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aygoyn ouvepyaoia kaB’ 6An tn SLapkeld TNG. Oa RBeAa va euXOPLOTACW AKOUA TNV
Poucidou Kwvotavtiva, SL6aKToplky €PEUVATPLA, YLD TNV CUVEXH KOL QUEPLOTN
BonBeld tng oe OAa ta OTASLA TNG €PYAOCLOC QAUTHG, YL TIG CUMBOUAEG KOl TLG
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OoAAG €yLVaV OLKOYEVELA o, yia Tn Suvapun Kat tn BorBsla mou pou édwoav.

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 21:14:57 EEST - 3.133.122.126



NepiAnyn

H Blodoyiky amodounon amoteAel tnv kUplo Slepyacia amopdkpuvong Twv
KapBautdikwy PpUTOMPOCTATEUTIKWY OUCLWV Ao To MePLBAAAOV. ITnV akpaia Tng
Hopdr) uMmopel va odnynoel oe toxVutatn amnodopnon TwV  KOPROULOIKWY
UTOTPOOTTEVUTIKWY OUCLWV WC AMOTEAECUA TNG SpAONC ULKPOOPYAVIOUWY TIOU
€XOUV TIPOCOPUOOTEL OTIC O0OUCleG QUTEC avamTUoCOOVTOG 1 OTTOKTWVIOG
e€eldikevpéva KataBoAkd yovidia/éviupa pe TEALKO QOTEAECUA TNV MWAELX TNG
BloAoykng 6pdong Twv ¢GUTOMPOCTATEUTIKWY OUCLWV. TNV Tapoloa gpyacia
HEAETNONKE n avixveuon tou yovidiou mcd Tou Kkwdikomolel pla udpoAdon
unevBuvn vy tv udpoluon tou kapPBautdikol evtopoktovou carbofuran oe
£€6adog ano to opomnédlo AaciBiou oto omoio dev eixe xpnowuomnownBei carbofuran
amo 1o £€10¢ 2005. MapAdAAnAa 0To CUYKEKPLUEVO €600 HEAETHONKE N amodounon
HLag véag 6oong tou carbofuran kat n oxetikni adBovia tou yovidiou med katd tnv
nopeia anodopunong tou carbofuran. Ta anoteAéopata pag €dst€av otL n edbappoyn
carbofuran oto ouykekplpuévo €6adog TMPOKAAECE UL CNUAVTIKA avénon Tng
OXETIKAG adBoviag Tou yovidiou mcd, Tou omoiou to potifo avénong mapouciace
BTk} ouoxEtion pe tnv anodounon tou carbofuran oto cuykekplpévo €dadog. H
napoucia tou yovidiou mcd oto ouykekpluévo €dacdog oe Slaitepa xapnAd
enineda (katw and 1o 6plo avixveuon tng peBodou PCR mpaypatikol Xpovou mou
Xpnoltomnotntnke) katd tnv mepiodo un edappoyng tou carbofuran katadeikviel
TNV €UHOVH TOU POLVOUEVOU TNG EMUITAXUVOMEVNG HUIKPOBLOKNC amodounong yla
OPLOMEVEC PUTOTIPOOTATEUTIKEC Oouoieg. AmO TNV GAAN HEPLA O EVIOTIOMOC TOU
OUYKEKPLUEVOU YovLdiou oe aypotika edddn otnv EAAada anoteAel mpwtn avadopd
Kal ouvadel pe tnv euplTeEPn yewypadikn dtaomopd tou mcd mibavotata pEow
optlZovtiag yovidlakng petadopdg.
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Abstract

Biodegradation constitutes the main process controling the dissipation of carbamate
pesticides in the environment. In each extreme, biodegradation could lead to the
rapid degradation of carbamates by soil microorganisms which have evolved genetic
mechanisms to rapidly hydrolyse those chemical with final result the loss of
biological efficacy of the applied pesticides. In the current thesis we studied the
detection of the mcd gene which is responsible for the hydrolysis of the carbamate
insecticide carbofuran in a soil from the Plateau of Lasithi where carbofuran was last
applied in 2005. In parallel in the same soil we studied the degradation of a fresh
carbofuran addition in relation with the relative abundance of the mcd gene during
the degradation of carbofuran. Our results indicated that a fresh addition of
carbofuran stimulated a significant increase in the abundance of mcd which
coincided with the degradation of carbofuran suggesting its involvement in the
degradation of this carbamate in soil. The detection of the mcd gene in the specific
soil, although in particularly low levels (below the limit of detection of the g-PCR
method utilized) before the application of carbofuran provides evidence for the
persistence of the phenomenon of enhanced biodegradation of specific pesticides
like carbofuran. On the other hand, our study provides the first report for the
detection of the mcd gene in agricultural field soils in Greece and adds to its wide
geographical dispersion probably due to horizontal gene transfer.

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 21:14:57 EEST - 3.133.122.126



[Tepleyoueva

O Y 5 I O N 9
1.2 QUTOTPOCTATEUTIKA TIPOTOVTOL. .. veereeereenreenreesseesseesseesseeeseessaessesssessseessssessesssessseessesssees 10
1.3 TOXN PUTOTIPOCTOTEUTIKWY TIPOTOVTUIV. . veeerereeenreeerreeereeentreesreeeseeesseessesenseeessesenssens 10
1.4 Anodopnon-Aldomnacn GUTOTPOCTATEUTIKWY TIPOTOVTWIV ..eeeveeeerreerereeenreeevreesseeenaneas 11

IR 7 ST} 48 o e L 11 e 1SR 11
1.4.2 BLOTLKI] OTTOOOINON 1 uvveeeteeetreestteeeteeesareesseeessseassesessseessseessseesssesssesesssessnsesensenes 11
1.4.2.1 ETUTOXUVOUEVI BLOATIOSOUNGT .. uveietrieeireeeiteeeereeeiteeestreeeeteeeetseesseeenseeesaneeans 12

1.5 KOpPBOLOKA — Carbamates.......cccuieiiieeciieecieeciiee et e st e estteesre e sta e e s e e eteeesaseesnsaeenanes 13
1.5.1 TPOTIOG SPAONC KAPPBOALOLKUIV. .eveeereeeeereeereeeitreeeeteeeetreeeaeeesteeesreesseeeesseeeeseeenseeas 13
1.5.2 Aldomoon KopBopSIKWY GUTOTIPOCTATEUTLIKWV OUGCLWV ..eeeeereeereeereeenrreeereeennees 15
1.6 CarbOfUIAN..coueiiie ettt st b e 16
LY ol N oY Vo] e SR 17
1.8 ZTOXOL TNG TIAPOUGCOG EPYOLOLOIG ... vveeereeerreesreeeitreestreesteeestreessseeeseeessseesssesessseesseeessses 18

2. YAIKA KAIIMEBOOAD N ...t e e e e e e 19
2.1 AEIYHO ESQDOUG . ecctiietiie ettt ettt ettt e tte e et e e ette e e teeeetaeesbeeetaeesaseeenteeesabesenses 19
2.2 ALOAUTEG KOL YEWPYLKA DAPILOKOL...veeevereenreeereeeerreeeireeesseeeeseeessseesesesessseessesesseesssesenses 19
2.3 TTELDAUOTIKOG IXEGLOOOC .. veietreeeereeeteeeeteeeeteeeetreeeeteeeeseeeeteeesseeesseeeesseesseeenseeesresenses 19
2.4 ExxUALON KaL TtPOoSL0PLOUOG TWV UTIOAELUUATWY Tou carbofuran oto €6adog.......... 20

2.4.1 EkxUALon tou carbofuran oo TO €60@OG ......veecueierieeeiee e 20
2.4.2 XpwHaToypadLKOC TIPOCTSLOPLOUOG TOU carbofuran ........cceevcvveeveeeciee e, 20
2.5 MNpoaodloplopog tne adBoviag twv yovidiwv med kot 16S rRNA ......ocvveeveecieecreee, 21
2.5.1 EKXUALGT DNA OTTO TO EGUMDOG....cuiiiiurieerieeitreeeteeeeteeeiteeeeteeeeteeeeteeeeareeenaeeesveeennes 21
2.5.2 Extipnon tng adBoviog twv yovidiwv med kat 16s rRNA oto £€dadog pe PCR
TUDOLYHOTLUKOU XPOVOU ...uvvieerieenrreesireesteeesseessesessseesssesasssessessssssssssesasesessssessssssnsssesssesans 22
2.6 EmuBePaiwon tng evioxuong tou yovidiou mcd e OAANAOUXLON ..cvvvevveeenreeeereeeenreenne. 26
2.7 JTOTLOTIKA OVAAUGON TWV OMOTEAEOUATWY TNG PCR MPAYUATLIKOU XPOVOU.................... 27

B ATTO T EAEIM AT A ettt ettt e e e e e ettt e e e e e e e be bt et e e e e e e s annssaeeeeeeeeesannnrneeeas 28
3.1 AoSOUNCN TOU carbofuran 0TO E8AMDOG . .....cccuuieiiieeieeeiieecree et cree et esreeebeeeseree s 28
3.2 Ektipnon tng adBoviag Twv yovidiwv med Kat 16S rRNA.........ccveeivvieeiie e, 29

A A o N I o D o IO PPPPPPPPOt 33
4.1 Juoyx£tion HeTall TNC oXeTkNG adBoviag Tou yovibiovu med kol tng amodopnong tou
CAMDOTUIAN L.ttt sttt et be e s bt e sae e st ebeete e 33

7

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 21:14:57 EEST - 3.133.122.126



4.2 IMEANOVTLKI] EPEUVOL...uurereerierureeasreesteeessseesseeasssessssesassseessseasssessssesesssssssesasssessssesenseees
LT = 11 TNV Yo L1 o 2SR

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 21:14:57 EEST - 3.133.122.126



1. EIZATQrH

H yewpyla otig puépeg pag Sievepyeital mo emotapéva amo moté. H avaykn yla
TEPLOOOTEPA KAl KOAUTEPNG TOLOTNTAG TOPAYOUEVA Tpolovia odrynocav Ttov
avbpwrno va Pael oucie¢ mou Ba SwaduAdafouv v mapaywyn Ttou. Etol
avanodeukta obnynbnke otnv mapaywyn &EVOPLOTIKWYV OUCLWV TIOU OOV
amotéAeopa Ba lyov TNV KATATIOAEULON TWV EVIOUWYV, TAPACITWY, HUKATWV KTA.
Apxilovtag amo npoidvta Gpuaolkng mpogAeuong Onwg to Belo, n vikotivn, N PETLVOVN
KOl XNUIKEG oucoleg OMWCG TO APOEVIKO aoBéoTio €dtace OTNV TOPAywyr TILO
OUVOETWV OPYaVIKWV €VWOEWV. [MAVIWG N OUCTNUATIKA XPron ToAUAPLOUwWY
OUVOETIKWVY OPYOVIKWY OUCLWV HUE TIOAUTTAOKN XNUKN Sdoun &ekivnoe amo to 1950
KOl LETA OTIOU KAl Ttapatnpeital peyain avénon otig codelég aAAG Kal SpapATIKA
avénon tou pubuou alénong TWV MAPAYOLEVWY YEWPYLKWY TIPOIOVIWV TOYKOOULWG,
HE TIAPAAANAN pla HOVO Hkpn alénon tng KaAALEPYOULEVNG YNG. ALTia Aoutov Tng
avénong g mapaywyng v ntav aAAog Adyog mapd n eupeia xpron mMPonyHEVWVY
YEWPYLIKWV PapUAKWY, OTIWG EVWOEWY opyavoxAwplwpévwy (DDT kot cuyyevr Tou).
Qotooo, amd TIC mMpwrteg Oekoetieg TNC eupelag xprnong Toug apxloav va
Statunwvovtal pofot Kot EMPUAAEELS Yo TNV 00PAAELA TWV YEWPYIKWY GAPUAKWY
KaBwg ¢avnke mMwg n xpnon Toug umopel va odnynoelL otn pumavon Tou
nieptBarlovtog ald kol o KvdUvoug yla Tov avBpwro, eite Adyo tng amneubeiag
€kBeong elte AOyw €ppeong €kBeong ota UTTOAELUATA TOUG OTLG TPOEG KL TO VEPO.
ETol Ta yewpylkad dapuako eéeAicoovial PLECA OTOV XPOVO OVTATIOKPLVOUEVA OTLG
OVAYKEC TOU OVOPWIOU HE OKOMO va yivouv Tio acdaln yla Tov avOpwrmo Kal Tto
TieplBAaANoV, AlyOTePO TOELKA, TILO OTTOTEAECHLOTLKA KOL ALYyOTEPO UTIOAELUHATIKA. XTNV
npoomdBela  aut) koatopyndnkav TOAAG amo ta Autddlla kot daltepa
UTTOAELUUOTIKA OpYAVOXAWPLWHEVA EVTOUOKTOVA KOl EYLVE €UPUTEPN N XPNon Twv
opyavodwodwplkwyv aAAAG KoL TwV KAPBALSIKWY EVWOEWY, TTOU ATAV Kot AUon oto
TPOPBANUA TNG TPOCOPHOYNC TWV HULKPOOPYAVIOUWY OTNV emavalapfavopevn xprion
Twv opyavopwodoplkwv evwoewv. Etol €xel avadelyBOel to mpoBAnpa TNG Taxelag
Sldomaong Twv GUTOMPOCTATEUTIKWY ouclwv. Exel Aowudv mapatnpnBel oe
Slddopeg yewypadlkd OIMOUAKPUOUEVEG TIEPLOXEC TwG n  Oldomoaon Twv
KapBauldlkwy, éva ek Twv omoiwv eival kat to carbofuran, eival taxutepn anod otL o
aMa gdadn, pe to xpovo nUIwNG Toug va Tapouctalel pelwon TETold WOTE va
ennpealetal n PBloloywkn touc Spaocn. To yeyovog auto £xel amodobel otnv
amodounon TwV KAPBOULOIKWY EVWOEWV Qo HUIKPOOPYOVIOUOUG TIOU €XOUV
T(POCAPUOOCTEL OTNV TTAPOUGLA TOUG KAl £XOUV AVATTTUEEL TA YEVETIKA TTAEOVEKTA AT
WOoTe va anodopolV TIG EVWOELG KOL OTN CUVEXELA VA TIG XpnoLuomnolouv wg rinyn C
kat N. ArtotéAeopa gival n avaykn Tou MpoodLloplopoy Kal TN EKTEVOUC LEAETNG TNG
umapéng kat apBoviag Twv KataBoAlkwv yovidiwv mou oxeTilovtal HE To GALVOUEVO
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QUTO KaBw¢ Kal n Slepelivnon TWV CUCXETIOHWY TNG adBoviag twv KataBoAlkwy
QUTWV Yovidiwv pe €va ANB0¢ GUTOTPOCTATEUTLKWY OUCLWV.

1.2 QUTOMPOCTATEVUTLKA TtpoidvTa

Ta putompooTaTEUTIKA TTPoidvTa Slakplvovtal e KpLThpLo to €160¢ tou €xBpol mou
KATATIOAEUOUV, TOV TPOMO SpAcnC TOUC, TNV TOELKOTNTA TOUC, TN XNULKA SO Toug
KOL TOV TPOMO MOPACKEUNG-oUVOeong toug. Avaloya pe to €idog tou e€xBpou
ToflVOUOUVTAL OE QKOPEOKTOVA, EVIOUOKTOVA, MUKNTOKTOVA, {lavioktova Kol
vnuatwdoktova. Avaloya He tov Tpomo Spdong toug Slakpivovtal oe emadng
(mapapévouv otnv empavela tou PuTOU), SLACUCTNUATIKA (gLo€pyovTal Kot
KUKAOpOopoUV HECA OTOUG UTIKOUC LOTOUG), CUMMAQCOUATIKA KOl OTIOTIAOOTLKA
(European Commission,2007). Ot pUTOTIPOCTATEUTIKEC OUCLEC UmopolV va eival
OUVOETIKEC XNUIKEC EVWOELS (OVOPYOVEG Kal OpYaVIKEG) 1 PUOLKAG TPOEAEUONG
(Bohoyika yewpywka dappaka-biopesticides) dnAadn mpoidvia Seutepoyevolg
UETABOALOHOU GUTWV, UIKPOOPYOVIOUWYV KL EVIOUWV.

KUpleg xNULKEG OpASEC KaTnyopLlomoinong eival ta

e OpyavoxAwplwpéva
e Opyavodwodopika
o KapBautdika

o ABslokapBopidika
e [upebpvoeldn

e NEOVIKOTIVOELSN

e OQawuvlauida

o Tpulaliveg

o Avilwvoruplutdiveg
e Avillboruplutdiveg
o AlOAeg

e [lapdaywya ouplag

1.3 TUXN PUTOMPOCTATEVUTLKWY TIPOIOVIWV

Meta tnv epappoyn Hiag GuTOMPOOTATEUTIKAG OUGLAG, EKTOG TN TOooTNTAC TTou Ba
BpeL Tov emBuuNntd 0TOXO, N PEYAAUTEPN MOCOTNTA TOU apXLlKoU SLaAUHATOC TG Ba
€xeL dLadopetikn TOXN. To PEPOG TNG moooTnTag mou Ba kataAnéel oto £é6adog Ba
AdBeL pépog o Sladopeg Slepyacieg OMwG:

- ‘ExmAuon (Leaching) katd tnv omoila pmopel va petakivnBel e to vepd TPoC Ta
BaButepa oTpwpaTa Kal va KataAnéel ota umoyela uSpodopa cuoTrpaTa.
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- Emudavelakn amoppon (Run-off) 6mou pmopel va petakivnBel oe emudavelaka
udpodopa cuoTHUATA LECW TOU VEPOUL NG apdeuong 1 tng Bpoxng.

- Mtntikomoinon wote va Staduyel, Ye TN Hopd ATUWV Ao TNV eTPAVELX TOU
edadoug, Twv puTwV A KaL TOU VEPOU.

1.4 Anodopunon-Alaomnacn GuUTOMPOCTATEUTIKWY TIPOIOVIWV

H toxn kot n ouunepipopd twv HUTOMPOOCTATEUTIKWY TPOIoVIwY oto €8adog
eAéyxetal and xnUKESG, Bloloyikég katl ¢uaolkég Slepyaoieg. Etol auta pmopel va
Sdeopeutouv (mpoopodnaon) ota avopyava Kol opyavikd KoOAAoELSH Tou edadoug ) va
amobdounBouv pe T dpacn afLoTIKwV 1 BLOTIKWY UNXOVIOUWV.

1.4.1 ABlotikn) Sltaomoaon

MNepthapPavel OAeg ekeiveg TIg Slepyaoieg, onwe tnv ofeidbwon tou EevoBlotikol
popiou, TNV uSpOAnacn, TNV pwtoxnuikn dlacmacr tou otnv enudpavela tou edadoug
mou eival umevBuveg yla tv Sldomacn tou §pacTikou popiou oe amAovotepa. Ot
Slepyaocieg autég e€optwvtal anod 1o pH, Ta PUOLKA XAPOKTNPLOTIKA ToU £86Adoug
KABwG KL TLG EKAOTOTE KALPLKEG CUVONKEG.

1.4.2 Blotikn amodounon

H Bloamodoéunon eival évag yevikdg 0pog Tou XPNOLUOTIOLELTAL yla va TtepLlypaeL
v Slwaonoon €evoBloTiKWY ouclwv (QVAUECOH TOUG KoL Ol PUTOTPOOTATEUTIKEG
ouoieg) oe ebadn Kal umoyela vepd, HE BLOAOYLKOUC UNXAVIOMOUC OTWwG €ival ol
HLKpoopyaviopol (Baktripla Kot HUKNTEC) o€ amAovoTepa MPoiovTa, Alyotepo Tofka
OTLG TIEPLOCOTEPEG MEPUTTWOELS. AUTO BEPata mpolmoBetel tnv UTapEn UIkpoPLakou
mMANBuopoU KavoU va XPNOLUOTOLACEL TNV (GUTOTMPOCTATEUTIK OUCla W¢ TinyN
OPEMTIKWY CUCTATIKWY HE OKOTIO TNV avénon kal avamtuén tou (Felsot and Shelton,
1993). H pikpoPLakn Sidomaon pnopetl va mpaypotonolndel eite apeoa dlapécou
HETAPBOALKWVY SLEPYACLWV OTIWE AVOPYAVOTIOLNGN, CUUMETAPBOALOUOG, TTOAULEPLOUOG,
ouumAoKkomoinon Kal OoucoWwpeUon, €eite €upeca péoa amd emSPACELS TNG
HikpoBlakng Spaotnplotntag mou petafdlouv To pH Kal €VeEPYOTOLOUV VEEG
o&elboavaywykég Slepyaoiec. H Bloamnodopnon ennpealetal anod nepBalAoviikolq
TIOPAYOVTEG TIOU EMNPEALEL KAl TN HKpoflakn avamtuén onwc n Bepuokpaocia, n
SLaBeoIuOTNTO TWV BPEMTIKWY OLUCLWY, N TIAPOUCLA AVTAYWVLIOTWY, To pH K.a.
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1.4.2.1 Emutayuvopevn Bloamodounon

H emrayuvopevn Bloamodounon eivat 1o amotéAecpa tng aAAnAemibpaong
dUTOMPOOTATEUTIKWY OUCLWV Kal Uikpoopyaviopwyv (Racke & Coats, 1988). Eival n
Sladlkacia kata tnv omoia pikpoopyaviopol tou edadoug petaBoAilouvv pe mMOAU
Taxelc pubuoUG GUTOMPOOTATEVUTIKEG OUCIEG KOl cuvABwG mapatnpeital HETA amo
NV enavelAnpuévn ebapuoyn tng idlag putompooTaTEUTIKAG ouaiag otov (Slo aypo
ent oepa etwv (Chapman &Harris, 1990). TeAlkd amotéAeopa eival n otadlakn
TIPOCAPUOYHN TWV EVIUUIKWY CUOTNUATWY TWV HLKPOOPYAVIOUWY Tou £6adoug otnv
amodounon tng GUTOTPOOCTATEUTIKAG OUCLAC, OTNV OMolol UIMOpPEL va CUUUETEXOUV
600 1N koL mepLocOteEpol pikpoopyaviopol (Read, 1986). H pwkpoflakn autn
Tipocapuoyn ennpealetal ano kabe mepBAAAOVTIKO TTapAyovTa MoU EMNPEAlEL Kol
™ HkpoPlakn avamtuén onwg mpoavadépdnke. H emtayxuvouevn Bloamodopnon
HLOG GUTOTIPOOTATEVUTIKAG ouciag oto £€8adog xapaktnpiletal ouvnbwg amd duo
daoeis. Mpwta tnv paon votépnonc (lag phase) n omola mapatnpeital apuéows PeTA
v edapuoyn TNG ouciog oto €dadog kol amoteAel tnv ¢aong Ppadeiog
arnodounong, €vw Otn OUVEXEl okoAouBel n Oeutepn d¢aon tnNg Taxelag
anodounong. ApXLIKA n EMLTAXUVOUEVN anodounaon BewpnBnke euepyetikn Slepyacia
mou odnyel otnv Ttoxutatn HElwon Twv OVEMIBUUNTWYV UTIOAELUUOTWY  TWV
epapuolopevwy ¢GUTOTIPOCTATEUTIKWY OUCIWY, HUE QAMOTEAECHA TNV HElwon TNG
mlavotntag HETAKIVNONG TOUG ota UTOyela Kal emidavelakd vepa (Felsot, 1989).
AN\G teAka €ywve pavepd Mwe otnv akpaia tou popdn, to Ppalvopevo auto, pumopel
va obnynoeL o0€  ONUOVTIKA  MElwon  TNG  ONMOTEAECHATIKOTNTAC  TWV
dUTOMPOOTATEUTIKWY TPOIOVTIWY, AOyw TN¢ TaxlTATNG HEIWONG TNG CUYKEVTPWONG
TOUuC ot emimeda XAUNAOTEPO QMO OUTA TIOU QIALTOUVTOL ylol TNV €Kdppacn TNng
BloAoyikng toug 6paong (Karpouzas et al.,2001). H emtaxuvopevn Broamnodounon
efaptatal anod moAAoUG TAPAYOVTEG OTWG TNV OPXLKH CUYKEVTPWON TNG ouciag ou
epapuoletal, Ta GUOLKOXNULKA XOPAKTNPLOTIKA Tou £6ddoug, KaBwg Kal TO LoTOPLKO
Xpnong twv edadwv pe AANEG PUTOMPOOTATEUTIKEC OUCLEC LE TIAPOUOLA XNHLKA
doun, €va alvopevo TIOU €XEL OVOMAOTEL SLOOTOUPOUUEVN ETILTOXUVOUEVN
Boamodopnaon. MNa mapadetypa nponyoUUeVeG LEAETEG UE TO carbofuran €delav otL
n edappoyn tou carbofuran oe ouykevipwoelg wg kat 0.1 mg Kg* mou avaloyoulv ot
OUYKEVTPWOELG UTIOAELUUATWY SLaoKOPTILOUEVA/UETOPEPOUEVA OO Eva PEKAOTIKO
VEpOC, elval emapkn ywo TNV eudavion tou GAVOUEVOU TNG EMITAYUVOUEVNG
HLKpoBLaKAC amodounong yla emopeveg edappoyeg tou carbofuran (Karpouzas et
al.,2001). Tautoxpova, €xel mapatnpnOel xapaktnplotikn dtadopd, 6co adopd oTnV
eTTaYUVOUEVN Bloamodounon, avaueca o e6adn oo SLopopeTIKEG YEWYPADIKES
Béoelc. Onwg emonpaivetal anod toug Karpouzas et al., (1999) peta tv epapuoyn
tou carbofuran og €dddn and tnv EAAada kat to Hvwpévo Baoilelo omou unrpxav
ocadeic SladopEg, He TA MPWTA Vo TApouclalouv ETITOXUMEVO pubuo dlaomaong
HEXPL Kal yla 18 pnveg, evw ta dsutepa PEXPL Kal yla 4 xpovia. To GaVOUEVO TNG
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ETUTAXUVOUEVNG PBloamodounong €xel moapoatnpnBel kat oe €dadn He amouoia
TpOTEPNG XProng carbofuran aAAd xpriong aAAng ouoiag SopLkd cuyyevous. Omwg
€xeL avadepbel, mapadeiyparog xaptv, amo toug Chapalamadugu & Chaudhry,
(1991) kataypadnke emtayupévog pubuog diaonaong tou carbofuran peta amno tnv
Xpovia xprion oxamyl Aoyw SL00TAUPOUUEVNG TIPOCAPHOYNG, KABWE KAl HETA amod
eni tplakovtacetia xpron EPTC (Karpouzas et al.,1999 ).

1.5 KapBautdika — Carbamates

Ta KopBApLOKA yewpyLKA dAppaKa €lval E0TEPEC TOU KapPapuldlkou 0o Kal n
XNUIKA Toug Soun Paociotnke oto HoOplo TNG ducooTtiypivng (physostigmine). O
YEVLKOC TOUG TUTIOC TOUC mapouctaletal otnv Ewkova 1.

O CH,
Carbocyclic group // /
or heterocyclic group f— O—C—N
or oxime derivative

H or CH;

Ewkova 1. O yevikog TUTOG TWV KApPBOULSIKWY EVWOEWY

levikad eival aotabeig¢ evwoelg e8kd UTIO aAKAALKEG OUVONRKECG KOl UTIOKELWVTAL O€
amodOunon UE AMOTEAECUO TO OXNUATIOMO UNTPLKAG aAKOOANG (parent alcohol),
dawvoAng, appwviog, apvwy kot CO;.

To dAata KoL oL €0TEPEC TWV UTIOKATECTNMEVWY KapBauldlkwy oféwv eival mio
otaBepd anod ta kapBautdika oféa. Autn n auvénuévn otabepdTnTa MOU ATIOKTATOL
elval n Baon yla ™ ocuvBeon mMoAAwWV amod ta mapdywya mou eival BLoAoyilkd evepyad
KOL XPNOLUOTIOLOUVTOL WG (PUTOTPOOTATEUTIKEC ouoieC. Ta KapPauldikd auta
TapAywyo £ival KPUOTOAALKA OTEPEA UE OXETIKA YapunAn SltaAutdtnta oto vepo.
Exouv pétpla Sladutotnta o SLAAUTEG OMwG EUAEVIO, YAwPOPOpULO  Kal
SiYAwpopebavio. Ze pn moAlkoUG opyavikoUg SLAAUTEG YEVIKA €Xouv TIOAU XOpNnAn
StaAutotnta, aAldd vPnAnl SltaAutdtnTta o€ TOALKOUC OpyavikoUG SLOAUTEG OTWG
HeBavoAn, aBavoAn, aketovn kat SiueBuldpoppuapidio.

1.5.1 Tpomnog 6paong kapBaptdikwyv

Mevika Ta KapBopLdilkd avaoTEANOUV E0TEPACEC TTIOU £XOUV CEPLVN OTO EVEPYO TOUG
KEVIPO OMwWG N aketuloxoAwveotepaon (AchE ). Mapolo mou n avaotoAr auth dev

13

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 21:14:57 EEST - 3.133.122.126



elval apkety wote ol KapPBapSIKEG evwoelg va BewpnBolv  onUAVTIKA TOEIKEG —
EKTOG amd tnv mepimtwon tng AchE - cuUpBAAOUV HETA QMO HOKPOXPOVIA Kol
XapunAwv erunédwv €kBean, otnv evioxuon tng To€KOTNTAC AWV EVWOEWV (Sakai &
Matsumura, 1968, 1971; Aldridge & Magos, 1978).

Q¢ PUTOMPOOTATEUTIKEG oUOieG SpolV oav avaoTtoAeic tng AchE. Otav n 6pdon tng
AchE avaotéAAetal ano évav KapBauldiko eotépa Sev umopet ma va udpoAUoEL TNV
OKETUAOXOALVN Og XOALvn KOl OKETIKO 0V, HE QMOTEAECUA N OUYKEVTPpWON TNG Ach
mapoapével vPnAn otn ocuvayn TPOKOAWVTIAC OCUVEXOUEVN Oléyepon Tou WU,
€€AvtAnon, koL og UPNAEG CUYKEVTPWOELG OVATIVEUOTLKA OVETIAPKELA Kal Bavato. H
B€on kapPapuAiwong tou evlupou eival to udpofUALo Tou apLvoééog tng oepivng. O
pUBUOG TNC avayévvnong tou KapPaphiwpévou eviupou mpog AchE eival oxetika
YPNYopog o€ oUYKPLON LE TNV avaoToAn tou amd ta opyavodwodopikd (Reiner &
Aldridge, 1967; Reiner, 1971). Kat auto ylati yia tn dpacn Twv KapBapdikwy tov
KUpLO poOAo mailel n otepeoxniUikr) Toug doun. Ooco TMEPLOCOTEPO TPOCOUOLALEL TO
HOPLO Tou KapPautdikou pe to poplo tng Ach tdéoo kalutepn eival kot n Spdon tou,
Qv KoL TIAVTO TIOPOMEVEL QVTILOTPETTH Kol ootabng. O xpovog auBdpuntng
enavevepyomnoinong Twv KapPapuvAiwpévwy ChEs moikiAel, otnv AChE og pH 7.0 —
7.4 xauw 25 °C, ekppalopevn we nuiwn, Kupaivetatl and 2 wg 240 min (Reiner, 1971).
EtoL elvat davepd mwg n  €kBeon ToOU avBpwmou OTIC  KAPPBOMLOLKEG
dUTOTPOOTATEVUTIKEC OUOLEC elval Alydtepo emikivéuvn amo tnv €kBeon Tou o€ AANEG
QVTiOTOl(EG OMASEC PUTOMPOOTATEUTIKWY OUGCilwy, OMw¢ Ta opyavodwodoplka,
eneldn n avaloyia petatu tng Bavaoiung d6ong kat tng 66ong mou amalteital yla
NV Tapaywyrn €AAXLoTou cupmTwuatog dnAntnplaong eival, o YEVIKEG YPAUUES,
ONUAVTIKA HEYAAUTEPN OO AUTAV TwV opyavodwodoplkwv evwoewv (Goldberg et
al., 1963, Vandekar, 1965, Vandekar et al., 1971).

O
[
oH  + x—o—g—mgf —

r

CARBANMATE

PESTICIDE CARBARYL-ENZYME
ACTIVE ENZ YME COMPLEX
[INACTIVE, INHIBITED)

Ewkova 2. AvacotoAr] tou ev{Upou AChE amd kapPautdiki Evwon

Ta kopPBapdika moapaywya, Tmou €xouv Bloloywkny Spaon, mapouaoialouv
Slapopetikd xpovo NUIwAG Kal €lval, QVTLOTOXWC , TEPLOCOTEPO 1 AlyoteEpO
otaBepd cav popLa.
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1.5.2 Aldomaon KopBapdikwy GUTOMPOCTATEUTIKWY OUCLWY

H Sidomaon twv KopBaptdikwy mpaypoTomnoLleital pe tn cuUPBoAn aBlotikwy Kabwg
Kal PBlotikwv Tmapayovtwyv. MeyaAn TOWKAID HUIKPOOPYOVIOUWY LKAVWY Va
arnodopolv ta kapPapdika €xel kataypadet (Mulbery & Eaton, 1991). 1o £€6adog,
n Kuplopxn petaBoAikn 086¢ eivat n udpoAuon tou KapPautdikou deopou (Feng et
al., 1971). Auto ocupBaivel auBopunta pe TNV dpAcn €0tepacwY CUPDWVA HE TNV
TIAPOKATW aviidpaon

R1HN-C(O)OR; + H20 ---> RiNH; + CO; + R,0OH

O unxaviopog tng udpoluong eival dadopetiko¢ oe N-pebulo kat N-SipéBulo
KapBauldlkd Kot o pubuog ¢ udpoAnonG Twv KapBOopLSIKWY amd E0TEPAOEC
Sladépel avaloya He TNV €0TEpAcn Kol Tt Sopry Tou KopPapldikou. TeAlko
anotéAeopa tng Sldomaong eival petaPoliteg meploocdtepo uvdatodlaAutol Kat
ouvnBOwg Alyotepo tolLkol.

To KapBALOIKA EVIOUOKTOVO UIOPOUV va evtaxBolv og TpeiG uto-opaded.

A) ApuA N-peBulokapBapikoug eoTépeg palvolwv Omwg to carbaryl.

B) O&u kat Beloudpdéu mapaywya aAdeidwv 6nwg to aldicarb.

N N -peBulo kat N -StpeBulokapBaptdlkoug E0TEPEG ETEPOKUKALKWY PaLVOAWY
omnwg to carbofuran.

/
O—C—N\
Il New :
0 3 0—C I"-l/
(1 -Naphthyl -
O@ Carbary! N-methylcarbamate) E‘ \CHJ
Aldicarb
N CH,
H |
CH—QC—S—CH:;
O—C—N ]
1| \CH3 3’CH3
0 12,3 -Dihydro
] CH,4 ) . 2,2-dimethyl-
1 Carbofurar
2 benzofuran-7-yl- (2-Methyl-2{methylthio)
3 CH] N'mi"lh\"mafhamaleh p[oplonaldehvde
O-(methylcarbamoyl)
oxime)
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1.6 Carbofuran

To carbofuran eival eupéwg Ppaopatog Spacng SLOCUCTNUATIKO EVTOMOKTOVO Kall
vnuototwdoktovo enadng Kal otoudyxou. H kukAodopia tou apxloe to 1967 kot
Baon tng amdédaong 2007/416/EK/13.6.2007 TNG OQPUOSLAG ETUTPOTAG TNG
Eupwnaikng €évwong mpaypatonow|Bnke avakAnon NG €yKplong TOU OTLG
13/12/2007 otnv EANGSQ, pe kataAnktikn Stopla €AVIANCEWS TWV AMOBEUATWY TOU
TIg 13/12/2008 .

O XnUKOG TuTog Tou carbofuran eivat C12H1sNOs

H

/

O—C—N
Il \cu,
0 (2,2-dimethyl-3H-1-benzofuran-7-yl)
CH,

o
1
2 -
@ 3[NeH, N- methylcarbamate

To carbofuran onw¢ oAa ta kapBautdika eival avaoctoAéag tng AChE. Xto £6adog
avapévetal va €xel uPnAn €wg moAL VP NAR KVNTIKOTNTA ONMWE GALVETAL KAL OO TLG
XOUNAEG TIHEG TOU cuvteleotr mpoopodnong Koec = 7,3 €wg 123 g/ml. To carbofuran
Sev eival blaitepa mrntikd. O xpovog nulwng (DTse) Tou carbofuran mapouaotalet
peyalo evpog pe toug Chin Pampillo et al., (2014) va kataypdadouv DTso amo 5.9 wg
29.9 nuépec. To carbofuran ¢aivetal va sival onpaviika mo otabepd oe 6€veg
ouvOnkeg (pH < 5.4 )kat n dtdonaon tou elval oAU 1o eploplopévn (Karpouzas &
Walker, 1999) evw eival apketd actabég oe vPnAotepa pH. Ze €6ddn pe LOTOPKO
npoteEPNG edappoyng carbofuran f kot AAAWV EVTOUOKTOVWY amoSopeital taxutepa
(Pampillo et al., 2014; Karpouzas & Walker, 1999). O petaBoAlopog tou akoAouBel
Touhdylotov Tpla Sladopetikd povomatia apyilovtag pe tnv udpOAucn Tou
peBuAokapPautdikot  Seopou, ToOu  eA€yxetal amd Mia ubpoAdon, HE TO
OUYKEKPLUEVO  UETAPOAKO PBApa va euBlvetal ywa TNV AnMWAEW  TNG
QTMOTEAECATIKOTNTAC TOU (Hayatsu & Nagata, 1993)

| OH
CH3 0 carbofuran hydrolase o
|| H3 /‘_ “‘-\‘ - ! ST
3
CH4 R CHa
H0 + MADPH +H MADPH + <0y,
Carbofuran Carbofuran-7-phenol Wethylamine
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TeAwkol petaPoliteg tng didomaong tou carbofuran mou €xouv mapatnpnBel elvat ta
3-hydroxy-carbofuran, 3-keto-carbofuran, 3-hydroxy-7-phenol, carbofuran 7-phenol.

UH

CH3 oxidation, CHs

0 “Chs 07 CHs

0= —NHCHOH 0 NHCH,OH
s}

W-hydrowymethyl
carbofuran=

oxidation

CHs hydralysis

a

3-hydroxy-H-hydroxy-
methyl carbofuran *

CH conjugates and
QK/LC; *— © hound residues

) CHs
0-C—NHCH3 OH
7-phenol
carbofuran
J'uxidation luxidaliun
OH OH
hydralysis conjugates and
CH3 CHz === Yound residues
07 “CH3 07 "CHs
0-C—NHCH3 OH
3-hydroxy-7-phenol
3-hydroxycarbofuran
J.Dx\dation lm«idatinn
o]
A o B
‘ CHa hydrolysig - ‘ CHs » Conjugates and
= O CHy o CHs * bound residues
0-C—NHCH3 OH

F-ketocarbofuran

3-keto-7-phenal

Onwg daivetal n Baktnplakn amodounon odnyel ouvnbwg oto

OXNUATIOMO TOU

carbofuran-7-phenol kat pebulapivng mou xpnolpomoleital amd ta Baktipla wg
ninyn N kat C. Exouv amopovwBel moAAd Baktrpla Kat EvIUUd mou anodououv To
carbofuran kat avikouv ota yévn Flavobacterium, Pseudomonas, Sphingomonas
(Chauldry et al.1988; Feng et al.,1997), Moraxella, Microbacterium, Paenobacillus,
Staphylococcus, Flexibacter, Cytophaga, Bacteroides (Karpouzas & Walker, 2000) kot
Achromobacter sp. (Karns et al., 1986) .

1.7 Mcd yovidio

To mpwto &viupo MIKPOPLAKAG TPOEAEUONG ME TNV Kavotnta va Swaomd N-
pHeBUAOKAPPAULOIKEG eVWOELS amopovwBnke amo to otéAexo¢ Achromobacter sp.
WM111. Xapaktnpiotnke wg udpoAdacn tou carbofuran (MCD) kat kwdikomolouvtav
oo to avtiotolyo yovidlo med. To oTEAEXOC AUTO lXE TNV LKOVOTNTA VA USPOAUEL TO
kKapBautdiko deopd tou carbofuran og e€apeTikd ypriyopo pubuo, XpnoLLOTOLWVTOC
0 alwto NG N-pebulokapBopdikng TAEUPLKNG QAUGCISAGC WG TNy €VEPYELAC
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(Tomasek & Karns, 1989). To mcd yoviSio evtoniotnke oto mAacuibio pPDL11
nueyeboug 100kb. H ubpoAldon mou kwdikomoleital eivat Swuepng, Mn?*
efaptwpevn, kat ot dUo umopovadeg TG €xouv poplakd Bapog 77 kat 72kDa
(Tomasek & Karns,1989). To mcd yovidio €xeL anodelyBel and toug Desaint et al.,
(2003) otL pumopel va dtacmoapel HeETAEY TWV HEAWV TNG HKPOPBLAKAG KOWVOTNTOG TOUG
ebadoug pe oplloviia yovidlakn petadopd. H kavotnta oplloviiag YoviSlakng
uetadopag tou med eivat umevBuvn yla TNV VTapPén tNG HEYAANG GUAOYEVETIKAG
TIOWKIAOTNTOG METAEU TWV HLKPOOPYAVIOUWY TIOU HUIOPOUV Vo amoSounoouv To
carbofuran. Etol SikaloAoyeital Kal 0 €VTOMIOUOG TIOAU TOPOUOLWY KATABOALKWY
mAaouLdiwv oe Baktipla pn oxetlopeva GUAOYEVETIKA OTA OOl EVTOTIOTNKE éval
Bpavopa 590 bp tou mcd yovidiou (Parekh et al., 1996). Mapott to med yovidilo
uetadépetal oe Sladopa Poaktipla pe oplloviia yovidlakn petadopd, otav
eMXelpnOnke va ekppootel amd toug (Tomasek & Karns 1989) oe kuttapa
Alcaligenes eutrophus, Acinetobacter calcoaticus, Achromobacter pestifer gixe oav
amotéAeopa TOAU xaunAn amodoon TNG aviiotong mpwteivng. AMA Kol
ekppaopévo oe kouttapa P.putida n mapaywyrn tou ev(UMOU QVIXVEUTNKE OF
ONUAVTIKA XapnAdtepa enineda amnod autd tou aypiouv turmov WM111 .

1.8 ZtoO)0L TN MapoU oG Epyaciog

O otdyog ™G mapoloag Epyaciag ATav va PeEAETAOOUE ToV poAo Tou yovidiou mcd
otnv amodounon KapBopuldlkwv ¢GUTOMPOOTATEUTIKWY TIPOiOVTWY OFE TEPLOXNA
pHovokaAALEpyelag matatag (meploxn AaolBiou) pe LOTOPKO XpHong KapBopLdikwy
EVTOHOKTOVWY, VNUATWSOKTWVWYV, {IL{AVIOKTOVWYV KAl LUKNTOKTOVWV.
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2. YAIKA KAl MEOGOAOI

2.1 Aeiypa Edadoug

To deilypa e6adoug ou xpnoLlomnolndnke otnv napovoa UEAETN GUAAEXBNKE amod To
oponédlo tou AaotBiou Kpntng. H ouAloyn €ylve amd HOVOKOAALEPYELD TTATATAG
OTOU UTIAPXEL LOTOPLKO XPRonG PpUTOTIPOCTATEUTIKWY TIPOIOVIWVY Kol ELOLKOTEPA
xpnon tou kopPautdikol vnuatwdoktovou oxamyl. AvtiBeta n xprnon Ttou
carbofuran eixe 6takomel and 1o 2005. To pH tou edadoug Rtav 6.4.

2.2 ALaAUTEG KOl YEWPYLIKA pappaka

Ma OAEC TIC OVOAUTIKEG TIPOKTIKEC XpnoLluonolOnkav pebavoin, aketovitpiAlo Kot
H,O HPLC grade (Merck Cmbh, Germany) kat mpotunmn oucia carbofuran
kaBapotntag 99,9% (Sigma Aldrich).

2.3 Melpapatikog IXeSLAOUOC

AvVo belypata amd to ouykekpluévo €dadog (200 g Enpd Bapog) Slaxwplotnkav
apxkd. To éva déxtnke edappoyn KAtaAAnAng moootntag udatikol SLaAUPATOC
carbofuran wote oto £€6adoc vo £xoupe TeALK cUyKEvtpwon carbofuran 5mg/Kg
&npoL Bapoug edadouc. Avtibeta, To Seutepo delypa Séxtnke tnv dla mooodTNTA
vepol xwpli¢ carbofuran kat xapaktnpiotnke w¢ delypa “paptupac”. AHEOWG HETA
v edapuoyn tou carbofuran akoAolBnoe avau€n pe TO XEPL KAl TPooBRkn
KATAAANANG TTOOOTNTOG VEPOU WOTE VA TPOCAPHOOCTEL N vypaocia tou €6ddoug oto
40% 1tng vubatoxwpntkotntag. Ta Ouo OSeiypata edddoug otn CUVEXELX
Slaxwplotnkav og umo-deiypata twv 12g mou tonoBeTBnKav o€ 0aKOUAAKLO £TOL
wote va eEaodalilovral aspofleg ouvOnkeg Kat petadépbnkav os BANAUO EMWACNC
omou kat datnprnbnkav otoug 25° C. MNpwv tnv edpapuoyn kabwg kat 3, 7, 14, 28
NUEPEG, 3 Selypata anod kabe petaxeiplon cuANEXBNKav Kal TomoBetOnkav otoug -
20° C péxpLTnVv xprnon toug yLa ekxUALon tou carbofuran kat e€aywyn DNA.

H epyacia €xel U0 péPN: a) TO AVOAUTIKO PEPOC OTOU E£YLVE TIPOOSLOPLOUOG TOU
carbofuran ota Seiypata mou Séxtnkav edpapuoyr] TOU EVIOUOKTOVOU HETA Ao
€KXUALON Kol avaluon oe olotnua HPLC, wote va mpoodloplotel n mopeia
amodounong tou oto £€6adog kat B) to pkpoBLloAoyikd PEPOC OOV TTPOadLOPLOTNKE
n adBovia tou yovidiou mcd aAAd kat tou 16S rRNA twv oAlkwv Baktnpiwv, HeTd
amo ekyUAlon tou DNA tou edddoucg kal mpaypatonoinon PCR mpaypatikol xpovou.
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2.4 EkyUALOn Kol poodLopLOUOG TWV UTIOAELUUATWY Tou carbofuran oto
£€6adog

2.4.1 EkxUALon tou carbofuran amo to €6adog

Apxwka moootnta 10g edddoug luylotnke o KWVIKEC PLaAe¢ twv 100 mL kat
npootebnkav 20 mL pelypato¢ aketovitpihiou (ACN) - vepou HPLC grade (Merck
GmbH, Germany) oe avaloyia 50 % ACN : 50 % H,O kat'oyko. OU ¢laAeg
avakwnonkav yla 2 wpeg og duvartr taxutnta oe opllovilo avadeutipa. Metd tnv
avadeuon To mepLeXOUEVO GUYOKeVTPNONKE yla 5 min ota 7500rpm. XTn CUVEXELQ TO
UTIEPKELUEVO OUAAEXDNKe kot 6nBnBnke amd ¢idtpo Whatman 0,45um kal to
SuNOnua petadépdnke o plaiidia HPLC yia avaiuvon og ovotnua HPLC. H pébodog
eKXUAloNGg mou avartuxBnke afloloynbnke wg mpog TNV emavoAnPuotnta Kot
akpifela g oe tpila emineda, 0.1, 1 kat 5 pg carbofuran/g eddadoug, pe TPELg
enavoAnPeLg yla to kKaBe eninedo kat €6eLée emimeda avaktnong >85%.

2.4.2 Xpwpatoypadlkog mpoodloplopog tou carbofuran

O npoodLopLlopog TNG CUYKEVTPWONG Tou carbofuran €ywve pe tn Xprion CUCTHULOTOG
HPLC Shimadzu Prominence Modular pe aviyveuty o¢wtododwv (PDA). O
Slaxwplopog tou carbofuran mpayupatomnowiOnke oe otAn RP-C18 CTO-10ASVP pe
kwntr ¢aon 40 % ACN kat 60% H,0 kat pory ImL/min. H avixveuon tou carbofuran
npayuatonoliénke ota 215 nm.

O MooOoTIKOG MPOooSLoPLOKOG Tou carbofuran mpaypatonolibnke Ye TNV KATAOKEUN
KOL XPNON TPOTUTMNG KOMUTUANG avadopdc. la Ttov Adyo autd, apxLlkad
TIAPACKEVAOTNKE TpOTUTtO StaAupa 1000 pg/mL carbofuran oe peBavoin. And to
OpPXIKO auTtd OldAupa pe SLaSOXIKEC OPALWOEL TOPACKELAOTNKAY SlaAvpata
OUYKeVTpwOoewv 5, 2, 1, 0.5, 0.1 kat 0.05 pg/mL. AkohouBnoe ékxuon 10uL amno to
KaBe éva amd ta mapandvw OSwoAvpata oto cvotnpa HPLC. To epBadoév tng
Kopudng Tou poékuPe o KABe €va amo Ta MPOTUTA SLAAUUOTO. CUCXETIOTNKE UE
TNV OUYKEVTPWON Tou carbofuran Kol KATAOKEUAOTNKE TPOTUTIN  KAUTTUAN
avadopdc. O TOOCOTIKOG TPOCOLOPLOUOEC TIPAYUATOMONONKE HE METPNON TOU
euBadol Twv kKopudwv Ttoug Ue TNV PonBela tou Aoylopkou CLASS-Agent Data
Management Software.
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http://www.shimadzu.com/an/hplc/prominence/lc20.html

2.5 Npoaodloplopdg tng adBoviag twv yovidiwv med kot 16S rRNA

2.5.1 EkxUALon DNA amo to €dadog

OL péBobdol mou €xouv avamtuxbel ylwa tv amopovwon DNA amd ta Seiypata
edadoucg eivat dvo: n péBodocg dueong Avong (Ogram et al., 1987) katL n péBodog tng
anopovwong kuttapwv (Torsvik, 1980). Ztnv péBodo apeong AUong yivetal apeon
AUon Twv KUTTApwV oto £6adog. Auto cupPaivel Pe XNULKO, EVIULKO I} LNXOVIKO
TPOMo, eite KOl Pe ouvOUAOUO TwWV HEBOSWY autwy. Metd t) AUON TWV KUTTAPWV
akoAouBel n ekxUAlon tou DNA kal kKaBoplopog tou. Itn uEBodo NG amopovwong
KUTTOPWV YLVETAL SLaXWPLOUOC TWV KUTTAPWY amo ta cwuatidia tou eddadoug mpv
TN AUoN TWV KUTTAPWV Kal TNV avaktnon tou DNA. Emeldn okomog tng ekxUALONG Tou
DNA eival n mepattépw enefepyacio Kal OVAAUGN TOU HE LOPLOKEG TEXVIKEG - OTWG N
PCR mpaypatikol xpdvou otnv mapouoa epyaocia - eival anapaitnto to DNA va gival
eAelBepo mpoopifewv xouulkwv of€wv, moAulakxapldiwv Kal MPWTEIVWYV WOTE va
amodevyxBel avaotoAn tng dpaong tng moAvpepaonc. H Baowkn Stadopad twv dvo
neBodwv elval mwg pe tnv pEBodo tng apeong Avong mapaAappavetral cuvnBwg
pueyoAUtepn moodtnta DNA, evw pe T PEOBOSO amopovwWoNng KUTTAPWV
napalappavetol pikpotepn moocotnta DNA oAAd udnAotepng kabapotntag Kol
pHeyaAutepou poplokol Bapouc. (Gabor et al.,, 2003, Robe et al., 2003, Roose-
Amsaleg et al.,, 2001). NoAAa kit ekxUAlong DNA eivat StaBéouo oto eumoplo,
Baolopéva kat otig U0 auTtEg peBodouc, wWoTe va Umopel va yivel emloyn Baon twv
EKAOTOTE TIELPAUATLKWY OVAYKWYV TIOU TIPOKUTITOUV.

ITNV OUYKEKPLUEVN epyacioc n ekxUAlon DNA amoé ta OSelypata ebdddoug
payuatonolnonke pe tn HEBodo TG Apeong AUonG KoL UE CUVSUOOUO HNXOVLKWV
KOl XNHUKWV HEBOSwY pe To eumopiko Kit Power Soil DNA Isolation Kit (MO BIO
Laboratories, Inc.) ocUuPwva HE TO TMPWTOKOAAO TOU KOTOOKEUQAOTH. X€ KAOe
nepimtwon ywa tnv e€aywyn DNA xpnolpomowidnke moootnta eddadoug 0,5g. Na va
SlamotwBel n mowdtnTa KAt n moootnta tou DNA mou mapaAndBnke amod kdbe
£6adocg €ywve nAektpodopnon oe Nkt ayapolng 0.8%. H MKt MAPOOKEUAOTNKE
SlaAvovtog pe Bpaopo KataAAnAn moootnta ayapolng os 1x TAE (Tris-acetate-EDTA
50x : 242 g Tris Base, 57.1 ml 0€lk6 00,100 ml EDTA -0.5M, pH 8- oe 1 L dH20). Zto
Stahupa mpootednke Bpwptovxo alBidlo pe teAkn cuykévtpwon 0,5 pg/ml. Metd tn
otepeomnoinon tou SlaAvpatog, n TNkt eupamntiotnke oe StdAupa 1x TAE kat
doptwbnkav 10uL Seiypatog avapepelypéva pe 2ul dtahvpa poptwong (loading
buffer: 5 ml yl\ukepoAn, 1 ml Bromophenol blue, 0.5 ml 20x TAE kat 3.5 ml ddH,0 ).
H nAektpodopnon nmpaypatonow}Onke ota 100V. Ta dedopéva A\dpOnkav pPeTA amo
€kBeon g MNKTAG o umeplwdn aktwvoPolia. H akplBrg ektipnon tng moootTnTAC
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tou DNA mou ekxuAlotnke mpaypatonowibnke oto ¢Boplopduetpo Qubit

Xpnotpomnotwvtag to Qu

2.5.2 Extipnon tng ad

bit dsDNA BR Assay Kit, Invitrogen.

Boviag twv yovidiwv mcd kat 16s rRNA oto £€5adog pe

PCR mpaypatikou xpovou

H PCR mpaypatikol xpovou eival Toootikr) HéBodog kal xpnolgomolndnke otnv

mapovoa epyacia yla tTnv avixyveuon kat tov npoodloplopd tng adBoviag tov med

yovibiou. MapaAAnAa

€YLVE TIOOOTIKOTIOLNON KOL TOU OUVOALKOU aplBuou Twv

Baktnpiwv (ue evioxuon tou 16S rRNA yovidou) wote va SlamiotwOel av n omola

avénon tou aplBuol tTwv avtlypddwv tou yovidiou mcd odelletal o€ oUVOALKN

avénon ¢ PBaktnplakng Kowotntag kal OxL TeAlKA oe avénon tnNg opadag

HULKPOOPYQVIOUWYV TIOU £XOUV TIPOCAPUOCTEL OTNV MAPOUGLA TOU KOl £XOUV avaTTUEEL

YEVETLKOUC UNXOVLOMOU

¢ wote va to anodopolv. Auto mpaypatonowdnke pue PCR

TIPAYHOTIKOU XpOvou Tou 16s rRNA kat UTtoAoyLopo tou Adyou mcd/16s rRNA wote

va BpeBel n oxetikn adBovia tou mcd.

Ewova 3. Mpdodeon kot
$B0pLoHOC NG XPWOTLKAG
Syber Green otic ¢daoelg
Twv KUKAwvV tng Real-Time
PCR.

Jtnv PCR mpaypatikou XpOvVou 1N OUYKEVIPWON Twv
TPOIOVTWY evioxuong eAéyxetal oto TEAOC KABe KUKAOU pE
TNV XPron XPWOTIKWYV TIou PETA amo Stéyepon pBopilouv. H
XPWOTIK Tou emAéxBnke edw elvat n SYBR Green. H
XPWOTLKA T(POoodEVETAL OTA TIPOIoVTA EVIoXUONG N ELOLKA KaL
XwpIc va mpokaAel kAmola aAAolwon WOoTE N evioxuon Toug
VO OUVEXLOTEL KOl OTOUC EMOMEVOUG KUKAouc. Otav n
Xpwotiky TApeUPANBel otnv  SUTAR €Akl EKTIEUTIEL
$Boplopo. H évtaon tou $pOBoPLOUOU MOV EKTTEUTETAL KATA TN
Sapkela autng ¢ Swadlkaoiag oxeTileTal  HE TN
OUYKEVTPWON TWV TPOIOVIWV EVIOXUONG OTO GUYKEKPLUEVO
Xpovo. Emeldry n mpdodeon eival pn €dikr, n XPWOTLKA
evbéxetal va deopeutel oe SikAwvo tunua DNA-un otdyo.
Emopévwg eivatl avaykaiog o dtaxwplopog tou ¢dBoplopou
TIOU EKTEUTIETAL ATIO TO HOPLO-OTOXO ATO EKELVOV TWV AAAWVY
SikAwvwV TUnuAtwv DNA mou Tuxov undpxouv oto StaAupa.
Ma to AOyo auTO UETA TNV OAOKANPWON TN evioxuong eivat
amapaitntn n availvon KaumuAng anodiataéng (dissociation
curve). H kaumUAn amodidtaéng o&ivel tn Suvatodtnta

Slaxwplopov Tou ¢BoplopOL TIOU TPOKUTTEL aAmd TNV
evioxuon t™NG aAAnAouxiag-otdxou amo €KELVOUC TOUG
dBoplopoug mou odeilovtal oe SLUEPN EKKVNTWV H HUN
eldIkwv mpoiovtwv. OL mAnpodopieg mou AapBavovtal ano
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Vv PCR mpaypatikou xpovou kataypddovtal pe tn pHopdn ypadbnUatwy, wg
KQUTTUAEG evioxuong Kol UImopoUlV va xpnolponotnfolv ylo TV TOCOTIKOTOINoN Twv
apxkwv riocotrtwv DNA pe akpifeta. H kapmUAn evioxuong xwpiletal os 4 GACELS: a) N
¢daon omnou ta emnineda tou evdoyevr) pBoplopol (background fluorescence) eival
uPnAotepa amnod ta enineda Tou $OOPLOUOU TIOU TIPOEPYETAL ATO TA MPOIOVTA TWV
MpwTwv KUKAwv NG PCR, B) n ekBetikr) paon (exponential) 6mou n moocoTNTA TWV
OUVTLOEUEVWY TIPOTOVTWY €lval avaAoyn Tng apxknG MoooTNTAG Kot Katd Tn SLapKeLa
OUTAG TNG PpAoNG YIVETAL N TTOCOTIKOTOINON TWV AYVWOTWV SELYUATWY, V) N YPAUULKN
daon (linear) 6mou mapatnpeitol HEWWUEVN Tapaywyn avilypddwv tou yovidiou-
oToXoU Adyw efavtAnong twv aviwdpaotnpiwv 8) ¢ddaon kopeopou (plateau) n
avtidpaon Kol mopaywyn VEWV avtlypddwy £xel oAokAnpwBel Adyw e€AvtAnong twv
avtdpaotnpiwv. O TPOCGSLOPLOUOE TNG TMOCOTNTAC TWV TMPOIOVIWV yivetal e
QTOAUTN 1 OXETIKA MOCOTLKOTOLNON. A TNV MOcOoTIKOMolnon MpENeL va €xel tebel
ovaAoywe Kat n TR Ct. Q¢ tun Ct opiletal o KUKAOG KATA TOV OMoio n évtacn Tou
dBoplopovu femepva pa Tipn-katwoAl (threshold) kat n evioxyuon twv mpoioviwv
nepva otnv ekBetikn daon avénong. levikd 6co uPnAdtepn eival n apxikn
OUYKEVTPWON TOU yoviLdiou oTOX0oU TO0O UIKpOTEPN ival n twun Ct mou tibetal. Itnv
QmMOAUTN TIOOOTIKOTOLNGN, TOU €XeL XxpnoldomoiwnBel otnv epyaocia, ywa va
TPOOSLOPLOTEL 0 aPLOUOC TWV avIlypAdwV TOUu apxlkoU Selylatog KATaoKeualeTal
KOUUAN avadopdg pe evioxuon tou yovidiou-otoxou amo SLadOXIKEC APALWOELS
QVACUVOUAOUEVWV TAACULELWY YVWOTHG CUYKEVTPWONG.

PCR mpaypatikol xpovou yovidio med: Ta Teuydpla TwV EKKIVNTWV TIOU
xpnotgomnowntnke yla tnv evioxuon tou mcd yovidiou KaBw¢ Kal ol ouvbnkeg
npayuatonoinong twv avidpdoswv tng PCR mpayupatikou xpoévou mapouctalovral
otov Mivaka 1. Edkotepa yla to yovidlo mcd ol ekklvntéG oxedlaotnkav pe Baon
Vv aAAnAouxia GenBank: AF160188.1 (complete coding region) Achromobacter sp.
WM111 plasmid pDL11 carbofuran hydrolase kat oényoloe otnv evioxuon &vog
TuAuoto¢ 168 bp. Ta avtdpaotipla Tou xpnowlomowdnkav ywo tnv PCR
TPAYUATIKOU xpoOvou mapouatalovrtat otov Mivaka 2. H PCR mpaypotikol XpOvou
npayuatonolibnke oe ocvotnua Bio-Rad CFX Connect Real-Time System. Meta to
TENOG TNC Ppaong evioxuong akoAouBnoe n ddaon TN anodlatagng yLa TNV KATOOKEUN
NG KAUMUANG amodiatanc.

Nivakag 1. H aAAnAouxla Twv EKKLVNTWV TIOU XPNOLULOTIOLRONKAY ylo TV evioxuon Kol eKTiUNoN TNG
adBoviag to yovibiou mcd pe PCR mpaypatikol xpovou.

EKKLVNTEG AN\nAouxia (5' - 3')
mcdF_rtpcr CACGCACTTCTTCAGAGATCAC
mcdR_rtpcr GCGAAATGATGCCAATAGACCG
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Nivakag 2. Ta avtidpactipla mou xpnolpomotibnkav yla thv evioxuon tou mcd yoviSiou ota
Selypota edddoug pe PCR mpaypatikol xpovou.

AvtiSpaotipla ‘Oykog TeAKN CUYKEVTPpWON
KAPA SYBR FAST gPCR Master
Mix (2x) Universal 10uL 1x
Forward primer (20pmol/ul) 0.2uL 0.2pmol/uL
Reverse primer (20pmol/ul) 0.2uL 0.2uM
BSA (20pg/ul) 0.4uL 400ng/uL
DNA (4ng/reaction) 5uL 20ng
ddH,0 4.2ul <10
JUVOALKOG OYKOG 20uL

Ewkova 4. Zuvbnkeg mpaypatonoinong thg PCR mpayuatikol xpovou yla Thv evioxuoh tou mcd
yoviSiou.

PCR mpaypatikou xpovou yovidio 16S rRNA: H ektipnon tou mAnBuopol twv
Baktnpiwv oto £6adoc mpaypatomownOnke pe PCR  mpaypaTikou Xpovou
XPNOLLOTIOLWVTAG TOUG EKKLVNTEG Tou Ttapouctaovtal otov Mivaka 3 (Fierer et al.
2005). To oUuyKekplUévo C(euyapL €KKIVNTWV €VIoXUeL éva tunua 180 bp. Ta

24

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 21:14:57 EEST - 3.133.122.126



avTdpacthipla mou xpnoLdomnotidnkayv yia tnv evioxuon tou 16S rRNA yovidiou pe

PCR mpaypatikol xpovou napouatalovral otov Mivaka 4.

Nivakag 3. H aAAnAouyia Twv €KKLYNTWY TTOU XPNOLUOTOLRONKaY yla TNV evioxuon Kol EKTUNoN TNG
adBoviag to yovidiou 16S rRNA pe PCR mpaypatikol Xpovou.

EKKLVNTEG ANnAouyieg (5' - 3')
Eub338_F ACTCCTACGGGAGGCAGCAG
Eub518 R AATTACCGCGGCTGCTGG

Nivakag 4. Ta avtdpaotrpla mou Xpnolonotibnkay yla tnv evioxuon tou 16S rRNA yovidiou ota

Selypota edddoug pe PCR mpaypatikol xpovou.

Avtudpaotipla

Forward primer (20pmol/ul)
Reverse primer (20pmol/ul)
BSA (20pg/ul)

DNA(0.5ng)

ddH20

JUVOALKOG OYKOG

KAPA SYBR FAST gPCR Master Mix (2x) Universal 5 puL 1X

Oyko¢  TeAWKN OUYKEVTIPWON

0.1pL 0.2uM
0.1pL 0.2uM
0.2 uL 400ng/uL
1pul 0.5ng
3.6 pl

10pL
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Ewkova 5. ZuvOnkeg mpaypatomnoinong tng PCR mMpayUaTikou XpOvou yLo TNV TOCOTLKOTOLN o Tou
GUVOALKOU aplBuol twv Baktnpiwv péow evioxuong 16s rRNA

Mo TNV amoAuTn MOCOTIKOMOLNOoN Tou aplBpol Twv avilypddwv Twv yovidiwv mcd
kat 16S rRNA ota deiypota e6AdouC KATACKEUAOTNKAV KAUTTUAEG avadopdg. Mo Tnv
KATAOKEUN TNG KAUMUANG XPNOLUOTIOINONKAV apOlWOEL TAACULSIWY YyVWOTNG
OUYKEVTPWONG TIOU TiepLeiyav wg evBepa ta yovidia med kat 16s rRNA avtiotolya.
XpnotuorotiBnkav ot apatwoelg 2.7x101 éwg 2.7x10°8 avtiypada yovidiov med kau
3,6x103 éwg 3,6x10° avtiypada 16S rRNA kot mpaypotonotidnkav 3 emavaAiPeLg
ano kabe apaiwon.

2.6 EmBeBaiwon tng evioxuong tou yovidiovu mcd pe aAAnAouxion

MNna va smPeBoawbel o0tL To yovidlo mou evioxBnke katd tnv Sidpkela t¢ PCR
TIPAYUATIKOU XPOVOU €ival To mcd mpaypatonol|fnke kKAwvormoinon tou mpoioviog
PCR kat aAAnAouxLon emAEYUEVWV KAWVWV. A TNV TPOETOLHACIO TWV SELYUATWV yLa
oaAAnAovylon akoholBnoe e€aywyny {wvng PCR mpoidvtwv amd mnkt) ayapolng,
KaBaplopdg twv mpoidvtwy pe to Kit NucleoSpin Extract Il tng Macherey-Nagel,
€vBeon tou kabBaplopévou Tpoiovtog o€ KatdAAnAo mAaouilblakd dopéa pGEM-T
Easy (Promega) cUpdwva PE TO MPWTOKOAAO TOU KATAOKEUAOTH. Ma va UTtOAOYLOTEL
n Kat@AAnAn noootnta PCR mpoidvrtog (insert) mou Ba mepiAndOei otnv avtidpaon
€vBeonc xpnonuomnottnke o TUTOG:

ng of vector * kb size of insert

3
2 . ;
kb size of vector *1= ™9 of inser
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AkoAoUBNOE PETAOKNUATIOUOG TOU TMAaoULSLaKOU dopéa og Sektikad KUTTOpA E. coli
DH5a (Invitrogen). EwWdkotepa, ota KUTTapo TMPootédnke StdAuvpa 2ul amd tnv
avtiépaon tng Alydong kat to piypa avakwvnbnke ehadpd. AkolouBnoe smwoaon
otov mdyo yta 30 min Kal otn CcUVEXELX TPOKANBNKE BepULkO OOK yla 55 sec oToug
42°C. Ta KUTTOPA EMAVOTOMOBETAONKAV OTOV MAYO yla 2 min Kot pootednkav 200
ul LB. AkoAoUBnoe enwaocn otoug 37°C ywa 60min. Itn ouvéxela ota KUTTAPQ
npootednkav 50ul X-GAL 2% (StdAuon SipuéBulodoppapidio) kat 10 pl IPTG 0,1M
(0,238g IPTG,81dAuon og 10ml ddH20). H kaAALEpyela emotpwOnke oe TpIPAia pe LB
HE aprkidivn (100pg/ml). Ta tpBAia emwdotnkav otoug 37°C KaTtd TV SLAPKELD TNG
vuxtag. AkoAoUBnoe emAoyn TPLWV AEUKWV QTOWKIWY Kal gUBoAlacuog oe 5ml
Opemntikol SlaAvpatog LB pe  apmikidivn. O guPoAlacpéveg  KAAALEPYELEG
EMWAOTNKAV PE ouvexn avadeuon otoug 37°C yla 16 wpec. Metd TG 16 wWPEeC €yve
amopdvwon tou mAaoutdtakouv DNA pe to kit NucleoSpin Plasmid (MACHEREY-
NAGEL) ocUpdwva PE TO TMPWIOKOAO TOU KaTaokevooth. Ta amopovwBévra
mAaouibla aneotaAAnoav otnv etalpeio CEMIA, Aaploa yia aAAnAouxion.

2.7 Itatiotiki availuon Twv anoteAeopdatwy tns PCR mpaypatikol xpovou

OL aplBuol twv avilypadwv Tou yovidiou mcd mpog Tov aplOuod aviypddwv Tou
yovidiou 16S rRNA ota deiypata eddadoug mou dextnkav epappoyn carbofuran fj oxL
Xpnolgomnownkav otnv otatlotiky avaluvon. H enidpaon tou carbofuran aAAd kot
TOU XpOvou Kot TiBavég aAANAeTdpAoElG aUTWY TwV SUO0 KUPLWV TAPAYOVTWY OTOV
AOyo Tou aplBpol twv avilypddwv Tou yovidiou med mpog Tov GUVOALKO aplOpuod tTwv
Baktnplwv €ywve pe avaluon Stakvpavong dvo mapayoviwyv (two-way ANOVA). To
eninedo onpavtkotnTag opiotnke 0To 5%. ZTIC MEPUTTWOELG TIOU TtapatnenOnkav
OTATLOTIKA ONUAVTIIKEG aAANAemdpdoel petall Ttwv OSU0 KUPLWV TAPAYOVIWY,
ONUAVTIKEG OladopéC HeTaly TwV METAXElpioEwV Ot KABe xpovo KabBwc Kal
ONUOVTIKEG Olopopeg HeTafL Twv Olodopwv XpOvwv o KABe petaxeiplon
evrtorniotnkav pe Post hoc avaluon pe xprion tou teot Tukey. H otatiotik availuon
€YLVE UE TO OTATLOTLKO TtakETo IBM SPSS statistics 20.
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3. ANNIOTEAEZMATA

3.1 Atod6unon tou carbofuran oto €6adog

Ytnv Elkova 6 mapouatalovral eVOEIKTIKA N KAUTTUAN avadopdg Kal xpwuatoypadnua omno
Tov mpoadloplopd Tou carbofuran ota Selypata edadoug.

Ewova 6. MNpoodloplopog ¢ ouykEvIipwaong tou carbofuran oe clotnua HPLC-PDA (a) koumuAn
avadopdg (B) evoelkTiko xpwpatoypdadnua omou daivetal n kopudn mou aviiotolyet oto carbofuran
Ue ouykévtpwon 10mg/L kat xpovo avaktnong 7.84 min.
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H amodounon tou carbofuran oto £€6adog nTav oxeTika Taxeio kot oAokAnpwOnke
o€ 28 nuépeg (Alaypappa 1).

Awaypappa 1. H amodounon tou carbofuran oto €6adog mou pehetBnke. Kabe Tiur avtiotolxel oto
MECO 0pO TPLWV EMAVAANPEWV + TUTILKI ATIOKALON.

H avaAuon twv delypdatwy o ovotnua HPLC-UV £6¢eL€e otL to carbofuran €xel
SloomaoTel MANPWCE OTLG ELKOCLOKTW NUEPEG LETA TNV EPapuoyr Tou ota Selypata.

3.2 Extipnon tng adBoviag Twv yovidiwv mcd kat 16S rRNA

Itnv Ewoéva 7 mapouocidletal to amotédeocua nAektpodopnong tou DNA mou
ekYUAloTnke amo ta delypata e6dadoug os mnkt ayapolng. Onwe dpaivetal Kal anod
™V ninktn apaindOnke vPnAol poplakou Bapoug DNA amo ta dsiypata eddadouc.

Ewkova 7. HAektpodopnon oe mnkth ayopolng 0,8% ekyxuAlopévou DNA and Ssiyparta edddoug dmou
£xeL ylvel epappoyn carbofuran. Xpovog detypatoAndiog: 0, 3, 7, 14 kal 28 nUEPEG KAl yLa TOV KAOe
XPOvo umapyouv Tpelg enavaAielg. Ladder: 2-Log DNA. Ze kaBe ypappun ¢optwbnkav 5ul DNA.
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Jtg Ewkdveg 8 kat 9 mapouocialovtal oL KAaumuAeg avadopdg, evioxuong Kkal
anodlatatng yla ta yovidia mcd kat 16s rRNA. Onwg dailvetal and Tig KAUMUAES
amodLataéng Kal otig SUO MEPUTTWOELS EVIOXUONKE €val LOVO TIPOLOV TIOU QVTLOTOLXEL
oto yoviblo - otdxo. Xtnv mepimtwon tou yovidiou mcd autd emiBePfatwdnke
TMEPATEPW ME aAAnAolXLOn TOu TPoidvtog Tou TapaAnddnke oe emleypéva
Selyparta. Onwg paivetal otov Mivaka 5 Ta mpoiovra mou evioxLOnkav katda tnv PCR
Tipaypatikol xpovou epdavifouv 100% opoloyia pe to yovidlo mcd mou €xel
amopovwOel amnod dtadopoug UKPOOPYAVIOUOUC.

Ewova 8. H kaumnuAn evioxuonc (a), avadopag (B) kat amodidataéng (y) yia tnv eviocxuon tou yovidiou
mcd pe PCR mpaypatikou xpovou.
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Ewkova 9. H kaumuAn avadopds (a), evioxuong (B) kat amodiataéng (y) yia tnv evioxuon tou yovidiou
16S rRNA pe PCR mpaypatikol Xpovou.
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Nivakag 5. Ta anoteAéopata tng oponapdbeong Twv aAAnAouxuwy mou evioxubnkav katd thv PCR
TIPAYLLATLKOU XPOVOU LE OTOXO To yovidio mcd

Unidentified microorganism methylcarbamate- AY294039.1 168/168 bp
degrading protein (mcd) gene, partial cds 100%
Aminobacter sp. C4 partial mcd gene for AJ622940.1 168/168
carbofuran hydrolase, isolate C4 100%
Achromobacter sp. WM111 plasmid pDL11 AF160188.1 168/168
carbofuran hydrolase (mcd) gene, complete cds 100%

1o Alaypappa 2 mapouaotalovrtol ol LeTaBOAEC oTtnv OXETIKA adBovia tou yovidiou
mcd (wg Adyog tou aplOpol avilypddwv tou yovidiou med / 102 16S rRNA / g
ebadoug) oto €dadog Lotepa amd tnv edappoyn carbofuran kal avtiotolya oe
Selypata edadoucg mou dev déxtnkav epappoyn carbofuran (paptupag). H epappoyn
tou carbofuran obnynoe oe pa otadiakn avénon TG OXETIKAG adBoviag tou
yovidiou mcd mou gudavioe tnv uPnAdtepn TLUA TOU oTIC 28 NuéPes, SnAadn pe v
olokAnpwon tn¢ amodounong tou carbofuran. AvtiBeta &ev aviyveubnkav o€
enineda avw Tou oplou aviyveuong tng peboddou avtiypada tou yovidiou mcd ota
Selypata paptupeg KaBoOAn tnv SLAPKELA TOU TTELPAUATOC.

Awdypappa 2. MetaBolég otnv adBovia tou Adyou mcd/10® 16S rRNA (oxetikr adBovia) ot
Selypata edadoug mou S€xtnkav ebapuoyr] carbofuran kabwg kat oe Seiypata paptupes. Kabe tun
OVTLOTOLXEL OTO MECO Opo TPWV emavaAnPewv * TUMKA omokAlon. Ol OTATIOTIKA ONUAVTIKEG
Sladopég (emimedo onuavtkotnTtag 5%) mapouvcialovral pe Stadopetikd ypaupata. PaBdol mou
£€xouv onuaveOel pe to (610 HIkpO ypappo 6ev MApoUoLA{OUV OTATLOTIKA ONUOVTLKEG SLopopEG pHeTafl
Twv control kat carbofuran otov i6lo xpovo SetypatoAndiag evw paBdol mou €xouv onuavOel pe to
1610 kedohaio ypdupa Sev mapouctdlouv onUAVTIKEG Stadopég HeTafl Tou Xpdvou SetypatoAniog
yla tnv dla petayeiplon.
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4. 2YZHTHzH

4.1 Juox£tion HetafL Tng oXetikng adBoviag Tou yovidiou med Kal Tng
arnodopnong tou carbofuran

Itnv napovoa epyacio peAetnOnke, o €dadog anod to oponédlo Tou AaoiBiou tng
KpATng Ue oTOopKO XpRong KopPBaptdikwyv GuUTOTPOCTATEUTIKWY OUCLWV OTIWE TO
oxamyl aAAa kat maAatdtepa carbofuran, apyika n mapouaoia tou yovidiou med mou
eAéyxel tnv ubpoAucon tou carbofuran (Tomasek and Karns 1989). AkoAoUBwg
SlepeuvnOnkav mbaveg ocuoxeTioelg petafl Tng adBoviag Tou yovidiou mcd kot tng
amodounong tou carbofuran. H mpwtn mapatripnon pag Atav OtL To yovidio med
ovVLXveLOnke oto peAetolpevo €6ado¢ aAld povo Uotepa amo tnv edappoyn
carbofuran. H aviyveuon tou cuykekpLUEVOU YoviSiou OTO GUYKEKPLUEVO £8adog
anoteAel Kal TNV MPwtn avadopd EVIOTMIOUOU TNG CUYKEKPLUEVNG USpPOAAONG Ot
aypoTika €6adn otnv EANGSa. To CUYKEKPLUEVO YOVISLO €XEL EVIOTLOTEL KUPLWG OE
mAaouidia Boktnpiwv €6adoug, PUANOYEVETIKA HUN OUYYEVWVY, TA omoia elyov
amopovwOel amnd yewypodlkd omOUAKPUCHUEVEG TIEPLOXEG OTwWG AMEPLKR, MaAAla Ka
AyyAla koL OTIC omoieg eixe mapatnpnBel 1o GAVOUEVO TNG ETUTOXUVOUEVNG
Bloamodounong tou carbofuran (Tomasek and Karns 1989, Topp et al. 1993, Desaint
et al. 2000). OAa ta mapandvw gupnuata KABWE Kal 0 eVTOMLIoUOG Tou yovidiou med
Kal o aypotikd eddadn tou opomediov AaoclBiou kKatadelkvUouv TNV HEYAAN
vewpyadikn Staomopd tou n omoia £xel anodobel og opllovtia yovidlakn petadopd
(Desaint et al. 2003).

Amo Tig petprioelg mpoekuPe OtL n edpapuoyr Tou carbofuran oto CUYKEKPLUEVO
€dadog odnynoe oe onuavtikn avénon tg oxetikng adBoviag tou med mapdAAnAa
He TNV mopeia anodopnong tou carbofuran. To cuykekplyuévo potifo amodounong
Tou carbofuran kat oxetikn¢ adBoviag tou yovidiou med emiBefalwvel TNV EUAOKN
tou mcd otnv amodounon tou carbofuran. H emtaxuvopevn amodouncn Tou
carbofuran péxpL onuepa €xel amodoBel otnv moapoucio ULKPOOPYAVICUWY TIOU
Katéxouv To yovidlo med (Champalamdugu & Chaudhry,1991).

MapdAAnAa Ta GCUYKEKPLUEVA amoTeAéopata Oeixvouv OTL Tapd TNV TOAUETH
anouoia edappoywv carbofuran (8-9 €tn) oto ouykekpuévo €dadog, avtiypada tou
yovidiou mcd Slatnpouvtal o xapnAd enimeda HeTafl Twv HEAWV TNG BAKTNPLAKAC
Kowvotntag tou £€8adoug kol evepyormololvtal UOTEPA AToO HLa LOVO £GapLOoyr TOU
carbofuran oto £€6adoc. Mponyolpeveg peAéteg €xouv Seifel auénuévn eupovh Tou
dawopévou g emtaxuvopevng Bloamodounong tou carbofuran kal o€ oplOPEVEG
TIEPUTTWOELG OKOUN Kal 4 €Tn xwplic epappoyn carbofuran dev Atav apketd yla va
e€aAndBel (Karpouzas et al., 1999). H Sdwatripnon tng de€apevng tou yovidiov med
oto €6adog yla T6oo HeyaAo Xpoviko diaotnua Ba pmopouoe va anodobel otnv
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ouxvn xpnon GAAWvV KopBOUOIKWY GUTOTMPOCTOTEUTIKWY TPOIOVIWY ONwG Ta
aldicarb (uéxpt to 2007) kot oxamyl (uéxpL onuepa) katd tnv mepiodo Tou
amayopelTnke n edoapuoyn Ttou carbofuran. MponyoUueveg UEAETEC €XOUV
katadeifel Tnv Umapén dlaotaupolevVNg emtaxuvopevng Bloamodounong petall
Twv oxamyl, aldicarb kat carbofuran (Suett and Jukes, 1988). El6ikotepa oL Chapman
and Harris (1990) £6el€av otL mpotepn edapuoyr oxamyl kat aldicarb evepyomolel
TNV UKPOPLaKN KowoTnta ylao emtaxuvopevn Broanodopnon kot tou carbofuran.
MapoAa autd Kopio amd Tig mapandvw HeAETeG Sev mapeixe amodelfelg yia tnv
TOUTOTNTA TWV YoVISiwv Tou epmAEKovTal. Navtwg in vitro LeAETeC lte pe tTnv MCD
udpoAdon (Mulbry and Eaton 1991) eite pe Paktplo TOU TAPHRyaAyov TO
ouyKekpLévo €vlupo (Karns et al. 1986; Topp et al. 1993) 6ev cuvnyopoUuV UTIEP TNG
napandavw unobeong kabwg £6el€av otL to carbofuran amoteAel 1o W6avikOTEPO
umooTpwHA yla tTnv MCD ubpoldon evw ta ofluvo kapBoapidika methomyl kot
aldicarb eite 6gv udpoAvovtal kaBolou eite uSpoAUovtal pe oAU Bpadeic pubuolg
avtiotolya. Mepattépw HEAETEC TOU aAmMOTEAOUV PEPOC Tou Sudaktoplkou tng K.
Poucibou é£€xouv O6eifel 0Tl 0 aplBUoOC avilypdadwv Ttou yovidlou mecd oto
OUYKeKPLUEVO €6adog Sev emnpealetal amo tnv epapuoy AAwv KapBaputdikwy
dUTOMPOOTATEVTIKWY ouciwv (oxamyl, pirimicarb, iprovalicarb, prosulfocarb ktA)
Tapa PoOvo amo tnv epappoyn carbofuran katadeikvuovtag tnv vPnAn e€elbikevon
NG CUYKEKPLUEVNC uSpoAdonc. AvtiBeta n edappoyn carbofuran kat oxamyl odnyet
oto 6lo €dadog oe onuaviiky avgnon Twv avilypadwv tou yovidiou cehA mou
KwdLkomoLel pla GAAN udpoAdon KapBapdikwy GUTOTTPOCTATEUTIKWY OUCLWV OTIWE
To carbaryl (Hashimoto et al., 2002) aAA& katl poodata tou oxamyl (Rousidou et al.,
2016)

Ta anoteAéopata pag mapouclalouv CNUAVIIKEG TIPAKTIKEG TPOEKTACEL] KOOWC
Seixvouv OtL n avaotoAn epoapuoyng evog GuTOMPOOoTATEUTIKOU TIPOIOVTOC OTIWG TO
carbofuran, tou omoiou n Poloywkr) Spdon emnpedleTal CNUAVIIKA amd TO
dawodpevo tng emtayuvopevng Boamnodounong, dev anoteAel mavia tnv Avon ywa
v e€dAewpn tou mpoPAnuatog kabwg n defapevy yovibiwv mou udpoAuouv 1O
OUYKEKPLUEVO EVTOUOKTOVO Tapapével {wvtavr) yla TouAdxlotov 9 €tn  Kal
€vepyomoleital pe tnv véa edpappoyn tou carbofuran oto é6adoc.

4.2 MeA\oVTIKN €peuva

MNepattépw peAETeC Ba eoTidO0UV OTN HEAETN TG adBoviag meplocotepwy yovidiwv
TIou umopel va epmA£Kovtal otn Staomacn KapBauldlKwy EVWOEWV OMwC Ta cehA
kal cahA (Hashimoto et al. 2006). Eniong Ba pmopouoe va peletnBolv edadn ano
Ol0bOopeTIKEG  YeEWYpPADLKEG TIEPLOXEG, XwpPLlG Kaupla mpotepn  edapuoyn
omolacdAMOTE EVWwong, E OKOTIO TN SLEPEUVNON TNG AMOKPLON TOUG oTNnV ebappoyn
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KapBaputdikwy, He eEEAIKTIKO 0TOXO, TNV TLBAVN EUPECN TIPOYOVIKWY YoviSiwy autwyv
TIOU £XOUV XOPAKTNPLOTEL WG UTIELBUVA yla TN SLAOTIACN TWV KOPPBOULSIKWV.
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