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Uvod

1. UvOD

Otpornost bakterija na antibiotikgredstavlaMHGDQ RG YRGHULK SUREOH

medicine L JRUXUL MDY QR]G UsyatakitW mMatiieta 2SN NR @cigHBENtibiotika,
peniciling 1928. godneELOR MH MHGQR RG GRWYWHWIOKX iQ DIQKWDI a& Q@ XK
VX VSDAHQL PQRJL A&LiIRA4ge Zdraxkedr botestiL stavljerté pod kontrolu
2 EH 0D Y;pad bridina otkrivanjanovihi sve potentijih antibiotikau razdoblju do’C-tih
JRGLQD SUR&srjedWl@aMUHDDQH EROHVWL Y (kréen@@HEMW., ELWL S
2019.; Peterson i Kaur, 2018 P HYyXWXIPLQNRYLWRVW DQWLELRWLND GR
SRQDMY lpéekonpjer J nerazume primjeneu medicini i veterinarstvukao i njihovog
kontinuiranog L V S X 8 W CRONMRID Hanhassu bakterije razvile mehanizme otpornosti na
gotovo sve skupine antibiotik&oji se koriste u medicini7DNYD PRU EDNWHULMVNH
]JDMHGQR V RJUDQLpPHQLP LQYHVWLUDQMHP ERBRROAHDX WP NE |
suotpornost na antibiotkM HGQRP RG QDMR]JELOMQLMLK SULMHWQML P

7DPELUO $QGUDAKAQIRVW QDP MH VWRJD &WaRvdjbkpomBsiiX U H Y L4
QD DQWLELRWLNHNDHYX EID N /XM DVDLP B M HIOCKRWQYWURIRRWLER YV
QDUDZWDMNX SRVWDOD VYMHVQED QH VDPR VWUXpPpQD GUXa
stoga problenotpornosti na antibiotikéstaknut kagedan od prioriteta Svjetske zdravstvene
organizacijgSZO)(WHO, 2017.)

Neke su bakterije prirodno X URYHRQ@RSRUQH QD RGUHWHWDHV DR WLE
]JDEULQMDYDMXUL MH SEREOWP RELG E® RWMHWOHMLYH QD DQ!'
kao rezultat J H Q H Wptdgmjebh& bilo novim mutacipma u genomu ili horizontaim
prijeno®m genaiz drugih, otporrh bakterija(von Wintersdorff i sur., 2016.)Te procese
stjecanjaotpornosti S R V S Mhl &afidorekomjernaprimjerna antibiotika X OLMHPpHQMX OM
ALYRWeG® MPH YHUH RQH DL atiblet@imal ARibIRIC) Haspijelafd X RNROLA
QDMpHaAUH SXWHP RWSDGQLK YRGD L] UD]J]OLpLWLK L]JYRUD
akvakultur), ali i upotreborrstajskog gnojivaLOL REUDYHQRJ PXOMD V XUHYyDM
komunalnih otpadnih vodaa poljopriviednm J|HP O M (@Mhlw& D Shashidhar, 2015.;

Singh i sur., 2019.Podstalnimselektivnim pritiskom antibiotikaX R N RikbZzasiaXse razvoj

otpornosti na antibiotikeX RN R O L a Q I(BUsENANWIildW.| 20XHeuer i Smalla, 2007

Jechalke i sur., 20L,3ristiansson i sur., 2021Li i sur., 2010, Martinez, 2009. Pokazalo se

GD pDN L QLVNH VXELQKLELWRUQH NRQFHQWUDFLMH DQW
vodenim i kopnenim sustavima *PPHUH U P R JnéasthbRtpdrithbhakterija

(Gullbergi sur., 1IDGDOMH SULVXWQRVNMNLPHRD®B QVOND EL X D

2



Uvod

selekciju otpornosti na antibiotikel ERJ |DMHGHQHMWLBRNLK]LRORANLK PHKD
otpornosti na antibiotike i meta{€elier i Berendonk, 20126 RE]JLURP QD WR GD pRYN\
LIPMHQMXMH VYRMX PLN U RddoR@gtXnavarRNbRkEXL RQIRD LAY |FRYIH U L
rizik prijenosaotpornihbakterijana ljude.7RPH X SULORJ LGX L VWXGLMH NRMFE
gene zaotpornostna antibiotke X RNRONHQLIQ RP E Hi&kemaM @dtdgenih

bakterija (Surette i Wright, 2017 Putevi kojima ljudi PRJX @Rkaritakt sSRNROL&AQLP
bakterijamaotpornim na antibiotikeu brojni. 2Q L X N (phedjd XRIXH ] porieklom iz

RQHPpL pdddethheili SRY UaL Q YV NudjelyvareHurekreativnim aktivnostimau

R QH pLauRQURA Q V NiRndladiiRa€rbasdla®tuden i sur., 2013.10sim utjecaja na
UD]JYRM L &LUH @QH bR \&/SHRQUDR VAR RVWADFLPD PRAH XWMHFED\
funkcionalna svojstva prirodnih bakterijskih zajednicateDat QDpPLQ QDUXA&ALWL JGUI

ekosustavgGrenni i sur., 2018.)

'R GDQDV VH UHODWLYQR PDOR ]QD R YDAQRVWL YRGHC
i izvora antibiotika ideterminantiza otpornost na antibiotikeNa primjeru Indije i Kine se
PRND]J]DOR GD EL YRGHQL RNROL& NRML VQ@ostdienfdD® UHFL:
proizvodnju antibiotikaP RJDR SUHGVWDYOMDWL ]Q Dip&divDddelnjogiR U EX G
VDGUaADYDWL VPMHVH DQWLELRMgLNDalX UL ¥ RIN [RFQ N@iQaAH.Q W O
aWR VX PHW Ddipbrishe aktiDidtivg Hacskdvi, 12014 /L L VXU /*EE
i sur., 2017.; Marathe i sur.,, 20133ERJ WRJD VH VPWe podGiec8NROLA
industrijskihotpadnihvoda QDURpLWR VHGLPHQ@WYL HRUWH & WKdpia®OWRD NHH (
P R ausijed intenzivnog selekcijskog pritisk& R U LRG Rivddja SRVW R M kaiavojfa DOL L
novih genaotpornositna antibiotike Zbog sposobnasbakterija da prenosé H Q H ivaltejpijisll L
na pokretnimJ H Q H Weldmigntifhageni zaotpornost na antibiotikenogu se prenijetiz
bezopasnilbakterijau 8 W HoatagehdakteripunutarR Q H p L AR N R @ fak Dnutadjudi
i aLYRWLQMD &4WR PR&H LPDWL AWHWQH ]JGUDYVWYHQH SR
OQHpPLAUHQMH GRJRGLOR

=ERJ VYHJD QDYHGHQRJ ELWQR MH UD]XPMHWL PRJXUF
DQWLELRWLND X YRGHQL RNR Oha&teriskedtpdmad iHa @ibbiat® ] YRM L
Za postizanjenovativnogprobojanaovoj temikoja je odglobalne Y D & QzR 2dmMije ljudi i
R N R,(pbsidp potreba zaS UR Y Ry Wt@rtisdiplinariog pristupa NRMLP UMWMHD ALWL
odgovor bakterijskih IDMHGQLFD D Q HoakieR|skiH @&rstg) Ddp Geénidjsko |
mikroELROR&NR Re&pHPQ PavEzQiddsHzvoromRQHpPpLAUHQMD



Uvod

1.1. Ciljevi i svrha rada

Posljediceunosarazmjernovisokih koncentracija antibiotika&X R N pu@in &tpadnih
vodafarmaceutskifindustria MRa VX XYLMHN QH GRoSRQ XORH L)\DWIDRA FHNDHH
rizkaza |GUDYOMH O MZ4tG Je srhdirdv& doktérEke disertacipridonijeti boljem
razumijevanjuutjecaja otpadnih vodedviju lokalnih farmaceutskih industrijaa recipijentni
YRGHQL WNOMADDVNRP QD UD]JYRM L aL U H QstatibartevijSkitU Q RV W L
zajednica6 XNODGQR QDYHGHQRP VSHFLILPpQL FLOMHYL LVWUD?:

X prodjeniti kemijsko R Q H p L a&tpatiQiivviddaz sinteze ili formulacije antibiotikée
YRGHQRJ RNROL&D NR Mih otpadKif koddnjeRenjéikonc@hitddi Q W
antibiotika vezanim sustavom\WV H N Xalkko@hatdgrafip standenma spektrometrija
mas (LC-MS/MS) i metala maseom spektrometripm s induktivho spregnutom
plazmom (ICPMS) WH R GUHYyLY D cGkbhijgkihlpokhZdtbl@z@ mspitivanje
stanjaSRY U aL Q Vsedidenat Gpadnih vodaSRP RRIKYy XQDURGQR YDOLG
metoda [SO norme);

X identificirati 1 karakterizirati gene odgovorne za otpornost na antibioiike
mikroorganizamaorijeklom iz otpadnih voda slatkovodnihsedimeiata inovativim
pristuppm funkcionalne metagenomike

X prodjeniti &L &H®dinosti na antibiotikeu sedimentimarijeke Save i potoka
Kalinovica na lokacijamandustrijskihispusta inizvodno od ispust&vantifikacijom
JHQD ]D RWSRUQRVW SRPRUX ktig pdindetayod IGPERH ODQ|
analiomm horizontalnog pjenosagena SRPRiUX HJ]JRJHQH L]J]R®DFLMH
analizomgenaotpornosti na makrolidne antibiotike R N R O LM Q L QhaktsriiskKih
LIRODWD SRPRUX ODQpDQH Uisekieaditshih SROLPHUD]RP 3¢

x odrediti prostorrei sezonsk@romjereu sastavu bakterijskih zajednizaotpadnih voda
i L]OR ase@rhdoata sekvenciramp amplikonal6S rRNA gena tehnologijom
lluminaMiSeqL ELRLQIRUPDWLpPNRP DQDOL]J]RP GRELYHQLK S



Uvod

1.2.Hipoteze rada
, VW U D & pré\edzMnkiuPovom radestiralismoVOMHGHUH KLSRWHI]H

H1. Otpadne vode iz lokalnih farmaceutskih industrifaQ H p Lrécipfeitki YRGHQL RNROLA&

antibioticimg metalimai bakterijamaotpornimana antibiotike

H2. Otpadne vde i sedimenti recipijentnih voda spremnicipoznatih ipotencijalnonovih

gena zatpornost na antibiotike;

H3. Industrijski ispust S RWA LpU HtbMds$ti na antibiotikd® Hy X E D N W H WO RVEDHRQDL P

sedimentima

H4. Industrijski ispustmijenjgu strukturu i sastav]iO R & pritbdrikh bakterijskih zajednica.
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2. LITERATURNI PREGLED
2.1.Antibiotici i o tpornost bakterija na antibiotike

2ZWNULUH DQWLELRWLND VPDWUD \WRWWHLGQ XRR G MHINDY
kojim su brojne zarazne bolesti stavljene pod kontrolu uz bitno smanjenje smrtnosti, a mnoga
SR GUXpM Dsidpeedéval® thhvd XM XL SURILODNWL p NRMalI®ULPMHQ L
Santos, 2016.)GO DY QR Rt LdeaybtjenMliiekova je to aWR VX VHOHNWLYQR
RGQRVQR WRNVLp Qok suRD|Q VED MeR gt ptEahizanmiako je pimjena
DQWLELRWLND VPDQMLOD VPUWQRYWADYRBWQRHSRY B ED QD!
utjecaj na bakterije, jer j@erazumnaL SUHNRPMHU QMH SRMAURPQNMD QR LV S
antibiotika X R N @&@eb &@o razvoja otpornostna njih P H ytékterijana (Larsson, 2014b.;
Ventola, 2015.)Otpornost na antibiotike X URYH@QIR VWHpPpHQR VYRMVWYR QHNF
ili soja da se obranod djelovanjaD QW LELRWLND X]NKRDMOGHRXRINMRIOL & X
strukturne LOL | LéleR OHR@ N Wrilggbde ODUWtQH] L VXBRJ XpHVWDOR
izlaganja antibioticima VSRVREQRVWL EU]J]H SULODJRGEH RNROLaX X
danas razvile mehaniznogpornostina gotovo svekupineantibiotika, a do novih antibiotika
VH VYH WHMHGRDODPDFHXWVND LQGXVWULMD QH XOD&aH X Q
u odnosu na druge lijeko¥entola, 2A5.). Grube procjene pokazuju da isifiekcije izazvane
bakterijama otpornim na antibiotik¢ HiO G Ru SWeGIX]URNRYDOH QHNROLNR VYV
VPUWQLK VO Xp DNVNHIYG BHDG I AVCENRH JRGLQH WH EURMNH QD!
smrtniK vV O X p R MIHYLOD Q Stogase otpornost bakterija na antibiotike V W L jelanN D R
RG QDMYHULK MDYQR]GUDYVWeYsd Qdrita [BdtiR @diddaibra@DQ D& Q M L
prioritete SZO (WHO, 20717.), a predstavla iIMHGDQ RG ]J]DKWMHYD 9LMHUD (¢
postavlienVYLP J]HP OMD P E&FSA, ROQT. FambBi DAndra&vi U ).

2.11. 8UR Yy HQ\DW tdtpdir@f

2WSRUQRVW EDNWHULM X QREmMang (LRW/LLN QVRARHIHIH B IDW L
ili sekundarna 8 U R y btgdiost je strukturalno ili funkcionadnsvojstvo bakterija koje im
RPRJIJXUXMH S Uupasuth@sNDOWDIOBMHRWLND D SUHQ R \bakterie VWD QL |
iste viste @&WR J]RYHPR YHUWLNBOQMWPH 3 UM M NRRNGIRIM Had 0 H
antibiotike zbogsmanjene propusnosWWDQLpPpQH VWLMH@HMR IXSRRY WH GLP (
DQWLELRWLND X EDNWHULMYV N XaMitioDkaiz stahiceG R FSARINKD i DAXRNIV L
pumpi(Reygaert, 2018.Primjeri X U R ydfpQrhbsti su toornost Grammegativnih bakterija
na glikopeptideli Gram-pozitivnih bakterija na polimiksinebog QHPRJXUQRVWL LOL VP
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prolaza antibiotika kro2V W Du@tligmikd (Grenni i sur.2018.; Trimble i sur., 2016. W HpH QD
otpornost nastaje pod selektivnim pritiskom antibiotikeao rezultatnovin mutacija u
bakterijskom kromosomili izmjenom genetlog materijglaPHy X EDNWHULMDPD &aWR
R O D N a D Q Roj] RodirbjiQdtpornosta nalazese na plazmidimaGothwal i Shashidhar,

2015.) Tako primjerice, WRpNDVWD PXWDFLMD X JHQX NRML NRGLL
DQWLELRWLND GRYRGL GR QHPRJXUQRVWL QMHJRYRJ YH]DQ
EDNWHULMH V oQFSYRRMYRHBIM QIFOFIR AHQH  \WHR &stajuQijathkeEiniRan L N X
RVMHWOMLYH SRSXO D Friakbi izEagaNdhtibidtiky) Daktérlski xiWantPsa
VWHpPpRY/BRUWIMXRAIMMHOHNWLYQRM SUHGQRVWL SUHALYOMDYD
prevladaju u toj bakterijskoj populac{jpavies i Davies2010.) Ipak, kromosomske mutacije

VX ULMHWNH L ]D YHULQX EDNWH UK MIH QHP R W % RNUIKERM \WNQ D]
VW M H p HalKiiR grijgri®€dm genaP Hy X E D N Weddl. HbtiboatBl Gene Transfer,

HGT) mehanizmima transformacije, transdukcije ili konjugacije (Poglavijer.).

Mehanizmis W HepdtpQrnost bakterija na antibiotikeprikazani neSlici 1. (Munita i
Arias, 2016.) XNO M X p XM X

I.  inaktivaciju antibiotika putem kemijske promjene ili razgradnje molekule
DQWLELRWLND SRPRUX HQ]LPD

i. promjenu LOL ]x@nvd-mjesta djelovanja antibiotika p L PsEl antibiotiki
onePRJIX iveri¢ 3 URPMHQH FLOMQRJ PMH¥@himsk& MHORYD
NHPLMVNH SUR P miiaQile gank za\cRripdizstddjdlovanja antibiotika;

iii. promjene PHWDEROL pNRIH&SAD PH W D E puOna [gdji djeluje
antibiotik te se stvara noy, alternativm P HW D E RU Kkd¢jiNnije inhibiran
djelovanjem antibiotika;

iv. ~ smanjenje propusnosti VWDQLpPpQH PHPEUDQH L @anthibtRaL YQR L]E
izstanicepLPH VH VSUMHPDYD DNXPXODFLMD DQWLELRWL
MH PHKDQL]DP SRVUHGRYDQ VPDQMHQMHP HNVSUHVL
membrane WH QMLKRYRP VHOHNWLYQRAauUX D RGUHYHC
SRYHUDQRP Hgenaksoj) kodfilaM &leks pumpéReygaert, 2018.)
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Izbacivanje antibiotika q I Smanijenje propusnosti

iz stanice pomocu efluks (’ stani¢he membrane
B-laktami, makrolidi, aminoglikozidi, | pumMpe [ B-laktami, tetraciklini, fluorokinoloni L
fluorokinoloni, tetraciklini 2
-O
» o B-laktami, Fluorokinoloni, rifamicini,
Inaktwacua makrolidi, vankomicin, B-laktami,
antibiotika o | aminoglikozidi, makrolidi, aminoglikozidi
rifamicini, . s
q kloramfenikol @ Promlena aljnog
\_j mjesta djelovanja

A B
O T*

= o

Sulfonamidi, @

trimetoprim promjena
metaboli¢kog puta

%4

Slika 1. Mehanizmi otpornosti bakterjanB QW LELRWLNH 3dddHX]HWR L SUL
Gullberg @014).

2.1.2. -laktamski antibiotici

-laktanski antibioticisu Q D M U D adupindagnhtibibika NRMD VH JERJ YUOR Vi
DQWLPLNUREQRJ GMHORY D GONDIM [ikbirg il tBriRed@ihi\aN H R RWYLLN B W D\
tako i u Republici HrvatskqBhattacharjee, 201;8Bush i Bradford, 2016. 7DPELUO $QGUDAaHY
isur.,2018. =ERJ &¢ $p&kiva djelovanja-laktanski antibioticiseprimjenjuu X OLMHpPpHQM X
bakterijskih infekcijaizazvanih Grampozitivnim bakterijama iz rodovaStaphylococcys
StreptococcugEnterococcuse Gramnegativnimbakterijamaz rodova N D R aBACRentMia
Klebsiellai Proteus(Fernandes i sur., 2013.; Singh i sur., 201F9gred toga, -laktamsi
DQWLELRWLFL ki 8W sk@ihaeDtdiptidenietérinarstvu SUL pWHHPXQDMpH A U H
primjenjujupenicilini &KitBHULFiV LOVBSVAC, 2016).

2.1.2.1 Kemijska struktura i mehanizam djelovanja

2VQRYQD NHPLM V-Miamghkitt LaKtdidtikaUdastoji se od jedinstvenog
bHW Y H U RliakEamshde prstengSlika 2) NRML MH NOMXpDQ ]D DQWLEDNW
kojem je cijela skupina dobila in{8ingh i sur., 2017.5 obzirom na dodatne kemijske skupine
YH]DQH QD -l&tawsW Enfbioticic VH PRJX SRGLMHOLWL X pHWLUL
cefalosporine, karbapeneme i monobaktgfiéka 2.) (Singh i sur., 2017.)1HNL RG WLK
laktanskih antibiotikapoput W UiHpIHHW géhkYed# cefalosporina te karbapenamalazese
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nalistt NULWLpPpNL ]1QDpDMQLK DQWLELRWLNBZQ(WHOG20BELZQL NRM X
L WR ]JDWR 4WR VX |D QHND SR aLYRW RSDVQD wt&vdpi®MD LOL
ili su jedni od samo nekoliko antibiotika koy H PRJX NRULVWLWL X OLMHpHQMX

2VLP VOLPQRVWL X Naktarm3diVvaxtidigticiJiohgy listi mehanizam
djelovanjakojijse WHPHOML QD LQKLELFLML VL QWpidtein/N\RIMLL ¥ € B XV W
penicilin (engl.Penicilin Binding Proteins, PBP, QDNRQ pHJD GROD]L GR LQKLEL]
peptidoglikanskih lanaca i do prestarsiateze peptidoglikand o dovodi do smrtbakterijske

stanice zbog osmotske nestabilnosti ili auto{kehanski i sur., 2010.; Singh i sur., 2017.)

NH
S 2
T
H OH NN
R H H “ N, H S H H H
W =S ) ' E il s M
o Bl X o B Bl 2)—r #o‘ e
N NA R N/ o] B
o] 8 0 1 o HO,C N,
COH CO.H COzH 0] SO;H
Penicilini Cefalosporini Karbapenemi Monobaktami

Slika 2. Kemijske strukture predstavnikalaktamskih antibiotikaSlika je preuzeta i
SULODJRY HMgh ilsprUZG/D

2.1.2.2. Mehanizmibakterijske otpornosti

8 NOLQLPpNRM S U D NrwdhaniZzina Qditexijske pokbuvrlostiLndaktanske
antibiotike enzinska inaktivacia molekule antibiotika, Q HP R J X iliGsRahjeni prolaz
antibiotika kroz vanjsku membranu staniaktivno izbacivanje antibiotika iz stanice i
promjena ciljinog mjesta djelovanja(smanjen afinitet PBFD D Y H] Dadiskih
antibiotikg (Fernandes i sur., 2013.; Reygaert, 2018 HYyX QDYHGHQLP PHKDQL
NDMXpHVWDOLML MH IpQdnkaktérijsOHH QD FEBiavkdz Bkaj &cijéhajuD-
laktamski prsterte dovode do gubitka strukturnog integriteta molekule antibiotika, a time i
njegove antibakterijske aktivnogReygaert, 2018.; Sultan i sur., 208an Hoek i sur., 201}
6WRJD VH GDOQDWDRPIVNH DQWLELRWLNHOBNWPDWDBEM XDMR &W
primjerice klavulanska kiselina, sulbaktarh tazobaktam(Tooke i sur., 2019.)Prema
VSHFLILPQRVWL ]D L QDN Wadktamskith dhibidikavakiduje@d W UyLU V W\DW H
laktamaza- penicilinaze,cefalosporinaze karbapenemazea prema molekularnoj strukturi
(tzv. Amblerova klasifikacija), postéi p H W L Wdktamaza\dkbpineA, B, C i D(Fernandes
i sur., 2013.; Munita i Arias, 2016.)-laktamazeskupinaA, C i D su enzimilyi se hidroliti [i

10
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mehanizam bazira na serinualdtivnom mjestuSkupinuB, tzv. metale -laktamaze, fine

enzimi u [jem se aktivnom mjestu nalazi jedan ili dva cinkovaion@ LQLpNL MH QDM]QD
skupina $ -laktamazaoja X N O Mpépieiliade (TEM1 i SHV-1) koje hidroliziraju samo

penicilin, apripadaju joj i -laktamazesa spektromS U R @nh préh@ cefalosporinim@engl.

(I WHQGHG 6 %attamadeXBSBL) te karbapenemazkoje dodatno hidroliziraju i
karbapeneme RG NRMLK VX QDM X p fMuW® iQAids H2018X0H V"X B/LP VYL
VSRPHQXWL HQ ]Jd4urRdielo8aRjGighbidotalklavulanske kiseline tazobaktama

Metalo -laktamazeV X H Q]L P LmVspékbdvhakbjurhoguhidrolizirati sve -laktanske

antibiotike osim monobaktama (aztreonam)D RW SR UQH VIXQ K DE NamBnait#p Q H

poput klavulanske kiselingvlunita i Arias, 2016.)U ovuskupinusSDGDMX QHNAQNOLQLp
HQJLPL NDR &WR WDOM,Skupita@ LEODNWDPD]D REXKYDUD HQ]LF
L Q K L EdlaWtdrnid4a ne djelujte ispoljavaju otpornost na sve peniciline i cefalospgrane
NOLQLpNL QDM]QDpDMQSkipina HQ]OBPNWH PEFI P& REXKYDUD HQ]
hidroliziraju oksacilin te se stogava skupinanaziva i -laktamazeOXA (Evans i Amyes,

2014.) TuskupinupLQL YLAH REWLKUBPULMDQWL H Qid dkiivndsi UR O L N H
Neke varijante su -laktamaze uskog spektra, neke posjeduju ESBL karakteristike, a samo

manji udio ovih enzima ispoljava@rbapenemaznu aktivndg&vans i Amyes, 2014.po danas

MH SR]QDWR SUH N Raktamaza Rdj© mduju \MioKirane genimaVv P M Hhd i H Q
kromosomu ili na pokretnind H Q H Wellelnidriinfa poput plazmida kojpredstavljaju veliki
SUREOHP ]JERJ EU]RJ aL U HvarivHelPi ldur X2ELD. MRAhH Uk N2@L.B. D

2.1.3. Makrolidni antibiotici

SQWLELRWLFL L] VNXSLQH PDNUROLGD GUXJD VX QDM
OLMH NHDQMIXp L W L kazvapihH3XamipbkEivnim i Gramnegativnim bakterijama
(Bhattacharjee, 2016.7DPELU $QGUDAaHY LuOu s\ didibiotici zajedno s
penicilinima, osnova prve linije antibeie terapije pri infekcijamaG L a Q Lva SXDWHp H& i H
izazvanim pneumokokima $treptococcus pneumon)ae -KHPROLWLPpNLP VWUHSWI

7TDPELUO $Q&008)a &lprinj@njuuseL |JD OLMHpHQMH QHNRPSOLFLUDC
mekih tkiva uzrokovanih vrstaa iz rodva Streptococcus Staphylococcus (UDNRYLU +DEHU
2011.; Kuzman, 2018.psim Grampozitivnih bakterijamakrolidi VX GMHORWYRUQL L X
Gram QHJDWLY QLK X]HdpaphiNDinfeh3dZdnetellaspp., Legionellaspp.,
Campylobactespp.,Helicobacter pylorite klamidiai mikoplazm ((UDNRY LU +DEHU
OHYyXWLP YHQBDDWIDRQLK EDNWHULMD SRND]XMH XURYHQ X
QHSURSXVQRVWL YDQMYV Nue¢ avitibiarielid 2ot FrisLENESH BXIQKS pLiBpiR

11
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7DPELUO $QGUDAaWDEA®RWM N Ragldditi da su makrolid antibiotici, pored
nekih -laktanskih antibiotka XYUAWHQL QD QDWW M ONWL & @piiclE HRWLND
objavljenu od stran&zO (WHO, 2017.) &WR ]QDpL GD MH udpbraiGR UH@MWHL Al
otpornosti naove dragocjene ljegkoveNDNR EL VH QMLKRYD GMHORWYRUQF
QDUD&WDMH

2.1.3.1. Kemijska struktura i mehanizam djelovanja

Svi makrolidni antibiotici u svojoj NHPLMVNRM VWudlkiNMX15LiliVDGUaH
16-eroffani PDNURFLNOLpPpNL 6GaDkjVER@2aNWU DO VMLMMQ. D FEIHIR WL GHR
RELPQR NODGLQ Eglika 8.)@rhinév] PORL;@inos, 2017Fyfe i sur., 2016. Prvi
makrolidni antibiotik X NOLQL p N P jeSddittdtnir(Qlika 3.) prirodni 14erofani
antibiotik izoliran iz vrsteéSaccharopolyspora erythragkoji se upotrebljava i dandsko u
medicini i tako i u veterinarstv{Oliynyk i sur., 2007.) Kemijskim modifikacijama prirodnog
eritromicinarazvijena je druga generacija makrolida;ekrépani klaritromicin i 15erofiani
azitromicin (Slika 3.) koji je danas jedan od najprodavanijih antibiotika u svijetu zbog
MHGQRVWDYQH IDUPDNRNLQHWLNH GREUH GMHORWYRUQF
primjene kod trudnica i djec@minov, 2017.; Dinos, 2017Kuzman, 2018.)Razvoj novih
generacija makrolidnih antibiotikaadaleje ELR XVPMHUHQ ND SREROMAaDQM
DNWLYQRVWL aWR NoWh geReYadijaketoR i {lLbrpkeRM®D

Slika 3. Kemijske struktureQ DM pHAaidH NR UL & \&ntgolikaumbBdicld FPuz8tQiL K
SULODJRYHQR [EPIHQRV L VXU

ODNUROLGQL DQWLELRWLFL VHOHNWLYQR3EMNAOXMX W]
regiju koja se nalazi na velikoj (50S) podjedirbakterijstog ribosora L VSUMHpPpDYDMX VL
SURWHLQD LQKLELU D Manh&ferainbg\Wentr§ GiWosho SieStslV gdfe Lse odvija
kataliza stvaranja peptidnih ve@@attoir i Leclercq, 2017.; V] T X-Hdslop i Mankin, 2018.)

12
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2.1.3.2. Mehanizmibakterijske otpornosti

2WSRUQRVW QD PDNUROLGQH DQWLELRWLNH SRMDYLC
eritromicina te je prvi put opisatkad stafilokoka(MacCabe i Gould, 1956Weisblum, 1995.)
Do danas siakterije razvile U D | © inghaiizne otpornosti na makrolige antibiotikekoji
XN O M ptgraveXiljnog mjestadjelovanjana ribosomukemijske modifikacije makrolida
posredovane enzimimaktivno izbacivanjeantibiotika L] VW D Q L F Hnj®&¥tll véEaajsv L W X
antibiotikana ribosomyFyfe i sur., 2016.)

Promjene ciljnog mjesta djelovanja makrolida posredovae su enzimima
metiltransferazama (Erm) kapetiliraju 6 U51$ aWMif dohbehjenim afinitetom vezanja
makrolida za njihovweznoPMHVWR QD ULERVRPX JERJ (Qibo¥, 200D LK VWH:I
Ove enzime kodiraju geerm(engl.erythromycinresistancenethylasé koji su rasprostranjeni
X RNROLAaN ODLQ Ipatdbheiitm bakterijama, posebice stafilokokima i streptokokima
(Berglund, 2015.; Fyfe i sur., 2016y RN R ©haki@rlja i N O L QhajpoyenEQ DM XpHVWDO L
ermgenisuermB, ermC i ermF (Berglund,2015.; Fyfe i sur., 2016.psim posredstvom enzima
PHWLOWUDQVIHUD]D GR SURPMHQH FLOMQRJ PMHVWD PR3

strukturalnih promjena ciljnog mjestielovanjana23S rRNA li na ribosomskm proteinma.

Kemijske modifikacije makrolida temele se na djelovanjuenzima makrolidnih

fosfotransferaza i esterazadakrolidne fosfotransferaze (Mph) fosforilj|p VSHFLILPpQH
KLGURNVLOQH VNXSLQH PDNURFLNOLPpNRJ ODNWRQhWNRJ SU
(engl. macrolide phosphdransferasg X N O M Xrppt\M KigHC, mplD i mptE te relativho
nedavnootkriveni genmphG (Fyfe i sur., 2016.; Nonaka i sur., 2019)akrolidne esteraze

(UH KLGUROL]JLUDMX HVWHUVNX YH]X SADN pliRdadAauLpNRJ O
PROHNXOX PDNUROLGD NR vekativhel baktrigk rivdsarlli epzxmiPsR & H
QDMpHAUH NRG@reAUIBréh NROILP\DX aLURNR UBY BQ RhdYEiaQ MHQ L
L RNROLAQLP(HEHWAULMDPD

SNWLYQR LIEDFLYDQMH PDNUROLGD L] EDNWHULMVNH \
proteinskih transportera koji izbacuju-l4U R p O BFQUHRp ODQH PDNUROLGH L] VWI
za proton(Fyfe i sur., 2016.) 2YH VX SXPSH QDM pH auefi(eNgR1@acrolibeQ H JHQL
efflux pump NRML VH YHUL QR Ppogtbrihbkierfa teLhidafjim dijelom i u Gram
negativnih bakterijgOjo i sur., 2004.) 1 D M Xijp eliBuheA, meE, meB i mefC koji se
nalazeQD UD]JOLpLWUP CGHRWHPRNERH W L P ttansQodvimél idplaamidima
(Dinos, 2017.; Fyfe i sur2016).
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=D a Wekiwdmjestamakrolidana ribosomu posredovat@ proteinimaiz porodice
Msr koji svojim YH]DQMHP ]D ULERVREz&@ HakRIbKib antidoikedinos,
2017). Ti proteini kodiranisugenimamsiA, msiIC,msD imsr( NRML RPRJIJXUXMX RWSR
14-erop O D Q4drodp OD QH P MINMORZD1AS Blsimtoga Duval i su. (2018.)opisalisu
novi mehanizam otpornosti posredowdjalovanjemVSHFLISPRWKILQD NRML YH&aX *
kodira ihgenhflX. Smatra se daavedenprotein reagirgu s molekulom makrolidaezanom
na ribosomup LP H M Xuliz] ebnegmjestalopuaWDM XiuL GD VH ULERVRP SRQ
VLQWH]X VWDQLpPpQLK SURWHLQD

2.1 4. Sulfonamidni antibiotici

Sulfonamidi pripadajuskupini sintetskihantibiotika NRML VH RVLP X PHGLFL(
primjenjuju i U OLMH PIQ@NMIXK G R P D U L(Rrescbty, R¥3. Y@M xomercijalno
dostupan sulfonamidni antibiotik bio jrontosil rubrum, azeboja koja & u organizmu
raspadala na sulfidamid koji ima antibakterijsku aktivnost$PLQRY 6N|OG
Antibioticiove skiSLQH LPDMX aLURNL VSHN Woztivenvbek@Rayrma @M D SUH
URGRYD NDR aWSRreptxcosdug Feddhitiacbdetite Gramnegativnimbakterijama
iz URGRYD NB&headh&Shig€lla Salmonella dr. (Prescott, 2013.)

2.1.4.1. Kemijska struktura i mehanizam djelovanja

Sulfonamidni antibioticisu derivati sulfailamida koji imaju sulfonamidnu i amino
skupinu vezanu za benzenski prstepana- S R O R(&lRavX (Prescott, 2013.)Najpoznatiji
predstavnici ove skupine antibiotikaswifametoksazol koji semedicini Q D M |pkinajénitije
]D OLMHPpHQMH L Q IkialNdrdnhit3a Xgrolst@xiidd, @dk $e\duliadiazin i sulfametazin
SULPMHQXM X iffekcia Lizdadgnth Qalktddijama teeukariotskim parazitima poput
Pneumocystis jirovecii Toxoplasmosa gondiKk OM X G L L 331K \RFARLVQW D 7DpLU
2017). Djelovang svih sulfonamidnih antibiotikatemelji se na kompeticiji s p-
aminobenzojevim kiselinom (PABA) p L P HinMbita sinteza folne kiselinekoja je Q XazQ
sintezumolekuleDNA. Naime, ] ERJ YHOLNH VW UsXlfenarKiti ®ribguv@zapiaR vV W L
aktivno mjesto enzima dihidropteroat sintaze (DHPS) umjesto PABAPH QDVWDMX GHI

spojevi koji ne dovode dsintez folne kiseling(Bhattacharjee, 2016.)
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sulfonamidna

skupina
amino
skupina s 2 O R,
4 g [ | /
HQN-@—S—N
Il \
O Re

Slika 4. Osnovna kemijska strukturasO IRQDPLGQLK DQWLELRWLND 3UHX]
7DpLO (ROMAXU

2.1.4.2. Mehanizmibakterijske otpornosti

Otpornosbakterijana sulfonamide antibiotikeposljedica je mutacijdi rekombinacija
u bakterijskom kromosomuoretjerane proizvodnje PABA molekulahlorizontalnogrijenos
JHQD ]D RWSRUQRVW QD VXOIRRQIIDRAGH P.H{R)p B DWW H UPLIWADIPH
genafolP NRML MH VPMHAWHQ QD NURPRVRPX L NRGLUD ]D HQ
aminokiseline fenilalanina izoleucingmaWR UH]X O W L UdinitatdrrD Qelzbirj® L P
sulfonamidana DHPS 6 N| O G . Ovaj mehanizam prvotno je opisan KeakterijeE. coli,
D SRWRP L N Rakteujskih@rtp 1z \Wodlektreptococcuge vrstaCampylobacter jejuni
i Haemophilus influenza@uwembo i sur., 2013.) pHVWLK XJURpQLQIMBFEOHVWL >
RWSRUQRVW QD VX8 | Ri@iéntaok iZrieédtinte potom rekombinagiom
genapLPH Q bovéWwarlhite genéiol3 NDR aWR MH SUHWKR@&s§Ra RSLVDC
meningitidis 6 N|O G 6N|OG L 6ZHG.EHdaljE pretjerana proizvodnja
PABA molekulaX EDNWHULMVNRM VWBDRQMHPRPHDON X DBWWN.W B WILM V
VXOIRQDPLGD D ]DPLMHUHQReidddiiadStiemddaadiBriedd¢dttN20K3. URGR Y L
Then, 1982). 0 Hy X WQ. P M p HdpoHhesMiddkterija na sulfonamide posljedigastojanja
varijantienzima DHP%oji su otpornina djelovanje antibiotika & Rosredovano geninsall
i sul2 te, u manjoj mjerigenomsul3 6N|O G %XGXUL GD pPHEVRARRIHEWQHQL QI
pokretnim JHQ HWélgnehttnaNDR aWR VX aROBINRHBLSURVWUDQMHQL
bakterijskim populacijamaa otpornost bakterija na sulfonamide danas predstavlja veliki
problemX OLMHpPHQMX OMXGL L ALYRWLQMD
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2.1.5. 2,4diaminopiri midinski antibiotici

2,4-diaminopiimidinski antibiotici su sintetska skupina antibiotika koji djeluju kao
LQKLELWRUL HQ]JLPD GLKLGURIRODW UHGXNWD]H '+)5 3UH
skupine je trimetoprim, diaminopirimidinski derivat ko H YUOR pHVWR XSRWU
NRPELQDFLML VD VXOIRQDPLGLPD QDrijifovhaViHQ WM X QI I WWHL\WIRF
djelovanja Prescott, 2013. Trimetoprim ima AaLURN VGMNWRUYDQMD D QDM{
SULPMHQMXMH ]D OLMHDpHQ M hizazk&@ihH3eripbzBivnKUILGrant QRJ WL
negativnim bakterijaméPrescott, 2013.)

2.1.5.1. Kemijska struktura i mehanizam djelovanja

Osnovna kemijska struktura trimetoprima sastopg@ealvije amino skupine veaa na
L SRORADMX [@ditdna, RotikataQajeNra $lici.5

NH,
OCH,4
N/ i CHj /
//J§§§N
NH, OCH,

OCH,

Slika 5. Kemijska struktura trimetoprima. Preuzeto iz Prescott i(2013).

Mehanizam djelovanja trimetoprima zasniva se na blokiranju sinteze folne kiseline
LQKLELFLMRP HQ]JLPD '+)5 pLPH RPHWD SUHWYRUEX GLKL:
kiselinu (Prescott, 2013.)Ovaj antibiotik primmMHQMHQ SRMHGLQDPQR GMHOX
stanicu bakteriostski (inhibira rast i razvoj bakterijske stanjcedok u kombinaciji sa
sulfonamidimaima baktericidno djelovanje (ubija stanicu) koje ostvaruje blojerandviju
UD]J]OLPpLWLK ID]D X VLQW HBhati&dHaNde,266F URIROQH NLVHOLQH

2.1.5.2. Mehanizmibakterijske otpornosti

%XGXuL GD MH WULPHWRSULP NDR L VXOdRB&QMDONLGL VL
postojanja prirodnih enzima koji modificiraju ili inaktiviraju antibiotik. Stoga je otpornost
EDNWHULMD QD WULPHWRSULP X]JURNRYDQD UD]JOLpLWLP SU
X SURPRWRUVNRM UHJLML a8WR X]JURDNXMH SWUHMNWRPMBY QYR WV
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genadfr 8WR UH]XOWLUD VWYDUDQMHP L]PLMhitQdhMeQaR@ HQ]LPLC
trimetoprima za taj enzirfPrescR W W 6 N | Ov@j posljednji mehanizam dovodi

GR YLVRNRJ VWXSQMD RWSRUQRVWL QD W WIrRHWBK&GULP D Q
VX pPHVWR VPMHAWHQL QD SOD]PLGLPD (%bHd¢é¢k iRUD,2004.D QR aLl
6N|OG .Poredtoga, otpornost natrthiWRSULP PRaH ELWL L SRVOMHGLFEL
porinate SRVOMHGLpPQR VPDQMH QH RIWDHILDD MH V8 URLSRXW DNR VQML
EDNWHULMVNX VW D @ddmkili @tamigtiviihakié HaiHrQouéebsiella
Enterobacteii Serratia Uz to, niska razina otpornosQ D WULPHWRSULP PRaH ELWL
mutacijom genahy koji kodira zaenzim timidilat sintazu (TYMS) 6 N|O G 6N|OG I
Swedberg, 2017.)7R GRYRGL GR LQDNWLYDFLMH HppktaebDviZra®6 |ERJ
YDQMVNRM ]J]DOLKL WLPLQD GXA&ALpQH ShlekuIPDNALTNeNH ED]H S
]JDRELOD]L SXW VLQWH]H IROQH NLVHOLQH QHRSKRGQH ]

bakterijsle DNA nastavlja neovisno o djelovanju antiblai
2.1.6. Tetraciklinski antibiotici

Antibiotici iz skupine tetraciklina prirodni su antibiotici nastali kao proizvod
sekundarnog metabolizma bakterija rdsimeptomycegAminov, 2017.) Ovi se antibiotici
ALURNRJ VSHNWUD GMHORYDQMD SUL PiMahcpaviXX K Kl XXGQ LNVDHD 1 §
VX LQIHNFLMH SUREDYQRJ P RiNak@jél QR H LGE@WMOR2DIV.XVWDY D
Osimu medicini WHWUDFLNOLQ lenjMjil i dX\etéNharddvGidru &bkt kod
X]JRMD YRGHQLK RUJDQL]D RRoc8aGSiMi WsubJ, 2E1B.; QuedddaX sub,F D
2013.) Uz to, ovi se antibioticiX QHNLP GuidpnumPQD ALYRWLQMkaNLP IDUP
promotori asta & W R Bdrbpskoj Unijizabranjenad 2006 godine(Aminov, 2017.)

2.16.1. Kemijska struktura i mehanizam djelovanja

Tetraciklini pripadaju skupinipoliketidnih antibiotika koji u osnovnoj kemijskoj
VWUXNWXUL LPDMX RNWDKLGURQDIWDFHQ NRMHJ PpLQH
AHVWHURDPODQD XJOMLNRYD S(Shka\6H Relu jezyiHnagu Bitfvieia@el Q V N D
UD]J]OLPLWH IXQNFLRQDOQ Hilavhiéx S L @ HGR® N\NVRMDIKD WANBEPE@E D C
antibakterijsku aktivnostAminov, 2017.; Chopra i Roberts, 20QIN@ajpoznatiji predstavnici
tetraciklinske skupine antibiotika su klortetraciklioksitetraciklin, tetraciklin i doksiciklin
(Daghrir i Drogui, 2013.Markley i Wencewicz, 2018.Mehanizam njihovobakteriostatskg
djelovanptemeljise QD LQKLELFLML VLQWH]H SURWHLQD YH]DQMHP
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RQHPRJXUDYD Yadilige MRNAD&\eZNB mjesto ribosoma i produljenje peptidnog
lanca(Bhattacharjee, 2016.; Chopra i Roberts, 2001.)

b Pt
7 6 H s H - 4
//% /A "/\\: /\ /OH
5a 4a ‘ 3
P 7 12 _123 2

Slika 6. Osnovna kemijska struktutatraciklinskih antibiotika. Preuzeto iz Markley i
Wencewicz(2018).

2.1.62. Mehanizmibakterijske otpornosti

Nekoliko je mehanizama odgovorno za otpornost na tetracikline, a to su izbacivanje
antibiotika iz stanicepromjenD L ] Dd@lWbh Whgsta djelovanjaantibiotikg enzinska
inaktivacija antibiotkate VPDQMHQMH SURS XV Q RMaKley VWedc@wigzQH VW L]
2018.; Roberts, 2005.) 1D M p H & intgornddtl na tetracikline posredovana aktivnim
izbacivanjem atibiotika iz stanice SRPRUX HIOXNV SXPSL SUL pHPX GR(
kompleksa tetracikligkation za proton suprotno koncentracijskom gradijéRinberts, 2005.)
Geni koji kodiraju za efluks pumperimjerice tetA, tetC i tet VX XJODYQRR SURQDYV
Gramnegativhim bakterijana (Roberts, 2002., 2005.)) GRN VX QHNLtekNiDeg®, aWR VX
S U R Q x¢gdH®dmpozitivnih bakterija. =DaWLWD FLOMQ R JteRadikivaj¢D GMHO
posredovana proteinim& GJR Y R U Q L P ifd3oia &)V v ertijetda ribosomuzrokuju
DORVWHULpPpNH SURPMHQH XVOLMHG pHIDQGROD]ER/RRI X XSl
konformaciju i daljnje neometane sinteze proteifiRoberts, 2005.) Ovaj mehanizam
posredovage JHQLP D N DeV,daORteV X NRML VX SRGMHGQDNR-]DVWXS(
pozitivnim i Gramnegativnim bakterijamgRoberts, 2002.)Poredtoga, pomjena ciljnog
mjestadjelovanja P R & H iPpasétlica mutacijai gerima koji kodiraju zavezno mjest AW R
rezultira smanjeim afinitetom vezanja tetraciklina za ribosofilarkley i Wencewicz, 2018.)
Nadalje, inaktivacija tetraciklina temelji se na selektivnoj oksidapiR PRUX HQ]JLPD
oksidoreduktaza aAWR GRYRGL GR UD]JUDGQMH PROHNXOH DQWL
nikotinamidaadenindinukleotid fosfata NADPH) (Markley i Wencewicz, 2018.)Suprotno
prethodnesspomenutim mehanizmim@ D RYDM QDpPLQ GROD]L GR SRWSXQR.
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i smanjenja njegove koncentracije unutar i izvan bakterijske stanicBMXpHVWDOLN
oksidoreduktaza je Tet(X) oksidoreduktamasna o NADPHu posredovana genotatX koji

MHJRINR UDVSURVWUDQMHQ P HN R LIRNBiykri®haRteEjani@Dang UL M D P D
i sur., 2014;Leski i sur., 2013.; Ming i sur., 20)7Naposljetku, otpornost na tetracikline
posredovana smanjenom propusiio X WDQLpQH VWLMHQNH SRVOMHGLFD M

VPDQMHQH HNVSUHVLMH SRU LSRNV ERIRWVHIND RHHYRD R WVH@D XLO@
u bakterijsku stanic¢gMarkley i Wencewicz, 2018.)

217 OHKDQL]PL aLUHQMD RWSRUQRVWL QD DQWLELRWLN

*HQL ]D RWSRUQRVW QD DQWLELRWLNH PRJX ELWL VPM
na pokretim JH Q HW H©ONHLPFH Q W L BD pleZnklj iatégRnii WUDQVSR]JRQL D P
bakterijama se mogu prenositi vertikalno ili horizontalfBzott i sur., 2016.)Vertikalan
prijenos je prijenos gena za otpornost PMHAWHQLK QDMpH&aUH QD NURPRVR
jedne bakterijske vist&/ D]JPQRADYDQMHP WM .DWHEQLpB.@BrRo@ElnR ER P
prijienosgena MH L]PMHQD JHQ HWHRH WidJenBtEkMal$kihh M Didxliznim
EDNWHULMVNLP YUVWDPD U RR®@rBoY i Radr, 20LB.Ova) Nrij¢nes@ MHQL P D
stoga YDADQ L]YRU JHQHWLpPNH YDURLKNDER ONIR VR\GEE®(e EONY/ H
otpornosti na antibiotikeNa ovaj QDpLQ VH aLUH NRQ@IL W SRRbKEEMNNH QL QD
J H Q HrinelemiEnima N D R & WAERNiW gPaBridge i sur., 2018Sultan i sur., 2018.0sim
WRJD QD RYDNBEMIQDOPLY IPBRARL VPMHaAWHQL QD EDNWHULM®
transpozonu kojse P R dkenijetis kromosoma na plazmid

Mehanizmi horizontalnog prijenosa gefddRMLPD EDNWHULMH BRJX VWH
konjugacija, transformacija i transdukcigprikazani su na Slicy.

Konjugacija je prijencs fragmenata kromosoma ili plazmidia stanice davatelja
(donoy u stanicyrimatelja (ecipijen) NRML |DKWLMHYD GLUHNWQL NRQWDN!
stanice preko pilus&¢njugacijslog P R Va)ModWintersdorffi sur., 2016.Neki su plazmidi
YUOR VSHFLILPQL SD VH NRQR S UMNHRUBRM&RaEafijaMddk WrigP R P H § X
LPDMX PDQMX VSHFLILPQRVW L PRJX VH SUHQRVLWL L]PH
porodica(Volkova i sur., 2014.; von Wintersdorff i suQ16.) Prijenos baktergkih plazmida
konjugacijom smatra s® D M p HG@Tirbdhanizmom] D & L dete@iddtinostna antibiotile,
dok ®transformacija i transdukcija smgtraP D Q M H Y DazlQd.iéhiz j@é6 & WdRjugacija
RPRJXUDYD E Rfjiosa]INAWR GWXWMHFDMD RNROLQH L GMHORW®
DNA u stanicu recipijenta arlansformacije te posto@ L U L dtBriics @ mogu konjugirati
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u odnostnaoneX NRMH VH '1$ PRAH SUHQLMHWL SXWMdilRalWUDQV G)>
sur.,2009).

Transdukcija je prijenosDNA L] VWDQLFH GRQRUD X VWDQLFX L
bakterijslogvirusa bakteriofgga(Modi i sur.,2013.),DNR VH WUDQVGXNFLMRP QH F
NRQWDNW L]PHYyX VWDQLFH G RQateinfad $e movawe@rgilurutarU HFL S L |
stanice donordO LWLPpNLP LOL OLBROHIRIMH®RWORAMRPXVX EDNWHULR
JHQRP X JHQRP VWDQLFH GeRIRIRAINIFD GEBRGBR P DWIHQYH % DOFD
8 QHSRYROMQLP XYMHWLPD PRAH GRUL GR LQGXNFLMH SU
EDNWHULMVNRJ NURPRYDR A D dgbviaki¢iiskoy k®mosomagotom ulazi
X OLWLPNL FLNOXV 7LMHN RGRO DWHdaRIRIR r&pkkadijeObdktdbiofdgd/ WD QL |
SUL pHPX VH PDOL GLR 'l1$ VWDQLFH GRPDULQD PR&H XSD
bakteriofaga (NoPDQ L VXU 7DNR QRYRQDVWDOH YLUXVQH §p
OL]RP RVOREDYDMX X RNROL& X NRMHP PRankdjigddeWL QR
GR40OR GR 4LUHQMD RWSRUQRVW LP KX © D@®htpdemittbizV N XS L Q|
rodova EnterococcusStreptococcus Salmonellaivon Wintersdorff i sur., 2016.)To ukazuje
da bi bakteriofai mogli biti Y D aéb@mnik gena za otpornost na antibiotjika novija
LVWUDALYDQMD VXJHULU D M XotfzonoEtiLna ahtibiktiRe? R JXOMRE DWXL M HJU
QHJR aWR VH SUHBdlkazadps QIR4VdA b/imerfd@fRi sur., 2016).

Transformacija je prijienosAJROL K3 | U D JPiH@diM D stdngu recifnta
koji se potomXJUDyXMX X NURP R YRupkdionadd elSQribir& kakterijskoj
stanici (Gothwal i Shashidhar, 2015.; von Wintersdorff i sur., 20l HVWR VX RYL AJR
fragmenti DNA RVORERYHQL L] VWDQLFH VWDQLpPpQRP VPUUX LOL
Dubnay 2004). Ovaj je proces kodbakterijaprirodan a zahtijeva prisutnogtagmentaDNA
X L]Y D Q V Wwbsiork@nipBtentnosbakterig recipijentite da seDNA koja se prenosi
stabilizira procesom rekombinacije u genoracipijentaili ponovnomcirkularizacijom, u
VOXpDMX BRBDO(MRen@KiHNielsen, 2006 P UHPGD VH NRQMXJDFLMD VPD
HGT mehanizmomSRND]DOR VH GD L WUDQVIRUPDFLMD LPD ]QDpD!
antibiotike (Domingues i sur., 2012a.; Mao i sur., 20Mn Wintersdorff i sur., 201§.
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Konjugacija Transformacija

Kromosomska
DNA
»Gola”, izvanstanicna DNA

Plazmid

Bakterijska DNA

Transdukcija

Slika 7. Mehanizmi horizontalnog prijenosa geingjecanjaotpornosti na antibiotike
EDNWHULMD 6OLND MH v8iMiXdrstdffDslr. QUUBQPDIRYHQD L]

2.17.1. Integroni

Integroni su pokretni JH Q H Veélerpéditt koji imaju VSRVREQRVW SULKYDI
XN O M X piovitDgend jesne V S H Fdm kgk@mbinaciRP X YHUO SHAMQ@RWH@MNL
PDWHULMDO WH PRJX XV S thigénQ Rolid RaYda@ef@omingdeyiSw.HV L M X
2012.). 2QL VX QBRIQRWR SR VYRMRM XOR]JL X aLUHQMX RWSRI
Gramnegativnih bakterija.2VLP WRJD SRND]DOR VjecaGia ad&mdijX YDabD
bakterijai evoluciju genomaako sami po sebi nisu pokretnP Hy X E D N \aedrenos&Bd® D
dijelovi konjugacijskihplazmida ili transpozonéDeng i sur., 2015.). DR aWR MH SULND]D
Slici 8., svaki integron sastojse od: 1) genaintl koji kodira protein integrorintegrazui
promotora Rt odgovornog za ekspresiju tog geBpgenaattt NRML pLQL UHNRPELQDFLI
i 3) promotoraP SRWUHEQRJ ]|D XVSMHaQX WUDQVNULSFLWMX L HN\
sklopuintegrorma 'DYLHV L 'DYLHV ur., 2017)RMgna ibtegraze je da katalizira
UHNRPELQDFLMX L]PH Y X akl@nheste hakintsgbohid ikbmbiRagijpkd_mjesto
attC (Slika 8.) (Partridge i sur.2018.). Ovaj proces je reverzibilan tj. kazete gena se mogu
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izrezati u oblikuslobodnih cirkularnih molekula DNA (Collis i Hall, 1992 1DNRQ aWR VH
kazeta gena rekombinacijom ugradi u integron provodi se ekspresija rg&ogmmotora P

(Slika 8.) (Deng i sur., 2015.; Domingues i SW®01d.; Partridge i sur., 2018/ R RPRJXUXMH
stjecanje novih genza otpornoskao dio kazeta gen&azete gena su mali mobilni elementi
kojijsecod VDVWRMH QHaAWR YLAH RG MHGQRJ JHQD RWYRUHQRJ
attC koje se originalnsmazivdo element 59 nukleinskih bazBo danage LGHQWLILFLUDQR
od 130genskihkazeta za otpornost na antibiotikesklopu integron&Cambrayi sur., 2010.)

Na temelju razlike u sekvenci integromtegraze, integroni se mogu podijeliti u nekoliko

skupina od kojitskupinel, 2i3LPDMX JODY QX X O Rdo{potné@sthaltd@idiodkel H Q D
(Deng i sur., 2015Sultan i sur., 2018.)ogotovosuintegroni koji pripadaju skupinama 1 i 2
pPHVWR GHWHNWLUDQL X RNROL&AX RQHpPpLAUHQRP DQWLELRW
(Kristiansson i sur., 2011.; Marathe i sur., 2013.; Moura i sur., 2012.)

Pe

intl attl
R

Pint I Kazeta gena
¢ 3 (gen za otpornost na
/ S antibiotike 1)
Q y
“nolP
_' NI NINTINI TN
Kazeta gena
¢ 3 (gen za otpornost na
/ antibiotike 2)
_,’."f".",",'/”",',i.‘ g 74 N

Slika 8. Struktura integrona itecanje genskih kazeta unutar integrona. Slika je preuzeta i
S UL O D zRagh Qebies i Davie@01Q).

Integroniskupinel smatrajuse glavnimvektorma |D aLUHQMH RWSRUQRVWL
posljednjih 50 godinaPrvo s otkriveni u N O L @ bakitetijskim sojevimal GMH VEilipHVWR
integrirani u transpozone iporodice TA02 (Cambray i sur., 2010.; Gillings, 2014.)

Istrad L Y D Qot@mpoKazala daL LQWHIJURQL QLVXDREROQLpMELVVBBR Q
VX WDNRYHU UDVSURVWUDQMHQL L X UD]JOLPpLWLP GLMHC
SRYUALQVNH YRRV HMHGL FHQ@WW H W Sibiotke)Huendi sukly SRUQR
2019.; Kristiansson i sur., 2011.; Li i sur.,, 201QVLP VWUXNWXUH NDUDNWHUL

integroneopisane u gornjem odjeljkuntegroniskupinel imaju tri vrste rekombinacijskn
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mjesta (attll, attC i sekundarna mjestajntegronintegrazu kodiranu genonmtll, dok se

nizvodno odoganalaz 3-konzervirana regija u kojousV P M H@ew bbi@dvorni za otpornost

na sulfonamid (sull) i antiseptike Kvaterne amonijeve spojevgac( 0 (Slika9.) (Cambray,

i sur., 2010.; Deng i sur., 20}5Spomenuti QW HJU R Qi UlDL\URINRRVWUDQMHQL PH
negaWLYQLP EDNWHULMDPD Acinst@datigp Xbtheiithia UdReBskRgH
PseudomonasSalmonellaeGram SR]LWLYQLP EDNWHULMSiregocdde M X p X M X
Staphylococcys€Enterococcus AerococcugDeng i sur., 2015 X]JURp Q L NbdleBIWR M QL K
ljudi. Genintll SUHGORA&HQ MH NDR ELRPDUNHU ]D SURFMHQX D
(Gillings, 2017., 2018.; Gillings i sur., 20159 S U R QP ¢ étgadnim vodamd. REUDYHQRP
aktivnom muliuXUHYyDMD ]D SaifRérirvi@rgtBjskdvhHynojivuNDR L X UD]OLpL\
sastavnicamaR N R @dpétDijeka, jezera i sedimata (Gillings, 2018.) Tako je pPRYHUDQL

V D G hbaddéhog]HQD QBYHRGHQRP RNROLAX RQH pulténiid@@dsaP DQWL
otpadnih voda iz farmaceutskih industiigistiansson i sur., 2011.; Li i sur.0@9., 2010.)

p
F>iP2 r

P1 ’—>
intll otti1  kazeta gena attC qacEA1l  sull orf5

5’-konzervirana
regija

+'U

varijabilna regija 3’-konzervirana regija

<«
P

Slika 9. Struktura integrona skupine 1. PreV¥eR L SULODJRYHQR®5)L] '"HQJ L VX

Integroniskupine2 LPDMX VOLPpQX IXQNFLMX &ipdgjed@uivgambURQL V
mali dio gena za otpornost koji se nalaze u sastavu integtarpine 1N D M p keddvdzuju
V RWSRUQRAauUX QD DPLQRJOLNR]JLGH L WH zRoHMWARNDRLAWR SU
suSalmonellaPseudomonas\cinetobactete kodporodiceEnterobacteriaceaéDeng i sur.,
2015; Sultan i sur., 2018.)Suprotno tome, integrorskupine3 Q D & ppdt povezani s
RW S R U Q Raktexhske@xntibiotkcQRVHHQH RG NOLQLPpNRJI H&&EHDMD NDI
blamr-1, a S UR Q Byt Idjnim patogeninbakterijamaiz rodova ND R & Wiébsiwllg
EscherichiaAcinetobacterSerratiai Pseudomona@eng i sur., 2015 Sultan i sur., 2018.)
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2.1.7.2. Plazmidi

Najistaknutiju ulogu u horizontalnom prijenosu gena za otpornost na antibiotike
zasigurno imaju plazmidiSOD]PLGL VX PDOH NUXaQH VDPRUHSOLFLUI
bakterijskoj stanici mogu bili slobodne u citoplazmi ili se mogu integrirati u kromsko
'1$ 6YDNL SOD]JPLG LPD RGUHYHQL EURM JHQDbakieRWL QLVX |
stanicy ali mogu biti vrlo korisni za brzu priladRGE X L SUHALY OwnbvesivQrshih EDNW H
XY MHWL P [réhN R<oi, 2018.; Smalla i sur., 201%)etpostavlja se da ovi pokretni
JHQHWLpNL HOHPHQWL SRWLpX DGDSWDFLMX EOHeWHULMD C
i Smalla, 2012.)Razlikujemokonjugacijskeplazmide koji posjeduju faktore fertilnotr-
faktore) SRPRUX NRMLK VH XVSRVWDYOMD NRQ®)0aNDVQ 1] PP 8§ X MNaHQ
plazmida iz stanice donora u stanicu recipganplazmide kojine posjeduju Faktorete se
PHyX EDNWHULMVNLP VW D QKoRjogadiskib plaz QitRa\Partrkige $ BUP.,R U
2018.; Sultan i sur., 20183matra se da suz integroneplazmidi N O M X p Q LgbaNMR U L X
a L U He@adaxtpbrnost na antibiotikee SURPRWRUL YLAHVWUXNH RWSRUQR
RWSRUQRVW QD YLaBlanNsxiS @ 8&; D@V 4uE, [ 2B1Edudr Dsur., 2009.;

Heuer i Smalla, 2012.; Jechalkaurs 2013).

Klasifikacija SOD]J]PLGD MH PRJXQD pQ DR DP HRjé&BERAWG temelju
analize replikona. Replikoni su konzervirane regije plazmidne molekule DNA koje gmelju
za proces replikacije. Zadeni su za kontrolu broja kopija plazmida u bakterijskoj stanici pri
femu definiraju i spektar bakterijskih vrsta u kojima plazmidi mogu op&aintani i sur.,
2015.) Plazmidi koji imaju isti replikon su inkompatibilni i svrstavaju se u istu skupinu
inkompatibilnostj Inc (Shintani i sur., 2015.) GRN VX SOD]PimGéplikénachD]OLp LW
kompatibilni (Partridge i sur., 2018)3UHPD SRWHQFLMDOX aLUHQMD X UD]
plazmidi se dijele na one koji su vezani uz uzak spektar baktergskitD U L@QI3U ,QF) L QD
RQH NRML VH PRJX QDuUL X YHOLNRP EURMKX It J@A/RLWLK ED
IncQ,IncL/IM) (.O«PSHU L VXU 6KLQWDQL L VXUD.).Pritom 6 X
VH SRVHEm®Rmid\sWipipeXincA koji VX YDAQL X NRONRQAIANRPPIENRQWHN
vrlosu AS URP LV NXjh MAHWEQReERIOMdrost nd L 4 H V BinKtsatik®leuer i sur.,
2012.; Popowska KrawczykBalska, 2013 Woltersi sur, 2015). Spomenuti fazmidi su
detektiraniX UD]O RINRMOLULRMIQHBLQDPD MDRO&GPSEH W X MW)XULMHpPpQL
sedimentiR Q H p Lraaidir@alCyriaque i sur., 2020te komunalne otpadne vodRahube i
sur., 2014.) Plazmidi IncP-1 p H VribsB gea otpornost na DP L QR JO L NaRthin& H
sulfonamide, tetracikline trimetoprim te tako GRSULQRV H LAHYNMQMONH RWSR
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(Popowska i KrawczyBalska, 2013. URpH QD M HoVeéiahbBtygEia za otpornost na
antiseptike gac(” V RYLP SO PFdpawskaPiDKrawczyiBalska, 20B8.). Pored
plazmida IncP X &L btpb@dsikna antibiotikeX RNROLAX YDAQ Xlaxn@dRJX LPDI
IncA/C i IncN skupina inkmpatibilnosti Navedeni plazmidi skonjugacijskii povealju ses

R Q H p lediRHNR\VNtiBdicimaputemispustaiz farmaceutsk industrija u Indiji (Flach i
sur., 2015.)Pokazalo se dalgzmidi IncA/CiztDNR R QHpLauHeErRdikbiRyeénha D
RGIJRYRUQLK ]D RW Skupiggéhiibwtik@koji Suddl@vingmldiatizirani u klopu
integrona skupine 1, insercijskih sekvenciGFR ili transpozona (T21l). Nasuprot tome,
plazmid IncN skupineinkompatibilnostt SRULMHN O R PR Q]H R INFaitkilkiBdina

R E L p Q Re@@8dypoMornezaotpornost ndluorokinolonei trimetoprim u sastavu integrona
skupine 1(Flach i sur., 2015.)

2ZWSRUQRVW EDNWHULMD QD DQWLELRWLNH X RNRO|

lako se bakterijskaotpornost na antibiotikeV UD G LFL R Q DEORQRQ Y riNiH WP H G L

L V W U DgravEdeia Madnjilesetalgodinaukazalasu Q D R N R O L aspiddrRikiMZva D Q
otpornihmikroorganizama koji posjeduju velikaalihu genaotpornosti a antibiotike koja se
nazivarezistom(D 1 &RVWD L VXU W tQ H)] To jedijelom posljedica prisutnosti
mikroorganizamé&oji proizvode antibiotikéneke gljive i bakterije)pa su razvilotpornost kao
REUDQX RG V DQFRRKkQWEg R K Pdruge strane, kontinuiraniR QHpLAUHQMHP
RNROLAD DQWLELRWLFLPD Qoyekodusx t¥ itGB B Y Geh®@didaD SUL!
bakterijskih populacijeotpornih na antibiotike SRND]DOR VH GD pDN L QLVNH
NRQFHQWUDFLMH DQWLELRWLND VOLpQH RQLPD QDYHQLP

.* P P H 2BI09.) mogupotaknutiselelkciju otpornih bakterijgputemhorizontalrog prijenosa
plazmida s genima za otporn@8ndersson i Hughes, 2014.; Gullberg i sur., 2011.; Sandegren,
2014.) Poredantibiotka LVWUDAaLYD QMR ¥ K pSs BRNPMMIEHDD GDHWDOLPD
relativno niskim koncentracijam, W D N FSyRHWIL p H \otp@ridsti Fla MiXibiotikezbog
]DMHG QHIRQNMHWIDINLIKILRORANLK PHKDQL]DPD RWBIREsQ& VWL QL
i sur., 2016.; Pal i sur., 2017 Naime, geni za otpornost na antibiotike i metale H \6W R
V P M H aaVvisti@ pokretnim J H Q H Wdldniéhtihapoput plazmida ili se nalaze ustoj
bakterijskojstanicipausi M HG L ] O iReidih@ Bolaw dlo indirektne selekcijepornosti na
antibiotike(tzv. ko-otpornosj (BakerAustin i sur., 2006.; Pal i sur., 20L7:UXJD PRJXUQRVW
XNOMXpXMH W]Y XkQdalkedav @ex iIRiélmRizAQ Bipovidosti (npr. prekomjerna
ekspresija gena, efluks pumpddvodi do otpornostbakterija naobje skupine spojeva,
antibiotike i meale (BakerAustin i sur., 2006.; Pal i sur., 20L70sim toga, ¥ H YL&H
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LVWUDALYDQMD XND$RMH QD BRRMIB)N @amdbiotkeX RNROLAX L
pojave otpornostia antibiotikeP H yXD W R JH Q L PTakd R prikijeridD | D S Dda HeQiR
]D RW S R Ulgkranafblatam i blaoxa-as) | kinolone gnrA) koji su a L U Rdpmstranjeni
PHY X OLQ Ippthige®ina iz porodice Enterobacteriaceaeémaju vjerojatno porijeklo u
RNROL&QLP ED N Wlbwdravl EnBvizankllad bRk&ilama izporodiceVibrionaceae
&DQWYQ L &RTXH 3RLUHO L PdgrEdroga, ForBberg i suiE(2012.)
pokazali su da mikroorganizmi iz tla posjeduju g@H ]D R W S RA&aKae Warq,D
tetracikline fetA), aminoglikozide §adB i aacA4), sulfonamide gull) i amfenikol koji su
LGHQWLpPQLNRQQPEMNEK poput A. baumanii K. pneumoniae S.
typhimurium P. aeruginosaE. coli, En. cloacaei dr. Takve VSR]QDMH XND]XMX QD
R N Rkab &voai spremnikagena za otpornost na antibiotikeji su U D V S RzariRzn|eMiL
SOMXGVNLP L ALYRWLQMV NPRGKDWRAMZGE EPRNX B RihM XPWDR Q
otpornimbakterijamalL LOL QMLKRYLP JHQLPD R B M EkERd¥bdeR Q] XPDF
rekreativne aktivnosti RQHPLASRYRM QVNRM YRGL WH )OQOKXE LML\M X
Cummins, 2017.; Pruden i sur., 2013.p WRJD R QRilj R ®UHOQ MHpWdstaujgh&/ LFLP D
samodirektnuopasnost za zdravlgkosistavaizazivanjempotencijalmo W R NN/ X pdBéna
ALYH RUhPQiliidréktnu RSDVQRVW ]D J]GUDY S XMW HPMXGILY R MAD YLR &\
otpornosti na antibiotikeyRYMHN VWDOQR L]IPMHQMXMH VYBMX PLNUR
RJUDQL p DY Dipdvhistiradntigoikee RUD SULVWXSLWL ]DMHGQLpNL V
L L]YDQ E R@o@Ispdspjeh pojedinihintervencip usmjereih prema NRQWUROL aLUH
otpornostiPR&4H PMHULWL MHG L Q Rrafiil®pomis WoRj# stedbB@eDiF L R
SRVOLMH LQWHUYHQFLMH OHYyXWLP u]RojirdeDseOotprfosRG ER O
kontinuirano prati na nacionalnojfP Hy X QD URG Q&M SURJUDPL ]D SUDUHQWM
RNROL&X MRAa XY TakH NoddHsupdk Yrij¢lkoMpbtrebn za procjenu rizikate
SURYRYHQ@MID PMHWE |GUDYOMD OMXGL L RNROLAD

2.2.1.Uno & He&auMlibiotika i bakterija otpornih na antibiotke X RNROLA

Premda su antibiotici spojevi koji su priradiS ULV XW QLLXY \WNRBROILEEQMD SUR
posljednjih desetagodina ukaala suda se ovi spojeontinuiranoX Q RV H XrézMaRre L a
antropogene aktivnostiStoga 8 antibiotici tek u novije vrijeme privukli pozornost kao
SRWHQFLMDOQD Std lsuHrdjafu MiDzv] B QRNRIDaESY H QEh@rging
Contaminanty =D UD]JOLNX RG NODNLD RIPKHS pfimfetite déstividd L kK H
MH XQRA&aHQ Mddvidy FRINP@LDH HQ R NSRIRFEHYWRIDFLMH D QWRIAEL RW L
uvijek nisu regulirane zakonom, iako se ovispoj &/ GOLNXMX YLVRNRP ELRORANRI
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mogu izazvati nepovoline XpLQNH Qb oRjaAhRM@dNaime, kontinuiranim unosom
antibiotika u obOL4 YRGHQLPRUXDELWL L]JORAHQL QH&KIHNLGQRP
spojeva(Scott i sur., 2016.)To djelovanjese moa,Hs jedne stranananifestirati W R Nl L p Q

X pdingana dge, bilikei & L Y R WhaRavijsle zajedni@inhibi U D MiXXIQ L & W pojeBind X (L
skupire koje su Y D& # normalnofunkcioniranje ekosustav pLPHGVHHNWQR XJURA
]GUDY O M tGréhN R<o, 2018 Carvalho i Santos, 2016.)6 GUXJH VWUDQH RQF
RNROL&AD DQW L Enaf WepdvblRiD ut&jad zdravlje ljudizbog opasnosti od

nastank bakterijaotporrih na antibiotikeNRMH VH PRJX SUHQEdsbHegislr],YDQ RN
2012.; Grenni i sur., 2018.; Huijbers i sur., 2015.)

Putevi unoA H QDMPW L E L R W IphkBzaXi SRM&R &licifl Oni XNOMXpXMX LVSX
NRPXQDOQLK L EROQLpPNWRMHRWB®GHOHIKMXW B RIHR WL NOHM X GV N
ALYRWLQMVNRJ RUJskeLpfimzneQeDispRste dpatlbild @da proizvodnih
pogona farmaceutske industrif@ndersson i Hughes, 2014.arsson, 2014k. Osim toga
DQWLELRWLFL GRVSQRMWDNX PX RRENRIDE4EY lgHoj\BRR ¥ edni Q D
GRPDULK anaYksjiwa ¢ MmibioticiNRULVWH NDR SURPRWRUL UDVWD
prevencijebolesti (+ | O]HO L VXU ),- &liRP @ikhjgnom R E U Dg/aktiynog
mulia V NRPXQDOQLK XUHYyDMD ]DQGdhwal DShashiBay @M% MoK YR G D
R Q H b L RINHRWM BiNDRedstayjaSULPMHQD DQWLELRWLNMcMarxigJRM X Y F
i sur., 2002.teuakvakulturiNRG X]JRMD YRGHQLK RUJDQL{[CaBdloERSXW L
ur., 2016.) Pritom treba naglasiti daakterije otporne na antiltike uglavnom slijede iste
puteYH XQRVD X RNROL& NDR L DQWLELRWLFL

Klinitka primjena antibiotika Primjena antibiotika kao promotora rasta te
Bakterije otporne na u terapijske |/|I| profllaktlcke svrhe

> 4

Rijeke, jezera i tlo

Antibiotic Bakren,e otporne na
ntibiotike

P Farmaceutska lndustrua

Namjer

ispustanje rb tk plm
!pdlh voda
KMLL 1A

Slika 10. Glavni putevi und H @miitiotikai bakterija otpornih na antibiotikéX’ RNROL a
SUHX]HWR L SAAder$3drR HugQeR (2014.)
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UUHYDML ]D SURpLAaUD YieRddndtisk Ka&jedd Qd. glavriiRiB/Bra
RQHpLAUHQMD YabidtQRal bRKieRj@adddrnim na antibiotikgManaia i sur.,
2018.; Michael i su, 2013.; Rizzo i sur., 2013.% X G X U L Gabtibibtika@dkBnterapijske
primjene(od 30do 90%) L ] O Xia kudiskog organizma nepromijenjeom oblikuy, ti spojevi
putem komunalnihotpadnihvoda dospijevajudo X U AyIDMSURpPpLAUDYDQM#H RWSDG
kojima se slabo ili nepotpuno uklanjaius DUYDOKR L 6DQWRYV 2Y1)ODKF
2017) %DNWHULMH RWSRUQH QD D @WaddkdgRrgahirhtéfekatjamaD NR Y H U
te takodospijevaju Lkomunalre otpadre vode i putem njih uX U Hegd@okraduotpadnih voda
(Caiisur.,2014)=ERJ QHSRWSXQRJ XNODQMD QM R K WDJWHHYDHM R VLS DOE
vode NRMH VH LVSXawdaimXQRBRMPU AU RHGIMMWIRGNHE DY DMeXu DQWLEL
koncentracijiW L S L p Q RILG R otporne bakterije u kaentracij od 1¢ do 10" u 100mL
otpadne vod€Manaia i sur., 2016.; Michael i sur., 2013.; Zhou i sur., 2018WR VH WLpH
antibiotika, pokazab seda sute koncentracieX REUDYHQLP NRPXQDOQLP RWSI
minijaturne u usporedbi s koncentracijamaotpadinm vodamaiz pogora za proizvodnju
antibiotika Naime, koncentracijeantibiotika u industrijskim otpadnim vodama nekim
azijskim zemljamaoputindijei Kinebilesu UHGD YHOLPLQH QHNRONBKBMBHVHW
1 S X W Dneyd. @ Komunalnim otpadnim vodarpa se farmaceutski pogoni smatraju
]QDpDMQLP WRPpNDVWLP L]YRULPD RlQiddoh,20HQ MOLRNRRIYAD I
8 GLNRRDUL2019.) Ispusti otpadnih voda iz takvih pogona sstoga rezultirali
RQHPpLAUHQMHP SRYUA&LQVNLKaY®RMG podze@mhlvEdeYLRKGDH|®L & HIGD \
antibioticima(Fick i sur., 2009.; Kristiansson i sur., 2011.; Lii sur., 2009., 2010.; Rutgersson i
sur., 2014.) 3RV O MptdkargioQsR da jeekvo RQHpL AT HQM HazSdjili GRQHKQ MA&R
bakterijaotporrih QD D QW L E L RW Li MastardhdaBobeXpRWIRUQLK QD YLAH V
antibiotika(Li i sur., 2009., 2010./ « E E H Ur'\\2A17\ Marathe i sur., 201 %idrachCardona
i sur., 2014). PritomseWDNBRHUWD ]DOR GD VX $pke@ridnhel nblantitiodika L
negoi otpornih bakterijate njihovih gena M H U ]D Granjie Wa&rikofe pogoduju rastu
bakterijate &te bakterijsle stanielgere RG VYMHWOD L SUHGOGMI&BVNLK S
Cardona i sur., 2014Singh i sur., 2019 Rutgersson i sur., 2024.

2.3 Otpadne vode farmaceutskih industrija

Otpadne vode iz farmaceutskih industi@D VW DM X NDR QXVSURGXNW WH
kemijske sintezeantibiotikaili formulacije lijekova s antibioticima kao aknim tvarimg a
PRJX QDVWDWL L SUDQMHP PHYyXSURGXNDWD L NRQDpPQRJ ¢
SRYUELQD WLMHNRP RGUHYHQLK RjiidvBastet\uM 13 UbprvipéiG Q M H D C
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i vrlo kompleksan, avisi o polaznoj sirovini, tehnol@NLP SRVWXSFLPD L SURFHVLP
produktima(Gadipelly i sur., 2014.; Rana i sur.,, 2011 SUDYLOX WH RWSDGQH Y
VPMHVX UD]JOLpLWLK WRNVLPpQLK WYDUL NDR aWR VX QHL
produkata tj. aktivnih tvari antbRWLND NDWDOL]J]DWRUL WH DGLWLYL X
PRJX VDGUADYDWL NLVHOLQH ED]H KDOLGH (CQidd8dJiDWH V3
VXU ALPDWR-YROD LU 8 GTeNofpadné vode karakterizirauSRYL&HQH
vrijednosti UD]OLPRWDRKDWHOMD NDNY KD MW MXaidkenyijpks H

(KPK) i biokemijsle S R W &Jksk& (MPKs), ukupnog organskog ugljika (TO@ ukupimh

suspendiraih tvari (TSS)s pH od 3do 11(Gadipelly i sur., 2014.)6 WRJD MH SURpL&AUD
WDNYLK RWSDGQLK YRGD YUOR VSHPRPLHLYp R RP K D®RE HIONRX WU
naprednihpostupaka obrade kako bi se zadovolgakonompropisaniuvjeti L JUDQLpPQH
vrijednosti emisija prijaspusd X R N R @dadomski boljerazvijenim zemljamarovodise

predobrada industrijskih otpadnih vodaktugu farmaceuts& industrije te se potom tako
REUDYHQH RWSOBEX@WINNROW WDYQH RGYRGQMH JGMH VH GR
gradskm XU HmieDZd SURpLAUGDY D QM btpadih0Q (5@amkKi sur., 2013.)

Suprotno tome, glabije razvijenineemljama, posebiaeIndiji i Kini, situacija je punoORAL M D

jer se velik dioindustrijskihotpadrnh voda p H \iadd#o LV S X gNkoDneXvodebez ikakve

prethodne obradé nakonV D P R G Mdolr&d&{lLlaps®on, 2014), eWSBSRIHGVWDYOMD ]QD
rizik za zdravlje R N R OljudiDlako u Hrvatskojnisu dostupni javni podaci postupcima

obrack otpadnih voddokalnih farmaceutskih industrija, poznatodgasedio otpadrh vodaiz

proizvodnje azitromicinaakon predobrade u msranskom bioreaktorR EU®WXWMHYD M X 1D
SURpPLAUDYDQMH NRPIRGDO QUBCPWSRIUME.GDR LVSXawD X |
(THKQIWNRQRORAaANRI2BBTHH HADNNHR yHU M lda SeRif@dh&V\Rde iz
farmaceutskéndustrije koja se bavi formulacijom veterinarskih lijekova iSpty XMRKEO L& QM L
plitki potok(oko 03-0,5m) QDNRQ VDPR PHKDQ 19p NHR BIUH GRR/ERREMMARHSULR S
3RND]DWH O Mavedd¢mh\RWRSIBIGQLK YRGD WH QMLKRYHyHQDQLpQ
Pravilnikom R JUDQLpPQLP YULMHGQR VW LNNDSORMR A8/MP27RIS SDG QL |

3/16), ali antibiotici nisu obuhvéni tim propisima

2.31.Uno & H @mMilblotika u vodeni R N R O L ainglusinjskiR otpadnih voda

8 GDQDBéawijghte VHULQD VY MHW VidizkodD QexijkinL Z& MljarhaD
posebice undiji i Kini, vjerojatno |[ERJ MHIWLQLMH UDGQH VQDJH L ODEI
RNRO&AEPDWRYLU -LROGUNRYViMMDX&L NHPLMVNL VDVWDY RW:!
90-tak farmaceutsk industrija u industrijskoj zoni Patancheru u Indgi,Y HGVNL |@DQVWYF
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su po prvi put S U R Qi3ék® koncentracijeU D | O ligrmn&¢eutsikh spojea XNOMXpXMX UL
antibiotike SUL pélkdncentracija fluorokinolonskog antibiotika ciprofloksacohasezala

b D3 mg Lt (Larsson i sur., 200).Procijenjeno je dase n® M Q D p L QInXvrRidpRsO L &

oko 44 kg ciprofloksacinad WiRilo GRYR OM QR pm4A0MIjddh (Hapdsioid, 2014a.)
60LpQD MHDBIDVE MK)DITEKDjeu R E U D wigaplmj Modi farmaceutske industrije

koja proizvodioksitetraciklinizmjerena koncentracijaksitetraciklimod 19,5mgLt (Li i sur.,

2008a.) dok je u otpadnoj vodndustrije koja proizvodpenicilin G Q D y iHeiD kiselina

razgradmn produkt penicilina u koncentracijiod 44 mg L™ (Li i sur., 2008b.). OHYyXWLP
koncentracijgoenicilinau toj otpadnoj vodbila je relativno niska (1,68g L) aWR Li®@H p X
obzirom naizraziu Q HV W D Elakaih&vdMorstenkoji je sklon razgradnji Novijim
LVWUDALYDQMHPREWUPYHGHP LPWG D GIGILVRV YORUED)BMRPLEAUDY D G
otpadnih voddarmaceutskih industrijgmjerene su koncentraciojediQ D p gtitotika iz
skupinamakrolida, cefalosporina i linkozamida do 1 g (Guo i sur., 2018a.0sim Indije i

Kihne YLVRNH NRQFHQWUDFLMH DQWLELRWLND QDYyHQH VX X
DILMVNLP GUaD SibPdbr. (20N )Rotpaxinim vodanmafarmaceutskih industrija u

Koreji i Pakistanudetektiralilinkomicin u koncentracijido 44 mgL™ te neke antibiotike iz
skupirafluorokinolona, kinolona i tetraciklinakoncentracijamao 9,5mgL ™t (Hussain i sur.,

2016.) Nasuprot tomeAshfaq i sur. (2017.3u uindustrijskimotpadnim vodama u Pakistanu

izmjerili puno QLAH N R Q Fndkih\Wudrbkinblbhe) G R L3. Suprotnoazijskim

zemljama, za Europu ima vrlo malo podatakieoacentraciji antibiotika wtpadnim vodana
farmaceutske industrjee. RNROL&X NRML fihttpadRiG vodAPKeMd Mokt iRoj

literaturi samaosu u jednoj studijiu otpadnoj vodi hrvatske farmadske industrijgpronay H Q H

visoke koncentracij@ekih veterinarskihantibiotka SUL pHPX MH dNR@édzQaNVUDFL NV
ELOD YLABLRG6DELU 200V)X U

aAaWwWR VHRQHPHQOQWUDFLMD DQWLELRWLND X RNROL&X NRI
farmaceutske industrijggne su W D N B HH/WW RazBje@dvisoke. Tako suu uzorcima
pojedinih rijeka u Indiji detektirae visoke koncentracije nekih antibiotkaQ DURpPLWR
fluorokinolona, SUL pHPX MH NRQFHQWEDEDMOL D SRR | OARINLHHLQIROP
sedimentup DXLAD R G ! (FckiNur., 2009.; Kristiansson i sur., 201Ppvrh toga, u
nekim suX]RUFLPD SRG]JHPQLK YRGD L fddRdRiolgid XS BRF LIWHRQ B y |
koncentracijamaukupnood J1/do J P (Fick i sur., 2009.; Rutgersson i sur.,
2014.) Nadalie, X ULMHpPQRM YifRaGhdusiiskihXotdasith voda iz proizvodnje

oksitetraciklina u Kini detektiran je oksitetraciklin u koncentraciji od 641 na mjestu
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ispusta te 377 g L oko 20 km nizvodno od ispusta (Li i suR01Q). U Pakistanu je
sulfametoNVD]RO GHWHNWL U DO® MYWU & R M pNORMF M & @hab FduM L R G
2013.) dok je uVijethamu paknjegovakoncentracijau rijeci/kanaludosezala 11 (Thai

i sur., 2018.)Neki su autori ukazali i na problem nepropisnog odlaganja farmaceutskog otpada,
EXGXuUL GD VX X SRG]JHPQLP YRGDPBINPGOAQRWUHEBQRMJ
IDUPDFHXWVNRJ RWSDGD X 'DQVNRM SURQDYHQH YUOR YLV
1,6 mgL™Y) i sulfanilnekiseline, razgradnog produkta sulfonamida (do 6,3.migHolm i sur.,

1995.)

S obzirom na tala dozvoljena koncentracija antibiotika u otpadnim vodam&IN R O L & X
nije propisana zakonopBengtssofPalme i Larsson (20163 U H G O R\ARNELCvkjednosti
(engl.PredictedNo EffectConcentractionsza 111S R M H G laQliDidtikalkEje predstavljaju
JUDQLPQH NRQFHQWUDFLMH L]Q@IGNNRtpoWdsy MHRPEMXMH V H ¢
obzir SUHGORAHQH 31 (i&ore $pomeh@eEQKRNCEIracije antibiotizanjereneu
industrijskim otpadnimavodama UHFLSLMHQWQRP YRGHQRP RNROLaAX R!
te koncentracijile XJODYQRP YLAH RG RGIJRYDUDMXULK 31(& YULMI
UD]YRM RWSRUQRVWL PHYyX%lijeddR Od¢gato@adae Edad fafidddeutdkinP D
industrijamogu predstavljé prijetnju za zdravlje ljudiL R N ReQrh gepotrebno posvetiti
posebnu pozornast

2.3.2. Utjecaj industrijskih otpadnih voda narezistom i bakterijske zajednice

recipijentnog RNROLa

Osimantibiotika, pokazalo se datpadne vodéarmaceutske industrijgogu biti izvor
bakterijaotpornihna antibiotike njihovih gena za otpornost MHU VH pHV§diamioM HaAD M X
otpadnim vodama aLP DW R Y L U - LR&®OGLIN R arksion, 2014.). Takoje pokazano da
otpadne vode iz proizvodmj -laktaPD NLQRORQD L WHWUD EE MM D VDGU
bakterija u100 mL otpadne vodg.i i sur., 2009., 2010.; Tahrani i sur., 2018%im togageni
]D RWSRUQRVW QD D QVihdistiRKM Lotpeidii® Dodeh@ lu nvaXsimalnoj
koncentracijiod 10° kopija genau 100 mL otpadne vode (Guosur., 2018a.; Wang i sur.,
2015a; Zhai i sur., 2016.)Temeljem tih podatakarpcjengno jeda seputem industrijskih
ispustaVY DNR G QH Y @nBsexd BRI Q& “&opija gena otpornoisha antibiotike (Guo
i sur., 2018a.)Premda ste koncentracijenanje okoncentracggena otpornoskoje se ussu

putem komunalnih otpadnih voda (od“48o 132 kopija gena po danu) (Manaia i sur., 2016.),
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naveder spoznajapak X S X U X Mexhd@sDijsm otpadnm vodamati geni, kao i otporne
bakterije unose tecipijentniRNROL &

, VW U D aupY. @@Mdanih vodafarmaceutskihindustrija narecipijentni vodeni
R N RoOKaZah su]QDpDMD Q X WttirH BdRtbtijsReRajedHie. AWR VH WLpH UH]LV
]DSDAHQR MH ]QDp NVRQR @B baH atp@adstd L ] O R doketijkim
zajednicama(nizvodro od ispusta industrijskin otpadnih vod& RGQRVX QD QHL]OF
zajednicgquzvodro od ispusta) Tako sWKristiansson i sur. (2011.X PHWDJHQRPLPD L] UL
sedimeata RQHPLAUHQLK 10 deektiiraNg R RHDIRDQLP PD deké XSaipbtid R V W
na sulfonamidesul?) i aminoglikozide $trA i strB), ali ne i na fluorokinoloneghrD, gnrS,
gnrV C) koji subili zastupljeniji na uzvodmn lokacijamaTo MH REMD&aQMHQBerf@aHVSRVR
gnr GD SUXaH RWSR UaiRkeViMoraRibolovid priRudnida nizvodnim lokacijama.
OHYyXWLP D QHo@énttatgDaM. XIHL \§Brigeénayoar®, gnrB, gnrC, gnrD, gnrS i
gnrVC) primjenom preciznije metodgPCRa, Rutgersson i sur. (20143 URQDEXOLp DM QR
vLaNR O Lgotot®Kvih navedenihgenau indijskim sedimentimas nizvodnih lokacijau
odnosu naULMHp QL NVHORLAMHH Whk dtpahid @d@dma u a Y H @ \kiintrolni
sediment) & M iRak potvrdilo ] Q D p Ridpin@sindustrijskog otpadaRQHPpLAUHQMX RNR
genima za D Q W L & atpoyidsp®sim u Indiji, | QDp DM QR 8 R Olgphbaidinost
] D S D & HiI@&linvkhtima pod utjecajanmdustrijskihotpadnih vodau Pakistanu te &uropi
(&aS D Q& v Nsur.,2013; SidrachCardona i sur., 2014.Povrh gena zatpornost na
antibiotike u svimnavedeninstudijamate u studijama provedenim u Kifii i sur. 2009,
2010), |D S D §IQ [3 R Yatdsi@ljenost pokreim J H Q H¢lefméata poput integrona
skupine 1ili plazmidakoji bi mogli mobilizirati detektira® gere otpornost i pridonijeti
QMLKRYRP A4LUHQMX PHYyX TRMRdDkéaap a5 DHRokhos \UDefnD
plazmida X RNROLaX RQHpLAEIHRahe, AlGhW Isi (V8. EekBdali su
p R Y H in@ri@ontalniprijenosplazmidakoji su nosiliotpornosha fluorokinolone, sulfonamide
ili -laktame PHYy X E DN W sedimbhiinkaD ] & R & iddpdtrigskim ispustma u Indiji u
usporedbis kontrolnim sedimenima X &Y HjG MDNRR §aAspomenuto u Poglavlju 2.127,
izolirani mobilni plazmidipripadali su IncA/C i IncN skupamainkompatibilnosti te su nosili
gene zaRWSRUQRVW QD YLaHu gKbESibtegion® gkMpibé& IL,RinvgdrdidRih
sekvenci ili transpozona b pome fenotipskaotpornostQ D Skujpida antibiotikaila je
prisuna L NRG Yobkieli@kih izolata porijeklomiz industrijskih otpadnih voda/ili
recipijentnogvodenogR N R OKid Dindiji (Li i sur. 20®., 2010.; Marathe i sur.2013.)
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Osim X p L QmaNmN R Orézis@in, pokazalo se dandustrijski igusti izazvaju
nepovoljne X p L QaNRIN Ré&bhkdapijsle zajedni@. Tako su LLi sur. (2009) X R jprazbke u
taksonomskom sastakultivabilnih bakterijskih zajednica porijeklomiZ MHpQH YRGH QL] YF
i uzvodno od ispust& proizvodnje peni¢ina Gu Kini. S druge straneristiansson i sur.

(2011.) su metagenomskom analizom QGLMVNLK ULMHpQLK VHGLPHQDWD
industrijskih ispustaapazilirazlike u sasavutih bakterijskih zajednica naksonomskojazini

roda. OHY X WL HQDYyXMRILN XM KMRGBIQIMM Q H U i ]t@kietijdkin¢rsial R M
LIPHYyX QL]YRGQLK L X]YRGQLK VHGLPHQDWD &aWR XND]JXN\
RGQRVQR QMLKRYX VSRVREQRVW GDMRGU &HO E&HRGRMNMWWVW Y
koncentratama antibiotika. S druge strane, XWY UVH QN QRX L] U E2dikeQu M H
funkcionalnom sastavu zajednicA]PHYyX X]YRGQLK L QL]YRM®ALUK VHGLF
zastupljenosgera odgovornh zaotpornost na antibiotike, transport i metabolizeoenzima

te replikaciju DNA bila SR Y b &iavQdng dok je zastupljenosgera za funkcije poput

transportai metabolizmaaminokiselina, proizvodnje i pretvorbe energie biosinteze
sekundarnih metabolit® D WHQD p D M Q Rané RibvQdiid @dnosu na uzvodne lokacije
(Kristiansson i suy 2011). =DNOMXpHQR MH GD EL VH |DSDaHQH UD]JOLN
zajednicamogle odraziti nausluge NRMH RNROLAQL PLNURRUJDRWHhPL SUX3
utjecaja na brojnost i raznolikost bakterijskih zajedniezke sSttGLMH XSXUXMX QD SRY
LJOR&AHQRVWL YLVRNLP KA QriastaQRASLDDFR MHDPD PWBSREQRK QD
antibiotika(/« E E H U \W2A17\VWkaththe i sur 2013, 2017.; Li i sur, 2009., 2010.

24. Metode ] D S U D otddiniekH na antibiotke X RNROL&X

Spoznaje o P L Q Farmaliotikau RNROXL&BSRJIOHGX UD]YIRQAMDL E L RWJLHQ
otpornostibile su relativno oskudnesve do posljednjildesetakgodina ]|D aWR MH GLMH
odgovonoi R JU D Q primtfe@jdhiHmetoda(CheeSanfordi sur., 2001; Koikei sur., 2007;

Li i sur, 2009, 2010. 8 YHULQL LVWUDALYDQMD XSRWUDWNEP®IHQD
PLNURELR O Rémeli s& bduxgaiXo8kterijaotpornih na antibiotile na selektivnim

krutim hranjivim podlogama (Korzeniewskiasur., 2013; Li i sur., 2009.,2010.; Lim i sur.,

2013 OHYXWLP GREUR MH SR]QDWR GD YHULQX RNROLAQLK F
uzgoijiti u laboratoriju(/Amann i sur., 199% pa ni analizirati primjenom metoda ovisnih o

uzgoju. Drugji moderniji pristuptemeljenje na upotrebimolekularnin metoda kojima se
zaobilazeRJUDQLpPpHQMD Y H]D QD XR]aangdijaningenebtpdrmost BCRER Q

iz ukupne DNA izoliranalirektno L] R N R O L & QRetagehBruskBIDNA)Graham i sur.,

2011; Khan i sur., 2013 Matrti i sur., 204.; Stoll i sur., 2013. Primjenomtog pristupai
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GRUDYHQRJPEBAMWME IR P R J X U X Mdd OR_Gcilj@hijh lg¥na d@@tdktirani su

i NYDQWLILFLUDQL EURMQL JHQL RWSRUQ R2Mirhai@®dtap QW LEL|
Q D ([dblsvere vrijedre spoznaje oX pdinga antibiotika, ali i drugh selektivnh tvari poput

metala QD R NR OL a @CachcH JlsMWRBPKhan i sur., 2013.Guo i sur., 2018b.;
Rutgerssoni sur., 2015.; SidraClardona i sur., 2014Zhuisur.,2018. OHy XWLP RJUDQLpH
NODVEPRIBERCRSULVWXSD OHAaL X RGDELUX SRpHW&RMED NRMH
cijanin sekvenci % XGXuL GD VH WH SRpHWQLFH GL]I|DMQLUDMX
primjenom PCRa i qPCRa mogu se detektirati i kvantificirati samo otprije poznati geni

odgovorni zaotpornost na antibiotikeBYRYHQMH QRYLK PHWDJHQRPVNLK SUL
QD SUHWUDA&L YiD @hkcije utpokh¥stioSigukald je novekup DODWD ]D SURXpDY
R N R Odpé&e@hikaotpornosti nantibiotike(Handelsman, 200%

2.41. Metode sekvenciranja

Sekvenciranje DNAREXKYDUD VNXS SRVWKgBR SR G UAH KA RO R J L N
nukleotida u molekuli DNAD PR&H VH SRGLMHO L Wdenxratijel ($anigepava UD Q M |
dideoksi metodaWH GUXJH L WUHUOH JHQHU D F LivktédédeiwmdicivaRja] D M H G ¢
V O M H G H U H(ehgl.QéxtEefekatiad SequencingGS. Sangeroa metoda je uglavnom
XVPMHUHQD QD VHNYHQFLte 8e( M pihsiBrjivel&1aQ QD@UK X QPO L p L
gena otpornostiX SRMHGLQDpQLP E D Nt§Vahalizuvgend L1BS ERRAOWDsWHUP D
identifikacije bakterija otpornih na antibiotikéGorgani i sur., 2009.Hatosy i sur., 2015.;

Marathe i sur., 2018 Wichmann i sur. 2014.; Willms i sur., 2019.8 Q D \2aRtj@vnostii
visokoj cijeni kad su u pitanju veliki projektta je metodaM R a XnajphhiieNjivanija
tehnologija sekvenciranffERJ PRJIJXUQRVWL pLWDQMD GXJLK VHNYHQFL

24.1.1. Metodes8ddl YHQFLUDQMD VOMHGHUH JHQHUDFLMH

RazvRM WHKQRORJLMD VHNYHQFLUDQMD VFRMHG&HRMW LIH
sekvenciranjaY kthiN R CalDINAQX NUDUHP YUHPHQX L XHesthedi ChhiaH WUR &
2016.) .DR JODY QD RuivtBhdldoiaQ WD LneXjalfufina sekvenciranilljedova
L pHVWR PDQMD SRX]GDQRVW WR)pQ RAésther VGhRilN RALI6ES URpPpL W I
Razlikuju se tehnologijdruge generacijkod kojihje prijesamogL] YRYHQ M DprBVRAW UHE QR
PCR reakciju X P Q R a D ¥N2XQKsllipa i tehnologiie WUH UH J KkQIHkbjib foLnijeH
SRWUHEMR PRIAXUH VHNYHQFLUD Q MidalSdiMrdrzeh@g![Sih¢le PR O H N X
Molecule RealTime Sequencing SMRT SPQRaDPCBQMMMH SRWUHEQR NDNR
SRMDpDRMWHWI GHAVHNWRU QLMH X PRJXUQRe/MZe ma kaiH NW L U LC
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jedne molekule DNA. Tehnologije koje koriste uiRrd D Y PQRMisu lllumina, SOLID i

Roche 454Kleather i Chain, 2015.8VSRUHGERP QDYHGHQLK WHKQRORJLM
GD ,O0XPLQD LPD QDMYL&H RSOWND X WWHWOYQO® MMDH AMDWMUY R & X R/
MH X] SULPMHQX 5RFKH PRIJXUH DQDOLp UL QDMG X
Sekvenciranje amplikond6S rRNAnNa llluminaili Roche 454LQVWUXPHQWX XpHVWDO
za analizuraznolikosti bakterijskilzajednicau RN R@a L] Oi@a I D]JOLpLWLP DQWURS
pritiscimag XNO M X p XM X U KrifighgganE Is&k W20 NLMittal i sur., 2019.;Udikovic-

Kolic i sur, 2014). S druge strand?acific Biosciences (PacBio)razvio jetzv. SMRT sustav

koji R P R J X s$ekwdnciranje duljin fragmenata DNA bez prethodnogaén@nja, MHU PRaH
detektiratisignalna razini jedne molekule DNMARhoads i Au, 201%. U posljednje vrijemee
PacBiotehnologijaV Y H Y L a Ha beRvdricehiplazmidaRGJRY R U Q L Ktgdonastt UHQ M H
na antibiotike P Hy X E D N \(Bbittd LsMrDZ0D7 Hazen i sur., 2017He i sur., 2016 Liang

i sur., 2019.).

24.2. Funkcionalna metagenomika

JXQNFLRQDOQD PHWDJHQRPLND MH MHGLQL SULVWXS N
JHQH HNV S U L sutdgdddmXGiR PLIKI IXQ XE. ¥olL(BlullagyR2014). Ova robusna
metoda prvi put je opisana 200fbdine,a XNOMXpXMH NRQVWUXNFLMX PHWD
NRMD ]D &BéacijamMukupne R N R O (mé&tadénomske DNA te potom njezinim
fragmentiranjem na G UHYHQ X (WIDOM[pH &®XH R G i ki@hiRanjemNdobivenih
fragmenata u ekspresijski vektor (Slika1(Adu-Oppong i sur., 2017.; Crofts i sur., 2017.)
Takav rekombinantnivektor se potom transformacijom unosi H. coli QDNRQ pHJD VOLI
funkcionalna analizarobirom klonova koji ispoljavajotpornost na antibiotikeaselektivnim
krutim hranjivim podlogamaGeni za otpornost na antibiotikilentificiraju se iz aktivnih
klonova Sanggvim VHNYHQFLUDQMHP LQVHUWD NRULVWHUOL SRpH
vektor Hatosy i sur., 2015.; Marathe i sur., 2QMichmann i sur., 201%ili primjenom NGS
a(Crofts i sur., 2017.)Primjenom metoddunkcionalne metagenomikdentificirani sunovi,
ali i poznatigeni zaotpornost na antibiotika U D | Onlugdrédma X N O M X p(Mdikévick. W O R
Kolic i sur., 2014.; Willms i sur., 2019.aktivni mulj (Parsley i sur., 201Q.)judska crijeva
(Wang i sur., 2014), stajskagnojivo (Wichmann i sur., 2014.jijekui ULMHp QL(AMMSLPHQW
i sur., 2014.Marathe i sur., 201§.te ocean (Hatosy i sur., 2015.).
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Y

Uzorak Izolacija ukupne Fragmentiranje Kloniranje fragmenata Unos ekspresijskog vektora u
metagenomske DNA DNA naﬁ(;lredenu u ekspresijski vektor  stanicu domacina transformacijom
veli¢inu l

. . .ACGATCGAT 0
E_‘“ CGTCCATGC —_— =
—— —- <—— TAACACTCT +—— — . — Q
) — GGCGTACTC - i =7

TCGGGTCAG

Bioinformaticka analiza S?kv?nciranje Umnozavaflje fragmenata Funkcionalna analiza
umnoZzenih fragmenata DNA po?etnlcama za metagenomskih knjiznica
I — Al

Slika 11. Shematski prikaz metodankcionalne metagenomike 3B UHX]HWR L SULODJRY
Crofts i sur. (2017.).

% X G X U Lov@a detddh ne temelji na otprije poznatoj sekvenci gegana funkciji
koju taj gen eksprimiréotpornost na antibiotike) PRJXuUD MH LGHQWLILNDFLMD S
gena i mehanizamadgovornih za otpornost na antibiotike Pored toga, primjenom
funkcionalne metagenomikeP R & & procijeniti i potencijal horizontalnog prijenosa
identificiranih gena analizongenske okolingena, tj. njegovih okolnih regijgAdu-Oppong i
sur., 2017.; Pehrssonisur., 201AHYy XWLP JODY OQH RHWRGE W MWMDNWRPH aVv
bi bio detektiran i identificirapnmora biti funkcionalajodnosno eksprimiramsvomG RP D.U L Q X
Upotreba G R P D NI & @radnrddativna bakterij&. coli P R &ddvesti do smanjene
ekspresieJHQD NRML S RYokitirpXbakierija) B &sim togaX U R ydtpQrhostE.
coli i drugih surogatih GR P D td R G U Hantlkipttke PRAH GDWL ODAaQR SR]JLWLY
prilikom selekcije R G U H yfemQtlpiva (Crofts i sur.,, 2017.)) 8 NR Q DimstjddF L
fragmentacijenolekule DNAPR&H GRiUL GR JXE L \eNdhojloRoliRilhrdo¥di M D R
povezanosti s pokretnild HQHWHPMIPFHQWLPD OHYyXWLP LVWUDALYDQN
SRPRUX IXQNFLRQDO QpbseBiekVeiisidin@ R RIRNOR @ H p LA uisbkIrR
NROLPpLQDPD PRIWLGBIRVWIVNNOL GR YDAQLK VDR@MOM™ R UD]Q
antibiotike kao i do identifikacijpotencijalnanovih mehanizama otporno$tios Santos i sur.,
2017.)
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2.4.3. Egzogena izolacija tipizacija plazmida

Podaci anobilnost gena zatpornostia antiliotike V X Y U O B prdejér kizika za
ljudsko zdravlje. . DR aWR Mpbmému@(Pddlavije 2.1.7), prijenos gena otpornast
konjugacijom jedaje RG QD MBHKEDOQK]DPD NRMLPD VH RWSRUQRVW Q
bakterijama.Takve analize mogu se provestt QD RN R OL a Q Lpimjehéh pristada
neoYLVQRJ R X]JRMX W]Y Hpldznidd(@nglExadeNoDIAASraidhCRpture
(Slika 12) (Smalla i sur., 2015.)Tom metodm se prati prijenos plazmida s genima za
otpornost nadabraneD QWLELRWLNH GLUHNWQR L] RNROLAQLK EDNW
recipijentni bakterijski soj,Q D M [Bd&li EV601 Taj sojne posjeduje plazmideotporanje
na rifampicin i kanamicinte R E L O Meteaim Qludrescentnim proteinortengl. Green
Fluorescent ProteinGFB radi R O Diédebtifikacije transkonjuganata6 XVSHQ]JLMD RNROL
uzorka (npr. sedimenta i kultura recpi MHQWQRJ VRMD SRPLMH&ADMX VH X
LOQNXELUDMX R GidrhejriHranBkiMILIOMVHPUH. PD SUL [jdnesAp@mR@d]L GR S
Potom se bakterijske stanice, prikupljemeesnbranskodjltera, nacjepljuju na selektivrigute
hranjivepodloge s rifampicinom, kanamicinom i antibiotikom od interesa, a nakon inkubacije
se naspomenutimSORpDPD EURMH, ijV&iabiCel. M6t ol Xu @iQil hlazmid s
JHQLPD ]D RWSRUQRVW (Blaur SIR.020a@®) Pri¢driofd MWy khétdds! 2 u
PRIXUQRVWL LIRODFLMH L LGHQWLILNDFLMH QRYLK MRa QH
QHPRJXUQRVW e lbakie@anvdohbrd DIBinMidMetoda egzogesy Avatanja ili
izolacije plazmidge do sadaX V S Mgti@j@riena] D S U Dplda@dnégaLUHQMD RW SR UC
na antibiotikeu R N R X INEXM X X MidédiiiQete L ] O R atpa@nim vodanafarmaceutskih
industrja u Indiji (Flach i sur., 2015,)}lo tretirano stajskim gnojivoniHeuer i sur., 2009.,

LOL REUDYHQLP DNWLYQLP PX&iid R Q Hp@ @gesdtidima V X U

(Anjum i sur., 2012.)li metalima (Garbisu i sur., 2018.)

Tipizacijamobilnih plazmida koji nose gene za otpornost na antibiosikeolirani su
iz dobivenih transkonjugangtR ELpQR VH SURYRGL SULPMHQRFCRHWRGH
om (engl PCRBasedReplicon Typing PBRT) Ta metoda se bazira na primjgaCRa ili
gPCRa, a korisi SRpHWIHFAHLY@®EUBYHQH VNXSLQH LQNRPSDWLE
Svrsevanjem plazmida u Inc skupine dobiva se uvid u potenQMLKRYRJ KRUL]J]RQWDOC(
(Smallai sur., 2015.)
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Km — kanamicin
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Okolisne bakterije Parenje na filterima i selekcija sa
Rif, Km i antibiotikom od interesa
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E. coli transkonjuganti sa plazmidima koji nose gene za otpornost na antibiotik
od interesa

Slika 12. Shematski prikaz metodgzoger izolacije plazmida.
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ARTICLE INFO ABSTRACT

Effluents from pharmaceutical industries are recognized as significant contributors to aquatic pollution
with antibiotics. Although such pollution has been mostly reported in Asia, knowledge on industrial
discharges in other regions of the world, including Europe, and on the effects associated with such ex-
posures is still limited. Thus, we performed chemical, microbiological and ecotoxicological analyses of
effluents from two Croatian pharmaceutical industries during four seasons. In treated effluents of the
company synthesizing macrolide antibiotic azithromycin (AZI), the total concentration of AZI and two
macrolide by-products from its synthesis was 1—3 orders of magnitude higher in winter and springtime
(up to 10.5 mg/L) than during the other two seasons (up to 638 pg/L). Accordingly, the highest total
concentrations (up to 30 pg/L) in the recipient river were measured in winter and spring. Effluents from
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Macrolides second company formulating veterinary antibiotics contained fluoroquinolones, trimethoprim, sulfon-
Antibiotic resistance amides and tetracyclines ranging from low pg/L to approx. 200 pg/L. Low concentrations of these anti-
Ecotoxicity biotics, from below the limit of quantification to approx. few pg/L, have also been measured in the

recipient stream. High frequency of culturable bacteria resistant to AZI (up to 83%) or sulfamethazine (up
Lo 90%) and oxyletracycline (up to 50%) were also found in studied effluents. Finally, we demonstrated
that toxicity to algae and water fleas often exceeded the permitted values. Most highly contaminated
effluents induced multiple abnormalities in zebrafish embryos. In conclusion, using a wide array of
analyses we have demonstrated that discharges from pharmaceutical industries can pose a significant
ecological and public health concern due to their toxicity to aquatic organisms and risks for promoting
development and spread of antibiotic resistance.

© 2017 Elsevier Ltd, All rights reserved.

production facilities (Andersson and Hughes, 2014). A significant
amount of research in the area has focused on municipal effluents
and data from municipal wastewater plants are relatively acces-
sible, Complex cocktail of various pharmaceuticals is assumed to

1. Introduction

Pharmaceuticals are considered emerging pollutants since they
are continuously being released into the environment and affect

the biota on multiple levels. Consequently, global concern about
their potential adverse impacts on both human health and the
environment is growing. The primary sources of pharmaceuticals
in the environment are municipal wastewater treatment plants,
agricultural settings, aquaculture, hospitals and pharmaceutical

* Corresponding author.
E-mail address: nudikov@irb.hr (N. Udikovi¢-Kolic).
T Equal contribution.

http:/{dx.doi.org{10.1016/j.watres.2017.09.019
0043-1354{© 2017 Elsevier Ltd. All rights reserved.

enter municipal sewage by human excretion and their concen-
trations are generally in ng/L in treated sewage effluents (Kostich
et al., 2014; Luo et al.,, 2014). In contrast to this, predominant
compounds in pharmaceutical effluents depend on the production
site and research on such effluents is more problematic due to
difficulties in accessing information. However, concentrations of
pharmaceuticals in industrial effluents can be several orders of
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magnitude greater than the concentrations found in sewage ef-
fluents as reported recently (Cardoso et al., 2014; Larsson, 2014).
Besides pharmaceuticals, industrial effluents can also contain
various intermediate products and by-products such as solvents,
acids and inorganic compounds {including heavy metals, nitrate
and phosphate). Moreover, these effluents can have high level of
chemical and biochemical oxygen demand and total suspended
solids (COD, BOD and TSS, respectively) (Gadipelly et al., 2014).
However, in contrast to some other physico-chemical parameters,
the concentration of pharmaceuticals and their metabolites is
currently not legally regulated, although some of them, such as
macrolide antibiotics, have been included in watch lists of the
regulation bodies (Cardoso et al.,, 2014; Decision, 2015; Rivera-
Utrilla et al., 2013).

Among pharmaceuticals, special attention is given to antibiotics
because environmental contamination with antibiotics facilitates
the development and spread of antibiotic resistance among bac-
teria, including pathogens (Andersson and Hughes, 2014). High
emissions of antibiotics from manufacturing plants have been re-
ported mostly in Asian countries, while much less information is
available for other regions of the world, including Europe (Larsson,
2014). In addition, metals and other biocides present in industrial
effluents have the potential to co-select for antibiotic resistance
(Baquero et al., 2008; Roose-Amsaleg and Laverman, 2016). Besides
risks for promoting resistance, antibiotic pollution can induce
direct biostatic or bio-toxic effects to diverse organisms and alter
species distribution, which is harmful for the ecosystem as a whole
(Halling-Serensen, 2000; Harada et al., 2008; Isidori et al., 2005;
Wang et al., 2014a).

Noteworthy, most studies, such as the ones mentioned above,
predict the environmental effects of single chemicals. Such
research is certainly useful, but does not provide much information
about toxic effects of effluents as mixtures of pharmaceuticals that
can interact synergistically, additively or antagonistically (Biatk-
Bielinska et al., 2013; Caldwell et al., 2016; Flaherty and Dodson,
2005; Spurgeon et al, 2010). Therefore, from the environmental
risk assessment perspective, the whole effluent testing is of
importance to account for unknown substances present in effluents
and combined ‘cocktail' effects. Existing studies investigating the
effects of pharmaceutical effluents on aquatic environment mostly
focus on only one or few endpoints, reporting for instance only
chemical analyses of the pharmaceuticals in the wastewaters (Fick
et al, 2009), only analyses of antimicrobial resistance (Guardabassi
et al.,, 1998) or only toxicological data (Carlsson et al., 2009; Tisler
and Zagorc-Koncan, 1999). The work of Larsson et al. (2007) is
the most detailed to date, including both chemical analyses of
pharmaceuticals in the effluent and toxicity bioassays using bac-
teria (Vibro fisheri), invertebrates (Daphnia magna) and plants
(Lactuca sativa) as models.

Thus, there is a clear need for more research in these areas to
better understand the exposure routes and the effects pharma-
ceutical pollution might have on human and ecological health. In
order to take a step toward this understanding, we have sampled
final (treated or partially treated) effluents from two Croatian
pharmaceutical industries that are involved in synthesis and
formulation of antibiotics during four seasons in one year moni-
toring period. We have analyzed the physico-chemical properties
and chemical composition of effluent samples, including quantifi-
cation of antibiotics and heavy metals. We also measured antibiotic
concentrations in the recipient water bodies. Finally, we have
assessed the frequency of culturable antibiotic-resistant bacteria in
effluents and the effect of effluents on various levels of biological
organization: bacteria, freshwater algae, invertebrates (Daphnia)

and vertebrates (zebrafish embryos).

2. Materials and methods
2.1. Sampling of the effluents

Effluents from two pharmaceutical industries situated in
northern Croatia were collected (Company 1 and Company 2) four
times a year over one year monitoring period.

Company 1 has a long tradition in manufacturing the macrolide
antibiotic azithromycin via synthesis from another macrolide
antibiotic, erythromycin. The final effluent from this industry (after
treatment in industry’s membrane bioreactor) is discharged into
the Sava river together with effluent from baker’s yeast production.
Such mixed effluents were collected as grab samples at the
discharge pipe located at the bank of the Sava river in winter
(February), spring {(May), summer (August) and autumn
(November) 2016. In addition to effluent samples, surface river
water was collected as grab sample from three locations along the
river: at 3.5 km upstream and at 700 m and 4.5 km downstream of
the discharge site.

Company 2 is involved in manufacturing of various human and
animal health products, but is mostly known for formulation of
veterinary antibiotics {sulfonamides, fluoroquinolones, tetracy-
clines and B-lactams) into doses. The technological effluent pro-
duced by this industry is discharged into the nearby small stream
after being diluted with industrial sewage and passed through a
primary treatment (mechanical removing of larger, floating solids).
The 24-h flow proportional samples were collected directly with an
automatic sampler that is connected to a compatible flow
measuring device. Sampling was performed in winter (January),
spring (April), summer (July) and autumn (October) 2016. Also,
stream samples were collected as grab samples from three loca-
tions along the stream: at 300 m upstream and at 2 m and 3 km
downstream of the discharge site.

Effluent and surface water samples were collected in sterile
polyethylene wide mouth jars and stored at {4 °C or 20 °C,
depending on analysis performed. Parts of samples were sterile-
filtered through a 0.22 um filter (Millipore, USA).

2.2. Chemical analyses

The samples were analyzed for a number of basic parameters
within their holding time using internationally validated methods
(ISO standards) for examination of water and wastewater (for more
details see Table S1).

Antibiotics (azithromycin, AZI; dehydrated erythromycin, ERY-
H,0; enrofloxacin, ENR; oxytetracycline, OTC; sulfadiazine, SDZ;
sulfamethazine, SMZ; trimethoprim, TMP; Sigma, Germany) and
intermediate from AZI production (N-Desmethyl Azithromycin, N-
DMA) were quantified using the previously described method
based on liquid chromatography - tandem mass spectrometry
(Senta et al, 2017, 2008). Briefly, samples were enriched using
solid-phase extraction on Oasis HLB cartridges. Typical volumes
were between 1 and 250 mlL, depending on the sample type, It
should be noted that erythromycin (ERY) was not analyzed in the
original form but as its dehydrated transformation product ERY-
H30.

Concentrations of heavy metals in effluent samples, arsenic (As),
cadmium (Cd), chromium (Cr), copper (Cu), nickel (Ni), lead (Pb)
and zinc (Zn), were determined by inductively coupled plasma
mass spectrometry (ICP-MS) following the methodology described
by Dautovic et al. (2014).
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2.3. Bioassays

2.3.1. Determination of the frequency of culturable antibiotic-
resistant bacteria

Serial dilutions of effluents were prepared in physiological sa-
line (0.9% NaCl) and plated on R2A agar (R2A broth [Lab M Limited,
UK] amended with 1.5% agar [BioLife Italiana, Italy]) supplemented
with yeast extract (5 g/L) (BioLife Italiana, Italy) to enumerate total
bacteria. In parallel, serial dilutions of effluents were plated on R2A
agar with yeast extract and antibiotic AZI (15 mg/L) (Fluka, Ger-
many) for the analysis of Company 1 effluents, or antibiotic SMZ
(350 mg/L) (Sigma, Germany) and OTC (25 mg/L) (Sigma, Germany)
for the analysis of Company 2 effluents, to enumerate resistant
bacteria. The culture medium was supplemented with cyclohexi-
mide (100 mg/L final concentration; Sigma, Germany) to inhibit
growth of fungi. The number of colony forming units (CFU) was
determined after incubation at 28 °C for 5 days. The frequency of
antibiotic-resistant bacteria was calculated as the ratio of resistant
bacteria CFU and total CFU.

2.3.2. Freshwater algal growth inhibition test

Effect of effluents on the growth of planktonic unicellular
freshwater green microalgae Pseudokirchneriella subcapitata was
measured using the standardized ISO 8692:2012 method (ISO,
2012). The algae were exposed to effluent dilution series, as well
as appropriate positive and negative control, and incubated for
72 h. The toxicity of effluents was expressed as the lowest inef-
fective dilution (LID) at which growth inhibition of <5% was
observed.

2.3.3. Acute Daphnia magna toxicity test

Effect of effluents on motility of water flea Daphnia magna Straus
(Cladocera, Crustacea) was determined using the standardized ISO
6341:2013 method (ISO, 2013). After 24 h exposure of water fleas to
effluent dilution series, as well as appropriate positive and negative
control, the toxicity of effluents was expressed as LID for which
<10% of the fleas were immobile,

2.3.4. Mutagenicity to Salmonella

Mutagenicity was tested on two most contaminated effluent
samples from Company 1 (winter and spring samples) and on two
effluent samples from Company 2 that showed toxicity to algae
(summer and autumn samples). The test was performed in tripli-
cates (with or without S9 fraction, Sigma, Germany) using the
standard Ames bacterial test (Maron and Ames, 1983; Sauerborn
Klobucar et al., 2013) with Salmonella typhimurium, strains TA98
(his D3052, rfa, uvrB, pKM101) and TA100 (his G46, rfa, uvrB,
pKM101). Revertants were scored after 48 h incubation at 37 °C.
Distilled water was used as negative solvent control and positive
controls were 9-aminoacridine for TA98 strain without metabolic
activation (50 pg per plate), sodium azide for TA100 strain without
metabolic activation (1 pg per plate), and 2-aminoantracene for
TA98 and TA100 strains with metabolic activation {2 pg per plate).

2.3.5. Zebrafish embriotoxicity assay

Embriotoxicity assay on zebrafish Danio rerio (wild type) was
performed on the same selected samples as mutagenicity according
to Babic et al. (2017). Each sample was tested in triplicates per 10
embryos (amounting to a total of 30 embryos per sample/dilution)
— undiluted, 2 x and 4 x diluted with artificial water (ISO, 1996).
Toxicological endpoints, both lethal and sublethal, were recorded at
24, 48 and 72 h post fertilization (hpf) (ISO, 2007). The mortality in
all negative control groups was less than 5%. Additionally, physio-
logical endpoints, i.e. heart rate, pigmentation formation and
hatching rate, were evaluated at 48 and 72 hpf.

3. Results

3.1. Physicochemical properties and chemical composition of
pharmaceutical effluents, including heavy metal and antibiotic
content

Effluent quality parameters are given in Table 1, Table 2 and
Table S2. Effluents from Company 1 had a high level of organic
pollution, especially in winter and spring, as COD, BOD5 and TOC
values were far higher than permitted values (Table 1). Concen-
trations of nitrites were higher than maximal permitted value only
in the winter sampling (1.5 mg/L), while nitrates were elevated in
summer sample. Total phosphorus concentrations were above the
limit for winter, spring and summer effluents from Company 1.

Company 2 effluents had satisfactory quality regarding organic
and nutrient pollution; only BOD5 value in the summer sample was
slightly above the limit (Table 2). However, BOD5/COD ratios were
lower than 0.4 for effluents of both Companies indicating low
biodegradability (Chamarro et al., 2001).

The measured values of temperature, pH and sulfates of efflu-
ents of both companies were in compliance with the permissible
limits for wastewaters discharge in surface waters set by Croatian
legislative (Official Gazette of the Republic of Croatia 80/13, 43/14,
27/15, 3/16; Table S2). Conductivity of effluents is not regulated by
legislation but it can serve as a useful measure of dissolved inor-
ganic materials, All effluents from Company 1 and Company 2 had
high conductivity, 2—10 times higher than the values reported in
the literature for pharmaceutical effluents (Idris et al., 2013; James
et al,, 2014).

The results on heavy metal content in analyzed effluents are
given in Table 3. Concentrations of Cr, Cu, Pb, Ni and Zn are regu-
lated by Croatian law and their concentrations in the effluents were
lower or approx. the same as maximal permitted values (Official
Gazette of the Republic of Croatia 80/13, 43/14, 27/15, 3/16). Only
concentration of zinc in the autumn sample from Company 2 was
four times higher than maximal permitted value,

In winter and spring, effluents from Company 1 had the highest
total concentration of AZI and two macrolide by-products from its
synthesis, N-DMA and ERY—H;0 (3}~ = 6.4 and 10.5 mg/L, respec-
tively) (Table 4). These compounds were also present in summer
and autumn effluents but in 1-3 orders of magnitude lower total
concentration (up to 638 pg/L) than in winter and spring samples.
Surface water samples from the Sava river taken upstream from the
discharge mostly contained ng/L levels of the analyzed macrolides,
which are much lower than in downstream locations. The con-
centrations of macrolides in downstream river generally decreased
as the compounds were carried downstream, with an exception in
autumn when higher concentration of macrolides was observed in
the river at a greater distance from the discharge.

In effluents of Company 2 (Table 5), the concentrations of sul-
fonamides were measured in the range from 6.7 to 231.0 pg/L for
SMZ, from 3.0 to 20.0 pg/L for SDZ, from 7.4 to 29.0 pg/L for OTC,
from 3.6 to 98 pg/L for ENR and at approx. few pg/L for TMP. Con-
centrations of these antibiotics did not generally exceed 10 pg/L in
the receiving stream near the discharge and were further decreased
at 3 km downstream location ranging from below the limit of
quantification to low pg/L. Nevertheless, these levels were gener-
ally 4—34 x higher than those detected at upstream location.

3.2. Antibiotic-resistant bacteria as biological pollutants in studied
effluents

Our culturing data showed that studied effluents contained high

numbers of total culturable bacteria (in the range of 10°—107 CFU/
mL) and high frequency of antibiotic-resistant bacteria (Fig. 1).
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Table 1
Quality parameters of Company 1 effluents discharged into the Sava river and their permissible limits by Croatian legislative. Recorded values higher then permitted are
marked in bold.

Parameters Sampling campaigns Maximal permitted value*
Winter Spring Summer Autumn

cop® 1915 1166 398 596 125

mg Oy/L

BOD5¢ 564 352 28 119 20

mg O,/L

BOD5/COD 0.29 0.30 0.07 0.20 =

ratio

Toc! 616.2 177.6 86.2 1349 30

mg CfL

Total phosphorus mg P/L 6.77 2.5 441 42 1.5

Nitrite 1.5 <0.01 <0.01 <0.01 1

mg N/L

Nitrate 14 0.5 38 0.2 2

mg N/L

¢ Maximal permissible values for pharmaceutical effluents discharged into surface waters (Official Gazette of the Republic of Croatia 80/13, 43/14, 27/15, 3/16).

b Chemical oxygen demand.

¢ Biochemical oxygen demand.

d

Total organic carbon.

Table 2
Quality parameters of Company 2 effluents discharged into nearby stream and their permissible limits by Croatian legislative. Recorded values higher then permitted are
marked in bold.

Parameters Sampling campaigns Maximal permitted value °
Winter Spring Summer Autumn

cop® 37.0 54.0 99.0 270 125

mg O,/L

BOD5¢ 73 13.0 33.0 7.0 20

mg O,/L

BOD5/COD 0.20 0.24 033 0.26 2

ratio

TOCH 79 54 1137 4.84 30

mg C/L

Total phosphorus mg P/L 0.62 042 0.008 0.17 15

Nitrites 0.07 0.09 <001 0.06 1

mg N/L

Nitrates 0.84 12 <0.05 0.9 2

mg N/L

4 Maximal permissible values for pharmaceutical effluents discharged into surface waters (Official Gazette of the Republic of Croatia 80/13, 43/14, 27/15, 3/16).

b Chemical oxygen demand.

¢ Biochemical oxygen demand.

d

Total organic carbon.

Table 3
The heavy metal ions concentration in the effluents from two Croatian pharmaceutical companies, Company 1 (a) and Company 2 (b), during four sampling campaigns and
their permissible limits by Croatian legislative. Recorded values higher then permitted are marked in bold.

Heavy metal ions (ug/L) Winter Spring Summer Autumn Maximal permitted value®
a)

Arsenic (As) 0.73 059 041 0.67 -
Cadmium (Cd) 0.28 0.79 0.07 0.71 —
Chromium (Cr) 723 262 15.73 1.98 50
Copper (Cu) 26.92 6.19 1836 10.36 100
Lead (Pb) 4.24 3.73 2.70 3.30 500
Nickel (Ni) 20.66 13.62 1242 24.77 50
Zinc (Zn) 90.94 103.06 56.35 7042 100
b)

Arsenic (As) 0.53 046 0.79 50.27 -
Cadmium (Cd) 0.02 0.02 0.05 0.12 -
Chromium (Cr) 0.51 0.16 1.13 0.38 50
Copper {Cu) 746 12.75 12.70 1542 100
Lead (Pb) 233 1.55 93 197 500
Nickel (Ni) 1.25 0.81 2.12 1.31 50
Zinc (Zn) 33.88 28.72 47.64 417.67 100

¢ Maximal permitted value for pharmaceutical effluents discharged into surface waters (Official Gazette of the Republic of Croatia 80/13, 43/14, 27/15, 3/16).

43



Znanstveni radovi

A. Bielen et al. / Water Research 126 (2017) 79—87 83
Table 4
Concentration of three macrolide compounds, expressed in pg/L, in effluents of Company 1 and in the recipient Sava river.
Antibiotic Sampling campaign  Effluent concentration Sava Upstream 3.5 km  Sava Downstream 700 m  Sava Downstream 4.5 km
Azithromycin (AZl) Winter 2137.00 0.13 3.40 0.39
Spring 3776.00 0.01 3.40 1.60
Summer 490 0.02 0.03 0.02
Autumn 218.00 0.06 0.01 2.80
N-Desmethyl Azithromycin (N-DMA)  Winter 2341.00 0.37 13.00 1.50
Spring 5660.00 0.06 8.60 6.20
Summer 11.10 < LOD < LOD 0.02
Autumn 390.00 < LOD < LOD 0.16
Erythromycin-H»0 (ERY-H»0) Winter 2009.00 340 4.20 22.00
Spring 1069.00 0.13 18.00 10.00
Summer 1.00 < 10D < 10D < 1.OD
Autumn 30.0 < LOD < LOD 0.02
Macrolides total, 3° Winter 6487.00 3.90 20.60 23.89
Spring 10 505.10 0.20 30.00 17.80
Summer 17.00 0.02 0.03 0.04
Autumn 638.00 0.06 0.01 298

< LOD — below detection limit.

Table 5
Concentration of five antibiotics, expressed in pg/L, in effluents of Company 2 and in the recipient stream.

Antibiotic Sampling campaign Effluent concentration Stream Upstream 300 m Stream Downstream 2 m Stream Downstream 3 km

Sulfadiazine (SDZ) Winter 20.00 0.07 6.60 240
Spring 8.12 0.07 2.30 0.29
Summer 7.10 0.04 < 10D 0.78
Autumn 3.00 0.06 < 10D 0.70

Sulfamethazine (SMZ) Winter 10.00 0.10 530 1.10
Spring 44.70 0.79 12.00 1.70
Summer 231.00 1.00 2.80 11.00
Autumn 6.70 0.20 0.70 1.70

Trimethoprim (TMP) Winter 5.60 < LOD 0.11 1.10
Spring 1.57 < LOD 0.37 0.24
Summer 540 <LOD 0.11 042
Autumn 1.00 0.01 < 1LOD 0.12

Enrofloxacin (ENR) Winter 98.00 < LOD 10.60 1.00
Spring 6.66 < 10D 1.00 < 10D
Summer 4.30 < 1.OD 0.40 0.21
Autumn 3.60 < LOD 030 < 10D

Oxytetracycline (OTC) Winter 17.00 < 1OD 10.00 < 10D
Spring 7.40 < 10D < 10D < LoD
Summer 29.00 < 10D 8.00 <10D
Autumn 10.00 < 10D 1.00 043

< LOD — below detection limit.

Company 1 Company 2
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Fig. 1. The frequency of culturable antibiotic-resistant bacteria present in pharmaceutical effluents. The percentage of antibiotic-resistant bacteria was calculated as the ratio of
resistant bacteria CFU and total CFU. The mean of calculated resistance frequencies is represented as column and the error bar indicates standard deviation (n = 3). AZl - azi-
thromycin; SMZ - sulfamethazine; OTC — oxytetracycline.
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Effluents of Company 1 contained up to 82.5% of AZI-resistant
bacteria, whereas Company 2 effluents contained up to 91.0% of
SMZ-resistant and up to 49.7% of OTC-resistant bacteria.

3.3. Effects on biota

We have tested the effects of our pharmaceutical effluents on
various levels of biological organization: (i) bacteria (potential
mutagenic effect on Salmonella typhimurium tester strains), (ii)
freshwater algae (growth inhibition of green alga Pseudokirchner-
iella subcapitata), (iii) invertebrates {induction of immobility in
water flea Daphnia magna), and (iv) vertebrates (lethal and sub-
lethal toxicity to fish Danio rerio embryos).

The Ames Salmonella assay (Fig. S1) showed no mutagenic effect
after exposure of TA98 and TA100 tester strains to Company 1 ef-
fluents. However, incubation with Company 2 effluents caused
slight increase in the number of S. typhimurium TA98 revertants,
especially pronounced after metabolic activation (up to 1.3 fold
increase in comparison with negative control), indicating the
occurrence of frameshift mutations.

Toxic effects of the effluents on P. subcapitata and D. magna are
reported in Table 6, Company 1 effluents (especially winter and
spring samples) were very toxic to algae as LID values of all samples
were higher than permitted. When comparing acute toxicity to
Daphnia, only winter and spring samples were toxic, with winter
sample being more toxic than the spring one (LID values 16 and 5,
respectively). Only summer and autumn effluent samples from
Company 2 were toxic to green algae (LID values 4 and 10,
respectively).

Embriotoxicity assay on zebrafish Danio rerio was performed on
winter and spring effluent samples from Company 1 and summer
and autumn samples from Company 2. All tested samples caused
adverse effects on zebrafish embryos, which were manifested
through lethal and sub-lethal alterations (Fig. 2, Fig. S2, Table S3).
Most strikingly, all embryos exposed to undiluted effluents of
Company 1 were coagulated at 24 hpf (see mortality rate in Fig. 2).
In comparison, undiluted effluents of Company 2 induced much
lower mortality rate (<10%). After we have diluted the samples we
still observed some mortality after exposure of the embryos to
Company 1 effluents. In overall, mortality was more pronounced
after exposure to winter than to spring sample. Even when the
samples were diluted 4 x, effluents of Company 1 still caused up to
50% mortality at 72 hpf, while no mortality was observed during
exposure to 2 or 4 x diluted Company 2 effluents.

To get a more detailed insight into the toxic effects of effluents to
zebrafish embryos, type of observed abnormalities (Fig. S2) and
some physiological endpoints (heart beat rate, pigmentation for-
mation, hatching rate, Table S3) were followed upon exposure.
Type of abnormalities depended on the sample. Exposure to
Company 1 winter sample induced multiple malformations

Table 6

including heart and yolk edema (Fig. S2; f), scoliosis (Fig. S2; g, h, i)
and lack of pigmentation formation (Fig. S2; e). During exposure to
Company 1 spring sample, embryos often exhibited delayed
development (e.g. reaching the 24 h stage at 72 hpf), yolk deformity
and pericardial edemas (Fig. S2; a, b, d, i). Observed developmental
delay was in correlation with reduced hatching rate, which was
most pronounced after exposure of embryos to 2 x diluted spring
sample. Among other explored endpoints, embryo pigmentation
was significantly reduced upon exposure to 2 and 4 x diluted
winter sample at 48 hpf (Table S3). Further, heart beat rate was also
significantly reduced upon exposure to dilutions of winter sample
at 48 and 72 hpf. In contrast to diluted winter sample, 2 and 4 x
diluted spring sample significantly increased heart beat frequency
at 72 hpf.

The only observed abnormality during exposure to Company 2
summer and autumn effluents was pericardial and yolk sack
edema. Additionally, those samples did not affect pigmentation
formation, but significantly increased heart beat rate at 48 and 72
hpf. Undiluted autumn sample caused the largest hatching rate
reduction at 72 hpf (Table S3), which was also revealed through
constant twitching of embryo body.

4. Discussion

The present study evaluated chemical composition and eco-
toxicity of final effluents from two antibiotic-manufacturing plants
in Croatia as well as antibiotic contamination of receiving surface
waters.

Our chemical analyses of effluents from Croatian Company 1
revealed occasionally (winter and spring season) high concentra-
tions of AZI and two other macrolides associated with AZI pro-
duction (N-DMA and ERY-Hy0), in the order of few mg/L. It is
important to stress that both identified macrolide by-products have
antimicrobial activity (Shepard et al., 1990; Wang et al., 2014b). The
observed mg/L-levels of AZI in Company 1 effluents are three or-
ders of magnitude greater than the levels generally found in treated
hospital and sewage effluents (around or below 1 pg/L) (Michael
et al., 2013; Verlicchi et al., 2012). These findings together with
high levels of organic, phosphorus and nitrate compounds detected
in the effluents are indicative of unsatisfactory wastewater treat-
ment of Company 1 and of unauthorized discharges. They also
indicate that these effluents are sources of macrolide pollution
observed in the recipient river downstream from the discharge
point. Indeed, during the winter and springtime, all studied mac-
rolides were found in the river at enhanced concentrations (up to
approx. 30 pg/L total). The observation of a declining gradient of
macrolide concentration from the discharge site might be due to
further dilution of macrolides with the river water and/or some
elimination processes such as sorption and degradation. However,
reverse situation observed occasionally indicates that the industrial

Toxicity of effluents to freshwater organism. Toxicity to algae is expressed as the lowest ineffective dilution (LID) at which growth inhibition of <5% was observed. Toxicity to
Daphnia is expressed as the LID for which <10% of the fleas were immobile. Recorded values higher then permitted® are marked in bold.

Sampling campaign

Alga Pseudokirchneriella subcapitata

Water flea Daphnia magna

Company 1 Winter >32 16
Spring >32 5
Summer 12 2
Autumn 4 2

Company 2 Winter 1 1
Spring 3 1
Summer 4 2
Autumn 10 2

Maximal permissible value® 3 2

2 Maximal permissible value for pharmaceutical effluents discharged into surface water (Official Gazette of the Republic of Croatia 80/13, 43/14, 27/15, 3/16).
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Characterization of macrolide resistance in clinaaad environmental isolates from
macrolidepolluted and unpolluted river sediments (working title)
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ABSTRACT

Environments polluted with high levels of antibiotics released from manufacturing sites can act
as a source of transferable antibiotic resistance (AR) genes to human commensal bacteria and
pathogens. The aim of this study was to evaluate AR of bactef@eddrom Sava river
sediments (Croatia) at the discharge site of effluents from azithromycin production, and
compared to those from upstream site and a clinical setting in Croatia. A total of 228
environmental strains were isolated, with 124 from thehdigge site and 104 from the upstream

site. In addition, a total of 90 clinical streptococcal and staphyloccocal isolates obtained from
the Croatian Reference Center for Antibiotic Resistance Surveillance were analyzed.
Sequencing of 16S rRNA gene of emwvimental isolates showed that the genus
Microbacteriumdominated at both river sites, followed Bacillus at upstream site and
Cellulosimicrobium, Brevundimonas, Enterococcus, Streptoccaed€hryseobacteriunat

the discharge site. Screening of all &ek by PCR for the presence of 11 relevant macrolide
resistance genes (MRGs) showed #@u8 % of discharge isolate4,6.3 % of the upstream

strains and nearly 60% of clinical isolates carried at least one MRG. Discharge isolates
demonstrated greater detion frequencies for 4 gene targetsnB, msiE, mple andermF)
compared to upstream isolates. Among clinical isolates, the most frequently detected gene was
ermB, followed bymsiD, mefA/E andmefC. Discharge site demonstrated a greater abundance

of isolates with ceoccurence of two different MRGs (predominantlysrEmphB than
upstream site, but lower abundance than clinical sources (most commsBlymeE). The
simultaneous presence of three or even four MRGs was specific for discharge and clinical
isolates, but not for upstream isolates. When MRG results were sorted by gene mechanism, the
ribosomal methylationefm) and protection genesnér) were the most frequently detected
among both discharge and clinical isolates. Additionally, the efih@ftgenes dominating

among clinical isolates were poorly represented among discharge isolates. Following
sequencing, high nucleotide sequence similarity98 %) was observed betweenrnB in
discharge isolates (mainly streptococci and enterococci) and cliniegtastoccal isolates,
suggesting the possible transfer of teemB gene between bacteria of clinical and
environmental origin. Our study highlights the importance of environmental bacterial

populations as reservoirs for AR genes.
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INTRODUCTION

Overuse and misuse of antibiotics in human and veterinary me@oome of the key
drivers of the emergence and spread ofogotic resistanc€AR), whichis a serious threat to
public health and clinical mediciveorldwide (UNEP, 2017; WHO, 2014).nAbiotic resistah
bacteria and their AR genes, howevae notlimited to the clinic;rather,they arealready
prevalentin the natural environment Pollution of the environment with antibiotics further
increased the amount sfichresistanc&eterminant¢BengtssorPalme et al., 2014; Cacace et
al., 2019) or dissemination of AR through horizontal gene transfer (HGT) (Heuer and Smalla

*R Q ]iRMeiAq et al 2019). ®veral studiehave documentesimilar or even identical
AR genesbetween environmentadbacteriaand clinical isolates (Forsberg et al., 2012;
Humeniuk et al., 2002; Poirel et al., 2008)ggesting the movement of AR genesveen the
environment and the clini®©f particluar concern are environments impacted by discharges
from antibiotic manufacturing facilities as such environments often contain very high levels of
antibiotics contributing to the selection and/or inductionA& in environmental bacteria

WKURXJK PXWDWLRQV RU +*7 .ULVWLDQVVRQ HW DO
*R Q] i®laZa et al., 2019, BengtssBalme et al., 2019). These environments with both high
abundance and diversity of AR genwere, thus, considered as 'hotspots' for resistance
development, maintenance and/or transmission (BengBalome et al., 2018). In order to
recognize aneévaluate thdull risks associated witAR in the environmenand its relation to
human health rks scenarios, the role afuch 'hotspotsas a point source and route of

disseminatiorof resistant bacteai cannot be ignored.

Macrolidessuch as azithromycifAZM) are one ofthe most successful avddely
prescribed antibiotics in the worlsh addition they have been recently classified ashighest
priority critically important antibiotics for human medicif&/HO, 2017). AZM and other
macrolides have been largely used to treat infections caused byp@siiae bacteria such as
StreptococusStaphylococcusr Enterococcusand as a substitution forlactams in patients
with penicillin allergies(Golkar et al, 2018) Besides, they do have goadtivity against
variousGramnegativebacteria likeCampylobactespp.,Haemophilus influenzaa Neisseria
gonorrhoeagand other organisms suchMgcoplasmaChlamydia Bordetellaor Moraxella
species(McKenna ad Evans 2001). These antibiotics inhibit bacterial protein synthesis
through binding to the 23S rRNA in the large ribosomal subunit (BD&ps, 2017; Fyfe et
al., 2016) However, macrolide therapy istely becoming ineffective due to increasing
maaolide resistance among clinically relevaqnatthogensncluding group A streptococci and
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88 invasiveS. pneumoniastrainsin Croatia as well as iNorway and Hungary (ECDQ019;

89 7TDPELUO $QGUD&HYLU HW DO '"LITHUHQW R®BEROLGH |
90 described, leading tresistance througharious mechanismsuch agibosome modifications

91 by rRNA methyltransferase@rm gene$, macrolide efflux pumpsnfef genes), ribosome

92 protection by ABGF type proteins and GTPase proteimsi(genes andhflX) or macrolide

93 inactivation mediated by phosphotransferasegpli genes) or esterasesré¢ genes)(Dinos,

94 2017; Duval et al., 2018; Fyfe et al., 2018yditionally, different plasmignediated MRGs

95 have been identified, such asmB, ermC, mphG, msiE, mefC andmphe (Blackwell et al.,

96 2017;Bonnin et al., 2013; de Vries et al., 2012; McCarthy and Lindsay, 2012; Poirel et al.,
97 2011; Sugimoto et al., 2017). Therefone order to preserve effectivenes of these valuable
98 antibiotics, it is important to understand resistance mechanisms in lmthlgbathogens and

99 environmental bacteria exposed to high levels of antibiotics. Howeveur best knowledge,

100 no previous research has investigateldat kind of bacteria are harboring the resistance

101 determinantsn heavily macrolidepollutedenvironment

102 This study was carried out on the two sites along the Sava river, one directly at the
103 discharge point of effluents from AZroduction industry and a second site upstream of
104 discharge (reference siteYo LHOHQ HW DO 0 LR28uNsR-ohbaur i révid©

105 studies demonstrated high concentrations of macrolides, particularly AZM (up to 10 mg/kg),
106 increased levels of MRGsnpHE, mphG, msiE, mefC andermB) and MGEs (IncFL plasmids

107 and class 1 integrons) as well as increased rate of plaseddhted transfer of MRGs in

108 sediments from the dischargereference site * R Q¢#Plaza et al.2018, OLODNRYLU HW
109 al., 2019) These sediments may thus act as a reservoir from which resistance genes could be
110 transferred to pathogensto the normal commensal bacteria that coexist within and on humans
111 (Vikesland et al.2017). The present study thus aimed to investigate the prevalence of MRGs
112 in sediment isolates from the discharge and upstream site as well as in clinical isolates of
113 relevant pathogens from Croatian nearby hospitals. We used both -cldpherdent (plating

114 ard turbidity-based methods) and independent methods (16S rRNA gene sequencing, PCR of
115 MRGs and sequencing) in order to link specific MRGth#&ir bacterial hosts in environmental

116 settings, which would help to targappropriate control and mitigation stgtes Moreover,

117 selected MRGs were compared among environmental and clinical isolates in order to make a
118 potential link between the environment with high selection pressure from macrolides and MRGs
119 in bacteria found in Croatian clinics.

120
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MATERIALS AND ME THODS
Antimicrobial agens and media

The atibiotics azithromycin (AZNj, erythromicin (ERY), clarithromycin (CLA),
tetracycline (TET), ampicillin (AMP)and ciprofloxacin (CIP)as well as the antimycotic
cycloheximide (CHX) used in this study were purchageth SigmaAldrich (Taufkirchen,
Germany). Culturemedia included Mueller-Hinton broth (MHB, purchased fromMerck
(DarmstadtGermany, R2A broth, purchased from Lab M Ltd. (Heywood, UK), &wlumbia
agar, purchased from MAST Group Lt@8optle, UK). Mueller-Hinton agar (MHA)and R2A
agar plates were made by amending MHB or R2A broth with 1.5 % agar (BioLife Italiana).
Defibrinated horse bloodndyeast extracivere obtained fromBiognost(Zagreb,Croatia)and
BioLife Italiana (Milano, ltaly), respectiely. Staph/Strep selective supplemd®VS) was
purchased frolMAST Group Ltd.(Bootle, UK).

Study site and sampling of river sediment

Sediment samples were collected from the Sava,rigeated in the northvest of
Zagreb(Croatig on February 2016This river receives the wastewater effluents from the
pharmaceutical industry producing antibiotic azithromycin and was previously shown to be
heavily polluted with macrolide antibiotics, especially at the site of effluent discfBiegjen
HW DO 0 L O D N RSuféiceHs@dinnedt samplesi0 cm) were collected from
this discharge site (DWO0) and reference site located 7.5 km upstream of discharge (UP) as
previously described (Gornlez-Plaza et al., 2018). Briefly, foisediment sulsamples were
collected with a plastic core tube from each site, transported to the laboratory on ice and
composited into one sediment sample per site. A subsample of that composite was removed for
culturing of macrolidaesistant bacteria angrocessed within 6h. Another subsample was
frozen at-80 f &or later DNA extraction.

Isolation of macrolideresistant bacteria from river sediments

Macrolideresistant bacterial strains were isolated fidW0 and UP sedimemsamples
by the spread plate ri®d.One g of each sediment sample (wet weight) was vortexed in 9 mL
of physiological saline (0.85 % NacCl). The heavy particles were allowed to settle for 1 min and
1 mL of the supernatant was used to prepare the dilutions. Sevdotl ilutions (0.1 mL)

were plated on different culture media supplemented with AZM at a final concentration of 15
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mg/L. This concentration was selected according toGlwical and Laboratory Standards
Institute (CLSI) quidelines (2015) where most of isolates categorized asld@aresistant
exhibited MIC valuese 8. For isolation of diverse bacterial species from sediments, three
different culture media were used: R2A agar supplemented with yeast extract (5 g/L) to select
for heterotrophs and MHA with S/S as well as Columigiaravith S/S and defibrinated horse
blood (5 %) to target Graipositive cocci, particularly streptococci and staphylococci. All
media were supplemented with CHX (100 mg/L) to inhibit furg@wth. All plates were
LQFXEDFWHG DHURELFQIay§ expeyt for Cokimbi@dgar plaéRvhich were
LQFXEDWHG DW f& IRU GD\V $IWHU LQFXEDWLRQ PRUS
streaked on theamemedia to obtain pure culture$he isolated strains were stored at f &

in MHB containing M (4 mg/L) and 20 % glycerol.

Clinical isolates

This study was conducted on a collectiorstseptococal and staphylocoat clinical
isolatesobtained from the Croatian Reference Center for Antibiotic Resistance Surveillance. A
total of 90 macrolideesistant clinical isolates were collected in a period from April 2014 to
August 2018 from various clinical specimens including throat, pharynx, nasopharynx, tonsils,

ear canals, ulcer and skin wounds.
| dentification of environmental and clinical isolates

Environmental and clinical AZMesistant isolates were identified by 16S rRNA gene
sequencing. Extractions of the total DNA of the isolates were perfousiad aproteinase K
protocol & KgQHE\ HWami®e 16S rDNA was amplified by PClsing primers 27F
and 1492RLane, 199) ZLWK WKH IROORZLQJ SURJUDP GHQDWXUDWL
by 35 cycles consistingof f& IRU \% f& IRU V DQG f& IRU PLQ
DW f& IRU PLQ 3XULILFDWLRQ RI 3&5 SURGXFWYVY DQG W
27F or 1492 primewas carried out byMacrogen DNA Sequencing ServicAnisterdam,
Nethetands) The obtained sequences were edited using the Chromas Lite v2.6.6.
(Technelysium, Australjeand compared against the sequences available in the National Center
for Biotechnology Information (NCBI) database using the BLA®Togram (Altschul et al.,
1990).The 16S rRNA sequences were depositett@NICBI Sequence Read Archives (SRA)
under accession numbers MN9232481923515 (environmental isolates) and MN922958
MN923046 (clinical isolatgs Taxonomic diversity of environmental isolates was assessed
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using he ShannoiWiener diversity index (H) FDOFXODWHG DV GHVFULEHG SU
.ROLU HW BIG- A,/ Z¢ZKHUH AS3 LV WKH SURSRUWLRQ Q1
particular species found (n) divided by the total number of indiRiddV IRXQG 1 DQG AvV3

number of species.
Macrolide-resistarce genedetection

All AZM -resistant isolates (environmental and clinical) were screened bpoemd
PCR for the presence of 11 relevant macrete@stance genes (MRGs) according to the
methods described previously (Table 1). Target MRGs comprized of 4 ribosomal methylation
genes €rm), 2 macrolide efflux geneamgf), 3 ribosomal protection genemgr, 1 gene
conferring resistance through enzymatic modification of macrolides) and 1 geneoding
for GTPase binding proteinkf(X). Each PCR reaction was carried out in a total volun#bof
-+ containingl5 & of EmeraldAmpMax PCR Master Mix @kara Biotechnology, China),
0.4 -M of each primer (Table 125 ng of DNA and8 - of DNA-free water. Negative and
positive controls (bacteria carrying the MRG included in the study) were used to validate the
UHVXOWY 7KH DPSOLILFDWLRQ FRQGLWLRQV ZHUH DV IROC
V DW fé& -dpedfitvanitHQGILQJ WHPSHUDWXUH 7DEOH HO|
GXUDWLRQ VSHFLILF IRU HDFK JHQH 7DEOH DQG ILQDO H
of the expected fragment sizes were verified by gel electrophoresis on 1% (w/v) agarose gels

(SigmaAldrich, Germany).

All positive ermB, mefA/E, mple and msD PCR products were purified and- bi
directionally sequenced by Macrogen using the same primers that were used for PCR screening.
In order to discriminate betweamefA andmekE, sequence analysis wasbkd on the presence
of BamHI and Dral restriction sites as previously suggested (Grivea et al., R Bsulting
sequencewereedited as mentioned aboaed comparedith reference sequences in the NCBI
database using the online BLASTX search. NuatkEngquencesvere aligned and compared
using ClustalX softwarehtp://www.clustal.org/clustal®/ Phylogenetictrees were inferred
using NeighbotJoining (NJ) analysis witlthe software MEGAX (Tamura et al., 2013)

Bootstrap values were calculated based on 1,000 replicatidrygogBnetic treg were
visualizedwith Interactive Tree of Life (ITOL) softwaréd(tps://itol.embl.dg/ The nucleotide

sequences oérmB, mefA/E, mplE and msiD genes were deposited ihetNCBI under
accession numbers MT3376861337738 MT345159MT345176 MT317316MT317331,
MT321146MT321166andMT330117.
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Table 1.Primers and PCR conditions used for detection of macrodisistance genes.

Target An_1p|icon Primer sequence (%) Tm*/ Elongation Numberof Reference

gene size/bp f& time cycles

ermA 645 F: TCTAAAAAGCATGTAAAAGAA 53 1 min 35 OLaLU HW D
R: CTTCGATAGTTTATTAATATTAG

ermB 639 F: GAAAAGGTACTCAACCAAATA 51 1 min 30 Gygax et al., 2006
R: AGTAACGGTACTTAAATTGTTTAC

ermC 642 F: TCAAAACATAATATAGATAAA 51 45 sec 35 OLaLU HW D
R: GCTAATATTGTTTAAATCGTCAAT

ermF 466 F: CGGGTCAGCACTTTACTATTG 59 45 sec 35 Roberts et al.,
R: GGACCTACCTCATAGACAAG 1999

mefA/E 1759 F: GCGTTTAAGATAAGCTGGCA 55 2 min 35 Grivea et al.,
R: CCTGCACCATTTGCTCCTAC 2012

mefC 1156 F: GGCTGGACAGTTTGCTTC 52 2min 30 This study**
R: CATTAAGTTGCGAGTGCTAAAC

msrA 940 F: GGCACAATAAGAGTGTTTAAAGG 56 1 min 35 OLALU HW
R: 2017
AAGTTATATCATGAATAGATTGTCCTGTT

msrE 1352 F: GCGAGAAACATACGCTTG 53 2 min 30 This study**
R: GGTCAAGATAGTTTCCTGGTTC

msiD 1202 F: TGCCTATATTCCCCAGTTG 57 1.5 min 35 Amezaga et al.,
R: GTAATCGTTTATCGTGGGTG 2002

mphE 855 F: CACTTGCTGAAGCACACG 53 1 min 30 This study**
R: CTCCCAACTGAGCTTTTGC

hflX 1191 F: CTGAAGACCGAAGAGCCATC 58 2 min 30 This study**

R: CTTCGACCAGTGTACCTTCTTCC

* annealing temperature
** primers were constructed based on sequences of previously identified macesistance genes* R Q ] i-Bl&kh et al.,
2018)using DNASTAR Lasergene software package (v14.0) software

Antibiotic susceptibility testing

All MRG-positive isolates (environmental and clinical) were evaluated for resistance t
six antibiotics from four classes: (i) macrolides: AZM1gh-128 -¢/mL), ERY (0125128
-g/mL), and CLA (0125128 -g/mL), (ii) tetracyclines: TET (228 -g/mL), (iii) -lactams:
AMP (0.125-128 -g/mL), and (iv) fluoroquinolone<CIP (0.2516 -g/mL).

Resistance was estimated by determination of minimum inhibitory concentrations
(MICs) using a 96well broth dilution method according to the Clinical Laboratory Standards
Institute (CLSI) Guidelines M10624 (CLSI 2020) and M45 (CLSI 2019)he wells contmed
0.09 mL ofMHB or MHB supplemented with 5%ysed horse bloodgeneraStreptococcus
Arthrobacter Microbacterium, CellulosimicrobiumAerococcusandLactococcupsand serially
diluted target antibioticBacterial culture suspensions grotenlog phasewere adjusted at a
0.5 McFarland turbidity and an aliquot of 0.01 mL of each bacterial suspension was inoculated
into each wellMicroplates were incubated ford8th at 35  f i air (environmental isolates
exeptAerococcusp.) or in air with 5 % Ce(clinical isolates anderococcusp.). The MIC
was identified as the minimum concentration at which visible growth was inhibited (compared
to a positive growth control). Susceptibility results were interpreted accorditige ©OLSI
breakpoints (CLSI 2012020).
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RESULTS AND DISCUSSION

Evidences show that some of the resistance genes that we see in clinical pathogens
originate from norpathogenic environmental bacte(Reterson and Kaur, 2018)here are
concerns that heavy environmental pollution with antibiotics from manufacturingnsigs
increase the recruitment of resistance genes to clinically relevant pathogens. However, the role
of antibiotic pollution in this context is still not clear. We used a combination of standard culture
and molecular methods (PCR and sequencing) to isolateclsadcterize AZMresistant
bacterial strains from macrolig®lluted and unpolluted river sediments as well as from
Croatian hospitalsin order to compare macrolidesistance mechanisms between

environmentally and clinicallyacquired isolates.
Diversity and phenotypic resistance bhcterial isolategrom river sediments

Culture on three different media supplemented with AZM allowed us to isotatala
of 228 bacterial strainffom the Sava river sedimentsijth 104 from theJP site and 124 from
the DWO site Although standard culturing is known to underestimate the actual microbial
diversity, it still remains important method for detailed characterization of individual bacterial
strains allowing linkage ofntibiotic resistance phenotypes ttte genat basis of these
phenotypesAnalysis of 16S rRNA genesequenesand calculation of th&hannoAwWiener
diversity (H) showedthat isolates from DWO site were more diverse (H=2.73) than isolates
from the UP site (H=1.43). Higher diversity at DWO site magX@ained either by deposition
of AZM-resistant bacteria via discharge of AZibduction effluents (Bielen et al., 2017)
and/or by proliferation of AZMresistant bacteria resident to sediment as a response to increased
concentration of macrolides (up2d mg/kg) and nutrients at DWO compared toWPLODNRY L
et al., 2019)

Actinobacteriawere found to be most prevalent among isolates from both sites (UP,
57 %; DWO, 52 %) (Fig. 1A). However, there were considerable differences in the prevalence
of isolates belonging to phyRirmicutes Bacteroidetesand Proteobacteriabetween the two
sites. The=irmicutesisolates were more frequently isolated from UP site than from DWO (UP,
42 %; DWO, 20 %)which is in contrast with our previous findings obtained by lllurbaged
16S rRNAgene sequencingOLODNRY LU HMWisMifference in findings may be due to
unoptimzed culture conditions to grow and isolakrmicutes members. In contrast,

Proteobacteriasolates were more frequently isolated from DWO site than from UP site (DWO,
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268 22 %; UP, 1 %), whil8acteroidetessolates were isolated only from the DWO site (Hig).
269 The higher proportion oProteobacteriaand Bacteroidetesat DWO vs UP is consistent with
270 our previous lllumingbased findings OLODNR Y L U Howt aB®with several other studies
271 conducted on antibiotipolluted aquatic bacterial communitig&istianssoret al., 2011; Li et
272 al., 2010.

273 The most dominant geisat bothDWO and UPsites wasMicrobacterium representing

274 42 % and 30 % of the total isolates from DWO and UP, respec{iValyle S1Fig. 1B) and

275 displaying resistanc® all three tested macrolides (Mi£ ery, cLa > 128 —/idL) (Table S2)

276 This genus is known to be ubiquitous in aquatic environments including river sed{lgents

277 etal.,, 2017; Pashang et al., 2018t it has also recently emecgas a opportunistic human

278 pathogernwith acquired resistande macrolidegGneiding et al., 2008; Sharma et al., 2013)
279 Bacillus and Cellulosimicrobiumwere the two other dominant genera among the isolated
280 strains, with Bacillus licheniformis domindging among UP isolates(33.6 %) and

281 Cellulosimicrobiunsp. among DWO isolateg.3%). All Bacillusisolates exhibited resistance
282 to all three tested macrolides (Mi&: ery, cLa > 128 —/L) (Table S2) as consistent with

283 previous reports iBacillusisolates from environmental samples (Barbosa et al., 2014; Song et
284 al., 2019).The Cellulosimicrobiumisolates from the DWO & were resistant to macrolides
285 (ERY, AZM, CLA) and intermediate resistant to fluorogionolones (CIP) (Table S2). This genus
286 has pevioulsy been isolated from heametalpolluted wastewaters and exhibited resistance
287 to both heavy metals and various antibiotics including macrolides and fluroquinolones
288 (Bharagava and Mishra, 2018)herefore pollution ofthe DWO sediments with heavy metals,
289 especiallyCuDQG =Q OLODNRYLUOU HW DO of Ceflidsimizrolituth SURO L |
290 at DWO site.Furthermore, other most frequenilolated strains from DWO site included
291 Brevundimonag7.3 %) Enterococcugb.6 %) Streptococcu$t.8 %)and Chryseobacterium

292 (4.8 %)(Fig. 1B, Table S1)Members ofEnterococcusand Streptococcuspp.are clinically

293 relevant.Enterococcugsolateswere mainly shown to be resistaot ° DQWLELRWLF FOI
294 L Q F O Xladtamsd (AMP) which could be probldor the treatment of @éarococcal infections

295 (Arias and Murray, 2012; Gagetti et al., 201S)reptococcussolateswere resistant tdoth

296 macrolides MICaz, ery, cLa ! —J P/ Dlec@dms (AMP)(Table S2).Given that

297 macrolides and penicillins are the basis of firs¢ therapy for respiratory tract infections
298 caused by streptococc€Fernandes et al., 2013; Fyfe et al., 20J1jection caused by

299 macrolide and penicilinresistant streptococci may lead to treatment failure.

300
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301

302 Figure 1. Percentage of isolates fropediments at two sites (upstream and discharge) at the
303 (A) phylum/class and (B) genus levels. Taxa with prevalence below 3% in all samples were
304 presented as a low prevalent genera.

305
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Prevalence omacrolide resistance genes and mechanissnsong environmerdl isolates

All environmental bacterial isolates were further analyzed for the presence of 11 MRGs
that were previously identified in the studied area by functional or shotgun metagenomics
(ermB, ermF, msiE, msiD, mefC, mphE andhfl ; *R Q] t@dz2gd etal., 2018; Bengtssen
Palme et al 2019) or recognized as clinically relevamt, ermC, msiA andmefA/E). Target
MRGs were more prevalent among isolates from DWO site (n=58, 46.8 %) than among those
deriving from UP site (n=17, 16.3 %), suggesting thalisent at the discharge site is a
reservoir for MRGs possibly originating from industrial sources. As shown in Fig. 2A, 7 out of
11 target MRGs were detected in upstream isolat@d~( msrA, msiD, msiE, meE, mpHe and
hflX). This indicates the persistancé various MRGs in sediment bacteria even when
macrolide concentration was very 1d@.04 mg/kg) or absent (Milakowi HW D D The
most prevalent MRGs among upstream isolates \Wwéke (3.8 % of isolates), detected in
Bacillus isolates only, andernF (3.8 %), detected irBacillus, Microbacteriumand
Arthrobacterisolates. All these isolates exhibited resistance to all three macrolides (Table S2).
To our knowledge this is the first report &iflX or ermF genesin these genera

(http://faculty.washington.edu/marilynr/ermweb4 yduggesting their potential role in the

intrinsic macrolide resistance in these isolates from UP site. Although the mechanism conferred
by HfIX -like protein, which rescues stalled ribosomes by separating theimsishis relatively

new, it is believed to be shared by numerous environmental bacteria, partianhemyg the
members of the phylurirmicutes(Duval et al., 2018)The remaining MRGs investigated

(ermA, ermB, ermC andmefC) were not found in anigolate from UP site.

Approximately 50 % isolates from DWO site were positive for et least one MRG, and 9
of 11 target MRGs were detectable among them (Fig. 2ahe&rmA andermC were not
detected in any of thdischargeisolates. This indicates that the AZMesistant discharge
isolates could also harbor other MRGs not investigated in this study or genes-fpeautfic,
multi-drug efflux pumps responsible for macrolide resistance (Delmar et al., 2014; Sun et al.,
2014). The most frequently detected gene B (18.6 %of isolates), followed bynsiE
(13.7%), mptE (137%) andermF (9.7%) (Fig. 2A). TheernmB was found primarily in
Enterococcusand Streptococcuspecies (Table S2)as consistent with previous frequent
detection of this gene in enterococci and streptodomei environmental and clinical samples
(Harimaya et al., 2007; Okitsu et al., 2005heermB is typically associated with conjugative
transposons (Kitsu et al., 2005Roberts and Mullany, 2011) amptasmids (Lim et al., 2006;
Poirel et al., 2011; Teuber et al., 2003), which facilitates its dissemination across species.
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Streptococcal species have been shown to exchange conjugative transposons via transformation
in addition to conjugationGhancey et al., 20)5and exposure to antibioticstimulates
transformationin thesespecies(Prudhomme et al., 20067l of this suggests that strong
macrolide pollutioQ DV SUHYLRXVO\ REVHUYHG DW ': VLWH OLODNR
to the expansion oermB-mediatedmacrolide resistaze amongenvironmental streptococci.

This may be of clinical concern as macrolides are often used in the treatment of ngspirato
infections caused by streptococci. BesiéesB, ermF gene was found in various Gram
positive and Granmegative genera at DWO site (Table S2), some of which have not been
previously reported as hosts @fmF gene, such aarthrobacter Bacillus Microbacterium
Lysinibacillus Chryseobacterium Trichococcus and Brevundimonas
(http://faculty.washington.edu/marilynr/ermweb4 Jodfhe ermF was previously found to be

particularly resposive to high levels of macrolides among activated sludge community
(BengtssofPalme et al., 2019). When MRG data were sorted by gene mechanisimetihe
resistance mechanismere present in considerably greater frequency in discsoigéeshan

the pstream isolate3.hese included the ribosomal methylatiem@ andermF genes, total

28.2% of discharge isolates) and protectioms(E, msiD andmsrA,; total 16.9%) as well as

macrolide enzymatic inactivatiomphe, 13.7 %) (Fig. 2A). This hints at thpossibility that

these mechanisms may represent the most effective means of decreasing exposure of sediment
bacteria at DWO site to very high concentrations of macroligés(J N J OLODNRYLU HW
2019). Efflux pumpsriefA/E, mefC) and a ribosomassaiated GTPasehflX) were the least

prevalent mechanisms, represented.i?% and3.2% discharge isolates, respectively.

Further analysishowed that majority of MR@ositive isolates from both UP (88.2 %
of isolates) and DWO sites (72.4 %) harborely @ame mechanism of resistance to macrolides
(one MRG)(Fig. 2B). However, when comparing the percentage of isolates harboring two or
more MRGs between the two sites, higher proportion of isolates with two different macrolide
resistance mechanisms was detd at DWO site (24.1 % vs 11.8 %)he most frequently
found dual mechanism in these isolates involsedbosomal protectiogene(msiE) and a
macrolideinactivation genémplE). This gene cluster was detected in various Gnagative
proteobacterial genera Citrobacter, Acinetobacter Comamonas Rhodobacter and
Stenotrophomonas (Table S2) likely originated from effluentassociated bacteria as
demonstrated by our recent study R Qéz-Plaza et al., 2(8). However,we also detected
mprE-msIE genes inAcinetobactelisolate from UP site (Table S2), indicating that it can be

also present in resident sediment bacteria. Although macrolide resistance in above mentioned
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Gramnegatve species is not clinically importadlRGs might be mobilized undenacrolide
selectivepressure antiorizontallytransferred to other bactayincluding relevant pathogens
inside or outside the environmefithis mobility is further supported by the fabat mpte-

mSsIE is typically located on conjugative plasmids as observed in our recent study (unpublished
data) and other studi¢Blackwell and Hall, 207; Kadlec et al., 2011; Zhang et al., 2013)
Interestingly, isolates with the simultaneous presence of three or four macrolide resistance
mechanisms werédetected only at DWO site (3%) but not at UP site (Fig. 2B). Triple
mechanismsconferred byermF-msiE-mpHe geneswere detected in Citrobacter freundii,
whereas quadruplemechanismsencoded bymefA-msiE-mpHE-hflX gene were found in
Acidovoraxsp. (Fig. 2B, Table S2)These observatiorsuggest the importance of acquiring
multiple macrolideresistane mechanisms in the adaptation of bacterisenwironmental

conditions in which the environment is foll antibiotics

Figure 2. Distribution of single macrolideresistance genes (A) and macrolidsistance
mechanisms (B) in environmental isolafiesn sediments at upstream and at effluent discharge
site.Graph A shows % of isolates with single macrolide resistance gene in relation to the total

number of isolates from a particular site, while graph B shows % of isolates with one or more
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390 resistance mchanisms (RM) in relation to the number of isolates harbouring at least one
391 macrolideresistance gene.
392
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Diversity of clinical isolates and distribution of macroligesistance genes

Sequencing of 16S rRNA genes of 90 clinicadlatesanalyzed in the qgsentstudy
revealed thamajority of them(84 isolates93.3%) belonged t&treptococcugenus with the
mostabundanspeciesStreptococcupyogeneg56; 62.2 %) and Streptococcus dysgalactiae
(17; 18.9%) (Table 2). Both these species are an impopathogens that cause throat, skin
and soft tissue infections, but also {tfeeating infections such as sepsis and toxic shock
syndrome(Barnett et al., 209; Laabei and Ermert, 2018)hesestreptococcaisolateswere
mostly resistant (MIC 2 — J Pté all threemacrolide§AZM, ERY, CLA) and tetracycling
(TET), whereas only on&. pyogenessolate showedadditional intermediateesistance to
fluoroginolones (CIP)Table2). A smaller proportion of clinical isolate$ (solates6.7 %)
belongedo Staphylococcugenusand included. aureus, S. epidermidiadS. warneri(Table
2). These species are known to cause a wide range of human mgepaaticularly skin and
soft tissue infectiongLegius et al, 2012; Otto, 2009; Tong et al., 2019}he isolates of
Staphylococcugienus were mostly resistant to ERY and AMP, while ddlyepidermidis
showed additional resistance to TET (Table 2).

Table 2.Phenotypic and genotypic characteristics of the stutlieital isolates.

Genus Specieqn) MRGs Antibiotic r esistanceprofile

msiD

ermB
ermB+ermC
mefC
mefA+msmD
meE+msD
ermB ERY; AZM; CLA; TET; CIP
ermB ERY; AZM; CLA

mphe
ermB+msiD
mefC+mplE
meE+msD
msiD
meE+msD
mphE ERY; AZM; CLA
ermB+mpHe
ermB+msrA

mefC

meE+msD
meE+ermB+msiD
mefC

meE+msD

Streptococcus

ERY; AZM; CLA; TET
S. pyogenes

(56)

ERY; AZM; CLA; TET

S.
dysgalactiae
17)

S. salivarius

(©)

S. anginosus

)

ERY; AZM; CLA; AMP

ERY; AZM; CLA; AMP

P RINMNNRPRRPRDRRRERRPRORRNONNREOOR 2
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S. _ 1 meE+ermB+msD  ERY; AZM; CLA; TET; CIP

E)Zn)eumonlae 1 ermB+msiD+mphE ERY; AZM; CLA; TET

S. agalactiae 1 ermB ERY; AZM; CLA; TET; CIP

2) 1 ermF ERY; AZM; CLA
Staphylococcus 5. qureug?) 1 meE ERY; AMP

S. epidermidis 1 ermC ERY; AZM; CLA; TET; AMP

(2) 1 mefC+msiA ERY; AZM; CLA; AMP

0 ND NA

S. warneri(2)
n - the total number of isolates belonging to the same speciesnunber of MRGpositive isolates; MRG+
macrolide resistance genes. ERY erythromycin; AZM = azithromycin; CLA % clarithromycin; TET %
tetracycline; AMP xampicillin; CIP zciprofloxacin.ND znot detected; NAtnot analyzed.

PCR screeningf 90clinical isolatedor 11 MRG targetshowed that 51 of them (57%)
carried at least one of tl&targets Fig. 3A). The most frequently detected gene easB
(24% of isolates),dllowed bymsmD (21%),mefA/E (16,7%) andnefC (12,2%). GenesrmA,
msiE andhflX were not detected in any of the clinical isolates. GeneB andmefC were the
most frequently detected 8treptococcus pyogenes, casistent with previous report®n the
other handmsiD andmeE were the most commonly detectedSimeptococcus dysgalacticae
(Table 2). The other MRGsnpltE, ermC, mstA andernF) were less prevalent and found in a
total of 10 isolatesStreptococcus dysgalactiae, Streptococcus poeias, Streptococcus
pyogenessStreptococcus agalactia@nd Staphylococcus epidermigisWhen the MRG data
were sorted by gene mechanism of actibwe, efflux genesnjefA/E and mefC genes; total
28.9 %) werelte mosiprevalent, in stark contrast to erommental isolates from the discharge
site where thesenefgenes were poorly represented (2} (Figs2 and 3. The other two
dominant mechanisms of action among assayed clinical isolates were the ribosomal methylation
(ermB, ermC andermF; total 27.7 %) ad protection genesnsiD, andmsrA; total 23.3 %),
similar to observations among discharge isolates. Nevertheless, notable difference between
clinical and discharge isolates was in gene variants responsible for ribosomal protection
clinical isolates contained predominanthsiD, while environmental isolates calignainly
msiE. (Figs. 2Aand 3A.

Besides single MRG per isolate, theexastence of two or three MRGs was detected in
17/51 (33%) and 4/51 (8%) MR@ositive clinical isolates, respectively (Fig. 3B). The most
frequent detected combination of MRGs amamgse isolates wassmD-mek, a dual efflux
pump responsible for higlevel macrolide resistance which has been reported previously for
streptococcal isolateéAmbrose et al., 2005Fyfe et al., 2016; Schroedet al., 2019
Wierzbowski et al., 2005)This dual efflux pump has been often associated with Mega,
Macrolide Efflux Genetic Assembly and derivative transposorZ)T8and Tn2010(Fyfe et
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al.,, 2016). Combinations of three MRGs includiegmB-msiD-meE was detected in
Streptococcus pneumoniaedStreptococcus salivariughile ermB-msiD-mphe was detected
only in S. pneumonia€¢Table S3). TheermB-msmD-mekE cluster has beedetected in an
increasing number db. pneumoniaésolates worldwidgBowers et al., 2012; Farrell et al.,
2008; Schroeer and Stephenf016) probably due to association with the transposd0If
containing bothermB gene and the Mega elemdiiel Grosso et al., 200&chroeder and
Stephens, 2016

Figure 3. Percentageof single macrolidgesistance genefA) and macrolidaesistance
mechanisms (B) identified in clinical isolates. Graph A shows % of isolates with single
resistance gene in relation to the total number of isolates tested, while graph B shows % of
isolates with one or more resistance mechasifRM) in relation to the number of isolates

harbouring at least one macrolidesistance gene.
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453 Comparison of selected MRGs from clinical and environmental isolates

454 Four MRGs representing the most dominant mechanisms of aetene selectedor

455 furthersequence analysis: @mB, the most commonly detected gene in both environmental
456 and clinical isolates, (iimefA/E andmsID genes, more frequently found in clinical isolates,
457 and (iii) mpHe, more frequently identified in environmental igela The nucleotide sequences
458 of all four analyzed MRGs were highly similas 98 %) to the nucleotide sequences deposited
459 in the NCBI database.

460 Phylogenetic analysis of the nucleotiode sequences oérthi® gene found in both

461 sediment isolates from the discharge site and clinical isolates revealed two different genotypes
462 separated in two distinct clusters (1 and 2). Although there isdnigB sequence homology

463 (> 98 %) between these two salosters, varihility in the sequence may indicate the origin of

464 ermgenes found in isolated strains. The genotype associated with cluster 1 has been mostly
465 found in environmental isolates from DWO site (20/25) (the gerlgrainibacillus

466  StreptococcusAerococcus Microbacterium Bacillus Enterococcus Cellulosimicrobium

467 LactococcusandTrichococcuy and in 5 clinical streptococci characterized in this study (Fig.
468 4). In contrast, the genotype associated with cluster 2 has been mainly identified in clinical
469 streptococal isolates assayed in this study (15/18), but also in three discharge isolates,
470 including the generdBrevundimonasand Enterococcus Collectively, these observations

471 suggest the possible transfer of #r1@B gene between bacteria of clinical and environtale

472  origin.

473 Phylogenetic analyses ofefA/E andmsiD genes (Figs. S1 and S2), which were mostly
474  associated with clinical streptococcal isolates, showed no clear grouping between clinical and
475 environmental isolates from either UP or DWQesilue to high eerall homologybetween
476 sequenced genes. Interestingly, phylogenetic analysis oh¢ffdE gene revealed two sub
477 groups (Fig. S1), despite previously reported high nucleotide sequence homatogx ahd
478 mekE genes (Roberts et al., 1999). ThefA sub-group consisted of only 2 clinical isolates of
479 S. pyogeneand 1 discharge isolate Atidovoraxsp., suggesting that these threefAefflux
480 pumps are highly similar at their nucleotide sequence level. On the other hamzEhsub
481 group consisted mostlgf clinical streptococcal isolates andvEcrobacteriumisolates from
482 both UP and DWO site. This indicates higieE homology between clinical streptococci and
483 environmentalMicrobacteriumisolates, regardless of macrolide pollution. Similar findings

484 wereobserved for thensiD gene (Fig. S2), whose nucleotide sequences in studied clinical
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streptococci were highly homologous to those in evironmental isolaM&abacteriumand

Bacillusfrom UP site as well aslicrobacteriumandChryeobacteriunfrom DW site.

Regarding the phylogenetic analysisngblE gene, which was mostly found in Gram
negative environmental isolates, we found high nucleotide sequence similarity betpléen
in clinical streptococcal isolatesS.( pneumoniaeand S. dysgalacti@) and environmental
isolates from either UP2(isolates) or DWO sit€14 isolates) (Fig. S3). These observations
suggest that macrolide phosphotransferase MphE founpaihogenic streptococdrom
clinical samples are closely related to those in envietal bacteria, irrespective whether
sediment sampleswere collected from macroligeolluted or unpolluted sediment.
anthropogenic influences. However, despite the high similarity between analyzed genes from
clinical pathogens and environmental isolatdee potential transfer mechanisms of target

MRGs between their genomes remains unknown and should be further explored.
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Figure 4. Neighborjoining phylogenetic tree generated by analysing near comgrieBgene
sequences of environmental isofafeom the effluent discharge site (DWO0) as well as clinical
isolates (HOSP) and strains of its closest relatives retrieved from NCBI databasédfin
Accession numbers are given in front of isolate naBo®tstrap values>600 only) calculated

from 10 resamplings are shown. Scale bar = 0.001 changes/site.
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CONCLUSIONS

This study demonstrates the importance of river sediment exposed to very high levels
of macrolides discharged from azithromyqroducing factory as a reservoir of diverse
macrolideresistant bacteria, including opportunistic pathogens. Besides single MRGs, isolates
from the effluent discharge site demonstrated a greater incidence of -tiezcwence of
multiple MRGs compared to isolates from the upstream site, suggestinqplortance of
acquiring multiple macrolide resistance mechanisms in the adaptation of bacteria to high
macrolide levels. Discharge isolates also showed a greater incidence of the ribosomal
methylation and protection mechanisms compared to upstream suyggsting that these
mechanisms have an important role in defence of bacteria against high concentration of
macrolides. Although the same mechanisms were anmenmostfrequently detected among
clinical isolates, a different variants of these genes pramaarily found between environmental
and clinical sources, with the exception of #/@B gene. The fact that this gene was the
dominant resistance gene in both the dischargelamndal streptococcal isolatemgether with
highermB nucleotide sequent®mology between these isolates suggested a possible exchange
between bacteria of clinical and environmental origin. However, further studies, focusing on
the mobility potential of identified environmental genes and clonal relations between
environmentalnd clinical isolates, are needed to better elucidate the impact of environmental
pollution with macrolides on the promotion of macrolide resistance in clinically relevant

pathogens in Croatia.
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4. RASPRAVA

5DV W X U DVYRIMDH (DHbakterijaBtpbinih na antibiotike predstavlja jedan od

QDMYHULK MDYQR]J]GUDYVWYHQLK SUREOHPD QD JOREDOQI
SRWURAQMRP DQWLELRWLND X OMXGL L aLYRWLMDAWH Q
2WSDGQH YRGH IDUPDFHXWVNH LQGXVWULMH PRJX SUHGVW
WH VWRJD SULGRQRVH RQHpLAUHQMX UHFLSLMHQWQRJ YRC
(Fick i sur., 2009.; Kristiansson i sur., 201 IDUVVRQ D ALPDWRWDLI@ L 8GlL
2019) .DNR VH UDGL R ELRORANL DRWWYDQ® LMVESRMHWIDP X S
NRQFHQWUDFLMDPD X RNROL&AX PRaH L]D]YDWL DNXWQH WR
SRVOMHGLFX LPD QDUX&DYDQMH (Gavidddn Ws0rV209H LABS8IQIR W H & F
sur., 2007.) 2VLP WRJD L]J]ORAHQRVW SRYLAHQLP NRQFHQWUDFL
dugotrajnin X p L Q D N Btjesdhj@ipuvnosti na antibiotk Hy X RNROLAQLP EDNWHUL
VH LQGLUHNWQR XJURAaDY OBé@tsdoPaneH sd.VeRIZ.L Flack LSUR W L Q M |
2015.; Kristiansson i sur., 2011.; Li i sur., 2009., 2010.; Rutgersson i sur., 2014.; Sidrach
Cardona i sur., 2014.bo danas se relativno malo zmatjecaju otpadnih voda farmaceutskih
LQGXVWULMD QD VWXSDQM R QtpbprostiirhaMmibiotiRed Ricstugie L VW N
VSR]QDMH SRWMHpX XJODYQRP L] DJLMVNLK GUAaDYD SRSX\
VYLMHWD XNOMXPXRXDAQR SYIWDQOWMH RVWDMH QHUD]MDAQ!
UDGX REXKYDUHQD VMHYHUR]DSDGQD +UYDWVND L WR GYD
JGMH VX VPMHEAWHQL SURL]YRGQL SRIJRQL IDUPDFHXWVNLK
1) ima dugu tradiciju u proizvodnji makrolidnog antibiotika azitromicina, dok je druga
LQGXVWULMD ,QGXVWULMD XJODYQRP XNOMXpHQD X IR
DNWLYQH WYDUL VDGUaH DQWLELRWLNH Idh ticDragdshiti WLK VN
XPpLQNH LVSXVWD WLK LQGXVWULMVNLK RWSDGQLK YRGD
EDNWHULMVNLK |[DMHGQLFD SULPMHQRP QDSUHGQLK DQDOL
PLNURELROR&ANLP PHWRGDPD WH LORX®MPLDY Qad\W RP H M/ DEILHDLF

izneseno dalje u raspravi.
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Rasprava

S8WMHFDM LQGXVWULMVNLK LVSXVWD QD RQHpPpLAUHQ

UYL GLR LVWUDALYDQMD REXKYDUD ILILNDOQX NHPLM'
otpadnih voda, a potom$URFMHQX RQHpLAUHQMD UHFLSLMHQWOQLK Sl
koju se ulijevaju otpadne vode Industrije 1 te potoka KalinovicaNRML VH LVSXaWDM X
YRGH ,QGXVWULMH 5H]XOWDWL RYRJ GLMHOD LVYWUDALYCLC
popisu znanstvenih radova (str-4B).

SURFMHQD NDNYRUH LQGXVWULMVNLK RWSDGQLK Y

,QGXVWULMVNH RWSDGQH YRGH SULNXSOMHQH VX WLI
VLMHpDQM YHOMDpD SUROMHUD WU DenD(I3tepad/studem)Q M owN
Kemijska analiza otpadne vode Industrije 1 provedena je mjerenjem koncergsamjanih
sastojakaeNRML EL PRJOL SRWMHFDWL L] SURL]J]YRGQRJ SRJRQD W
tvari u sintezi (ERY), Ndesmetil azitromicia(N'0$ NDR MHGQRJ RG PHYyXSURGX
WH VDPRJ NRQDpPpQRJ SURL]JYRGD D]JLWURPLFLQD $=, 6YD
X UD]JPMHUQR YLVRNLP NR QFH QW\WddalhideMjekBrdzithel(GkDpnold® Lp L Q F
6,5mgL! L SURKphE dd105mgk aWR MH YMHURMDWQR SRVOMHG
DILWURPLFLQD WLMHNRP WLK JLPVNLK L SUROMHWQLK P
NRQFHQWUDFLMH DQWLELRWLND X RWSDGQLP YRGDPD QH
propisir D XWHPHOMHQD SURFMHQD NDNYRUH OHYyXWLP pLQMH
UHGD YHOLpPLQH YLAH RG NRQFHQWUDFLMD XRELpDMHQL
J1/ LSDN XSXuXMH QD ]QDpDMQX UD]JLQX R@HpLEUHCQ
makrolidima(Michael i sur., 2013.; Verlicchi i sur., 2012.; Zhou i sur., 2Q1pgk, zanimljivo
MH SULPLMHWLWL GD VX PDNVLPDOQH NRQFHQWUDFLMH PLC
ELOH RS U H®KonedRtrarijadantidotika u otpadnim vodama farmaceutskih industrija u
azijskim zemljama (do 44 mg?) (Larsson i sur., 2007Lji i sur., 200&,b.; Sim i sur., 2011.)
Nadalje, analiza fizikaln&kemijskih pokazatela SURSLVDQLK 3UDYLOQLNRP |
vrijednostima emisija otpadnih voda NN 80/13 (43/14, 27/15, 3/16) pokazala je da su
vrijednosti organskih pokazatelja poput KPK, BHKITOC te anorganskih pokazatelja poput
XNXSQRJ IRVIRUD L QLWURWDPQHH Y WIRV S GHARD/AALLY M AWUWO SUL
QD QHIDGRYROMDYDMXuX NDNYRUX WLK RWSDGQLK YRGD ]D
QD QHXpPLQNRYLWR SURpLAUDYDQMH RWSDGQLK YRGD L]
PHPEUDQVNRP ELRORANRKIMNHWNWWYRUQLFH 9DaQR MH Q
PDNVLPDOQR GRSXaWHQH NRQFHQWUDFLMH PDNUROLGQLE
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SURSLVLPD D]JLWURPLFLQ L HULWURPLFLQ V¥a@QHSBYQR XY
u okviru EU Okvime dHNWLYH R YRGDPD ]JERJ VYRMLK NDUDNWH
ELRDNXPXODWLYQRVWL L SRVWRMDQRVWL X RNROLa&X 'LU
(Barbosa i sur., 2016.).

Kemijska analiza otpadnih voda Industrije 2 provedena je mjerenjem koncentracija
DQWLELRWLND NDUDNWHULVWLPQLK JD WX LQGXVWULMX >
(sulfadiazin, SDZ; sulfametazin, SMZ), Zaminopirimidina (trimetoprim, TMP),
fluorokinolona (enrofloksacin, ENR) i tetraciklina (oksitetraciklin, OTC). Koti@aije tih
SRMHGLQDpPQLK DQWLELRWLND RS iHkphddhRacijaXmaktodel uyQ DW Q |
RWSDGQLP YRGDPD ,QGXVWULMH L N U H o ;hvaksimslxo 288 X UDV

J 1. Ipak, potrebno je napomenuti da su te koncentradigie pHVWR ELOH L ]D pLV
YHOLpLQH YLaAaH RG XRELpDMHQLK NRQFHQWUDFLMD DQWL
(Michael i sur., 2013.; Zhou i sur., 2019Nadalje jH ]DSDaHQR GD X RWSDGQLP
LQGXVWULMH VOLPQR NDR X RWSDGQLP ¥mskeDaiRcijeuG XV WU L
koncentracijamaDQWLELRWLND &awWR MH QDURpPLWR UD]JYLGQR X
NRQFHQWUDFLMH YDULUGRH X WTams BsQilxciR Gkoncdntracijama
DQWLELRWLND PRJX ELWL SRVOMHGLFD YLAHVWUXNLK UD]O
antibiotika te ispiranju reakcijskih/formulacijskih spremnikarsson, 2014a.; Pruden i sur.,

2013.) Analiza fizikalneckemijskih pokazatelja propisanih Pravilnikom NN 80/13 (43/14,

27/15, 3/16nadalje je pokazala da su otpadne viodieistrije 2X JODYQRP ELOH ]DGRYRC
NDNYRUOH ]D LVSXVW X RNROL& EXGXiUuL GD VX YULMHGQRVW
GRSXaWHQLK PDNVLPXPD

IDMYHUD ]DEULQXWRVW Y H]R @ ProkyodnihSEcokd eQadvdj D Q W L |
EDNWHULMD RWSRUQLK QD WH DQWLELRWLNH SUREOHP NI
GUabDYX X NRMRM QDVWDMH QHJR SUHGVWDYOMD SRWHQFLI
VX DXWRUL DQDORNROMXIIL]JORREAQRQHPLAUHQMX DQWLEL
SURL]YRGQMH XRpLOL RERJDULYDQMH EDNWHULMD RWSRUQ
JODFK L VXU /L L VXU /[*EEHUW L VXU
Sidrach& DUGRQD L VXU S3RUHG WRJD LVWUDALYDQM
VXELQKLELWRUQH NRQFHQWUDFLMH DQWLELRWLND VOLpPQF
mogu promicatbtpornost na antibiotikeAndersson i Hughes, 2014.; Berenlasur., 2015.;
Gullberg i sur., 2011.) OHy Xiakbo®H SRVWRMH QL GRPDilpraiki O RIHP QL
EL GHILQLUDOL PDNVLPDOQR GRSX&WHQH kbdhEe@rRti€® WUDFL
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azitromicina izmjerene u otpadnim vodama Industrije 1diléo DN GR UHGD YHOLDpPLQ
njegove PNEC vrijednosti (250 ng'), paje ]D RpHNLYDWL GD UH LVSXVW W
potaknuti razvopakteriskce RWSRUQRVWL QD PDNUROLGH X ULMHFL 6D
,QGXVWULMH N R Q F HQ W QDHLEM R WSLRNNDH GLLIDNDR QIO DW QR QL
NRQFHQWUDFLMDPD X RWSDGQ L YWRKDIPAL YQ G X VRVGUILRWHD U DW

vrijednosti, XND]XMXuL QD SR \WaHticanyeDrar@jsbaktéerijtkd otpornosti
(BengtssofPalme i Larsson, 2@L).

.HPLMVNRP DQDOL]RP MH QDGDOMH XWYUYyHQR GD RW
DQWLELRWLND VDGUAH L PHWDOH $V &G &U &X 3E 1L L
WLMHNRP REMH VH]RQH XJODYQRP ELOH QLaj pr@aPDNVLF
YDaHUHP 3UDYLOQLNX 11 ,SDN YDOMD
NRQFHQWUDFLMH WLK PHWDOD ELOH pDN GR SXWD YLaH R
R b H N L YsBl&Kdija MtRornosti na metale i antibiotif&eiler i Berendonk, 2012.Ti podaci
ukazuju na doprinos metala selekciji bakterija otpornih na atitbjobarem u otpadnim
YRGDPD OHyX DQDOL]JLUDQLP PHWDOLPD SRVHEQR VH LV
koncentraciju u otpadnim vodama obiju industrija u odnosu na druge metale te je njihova
povezanost sa poticanjem nastanka bakterija otpornih nacdikiétpoznata od ranij@ecerra
Castro i sur., 2015.; Poole, 2017.)

OLNURELRORARWSDQ@ODOK]DRGD L] REMHpraveddd pgALYDQH
nacjepljvanjem uzoraka otpadnih voda na selektivnhe krute hranjive podloge sa antibioticima,
azitromicinom (Industrija 1) te sulfametazinom ili oksitetraciklinom (Industrija 2). Dobiveni
rezultati ukazali su na visok udio bakterija otpornih na azitromicin (do 83 “Rupng
kultivabilnoj bakterijstoj populacij otpadre vode Industrije 1, napose tijekom zimeSUR O MH G D
kada su u tim uzorcimbile izmjerene i visoke koncentracije azitromicina. Ti podaci ukazuju
QD PRIXIP QR a baktbrifaM btpadnoj vodi kao odgor na visoki selekcijski pritisak
DILWURPLFLQD 6OLpPpQR WRPH X RWSDGQRM YRGL ,QGXVWL
QD VXOIDPHWD]LQ GR L RNVLWHWUDFLNOLQ GR 3L
LIPHYyX XGMHO D WEQPINWHL IRWY IRMHESWRUDFLNOLQ L NRQFHQWUD
QD IDNOMXpDN GD RNVLWHWUDFLNOLQ YMHURMDWQR SRWL|

6DAHWR UHPHQR L] GRYV D G Defispudtbindtpadit®vddaiy ldkenihR L] O D] L
farmaceutskih industrijanose Q H V D P R eWsRBI&kiwiei\@ri poput antibiotika i metala
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nego i bakterg otporre na antibiotike u recipijentne prirodne vode. Takve otpadne vode, stoga,

predstavljaju potencijalnu opasnost za zdravlje &k&D L OMXGL
.HPLMVNR L PLNURELRORANR RQHpLAUHQMH YRGHQ

Prema dostupnoj literaturi ispusti otpadnih voda farmaceutskih industrija dovode do
]ODpDMQRJ RQHPpLAUHQMD UHFLSLMHQWQLK SULURGQLK YR
antbiotike (Fick i sur., 2009.; Flach i sur., 2015.; Kristiansson i sur., 2011.; Li i sur., 2009.,

/[*EEHUW L VXU -Cardona i &G 20D4) K6 XiGX iindustrijske otpadne
YRGH LVWUDALYDQH X RYRP UDGX NDUDNWHUL]LUD UD]
PLNURELRORA&ANRJ RQHpLAUHQMD PRA&H VH RpPHNLYDWL RQ
Kalinovicau koje se te otpadne vode ulijevaju. Stoga je ciio®@g MHOD LVWUDALYDQMLC
X NRMRM MH PMHUL GR&4OR GR RQHpLAUHQMD VSRPHQXWLK

.HPLMVNRP DQDOL]RP SRYUALQVNH YRGH ULMHNH 6DYH
ciljanih makrolida (AZIl, ERY i NDMA) na dvije lokacije 700 niDW700)i 4,5 km nizvodno
od ispustdDW4500)u odnosu na uzvodnu lokaciju. lako su te koncentracije varirale tijekom
VHIRQD QDMYL3&H NRQFHQWUDFLMH L]JPMHUHQH §NXRWMHHB
XNXSQR G nanizvotinim lokacijamkada suiindV WULMVNH RWSDGQH YRG
R SW H UH télidinrh. Ra&dblje, koncentracijenakrolida u rijeci Savi uglavnonsu se
smanjivaleXGDOMDYDQMHP RG ORNDFLMH LVSXVWD YMHURMDW
prirodnih eliminacijskih procesa u samg LMHFL OHYyXWLP SRYUHPHQR VX
makrolida izmjerene naidaljenijoj lokaciji DW4500 X RGQRVX QD ORNDFLMX E¢
(DW AWR XSXUXMH QD WR GD LQGXVWULMVNH RWSDGQH Y
6DYH WLP VSRMWHNQEBD TTHPLIQHQDYXMH DNR VH X]PH X RE]
navedenih nizvodnih lokacijmeposredno ispod lokacije DW70@lazi utok rijeke Krapine u
6DYX 1DLPH ULMHND .UDSLQD MH UHFLSLMHQW LVSXVWD
grada ZapHaLUD QD NRMHP VH GLMHORP REUDYyXMX L RWSDGQ
PRJXUQRiokrijek® KrapinePDQMLP GLMHORP SULGRQ®R&UIMRQHpLAU
antibioticima 9DAaQR MH W D N Ry H Uuz9ddriRoRadiide 38 00(&DknMudvodno
od ispusta otpadnih voda Industrij¢ ¥ P M H &edhQDslije utokaQ H N D G PGaia H J
Gorjak u SavuTajje SRWRN NRML MH VDGD SRWSXQR SUHVXaHQ V(
QHSURpPLAUHQLK RWSDGQLK YRGD VDQLWSACEQEKOROOVHKQROTF
JRGLQH SD VX sSULMDaQMH DQDOL]H SRND]J]DOH GD MH VH
organskihspojeva SRVHELFH PDNUROLGLPD L WR.DRiemaudRLFLQRP
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NRQFHQWUDFLMH PDNUROLGD R G Und #iti30Hy X) haRoyidkaddi PMHV HF
PRJX VH REMDVQLWL PLJUDFLMRP PDNUROLGQRikBWHUHUE
visokih vodostaja Saveslijed intenzivnih oborina zimskim mjesecimaZato su tijekom
ponovljenogzimskog uzorkovanjaX Y H QUMD ¢ddine kao i daljnih uzorkovanja tijekom

preostalih sezona, uzetizorci sedimentana dodatnoj lokaciji kod Otoka Samoborskog
(UP7500;7,5 km uzvodno od industrijskog ispusta), ulazu rijeke Save u Hrvatsk@Ta je

lokacija ujedngoredstavljalaeferentru lokaciju za svedaljneanalize provedene na uzorcima
prikupljenim izrijeke Save 9DaQR MH WDNRYHU QDSRPHQXWL GD VX NF
vodi rijekeSawe, izmjerene ndokaciji UP3500tijekom zime tenizvodnim lokacijamd@WwW700

i DW4500 WLMHNRP JLPH L SUROMHUD SUHPD&ALYDOH QMHJRY'L
potencijalni rizik za selekciju makrolidne otpornosti u samoj rijBengtssorPalme i Larsson,

2016.)

2VLP RQHPpL aunske Marle SiRRe Usate, industrijski ispusti iz pogona za

SURL]YRGQMX D]JLWURPLFLQD SULGR QL K HjékeantibiotitidaN Ry HU L
,DNR VX NRQFHQWUDFLMH PDNUROLGD SRVHELFH D]JLWURI
rasponu, izrdLWL PDNVLPXP ]DELOMHAHQ MH QD ORNDFLML
kg 7DNRYHU UD]PMHUQR YLWgkH RRQHE B WXDELQMH ORNDF
QL]JYRGQR RG LVSXVWD &aWR XND]XMH QD ]QDpDMDQ GRSU
VDGUADIMR@®IDGD X ULMHOBRPWVRESPIKGWKXD]LQH D]JLWURPLFL
kg, detektirane su i u sedimentuumvodnojlokaciji UP3500(nije prikazano)iz pHJD VH PR&H
]DNOMXpLWL GD SRWRN *RUMDN ¥edieRtakdke Save @R RVL R
antibiotikomL WR ]JERJ MD N RdtoReXHPUREDRM B/ L WH QHSRYROMQLK
(visoki vodostaji) Nadale XVSUNRV WRPH a8WR VX NRQFHQWUDFLMH P
YRGL ELOH YLAH WLMHNRP ¢Lddhian/ IQMX B PLLMO MMM QIHS B B HR)Q@
VHGLPHQDWD 5D]J]ORJ WRPH EL PRJDR ELWL YH{Fh BURWRN
odnosu na lieto (421 tth awR MH PRJOR GRYHVWL GR UHVXVSHQ]L
prijenosa makrolida u vodenu matic L]Q DG VHGLPHQWD WH SRVOMHGLD!
koncentracija u zimskim uzorcima tih sedimenata. Nadalje, razmjerno visoke razine makrolida

X VHGLPHQWLPD EDUHP QD QDMYL&H RQHpLABEHRIGUM ORND]
otpornosi na makroOLGH PHyXamE VRMWHRH@WD ,DNR MH WHAaANR SL
ELRUDVSRORALYRVWL GHWHNWLUDQLK PDNUROLGD X VHGL
tilozinaje SRND]DOR GD PDNUROLGL |DGUADYDMX DQWLPLNUREQ
na p HVWLFH VHGLPHQWD &KDQGHU L VXU 8VSRUHGE
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VHGLPHQWLPD ULMHNH 6DYH X RYRP UDGX L UD]JLQD IOXRUF
XWYUyHQR MH GD VX UD]LQH PDNUROLGD ELOHVBEBKEKQRPQLZA
sedimentu (54 mg kY u regiji Patancher(Kristiansson i sur., 2011.) DOL LSDN YL&H RG
fluorokinolona u sedimentu rijeke Musi (do 3 mg¥dGothwal i Shashidhar, 2017Qsim

antibiotika, ispusti otpadnih voda Industrije 1 rezultirali su akumulacijom metala, posebice Cu

L =Q X ULMHpPpQRP VHGLPHQW Xe ke Sarubnpxditilskit btpedhinP HW D O
vodama % XGXuL GD MH L]PMHWHK P HNWRQ®G B QSNWUHPHOLAMDY DOD Q
minimalnu keselektivnu koncentracij(Seiler i Berendonk, 2012.)PRaH VH RpHNLYDWL C
Cu i Zn razvojuotpornosti na antibiotikes sedimentima putem kselekcije. Naveena
SUHWSRVWDYND MH X VNODGX V UDQLMLP LVWUDALYDQML
metalima dolazi do indirektne selekcggornosti na antibiotik§ ERJ |DMHGQLPNH ORND
gena za otpornost na metale i antibiotike na isfitd Q H WeldmetirRa (Di Cesare i sur.,

2016.; Guo i sur., 2018b.; Pal i sur., 2016a.; Song i sur., 200akp je primjerice u nekih
EDNWHULMD Y H tenseRa/dtpdsnobt QeDC U ivid\riakfolidne antibioffk@achawadi

i sur.,, 2011.; Hasman i Aarestrup, 2002 3RYUK DQWLELRWLND L PHWDOD
RUJDQVNRJ PDWHULMDOD MHWRBURIDNRVHG XX XRHEK QIS RX U
LQGXVWULMVNLK RWSDGQLK YRGD aWR MH UH]XOWLUDORFR
posebice na lokaciji ispusta.

6OLPXERDPHQRP NHPLMV N BmB{aHiekd 8OO pDMQR YLAL X
kultivabinifKk EDNWHULMD RWSRUQLK QD DJLWURPLFLQ ]DPLMH
SRVHELFH QD PMHVWX LVSXVWD RNR RWSRUQLK EDNW
otpornih bakterija otpadnom vodom i njirmy S U H a L YaQuM&lmBriuMe prijenasdo
nizvodnih lokacija, b)) QD P Q R & DDNOVORKOW RQH EDNWHULMVNH SRSXODF
otporne na makrolide, c) selekcije novih bakterijskin populacija koje su stekle otpornost
mutacijama ili, vjerojatnije, prijenosom gena za otpornost iz bakaigatnh u sedimentuli
otpadnojvodi .RPELQDFLMH RYLK PRIJXUQRVWL WDNRyYyHU VX YUO
X VNODGX V SRYHUDQLP UD]JYRMHP RWSRUQRVWL PHyYyX NXO
YRGHQRP RNROL&X NRML MH S Rdjeawnibdikabldthilsut. \282%Y WD L]
Li i sur., 2009., 2010.) % LWQR MH WDNRYHKY SUINSRPROQXWROEGBG QRP R
sedimentaQD ORNDFLML 83 X EOL]LQL XWRWNBI RuivwaimieGD aQ MH J
bakterija otpornih na azitromicinS U R V Bl4Pf; Qije prikazandbili suLSDN QLAL RG XGM|
nizvodnim sedimentima (od % do 27 %), ali opetvLaL RG XGMHOD X UHIHUHQW
SURVM#HHPQR WRID VH PRAH UDNR MPXINLURLE IGRDO RédhentR SWHUH
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rijeke Saveovisi dominantno o ispustima pogona Industrije 1suho korito potoka Gorjak
WDNRYHU PORMISRIIGERIGIRVL WRP RQHpLAUHQMX

.HPLMVNRP DQDOL]RP SRYUALQVNH YRGH SRWRND .DOL
skupina sulfonamida (SDZ i SMZ), 2dlaminopirmidina (TMP), fluorokinolona (ENR) i
tetraciklina (OTC) u koncentracijama koje uglavhom nSW HP DALY D GH blizinid /

ORNDFLMH LVSXVWD GRN VX QD ORNDFLML

NP QL]YRGQR F
XJODYQRP RINPL QLAH OHYyXWLP YD&QR MH QDSRPHQXWL G

30 WDN SXWD YLaAH RG RQLK L]PMHUHOQLKdepinoXIhtuRtGQRM ORN |
RQHpLA&UH QKakno@da whRNabtibioticilma. SRUHG WRJD NRQFHQWUDFLWN
DQWLELRWLND X SRWRpPQRM YRGL ELOH VX YL4AH RG QMLKRY
selekcije otpornosti na antibiotikes samom potokuBengtssorPalme i Larsson, 2016.)

Nadalje, analiza antibiotika u sedimentu potoka ukazala je da je na mjestu ispusta sediment
QDMYLAH RQHpPLAUHQ DQWLELRWLFL PP agitramiRindvhUdoPOH#W R S U L F
mg kgh). Suprotno tome, nfLAD NRQFHQWUDFLMD VXOIRQDPLGD 6'= 1

udaljenoj 3 km nizvodno od ispusta (do 1,2mgkg 5DJORJ WRPH PRaH ELWL VSRL
QD WRM ORNDFLML L

SRVOMHGLpQR QDJRPLODYDQMH DQ
SRGMKp NRMH RNUXAXMH WX ORNDFLMX YMHURMDWQR M

fotorazgradnje i time produljilo njihovu postojanost u sedimgi@aenaNogueras i sur.,

2017.) Naposljetku, ukupne koncentracije antibiotika u sedimentu potoka (ispust, oko 5 mg

kg?; nizvodno,do1,5mgkh RSUHQLWR VX E L Ocija @njérehilRuGehiReptita Q W U D
ULMHNH 6DYH WH ULMHpPQLP VHGLPHQ \(Gothwal KSha€hidh&®,LP LV W
2015.; Kristiansson i sur., 2011.), SDN YDAaQR MH LVWDNQXWL GD VX XWY

ELOH YLAH RG NRQFHQWUDFLMD X V hp&ihi Mogama @kuphd @oRaAH QL
0,6 mg kg') (Guan i sur., 2018.; Li i sur., 2019.; Marti i sur., 20143 W R \akhlixianfhH
PHWDOD SRVHELFH &X L

=Q QMLKRYH NRQFHQWUDFLMH V.
minimalne keselektivhe koncentracij€Seiler i Berendonk, 2012.) 8WR JRYRUL X SU

potencijalnom dopnosu tih metala razvojaotpornosti na antibiotikeX SRWRPpQRP VHGLPH
OHYyXWLP

LIQHQDYyXMXUH MH GD VX QDYHGHQL PHWDOL

E
NRQFHQWUDFLML L GR

SXWD YLaARM X RGQRVX QD ORNDFL
doSULQRYV QHNLK GUXJLK L]YRUD WLK PHWDOD QD LVWUDa

ORNDFLMD VPMHaAWHQD X UXUDOQRP SRGUXpMX EH] XUHYH
metala, ali i antibiotika (do 0,04 mgkg X SRWRN QD WRM QRa®F0ifddnimP RaH E |

izvorima, prije svega ispiranjem s okolnih pol@&su tretirana stajskim gnojivaimilegalnim
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LVSXVWLPD NDQDOL]DFLMH L] NXUDQVWDYD 2VLP DQWLELF
LVSXVWD RSWHUHUHQ MH SEGXIAANRY PKNRIFFMDY\DU B FX WDHRPUDH
VHGLPHQWRP aWR SRWYUyYyXMH GD WL VSRMHYL SRWMHpX L]
DQDOL]RP MH QD&SDYO-MIHD GIRVAEAiIHR4KDerija otpornih na sulfonamide

(SM2) i tetracikline (OTC) wsedimentu potoka na ispustu i nizvodno od ispusta u odnosu na
uzvodnu lokaciju. To je vjerojatno posljedica unosa otpornih bakterija otpadnom vodom, ali i
VHOHNFLMH RWSRUQLK SRSXODFLMD NDR RGJRYRU QD SRYl

=DN@WMXYH PR &}¢nd terindlju®/By dijela ezultataS R W Y U y Hhipddez8 U Y D
doktorskog radaHl) A2WSDGQH YRGH L] ORNDOQLK IDUPDFHXW\
UHFLSLMHQWQL YRGHQL RNROLAMDPWLEWSWURLPD @B \DRQOLL

4.2. Sastav rezistoma industrijskih otpadnih voda i slatkovodnih sedimenata

SBURYHGHQH NHPLMVNH L PLNURELRORdaNSHINBDUDRIL]H QHC
ispusti dovelido znfDMARHPLAUHQMD LVWUDALYDQLK ULMHpPQLK L
antibioticima,stogaSRVWRML PRIJXUQRVW GD MH PHyX EDNWHULMVN
GR RERJDUHQMD SR]QDWLK Dtpindst aRiibicbl@shies dpdoivdjné JHQD |
i]ORAHQRVWL UHODWLYQR YLVRNLP UD]JLQDPD DQWLELRWLN
]JD SRGUXpMH $]LMH JGMH MH RNROLAQR RQHpLAUHQMH DQ
SRJRQD QD NBepgtdaaPadnie MsHr., 2014.; Kristianssoasdir., 2011.; Marathe i sur.,

2018) =DWR MH FLOM RYRJ GLMHOD LVWUDALYDQMD ELR LGH
LVWUDALYDQLP LQGXVWULMVNLP RWSDGQLP YRGDPD L L
QHL]JORAHQLP VHGLPHQWLPBPRPRIXRGQRYDWNDGRNMHSULVWXS
PHWDJHQRPLNH 3UHPD QD&LP VD]QDQMLPD UH]XOWDWL RY
UHJLVWRPX LQGXVWULMVNLK RWSDGQLK YRGD L VHGLPHQ
antibiotika dobiveni funkcionalnormetagenomikom, a objavljeni su pod rednim énop u

popisu znanstvenih radova (str-@9).

)XQNFLRQDOQRP DQDOL]JRP PHWDJHQRPVNLK NQMLAQL
,OGXVWULMH L UHFLSLMHQWQLK ULMH p Qénigl. Nor-Gop$ HQ DW D
JHQD |]D RWSRUQRVW QD PDNUROLGH StBo %)HRpozBHMY HUL QD
JHQLPD NDRmM&AWR]DEXWLWQL SURWRHRQ L mpHG E@akioidbe
fosfotransferaze) tmef& HIOXNV SXPSH B8QDWRp MDiRPKVIENHO® HNFL M)
SULVXWQR&aUX PDNUROLGD RWNULYHQ MdH VDPRPR INIOERDM®/ S

proteinskih sekvenci sa sekvencama u bazi podataka NCBI). To je beorgkaji je pokazao
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67 %thX VOLPQRVW SUR ¥4 lHdek@Nddril enzitid ‘23SQRNA metiltransferaze iz

vrste Clostridiumsp. Ti podaci ukazuju da se vjerojatno radi o novom proteinu iz porodice
metiltransferaza Erm koji ispoljava visok stupanj otpornosti na eritromicin zbog metilacije
ribosoma (minimalna inbitorna koncentracija, MIK, iznosila je 1536 mg'L Nadalje,

pokazalo se da su klonovi koji su ispoljavali visoku otpornost na makrolideggviK

mgLL MIKazi »+  PJ'/ VDGUADYDOL JHQH ]D GYD UD]JOLpLWD PHKD
N DR sé WsiE-mptE i mptG-mef& 2YH JHQVNH ND]JHWH SURQDYHQH VX
SRULMHNORP L] RWSDGQH YRGH L VHGLPHQWD V ORNDFLI
,QGXVWULMH NDR YDAaDQ L]YRU WLK JHQD X ULMHpPQRP VHC(
knMLAQLFD SRULMHNORP L] QHRQHpPLAUHQLK X]YRGQLK VHGI
novi mehanizam otpornosti na makrolide kojeg kodira lgiX. Taj gen eksprimireenzim

GTP-D]X +10; NRMD MH SRND]DOD QL]DN VWX&D)MND®izpQRV W]
bakterije Emergencia timonensisSmatra se dda GTP-aza HflX reagira s molekulom
PDNUROLGD YH]DQRP |]D ULERVRP pLPH MX L]JEDFXMH L] YH
QHRPHWDQX VLQWH]X VWDQ K(bupdl KsB.UR1B.HILaQ Dsud,ROW)ERVR P
Premda su naeferentnojlokaciji (UP7500)detektirane vrlo niske razine azitromicina (4,6

— J "I\ dtpornost na makrolide pestovana genorhfl; PRJOD VH UD]JYLWL VDVYL
QDNXSOMDQMHP PXWDFLMD X JHQRPX EDNWHULMD XVOLMF
VHOHNWLYQLP VSRMHYLPD TuQ@iegbdtb@kulLpotkpepljuju i literaturna
]DSDAaDQMD NR®D 8R 8RRDIIDE NRML QLMH SRG XWMHFDMH
DQWLELRWLF IsprémnkRERY IEK WHQD ]D DQWLELRWLPNX RWSRUC
2011; Amos i sur., 2014 Nesme i sur., 201¥ Nadalje, pokazalo se da su klonovi koji su
nosiligenhfl; LVSROMDYDOL QLAL VWXSDQ b MBRYIO KWL QD PD?
<16mgl! X XVSRUHGEL VD NORQRYLPD SRULMHNORP L] RQHp
genemsiE, mprE, mplG i mefC (MIKgri 5122048 mg [; MIK az 32-512 mg ). Ti podaci

ukazuju da je mehanizam posredovan gefm D SULVXWDQ X EDNWHULMDPI
VHGLPHQWD PDQMH XPpLQNRYLW X SUXAaDQMX RWSRUQRVW
SULVXWQLEHRIKQR® HPRUFLPD 7R SDN QDGDOMH XSXuUXMH QD
VHGLPHQWX QD PMHVWX LVSXVWD HYROXLUDOH LOL VWHNC
LIORAHQRVW YLVRNRP VHOHNFLMVNRP SULWLVNX PDNUROL(

Funkcionalnom analizom metagenomskiNQMLaQLFD SRULMHNORP L] |
,QGXVWULMH L SRWRpPQLK VHGLPHQDWD V X]YRGQH ORNDF
MHGLQVWYHQLK JHQD ]D RW S R akidnd, Wulforianid@, vétkaeikliRaV LN H L
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i 2,4diaminopirmidina 3ULWRP MH YHULQD WLK JHQD HEILGR]QDWR. PV
genima otpornosti na razini proteinske sekvence. Tako su, primjerice, svi identificirani geni za
RWSRUQRVW QD VXOIRQDPLGH ELO4ullY K2 KR dQVods doWLSRY L
otpomosti posredstvom enzimBHPS Za razliku od genasul NRML MH QDYHQ X
NQMLAQLROPRDYHQ MH VDPR X NQMLAQLFDPD SRULMHNORP
na industrijsku otpadnu vodu kao izvor tog gena u sedimentu potoka. Oba navedena gena s
YHU GHWHNWLUDQD X VHGLPHQWBénhftssarRathfeLiasiuH, QIR DQWLE
Kristiansson i sur., 2011.; Luo i sur.,, 2000ND R L XL HR@WHp V H @ickuddiaW L P D

sur., 2017.; Czekalski i sur., 2015.)7R SRWYUyXMH QMLKRYX aLURNX UDVSES
YMHURMDWQR XVOLMHG pHVWH ORNDOL]DFLMH QD SOD]PL!
bakterijamaHu i sur., 2016.; Johnson i sur., 2016.; Koczura i sur., 2016 DLpQRsUHQLPD
svi identificirani geni zaRWSRUQRVW QD WHWUDFLNOLQH E&R&Y]L VX YHI
tetAitet& 2YL JHQL VX WDNRYyHU YHU UDQLMH ELOL GHWHNWL
IOXRURNLQRORQLP D teBW donjirit&oXBehgkssodfralthe i sur., 2014.)Od

navedenih gena, jedine gentet& QDYHQ X X]YRGQRP VHGLPHQWX awRr
SULURGQX SULVXWQRVW X LVWUDALYDQRP SRWRNX 7R MF
opisuju rasprostranjenost getetA i tet& X RNROL&X NRML QLMH ELR L]JOR
R QH pL auibiqidiméa (Brigéksen i Sandaa, 1994.; Durso i sur., 2016.; West i sur., 2011.).
'UXJD MH SDN PRJIX®@t@RXYWVGD MH. YBQL SRWRN GRVSLR LVSI
NRMH MH VDGU&ADYDOR WDM JHQ VD RNROQLK RUDQLFD aw
WULPHWRSULP LDNR VX YHULQRP QDYHQL YHUO SR]JQDWL JH
30 %) potent MDOQR QRYLK JHQD yLQMHQLFD GD VX SR]QDWL
NQMLAQLFDPD SRULMHNORP L] VHGLPHQWD V X]YRGQH ORN
sam sediment prirodaspremnik WLK JHQD ,GHQWLILFLUDQmadlfdikpjL ELOL V
kodiraju enzime DHFR ili geniméy koji kodiraju enzime TYMS. Ti enzimi dovode do
RWSRUQRVWL QD WULPHWRSULP |DRELODVNRP PHWDEROLY|
SRWUHEQR MH WDNRVHU QDSRPHQXWL Gifa génczaptpditosNORQR Y
na trimetoprimdfrithy NRMD VX X SULMDAQMHP LVWUDALYDQMX QD!
(Kehrenberg i Schwarz, 2005.)aW R XND JKKRMX GIRWMQFLMDOQX |DMHGQLDp
VH WLpH JHQD ] BakWeuRub@ RaduNe Qdntificirant5 jedinstvenih gena Kkoji

N R G L U DidktdmpRe iz skupinaA 9HUOLQD WLK JHQD ELOL VX RWSULMEF
iz otpadne vode iolpLAUHQRJ VHGLPHQWD 3ULWRP YDOMD LVWDNGC
gena poput genalaces1 i blaves-s  -laktamazeskupineA) te blauox-9 i blacmy-10 (plazmidne

$ P S &laktamazeskupineC) kojisuSRND]D OL Q D Moéhimeiz\p&dgprihdixié ija
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poput K. pneumoniagP. aeruginosaA. baumaniii C. freundii (Jacoby, 2009.; Paterson i

Bonomo, 2005.)Pored isokog stupnja otpornosti na ampicilin (MIK > 1024 mé) Lnavedeni

JHQL ELOL VX RGJRYRUQL L |]D YLVRN VWXSDQM RWSRUQR
spektra (MIC 832 mg L! NRML MH YUOR XpLQNRZaManKG@QrMHpPpHQM
negativnim bakterijama. Pored toga, poznato je da enzim kodiran dadaegg: hidrolizira
NDUEDSHQHPH DOWLELRWLNH SRVOMHGQMHzaz@an@LMH R]|
HQWHUREDNWHULMDPD RW SR U (BteRa®iBury, 2e15. Svalnagedend D QWL
]DSDADQMD VWRIDXIPPNIGCMDXEQDS RMRPML VHGLPHQW L]ORAF
PRJDR ELWhrenWdkaJBi @ D NRML NRGLUDM X-ldkt@na@d UIWR & UBIKDBGIR D C
spektra poput GES, VEB, MOXi CMY yLQMHQLFD GD VX Jdak@rajdd QDYH
QDVHQL MHGLQR lokadjHIpusR HIKQx\&X n&otpadnu vodu kao izvor tih gena. Ta
PLOQMHQLFD QH LIQHQDYXMH DNR VH X]PH X RE]JLU SRGDWDN
SUHGVWDYOMD PMHEGDYLQX WHKQRORAEGLK L VDQLWDUQLK R\
porifHNOD 8 SULORJ WRPH JRYRUH L LVWUDALYDQMD NRMD V
izvor gena z&karbapenemazlL] SRURGLFH *(6 X UHFLSLMH Qg ULMHp
sur.,2017) D EROQLpPpNH RW ghaxz@taktaRazdd pojodiBel MOX(Antonelli i

sur., 2015.) Nasuprot tome, gettilaoxa-198i blaoxa-io NR ML N Rl&ktabh&z&kapineD,
GHWHNWLUDQL VX X VYLP NQMLAQLFDPD XNOMXpXMXuUL L R
njihova prisutnost u sedimentu potoka Hij LVNOMXpPLYR XYMHWRYDQD LQG)>
%XGXUL GD SRWRN WHpH NUR] UXUDRRQR rEGAhAdmbMddel. ]Y RU C
PRaH ELWL L VWRPQR JQRMLYR NRMH Nudentlfiir@niHper@aihH P 1D Y U
gena za otpornos P DODNWDPH LGHQWLILFLUDQD VX L pHWLUL SRW
-laktamaze iz skupina A, B i D, a bila su odgovorna za visok stupanj otpornosti na ampicilin

(MIK > 1024 mg ).

8 NRQDpPQLFL DQDOL]D JHQVNH RNROé¢ QaHvjdrapath@ W LILFL
SOD]J]PLGQR SRULMHNOR PQRJLK JHQD A&aWR (Kadledi3urYNODGX

I1RQDND L VXU 6FKO*WHU L VXU 6 XJLPRWR
Ta teza, kao i podatak da su neki klonovi, pored dvostrukih mehanizama za otpornost na jednu
skupinu antibiotika, posjedovalgene za otpornost na druge skupine antibiotika, ukazuje na
YMHURMDWQRVW YH]DQRJ YHUWLNDOQRJ QDVOMHYLYDQMD
VOXpDMX KRULJRQWDOQRJ SULMHQRVD 3RYUK WRJD LGHQV
NDJHWD LQWHJURQD VNXSLQH NRML VX NDR SRNUHWOQL
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odgovorni za mobilizaciju gena otpornosti i njihovu ugradnju u plazmide (Cambray i sur.,
2010.; Deng i sur., 2015.; Li sur., 2009., 2010.; Sultan i sur., 2018.).

RH]XOWDWL RYRJ GLMHOD L pNsuthDsdi pen® @avbipor@dstina V X S L
DOQWLELRWLNH X LQGXVWULMVNLP RWSDGQLP YRGDPD L \
LGHQWLILNDFLMD MH RPRIJXUHQD SULPMHQRP SULVWXSD |
WDNRYV Kol RFUAH L GUXJH JHQH RWSRUR BolipadtogaReM L QL V X
mogu biti identificirani ovom metodom. Usprkos tome, dobiveni rezultati ukazuju na to da
VHGLPHQWL RQHpPpLAUHQL DQWLELRWLFL mBus8ipd Wiete bRW SD G Q
YD &sQemniciNOLQLPpNL UHOHYDQWQLK JHQD RWSRUQRVWL NDN
Slijedom navedenog, hipoteza H2 postavljena u owlwktorskom raduA2WSDGQH YRGH
sedimenti recipijentnih voda spremnicipoznatih i potencijalno novih gena za otpornost na
DOQWLELRWLNH® MH SRWYUYHQD

S8WMHFDM LQGXVWULMYV N L KtpBrivéSiD&Ga@QtbistikeRGD QD &L U

5H]XOWDWL GRVDGD&aQMLK LVWUDALYDQMD SURYHGHQL
funkcionalnih gena zatpornost na antibiotikNRML VX SRND]DOL SRWHQFLMDO |
PHyX EDNWHULMDPD X VHGLPHQWLPD L]JORAHQLP LQGXVW!L
OLWHUDWXUQD ]DSDabQMD NRMD WDNRYHU GRYdafzaH X YH]
IDUPDFHXWVNLK LQGXVWULMD L SRYHUDQX PRELOQRVW JH
(BengtssorPalme i sur., 2014.; Flach i sur., 2015 WRJD VX GDOMQD LVWUDALYCL
XVPMHUHQD QD SURFMHQX XWMH F Dodpornas) Gaxatudtike MV NLK L\
VHGLPHQWLPD UHFLSLMHQWQLK YRGD aWR MH SURYHGHQR
objavljeni su pod rednim brojevima&u popisl znanstvenih radova (str.-824) te u Prilogu
7.7. 6tr. 242246).

4.3.1. Kvantifikacija gena otpomosti u otpadnim vodama i sedimentima

3 URF M H Qdena rabipo@ddtda antibiotikeDSRpHWD MH NYDQWLILNDFL
gena u otpadnim vodama i sedimentimatodomgPCRD WH LJUDpXQRP RPMHUD
odnosu na ukupne 16S rRNA genenf (relativma zastupljenost u ukupnoj bakterijskoj
zajednici)tijekom dvije sezone (zima i ljeto). Tako su u sedimentima rijeke Save kvantificirani
geni za otpornost na makrolidaghG, mprg, msiE, mefC i ermB), dok su u potoku Kalinovica
kvantificirani geni za otpomwst na sulfonamidesqll i sul), tetracikline {etC i tet -
laktame blaces, blaves, blaoxa-1 i blaoxa-2), trimetoprim @frA14 i folA) i makrolide (phG,
mphE, msiE,mefCiermB) ,DNR VX UH]XOWDWL WLK DQDOL]D SRND]DC
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ALUHQMH JHQD ]D RWSRUQRVW X L]JORAHQLP VHGLPHQWLPD

rijeke i potoka.

U otpadnoj vodi Industrije 1,P Hy X ciljanih gena za makrolidnu otpornost,

najzastupljeniji su bili tipovi gena koji kodiraju makrolidne foséotsferazeriphG), proteine
]D ]1DawLW X mdiE)EiRivWdRdBke metilazeefmB), dok je relativha zastupljenost
preostala dva gena koja kodiraju efluks pumpefC) i fosfotransferazémph( ELOD SULEOLa

SXWD QLaD ,VSXVWL WK DN XD SWDULER QR ¢ B3R MMMHHO DWD v
zastupljenostsvih 5 navedenih gena u sedimentu na lokaciji ispusta i 4 lokacije nizvodno od
LVSXVWD PpDN GR NP QL tefdReBtuibkaciu RIBTBE)N X0 DX W L P
LIQHQDYyXMXiH MHHID ]QDMBMD® LMHRQVNL XWMHFDM QD U
VHGLPHQWLPD XQDWRp YHURM EU]JLQL SURWRRrbon6jpYH WLM
izuzetak uzvodna lokacija UP3500 vezana utak potoka Gorjak na kojoj je relativha
zastupljenost svih5cOMDQLK JHQD ELOD JQDpDMQR YLabekpdJR QD U
ljeta (nije prikazano) aAWR XND]XMH QD SRWHQFLMDOQX VHOHNFLMX
usi MHG L] O Ragbh@anivhvezinama antibiotikaNadalje, u literaturi se navodia je
UHODWLYQD |IDVWXSOMHQRVW JHQD ]D DQWLELRWLPNX RWS
RELPQR X URY&RIQPKoRij& gena otpornostih NRSLMD *DR L VXU
usporedivo s podacima dobivenim u ovom radu za otpadnu toduLMHpQL VHGLPHQW
ispusta. Nasuprot tome§ U R V MR [OQuiRjze@tDpljienijih genanfphG, msiE i ermB) bila je
SULEOLAQRa X S/YXMERPHLAWLPD QD QL]J]YRGQLP ORNDFLMDPD
SRGUXpMH ULMHNH 6DYIH/SXNWQ XIFMRBOQROQRGRQHpPpLAUHQR JF
otpornost(Gao i sur., 2018.; Graham i sur., 2011Nadalje, te N R O LdehaQd#pornosti
usporedive su sNR OL plgénB Ptpornosti na fluorokinolone izmjerenim u indijskim
VHGLPHQWLPD YLVRNR RQHp(RatgensQonPsurQ 2BR4)RNLQRORQLPD

Dobiveni rezultatiNRML XN D] X kklMtivQuxasfuplieKost gena za makrolidnu
otpornost nanizvodnim lokacijama u odnosu maferentnulokaciju mogli bi biti posljedica
VHOHNFLMH EDNWHULMD NRMH QRVH WH JHQH XVOLMHG L]
PDNUROLGD EDUHP QD SRGUXpMX MH LYINORERRYRGREGSX
industrijskog otpada i kO ]NDUDNWHUL]JLUD YLVRNR RQHpLAUHQMH PDN
otpornih bakterija otpadnom vodom u sediment na lokaciji ispusta i njihov prijenos do
nizvodnih lokacija, kao i horizontalni prijenos QD PDNUROLGQH RWSRUQRVWL
VHGLPHQWD WDNRYVyHU EL YAHRNR O lith R #haQrizhddthiv lok&diavhB. Y L
7RM WH]L LGH X SULORJ L pLQMHQLFD GD VX PQRJL JHQL ]I
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analizirane u ovom raduQ D y H @dnju@azijskimplazmidima koje karakterizira potencijal
aAaLUHQMD PHYyX EDNWHULMDPD L NRML RELPQR QRVH L JHQF
(Sugimoto i sur., 2017.; Zhang i sur., 2013.). Prema tome, horizontalni prijenos plazmida bi
mogDR ELWL RGJRYRUDQ ]D 4LUHQMH L SRVWRMDQRVW JHC(

sedimentima nizvodno od ispusta.

2VLP ]QDY B MR R cyant igenamsr, mph,ermi mef XW'Y U {tH QD MOHM Q R
Y H INIR O lgpna@tll u uzorcima sedimenta na isgute nizvodnoi uzvodno (UP35000d
ispusta u odnosu na sedimsatreferentne lokacijali samo tijekom zimske sezone. Ti rezultati
ukazuju GD S RY H U D QriegibReOskpln® Hu sedimentu rijeke Save neemasno o
V D G Bvar@udttijskim ispustma X =DSUN&MWUIXH UDGL LSRR LOABPIGOLKY X
Industrije 1u potok Gorjak posebno na lokaciji poslije utoka Gorjaka u S&JP3500)
Spomenuti integroni (gent, SUHGORAaHQL VX NDR JHQHWLpPNL PDUNHU
R N R Glillangs, 2018., 2017.; Gillings i sur., 2015.), a njihova lokalizacija na plazmidima
PRJOD EL SRWDNQXWL KRUL]R @Wax®dporr®st b khHs@dimentinhiad H U D ]
OHYXWLP $Ue®R@G® zastupljenosgenaint, SULEOLAaQR nixetGiQ DN D
VHGLPHQWLPD WLMHNRP REMH VH]IRQH ]J]QDpDMQR SRYLAHC
referentnisedimentQLMH XRpHQR WMMHRR P VOQ/RH \WR O Ll @g@Re v HUH

referentnonsedimentu tijekom ljeta u odnosu na zimu.

U otpadnoj vadi Industrije 2 detektiramsu relativnovisoke N R O LgehaQogbornosti

+-2,5 log kopija gena otpornostih kopija) na sulfonamides(ll i sul?), tetracikline (€t39 i
tetC), makrolide fnphG imsr(  -laktame blaoxa-2) i trimetoprim ¢fr $ aMaRruje nato
GD RYH RWSDGQH YRGH RVLP DQWLELRWLND XQRVH L ]Q
recipijentni pot&. Kao rezultat toga, relativha zastupljengstovo svih tih gena (izuzev gena
su) biOD MH ]Q Dipdedih@@Ru Yid|Iakacijipsista u odnosu na uzvodnu lokaciju tijekom
OMHWD DOL QH L WLMHNRP JLPH 7R MH YMHURMDWQR SF
SURPRYLUDWL SUHALYOMDYDQMH RWSRUQLK EDNWHULMD L
VHGLPHQWX 0 HwpX¥MUWiakhutiQIR @/relatitna zastupljenost svih ciljanih gena bila
L] QH Q Dy X MaXitH sedimgrfRuNna  uzvodnoj lokaciji (o€ do -3 log kopija gena
otpornostifrn kopija). 1z tog razloga je relativna zastupljenagna otpornosti ka tek
neznatno, aliE DN ] Q D pdnhiIQkEcijlvidpaista u odnosu na uzvodnu lokaciju. Razlog tako
visokoj zastuplienostF LOMDQLK JHQD X X]YRGQRP Vas&gselekdiQthXx PR aH
pritiskom antibiotika i metala koji su na tu referentnu lokaciju vjerojatno dosggalnim
NDQDOL]DFLMVNLP LVSXVWLPD L LOL LVSLUDQMHP VWRDPQR
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razmjerno visoke NROLPHQHK JHQD RWSDGQH YRGH ,QGXVWULMH
SRGWLSRYH JHQD }Hbktdrd/ Blasts @IR/¥W bigbkh-1), trimetoprim (olA) i

makrolide érmB, mplE i mef& X QHAEW R RQILPUE BIRID -3 log kopija gena
otpornostirn NRSLMD Oefagivhd/Zafiupljenost svih navedenih gena bila je opet

] Q D p DM Q Bedirieatd na lokaciji ispustau odivV X QD X]YRGQX ORNDFLMX 11
VX L VHIRQVNH UD]JOLNH X GLQDPLFL YHULQH WLK JHQD
pozadinskim razinama u sedimentu samog pofokaine na uzvodnoj lokaciji)Jedino geni
ermBiblages NRML VX RG NOIMDL pNFRI I QX U F :LEEHUJ L VXL
detektirani u uzvodnom sedimentu, ali su pak detektirani u sedimentu na lokaciji ispusta tijekom
REMH VHIRQH 7DM SRGDWDN NDR L pLQMHQLFD GD VX R
nedvojpeno RND]XMH GD VX QMLKRY JODYQL L]YRU X SRWRpPpQRF
Zanimljivo je primijetiti da jerelativna zastupljenogth gena u otpadnoj vodi te industrije

(od -4 do -3 log kopija gena otpornostih kopija) usporeddD LOL pDN QLAD RG Q
zastupljenostu komunalnim otpadnim vodan{ad -2 do -3 log kopija gena otpornogtih

kopija) (Rafraf i sur., 2016.; Rodriguddozaz i sur., 2015.) 1H pXGL VWRJD pLQMHC
RERJDULYDQMH WhoK uXed@nentjrbeEpb@Wddaein komunalnih otpadnih voda
(Marahe i sur., 2017 Sabri i sur., 2018, kao i u sedirantima pod utjecajem otpadnih voda iz

formulacije lijekova(Khan i sur., 2013.)

IDVXSURW SBRYOLBEHQERMRWSRUQRVWL X SRWRPQRP VHGLP
u usporedbsa uzvodom lokacijom, relativna zastupljenostH U LQH W L Kuked@ent8 DOD MFE
QD ORNDFLML VPMHAWHQRM NP QL]YRGQR QD UD]JLQX X]Y
RIJUDQLpHQRJ SULMHQRVD WLK JHQD V ORNDFLMHkibVSXVWD
GRPDULQD UDJJUDGQMH L]YDQVWDORNa@o@i¢li Qdimél ROAR) QR VL
sorpcije gena za sedimg@alereCacers i sur., 2017.)LOL UD]JOLpLWLK NRPELQDFLL!
Usprkos tome, relativna zastupljengshasul2, mphG imsie bla MH L GDOMH |]@DpDMQR
u nizvodnom sedimentu u odnosu na uzvodni. Ti se rezultati mogu donekle objasniti selekcijom
bakteiMD NRMH QRVH WH JHQH XVOLMHG L]JORAHQRVWL UD]PMI
na nizvodnoj lokaciji (do 1,2 mg K{. Naime,Heuer i sur. (2008p)okazali su da sulfonamidni
antibiotk VXOIDGLD]LQ YHU SUL NRQPFPHG@GWRBDWHMQLRB RG RRQVF
sulfadiazina izmjerene na nizvodnoj lokaciji u ovom radu (> 0,16 iy, kipvodi do selekcije
bakterija koje nose ggsul SXWHP KRULJRQWDOQRJ SULMitgr@®R®RnD JHQD
SRGDWDND R VHOHNWLYQRM NRQFHQWUDFLML PDNUROLGD
DILWURPLFLQD RGUHYVHQH X VHGLPHQWY bileDselektiyneRz& QRM O
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razvoj bakterija koje nose gemgphG imsr( $OWHUQDWLYQR GXJRWUDMQD L
visokim razinama sulfonamida mogla bi dovesti i desketekcije gena za makrolidnu otpornost.

8 SULORJ WRPH JRYRUL L pLQMHQLFD GD VX JHQL ]D RWSRU(
ko-lokaliziranina istim plazmidim#Dolejska i sur., 2014.; Nonaka i sur., 2012.; Rahube i sur.,

2014) aWR MH X VNODGX L VD UH]XOW D Witehibr U ¥vQil IR QDO QH
SUHPD WRPH QD WHPHOMX UH]XOWDWD GRELYHQLP RYLP
LVSXVWL S Rowdrripiti sl dntihigtiddPiH y X E DN W H ULHADLAD VVH GLPRH QW L P L
SULKYDUD

+RUL]R QWD O Q R ofphrddstQiMantibiotieD D

Dalinja DQDOL]D JAHUBIQMDDQWLELRWLpPpNX RWSRUQRVW S
plazmidnog prijenosa otpornosti iz bakterija otpadne vode i sedirkaatdonora plazmida u

recipijentni sojE. coliCV601.

8 VHGLPHQWLPD ULMHNHHEDYXpKRWHD@ORVW SOD]PLGQRJ
na makrolide i tetracikline na lokacijama ispusta i 700 m nizvodno od ispusta u usporedbi sa
udaljenijom nizvodnom lokacijom (4,5 km nizvodno) ili pa&ferentnomlokacijom. Ta
]DSDADQMD VXJpULILHQHX GGRNBRRIHVMH SRVHELFH ORNDFLMD
SULMHQRV RWSRUQRVWL QD PDNUROLGH L WHWUDFLNOL
bakterijskompopulaciomVHGLPHQWD 7D SRYHUDQD PRELOQRVW MH Y
koncentracijamamakrolida, ali i hranjivih tvari te otpornih bakterija u tim sedimentima.
IDYHGHQL UH]XOWDWL VX X VNO D GplowdéhbBdXiD & B @/UL R [DMKO, LG
NRMH WDNRYyHU QDYRGL YHUX XpHVWDORVW SOD]JPLGQRJ
EDNWHULMDPD VHGLPHQWD YLVRNR RQHpL §adQiRsir, DQWLEL
2015) 7D XpHVWDORVW SOD]PLGQRJ SUTdd HORWR MHHWBAD NG
V SRGDFLPD GRELYHQLP X RI6RG® L+ WDIDYDNFIMG RGSMHEQR
horizontalnog prijenosa gena u uzorcima sedimenta, taj je prijelof® QH X S&zbrkuid D Q
otpadne vode Industrije ¥jerojatno zbogdzrazito visoke koncentracije makrolida (ukupno 6,5
mgL! NRMD MH PRJOD LQKLELUDWL UHFLSLMHQWQL VRM 7R
LVWUDALYDQMD NRML QDYRGH GD HULWURPLFLQ LQKLELL
imgL! WH pDN YLAH!Qukinaisr]2018 YyLQMHQLFD GD MH X RYRP
XVSMHaDQ KRULJRQWDOQL SULMHQRV RWSRUQRVWL X X]
PDNUROLGLPD pDN BR&H P8 BRQHNOH REMDVQLWL VPDQM
PDNUROLGD XVOLMHG DGVRUSFLMH QD pHVWLFH VHGLPHQW
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8 VHGLPHQWLPD SRWRND .DOLQRYLFD SUDUHQD MH XpH)\
QD WHWUDFLNOLQH NRMD MH QDYyHQD SRYL&HQD VDPR X \
nizvodnoj lokaciji u uspadbi sa uzvodnom lokacijom. Osim iz sedimenata, dobiven je
XVSMHaDQ KRUL]JRQWDOQL SULMHQRV RWSRUQRVWL L L] R\
RWSDGQD YRGD L]J]YRU PRELOQLK JHQD ]D RWSRUQRVW Q
pokazalada RQFHQWUDFLMD W HWIRDFLINK KRD LR & Q WMIlGiqgali SULMH
sur., 2016.; Kim i sur., 2014) 7THPHOMHP WRJD PRAH VH SUHWSRVWD"
RNVLWHWUDFLNOLQD DQWLELRWLNRWEVNERKIMQARMEH W UDF LI
GRYROMQD ]D SRWLFDQMH KRUL]JRQWDOQRJ 4ALUHQMD JHQ
WDNRYHU LVWDNQXWL GD VX WL UH]XOWDWL XMHGQR L SU
DQWLELRWLNH PHyX ED N Wtpadrirvivodaba faRiddduttke indusirjeD M X X

Rezultati karakterizacije mobilnih plazmida koji nose gene za otpornost pokazali su da

MH YHULQD WLK SO DJPRskupibi irscbohhp&tibitadst) Do pRdsBupini IneP0 7 L
plazmidi su uglavnom bili izalani izuzorakaRQHpLAUHQLK DQWLELRWLFLPD S
,QGXVWULMH L SRWRpQRJ VHGLPHQWD V ORNDFLMH LVSX\
ORNDFLMH EOLAH LVSXVWX P QL]YRGQR RG LVSXVWD 1
bilnc- 0 SODJPLGL PRJOL ELWQR SULGRQLMHWL ORNDOQRM
RNROLAX SUHSXQRP DQWLE LR phod®otkrDediRINNOL S R{NIBRGL ,QF3
(Datta i sur, 1971.) NDVQLMLP VX LVWUDALYDQMLPD GHWHNWLUDQI
RQHpPLAUHQLP ALYRP WH X ND (Balilsib,2004.| HainEsN S, 2@&K;P P X O |
Heuer i sur., 2012.; Moura i sur., 2012.; Oliveira i sur., 2012.; Smallai sur., 206B)JHGORaHQD
MH WDNRYHU L SRYH]DQRVW Y L4 Harjt@pogeiRS ORVHHPR ¥ IV Q3/DD RN
(Smallai sur., 2006.). Pored Inc®0 SOD]PLGD X RYRP LVWUDALYDQMX L]R
pripadaju podskupiniiIncP  WH ,QF1 VNXSLQL LQNRPSDWLELOQRVWL L
6DYH RQHpLAUHQRJ P DN @fa@a mdNPusKklddi ¢ daN\sEudijdrdclisiGur.,

(20150 X NRMRM VX WDNYL SOD]PLGL LJROLUDQL L] VHGLPHQW
L] IDUPDFHXWVNLK SRJRQD X ,QGLML-1 % NK&XskupinaD VX ¢
LQNRPSDWLELOQRWW K LYW B BRU AIS VR B L ODWVXPXUD
Musovic i sur., 2006.; Shintani i sur., 2015.)]D RpHNLYDWL MH GD LPDMX Y
KRUL]R QW D O QtpommosiiL naHa@tMiotike P H y Mogenetski bliskim i udaljenim

EDNWH UL M D Rdprij¥cili pogku DNadaYje) integroni skupine 1 (gatil) te geni koji

su uglavnom sastavni dio tih integrommadE/qac(™ sull i tetA) detektirani su na IncP O
SOD]PLGLPD L] RWSDGQH YRGH ,QGXVWULMH Wadukd ULMHp
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UDQLMLP OLWH U DexrHalkeLi BurkR 3&;DMkéisP &ur., 20151 H pXGL VWRJL
podatak dasw IncR 0 L ,QF1 SOD]JPLGL DQDOL]JLUDQL X RYRP LVW
RWSRUQRVWL QD PDNUROLGH LOL WHWUDFLNOLQH PpHVW
antibiotika, poglavito sulfonamideW U L P H W R Sakiafe. Dafgd fehotipska otporrst na

YLAH VNXSLQ DilaDNDARV IQEDLNRAVINLREER FEDIDMIP LG D SRULMHNORP L] VH
RQHpLAUHQLK DQWLELRWLFLPD 7R MH YUOR YMHURMDWQR
JHQVNLK SUHVODJLYDQMD SOD]JPLGQH '1$ X]JURNRYDQLK X
JHQHWLpPpNLP HOH RidzQid. I-3Q R*WIQSANNDH RWSRUQRVWL QD YLAl
rasvijetliena je sekvenciranjem cijelih odabranih konjugacijskih plazmida PacBio

tehnologijom Dobiveni rezultati potvrdili su klasifikaciju plazmidaIncR L ,QF1 WH GRGDYV
IncL i IncFIl skupini i QNRPSDWLELOQRVWL NRMH NDUDNWHUL]JLUD
UD]OLpLWLP YUVWDPD EDNWHULMD SRVHELF@Ad&MhtIk NOLQL|
i sur., 2015.; Bonnin i sur., 2012.; Carattoli, 2000 WR VH WLpH GLVWULmBXFLMH J
SOD]PLGLPD UH]XOWDWL VHNYHQFLUDIQkdiDraBiRMabsi@ddOL VX a
plazmidu. Tako su s@rimjerice,naplazmicu ,QF/ ': B6 YHOLPLQH NE SR
iz sedimenta Save s lokacije ispustdaziligeri za otpornost na nkeolide (msiE i mph' -

laktame blarem-1), sulfonamidegull), ali i geniotpornosti na arsera(sC, arsB, arsR i arsl).

Drugi plazmid IncP40 YHOLpPLQH NE VLVWH ORNDFLMH ': B6 (
na makrolide fisiE i mplD), tetracikline(tetC) i sulfonamide gull). Suprotno tome, plazmid
,QF),, ': B6 YHOLPLQH NE V LVWH ORNDFLlippka ELR MH

JHQD RGIJRYRUQLK ]D RWSRUQRVW QD piakamebldpénbibsQ D D QWL
tetracikline {et59), kloramfenikol €atll), trimetoprim @fr), aminoglikozide &ph(3")-1b i
aph(6)-1d) i sulfonamide gull). Zanimljivo je primijetiti da su svi navedeni geni uglavnom bili
lokalizirani u genskim kazetama integrona skupine 1 ili transpozona koji su odgovorni za
QMLKRYX PRELOL]DFLMX L XJUDGQMX X SOD]JPLGH pLPH VH
PHYRNROL&AQLP EDNWHU LM PI&znidnteO, IQPRBRO W.R PHF ImaLitROLUD Q
SRWRpPpQRJ VHGLPHQWD V ORNBl&ZlMId RIG/V SXZRVD UD]JB.LpLWLK
otpornosti. Pritmn je zanimljivo primijetiti dasnaplazmidu ,QF1 Y HOL pLakzilo N E
JHQD ]D RWSRUQRVW QD VNXSLQD BRW ldkiaRaelathbd XN O M X
1), sulfonamide gul2), trimetoprim @frA14) i aminoglikozide &ph(6)-Id i aph(3")-Ib). 9DAa QR
MH WDNRYHU QDJGDWVPWLQ®E LWX VIDYRPQ@MAIP R \SRNMHhaWDMX J
SOD]PLGX ,QF1 VNXSLQH 6SRPHQXWL JHQ MH @&fmailhGD XJOI
brojem kopija (englLow Copy Pasmids NDR aWR VX SULPMHULFH ,QF$ & ¢
Incl1, IncQ te IncZ plazmidi (Blau i sur.028.; Flach i sur., 2015.; Heuer i sur., 2009.; Jiang i
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VXU 5R]ZDQGRZLF] L VXU sul nije pouezdn d @tegranimeeD JHQ
skupine 1 na spomenutom plazmidu IncN je u skladu s literaturnim podacima koji ne dovode

taj gen u nikakvu vau s integronskim strukturama (Bean i sur., 2009.; bgoez i sur., 2019.;
9LQXp L VXU

=DNOMXpPQR VH PRAH UHUL GD LVSXVWL RWSDGQLK YRC
S R Wihd¢ibXnost gena zeotpornost na antibiotikgputem plazmidnog prijeRVD PHYy X
EDNWHULMDPD pLPH VH SRMDpDYD GRVHJ KRUL]RQWDOQR.
SRGUXpMD DOL L XND]J]XMH QD UL]JLN SULMHQRVD RWSRUQ
SRWYUYyXMX KN&RWR]|XMH SUHWSRVWDNOMWNGRV®D A RGN
otpornosti na antibiotkPHy X EDNWHULMDPD X LJORAHQLP VHGLPHQWL

8VSRUHGED PDNUROLGQH RWSRUQRVWL LJPHYyX RN

$QDOL]D A&LUHQMD RWSRUQRVWL ELODPRBXQD G &0 WHIQ XN
RWSRUQRVWL QD PDNURWYRG 8 U IHk W piRadij@Idplda Da analiza
SURYHGHQD MH QD WUL VNXSLQH EDNWHULMVNLK L]JRODWD
ULMHNH 6DYH LJUD]JLWR RQHpLAUHQR dnih DAddJIRdOdiri2l1IPtB O RND
LIRODWD L] QHRQH prefeientitaR R NBIGLNPBPIQWDR L L] NOLQLpPpNLK
X GHIHUHQWQRP F HipavbsHoakiierifa ddainttb@tMeHMinistarstva zdravstva pri
.OLQLFL ]D LQIHNWLYQH EROHVWL A'U )UDQ OLKDOMHYLU3 (
su u navedenim skupinama izolata PCR detekcijom 11 relevantnih gena. Geni koji su dominirali
PHYX RNRIORIDPIWLPD L NOL & MmpE, g OniziVE) Rializirani su
VHNYHQFLUDQMHP NDNR EL VH GRELR duXédBdrkhssiRaddi Q FLM D O

Analiza EDNWHULMVNH SRSXODFLMH RNROL&AQLK L]JRODWD
otpornost na azitromicin (124) ukazala je da njih 46,8 % posjedkjeod analiziranih gena za
makrolidnu otpornost, dok je samo 16,3 % izolateferentndokacije (17/104)malo neki od
ciljanih gena. Daljnjom analizom tih pozitivnih izolata pokazalo se da je u izolata s lokacije

LVSXVWD GRaAaOR GR |1QDWQRJ RERJDUHQMD WUL PHKDQL]PD
mehanizam posredovan djelovanjem enzima 23S metitiddUD]D NRMH VX YHULQR
geniermB i erm) 7L JHQL s@Q RyHD]LOLpLWMeg&Rivrind D Branpozitivnim
EDNWHULMDPD XNOM X p XStréptocotcusrré Natddjel prechi eastopeaowii Q H
XVOLMHGLR MH PHKD QL] DteBiRd tibHsBrRaykedPar]id ayavrahQgefom

msiE te potom mehanizam posredovan djelovanjem enzima makrolidnih fosfotransferaza koje

je kodirao germph( 1DYHGHQL UH]XOWDWL XSXUXMX QD [DNOMXbpD
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SUHGVWDYOMD W he kpini\ i Idakidijé QaLldkatijiQdpysta osiguravaju otpornost

QD YUOR YLVRNH NRQFHQWUDFLMH PDNUROLGD ,DNR MH Yt
MHGDQ PHKDQL]DP RWSRUQRVWL QD PDNUROLGH XaL]RODWI
GYRMQLK PHKDQL]DPD RWSRUQRVWL X RGQRVX QD LIRODWI
dvojni mehanizam bio posredovan genskom kazetgtE-msr( NRMD MH YHULQRP GHYV
u Gramnegativnim izolatima iz koljenBroteobacteria,L. WR U R G RorsuAtDetdlia&ed
Comamonas Citrobacter, Rhodobacteri dr. To ukazuje da sama aktivhost enzima
IRVIRWUDQVIHUD]D OSK( LOL SURWHLQD NRML a&WLWH UL
GRYROMQD ]D GHWRNVLNDFLMX EDNW Hj& potr&bNd. Kjihavg&V DQLFD
]JGUXaHQR GMHORYDQMH GD VH RVLJXUD EU]D |DaAWLWD RG
literaturni podaciBlackwell i Hall, 2017;1RQDND L VXU NDR L UH]XOWLEL
SRYH]XMX QDYHGHQH JH GepratpGant]daletavedeni BvRjailkhehanizam
VWHpPHQL REOLN RW SreghQRiv Wiotedbbkjexijarmal DORim toga, pojava
trostrukin - €rmF-msiE-mph( L pHWYHURVWU XN iné&A-n3B-KaHeRiIKp P D
]DPLMHUHQD MH ikolataOsMokdciHY R VBKG@WD aWR XSXuXMH QD Y
YLAHVWUXNLK PHKDQL]DPD RWSRUQRVWL X SULODJRGEL ETL
pun antibiotika. lako su makrolidi visoko djelotvorni na Grpozitivne bakterije poput
streptokoka i stafilokoka, njRY VSHNWDU GMHORYDQMD REXKYDUD L T
negativne bakterije poput bordetela, legionela, klamidija, mikopla@empylobactersp. i
Helicobacter pylori (UDNRYLU +DEHU ,DNR RNROLAQL LJRODWL
azitromiciQ D SUHYODGDYDMX QD ORNDFLML LVSXVWD XJODY(
SDWRJHQH RQL LSDN P RspreEm8ikiath rijeviob yeGaNinakivlidné Dtaapnidsti

X SDWRJHQH ELOR XQXWDU LOL L]YDQ RNROLAD

BNXSLQX NOLQLpPpNLK LIRODWD pLQLOR MH NOLQLpNL |
SRND]JLYDOL VPDQMHQX RVMHWOMLYRVW @iepibftostUR PLFLQ
u manjem udjelu rod8taphylococcus 3SRND]DOR VH GD t&(86,Y %) posebowla K L]RO
QHNL RG DQDOL]JLUDQLK JHQD ]D PDNUROLGQX RWERUQRVW
i mefC. To ukazuje da su efluks pumpe iz porodice Mef bile dominantan mehanizam makrolidne
RWSRUQRVWL PHyYyX NOLQL pKid iRolath R @katije iBiDstad @eopt@ldRdvd D R
GRPLQDQWQD PHKDQL]PD XNOMXpLYDOD V>@rm% PLH /DIEAOWL WG
proteine ribosoma (uglavhom gensm). Navedeni rezultati su u skladu s literaturnim
navodima koji opisuju tri spomenlt PHKDQL]PD NDR QDMpHaUH PHKDQ!
RWSRUQRVWL PHYX NOLQLpPNLP {FyeD surQ PONER) NILIPMD IO M M/ UG Mp
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RNROLAQLP LIRODWLPD V ORNDFLMH LVSXVWD NOLQLpPpNH L.
PHKDQL]DPD PDNUROLGQH RWSRUQRVWL GR odgdvori. pLWD P
patogenitbakterijana visoke koncentracjfe DNUROLGD OHYyXWLP |D UD]JOLNX R
PHYyX NRMLPD MH SUHYOD&G®NWHRO D DNQPHMBEDL NOYRWOQL PHKDQ
NOLQLpPNLP VWUHSWRNRNLPD ELR MBD-SBE/NRUBRYDK) X HHWW I
RSLVXMH PHYyX NOLQLpNLP SDWRJHQLPD L RVLIXRyiPYD YLVR
sur., 2016.; Schroeder i Stephens, 2016.; Wierzbowski i sur., 2005.)

'‘DOMQRP XVSRUHGERP SRMHGLQDpPQLK JHQD RWSRUQRYV

pokazao jedajegearm% SUHYODGDYDR PHYX NOLQLpPpNLP LIRODWLPD
dok nareferentnojokaciji nije bio detektiran. To ukazuje na vjerojatnost da metilacija ribosoma
posredovana genoerm% SUHGVWDYOMD XpLQNRYilng/ mbkiolideHOKDQL]DP
njihovim visokim koncentracijama u usporedbi s drugim analiziranim mehanizmima. Toj tezi
idu u prilog i literaturni podaci koji navode dagemm LVSROMDYDMX YLaAL VWXSDQC
makrolide u odnosu na genesr (van Duijkeren i sur., 2018.) aWR YMHURMDWQR RSU
zastupljenost gerermnegoligenansr PHY X NOLQLpNLP LJRODWLPD L LJRODV
LIORAHQLP YLVRNME makR@idaH RadalieD detekcpp geeam% X dDUROLNLP
EDNWHULMVNLP YUVWDPD QD ORNDFL M IStiept&rcewrsie N O M X p X
VNODGX MH V OLWHUDWXUQLP QDYRGLPD NRML RSLVXMX &l
uokolidaX LIORAHQRP RWSDGQLP YRGDRKhah |{s&URI1INaR&QOQOMH DQW
2016b.) Filogeretskomanalizom nukleotidnih sekvenci geeam% NRML MH GRPLQLUD
RNROL&AQLP LIRODWLPD V ORNDFLMH LVSXVWD L NOLQLpPNLF
! L ] P Hiifndvih nukleotidnih sekvenci &WR XND]XMH QD PRJXUL SULM
LIPHYyX EDNWHUL R D ROAIA@BMNRRCGNUILM QD WHPHOMX UH]XOWL
PRJXUH GRQLMHWL |DNOMXpDN R SXWHYLPD a8LUHQMD WLK .
EXGXuUuD LVWUDAaALYDQMD

6DAHWR UHPHQR UH]XOWDWL GRELYHQL X RYRP GLMHO
i]ORAHQ RQHpPLAUHQMX PDNUROLGLPD SXxbutdde imiMét8j® GQLK
predstavlja spremnkEDNWHULMD RWSRUQLK QD D]JLWURPLFLQ XNC
patogene iz rod&treptococcus9LVRND VOL pQ R \s&kveQoxghna étrilBWzmeyXL K
RNROLAQODK QLPpNLKORBH@MDLWDYLVRNLP URKNDQRMAE PDNPRDOLIGK
ALUHQMD WLK JHQD L]YDQ RNROL&AD &aW® LGH X SULORJ YHI
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SWMHFDM LQGXVWULMVNLK RWSDGQLK YRGD QD

sedimenata

.DR 4WR MH UDQLMH VSRPHQXWR LVWUDALYDQMLPD S|
RWSDGQH YRGH ORNDOQLK IDUPDFHXWVNLK LQGXVWULMD
SRWRND DQWLELRWLFLPD L PHWDOLPD prigodhe baktgijsRRIJOR QF
zajednice tih sedimenat&renni i sur., 2018.; Ibekwe i sur., 2016.),] WRJ UD]JORJD VO
NRUDN LVWUDALYDQMD ELR MH LVSLWDWL NDNBDJOLpPRW QK
ORNDFLMD GXa ULMHNH L SRWRND WH X UDJOLpPpLWRM VH]RQ
Te analize provedene su sekvenciranjem amplikona 16S rRNAtgenalogijomlllumina
OLVHT L ELRLQIRUPDWLpPNRP REUDGRRRuU @RNE2Y BoQiteki SRG D W
rezultati prikazani su pod rednim brojem 3 i 5 u popisu znanstvenih radova {82 6&. 84
92).

Taksonomskom analizom bakterijskih zajednica u sedimentima rijeke Save uzvodno i
QL]JYRGQR RG LQGXVWULMVNRYXMXESEKVWDOKRYBQHMBEK L M| H
EDNWHULMVNLK YUVWD L]PHyX WLK VHGLPHQDWD &aWR XND
RNROL&X SUL YLVRNLP NRQFHQWUDFLMDPD PDNUROLGD 'R
sur. (2011.) koji opisuju podi GQDNX ELRUD]J]QROLNRVW VHGLPHQDW
IOXRURNLQRORQLPD L UHIHUHQWQLK QHRQHpPLAUHQLK VF
]QDpDMQH SURPMHQH X VDVWDYX L VWUXNWXUL |DMHGQLF
nizvodnim lokacijama wsporedbi s referentnomokacijom (UP750Q. Sastav bakterijskih
zajednica u sedimentu meferentnojORNDFLML L QL]YRGQLP ORNDFLMDPD
sediment, uz koljen&roteobacteria Actinobacteria Bacteroidetes Acidobacteriakoja su
dominirala(lbekwe i sur., 2016.; Wang i sur., 2018.; Xie i sur., 20160HYy XWLP X VHGLPH
QD ORNDFLML LVSXVWD XWYUVHQR MHEpsidnbdotbtdgg®la SRY H U I
Bacteroidetes Firmicutes koja su dominirala zajedno s koljenoRroteobacteria.Slip D Q
taksonomski sastayDPLMHUHQ MH L ][D RWSDGQX YRGX WLMHNRP RE|
V OLWHUDWXUQLP RSDabDQMLPD NRMD VX SRWYUGLOD GRPL
RQHpPLAUHQLP 10 XUR NKrigtRG#®QILsBrD 2811, Ra@dlj®] haaksonomskoj
UD]JLQL URGD X VHGLPHQWX QD ORNDFLML LVSXVWD XRpHCQ
otpadne vodeMacellibacteroidetesSulfuricurvumi vadinBC27 grupa) te rodovkoji su
QDYHQL L X RWSDGQRM Yr&dsentnbjloKachi TAdhddaQuy/ Thaugi@d
Arcobacter Pseudomonad/ariovoraxi Comamonas 7R XSXUXMH QD DNXPXODFLN
RWSDGQH YRGH X VHGLPHQWX QD OR NdjautdhtohiVisakeriav D DOL
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VHGLPHQWD YMHURMDWQR XVOLMHG L]JORAHQRVWL YHUHP
SRVHELFH &X aWR MH X VNODGX V UH]XOWDWLPD UHGXQG
XWYUYyHQD MH ]QDpDMIDLSRHYW LIHDD N B IPHDOMBERPH B X RW SR
i Grampozitivnin (Macellibacteroidetes Trichococcuy te Gramnegativnih Thauera,

Arcobacter, VariovoraxPseudomonas EDNWHULMVNLK URGRYD aWR XND]
PRJOH ELWL GRPRULOQQDQIXRHEBR&®H ELWL SRVOMHGLFD V
makrolidne otpornosti nekih ili svih navedenih bakterija ili pak stjecanja otpornosti
horizontalnim prijenosom navedenih gena. Bakterije iz spomenutih rodova se u znanstvenoj
OLWHUDWXULXpAHMWRIHY HAXREUDGX RWEDOBWNRZWVRNDD L &\ B O

'LFKRVD L VXU =KDQJ L VXU L ULMHpPQH \
YRGDPD L] WLK XUHyDMD /XSdntosX sur., 20180 Die antil§okicima
(Nakayama iV X U LOL WHaGNLP PHWDOLPD 6XKDGROQLN L

OHYyXWLP XGMHOL WLK EDNWHULMVNLK URGRYD NRML VX QL
smanjili u sedimentima na nizvodnim lokacijama do razine njihove zastupljeaosterentno;j
ORNDFLML 7D VX RSDabQMD ELOD X VNODGX V UH]X
JUXSLUDQMD 10'6 NRML VX WDNRYHU XND]DOL QD VOLpPpC
uzorcima sedimenta saferentne nizvodnih lokacija tiekomREMH VH]RQH 7L UH]JXOW|
QD RSRUDYDN EDNWHULMVNLK |[DMHGQLFD X QL]JYRGQLP VH
GD QH GROD]JL GR WUDQVSRUWD EDNWHULMD V ORNDFLMH
podatak da sediment na lokaciji B3 WD VDGUAaL PQRAWYR EDNWHULMD L]
GD X VOXpDMX QMLKRYRJ WUDQVSRUWD QL]YRGQR WH EDN
QH LIQHQDYXMH EXGXuL GD YHULQD EDNWHULMD L] RWSDG!
sedimentuV DAaQR MH WDNRYHU QDSRPHQXWL GD MH VWUXNWXUI
uzvodne lokacije UP3500 iza utoka potoka GorjakSavu VOLp QD VajetdhK& ¥aX U L
referentnelokacije (nije prikazano) a Wd&ujeGD SRWRN *RUMDN QHPD ]QDpD
prirodnu zajednicu sedimentaijeci Savi. 2VLP QDYHGHQLK SURVWRUQLK SUR
i sezonske promjene u zajednicama sedimenata koje bi mogle biti posljedica sezonskih
varijacija u taksonomskom sastavu atpa vode zajedno s promjenafiikalno-kemijskih

pokazatelja sedimenata

OHYyXWLP XRIHW®@BERvKku bakterijskih zajednica izmodnim sedimentima,
relativna zastupljenogfena a makrolidnu otpornost bilbMH L GD O M HaahR2ywbBnivin QR Y La
lokacijama u odnosu n@ferentnuUORNDFLMX 7R VH PRaH REMDVQLWL SUL®
LIYDQVWDQLpPQH '1$ L LOL QMLKRYLP KRUL]JRQWDOQLP SUL!
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SRYHUDQR KRUL]JRQWDOQR 4aLUHQMH JHQD ]D zRdMn ROLGQ>
ULMHpQLP VHGLPHQWLPD X RYRP UDGX SURFLMHQMHQR M|
ORNDFLMDPD YMHURMDWQR SRVOMHGLFD QMLKRYD KRUL]RC

60LPQR NDR X VHGLPHQWX ULMHNH 6DYHL VK MHSKEPNIYN
RWSDGQH YRGH ,QGXVWULMH GR&4OR MH GR ]QDpDMQLK
EDNWHULMVNLK |[DMHGQLFD 5H]XOWDWL 10'6 DQDOL]JH XND
VYH LVWUDALYDQH ORNDFLMHGX{UYRGD ¥ X LW YU WH Q@ QLFRIG
JUXSLUDOH RGYRMHQR 1DVXSURW WRPH VH]RQVNR JUXSL
struktura bakterijskin zajednica na pojedinoj lokaciji ne mijenja promjenom sezone
(zima/ljeto). Interesantno, sastav bakté&mrjzajednice sedimenta na lokaciji ispusta bio je
VOLpQLML WDNVRQRPVNRP VDVWDYX RWSDGQH YRGH QHJRC
Tako su koljendirmicutesi Epsilonbacteraeotéioja sudominirala u otpadnoj vodi Industrije
2, ali i u drugim gbadnim vodama farmaceutskih indust(kaistiansson i sur., 2011.; Li i sur.,
2010.) ELOD ]QDpDMQR SRYLAHQD X UHODWLYQRP XGMHOX X \
uzvodnu lokaciju tjekomoMH VH]RQH &aWR XSXUXMH QD DNXPXODFLMX
VHGLPHQWX OHYyXWLP X VHGLPHQWX QD QL]JYRGQRM ORND
VPDQMLR XND]XMXiUL QDVQBXERSSNHEREGMDIMEBERY LOL
izotpDGQH YRGH X WLP VHGLPHQWLPD 1DVXSURW WRPH X
]QDpDMQRJ SRYHUDQMD X G MAtiodbadgkieXChlokoflékiRNItMdIpiQEe SRS XW
Gemmatimonadeted atescibacteriai razreda .-Proteobacteriau usporedbi s uzvodnom
lokadjom i lokacijom ispusta. Takav promijenjen taksonomski sastav sedimenta na nizvodnoj
ORNDFLML PRaH ELWL SRVOMHGLFD L]JORAHQRVWL EDNWHUL
(ukupno do 1,2 mg kytijekom obje sezone), ali i drugim eventualno pridut P RQHpLAULY DO
XNOMXpXMXiL PHWDOH 3RUHG WRJD RNR Ooké@lVvMdDIQWRW.DS
QL]YRGQH ORNDFLMH PRJX WDNRYyHU SULGRQLMHWL WDN
OHYXWLP XQDWRpPp SURPMHQM H Q imEntdsDakadiR @usta/i NiRednéD V W D )
ORNDFLMH QLVX XRpHQH ]1QDpDMQH SURPMHQH X ELRUD]JQR
X]YRGQH ORNDFLMH &@WR XND]J]XMH QD SULODJRGEX daLURNR
L] IDUPDFHXWVNLKNBRNIRQDDQDRHA VSRPHQXWR VOLPQD ]D
VHGLPHQWLPD ULMHNH 6DYH Xva&hjhaRodd fipa X AdjikKréti@hsssn LP LV V
i sur.,, 2011.; Li i sur., 2010. % XGXuL GD OLWHUDWXUQL SRGDFL QD"
bakterijskih zajednica u oblikovanju profi@pornosti na antibiotikeX RNROL&X RQHpLAG
antibioticima (Forsberg i sur., 24.; Su i sur., 2015) GHWDOMQLMH VPR SURXDpL
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Rasprava

YDULMDFLMD X NROLpLQL DQDOL]JLUDQLK JHQD RWSRUQRVW
SURYHGHQH P UH & Quetwbri) Analys]H X M@]DOL VX QD SRYH]DQRVW
relevan W QLK JHQD RWSRUQRVWL L EDNWHULMD RERJDUHQLK >
SULPMHULFH XRpHQD SR ]JAZdatcHIABromBndsigernaim lzd/oipothBsGia Y D
-laktameblaces te rodaSulfuricurvums genonblaoxa2 'RV DG D & Q MjB ukazaladw ALY D Q
QD SOD]PLGQL W& uasi RevdbmbHaSEEP. izoliranoj iz rijekgGirlich i sur.,

2011.)L XUHYDMD ]D REUDGX N R PXtpbRa) suk, OIS BE R DKSXREMH (
to da bi rodAeromonasPRJD R E L WemhRaABQD-DDODNWDPD]H SURELUHQRJ
R N R (Mhraixz i Korzeniewska, 2018)3RUHG WRJD XRpPpHQR MH GD VX SRMI
SRILWLYQR NRUHOLUDOL V YLaAH UD]JOLPpLWLKrcobaQdds |D DQW|
genimablaces tet39 i ermB, rod Acinetobacters genimablaces blaoxa-2 i tet39 te rod
Shewanellas genimablaces blaoxa-1, tet39 i ermB. Svi su ti rodovi, zajedno s rodom
Aeromonas RNDUDNWHUL]JLUDQL NDR R SRuekaX Q. V2016 p Mhddd M X G V|
2014.; Janda i Abbott, 2010.; Wong i sur., 2017aWR XSXuXMH QD WR GD LQG
SRYHUDYDMX SUHYDOHQFLMX SDWRJHQLK EDNWH&82aMD NRM
DQWLELRWLpPpNX RWSRUQRVW X SRWRpPpQRP VHGLPHQWX 7R
th SDWRJHQD RWSRUQLK QD YL&H U/HWXSALOD BRGWAEL RW QNDH] [
NRML VX QDYHQL ]QDpDMQR SRYL&HQ LudnQEuPYB3JIRM ORN
msr( SRJLWLYQD NRUHODFLMD XR [siQiDbalterja \izDppRdide] PH Yy X .
Sphingomonadaceaea koje se smatra da su sklone stjecanju geha time i otpornosti na
sulfonamide(Narciseda-Rocha i sur., 2014.; Valloreira i sur., 2011.) OHyXWLP YDAaQR
LVWDNQXWL GD PQRJH EDNWHUYM&HR RMHV M B XQ B yWHIDGIL R HQV
lokacije u odnosu nazvodn uUORNDFLMX L ORNDFLMX LVSXVWD QLMH ELO

roda ili vrste.

=DNOMXpPpQR VHseRRAMWHAHOM® UH]XOWDWD GRELYHQLK |
KLSRWH]D +LMVAGXWBXVWL PLMHQMDMX VWUXNWXUX L VD\
]IDMHGQLFD?® SULKYDUUD
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2WSDGQH YRGH ORNDOQLK IDUPDFHXWVNLK LQGXVWULI
L IRUPXODFLMX YHWHULQDUVNLK OLMHNRYD SUHGVWDY
EDNWHULMD RWSRUQLK QD WH DQWLELRWLNIKHh .RQFH(
otpadnim vodama ocijenjene su kao selektivnhe za raatgmrnosti na antibiotike
BULWRP VX ]QDWQR QLA&H NRW KU kEdnim. kodamB QW LELR)
IRUPXODFLMH O)LuMusipdrBdbiDs keackntracijama u otpadnim vodama iz
proizvodnje aitromicina (mg L1).

2QHpPLAUHQMH wdkMilditmal métalivhel te determinantamamakrolidne
otpornostiovisi dominantno ospustmaotpadnih vodaz proizvodnje azitromicinadok

drugi lokalni izvori vezani uz tergpku primjenumakrolidamanjim diglom pridonose

tRP RQHpLKEHARNMWKNR L PLNUR E L RdoRa&EIRoVRS MébividiH U H Q M H
dominantno aspustima otpadnih voda iz formulacije veterinarskih lijekovda HiG VH UDGL
i 0 doprinosu saizvodrog S R G Uzkd¢ddaganjeotpadaili ispiranp stla gnojenog

stajskim gnojivom.

. Industrijske otpadne vode i sedimenti njihovih recipijentnih vodspsemnicipoznatih

i potencijalno novih gena za otpornost na makrolm#nosno -laktame, 2,4
diaminopirmiGLQH VXOIRQDPLGH L W HMtulBrEficke@ih @eHa sy HV W D
SRNUHWQLP JHQHWLPpNLP HOHPHQWLPD SRSXW SOD]PLC(
RWSRUQRVW QD LVWX LOL GUXJH VNXSLQH DQWLELR
PRELOQRVWL YLAHVWUXNH RWSRUQRVWL PHYyX EDNWHU
. Relativna zasiplienostFLOMD QLK JHQD ]D RWSRUQRVW @D DQWLE
VHGLPHQWLPD L]JORAHQLP LQGXVWULMVNLP LVSXVWLPD
ORNDFLMH X]YRGQR RG LVSXVWD 3ULWRP MH SXQR L]
XWY EyHIMHPpQH QHIJROL SRWRpPpQH VHGLPHQWH JERJ QLa
gena u samoj rijeci.

,QGXVWULMYV N L3 LVIS @ M Wotgadhashg @ixtibiotikputem plazmidnog
SULMHQRVD PHyX EDNWHULMDPD VHGLPHQ®IMmidi 3URPLV
IncP-1 skupi,e LQNRPSDWLELOQRVWL YHOLNRJ SRWHQFLMDOLI
bakterija, mogu bitno pridonijeti prilagodbi lokalnih bakterjpa RNROL& SUHS X(
antibiotika. Ti plazmidi pHVWR QRVH YLAHVWUXNH JHQH ]D RWS

skupina antibiotika u sklopu genskih kazeta integrona skupine 1.
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6. SBWYUVHIMRND VOLPpQRVW QXNO HR® LIGFE HKXNRIOILYHIL KL
bakterijskih izolata porijeklom L] VHGLPHQWD ULMHNH 6DYH L]JUL
makrolidima i N O L Q izpl&d siteptokokaukazuje naPRJXiUdL SULMHQRVY RYR
LIPHYyX EDNWHULMD NOLQLPNRJ L RNROLAQRJ SRGULMH\

7. 8WY Uy H Qlorazalikn) Bedimenatalokacija industrijskihispusta teuzvodno i
nizvodno odih LVSXVWD XND]XMH GD dLURMNLMSNHHNWID ¥ RN R ® H:
razmjernovisokim koncentracijama antibiotika.

8. ZQDpDMQR UD]JOLpPLW VDVW ISR VEDINHDIEOtMMY Nd Kbjg DM H G C
LVWUDALYDQH ORNDFLMH LVSXVWD X XSXIIXKWHGSBID V Ut
bakterija otpadnom vodorte selekcy bakterija iz sedimenta. Sezonske promjene
taksonomskogsastava SRWYUYBRR X ULMHPpQREzrokoMa@ddaH Q W X
promjenama u sastavu otpadne vode i kemmjskiQ D B dkBdimentaOporavak
bakterijskih zajednicaSRWYMWHH® ULMHpPpQLP VHGLPHQWLPD QL]Y
UD]J]OLNX RG SRWRPQRJ VHGLPHQWD NRMHJ L GDOMH NI

na nizvodnoj lokaciji.
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7. PRILOZI
7.1. Dodatne informacije uz rad:

%LHOHQ $ ALPDWORYWIAL B - .BWHIQWD , $KHO 0 %DELO 6 -
Plaza JJ,OLODNRYL8GQONRRQLIU 1 IHIDWLYH HQYLURQPHQ\
antibioticcontaminated effluents fropharmaceutical industries. Water Research 126

(2017): 7987. doi: 10.1016/j.watres.2017.09.019

Tablica 1.Fizikahno NHPLMVNL SRND]DWHOML L SRSLVY PHYyXQDURGQ
NRULAWHQLK SUL DQDOL]L RWSDGQLK YRGD L] ITabi® DFHXW )\
S1
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Tablica 2. Fizikalno-kemijski pokazatelji otpadnih voda IndugttiH L NRMH VH LVSX
SRYUALQVNH YRGH ULMHNH 6DYH L SRWIRINDS2DOLQRYLFD 2]

aPDNVLPDOQR GR]JYROMHQH NRQFHQW U D Fdridstims ehtispeDotgadrinwbd@ @INN X R JU
80/13(43/14, 27/15, 3/16)
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Tablica3. )L]LRORWMIO QL XpLQFL LJPMHUHQL  hakonkBdgandDWL QT
embrijaD. rerio QHUD]JUMHYHQLP WH [ L [ UDJUMHYHQLP X]RUFLP
6WDWLVWLPND DQDOLIBYRDHGHIDIPIK SR PRODMURD QL HPE
VX ELOL L]JOR&HQL GHVWLOLUDGRMIYRGL 2]QDND WDEOLFH

Measured endpoint

Sample Heart beat rate Pigmentation formation Hatching rate
dilution (beats / 15 sec) (scored 13) (%)
. Control “ “
a £
g = Diluted 2 x
X
E Diluted 4 x
>
T Control
2 5
& < Diluted 2 x
o R
Diluted 4 x 2.29*%
Control
> c
= < Diluted 2 x
o o
N <
— Diluted 4 x
=
© Control
g 5
o ﬁ Diluted 2 x 2.48*
O N~
Diluted 4 x
Control
. © Undiluted
Q e
E 2 Diluted 2
>
2 Diluted 4 x 1.64
§ Control
o
g ‘6 Undiluted
U M
N Diluted 2 x
Diluted 4 x
Control
& Undiluted
c N
E 2 Diuted2x
>
< .
~ Diluted 4 x
% Control
o
€ & Undiluted
U =
N Diluted 2 x
Diluted 4 x

VWDWLVWLPNL ]1QDpDKMQADIUUD]OLND X RGQRVX QD
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Tablica4. 9ULMHGQRVWL DNXWQH WRNVLPQRVWL DQWLELRWLND
2 za slatkovodne organizme. Oznaka tablice u feahle S4

gri]ctzlrobi Compound Acrony -(I)-fgsatmis ECS0 Reference
al class m m (RL)
Sulfadiazine SDZ algae 7 800 [*W]KijIW HW
daphnid 112 000 (Sanderson and Thomsen 20
fish n.a.
é Sulfamethazine SMZ algae 8 700 (Yang et al. 2008
§ daphnid 202 000 (De Liguoro et al. 2008
% fish >100000 (Sanderson and Thomsen 20
@ Sulfamethoxazole SMX algae 30 (Sanderson and Thomsen 20
daphnid 10 000 (Sanderson and Thomsen 20
fish L OOO%‘S'C (Isidori et al. 2005
2 o Trimethoprim TMP algae 110000 (Sanderson and Thomsen 20
g ' .'; ”n daphnid >100000 (Sanderson and Thomsen 20
o = fish > 100 000 (Halling-6 j UH Q V H
Norfloxacin NOR algae 18 000 (Yang et al. 2008
daphnid 527 500 (Pan et al. 2017
é fish n.a.
Tg Ciprofloxacin CIP algae 3000 (Sanderson and Thomsen 20
% daphnid 60 000 (Sanderson and Thomsen 20
= fish > 10 000 (Robinson et al. 2004
E Enrofloxacin ENR algae 3100 (Robinson et al. 2004
daphnid > 10 000 (Robinson et al. 2004
fish >10 000 (Robinson et al. 2004
Azithromycin AZI algae 19 (Harada et al. 200¢
" daphnid 120 000 (Sanderson and Thomsen 20
§ fish n.a.
o
CE% Erythromycin ERY algae 20  (Sanderson and Thomsen 20
daphnid 940 (Sanderson and Thomsen 20
fish 80 000 (Sanderson and Thomsen 20
. o Oxytetracycline  OTC algae 170 (Sanderson and Thomsen 20
g % daphnid 18 700 (Sanderson and Thomsen 20
) fish 62 500 (Sanderson and Thomsen 20

n.e. tnema efekta; n.atnije dostupno
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%)
5o 16
T E 14 &
o )
oo I l=
B§ 1,2 T I
56 Ii TI IIf
Qo n
€ o
22 — — — -
.s% o o o B
@ c
© O
94—' [ IR IR S
S 2
.—E I B B —
3
LL
-S9 ‘ +S9 ‘ -S9 ‘ +S9 ‘
TA98 ‘ TA98 ‘ TA100 ‘ TA100 ‘

m Company 1 Winter
m Company 1 Spring
Company 2 Summer

Company 2 Autumn

Slikal. SRWHQFLMDOQL JHojpadwHRvNd4 ol @strijex1Vi2 MREZE IR tISu prikazani

kao omjer broj&salmonella typhimuriurhA98 i TA100 revertanata nakon izlaganja otpadnim

vodama i broja spontatnih revertanata nakon izlaganja destiliranoj vodi (negativna kontrola).
Testovi su provedeh X SULVXVWYX LOL RGVXVWYX PHWDEROLPNR
AWDNRUD %DURYL SUHGVWDYOMDMX VUHGQMHFiuleLMHGQR

S1
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24 hpf 48 hpf 72 hpf

Control Control Control

N

Slika 2. '"HIRUPDFLMH HPEULMD ]J]HEULFD L]JORAaHQLK VHULMI
farmaceutskih industrija nakon 24, 48 i 72 Kphti nakon oplodnje)Kontrolni embriji
predstavljaju normalno razvijene embrije nakon 24, 48 i 72 hpf. a) deformacija cijelog embrija;
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E QHUD]YLMHQD UHJLMD JODYH L UHSD GHIRUPDFLMD aXF
regija glave (zvjezdica) i neodvajanje repardlgta); d) perikardijalni edem (zvjezdica),

QHUD]YLMHQD L QHSUDYLOQD UHJLMD JODYH L UHSD GHIRL
]JJUXabYbDQMH NUYL VWUHOLFD L QHGRVWDWDN SLJPHQWD
AXPDQMpD QN WUIHQIH D J LIOHJOD ULED VD VDYLMHQRP
QHIRUPLUDQRP SHUDMRP VWUHOLFD K QHSUDYLOQR REC
ULED VD SHULNDUGLMDOQLP HGHPRP ]JYMH]GLFD GHIRUPEL
iOL DQRPDOLMRP X DEVRUSFLML aXPbBiQu#isRQH YUHUH 2]QDN
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7.2. Dodatne informacije uz rad:

*RQ]iOH] 30D]D -- QLODWRYIHEL BOHQ $ :LFKPDQQ ) 8C
.ROLUO 1 )JXQFWLRQDO UHSHUWR Lgérés kl amilgoficL EL R W L
manufacturing effluents and receiving freshwater sediments. Frontiers in
Microbiology 8 (2018): 2675. doi: 10.3389/fmicb.2017.02675

Slika 3. Udio metagenomskih klonova (%) otpornite antibiotke GRELYHQLK SRPRU
funkcionalne meta@nomike iz otpadne vode Industrije Ilsédimenata rijeke Sav@) te

otpadne vode Industrije 2sedimenata potoka Kalinovig®, C, D, Ei F). Antibiotici i
koncentracija antibiotika (mg) NRUL&AWHQL ]D NDUD Navddéni §lDiEdaM X NQM
svakoggrafa. SGLR NORQRYD RWSRUQLK QD hrdd¥dnfeké&WrhjarH X VYL
klonova otpornih na antibiotike i ukupnog broja klonova. Oznaka slike uSagplementary

Figure 1.
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Slika4. 5DVSRGMHOD S RpraeR3kinsEkvenC geaZ& Mprhost na azitromicin
(AZI) i eritromicin (ERI) u usporedbi sa sekvencama u NCBI bazi. Oznaka slike u radu
Supplementary Figure 2.
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Slika 5. 5DV S R G M H (piptein€kesekyEhveVgena za otpornost na antibiotike iz skupine
sulfonamida (sulfametazin, SMZ), 2ddaminopiimidiQD WULPHW R S-ldktdma 703
(ampicilin, AMP; cefotaksim, CTX) i tetraciklingtetraciklin, TET; oksitetraciklin, OTC) u
odnosu na sekvence pohjame u NCBI bazi. Oznaka slike u raBupplementary Figure 3
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Slika 6. Filogenetsko stablo proteinskih sekvenci gena za otpornost na tetraciklin (TET) i
oksitetraciklin (OTC). Najbolji BLAST rezultati i reprezentativne proteinske sekvence gena
preuzeteVX L] 1&%, ED]JH SRGDWDND 6WDEOR MH L]JJUDYHQR PH
Maximum Likelihood X *HQHLRXV SURJUDPX 3RGUAND |]D JUDQDQMLCL
temelju 1 SRQDYOMDQMD D SULND]DQH VX YULMHGQRVWL °
Supplementary Figure 4
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Slika 7.0Okolne regijieJHQD RGJRYRUQLK |]D RWSRUQRVW QD PDNUROL
SRULMHNORP L] RWSDGQH YRGH ,QGXVWULMH L UHFLSLMF
Open Reading FrameORF) prikazanisu VWUHOLFDPD 3ODYRP VX ERMRP |
RWSRUQRVW QD PDNUROLGH OMXELpDVWRP JHQL ]D RWS
R]IQDpHQL SRNUHWQL JHQHWLpNL HOHPHQWL D ELMHORP Kl
R]Q D p béepbtplxsekvence. Oznaka slike u ra@upplementary Figure 5.
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Tablica5. % URM MHGLQVWYHQLK JHQD ]D RWSRUQRVW QD DQW
porijeklom izsedimenata sa uzvodne lokacije i lokacije ispusta te otpadnénchdsgrije 1 (A)

i Industrije 2(B). Geni su Klasificirani obzirom na mehanizam otpornosti za kojeg kodiraju.
Oznaka tablice u radBupplementary Table 1

A)

Industry area 1

Library Mechanism of macrolide resistance Number of unique

ARGS
S uUs C1 Unknown GTPase binding protein 4
F WW_C1 Efflux pump 1
Ribosomal protection 3
Efflux pump 1
B_DS C1 Macrolide inactivation 1
Methylation of rRNA 1
Ribosomal protection 1
Efflux pump 1
S_DS C1
Macrolide inactivation 2
Ribosomal protection 1
TOTAL: 16
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B)

Industry area 2

Library Mechanism of antibiotic resistance ur,:li:umebi\rRo(f;s
S_Us_c2 Modification of target site dihydropteroate synthase 1
Modification of target site dihydrofolate reductase 4
Modification of target site thymidylate synthase 3
Efflux - tetracycline transporter 2
Antibiotic inactivation- betalactamase 2
F_WW_C2 Modification of target site dihydropteroatesynthase 1
Modification of target site dihydrofolate reductase 5
Modification of target site thymidylate synthase 1
Efflux - tetracycline transporter 6
Antibiotic inactivation- betalactamase 3
B_DS C2 Modification of target site dihydropteroate synthase 2
Modification of target site dihydrofolate reductase 3
Efflux - tetracycline transporter 4
Antibiotic inactivation- betalactamase 1
S_Dbs_C2 Modification of target site dihydropteroatesynthase 2
Modification of target site dihydrofolate reductase 11
Modification of target site thymidylate synthase 1
Efflux - tetracycline transporter 5
Antibiotic inactivation- betalactamase 9
TOTAL: 66
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Tablica 6. Geni za otpornost na antibiotike] PHW D JH Q R P V MiijéklddnQe\dtpadRe vode I8dustrije 2 te sedimenata s uzvodne lokacije

i lokacije ispusta potoka Kalinovic®rikazani su klonovi kojispoljavajuotpornost na sulfametazin (SMZ), trimetoprim (TMP), oksitetraciklin

(OTC), tetraciklin (TET), ampicilin (AMP) i cefotaksim (CTX). MIC: minimalna inhibitorna koncentracija (elghimum Inhibitory
Concentratiol. Jedinstveni geni (nukleotidna sekvencali¥ WH NQMLAQLFH VX R]QDpHGuppeent@yPdbl® WDEOLFH X

I . . Gene . . . .
Antibiotic used |Clone designation / MIC Gene annotation (Closest BLASTX hitin |% amino acid .
for selection origin (mg L") Ie(gg;h NCBI) identity. GenBank Accession #
SMZ2_S _US_Cp ] Dihydropteroate synthase Sull
Upstream sediment >1024 (SMz] 927 (Enterobacter cloaca®/P_012695459.1) 99 MG585961
SMZ7_S_US_Ce ] Dihydropteroate synthase Sull
Upstream sediment >1024 (SMz} - 927 (Enterobacter cloaca®/P_012695459.1) 99 MG585962
SMZ10_S_US_CR | Dihydropteroate synthase Sull
Upstream sediment >1024 (SMz] 927 (Enterobacter cloaca®/P_012695459.1) 99 MG585963
SMZ5_F WW_C2 ] Dihydropteroate synthase Sull
Effluent >1024 (SMz} - 927 (EnterobactercloacaeWP_012695459.1) 99 MG585964
SMZ6_F WW_C2 ] Dihydropteroate synthase Sull
Effluent >1024 (SMZ} 927 | epierobacter cloacaw/P_012695459.1) 99 MG585965
Sulfamethazine
SMZ10_F_WW_C2 ] Dihydropteroate synthase Sull
Effluent >1024 (SMz] - 927 (EnterobactercloacaeWP_012695459.1) 99 MG585966
SMZ1_B_DS_Cz2 ] Dihydropteroate synthase Sul2
Sediment bacteria >1024 (SMz] 852 (Escherichia colHVH 213 EQU75297.1) 99 MG585967
SMzZ5_B_DS _C2 ] Dihydropteroate synthase Sull
Sediment bacteria >1024 (SMz] - 927 (Enterobacter cloaca®/P_012695459.1) 99 MG585968
SMZ9_B_DS_Cz2 ] Dihydropteroate synthase Sull
Sediment bacteria >1024 (SMz} - 927 (Enterobacter cloaca®/P_012695459.1) 99 MG585969
SMz6_S DS _C2/ >1024 (SMZ 927 Dihydropteroatesynthase Sull ) 99 MG585970

Discharge sediment

(Acinetobacter baumannADX02776.1)
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Trimethoprim

SMZ8_S _DS_C2/
Discharge sediment

TRM2_S_US_C2
Upstream sediment

TRM5_S_US_CP
Upstream sediment

TRM6_S_US _C?
Upstream sediment

TRM7_S_US _CP
Upstream sediment

TRM8_S_US_C2
Upstream sediment

TRM10_S_US_CP
Upstream sediment

TRM2_F _WW_C2
Effluent

TRM6_F WW_C2
Effluent

TRM8_F WW_C2
Effluent

TRM10 F WW_C2
Effluent

TRM13_F_WW_C2
Effluent

>1 024 (SMZ,

512 (TRM)

>512 (TRM)

>512 (TRM)

>512(TRM)

>512 (TRM)

>512 (TRM)

>512 (TRM)

>512 (TRM)

>512 (TRM)

>512(TRM)

>512 (TRM)

927

795

795

504

483

528

498

795

483

294

483

483

483

Dihydropteroate synthase Sull
(Enterobacter cloaca®/P_012695459.1)

Thymidylate synthase
(Bacteroidetes bacteriu@WB2_41 8
OFX59224)

Thymidylate synthase
(Neisseriasp. HMSC15C08
WP_070491626.1)

Dihydrofolate reductase
(Nitrosomonas nitros&FM09632.1)

Dihydrofolate reductase
(Methylotenera versatili$vP_047542178.1)

Dihydrofolate reductase
(Lactonifactor longoviformis
WP_072849072.1)

Dihydrofolate reductase
(Lentimicrobium saccharophilum
WP_062039092.1)

Thymidylate synthase

(Bacteroidetes bacteriu@WA2_40_15
OFX42999.1)

*

Dihydrofolate reductase DfrA14
(Escherichia coliYP_006953259.1)

Dihydrofolate reductase DHFR2
(Pseudomonas aerugino€AQ52800.1)

Dihydrofolate reductase DfrA14
(Salmonella entericeNP_569370.1)

Dihydrofolate reductase DfrAl14
(Salmonella entericdlP_569370.1)

Dihydrofolate reductase DfrA14
(Escherichia coliYP_006953259.1)

99

90

80

53

49

57

80

100

99

100

99

100

MG585971

MG585972

MG585973

MG585975

MG585976

MG585977

MG585978

MG585974

MG585979

MG585986

MG585980

MG585981

MG585982
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TRM16_F_WW_C2
Effluent

TRM17_F _WW_C2
Effluent

TRM19 F WW_C2
Effluent

TRM1_B_DS C2
Sediment bacteria

TRM2_B_DS_C2
Sediment bacteria

TRM4_B_DS C2
Sediment bacteria

TRM5_B_DS_C2
Sediment bacteria

TRM6_B DS C2
Sediment bacteria

TRM7_B_DS _C2
Sediment bacteria

TRM2_S_DS_C2/
Discharge sediment

TRM3_S_DS_C2/
Discharge sediment

TRM4_S_DS_C2/
Discharge sediment

TRM5_S _DS_C2/
Discharge sediment

>512(TRM)

>512 (TRM)

>512 (TRM)

>512 (TRM)

>512 (TRM)

>512 (TRM)

>512 (TRM)

>512 (TRM)

>512 (TRM)

512 (TRM)

>512 (TRM)

>512 (TRM)

>512 (TRM)

486

483

843

483

483

483

486

459

483

483

486

510

795

Dihydrofolate reductase
(Flavobacterium sasangense
WP_026725269.1)

Dihydrofolate reductase DfrA14
(Salmonella entericdlP_569370.1)

Thymidylate synthase
(Acinetobacter IwoffiwP_004729505.1)

Dihydrofolate reductase DfrA14
(Escherichia coliYP_006953259.1)

Dihydrofolate reductase DfrA14
(Escherichia coliYP_006953259.1)

Dihydrofolate reductase DfrA14
(Escherichia coliYP_006953259.1)

Dihydrofolate reductase
(Neisseria wadsworthiVP_040666967.1)

Dihydrofolate reductase DfrA12
(Escherichia colWP_071846383.1)

Dihydrofolate reductase DfrA14
(Escherichia coliYP_006953259.1)

Dihydrofolate reductase
(Flavobacterium sinopsychrotolerans
WP_091173155.1)

Dihydrofolate reductase
(Flavobacterium sasangense
WP_026725269.1)
Dihydrofolate reductase

(Ruminococcaceae bacteriuiiRB3002
SCW?70680.1)

Thymidylate synthase
(Bdellovibrio exovorusVP_015470741.1)

93

100

100

100

100

100

78

100

100

84

94

59

87

MG585985

MG585983

MG585984

MG585987

MG585988

MG585989

MG585992

MG585991

MG585990

MG585993

MG585994

MG585995

MG586006
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Oxytetracycline

TRM6_S_DS_C2/
Discharge sediment

TRM7_S_DS_C2/
Discharge sediment

TRM8_S DS _C2/
Discharge sediment

TRM9_S_DS_C2/
Discharge sediment

TRM10_S DS _C2/
Discharge sediment

TRM11_S_DS_C2/
Discharge sediment

TRM12_S DS_C2/
Discharge sediment

TRM14_S DS _C2/
Discharge sediment

TRM19_S DS_C2/
Discharge sediment

OTC4_S_US_CR
Upstream sediment

OTC8_S_Us_CRk
Upstream sediment

OTC1_F_WW_C2
Effluent

>512 (TRM)

>512 (TRM)

512 (TRM)

>512 (TRM)

>512 (TRM)

512 (TRM)

>512 (TRM)

>512 (TRM)

>512 (TRM)

128 (OTC)
64 (TET)

128 (OTC)
128 (TET)

512 (OTC)
256 (TET)

507

702

477

486

483

498

483

483

483

495

1191

1320

1275

Dihydrofolate reductase
(uncultured bacteria AIA18652.1)

Dihydrofolate reductase DfrA17

(Klebsiella pneumonia@/P_013023850.1)

Dihydrofolate reductase DfrAl
(Citrobacter freundiiWP_053764311.1)

Dihydrofolate reductase
(Flavobacterium sasangense
WP_026725269.1)

Dihydrofolate reductase DfrA14
(Escherichia coliYP_006953259.1)

Dihydrofolate reductase
(Paludibacter propionicigenes
WP_013444380)

Dihydrofolate reductase
(Flavobacterium sinopsychrotolerans
WP_091173155.1)

Dihydrofolate reductase
(Flavobacterium sinopsychrotolerans
WP_091173155.1)

Dihydrofolate reductase DfrA14
(Salmonella entericdlP_569370.1)

Dihydrofolate reductase
(Flavobacterium antarcticum
WP_022826597.1)

Tetracycline MFS efflux pump
(Escherichia colAGL61409)

Tetracycline MFS efflux pump
(Flavobacterium psychrophilum
AlJ37130.1)

Tetracycline MFSfflux pump
(Escherichia colwWP_01327937.1)

72

94

100

75

84

84

100

79

100

97

100

MG585996

MG586003

MG586002

MG585997

MG586004

MG585998

MG585999

MG586000

MG586005

MG586001

MG586007

MG586008

MG586009
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Tetracycline

OTC5_F_WW_C2
Effluent

OTC6_F WW_C2
Effluent

OTC8 F WW_C2
Effluent

OTC9_F WW_C2
Effluent

OTC10_F WW_Ce
Effluent

OTC1_B_DS_Ce
Sediment bacteria

OTC2 B DS _Ce
Sediment bacteria

OTC6 B DS C2
Sediment bacteria

OTC1_S_DS_C2/
Discharge sediment

OTC2_S_Ds_cC2/
Discharge sediment

OTC5_S_DS_C2/
Discharge sediment

TET2 B DS C2
Sediment bacteria

TET10_B_DS_C2
Sediment bacteria

128 (OTC)
128 (TET)

128 (OTC)
128(TET)

128 (OTC)
64 (TET)

128 (OTC)
128 (TET)

64(0TC)
64 (TET)

512 (OTC)
128 (TET)

128 (OTC}
128 (TET)

128 (OTC)
64 (TET)

128 (OTC)
128 (TET)

128 (OTC)
128 (TET)

64 (OTC)
64 (TET)

64 (TET)
64 (OTC)

64 (TET)
64 (OTC)

1122

1317

1191

1320

1320

1320

1188

1275

1320

1275

1191

1320

1320

Tetracycline MFS efflux pump
(Acinetobacter gerneftPR81956.1 )

Tetracycline efflux pump
(Flavobacterium psychrophilum
AlJ37130.1)

Tetracycline MFS efflux pump
(Enterobacter cloaca®UK56633.1)

Tetracycline MFS efflux pump
(Flavobacterium psychrophilum
AlJ37130.1)

Tetracycline MFS efflux pump
(Flavobacterium psychrophilum
AlJ37130.1)

Tetracycline MFS efflux pump
(Flavobacterium psychrophilum
AlJ37130.1)

Tetracycline MFS efflux pump
(AcinetobacteiWP_004856455)

Tetracycline MFS efflux pump
(Escherichia colWP_01327937.1)

Tetracycline MFS efflux pump
(Flavobacterium psychrophilum
AlJ37130.1)

Tetracycline MFS efflux pump
(Escherichia collWP_01327937.1)

Tetracycline MFS efflux pump
(Escherichia colAGL61409)

Tetracycline MFSfflux pump
(Flavobacterium psychrophilurlJ37130.1)

Tetracycline MFS efflux pump
(Flavobacterium psychrophilum
AlJ37130.1)

100

94

100

99

97

99

99

100

97

100

100

99

98

MG586011

MG586012

MG586010

MG586013

MG586014

MG586029

MG586033

MG586032

MG586015

MG586022

MG586021

MG586030

MG586031
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Ampicillin

TET1 S _DS_C2/
Discharge sediment

TET3_S_DS_C2/
Discharge sediment

TET5_S_DS_C2/
Discharge sediment

TET6_S_DS_C2/
Discharge sediment

TET9_S _DS_C2/
Discharge sediment

AMP1_S US_Cp
Upstream sediment

AMP6_S US_C2
Upstream sediment

AMP6_F WW_C2
Effluent

AMP7_F_WW_C2
Effluent

AMP11 F WW_C2
Effluent

AMP18 F WW_C2
Effluent

AMP2_S _DS_C2/
Discharge sediment

AMP3_S DS_C2/
Discharge sediment

64 (TET)
64 (OTC)

64 (TET)
64 (OTC)

64 (TET)
64 (OTC)

64 (TET)
64 (OTC)

64 (TET)
64 (OTC)

>1 024 (AMP)
<8 (CTX)

>1 024 (AMP)
<8 (CTX)

>1 024 (AMP)
<0.25 (CTX)

>1 024 (AMP}
<0.25 (CTX)

>1 024 (AMP)
<0.25 (CTX)

>1 024 (AMP}
<0.25 (CTX)

>1 024 (AMP)
>16 (CTX)

>1 024 (AMP)
8 (CTX)

1320

1320

1320

1320

1320

7

828

849

828

741

849

864

1152

Tetracycline MFS efflux pump
(Flavobacterium psychrophiluilJ37130.1)

Tetracycline MFS efflux pump
(Flavobacteriunpsychrophilum
AlJ37130.1)

Tetracycline MFS efflux pump
(Flavobacterium psychrophiluilJ37130.1)

Tetracycline MFS efflux pump
(Flavobacterium psychrophiluslJ37130.1)

Tetracycline MFS efflux pump
(Flavobacterium psychrophilum
AlJ37130.1)

Class D betdactamase OXAL98
(Pseudomonas aeruginosa
WP_094865115.1) *
Class D betdactamase OXALO

(Klebsiella pneumoniae
WP_020442392.1)

Class D betdactamase
(uncultured bacterium AMP47957.1)

Class D betdactamase OXALO
(Klebsiella pneumoniae
WP_020442392.1)

Subclass B1 metallbetalactamase

(Flavobacterium plurextorum
WP_089058075)

Class D betdactamase
(uncultured bacterium AMP47957.1)

Class A extendedpectrum betdactamase
GES1
(Klebsiella pneumoniadA032356.1) i

Class C betdactamase CMY10
(Acinetobacter baumanniXB07206.1)

97

99

97

99

98

70

99

99

99

98

99

100

99

MG586016

MG586017

MG586018

MG586019

MG586020

MG586024

MG586023

MG586025

MG586028

MG586026

MG586027

MG586040

MG586041
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Cefotaxime

AMP4 S DS _C2/
Discharge sediment

AMP6_S_DS_C2/
Discharge sediment

AMP7_S DS _C2/
Dischargesediment

AMP8_S DS_C2/
Discharge sediment

AMP9_S DS C2/
Discharge sediment

AMP10_S DS_C2/
Discharge sediment

AMP12 S DS _C2/
Discharge sediment

AMP18_S_DS_C2/
Discharge sediment

CTX2 B DS _C2
Sediment bacteria

>1 024 (AMP)
>16 (CTX)

>1 024 (AMP)
<0.25 (CTX)

>1 024 (AMP)
<0.25 (CTX)

>1 024 (AMP)
8 (CTX)

512 (AMP)
<0.25 (CTX)

>1 024 (AMP}
32 (CTX)

>1 024 (AMP)
8 (CTX)

1 024 (AMP}
>0.25 (CTX)

32 (CTX)

906

786

903

855

876

900

741

876

1152

Class A betdactamase
(Pedobactesp. PACM 27299 ALL06350.1)

Class D betdactamase
(Desulforegula conservati

WP_027358149.1)

Class D betdactamase
(uncultured bacterium AMP47162.1)

BJP betdactamase

(uncultured bacteriurAlA18864)

Betalactamase OXAL precursor
(Acinetobacter baumann8CY69726.1)

Class A extendedpectrunbetalactamase

VEB-9

(Pseudomonas aerugino§€30K92124.1)

Subclass B1 metallbetalactamase
(Flavobacterium oncorhynchi

WP_089052251.1)

Class D betdactamase OXAL
(Acinetobacter baumann8CY69726.1)

CMY-1/MOX family class C betdactamase

MOX-9

(Citrobacter freundiiAlG22447.1)

55

100

74

99

100

97

98

MG586035

MG586036

MG586037

MG586038

MG586043

MG586042

MG586039

MG586044

MG586034
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7.3. Dodatne informacije uz rad:

OLODNRYQHWWHUJDDUG * *RQ]iOH] 30D]D -- 3HWULUO ,
6 6FKORWHU O 8GLNRYLUO .ROLUO 1-maifaciungioRded URP D]l
macrolideresistance gene propagation and induces spatial and seasonal bacterial
community shifts in receiving river sediments. Environment International 123 (2019):
501-511. doi: 10.1016/j.envint.2018.12.050

Tablica 7. Fizikalno-kemijski pokazaHOML L PHYyXQDURGQR VWDQGDUGL]
NRULGAWHQH ]D DQDOL]X ULMHPpQLKTeEGLPHQDWD 2]QDND W

Parameter ISO standard Methodology

pH (HO) HRN ISO 10390 Electrochemistry
Conductivity HRN EN 27888:2008 Electrochemistry
Total organic carbon (TOC) HRN EN 1484:2002 IR spectrometry
Total carbon (TC) HRN EN 1484:2002 IR spectrometry
Total nitrogen (TN) HRN ISO 1871:1999

Total phosphorus (TP) HRN EN ISO 6878:2008 Spectrophotometry
Nitrite (NGy) HRN EN ISO 103@4009 lonchromatography
Nitrate (NG&) HRN EN ISO 103@4009 lon chromatography
Ammonium (NH*) HRN EN ISO 14911:200: lon chromatography
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Tablica8. SDURYL SRpHWQLFD NRUL&GWHQL ]D NYDQWLILNDFLMX
makrolidne antibiotke i LQWHJURQD VNXSLOHL XFRQPRRYMW R W
amplifikacijske reakcije prikazani su za zimsku (Assay 1) i lijetnu (Assay 2) sezonu. Oznaka
tablice u radurable S2

;:;%Et Primer name WEJu E « «pBi[ Af Aslsz]sh(f)(:)? du £ Z Ass:;/:;uracyf:sayz Assi}f/ﬁldencyA[usAjs]ayZ Reference
mphG g:iwggg ggégﬁggﬁﬁfgﬁﬁggfg 128 60 0.9946 0.9916 108.99 90.55 this study**
mphE giwggg ggﬂ;}gﬁ%ﬁéﬁiﬁﬁfg C 60 0.9931 0.9916 94.33 102.29 this study**
msiE giwggg g?ﬁg‘éﬁ’&%‘é‘é‘éﬁﬂ;ﬂg 127 60 0.9956 0.9945 85.47 98.61 this study*
mefC giwggg gié;éié%i;i&ii?&?cﬁ 195 60 0.9970 0.9916 81.24 9055 this study*
e mm  STCCSTOCEMTES s oms ome  wn s S
M COTOICMNT L w ome o e we S

WHPSHUDWXUD VSDULYDQMD SDURYD SRpHWQLFD
SDURYL SRpHWQLRR WXV NRIQ Y WHXLYHIFH SUHWKR G-Ol&ali &H,Q0AE) ILFLUDQ
SRPRiUX *HQHLRVXV SURJUDPD Y
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Tablica 9. Fizikalnokemijski pokazatelji sedimenata rijeke Save tijekom zimske i ljetne
sezone. Oznaka tablice u ratable S3

Sampling site

Sampling
Parameter .
campaign  yp7500 DWO DW300 DW700 DWwW4500 DW11000
Winter 8.63 8.53 8.80 8.41 9.12 8.37
pH (HO)
Summer 8.76 7.67 8.78 8.35 8.58 8.28
4 -£ . Winter 9.5 9.5 10.1 8.5 9.8 9.7
Summer 24.8 24.1 24.0 235 25.0 24.7
Conductivity (KCI)  Winter 48.3 115.2 223.0 52.7 115.0 56.9
(mS) Summer 59.5 951.0 56.5 122.6 65.5 162.8
Winter 85.2 56.4 70.7 71.4 82.1 79.4
Sand (%)
Summer 78.5 69.9 63.4 47.4 64.9 81.8
. Winter 12.8 37.9 255 25.2 13.3 17.6
Silt (%)
Summer 18.1 27.9 32.2 47.3 30.3 15.7
Winter 2.0 5.7 3.8 3.4 2.6 3.0
Clay (%)
Summer 3.4 2.2 4.4 5.3 4.8 2.5
Total organic carbon Winter 0.97 1.35 0.93 2.10 3.70 0.78
(%) Summer 0.90 2.83 0.54 1.65 1.49 1.12
Winter 7.50 9.06 8.20 8.11 6.98 6.42
Total carbon (%
(%) Summer 5.58 8.37 6.53 6.83 6.12 3.68
Total nitrogen (%) Winter 0.04 0.12 0.05 0.10 0.04 0.04
0
g Summer 0.05 0.26 0.02 0.22 0.07 0.06
Total phosphorus (%) Winter 0.38 0.39 0.40 0.30 0.35 0.49
0
phosp Summer 0.49 0.47 048  0.33 0.31 0.35
NGOz (mg/kg) Winter <0.03 10 <0.03  <0.03 <10 <0.03
Summer 0.60 7.4 0.60 1.2 <0.30 0.80
NGs (mg/kg) Winter 2.26 <10 351 4.03 <10 241
Summer 44.0 23.0 56.0 <10 24.0 31.0
Winter <0.05 25 0.05 0.23 <10 0.26
NH¢ (mg/kg)
Summer 0.50 296 1.60 1.90 1.50 11.0

Lokacije uzorkovanja: UP7500, 7500 m uzvodno od isp(stéerentna lokacija)DWO0, ispust; DW300, 300 m
nizvodno od ispusta; DW700, 700 m nizvodno od ispusta; DW4500, 4500 m nizvodno od ispusta; DW11000, 11
000 m nizvodno od ispusta.
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Tablica 10. 5 HODWLYQD ]JDVWXSOMHQRVW URGRYD L]JUDAHQD X SRVWRWNX NRWgsu idX VH ]G
referentnulokaciju (UP7500 WLMHNRP JLPVNH VH]RQH =QDpDMQD UD]JOLND X UHODWLYQRM ]DVW.

referentneORNDFLMH 83 MH R]RDI8)QMZneKA Giice@ MieQI®S4
Sampling site
Phylum Class Order Family Genus UP DW DW DW DW
7500 ww bwo 300 700 4500 11000
Bacteroidetes Bacteroidetes Uncultured Uncultured Uncultured IXITF | IX1iF | IX006F i1X1iF | iXiiF | IXIiiF | iX1iF
vadinHA17 0.00 0.00 0.23 0.00 0.02 0.00 0.01
Bacteroidia Bacteroidales Bacteroidaceae Bacteroides IXITF | 6XioF iXioF| iXiiF | iXiiF | iXiiF | iXiiF
0.00 2.21 0.60 0.00 0.03 0.00 0.00
Tannerellaceae Macellibacteroidetes IXTiF| iXi6F| TX00F iXiiF | iXioF| iXiTF | iXiiF
0.00 0.14 0.99 0.00 0.02 0.01 0.00
Paludibacteraceae Paludibacter IXITF | iXi0F| iXiAF| iIX1iF | iXiTF | IXiiF | iXiiF
0.00 0.10 0.84 0.00 0.03 0.00 0.00
Rikenellaceae vadinBC2Wvastewater IXITF | IXI6F| iXTIiF | IX1iF | iXiTF | IXIiF | iXI1iF
sludge group 0.00 0.04 0.30 0.00 0.03 0.00 0.00
Anaerocella IXTIF| IXIIF | IX86F iXiiF | iX1iF | IXiiF | IXiiF
0.00 0.00 0.24 0.01 0.01 0.01 0.00
Flavobacteriia Flavobacteriales Flavobacteriaceae Flavobacterium IX60F 1XioF| iXT0F| TX00F iX0AF iX0iF| iTXAAd
0.80 0.06 0.84 2.92 0.49 0.16 9.75
Sphingobacteriia Sphingobacteriales WCHB169 ggﬁitilltguorggcteirales ixiie | ixiie Lixaor ixiie | ixite | ixiie | iXiAE
. 0.00 0.00 0.30 0.04 0.01 0.02 0.04
bacterium

Uncultured bacterium IXITF | iXTiF | iX0TF| iX1iF | iXiiF | IXiiF | iXiiF
0.00 0.00 0.11 0.00 0.02 0.00 0.00

Cyanobacteria Oxyphotobacteria Nostocales Xenococcaceae Pleurocapsa IXTTF | IXTiF [ iXIiTF | IXiTF | iXioF| iXTiF | iXiiF
0.03 0.00 0.03 0.01 0.08 2.10 0.12

Firmicutes Bacilli Lactobacillales Carnobacteriaceae Trichococcus IXioF| iXidF| oXiiF| iXidF| iXioF| iXi6F| iXiiF
0.03 0.09 1.20 0.09 0.08 0.02 0.28

Clostridia Clostridiales Christensenellaceae | Christensenellacae-R IXITF | IX0TF| iXAOF i1XiiF | iXiiF | IXiiF | iXiiF
Group 0.00 0.30 0.11 0.00 0.02 0.00 0.01

Family XII Guggenheimella IXTiF | iXiTF | iX0IF| iXiiF | iXiTF | iXiiF | iXiiF
0.0 0.00 0.54 0.00 0.02 0.00 0.00

Fusibacter IXTiF | IXi6F| iX80F iXiTF | IXiTF | IXiTF | IXiTF
0.00 0.01 0.88 0.02 0.02 0.01 0.01

Family XIII Anaerovorax IXTiF | IXioF| iX00F iXiiF | iXiiF | iXiiF | iXiiF
0.00 0.01 0.10 0.00 0.01 0.00 0.00

Erysipelotrichia Erysipelotrichales Erysipelotrichaeae Erysipelothrix IXTiF | IXiiF | IX68F iXiiF | iXiTF | iXiiF | iXioF

0.01 0.01 0.48 0.01 0.02 0.01 0.02
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Proteobacteria

Alphaproteobacteria Caulobacterales Caulobacteraceae Brevundimonas IXioF| IXi0oF| 1X00F iXiiF | iIXATF| iX80F i1X00H
0.18 0.02 0.26 0.26 0.27 0.20 0.47
Rhodobacterales Rhodobacteraceae Gemmobacter IXiiF | IXAO6F 1X006F iXiiF| iXiAF| iXioF| iXioF
0.01 0.07 0.32 0.04 0.02 0.02 0.02
Pseudorhodobacter IXT0F| IXiTF | iIXi60F| iXTiF | iXiTF | iXA0F iXidF
0.02 0.01 0.07 0.29 0.07 0.08 0.18
Paracoccus IXITF | IXITF | IXT0F| iXi6F| i1 XTTF| iXi6F| iXioF
0.02 0.01 0.14 0.06 0.14 0.08 0.07
Tabrizicola IXITF | IXI0F| i1XiTF | iXioF| IXTAF| iXATF| 1X0iF
0.06 0.01 0.10 0.11 0.17 0.10 0.42
Other IXITF| IX00F i1XidF| iXioF| iXTTF| iX6fAF iX00F
0.07 0.19 0.09 0.12 0.12 0.22 0.21
Deltaproteobacteria Desulfobacterales Desulfobacteraceae | Desulfobacter IXTIF | IXTIF | iXTiF | iXiiF | iXiiF | iXiiF | iXiiF
0.00 0.00 0.66 0.00 0.00 0.00 0.00
Desulfobulbus IXTTF | IXiTF | iX6AF iXIiTF | iXiiTF | iXiAF| 0.07
0.00 0.00 0.21 0.02 0.03 0.04 FiXin
Desulfuromonadales Geobacteraceae Geobacter IXTiF | IXiTF | iX0iF| iXioF| iXi6F| iXTiF| iXioF
0.04 0.01 0.46 0.01 0.01 0.11 0.06
Gammaproteobacteria | Betaproteobacteriales | Comamonadaceae Comamonas iIX6AF OXioF AXTO0F IX66F iX006F iXioF| iX00F
0.17 1.14 1.54 0.25 0.19 0.16 0.11
Rhizobacter IXi0F| IXITF | iIXA0F 1Xi0F| IXTAF| iXTiF | IXiAF
0.09 0.00 0.41 0.25 0.13 0.09 0.08
Variovorax IXT6F| TXi6F| TX0iF| IXA6F IXi6F| iXT0F| 1X1iF
0.11 0.35 1.08 0.41 0.16 0.12 0.14
Hydrogenophilaceae | Thiobacillus IXITF | IXTIF | iXioF| iXioF| iXi0F| iXiiF | iXiiF
0.02 0.00 0.77 0.04 0.05 0.04 0.08
Uncultured IXITF | IXITF | IXAOF IXITF | IXIiF | IXiTF | 1XiiF
0.00 0.02 0.28 0.00 0.01 0.01 0.00
Methylophilaceae Methylotenera IXITF | IXTIF | IXATF| iIXiiF | IXioF| iXiiF | iXiiF
0.02 0.00 0.86 0.04 0.04 0.04 0.01
Rhodocyclaceae Thauera IXTiF | iXiTF| AX0O6HR iXiiF | iXiAF| iXiAF| iXidoF
0.01 0.09 1.66 0.14 0.17 0.13 0.03
Dechloromonas IXTO0F| IXi10F| iXi6F| 1 Xa8iTF| 1XiiF | iXi6F| IX06TF
0.06 0.01 0.64 0.37 0.18 0.14 0.30
Propionivibrio IXTAF| IXioF| iIXAdF i1XiTF | iIXioF| iXiAF| iXiiF
0.02 0.02 0.06 0.01 0.02 0.08 0.02
Methylococcales Methylomonaceae Methylomonas IXTTF | IXTIF | iIXATF| IXITF | IXIAF| IXiiF | IXiiF
0.00 0.00 1.05 0.00 0.08 0.00 0.00
Pseudomonadales Moraxellaceae Acinetobacter IXTiF | IXTAF| iIX006F 1XiTF | iIXiiF | iXioF| iXiiF
0.00 0.02 0.43 0.01 0.04 0.04 0.01
Pseudomonadaceae | Pseudomonas iXOiF| iX00F iX0oiF| iXTTF | 1X66F iXAdF I1XTi1F
0.25 0.12 0.78 1.40 1.18 0.17 0.17
Xanthomonadales Xanthomonadaceae | Arenimonas IXO0iF| IXITF | iIX00F iX060F iXiAF| iXiTF| iXA0F
0.19 0.00 0.48 0.28 0.75 0.24 1.22
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Other Other Other IXTO0F| IXioF| iIX10F| iXioF| i1Xi6F| iX806F iX0iF
0.01 0.04 0.02 0.20 0.09 0.09 0.23

Epsilonbacteraeota | Campylobacteria Campylobacterales Thiovulaceae Sulfuricurvum IXTiF | iIXiiF | IXT0F| iXiiF | iXioF| iXiiF | iXiiF
0.00 0.01 3.46 0.00 0.14 0.00 0.00

Arcobacteraceae Arcobacter IXITF | foXoi| 6XioF I1XIiTF | iXiiF | iIXioF| 1XiTF
0.00 .86 3.62 0.01 0.17 0.08 0.01

Spirochaetae Spirochaetes Spirochaetales Spirochaetaecae Uncultured IXTTF | IXidF| IX0TF| iXiiF | IXIiiF | iXiiF | iXiiF
0.00 0.04 0.31 0.00 0.01 0.10 0.00

Sphaerochaeta IXTiF | IXiTF | iX00F iXiiF | iXiiF | iXiiF | iXiiF
0.00 0.06 0.22 0.00 0.00 0.00 0.00

Treponema IXTTF | IXTiF | IX0AF IXiiF | IXIiF| iXiiF | iXiiF
0.00 0.01 0.27 0.00 0.00 0.01 0.00

Synergistetes Synergistia Synergistales Synergistaceae Uncultured IXTIF | iXiTF | iXAdF i1XiiF | iXiiF | iXiiF | iXiiF
0.00 0.23 0.04 0.00 0.01 0.00 0.00

Lokacije uzorkovanja: UP7500, 7500 m uzvodno od isp(rstierentna lokacija)DWO, ispust; DW300, 300 m nizvodno od ispusta; DW700, 700 m nizvodno od ispusta;

DW4500, 4500 m nizvodno od ispusta; DW11000, 11 000 m nizvodno od ispusta.
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Tablica 11. 5SHODWLYQD ]DVWXSOMHQRVW URGRYD L]UD & H@ BizusdrinR IRACRawia (BW)NIFolthbswié VH ]G
referentnu(UP7500 WLMHNRP OMHWQH VH]RQH =QDpDMQD UD]OLND X UHODWLY @GRMtHI® VW XSO
ORNDFLMH 83 MH R]ROHISQMNSKE GblideD MDDIR S5

Sampling site
Phylum Class Order Family Genus UpP DwW DW DW Dw
7500 ww DWO 300 700 4500 11000
Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides IXITH oXAg iXod| iXioh iXiiH iXiiH iXiiF
0.00 0.06 0.08 0.05 0.00 0.00 0.00
Paludibacteraceae Paludibacter IXTIH 1Xi6f i1X60| iXiokh IXiTH iXiiH iXiiF
0.00 0.02 0.11 0.05 0.01 0.00 0.00
Rikenellaceae vadinBC2ivastewater IXITH I XATR iXT6F iXioh iXiTH iXiiH iXiiF
sludge group 0.00 0.05 0.52 0.03 0.02 0.00 0.00
Flavobacteriales Weeksellaceae Cloacibacterium IXTIH IXiiH iXo6| iXiAk iXiiH iXiiH iXiiF
0.00 0.00 0.05 0.01 0.01 0.00 0.01
Sphinobacteriia Sphingobacteriales STF12K33 Uncultured IXTiR IXiiH TXiof iXiAah iXiof iXiiH iXiiF
0.00 0.00 0.14 0.02 0.02 0.00 0.00
WCHB3169 Uncultured IXITH 1X1i1H iX66| IXiTH i1X1iR iXiiH iXiiF
0.00 0.00 0.13 0.02 0.02 0.00 0.01
Cloacimonetes w27 Uncultured Uncultured Uncultured IXITH oXfAg TX066| iXinh iXiTH iXiiH iXiiF
0.00 0.00 0.56 0.02 0.02 0.00 0.00
Cyanobacteria Oxyphotobacteria Subsection | Family | Cyanobacterium IXTiR 1XiiH iXi1H iX1iR iXiiR iXiiH i1X0iHR
0.00 0.00 0.00 0.00 0.00 0.00 0.49
Firmicutes Bacilli Lactobacillales Carnobacteriaceae Trichococcus IX10R T X160 TXi0K iXidoh i XiTH 1Xi0f iXioH
0.06 0.01 0.73 0.19 0.01 0.01 0.00
Enterococcaceae Enterococcus IXITH IXiTH iXo6dA| iXioh iXiiH iXiiH iXiiF
0.00 0.00 0.70 0.05 0.01 0.00 0.00
Family XllI Anaerovorax IXTiR IXiAl iXiok iXiTH iXiTH iXiiH iXiiF
0.00 0.00 0.05 0.01 0.02 0.00 0.01
Negativicutes Selenomonadales Veillonellaceae Uncultured IXTiH iXi6K i XAd| iXiiH iXiif iXiiH iXiiF
0.00 0.00 0.19 0.01 0.01 0.00 0.00
Uncultured Bacterium enrichment IXTIH iXioR iXTAaf iXiiH iXiiH iXiiH{ iXiiF
0.00 0.00 0.18 0.00 0.00 0.00 0.00
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Proteobacteria Alphaproteobacteria Rhodobacterales Rhodobacteraceae Falsirhodobacter IXTIR iXiiH iXiTH iXiiH iXiif iXiiH iXiiF
0.00 0.01 1.45 0.01 0.01 0.00 0.00
Gemmaobacter IXITH 1X86| iXoTh iXidh iXiTH iXiTH iXiiF
0.01 0.08 0.01 0.03 0.01 0.02 0.00
Deltaproteobacteria Desulfobacterales Desulfobacteraceae Desulfatiferula IXTiR iXiiH iX6if iXiiH iXiiR iXiiR iXiiF
0.00 0.00 0.05 0.00 0.01 0.00 0.00
Desulfobacter IXTiR iXiiH TXiof iXiiH iXiif iXiiH iXiiF
0.00 0.00 0.34 0.00 0.00 0.00 0.00
Uncultured IXTTH IXITR iXoif iXiiH iXiiH iXiTH iX1iF
0.00 0.00 0.01 0.01 0.02 0.01 0.09
Desulfobulbaceae Desulfobulbus IXi1iR 1XiiH iXTiH iXidk iX66| iXTiH iXAd
0.09 0.01 0.18 0.06 0.25 0.13 0.60
Uncultured IXiof IXITH iXioh iXiAf I1XTTH iXi6h iXAod
0.02 0.00 0.01 0.12 0.07 0.11 0.41
Nitrospinaceae Uncultured IXioR iXiiH iXiiH iXiof iXiAf iXiAl iXAd
0.03 0.00 0.00 0.07 0.04 0.03 0.28
Desulfuromonadales Geobacteraceae Geobacter IXi6h i XioK i XTiH iXidh iXT6F iXT0h i XAARA
0.14 0.01 0.07 0.11 0.06 0.08 0.24
Myxococcales Cystobacteraceae Anaeromyxobacter IXTOoR TXiTH iXiiH i1Xiof iXdif i1 X0TF iX30
0.11 0.00 0.00 0.21 0.33 0.27 0.71
Cystobacter IXTiR iXiiH iXiiH iXTAf iXoih iXidoh iXidH
0.08 0.00 0.02 0.27 0.38 0.03 0.09
Gammaproteobacteria | Betaproteobacteriales Burkholderiaceae Sphaerotilus IXTiH i1Xiof iXiTH 0X0&7| IXTTH iXiah iXiiF
0.00 0.01 0.01 6.39 0.25 0.00 0.00
Hydrogenophilaceae Thiobacillus IXioh iXiiH iXiiH iXiiH iXiof iXi6h iX60
0.01 0.00 0.01 0.10 0.06 0.05 0.60
Rhodocyclaceae Dechloromonas IX6A| 1XiITH i1X60| TXiiH iX06Th iX608| iX0A
0.02 0.04 0.19 0.39 0.21 0.27 0.80
Thauera IXIiTH 1X66| 1326 | i1X006| 1Xd0| iXifil 1XidoH
0.01 0.03 F1Xd| 0.16 0.22 0.01 0.06
Propionivibrio IXoTh i1Xoil iXiiH iXT6F iX06if iXiof iXTiF
0.38 0.04 0.18 0.02 0.15 0.20 0.21
Xanthomonadales Xanthomonadales Incertae | CandidatuCompetibacer | i XiiH i1XiiH i1 XiTH iXiiH i1 XiTH iXiTH I1XAiR
Sedis 0.01 0.00 0.01 0.01 0.03 0.01 0.48
Pseudomonadales Pseudomonadaceae Pseudomonas IXTAR iXo6o| iXiAk iXoif iXi6h iXi6h i1 XiAH
0.17 0.49 0.16 0.03 0.11 0.04 0.04
Epsilonbacteraeota Campylobacteria Campylobacterales Arcobacteraceae Arcobacter IX11TH 4439 | OXiif iXo6o| iXidoh iXiiR iXiTF
0.00 FiXa| 0.71 0.65 0.05 0.00 0.01
Spirochaetae Spirochaetes Spirochaetales PL-11B10 Uncultured IXTiR 1XiiH iXa86| iXiiH iXiiH iXiiH iXiiF
0.00 0.00 0.32 0.00 0.01 0.00 0.00
Spirochaetae Spirochaeta 2 IXi6h iXiiH T1XAd| iXidok iXidh iXiiH i1X06iH
0.03 0.00 0.04 0.01 0.14 0.09 0.18
Uncultured IXi0F IXi8F iX0ih iXioh IXToh iXiAR iXdd
0.02 0.16 0.10 0.00 0.23 0.04 0.07
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Treponema IXTiR IXiiH iXiiH iXiiH iXiif iXiTH iXiiF
0.00 0.01 0.03 0.01 0.04 0.01 0.08

Synergistetes Synergistia Synergistales Synergistaceae Uncultured IXiiR 1XiTH 2.80F | iXiiH iXiiR iXiiR iXiiF
0.00 0.10 0.58 0.01 0.00 0.00 0.01

Thermovirga IXTiR i1X6il iXiiH iXidokh iXiiR iXiiR iXiiF
0.00 0.07 0.07 0.01 0.00 0.00 0.00

Lokacije uzorkovanjatJP7500, 7500 m uzvodno od ispugtaferentna lokacija)DWO0, ispust; DW300, 300 m nizvodno od ispusta; DW700, 700 m nizvodno od ispusta;
DW4500, 4500 m nizvodno od ispusta; DW11000, 11 000m nizvodno od ispusta.
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Slika 8. Rarefakcijske krivulje koje prikazuju alf@znolikost otpadne vode iz farmaceutske
industrije koja proizvodi makrolidni antibiotik azitromicin (WW) i sedimenata rijeke Save
GRELYHQLK SRPRUX PHWULNH A2EVHUYHG $69V DPSOLFR
uzorkovanja: UP7500, 7500 m uzvodno od s&p(referentna lokacijaDWO0, ispust; DW300,

300 m nizvodno od ispusta; DW700, 700 m nizvodno od ispusta; DW4500, 4500 m nizvodno

od ispusta; DW11000, 11 000 m nizvodno od ispusta. Oznaka slike &igagda S1
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Slika 9. ShannoAWiener indeksUD]QROLNRVWL VHGLPHQDWD ULMHNH 6D
uzorkovanja tijekom zimske i ljetne sezone. Lokacije uzorkovanja: UP7500, 7500 m uzvodno

od ispustgreferentna lokacijg)DWO, ispust; DW300, 300 m nizvodno od ispusta; DW700,

700 m nizvodno odspusta; DW4500, 4500 m nizvodno od ispusta; DW11000, 11 000 m
nizvodno od ispusta. Oznaka slike u rédgure S2
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Slika 10. Taksonomska strukture bakterijske zajednice na razini koljena otpadne vode iz
proizvodnje makrolidnog antibiotk D] LWURPLFLQD :: L VHGLPHQDWD ULN
lokacijama uzorkovanja tijekom a) zime i b) ljeta. Bakterijska koljena sa relativnom
]IDVWXSOMHQR&UX PDQMRP RG X VYLP X]JRUFLPD VX JUXSL
UP7500, 7500 m uzvodnod ispustareferentna lokacija)DWO, ispust; DW300, 300 m

nizvodno od ispusta; DW700, 700 m nizvodno od ispusta; DW4500, 4500 m nizvodno od
ispusta; DW11000, 11 000 m nizvodno od ispusta. Oznaka slike triguie S3
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7.4. Dodatne informacije uz rad

*RQJ]iOH] 30D]D OLOPOIRY LKWLQD 7 6PDOOD

S8GLNRY|

Antibiotic-manufacturing sites are hspots for the release and spread of antibiotic

resistance genes and mobile genetic elements in receiving aquatic environments.
Environment International 130 (2019): 104735. doi: 10.1016/j.envint.2019.04.007

Tablica 12. Plazmidi dobiveni tijekom biparentalne konjugacije bakterija te integroni razreda

1 i geni za otpornost na antibiotike detektirani metodama PCRa, Southern bthzadijom i
ODQpPpDQRP UHDNFLMRP SROLPHUD]JRRa TimeVRCRBTWPCGR) WY UHPHQ
plazmidnoj DNAE. coliCV06gfp+ WUDQVNRQMXJDQDWD 3ULVXWQRVW JH

GRN MH RGVXWQRVW JHWMakR faOliDepu-HQizblesD N R P

Site fa'gi‘:'ty fﬁ:‘gggﬂfe :é intll ~ gacE/ E_:“f.r.s) sull  sul2  teA)  IncP-1 IncP- 0 ipcp- IncN
TDF(O (korB) (trfA)
oP 1 ERY F— T T " "
DWO 1 ERY 1+ + +
DWO 1 ERY 1+ + + +
DWO 1 ERY 4+ + + + + .
DWO 1 TET 2+ + + + + +
DWO 1 TET 1
DWO 1 TET 2 o+ + + + + +
DWO 1 TET 1 + + + + + +
DW700 1 ERY 9 +
DW700 1 ERY 1+ + + + + +
DW700 1 ERY 2 + ; +
DW700 1 TET 33
DW700 1 TET 4+ + + + + +
uP 2 TET 4 +
uP 2 TET 6+ + + + + +
uP 2 TET 2+ + + +
DWO 2 TET 1+ + + +
DWO 2 TET 2+ + + + + N
DWO 2 TET 1 +
DW3000 2 TET 11 +
DW3000 2 TET 1 + +
Ww2 2 TET 23+ + + + + +

Industrija 1, proizvodnja azitromicina; Industrija 2, formulacija antibiotika. Lokacije: UP, uzvfrdferentna

lokacija), DWO, ispust; WW?2, otpadna voda iz formulacije antibiotika; DW3000, 3000 m nizvodno od ispusta;
DW700, 700 m nizvodno od ispusta. TET: tetraciklin; ERY: eritromicin.
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7.5. Dodatne informacije uz rad:

OLODNRYBOHWWHUJDDUG3®DIRQ}FHOHHRAOKMMALU - 6HQWD
. XEOLN 6 G6FKORW-HROQLU BIGLNRYHWIYV RI LQGXVWULDO H
moderate levels of antibiotic mixtures on the abundance of antibiotic resistance genes
and bacterial community composition in exposed creekrsats. Science of the Total

Environment

Tablica13. 3SDURYL SRpHWQLFD L XYMHWL UHDNFLMD ]D NYDQWL
JHQD ]D DQWLELRWLpPpNX RWSRab@8VW 2]QDND WDEOLFH X U

Target Resistance . Amplicon  Tm* Amplification
gene phenotype WEJu E « B[ A size (bp)  ~£ - accuracylefficiency Reference
tetC Tetracyclines GGCATTCTGCATTCACTCGC )
GAAGCAAGCAGGACCATGAT( 170 60 0.996 / 107.2% This study**
tet39 Tetracyclines
Eiiiﬁ,fﬁ;ﬁiéiiiiiiﬁé‘ 182 60 0.991/98.2%  This study*
blaces ~-lactams .
i;f;i;;gfggg:éfgléiﬁ 196 65 0.994/90.1% Gatica et al., 2016
blaves "-lactams CGACTTCCATTTCCCGATGC 183 65 0.996 /82205  Naasetal, 2000
CCAATATTGTCGCTCTCTGAT, ' ’ (F)/Thisstudy** (R)
blaoxa1 ~-lactams
l’gﬁ?&’ﬁi’éﬁi‘:ﬁfﬁgg 199 60 0.999/959%  Yang etal.,, 2012
blao ~-lactams
e ;i;%iiig;ﬁzﬁm;fg 177 60 0.999/99.7%  Yang etal., 2012
dfrAl4 Trimethoprim
glgg;lr_gziiziliﬁgf;—;i( 177 67 0.992/104.1% This study**
folA Trimethoprim
gggﬁfgﬁ;ﬁfgfig&g 167 67 0.990/100.0%  This study™
sull Sulfonamides CCGTTGGCCTTCCTGTAAAG Heuer and Smalla
0 )
TTGCCGATCGCGTGAAGT 965 65 0.999/101.6% 2007
sul2 Sulfonamides CGGCTGCGCTTCGATT
865 65 0.008/96.79  Heuerand Smalla,
CGCGCGCAGAAAGGATT 2007
mphG Macrolides ~ GGTATAAGTGAGCAATTGGAA . Dlo I}A] & «
GCTCCATCCTTTGAAGCTAG 128 60 0.998/1054% 5519
mphE Macrolides CTGTTTTCGGTGAAGAAAGTC . D]o I}A] & «
CCATAAGCTAGAGGTGCGG 124 60 0.999/97.2% 2019
msrE Macrolides ~ CAATGTTATCTCGCCTTGGTG 190,99 Dlo I}A] & «
GTTGGTTCATCCGCTAGAATG 127 60 0.998/99.9% 2019
mefC Macrolides GCTTACAAGTTATGCTGTTCA! . Dlo I}A] & «
CAGAGAGCTATAAAAGCATCC 195 60 0.996/104.4% 2019
ermB Macrolides GATACCGTTTACGAAATTGG
GAATCGAGACTTGAGTGTGC 364 58 0.990/ 105.1% Chen et al., 2007
16S rRNA CCTACGGGAGGCAGCAG >e% 3] EE
0,
ATTACCGCGGCTGCTGGCA 196 60 0.993/83.6% al., 2004

5HVLVWDQFH SKHQRW\SH R]QDpDYD ]JD NRMX VNXSLQX DQWLELRWLND |
WHPSHUDWXUD VSDULYDQMD SRpHWQLFD
SDURYL SRPHWQLFD VX NRQVWU X GUHIQL QLTF MHNYLKAZADRD 28BN ORE Q R
SRPRiUX SURJUDPD 0(*$ YHUJLMD
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Tablica 14. Fizikaho NHPLMVNL SRND]DWHOML VHGLPHQDWD QD L
Kalinovica tijekom zimske i ljetne sezone. Oznaka tablice u Tadile S2

Sampling sites

Pamameter Season Up DWO DW3000

pH (HO) Winter 7.02 7.93 7.21
Summer 7.62 7.98 6.81

d ~£ o Winter 10.4 6.9 3.0
Summer 22.2 20.7 23.0

v i 8]A]EC ~TAE » Winter 198.0 1441  175.2
Summer 283.0  309.0  386.0

Sand (%) Winter 26.6 27.1 26.6
Summer 30.2 29.7 43.0
Silt (%) Winter 67.0 63.5 66.9
Summer 64.9 64.6 53.4
Clay (%) Winter 6.4 9.4 6.5
Summer 4.9 5.7 3.6
Total organic carbon, TOC (¥ Winter 3.37 1.79 3.41
Summer 3.93 2.13 6.23
Total carbon, TC (%) Winter 4.13 2.14 5.05
Summer 4.74 3.34 6.32
Total nitrogen, TN (%) Winter 0.29 0.17 0.30
Summer 0.39 0.25 0.48
Total phosphorus, TP (%) Winter  0.09 0.03 0.06
Summer 0.11 0.09 0.10
NG (mg/kg) Winter <0.3 <0.3 <0.3
Summer <0.3 <0.3 <0.3
NGs (mg/kg) Winter 22.8 21.0 11.0
Summer 19.0 24.0 19.0
NHs* (mg/kg) Winter  9.77 16 <0.4
Summer 55.0 23.0 21.0

Lokacije uzorkovanja: UP, uzvodno od ispusta; DWO, ispust; DW3000, 3000 m nizvodno od ispusta.

219



Prilozi

Tablica 15. . RQFHQWUDFLMD WH&aANLK PHWDOD X VHGLPHQWLPD
lokacije tijekom zimske i ljetne sezone. Oznaka tablice u Tadile S3

Sampling sites

Metal MCC* Season (mg/kg of dry sediment)
- UP DWO DwW3000
Cadmium () 10 Gmmer 04z 024 o3
Chromium (Cr) - \é\ﬁrr]::r:er 1(1); glggg ;g
Copper (Cu) 115 \é\ﬁrrlrfnrer gi jg i’;
Lead (Pb) ) \é\{;rr:fnrer gg gg jrg
Nickel (Ni) - \é\ﬂ?;fnrer ‘1138 22 22
Zinc(Zn) 42:5 \é\ﬂrr]::r:er ggg ;gs g;g
83 X]JYRGQR RG LVSXVWD LVSXVW P QL]YRGQR RG LVSXVW

NRQFHQWUDFLMH WHANLK P H&ROMR kofcgirGcijeP (eQdIMrbdi® ido-shldetive
concentration, MCC L]QDG NR M H -séldkéijd +h MavhidstMarantibiotike (Seiler i Berendonk, 2012).
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Tablica 16. 3BURVMHpPQD UHODW L X (xapiji DansixX D08 Hk@aRridkanHhO R J
gena za otpornost na antibiotike u otpadnoj vodi iz formulacije antibiotika (WW) i sedimenata
potoka Kalinovica tijekom zimske i ljetne sezone. Oznaka tablice uTralole S4.

Target gene Samplipg Sampling sites
campaign
UP WWwW DWO DW3000
tetC Winter S-TIXABFIX -TXTOFIXE-TX60Fi.-TX0O0FI.
Summer -iIX6O0FIX -iX0AFIX -1X00Fi.-iXATFIX
tet39 Winter -TXBOFIX -TXiIOFIXT-TX80Fi. <LOQ
Summer -IXO0OFIX -iXO06FiIX iXT0FiX -TXAOFI.
blaces Winter <LOQ -OX0O0FIiX -iX00Fi. <LOQ
Summer <LOQ -TXO0TFIXi -TXToFiX <LOQ
blaves Winter -TX00FiIX -TX0AFIX -TXATFiX-TXO6AFi.
Summer SIXTOFIXT -TXITFIXT -iX00Fi.-iX0AFI.
blaoxa1 Winter STXO6O0FIX -TiXTOFIXi-TXAAFI. -TXO0FI.
Summer -TX0@H -iX0O6FIX -iXi0FiX -TXT0FiX
blaoxaz Winter -IXB8O6FIX -TX0TFIXT -TX08Fi.-TX0iFiX
Summer SIXTTFIXT -iXATFIXT -iX00Fi. -TXI0FiX
folA Winter -AXATFIX -AXTAFTIX -0XAOFT -AXO0iFi:
Summer SIXABFIX -TXO06FIX -TX06Fi. -TIXTO0OFiX
dfrAl4 Winter -TXOTFIXT -TXTIFiIX0 -TXTITFiX -TXiiFiX
Summer SIXOTFIXT -TX0O6FIX -iXIFIXi-iX6TFiX
sull Winter SIXTTFIXT -iXTOFIXi-iX00Fi.-iX00Fi.
Summer SIXTTFIXT -iX0O6FIX -iXTOFiX-iXO61FiX
sul2 Winter -TX60FIX -iX0O0FiIX -TX6AFi. -TXTiFiX
Summer SIXOTFIXT -IXBIFIXi-iX0TFiXx-iXAOFI.
mphG Winter STXOO0FiX -TXTOFIXE-TXO6iFiXx -TXioFiX
Summer <LOQ IXTOFiXT -iXT18FiX -iXi0FiX
mphE Winter <LOQ -OXI0FIX -0XiiFiX <LOQ
Summer SIXTTRFIXT T XTIFIXT -TXO61FiX -TX0RAFi.
msrE Winter STXOTFiIXT -TXO0O0FiIX -TXOAFi. -TXATFIX
Summer <LOQ SIXTTFIXT -iXiT0FiX -TX606Fi.
mefC Winter <LOQ SIXTAFITXE-TX01FiX <LOQ
Summer S-IXAOFIX -TX0OFIX -TXTOFiX -TXOTFiX
ermB Winter <LOQ SOXTTFIXc-TXABFI. <LOQ
Summer <LOQ SIXTOFIXiT -TXioFiX <LOQ

< LOQ, ispod granice kvantifikacije. Lokacije uzorkovanja: UP, uzvodno; DWO, ispust, DW3000, 3000 m
nizvodno od ispusta; WW, otpadna voda.
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Tablica 17. 5HODWLYQD ]JDVWXSOMHQRVW URGRYD L]JUD&HQMm (UP)IIRIHIER W Mtkadriv Dadd (WM H U L V W L
nizvodni sediment (DW) tijekom zimske sezone (DESqn<0,05). Oznaka tablice u radiable S5

. Sampling sites
Phylum Class Order Family Genus Up WW DWO DW3000
Acidobacteria Subgroup 18 UnculturedAcidobacteria IXT6FiX| iXiiFiX IXTTFiX IXTIFIXi
bacterium
Holophagae Subgroup 7 Uncultured bacterium SJA iXioFiX| 1XIiiFiX iX0iFiX iX06TFiX
36
Actinobacteria Actinobacteria Unassigned Unassigned Unassigned IXT0FiX| IXiiFiX iIXioFiX iIXioFiX
PeM15 metagenome IXi6FiX| iXiiFiX iXTiFiX IXTTFiXi
Coriiobacteria OPB41 Uncultured bacterium IXTAFIX| iXiiFiX iXTTFiX IXTTFiXi
Unassigned IXTOFiX] IXiITFiX] iXiiFiX IXTTFIXi
Acidimicrobiia Microtrichales llumatobacteraceae CL50e29 marine group IXTITFIX IXITFiX IXITFiX iXI6FiX
Bacteroidetes Bacteroidia Bacteroidales Bacteroidetes BD2 Uncultured bacterium IXATFIX| iXiTFiX iXTTFiX IXTiFiXi
Unassigned Unassigned iXTTFIX| 1XTTFiX iXi6FiX iXi0FiX
Prolixibacteraceae BSV13 IXO6IFIX| iXiiFiX|] 1X6iFiX IXTTFIXI
Prolixibacter iXiTFiX IXITFiX IXTTFiX IXTTFI X
WCHB132 TIX0O0FiX 1X0iFiX iXioFiX iXioFiX
Uncultured IXO6IFiX] iXiiFiX| iXiiFiX iXTTFiXi
Unassigned iXioFiX| 1XiiFiX iXi0FiX iXioFiX
Cytophagales Cyclobacteraceae Ekhidna IXTOFiX| 1XIiTFiX IXTTFIX IXi6FiX
Unassigned iX0O6FiX 1XiTFiX iXTiFiX iIXi0FiX
Ignavibacteria Ignavibacteriales Ignavibacteriaceae Ignavibacterium iIXITFIX| 1XiiFiX IXITFiX iIXT0FiX
Chloroflexi Anaerolineae SJAL5 Ambigous taxa IXO0iFiX| iXiiFiX iXTiFiX iXioFiX
Cyanobacteria Oxyphotobacteria Chloroplast Coelastrella sp. M60 IXTOFiIX| iXiiFiX IXTTFiX IXTIFIXi
Epsilonbacteraeota Campylobacteria Campylobacterales Thiovulaceae Sulfuricurvum IXATFIX] 1XiiFiX IX6AFIX IXATFIX
Nitrospinae P9X2b3D02 Uncultured bacterium IX06FiH iXiiFiX IiXTTFiX iXioFiX
Proteobacteria r-Proteobacteria Acetobacterales Acetobacteraceae Rhodovastum IXITFIX IXTi1FiX iXiITFiX iXTiFiXi
Roseomonas IXAOFIN 1XiiFiX iIXIAFIX iXioFiX
Rhodobacterales Rhodobacteraceae Planktomarina iXi6FiX] iXiiFiX iXiiTFiX IXTTFiXi
Unassigned IXAGFIX IXiiFiX| iXioFiX iXioFiX
wProteobacteria Deltaproteobacteria Inc. Sedi| Syntrophorhabdaceae Syntrophorhabdus IX06FiY iXiiFiX iXTiFiX iXTAFiX
Desulfobacterales Desulfobacteraceae [Desulfobacteriuh IXTOFiX| iXiiFiX IXiTFiX IXIAFiX
catecholicum group
Desulfuromonadales Geobacteraceae Geobacter OXOiTFiX 1iXiiFiX TIXO0TFiX IXAOFTX
Geothermobacter IXO0IFiX| iXiiFiX IiXiITFiX iXioFiX
Sval033 Uncultured bacterium IXTTFIX IXTiIFiIX iXTTFiX iXi6FiX
Myxococcales Archangiaceae Anaeromyxobacter iXioFiX| 1XiiFiX iIXiAFIX IXATFIX
MidBa8 Uncultured IXTOFIX| IXITFIX|] iXiiFiX IXTTFIXi
deltaproteobacterium
vProteobacteria Betaproteobacteriales Burkholderiaceae Unassigned OXORAFI OXIOFiX 1TXAOFiX iXIiTFiXA
Rhodocyclaceae Sulfuritalea IXTiFiX IXiITFiX IXITFiX IXTAFIX




Prilozi

SARS6 clade Uncultured marine IXTOFiX] IXIiFiX iIXI0FiX IXTTFIXI
eukaryote
Steroidobacterales Steroidobacteraceae Uncultured iX600FiX 1iXiiFiX iXiIdFiX iX0iFiX
Unassigned Unassigned Unassigned TXTTFIX IXTAFTX] IXAOFIX iXiTFiX7
Spirochaetes Spirochaetia Spirochaetales Spirochaetaceae Sphaerochaeta TXITFIX IXTTFiX IXTiFiX IXTAFIX

Lokacije uzorkovanja: UP, uzvodno od ispusta; DWO, ispust; DW3000, 3000 m nizvodno od ispusta; WW, otpadna voda.
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Tablica 18. 5 HODWLYQD ]DVWXSOMHQRVW URGRYD LJUDAHQD X SRVWRWNX NDUDNWHULVWIL
nizvodni sediment (DW) tijekom ljetne sezone (DESep 2,0,05). Oznaka tablice u radiable S6

. Sampling sites
Phylum Class Order Family Genus 0p WW DWO DW3000
Acidobacteria Subgroup 6 Uncultured bacterium Unassigned Unassigned iX0OFI IXTTFIXi| IXiiFiX iX0TFiX
Subgroup 18 Uncultured Acidobacteria iX00Fi IXTiTFiXi| iXiTFiX IXTiFiXi
bacterium
Actinobacteria Actinobacteria Catenulisporales Actinospicae Actinospica IXITFIX IXTTFIXi| IXiTFiX IXIAFIX
PeM15 metagenome IXIAFTY IXiITFiXi| iXIiiFiX IXioFiX
Unassigned Unassigned Unassigned IXTAFIX IXiiFiXi| iXi6FiX iXioFiX
Bacteroidetes Bacteroidia Bacteroidales Bacteroidetes BD2 Uncultured bacterium IXTOFiX IXiiFiXi| iXiiFiX iXTiFiXi
Prolixibacteraceae BSV13 OXTTFIN IXITFiIXi| iXi6oFiX IXI0FiX
Prolixibacter iXTTFIX IXTTFiIXi| IXiIAFiX IXTIFIXi
WCHB132 OXITFIN {iX00FiX 1TXiiFiX IXIAFiIX
Uncultured ITXTTFIX] IXiiFiXi| iXiiFiX IXTOFiX
Unassigned IXTAFIX IXiiFiXi| IXiTFiX IXTAFIX
Unassigned Unassigned iX8AFI iXIioFiX iXTOFiX iX86FiX
Cytophagales Cyclobacteriaceae Ekhidna IXITFIX IXITFIXi| IXiiFiX IXIAFIX
Unassigned iIXTAFIX IXiiFiXi| iXiTFiX iIXIAFiX
Microscillaceae Uncultured IXAAFI IXTIFIXi| iXiiFiX iXioFiX
Flavobacteriales Unassigned Unassigned IXTTFIX IXITFIXi| IXITFi X1 IXTiFIXi
Ignavibacteria Ignavibacteriales Ignavibacteriaceae Ignavibacterium iXOTFiX IXiiFiXi| iXiiFiX iXioFiX
Chloroflexi KD496 Uncultured Chloroflexi IXO0iFiX IXiiFiXi| iXiiFiX IXTTFiXi
bacterium
SJAL5 Ambigous taxa Unassigned IXioFiX IXi1iFiXi| 1XIiTFiX IXITFiXi
Cyanobacteria Oxyphotobacteria Chloroplast Coelastrella sp. M60 Unassigned iXi6FiY iXiiFiXi| iXiiFiX iXTiFiXi
Nitrospinae P9X2b3D02 Uncultured bacterium IXTOFIiX IXiiFiXi| iXiiFiX IXTTFiXi
Proteobacteria r-Proteobacteria Acetobacterales Acetobacteraceae Roseomonas IXATFIX IXiTiFiXi| iXiAFiX iXT0FiX
Rhodovastum IXioFiX{ IXiiFiXi| iXiiFiX IXIAFIX
wProteobacteria Desulfuromonadales Geobacteraceae Geobacter O0XO6O6Fi IXTiFiXi] 6XiAFiX iXidFiX
Geothermobacter iX00Fi IXTTFiXi| IXiTFiX IXI0FiX
Myxococcales Archangiaceae Anaeromyxobacter iXO00FIi IXTTFIXi| iXiTFiX iX36FiX
MidBa8 Uncultured IX36Fi IXITFIXI| IXITFiX IXTTFIXI
deltaprotebacterium
vProteobacteria Betaproteobacteriales Burkholderiaceae Rhodoferax OXOiFi TIXO6TFiX OXOAFI IXO60FiX
Unassigned Unassigned OXTTFIN (iXidFiX iIX06FiX{ iXiiFiX4Q
Steroidobacterales Steroidobacteraceae Uncultured IX30Fi IXTIFIXi| iIX1TFiX IXTAFIX
Xanthomonadales Xanthomonadaceae Luteimonas iIXATFiIX 1XT0FiX iX00Fi{ 1XO60FiX
Spirochaetes Spirochaetia Spirochaetales Spirochaetaceae Sphaerochaeta iX00Fi IXITFiIXi| iXioFiX IX0iIFiX

Lokacije uzorkovanja:

UP, uzvodno od ispusta; DWO, ispust; DW3000, 3000 m nizvodno od ispusta; WW, otpadna voda.
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Tablica 19. Relativna zastuplienodf RGRYD L]JUDAHQD X SRVWRWNX NRML VX VH |1QDpDMQR SRYHUDOL ¢
ORNDFLMX 83 WLMHNRP JLPVNH VH]JRQH =QDpDMQD UD]JOLND X UHO DMineYoRaeid (JB)VW XSO
jeozQDpHQD S Rxx9.BR). @ingk&tablice u radiable S7

. Sampling site
Phylum Class Order Family Genus 0p WW DWO DW3000
Acidobacteria Acidobacteriia Acidobacteriales Acidobacteriaceae (Subgroup 1) Uncultured IXTTFIXT PXTTFIXD IXTTFiXi i XTTFiX|
Blastocatellia (Subgroup 4) | Blastocatellales Blastocatellaceae JGI 000100H03 IXIOFIX| IXITFiXi IXiAFIX| IXAiTFiX
Uncultured IXITFIXH I XTTFIX] IXIAFIX] IXATFIX
DS100 Uncultured bacterium Unassigned IXTTFIXT P XTTFIX] IXTaFIX| i XiiFiX]
Pyrinomonadales Pyrinomonadaceae RB41 IXIAFIX] iXiiFiX)] iX60AFiX iXioFiX
Holophagae Holophagales Holophagaceae Marine group IXToFiX| IXiiFiXi| iX006FiX iXTAFiX
Subgroup 7 Uncultured bacterium Uncultured IXTAFTX| IXTTFIX] IXIIFiXi iXA0FiX
Subgroup 6 Uncultured bacterium iXTAFIX| iXiiFiXi] IXiiFiXi iX61FiX
Unassigned Unassigned Unassigned IXIO0FiX| iXiiFiXi iXidFiX| iX00Fi
Subgroup 18 Uncultured bacterium IXITAFTX| IXTTFIX] IXIIFiXi i XTAFiX
Subgroup 22 Uncultured bacterium IXOTFiIX| iXiiFiX| iIXiTFiXi iX00Fi
Unassigned Unassigned Unassigned Unassigned IXTOFiIX| IXTiFiXi i XiiFiXi iXATFiX
Actinobacteria Thermoleophilia Gaiellales Gaiellaceae Gaiella IXI6FIX| iXiiFIX| IXITFiXi iXT0FiX
Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides IXTTFIXH PXTTFIXT] IX8iIFiX| I XiTiFiX]
Barnesiellaceae Uncultured IXTOFiIX| IXIAFIX| 1 X8TFTX| i1 XIiTFiXj
Paludibacteraceae Paludibacter IXTTFIXT P XTTFIX] IXTAFIX] I XTTFiX]
Prolixibacteraceae Roseimarinus IXOTFIX| IXT6FIX| TX0IFiX| iXTiFiXi
Rikenellaceae Blvii 28 wastewatesludge group IXITFIXI iXiiFiX] iXAdFiX iXiiFiXi
Chitinophagales Chitinophagaceae Ferruginibacter IXTOFIX| IXTTFIXi iXiAFIX| IXTIFiXi
Terrimonas IXTTEIXH IXTTFIXi i XTiFIXi] IXAIFiX
Unassigned IXTTFIXH IXTTFiXi iXi6FiX| iX86Fi
Saprospiraceae Haliscomenobacter IXITFIXi iXiiFiXi] iXioFiX| iX0iFiX
Saprospira IXTITFIX) IXTTFIXi iXioFiX| IXiiFiX]j
Cytophagales Microscillaceae Uncultured IXTTFIXi iXiiFiXi] iXioFiX| iX00Fi
Unassigned Unassigned IXTTFIXI I XToFiX| IXiAFiX| iXTAFIX
Flavobacteriales Flavobacteriaceae Flavobacterium IXTOFIX| TiX06Fi| AXOO6Fi)Y IX06FiX
Unassigned IXITFiXi iX00Fi IXTAFIX| I XITFIX]
Calditrichaeota Calditrichia Calditrichales Calditrichaceae Calorithrix IXTITFIXI I XTIFIX) i XTiFiXi iXi6FiX
Cloacimonetes Cloacimonadia Cloacimonadales Uncultured bacterium IXTITFIXH IXTTFIXT i XTiFIXH] I XTTFiX]|
Chloroflexi Anaerolineae Anaerolineales Anaerolineaceae Uncultured IXTIFIXI I XTIFIX) I XIAFIX| iXA0Fi
RBG13-54-9 Uncultured bacterium IXTTFIXY IXTiFiXi iXiiFiXi iXigFiX
SBR1031 Adb Uncultured bacterium IXTTFIX) IXTTFIXi iXioFiX| iXioFiX
Uncultured bacterium IXIOFIX| IXITFiXi IXiAFIX| iXi6FiX
KD496 Uncultured Chloroflexi bacterium IXO0AFI IXTTFIX) IXi0FiIX| iXiAFiX
Unassigned Unassigned Unassigned Unassigned IXTTFIXI IXTITFIX) IXITFiXi 1X0iFiX
Defferibacteres Defferibacteres Defferibacteriales Defferibacteriaceae Uncultured IXITFIXI IXITFiXi 1X60FiX iXiiFXi
Epsilonbacteraeota Campylobacteria Campylobacteriales Arcobacteraceae Arcobacter IXTITFIXI AXOOFiIY TXIOoFiX| iXiiFiXij
Sulfurospirillaceae Sulfurospirillum IXTTFIXI IXTTFIXI IXioFiX| i1 XiiFiX]j
Firmicutes Bacilli Lactobacillales Carnobacteriaceae Carnobacterium IXITEIX) IXIAFIX| iX3iFiX| IXIIFiX]j
Clostridia Clostridiales Christesenellaceae Christesenellacea@7 Group IXITFIXH iXTTFIX] iX8TFiX| iXiiFiXi
Family Xl Uncultured IXTOFIX| iXiiFIiX)] iIXiI6FiX| iXiiFiXi
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Family Xill Uncultured IXTAFIX| IXTTFIXi I XTIFIXT] IXITFiX]j
Lachnospiraceae Lachnoclostridiuni0 IXTTFIXT PXTTFIX] IXioFiX| iXiiFiXij
Uncultured IXITEIX) IXTAFTIX| IXTOFIX| IXIIFiX]j
Ruminococcaceae Unassigned IXIOFIX| IXdTFiX| IXT6FiX| IXioFiX
Unassigned Unassigned Unassigned IXTOFXi| iXioFiX| IXiiFiXi iXiTFiXij
Erysipelotrichia Elysipelotrichiales Erysipelotrichiaceae Solobacterium IXTOFIX| IXITFiXi I X6AFiX 1XiTFiX]j
Negativicutes Selenomonadales Acidaminococcaceae Uncultured IXTTFIXI IXiI0FiX| IXiTFiXi iXiiFiX]j
Gemmatimonadetes Gemmatimonadetes Gemmatimonadales Gemmatimonadaceae Gemmatimonas IXTTFIXT P XTTFIXH IXTiFiXi i XTiFiX|
Uncultured IXTOFiIX| iXiiFiX|| iIXioFiX| iX06iFiX
Unassigned IXTTFIX) IXTTFIiXi IXi6FiX| IX0TFiX
Latescibacteria Uncultured bacterium IXTOFIX| iXTiFIX| IXiAFIX| iXATFiX
Uncultured Latescibacteria IXTTEIX] IXTFIXT iXTTFIXI| IXTTFIX]
bacterium
Unassigned Unassigned Unassigned Unassigned IXTTFIXH i XTTFIX) IXIiFiXi i XT10FiX
Nitrospirae Nitrospira Nitrospirales Nitrospiraceae Nitrospira iIXATFIX| IXTTFiX]| IXT6FiX| iXATFIX
Proteobacteria r-Proteobacteria Caulobacterales Hyphomonadaceae UKL3L iX00Fi IXTITFIX) I XT0FiX| iX0iFiX
Dongiales Dongiaceae Dongia IXTOFIX| I XTTFIX| IXiTFiXi iX60FiX
Rhizobiales A0389 Uncultured bacterium IXTTFIXH P XTTFIXD IXITFiXi i XTiFiX|
Xanthobacteraceae Uncultured IXTAFTX| IXTTFIX) I XiAFiX| iXAiFiX
Sphingomonadales Sphingomonadaceae Unassigned IXITFIXi iXT0FiX| iX006FiX iXAiFiX
Tistrellales Tistrellaceae Tistrella IXIOFIX| IXTTFIX| IXi0FiX| i XTiFiX|
Uncultured Uncultured Green bay
ferromanganous micronodule IXTTFIXT PXTTFIXH IXTTFIXY P XTTFIX]
bacterium MNH4
wProteobacteria Desulfarculales Desulfarculaceae Uncultured IXTIFIXi I XTITFIXI i XTTFiXi i XTTFI X
Desulfobacterales Desulfobacteraceae SEEfSRB1 IXTOFIX| iXTiTFIX) IXITFiXi i1 X0iFiX
Desulfobulbaceae Desulfobulbus IXTOFIX| IXITFiX)| iIXAOFIX 1XTiFiX|
Myxococcales Phaselicystidaceae Phaselyscistis IXITFIXi iXiiFiX)] iXi0FiX| iXAoOFi
MBNT15 Uncultured bacterium IXTAFTX| IXTTFIX) I XTiFiXi iX0iFiX
NB1j Uncultured bacterium IXTOFIX| IXTTFIiXi iXioFiX| iXi6FiX
Syntrophobacterales Syntrophaceae Smithella IXOTFiIX| IXiiFiIX|]| iXioFiX| iXAoFi
Unassigned Unassigned Unassigned IXATFIX| IXTiFiX)| iIX6TFiX| TX6TFiX
vProteobacteria Aeromonadales Aeromonadaceae Aeromonas IXITFIX)| 8X060Fi) iXO6TFiX| IXIiFiX]j
Alteromonadales Pseudoalteromonadaceae Pseudoalteromonas IXTIFIXI IXTTFIXT] I XiITFIiX) 1 Xi1FiXij
CCD24 metagenome IXAOFI IXTTFiXi iXi6oFiX| iX80Fi
Betaproteobacteriales Burkholderiaceae Acidovorax IXI6FIX| 8X0iFiX O0XTAFiX IXTAFiX
Caenimonas IXTIFIX) IXTTFIXi iXidFiX| iXT6FiX
Massilia IXIAFIX| iIX08Fi IXTTFIX1] IXi0FiX
Polaromonas IXTTEIX) IXTAFIX| iXOAFiX 1XIiFiXij
Rhodoferax fiX00Fi| IX00FiX (iXiTFIX iX0TFiX
Uncultured IXTITFiXi TX88Fi IX00FiX iXioFiX
Gaiellaceae Sideroxydans IXTTFIX| IXT6FIX| iIXTTFiXq iX61FiX
Hydrogenophilaceae Thiobacillus IXTOFIX| IXITFiXi IXiTFiXi 1X3iFiX
Nitrosomonadaceae Ellin6067 IXOIFIX| IXITFIXi] IX0TFiX| iIXO006FIi
Rhodocyclaceae Azoarcus IXTOFIX| IXTiFIXi 1X60FiX 1XiTFiXi
Thauera IXTITFIX) IXTTFIXi iXATFIX| IXITFiX]j
Unassigned IXITFIXH IXTTFIX] IXITFiXi i Xi0FiX
Pseudomonadales Moraxellaceae Acinetobacter IXOTFIX| iAXTAFT| TXITIFiIXq I1XIiTFiX]
Pseudomonadaceae Pseudomonas IXOIFIX| TdXIIFi)} dXB8Fi) IX8TFiX
Xanthomonadales Xanthomonadaceae Luteimonas iIXO0OFI IXI0FiX| iIX00FiX iX®80Fi
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Unassigned Unassigned Unassigned TIX60FiX IXiAFIX| TXTIFiX1] iXAOFiX

Spirochaetes Spirochaetia Spirochaetales Spirochaetaceae Spirochaeta 2 IXITFIXI i XTiTFIX) IXiTFiXi 1X68FiX
Treponema 2 IXTTFIXi| IXTTFiXi IX0TFiX| IXi6FiX

Unassigned IXTOFIX]| iXIIFIXi IXi6oFiX| iIX6TFiX

Synergistetes Synergistia Synergistales Synergistaceae Aminomonas IXTTFIXT i XTTFIX)] iIX06FiX iXiiFiXi

Lokacije uzorkovanja: UP, uzvodno; DWO, ispust; DW3000, 3000 m nizvodno od ispusta; WW, otpadna voda.
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Tablica20 5SHODWLYQD ]DVWXSOMHQRVW URGRYD L]JUDAHQD X SRVWRWNX NRMtnasX VH ]QC
na uzvodiX ORNDFLMX 83 WLMHNRP OMHWQH VH]JRQH =QDpDMQD UD]JOLND X UEGIEVLYQRM
ORNDFLMH 83 MH R]ERDIISQ™@nSKA GO MIaQIRSS

. Samplingsites

Phylum Class Order Family Genus Up WW DWO DW3000
Acidobacteria Blastocatellia (Subgroup 4) | Blastocatellales Blastocatellaceae Unassigned IXIOFIX| IXIIFiXi| iIXiAFiX| iXioFiX
Holophagae Holophagales Holophagaceae Marine group IXIAFITX| IXI0FiIX] iX6iFiX| IXi6oFiX
Subgroup 7 Uncultured bacterium S326 IXTAFIX| IXT1TFIXi| TX80FIiX i1X006FiX
Subgroup 5 Uncultured Acidobacterium sp. IXIOFIX| IXITFiXi| iIXiiFiXi iXiAFiX
Subgroup 6 metagenome IXIoFiIX| IXIiFiXi| iXiiFiXi iXioFiX
Subgroup 18 Unassigned Unassigned Unassigned IXITFIXi| IXTIFiXi| iXiiFiXi iXATFiX
Subgroup 22 Uncultured bacterium IXTITFiXi| IXTIFiXi| iIXTiFiXi iXioFiX
Thermoanaerobaculia Thermoanaerobaculales Thermoanaerobaculaceae Subgroup 10 IXI6FIX| IXIIFiXi| iXiiFiXi iX0AFiX
Unassigned Unassigned Unassigned Unassigned IXIOFiIX| IXIIFiXi| iXi6oFiX| iX006FiX
Actinobacteria Coriobacteriia OPB41 Uncultured bacterium IXTIFIXi| IXTIFiXi| IXiTFiXi i XiiFiXi
Unassigned Unassigned Unassigned Unassigned IXIOFIX| IXITFiIXi| IX0AFiIX 1XTiFiXi
Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides IXTTFiXi| 8XioFiX| iXoiFiX| iXiiFiXi
Bacteroidetes vadinHA17 Uncultured bacterium IXTTFIXi| IXTIFiXi| IXTTFiXi i XiiFiXi
Barnesiellaceae Uncultured IXTTFiXi| iIX6TFiX{| TX0AFiIX 1XiiFiXi
Paludibacteraceae Paludibacter IXTIOFXi|] iIXiiFiXi| iIXiAFiX| iXiiFiXi
Prolixibacteraceae Roseimarinus IXTOFIX| IX80FIX| iX06FiX iIXT6FiX
Rikenellaceae Blvii28 wastewatesludge group IXITFIXi| IXTIFiXi| IX0TFiX| iIXiiFiXi
Uncultured IXITFiXI| IXiiFIXi| IXi6FiX| iXiiFiXi
Chitinophagales Chitinophagaceae Terrimonas IXIOFIX| IXIIFiXi| IXioFIX| iIX06FiX
Saprospiraceae Haliscomenobacter IXITFIXi| IXTIFiXi| IXIAFIX| I XTiFiX]
Flavobacteriales Flavobacteriaceae Flavobacterium IX80FiIX O6XiiFiXq iX00FiX iXiiFiXi
Ignavibacteria Kryptoniales BSV26 Uncultured bacterium IXTTFiXi| IXIiFiXi| iXiiFiXi iXioFiX
Calditrichaeota Calditrichia Calditrichales Calditrichaceae Calorithrix IXTTFIXi| IXTIFiXi| iIXiTFiXi iX00FiX
Chloroflexi Anaerolineae Anaerolineales Anaerolineaceae Uncultured IXTIFiXi| IXIiFiXi| iXidFiX| iX00FiX
RBG13-54-9 Uncultured bacterium IXTTFiXI IXiiFIXi| iIXiTFiXi iXA0FiX|
SBR1031 Adb Ambiguous taxa IXITFIXi| IXTIFiXi| iIXTTFiXi iXiTFiXi
Uncultured bacterium IXTOFIX| IXITFiIXi| IXiiFiXi IX06FiX|
Uncultured bacterium IXOiIFiIX| IXITFiXi| iIX6AFiX TXi6FiX
Dehalococcoidia GIF9 Uncultured bacterium IXTTFiXi| IXTIFiXi| IXiTFiXi iXAdF X]|
Unassigned Unassigned Unassigned Unassigned IXTTFIXi| IXTIFiXi| iXiiFiXi iXA0FiX
Cloacimonetes Cloacimonadia Cloacimonadales PBS18 Uncultured bacterium IXTTFIXi| IXTTFiXi| iXioFiX| iXTTFiX]
Uncultured bacterium IXTITFiXi| IXTIFiXi| iX0oiFiX| iXiiFiXi
Unassigned Unassigned IXTTFIXI| IXITFiIXi| iIXTOFiX| iXiiFiXi
Epsilonbacteraeota Campylobacteria Campylobacterales Arcobacteraceae Arcobacter IXITFIXIH| i0XT0FiIY iXTAFIX| IXiTFiXi
Thiovulaceae Sulfuricurvum IXTTFIXi| iXioFiX] iX66FiX 1Xi6FiX
Firmicutes Bacilli Bacillales Bacillaceae Unassigned IXTTFIXI| IXI0FiX] iXTTFiXi iXiiFiXi
Lactobacillales Carnobacteriaceae Carnobacterium IXTTFIXI| IXTTFIXT| iIXioFiX| IXiiFiXi
Clostridia Clostridiales Christesenellaceae Christesenellacea®7 Group IXTOFIX| IXioFiX] iX60FiX 1XiiFiXi
Family XIIl Uncultured IXITAFIX| IXITFiXi| IXi0FIX| iXiiFiXi
Ruminococcaceae Unassigned IXIOFIX| IXiTFiXi| iXA0FiX iXioFiX
Unassigned Unassigned IXiITFIXI IXiiFiIXi| IX88FiX iXiiFiXi
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Erysipelotrichia Erysipelotrichiales Erysipelotrichiaceae Solobacterium IXI0FiIX| IXioFiX] iXTiFiXqa iXiiFiXi
Unassigned Unassigned Unassigned Unassigned IXTOFIX| IXI6FiX|] iX06FiX iXi6oFiX
Gemmatimonadetes Gemmatimonadetes Gemmatimonadetes Gemmatimonadaceae Uncultured IXTIFTXT IXITFIXT| IXITFiXi iX00FiX|
Unassigned IXITFiXH IXTTFIXi| IXITFIXi| iXAAFiX

Latescibacteria Latescibacteria Latescibacteriales Latescibacteriaceae Uncultured bacterium IXTITFIXi| IXTIFiXi| iXTTFiXi iXTAFIX
Uncultured bacterium IXTTFIXi| IXITFiIXi| IXAOFiX iX0iFiX
Unassigned Unassigned Unassigned Unassigned IXTTFIXH IXTTFIXi| IXiITFiXi iXTiFiXi
Nitrospirae Nitrospira Nitrospirales Nitrospiraceae Nitrospira iXIiOFIX| IXTTFiXi| iIXiTFiXi iXA8FiX
Thermodesulfovibrionia Uncultured Uncultured Nitrospirae bacterium IXTIFIXi| IXTIFiXT| PXTTFIXH| PXTiFiX|
4-29-1 Uncultured bacterium IXIOFIX| IXIIFiXi| IXiiFiXi iXAiFiX
Proteobacteria r-Proteobacteria Caulobacterales Hyphomonadaceae UKL131L IXATFIX] IXTOFIX] IXiAFIX| i XATFIX
Rhizobiales A0839 Uncultured bacterium IXTTFIXI| IXITFIXi| I XTiTFiXi| I XTTFiXi|

Beijerinckiaceae Psychroglaciecola IXTITFiXi| IXTTFiXi| IXiiFiXi iXioFiX

KFJG36B3 Metagenome IXITFIXi| IXTIFiXi| IXTTFiXi iIXToFiX

Rhizobiales Inc. Sedis Uncultured IXTTFIXH IXTTFIXi| IXTiFIXi| iXTiFiXi

Xanthobacteraceae Uncultured IXTOFIX]| IXIIFiXi| iIXi6FiX| iX0iFiX

Unassigned Unassigned IXIOFIX| iIXT60FiX] iXioFiX| iX0TFiX

Sphingomonadales Sphingomonadaceae Novosphingobium IXTIFIXi| IXTIFiXi| IXTiFiXi iXioFiX

Unassigned IXIOFIX| IXiITFiXi| IXiAFIX| IXATFIX

Unassigned Unassigned Unassigned IX0O0FIX IXATFIX] 1X06FiX iX06TFiX

wProteobacteria Desulfarculales Desulfarculaceae Desulfatiglans IXTTFIXi| IXTIFiXi| iXiiFiXi iX0AFiX
Desulfobacterales Desulfobulbaceae Desulfobulbus iXOIFiX] iXiiFiXi| TXAiIFiX| IXi6FiX

Desulfurivibrio IXTIFIXi| IXTIFiXi| 1X0iFiX| iXioFiX

MSBL7 IXTTFIXi IXITFIXi| iXi6FiX| iXiiFiXi

SEESRB1 IXTOFIX| IXITFiXi| IXiiFiXi IX6TFiX

Desulfuromonadales Sval033 Unassigned IXTTFiXi| IXTIFiXi| iXiTFiXi iXiiFiXi

Unassigned Unassigned IXIOFIX| IXIIFiXi| iXT0FiX| iXi6oFiX

Desulfovibrionales Desulfovibrionaceae Desulfovibrio IXTTFIXI| IXITFiIXi| iIXi6oFiX| iXiiFiXi

Phaselicystidaceae Phaselicystis IXTAFIX| IXITTFiXi| IXi6FIX| iX006FiX

NBZ1j Uncultured bacterium IXT6FIX] IXIIFiXi| IXiITFiXi iXTiFiX]

Syntrophobacterales Syntrophaceae Smithella IXOAFIX IXITFiXi| iX06FiX iXioFiX

Syntrophobacteraceae Syntrophobacter IXTTFIXI| IXITFIXT| IXTiFiXi IXiAFiX

Unassigned Unassigned Unassigned IX00FiX IXiTFiXi| iX60FiX TX00FiX|

vProteobacteria Aeromonadales Aeromonadaceae Aeromonas IXITFiXi| 6XO6iFiX| TXTTFiXda iXiTFiXi
Succinivibrionaceae Uncultured IXTTFiXi| IXITFiXi| IXTOFIX| iXiiFiXi

Alteromonadales Shewanellaceae Shewanella IXTTFIXH IXioFiX] iXiiFiXi iXiiFiXi

CCD24 metagenome IX006FiX iXiiFiXi| iIXiiFiXi iXi6FiX

Betaproteobacteriales Burkholderiaceae Acidovorax IXTTFIXi| (PXTIFIX| AXTAFTX 1XTiFiX]

Uncultured iIXOITFiIX] I XTIoFiX] IXioFiX| IXAiFiX

Galliionellaceae Sideroxydans IXIOFIX| IXIAFIX] IX0AFiX iXATFIX

Hydrogenophilaceae Thiobacillus IXOTFIX| IXIIFiXi| IXiAFIX| iXAOFIiX

Nitrosomonadaceae Ellin6067 iX8O0FiX iXiiFiXi|] iX00FiX iXA0FiX

Rhodocyclaceae Azoarcus IXIOFIX| iIXioFiX] iXiiFiXd iXioFiX

Thauera IXTTFIXY IXIAFIXY] iIXTOFiX| IXT1TFiXi

Unassigned IXTAFIX] IXITFIXi| iIXiiFiXi iXAiFiX

Unassigned IXBTFIX| IX0O0FiX| TX006FiX TX3iFiX

Pseudomonadales Moraxellaceae Acinetobacter IXITFiXi| ioXAAFi| iX66FiX 1XiTFiXi

Pseudomonadaceae Pseudomonas IX60FIX| iIX00FIiX| iXTiFiXd iXioFiX

Unassigned Unassigned Unassigned TXOTFiX] OXAIFIX| TXIoFiX| IXAGFIX
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Spirochaetes Spirochaetia Spirochaetales Spirochaetaceae Spirochaeta 2 IXT60FiIX| IXiTFiXi| iX00FiX TX008FiX|
Treponema 2 IX8O0FIX IXIiFiXi| iXi6oFiX| iXioFiX
Uncultured IX00FiX IXIIFIXi| 6XT0FiX iXi8FiX
Unassigned IXTOFIX| IXITFIXi| IXT6FiX| iX6iFiX
Synergistetes Synergistia Synergistales Synergistaceae Aminomonas IXTTFIXI| IXITFiIXi| iXA6FiX 1XiiFiXi

Lokacije uzorkovanja: UP, uzvodno od ispusta; DWO, ispust; DW3000, 3000 m nizvodno od ispusta; WW, otpadna voda.
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Slika 11. Rarefakcijske krivulje koje prikazuju alfa raznolikost otpadne vode iz formulacije
DQWLELRWLND :: L VHGLPHQDWD SRWRND .DOLQRYLFD GRE

DPSOLFRQ VHTXHQFLQJ YDULDQWY 3 /RNDFLMH s9(8UNRY D Q
DW3000, 3000 m nizvodno od ispusta. Oznaka slike u Faglure S1
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Slika12.Shannon: LHQHU LQGHNY UD]J]QROLNRVWL VHGLPHQDWD SR
otpadne vode iz formulacije antibiotika tijekom zimske i ljethe sezone. Lokacije uzorkovanja:

UP, uzvodno; DWO, ispust; DW3000, 3000 m nizvodno od ispusta. Oznaka sliterigure

S2
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Slika 13. Taksonomska strukture bakterijske zajednice na razini koljena otpadne vode iz
formulacije antibiotika (WW) i sedimenata potdkalinovica QD UD]OLpL W tijekoddRND FL M
zimske i ljetne sezone uzorkovanakterijska kollgQ D VD UHODWLYQRP JDVWXSOI
RG X VYLP X]JRUFLPD VX JUXSLUDQD X A2WKHU?3 /RNDFLM
ispust; DW3000, 3000 m nizvodno od ispusta. Oznaka slike uFigdue S3
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Slika 14.Promjene u sastavu bakterijske zajedma razini koljena u nizvodnim sedimentima

(DW) u odnosu na uzvodni sediment (UP) tijekom a) zimske i b) ljetne sezone. Prikazana

UHODWLYQD I DVWXSOMHQRVW EDNWHULMVNLK NROMHQD WH

baze podataka. Zvjezdice pik] XM X VWDWLV WL [i*¥ k Ol@DpE KL X**1pRB ] O L N X
'(6HT L]PHYyX VYDNH QL]YRGQH ORNDFLMH ': L X]YR

uzorkovanja: UP, uzvodno od ispusta; DWO, ispust; DW3000, 3000 m nizvodno od ispusta.

Oznaka slike u radbigure S4
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7.6. Dodatne informacije uz rad:

OLODNR,YetU 100

3ROH /

Tablica2l. =DVWXSOMHQRVW

.ULADQRYLU 6
OUNRQMLUO )XNDOWOU 3G LKW DORNIFWHUL]DWLRQ RI
clinical and environmental isolates from macrolmt#luted and unpolluted river sedimenis.
postupkuupDVRSLVX 6FLHQFH RI WKH 7RWDO (QYLURQPHQW

ALPDWRYLUO $

*RQ]DOH]

PDF

RNROLGQLK NXOWLYDELOQLK EDNV

Abundance (%)

Phylum Genus Upstream Discharge
Actinobacteria Microbacterium 42.31 29.84
(Grampositive)  Arthrobacter 481 0.81
Agromyces 3.85 0.81
Rhodococcus 3.85 4.03
Chryseoglobus 0.96 0.00
Cellulosimicrobium 0.00 8.87
Dietzia 0.00 4.03
Lysinibacillus 0.00 1.61
Tessaracoccus 0.00 0.81
Sanguibacter 0.00 0.81
Micrococcus 0.00 0.81
Mycobacterium 0.96 0.00
Firmicutes Bacillus 38.46 4.84
(Grampositive)  Staphylococcus 1.92 0.81
Paenibacillus 0.96 0.00
Fictibacillus 0.96 0.00
Enterococcus 0.00 5.65
Streptococcus 0.00 4.84
Trichococcus 0.00 1.61
Aerococcus 0.00 1.61
Lactococcus 0.00 0.81
Bacteroidetes Chryseobacterium 0.00 4.84
(Gramnegative) Flavihumibacter 0.00 0.81
-Proteobacteria Acinetobacter 0.96 0.81
(Gramnegative) Citrobacter 0.00 2.42
Thermomonas 0.00 1.61
Pseudoxanthomonas 0.00 1.61
Pseudomonas 0.00 0.81
Stenotrophomonas 0.00 0.81
.-Proteobacteria Brevundimonas 0.00 7.26
(Gramnegative) Rhodobacter 0.00 0.81
-Proteobacteria Acidovorax 0.00 3.23
(Gramnegative) Comamonas 0.00 1.61
Neisseria 0.00 0.81
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Tablica22. ) HQRWLSVND L JHQRWLVND NDUDNWHUL]J]DFLMD RNROLAQLK EDNW Hibdktdriskii. K LIROL
izolata na antibiotike temelji se na CLSI standardima.

Source | Phylum Genus/Species N MRGs Resistance profile
Actinobacteria| Arthrobactersp. 1 ermrF ERY; AZM; CLA
Microbacteriumsp. 1 msiD ERY; AZM; CLA
1 mekE ERY; AZM; CLA; TET
1 mptE ERY; AZM; CLA; CIP
% 1 ermF ERY; AZM; CLA; CIP
3] 1 msiD ERY; AZM; CLA; CIP
@ | Firmicutes Bacilluslicheniformis 1 mstA+hflX
- 2 ermk
1 msiE ERY; AZM; CLA
1 msiD
3 hflX
Proteobacteria Acinetobactesp. 1 msiE+mphE i
Actinobacteria| Arthrobactersp. 1 ermF ERY; AZM; CLA; TET
Cellulosimicrobium cellulans| 1 ernB ERY; AZM; CLA; CIP
Microbacteriumsp. 1 ernB ERY; AZM; CLA; TET,; CIP
1 mekE ERY; AZM; CLA
1 mpHe ERY; AZM; CLA; CIP
o Microbacterium 1 ermB ERY; AZM; CLA; TET
= estearomaticum 1 ernB ERY; AZM; CLA; CIP
g l'l’“cmba‘:te.“”m 1 hflX ERY; AZM: CLA
A eratanolyticum
Microbacterium 2 ermF ERY; AZM; CLA
saccharophilum
Microbacterium paraoxydang 1 hflX
1 ermF+msiE ERY; AZM; CLA
1 ermF

236



Prilozi

Micrococcus aloeverae 1 msiE ERY

Lysinibacillus fusiformis 1 ernmB ERY; AZM; CLA; TET; AMP; CIP
1 ermB ERY; AZM; CLA; AMP

Tessaracoccus flavescens 1 mpE *

Bacteroidetes | Chryseobacteriursp. 1 ermF+msiD *

Firmicutes Aerococcus viridans 1 ermB TET; CIPRO
Bacillussp. 1 ermB+msiE ERY; AZM; CLA
Bacillus cereus 1 ernB ERY; AZM; CLA
Enterococcus saccharolyticy 1 ermB+ermF ERY; AZM; CLA

1 ermB ERY; AZM; CLA; TET; AMP; CIP
Enterococcusp. 1 ermB+mefC ERY; AZM; CLA; TET; AMP
Enterococcus asini 1 ernB ERY; AZM; CLA; AMP; CIP
Enterococcus avium 1 ermB ERY; AZM; CLA; AMP; CIP
Lactococcus lactis 1 ermB ERY; AZM; CLA
Staphylococcus epidermidis| 1 msrA+msiE ERY
Streptococcusp. 5 ermB ERY; AZM,; CLA; AMP
Trichococcussp. 1 ernB *
Trichococcus flocculiformis 1 ermF

Proteobacteria Acinetobacter johnsonii 1 msIE+mplE o

Brevundimonas bullata 1 ernmF

1 msiE
Brevundimonas diminuta 1 ernB
Comamonasp. 1 msE+mplE
Comamonas denitrificans 1 msIE+mplE
Citrobacter freundii 2 msE+mplE

1 ermF+msiE+mplE
Acidovoraxsp. 1 | meA+msE+mpHE+hflX *

1 msE+mplE
Neisseriasp. 1 mprE
Pseudomonasp. 1 msIE
Pseudoxanthomonap. 1 mprE
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Rhodobactesp. 1 msIE+mplE
Stenotrophomonasp. 1 msiE+mplE
Thermomonas brevis 1 mpHE

*1H SRVWRMH &/6, VPMHUQLFH ]D RGUHYLYDQMH U D]L QMetRods $oRAhircxodall DQuborvend Disk SWEce pibiy L E L R W
Testing of Infrequently Isolated or Fastidious Bacte(2016).

** Ne postoje CLSI smjernice zaG@UHYLYDQMH UD]JLQH RWSRUQRVWL QD RMéhisR® AGiQietoiaQMutiGgn. adVidkH SULL
Susceptibility Testing of Infrequently Isolated or Fastidious Bat€2ial6).

N-broj izolata; MRGszgeni za otpornost na makrolide. ER¥ritromicin; AZI +azitromicin; CLA klaritromicin; TET +tetraciklin; AMP xampicilin; CIP
*ciprofloksacin.CLSI smjernice za AZI i CLA su temeljene na smjernicama za ERY za sve rodovS&tsptococcuspp. iStaphylococcuspp. Za rodove
Streptococcsispp. iLactococcusVSS VPMHUQLFH ]D RGUHYyLYDQMH RWSRUQRVWL QD &,352 VX WHPHOMHQH Q!
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Slika 15.Filogenetsko stablo dobiveno usporedbom sekvencime#dE L] N O L@OQHH L K

L RNROLAQLK L]JRODWDURD lakgcieR iepQsith(DOVR)N® fier & ehtativnih
VHNYHQFL SULND]DQH SRGHEOMDQR L] 1&%, ED]JH 6WDEC
susjeda (engNeighbour joining SRPRUX UDpXQDOQRJ SURJUDPD 0(*$ ; 31
unutar SWD EOD R G UdingkuQado pbHav(anjaW
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Slika 16. Filogenetsko stablo dobiveno usporedbom sekvencigena L] NOL ®IOBRNL K

L RNROLEAQLK L]JRODWDUR)D lokgcier i§pQsith(DOVR)ND rfefr&f ehtativnih

sekvenci (prikazane podebljano) iz NCBIjldd 6 WDEOR MH L]JUDYHQR PHWRC(
susjeda (engNeighbour joining SRPRUX UDpXQDOQRJ SURJUDPD 0(*$ ; 31
XQXWDU VWDEOD RGUOMpohendH QD WHPHOMX
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Slika 17.Filogenetsko stablo dobiveno usporedbom sekvenciggg L] N O L(QQSFAY L K

L RNROLEAQLK L]JRODWDUR)D lokgcier i§pQsith(DOVR)ND rfefr&f ehtativnih
VHNYHQFL SULND]DQH SRGHEOMDQR L] 1&%, ED]JH 6WDEC
susjeda (engNeighbour joining SRPRUX UDpXQDOQRJ SURJUDPD 0(*$ ; 31
unutar VWDEOD RGUHYVH QI pdriavi@rija. WHP HO M X
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7.7. Sekvence plazmida izoliranih iz sedimenta s lokacije ispusta rijeke Save
(DWO0_S13)i potoka Kalinovica (DWO0_K1-3).
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AMP
AZl
BPKs
CEFO
DHFR
DHPS
DNA
ENR
ERY-H2O
ESBL
HGT
ICP-MS
kb

KPK
LC-MS/MS
MIK
NADPH
N-DMA
NMDS
NGS
oTC
PABA
pb
PBPs
PBRT
PCR
PNEC

RNA
rm
r-RNA
t-RNA

ampicilin

azitromicin

ELRNHPLMVND SRWUR&AQMD NLVLND
cefotaksim

dihidrofolat reduktaza

dihidropteroat sintaza

deoksiribonukleinska kiselina

enrofloksacin

dehidrirani eritromicin

-ODNWDPD]D SURALUHQRJ VSHNWUD
horizontalni prijenos gena

masena spektrometrija s induktivno spregnutom plazmom

kilobaza

NHPLMVND SRWURAQMD NLVLND

vezani sustawWWHN X UL QV ND N taiienbnd/sRektydinetrij bhasa
minimalna inhibitorna koncentracija

nikotinamidadenin dinukleotid fosfat

n-desmetil azitromicin

nemetrijskoYLAHGLPHQ]LMVNR JUXSLUDQMH
PHWRGH VHNYHQFLUDQMD VOMHGHUH JHQHUDFI
oksitetraciklin

p-aminobenzojeva kiselina

parova baza

penicilin YH] XM XiL SURWHLQL

WLSL]DFLMD UHSOLNRQD ODQpPDQRP UHDNFLMRI
ODQpDQD UHDNFLMD SROLPHUD]RP
JUDQLPpQD NRQFHQWUDFLMD L]QDG NRMH VH PR
DQWLELRWLpPpNH RWSRUQRVWL

ribonukleinska kiselina

16S rRNA gen

ribosomskeRNA
transportndRNA
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SDz sulfadiazin

SMZ sulfametam

SzZ0 Svjetska zdravstvena organizacija

TET tetraciklin

TMP trimetoprim

TOC ukupni organski ugljik

TSS ukupne suspendirane tvari

TYMS timidilat sintaza

gPCR NYDQWLWDWLYQD ODQpDQD UHDNFLMD SROLPH

248



a,92723,6



aLYRWRSLV

a,92723,6

OLOHQD OLODNRYLU URYHQD MH OLVWRSDGD JR(
RVOQRYQX L VUHGQMX aNROX ,QWHJULUDQL SUHGGLSORPVI
PrirodoslovnePDWHPDWLPpNRRK HR NXOMAMMIXX =DJUHEX ]DYU&ALOD M
stekla akademski naziv magistre edukacije biologije i kermjag( educ. biol. et chemOd

JRGLQH GR GDQDV MH |J]DSRVOHQD QD PMHVWX GRNW
mikrobiologiju i biotethQRORJLMX ,QVWLWXWD 5XyHU %RaANRYLUO X =D
REXKYDuUD LVWUDALYDQMH UD]JYRMD L 4LUHQMD RWSRUQR
VWUXNWXUH EDNWHULMVNLK ]DMHGQLFD X YRGHQRP RNR
farmaceutsk industrija. U akademskoj godini 2016./2017. upisala je Poslijediplomski
VYHXpLOLAQL GRNWRUVNL VWXFROWHPDRNORANRPHIDRDBDXIUNLHYHW & |
=DJUHEX 'RELWQLFD MH VWLSHQGLMH &267 DNFLMH 1(5(86
uVDYUADYDQMH X 1IMHPDpNRM QD LQVWLWXWX +HOPKROW]=1
6FKORWHUD 'RELWQLFD MH L QHNROLNR VWLSHQGLMD )HC(
)(06 ]D VXGMHORYDQMH QD J]QDQVWYHQLP VNX®BYLPD X
GRELWQLFD MH L *RGLAQMH QDJUDGH PODGLP ]QDQVWY
PLNURELROR&GNRJ GUXa&aWYD JRGLQH NDR L QDJUDGH ]C
NRQJUHVX ;(12:$& ,, RGUADQRP X /LPDVVROX &LSDU JR

Do sada e DXWRULFD VXDXWRULFD ]QDQVWYHQLK UDGRYD
]ODQVWYHQD UDGD X MHGQLPD RG QDMSUHVWLAQLMLK pD\
ED]JRP :HE RI 6FLHQFH :R6 WH VDaHWDND X JERUQLFLPD
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Popis dojavljenih znanstvenih radova

1.

%LHOHQ $ ALPDVORWALW®B - .BHAIOQWD , $KHO 0 %DELO 6 -
Plaza JJ,OLODNRYL8GONRYQWI 1 1HIJDWLYH HQYLURQPHQ\
antibioticcontaminated effluents from pharmaceutical industkiéaster Research 126

(2017): 7987. doi: 10.1016/j.watres.2017.09.019

*RQ]iOH] 30D]D -- CALOPIDNRRMAIBPO HQ $ LFKPDQQ ) 8GLN
N: Functional repertoire of antibiotic resistance genes in antibiotic manufacturing
effluents and receiwg freshwater sediments. Frontiers in Microbiology 8 (2018): 2675.

doi: 10.3389/fmich.2017.02675

OLODNRYQHWWHUJDDUG * *RQ]JiOH] 30D]D -- 3HWULUO , ¢
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.RQJUHVQD SULRSUHQMD

1. OLODNRWesWMHUJIJDDUG *30RQQIOH]3HWULUO , 4AaLPDWRYLU
8GLNRRDLU 1 =DJDYHQMH VHGLPHQWD ULMHNH 6DYH ID
+tUD]JYRM L aLUHQMH RWSRUQRVWL QD PDNUROLGQH DQ\
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