTikég PevOikéc pikpoPlakés Kowwvieg mov Katd cvvémewn OlabETouv
dpopeTikég Asrtovpyieg ko dwadpapatiCovv dagopetikd poro otig PevOikég
dwryevetikég  depyoocies. Avtd  mBovototo  OQEIAETOl  OTIG  OLOPOPETIKES
YEOYMNUKES OEPYOCIEG TOV EMKPATOVV OTIG OVOEIKEG AEKAVES OE OYEOT UE TO

o&ka mepPdirovra.

4. Tlowot givar o1 onpavTIKOTEPOL TEPLPAALOVTIKOL TAPAYOVTES TOV EAEYYOVYV TNV

KOTOVOUT] TOV HIKPOPLIKOV KOLVOVIAOV;

® O GLVOLUGOG TOV EMTEOMV 0PYAVIKOD GvOpaka Kot YADPOPVAANG o paiveTot OTL
nailer to péyioro poéAo ot pOOon TV POKTNPOKOV KOWOVIOV GE
nepParriovia TmYA oe opyavikd dvOpaka.

e Ytovug avolwkovg otabupovg tov Notiov loviov ov petafAntéc tTov opyavikon
alotov kat dvOpoaka eaivetol va tailovv ToAd onuavtikd poio otn puduon Tov
LKPOPLaK®V KOWVOVIGOV 6€ avtiBeon pe Toug otafpods mov Ppickovtal kKovtd oTig
avolikég Aekdveg Omov o poOlog TOL opyavikoh AGvOpaka mapovcslaleTal
0T LOVTOG,

o To eminedn otoyelkod AvOpako omoteAoVV €va TOAD ONUOVTIKO HEPOG TNG
GUVOAIKNG TYNG avOpaka ota Wnpata g Avatolkne Mecoyeiov ennpealovrog

apVNTIKA To EMined TV Plodtobiciumv Tymv avOpaKa Kot EVEPYELNS.
e H moocdtta TG 1N OTOKOSOUNGIUNG LOPPNG TOV 0PYOVIKOD VAIKOV oTa nHoTa
™¢ AvatoAkng Mecoygiov mailet moAD onuavTikd poro ot puOUeN TG dOUNG

TV BevOik®dV [uKpolokovovimy.
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9]

Mo mpd™ @opd mapovoidlovror dedopéva mov otpilovy v dmoyn OTL O
‘otoyelokog’ avipaxog pmopel va amowodounbei oto mepiPdArov Kabmg peEypt
OTIYUNG €lval YvmoTd 0Tl pumopet vor 0100TacTel LOVO GE TEPALUTA KOAAEPYELDY
070 gpyactnplo. Ta OTYd 68 POTOGVVOETIKES YPWOTIKES Kot 0pyaviKo dvOpaka
wnuata tov Opakucod Ieddyovg ko Notiov Toviov meptlapfdvouv pkpoProkég
KoOwmvieg Tov mavOTaTO EXOVV AVATTUEEL TNV IKOVOTNTO, VO YPTCLOTOI00V OAESG
Tic  Owbéoueg  mnyéc  avOpoka  cvumepAapPovopévovr Kol TNG N
OTOIKOOOUNGIUNG  HOPONG KOOMG 0 OAIKOS opyavikdg GvBpakoag €monle TO

TPOTAPYIKO pOAO 6TN PHOLON TNG SOUNG TOV KOVOVIDY OUTMV.

. How ovpmepdopato pmopovv vo €£ayBovv oyeTikd pe 1o poéio tov £vrova

OALYOTPOQIKOV YapakTipa NS Avatolkng Mecoyeiov otn pvOpion g
dopnc Kau Agrtovpyiag TOV fakTnploKk®v TAn0vopov;

O1 Baxtnprokég kKowvmvieg Tov Pabidv Kot EVvTova OAMyoTpoPIKOV TEPPAALOVI®OV
xopaxTNPifoviot amd LVYNAT TOAVTAOKOTITO YEVOUATOS LE TIUEG GUYKPIGIUES TV
yepoaiov mepiPoarrdoviov. H Promowkikdommro tov nudtov g AVOToMKNG
Mecoyeiov givar n vynAoTEPN TOL £XEL KATAYPAPEL LEXPL GNUEPO TTOYKOGUIMG,.
Me 10 melpapo emmoong mov mpaypatomrombnke, oei&ape OTL ol pKPOPLoKkeg
Kowovieg Tov Wnuatov g veorokpnridag g Kpfmg mepvodv dueca oe
Katdotoon ‘katomdvnong AOY® NG KATOVOA®ONG TV SBECIU®V TTYOV
GvBpaka KoL EVEPYELNS TOV LILAPYOVY GTO TEPPAAAOV.

[No mpd™ @opd otv maykdéouo Piproypagio wapovsialoviar dedopéva
amolkodounong vopoyovavlplkmv ce tO60 oAyOTpoeo mepPailov KoOMOG ot
péYpL oTiyung oxetikés epyoacieg meplopilovian oe  mepiPdAiovia  Eviova
pvracpéva. H éAdetyn tpoeng og mepipdAriovia £viova oAlyoTpo@ikd mlovotota
Aertovpyel  dpacTikd otV avaAmTLEN  pMYovVicp®OV  emPiwong  amd  TOLG
pkpofrakovg mAnbvopove. ‘Evoc mBavog unyaviopdc emPioong eivor m
EKUETAAAEVOT OAOV TV dabécIumY YOV AvOpaKa cuuTePIAaUBovOUEVOVY Kol
TOV OVCLAOV TOL YOPAKTNPILOVTOL MG PLTOVTEC.

Me v mapovoa SatpiPr] Tapovsldcape 1oxLPES EVOEIEELS Yoo TNV TapovLGia
JOIKAGIOV amoKodOUNoNS THAVOTATO (OC OMOTEAEG O TG VTTOPENG PakTnpimy

oL O10.0£TOVV IKOVOTNTO, ATOIKOOOUN GG LOPOYOVAVOPAKMV.
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Merhovtikég IpoonTikég

Ta amoteléopota g mopovcos dwtpPng Bétovv T0 epdTUA Y100 TO POAO TOV
OAMYOTPOPOL  YOpaKTPO 1TNG Meooyeiov o1  QUOIOAOYIKT] KOTAGTAOT T®V
pucpofraxmv tAinfvopmv. Mio mbavr eEnynon stvorl 6t n EAAelyT TpoeNg Aettovpyet
JPOACTIKA TNV OVATTLEN UNXAVIGUAOV EMPimoNG amd Tovg pkpoPlakods mAnBvspove.
‘Evag pnyaviopuog emPioong eivor n expetdAievon OAmv 1oV S0OECILOV TTNYDV
GvOpoKa CUUTEPIAAUPAVOLEVOV KOl TMV OVGLOV IOV XapakTnpiloviol ™G pumavTEs.
Ot pkpoopyavicpoi mov dafétovv 10 yovidlo g dto&vyevhong, dnpovpyovv Eva
HEYOAO aplOUd avTlypaO®V LE GKOTO TNV OIOIKOIOUNON Kol EKUETAALELON Kol TOV
mo ‘dvotpontwv’ ovowwv. H ovykekpuévn Besmpio mov cvvtdéope Pe OKOmO Vo
EPUNVEVCOVLE TIG IOYVPEG EVOEIEEIC ATOTKOOOUNONG VOPOYOVAVOPAK®V GE £val EVTOVa
OAYOTPOPO TEPIPAAAOV YEVVA LE TN GEPA TNG TAND0G EMGTNUOVIKOV EPOTNUATOV:
Mnnog tedkd mn Avotohkn Mecdyelog amotehel mnyn Poxtnpiov pe vynALg
duvatdTTEG TOV PIopPohV KAAAGTA Vo ypnooronbodv ot Bloteyvoioyio 1/kot
dopuokevtiky; MATOC TeEAKA PEAETEG BlOATOIKOOOUNONG OVCLDY, ETKIVOLVOV Y
Tov AvBpwmo, dev mpémel vo mepropilovtal povo e TEPPAALOVTO EVTIOVO PUTAGUEVA
aAAG kol og €viova OAMyOTpogo. TEPPAAAOVTO OM®G G OVTO NG AVOTOAKNG
Meooyeiov;

Etvar odopavepo, 0t1 mpotolh KataAEove GE AGQAAT] GUUTEPACLOTO TPETEL VO,
TPAYUATOTOMOEl TOAD TEPIOTOTEPN OOVAELD TOV TPEMEL VO EMKEVIP®OEL 0Tl €ENG
onpeio:

I. [Meportépw  depedivnon TG OMOKOSOUNTIKNG  KAvVOTNTOG — TV

HUIKPOOPYOVIGLAOV TTOL £vOlaTovV To Inpata g AvatoAkng Mecoyeiov pe
EUPOON OTIG 1O10UTEPAU OALYOTPOPES TEPLOYEC.

2. Melétn g onpaciog kot EXiOPAGNS TNG UN ATOIKOSOUNGIUNG HOPPTS TOV
opYaviKoy LAKOD ot PflodlafesitdTnNTo TV TNYOV AVOpOK Kot EVEPYELNG
koBmOg wor ot piKpoPloxkn Sopn| PUTOCUEVOV KOl U1 TEPLOYDV HE
TPAYUATOTOINGOTN KOAAMEPYELDV GTO EPYUCTNPLO OWTNPOVTOS TIS in Situ

ouvOnKeC.
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Abstract

The bacterial community composition of marine surface sediments originating from various
regions of the Eastern Mediterranean Sea (12 sampling sites) was compared by parallel use of
three fingerprinting methods: analysis of 16S rRNA gene fragment heterogeneity by
denaturing gradient electrophoresis (DGGE), terminal restriction fragment length
polymorphism (T-RFLP) and analysis of phospholipid-linked fatty acid composition (PLFA).
Sampling sites were located at variable depths (30-2860 m; water column depth above the
sediments) and the sediments differed greatly also in their degree of petroleum contamination
(0.4-18 ug g"), organic carbon (0.38-1.5 %) and chlorophyll-a content (0.01 — 7.7 pg g™).
Despite a high degree of correlation between the three different community fingerprint
methods, some major differences were observed. DGGE banding patterns showed a
significant separation of sediment communities from the Northern, more productive waters of
the Thermaikos Gulf and the oligotrophic waters of the Cretan, S. Ionian and Levantine Sea.
T-RFLP analysis clearly separated the communities of deep sediments (> 1494 m depth) from
their shallow (< 617 m) counterparts. PLFA analysis grouped a shallow station from the
productive waters of the north with the deep oligotrophic sediments from the lonian and
Levantine Sea, with low concentrations of PLFAs, and hence low microbial biomass, as the
common denominator. The degree of petroleum contamination was not significantly
correlated to the apparent composition of the microbial communities for any of the three
methods, whereas organic carbon content and sediment chlorophyll-a were important in this
regard.

1. Introduction

Sediment bacteria play a significant ecological and biogeochemical role in marine
ecosystems. This is largely a result of their high abundance (typically >10° cells ml™, [18, 19,
58]) relative to the overlying water column and their key function in mediating and regulating
the transformation and speciation of major bioactive elements (e.g. carbon, nitrogen,
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phosphorus, oxygen and sulfur) in these environments. Sediment bacteria are also key players
in the degradation of organic pollutants [1, 9, 28, 37, 60, 61] and represent a major reservoir
of genetic variability with a local diversity equal to soil systems [56].

Despite their importance, our knowledge of the bacteria that inhabit sediments is very
limited and based primarily on highly selective cultivation studies [10, 54]. In order to study
the regional variability and to some extent also the influence of environmental parameters on
bacterial community composition in marine sediments, we sampled multiple stations from a
variety of regions and depths in the eastern basin of the Mediterranean Sea (Thermaikos Gulf,
Cretan Sea, South Ionian Sea, Levantine Sea). The microbial community composition in the
sediments was analyzed by three different culture independent techniques: analysis of 16S
rRNA gene fragment heterogeneity by denaturing gradient gel electrophoresis (DGGE) [42-
44] and terminal restriction fragment length polymorphism (T-RFLP) [20, 39, 40] as well as
analysis of phospholipid-linked fatty acid composition (PLFA) [63]. Cultivation-based
techniques are less suited for assessing the composition of bacterial communities in natural
environments since the dominant fraction of extant microbiota (>99%) escape cultivation [46,
53].

The eastern basin of the Mediterranean Sea is considered to be one of the most
oligotrophic regions in the world and is characterized by an overall nutrient deficit [26, 58].
This area is also characterized by a complex bottom geomorphology [27, 45] and dynamic
hydrographic and meteorological conditions [6, 32, 55, 58]. The Thermaikos Gulf is
mesotrophic and the transport and deposition of particulate matter of riverine origin mainly
takes place along the western part of the continental shelf [27]. In contrast, the Cretan Sea is
an oligotrophic and very dynamic region from a hydrological and physiographic point of
view. The Cretan Basin consists of a narrow continental shelf (1.5° slope) followed by a steep
slope (2°-4°) and a rather flat deeper area with depths above 1500 m [14]. The Cretan basin is
influenced by the cold and oxygen depleted Trans-Mediterranean water. This water also has a
low salinity but is on the other hand quite rich in nutrients flowing in from the Levantine Sea
[6, 55]. The South Ionian Sea exchange water with the Levantine basin through the Cretan
passage and is also linked to the South Adriatic Sea. Hence the Ionian Sea is the transition
basin for the spreading of the deep thermohaline water mass from its source in the southern
Adriatic Sea to the Levantine Sea [38]. These features affect the distribution of nutrients and
consequently the organic matter production in the euphotic zone which eventually reaches the
ocean sea floor to fuel benthic communities [57]. Finally, the sampled regions are exposed to
varying degree of anthropogenic influences (e.g. petroleum contamination, [23]) and these
features combined are likely to affect not only the chemical composition of the surface
sediments, but also the associated microbial communities.

There is a general lack of information regarding microbial community composition in
sediments of the Eastern Mediterranean Sea with the only available data retrieved from the
extreme hydrothermal vent area near Milos Island (Greece) [12, 49, 50] and the late
Pleistocene organic-rich sediments (sapropels) southeast of Crete (Greece) [17]. The available
information on geographical variation in sediment microbiota globally is also limited and
mostly restricted to 16S rDNA clone library analysis from different deep-sea environments
like the Japan Trench [33] or from a comparative study between a sediment lake and a coastal
marine basin [11]. The present study represents the first geographical survey of microbial
community structure in sediments of the poorly characterized Eastern Mediterranean Sea as
well as one of the first studies of geographical variation in sediment bacterial communities in
general.

2. Materials and Methods

2.1 Sediment collection and biogeochemical characterization

Sediment samples were collected from 4 different regions of the Eastern Mediterranean Sea
(Figure 1). A Bowers and Connelly Multiple-corer (8 cores, i.d. 9.0 cm) [7] was used to
collect undisturbed sediment samples from the Thermaikos Gulf in February 2002 and from
the Levantine and Cretan Sea in May and July 2002, respectively. Cores from the South
Ionian Sea were collected in November 2001, using an USNEL Boxcorer. All sampling was
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carried out onboard the R/V’s Aegaeo and Philia. Mixed surface sediment (0-1 cm) of each
sample was used for all analyses. Subsamples for analysis of phospholipids and petroleum
hydrocarbons were sealed in aluminum foil and stored at -20°C until further analysis took
place, whereas samples for DNA analysis were collected and stored frozen in sterile plastic
cups. Sediment redox potential was measured using calibrated combined redox electrodes
(Mettler Toledo, Switzerland). Sediment chlorophyll-a concentration was determined
fluorometrically [36, 64] using a Turner TD-700 fluorometer. Total organic carbon in
sediments was analyzed according to Hedges and Stern [25], using a Perkin Elmer CHN 2400
analyser. All measurements were carried out in triplicate. n-Alkanes and petroleum
hydrocarbons (petroleum H/C; assessed as the sum of n-alkanes and unresolved complex
mixture - UCM) were Soxhlet extracted from the sediments and fractionated as described by
Gogou et al. [22]. Compound identification was performed by GC-MS analysis with authentic
standard compounds. 1-chlorohexadecane was used as internal standard for quantification.
The GC-MS analysis was carried out on a Hewlett-Packard 6890 GC equipped with a mass-
selective detector [22]. The sediments were compared by principal component analysis (PCA)
using analyzed environmental parameters (chlorophyll-a, organic carbon content, total
phospholipids, petroleum hydrocarbons and n-alkanes). PCA was carried out using the
PRIMER 5.2.2 software package (Plymouth Routines In Multivariate Ecological Research).
In addition, the analyzed environmental parameters were transformed into a sediment
similarity matrix and a dendrogram was produced using neighbour-joining cluster analysis
included in the same software.

2.2 Extraction of nucleic acids

Total DNA was extracted from sediments using the FastDNA-Spin Kit for Soil (Q-BIOgene,
Carlsbad, CA). Aliquots of 0.5g of fresh sediment were distributed to individual Lysing
Matrix tubes included in the extraction kit. DNA extraction was performed according to the
protocol provided by the manufacturer with the exception that cell lysis was achieved using a
Mini-Beadbeater (Biospec products, Bartlesville OK) set to 5000 rpm over 30 seconds. DNA
extracts were stored at —80°C until analysis. Analysis of recovered DNA by 1% agarose gel
electrophoresis, ethidium bromide staining and UV-transillumination showed that fragment
size typically exceeded 20 kb in length (data not shown). Nucleic acid extracts from each
sample were also analyzed spectrophotometrically at 260 and 280 nm using a Lambda-40
spectrophotometer (Perkin Elmer) and Uvette microcuvettes (Eppendorff). The DNA
concentration in the extracts was estimated from UV-absorbance according to Sambrook and
Russel [47] and varied from 15-107.5 ng ul™ in the different extracts.

2.3 T-RFLP analysis

T-RFLP was used to assess the genetic heterogeneity of PCR products generated in a
mixed-template PCR amplification of 16S rRNA using bacteria-specific primers. In this form,
T-RFLP is a culture independent method that provides a fingerprint of the bacterial
community composition and has proven to be a reproducible and accurate tool for community
analysis [16, 35, 42]. The bacteria-specific primer 27f labeled with hexachlorofluorescein [59]
and the universal primer 519r [31] were used in the PCR reactions. For each sample, triplicate
30 pl reactions were set up and PCR amplified using a Stratagene Robocycler with an initial 3
min denaturation at 94°C followed by 30 cycles of 1 min at 94°C, 1 min at 50°C and 2 min at
72°C followed by a single 10 min extension at 72°C. Each reaction tube contained 1 ng of
genomic DNA template, PCR buffer (10 mM Tris-HCI, pH=9, 50 mM KCI, 0.1% Triton X-
100 and 2 mM MgCl,), 200 uM of each deoxynucleoside triphosphate, 100 nM of each
primer and 2.5 U of Tag DNA polymerase (Invitrogen, Carlsbad, CA). Replicate PCR
products were pooled and purified using a Qiaquick PCR purification kit (Qiagen, Valencia,
CA). The concentration of PCR products from the different samples was determined by
comparison to a Low DNA Mass ladder (Invitrogen, Carlsbad, CA) using 2% agarose gel
electrophoresis, ethidium bromide staining and UV-transillumination. Approximately 60 ng
aliquots of each PCR product was separately digested with the restriction enzymes Haelll,
Hhal and Rsal at 37°C overnight as specified by the manufacturer (Invitrogen, Carlsbad, CA).
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Fragment size was determined on an ABI 3700, 96-capillary sequencer after addition of a
<500bp ROX-labelled size marker (Applied Biosystems) to each sample. Terminal restriction
fragments were sized and quantified using the GeneScanView 1.1/4 software (C.R.LB.I,
University of Padova) and the patterns derived from different samples were compared
pairwise to detect common TRFs. The size standard calls for some of the samples were
corrected based on this comparison. Fragments with size differences below 0.5 bases were
considered to be identical.

2.4 DGGE analysis

DGGE is a method for electrophoretic separation of various double stranded DNA fragments
and is based on differences in duplex melting behavior between genotypes. An approximately
160 base-pair long hypervariable region in the 16S rRNA gene was amplified using PCR
conditions identical to the T-RFLP analysis except that the bacterial primer 357F-GC and the
universal primer 518R were used [48]. The ability of DGGE to resolve complex mixtures of
such short 16S rRNA PCR products is limited [29] but it is still a powerful tool to detect
changes in microbial communities within or between habitats [49]. The gel was prepared and
run as described previously [48]. PCR products were loaded on an 8% polyacrylamide gel
with a 30 - 65 % urea-formamide denaturing gradient and run at 200 V for 6 hours at 60°C,
using the gel system DGGE 2000 (CBS Scientific). At least 350 ng of PCR product was
loaded in each lane and after the separation, the gel was stained with SYBR Gold”™ nucleic
acid gel stain (Molecular Probes) as recommended by the manufacturer. Documentation of
gel images was performed with a GDS 66-1000 system (Techtum, Umea, Sweden). Band
positions were determined using a ruler placed on the gel image using the software program
Adobe Photoshop 7.0. The contrast of the gel image was enhanced using the same program.

2.5 Cluster analysis of DGGE and T-RFLP results

Similarity matrices were prepared separately for the DGGE and T-RFLP results by pairwise
comparison of all possible sample combinations using Sorensen’s equation as described by
Lindstrom [34] where the similarity S =2 J / (N + Ng), where J is the number of common
bands or terminal restriction fragments in samples A and B, and N, and Ng are the total
number of bands in the sample A and B respectively. Similarity matrices were transformed to
dendrograms using neighbour-joining cluster analysis included in the Primer 5.2.2 software.

2.6 Total lipid extraction

Total lipids were extracted from aliquots of lyophilized sediment samples (Freeze-Drier-
Refrigerant R502) using a method modified from Bligh and Dyer [8]. Three grams of
lyophilized sample was extracted by sonication for 5 min in a mixture of
chloroform/methanol/phosphate buffer (2:1:0.8 v/v). Subsequently, samples were agitated for
3 hours at 4°C in the dark. Following a centrifugation to palletize sediment particles, the
supernatant was separated in two phases by adding 7.5 ml of chloroform and 7.5 ml of
deionized water. The lower chloroform phase that contains the total lipids was evaporated to
near dryness.

2.7 PLFA separation and derivatization

Total lipid extracts were separated on columns (0.5 ¢cm inner diameter) packed with 1.0 g of
silica gel (Silica gel 60 (0.063-200mm); Merck). Neutral lipids were eluted with 10 ml
chloroform, glycolipids were eluted with 20 ml acetone and phospholipids were eluted with
10 ml methanol. Fractions containing phospholipids were evaporated to dryness under a
gentle stream of nitrogen and were then diluted in 0.5 ml of a 1:1 solution of toluene and
methanol (v/v). Subsequently, the phospholipids were transmethylated under mild alkaline
methanolysis (0.2 N methanolic potassium hydroxide). Immediately after addition of 0.5 ml
glacial acetic acid (0.2 N), samples were subjected to phase partitioning by addition of 2 ml
chloroform and 2 ml deionized water. The organic phase was transferred to a clean glass vial
and evaporated to dryness [51].
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2.8 PLFA analysis and cluster analysis

Gas chromatography-Mass Spectrometry was used to identify and quantify the fatty acid
methyl esters (FAME) in the polar fraction. A Hewlett Packard Model 6890 GC equipped
with a split-splitless injector was directly coupled to a fused silica capillary column (HP-5 MS
with 0.25 pm film thickness, 30 m»0.25 mm I.D.) attached to the ion source. Helium was
used as a carrier gas. The chromatographic conditions were the following: injector
temperature 270°C; temperature program, 70°C (1 min), 70-140°C (10°C/min), 140-240°C
(4°C/min), and 240°C (30 min). 1 pl of each sample was injected in the splitless mode.
Identification of individual fatty acids was based on a comparison of retention times to
commercially available standards (FAME Mix, Supelco). Quantification was accomplished
by using an internal standard (nonadecanoic acid methyl ester) added to each sample. The
classical fatty acid terminology is used: 4:BwC where A indicates the total number of carbon
atoms, B the number of unsaturations and C the number of carbon atoms between the
unsaturations and alpha carbon. The suffixes ¢ and ¢ represent cis and trans isomers,
respectively. Pair wise comparison of PLFA composition between the environmental samples
was used to generate a similarity matrix. Subsequently hierarchical cluster analysis was
performed using the PRIMER 5.2.2 software, in the same way as for DGGE and T-RFLP
analyses.

2.9 Statistical analysis

A Spearman rank correlation (R) was computed between the corresponding elements of each
pair of matrices (environmental parameters, DGGE, T-RFLP, PLFA). The significance of the
correlations (P) was determined using the ‘Second Stage’ analysis and the RELATE program
included in the PRIMER software. Second stage analysis takes two or more similarity
matrices and calculates similarity values using rank correlation, and the results are then
copied to a new similarity matrix. The relation between measured environmental variables
and microbial community structure was investigated using BIOENV analysis, included in the
PRIMER software [15]. BIOENV analyze the correlation between Euclidean distance
similarity matrices for environmental variables and the different similarity matrices computed
for DGGE, T-RFLP and PLFA analysis. These correlations are repeated for all possible
combinations of the measured environmental variables (depth, organic carbon content,
chlorophyll-a, petroleum hydrocarbons, n-alkanes, and phospholipids) and the set of
environmental variables that produce the highest correlation are those that most accurately
explain the community fingerprints.

3. Results
3.1 Sediment characteristics

The surface sediments studied were highly oxic as indicated by the positive redox
potentials (292-416 mV; Table 1), suggesting that aerobic metabolic processes dominated in
the microbial community. The chlorophyll-a and organic carbon content varied between the
different sediments and there was a strong positive correlation between these two parameters
( = 0.79, n=12). Chlorophyll-a was highest in the Thermaikos Gulf and in the shallowest
station of the Cretan Sea (depth < 100m) while organic carbon content was highest in the
Thermaikos Gulf also and in the deep stations of the South Ionian Sea.

The total concentration of phospholipids was also highest in the shallow stations of the
Thermaikos Gulf (< 51m) with observed values ranging from 1491 to 2714 ng g (Table 1).
Intermediate PLFA concentrations were recorded in the Cretan Sea (524 — 1238 ng g'; Table
1) whereas low values (< 219 ng g”') were recorded in the South Ionian and the Levantine Sea
as well as in the deepest (86 m) station in the Thermaikos Gulf (Table 1). The levels of both
petroleum hydrocarbons and n-alkanes were clearly highest in sediments from the shallowest
station of the Thermaikos Gulf (Therm01; 17856 ng g and 3313 ng g respectively; Table
1). This station is located most closely to the urban area of Thessaloniki Bay (Fig. 1) with
strong anthropogenic influences from the Harbour and the city’s adjacent industrial zone and
with strong riverine inputs that have passed a hydroelectric power dam-construction [27]. The
lowest values of n-alkanes and petroleum hydrocarbons were found in the Levantine and
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Cretan Sea (petroleum H/C: 449-939 ng g™’ and n-alkanes: 105-280 ng g'; Table 1) and in a
single station within the Thermaikos Gulf (Therm 27) whereas intermediate levels were found
in the South lonian Sea and the five remaining stations in the Thermaikos Gulf (Table 1).
Hierarchical  cluster
analysis and PCA were
used to compare the [9 Thermoi ?,
different environmental .
parameters for the Q% - Thermilil g
different sediments. For o Therrued i "é Therm30 }f\._
the PCA, -eigenvalues s ThermEN D p
were developed based on ThermSS g -
a correlation matrix. The 3
results indicated that "‘\\
94.3% of the total
variance in Cretan Sea
biogeochemical S.lonian Sea e
parameters (chlorophyll- P
a, total organic carbon, SJonian-A :
total phospholipids, S.[oni:uT—B Crelagn Levantine Sea
petroleum H/C and n-
alkanes) can be
represented by only two

principal components Figure 1. Geographic locations of sediment sampling stations in the
(PC) (results not shown).  Eagtern Mediterranean Sea. Thermaikos Gulf: Therm, Cretan Sea:
PC1 explained 78.2% of Creta, Ionian Sea: S.Ionian, Levantine Sea: Levan.

the total variance and

was strongly dependent on petroleum hydrocarbon concentrations and organic carbon (as well
as chlorophyll-a) whereas PC2 explained 16.1 % of the total variance and relied mostly on
total PLFA concentrations (results not shown). Hierarchical cluster analysis based on the
similarity matrices for environmental variables clearly separated station ThermO1 from all
other stations. The Cretan Sea sediments grouped together as did the S. lonian sediments,
whereas the deepest station from the Thermaikos Gulf (Therm 30) grouped separately from
the more shallow sediments of this region (Fig. 2).

% Therm10, 5 b

5

Creta3m

Creta2 B [ evan

3.2 16S rRNA-based analysis of bacterial communities

Table 1. Characteristics of surface sediments (0-1 cm) from stations of the Thermaikos Gulf,
Cretan Sea, South Ionian and Levantine Sea. Sediment redox potential (Eh) is given in mV.
Chlorophyll-a (Chla), organic carbon (OC), phospholipid linked fatty acids (PLFA), petroleum
hydrocarbons (H/C) and n-alkanes are presented relative sediment dry weight

Stations Depth Eh Chia 0C PLFA etroleum H/C ng g’! n-alkan_es
(m) (mV) pg g stdev %  stdev ngg’ P g8 ngg’
Therm-01 30 348 7.67 275 147  0.12 2261 17856 3313
Therm-10 41 292 495 0.70 1.04  0.02 1491 1479 387
Therm-17 55 416 463 039 097  0.02 2714 2892 1181
Therm-27 64 359 488 097 094  0.07 2294 846 234
Therm-38 51 405 3.02 027 1.01 0.04 1945 2001 1095
Therm-30 86 375 .22 0.07 053  0.04 219 1516 399
Creta-1 100 nd 032 0.06 0.45 nd 623 670 147
Creta-2 617 nd 0.06 0.02 0.48 nd 524 939 105
Creta-3 1494 nd 0.02  0.00 0.42 nd 1238 449 130
S.Ionian-A 2790 303 0.05 0.02 079  0.07 129 1916 650
S.Ionian-B 2860 277 0.03  0.00 078  0.02 96 1876 617
Levan 1780 nd 0.01  0.00 0.38 nd 106 619 280

?nd: not determined
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A number of different culture independent techniques have been developed, most of which
are based on the genetic variability in universally distributed marker genes such as the 16S
rRNA gene [3]. Both DGGE and T-RFLP analyses of such universally distributed marker
genes provide a representation of the different operational taxonomic units (OTUs) present in
a microbial community. Ideally, each distinct
band observed in the DGGE and each unique Therm-38
terminal restriction fragment length in the T- Therm-17
RFLP represents an OTU in a community ﬁ““m’n

Therm-10
[52] o s Creta-3
The reproducibility of the DGGE 4? Cretad
fingerprints were assessed by comparing the Creta-1
banding patterns in replicate samples subject Levan
to independent PCR amplification and SJIonian-B
DGGE. The comparison showed that the Es.lonian-A
distinct gel-bands that were used for L Therm-30
similarity matrix calculations were present in Therm-01

both DGGE analyses. One example of such ‘ ‘ ‘ ‘ ‘
replicate analysis for Therm 17 is included in 60 70 80 90 100

Figure 3A (lane 3 and 7). These replicates
were 75% similar since 2 bands were
missing in lane 7, likely as a result of the
lower total amount of PCR product in this
sample. In the DGGE analysis, each sample
produced between 5 and 11 distinct gel-

% Similarity
Figure 2. Cluster analysis dendrogram based
on comparison of the environmental
characteristics (chl a, organic carbon, total
phospholipids, petroleum H/C and n-alkanes)
from the different surface sediment samples.

bands (Fig 3A). The DGGE patterns were
similar for all stations within the Thermaikos Gulf with an overall similarity exceeding 78%
(Fig. 3B). The patterns obtained for the bacterial communities in the deeper sediments of the
Southern part of the region were more variable and had little resemblance to samples from the
Thermaikos Gulf (< 33 % similarity; Figure 3B). The cluster analysis also grouped samples
from the more pristine Levantine and Cretan Sea and separated them from the more
petroleum-rich sediment samples of the South Ionian Sea (Tablel) indicating that the level of
petroleum contaminants may be of some importance as a regulator of bacterial community
structure, at least in the deeper, less organic rich sediments. There are likely many more
rRNA-variants in each lane than the 5-11 distinct bands that were detected. Screening of 16S
rRNA clone libraries have shown that the number of unique 16S rRNA fragments in some of
the studied sediments greatly exceed one hundred variants (Polymenakou et al., unpublished).
Most of these different ribotypes could either not be resolved on the rather broad denaturing
gradient needed to capture all variants of amplified fragments on the gel, or were not visible
on the gel as a result of the rather limited linear dynamic range of this PCR-based
fingerprinting method. In addition, the amplified 16S rRNA fragment is rather short and may
not contain enough variation to resolve closely related bacteria on a standard DGGE gel.
Hierarchical cluster analysis based on the similarity of the detected T-RFLP patterns
arranged the environmental samples in a slightly different way depending on the type of
restriction enzyme used. Digestions with Rsal produced very few (average 23) terminal
restrictions fragments (TRFs) with little overlap in the presence of individual TRFs between
the samples and therefore these data were excluded from the analysis whereas results from
digestions with Hhal and Haelll were scrutinized further. Digestions with Haelll produced a
very high number of TRFs for each sample (average 71) making peak separation and data
analysis difficult and time-consuming. Similar results (excessive number of TRFs after
digestion with Haelll) have also been reported in a previous study [16]. Hhal digestions
generated between 15 and 51 TRFs (average 33) and cluster analysis clearly separated deep
samples from the shallow ones. Similar clustering was also obtained using Haelll digestions
(a correlation coefficient of 0.81 between Hhal and Haelll similarity matrices for the 12
sediments, P<0.001) validating the reproducibility of the T-RFLP method. The combined
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results from these two digestions were used to calculate similarity matrices presented in
Figure 4B.

The T-RFLP fingerprinting technique grouped the sediment samples in a slightly different
way compared to the DGGE. The first group contained all shallow stations (< 617 m depth)
while the second group contained the deep ones (>1494 m depth) (Fig. 4B).

A Thermaikos Gulf S.Ionian Sea Cretan Sea Levan. Sea
. o e / Y/ N
3.3 PLFA analysis of microbial I 2 3 & 5 B 7 8 9 10 H B 13

communities

The use of PLFA analysis to
describe microbial communities
also depends on the universal
distribution of another type of
biomarker in microorganisms
(e.g. polar lipids present in
cellular membranes). Analysis

i

B

s &
of PLFA composition in marine : = 3
sediments provides significant T E
information about the structure B '
of microbial communities since [ Therm30 )
some PLFAs are limited to Therm01
specific bacterial groups Therml0 |'E
whereas the total amount of Thermt7 |2
PLFAs provides an estimate of Therm27
total microbial biomass [4, 62, Thermas
63, 65]. o

The most abundant saturated 4{ Slonian-B
fatty acids were C14:0, C15:0, S.onian-A -
C16:0 and C18:0 whereas the ] Creta-l |5
most abundant monounsaturated Levan |93
fatty acids were C15:1, Cl6:1 —‘—,7 Creta
and C18:1 (Figure 5A). Low

Creta-3

amounts of polyunsaturated : : : : |
fatty acids were observed, 20 40 60 80 100
indicating a minor or low % Similarity
contribution of microeukaryotes  Figure 3. (A) Negative image of DGGE patterns from
to the total viable microbial PCR amplified mixed community 16S rDNA obtained for
communities. The total PLFA  surface sediments (0-1 cm) in the Eastern Mediterranean
content in the sediments ranged  Sea. Lanes 1-Therm0l; 2-Therml0; 3-Therml7; 4-
from 96 — 2294 ng g'l (dry wt Therm3.0; 5—Therm38;.6—Therm27 7-replicate of Therm17;
sediment; Table 1) with the 8-S.Ionian-A; 9-S.Ionian-B; 10-Creta-3; 11-Creta-2; 12-
| ’ . Creta-1; 13, Levantine Sea Replicates in lane 3 and 7 were
owest values recorded in the . ;
. based on separate PCR reactions. (B) Cluster analysis
three  deepest  stations. These dendrogram based on comparison of DGGE patterns from
values are almost three times e different surface sediment samples.
lower than values reported for

other environments, probably due to the low organic carbon content in these sediments [10,
24]. The PLFA profiles in the sediments of the Eastern Mediterranean Sea showed a dominant
contribution of bacterial lipids to total sedimentary lipids (> 79 %), indicating that the
microbial communities were dominated by bacteria rather than by eukaryotes or archaea.

The total amount of C20 and C22 polyunsaturated fatty acids (PUFA), which is an
indicator of freshly sedimented labile organic material [10], averaged 28 — 165 ng g for the 5
shallowest stations of the Thermaikos Gulf and in all three stations from the Cretan Sea. On
the other hand, the levels recorded from the deepest station of Thermaikos Gulf and the deep
stations of the South Ionian and Levantine Sea were close to the detection limit (2.5 — 7.9 ng
g’'; Table 1). Despite these differences, the overall PLFA patterns were quite similar between

Paper I 8



the various locations and depths in
the Eastern Mediterranean Sea (Fig.
5A). Therefore, cluster analysis was
performed to discriminate between
the PLFA profiles in the different
environmental samples, taking both
PLFA composition and
concentrations of individual PLFAs
into account (Fig. 5B). The highest S. Tonian-A
similarity was recorded between
sediments within the Thermaikos
Gulf (95% similarity between the
stations Therm27 and Therm38)
whereas the lowest similarity was
observed between the South Ionian
Sea and the Thermaikos Gulf (31% B Therm30
similarity between stations S.lonian- Therml?
B and Therml7). For comparison, — H Therm27
H

Therm01

replicate samples analyzed for the

three Cretan Sea samples were

between 94 and 97 % similar.

Cluster  analysis of PLFAs [
demonstrated major  qualitative
differences between the four deeper
southern sediments characterized by
low microbial biomass (e.g. low
PLFA content) compared to more 4{ Levan
shallow northern sediments with Creta3
higher PLFA content (Figure 5B). 2

Therm38

Therm01

Shallow

Therml10

Cretal

Creta2

‘ SJonian-B )

S.onian-A

Deep

60 80 100

% Similarity
3.4 Comparison of the different Figure 4. (A) Characteristic T-RFLP patterns of PCR
fingerprinting  techniques  and  amplified mixed-community 16S rRNA digested with
correlation to environmental factors ~ Hhal obtained for sediments from the Eastern

To investigate the degree of  Mediterranean Sea. (B) Cluster analysis dendrogram

similarity between the different of T-RFLP pattern similarity using restriction
sediment similarity matrices based  enzymes Hhal and Haelll.
on  environmental  parameters,
DGGE, T-RFLP and PLFA, we used inter-matrix correlations as input data for a ‘second
stage’ analysis of similarity (Table 2). Despite the use of different primer pairs, sediment
similarity matrices derived from the PCR-based DGGE and T-RFLP fingerprints were highly
correlated. The sediment similarity matrix obtained from PLFA analyses were highly
correlated to environmental characteristics and to T-RFLP fingerprinting results while
correlations between sediment similarity matrices for biogeochemical parameters and DGGE
as well as T-RFLP were less strong.

As recommended by Clarke and Ainsworth (1993), all measured environmental
parameters were included in the BIOENV analysis without any prior transformations [15].
The highest rank correlation with DGGE data (R=0.747; Table 3) were obtained with only
two variables, the organic carbon content and the chlorophyll-a, while the highest rank
correlation for T-RFLP and PLFA results also relied on an additional third variable, e.g. depth
or PLFA content, to obtain the highest rank correlation (Table 3). These results point to the
key role of the amount and quality of organic matter as regulators of bacterial communities in
these sediments.
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4. Discussion

An increasing number of ¥
culture-independent  techniques
have been applied to study
microbial communities in marine
and freshwater sediments, and this
has enabled a more complete
assessment of the largely
unculturable microbial
community  that reside in - -
sediments [2, 3, 30]. The use of $8588553588555 2
rapid fingerprinting methods, such
as the ones employed in the
current study, has become an
invaluable and frequently used TT““““S\
tool in sampling intensive studies B - Therm27
of changes occurring in natural _ L Thermt7
bacterial communities over time, ( L Thermo1
between habitats, or as a result of C Cretas
environmental impact. However, —\—Lﬂmmw
studies that involve parallel use of

. . . Creta-2
different fingerprinting methods 77% o
are so far scarce even if some Creta-1

recent studies have compared Levan ™
multiple methods for community {S.Ionian—B

fingerprinting [5, 10, 13, 21, 41- L SionimA

O ThermO1

B S.Ionian-A

% PLFA composition

C8:0
4:1
4:0
cis-10-C15:1
6:1
6:0
7:1
7:0

3
C18:2n6c
CI18:1n%t
C18:1n%
C18:0
C20:4n6
C20:3n6
cis-11,14-C20:22
cis-11-C20:1
C€20:0
C21:0
cis-13,16-C22:2
C22:1n9
€22:0

cis-10-C

High PLFA
content

Low PLFA
content

43]. Therm30_
We used three different culture * N 00

independent techniques (DGGE, o %simﬂamyo

T-RFLP and PLFA analysis) to  Figure 5. (A) Characteristic PLFA profiles in surface
assess the similarity of bacterial  sediments from two sampling stations (ThermOl,
communities in bigeochemically  S.lonian A). The dominant fatty acids are C16:1 and
variable surface sediments from  C16:0. Similar patterns were also observed for the rest
the Eastern Mediterranean Sea. sampling sites (data not shown); (B) Cluster analysis
Among the detected PLFAs, dendrogram of phospholipids profiles.

monounsaturated fatty acids made

up a dominant pool in most samples, indicating the predominance of aerobic gram-negative
bacteria in the analyzed surface sediments [24]. This can be expected in these highly oxic
sediments (Table 1) where aerobic metabolic processes dominate community metabolism.
The low phospholipid content in the deeper sediments is likely due to the characteristic low
nutrient availability of the Eastern Mediterranean Sea [26, 58], resulting in limited primary
production and low sediment burial of organic carbon. The Thermaikos Gulf samples are all
shallow and high in chlorophyll and organic carbon content compared to the other studied
areas and also had high to intermediate petroleum levels (Table 1). The DGGE banding
patterns suggest that the bacterial communities of these sediments were distinct from all the
other sediments (Fig. 3). On the other hand the T-RFLP clearly distinguishes the four deepest
sediments (> 1494 m) from the more shallow ones (Fig. 4). These deep sediments are all
largely inorganic (Table 1). The reason for the slightly different clustering between the two
methods is not evident, but one explanation may be that inherent limitations in the resolution
of the employed DGGE-method result in DGGE lanes that contain less OTUs (e.g. bands)
compared to the number of peaks observed in the individual T-RFLP interpherograms (1.5-8
times more). An alternative explanation is that the capillary-based instrument equipped with
laser-induced fluorescence used for T-RF detection is able to detect less abundant ribotypes
that cannot be visualized in the DGGE-gel due to a limited linear dynamic range for ribotype
detection [42].
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PLFA analysis grouped the deepest station from the Thermaikos Gulf (Therm 30) together
with the extremely deep stations in the South lonian and Levantine Sea (Fig. 5A). This is in
agreement with the biogeochemical characterization of the sediments, e.g. the cluster analysis
of sediment characteristics also grouped the deepest station of the Thermaikos Gulf (Therm
30) together with the stations from the South Ionian, Levantine and Cretan Sea (Fig. 2). This
is mainly a result of the low chlorophyll-a, low total organic carbon and low PLFA content of
these sediments. Apparently, the petroleum hydrocarbon levels did not contribute
significantly to bacterial community composition since there was no apparent clustering of
sediments with high petroleum content for any of the employed fingerprinting techniques
(Table 1, Fig. 3-5).

Table 2. Spearman rank correlations (numbers in bold) in a ‘Second Stage’ analysis based on
sediment sample similarity matrices with respect to biogeochemistry, DGGE, T-RFLP and PLFA
characteristics. All correlations are significantly different from zero (P and Rho values in italics).

Spearman rank correlations / P / Rho

'Second Stage' analysis DGGE T-RFLP PLFA
Biogeochemistry 0.617/0.06/0.233  0.546/0.09/0.009  0.755/<0.001/0.511
DGGE 0.760/<0.001/0.519  0.617/0.06/0.233
T-RFLP 0.693/<0.001/0.386

These differences in biogeochemical characteristics and the different community
composition of station Therm30 compared to the other sampling sites in the Thermaikos Gulf
is probably due to the geomorphological complexity and the variable bottom topography of
this area [27, 45]. The sediments in the major parts of this area were fine-grained silty, while
the central-eastern part of the Thermaikos Gulf (station Therm30) was characterized by high
sand content (> 70 %) rich in heavy minerals [27].

Table 3. Summary of results from the BIOENV analysis of similarity matrices based on DGGE, T-
RFLP and PLFA analysis of community structure: The combination of environmental variables
generating the highest rank correlations between similarity matrices of community fingerprints and
environmental data are presented.

DGGE T-RFLP PLFA
BIOENYV' analysis
Variable 1 organic carbon organic carbon organic carbon
Variable 2 chlorophyll a chlorophyll a chlorophyll a
Variable 3 - depth PLFA
Highest Rank Correlation 0.747 0.820 0.983

The Cretan Sea is also characterized by a complex bottom geomorphology and stable
hydrographic and atmospheric conditions [14, 58]. Station Creta-1 is located at the beginning
of the continental shelf whereas Creta-2 is located on the steep slope and Creta-3 in the
beginning of the flat bottom below the shelf. Station Creta-3 is also situated away from
sources of terrestrial inputs [14, 58]. The water circulation in the Cretan Sea is dominated by a
mesoscale dipole (an anticyclone in the West and a cyclone in the East) that acts as a pump
transferring water masses from the Levantine Sea. At the same time these water masses are
transported towards the upper slope and shelf and thereby indirectly fertilize the benthic
ecosystem during the summer (where the samples were collected) [6, 58]. The geographical
differences of these three stations combined with the complex local hydrological and
atmospheric phenomena [58], may explain the observed variability in bacterial community
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composition (Fig. 3, 4, 5) despite the restricted geographical distribution of these three
stations (Fig. 1). Both PLFA and biogeochemical parameters analysis placed all stations of
the Cretan Sea together with the coastal stations of the Thermaikos Gulf. In contrast, the
DGGE analysis grouped the Cretan Sea sediments together with the stations from the South
Ionian and Levantine Sea. We cannot exclude the possibility that the time of sampling (e.g.
season) could have affected the observed bacterial community composition as well as the
biogeochemical characteristics of the sediments. This factor is likely of minor importance in
the deeper sediments from the Levantine, S. Ionian and Cretan Sea, but could have been of
significance for the Thermaikos Gulf sites (sampled in February) and the most shallow station
in the Cretan Sea (sampled in July).

The rank correlation values measured with the BIOENV approach were high, and
indicated that microbial community structure were well correlated with the measured
environmental variables (Table 3). Among these environmental variables, the combination of
organic carbon and chlorophyll-a content appear to play a major role as regulators of bacterial
community composition since all different fingerprinting techniques exhibited the highest
correlations values when these parameters were included in the analysis, either alone (DGGE)
or in combination with depth (T-RFLP) or microbial biomass (PLFA).

All existing fingerprinting methods currently in use to describe microbial communities
have limitations and detect various components of the often very complex bacterial
communities that exist in nature. With the present study, we show that the use of single
fingerprinting method to compare different communities of sediment bacteria may produce
variable results as a consequence of the method of choice. We cannot say for sure which
method (DGGE, T-RFLP, PLFA) provides the most accurate description of the typically very
complex bacterial communities in sediments, but the parallel identification of community
shifts visible with different fingerprinting techniques may be one way to obtain more robust
analyses of variation in bacterial community composition over temporal and spatial scales.

Acknowledgments

The officers and the crew of the R/V Aegaeo and Philia are acknowledged for their assistance
during the sampling. We also acknowledge three anonymous reviewers whose comments
helped to improve the manuscript. This work was jointly supported by the Commission of the
European Communities (through the Energy and Environment projects INTERPOL, ADIOS
and CYCLOPS), the Greek Ministry of Development (General Secretariat of Research and
Technology) and from the Swedish Research Council and the Swedish Research Council for
Environment, Agricultural Sciences and Special Planning (Grants to S.B.).

References

1. Alexander M (1999) Biodegradation and bioremediation. Academic Press San Diego

2. Amann R, Ludwig W (2000) Ribosomal RNA-targeted nucleic acid probes for studies in
microbial ecology. FEMS Microbiol Rev 24:555-565

3. Amann RI, Ludwig W, Schleifer KH (1995) Phylogenetic identification and in situ
detection of individual microbial cells without cultivation. Microbiol Rev 59:143-69

4. Aries E, Doumenq P, Artaud J, Acquaviva M, Bertrand JC (2001) Effects of petroleum
hydrocarbons on the phospholipid fatty acid composition of a consortium composed of
marine hydrocarbon-degrading bacteria. Org Geochem 32:891-903

5. Balkwill DL, Murphy EM, Fair DM, Ringelberg DB, White DC (1998) Microbial
communities in high and low recharge environments: implications for microbial transport
in the Vadose Zone. Microb Ecol 35:156-171

6. Balopoulos ETh, Theocharis A, Kontoyiannis H, Varnavas S, Voutsinou-Taliadouri F,
Iona A, Souvermezoglou A, Ignatiades L, Gotsis-Skretas O, Pavlidou A (1999) Major
advances in the oceanography of the southern Aegean Sea-Cretan Straits system (Eastern
Mediterranean). Prog Oceanogr 44:109-130

7. Barnett PRP, Watson J, Connelly D (1984) A multiple corer for taking virtually
undisturbed sediment samples from shelf bathyal and abyssal sediments. Oceanol Acta
7:399-408

Paper I 12



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Bligh EG, Dyer WJ (1959) A rapid method of total lipid extraction and purification. Can
J Biochem Physiol 37:911-917

Boschker HTS, Graaf WD, Koster M, Meyer-Reil LA, Cappenberg TE (2001) Bacterial
populations and processes involved in acetate and propionate consumption in anoxic
brackish sediment. FEMS Microbiol Ecol 35:97-103

Bowman JP, McCammon SA, Gibson JAE, Robertson L, Nichols PD (2003) Prokaryotic
metabolic activity and community structure in Antarctic continental shelf sediments.
Appl Environ Microbiol 69:2448-2462

Bowman JP, Rea SM, McCammon SA, McMeekin TA (2000) Diversity and community
structure within anoxic sediment from marine salinity meromistic lakes and a coastal
meromistic marine basin, Versfold Hills, Eastern Antarctica. Environ Microbiol 2:227-
237

Brinkhoff T, Sievert SM, Kuever J, Muyzer G (1999) Distribution and diversity of
sulfur-oxidizing Thiomicrospira spp. at a shallow-water hydrothermal vent in the Aegean
Sea (Milos, Greece). Appl Environ Microbiol 65:3843-3849

Casamayor EO, Massana R, Benlloch S, OQvreas L, Diez B, Goddard VJ, Gasol JM, Joint
I, Rodriguez-Valera F, Pedros-Alios C (2002) Changes in archaeal, bacterial and
eukaryal assemblages along a salinity gradient by comparison of genetic fingerprinting
methods in a multipond solar saltern. Environ Microbiol 4:338-348

Chronis G, Lykousis V, Anagnostou C, Karageorgis A, Stavrakakis S, Poulos S (2000)
Sedimentological processes in the southern margin of the Cretan Sea (NE
Mediterranean). Prog Oceanogr 46:143-162

Clarke KR, Ainsworth M (1993) A method of linking multivariate community structure
to environmental variables. Mar Ecol Prog Ser 92:205-219

Clement BG, Kehl LE, DeBord KL, Kitts CL (1998) Terminal restriction fragment
patterns (TRFPs), a rapid, PCR-based method for the comparison of complex bacterial
communities. J Microbiol Meth 31:135-142

Coolen MJ, Cypionka H, Sass AM, Sass H, Overmann J (2002) Ongoing modification of
Mediterranean Pleistocene sapropels mediated by prokaryotes. Science 28:2407-2410
Danovaro R, Manini E, Dell’Anno A (2002) Higher abundance of bacteria than of
viruses in deep Mediterranean sediments. Appl Environ Microbiol 68:1468-1472
Danovaro R, Marrale D, Dell’Anno A, Della Croce N, Tselepides A, Fabiano M (2000)
Bacterial response to seasonal changes in labile organic matter composition on the
continental shelf and bathyal sediments of the Cretan Sea. Prog Oceanogr 46:345-366
Egert M, Friedrich MW (2003) Formation of pseudo-terminal restriction fragments, a
PCR-related bias affecting terminal restriction fragment length polymorphism analysis of
microbial community structure. Appl Environ Microbiol 69:2555-2562

Flynn SJ, Loffler FE, Tiedje JM (2000) Microbial community changes associated with a
shift from reductive dechlorination of PCE to reductive dechlorination of cis-DCE and
VC. Environ Sci Technol 34:1056-1061

Gogou A, Apostolaki M, Stephanou EG (1998) Determination of organic molecular
markers in marine aerosols and sediments: one-step flash chromatography compound
class fractionation and capillary gas chromatographic analysis. J Chromatogr A 799:215-
231

Gogou A, Bouloubassi I, Stephanou EG (2000) Marine organic geochemistry of the
Eastern Mediterranean: 1. Aliphatic and polyaromatic hydrocarbons in Cretan Sea
surficial sediments. Mar Chem 68:265-282

Guezennec J, Fiala-Medioni A (1996) Bacterial abundance and diversity in the Barbados
Trench determined by phospholipid analysis. FEMS Microbiol Ecol 19:83-93

Hedges JI, Stern JH (1984) Carbon and nitrogen determinations of carbonate-containing
solids. Limnol Oceanogr 29:657-663

Ignatiades L (1969) Annual cycles, species diversity and succession of phytoplankton in
lower Saronikos Bay, Aegean Sea. Mar Biol 3:196-200

Paper I

13



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Karageorgis AP, Anagnostou CL (2001) Particulate matter spatial-temporal distribution
and associated surface sediment properties: Thermaikos Gulf and Sporades Basin, NW
Aegean Sea. Cont Shelf Res 21:2141-2153

Kieft TL, Wilch E, O’Connor K, Ringelberg DB, White DC (1997) Survival and
phospholipids fatty acid profiles of surface and subsurface bacteria in natural sediment
microcosms. Appl Environ Microbiol 63:1531-1542

Kisand V, Wikner J (2003) Limited resolution of 16S rDNA DGGE caused by melting
properties and closely related DNA sequences. J Microbiol Meth 54:183-193

Koizumi Y, Kojima H, Fukui M (2003) Characterization of depth-related microbial
community structure in lake sediment by denaturing gradient gel electrophoresis of
amplified 16S rDNA and reversely transcribed 16S rRNA fragments. FEMS Microbiol
Ecol 46:147-157

Lane DL, Pace B, Olsen GJ, Stahl DA, Sogin ML, Pace NR (1985) Rapid determination
of 16S ribosomal RNA sequences for phylogenetic analyses. Proc Nat Acad Sci USA
82:6955-6959

Lascaratos A, Roether W, Nittis K, Klein B (1999) Recent changes in deep water
formation and spreading in the eastern Mediterranean Sea: a review. Prog Oceanogr
44:5-36

Li L, Kato C, Horikoshi K (1999) Bacterial diversity in deep-sea sediments from
different depths. Biodivers Conserv 8:659-677

Lindstrom ES (1998) Bacterioplankton community composition in a boreal forest lake.
FEMS Microbiol Ecol 27:163-174

Liu WT, Marsh TL, Cheng H, Forney LJ (1997) Characterization of microbial diversity
by determining terminal restriction fragment length polymorphisms of genes encoding
16s rRNA. Appl Environ Microbiol 63:4516-4522

Lorenzen C, Jeffrey J (1980) Determination of chlorophyll in sea water. UNESCO
Technical Papers in Marine Science 35:1-20

MacGillivray AR, Shiaris MP (1994) Relative Role of Eukaryotic and Prokaryotic
Microorganisms in Phenanthrene Transformation in Coastal Sediments. Appl Environ
Microbiol 60:1154-1159

Malanotte-Rizzoli P, Manca BB, Ribera d’ Alcala M, Theocharis A, Bergamasco A,
Bregant D, Budillon G, Civitarese G, Georgopoulos D, Michelato A, Sansone E,
Scarazzato P, Souvermezoglou E (1997) A synthesis of the lonian Sea hydrography,
circulation and water mass pathways during POEM-Phase-I1. Prog Oceanog 39:153-204
Marsh TL (1999) Terminal restriction fragment length polymorphism (T-RFLP): an
emerging method for characterizing diversity among homologous populations of
amplification products. Curr Opin Microbiol 2:323-327

Marsh TL, Saxman P, Cole J, Tiedje J (2000) Terminal restriction fragment length
polymorphism analysis program, a web-based research tool for microbial community
analysis. Appl Environ Microbiol 66:3616-3620

Massana R, Jiirgens K (2003) Composition and population dynamics of planktonic
bacteria and bacterivorous flagellates in seawater chemostat cultures. Aquat Microb Ecol
32:11-22

Moeseneder MM, Arrieta JM, Muyzer G, Winter C, Herndl GJ (1999) Optimization of
terminal-restriction fragment length polymorphism analysis for complex marine
bacterioplankton communities and comparison with denaturing gradient gel
electrophoresis. Appl Environ Microbiol 65:3518-3525

Muyzer G (1999) DGGE/TGGE a method for identifying genes from natural ecosystems.
Curr Opin Microbiol 2:317-322

Muyzer G, DeWaal EC, Uitterlinden AG (1993) Profiling of complex microbial
populations by denaturing gradient gel electrophoresis analysis of polymerase chain
reaction-amplified genes coding for 16S rRNA. Appl Environ Microbiol 59:695-700
Poulos SE, Chronis GTh, Collins MB, Lykousis V (2000) Thermaikos Gulf Coastal
System, NW Aegean Sea: an overview of water / sediment fluxes in relation to air-land-
ocean interactions and human activities. ] Mar Syst 25:47-76

Paper I

14



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Ringelberg DB, Sutton S, White DC (1997) Biomass, bioactivity and biodiversity:
microbial ecology of the deep subsurface: analysis of ester-linked phospholipid fatty
acid. FEMS Microbiol Rev 20:371-377

Sambrook J, Russel DW (2001) Molecular cloning: a laboratory manual, 3™ ed., Cold
Spring Harbour, NewY ork

Sekiguchi H, Watanabe M, Nakahara T, Xu B, Uchiyama H (2002) Succession of
bacterial community structure along the Changjiang river determined by denaturing
gradient gel electrophoresis and clone library analysis. Appl Environ Microbiol 68:5142-
5150

Sievert SM, Brinkhoff T, Muyzer G, Ziebis W, Kuever J (1999) Spatial heteogeneity of
bacterial populations along an environmental gradient at a shallow submarine
hydrothemal vent near Milos island (Greece). Appl Environ Microbiol 65:3834-3842
Sievert SM, Kuever J, Muyzer G (2000) Identification of 16S ribosomal DNA-defined
bacterial populations at a shallow submarine hydrothermal vent near Milos Island
(Greece). Appl Environ Microbiol 66:3102-3109

Smoot JC, Findlay RH (2001) Spatial and seasonal variation in a reservoir sedimentary
microbial community as determined by phospholipids analysis. Microb Ecol 42:350-358
Song B, Kerkhof LJ, Higgblom MM (2002) Characterization of bacterial consortia
capable of degrading 4-bromobenzoate under denitrifying conditions. FEMS Microbiol
Lett 213:183-188

Staley JT, Konopka A (1985) Measurement of in situ activities of nonphotosynthetic
microorganisms in aquatic and terrestrial habitats. Annu Rev Microbiol 39:321-349
Suzuki MT, DeLong EF (2002) Marine Prokaryote Diversity. In: Staley JT, Reysenbach
AL (ed) Biodiversity of Microbial Life, Wiley-Liss, NewYork, pp 209-234

Theocharis A, Balopoulos E, Kioroglou S, Kontoyiannis H, Iona A (1999) A synthesis of
the circulation and hydography of the South Aegean Sea and the Straits of the Cretan Arc
(March 1994-January 1995). Prog Oceanogr 44:469-509

Torsvik V, @vreds L, Thingstad TF (2002) Prokaryotic diversity —Magnitude, dynamics
and controlling factors. Science 296:1064-1066

Tselepides A, Polychronaki T, Marrale D, Akoumianaki I, Dell’Anno A, Pusceddu A,
Danovaro R (2000a) Organic matter composition of the continental shelf and bathyal
sediments of the Cretan Sea. Prog Oceanogr 46:311-344

Tselepides A, Zervakis V, Polychronaki T, Danovaro R, Chronis G (2000b) Distribution
of nutrients and particulate organic matter in relation to the prevailing hydrographic
features of the Cretan Sea (NE Mediterranean). Prog Oceanogr 46:113-142

Vergin KL, Urbach E, Stein JL, DeLong EF, Lanoil BD, Giovannoni SJ (1998)
Screening a fosmid library of marine environmental genomic DNA fragments reveals
four clones related to members of the order Planctomycetales. Appl Environ Microbiol
64:3075-3078

White DC (1994) Is there anything else you need to understand about the microbiota that
cannot be derived from analysis of nucleic acids? Microb Ecol 28:163-166

White DC, Fredrickson HF, Gehron MH, Smith GA, Martz RF (1983) The groundwater
aquifer microbiota: biomass, community structure, and nutritional status. Dev Indust
Microbiol 24:189-199

White DC, Phelps TJ, Onstott TC (1998) What’s up down there? Curr Opin in Microbiol
1:286-290

White DC, Ringelberg DB (1997) Utility of the signature lipid biomarker analysis in
determining the in situ viable biomass, community structure, and nutritional/physiologic
status of deep subsurface microbiota. In: Amy PS, Haldeman DL (ed) The Microbiology
of the Terestrial Deep Subsurface, Elsevier Science Ltd, CRC, New York, pp 119-136
Yentsch CS, Menzel DW (1963) A method for the determination of phytoplankton
chlorophyll and phaeophytin by fluorescence. Deep-Sea Res 10:221-231

Zhang CL (2002) Stable carbon isotopes of lipid biomarkers: analysis of metabolites and
metabolic fates of environmental microorganisms. Curr Opin in Biotech 13:25-30

Paper I

15



Paper I

16









Microbial Ecology YIIO AHMOXIEYXH

Bacterial Community Composition in Different Sediments from the Eastern
Mediterranean Sea: a Comparison of Four 16S rDNA Clone Libraries

PARASKEVI N. POLYMENAKOU ', STEFAN BERTILSSON *, ANASTASIOS
TSELEPIDES ', EURIPIDES G. STEPHANOU *

! Hellenic Center for Marine Research, Gournes Pediados, GR 71003, Heraklion, Crete,
Greece

* Limnology/Department of Ecology & Evolution, Evolutionary Biology Centre, Uppsala
University, Norbyv. 20, SE-75236, Uppsala, Sweden.

’ Environmental Chemical Processes Laboratory, Department of Chemistry, University of
Crete, 71409, Heraklion, Greece

* Author for correspondence: Stefan Bertilsson. Tel: + 46-18-4712712. Fax: + 46-18-531134.
E-mail: stebe@ebc.uu.se

Received: 07 January 2005 Accepted: 09 March 2005
Running Title: Bacterial diversity in Mediterranean sediments
Keywords: sediment, bacteria, 16S rDNA, clone library, diversity, community composition

Abstract

The regional variability of sediment bacterial community composition and diversity was
studied by comparative analysis of four large 16S ribosomal DNA (rDNA) clone libraries
from sediments in different regions of the Eastern Mediterranean Sea (Thermaikos Gulf,
Cretan Sea and South Ionian Sea). Amplified rRNA restriction analysis of 664 clones from
the libraries indicate that the rDNA richness and evenness was high: e.g. a near 1:1
relationship among screened clones and number of unique restriction patterns when up to 190
clones were screened for each library. Phylogenetic analysis of 207 bacterial 16S rDNA
sequences from the sediment libraries demonstrated that Gamma-, Delta-, and
Alphaproteobacteria, = Holophaga/Acidobacteria, = Planctomycetales,  Actinobacteria,
Bacteroidetes, and Verrucomicrobia were represented in all four libraries. A few clones also
grouped with the Betaproteobacteria, Nitrospirae, Spirochaetales, Chlamydiae, Firmicutes
and candidate division OPI11. The abundance of sequences affiliated with
Gammaproteobacteria was higher in libraries from shallow sediments in the Thermaikos Gulf
(30m) and the Cretan Sea (100m) compared to the deeper South Ionian station (2790 m).
Most sequences in the four sediment libraries clustered with uncultured 16S rDNA
phylotypes from marine habitats, and many of the closest matches were clones from
hydrocarbon seeps, benzene mineralizing consortia, sulfate-reducers, sulfur-oxidizers and
ammonia oxidizers. LIBSHUFF statistics of 16S rRNA gene sequences from the 4 libraries
revealed major differences, indicating either a very high richness in the sediment bacterial
communities or considerable variability in bacterial community composition among regions,
or both.

1. Introduction

It is notoriously difficult to isolate and cultivate bacterial populations representative of
natural bacterial communities and this limitation is believed to be even more severe in
environments characterized by extreme environmental conditions [9]. Hence our current
understanding of microbial biodiversity in marine environments relies to a large extent on the
development and use of culture independent molecular methods that can provide information
on the phylogeny and distribution of non-cultivable microorganisms [6, 27]. Sequence
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analysis of PCR-amplified and cloned 16S ribosomal RNA genes (16S rDNA), is a widely
used approach to assess microbial diversity and community composition in environmental
samples [10, 63]. This approach has been used to describe the composition of bacterial
communities in several marine sediments, but most of these libraries contain relatively few
clones (e.g. [24, 31, 32, 61]) and therefore provide limited information on the composition
and diversity of the usually very complex natural microbial communities found in sediments.
On the other hand, these libraries have revealed that sequences related to the Alpha-, Beta-,
Gamma- and  Deltaproteobacteria, =~ Gram-positives,  Cytophaga-Flavobacterium-
Bacteroidetes, Planctomycetales, Actinobacteria, as well as Verrucomicrobia likely occur at
high frequencies in most sediments. More extensive screening of a few sediment 16S rDNA
clone libraries have also demonstrated that additional bacterial groups can be abundant, for
example the recently introduced phylum Gemmatimonadetes (previously known as candidate
division KS-B) [65], the new candidate division KS-A [35] and clones affiliated with the
candidate divisions OP 3, OP 8 and OP 11 [10, 56]. Thus it can be expected that the analysis
of more such large clone libraries will reveal other, hitherto undiscovered groups and
divisions.

Analyses of multiple large clone libraries with similar techniques enable comparisons to
be made among bacterial communities in different samples as well as identification of widely
distributed sediment bacterial phylotypes. A comparison of bacterial phylotypes (98% similar
16S rDNA) in three separate libraries constructed from different horizons (0- to 0.4- cm, 1.5-
to 2.5-cm and 20- to 21-cm depth) in an Antarctic continental shelf sediment demonstrated
that 76 out of a total 496 phylotypes were present in all three libraries [10]. A similar
comparison of medium-sized 16S rDNA clone libraries (69-130 clones) from five Antarctic
lake sediments and a coastal sediment from the same area also indicate that sediments were
highly dissimilar even if sediment libraries from geochemically similar lakes shared several
common phylotypes [11]. Knowing the phylogeny and occurrence of different bacterial
populations in sediments is a first step towards understanding the biogeochemical function
and ecology of these largely uncultivated microbial communities as well as the extent of
genetic diversity that can be found in sediment bacteria across the globe [10]. However, with
the exception of some functionally defined bacterial groups (methanogens, methanotrophs,
sulfate reducing bacteria), our knowledge about the ecology and physiology of sediment
bacteria is fragmentary due to the lack of cultured representatives for many groups as well as
the lack of extensive biogeographical studies of sediment bacterial populations [10].

The eastern basin of the Mediterranean Sea is considered to be one of the world’s most
oligotrophic areas and is characterized by an overall nutrient deficit [28, 60] and extremely
low primary productivity [19, 44]. As a result, minute amounts of organic matter reach the sea
floor [15, 16, 17] and the growth and abundance of benthic bacteria is likely constrained by
the input of fresh organic material from the pelagic zone [18]. Furthermore, some regions of
the Eastern Mediterranean Sea are highly exposed to anthropogenic influence and therefore
contain many steep pollutant concentration gradients [23, 42]. Until now, few attempts have
been made to describe the diversity and composition of sediment bacterial communities in the
Eastern Mediterranean Sea. The only available information have been acquired from sites
exposed to extreme physicochemical conditions, such as a) a hydrothermal vent area near
Milos Island [12, 50, 51], b) the microbial community inhabiting the chemocline of the
hypersaline anoxic Urania basin in the Eastern Mediterranean Sea [48], and c) the late
Pleistocene organic-rich sediments (sapropels) southeast of Crete (Greece) [14]. There is also
a general lack of information regarding bacterial communities in the Western region of the
Mediterranean Sea, where the only available data was retrieved from 16S rDNA analysis of
mesocosms with Mediterranean Sea water [45, 49] and marine bacterioplankton collected
outside the Spanish coast [1, 4, 40].

Using multiple fingerprinting techniques (PLFA analysis and 16S rRNA genotyping by
denaturing gradient gel electrophoresis and terminal-restriction fragment length
polymorphism) we observed marked differences in bacterial community composition in
surface sediments from various regions of the Eastern Mediterranean Sea. [42]. Bacterial
communities from sediment of the Northern, more productive regions of the Thermaikos Gulf
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were significantly separated from the oligotrophic regions of the Cretan, South Ionian and
Levantine seas. Furthermore, communities of deep sediments (> 1494 m depth) were clearly
separated from their shallow (< 617 m) counterparts. We could also correlate the community
composition to environmental state variables such as sediment carbon content and chlorophyll
whereas petroleum contamination was less important in this regard [42]. The present study
complements this survey in providing a detailed comparative 16S rRNA gene analysis of four
of these sediment bacterial communities obtained from various regions of the oligotrophic
Eastern Mediterranean Sea.

2. Materials and Methods

2.1 Sampling sites and geochemical characteristics

Sediment samples were collected from 3 regions in the Eastern Mediterranean Sea
(Thermaikos Gulf, Cretan Sea and South Ionian Sea; Fig. 1). A Bowers and Connelly
Multiple-corer (8 cores, i.d. 9.0 cm) [8] was used to collect undisturbed sediment samples
from the Thermaikos Gulf in February 2002 and from the Cretan Sea in July 2002. Sediment
from the South lonian Sea was collected in November 2001, using an USNEL Boxcorer. All
sampling was carried out onboard the R/V’s Aegaeo and Philia. Mixed surface sediment
samples (0-1 cm) from each of the four sampled sediments were stored frozen in sterile
plastic vials for subsequent analysis. Sediment chlorophyll @ [33] and total organic carbon
concentration [25] were determined using a Turner TD-700 fluorometer and a Perkin Elmer
CHN 2400 analyser, respectively. Petroleum hydrocarbons (H/C) and n-alkanes were
analyzed according to Gogou et al. [22], while phospholipid linked fatty acids (PLFA) were
analyzed as described by Polymenakou et al. [42].

2.2 DNA extraction, PCR, cloning and RFLP screening

Total DNA was extracted from sediments using the FastDNA-Spin Kit for Soil (Q-BIOgene,
Carlsbad, CA) as previously described [42]. Bacterial 16S rRNA genes were amplified from
mixed genomic samples using the polymerase chain reaction (PCR) with the universal
bacterial ~ primers 27f modified to match also  Planctomycetales  (5'-
AGRGTTTGATCMTGGCTCAG-3") [62] and 1492r (5'- GGYTACCTTGTTACGACTT-3")
[30]. PCR conditions were designed to minimize bias [43, 63]. For each sample, eight
replicate PCR reactions of 30 pl were amplified in a Stratagene Robocycler with initial
denaturation at 94°C for 3 min followed by 25 cycles of 1 min at 94°C, 1 min annealing at
55°C, 3 min primer extension at 72°C and a final extension at 72°C for 7 min. Each tube
contained 1-4 ng of target DNA, PCR buffer (10 mM Tris-HCI, pH 9, 50 mM KCI, 0.1 %
Triton X-100 and 2 mM MgCl,), 100 nM of each primer, 200 pM of each ANTP and 0.25 U
Taq DNA Polymerase (Invitrogen, Carlsbad, CA). Products from each of the 8 PCR reactions
were used as templates 1:10 (vol.) in duplicate 3-cycle reconditioning PCR-reactions (16
reactions total) to eliminate heteroduplex formation that may introduce artificial diversity in
clone libraries [57]. All PCR products were pooled and precipitated with ethanol and sodium
acetate [47] followed by gel purification using the Qiaquick PCR purification kit (Qiagen,
Valencia, CA). The concentration of PCR products generated from the different sediment
samples was determined by direct comparison to a Low DNA Mass ladder (Invitrogen,
Carlsbad, CA) using 2% agarose gel electrophoresis, ethidium bromide staining and UV-
transillumination. For each sampling site, 5-10 ng of PCR product was cloned into the pCR 4-
TOPO vector and transformed into chemically competent cells of E.coli One shot TOP10
cells using the TOPO TA Cloning® kit (Version M) as recommended by the manufacturer
(Invitrogen, Carlsbad, CA). At least 200 positive clones from each clone library (selected by
blue and white screening) were transferred to 96-well plates and incubated overnight at 37°C
in Luria-Bertani (LB) medium containing 50 pg kanamycin ml”. Aliquots of the individual
clones were (i) archived at —80°C in 7% Dimethyl sulfoxide or (ii) washed by pelletizing cells
in a 30 min centrifugation at 10,000 x g followed by supernatant removal by low-speed
centrifugation (<500 rpm) of inverted plates. Pelletized cells were resuspended in 30 pl sterile
and UV-irradiated MQ-grade water. Cells were lysed by heating at 98°C for 10 minutes
followed by agitation. The lysates were used (1:10 vol.) as templates in a PCR amplification
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of the insert using external (vector) primers M13{-20 (5’-GTAAAACGACGGCCAG-3’) and
M13r (5-CAGGAAACAGCTATGAC-3’; Invitrogen) to avoid co-amplification of E. coli
host-cell DNA. PCR amplification was carried out for 25 cycles as described before. Positive
transformants (clones carrying an insert of correct size) were identified by agarose gel
electrophoresis as described above. Aliquots (5ul) of individual PCR products were digested
with two four-cutting restriction enzymes (Hhal and Haelll) for 16 h according to instructions
supplied by the manufacturer (Invitrogen, Carlsbad, CA). After inactivation of the enzymes
(20 min at 85°C), fragments were sized by electrophoresis on a 2% agarose gel (2.5 hours,
80V, 10°C). Fragments were recorded using ethidium bromide staining and UV-
transillumination. A 100bp DNA ladder (Invitrogen, Carlsbad, CA) was used for
determination of fragment size. The resulting restriction fragment length polymorphism
(RFLP) patterns were then used to classify clones into operational taxonomic units (OTUs).

2.3 Sequencing and phylogenetic analysis

A total of 219 clones from randomly chosen OTUs were sequenced on an ABI 3700 96-
capillary sequencer (Applied Biosystems) using primer 27f [62] and the BigDye terminator
kit v.3.1 (Applied Biosystems). This generated high-quality reads of between 450 and 780
bases. Ten of the sequences were identified as likely chimeric molecules using the Chimera
Check software included in the Ribosomal Database Project II [36] and these were excluded
from further analysis. The remaining 209 sequences were compared to Genbank entries using
BLAST (Basic Local Alignments Tool) [5] in order to obtain a preliminary phylogenetic
affiliation of the clones. Two sequences were affiliated with eukaryote organelles and were
excluded from further analysis. The remaining 207 clones (63 from station ThermO1, 45 from
station Therm30, 49 from station Cretal and 50 from station S.lonian), were used for
phylogenetic analysis. All sequences were imported to the ARB software Version 2.5b [54]
and aligned using the integrated aligner tool and the fast aligner option followed by manual
alignment of the sequences to closely related sequences in the ARB database. Phylogenetic
trees were constructed in ARB using maximum likelihood [21]. The robustness of tree
topologies was confirmed by maximum parsimony analysis [54] with 100 bootstrap
replications [20]. Novel clusters of uncultured sediment bacteria were defined as
monophyletic groups of 16S rDNA sequences with a minimum sequence similarity of 90%.
Additional criteria were that the cluster should contain at least three sequences from a
minimum of two libraries.

2.4 Analysis of species richness and clone library similarity

For each clone library, the RFLP-based distribution of clones in different OTUs was used to
estimate species richness using the web based Rarefaction calculator software
(http://www2.biology.ualberta.ca/jbrzusto/ rarefact.php). Species richness was estimated
using the nonparametric Chao estimator S " = Sobs + (a2/2b) where Sy 1s the number of 16S
rDNA clones observed, a is the number of clones observed just once and b is the number of
clones observed twice [13]. The standard deviation (SD) was estimated using the equation
SD = b[(a/(4b))* + (a/b)’ + (a/2b))*]. To determine the significance of differences between two
clone libraries (e.g. X and Y), differences (AC) between °‘homologous’ Cy(D) and
“‘heterologous’’ coverage curves Cyy(D) were calculated using the LIBSHUFF software
(http://libshuff.mib.uga.edu/ [52]). The ‘‘homologous’® coverage of clone library X is
calculated using the equation Cy = 1 — (Ny/ n), where Nyis the number of unique sequences in
the sample and # is the total number of sequences. In a similar way, the ‘‘heterologous’’
coverage of clone library X by a second clone library Y is defined as: Cyy = 1 — (Nyy/ n),
where Nyyis the number of sequences in clone library X not found in the second clone library
Y and 7 is the number of sequences in X. Both Nyand Nyycan be defined at different levels of
evolutionary distance (D), e.g. homology of the sequenced 16S rRNA fragments, to generate
a coverage curve. If clone libraries are similar then the coverage curves Cy(D) and Cxy(D) are
also expected to be similar. Significance of AC is described by P, which is calculated by
randomly shuffling sequences (e.g. 999 times) and estimating AC after each shuffling. The
randomized values plus the empirical value of AC are ranked from largest to smallest, and
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then the P value is estimated to be /(N + 1), where » denotes the rank of the empirical value

of AC[52].

2.5 Nucleotide sequence accession numbers

The 207 partial 16S rDNA sequences generated in the present study have been deposited
in Genbank under accession numbers AY 533880-AY534086.

3. Results
3.1 Sediment characteristics

Sediment sampling sites were located
at variable depths (30-2790 m) in various
regions of the Eastern Mediterranean Sea
(Tables 1 and 2, Fig. 1). A detailed
description of the  biogeochemical
characterization of the sediments has been
presented elsewhere [42]. Briefly, the
depths of the sampling stations varied
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from 30-100 meters for the Thermaikos
Gulf and the Cretan Sea, whereas the
sediment from the South Ionian Sea was
collected from 2790 meters depth.
Chlorophyll a, total organic carbon,
petroleum H/C and n-alkane levels were
highest in station ThermO1 (7.68 pg g,
147 %, 17.86 pg g' and 3.31 pg g’
respectively) whereas the lowest levels
were recorded in sediments from station
Cretal (0.32 pg g, 0.45 %, 0.67 pg g
and 0.15 pg g, respectively). Stations
Therm30 and S.Ionian, were characterized
by intermediate levels of organic carbon
(0.53 £ 0.04 % and 0.79 = 0.07 %) and petroleum H/C (1.5 pg g and 1.9 pg g™), whereas the
PLFA content was much higher in the station located in the Thermaikos Gulf (ThermO1; 2.26
g g") compared to the other three sampling sites (Table 1).
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Figure 1. Geographic location of sampled
sediment stations in the Eastern Mediterranean

Sea.

Table 1. Biogeochemical characteristics of the sampling stations.

Therm01 Therm30 Cretal S.Ionian

Region Thermaikos Gulf Thermaikos Gulf Cretan Sea South Ionian Sea
Station character shallow mesotrophic ~ shallow mesotrophic  shallow oligotrophic  deep oligotrophic
Chlorophyll a (ug g™) 7.68+£2.75 1.22 £0.07 0.32£0.06 0.05 £0.001
organic carbon (%) 1.47£0.12 0.53 +£0.04 0.45+£0.06 0.79 £0.07
petroleum H/C (pg g™) 17.86 1.52 0.67 1.92
n-alkanes (pg g”) 3.31 0.39 0.15 0.65
PLFA (ngg™) 2.26 0.22 0.62 0.13

3.2 Taxonomic groups and their distribution

All four bacterial 16S rDNA clone libraries were diverse and included sequences
affiliated with most classes or phyla previously detected in marine sediments (Table 3).
Among the 207 bacterial 16S rDNA sequences used for phylogenetic analyses, 37% shared
86-92% sequence similarity with any cultured bacterial strain. The remaining clones were
also distinct from any cultured bacterial species (< 86% sequence similarity). Pairwise
comparisons of all sequences in the four libraries showed high heterogeneity in the libraries as
only 28 sequences (14%) shared more than 92% similarity to any of the other sequences or
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A Mediterranean Sea water clone 400_AGG_D3, AF063633 : Betaproteobacteria
Cretal-H10, AY534019

hydrothermal vent sulfur-oxidizing bacterium clone OAII2, AF170423
Therm30-E07, AY533984
S.lonian-F01, AY534017
S.lonian-H04, AY534004
hydrothermal vent sulfur-oxidizing bacterium clone OBII5, AF170421
Therm30-G07, AY533988
Thioalcalovibrio denitrifucans, AF126545 | Thioalcalovibrio
Thioalcalovibrio versutus, AF126546
Cretal-H12, AY534008
Cretal-Al10, AY533993 Legionellales
hydrocarbon seep sediment clone BPC023, AF154087
Therm01-43, AY533967
Therm01-85, AY533977
‘Monterey Canyon’ Beggiatoa sp. AF064543
Cretal-E11, AY533997
Cretal-HO5, AY534005
92 Therm30-H08, AY533990

Solemya occidentalis gill symbiont clone, U41049
Dechloromarinus chlorophilus, AF170359
Escarpia spicata endosymbiont clone, AF165909

Thyasira flexuosa gill symbiont clone, L01575

Therm01-40, AY533966

Cretal-F08, AY533999

Therm30-F09, AY533986

Therm01-3, AY533960

Cretal-E09, AY533996

Therm30-A12, AY533981 Therm/Cretal

Therm01-96, AY533978

Therm01-72, AY533975

Therm01-56, AY533970

Therm01-71, AY533974

Therm30-F11, AY533987

Halochromatium salexigens, X98597 Chromatiaceae
phototrophic bacterium clone BN3201, X93472

Cretal-EO07, AY533995

Cretal-F10, AY534000 Pseudoalteromonas
oligotrophic bacterium clone KI89C, AB022713
Therm01-66, AY533973

Cretal-A09, AY533992

Therm30-E11, AY533985

Therm30-C09, AY533983

continental shelf water clone, U70702

Therm01-55, AY533969

Pseudomonas symbiotic clone, AF102866 | Pseudomonadales
Microbulbifer hydrolyticus, U58338

Microbulbifer elongatus, AB021363

Therm01-35, AY533965

95 S.lonian-G06, AY534016
4'% Cretal-G09, AT534002
S.lonian-G04, AY534015

Cretal-B09, AY533994
Cretal-H11, AY534007
Cretal-H07, AY534006
hydrocarbon seep sediment clone BPC022, AF154086

Cretal-G12, AY534003
Cretal-H04, AY534004
deep-sea sediment clone BD3-1, AB015547
Cretal-G08, AY534001
Therm30-A10, AY533980
Therm01-25, AY533963

Cretal-E12, AY533998 | Therm/Creta/lonian
S.lonian-C05, AY534012
S.lonian-B06, AY534011
S.lonian-E01, AY534013
S.lonian-H06, AY534018
Therm30-H10, AY533991
S.lonian-A06, AY534009
Therm01-32, AY533964
Therm30-A09, AY533979
Therm01-57, AY533971
Therm01-53, AY533968
Therm30-G10, AY533989
Therm30-B09, AY533982
Therm01-15, AY533962
cold marine sediment clone Sva0115, AJ240974
S.lonian-A10, AY534010
ThermO01-2, AY533959
Therm01-60, AY533972
Therm01-13, AY533961
Therm01-83, AY533976
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Figure 2. Maximum likelihood 16S rDNA tree showing positions of phylotypes affiliated with A)
Betaproteobacteria and Gammaproteobacteria, B) Deltaproteobacteria, C) Alphaproteobacteria, D)
Holophaga/Acidobacteria, E) Planctomycetales and F) Chloroflexi, Firmicutes, Spirochaetales,
Actinobacteria, Nitrospirae, Bacteroidetes, Chlamydiae, Verrucomicrobia, the candidate division
OP11 from sediment clone libraries in the Eastern Mediterranean Sea. Partial 16S rDNA sequences
obtained from the clone libraries Therm01, Therm30, Cretal and S.lonian and their closest matching
entries in Genbank were included in the analysis. Bootstrap values at the nodes (100 replications)
were calculated using maximum parsimony. Values below 50% are not shown. The scale bar
indicates 10% nucleotide change per 16S rRNA position. Sequences from cultured representatives are
indicated by italics.
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B Therm01-4, AY533924 .
100| [Therm01-77, AY533933 |unaffiliated Delta
-Therm01-9, AY533925
hydrocarbon seep sediment clone BPC005, AF154090
Desulfocapsa sulfoexigens, Y13672
meromistic lake sulfate-reducing bacterium clone 282, AJ389626 [Desulfobulbaceae
99 Desulfofustis glycolicus, X9970
Therm01-23, AY533926
Therm01-48, AY533930
Desulfovibrio desulfuricans, AF098671
Bdellovibrio bacteriovorus, AF148941
Cretal-B11, AY533947
Cretal-C11, AY533950
S.lonian-G01, AY533956
Therm01-C05, AY533935
Myxococcales str. NOSO-1, AJ233948
Cretal-F09, AY533951
Chondromyces crocatus, M94275
Polyangium cellulosum, M94282 .
Cretal-H02, AY533952 Polyangiaceae
sandy sediment myxobacterium clone SHI-1, AB016469
Nannocystis exedens, AJ233946
Therm01-34, AY533927
4 Therm01-80, AY533934 J
88 Cretal-C07, AY533948
Therm30-HO09, AY533946
S.lonian-A02, AY533953
S.lonian-E02, AY533954
S.lonian-G02, AY533957
Green Bay ferr. micronodule bacterium clone MND4, AF293008
S.lonian-E06, AY533955
Therm30-E12, AY533943
S.lonian-HO1, AY533958
Therm30-B08, AY533939
Japan Trench sediment clone NB1-I, AB013830
Cretal-C09, AY533949
Therm30-D07, AY533941 NB1
Therm01-D09, AY533937
Therm30-F10, AY533944 —
hydrocarbon seep sediment clone BPC076, AF154096
Therm30-D12, AY533942
Guayamas sediment benzene miner. consort. clone SB-21, AF029045
96 hydrocarbon seep sediment clone GCA017, AF154102
Therm30-H07, AY533945
soil sulfate-reducing bacterium clone R-ButAl, AJO12596
Desulfobacterium indolicum, AJ237607
Therm30-B10, AY533940
Therm01-67, AY533932
cold marine sediment clone Sva0863, AJ240977
Therm01-47, AY533929
Therm01-D11, AY533938
Therm01-65, AY533931
99 Guayamas sediment benzene miner. consort. clone SB-29, AF029047
Therm01-42, AY533928
Therm01-D06, AY533936 |

C 601:S.Ioniam—Do4, AY533922

S.lonian-F05, AY533923

Cretal-E10, AY533919

@retal-FlZ, AY533920

Therm30-A07, AY533914
Azospirillum lipoferum strain CW1503, AY518779
—] Rodovibrio sodomensis, M59072
Olavius loisae endosymbiont clone, AF104474
Therm30-F08, AY533917
magnetite-containing magnetic vibrio strain MV1, L06455
Rhodospirillum rubrum, X87278
Japan Trench sediment clone JTB131, AB015245

Cretal-HO1, AY533921
Therm30-D10, AY533916
Rhodopseudomonas sp. strain CP-B-2, D14426
100 Cretal-D12, AY533918 :I
hydrothermal vent clone NF18, AF254107 Rhodobacteraceae
Therm01-6, AY533912
Methylocystis parvus clone MFC-EB21, AF150805
E landfill soil type Il methanotroph clone AML-A3, AF177298i| Methylocystaceae
Methylosinus trichosporium, AF150804
Hyphomicrobium hollandicum, Y14303
Therm01-52, AY533913
Pedomicrobium manganicum, X97691
Therm30-C12, AY533915
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Figure 2. Continued
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D ————— Guayamas hydrothermal sediment archaeon clone AT_R004, AF419649
99 Therm30-D11, AY533891
100 ‘ Acidobacterium capsulatum, D26171

Yellowstone hot spring clone OPB3, AF027004
@ponge symbiont clone PAUC26f, AF186410

S.lonian-A04, AY533900
S.lonian-A05, AY533901

Cretal-HO3, AY533898
9% hydrocarbon seep sediment clone BPC102, AF154083
—— Therm01-39, AY533883

Therm01-18, AY533880

Therm01-D02, AY533885

S.lonian-C06, AY533906

S.lonian-A08, AY533902

S.lonian-C02, AY533904

S.lonian-G05, AY5339211

S.lonian-F04, AY533909

S.lonian-D05, AY533907

hydrocarbon seep sediment clone BPC066, AF154095
Therm30-H12, AY533893

hydrocarbon seep sediment clone BPC015, AF154085

100 arid soil clone C028, AF013527

Therm30-All, AY533887

activated sludge clone A22, AF234701

Holophaga foetida TMBS4-T, X77215

Geothrix fermentans, U41563

soil clone iiil-8, 295729

Therm30-B12, AY533889

Hawaii hydrothermal vent clone PVB_OTU_9A, U15118
cold marine sediment clone Sva0450, AJ240998

Therm01-27, AY533882

Cretal-E08, AY533897

Therm30-G11, AY533892
cold marine sediment clone Sva0725, AJ241003

S.lonian-C01, AY533903

S.lonian-E05, AY533908

Cretal-D10, AY533896

Cretal-H06, AY533899

Therm30-C08, AY533890

Cretal-B08, AY533895

S.lonian-C04, AY533905

Cretal-Al12, AY533894

S.lonian-G03, AY533910

Therm30-B11, AY533888

cold marine sediment clone Sva0515, AJ241004

Therm01-22, AY533881

Therm01-49, AY533884

Therm01-E01, AY533886

99

94

Holophaga / Acidobacteria

Figure 2. Continued

any sequence published in Genbank. Three novel clusters were identified within the
Gammaproteobacteria and the Planctomycetales (Figs. 2A, 2E). Phylogenetic analysis of the
partial 16S rDNA revealed that sequences grouped mainly with Gamma-, Alpha-, and
Deltaproteobacteria, ~ Holophaga/Acidobacteria, — Planctomycetales,  Actinobacteria,
Bacteroidetes, and Verrucomicrobia whereas Epsilonproteobacteria were absent from all the
libraries. In addition, a few clones (<4 per group) were affiliated with Betaproteobacteria,
Nitrospirae, Chloroflexi, Spirochaetales, Chlamydiae, Firmicutes and the candidate division
OP11. Finally, ten clones could not be affiliated with any known bacterial group (Table 3).

Gammaproteobacteria were frequently encountered in all four clone libraries,
representing 31.7, 28.9, 36.7 and 20% of the clones from ThermO1, Therm30, Cretal and
S.Ionian libraries, respectively (Table 3). Few sequences (<7%) were affiliated with
established phylogenetic groups containing cultured representatives, i.e. Thioalcalovibrio,
Legionellales, Thiotrichales, Chromatiaceae, Pseudoalteromonas and Pseudomonadales (Fig.
2A). The remaining sequences grouped with clones obtained using culture independent
methods (Table 3, Fig. 2A). Sequences affiliated with Legionellales and Pseudoalteromonas
were only found in the Cretan Sea library, whereas Thioalcalovibrio and Chromatiaceae were
only found in the Therm30 clone library. The library from the deeper sediment of the South
Ionian Sea did not contain any sequences affiliated with established groups containing
cultured representatives (Fig. 2A). The sequence that grouped with Thioalcalovibrio was most
closely related to the known sulfur-oxidizers Thioalcalovibrio denitrificans and
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Figure 2. Continued

Thioalcalovibrio versutus, whereas sequences affiliated with Legionellales were most closely
related to sequences retrieved from hydrocarbon seep sediments (Fig. 2A). The members of
Thiotrichales were most closely related to Beggiatoa sp. A single clone grouped in the
Betaproteobacteria (Fig. 2A).

16.9% of the sequenced clones were affiliated with Deltaproteobacteria and grouped
mainly in 4 families containing cultured representatives (i.e. Desulfobulbaceae,
Bdellovibrionaceae, Polyangiaceae, and Desulfobacteraceae (Table 3, Fig. 2B). Three
closely related sequences from library Therm01 were tentatively identified as
Deltaproteobacteria but could not be affiliated to any known group. The closest match in
Genbank (94% similar) was the uncultured deltaproteobacterium clone Sva0103 originating
from an Arctic sediment library [46]. One cluster (NB1) was observed distinct from cultured
species and was related to Polyangiaceae and Desulfobacteraceae (Fig. 2B). Sequences
affiliated with Desulfobulbaceae were most closely related to hydrocarbon seep bacteria, and
to Desulfocapsa sulfoxigens and Desulfofustis glycolicus. Several of the sequenced clones
from all four sediments were most closely related to various sulfate-reducing bacteria. The
representatives of Desulfobacteraceae all originated from the Thermaikos Gulf, were closely
related to either hydrocarbon seep sediment bacteria, bacteria forming a benzene mineralizing
consortium and Desulfobacterium indolicum (Fig. 2B).

Sequences affiliated with Alphaproteobacteria accounted for 5.8% of the total clones, but
also varied largely among the libraries (Table 3).  Most clones affiliated with
Alphaproteobacteria grouped in three families (Fig. 2C). All sediments except the most
contaminated and productive station (Therm(1; Table 1) contained sequences affiliated with
Hyphomicrobiaceae, Rhodobacteraceae, and Methylocystaceae (Fig. 2C).

Sequences affiliated with Holophaga/Acidobacteria were abundant in all four libraries
(Table 3). Between 11 and 16 % of the sequences from the shallow stations ThermO1,
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Therm30 and Cretal were affiliated with this group, whereas the corresponding number for
the deep station in South Ionian Sea was 24% (Table 3). This division was introduced as a
new phylum in the domain Bacteria in the late 1990’s and is related to Planctomycetales and
Chlamydiae [34].

Clones affiliated with the order Planctomycetales accounted for 11.1% of the total
sequenced clones (7.9, 13.3, 10.2 and 14% for libraries from ThermO1, Therm30, Cretal and

Paper 11

10



S.lonian, respectively; Table 3). The sequence divergence within the group was high and a
new sediment cluster could be identified (ThermO1/Cretal), with a minimum sequence
similarity exceeding 94% (Fig. 2E).

Table 2. Comparison of total screened clones, number of phylotypes, estimated total sequence
richness and coverage for large 16S rDNA clone libraries for sediment bacteria. The sediment depths
at the sampling site, number of different samples/sub-libraries, RFLP screening procedure, Chao-1
species richness estimator and the coverage of the libraries are included. Coverage was estimated by
dividing the number of unique phylotypes detected from the RFLP screening with the total species
richness estimate obtained using the Chao-1 procedure.

8 g 2
= fn g P E‘ 2 &
F £ : & 5 s
Sampling area = g‘ - e £ & 2 Data source
= E] e = = S Q
2 <z 3 £ 2 S <
«» S Z & 2 B
S ] 7
z &
This study
Thermaikos Gulf-Therm01 30 m 1 94 80 Hhal/Haelll 440 18.2 this study
Thermaikos Gulf-Therm30 86 m 1 190 165 Hhal/Haelll 958 17.2 this study
Cretan Sea-Cretal 100 m 1 190 152 Hhal/Haelll 478 31.8 this study
South Ionian Sea-S.Ionian 2790 m 1 190 171 Hhal/Haelll 1306 13.1 this study
Previous studies
Continental Shelf, Antarctica 761 m 3 1046 496 - 4350 ~22.6-35.6 Bowman, 2003
E. Antarctica, Vestfolds Hills coastal 6 555 202 Ncil/Rsal/Hinfl - ~15-36 Bowman, 2000
Arctic Ocean, Spitsbergen coastal 1 353 140 Haelll - 71.95 Ravenschlag, 1999
Deep Sea sediments 1159-6379m 7 149 75 Rsal/Mspl - - Li, 1999
French Guiana, S. America coastal 1 96 63  Hinfl/Haelll/Ddel/Hhal - - Madrid, 2001
Sagami Bay, Japan 1159 m 1 77 57 Hhal/Rsal/Haelll ~126 45 Urakawa, 1999
Sagami Bay, Japan 1516 m 1 62 17 Hhal/Rsal/Haelll ~21 84 Urakawa, 1999
Tokyo Bay, Japan 43 m 1 58 21 Hhal/Rsal/Haelll ~29 74 Urakawa, 1999

Only 3.4% of the total sequenced clones were affiliated with the phylum Bacteroidetes
(Table 3). Four different phylotypes from the Thermaikos Gulf grouped with the
Flavobacteria and three of these were related to the Antarctic sea ice bacterium clone SW17
(>94% sequence similarity; Fig. 2F). One clone from the South Ionian Sea grouped with a
halophilic eubacterium EHB derived from a solar saltern and three phylotypes grouped with
Cytophaga clones obtained from the deepest cold-seep area in the Japan Trench (Accession
no: AB015585, AB015262) and from the Suruga Bay (Accession no: AB015543) [31, 32].

Verrucomicrobia, Chloroflexi, Nitrospirae, Chlamydiae, and Spirochaetales, were minor
components in each of the 4 libraries (between 0.5 and 2.9 %; Table 3). Clones affiliated with
Verrucomicrobia were found in the libraries from Therm30, Cretal and S.Ionian, whereas this
phylum was absent in the polluted ThermO1 sediment. The clones were most closely related
to 16S rDNA clones derived from an Arctic Ocean bacterioplankton sample [7] (Fig. 2F).
Sequences affiliated with the phylum Nitrospirae were retrieved from the two most
hydrocarbon-contaminated sediments (Cretal, S.lonian) and grouped in the class Nitrospira
(Fig. 2F).

Finally, two clones from the Thermaikos Gulf and the Cretan Sea were affiliated with the
phylum Chlamydiae, and a single clone obtained from the Thermaikos Gulf was affiliated
with the Spirochaetales (Fig. 2F). Few sequences from the 4 sediments grouped in the
candidate divisions hitherto only described using culture independent techniques, e.g. less
than 1.0% of the total screened clones were affiliated with candidate division OP11 (Fig. 2F).

All libraries contained sequences affiliated with the phylum Actinobacteria (2.0-4.4 %,
high-GC gram-positive bacteria). This group contained members of Acidimicrobiales and
Actinomycetales (Fig. 2F). A single sequence from the ThermO1 library was affiliated within
the order Acidimicrobiales, with the filamentous sludge bacterium ‘Microthrix parvicella’ as
its closest relative. Most of the Actinobacteria sequences were affiliated with the order
Actinomycetales that also included a clone derived from an anoxic sediment located in the
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Arctic Ocean (Accession no: AJ241019) [46]. A single sequence from the contaminated
ThermO1 sediment grouped in the phylum Firmicutes (low-GC gram-positives) and was most
closely related to Bacillus benzeovorans [41] (Fig. 2F).

Table 3. 16S rDNA phylotype distribution in the sediment clone libraries Therm01, Therm30, Cretal,
S.Ionian and estimations for the combined clone libraries for the Eastern Mediterranean Sea sediments.

% of phylotypes in the clones libraries ~ estimations for all libraries

Taxonomic groups Therm01 Therm30 Cretal S.lonian Eastern Mediterranean
Beta- Gamma- Proteobacteria 31.7 289 36.7 20.0 29.5
Deltaproteobacteria 23.8 17.8 122 12.0 16.9
Acidobacteria 11.1 15.6 12.2 24.0 155
Planctomycetales 7.9 133 10.2 14.0 11.1
Alphaproteobacteria 32 8.9 8.2 4.0 5.8
Bacteroidetes 4.8 44 2.0 2.0 34
Actinobacteria 32 44 2.0 4.0 34
Verrucomicrobia 0.0 2.2 6.1 4.0 2.9
Chloroflexi 32 0.0 0.0 4.0 1.9
Nitrospirae 0.0 0.0 6.1 2.0 1.9
Chlamydiae 0.0 2.2 2.0 0.0 1.0
Firmicutes 1.6 0.0 0.0 0.0 0.5
Spirochaetales 1.6 0.0 0.0 0.0 0.5
OP11 group 32 0.0 0.0 0.0 1.0
Nonaffiliated groups 4.8 2.2 2.0 10.0 4.9
3.3 Bacterial Diversity

The number (richness) and frequency (evenness) of 16S rDNA-based phylotypes were
evaluated by RFLP analysis of between 94 and 190 randomly selected clones from each of the
4 sediment libraries. We were only able to manually compare and classify the RFLP patterns
for single libraries (max. 190 clones) since it was necessary to run out similar clones ‘side by
side’’ in order to determine if they represented unique patterns. This pairwise screening was
extremely time-consuming and due to the large size of the combined library (664 clones), no
attempts were made to compare the RFLP patterns between the different libraries. Species
richness based on RFLP banding patterns was therefore only calculated for individual clone
libraries. Eighty different OTUs (e.g. unique RFLP patterns) were identified among the 94
screened clones from the ThermO1-library, whereas 165, 152, and 171 different OTUs were
determined from the 190 clones screened for each of the three additional sediments (i.e.
Therm30, Cretal and S.lonian; Table 1). The Chao-1 richness estimator was highest for the

Table 4. Comparisons of the 16S rDNA clone libraries ThermO1l, Therm30, Cretal, S.Ionian.
Analysis was carried out using the LIBSHUFF software. Values of AC indicated that differences
between homologous and heterologous coverage curves were significant for all crosswise
comparsions at P < 0.05. Similarities (S) using mixed-community T-RFLP data from Polymenakou et
al. [42] are also presented for comparison. The similarity S =2 .J/ (N, + N3), where J is the number of
common bands or terminal restriction fragments in samples 4 and B, and N, and Nj are the total
number of bands in the sample 4 and B respectively [42].

Stations Therm30 Cretal S.Ionian
LIBSHUFF T-RFLP LIBSHUFF T-RFLP LIBSHUFF T-RFLP
AC (P=0.001) S AC (P=0.001) S AC (P=0.001) S
ThermO1 4.510 0.612 4.510 0.565 4.510 0.409
Therm30 12.811 0.503 12.811 0.481
Cretal 11.574 0.384

South Ionian Sea and station Therm30 (1,306 + 187 and 958 + 134 OTUs respectively; Table
2), whereas lower values were obtained for Therm0O1 and Cretal (440 + 88 and 478 + 60
OTUs respectively; Table 2). However, all these estimates of total sequence richness are
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underestimates since the screening of the libraries suggested that our libraries only contained
a minor fraction of the total bacterial 16S rDNAs and that nearly every new clone screened
represented a novel RFLP pattern (Fig. 3).
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Figure 3. Rarefaction analysis of 16S rDNA sequence heterogeneity in clone libraries from four
geographically separated sediments situated in the Eastern Mediterranean Sea (Therm01, Therm30,
Cretal, and S.lonian). Total number of screened clones are plotted against unique operational
taxonomic units (OTUs) identified by RFLP screening using two four-cutter restriction enzymes
(Hhal and Haelll). Error bars (hidden in symbol) indicate the standard deviation and the diagonal
line represent the 1:1 relationship where each screened clone is unique.

In an attempt to determine the significance of differences between the clone libraries
based on available sequence data, we applied LIBSHUFF statistics (Fig. 4). A comparison of
all libraries revealed that bacterial community composition differed significantly between the
four sampling sites (P = 0.001 for each combination; Table 4; Fig. 4). More detailed
information on differences between clone libraries was obtained by examining the distribution
of (Cy — Cyxy)* as a function of evolutionary distance (D). The coverage curves for
representative pairs of clone libraries clearly show major differences also at low levels of
genetic distance (D > 0.2; Fig. 4) and these differences were even more obvious for sediments
from different regions (e.g. Thermaikos Gulf and South Ionian Sea; Fig. 4B). Due to the
uncertainties associated with comparing RFLP banding patterns between the four screened
libraries, we used previously published Terminal Restriction Fragment Length Polymorphism
(T-RFLP) results as a measure of compare bacterial community composition in the sediments
[42]. The maximum similarity value for the T-RFLP pattern was observed for the two
adjacent stations within the Thermaikos Gulf (S = 0.612; Table 4) whereas these community
fingerprints were least similar for the Cretan and South Ionian seas (S = 0.384; Table 4),
corroborating the results from the LIBSHUFF clone library comparisons.

4. Discussion

The observed differences in microbial community composition among the sampled
sediments are likely associated with their geographic location since different water masses are
subject to contrasting environmental influences. For example, station ThermO1 is subject to
anthropogenic influences from Thessaloniki harbor and also receives a major input of riverine
water from a hydroelectric dam-construction [29]. The deeper South lonian Sea has high
levels of petroleum hydrocarbons with strong influences from the southern Adriatic and the
Levantine Sea [37].

Clones affiliated with Gammaproteobacteria occurred more frequently in the
three shallow sediments compared to the deep, low-chlorophyll sediment of the South
Ionian Sea. These more shallow sediments also had multiple clones affiliated with the
novel cluster Therm/Cretal (Fig. 2A). Gammaproteobacteria were also the dominant
bacterial group in the previously published clone libraries from Antarctic shelf
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sediments [10] and an Arctic sediment [46]. Sequences affiliated with
Desulfobacteraceae were only observed in the two libraries from the Thermaikos
Gulf, possibly indicating that this family is mainly associated with the more
productive and shallow sediments of this 1

sub-basin.
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levels (ThermO1 and S.Ionian) contained
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In addition to the observed differences in heterologous (e) coverage curves for 16S

microbial community composition between
sampling locations, all clone libraries were
found to be highly diverse. Torsvik and
coworkers used DNA:DNA reassociation
kinetics to assess the total community
genome complexity in various environments
and found that bacterial communities in

rDNA are presented. Solid lines indicate AC or
(Cy - CXY)2 for the original samples at each
value of evolutionary distance (D). Broken
lines indicate the 950™ value (or P = 0.05) of
AC for the randomized samples. The applied
LIBSHUFF software has been created by
Singleton et al. [52].

pristine marine sediments can have a total community genome complexity exceeding values
obtained for complex microbial soil communities (~11,400 compared to ~8,800 genome
equivalents) [58]. In addition to being highly diverse, sediment bacterial communities consist
largely of uncultivated representatives [11]. Hence culture independent tools play a pivotal
role in the analysis of diversity and distribution of these organisms that often regulate major
biogeochemical cycles as well as the degradation and transformation of pollutants. Similar to
other methods, based on the use of PCR to enrich multiple alleles of specific genes from
complex mixtures of genomes, 16S rDNA clone libraries suffer from methodological
constraints that may skew the distribution of phylotypes in the library relative to the
community it was derived from [63]. Such bias may result from stochastic events during the
first cycles of the PCR [64], preferential amplification of certain sequences [38] and a
leveling effect in later stages of the PCR leading to a 1:1 bias in product ratios [55]. Hence we
cannot assume that the quantitative distribution of phylotypes in the library is a direct
quantitative representation of the community it was derived from even if care is taken to
minimize the bias (e.g. replicate PCR reactions, few amplification cycles). This is also evident
if we consider that the number of rRNA operons in single cells may vary from 1 to 15
between different taxa [2, 3].
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PCR-induced formation of chimeric molecules, heteroduplexes and mutations resulting
from Tag-error may also bias the library and introduce ‘artificial’ diversity. This interference
can be largely avoided by lowering the number of amplification cycles and carrying out
‘reconditioning PCR’ [57]. Finally, rRNA heterogeneity within genomes can be as high as 1%
for bacteria [2, 3]. This variability between operons may obscure discrimination of phylotypes
that are more than 99% similar since they may represent a single bacterial population.

In the present study we used RFLP screening with two four-cutting restriction enzymes
(Hhal and Haelll) to assess the richness in the respective library. Such a screening, with 1-4
restriction enzymes, is normally used to screen large clone libraries prior to sequencing of
selected clones for phylogenetic analysis and it has been shown that parallel use of 4 such
restriction enzymes can discriminate among sequences that are more than 98% similar [39].
Hence our richness estimates ranging from 440 to 1306 unique phylotypes are minimum
estimates that should be largely insensitive to the ‘artificial’ microdiversity potentially
introduced in the PCR. The use of variable definitions of a phylotype or OTU in different
studies of sediment clone libraries may also be part of the reason behind the variability in
estimated species richness and coverage among different sediment 16S rRNA libraries (Table
2). A previous attempt to rarefy bacterial 16S rDNA clone libraries from marine sediments by
direct comparison of sequence homology (98% similarity) has clearly shown that sediment
communities are highly diverse, e.g. libraries do not rarefy as more clones are screened and
almost every sequenced clone is unique in the respective library [10]. Richness estimates
based on capture-recapture statistics indicate a combined phylotype richness of 4.350 unique
bacterial phylotypes from a single Antarctic sediment core and a coverage that ranges from
23-36% (3 sediment horizons). In contrast, Ravenschlag and coworkers [46] used RFLP
screening with a single four-cutter restriction enzyme to delineate a phylotype and arrived at a
coverage of >70% when 353 clones were screened (Table 2). The high sequence richness in
all four sediment libraries in the present study indicates that thousands of clones need to be
screened to rarefy any individual sediment clone library. This observation confirms that
existing 16S rDNA clone libraries have only scratched the surface of the enormous bacterial
diversity contained in sediments. Finally, not a single 16S rDNA sequence in our four
sediment libraries was found in more than one of the four libraries.

The significance of differences between clone libraries was examined with LIBSHUFF
statistics. Paired reciprocal comparisons indicated that each of the libraries differs
significantly from the others, and this is in agreement with direct interpretation of
phylogenetic trees (Fig. 2). The LIBSHUFF program is a good test of library overlap;
however Stach et al. [53] reported that it is not sensitive to the phylogenetic grouping of taxa
and therefore LIBSHUFF statistics may indicate identical communities (P = 1.00) when
libraries are composed of closely related taxa [53]). Despite methodological constraints
regarding sample size in our study, the LIBSHUFF statistics scouts variation in differences
between different pairs of clone libraries. Hence libraries from geographically remote regions
were found to be much more different than those originating from the same general area (e.g.
Thermaikos Gulf). This observation was also corroborated by an independent analysis of
microbial community composition using T-RFLP analysis [42]. Bacterial community
composition was found to differ greatly among the sampling locations probably as a
consequence of either substantial regional variability or extremely high overall richness and
evenness in Mediterranean sediment bacterial communities, or a combination of the two.

To conclude, we assessed the bacteria community composition in different sediments of
the Eastern Mediterranean Sea. All four communities were highly diverse and the estimated
total sequence richness was found to be comparable to estimates for microorganisms
inhabiting terrestrial ecosystems [59, 66]. The quantitative distribution of different taxonomic
groups (phyla/class) was overall very similar among the communities but notable differences
were observed between deep and shallow sediments. All four libraries were found to be
significantly different containing sequences affiliated with various environmental clones from
hydrocarbon seeps, sulfate-reducers, sulfur-oxidizers and ammonia oxidizers. A large
proportion of the obtained phylotypes represent bacteria that are only distantly related to any
sequences in Genbank, implying that many more prokaryotic lineages await discovery as

Paper 11 15



high-throughput tools for analyzing large clone libraries are being put to use in studies of the
complex microbial communities that inhabit marine sediments.
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Abstract

Sedimentary diagenetic processes alter the composition and distribution of different lipid
compounds. In the present study alterations mediated by microbial communities were
investigated along a bathymetric gradient (100 m at 35°23'N-25°09'E, 617 m at 35°33'N-
25°08°E, 1494 m at 35°44'N-25°08 E) over the continental margin of northern Crete (Greece,
Eastern Mediterranean Sea). Bacterial abundances and distribution were studied using
phospholipid linked fatty acids (PLFA), in the range of Cg-Cy, released from intact
phospholipids. Lipid components (aliphatic hydrocarbons, free fatty acids, glycerides and
glycolipids) were studied over a 2-month incubation period. Carbon mineralization rates at all
stations indicated an uneven distribution of active aerobic bacteria with values decreasing
towards the deeper stations. PLFA homologue profiles denoted that acrobic gram negative
and sulfur oxidizing bacteria dominated microbial communities while the anaerobic, gram
positive and sulfate reducing bacteria occurred only in traces. The n-alkane (NA) composition
revealed a strong predominance of homologues with odd carbon numbers suggesting an
important terrestrial contribution to the sediments. The estimated descriptive ratios of NA, the
sum of short chain NA (C;5-Cy) and long chain NA (C,;-Css) to 170(H),21p(H)-Cso-hopane,
before and after a two-month incubation period, indicated the occurrence of hydrocarbon
degradation processes. Increased ratios of saturated to unsaturated fatty acids were also
recorded after the incubation indicating the starvation of bacterial communities by the end of
the experiments.

Keywords: mineralization, sediments, phospholipid-linked fatty acids, hydrocarbons,
bacterial communities

1. Introduction

The quantity and quality of organic matter in the surface sediment layers depends mainly
on the supply from different sources. Such are marine microbiota (e.g. algae, protozoa,
bacteria, archaea), phytodetrital material and zooplankton sinking down from the euphotic
zone as well as terrestrial plants (Postma et al. 1988; Riitters et al. 2002a; Volkman et al.
2000). The sediments can thus be characterized as the final depository for the accumulation of
authochthonous and allochthonous organic matter (Fabiano and Danovaro 1994; Gogou and
Stephanou 2004).

The input of organic matter can vary as a result of microbial degradation during
diagenesis in the water column and surface sediment (Teece et al. 1998). Many attempts have
been made to study microbial communities in the sediments based on cultivation approaches
(Suzuki and DeLong 2002; Wieringa et al. 2000) or analysis of lipid biomarkers (Bobbie and
White 1980; White et al. 1979; White et al. 1996). The assessment of metabolically diverse
microorganisms is very difficult as viable bacterial counts represent only 10% of the total
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community (Virtue et al. 1996). Thus, the composition of phospholipids and other lipid
biomarkers provides an insight into the community composition (White et al. 1996). In
addition, it reflects the physiological/nutritional status of the communities (White 1995) since
the phosphate group within phospholipids can be hydrolyzed and released by cellular
enzymes within 2-4 days following cell death (White et al. 1979).

It is well known that bacteria play a significant ecological and biogeochemical role in
marine ecosystems by regulating the transformation of major bioactive elements (e.g. carbon,
nitrogen, phosphorus, oxygen and sulfur) (Danovaro et al. 2000; Guezennec and Fiala-
Medioni 1996; Ringelberg et al. 1997), and by affecting the degradability of organic matter
(Aller and Aller 1998). Oxic conditions within the sediments have been reported to stimulate
the mineralization processes of the more refractory organic material like aromatic or
polymeric compounds (Benner et al. 1984), while redox conditions have a minor influence on
the degradability of the more labile organic matter (Otsuki and Hanya 1972).

Organic matter mineralization is the result of the degradation of bulk fractions of varying
lability. Lipids are generally less labile than carbohydrates and proteins and tend to be
preserved in marine sediments (Teece et al. 1998). However, very little is known about the
fate of the different lipid compounds during mineralization processes. Moreover, our
knowledge about the metabolically active members of the microbial communities and their
role in these processes is rather scarce. This is especially true in deep-sea environments
(Danovaro et al. 2000). The present study was designed in an attempt to investigate the effect
of sedimentary mineralization processes on lipid composition (aliphatic hydrocarbons,
diglycerides, glycolipids, free fatty acids) on the continental shelf and bathyal surface
sediments of the Cretan Sea (Eastern Mediterranean Sea). It also aimed at exploring the
microbial community composition mediating these processes by using phospholipid-linked
fatty acid analysis.

2. Description of study site

From a hydrological and physiographic point of view the Cretan Sea is a very dynamic
region located in the Eastern basin of the Mediterranean Sea, which is considered to be one of
the most oligotrophic regions in the world with a characteristic overall nutrient deficit
(Ignatiades 1969; Tselepides et al. 2000a). The Cretan Sea is the largest in volume and
deepest (2500 m) basin of the Aegean Sea (Georgopoulos et al. 2000). It communicates with
both the Levantine Basin and the Ionian Sea through the eastern and western straits of the
Cretan Arc, respectively (Georgopoulos et al. 2000). The Cretan basin is influenced strongly
by the cold and oxygen depleted Trans-Mediterranean water, which has a low salinity but is
on the other hand quite rich in nutrients flowing in from the Levantine Sea (Balopoulos et al.
1999; Theocharis et al. 1999). The study area is confined by 35°22'N-35°45'N and 25°00E-
25°20°E, and located at the southern continental margin of the central part of the Cretan basin,
extending northwards from the coast of Crete to the deeper parts (>1500 m) of the Cretan
basin (Chronis et al. 2000) (Fig. 1a). Previous studies in the investigated area have shown
that the Cretan basin consists of a narrow continental shelf (1.5° slope) followed by a steep
slope (2°-4°) and a rather flat deeper area with depths exceeding 1700 m (Chronis et al. 2000)
(Fig. 1b). In the present study three stations were sampled along a bathymetric gradient in the
Cretan Sea, one located on the narrow continental shelf (35°23'N-25°09'E station MPI1 at
100 m depth), another on the relatively steep upper slope (35°33'N-25°08E station MPI2 at
617 m depth), and the third at the base of the continental slope (35°44'N-25°08 E station
MPI3 at 1494 m depth) (Fig. 1b).

Surface sediments at the shallow station are generally sandy and of terrigenous origin,
while on the upper and outer slope they are mostly fine grained with high mud contents of
biogenic origin. A comprehensive study on the grain size distributions is given by Chronis et
al. (2000). The sediments are permanently oxic with relatively high values above the sediment
surface (Tselepides et al. 2000b). Intense organic loading is mostly evident during the
summer periods on the shallow sediments (Tselepides et al. 2000b). The latter authors have
also reported organic matter values and other geochemical data (all acquired on a seasonal
basis during the CINCS project in 1994-1995), obtained from the same sampling sites
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analyzed here. Total carbohydrates were found to represent the main component of the
organic matter (43-83%), proteins were quantitatively the second most abundant class of
organic compounds, while lipids were the minor component (Tselepides et al. 2000b).

3. Material and Methods
3.1 Samples collection

A Bowers and Connelly Multiple-corer (8 cores, i.d. 9.0 cm) was used to collect
undisturbed surface sediment samples from the Cretan Sea in July 2002 (Fig. 1a). Sampling
was carried out onboard the R/V Philia. Sediment slurries for the incubation experiments and
samples for chemical analysis were collected from the same cores. Samples for analysis of
lipid biomarkers were sealed in aluminum foil stored frozen at -20°C and processed
immediately in the laboratory. Total organic carbon in sediments was analyzed according to
Hedges and Stern (1984), using a Perkin Elmer CHN 2400 analyser.

3.2 Mineralization rates

Carbon mineralization rates were assessed by measuring the production of CO,, the end
product of organic carbon degradation, in the headspace above sediment-water slurries, as
described by Dauwe et al. (2001). 20 ml of fresh derived sediment was transferred into 70 ml
glass dark incubation bottles, and diluted with 10 ml filtered seawater. The bottles were then
sealed tightly, with screw caps containing rubber septa. Headspaces were purged three times
for 10 min with synthetic air (N;:0,, 80:20) to retain oxic conditions during the incubation
and to remove traces of CO,. Bottles containing only filtered seawater and gas were used as
controls. For 2 months all bottles were incubated in the dark at 20°C (in situ temperature), and
rotated periodically to allow exchange between the slurry and the headspace.

The concentrations of CO, in the headspace were determined on a 5890 Hewlett Packard
Gas Chromatographer, equipped with a thermal conductivity detector, and a Carboxen 100G
column (30%0.53 mm, Supelco). Data recovery was obtained using a HP3365 series Il
Chemstation (version A.03.01). Calibration standard curves were acquired using ultrapure gas
CarbonDioxide (Messer, product Nr. 1527). After the incubations and measurements, the
bottles were opened and the pH was measured. All samples were weighed, freeze-dried and
weighed again for the determination of the dry weight and the exact volume of the sediment.
Incubation experiments were carried out in duplicate. The total amount of carbon dioxide
produced was calculated as the sum of the headspace and the dissolved gas. All
mineralization rates were expressed as nmol CO, (ml of slurry)™" d".

3.3 Total lipids extraction, fractionation and derivatization

Total lipids were extracted from the sediments before and after the incubation
experiments using a modified method of Bligh and Dyer (1959). After the incubation
experiments the sediments from the replicate bottles were pooled to obtain sufficient material
for the lipid extraction. About 3 g of freeze-dried sediment were ultrasonically extracted for 5
min with a solvent mixture of chloroform/methanol/phosphate buffer (2:1:0.8 v/v/v). The
mixtures were then allowed to extract in the dark at 4°C under vigorous agitation for 3 h.
After partitioning of the solution into organic and aqueous phases with 7.5 ml chloroform and
7.5 ml deionized water, the organic phase was collected and evaporated to near dryness. Total
lipids were separated into different lipid classes using solvent systems of different polarities
as described by Riitters et al. (2002b). The fractions of aliphatic hydrocarbons, diglycerides,
free fatty acids and glycolipids were further analyzed. Replicates of phospholipid fractions
prior to incubation periods were separated and analyzed with the methods described
previously (Polymenakou et al. 2005a). Aliquots of the fractions of diglycerides, glycolipids
and phospholipids, were transesterified to fatty acids methyl esters (FAME) by mild alkaline
methanolysis as described by Smoot and Findlay (2001). The fractions of free fatty acids were
dried with anhydrous magnesium sulfate, and after evaporation of the solvent, crystalline
residues were derivatized with freshly prepared solution of diazomethane in diethyl ether until
the yellow color of the reagent stabilized. The derivatized extracts were directly analyzed by
GC-MS without further purification.

3.4 Lipid biomarkers analyses
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Gas chromatography-Mass Spectrometry was used to identify and quantify the aliphatic
hydrocarbon fractions and the fatty acid methyl esters (FAME) of the remaining fractions. A
Hewlett Packard Model 6890 GC equipped with a split-splitless injector was directly coupled
to a fused silica capillary column (HP-5 MS with 0.25 um film thickness, 30 m x 0.25 mm
I.D.) attached to the ion source. Helium was used as a carrier gas. The chromatographic
conditions were the following (temperature program for aliphatic hydrocarbons): injector
temperature 270°C; temperature program, 70°C (1 min), 70-150°C (10°C/min), 150-290°C
(5°C/min), and 290°C (30 min). Temperature program for FAME analysis: injector
temperature 270°C; temperature program, 70°C (1 min), 70-140°C (10°C/min), 140-240°C
(4°C/min), and 240°C (30 min). In both methods 1 ul of each sample was injected in the
splitless mode. Identification of n-alkanes was based on comparison of retention times to
purchased standards of PolyScience (Preston Industries, Inc., Illinois, USA) and of fatty acids
to purchased standards of Supelco (Supelco 37 Component FAME Mix, USA). Quantification
of aliphatic hydrocarbons and PLFA were carried out using the internal standards 1-
chlorohexadecane and nonadecanoic acid methyl ester, respectively.

4. Results
4.1 Biogeochemical characteristics of the sampling area
Carbon mineralization rates.

Carbon mineralization rates ! Cretan Sea
ranged between 2-8.5 nmol CO, GREE G = MPI3
ml™" d”', and displayed a definite
decrease towards the deeper
stations, with the maximum
recorded value at the shallow
station MPI1 and the minimum E. Mediterranean
at the deep station MPI3 (Fig.
2). The organic carbon content
was similar for all stations (4.2 -
4.8 mg g'; Table 1) and was
comparable to values found in a
previous study conducted in the
same area (3.0-82 mg g’;
Gogou et al. 2000) as well as to
organic carbon levels found in
open sea areas of the NW

Mediterranean (3.8-14.7 mg g'; . . .
Bouloubassi et al, 1997). The Figure 1. a) Map showing the sampling locations on the

Cretan Basin. b) Detailed bathymetry map of the study
area (adapted from Chronis et al. 2000).

= MPI2
= MPI1

AT

organic carbon concentrations
can vary in various
environments due to fluctuations
of bulk and specific organic supply as well as to variations in inorganic materials (dilution
effect) (Gogou et al. 2000). Therefore, besides the absolute concentrations (ng g’ of dry
sediment) for the various hydrocarbon classes we estimated also the organic carbon-
normalized concentrations (ug g™ of organic carbon) as described by Gogou et al. (2000).
Aliphatic hydrocarbons (AHC). The aliphatic hydrocarbon fraction was dominated by n-
alkanes and an unresolved complex mixture (UCM) (Fig. 3a). UCM consists of a mixture of
branched alkanes, cycloalkanes, monoaromatics, naphtahlenes and multi-ring polyaromatic
hydrocarbons (Frysinger et al. 2003). Absolute (AHC) and organic carbon-normalized
concentrations (AHC/OC) ranged from 2107.4 —4323.1 ng g and 501.8 —960.7 ng g™' (Table
1), respectively. The AHC concentrations measured in our study were comparable to values
reported for sediments collected at open sea areas, such as the Western North Atlantic (1.3 —
7.5 ug g’'; Farrington and Tripp 1977) and definitely lower than those reported for sediments
from the Black Sea (10-150 pg g”'; Wakeham 1996).
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n-Alkane (NA) concentration (C;s - Cy) ranged from 123.2 to 241.3 ng g'l; Table 1) and
is comparable to values reported for pristine regions of the South Caspian Sea (0.5 pg g™';
Tolosa et al. 2004) and the Antarctic islands of South Orkney (0.4 ug g'; Cripps 1994).
Organic-carbon normalized concentrations of NA were 53.6 pg g, 25.7 pg g and 37.6 pug g’
at stations MPI1, MPI2 and MPI3, respectively (Table 1). We also detected n-alkenes Cjg.1,
Cis.1 and Cy, at all three stations in concentrations ranging from 8.4 to 34.2 ng g'1 (Table 2).
The predominance of long chain homologues (2(C,;-Cse); Fig. 3a, 3b Table 1) was evident at
all stations. The carbon preference index (CPI; odd-to-even ratio) of n-alkanes is an important
parameter to specify their origin (Simoneit 1999). In the present study, CPI values were
estimated by using the following equation:

CPI = 2(C;1-Css) / 2(Cyn-Cse)
Naturally emitted hydrocarbons exhibit values of CPI > 1 (Simoneit 1999). Conversely, CPI
values near or lower than one are useful indicators of vehicular emissions and other
anthopogenic activities (Simoneit 1999). In our study, CPI values ranged from 2.6 — 3.6, with
the maximum value recorded at the deepest sampling station MPI3 (Table 2). The sum of the
concentrations of the three most abundant terrestrial NA (C,;, Cy9 and C;y, Ter; Table 1) was
higher in the shallow station MPI1 (104.6 ng g'; Table 1) indicating the contribution of
continental run-off to terrestrial organic matter in the study area. However, these values are
lower than those found in coastal areas in the NW Mediterranean Sea (2.0-12.9 pg g
Bouloubassi et al. 1997), which are influenced by riverine inputs. Organic carbon-normalized
concentrations of the above mentioned
terrestrial NA (23.2, 12.9 and 17.8 pg g™ at
stations MPI1, MPI2 and MPI3,
respectively) were also higher at the
shallow station MPI1 and showed the
same variability with their corresponding
absolute concentrations. The relative
increase of terrestrial NA recorded at the
deep sampling station MPI3 (Table 1)
suggested the occurrence of sediment
resuspension processes at the base of the
continental slope (Fig. 1). This observation  Figure 2. Carbon mineralization rates (nmol CO,
confirmed previous findings for the same ml. d”) in the Cretap Sea sediments. Error bars
area (Chronis et al. 2000; Gogou et al. indicate standard deviations (n=2).
2000).

The short-chain n-alkanes (C;5 — C,) attained low concentrations (5.9 — 19.8 ng g'1 dry
weight; Table 1) and displayed a decreasing trend towards the deeper station MPI3. The sum
of concentrations of the marine n-alkanes C;s, C;; and C,9 (Mar, Table 1) as well as the
organic carbon normalized concentrations (Mar/OC; 1.6, 0.5 and 0.4 ug g™ at stations MPI1,
MPI2 and MPI3, respectively) showed the same trend whereas the maximum concentration of
the aquatic algal biomarker C;; (Blumer et al. 1971) was recorded at the shallow station
MPI1.

The hump (UCM) observed in the base line of the aliphatic fraction chromatogram,
ranging from C;s to Cs6 (Fig. 3a) indicated the presence of oil pollution in the sediment
samples (Gogou et al. 2000). UCM was the major component of the aliphatic hydrocarbon
fraction in the Cretan Sea sediments ranging from 1949.5 to 4081.8 ng g (Table 1). These
values were in the same range with those previously reported for the same area (2372.0 -
4800.5 ng g'; Gogou et al. 2000) but they were lower than those found in coastal (7 - 488 pg
g"'; Tolosa et al. 1996) and open areas of the NW Mediterranean (7 - 13 pg g'; Tolosa et al.
1996). The crude oil molecular markers of isoprenoid hydrocarbons pristane and phytane
(Figs. 3a, b) were also present in all samples. A wide variety of biomarkers, including
tricyclic, tetracyclic and pentacyclic terpanes, have been used for the characterization of the
origin of different crude oils (Wang et al. 1999). In the present study, a series of Cy5-Cs3
pentacyclic terpanes (hopanes) could be identified on the basis of their mass spectra and gas
chromatography retention time (Gogou et al. 2000). Fig. 3¢ shows the characteristic selected
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Table 1. Concentration of aliphatic hydrocarbons and phospholipids determined in Cretan Sea
surficial sediments.

AHC: total concentration of aliphatic hydrocarbon; OC: organic carbon; NA: n-alkanes; UCM:
unresolved complex mixture; >(C,-Csg): sum of concentrations of NA from C,; to Cs4; Ter: sum of
concentrations of terrestrial NA C,;, Cy9 and Cj;; 2(C5-Cy): sum of concentrations of NA from Cs
to Cyp; Mar: sum of concentrations of marine NA C;s, Cy7 and C;9; PLFA: phospholipid linked fatty
acids; SFA: saturated fatty acids; ESFA: even numbered saturated fatty acids; OSFA: odd numbered
saturated fatty acids; MUFA; monounsaturated fatty acids; PUFA; polyunsaturated fatty acids; sd:
standard deviation. The trans/cis ratio was calculated for the monounsaturated fatty acid C18:1w9.
Cells g was calculated using the conversion factor described by Statford 1977 and White et al. 1979.

Compounds MPI1 MPI2 MPI3
Water column depth (m) 100 617 1494
Organic carbon (mg g™) 4.5 4.8 4.2
AHC (ng g") [AHC/OC (ng gh)] 4321.1[960.7] 2986.9 [622.3] 2107.4 [501.8]
NA (ngg') [NA/OC (ug gh)] 241.3 [53.6] 123.2 [25.7] 157.9 [37.6]
UCM (ngg') [UCM/OC (ug gM] 4081.8 [907.1] 2863.7 [596.6] 1949.5 [471.3]
¥(C,,-Cye) (ng g1 198.2 108.9 137.7
Ter (ng g") 104.6 62.3 74.8
¥(C,5-Cyp) (g g 19.8 10.3 5.9
Mar (ng g") 7.2 2.3 1.8
PLFA (& sd)
Total (ng g 6442 +155.6 537.7 + 154.1 1368.7 £312.5
SFA % 50.6 +9.8 62.9 £17.2 56.0 +11.9
ESFA % 475 £7.6 54.0 £12.2 51.3+£9.8
OSFA % 3.1+£22 89 £5.0 4.7 +£2.1
MUFA % 463 £12.2 30.0£7.5 40.3 £8.5
PUFA % 3.1 £2.1 7.0 £4.0 37+24
trans/cis ratio 1.6 £0.5 09+02 09 +0.2
x 108 (cells g) 1.4 1.2 2.9
PLFA distribution (ng g + sd)
Cqy 0.1 £0.1 - -
Cioo 04 +03 09 +04 0.1 £0.1
Ciio 1.0 £0.7 - 1.6 £2.0
Cho 34+23 31429 24421
Ciag 0.7 £0.7 0.5+0.7 14+£13
Cras 2113 1.7 £02 0.6 £0.5
Ciuo 48.4 £4.8 347 +£7.7 134.9 +25.1
Cis-10-C 5, 41+18 71+35 25417
Ciso 11.3 +89 373 £16.9 34.0 +11.9
Cien 218.2 +48.2 77.8 £21.4 364.8 +62.5
Ci6o 208.1 £27.7 181.7 £35.9 492.1 £ 86.4
Cis-10-C,, 1.1 +£0.8 94+0.8 41+29
Cirg 59+35 6.9 +6.6 19.6 £6.1
Caz0s 0204 1.7 £02 6.4 +8.2
Cis- Cig006 3.6 £2.3 1.8 £0.3 114 £6.0
trans- C g1 31.0 £6.7 257 5.0 68.7 £19.1
Cis- C g0 19.8 +11.8 29.7 £1.7 74.1 £ 1.3
Ciso 374 +£11.6 51117 58.5 +14.7
Cooa6 32+1.4 1.3+0.7 77 +1.7
Cao306 14+038 6.5+1.1 1.8 £2.6
Cis-11,14- C,y, 9.4 +8.0 15.9 +8.0 19.9 £10.8
Cis-11- Cyy,y 183 £6.6 83469 36.5 +28.0
Cyoo 4.6 £0.5 5.0+38 109 £1.3
Caro 1.1 £0.4 33+£25 72471
Cis-13,16- C,,, 22+0.9 105114 3.6 +39
Coptes 37+1.6 1.9£0.6 0.7 +0.7
Chyg 39+1.5 14.0 £13.0 32+45
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ion chromatogram for hopanes (at m/z 191) detected in our samples. Hopane homologues
with carbon atom number > C,y exhibited the thermodynamically more stable 17a(H), 21B(H)

configuration (Gogou et al. 2000), whereas the hopane series of C3,-Cs; occurred as 22S and
22R epimers (Fig. 3c¢).
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Figure 3. a) Characteristic gas chromatogram of aliphatic hydrocarbon in station MPI1 before
incubation. b) Gas chromatogram presented the isoprenoid hydrocarbons pristane (Pr) and
phytane (Ph). c¢) Ion chromarogram (m / z 191) of hopanes determined in Cretan Sea sediment
samples; (1) 17a(H),21B(H)-Cyo-norhopane (Cy9Hsp); (2) 17a(H),21B(H)-Csp-hopane (CsoHsy);
(3) 17a(H),21B(H)-homohopane (C;Hss, 22S and 22R); (4) 17a(H),21B(H)-bishomohopane
(C32Hss, 22S and 22R); (5) 17a(H),21p(H)-trishomohopane (C;3Hsg, 22S and 22R).

Bacterial community composition. Phospholipid ester-linked fatty acids (PLFA) were
extracted from each sample and analyzed to obtain information on microbial community
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Figure 4. Characteristic mass chromatogram of phospholipid fraction in station MPI1 before
incubation.
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composition that accounts for both culturable and nonculturable microorganisms (Balkwill et
al. 1998). PLFA content ranged between 537.7 — 1368.7 ng g dry weight (d.w.) (Table 1).
PLFA values in sediment were converted also from ng g d.w. to microbial cells g d.w.,
based on published values for Escherichia coli of 5.9 x 10" cells g d.w. (Stratford 1977) and
100 pmol PLFA g™ d.w. (White et al. 1979). The calculated bacterial abundances ranged from
1.2 to 2.9 x 10% cells g d.w. (Table 1). The fatty acids of the PLFA fraction detected in
sediments from the Cretan Sea ranged from Cg to C,, (Fig. 4; Table 1) and included two
different homologue series, namely the saturated n-alkanoic acids (SFA; Table 1)
differentiated as even numbered (ESFA; Table 1) and odd numbered (OSFA; Table 1)
saturated fatty acids, and the n-alkenoic acids differentiated as monounsaturated fatty acids
(MUFA; Table 1) and polyunsaturated fatty acids (PUFA; Table 1). The main marine
bacterial fatty acids detected in our study were Ci¢., Ci6.0, Cis:1 and Cys,o (Fig. 4, Table 1). In
our samples branched chain unsaturated fatty acids have also been detected in trace amounts.

Both saturated and unsaturated fatty acids showed similar chain-length distribution for all
samples (Fig. 4; Table 1). Throughout the Cs-C,, range, the even numbered saturated PLFA
(ESFA: 47.5+ 7.6 % - 54.0 £ 12.2 %; Table 1) were higher than the odd numbered saturated
PLFA (OSFA: 3.1 £ 2.2 % - 8.9 + 5.0 %; Table 1) denoting the predominance of marine
(planktonic and microbial) inputs (Eglinton and Hamilton 1967; Gogou and Stephanou 2004).
The monounsaturated PLFA (MUFA) varied from 30.0 = 7.5 % at MPI2 to 46.3 + 12.2 % at
MPI1 (Table 1). The polyunsaturated fatty acids (PUFA) were generally present in small
amounts (3.1 = 2.1 % - 7.0 = 4.0 %; Table 1). Both trans and cis isomers were detected in the
monounsaturated fatty acids (Cs.100) With a trans/cis ratio ranging from 0.9 £ 0.2 to 1.6 £ 0.5
(Table 1).

4.2 Lipid composition changes after incubation

Table 2. Concentration and descriptive ratios of aliphatic hydrocarbons and free fatty acids in the
Cretan Sea sediments before (t=0 d) and after 2-month (t=60 d) incubation.

AHC: aliphatic hydrocarbon total concentration; NA: n-alkanes; petrogenic/biogenic: <n-
Cyytisoprenoids/n-Cys+n-C;+>n-C,3; CPI: carbon preference index of NA from C,; to Css; 2.(Cis,
Cig.1, Cyo:1): sum of concentrations of Ci4.q, Cig.; and Cyg; n-alkenes; CsoH: 17a(H),21B(H)-Cso-
hopane; >(C;5-Cy): sum of concentrations of NA from Cis5to Cyg; 2(Cyi-Cs6): sum of concentrations
of NA from C, to Css; UCM: unresolved complex mixture; SFFA: saturated free fatty acids;
MUFFA; monounsaturated free fatty acids; PUFFA; polyunsaturated free fatty acids.

Sampling sites MPI1 MPI2 MPI3
t=0d t=60d degr.(%) t=0d t=60d degr.(%) t=0d t=60d degr. (%)

Aliphatic hydrocarbons

AHC (ng g') 4323.1 3573.7 17 2986.9 2041.6 32 2107.4 21172 n.d.
NA (ng g 2413 2194 9 1232 1393 nd 157.9 1376 n.d.
petrogenic/biogenic 0.18 0.07 nd. 0.21 0.19 nd. 0.10 0.14 n.d.
CPI(C,, - Csg) 2.8 3.8 2.6 3.3 3.6 42

(Cy6.15 Crars Cao.r) (ng g 342 0.0 100 9.3 0.0 100 8.4 0.0 100
NA / C;H 298 232 22 238 202 15 648 225 65
3(C5-Cqg) / CoH 24 0.5 79 2.0 1.5 25 24 1.3 48
E(Cy1-Cs6) / C3oH 245 211 14 211 175 17 56.5 194 66
UCM (ng g) 4081.8 33543 18 2863.7 1902.3 34 1949.5 1979.6 n.d.
UCM / CyH 5044 3555 30 554.1 276.4 50 7993 3239 59

Free fatty acids

Total (ngg") 46333 2956.0 36 3995.3 3086.7 23 915.0 9425 n.d.
SFFA (ngg™) 29492 22753 23 2848.0 2638.4 7 682.9 754.6 n.d.
MUFFA (nggl) 1503.1 6112 59 895.9 398.4 56 208.9 1545 26
PUFFA (nggl) 181.0  69.5 62 2513 49.9 80 232 334 n.d.
C16:1/C16:0 09  0.06 n.d. 033 0.11 n.d. 0.4 0.1 n.d.
C18:1/C18:0 14 091 nd. 129  0.68 nd. 12 1.5 nd.

n.d. = not determined
Aliphatic hydrocarbons. After incubating the sediment samples for 2 months (t=60 d; Table
2) definite differences were observed in the levels of aliphatic hydrocarbons (AHC, Table 2)
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at the shallower sampling stations MPI1 and MPI2. The corresponding CPI values definitely
increased after the incubation for the MPI1 sample (from 2.8 to 3.8; Table 2) and less for the
MPI2 (from 2.6 to 3.3; Table 2) and MPI3 (from 3.6 to 4.2; Table 2) samples, underlying the
recalcitrance of terrestrial (vascular plants) n-alkanes to degradation. The decrease of
biodegradation with increasing molecular weight of aliphatic hydrocarbons has been
previously reported in laboratory and field experiments where terrestrial C,7-C,9 N-alkanes
demonstrated lower loss rates than the algal C;s.19 n-alkanes (Colombo et al. 2005; Grossi et
al. 2002). The petrogenic to biogenic alkanes ratio (<n-C,y+isoprenoids/n-C;s+n-C;7+>n-Cys;
Colombo et al. 2005; petrogenic/biogenic in Table 2) reflects changes (which occurred after
the incubation) in the aliphatic composition of the three different sampling stations.
Generally, the petrogenic/biogenic ratio for fresh crude oil is 1.60 (Colombo e al. 2005). The
values measured in our study (0.18 at MPI1, 0.21 at MPI2 and 0.10 at MPI3; Table 2) can be
considered as baseline values. However, the effect of hydrocarbon degradation was reflected
as a decrease in this ratio for the shallower stations MPI1 and MPI2 (Table 2), thus stressing
the preferential removal of oil related hydrocarbons vs. the recalcitrant hydrocarbons related
with terrestrial vascular plants.

Hopanes are among the most degradation-resistant components in the environment. It has
also been proposed that hopanes might be used as a conservative “internal reference”
regarding the relative importance of physical weathering vs. the biodegradation of
hydrocarbons (Gogou et al. 2000; Philp 1985; Wang et al. 1999). In the present study the
depletion of hydrocarbons was followed through the changes that occurred during the
incubation for 2(C;5-Cyg), 2.(C;-C36) and UCM with respect to 17a(H),21B(H)-Cso-hopane
(C50H) (Table 2). After the incubation, we observed, a clear decrease of the diagnostic ratios
NA/C3oH, 2(C15-Ca0)/C30H, 2(C5;-C36)/C30H and UCM/C30H in all sampling stations (Table
2). This observation can be considered as an indication of degradation processes due to the
presence of active hydrocarbon degrading bacteria. The degradability of long and short chain
n-alkanes between the sampling locations (2(C5-Ca0)/C30H and >(C,;-Cs6)/C30H; Table 2)
has shown high variability. In the sediment of the shallow station MPI1, 79% of the short
chain n-alkanes (C;5-Cy) have been removed, whereas only 14% of the long chain n-alkanes
(Ca1 — C36) were degraded by the end of the experiment. The degradability of both short and
long chain n-alkanes was similar at the deeper stations MPI2 and MPI3. In the sediment of the
station MPI2, 25% of the short and 17% of the long chain n-alkanes were removed, whereas
in the sample of the deepest station MPI3, 48% of the short and 66% of the long chain n-
alkanes were also degraded (Table 2). The degradability of short chain n-alkanes has been
well documented in a previous field study (Grossi et al. 2002). Grossi and coworkers (2002)
have shown that the short chain n-alkanes < C,s were totally removed from the sedimentary
column after 6 months of incubation in an oil contaminated littoral in France. Teece and
coworkers (1998) have demonstrated that apart from the short chain n-alkanes, n-alkenes are
the most easily degradable compounds under oxic conditions. Indeed, in our study, n-alkenes
(Ci6:1, Cig:1 and Cyp.;) disappeared after the two-month incubation period of the sediment of all
sampling stations (Table 2). The degradability of UCM (UCM/C;0H) was also observed
during the incubation of the three sampling stations (Table 2). UCM has long been recognized
as characteristic indicator of degraded petrogenic residues (Frysinger et al. 2003). UCM
degradation has also been observed in contaminated estuary sediments after 6 months of an
oil spill (Colombo et al. 2005).

Lysis products (diglycerides, glycolipids, free fatty acids). Both diglycerides and glycolipids
fractions were only trace constituents of the sediment extracts before and as well as after
incubation. Diglyceride fatty acids, which have been proposed to be indicators of dead or
lysed cells, are lysis products of different glycerides (Thiele 1979) and are low in abundances
because they are consumed rapidly (Riitters et al. 2000b). Glycolipids originating from some
anoxygenic photothrophs are only minor components of the cell’s polar lipids (Imhoff and
Bias-Imhoff 1995; Rutters et al. 2002b). The opposite applies to cyanobacteria (Smith 1988).
Thus, the low contribution of the glycolipid fractions in the sediment extracts may indicate
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that photosynthetic organisms represent a minor fraction of the overall biomass in the
sediments of the Cretan Sea.

The free fatty acid fractions from the Cretan Sea sediments included typical fatty acids
throughout the Cs-Co4 range (Fig. 5a), with values of 4633.3, 3995.3 and 915.0 ng g’
sediment dry weight at stations MPI1, MPI2 and MPI3, respectively (t=0 d, Table 2). The
saturated free fatty acids (SFFA: 682.9 - 2949.2 ng g'; t=0 d, Table 2) were higher than the
monounsaturated free fatty acids (MUFFA: 208.9 - 1503.1 ng g'; t=0 d, Table 2). The
polyunsaturated free fatty acids (PUFFA) were generally present in small amounts (23.2 -
251.3 ng g'; t=0 d, Table 2). Generally, the polyunsaturated fatty acids have a planktonic
origin or are derived from benthic invertebrates, and are considered to be easily degradable
compared to monounsaturated homologues as a result of their labile character (Gogou and
Stephanou 2004; Wakeham et al. 1995). In a previous study conducted in the same area
polyunsaturated free fatty acids were detected in concentrations varying from 35.8 up to 301.9
ng g" (Gogou and Stephanou 2004).

After the incubation, the Apundance
free fatty acid fractions of the 700000 ]

. o a C16:0
sediment samples exhibited a :
modified fatty acid profile 600000
dominated by the ]
monounsaturated  fatty acid =~ %%}
Clé:() (Flg Sb, Table 2) The 400000:
concentration of the total free i
fatty acids remained constant  3p9000 ]
at the deep station MPI3, ] Cl6:1 C18:0
whereas by the end of the 200000 4
incubation 36% and 23% of ] C18:1
the total free fatty acid fraction 100000 LS.
was removed from stations M M M
MPI1 and MPI2, respectively  Time-> 2300 2500 2700 2900 3100 3300
(Table 2). The fraction of
saturated free fatty acids Abundance .
(SFFA) has shown the lowest  4y0000 | b cleo
degradation (23% for MPII ]
and 7% for MPI2; Table 2) 500000
compared to the other ]
fractions. For the total 400000i
monounsaturated free fatty 550000 ] Cl18:0
acid (MUFFA, Table 2) ]
fraction 59% (MPI1), 56% 200000
(MPI2) and 26% (MPI3) was ] C18:1 LS.
degraded by the end of the 1000004 cl6:1
incubation, while for the ] N b JL
polyunsaturated fatty acids  Time-> 2300 2500 2700 2900 3100 33.00
(PUFFA, Table 2) the Figure 5. Characteristic mass chromatogram of the free fatty
degradation was even higher at acid fraction in station MPI1 a) before and b) after 2-month

stations MPI1 (62%; Table 2) incubation.

and MPI2 (80%; Table 2).

These results indicate the high lability of these compounds. The ratio of unsaturated to
saturated free fatty acids (Ci4.1/Cig0 and Cig.1/Cig0; Table 2) decreased towards the deeper
stations with the exception of station MPI3.

5. Discussion
5.1 Mineralization rates and organic carbon sources

On a global scale, continental slope sediments can be significant sites of benthic carbon
mineralization despite their relatively small area (Jahnke et al. 1990; Martin and Sayles 2004).
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In the Cretan Sea sediments oxic processes prevail. Despite the similar amounts of organic
carbon found along the continental margin, the decrease in C mineralization rates towards the
deeper stations indicates that active microbial communities are prominent in shallow
sediments (Fig. 2). This is probably due to the intrinsic differences in the quality of organic
carbon which occurs as a result of the different sources of carbon and energy.

Danovaro and coworkers (2000) have shown that bacterial abundance in the Cretan Sea
sediments increased up to 3-fold in response to the increased amount of sedimentary proteins
indicating that benthic bacteria were constrained more by changes in quality rather than the
quantity of the sedimentary organic matter. Previous studies have also shown that bacterial
growth efficiency can be constrained by the quality of the available substrates (Vallino et al.
1996). In a study conducted by Nedwell et al. (1993) benthic mineralization rates of organic
matter in Antarctic coastal sediments displayed an increasing trend when fresh organic matter
entered the ecosystem.

As might be expected in a continental marginal sea, most of the n-alkane (NA)
distributions as reflected by the CPI values have shown a strong predominance of homologues
with odd carbon numbers. The distribution of C,;-C36 NA in the Cretan Sea sediments was
predominated by the odd carbon numbered homologues n-C,;, N-C,y, and n-Cs;, which are
representative of vascular plant inputs. These homologues were prominent in all stations
indicating the terrestrial contribution to the sediments (Eglinton and Hamilton 1967; Gogou et
al. 1998; Volkman et al. 2000). This distribution can also be found in previous reports from
coastal environments, reflecting the influence of wind-transported materials of terrestrial
origin (Gogou et al. 2000; Jeng and Huh 2004; Tolosa et al. 2004).

In the present study, NA profiles exhibited some differences between shallow and deep
stations. Short chain NA (C;5 — Cy9) were most abundant in the shallow sampling site (Table
1). It is evident that due to its geographical position the shallow station MPI1, which
exhibited the higher mineralization rates (Fig. 2), serves as a depositional centre receiving
relatively large amounts of fresh organic material. Since sedimentation regularly transports
organic matter through the water column, autochthonous inputs to the sediment should be
expected (Ravenschlag et al. 1999). Short-chain n-alkanes (C;s—C,) are known to originate
from bacteria and are autochthonous in the marine environment. The higher concentration of
C,7, which is a characteristic component of cyanobacteria (Han et al. 1968; Wieland et al.
2003) and phototrophic eukaryotes (Blumer et al. 1971) recorded in the shallow MPI1 station
confirming its autochthonous input. The recorded low concentration of these homologues
reflects their labile character and confirms the low productivity of the Cretan Sea as has
previously been reported by Gogou et al. (2000). A clear evidence for oil inputs in the study
area was provided by the higher abundance of UCM in respect to NA (Table 2) and by the
occurrence of hopanes. The hopane pattern (Fig. 3c) which is characteristic of oil-derived
hydrocarbons (Philp 1985), as well as the occurrence of pristane and phytane (Figs. 3a, b),
confirm the presence of petroleum inputs (Gogou et al. 2000). However, on the basis of our
results a clear differentiation on the quality of organic matter between the different stations
can not be achieved as the aliphatic fraction represents a low amount of the organic carbon
fraction (see AHC/OC; Table 1).

5.2 Bacterial community composition

Cellular membrane lipids and their associated fatty acids are useful biomarkers of viable
bacterial biomass as they are essential components of every living cell. Phospholipid ester-
linked fatty acids (PLFA) have proved to be of great value in describing bacterial community
structure in sediments and in understanding bacterial phylogenic and taxonomic
classifications (Guezennec and Fiala-Medioni 1996).

In culture experiments, bacteria can be characterized by various respiration types: aerobic
bacteria, facultative aerobic bacteria, facultative anaerobic and sulfate reducing bacteria.
Discrimination between the different types is based on their different fatty acid profiles
(Parkes and Taylor 1983). The different relative amounts of saturated and unsaturated C4
fatty acids revealed the differences between the four respiration types. Aerobic and facultative
aerobic bacteria contained about the same amount of saturated and monounsaturated Cig,
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while the facultative anaerobes and the sulfate reducers had twice as much Ci¢.7 as saturated
Ci6 (Guckert et al. 1986; Langezaal et al. 2003). Large amounts of either Cjs,; or Cyg.; are
usually characteristic components in the membrane lipids of thio-oxidizing bacteria
(Guezennec and Fiala-Medioni 1996; Jannasch et al. 1989; Katayama-Fujimura et al. 1982)
and methanotrophic bacteria (Virtue et al. 1996). Monounsaturated PLFAs are also
characteristic of gram-negative cell membranes (Macnaughton et. 1999; Ringelberg et al.
1997). High amounts of branched fatty acids have been determined in sulfate reducing
(Edlund et al. 1985; Taylor and Parkes 1983), gram-positive (Kaneda 1997) and anaerobic
bacteria (Edlund et al. 1985). The monounsaturated fatty acids are predominantly present in
aerobic bacteria, whereas approximately equal amounts of branched fatty acids are present in
anaerobic and sulfate reducing bacteria (Rajendran et al. 1997). Consequently, aerobic
bacteria contain high amounts of monounsaturated fatty acids and only traces of branched
fatty acids (Rajendran et al. 1997).

In the present study, PLFA profiles revealed the dominant contribution of bacterial lipids
to total sedimentary lipids (Table 1), indicating that the microbial communities were
dominated by bacteria rather than by eukaryotes or archaea (Guezennec and Fiala-Medioni
1996). Furthermore, the low abundance of polyunsaturated fatty acids indicated the low
contribution of microeukaryotes to benthic microbial community structure.

The concentration of total PLFA measured in the sediments of the Cretan Sea was
comparable to PLFA concentration reported in sediments of a coastal eutrophic bay in Japan
(Rajendran et al. 1997), with lowest and highest concentrations of 0.7 pg g dry weight in
Hiroshima Bay and 1.1 pg g dry weight in Etauchi and Osaka Bay, respectively (Rajendran
et al. 1997). The calculated bacterial abundances using the E.coli conversion factor are similar
to values previous reported from the same region (1.0 - 4.6 x 10® cells g'; Danovaro et al.
2000), as well as from other continental and bathyal sediments of the Eastern Mediterranean
(0.8 — 11.5 x 10® cells g'; Bianchi et al. 2003; Boetius et al. 1996). This factor provides a
useful working estimate of biomass, but it must be noted that different species might contain
different amounts of PLFAs in their membranes (Balkwill and Ghiorse 1985; Balkwill et al.
1998).

PLFA analyses in the Cretan Sea sediments showed that the relative proportions of fatty
acids are mostly dominated by saturated fatty acids (Cs., Cis:0) and monounsaturated fatty
acids (Cie.1, Cis1) (Fig. 4), and represented by groups of microorganisms which belong to the
aerobic gram negative bacteria (Table 1). Our results have clearly indicated that the aerobic
and facultative aerobic, as well as methane and sulfur oxidizing bacteria comprise the most
abundant organisms in the oligotrophic sediments of the Cretan Sea. The trace amounts of
branched fatty acids indicated the low contribution or absence of anaerobic, gram positive and
sulfate reducing bacteria. These homologues are known to occur in members of the gram
positive bacterium Bacillus (Kaneda 1977; Rajendran et al. 1997), in the sulfate reducing
bacterium Desulphovibrio desulfuricans (Boon et al. 1977; Rajendran et al. 1997), as well as
in anaerobic bacteria. Analysis of the 16S rDNA clone library constructed from the MPI1
station (Polymenakou et al. 2005b) revealed that the gram positive bacteria (e.g. Firmicutes,
Actinobacteria) were almost absent (Polymenakou et al. 2005b). In contrast, the dominant
taxomonic groups in the Cretan Sea were the gram negative Proteobacteria,
Holophaga/Acidobacteria and Planctomycetes, which contained cultured representatives of
the genera Beggiatoa, Thioalcalovibrio, Pseudomonas and Chromatium (Polymenakou et al.
2005Db).

PLFA patterns observed in the Cretan Sea sediments have been found to dominate the
fatty acid profile of the Thiomicrospira crunega, a chemoautotroph sulfur oxidizing
bacterium, isolated from a deep-sea hydrothermal vent (Guezzenec and Fiala-Medioni 1996).
Brinkhoff and coworkers (1999) also found that the chemolithoautotrophic sulfur oxidizing
bacteria (SOB) are the greatest primary producers in the shallow-water vent system off Milos
Island (Greece) (Brinkhoff et al. 1999). They demonstrated that Thiomicrospira is an
important member of the sulfur-oxidizing community contributing significantly to the
ecology of the ecosystem (Brinkhoff et al. 1999).
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5.3 Evidence for hydrocarbon degradation

The effects of biodegradation on biomarkers have been investigated by many authors.
Several in vitro and in situ studies have shown that hopane and sterane compounds are very
resistant to biodegradation (Colombo et al. 2005; Wang et al. 1999). Short chain homologues
are degraded faster than longer homologues, as well as pristane (Pr) and phytane (Ph)
(Colombo et al. 2005; Grossi et al. 2002). The early effect of microbial degradation is
monitored by the ratios of biodegradable to less degradable compounds such as the C,7/Pr and
C,¢/Ph ratios (Grossi et al. 2002). However, it has been demonstrated, that changes in these
ratios may substantially underestimate the extent of biodegradation since isoprenoids are also
known to be biodegraded (Wang et al. 1999). Therefore, highly degradation-resistant
components such as 17a(H),21B(H)-C;o-hopane (C3H) are selected to serve as a conservative
internal standards for determining rate and extent of weathering on spilled residual oils
(Colombo et al. 2005; Prince et al. 1994).

In the present study, a series of descriptive ratios (e.g. NA/C;30H, 2(Ci5-Cy)/C30H, 2(Csi-
Cs6)/C30H) were estimated in order to investigate the occurrence of hydrocarbon degradation
processes in the sediments of the Cretan Sea (Table 2). All ratios significantly decreased after
a 2-month incubation period. Our observation suggests that the activity of benthic
communities might have a significant effect on the fate of hydrocarbons in the oligotrophic
Cretan Sea.

Hydrocarbon-utilizing bacteria are capable of metabolizing virtually all naturally formed
and a wide range of industrially produced hydrocarbons. Hopanes are more resistant than
other petroleum components such as the resolved alkanes or the UCM (Prince et al. 1994).
The descriptive ratio of UCM to Cs;pH was also estimated (Table 2). This ratio clearly
indicated that the UCM concentration at all stations decreased after an incubation period of 2
months. Previous studies have shown that photooxidation is also a very important process for
the degradation of some UCM components such as alkylaromatics (Dutta and Harayama
2000). However, the option that benthic microorganisms might have had a degradation effect
on the UCM content of the studied sediments cannot be excluded. Some additional evidence
for the hydrocarbon degradation processes in the sediments of the Cretan Sea is provided by
the detection of the dioxygenase genes. These genes possess the capability to oxidize UCM
components such as monoaromatics or multi-ring polyaromatic hydrocarbons (Frysinger et al.
2003; Mesarch et al. 2000) and have been successfully amplified directly from the sediment
samples of the Cretan Sea using polymerase chain reaction and the appropriate primers set as
described by Mesarch et al. (2000) (Polymenakou et al. unpublished results). It is well known,
that the first enzymes in the metabolic pathways of alkanes are monooxygenases, while
aromatic hydrocarbons are attacked by either monooxygenases or dioxygenases (for reviews
see Harwood and Parales 1996; Heider et al. 1999).

5.4 Evidence for Starvation Stress

In order to assess the physiological status of microbial communities before incubation the
trans/cis ratio in phospholipid profiles was estimated. The high contribution of trans isomers
in bacterial lipids is mostly associated with survival strategies such as starvation, which tend
to occur under physiological stress (Guckert et al. 1986; Guezennec and Fiala-Medioni 1996;
Kieft et al. 1997). In our case, the trans/cis ratio of the monounsaturated fatty acids (Cs.10) at
the shallow station MPI1 was 1.6. This observation suggested that microbial communities in
this area were under stress. In contrast, at stations MPI2 and MPI3 the above ratio was near 1,
indicating that microbial communities had overcome such a stress despite the low availability
of carbon and energy. Therefore, to examine if the microbial communities were subjected to
physiological stress during incubations the relative amounts of the monounsaturated and
saturated free fatty acids were analyzed. After the 2-month incubation period the ratio of
unsaturated to saturated free fatty acids were lower at all stations (see Ci4.1/Cig0 and
Cis.1/Cys0; Table 2). The maximum decrease was recorded at the shallow station MPII1
indicating that the microbial community was more effective in degrading the
monounsaturated fatty acids Ciq; and Cig;, following the trend observed in carbon
mineralization rates (Fig. 2; Table 2). The obtained free fatty acid patterns clearly indicated

Paper 111 13



that bacterial communities in the sediments of the Cretan Sea were further subjected to
starvation stress (Fig. 5). Changes in fatty acid patterns of the three sediments are consistent
with previous observations of stressed gram-negative bacteria (Kieft et al. 1994). This may
indicate a long-term adjustment or acclimation to the relatively nutrient-poor sediments after
the incubation, when the available sources of carbon and energy have been consumed and
converted to CO,. These ratios normally associated with stressed cells are often lacking in
profiles observed directly from nature even when the environments are nutrient limiting
(Kieft et al. 1997).

6. Conclusions

As in many other oxic environments, the sediments of the Cretan Sea are characterized by
microbial communities dominated by aerobic and facultative aerobic gram negative bacteria
as well as by sulfur oxidizing bacteria. Based on the fatty acid distribution of the phospholipid
fraction, aerobic gram positive, sulfate reducing and anaerobic bacteria, as well as eukaryotes
have either minor contribution or are absent in microbial community structure.

Benthic microbial activity, as was recorded by carbon mineralization rates, was higher in
the shallowest station, due to the presence of less refractory organic material. The lipid
biomarker data suggested mixed marine and terrestrial sources of organic matter. The
estimated descriptive ratios of the aliphatic hydrocarbons before as well as after the 2-month
incubation period suggested the occurrence of hydrocarbon degrading bacteria in the
sediments of the oligotrophic Cretan Sea. In addition, the high ratios of saturated to
unsaturated free fatty acids constitute strong evidence that bacterial communities undergo
starvation stress after the mineralization of organic matter.

Microbial activity drives geochemical processes in many environments and for this
reason geochemical outcomes are often controlled by microbial ecology rather than bulk
geochemical processes. However, the complexity of linked controls on these processes or the
organisms involved is not yet fully understood. Therefore, in order to thoroughly understand
the biogeochemical function and ecology of microbial communities we must expand our
knowledge on the occurrence of different populations within sediments by using powerful
tools like culture independent molecular techniques. Complementary laboratory investigations
with long term incubations (up to 12 months) can also provide useful data on the role of
bacteria in organic matter circulation during diagenetic processes.
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Abstract

The Eastern Mediterranean Sea contains multiple deep hypersaline anoxic basins. The brines and
sediments enclosed in these basins have a limited exchange with the overlying seawater due to
strong salinity gradients. Hence it can be expected that the microbial communities contained in
these extremely saline sediments should differ from the surrounding oxic sites, but there may also
be substantial variation among the hypersaline basins. We used phospholipid linked fatty acid
(PLFA) analysis to assess the microbial community composition in brine sediments from the
Bannock, L’Atalante, Discovery and Urania basins as well as several oxic reference sediments
near these hypersaline basins. The redox potential of the studied sediments varied from -136 to
543 mV and the salinity varied from 38 to 380 psu. Principal component analysis of chemical
characteristics, including salinity, Eh, organic carbon and nitrogen content, and C/N ratio grouped
the sediments in two major clusters. One group contained the oxic out-brine stations whereas the
other contained the anoxic stations of Bannock, L’Atalante and Urania basins. The suboxic
station of the Discovery basin was separated from both of these groups. n-Alkane composition
was determined to discriminate between terrestrial and marine sources of sediment organic matter
at the different sites. The high C;5/Cs; ratios at the anoxic basins was most likely due to co-elution
of lycopane with C;s indicating a significant input of marine palnkton. Hierarchical cluster
analysis of PLFA signatures revealed significant differences between oxic and anoxic sediments.
Redox potential and total organic nitrogen content displayed the highest rank correlation with the
microbial community composition for anoxic basins. Salinity did not seem to play a significant
role in controlling microbial community composition.

1. Introduction

Hypersaline ecosystems represent some of the most unusual and extreme environments on
earth (Eder et al., 2001; Grant et al., 1998). Anoxic deep-sea brine sediments located along
various tectonic rifts represent one special type of such an ecosystem. Brine sediments are found
in the Red Sea (e.g. Kebrit Deep, Shaban Deep, Atlantis I Deep; Eder et al., 2001) in the Gulf of
Mexico (e.g. the Orca basin; Shokes et al., 1977) and in the Eastern Mediterranean Sea (e.g.
L’Atalante, Discovery, Urania, Bannock, Tyro basins; Jongsma et al., 1983; Medriff, 1995). The
Urania, L’Atalante, and Discovery basins (discovered in late 1993 and early 1994), are located
between the crest of the Mediterranean Ridge and the Matapan Trench southwest of Crete
(Corselli et al., 1996; Medriff, 1995; Vengosh et al., 1998; Wallmann et al., 2002) whereas the
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Bannock basin (De Lange et al., 1990; Vengosh et al., 1998) is located near the Sirte Abyssal
Plain on the southern edge of the Mediterranean Ridge (Schijf et al., 1995).

Two models have been hypothesized for the development of these Mediterranean brine pools.
The first model propose that most brines originate from dissolution of 5-8 million year-old
Messinian evaporates (Schijf et al., 1995) which were exposed to seawater during the collision of
the African and Euracian tectonic plates (Bregant et al., 1990; Camerlenghi et al., 1990; Vengosh
et al., 1998; Sass et al., 2001). The second model suggests that the formation of original brines is
more likely related to Miocene evaporated sea water (during the desiccation of the Mediterranean
Sea) trapped in the sediments and modified by diagenetic reactions and advection-diffusion
processes (Vengosh et al., 1994).

High pressure, hypersaline conditions, variable pH values and the absence of light are some
key characteristics of these deep anoxic brines (Brusa et al., 2001; Corselli et al., 1996; De Lange
et al., 1990). Previous studies have revealed an active microflora containing both aerobic and
anaerobic bacteria in the sediments of these brine pools (Brusa et al., 1997; Van der Wielen et al.,
2005). Activities of methanogens and sulfate reducing bacteria have been observed at these sites
(Van der Wielen et al., 2005), but little is known about origin and quality of the substrates that
support growth of these bacteria. The chemocline immediately above the brines harbour a
microbial community that is mainly chemolithoautotrophic (Sass et al., 2001). It is known that
these communities can express enzymes involved in degradation of aromatic hydrocarbons
(Brusa et al., 2001).

Microbial communities play a key role in the dynamics of all major bioactive elements (e.g.
carbon, nitrogen, sulfur) as well as in the degradation of organic pollutants (Boschker et al., 2001;
Kieft et al., 1997; White et al., 1983) and energy transfer within food webs (Smoot and Findlay,
2001). Hence to understand the function of these unique ecosystems and the impact they may
have on the surrounding environment, the composition and ecology of the indigenous microflora
needs to be assessed. Studies linking the composition of sediment microbial communities to
environmental variables, location and organic matter supply may serve as a foundation for these
efforts.

Quantitative analysis of in situ microbial community structure in sediments is a major
challenge, particularly in these extreme deep-sea systems. One convenient way to overcome
problems associated with skewing of the original community, by either cultivation or PCR-based
gene assays, is to directly measure some chemical components that are specific for the different
groups of microorganisms. Phospholipid linked fatty-acids (PLFA) is one such group of widely
used microbial biomarkers (Baath and Anderson, 2003; Guezennec and Fiala-Medioni, 1996;
Rajendran et al., 1993). Analyses of PLFA composition in marine sediments provide information
on the quantitative composition of the viable microbial communities. Many PLFAs are restricted
to certain microorganisms and PLFAs are also characterized by a rapid turnover in these
environments (Guezennec and Fiala-Medioni, 1996; White et al., 1979). Hence the total amount
of PLFAs will also reflect the total microbial biomass (Aries et al., 2001; White et al., 1998).

In the present study we used PLFA profiling to compare the microbial community
composition in sediments from four different hypersaline anoxic basins in the Eastern
Meditarranean Sea (Bannock, L’ Atalante, Urania and Discovery) as well as nearby oxic reference
sediments from outside of these hypersaline environments. Sediment content of various n-alkanes
was used to discriminate between terrestrial or marine sources of sediment organic matter.
Possible links between microbial community composition and sediment characteristics were
explored by principal component analysis.

2. Materials and methods

2.1 Sediment collection

Sediment samples were collected from the hypersaline anoxic basins (in-brine stations) of
Discovery (DI), L’ Atalante (LA), Urania (U-1) and Bannock (B-1) of the Eastern Mediterranean
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Sea and adjacent to the anoxic basins (out-brine stations) of Urania (U-2, U-3) and Bannock (B-2)
on board the R/V Urania in November 2003 during the BIODEEP project (Table 1; Fig. 1). A
station located in the South Ionian Sea (SI) was sampled in November 2001 on board the R/V
Aegaeo during the ADIOS project. This station was used as reference, away from the brine area
(off-brine station) (Table 1; Fig. 1). A Bowers and Connelly Multiple-corer (8 cores, i.d. 9.0 cm;
Barnett et al., 1984) was used to collect undisturbed sediment samples. Mixed surface sediments
(0-1 cm) from each sample were used for all analyses. Subsamples for analysis of phospholipids
and petroleum hydrocarbons were sealed in aluminum foil and stored at -20°C until further
analysis. Sediment redox potential was measured using calibrated combined redox electrodes
(Mettler Toledo, Switzerland). Salinity was measured with a hand refractometer (Atago, Tokyo,
Japan) after low-speed centrifugation. Replicate sediment samples were used for organic carbon
and nitrogen analyses according to Hedges and Stern (1984), using a Perkin Elmer CHN 2400
analyser. All measurements were carried out in triplicate.

2.2 Aliphatic hydrocarbon analysis

Liquid and salts content of the collected samples was extremely high resulting in a significant
decrease of their freezing point. Therefore, samples were placed at — 80°C and carefully freeze-
dried and homogenized. About 1 g of freeze-dried sediment was extracted in a Soxhlet apparatus
with a solvent mixture of hexane:dichloromethane (1:1 v/v) overnight and then evaporated to 1
ml. The aliphatic hydrocarbons were eluted with 15 ml of hexane on columns (0.5 cm inner
diameter) packed with 1.5 g of silica gel (Silica gel 60 (0.063-200mm); Merck) and evaporated to
near dryness under a gentle stream of N,. Samples were stored in sealed vials at -20°C until
analysis by Gas Chromatography-Mass Spectrometry (GC-MS).

2.3 Phospholipid linked fatty acid (PLFA) analysis

Total lipids were extracted from the sediments using a modified method of Bligh and Dyer
(1959). About 1 g of freeze-dried sediment was sonicated for 5 min with a solvent mixture of
chloroform/methanol/buffer (1:2:0.8 v/v/v). The buffer was 50 mM phosphate buffer at pH 7.4.
The mixtures were then vigorously agitated for 3 h in the dark at 4°C. Following a centrifugation-
step, the supernatant was separated into organic and aqueous phases with 7.5 ml chloroform and
7.5 ml deionized water. The aqueous phase was recovered for three additional extraction cycles
with chloroform. Organic extracts were combined and evaporated to near dryness under a gentle
stream of N,, and stored at -20°C until further analysis. A glass column (0.5 cm inner diameter)
was packed with 1.0 g of silica gel (Silica gel 60, 0.063-200 mm mesh, Merck) activated at 150°C
for 3 h. Lipid extracts were placed on top of each column and phospholipids were separated from
neutral and glycolipids with 15 ml methanol (Keinénen et al., 2003; Petsch et al., 2003). Fractions
containing phospholipid linked fatty acids were saponified, methylated and extracted as
methylesters by mild alkaline methanolysis (Smoot and Findlay, 2001). Briefly, phospholipid
fractions were dissolved in 0.5 ml of a 1:1 (v/v) solution of toluene and methanol and
transmethylated with drops of 0.2 N methanolic potassium hydroxide at 37°C for 15 min.
Immediately after addition of 0.5 ml glacial acetic acid (0.2 N), samples were subjected to phase
partitioning by addition of 2 ml chloroform and 2 ml deionized water. The organic phase was
transferred to a clean glass vial and evaporated to dryness (Smoot and Findlay, 2001).

2.4 GC/MS analysis

Identification and quantification of aliphatic hydrocarbons and fatty acid methyl esters (FAME)
was performed with a Hewlett Packard Model 6890 GC equipped with a mass selective detector
(MS). The chromatographic conditions were as follows: HP-5 MS fused silica capillary column
(with 0.25 pm film thickness, 30 m x 0.25 mm 1.D.) attached to the ion source; split-splitless
injector; helium as a carrier gas; injector temperature 270°C. Temperature program for n-alkanes:
70°C (1 min), 70-150°C (10°C/min), 150-290°C (5°C/min), and 290°C (30 min). Temperature
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program for FAME analysis: 70°C (1 min), 70-140°C (10°C/min), 140-240°C (4°C/min), and
240°C (30 min). In both methods 1 ul of each sample was injected in the splitless mode.
Identification of n-alkanes was based on mass spectrum and retention times compared to
purchased standards (Polysciences). Fatty acids were also identified by comparing retention times
to purchased standards (FAME Mix, Supelco). Quantification of n-alkanes and PLFA were
carried out using the internal standards 1-chlorohexadecane and nonadecanoic acid methyl ester,
respectively. The classical fatty acid terminology is used: total number of carbon atoms:number
of double bonds, followed by the position (®) of the double bond from the methyl end of the
molecule. All results are presented as mean + standard deviation. The sum of a number of
bacterial PLFAs were used as a proxy for bacterial biomass: C14:0, 14-MeC14:0, 12-MeC14:0,
C15:0, 12-MeC15:0, 14-MeC15:0, cis-Cl16:1w7, cis-C16:109, trans-C16:1w7, trans-C16:1®9,
C16:0, 13-MeC16:0, 15-MeC16:0, 14-MeC16:0, C17:1, C17:0, cis-18:1w7, cis-18:109, trans-
18:1w9, C18:0 and C20:1. The PLFA C18:206,9 was used as an indicator of fungal biomass
(Baath and Anderson, 2003).

2.5 Statistical analysis

Sediment characteristics were compared by principal component analysis (PCA) using the
environmental parameters (redox potential, salinity, organic carbon content, organic nitrogen
content, C/N ratio) and n-alkane distribution. PCA was carried out using the PRIMER 5.2.2
software package (Plymouth Routines In Multivariate Ecological Research). Pairwise comparison
of PLFA composition between environmental samples was used to generate a similarity matrix.
Subsequent hierarchical cluster analysis was performed using the PRIMER 5.2.2 software. The
relation between measured environmental variables and microbial community structure was
investigated using BIOENV analysis, included in the PRIMER software (Clarke and Ainsworth,
1993). BIOENV analyzes the correlation between similarity matrices for environmental variables
and the different similarity matrices computed for PLFA analysis. These correlations are repeated
for all possible combinations of the measured environmental variables and the set of
environmental variables that produce the highest correlation (R) are those that most accurately
explain the community fingerprints.

3. Results and Discussion
3.1 Chemical parameters

The redox potential at the sediment surface ranged from
-136 to 543 mV and sediments from outside the hypersaline
basins were always oxic (> 438 mV). Sediments outside of
the hypersaline basins had a salinity of 38 psu, whereas
corresponding values for the 4 hypersaline basins ranged
from 160 to 380 psu (Table 1). Water column depth above v : - .\
the sampled sediments ranged from 2840 to 3533 m (Table NEE—
1). The lowest organic carbon content, 0.37% = 0.09%, was
observed in the Urania basin (Table 1). These results are in
accordance with previous findings for the Urania basin A
(0.4%; Hiibner, 2002). The highest sediment carbon content, L’ATALANTE =4 = DISCOVERY

36°F

1.63% + 0.09%, was observed in Discovery basin sediments **' SR
(Table 1). This range is similar to a previous survey of these R NNOCK

basins (0.28-1.01%; Van der Wielen et al., 2005) and =

comparable to values reported in other regions of the Eastern ' 205° ns

Mediterranean Sea (0.38-1.47%; Polymenakou et al., 2005).
Principal Component Analysis (PCA) was used to

Figure 1. Map of the eastern
Mediterranean Sea, showing the

compare the different sediment characteristics (Fig. 2a).
Eigenvalues were developed based on a correlation matrix.

locations of Bannock, L’Atalante,
Urania and Discovery Basins.
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The results indicated that 76% of the total variance in the environmental parameters (redox
potential, salinity, total organic carbon, total organic nitrogen, C/N ratio) could be explained by
only two principal components (PC) where PC1 and PC2 explained 41% and 35% of the total
variance, respectively (Fig. 2a). The sediments clustered in 2 distinct groups. Group A contained

Table 1. Station positions, water column depth (m), redox potential (mV), salinity (psu) and total
organic carbon (TOC) and nitrogen (TON) content (% sediment dry weigh) of the sediment samples are
presented. Sd indicate standard deviation among replicate samples (n=3). TON concentration at station
AB10MC was not determined.

Station Position Basin Type Depth Eh Salinity TOC (%) TON (%) C/N
Long Lat (m) (mV) (psu) mean sd mean sd mean sd
SI 20°48°77 34°52°75 Southlonian  off-brine 2840 543 38 130 0.69 0.07 0.01 1814 7.79
B-1 20°00°75 34°17°46 Bannock in-brine 32953  -82 240 042 0.09 0.04 001 1242 035
B-2 20°00739 34°16751 Bannock out-brine 3179 443 38 0.58 0.03 0.06 000 10.70 0.24
DI 21°41°42  35°16°62 Discovery in-brine  3532.5 10 380 1.63  0.09 nd nd nd nd
LA 21°23°16 35°18°19 L'Atalante in-brine  3354.7 -136 290 0.67 0.09 006 0.01 1292 0.75
U-1 21°30°64 35°13778 Urania in-brine 3326 -95 160 037 0.09 0.03 001 13.67 0.20
U-2 21°30°64 35°13°78 Urania out-brine 3320 475 38 0.67 0.09 0.07 0.00 10.50 0.38
U-3 21°30°63 35°13787 Urania out-brine 3310 438 38 0.76  0.09 0.09 0.02 10.66 2.99
the oxic out-brine stations B-2, U-2, and U-3 30

whereas group B contained the anoxic in-brine 5 | @
stations U-1, B-1, and LA (Fig. 2a). The suboxic
in-brine Discovery station (DI) was clearly
separate from the other anoxic stations,

corroborating observations by van der Wielen and & 05 1 AL B
coworkers (2005). The South Ionian off-brine O o0 o UBAY
reference station (SI) also grouped separate from =05 1 B_sz ‘ Loa
the oxic group A (Fig. 2a), most likely as a result -1.0 e 4.1, A Bl

of its higher organic carbon content (1.30%; Table
1) and high C/N ratio (18.14; Table 1) compared
to the other stations.

3.2 n-Alkanes (NA)

Several tracers have been evaluated in order to g
quantify terrestrial versus marine sources of &
organic carbon inputs to the ocean. Many 5
constituents of the cuticular waxes in higher plants A~
(e.g. n-alkanes with a marked predominance of ‘ B
odd carbon numbered chains; Bouloubassi et al., 40 . A A
1997) have been used extensively as molecular 60 40 20 0 20 40 60

markers of terrestrially derived sedimentary PCL(4.1%)
organic carbon (Bouloubassi et al., 1997; Figure 2. (a) Principal component analysis of
Farrington and Tripp, 1977; Gogou et al., 2000; surface  sediment charac.teristics (Wz}ter
Saliot et al., 1991). In the present study, n-alkanes column depth, redox potential (Eh), salinity,
(NA) distribution was examined to compare the grgam; carkéon, l? rgalmc. n1trogse 1, C/I\é ratio)
importance of marine and terrestrial organic i\r/}e di:ereranea(x)ll)lt (b) OI;?irlllcipale a Coélpzslt;;ri
carbon inputs (Damsté et al., 1995) to sediments in analysis of n-afkane distribution in the South
the deep hypersaline anoxic basins of the South  yonjan Sea (Eastern Mediterranean).
Ionian Sea.

The organic carbon content can vary among sediments due to fluctuations in bulk organic
matter as well as due to specific inputs of organic compounds and variations in inorganic
materials (dilution effect) (Gogou et al., 2000). To account for a possible dilution effect, we
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present NA concentrations both in ng g”' of dry sediment as well as estimates normalized for
carbon content concentrations (ug g of organic carbon) as described by Gogou et al. (2000).

Table 2. Characteristic parameters of aliphatic hydrocarbons determined in the sediment samples of
South Tonian Sea. NA: n-alkane concentration; X(C4-Cy): sum of concentrations of NA from C;s to
Cso; 2(C51-Csg): sum of concentrations of NA from C,; to Cse; Mar: sum of concentrations of marine
NA C;s, Ci7 and Cyo; Ter: sum of concentrations of terrestrial NA C,;, Cy9 and Cs;; TC: absolute
terrestrial contribution; OC: organic carbon; CPI: carbon preference index of NA from C,; to Csg.

Sampling sites SI B-1 B-2 DI LA U-1 U-2 U-3
Parameters

NA (ng g") 2318.0 4408.6 4975.0 11793 4776.0 1562.0 56753 54453
NA/OC (ug g") 178.7 1058.5  860.0 724 716.6 4222 8521 7155
X(Ci4-Cao) (ng g) 194.6 3584 719.5 2527 2528 76.8 7029 1156.8
3(C14-C2)/OC (g g 15.0 86.1 1244 15.5 37.9 20.8 1055  152.0
X(Cy1-Cs6) (ng g) 2123.4 4050.2 42554  926.6 45232 1485.2 49724 4288.5
¥(C,-C36)/OC (ng g 163.7 9724  735.6 569 678.6 4014 746.6  563.5
Mar (ng g") 55.8 1452  279.7 78.1 1252 39.9 3338 5233
Mar/OC (ugg") 43 34.9 48.4 4.8 18.8 10.8 50.1 68.8
Ter (ngg") 578.7 679.6 16554 159.0 9563 2995 14384 14154
Ter/OC (ug g') 44.6 163.2  286.2 9.8 1435 809 216.0 186.0
TC (ng g") 4774 6029 1561.2 20.5 7239 96.7 1136.8 1100.4
TC/OC (ugg) 36.8 1447 2699 1.3 108.6 26.1 170.7 144.6
CPI(Cy - Csp) 1.4 1.7 22 1.0 1.4 0.9 1.9 1.9
C/Csy 0.8 0.7 0.9 14 0.9 0.9 0.8 0.9
C3s/Csy 0.3 1.2 0.2 0.6 1.0 0.6 0.4 0.3

Concentrations of n-alkanes with chain lengths between C,4 and C4 (NA) normalized to
sediment weight and sediment carbon ranged from 1180 — 5675 ng g dry weight and 72 — 1059
ng g' dry weight, respectively (Table 2). The lowest NA concentration was recorded for the
Discovery in-brine station (1179.3 ng g'; Table 2) and this level is within the range reported for
coastal marine sediments in the North Aegean Sea (0.2-3.3 pg g dry weight; Polymenakou et al.,
2005) and lower than those reported for the Western Mediterranean Sea (2.0 — 27.1 pg g dry
weight; Bouloubassi et al., 1997). NA concentrations normalized to organic carbon were also
comparable to concentrations reported for various regions in the Eastern Mediterranean Sea (e.g.
791.0-822.8 pg g™’ of OC; Polymenakou et al., 2005).

Short chain NA (C,4-Cy) were found in low concentrations compared to long chain (> Cy)
homologues (Table 2, Figure 3). Most long chain homologues ranged from C,; to Cs6 and these
were dominant at all stations (Table 2, Figure 3 ). The Carbon Preference Index (CPI) is a useful
indicator of hydrocarbon origin. CPI values were estimated in the range C,;-C;4 following the
equation CPI = 2(Cy;-Css) / 2(C-Cse). Naturally emitted hydrocarbons or fresh terrestrial
materials will have a CPI greater than 1 whereas CPI values around or below 1 imply
anthopogenic inputs, petroleum contamination or input of degraded planktonic material
(Bouloubassi et al., 1997; Simoneit, 1999). The estimated values in our study ranged from 0.9 to
2.2 reflecting the occurrence of contrasting organic carbon sources among the studied sediments.
The hypersaline sediments in the Discovery and Urania basins had the lowest CPIs (0.9-1.0)
suggesting negligible inputs of terrigenous organic matter. The absolute terrestrial contribution
(TC, Table 2) was estimated using the equation described by Damsté et al. (1995): TC = 3/2 [(Cy
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+ C31) - 2/3 (ng + C30 + C32)]. Previous
studies have shown that CPI may
overemphasize the terrestrial components
of the sediment samples (Damsté et al.,
1995) but this did not seem to be the case
for our studied sediments since there was
a strong positive correlation between CPI
and TC (R*=0.93, n=8).

The n-alkane homologues of marine
origin (Mar: the sum of concentrations of
Cis, Cy7, and Cyo, Table 2) were minor
constituents (2.4 — 9.6%) of the total NA
reflecting the low productivity of the
study area and the high degradability of
these compounds. The sum of
concentrations of the three most abundant
terrestrial NA (defined as the sum of Cy7,
Cyg, Cs3y: Ter; Table 2) ranged from 159.0
to 1655.4 ng g and the organic carbon
normalized concentrations ranged from
9.8 to 286.2 ng g' (Ter and Ter/OC
respectively; Table 2). Terrestrial NA
concentrations (both absolute and OC-
normalized) varied substantially among
the sampling stations with higher
recorded values at the out-brine stations
B-2, U-2, and U-3 while the lowest
terrestrial NA contribution was observed
for the Discovery basin (Table 2). The
latter content of terrigenous signature n-
alkanes was similar to levels observed in
the oligotrophic Cretan Sea (28 — 417 ng
g'l; Gogou et al., 2000). In contrast to the
other sampling stations, the sediment
from the Discovery basin had a NA
composition dominated by Cyy, C,;, and
Cy (26.3% of total NA; Fig. 3). These
compounds only contributed between 2.1
and 6.8% of the total NA for the other
sediments. The C,y/C;, ratio provides
additional support for a different
composition of NA in the Discovery basin
sediments (Table 2). The ratio is < 1 for
all sampling sites except the Discovery
basin (1.4; Table 2). Differences in the

Concentration (ng g)
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Figure 3. Distribution of n-alkane (NA) homologue
in deep-sea South Ionian sediment samples at
stations SI, U-3, B1 and DI.

Cy/Cs; ratio are mostly associated with different sources of terrigenous organic material; e.g.
continental run-off or atmospheric transport (Gogou et al., 1996; Gogou et al., 2000).

Surface sediments from the in-brine stations were characterized by significantly higher
C;5/Cs; ratios compared to the non-hypersaline stations (Table 2). These higher ratios are
probably derived from the co-elution of lycopane with Css n-alkane (Damsté et al., 2003). This
may be a result of enhanced preservation of this compound under anoxic conditions. McCaffrey
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et al. (1991) have shown that lycopane is most likely to be derived from marine phytoplankton
rather than methanogenic archaea that should be abundant in these anoxic environments. The
phototrophic origin of this compound was later corroborated by analysis of its carbon isotope
signature Damsté et al. (2003) and the compound has been proposed as an indicator of anoxic
conditions in ancient environments. Hence this observation suggests that the anoxic basins of the
South Ionian Sea have served as sinks for sedimenting planktonic material that has been
preserved over time.

The organic carbon sources in the different sediments were also compared by PCA. The
results indicated that 81.5% of the total variance in n-alkane distributions were represented by
only two principal components (PC). PC1 and PC2 explained 54.1% and 27.4% of the total
variance (Fig. 2b) and produced 3 distinct clusters. Group A contained the oxic out-brine
reference stations B-2, U-2 and U-3, whereas group B contained two of the anoxic in-brine
stations (LA and B-1), whereas U-1 clustered with the Discovery in-brine station (DI) and the
South Ionian reference station (SI). These results suggest the occurrence of three different types
of organic carbon sources (Fig. 2b). Stations within group A are characterized by high terrestrial
inputs (e.g. TC/OC = 144.6 — 269.9 pg g, CPI = 1.9 — 2.2; Table 2, Fig. 2b) whereas Bannock
and L’Atalante basins (stations of group B) have a higher input of preserved materials of
planktonic origin (e.g. high C;s/C;; ratio; Table 2). The generally high levels of acyclic
hydrocarbons at these stations suggest that the South Ionian Sea may be a focal point for
accumulation of terrestrial as well as marine organic matter in sediments but the organic matter
could also originate from the subjacent geological layers (Brusa et al., 2001 from (Corselli,
personal communication, 1999)).

3.3 Microbial community composition
Phospholipids form the main part of the cell membrane where they protect the cell against the
environment. Many attempts have been made to study microbial communities in the sediments
based on phospholipid-linked fatty acids (PLFA) biomarkers (Bobbie and White, 1980; White et
al., 1979; White et al., 1996). Biomass estimates from PLFA analyses are usually assumed to
represent viable microbial cells since phospholipids are degraded within 2-4 days after cell death
(White et al., 1979). This rapid degradation is likely a result of phospholipase activity (Harvey et
al., 1986). Eukaryote microorganisms such as plants, algae, diatoms and higher animal synthesize
different kinds of phospholipids (Gurr and James, 1980; Parkes and Taylor, 1983). Also Archaea
differ from bacteria in their phospholipid composition; i.e. they contain ether-linked rather than
ester-linked lipids (Add reference). In the present study, PLFA profiles revealed a dominant
contribution of bacterial lipids to total sedimentary lipids indicating that the microbial
communities were dominated by bacteria rather than by microeukaryotes (Guezennec and Fiala-
Medioni, 1996) (Table 3).

The concentration of total PLFA measured in the sediments (757.36 — 3807.90 ng g”'; Table
3) was comparable to the reported PLFA concentration in sediments from the Thermaikos Gulf
(North Aegean Sea) (219-2714 ng g'; Polymenakou et al., 2005) and the Cretan Sea (South
Aegean Sea) (524-1238 ng g’'; Polymenakou et al., 2005). The estimated content of bacterial
lipids, as a proxy for bacterial biomass, ranged from 651.01 to 3300.83 ng g dry weight (Table
3). The bacterial lipid content in sediments from the Discovery basin was lower than
corresponding values for the other anoxic basins. This observation is in agreement with van der
Wielen et al., (2005) who recorded lower microscopic counts of bacteria in the Discovery basin
compared to the L’Atalante, Bannock and Urania basins. It is possible that an environment
characterized by low microbial activity could preserve PLFAs and thereby bias estimates of
viable microbial biomass (Summit et al., 2000). However, the employed extraction procedures
discriminate between phospholipids and free fatty acids, and the latter should not interfere with
biomass estimates.
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Table 3. Mean percentages (mean) and standard deviations (sd) of the different functional groups in sediment samples of the South Ionian Sea
(n=3). Total amount of PLFA (ng g") and bacterial biomass (ng g"') PLFAs are also presented. SFA: saturates, MUFA: monounsaturates, B-FA:

branched chain, PUFA: polyunsaturates.

PLFA (%)

SFA (ambiguous)
Cian
C15:0
Cis
Cl7:0
Cigo
C20:0

MUFA (Gram negative)
Cis -Cig107

CiS -Cyg:109 + trans -Cyg.107
trans -Cy:100

C17:]

Cis -C .17

CiS -Cg.109

trans -Cg. 19

B-FA (Gram positive)
14-MeC 4.0

12-MeC 4y

12-MeC s,

14-MeC;s,

13-MeCg.0

15-MeC 4.0

14-MeC 4,9

PUFA (Microeuk./barophilic)
C18:3w3

C18:2m6,9

C20:4

C20:3mll,l4,l7

C20:2wl],14

Total PLFA (ng g")

Bacterial biomass (ng g'l)

SI B-1 B-2 DI LA U-1 U-2 U-3
mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd
3.76 0.02 5.69 2.77 3.56 0.35 7.42 0.29 8.36 1.10 4.43 1.01 3.53 0.62 370 1.11
1.27 0.11 1.24 0.48 1.39 0.03 0.98 0.24 1.46 0.38 0.69 0.06 1.07 0.29 1.29 1.10
22.11 0.13 20.30 2.10 27.72 053 34.78 1.97 26.79 1.44 18.60 4.29 21.16 049 3447 739
0.93 0.23 1.11 0.32 1.12 0.72 091 0.41 1.40 0.90 232 3.28
10.03 2.83 5.00 1.59 7.34 0.39 10.91 4.92 4.59 1.54 5.01 0.00 9.92 1.34 934 3.87
1.00 0.10 1.22 0.37 1.72 0.12 3.61 3.83 0.96 0.16 1.34 0.05
1.90 0.00 0.30 0.23 0.62 0.87
543 0.32 5.82 0.03 2.63 2.89 9.66 0.02 13.86 0.58 5.29 1.04 4.52 1.62 552  3.96
3.08 0.58 1.80 0.26 1.68 0.98 1.56 0.76 1.90 0.43 2.14 0.58 226 039
2.42 0.02 0.65 0.30
7.46 1.33 4.52 0.20 7.72 0.81 7.90 0.73 5.99 1.06 4.86 0.53 9.68 1.63 724  0.38
9.94 0.94 5.61 0.13 1674 2.02 14.96 1.19 10.01 1.11 7.21 0.40 12.54 2.17 16.08 0.98
1.03 0.35
5.85 0.05 2.79 1.23 3.53 1.28 3.92 0.40 4.19 0.49 4.65 0.07 3.71 0.87 2.58 0.73
7.60 0.00 4.83 0.10 5.90 1.97 5.14 2.58 538 0.48 6.64 2.01 5.65 2.07 556 1.1
0.70 0.25
1.56 0.06 0.86 0.07 0.65 0.03 0.53 0.74
3.04 0.32 5.67 1.46 2.65 0.85 2.38 0.08 1.81 1.52 6.97 1.34 726 1.15
4.16 0.32 26.46 6.23 3.93 4.52 28.17 4.86
6.41 0.02 1.67 0.64 238 0.61
0.49 0.06 2.21 0.84 3.47 1.05 1.06 0.54 1.13 0.06 0.41 0.01
1.21 0.07 6.04 3.45 1.83 0.48 4.33 2.03 6.89 1.51
0.17 0.02 2.73 0.42 1.51 1.47 2.48 0.94 2.20 1.47
1.30 0.78 8.55 1.51 5.74 2.06
0.87 0.18 2.15 0.23
1352.10 208.04 3807.90 655.18 757.36 323.73 1019.26 152.06 2933.83 1375.76 2736.56 964.86 1287.56 180.24 941.83 91.98
1296.77 191.99 3300.83 640.53 651.01 250.07 1019.26 152.06 2849.16 1337.45 2504.68 805.46 1086.76 87.70 941.83 91.98
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The fatty acid profiles for the studied sediments consist of saturated, monounsaturated,
polyunsaturated and branched-chain fatty acids indicating the presence of aerobic and anaerobic
bacteria (Table 3). This is in agreement with a previous study conducted in the anoxic basins
Urania, Discovery and Atalante where viable aerobic and anaerobic microorganisms were
detected (Brusa et al., 1997). The saturated fatty acids ranged from 33 + 7 % to 54 = 7% of the
total fatty acids and were dominated by C16:0 and C18:0 which are ubiquitous in organisms
(Rajendran et al., 1993) (Table 3; Fig. 4a).
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Figure 4. (a) Microbial community composition of the sediment samples based on different

groups of fatty acids. (b) Cluster analysis dendrogram based on comparison of phospholipids
linked fatty acid (PLFA) profiling from the different surface sediment samples.

Monounsaturated fatty acids (e.g. C16:1®9) have been implied as indicators of gram-negative
bacteria (Ratledge and Wilkinson, 1988). The contribution of monounsaturated fatty acids to total
fatty acids varied between sampling sites with lower concentrations of gram-negative bacteria at
the Discovery station (16% of the total fatty acids; Fig. 4a) and he hypersaline Urania station (U-
1; 20% of total fatty acids; Fig. 4a). These low proportions of monounsaturated fatty acids are
probably due to the higher temperatures within the anoxic basins. Previous studies have shown
that bacteria, like higher plants and poikilothermic animals, increase their proportion of
monounsaturated fatty acids in membrane lipids in response to decreased environmental
temperatures (Fang et al., 2000; Fulco, 1983).
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Unsaturations at ®7 and ©9 were found for both the 16 carbon and 18 carbon fatty acids with
concentrations ranging from 0 to 16.7% (Table 3). Both the cis and trans geometry were detected
in the monounsaturated fatty acids C16:107, C16:109 and C18:1w9 (Table 3). Monounsaturated
fatty acids with 16 carbons are characteristic components of Type I methanotrophs (Makula,
1978; Martz et al., 1983). These hypersaline ecosystems have an active methanogenoic
microflora (Van der Wielen et al., 2005) and the presence of methane-oxidizing bacteria at the
oxic/anoxic interface can therefore be expected.

White et al. (1996) reported that polyunsaturated PLFAs are almost exclusive to eukaryotes
and polyunsaturated C18:2 fatty acids have been used as fungal biomarkers (Frostegard and
Béath; 1996). However, previous studies have shown that in the deep biosphere, polyunsaturated
PLFA may indicate the presence of barophilic bacteria. DeLong and Yayanos (1985) suggested
that the polyunsaturated PLFA play an important role in maintaining optimal membrane fluidity
and could hence be critical for the adaptation of these organisms to life in the deep-sea
environment. The presence of one such polyunsaturated indicator, C18:216,9, was higher at the
in-brine station U-1 (128 + 97 ng g) and the nearby out-brine station U-2 (90 + 32 ng ). This
marker was absent from stations B-1, DI and U-3. The overall minor contribution of
polyunsaturated fatty acids to total fatty acids (0 to 15%) suggests that microeukaryotes are less
abundant in these systems. (Fig. 4a).

Branched saturated fatty acids indicate the presence of gram-positive bacteria (Zelles, 1999).
The levels of branched saturated fatty acids indicated that the abundance of gram-positive
bacteria relative total bacterial biomass varied substantially between the sampling sites. Gram-
positive bacteria appeared to be dominant in the anoxic basins of Bannock (B-1) and Urania (U-
1) with concentrations of 37% and 42% of the total fatty acid content, respectively (Table 3; Fig.
4a).

Our results support previous findings that the deep hypersaline anoxic basins of the
Mediterranean are not biological dead-ends but contain viable and active microbial communities
(Van der Wielen et al., 2005).

3.4 The effect of oxic/anoxic conditions and salinity

The community structure of benthic microbial communities has attracted much interest over
the last decade (Epstein, 1997). Previous studies of sediment microbial community composition
in oxic surface sediments of the Eastern Mediterranean Sea (Thermaikos Gulf, Cretan Sea, South
Ionian Sea and Levantine) have shown that organic carbon content and chlorophyll-a appear to
play a major role in regulating the composition of these benthic bacterial communities
(Polymenakou et al., 2005). However, similar studies of environmental factors controlling benthic
microbial communities in extreme environments such as hypersaline anoxic basins are scarce.

A pairwise similarity matrix based on phospholipid fatty acid profiles was generated for the
eight studied sediments. Hierarchical cluster analysis based on the derived similarity grouped the
sediment communities largely according to their redox potential (Fig. 4b). All anoxic in-brine
stations (U-1, B-1, LA) were clearly separated from all other sediments. The suboxic in-brine
station of the Discovery basin (DI) grouped with the oxic out-brine stations. The Eh values of
these stations varied between 10 and 475 mV (Table 1). It is evident that the microbial
community in the Discovery basin is most different from the other hypersaline anoxic stations,
both in the microbial community composition (Fig. 4b) and prevailing environmental conditions
(Fig. 2). This observation corroborate previous comparisons of the 4 hypersaline basins where
16S rRNA analysis of bacterial and archaeal microorganisms revealed large differences between
the Discovery station and the other anoxic sites (van der Wielen et al., 2005). The ionic
composition could be one explanation for the major differences observed; the brine in the
Discover basin contains very high concentrations of Mg*" ions (5M), whereas the three other
hypersaline basins have much higher Na” concentrations (van der Wielen et al., 2005). Based on a
detailed comparison of 16S rRNA clone libraries, van der Wielen et al. (2005) hypothesized that
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the physical separation of the basins may have resulted in the evolution of specific microbial
communities in each of the hypersaline basins.

BIOENYV analysis was conducted, in order to assess the effect of the different environmental
parameters (e.g. oxic/anoxic conditions, salinity, organic carbon and nitrogen content, C/N ratio,
PLFA content) on the distribution of microbial communities. As recommended by Clarke and
Ainsworth (1993), all measured environmental parameters were included in the BIOENYV analysis
without any prior transformations. The highest rank correlation with PLFA data (R=0.498) was
obtained with Eh values confirming the cluster results and signifying the low importance of
salinity levels on microbial community composition. This could indicate that the microbes that
inhabit these sediments are halotolerant rather than halophilic. This has been described previously
for strains isolated from the water/brine interface of the Urania basin (Brusa et al., 2001). The
above clustering of benthic microbial communities is largely due to differences in Eh values.
Thus, in order to examine microbial community shifts in each environment (oxic and anoxic)
BIOENV analysis was also conducted within each group taking into account all replicate
samples. In the anoxic group the highest rank correlation with PLFA data was obtained with
redox potential and total organic nitrogen content (R=0.871). Organic carbon content did also
display a high rank correlation with microbial community composition (R=0.868). These results
highlight the key role of organic matter inputs in regulating benthic microbiota in these anoxic
sediments. The importance of this controlling factor has previously been observed for oxic
sediments from the same sector of the Mediterranean Sea (Polymenakou et al., 2005). However,
the communities in the oxic sediments seemed to be more correlated to variables such as depth
and microbial biomass as reflected by PLFA content (R=0.796), whereas organic carbon content
had a minor contribution.
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Abstract

Sediment samples collected from polluted and pristine regions of the Eastern Mediterranean
Sea (Thracian Sea, Augusta Bay, South Ionian Sea), were subjected to ‘black carbon’,
aliphatic hydrocarbon and phospholipid ester-linked fatty acid (PLFA) analysis in order to
evaluate the effects of the refractory organic material and the different contamination levels
on microbial community composition. Black carbon was found to constitute a significant part
of the sedimentary carbon pool in the analyzed sediments. Principal component analysis of
the chemical data set revealed a clustering of samples depending on the concentrations of the
various parameters. This observation suggests the occurrence of a different trophic state
between the sampling stations following a gradient from the most productive and
contaminated region of Augusta Bay to the carbon-poor and pristine sediments of the
Thracian Sea. PLFA analysis revealed that the various microbial groups (e.g. gram-positive,
gram-negative, microeukaryotes) were most abundant in Augusta Bay and in the most
impacted station of the Thracian Sea. Moreover, the relative increase in branched and odd
fatty acids recorded in these stations is probably associated to the elevated amounts of
hydrocarbons indicating that microbial communities have developed the ability to degrade
either naturally occurring aliphatic hydrocarbons or hydrocarbons derived from oil
contamination. The highest rank correlation with PLFA data (R = 0.772) was obtained with
two variables, bioavailable organic carbon and chlorophyll contents whereas total organic
carbon appeared to be important only in the organic-poor sediments. These results
demonstrate that the proportion of refractory organic carbon in sediments of the Eastern
Mediterranean Sea has important implications, by affecting the bioavailability of the
sedimentary C pool, on benthic microbial community structure.

1. Introduction

The input of various fractions of organic matter in surface sediment layers depends
mainly on the supply from different sources as well as on microbial degradation during
diagenesis both in the water column and in surface sediments (Teece et al., 1998). Black
carbon has recently received great attention as a form of refractory organic matter that may
preferentially be preserved in sediments (Dickens et al., 2004; Gélinas et al., 2001;
Middelburg et al., 1999). Black carbon (BC) is produced by incomplete combustion of a
variety of fossil fuel and biomass material (Elmquist et al., 2004; Middelburg et al., 1999). It
is mainly formed on land and carried by rivers or via aerosol transport to the ocean (Dickens
et al., 2004; Masiello et al., 1998). Several tracers, such as aliphatic hydrocarbons, have been
evaluated in order to ascertain the balance between terrestrial, marine or anthropogenic
organic carbon inputs to the ocean. These compounds derive from a variety of allochthonous
sources, notably higher plants, and autochthonous sources, including plankton and bacteria
(Wakeham, 1996). Aliphatic hydrocarbons are also major components of petroleum products,
producing a distribution of n-alkanes in which odd and even carbon chain lengths are roughly
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equal in abundance and often an unresolved complex mixture (UCM) (Simoneit, 1999;
Wakeham, 1996). Moreover, their analysis is often necessary in determining the historic
sources of the contamination within an environment. However, these chemical data alone
provide limited evidence of any biological damage that may be occurring due to
contamination (Fang and Findlay, 1996). It is therefore necessary to combine chemical and
biological measurements in order to identify the impact of pollution (Kieft et al., 1997; White
et al., 1983; White, 1994).

Natural microbial communities are generally highly diverse and are involved in a variety
of biogeochemical processes (Boschker et al., 1998). Bacteria may be the first component of
the natural habitat that can be affected by altered environmental conditions (Evans, 1977;
Fang and Findlay, 1996). A main ecological role of bacteria lies in the utilization of different
fractions of organic matter (Boschker et al., 1998; Boschker et al., 2001). The last decade a
number of culture-independent techniques have been developed, offering insights into the
composition of uncultivated microbial communities (Head et al., 1998; Macnaughton et al.,
1999). Among them, fatty acid profiling is widely used to describe microbial strains or
communities or to differentiate among environmental samples by their fatty acid
“fingerprint”. Phospholipid derived fatty acid (PLFA) analysis is particularly useful to study
the living bacterial biomass, because they are rapidly turned over (decay within 2—4 days after
the death of the cell) (White et al., 1979), and thus represent the current living community,
both qualitatively and quantitatively (Carpenter-Boggs et al., 1998; Langezaal et al., 2003;
Petersen et al., 1991; Vestal & White, 1989). Besides, other main groups such as plants,
algae, diatoms and higher animals synthesize different kinds of phospholipids (Gurr & James,
1980; Langezaal et al., 2003; Parkes & Taylor, 1983).

In spite of this, information directly linked to microbial community composition in
association to a variety of environmental parameters (e.g. ‘black carbon’, oil contamination)
from sediments of the Eastern Mediterranean Sea is limited and therefore urgently needed
(Polymenakou et al., 2005a). The Eastern Mediterranean Sea is among the most oligotrophic
regions on Earth (Ignatiades, 1969; Krom et al., 1991; Tselepides et al., 2000) and includes
areas differentially impacted by anthropogenic activities (Polymenakou et al., 2005a). In
order to provide new insights into the influence of the most refractory organic material on
microbial community composition, polluted and pristine sites of the Eastern Mediterranean
Sea have been chosen for the analysis of black carbon, aliphatic hydrocarbons and
phospholipids-linked fatty acids. The main goals of the present study were to evaluate the
anthropogenic and biogenic inputs into the Eastern Mediterranean Sea and to determine the
major environmental features, including the most refractory organic material, controlling
benthic microbial community composition.

2. Materials and methods

2.1 Samples collection and sediment characteristics

Sediment samples were collected from 3 different regions of the Eastern Mediterranean Sea
(Fig. 1). A detailed description of the sediment samples collected from the South lonian Sea
has been presented elsewhere (Polymenakou et al., 2005b). Sediment samples (0-1 and 8-10
cm) from the Thracian Sea and Augusta Bay have been collected using a Bowers and
Connelly Multiple-corer (8 cores, i.d. 9.0 cm) (Barnett et al., 1984) in September 2003 and
November 2003, respectively. All sampling was carried out onboard the R/V’s Aegaeo and
Urania. Subsamples for analysis of the different chemical parameters were sealed in
aluminum foil and stored at -20°C until further analysis took place. Chlorophyll @ (Chl-a) and
phacopigment (Phaeop.) concentrations were determined according to the fluorometric
method of Yentsch and Menzel (1963) and Lorenzen and Jeffrey (1980) using a Turner TD-
700 fluorometer. Chloroplastic pigment equivalents (CPE) are considered as the sum of
chlorophyll a and phaecopigments. Total organic carbon measurements were carried out
according to the method of Hedges and Stern (1984), using a Perkin Elmer CHN 2400
analyser. ‘Black carbon’ was estimated using the method described by Gustafsson et al.
(1997) where samples were oxidized at 375°C for 24 h in the presence of excess oxygen (air)
and further analyzed in the Perkin Elmer 2400 CHN analyzer. Bioavailable organic carbon
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(BOC) was estimated by subtracting the amount of ‘black carbon’ from the total organic
carbon content. All solvents used were purchased from Merck (Suprasolv, Darmstadt,
Germany). Silica gel 60 (0.063-200mm) was also from Merck. Alkane standards were
purchased from PolyScience (Analytical Standards, Merrimac Avenue, Niles, Illinois).
Identification of fatty acids was based on comparison of retention times to purchased
standards (FAME Mix, Supelco).

2.2 Aliphatic hydrocarbons and phospholipids analyses

1 g of preweight freeze-dried sediment material was Soxhlet extracted in n-
hexane:dichloromethane (1:1 v/v) and 1-chlorohexadecane was added prior to extraction as an
internal standard. The solvent was then evaporated to 1 ml and applied on the top of a glass
column (0.5 cm i.d.) containing 1.5 g of silica gel, activated at 150°C for 3 h. The fraction of
aliphatic hydrocarbons was eluted using 15 ml n-hexane in gravity flow. Sulfur content was
removed by treating the extract with activated copper.

Samples were processed following published procedures for lipid extraction and
phospholipids linked fatty acids (PLFA) recovery (Polymenakou et al., 2005a). Total lipids
were extracted from pre-weighed freeze dried sediment material using a modified Bligh and
Dyer (1959) method. 3 g of sediment were ultrasonically extracted for 5 min with a mixture
of chloroform/methanol/phosphate buffer (2:1:0.8 v/v). The mixtures were extracted in the
dark at 4°C. After partitioning of the solution into organic and aqueous phases with 7.5 ml
chloroform and 7.5 ml deionized water, the organic phase was collected and evaporated to
near dryness.

Microbial community structure was determined by fatty acid methyl esters from
phospholipids. Total lipid was fractionated into neutral, glycol-, and polar lipids using glass
columns (0.5 c¢m 1i.d.), packed with 1.0 g silica gel. All polar lipids (fractions containing
phospholipids) were evaporated to dryness under the gentle stream of N, and were dissolved
in 0.5 ml 1:1 (v/v) toluene-methanol solution and transmethylated under mild alkaline
methanolysis (0.2 N methanolic potassium hydroxide). 0.5 ml 0.2 N glacial acetic acid was
added followed immediately by phase partitioning with 2 ml chloroform and 2 ml deionized
water. The organic phase was removed and evaporated to dryness.

2.3 Analysis in GC/MS

Gas chromatography equipped with a Mass Spectrometer was used to qualify and quantify
aliphatic hydrocarbons fraction and the fatty acid methyl esters (FAME) of the polar fraction.
A Hewlett Packard Model 6890 GC equipped with a split-splitless injector was directly
coupled with the fused silica capillary column (HP-5 MS with 0.25 um film thickness, 30
mx0.25 mm [.D.) to the ion source. Helium was used as a carrier gas. The chromatographic
conditions were the following (temperature program for n-alkanes): injector temperature
270°C; temperature program, 70°C (1 min), 70-150°C (10°C/min), 150-290°C (5°C/min), and
290°C (30 min). Temperature program for FAME analysis: injector temperature 270°C;
temperature program, 70°C (1 min), 70-140°C (10°C/min), 140-240°C (4°C/min), and 240°C
(30 min). In both methods 1 pul of each sample was injected in the splitless mode.
Identification of n-alkanes was based on comparison of retention times to purchased standards
of Polyscience and of fatty acids to purchased standards of Supelco (FAME Mix, Supelco).
Quantification of n-alkanes and PLFA were carried out using the internal standards 1-
chlorohexadecane and nonadecanoic acid methyl ester, respectively.

2.4 Fatty acid nomenclature

The classical fatty acid terminology is used: total number of carbon atoms:number of double
bonds, followed by the position (®) of the double bond from the methyl end of the molecule.
All results are presented as mean + standard deviation. Bacterial biomass was estimated by
the sum of the following PLFAs: C14:0, 14-MeC14:0, 12-MeC14:0, C15:0, 12-MeC15:0, 14-
MeC15:0, cis-Cl16:1w7, cis-C16:109, trans-C16:107, trans-C16:109, C16:0, 13-MeC16:0,
15-MeC16:0, 14-MeC16:0, C17:1, C17:0, cis-18:1w7, cis-18:109, trans-18:109, C18:0 and
C20:1.
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2.5 Estimation of bacterial biomass

The following conversion factors as described elsewhere (Guezennec and Fiala-Medioni,
1996; Virtue et al.,, 1996) were used to calculate the microbial biomass in sediments.
Assuming that the average bacterium, the size of Escherichia coli, contains 100 umol PLFA/g
(dry weight), and 1 g of bacteria is equivalent to 5.9x10'? cells (dry weight), it provides
1.7x10-17 mol of PLFA per bacterial cell. The average molecular weights of phospholipid
fatty acids were 270 amu. Use of this quantitative approach for the determination of microbial
biomass, has been verified by studies comparing this method with direct bacterial counts
(Balkwill et al., 1988; Virtue et al., 1996).

2.6 Statistical analysis

In order to detect differences in chemical characteristics (organic carbon content, black
carbon, bioavailable organic carbon, chlorophyll a, phaeopigments, CPE, aliphatic
hydrocarbons) between the sediment samples, principal component analysis (PCA) was
applied to the data set. Prior to analysis the raw data was transformed and extracted into a
correlation matrix. The correlation matrix was evaluated and eigenvalues were developed and
determined. Analysis was performed with various rotations of the data in order to test the
differences of the factor 1 (Blume et al., 2002; Kleikemper et al., 2002). PCA was performed
using the PRIMER 5.2.2 software package (Plymouth Routines In Multivariate Ecological
Research). Pair wise comparison of PLFA composition between the environmental samples
was used to generate a similarity matrix. Subsequently hierarchical cluster analysis was
performed using the PRIMER 5.2.2 software. BIOENV analysis, included in the PRIMER
software (Clarke and Ainsworth, 1993) was also conducted in order to ascertain the relation
between measured environmental variables and microbial community structure.

3. Results and Discussion
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3.1 Sediment characteristics

Water column depth ranged from 52.1 | :
m in the Thracian Sea to 3320 m inthe  Figure 1. Map of the Eastern Mediterranean Sea
South ITonian Sea. The organic carbon  showing the sampling stations in Thracian Sea, South
content varied between 0.25 + 0.08%  Ionian Sea and Augusta Bay.

at the deep sediment layer (8-10 cm)

of the Thracian Sea and 1.73 £ 0.06% at station AUGU2 of Augusta Bay (Table 1) and was
comparable to values found in other areas of the Eastern (0.38 — 1.47%; Polymenakou et al.,
2005a; 0.23 — 0.99%; Bianchi et al., 2003) as well as the Western Mediterranean Sea (0.38 —
1.47%; Bouloubassi et al., 1997). On the other hand, ‘black carbon’ contents ranged from
0.01 — 0.63% C (Table 1) and were found to correlate very well to total organic carbon
contents (R’ = 0.69; n = 15). Black carbon (BC) contributed approximately 2.38 to 65.68 % of

South lonian Sea |
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the total organic carbon (Table 1), indicating strongly that BC constitutes a significant portion
of the sedimentary carbon pool in the Eastern Mediterranean. On the other hand, we did not
observe any tendency for deep-sea samples to contain proportionally more black carbon as
was found in a previous study (Middelburg et al., 1999). Generally, in the marine
environment ‘black carbon’ is considered to be chemically and biologically inert although
microbiological breakdown during laboratory experiments has been reported (Middelburg et
al., 1999). Previous studies have also shown that the distribution of black carbon in surface
sediments may significantly affect the speciation and bioavailability of polycyclic aromatic
hydrocarbons (Gustafsson et al., 1997). Although Middelburg et al. (1999) reported the first
evidence that black carbon can be degraded in sediments in excess of oxygen and nitrate,
several studies suggested that BC is the refractory and oxidation-resistant organic C form in
the environment (Dickens et al., 2004; Schulze et al., 2000) and does not commonly serve as
a C and energy source for microorganisms (Albrecht et al., 1995). In addition, Dickens et al.
(2004) suggested that the recycling of black carbon in sediments may be locked away from
the biologically mediated carbon cycle for many geologic cycles most likely as the result of
the slow rates of formation and destruction. Thus, in the present study, we considered the
black carbon content as the most refractory form of organic carbon and estimated the
bioavailable organic carbon (BOC) by removing the amount of black carbon from the total
organic carbon concentration. BOC contents in the sediments samples varied between 0.11
and 1.13 % C with the maximum recorded value occurring at station AUGU2 of Augusta Bay
(Table 1). Chlorophyll @ and phaeopigment concentrations varied significantly between the
sampling stations with the maximum recorded values at the shallow stations of Augusta Bay
(1.11 = 1.72 ug g and 4.78 — 6.62 pg g™, respectively; Table 1) and at station THR30 (0-1) of
the Thracian Sea (2.30 and 2.87 pg g, respectively; Table 1). The latter station was strongly
influenced by the relatively less saline and rich in nutrients Black Sea water masses flowing
into the North Aegean Sea through the Dardanelles Strait (Poulos et al., 1997). As a result,
high amount of chloroplastic pigments (e.g. chlorophyll a, phacopigments; Table 1) tend to
accumulate in the specific region.

Table 1. Water column depth (m), total organic carbon (TOC), black carbon (BC), proportion of BC
to TOC (BC/OC), bioavailable organic carbon (BOC), chlorophyll a (Chl-a), phaeopigments
(Phaeop.), and chloroplastic pigment equivalents (CPE) of the sediment samples are presented. Sd
indicate standard deviation among replicate samples (n=3).

Station Sediment Area Water column TOC (%) BC (%) BC/OC BOC Chl-_? Phea(?!). CPE
depth depth (ngg’) (ngg’) (ngg’)
(cm) (m) mean  sd  mean  sd (%) (%) mean sd mean sd  mean  sd
ADEC 0-1 South Ionian 2840 130 0.69 021 0.03 16.05 1.09 006 0.00 035 006 040 0.06
ABO3MC 0-1 South Tonian 3179 058 0.03 028 0.04 4891 030 0.03 001 0.12 002 0.15 0.03
ABI12MC 0-1 South Ionian 3310 076  0.09 035 0.08 45.69 041 005 002 030 004 035 0.06
ABI5MC 0-1 South Tonian 3320 0.67 009 033 0.07 50.10 033  0.04 0.00 027 001 030 0.01
AUGUI 0-1 Augusta Bay 1700 055 002 027 0.02 4826 0.29 048 0.07 295 005 343 0.02
AUGU2 0-1 Augusta Bay 600 1.73 006 0.60 0.10 3473 1.13 172 041 6.62 047 834 0.05
AUGU3 0-1 Augusta Bay 100 1.37 007 0.63 0.10 46.13 0.74 1.11 0.00 4.78 0.18 590 0.17
THRO8 0-1 Thracian Sea 52.1 038 0.09 0.08 0.00 2091 030 005 000 101 0.11 1.06 0.10
THRO8 8-10 Thracian Sea 52.1 0.55 0.08 0.13 0.01 22.69 043 002 000 043 0.12 045 0.12
THR10 0-1 Thracian Sea 62.5 034 0.09 0.01 0.00 2.38 033 070 0.18 201 021 270 039
THR10 8-10 Thracian Sea 62.5 025 0.08 0.01 0.00 431 024 0.03 0.00 0.69 001 0.72 0.02
THR23 0-1 Thracian Sea 81 042 006 0.05 0.05 12.97 036 066 026 2.12 005 278 0.21
THR23 8-10 Thracian Sea 81 036 0.04 0.08 0.01 24.04 025 0.04 000 051 022 054 022
THR30 0-1 Thracian Sea 223 045 012 015 0.00 3431 029 230 0.15 287 021 517 0.06
THR30 8-10 Thracian Sea 223 033 0.03 022 0.01 65.68 0.11 008 003 037 0.11 046 0.14

3.2 Anthropogenic and biogenic inputs

Roughly half of the organic matter inputs to the Mediterranean Sea are industrial in
origin. The remaining half derives from human sewage and agricultural sources.
Approximately 60 to 65 % of organics entering the Mediterranean come from runoff and
discharge, and the rest is transported by rivers (Caddy, 1993). All inputs eventually reach the
ocean sea floor and influence benthic communities. In the present study, aliphatic
hydrocarbon distributions were examined in order to evaluate the anthropogenic, terrigenous
and marine organic carbon inputs in different areas of the Eastern Mediterranean Sea (Fig. 1).
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Table 2. Characteristic parameters of aliphatic hydrocarbons estimated in the sediment samples.

AHC: aliphatic hydrocarbon total concentration; OC: organic carbon; NA: n-alkane concentration; UCM: unresolved complex mixture; Pr: pristine;
Ph: phytane; >(Ci4-Cy): sum of concentrations of NA from Ci4 to Cyp; 2(Cyi-Cs6): sum of concentrations of NA from C,; to Css; Mar: sum of
concentrations of marine NA C;s, C;; and Cg;Ter: sum of concentrations of terrestrial NA C,;, Cy9 and C;y; CPI(C,1-Csg): carbon preference index
estimated for NA from C,; to Cs.

Sampling sites ADEC ABO03MC AB12MC ABISMC AUGU1 AUGU2 AUGU3 THRO8 THR10 THR23 THR30
sediment depth (cm) 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 8-10 0-1 8-10 0-1 8-10 0-1 8-10
Parameters

AHC (ng g 5.1 22.8 54.5 114.1 34 462.8 163.3 14.4 8.4 6.9 7.4 1.9 9.8 13.8 1.2
AHC/OC (ng g 3942 3939.7 7167.0 171314  610.7 26698.4 11911.8 3829.1 15304 2041.0 29553 4459 3030.5 3098.0 370.8
NA (ng gh) 2318.0 4975.0 5445.3 56753  1829.8 51279 49412 1899.4 24447 17509 532.7 1775.8 2293.0 18393 812.5
NA/OC (ugg™) 178.7 860.0 715.5 852.1 330.6 295.8 360.5 503.4 443.6 5153 2129 4242 7055 4114 246.5
UCM (uggh 2.6 17.8 48.0 103.3 1.3 4474 155.8 12.4 6.0 5.2 6.9 0.1 7.4 11.9 0.4
UCM/OC (ng g 200.0 3079.7 6311.7  15513.0 241.0 25809.7 11371.0 3294.1 1086.8 1525.7 27424 21.6 2291.1 26613 124.3
UCM/NA 1.1 3.6 8.8 18.2 0.7 87.3 315 6.5 24 3.0 12.9 0.1 32 6.5 0.5
Hopanes (ng g) 199.7 - 1064.0 5103.6 216.2 10277.6 2470.7 119.1 - - - - 110.3 113.0 -
Pr(ngg") 31.5 102.9 142.0 92.1 86.4 84.0 122.3 93.6 18.1  102.6 59.3 54.4 119.1 39.1 30.2
Ph (ngg") 14.6 53.7 144.0 100.1 57.0 75.2 108.7 75.8 8.7 43.4 39.1 449 41.7 31.8 17.5
2(C4Cyp) (ng gh 194.6 719.5 1156.8 702.9 333.3 720.7 1017.3  496.2 632.8 6356 143.0 5233 5119 353.1 217.1
2(Cy-Cy) (ng g’l) 21234 42554 4288.5 49724  1496.6 4407.2 39239 1403.2 18119 11153 389.6 12524 1781.1 1486.3 595.4
Mar (ng g") 55.8 279.7 5233 333.8 128.7 342.8 494.9 156.6 220.1 268.4 61.7 2222 2063 118.2 87.5
Ter (ng g) 578.7  1655.4 1415.4 1438.4 572.3 1767.0 1171.0 4422 704.1 386.0 1455 473.6 600.8 425.9 226.4
CPI(C,, - Cyp) 1.4 2.2 1.9 1.9 1.6 1.4 1.9 1.6 1.8 1.8 1.5 1.7 L.5 1.5 1.8
C,/Cy, 0.8 0.9 0.9 0.8 1.1 1.1 0.8 1.0 0.9 1.0 1.2 1.2 1.4 1.3 1.1
% Mar to NA 24 5.6 9.6 5.9 7.0 6.7 10.0 8.2 9.0 153 11.6 12.5 9.0 6.4 10.8
% Ter to NA 25.0 33.3 26.0 25.3 31.3 34.5 23.7 23.3 28.8 22.0 27.3 26.7 26.2 23.2 27.9




The concentrations of different classes of hydrocarbons and bulk parameters at each
sampling site are summarized in Table 2. Besides the absolute concentrations (ug g of dry
sediment) of the various aliphatic hydrocarbons we also estimated, as described by Gogou et
al. (2000), the organic carbon normalized concentrations (ug g of organic carbon). Most
chromatograms of the aliphatic fractions were dominated by resolved n-alkanes and an
unresolved complex mixture (UCM) (Table 2) whereas the aliphatic fraction of station
AUGU2 was dominated by UCM and hopanes (Tables 2, 3; Fig. 2a).

Absolute (AHC) and
organic carbon normalized
concentrations (AHC/OC) of ;ggggg
aliphatic hydrocarbons  s5pg0g0
showed  large  variation 400000
between the sampling sites 300000
ranging from 1.2 to 462.8 ug 20000
g and from 370.8 to 26698.4 "
ug g‘1’ respectively (Table 2). 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00
Generally, total hydrocarbon 44000
concentrations exceeding 500 5400
ng g' are indicative of
significant pollution, whereas
values below 10 pg g are
considered unpolluted
sediments (Tolosa et al.,
2004; Volkman et al., 1992).
Maximum  values  were

800000

28000
22000
16000

10000
4000

30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00

- Figure 2. a) Representative gas chromatographic pattern of
recorded within the Augusta & 7o hycirocalibons in the highly polluted station. AUGU2
Bay stations indicating that ¢ Augusta Bay. UCM, unresolved complex mixture. b)
strong anthopogenic  Example of ion chromatogram (m/z 191) of hopanes
influences  dominated the  determined in station AUGU2. Names of hopane abbreviations
region. These values were  are presented in Table 3.
comparable to  locations
reported to be chronically contaminated by oil, e.g. 60 — 646 ug g in Hong Kong (Hong et
al., 1995) and 29 — 1820 pg g in the Caspian Sea (Tolosa et al., 2004). In contrast, aliphatic
hydrocarbons in the Thracian Sea as well in the offshore station of Augusta Bay and the
characteristic offshore site of the South Ionian Sea exhibited concentration levels typical of
non-polluted regions. Absolute (NA) and organic carbon-normalized concentrations (NA/OC)
of n-alkanes (in carbon chain length between Cy4 and Cyo) ranged from 532.7 — 5127.9 ng g
dry weight and 178.7 — 860.0 pg g dry weight, respectively (Table 2). Minimum values of
NA were recorded in the deeper sediment layers of the Thracian Sea (e.g. 532.7 ng g'; Table
2) whereas the characteristic offshore site of the South Ionian Sea attained the minimum value
of NA/OC (178.7 pg g'; Table 2). For comparison, background concentrations of NA from
the Antarctic islands of South Orkney were about 0.4 pug g' (Cripps, 1994) whereas the
sediments of the deep basin of the NW Mediterranean Sea reached NA concentration of up to
1.1 pug g (Tolosa et al., 1996). On the other hand, the other South Ionian Sea stations were
located near to the hypersaline anoxic basins of Bannock and Urania exhibiting maximum
amounts of organic carbon normalized concentrations of NA.

n-Alkanes displayed a wide distribution ranging from n-C;4 to n-Cs. Short chain
homologues (3 (C;4-Cy); Table 2) mainly derived from phytoplanktonic sources (Gogou et
al., 2000) as well as long-chain homologues (}.(C,1-Cs); Table 2) characteristic of terrestrial
higher plant waxes (Gogou et al., 2000) were mostly prominent at the shallow station of
Augusta Bay and at the deep stations close to the brine area of the South Ionian Sea (Table 2).
The high concentration of n-alkanes of low carbon chain length (C4to Cy) in these stations
could also indicate a fresh input of light oil (Tolosa et al., 2004). The predominance of long
chain homologues compared to short chain compounds was evident at all stations (3 (C;4-Cy)
and >(C,1-Cs6); Table 2) and was described by the Carbon Preference Index (CPI). CPI
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values corresponding to petroleum contamination or input of degraded planktonic material are
around 1, whereas odd to even predominance (CPI>1) suggests inputs of plant wax r-alkanes
(Gogou et al., 2000; Simoneit, 1999). In the present study, CPI values were estimated
following the equation CPI = >(C5;-Css) / 2(Cx-Cs6) (Simoneit, 1999). CPI values ranging
from 1.4 to 2.2 (Table 2) where similar for all stations, indicating a degraded land-derived
organic matter contribution to marine sediments (Gogou et al., 2000). However, a high marine
contribution is generally indicated by low CPI values although the absolute terrestrial
contribution may remain the same (Damsté et al., 1995). Thus, in order to ascertain the
balance between terrestrial and marine organic carbon inputs we estimated the terrestrial
contribution in the sediments by summing the three most abundant terrestrial NA, C,7, Cy9 and
C;; (Ter: Table 2). In our case, the resulting Ter plot shows marked differences with the CPI
plot (Fig. 3). For example, the terrestrial component of station AUGU1 is overemphasized by
the CPI plot, most likely as the result of the concurrent decrease of even and odd NA in this
range. The estimated terrestrial component varies largely between the sampling stations with
values ranging from 145.5 to 1767.0 ng g (Table 2). The results showed that the higher
terrestrial contribution occurred in the shallow stations of Augusta bay and the three stations
located near the anoxic brine area (Fig. 3). In contrast, the terrestrial components were lower
at the shallow stations of the Thracian Sea. The homologues of marine origin (Mar: the sum
of concentrations of C;s, C;7, and Cyo, Table 2) were also lower in this area exhibiting values
between 61.7 and 268.4 ng g”' and representing a minor fraction of the total NA (6.4 — 15.3%;
Table 2). These results indicated the low productivity of the Thracian Sea and the high
degradability of these compounds (Table 2).

Table 3. Concentration of hopanes (ng g"') determined in the sediment samples. Hopane levels of
the stations are not presented here were below the detection limit.

Sampling sites ADEC ABI2MC ABISMC AUGUl AUGU2 AUGU3 THRO8 THR23 THR30

sediment depth (cm) 0-1 0-1 0-1 0-1 0-1 0-1 0-1 8-10 0-1
Hopanes (ngg"') ~ Name
Cy,yH Ts 18a (H)-22,29,30-trisnorneohopane - 410.9 103.0 -
Cy;H Tm 170 (H)-22,29,30-trisnorhopane - - 217.7 - 423.4 106.5 - 16.8 -
CyH 17a (H),21B(H)-29-norhopane 322 208.9 6349 64.7 2726.6 531.7 333 24.7 26.5
CsH 17a (H),21B(H)-hopane 374 226.7 840.8 84.8 25352 537.3 50.5 43.4 332
Cy;HS 17a (H),21B(H)-homohopane 26.6 194.9 659.5 313 1165.7 291.4 18.0 14.1 18.9
CyHR 170 (H),21B(H)-homohopane 182 105.6 441.0 20.8 783.4 211.6 173 11.2 134
CypHS 170 (H),21B(H)-bishomohopane 193 160.3 482.3 14.6 625.2 174.1 - - 12.9
CHR 170 (H),21B(H)-bishomohopane 11.7 80.1 330.7 - 438.9 130.1 - - 8.0
CyHS 170 (H),21B(H)-trishomohopane 13.7 87.4 401.7 - 367.4 98.6
Cy;HR 170 (H),21B(H)-trishomohopane 11.6 - 2023 - 192.8 63.7
CyHS 17a (H),21B(H)-tetrakishomohopane 7.8 - 320.8 - 267.9 96.7
CyHR 17a (H),21B(H)-tetrakishomohopane 6.2 - 1335 - 99.7 36.5
Cy;sHS 17a (H),21B(H)-pentakishomohopane 9.1 - 2409 - 126.7 43.7
C3;sHR 170 (H),21B(H)-pentakishomohopane 5.8 - 197.3 - 113.7 45.7

UCM was the major component of the aliphatic hydrocarbon fraction in most of the
stations (Table 2). A latter study has shown that UCM comprises a mixture of branched
alkanes, cycloalkanes, monoaromatics, naphtahlenes and multi-ring polyaromatic
hydrocarbons (Frysinger et al., 2003) whereas it is very well linked to degraded or weathered
petroleum residues (Tolosa et al., 2004). However, UCM distributions in the lower molecular
weight range may be associated with bacterial degradation processes of natural organic matter
such as algal detritus (Tolosa et al., 2004; Venkatesan & Kaplan, 1982). UCM and UCM/OC
concentrations were higher in the sediments of the South Ionian Sea (2.6 — 103.3 pg g and
200 — 15513 pg g™, respectively) and in Augusta Bay (1.3 —447.4 pg g and 241.0 — 25809.7
ng g, respectively). The lowest values were recorded in the deeper sediment layers of
stations THR23 (0.1 and 21.6 pg g, respectively) and THR30 (0.4 and 124.3 pg g') of the
Thracian Sea (Table 2). UCM levels of the shallow Thracian Sea stations, the deeper station
of Augusta Bay and station ADEC of the South Ionian Sea were in the same range with those
previously found for the oligotrophic Cretan Sea (0.3 — 4.8 pg g"'; Gogou et al., 2000). In
contrast, UCM levels from the other stations were comparable to those found in coastal areas
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(7-488 pg g'; Tolosa et al. 1996) as well as in open sea areas in the NW Mediterranean (7-13
ng g'; Tolosa et al. 1996). The isoprenoid hydrocarbons pristane and phytane (Table 2) were
also present in all samples with values ranging from 8.7 to 144.0 ng g’ sediment dry weight.
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Figure 3. Plots of Ter and CPI values determined in the sediment samples. Ter
concentration is presented in ng g dry weight sediment. Ter: sum of concentrations of
terrestrial NA C,7, Cy9 and Cj;; CPI (C,;-Csg): Carbon Preference Index estimated for
carbon chain length C,; to Cy.

The high abundance of UCM, the high recorded ratio of UCM to NA (UCM / NA; Table
2) together with the occurrence of pristane and phytane provided clear evidence of chronic oil
pollution in the study area (Gogou et al., 2000). However, the high recorded amounts of AHC
in the shallow stations of Augusta Bay strongly indicate the predominance of anthropogenic
activities in the study area whereas in the deep stations close to the brine area of the South
Ionian Sea hydrocarbons probably originated from subjacent geological layers since it is most
unlikely for anthropogenic impact to have occurred in a water column depth of ~ 3300 m
(Brusa et al., 2001; Polymenakou et al., 2005b).

More definite confirmation of oil pollution was obtained by monitoring characteristic
fragment ions from compounds unique to petroleum, such as pentacyclic terpenoids (Gogou
et al., 2000; Tolosa et al., 2004; Wang et al., 1999). In the present study, a series of C,7-Cjs
pentacyclic terpanes (hopanes) could be identified in most of the stations primarily on their
mass spectra and GC retention time characteristic of oil-derived hydrocarbons (Phillip, 1985)
(Table 3). Fig. 2b shows the characteristic simple ion chromatogram (m/z 191) for hopanes
recorded in the most impacted station AUGU2. The homologues with number of carbon
atoms > Cyy exhibited the thermodynamically more stable 17a(H), 21B(H) configuration
maximizing at the C3p homologue (C,/Cs ratios varied from 0.57 to 0.92). This distribution
differs from the Augusta Bay oil where C,y/C; ratios for the shallow stations were near 1
(AUGU2: 1.08; AUGU3: 0.99). Oils derived from carbonates usually show C,o/Csq ratios > 1
compared to oils generated from shales (Tolosa et al., 2004). The hopane series of C;,-Cjs
occurred as pairs of the C-22 diastereoisomers (225 and 22R epimers) (Table 3). The values
of the ratio 225/(22S + 22R) varied from 0.51 to 0.67 and were close to the equilibrium value
of 0.6 for mature petroleum (Tolosa et al., 2004).

Principal Component Analysis (PCA) on the data set (e.g. total organic carbon, black
carbon, bioavailable organic carbon, chlorophyll-a, phaeopigments, CPE, aliphatic
hydrocarbon parameters) was also carried out in order to get further insights into the
relationships between sampling stations (Fig. 4). The results indicated that 87% of the total
variance in environmental parameters can be represented by three principal components (PC)
where PC1, PC2 and PC3 explained respectively 53.9%, 24.5% and 8.6% of the total variance
(Figs. 4a, b). The first component (PC1) in the score plot discriminates the most contaminated
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stations of Augusta Bay and South Ionian Sea which appear in the left half of the plot, with
the more pristine sampling stations in the right half (Fig. 4a). Both the deeper station of
Augusta Bay and the pristine station of the South Ionian Sea are grouped together with the
stations from the Thracian sea. The dominant projection of this component is mostly
associated with the general concentrations of the different estimated parameters. Thus, the
distribution of samples from left to right reflects a gradient of decreasing concentrations. This
observation suggests a different trophic state between the sampling stations following a
gradient from the most productive and contaminated region of Augusta Bay to the organic
carbon-poor and pristine region of the Thracian Sea. The second principal component (PC2)
discriminates the samples of the South Ionian Sea from Augusta Bay as a result of the
intermediate levels of aliphatic hydrocarbons and organic carbon contents (Tables 1, 2; Fig.
4a) and is mostly associated with differences in organic carbon normalized concentration of
NA. On the other hand, the score plot of PC3 discriminates the environmental samples mostly
according to their absolute marine (Mar) and terrestrial contributions (Ter). For example, it is
very interesting to note the different projections of stations AUGU3 and ADEC on PC2 and
PC3, although their positions on PC1 are similar (Figs. 4a, b). These differences on the score
plot of PC3 are mostly associated with the different types of organic matter that the samples
contain (Fig. 4b).

3.3 Microbial community composition
Sedimentary microbial
communities are assemblages of
bacterial, microeukaryotes and
archaeal  populations.  Functional
groups (e.g. microorganisms with
similar metabolic activity) include
aerobic and anaerobic heterotrophic
bacteria, phototrophic ~ bacteria,
heterotrophic microeukaryotes and
methanogenic archaea (Smoot and
Findlay, 2001). A useful approach to
estimate the bacterial biomass and
community  composition is by -6 0 6
. : PCI (53.9%)
measuring chemical components that
are specific for the different microbial b)
groups. For instance, different groups Agec
of microorganisms synthesize a THR30 0.1
variety of PLFAs through various ABOIMC THROSS-10 @
biochemical pathways (Bé&ath and
Anderson, 2003; Guezennec and
Fiala-Medioni, 1996; Rajendran et al.,
1993; White et al., 1979). This makes i
PLFAs effective taxonomic markers, THRI0 0-1
useful  to define community
composition. However, there is an
overlap in PLFA composition between 7 0 7
different species, and as such, it is not PC1 (53.9%)

p0§51ble to define each species with a Figure 4. Principal components analysis of the
unique PLFA pattern. o sediment characteristics (total organic carbon, black

In the present study, phospholipid  carbon, bioavailable organic carbon, chlorophyll a,
ester-linked fatty acids (PLFA) were  phaeopigments, chloroplastic pigment equivalents,
analyzed in order to obtain an aliphatic hydrocarbons, n-alkanes, unresolved
impression about the bacterial complex mixture, sum of short chain n-alkanes and
abundances and community structure sum of long chain n—alkanes) a) Score PC1 and PC2
and to assess the response of Pplots. B) PCI and PC3 plots.
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Table 4. Mean percentages (mean) and standard deviation (sd) of PLFAs determined in the sediment samples. Total amount of PLFA (ng g"), bacterial biomass (ng g),
cell numbers (x 10° cells g') and the relative proportions of saturated, monounsaturated, polyunsaturated and branched fatty acids are also presented.

PLFA (%) AUGU1 AUGU2 AUGU3 THRO8 (0-1) THRO8 (8-10) THR10 (0-1) THR10 (8-10) THR23 (0-1) THR23 (8-10) THR30 (0-1) THR30 (8-10)
mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd
C14:0 4.5 0.6 6.1 0.1 5.9 0.3 6.8 0.7 6.3 0.9 5.0 0.4 44 1.1 2.6 1.8 3.8 0.0 5.4 0.5 4.6 0.7
14-MeC14:0 52 0.7 4.9 0.0 3.8 0.1 4.2 0.9 1.1 0.4 38 0.4 2.8 0.3 3.4 0.4 2.8 0.5 2.1 1.0 1.0 1.4
12-MeC14:0 5.6 0.7 4.9 0.3 42 0.2 3.1 1.4 2.1 0.9 33 0.3 52 0.1 2.8 0.8 6.2 0.1 1.8 0.7 3.4 1.1
C15:0 1.3 0.1 2.0 0.1 1.7 0.5 2.0 0.3 3.7 1.5 1.4 0.0 1.6 0.4 1.8 0.0 2.1 0.7 1.3 0.1 2.1 0.1
10-MeC15:0 0.4 0.2 - - - - 0.5 0.1 0.7 0.9 0.3 0.1 0.6 0.1 0.3 0.1 - - 0.4 0.1 1.1 0.1
12-MeC15:0 - - - - - - - - - - - - - - - - 1.2 1.7 0.3 0.2 - -
14-MeC15:0 1.9 0.1 2.3 0.1 1.6 0.0 1.7 0.2 0.2 0.3 3.7 0.1 1.1 0.8 2.7 1.2 1.3 0.3 43 2.2 - -
cis-C16:107 1.7 0.2 0.9 0.0 0.9 0.2 0.7 0.9 0.8 1.2 1.2 0.1 1.0 0.3 0.7 1.0 - - 0.7 0.3 - -
Cis-C16:109 + trans-C16:107 9.4 0.8 10.6 0.7 10.4 1.2 53 0.2 2.9 1.3 12.7 0.2 4.6 1.7 9.2 53 6.5 22 12.7 3.9 49 2.7
trans-C16:109 3.5 0.6 2.0 0.1 2.0 0.3 1.9 0.2 0.3 0.5 2.0 0.0 1.1 0.2 1.8 0.5 1.1 0.2 1.1 0.4 0.0 0.0
C16:0 21.1 1.8 24.2 1.4 252 0.6 28.3 3.7 29.5 7.4 243 0.4 28.1 3.6 25.6 1.8 28.4 0.8 27.4 6.5 29.1 0.1
13-MeC16:0 44 0.0 2.3 0.0 1.9 0.2 1.4 1.9 2.1 0.7 2.6 0.1 33 0.3 2.4 0.6 32 0.5 1.3 0.6 - -
15-MeC16:0 2.8 2.3 1.2 0.1 1.3 0.1 1.2 1.7 10.8 3.5 1.2 0.1 0.9 0.2 1.9 1.0 0.6 0.3 1.5 0.4 - -
14-MeC16:0 1.5 0.5 1.1 0.2 1.3 0.4 0.8 1.1 - - 1.0 0.0 2.6 0.3 1.4 0.3 1.9 0.2 0.8 0.0 17.2 32
C17:1 1.6 0.1 1.0 0.3 0.8 0.2 0.5 0.7 - - 1.2 0.1 1.2 0.2 1.0 0.1 0.7 0.0 0.6 0.1 - -
C17:0 0.9 0.1 1.1 0.1 1.1 0.1 0.9 1.3 1.4 0.4 1.1 0.1 1.5 0.3 1.6 0.5 1.4 0.3 1.2 0.5 1.6 0.3
C18:303 0.5 0.2 0.4 0.2 0.4 0.1 0.2 0.3 0.9 0.1 0.9 0.6 0.1 0.1 0.3 0.3 - - 0.5 0.2 - -
C18:206,9 1.3 0.3 0.6 0.2 0.9 0.1 1.2 0.2 24 1.2 0.7 0.3 0.5 0.7 1.3 0.1 0.2 0.3 1.0 0.3 1.1 1.6
cis-C18:107 7.0 0.4 6.0 0.4 6.5 0.4 8.0 1.6 6.5 0.4 6.7 0.3 8.0 1.4 7.5 0.4 7.7 1.9 59 1.6 6.5 0.6
Ccis-C18:109 17.1 1.7 16.7 0.4 17.1 0.7 16.2 0.4 6.9 7.9 13.8 0.3 15.2 4.0 15.7 1.3 11.4 2.6 9.6 1.1 6.6 4.2
trans-C18:109 - - 4.6 1.0 2.9 0.1 1.0 0.6 - - 44 0.2 1.3 1.8 0.8 0.3 0.5 0.7 3.1 3.6 1.7 2.4
C18:0 4.4 0.7 4.6 0.3 53 0.2 9.1 0.1 14.9 8.5 6.1 0.3 14.8 4.5 7.9 2.5 16.9 8.7 6.4 34 15.8 1.3
C20:4 0.7 0.1 0.7 0.1 0.9 0.1 1.0 0.3 0.6 0.3 1.1 0.1 - - 1.5 0.4 - - 1.6 0.2 0.5 0.7
C20:3011,14,17 0.9 0.1 - - 1.5 0.1 - - 3.0 1.9 - - - - 2.4 1.1 - - 5.7 0.2 - -
C20:308,11,14 - - - - - - 0.8 0.6 - - 0.1 0.0 - - 0.3 0.1 - - 0.4 0.3 - -
C20:2011,14 0.8 0.4 0.2 0.3 - - 1.3 0.5 - - 0.5 0.0 - - 1.2 0.8 - - 0.6 0.4 - -
C20:1 + C22:6 0.2 0.4 0.7 0.4 1.5 0.6 0.8 0.3 - - 0.3 0.4 - - 0.8 0.2 - - 1.7 1.0 - -
C20:0 1.2 0.0 0.8 0.1 0.8 0.1 1.2 0.2 29 1.8 0.8 0.0 - - 1.0 0.2 2.0 0.3 0.6 0.1 29 0.1
Total PLFA (ng g™) 44577 102.9 10656.0 959.5 70857 711.7 1371.6 3479 7258 272.1 24549 5520 516.0 49.1 2529.0 752.6 4882 262.8 52957 24923 273.8 96.8
Bacterial biomass (ng g”) 3943.8 748 9738.0 787.7 62623 7214 1190.8 318.0 633.6 2640 21987 456.8 471.8 47.8 21385 6150 4473 2343 43300 1860.2 253.1 97.0
x 108 cells g™ 8.6 0.2 21.3 1.7 13.7 1.6 2.6 0.7 1.4 0.6 4.8 1.0 1.0 0.1 4.7 1.3 1.0 0.5 9.5 4.1 0.6 0.2
Saturated (%) 333 2.1 38.9 1.6 40.0 0.0 483 2.1 58.7 16.8 38.6 0.3 50.5 9.3 40.5 3.1 54.6 7.2 423 10.1 56.1 1.0
Monounsaturated (%) 40.4 3.1 41.8 0.4 40.7 1.6 33.6 0.9 17.5 8.6 42.0 0.2 324 9.0 36.7 3.1 27.9 6.2 33.8 7.9 19.7 3.8
Polyunsaturated (%) 4.5 0.8 2.6 0.5 52 0.9 53 0.4 7.0 3.5 3.6 1.2 0.6 0.8 7.8 0.5 0.2 0.3 11.5 2.2 1.6 2.3

Branched (%) 21.8 4.4 16.7 0.7 14.1 0.7 12.8 2.6 16.9 4.7 15.8 0.7 16.5 1.1 14.9 0.5 17.2 1.3 12.4 4.4 22.6 0.6




microbial communities to the different levels of the estimated environmental parameters (e.g.
organic carbon and black carbon contents) in the sediments of Eastern Mediterranean Sea.

The PLFA composition of sediments from Augusta Bay and the Thracian Sea is shown in
Table 4. The fatty acids detected in the sediments included saturated, monounsaturated and
polyunsaturated as well as branched-chain fatty acids ranging from C14:0 to C20:0 (Table 4).
The concentration of total PLFA varied significantly between sampling stations with values
ranging between 273.8 + 96.8 and 10656 + 959.5 ng g sediment dry weight with the lower
levels recorded in the deeper sediment layers (8-10 cm) of the Thracian Sea indicating that
phospholipids are not efficiently buried in sediments. The levels of PLFA measured in the
sediments from the Thracian Sea were comparable to the reported PLFA concentration in
sediments from Thermaikos Gulf (North Aegean Sea) (219-2714 ng g''; Polymenakou et al.,
2005a) and the Cretan Sea (South Aegean Sea) (524-1238 ng g'; Polymenakou et al., 2005a).
In contrast, PLFA concentrations from Augusta Bay were much higher, although lower to
those reported from eutrophic systems such as the Wadden Sea (36.0 — 71.1 pg g''; Langezaal
et al., 2003), and a brackish lagoon in the German Baltic Sea (> 40 pg ml" of sediment;
Boschker et al., 2001). The estimated bacterial abundances using the conversion factor of
Escherichia coli ranged from 1.0 + 0.1 to 21.3 + 1.7 10% cells g with the maximum recorded
values occurring in the more productive shallow sediments of Augusta Bay (Table 4) and the
minimum at the deeper layers (8-10 cm) of the Thracian Sea.

The main marine bacterial fatty acids found were the saturated C16:0, C18:0 and the
monounsaturated C16:1 and C18:1 (Table 4). The saturated fatty acids, ranging from 33.3 £
2.1 % in the offshore station of Augusta Bay to 58.7 + 16.8 % in the shallower station THROS
(0-1) of the Thracian Sea, are generally ubiquitous in organisms covering a wide range of
different genera (Rajendran et al.,, 1993). The high proportions of saturated fatty acids
indicated that a large fraction of the viable microbial communities inhabiting the sediments
cannot be defined and attributed to any known functional group.

Monounsaturated PLFAs are typically found in gram-negative cell membranes
(Macnaughton et., 1999; Ringelberg et al., 1997). Previous studies have shown that both
C16:1 and C18:1 fatty acids are characteristic indicators of bacterial origin (Langezaal et al.,
2003; Oliver and Colwell, 1973) originating from methanotrophs (Virtue et al., 1996). Large
amounts of either C16:1 or C18:1 are usually characteristic components in the membrane
lipids of thio-oxidizing bacteria (Guezennec and Fiala-Medioni, 1996; Jannasch et al., 1989;
Katayama-Fujimura et al., 1982) and are found to dominate the fatty acid profile of
Thiomicrospira crunega, an chemoautotroph sulfur oxidizing bacterium, isolated from a
deep-sea hydrothermal vent (Guezzenec and Fiala-Medioni, 1996; Jannasch, 1985). In the
present study, monounsaturated fatty acids contribution to total fatty acids varied significantly
between the stations of Augusta Bay and the Thracian Sea (Table 4). In Augusta Bay gram-
negative bacteria dominated microbial communities with concentrations ranging between
40.4 = 3.1 and 41.8 = 0.4 % of the total fatty acids whereas in the Thracian Sea, with the
exception of station THR10 (0-1), saturated fatty acids were more abundant (Table 4).
Moreover, the deeper layers (8-10 cm) of the Thracian Sea displayed maximum differences
between the proportions of saturated and monounsaturated fatty acids (Table 4). There was
also a weak tendency for both saturated and monounsaturated fatty acids to correlate with the
levels of organic carbon and CPE (Tables 1, 4) indicating probably that the abundances of
functional groups, as derived from fatty acid analysis, are mostly associated with the different
trophic states of the ecosystem.

White et al. (1996) reported that polyunsaturated PLFAs are found almost exclusively in
eukaryotes whereas DelLong and Yayanos (1985) suggested that the polyunsaturated PLFA
can also be used as an indicator of the presence of barophilic bacteria since it can play an
important role in maintaining optimal membrane fluidity and adaptation of the organisms to
the deep-sea environment (DeLong & Yayanos, 1985). The contribution of polyunsaturated to
total fatty acids ranged between 0.2 £ 0.3 to 7.8 £ 0.5 % with the minimum values recorded in
the deeper sediment layers of the Thracian Sea (Table 2). The low abundances of
polyunsaturated fatty acids strongly indicated that microeukaryotes or barophilic bacteria
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represent a minor fraction of the total benthic microbial community structure (Guezennec and
Fiala-Medioni, 1996).

Branched saturated fatty acids are generally considered to indicate the presence of gram-
positive bacteria (Zelles, 1999). The contribution of gram-positive bacteria to total
community composition was similar for all stations with concentrations ranging between 12.4
+4.4 and 22.6 £ 0.6 % (Table 4).

3.4 The effect of hydrocarbon levels

The study of microbial diversity and community response to elevated environmental
factors is a rapidly growing field in microbial ecology. The analysis of microbial biomass and
community structure in sediments provides significant information on environmental
pollution studies and contaminant stress (Fang and Findlay, 1996).
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Figure 5. Pie charts of the dominant functional groups (ambiguous, gram-negative, gram-positive,

microeukaryotes of barophilic) determined using phospholipids analysis in the different sediment

samples.

The abundances of the different functional groups (e.g. gram-negative, gram-positive,
mikroeukaryotes or barophilic) were also compared between the sampling stations (Fig. 5) in
an attempt to assess community structural shifts along the trophic state gradient in the
sediments. The stations of the South Ionian Sea which were previously described
(Polymenakou et al., 2005b) have also been included in the analysis.

The different microbial groups were most abundant in Augusta Bay and in the most
impacted station of the Thracian Sea (THR30 0-1; Fig. 5). However, lower abundances of the
various groups were recorded in the deeper sediment layers most likely as the result of the
lower amounts of available organic carbon sources (e.g organic carbon and chloroplastic
pigment content). Microeukaryotes were much more abundant in the surface sediment layer
of station THR30 (Fig. 5) followed by the shallow sediments of Augusta Bay.
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A previous study has shown that marine bacterial strains grown on petroleum produced
high levels of odd saturated and monounsaturated fatty acids (Aries et al., 2000). Moreover,
Pinturier-Geiss et al. (2002) suggested that the relative increase in phospholipids-linked
branched and odd fatty acids can be related to the development of hydrocarbonoclastic
bacteria associated with the hydrocarbon-rich sediments. Thus, in the present study, the sum
of odd numbered saturated and monounsaturated fatty acids (Fig. 6a) as well as the sum of
branched fatty acids (Fig. 6b) were plotted against the aliphatic hydrocarbons (Fig. 6). The
relative increase in branched and odd fatty acids recorded in the shallow stations of Augusta
Bay and the stations located close to the brine area of the South lonian Sea are probably
associated to the elevated amounts of hydrocarbons (Fig. 6). Usually, the sedimentation
processes of carbon-enriched aggregates create short-lived hotspots (Fenchel & Glud, 2000;
Tselepides & Lampadariou, 2004) and probably the observed parallel increase in
phospholipids and hydrocarbons could be associated to the formation of benthic hotspots.

In the light of these findings, we propose that microbial communities inhabiting the
highly impacted sediments of the Eastern Mediterranean Sea may have developed
hydrocarbon degrading bacteria in order to degrade all the available sources of carbon and
energy. The question whether these bacterial communities possess the ability to degrade
natural hydrocarbons or hydrocarbons derived from oil contamination is intriguing and should
be further investigated.

3.5 The effect of refractory organic material
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acids and b) the sum of branched fatty acids. Aliphatic
hydrocarbons (AHC) are also plotted. Fatty acids and AHC
concentrations are presented in ng g™ and pg g, respectively.

community composition
in sediments from the
Eastern = Mediterranean
Sea is rather scarce.

In the present study, a similarity matrix was generated between the different
environmental samples based on phospholipid fatty acid profiling. Hierarchical cluster
analysis based on the derived similarity produced two distinct groups (Fig. 7). The first group
contains all the surface sediment layers from the Thracian Sea, the sediments from Augusta
Bay as well as the characteristic open sea station of the South lonian Sea, whereas the second
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group contains the deeper sediment layers of the Thracian Sea and the stations located near to
the brine area of the South Ionian Sea (Fig. 7).

The produced results group together stations with different contamination levels, and
therefore BIOENV analysis was conducted in an attempt to investigate the major
environmental factors controlling microbial community composition. BIOENV analyzes the
correlation between similarity matrices for environmental variables and the different
similarity matrices computed for PLFA analysis. These correlations are repeated for all
possible combinations of environmental variables and the set of environmental variables that
produce the highest correlation (R) are those that most accurately explain the community
fingerprints. As recommended by Clarke and Ainsworth (1993), all measured environmental
parameters were included in the BIOENV analysis without any prior transformations.

The highest rank correlation with PLFA data (R = 0.772) was obtained with two
variables, bioavailable 507
organic carbon and CPE
contents, whereas total 60T
organic carbon appeared A
to be of minor importance.
Group A, obtained from
hierarchical cluster
analysis, contains  all
stations  exhibiting the
maximum levels of both
variables whereas group B
contains the poor in 100~
organic catbon  and
chloroplastic pigment

sediments. In order to
examine microbial  Figure 7. Cluster analysis dendrogram based on comparison of
community shifts in each phospholipids linked fatty acid (PLFA) profiling from the different
sediment samples.
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was also conducted within each group. In group A the highest rank correlation with PLFA
data was obtained with black carbon and CPE (R = 0.866) whereas in group B the variables of
total organic carbon, chlorophyll @ and AHC exhibited the maximum rank correlation with
microbial community composition (R = 0.856).

These results demonstrate that the amount of the refractory form of organic carbon in
sediments of the Eastern Mediterranean Sea has important implications on benthic microbial
community structure. Previous studies reported that organic carbon does not represent a very
good food indicator since it contains an unknown refractory portion that is not available to
benthic communities (Tselepides & Lampadariou, 2004) and mainly chloroplastic pigments
are considered as good food indicators since they originated from primary production. In the
present study, the refractory fraction of organic carbon was estimated and therefore the
retrieved bioavailable form of organic carbon was found to very well correlate to benthic
microbial community structure. On the other hand, the organic carbon poor sediments of the
Thracian and South Ionian Seas are probably inhabited by microbial communities that have
developed the ability to use all the available sources of carbon and energy as a response to
starvation stress. Obviously, much more work is required before conclusive statements can be
made about the importance of the refractory fraction of organic carbon on the bioavailability
of the sedimentary carbon pool and on microbial community structure in differentially
impacted sediments.
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