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Ovaj je doktorski �U�D�G�� �L�]�U�D�ÿ�H�Q�� �X�� �/�D�E�R�U�D�W�R�U�L�M�X�� �]�D�� �R�N�R�O�L�ã�Q�X�� �P�L�N�U�R�E�L�R�O�R�J�L�M�X�� �L�� �E�L�R�W�H�K�Q�R�O�R�J�L�M�X��

�,�Q�V�W�L�W�X�W�D�� �5�X�ÿ�H�U�� �%�R�ã�N�R�Y�L�ü�� �X�� �=�D�J�U�H�E�X�� �S�R�G�� �Y�R�G�V�W�Y�R�P�� �G�U���� �V�F���� �1�L�N�R�O�L�Q�H�� �8�G�L�N�R�Y�L�ü�� �.�R�O�L�ü���� �Y�L�ã�H��

�]�Q�D�Q�V�W�Y�H�Q�H�� �V�X�U�D�G�Q�L�F�H���� �X�� �V�N�O�R�S�X�� �6�Y�H�X�þ�L�O�L�ã�Q�R�J�� �S�R�V�O�L�M�H�G�L�S�O�R�P�V�N�R�J�� �V�W�X�G�L�M�D�� �%�L�R�O�R�J�L�Me pri 

�%�L�R�O�R�ã�N�R�P�� �R�G�V�M�H�N�X�� �3�U�L�U�R�G�R�V�O�R�Y�Q�R-�P�D�W�H�P�D�W�L�þ�N�R�J�� �I�D�N�X�O�W�H�W�D�� �6�Y�H�X�þ�L�O�L�ã�W�D�� �X�� �=�D�J�U�H�E�X����Rad je 

financiran u okviru dva znanstveno-�L�V�W�U�D�å�L�Y�D�þ�N�D�� �S�U�R�M�H�N�W�D�� �N�R�M�H��je vodila �G�U���� �V�F���� �1���� �8�G�L�N�R�Y�L�ü��

�.�R�O�L�ü, Uspostavnog projekta �+�U�Y�D�W�V�N�H���]�D�N�O�D�G�H���]�D���]�Q�D�Q�R�V�W���Ä�,�V�W�U�D�å�L�Y�D�Q�M�H���X�W�Mecaja otpadnih voda 

�L�]�� �I�D�U�P�D�F�H�X�W�V�N�L�K�� �L�Q�G�X�V�W�U�L�M�D�� �Q�D�� �V�D�V�W�D�Y�� �L�� �S�U�R�I�L�O�� �D�Q�W�L�E�L�R�W�L�þ�N�H�� �U�H�]�L�V�W�H�Q�F�L�M�H�� �L�]�O�R�å�H�Q�L�K�� �P�L�N�U�R�E�Q�L�K��

�]�D�M�H�G�Q�L�F�D���X���V�O�D�W�N�R�Y�R�G�Q�L�P���V�H�G�L�P�H�Q�W�L�P�D�³�����:�,�1�$�5�����E�U�R�M���S�U�R�M�H�N�W�D�����8�,�3-2014-09-9350) i projekta 

�=�D�N�O�D�G�H�� �$�'�5�,�6�� �Ä�3�U�R�X�þ�D�Y�D�Q�M�H�� �S�R�Y�H�]�D�Q�R�V�W�L�� �]�D�J�D�ÿ�H�Q�M�D�� �R�N�R�O�L�ã�D�� �D�Q�W�L�E�L�R�W�L�F�L�P�D�� �L�� �U�D�]�Y�R�M�D��

�U�H�]�L�V�W�H�Q�F�L�M�H�� �Q�D�� �D�Q�W�L�E�L�R�W�L�N�H�� �X�� �O�M�X�G�V�N�L�K�� �S�D�W�R�J�H�Q�D�³ te stipendijom COST akcije NEREUS 

(ES1403).   



INFORMACIJE O MENTORU  

 

�'�U�����V�F�����1�L�N�R�O�L�Q�D���8�G�L�N�R�Y�L�ü���.�R�O�L�ü���U�R�ÿ�H�Q�D���M�H�����������R�å�X�M�N�D���������������J�R�G�L�Q�H���X���2�J�X�O�L�Q�X. Diplomirala je 

2001. godine na studiju Biotehnologije, smjeru biokemijsko-�P�L�N�U�R�E�L�R�O�R�ã�N�R�P���Q�D���3�U�H�K�U�D�P�E�H�Q�R-

�E�L�R�W�H�K�Q�R�O�R�ã�N�R�P�� �I�D�N�X�O�W�H�W�X�� �6�Y�H�X�þ�L�O�L�ã�W�D�� �X�� �=�D�J�U�H�E�X���� �1�D�� �L�V�W�R�P�� �I�D�N�X�O�W�H�W�X�� �R�E�U�D�Q�L�O�D�� �M�H�� �G�R�N�W�R�U�V�N�X��

�G�L�V�H�U�W�D�F�L�M�X�� ������������ �J�R�G�L�Q�H�� �S�R�G�� �Q�D�V�O�R�Y�R�P�� �Ä�.�D�W�D�E�R�O�L�þ�N�L�� �S�R�W�H�Q�F�L�M�D�O�� �L�� �J�H�Q�H�W�L�þ�N�D�� �V�W�U�X�N�W�X�U�D��

bakterijskih �]�D�M�H�G�Q�L�F�D�� �S�R�U�L�M�H�N�O�R�P�� �L�]�� �R�N�R�O�L�ã�D�� �R�Q�H�þ�L�ã�ü�H�Q�R�J�� �D�W�U�D�]�L�Q�R�P�� �L�� �G�U�X�J�L�P��s-triazinskim 

�V�S�R�M�H�Y�L�P�D�³�����=�D�S�R�V�O�H�Q�D�� �M�H�� �Q�D�� �P�M�H�V�W�X�� �Y�L�ã�H�� �]�Q�D�Q�V�W�Y�H�Q�H�� �V�X�U�D�G�Q�L�F�H�� �L�� �Y�R�G�L�W�H�O�M�L�F�H�� �/�D�E�R�U�D�W�R�U�L�M�D�� �]�D��

�R�N�R�O�L�ã�Q�X���P�L�N�U�R�E�L�R�O�R�J�L�M�X���L���E�L�R�W�H�K�Q�R�O�R�J�L�M�X���Q�D���,�Q�V�W�L�W�X�W�X���5�X�ÿ�H�U���%�R�ã�N�R�Y�L�ü���X���=�D�J�U�H�E�X, gdje radi od 

2001. godine. U �Y�L�ã�H�� �Q�D�Y�U�D�W�D�� �X�V�D�Y�U�ã�D�Y�D�O�D�� �V�H�� �Q�D�� �P�H�ÿ�X�Q�D�U�R�G�Q�R�� �U�H�Q�R�P�L�U�D�Q�L�P�� �L�Q�V�W�L�W�X�F�L�M�D�P�D�� �X��

�L�Q�R�]�H�P�V�W�Y�X�� �X�N�O�M�X�þ�X�M�X�ü�L��11-�P�M�H�V�H�þ�Q�L�� �E�R�U�D�Y�D�N�� �Q�D���6�Y�H�X�þ�L�O�L�ã�Wu Yale u SAD-u kao stipendistica 

�S�U�H�V�W�L�å�Q�R�J��programa Fulbright. �2�G�U�å�D�O�D�� �M�H�� �Q�L�]�� �S�U�H�G�D�Y�D�Q�M�D�� �Q�D�� �P�H�ÿ�X�Q�D�U�R�G�Q�L�P�� �L�� �Q�D�� �G�R�P�D�ü�L�P��

znanstvenim skupovima i/ili institucijama te dobila nekoliko �G�R�P�D�ü�L�K���L���P�H�ÿ�X�Q�D�U�R�G�Q�L�K��nagrada 

za svoj znanstveni rad�����3�U�L�G�U�X�å�H�Q�L���M�H���X�U�H�G�Q�L�N���P�H�ÿ�X�Q�D�U�R�G�Q�R�J���þ�D�V�R�S�L�V�D��Journal of Environmental 

Quality �W�H���þ�O�D�Q�L�F�D���X�U�H�G�Q�L�ã�W�Y�D���M�R�ã���G�Y�D���P�H�ÿ�X�Q�D�U�R�G�Q�D���þasopisa. �6�X�G�M�H�O�X�M�H���L���X���6�Y�H�X�þ�L�O�L�ã�Q�R�M���Q�D�V�W�D�Y�L����

gdje je nositeljica/sunositeljica�� �N�R�O�H�J�L�M�D�� �Q�D�� �G�R�N�W�R�U�V�N�L�P�� �V�W�X�G�L�M�L�P�D�� �Q�D�� �3�U�H�K�U�D�P�E�H�Q�R��

�E�L�R�W�H�K�Q�R�O�R�ã�N�R�P���I�D�N�X�O�W�H�W�X���6�Y�H�X�þ�L�O�L�ã�W�D���X���=�D�J�U�H�E�X���L���6�Y�H�X�þ�L�O�L�ã�W�X���X���2�V�L�M�H�N�X. Autorica je i suautorica 

brojnih znanstvenih radova te voditeljica nekoliko znanstveno-�L�V�W�U�D�å�L�Y�D�þ�N�L�K projekata. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Zahvala  

�3�R�V�H�E�Q�D�� �L�� �Q�D�M�O�M�H�S�ã�D�� �]�D�K�Y�D�O�D�� �P�R�M�R�M�� �P�H�Q�W�R�U�L�F�L�� �G�U���� �V�F���� �1�L�N�R�O�L�Q�L�� �8�G�L�N�R�Y�L�ü�� �.�R�O�L�ü�� �Q�D�� �X�N�D�]�D�Q�R�P��

�S�R�Y�M�H�U�H�Q�M�X���� �U�D�]�X�P�L�M�H�Y�D�Q�M�X�� �L�� �S�U�L�M�D�W�H�O�M�V�W�Y�X�� �N�D�R�� �L�� �Q�D�� �Q�H�V�H�E�L�þ�Q�R�P�� �G�L�M�H�O�M�H�Q�M�X�� �V�D�Y�M�H�W�D����iskustava i 

znanja koji su mi uvelike pomogli prilikom izrade ove disertacije. Veliko hvala na svim 

konstruktivnim komentarima i sugestijama te �S�U�X�å�H�Q�L�P�� �P�R�J�X�ü�Q�R�V�W�L�P�D�� �X�þ�H�Q�M�D�� �N�R�M�L�� �V�X�� �P�L��

�S�R�P�R�J�O�L�� �G�D�� �V�S�R�]�Q�D�P�� �S�R�G�U�X�þ�M�H�� �P�R�O�H�N�X�O�D�U�Q�H�� �P�L�N�U�R�E�L�R�O�R�J�L�M�H�� �N�D�N�R�� �X�� �+�U�Y�D�W�V�N�R�M�� tako i u 

inozemstvu.  

Special thanks to dr. Juan Jose Gonz�ilez-Plaza who introduced me to the magnificent world of 

molecular biology and microbiology and filled my days in the laboratory with laughter and 

positive energy.  

�2�G���V�U�F�D���K�Y�D�O�D���N�R�O�H�J�L�F�D�P�D���L�]���/�D�E�R�U�D�W�R�U�L�M�D���]�D���R�N�R�O�L�ã�Q�X���P�L�N�U�R�E�L�R�O�R�J�L�M�X���L���E�L�R�W�H�K�Q�R�O�R�J�L�M�X�����G�U�����V�F����

�,�Q�H�V���6�Y�L�O�L�þ�L�ü���3�H�W�U�L�ü�����G�U�����V�F�����6�W�H�O�L���.�U�L�å�D�Q�R�Y�L�ü���L���$�Q�L���3�X�O�M�N�R����mag. ing. agr.�����Q�D���S�R�P�R�ü�L�����V�X�U�D�G�Q�M�L���L��

�S�R�G�U�ã�F�L���W�H���X�J�R�G�Q�R���S�U�R�Y�H�G�H�Q�R�P���Y�U�H�P�H�Q�X���X���O�D�E�R�U�D�W�R�U�L�M�X���S�U�L�O�L�N�R�P���L�]rade ove disertacije.  

D�U�����V�F�����$�Q�L���â�L�P�D�W�R�Y�L�ü veliko hvala  �Q�D���S�U�L�M�D�W�H�O�M�V�W�Y�X�����S�R�]�L�W�L�Y�Q�R�M���H�Q�H�U�J�L�M�L���L���V�P�L�M�H�K�X���W�H���Q�H�V�H�E�L�þ�Q�R�M��

�S�R�P�R�ü�L���L���V�D�Y�M�H�W�L�P�D���S�U�L�O�L�N�R�P���L�]�U�D�G�H���R�Y�H���G�L�V�H�U�W�D�F�L�M�H���� 

Kolegama iz Laboratorija za analitiku i biogeokemiju organskih spojeva (IRB), Laboratorija za 

an�R�U�J�D�Q�V�N�X���J�H�R�N�H�P�L�M�X���R�N�R�O�L�ã�D���L���N�H�P�R�G�L�Q�D�P�L�N�X���Q�D�Q�R�þ�H�V�W�L�F�D�����,�5�%�����W�H���N�R�O�H�J�D�P�D���V�D���1�D�V�W�D�Y�Q�R�J��

�]�D�Y�R�G�D���]�D���M�D�Y�Q�R���]�G�U�D�Y�V�W�Y�R���Ä�'�U�����$�Q�G�U�L�M�D���â�W�D�P�S�D�U�³�����D���S�R�V�H�E�Q�R���-�R�V�L�S�L���.�R�V�L�ü-�9�X�N�ã�L�ü����dipl. ing., 

�Q�D�M�O�M�H�S�ã�H���K�Y�D�O�D���Q�D���S�U�R�Y�Hdbi fizikalno-kemijskih analiza.  

Hvala doc. dr. sc. Tamari Jurini (PBF) i doc. dr. sc. Ani Bielen (PBF) �Q�D�� �S�R�P�R�ü�L�� �S�U�L�O�L�N�R�P��

uzorkovanja i provedbe eksperimentalnog dijela �L�V�W�U�D�å�L�Y�D�Q�M�D���W�H���W�H�K�Q�L�þ�D�U�X���1�H�Q�D�G�X���0�X�K�L�Q�X���Q�D��

�S�R�P�R�ü�L�� �L�� �Q�D�G�D�V�Y�H�� �G�R�E�U�R�M�� �D�W�P�R�V�I�H�U�L�� �S�U�L�O�L�N�R�P�� �X�]�R�U�N�R�Y�D�Q�M�D�� Dr. Fabienne Wichmann hvala na 

�S�R�P�R�ü�L���L���V�W�U�X�þ�Q�L�P���V�D�Y�M�H�W�L�P�D���S�U�L�O�L�N�R�P���L�]�U�D�G�H���I�L�O�R�J�H�Q�H�W�V�N�L�K���V�W�D�E�D�O�D���� 

�1�D�M�O�M�H�S�ã�D���K�Y�D�O�D���N�R�O�H�J�D�P�D���L�]���.�O�L�Q�L�N�H���]�D���L�Q�I�H�N�W�L�Y�Q�H���E�R�O�H�V�W�L���Ä�'�U�����)�U�D�Q���0�L�K�D�O�M�H�Y�L�ü�³�����S�U�R�I�����G�U�����V�F����

�$�U�M�D�Q�L�� �7�D�P�E�L�ü�� �$�Q�G�U�D�ã�H�Y�L�ü�� �L�� �G�U���� �V�F���� �0�D�U�L�M�L�� �*�X�å�Y�L�Q�H�F���� �Q�D�� �S�U�L�N�X�S�O�M�D�Q�M�X�� �N�O�L�Q�L�þ�N�L�K�� �E�D�N�W�H�U�L�M�V�N�L�K��

�L�]�R�O�D�W�D���W�H���S�R�P�R�ü�L���L���V�D�Y�M�H�W�L�P�D���S�U�L���L�]�U�D�G�L���H�N�V�S�H�U�L�P�H�Q�W�D�O�Q�R�J���G�L�M�H�O�D���R�Y�H���G�L�V�H�U�W�D�F�L�M�H���� 

Hvala kolegama sa instituta Helmholtz Zentrum M�•nchen, prof. dr. sc. Michaelu Schloteru, dr. 

Gisle Vestergaardu i Susanne Kublik, Bsc., na upoznavanju sa metodama sekvenciranja i 
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sedimentima recipijentnih voda nizvodno od ispusta u odnosu na referentnu lokaciju uzvodno 

od ispusta. Funkcionalnom metagenomikom identificirani su poznati i potencijalno novi geni 
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The aim of this work was to explore the impact of the wastewater discharge from two local 

pharmaceutical industries on the recipient freshwater environments, particularly regarding the 

development and spread of antibiotic resistance and bacterial communities composition. 

Chemical analyses confirmed relatively high antibiotic concentrations in the wastewater from 

those industries and considerably higher antibiotic concentrations in recipient sediments 

downstream from the discharge site when compared with upstream reference site. Functional 

metagenomics revealed already known and potentially novel genes for resistance to targeted 

antibiotics in wastewater and sediments. Significantly higher concentrations of selected 

resistance genes were found in sediments at the disharge site and downstream from the 

pharmaceutical industries discharge site relative to the upstream reference site. Exogenous 

plasmid isolation revealed the increased horizontal transfer of macrolide and/or tetracycline 

resistance genes in antibiotic-polluted sediments. Phylogenetic analysis confirmed high 

similarity of the nucletiode sequences of the ermB gene between environmental bacterial 

isolates that originated from highly macrolide-polluted river sediments and clinical 

streptococcal isolates indicating potential transfer of this gene between bacteria of 

environmental and clinical origin. Sequencing of 16S rRNA gene amplicons revealed 

significant spatial and seasonal changes in bacterial communities composition of wastewater-

exposed sediments. The results of this study highlight the problem of environmental pollution 

with pharmaceutical wastewater, which may pose a potential threat to both human and 

environmental health.  
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 1. UVOD 

 Otpornost bakterija na antibiotike predstavlja �M�H�G�D�Q�� �R�G�� �Y�R�G�H�ü�L�K�� �S�U�R�E�O�H�P�D�� �G�D�Q�D�ã�Q�M�H��

medicine �L�� �J�R�U�X�ü�L�� �M�D�Y�Q�R�]�G�U�D�Y�V�W�Y�H�Q�L�� �S�U�R�E�O�H�P��svjetskih razmjera. �2�W�N�U�L�ü�H��prvog antibiotika, 

penicilina, 1928. godine �E�L�O�R���M�H���M�H�G�Q�R���R�G���Q�D�M�Y�H�ü�L�K���]�Q�D�Q�V�W�Y�H�Q�L�K���S�R�V�W�L�J�Q�X�ü�D���]�D�K�Y�D�O�M�X�M�X�ü�L���N�R�M�H�P��

�V�X�� �V�S�D�ã�H�Q�L�� �P�Q�R�J�L�� �å�L�Y�R�W�L�� �X�� �W�R�� �Y�U�L�M�H�P�H i mnoge zarazne bolesti stavljene pod kontrolu. 

�2�E�H�ü�D�Y�D�M�X�ü�D��je bila i brzina otkrivanja novih i sve potentnijih antibiotika u razdoblju do 70-tih 

�J�R�G�L�Q�D���S�U�R�ã�O�R�J���V�W�R�O�M�H�ü�D��te se vjerovalo da �]�D�U�D�]�Q�H���E�R�O�H�V�W�L���Y�L�ã�H���Q�H�ü�H���E�L�W�L���S�U�R�E�O�H�P (Kraemer i sur., 

2019.; Peterson i Kaur, 2018.). �0�H�ÿ�X�W�L�P�����X�þ�L�Q�N�R�Y�L�W�R�V�W�� �D�Q�W�L�E�L�R�W�L�N�D�� �G�R�Y�H�G�H�Q�D�� �M�H�� �X�� �S�L�W�D�Q�M�H����

�S�R�Q�D�M�Y�L�ã�H���]�E�R�J��prekomjerne i nerazumne primjene u medicini i veterinarstvu, kao i njihovog 

kontinuiranog �L�V�S�X�ã�W�D�Q�M�D �X�� �R�N�R�O�L�ã����Do danas su bakterije razvile mehanizme otpornosti na 

gotovo sve skupine antibiotika koji se koriste u medicini. �7�D�N�Y�D�� �P�R�ü�� �E�D�N�W�H�U�L�M�V�N�H�� �H�Y�R�O�X�F�L�M�H����

�]�D�M�H�G�Q�R���V���R�J�U�D�Q�L�þ�H�Q�L�P���L�Q�Y�H�V�W�L�U�D�Q�M�H�P���I�D�U�P�D�F�H�X�W�V�N�H���L�Q�G�X�V�W�U�L�M�H���X���U�D�]�Y�R�M���Q�R�Y�L�K���D�Q�W�L�E�L�R�W�L�N�D�����X�þ�L�Q�L�O�L��

su otpornost na antibiotike �M�H�G�Q�R�P���R�G���Q�D�M�R�]�E�L�O�M�Q�L�M�L�K���S�U�L�M�H�W�Q�M�L���P�R�G�H�U�Q�R�P���]�G�U�D�Y�O�M�X���X�����������V�W�R�O�M�H�ü�X 

���7�D�P�E�L�ü���$�Q�G�U�D�ã�H�Y�L�ü����������������. �'�X�å�Q�R�V�W���Q�D�P���M�H���V�W�R�J�D���ã�W�R���M�H���P�R�J�X�ü�H���Y�L�ã�H���X�V�S�R�U�L�W�L��razvoj otpornosti 

�Q�D���D�Q�W�L�E�L�R�W�L�N�H���P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D �N�D�N�R���E�L���V�D�þ�X�Y�D�O�L���G�M�H�O�R�W�Y�R�U�Q�R�V�W���S�R�V�W�R�M�H�ü�L�K���D�Q�W�L�E�L�R�W�L�N�D���]�D���E�X�G�X�ü�H��

�Q�D�U�D�ã�W�D�M�H. �7�R�J�D���V�X���S�R�V�W�D�O�D���V�Y�M�H�V�Q�D���Q�H���V�D�P�R���V�W�U�X�þ�Q�D���G�U�X�ã�W�Y�D���Y�H�ü���L���Y�O�D�G�H���P�Q�R�J�L�K���]�H�P�D�O�M�D���S�D���M�H��

stoga problem otpornosti na antibiotike istaknut kao jedan od prioriteta Svjetske zdravstvene 

organizacije (SZO) (WHO, 2017.).  

 Neke su bakterije prirodno ���X�U�R�ÿ�H�Q�R�����R�W�S�R�U�Q�H�� �Q�D�� �R�G�U�H�ÿ�H�Q�H�� �D�Q�W�L�E�L�R�W�L�N�H; m�H�ÿ�X�W�L�P, 

�]�D�E�U�L�Q�M�D�Y�D�M�X�ü�L���M�H���S�U�R�E�O�H�P���N�D�G���E�D�N�W�H�U�L�M�H �N�R�M�H���V�X���R�E�L�þ�Q�R���R�V�M�H�W�O�M�L�Y�H���Q�D���D�Q�W�L�E�L�R�W�L�N�H���V�W�H�N�Q�X���R�W�S�R�U�Q�R�V�W��

kao rezultat �J�H�Q�H�W�L�þ�N�L�K promjena, bilo novim mutacijama u genomu ili horizontalnim 

prijenosom gena iz drugih, otpornih bakterija (von Wintersdorff i sur., 2016.). Te procese 

stjecanja otpornosti �S�R�V�S�M�H�ã�X�M�H ne samo prekomjerna primjena antibiotika �X�� �O�L�M�H�þ�H�Q�M�X�� �O�M�X�G�L�� �L��

�å�L�Y�R�W�L�Q�M�D nego i �V�Y�H�� �Y�H�ü�H�� �R�Q�H�þ�L�ã�ü�H�Q�M�H�� �R�N�R�O�L�ã�D�� �D�Qtibioticima. Antibiotici dospijevaju �X�� �R�N�R�O�L�ã��

�Q�D�M�þ�H�ã�ü�H���S�X�W�H�P���R�W�S�D�G�Q�L�K���Y�R�G�D���L�]���U�D�]�O�L�þ�L�W�L�K���L�]�Y�R�U�D�����N�X�ü�D�Q�V�W�Y�D�����E�R�O�Q�L�F�H�����I�D�U�P�D�F�H�X�W�V�N�D���L�Q�G�X�V�W�U�L�M�D, 

akvakultura), ali i upotrebom stajskog gnojiva �L�O�L���R�E�U�D�ÿ�H�Q�R�J���P�X�O�M�D���V���X�U�H�ÿ�D�M�D���]�D���S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H��

komunalnih otpadnih voda na poljoprivrednim �]�H�P�O�M�L�ã�W�L�P�D��(Gothwal i Shashidhar, 2015.; 

Singh i sur., 2019.). Pod stalnim selektivnim pritiskom antibiotika �X���R�N�R�O�L�ã�X ubrzava se razvoj 

otpornosti na antibiotike �X���R�N�R�O�L�ã�Q�L�K���E�D�N�W�H�U�L�M�D��(Buschmann i sur., 2012.; Heuer i Smalla, 2007.; 

Jechalke i sur., 2013.; Kristiansson i sur., 2011.; Li i sur., 2010.; Martinez, 2009.). Pokazalo se 

�G�D�� �þ�D�N�� �L�� �Q�L�V�N�H���� �V�X�E�L�Q�K�L�E�L�W�R�U�Q�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �D�Q�W�L�E�L�R�W�L�N�D���� �V�O�L�þ�Q�H�� �R�Q�L�P�D�� �Q�D�ÿ�H�Q�L�P�� �X�� �U�D�]�O�L�þ�L�W�L�P��

vodenim i kopnenim sustavima ���.�•�P�P�H�U�H�U�������������������P�R�J�X���S�U�R�P�L�F�D�W�L��nastanak otpornih bakterija 

(Gullberg i sur., ���������������� �1�D�G�D�O�M�H���� �S�U�L�V�X�W�Q�R�V�W�� �P�H�W�D�O�D���� �þ�D�N�� �L�� �X���Q�L�V�N�L�P�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D���� �S�R�W�L�þ�H��
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selekciju otpornosti na antibiotike �]�E�R�J�� �]�D�M�H�G�Q�L�þ�N�L�K���J�H�Q�H�W�L�þ�N�L�K �L�O�L�� �I�L�]�L�R�O�R�ã�N�L�K�� �P�H�K�D�Q�L�]�D�P�D��

otpornosti na antibiotike i metale (Selier i Berendonk, 2012.). �6���R�E�]�L�U�R�P���Q�D���W�R���G�D���þ�R�Y�M�H�N���V�W�D�O�Q�R��

�L�]�P�M�H�Q�M�X�M�H���V�Y�R�M�X���P�L�N�U�R�E�L�R�W�X���V���R�N�R�O�L�ã�Q�R�P�����U�D�]�Y�R�M��otpornosti na antibiotike �X���R�N�R�O�L�ã�X���S�R�Y�H�ü�D�Y�D��

rizik prijenosa otpornih bakterija na ljude. �7�R�P�H���X���S�U�L�O�R�J���L�G�X���L���V�W�X�G�L�M�H���N�R�M�H���V�X���S�R�N�D�]�D�O�H���L�G�H�Q�W�L�þ�Q�H��

gene za otpornost na antibiotike �X�� �R�N�R�O�L�ã�Q�L�K�����Y�H�ü�L�Q�R�P�� �E�H�]�R�S�D�V�Q�L�K����bakterija i patogenih 

bakterija (Surette i Wright, 2017.). Putevi kojima ljudi �P�R�J�X�� �G�R�ü�L u kontakt s �R�N�R�O�L�ã�Q�L�P��

bakterijama otpornim na antibiotike su brojni. �2�Q�L���X�N�O�M�X�þ�X�M�X pijenje �Y�R�G�H���]�D���S�L�ü�H porijeklom iz 

�R�Q�H�þ�L�ã�ü�H�Q�H podzemne ili  �S�R�Y�U�ã�L�Q�V�N�H�� �Y�R�G�H, sudjelovanje u rekreativnim aktivnostima u 

�R�Q�H�þ�L�ã�ü�H�Q�R�M �S�R�Y�U�ã�L�Q�V�N�R�M�� �Y�R�G�L�� �L�O�L inhalaciju aerosola (Pruden i sur., 2013.). Osim utjecaja na 

�U�D�]�Y�R�M�� �L�� �ã�L�U�H�Q�M�H�� �R�W�S�R�U�Q�R�V�W�L, �R�Q�H�þ�L�ã�ü�H�Q�M�H�� �R�N�R�O�L�ã�D���D�Q�W�L�E�L�R�W�L�F�L�P�D�� �P�R�å�H�� �X�W�M�H�F�D�W�L�� �L�� �Q�D�� �V�D�V�W�D�Y�� �L���L�O�L��

funkcionalna svojstva prirodnih bakterijskih zajednica te na t�D�M���Q�D�þ�L�Q���Q�D�U�X�ã�L�W�L���]�G�U�D�Y�O�M�H���F�L�M�H�O�R�J��

ekosustava (Grenni i sur., 2018.). 

 �'�R���G�D�Q�D�V���V�H���U�H�O�D�W�L�Y�Q�R���P�D�O�R���]�Q�D���R���Y�D�å�Q�R�V�W�L���Y�R�G�H�Q�R�J���R�N�R�O�L�ã�D���N�D�R���P�M�H�V�W�D���Q�D�N�X�S�O�M�D�Q�M�D�����D�O�L 

i izvora antibiotika i determinanti za otpornost na antibiotike. Na primjeru Indije i Kine se 

p�R�N�D�]�D�O�R�� �G�D�� �E�L�� �Y�R�G�H�Q�L�� �R�N�R�O�L�ã�� �N�R�M�L�� �V�O�X�å�L�� �N�D�R�� �U�H�F�L�S�L�M�H�Q�W�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �L�]��postrojenja za 

proizvodnju antibiotika �P�R�J�D�R���S�U�H�G�V�W�D�Y�O�M�D�W�L���]�Q�D�þ�D�M�D�Q���L�]�Y�R�U���E�X�G�X�ü�L���G�D���W�D�N�Y�H otpadne vode mogu 

�V�D�G�U�å�D�Y�D�W�L���V�P�M�H�V�H���D�Q�W�L�E�L�R�W�L�N�D���X���Y�L�V�R�N�L�P���N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D (mg L-1), ali i �G�U�X�J�D���R�Q�H�þ�L�ã�ü�L�Y�D�O�D kao 

�ã�W�R���V�X���P�H�W�D�O�L���W�H���E�D�N�W�H�U�L�M�H��otporne na antibiotike (Larsson, 2014a�������/�L���L���V�X�U�����������������������������������/�•�E�E�H�U�W��

i sur., 2017.; Marathe i sur., 2013.). �=�E�R�J�� �W�R�J�D�� �V�H�� �V�P�D�W�U�D�� �G�D�� �R�N�R�O�L�ã koji je pod utjecajem 

industrijskih otpadnih voda�����Q�D�U�R�þ�L�W�R���V�H�G�L�P�H�Q�W�L�����S�U�H�G�V�W�D�Y�O�M�D���M�H�G�L�Q�V�W�Y�H�Q�H�����Y�U�X�ü�H���W�R�þ�N�H����u kojima 

�P�R�å�H, uslijed intenzivnog selekcijskog pritiska, �G�R�ü�L���G�R���R�E�R�J�D�üivanja �S�R�V�W�R�M�H�ü�L�K�����D�O�L���L��razvoja 

novih gena otpornosti na antibiotike. Zbog sposobnosti bakterija da prenose �J�H�Q�H�W�L�þ�N�L materijal 

na pokretnim �J�H�Q�H�W�L�þ�N�L�P elementima, geni za otpornost na antibiotike mogu se prenijeti iz 

bezopasnih bakterija u �ã�W�H�W�Q�H, patogene bakterije unutar �R�Q�H�þ�L�ã�ü�H�Q�R�J���R�N�R�O�L�ã�D���L�O�L��pak unutar ljudi 

i �å�L�Y�R�W�L�Q�M�D���� �ã�W�R�� �P�R�å�H�� �L�P�D�W�L�� �ã�W�H�W�Q�H�� �]�G�U�D�Y�V�W�Y�H�Q�H�� �S�R�V�O�M�H�G�L�F�H�� �]�D�� �V�Y�H���� �E�H�]�� �R�E�]�L�U�D�� �Q�D�� �W�R�� �J�G�M�H�� �V�H��

o�Q�H�þ�L�ã�ü�H�Q�M�H���G�R�J�R�G�L�O�R�� 

 �=�E�R�J���V�Y�H�J�D���Q�D�Y�H�G�H�Q�R�J�����E�L�W�Q�R���M�H���U�D�]�X�P�M�H�W�L���P�R�J�X�ü�H���S�R�V�O�M�H�G�L�F�H���N�R�Q�W�L�Q�X�L�U�D�Q�R�J���L�V�S�X�ã�W�D�Q�M�D��

�D�Q�W�L�E�L�R�W�L�N�D���X���Y�R�G�H�Q�L���R�N�R�O�L�ã�����S�R�V�H�E�L�F�H���Q�D���U�D�]�Y�R�M���L���ã�L�U�H�Q�M�H bakterijske otpornosti na antibiotike. 

Za postizanje inovativnog proboja na ovoj temi koja je od globalne �Y�D�å�Q�R�V�W�L za zdravlje ljudi i 

�R�N�R�O�L�ã�D, postoji potreba za �S�U�R�Y�R�ÿ�H�Q�M�H�P interdisciplinarnog pristupa �N�R�M�L�P�� �ü�H�� �V�H���L�V�W�U�D�å�L�W�L��

odgovor bakterijskih �]�D�M�H�G�Q�L�F�D���� �D�� �Q�H�� �S�R�M�H�G�L�Q�D�þ�Q�L�K��bakterijskih vrsta, na kemijsko i 

mikro�E�L�R�O�R�ã�N�R���R�Q�H�þ�L�ã�ü�H�Q�M�H te pr�R�Q�D�ü�L��poveznice s izvorom �R�Q�H�þ�L�ã�ü�H�Q�M�D. 
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 1.1. Ciljevi i svrha rada 

 Posljedice unosa razmjerno visokih koncentracija antibiotika �X���R�N�R�O�L�ã��putem otpadnih 

voda farmaceutskih industrija �M�R�ã�� �V�X�� �X�Y�L�M�H�N�� �Q�H�G�R�Y�R�O�M�Q�R�� �L�V�W�U�D�å�H�Q�H, iako su �Q�X�å�Q�H�� �]�D�� �S�U�R�F�M�H�Q�X��

rizika za �]�G�U�D�Y�O�M�H�� �O�M�X�G�L�� �L�� �R�N�R�O�L�ã�D����Zato je svrha ove doktorske disertacije pridonijeti boljem 

razumijevanju utjecaja otpadnih voda dviju lokalnih farmaceutskih industrija na recipijentni 

�Y�R�G�H�Q�L���R�N�R�O�L�ã�����V���Q�D�J�O�D�V�N�R�P���Q�D���U�D�]�Y�R�M���L���ã�L�U�H�Q�M�H���R�W�S�R�U�Q�R�V�W�L���Q�D���D�Q�W�L�E�L�R�W�L�N�H���W�H���V�Dstav bakterijskih 

zajednica. �6�X�N�O�D�G�Q�R���Q�D�Y�H�G�H�Q�R�P�����V�S�H�F�L�I�L�þ�Q�L���F�L�O�M�H�Y�L���L�V�W�U�D�å�L�Y�D�Q�M�D���E�L�O�L���V�X���� 

�x procijeniti  kemijsko �R�Q�H�þ�L�ã�ü�H�Q�M�H otpadnih voda iz sinteze ili formulacije antibiotika te 

�Y�R�G�H�Q�R�J�� �R�N�R�O�L�ã�D�� �N�R�M�L�� �V�O�X�å�L�� �N�D�R�� �U�H�F�L�S�L�M�H�Q�W��tih otpadnih voda mjerenjem koncentracija 

antibiotika vezanim sustavom �W�H�N�X�ü�L�Q�V�Na kromatografija ���s�� tandemna spektrometrija 

masa (LC-MS/MS) i metala masenom spektrometrijom s induktivno spregnutom 

plazmom (ICP-MS) �W�H�� �R�G�U�H�ÿ�L�Y�D�Q�M�H�P�� �I�L�]�L�N�D�O�Q�R-kemijskih pokazatelja za ispitivanje 

stanja �S�R�Y�U�ã�L�Q�V�N�L�K���Y�R�G�D, sedimenata i otpadnih voda �S�R�P�R�ü�X���P�H�ÿ�X�Q�D�U�R�G�Q�R���Y�D�O�L�G�L�U�D�Q�L�K��

metoda (ISO norme); 

�x identificirati i karakterizirati gene odgovorne za otpornost na antibiotike iz 

mikroorganizama porijeklom iz otpadnih voda i slatkovodnih sedimenata inovativnim 

pristupom funkcionalne metagenomike; 

�x procijeniti  �ã�L�U�H�Q�Me otpornosti na antibiotike u sedimentima rijeke Save i potoka 

Kalinovica na lokacijama industrijskih ispusta i nizvodno od ispusta kvantifikacijom 

�J�H�Q�D�� �]�D�� �R�W�S�R�U�Q�R�V�W�� �S�R�P�R�ü�X�� �N�Y�D�Q�W�L�W�D�W�L�Y�Q�H�� �O�D�Q�þ�D�Q�H�� �U�H�Dkcije polimerazom (qPCR), 

analizom horizontalnog prijenosa gena �S�R�P�R�ü�X�� �H�J�]�R�J�H�Q�H�� �L�]�R�O�D�F�L�M�H�� �S�O�D�]�P�L�G�D��te 

analizom gena otpornosti na makrolidne antibiotike u �R�N�R�O�L�ã�Q�L�K���L���N�O�L�Q�L�þ�N�L�K bakterijskih 

�L�]�R�O�D�W�D���S�R�P�R�ü�X���O�D�Q�þ�D�Q�H���U�H�D�N�F�L�M�H���S�R�O�L�P�H�U�D�]�R�P�����3�&�5�� i sekvenciranja; 

�x odrediti prostorne i sezonske promjene u sastavu bakterijskih zajednica iz otpadnih voda 

i �L�]�O�R�å�H�Q�L�K��sedimenata sekvenciranjem amplikona 16S rRNA gena tehnologijom 

Illumina MiSeq �L���E�L�R�L�Q�I�R�U�P�D�W�L�þ�N�R�P���D�Q�D�O�L�]�R�P���G�R�E�L�Y�H�Q�L�K���S�R�G�D�W�D�N�D���X���S�U�R�J�U�D�P�X���4�,�,�0�(������ 
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1.2. Hipoteze rada 

 �,�V�W�U�D�å�L�Y�D�Q�M�H�P��provedenim u ovom radu testirali smo �V�O�M�H�G�H�ü�H���K�L�S�R�W�H�]�H�� 

H1. Otpadne vode iz lokalnih farmaceutskih industrija �R�Q�H�þ�L�ã�ü�X�M�X recipijentni �Y�R�G�H�Q�L���R�N�R�O�L�ã��

antibioticima, metalima i bakterijama otpornima na antibiotike;  

H2. Otpadne vode i sedimenti recipijentnih voda su spremnici poznatih i potencijalno novih 

gena za otpornost na antibiotike;  

H3. Industrijski ispusti �S�R�W�L�þu �ã�L�U�H�Q�M�H��otpornosti na antibiotike �P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D��u �L�]�O�R�å�H�Q�L�P��

sedimentima; 

H4. Industrijski ispusti mijenjaju strukturu i sastav i�]�O�R�å�H�Q�L�K��prirodnih bakterijskih zajednica.
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 2. LITERATURNI PREGLED  

 2.1. Antibiotici i o tpornost bakterija na antibiotike  

 �2�W�N�U�L�ü�H�� �D�Q�W�L�E�L�R�W�L�N�D�� �V�P�D�W�U�D�� �V�H�� �M�H�G�Q�L�P�� �R�G�� �Q�D�M�Y�H�ü�L�K�� �]�Q�D�Q�V�W�Y�H�Q�L�K��p�R�V�W�L�J�Q�X�ü�D�� ���������V�W�R�O�M�H�ü�D 

kojim su brojne zarazne bolesti stavljene pod kontrolu uz bitno smanjenje smrtnosti, a mnoga 

�S�R�G�U�X�þ�M�D���P�H�G�L�F�L�Q�H��su napredovala zahval�M�X�M�X�ü�L���S�U�R�I�L�O�D�N�W�L�þ�N�R�M���S�U�L�P�M�H�Q�L���D�Q�W�L�E�L�R�W�L�N�D (Carvalho i 

Santos, 2016.). G�O�D�Y�Q�R�� �R�E�L�O�M�H�å�M�H tih dragocjenih lijekova je to �ã�W�R�� �V�X�� �V�H�O�H�N�W�L�Y�Q�R�� �W�R�N�V�L�þ�Q�L����

�R�G�Q�R�V�Q�R���W�R�N�V�L�þ�Q�L���V�X���]�D���E�D�N�W�H�U�L�M�H����dok su �P�D�Q�M�H���W�R�N�V�L�þ�Q�L za ljudski organizam. Iako je primjena 

�D�Q�W�L�E�L�R�W�L�N�D�� �V�P�D�Q�M�L�O�D�� �V�P�U�W�Q�R�V�W�� �L�� �]�Q�D�W�Q�R�� �S�R�Y�H�ü�D�O�D�� �å�L�Y�R�W�Q�L�� �Y�L�M�H�N, �Q�D�å�D�O�R�V�W�����V�Y�H�� �Y�L�ã�H�� �V�O�D�E�L�� �Q�M�L�K�R�Y��

utjecaj na bakterije, jer je nerazumna �L�� �S�U�H�N�R�P�M�H�U�Q�D�� �S�R�W�U�R�ã�Q�M�D���W�H�� �S�U�H�N�R�P�M�H�U�Q�R�� �L�V�S�X�ã�W�D�Q�M�H��

antibiotika �X���R�N�R�O�L�ã��dovelo do razvoja otpornosti na njih �P�H�ÿ�X��bakterijama (Larsson, 2014b.; 

Ventola, 2015.). Otpornost na antibiotike je �X�U�R�ÿ�H�Q�R �L�O�L���V�W�H�þ�H�Q�R���V�Y�R�M�V�W�Y�R���Q�H�N�H���E�D�N�W�H�U�L�M�V�N�H���Y�U�V�W�H��

ili soja da se obrani od djelovanja���D�Q�W�L�E�L�R�W�L�N�D�� �X�� �V�Y�R�M�H�P�� �R�N�R�O�L�ã�X �]�D�K�Y�D�O�M�X�M�X�ü�L��mehanizmima 

strukturne �L�O�L�� �I�L�]�L�R�O�R�ã�Ne te �J�H�Q�H�W�L�þ�N�H prilagodbe ���0�D�U�W�t�Q�H�]�� �L�� �V�X�U������ ������������. �=�E�R�J�� �X�þ�H�V�W�D�O�R�J��

izlaganja antibioticima i �V�S�R�V�R�E�Q�R�V�W�L�� �E�U�]�H�� �S�U�L�O�D�J�R�G�E�H�� �R�N�R�O�L�ã�X�� �X�� �N�R�M�H�P�� �å�L�Y�H���� �E�D�N�W�H�U�L�M�H�� �V�X�� �G�R��

danas razvile mehanizme otpornosti na gotovo sve skupine antibiotika, a do novih antibiotika 

�V�H���V�Y�H���W�H�å�H���G�R�O�D�]�L�����M�H�U���I�D�U�P�D�F�H�X�W�V�N�D���L�Q�G�X�V�W�U�L�M�D���Q�H���X�O�D�å�H���X���Q�M�L�K�R�Y���U�D�]�Y�R�M���]�E�R�J���V�O�D�E�L�M�H���L�V�S�O�D�W�L�Y�R�V�W�L��

u odnosu na druge lijekove (Ventola, 2015.). Grube procjene pokazuju da su infekcije izazvane 

bakterijama otpornim na antibiotike �Y�H�ü���G�R���V�D�G�D��u svijetu �X�]�U�R�N�R�Y�D�O�H���Q�H�N�R�O�L�N�R���V�W�R�W�L�Q�D���W�L�V�X�ü�D��

�V�P�U�W�Q�L�K���V�O�X�þ�D�M�H�Y�D���J�R�G�L�ã�Q�M�H�����D���S�U�H�G�Y�L�ÿ�D���V�H �G�D���ü�H���G�R���������������J�R�G�L�Q�H���W�H���E�U�R�M�N�H���Q�D�U�D�V�W�L���L���G�R���������P�L�O�L�M�X�Q�D��

smrtni�K���V�O�X�þ�D�M�H�Y�D�����2�¶�1�H�L�O�O����������������. Stoga se otpornost bakterija na antibiotike �L�V�W�L�þ�H���N�D�R��jedan 

�R�G�� �Q�D�M�Y�H�ü�L�K�� �M�D�Y�Q�R�]�G�U�D�Y�V�W�Y�H�Q�L�K�� �S�U�R�E�O�H�P�D�� �G�D�Q�D�ã�Q�M�L�F�H te se borba protiv otpornosti ubraja u 

prioritete SZO (WHO, 2017.), a predstavlja i �M�H�G�D�Q�� �R�G�� �]�D�K�W�M�H�Y�D�� �9�L�M�H�ü�D�� �(�X�U�R�S�V�N�H�� �8�Q�L�M�H��

postavljen �V�Y�L�P���]�H�P�O�M�D�P�D���þ�O�D�Q�L�F�D�P�D��(EFSA, 2017.; Tambi�ü Andra�ãevi�ü��������������).  

 2.1.1. �8�U�R�ÿ�H�Q�D���L���V�W�H�þ�H�Q�D��otpornost  

�2�W�S�R�U�Q�R�V�W���E�D�N�W�H�U�L�M�D���Q�D���D�Q�W�L�E�L�R�W�L�N�H���P�R�å�H���E�L�W�L���X�U�R�ÿ�H�Q�D��ili primarna (�L�Q�W�U�L�Q�]�L�þ�Q�D) i �V�W�H�þ�H�Q�D 

ili sekundarna. �8�U�R�ÿ�H�Q�D��otpornost je strukturalno ili funkcionalno svojstvo bakterija koje im 

�R�P�R�J�X�ü�X�M�H���S�U�H�å�L�Y�O�M�D�Y�D�Q�M�H��u prisutnosti �D�Q�W�L�E�L�R�W�L�N�D�����D���S�U�H�Q�R�V�L���V�H���V�W�D�Q�L�þ�Q�R�P���G�L�R�E�R�P���Q�D��bakterije 

iste vrste���� �ã�W�R�� �]�R�Y�H�P�R�� �Y�H�U�W�L�N�D�O�Q�L�P�� �S�U�L�M�H�Q�R�V�R�P���� �%�D�N�W�H�U�L�M�H�� �V�X�� �Q�D�M�þ�H�ã�ü�H���X�U�R�ÿ�H�Q�R��otporne na 

antibiotike zbog smanjene propusnosti �V�W�D�Q�L�þ�Q�H�� �V�W�L�M�H�Q�N�H�� �L�� �S�R�V�O�M�H�G�L�þ�Q�R, �Q�H�P�R�J�X�ü�Q�R�V�W�L�� �X�O�D�V�N�D��

�D�Q�W�L�E�L�R�W�L�N�D���X���E�D�N�W�H�U�L�M�V�N�X���V�W�D�Q�L�F�X���L�O�L���S�R�M�D�þ�D�Q�R�J���L�]�E�D�F�L�Y�D�Q�M�D��antibiotika iz stanice �S�R�P�R�ü�X���H�I�O�X�N�V��

pumpi (Reygaert, 2018.). Primjeri �X�U�R�ÿ�H�Q�H��otpornosti su otpornost Gram-negativnih bakterija 

na glikopeptide ili Gram-pozitivnih bakterija na polimiksine zbog �Q�H�P�R�J�X�ü�Q�R�V�W�L���L�O�L���V�P�D�Q�M�H�Q�R�J��
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prolaza antibiotika kroz �V�W�D�Q�L�þ�Qu stijenku (Grenni i sur., 2018.; Trimble i sur., 2016.). S�W�H�þ�H�Q�D��

otpornost nastaje pod selektivnim pritiskom antibiotika kao rezultat novih mutacija u 

bakterijskom kromosomu ili izmjenom genet�L�þkog materijala �P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D�����ã�W�R���M�H���S�R�V�H�E�Q�R��

�R�O�D�N�ã�D�Q�R���]�D�� �J�H�Q�H koji kodiraju otpornost, a nalaze se na plazmidima (Gothwal i Shashidhar, 

2015.). Tako primjerice, �W�R�þ�N�D�V�W�D�� �P�X�W�D�F�L�M�D�� �X�� �J�H�Q�X�� �N�R�M�L�� �N�R�G�L�U�D�� �F�L�O�M�Q�R�� �P�M�H�V�W�R�� �G�M�H�O�R�Y�D�Q�M�D��

�D�Q�W�L�E�L�R�W�L�N�D���G�R�Y�R�G�L���G�R���Q�H�P�R�J�X�ü�Q�R�V�W�L���Q�M�H�J�R�Y�R�J���Y�H�]�D�Q�M�D���W�H���S�R�V�O�M�H�G�L�þ�Q�R���G�M�H�O�R�Y�D�Q�M�D���Q�D���V�W�D�Q�L�F�X�����$�N�R��

�E�D�N�W�H�U�L�M�H���V���Q�R�Y�R�V�W�H�þ�H�Q�R�P��o�W�S�R�U�Q�R�ã�ü�X �Q�L�V�X���L�]�O�R�å�H�Q�H���W�R�P���D�Q�W�L�E�L�R�W�L�N�X����one ostaju rijetke unutar 

�R�V�M�H�W�O�M�L�Y�H�� �S�R�S�X�O�D�F�L�M�H�� �E�D�N�W�H�U�L�M�D���� �0�H�ÿ�X�W�L�P����nakon izlaganja antibiotiku, bakterijski mutanti sa 

�V�W�H�þ�H�Q�R�P���R�W�S�R�U�Q�R�ã�ü�X �V�X���X���V�H�O�H�N�W�L�Y�Q�R�M���S�U�H�G�Q�R�V�W�L�����S�U�H�å�L�Y�O�M�D�Y�D�M�X���L���U�D�]�P�Q�R�å�D�Y�D�M�X���V�H���W�H���V���Y�U�H�P�H�Q�R�P��

prevladaju u toj bakterijskoj populaciji (Davies i Davies, 2010.). Ipak, kromosomske mutacije 

�V�X���U�L�M�H�W�N�H���L���]�D���Y�H�ü�L�Q�X���E�D�N�W�H�U�L�M�D���Q�H�P�D�M�X���N�O�L�Q�L�þ�N�L���]�Q�D�þ�D�M�����3�X�Q�R���þ�H�ã�ü�H���V�H���R�W�S�R�U�Q�R�V�W���Q�D���D�Q�W�L�E�L�R�Wike 

�V�W�M�H�þ�H�� �K�R�U�L�]�R�Qtalnim prijenosom gena �P�H�ÿ�X�� �E�D�N�W�H�U�L�M�D�P�D��(engl. Horizontal Gene Transfer, 

HGT) mehanizmima transformacije, transdukcije ili konjugacije (Poglavlje 2.1.7.). 

Mehanizmi s�W�H�þ�H�Qe otpornosti bakterija na antibiotike, prikazani na Slici 1. (Munita i 

Arias, 2016.), �X�N�O�M�X�þ�X�M�X: 

i. inaktivacij u antibiotika putem kemijske promjene ili razgradnje molekule 

�D�Q�W�L�E�L�R�W�L�N�D���S�R�P�R�ü�X���H�Q�]�L�P�D���� 

ii.  promjenu �L�O�L�� �]�D�ã�W�L�W�X��ciljnog mjesta djelovanja antibiotika �þ�L�P�H se antibiotiku 

one�P�R�J�X�ü�X�M�H vezanje���� �3�U�R�P�M�H�Q�H�� �F�L�O�M�Q�R�J�� �P�M�H�V�W�D�� �G�M�H�O�R�Y�D�Q�M�D�� �X�N�O�M�X�þ�X�M�X��enzimske i 

�N�H�P�L�M�V�N�H���S�U�R�P�M�H�Q�H���W�H���W�R�þ�N�D�V�W�H mutacije gena za ciljno mjesto djelovanja antibiotika;  

iii.  promjene �P�H�W�D�E�R�O�L�þ�N�R�J�� �S�X�W�D���þ�L�P�H�� �V�H zaobilazi �P�H�W�D�E�R�O�L�þ�Ni put na koji djeluje 

antibiotik te se stvara novi, alternativni �P�H�W�D�E�R�O�L�þ�Ni put koji nije inhibiran 

djelovanjem antibiotika;  

iv. smanjenje propusnosti �V�W�D�Q�L�þ�Q�H���P�H�P�E�U�D�Q�H���L�O�L���D�N�W�L�Y�Q�R���L�]�E�D�F�L�Y�D�Q�Me antibiotika 

iz stanice �þ�L�P�H���V�H���V�S�U�M�H�þ�D�Y�D���D�N�X�P�X�O�D�F�L�M�D���D�Q�W�L�E�L�R�W�L�N�D���X�Q�X�W�D�U���E�D�N�W�H�U�L�M�V�N�H���V�W�D�Q�L�F�H����Ovaj 

�M�H���P�H�K�D�Q�L�]�D�P���S�R�V�U�H�G�R�Y�D�Q���V�P�D�Q�M�H�Q�M�H�P���H�N�V�S�U�H�V�L�M�H���L���E�U�R�M�D���S�R�U�L�Q�D�����S�U�R�W�H�L�Q�D���V�W�D�Q�L�þ�Q�H��

membrane, �W�H�� �Q�M�L�K�R�Y�R�P�� �V�H�O�H�N�W�L�Y�Q�R�ã�ü�X�� �]�D�� �R�G�U�H�ÿ�H�Q�X�� �V�N�X�S�L�Q�X�� �D�Q�W�L�E�L�R�W�L�N�D�� �L�O�L��

�S�R�Y�H�ü�D�Q�R�P���H�N�V�S�U�H�V�L�M�R�P��gena koji kodiraju efluks pumpe (Reygaert, 2018.).  

 



                                                                                                                       Literaturni pregled 

9 
 

 

Slika 1. Mehanizmi otpornosti bakterija na �D�Q�W�L�E�L�R�W�L�N�H�����3�U�H�X�]�H�W�R���L���S�U�L�O�D�J�R�ÿeno iz  

Gullberg (2014.).  

 

2.1.2. ��-laktamski antibiotici  

��-laktamski antibiotici su �Q�D�M�U�D�ã�L�U�H�Q�L�M�D��skupina antibiotika �N�R�M�D�� �V�H�� �]�E�R�J�� �Y�U�O�R�� �V�Q�D�å�Q�R�J��

�D�Q�W�L�P�L�N�U�R�E�Q�R�J���G�M�H�O�R�Y�D�Q�M�D���L���Y�U�O�R���Q�L�V�N�H���W�R�N�V�L�þ�Q�R�V�W�L���Q�D�M�þ�H�ã�ü�H��koristi u medicini �ã�L�U�R�P���V�Y�L�M�H�W�D���S�D��

tako i u Republici Hrvatskoj (Bhattacharjee, 2016.; Bush i Bradford, 2016.�����7�D�P�E�L�ü���$�Q�G�U�D�ã�H�Y�L�ü��

i sur., 2018.). �=�E�R�J���ã�L�U�R�Nog spektra djelovanja, ��-laktamski antibiotici se primjenjuju �X���O�L�M�H�þ�H�Q�M�X��

bakterijskih infekcija izazvanih Gram-pozitivnim bakterijama iz rodova Staphylococcus, 

Streptococcus, Enterococcus te Gram-negativnim bakterijama iz rodova �N�D�R���ã�W�R���V�X��Escherichia, 

Klebsiella i Proteus (Fernandes i sur., 2013.; Singh i sur., 2017.). Pored toga, ��-laktamski 

�D�Q�W�L�E�L�R�W�L�F�L���V�X���G�U�X�J�D���Q�D�M�þ�H�ã�ü�H��kori�ã�W�H�Q�D skupina antibiotika u veterinarstvu, �S�U�L���þ�H�P�X �V�H���Q�D�M�þ�H�ã�ü�H��

primjenjuju penicilini ���&�K�i�I�H�U-�3�H�U�L�F�i�V���L���V�X�U����������10.; ESVAC, 2016.).  

2.1.2.1. Kemijska struktura i mehanizam djelovanja 

�2�V�Q�R�Y�Q�D�� �N�H�P�L�M�V�N�D�� �V�W�U�X�N�W�X�U�D�� ��-laktamskih antibiotika sastoji se od jedinstvenog 

�þ�H�W�Y�H�U�R�þ�O�D�Q�R�J����-laktamskog prstena (Slika 2.) �N�R�M�L���M�H���N�O�M�X�þ�D�Q���]�D���D�Q�W�L�E�D�N�W�H�U�L�M�V�N�X���D�N�W�L�Y�Q�R�V�W���L���S�R��

kojem je cijela skupina dobila ime (Singh i sur., 2017.). S obzirom na dodatne kemijske skupine 

�Y�H�]�D�Q�H�� �Q�D�� �S�U�V�W�H�Q���� ��-laktamski antibiotici �V�H�� �P�R�J�X�� �S�R�G�L�M�H�O�L�W�L�� �X�� �þ�H�W�L�U�L�� �V�N�X�S�L�Q�H���� �S�H�Q�L�F�L�O�L�Q�H����

cefalosporine, karbapeneme i monobaktame (Slika 2.) (Singh i sur., 2017.). �1�H�N�L�� �R�G�� �W�L�K�� ��-

laktamskih antibiotika poput �W�U�H�ü�H i �þ�H�W�Y�U�W�H generacije cefalosporina te karbapenema nalaze se 
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na listi �N�U�L�W�L�þ�N�L���]�Q�D�þ�D�M�Q�L�K���D�Q�W�L�E�L�R�W�L�N�D���X���P�H�G�L�F�L�Q�L���N�R�M�X���M�H���Q�H�G�D�Y�Q�R���R�E�M�D�Y�L�O�D��SZO (WHO, 2017.), 

�L���W�R���]�D�W�R���ã�W�R���V�X���]�D���Q�H�N�D���S�R���å�L�Y�R�W���R�S�D�V�Q�D���V�W�D�Q�M�D���L�O�L���M�H�G�L�Q�L���D�Q�W�L�E�L�R�W�L�F�L���N�R�M�L���V�X���M�R�ã���S�U�H�R�V�W�D�O�L��u terapiji 

ili su jedni od samo nekoliko antibiotika koji �V�H���P�R�J�X���N�R�U�L�V�W�L�W�L���X���O�L�M�H�þ�H�Q�M�X���V�S�H�F�L�I�L�þ�Q�L�K���L�Q�I�H�N�F�L�M�D�� 

�2�V�L�P�� �V�O�L�þ�Q�R�V�W�L�� �X�� �N�H�P�L�M�V�N�R�M�� �J�U�D�ÿ�L���� ��-laktamski antibiotici imaju isti mehanizam 

djelovanja koji se �W�H�P�H�O�M�L���Q�D���L�Q�K�L�E�L�F�L�M�L���V�L�Q�W�H�]�H���V�W�D�Q�L�þ�Q�H���V�W�L�M�H�Q�N�H���Y�H�]�D�Q�M�H�P���Q�D��proteine �N�R�M�L���Y�H�å�X��

penicilin (engl. Penicilin Binding Proteins, PBP), �Q�D�N�R�Q���þ�H�J�D���G�R�O�D�]�L���G�R���L�Q�K�L�E�L�F�L�M�H���S�R�Y�H�]�L�Y�D�Q�M�D��

peptidoglikanskih lanaca i do prestanka sinteze peptidoglikana. To dovodi do smrti bakterijske 

stanice zbog osmotske nestabilnosti ili autolize (Kohanski i sur., 2010.; Singh i sur., 2017.).  

 

Slika 2. Kemijske strukture predstavnika ��-laktamskih antibiotika. Slika je preuzeta i 

�S�U�L�O�D�J�R�ÿ�H�Q�D���L�]���U�D�G�D��Singh i sur. (2017.). 

 

2.1.2.2. Mehanizmi bakterijske otpornosti  

�8�� �N�O�L�Q�L�þ�N�R�M�� �S�U�D�N�V�L�� �Y�D�å�Q�D�� �V�X�� �þ�H�W�L�U�L��mehanizma bakterijske otpornosti na ��-laktamske 

antibiotike: enzimska inaktivacija molekule antibiotika, �Q�H�P�R�J�X�ü�Q�R�Vt ili smanjeni prolaz 

antibiotika kroz vanjsku membranu stanice, aktivno izbacivanje antibiotika iz stanice i 

promjena ciljnog mjesta djelovanja (smanjen afinitet PBP-�D�� �]�D�� �Y�H�]�D�Q�M�H�� ��-laktamskih 

antibiotika) (Fernandes i sur., 2013.; Reygaert, 2018.). �0�H�ÿ�X�� �Q�D�Y�H�G�H�Q�L�P�� �P�H�K�D�Q�L�]�P�L�P�D��

n�D�M�X�þ�H�V�W�D�O�L�M�L���M�H���L�Q�D�N�W�L�Y�D�F�L�M�D���D�Q�W�L�E�L�R�W�L�N�D��putem bakterijskih �H�Q�]�L�P�D����-laktamaza koje cijepaju ��-

laktamski prsten te dovode do gubitka strukturnog integriteta molekule antibiotika, a time i 

njegove antibakterijske aktivnosti (Reygaert, 2018.; Sultan i sur., 2018.; van Hoek i sur., 2011.). 

�6�W�R�J�D�� �V�H�� �G�D�Q�D�V���� �X�]�� ��-�O�D�N�W�D�P�V�N�H�� �D�Q�W�L�E�L�R�W�L�N�H���� �S�U�L�P�M�H�Q�M�X�M�X�� �L�� �L�Q�K�L�E�L�W�R�U�L�� ��-�O�D�N�W�D�P�D�]�D�� �N�D�R�� �ã�W�R��su 

primjerice klavulanska kiselina, sulbaktam ili  tazobaktam (Tooke i sur., 2019.). Prema 

�V�S�H�F�L�I�L�þ�Q�R�V�W�L���]�D���L�Q�D�N�W�L�Y�D�F�L�M�X���S�R�M�H�G�L�Q�L�K���Y�U�V�W�D����-laktamskih antibiotika, razlikujemo �W�U�L���Y�U�V�W�H����-

laktamaza - penicilinaze, cefalosporinaze i karbapenemaze, a prema molekularnoj strukturi 

(tzv. Amblerova klasifikacija), postoj�H���þ�H�W�L�U�L���Y�U�V�W�H����-laktamaza - skupine A, B, C i D (Fernandes 

i sur., 2013.; Munita i Arias, 2016.). ��-laktamaze skupina A, C i D su enzimi �þiji se hidroliti�þki 
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mehanizam bazira na serinu u aktivnom mjestu. Skupinu B, tzv. metalo-��-laktamaze, �þine 

enzimi u �þijem se aktivnom mjestu nalazi jedan ili dva cinkova iona. �.�O�L�Q�L�þ�N�L���M�H���Q�D�M�]�Q�D�þ�D�M�Q�L�M�D��

skupina �$����-laktamaza koja �X�N�O�M�X�þ�X�M�H��penicilinaze (TEM-1 i SHV-1) koje hidroliziraju samo 

penicilin, a pripadaju joj i ��-laktamaze sa spektrom �S�U�R�ã�L�U�H�Qim prema cefalosporinima (engl. 

�(�[�W�H�Q�G�H�G�� �6�S�H�F�W�U�X�P�� ��-Lactamase, ESBL) te karbapenemaze koje dodatno hidroliziraju i 

karbapeneme i �R�G�� �N�R�M�L�K�� �V�X�� �Q�D�M�X�þ�H�V�W�D�O�L�M�H�� �.�3�&�� �L�� �*�(�6��(Munita i Arias, 2016.). �0�H�ÿ�X�W�L�P���� �V�Y�L��

�V�S�R�P�H�Q�X�W�L�� �H�Q�]�L�P�L�� �S�R�G�O�R�å�Q�L su djelovanju inhibitora klavulanske kiseline i tazobaktama. 

Metalo-��-laktamaze �V�X�� �H�Q�]�L�P�L�� �V�� �Q�D�M�ã�L�U�Lm spektrom koji mogu hidrolizirati sve ��-laktamske 

antibiotike osim monobaktama (aztreonam)���� �D�� �R�W�S�R�U�Q�H�� �V�X�� �Q�D�� �N�O�D�V�L�þ�Q�H �L�Q�K�L�E�L�W�R�U�H�� ��-laktamaza 

poput klavulanske kiseline (Munita i Arias, 2016.). U ovu skupinu s�S�D�G�D�M�X���Q�H�N�L���N�O�L�Q�L�þ�N�L���Y�D�å�Q�L��

�H�Q�]�L�P�L�� �N�D�R�� �ã�W�R�� �V�X�� �,�0�3���� �9�,�0�� �L��NDM. Skupina �&�� ��-�O�D�N�W�D�P�D�]�D�� �R�E�X�K�Y�D�ü�D�� �H�Q�]�L�P�H�� �Q�D�� �N�R�M�H��

�L�Q�K�L�E�L�W�R�U�L����-laktamaza ne djeluju te ispoljavaju otpornost na sve peniciline i cefalosporine, a 

�N�O�L�Q�L�þ�N�L�� �Q�D�M�]�Q�D�þ�D�M�Q�L�M�L�� �H�Q�]�L�P�� �M�H�� �$�P�S�&����Skupina �'�� ��-�O�D�N�W�D�P�D�]�D�� �R�E�X�K�Y�D�ü�D�� �H�Q�]�L�P�H�� �N�R�M�L��

hidroliziraju oksacilin te se stoga ova skupina naziva i ��-laktamaze OXA (Evans i Amyes, 

2014.). Tu skupinu �þ�L�Q�L���Y�L�ã�H���R�G�����������U�D�]�O�L�þ�L�W�L�K���Y�D�U�L�M�D�Q�W�L���H�Q�]�L�P�D���ã�D�U�R�O�L�N�H���K�L�G�U�R�O�L�W�L�þke aktivnosti. 

Neke varijante su ��-laktamaze uskog spektra, neke posjeduju ESBL karakteristike, a samo 

manji udio ovih enzima ispoljava karbapenemaznu aktivnost (Evans i Amyes, 2014.). Do danas 

�M�H���S�R�]�Q�D�W�R���S�U�H�N�R������������ �U�D�]�O�L�þ�L�W�L�K����-laktamaza koje mogu biti kodirane genima �V�P�M�H�ã�W�H�Qim na 

kromosomu ili na pokretnim �J�H�Q�H�W�L�þ�N�L�P elementima poput plazmida koji predstavljaju veliki 

�S�U�R�E�O�H�P���]�E�R�J���E�U�]�R�J���ã�L�U�H�Q�M�D���P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D��(van Hoek i sur., 2011.; Sultan i sur., 2018.).  

2.1.3. Makrolidni antibiotici  

�$�Q�W�L�E�L�R�W�L�F�L�� �L�]�� �V�N�X�S�L�Q�H�� �P�D�N�U�R�O�L�G�D�� �G�U�X�J�D�� �V�X�� �Q�D�M�þ�H�ã�ü�H�� �N�R�U�L�ã�W�H�Q�D�� �V�N�X�S�L�Q�D�� �D�Q�W�L�E�L�R�W�L�N�D�� �X��

�O�L�M�H�þ�H�Q�M�X���U�D�]�O�L�þ�L�W�L�K�� �L�Q�I�H�N�F�L�M�D��izazvanih Gram-pozitivnim i Gram-negativnim bakterijama 

(Bhattacharjee, 2016.; �7�D�P�E�L�ü�� �$�Q�G�U�D�ã�H�Y�L�ü�� �L�� �V�X�U������ ����������). Ovi su antibiotici, zajedno s 

penicilinima, osnova prve linije antibiotske terapije pri infekcijama �G�L�ã�Q�L�K�� �S�X�W�Hva���� �Q�D�M�þ�H�ã�ü�H��

izazvanim pneumokokima (Streptococcus pneumoniae) i ��-�K�H�P�R�O�L�W�L�þ�N�L�P�� �V�W�U�H�S�W�R�N�R�N�R�P�� �$ 

���7�D�P�E�L�ü�� �$�Q�G�U�D�ã�H�Y�L�ü, 2008.), a primjenjuju se �L�� �]�D�� �O�L�M�H�þ�H�Q�M�H���Q�H�N�R�P�S�O�L�F�L�U�D�Q�L�K�� �L�Q�I�H�N�F�L�M�D�� �N�R�å�H�� �L��

mekih tkiva uzrokovanih vrstama iz rodova Streptococcus i Staphylococcus ���(�U�D�N�R�Y�L�ü���+�D�E�H�U����

2011.; Kuzman, 2018.). Osim Gram-pozitivnih bakterija, makrolidi �V�X���G�M�H�O�R�W�Y�R�U�Q�L���L���X���O�L�M�H�þ�H�Q�M�X��

Gram-�Q�H�J�D�W�L�Y�Q�L�K�� �X�]�U�R�þ�Q�L�N�D�� �S�R�S�X�W��Haemophilus influenze, Bordetella spp., Legionella spp., 

Campylobacter spp., Helicobacter pylori te klamidija i mikoplazmi (�(�U�D�N�R�Y�L�ü���+�D�E�H�U��������������). 

�0�H�ÿ�X�W�L�P���� �Y�H�ü�L�Q�D�� �*�U�D�P-�Q�H�J�D�W�L�Y�Q�L�K�� �E�D�N�W�H�U�L�M�D�� �S�R�N�D�]�X�M�H�� �X�U�R�ÿ�H�Q�X�� �R�W�S�R�U�Q�R�V�W�� �Q�D�� �P�D�N�U�R�O�L�G�H�� �]�E�R�J��

�Q�H�S�U�R�S�X�V�Q�R�V�W�L���Y�D�Q�M�V�N�H���V�W�D�Q�L�þ�Q�H���P�H�P�E�U�D�Q�H���]�D���Rve antibiotike te zbog prisutnosti efluks pumpi 
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���7�D�P�E�L�ü�� �$�Q�G�U�D�ã�H�Y�L�ü���� ������������. V�D�å�Q�R�� �M�H���W�D�N�R�ÿ�H�U��naglasiti da su makrolidni antibiotici, pored 

nekih ��-laktamskih antibiotika, �X�Y�U�ã�W�H�Q�L�� �Q�D�� �O�L�V�W�X�� �N�U�L�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�L�K�� �D�Q�W�L�E�L�R�W�L�N�D��u medicini 

objavljenu od strane SZO (WHO, 2017.), �ã�W�R�� �]�Q�D�þ�L�� �G�D�� �M�H�� �Y�D�å�Q�R�� �þ�L�P�� �Y�L�ã�H��usporiti �ã�L�U�H�Q�M�H��

otpornosti na ove dragocjene lijekove �N�D�N�R�� �E�L�� �V�H�� �Q�M�L�K�R�Y�D�� �G�M�H�O�R�W�Y�R�U�Q�R�V�W�� �R�þ�X�Y�D�O�D�� �]�D�� �E�X�G�X�ü�H��

�Q�D�U�D�ã�W�D�M�H��  

2.1.3.1. Kemijska struktura i mehanizam djelovanja 

 Svi makrolidni antibiotici u svojoj �N�H�P�L�M�V�N�R�M�� �V�W�U�X�N�W�X�U�L�� �V�D�G�U�å�H��veliki 14-, 15- ili  

16-ero�þlani �P�D�N�U�R�F�L�N�O�L�þ�N�L�� �O�D�N�W�R�Q�V�N�L�� �S�U�V�W�H�Q��na koji su vezani �U�D�]�O�L�þ�L�W�L�� �D�P�L�Q�R�� �L�� �G�H�R�N�V�L���ã�H�ü�H�U�L, 

�R�E�L�þ�Q�R���N�O�D�G�L�Q�R�]�D���L���G�H�]�R�]�D�P�L�Q (Slika 3.) (Aminov, 2017.; Dinos, 2017.; Fyfe i sur., 2016.). Prvi 

makrolidni antibiotik �X�� �N�O�L�Q�L�þ�N�R�M�� �S�U�L�P�M�H�Q�L bio je eritromicin (Slika 3.), prirodni 14-ero�þlani 

antibiotik izoliran iz vrste Saccharopolyspora erythraea, koji se upotrebljava i danas kako u 

medicini i tako i u veterinarstvu (Oliynyk i sur., 2007.). Kemijskim modifikacijama prirodnog 

eritromicina razvijena je druga generacija makrolida, 14-ero�þlani klaritromicin i 15-ero�þlani 

azitromicin (Slika 3.), koji je danas jedan od najprodavanijih antibiotika u svijetu zbog 

�M�H�G�Q�R�V�W�D�Y�Q�H�� �I�D�U�P�D�N�R�N�L�Q�H�W�L�N�H���� �G�R�E�U�H�� �G�M�H�O�R�W�Y�R�U�Q�R�V�W�L���� �M�H�G�Q�R�V�W�D�Y�Q�R�J�� �G�R�]�L�U�D�Q�M�D�� �W�H�� �P�R�J�X�ü�Q�R�Vti 

primjene kod trudnica i djece (Aminov, 2017.; Dinos, 2017.; Kuzman, 2018.). Razvoj novih 

generacija makrolidnih antibiotika nadalje je �E�L�R�� �X�V�P�M�H�U�H�Q�� �N�D�� �S�R�E�R�O�M�ã�D�Q�M�X�� �D�Q�W�L�E�D�N�W�H�U�L�M�V�N�H��

�D�N�W�L�Y�Q�R�V�W�L���ã�W�R���M�H���G�R�Y�H�O�R���G�R���U�D�]�Y�R�M�D novih generacija, ketolida i fluoroketolida.  

 

Slika 3. Kemijske strukture �Q�D�M�þ�H�ã�ü�H���N�R�U�L�ã�W�H�Q�L�K���P�D�N�U�R�O�L�G�Q�L�K��antibiotika u medicini. Preuzeto i 

�S�U�L�O�D�J�R�ÿ�H�Q�R���L�]���'�L�Q�R�V���L���V�X�U����(2017.). 

 

�0�D�N�U�R�O�L�G�Q�L�� �D�Q�W�L�E�L�R�W�L�F�L�� �V�H�O�H�N�W�L�Y�Q�R�� �G�M�H�O�X�M�X�� �W�D�N�R�� �G�D�� �V�H�� �U�H�Y�H�U�]�L�E�L�O�Q�R�� �Y�H�å�X�� �Q�D��23S rRNA 

regiju koja se nalazi na velikoj (50S) podjedinici bakterijskog ribosoma �L���V�S�U�M�H�þ�D�Y�D�M�X���V�L�Q�W�H�]�X��

�S�U�R�W�H�L�Q�D�� �L�Q�K�L�E�L�U�D�M�X�ü�L�� �D�N�W�L�Y�Q�R�V�W�� �S�H�S�W�L�G�L�O-transferaznog centra odnosno mjesta gdje se odvija 

kataliza stvaranja peptidnih veza (Cattoir i Leclercq, 2017.; V�i�]�T�X�H�]-Laslop i Mankin, 2018.).   
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2.1.3.2. Mehanizmi bakterijske otpornosti 

�2�W�S�R�U�Q�R�V�W�� �Q�D�� �P�D�N�U�R�O�L�G�Q�H�� �D�Q�W�L�E�L�R�W�L�N�H�� �S�R�M�D�Y�L�O�D�� �V�H�� �Q�H�G�X�J�R�� �Q�D�N�R�Q�� �N�O�L�Q�L�þ�N�H�� �S�U�L�P�M�H�Q�H��

eritromicina te je prvi put opisana kod stafilokoka (MacCabe i Gould, 1956.; Weisblum, 1995.). 

Do danas su bakterije razvile �U�D�]�O�L�þ�L�We mehanizme otpornosti na makrolidne antibiotike koji 

�X�N�O�M�X�þ�X�M�X��promjene ciljnog mjesta djelovanja na ribosomu, kemijske modifikacije makrolida 

posredovane enzimima, aktivno izbacivanje antibiotika �L�]�� �V�W�D�Q�L�F�H�� �W�H�� �]�D�ã�W�L�W�X��mjesta vezanja 

antibiotika na ribosomu (Fyfe i sur., 2016.).  

Promjene ciljnog mjesta djelovanja makrolida posredovane su enzimima 

metiltransferazama (Erm) koji metiliraju �����6���U�5�1�$���ã�W�R���U�H�]ultira smanjenim afinitetom vezanja 

makrolida za njihovo vezno �P�M�H�V�W�R���Q�D���U�L�E�R�V�R�P�X���]�E�R�J���Q�D�V�W�D�O�L�K���V�W�H�U�L�þ�N�L�K���V�P�H�W�Q�M�L��(Dinos, 2017.). 

Ove enzime kodiraju geni erm (engl. erythromycin resistance methylase) koji su rasprostranjeni 

�X�� �R�N�R�O�L�ã�X���� �D�O�L�� �L�� �X���N�O�L�Q�L�þ�N�L�P patogenim bakterijama, posebice stafilokokima i streptokokima 

(Berglund, 2015.; Fyfe i sur., 2016.). U �R�N�R�O�L�ã�Q�Lh bakterija i �N�O�L�Q�L�þ�N�L�K patogena �Q�D�M�X�þ�H�V�W�D�O�L�M�L��

erm geni su ermB, ermC i ermF (Berglund, 2015.; Fyfe i sur., 2016.). Osim posredstvom enzima 

�P�H�W�L�O�W�U�D�Q�V�I�H�U�D�]�D�� �G�R�� �S�U�R�P�M�H�Q�H�� �F�L�O�M�Q�R�J�� �P�M�H�V�W�D�� �P�R�å�H�� �G�R�ü�L�� �L�� �]�E�R�J�� �P�X�W�D�F�L�M�D�� �N�R�M�H�� �G�R�Y�R�G�H�� �G�R��

strukturalnih promjena ciljnog mjesta djelovanja na 23S rRNA ili na ribosomskim proteinima.  

Kemijske modifikacije makrolida temelje se na djelovanju enzima makrolidnih 

fosfotransferaza i esteraza. Makrolidne fosfotransferaze (Mph) fosforiliraju �V�S�H�F�L�I�L�þ�Q�H��

�K�L�G�U�R�N�V�L�O�Q�H�� �V�N�X�S�L�Q�H�� �P�D�N�U�R�F�L�N�O�L�þ�N�R�J�� �O�D�N�W�R�Q�V�N�R�J�� �S�U�V�W�H�Q�D���� �D�� �Q�D�M�þ�H�ã�ü�H�� �V�X�� �N�R�G�L�U�D�Q�H�� �J�H�Q�L�P�D��mph 

(engl. macrolide phosphotransferase) �X�N�O�M�X�þ�X�M�X�ü�L��mphA, mphC, mphD i mphE te relativno 

nedavno otkriveni gen mphG (Fyfe i sur., 2016.; Nonaka i sur., 2015.). Makrolidne esteraze 

���(�U�H���� �K�L�G�U�R�O�L�]�L�U�D�M�X�� �H�V�W�H�U�V�N�X�� �Y�H�]�X�� �P�D�N�U�R�F�L�N�O�L�þ�N�R�J�� �O�D�N�W�R�Q�V�N�R�J�� �S�U�V�W�H�Q�D���S�U�L�� �þ�H�P�X lineariziraju 

�P�R�O�H�N�X�O�X�� �P�D�N�U�R�O�L�G�D�� �N�R�M�D�� �V�H�� �W�D�G�D�� �Y�L�ã�H�� �Q�H�� �P�R�å�H��vezati na bakterijski ribosom. Ti enzimi su 

�Q�D�M�þ�H�ã�ü�H���N�R�G�L�U�D�Q�L���J�H�Q�L�P�D��ereA i ere�%���N�R�M�L���V�X���ã�L�U�R�N�R���U�D�V�S�U�R�V�W�U�D�Q�M�H�Q�L���P�H�ÿ�X���N�O�L�Q�L�þ�N�L�P patogenima 

�L���R�N�R�O�L�ã�Q�L�P���E�D�N�W�H�U�L�M�D�P�D��(Dinos, 2017.).  

�$�N�W�L�Y�Q�R���L�]�E�D�F�L�Y�D�Q�M�H���P�D�N�U�R�O�L�G�D���L�]�� �E�D�N�W�H�U�L�M�V�N�H���V�W�D�Q�L�F�H���R�G�Y�L�M�D���V�H���S�R�P�R�ü�X���H�I�O�X�N�V���S�X�P�S�L, 

proteinskih transportera koji izbacuju 14-�H�U�R�þ�O�D�Q�H���L������-�H�U�R�þ�O�D�Q�H���P�D�N�U�R�O�L�G�H���L�]���V�W�D�Q�L�F�H���X���]�D�P�M�H�Q�X��

za proton (Fyfe i sur., 2016.)�����2�Y�H���V�X���S�X�P�S�H���Q�D�M�þ�H�ã�ü�H���N�R�G�L�U�D�Q�H���J�H�Q�L�P�D��mef (engl. macrolide 

efflux pump) �N�R�M�L���V�H���Y�H�ü�L�Q�R�P���Q�D�O�D�]�H���X���*�U�D�P-pozitivnih bakterija te manjim dijelom i u Gram-

negativnih bakterija (Ojo i sur., 2004.)�����1�D�M�X�þ�H�V�W�Dliji geni su mefA, mefE, mefB i mefC koji se 

nalaze �Q�D���U�D�]�O�L�þ�L�W�L�P���S�R�N�U�H�W�Q�L�P���J�H�Q�H�W�L�þ�N�L�P �H�O�H�P�H�Q�W�L�P�D�����Q�D�M�þ�H�ã�ü�H transpozonima i plazmidima 

(Dinos, 2017.; Fyfe i sur., 2016.).  
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�=�D�ã�W�L�W�D��veznog mjesta makrolida na ribosomu posredovana je proteinima iz porodice 

Msr koji svojim �Y�H�]�D�Q�M�H�P���]�D���U�L�E�R�V�R�P���R�Q�H�P�R�J�X�ü�D�Y�D�M�X��vezanje makrolidnih antibiotika (Dinos, 

2017.). Ti proteini kodirani su genima msrA, msrC, msrD i msr�(���N�R�M�L���R�P�R�J�X�ü�X�M�X���R�W�S�R�U�Q�R�V�W���Q�D��

14-ero�þ�O�D�Q�H���L������-ero�þ�O�D�Q�H���P�D�N�U�R�O�L�G�H (Dinos, 2017.). Osim toga, Duval i sur. (2018.) opisali su 

novi mehanizam otpornosti posredovan djelovanjem �V�S�H�F�L�I�L�þ�Q�L�K���S�U�R�W�H�L�Q�D���N�R�M�L���Y�H�å�X���*�7�3�D�]�H�����D��

kodira ih gen hflX. Smatra se da navedeni proteini reagiraju s molekulom makrolida vezanom 

na ribosomu �þ�L�P�H���M�X���L�]�E�D�F�X�Mu iz veznog mjesta dopu�ã�W�D�M�X�ü�L���G�D���V�H���U�L�E�R�V�R�P���S�R�Q�R�Y�Q�R���X�N�O�M�X�þ�L���X��

�V�L�Q�W�H�]�X���V�W�D�Q�L�þ�Q�L�K���S�U�R�W�H�L�Q�D.  

2.1.4. Sulfonamidni antibiotici  

Sulfonamidi pripadaju skupini sintetskih antibiotika �N�R�M�L�� �V�H�� �R�V�L�P�� �X�� �P�H�G�L�F�L�Q�L�� �ã�L�U�R�N�R��

primjenjuju i u �O�L�M�H�þ�H�Q�M�X �P�Q�R�J�L�K�� �G�R�P�D�ü�L�K�� �å�L�Y�R�W�L�Q�M�D (Prescott, 2013.). Prvi komercijalno 

dostupan sulfonamidni antibiotik bio je Prontosil rubrum, azo-boja koja se u organizmu 

raspadala na sulfanilamid koji ima antibakterijsku aktivnost ���$�P�L�Q�R�Y���� �������������� �6�N�|�O�G���� ������������. 

Antibiotici ove sku�S�L�Q�H���L�P�D�M�X���ã�L�U�R�N�L���V�S�H�N�W�D�U���G�M�H�O�R�Y�D�Q�M�D���S�U�H�P�D���*�U�D�P-pozitivnim bakterijama iz 

�U�R�G�R�Y�D���N�D�R���ã�W�R���V�X���S�U�L�P�M�H�U�L�F�H��Streptococcus i Staphylococcus te Gram-negativnim bakterijama 

iz �U�R�G�R�Y�D���N�D�R���ã�W�R���V�X��Escherichia, Shigella, Salmonella i dr. (Prescott, 2013.).  

2.1.4.1. Kemijska struktura i mehanizam djelovanja 

Sulfonamidni antibiotici su derivati sulfanilamida koji imaju sulfonamidnu i amino 

skupinu vezanu za benzenski prsten u para-�S�R�O�R�å�D�M�X��(Slika 4.) (Prescott, 2013.). Najpoznatiji 

predstavnici ove skupine antibiotika su sulfametoksazol koji se u medicini �Q�D�M�þ�H�ã�ü�H��primjenjuje 

�]�D���O�L�M�H�þ�H�Q�M�H���L�Q�I�H�N�F�L�M�D���X�U�L�Q�D�U�Q�R�J���W�U�Dkta, bronhitisa i prostatitisa, dok se sulfadiazin i sulfametazin 

�S�U�L�P�M�H�Q�X�M�X�� �]�D�� �O�L�M�H�þ�H�Q�M�H��infekcija izazvanih bakterijama te eukariotskim parazitima poput 

Pneumocystis jirovecii i Toxoplasmosa gondii �X���O�M�X�G�L���L���å�L�Y�R�W�L�Q�M�D ���3�U�H�V�F�R�W�W�������������������7�D�þ�L�ü���L���V�X�U������

2017.). Djelovanje svih sulfonamidnih antibiotika temelji se na kompeticiji s p-

aminobenzojevom kiselinom (PABA) �þ�L�P�H���V�H��inhibira sinteza folne kiseline koja je �Q�X�å�Qa za 

sintezu molekule DNA. Naime, �]�E�R�J���Y�H�O�L�N�H���V�W�U�X�N�W�X�U�Q�H���V�O�L�þ�Q�R�V�W�L��sulfonamidi se mogu vezati na 

aktivno mjesto enzima dihidropteroat sintaze (DHPS) umjesto PABA �þ�L�P�H�� �Q�D�V�W�D�M�X�� �G�H�I�H�N�W�Q�L��

spojevi koji ne dovode do sinteze folne kiseline (Bhattacharjee, 2016.).   
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Slika 4. Osnovna kemijska struktura s�X�O�I�R�Q�D�P�L�G�Q�L�K���D�Q�W�L�E�L�R�W�L�N�D�����3�U�H�X�]�H�W�R���L���S�U�L�O�D�J�R�ÿ�H�Q�R���L�]��

�7�D�þ�L�ü���L���V�X�U����(2014.). 

 

2.1.4.2. Mehanizmi bakterijske otpornosti  

Otpornost bakterija na sulfonamidne antibiotike posljedica je mutacija ili rekombinacija 

u bakterijskom kromosomu, pretjerane proizvodnje PABA molekula ili horizontalnog prijenosa 

�J�H�Q�D���]�D���R�W�S�R�U�Q�R�V�W���Q�D���V�X�O�I�R�Q�D�P�L�G�H���P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D ���6�N�|�O�G������������������������������. �7�R�þ�N�D�V�W�H���P�X�W�D�F�L�M�H��

gena folP �N�R�M�L�� �M�H�� �V�P�M�H�ã�W�H�Q�� �Q�D�� �N�U�R�P�R�V�R�P�X�� �L�� �N�R�G�L�U�D�� �]�D�� �H�Q�]�L�P�� �'�+�3�6�� �G�R�Y�R�G�H�� �G�R�� �V�X�S�V�W�L�W�X�F�L�M�H��

aminokiseline fenilalanina izoleucinom, �ã�W�R�� �U�H�]�X�O�W�L�U�D�� �V�P�D�Q�M�H�Q�L�P afinitetom vezanja 

sulfonamida na DHPS ���6�N�|�O�G����������������. Ovaj mehanizam prvotno je opisan kod bakterije E. coli, 

�D���S�R�W�R�P���L���N�R�G���U�D�]�O�L�þ�L�W�L�K��bakterijskih vrsta iz roda Streptococcus te vrsta Campylobacter jejuni 

i Haemophilus influenzae (Buwembo i sur., 2013.)�����þ�H�V�W�L�K���X�]�U�R�þ�Q�L�N�D���E�R�O�H�V�W�L���X���O�M�X�G�L����Osim toga, 

�R�W�S�R�U�Q�R�V�W�� �Q�D�� �V�X�O�I�R�Q�D�P�L�G�H�� �P�R�å�H���V�H�� �V�W�H�ü�L horizontalnom izmjenom te potom rekombinacijom 

gena �þ�L�P�H�� �Q�D�V�W�D�M�X��nove varijante gena fol�3�� �N�D�R�� �ã�W�R�� �M�H�� �S�U�H�W�K�R�G�Q�R�� �R�S�L�V�D�Q�R�� �X�� �Y�U�V�W�H��Neisseria 

meningitidis ���6�N�|�O�G���������������������������������6�N�|�O�G���L���6�Z�H�G�E�H�U�J��������������). Nadalje, pretjerana proizvodnja 

PABA molekula �X���E�D�N�W�H�U�L�M�V�N�R�M���V�W�D�Q�L�F�L���P�R�å�H���U�H�]�X�O�W�L�U�D�W�L���V�P�D�Q�M�H�Q�R�P���D�Q�W�L�E�D�N�W�H�U�L�M�V�N�R�P���D�N�W�L�Y�Q�R�ã�ü�X��

�V�X�O�I�R�Q�D�P�L�G�D�����D���]�D�P�L�M�H�ü�H�Q�D���M�H���X���E�D�N�W�H�U�L�M�V�N�L�K���U�R�G�R�Y�D��Neisseria i Streptococcus (Prescott, 2013.; 

Then, 1982.). �0�H�ÿ�X�W�L�P�����Q�D�M�þ�H�ã�ü�H���M�H��otpornost bakterija na sulfonamide posljedica postojanja 

varijanti enzima DHPS koji su otporni na djelovanje antibiotika �ã�W�R je posredovano genima sul1 

i sul2 te, u manjoj mjeri, genom sul3 ���6�N�|�O�G���������������������%�X�G�X�ü�L���G�D���V�X���R�Y�L���J�H�Q�L���þ�H�V�W�R �V�P�M�H�ã�W�H�Q�L���Q�D��

pokretnim �J�H�Q�H�W�L�þ�N�L�P elementima �N�D�R�� �ã�W�R�� �V�X�� �S�O�D�]�P�L�G�L, �ã�L�U�R�N�R��su �U�D�V�S�U�R�V�W�U�D�Q�M�H�Q�L�� �P�H�ÿ�X��

bakterijskim populacijama pa otpornost bakterija na sulfonamide danas predstavlja veliki 

problem �X���O�L�M�H�þ�H�Q�M�X���O�M�X�G�L���L���å�L�Y�R�W�L�Q�M�D����  
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2.1.5. 2,4-diaminopiri midinski antibiotici  

2,4-diaminopirimidinski antibiotici su sintetska skupina antibiotika koji djeluju kao 

�L�Q�K�L�E�L�W�R�U�L���H�Q�]�L�P�D���G�L�K�L�G�U�R�I�R�O�D�W���U�H�G�X�N�W�D�]�H�����'�+�)�5�������3�U�H�V�F�R�W�W���������������������1�D�M�Y�D�å�Q�L�M�L���S�U�H�G�V�W�D�Y�Q�L�N���R�Y�H��

skupine je trimetoprim, diaminopirimidinski derivat koji �V�H�� �Y�U�O�R�� �þ�H�V�W�R�� �X�S�R�W�U�H�E�O�M�D�Y�D�� �X��

�N�R�P�E�L�Q�D�F�L�M�L�� �V�D�� �V�X�O�I�R�Q�D�P�L�G�L�P�D�� ���Q�D�M�þ�H�ã�ü�H�� �V�X�O�I�D�P�H�W�R�N�V�D�]�R�O�R�P���� �]�E�R�J��njihova �V�L�Q�H�U�J�L�V�W�L�þ�N�R�J��

djelovanja (Prescott, 2013.). Trimetoprim ima �ã�L�U�R�N�� �V�S�H�N�W�D�U �G�M�H�O�R�Y�D�Q�M�D���� �D�� �Q�D�M�þ�H�ã�ü�H�� �V�H��

�S�U�L�P�M�H�Q�M�X�M�H�� �]�D�� �O�L�M�H�þ�H�Q�M�H�� �L�Q�I�H�N�F�L�M�D�� �X�U�L�Q�D�U�Q�R�J�� �W�U�D�N�W�D��izazvanih Gram-pozitivnim i Gram-

negativnim bakterijama (Prescott, 2013.).  

2.1.5.1. Kemijska struktura i mehanizam djelovanja 

Osnovna kemijska struktura trimetoprima sastoji se od dvije amino skupine vezane na 

�����L�������S�R�O�R�å�D�M�X���S�L�U�L�P�L�G�L�Q�V�N�R�J prstena, a prikazana je na Slici 5. 

 

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

 

Mehanizam djelovanja trimetoprima zasniva se na blokiranju sinteze folne kiseline 

�L�Q�K�L�E�L�F�L�M�R�P�� �H�Q�]�L�P�D�� �'�+�)�5�� �þ�L�P�H�� �R�P�H�W�D�� �S�U�H�W�Y�R�U�E�X�� �G�L�K�L�G�U�R�I�R�O�Q�H�� �N�L�V�H�O�L�Q�H�� �X�� �W�H�W�U�D�K�L�G�U�R�I�R�O�Q�X��

kiselinu (Prescott, 2013.). Ovaj antibiotik primi�M�H�Q�M�H�Q�� �S�R�M�H�G�L�Q�D�þ�Q�R�� �G�M�H�O�X�M�H�� �Q�D�� �E�D�N�W�H�U�L�M�V�N�X��

stanicu bakteriostatski (inhibira rast i razvoj bakterijske stanice), dok u kombinaciji sa 

sulfonamidima ima baktericidno djelovanje (ubija stanicu) koje ostvaruje blokiranjem dviju 

�U�D�]�O�L�þ�L�W�L�K���I�D�]�D���X���V�L�Q�W�H�]�L���W�H�W�U�D�K�L�G�U�R�I�R�O�Q�H���N�L�V�H�O�L�Q�H��(Bhattacharjee, 2016.).  

2.1.5.2. Mehanizmi bakterijske otpornosti 

�%�X�G�X�ü�L�� �G�D�� �M�H�� �W�U�L�P�H�W�R�S�U�L�P���� �N�D�R�� �L�� �V�X�O�I�R�Q�D�P�L�G�L���� �V�L�Q�W�H�W�V�N�L�� �D�Q�W�L�E�L�R�W�L�N���� �P�D�O�D�� �M�H�� �Y�Merojatnost 

postojanja prirodnih enzima koji modificiraju ili inaktiviraju antibiotik. Stoga je otpornost 

�E�D�N�W�H�U�L�M�D���Q�D���W�U�L�P�H�W�R�S�U�L�P���X�]�U�R�N�R�Y�D�Q�D���U�D�]�O�L�þ�L�W�L�P���S�U�R�P�M�H�Q�D�P�D���Q�D���N�U�R�P�R�V�R�P�X���N�D�R���ã�W�R���V�X���P�X�W�D�F�L�M�H��

�X���S�U�R�P�R�W�R�U�V�N�R�M���U�H�J�L�M�L���ã�W�R���X�]�U�R�N�X�M�H���S�U�H�N�R�P�M�H�U�Q�R���V�W�Y�D�U�D�Q�M�H���H�Q�]�L�P�D���'�+�)�5���W�H���W�R�þ�N�D�V�W�H���P�X�W�D�F�L�M�H��
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gena dfr�����ã�W�R���U�H�]�X�O�W�L�U�D���V�W�Y�D�U�D�Q�M�H�P���L�]�P�L�M�H�Q�M�H�Q�R�J���H�Q�]�L�P�D���'�+�)�5���L���V�P�D�Q�M�H�Q�L�P��afinitetom vezanja 

trimetoprima za taj enzim (Presc�R�W�W�������������������6�N�|�O�G����������������. Ovaj posljednji mehanizam dovodi 

�G�R���Y�L�V�R�N�R�J���V�W�X�S�Q�M�D���R�W�S�R�U�Q�R�V�W�L���Q�D���W�U�L�P�H�W�R�S�U�L�P�����D���Q�D�M�þ�H�ã�ü�H���M�H���S�R�V�U�H�G�R�Y�D�Q���J�H�Q�L�P�D��dfrA i dfrB koji 

�V�X���þ�H�V�W�R���V�P�M�H�ã�W�H�Q�L���Q�D���S�O�D�]�P�L�G�L�P�D���S�D���V�H���R�O�D�N�ã�D�Q�R���ã�L�U�H���P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D��(van Hoek i sur., 2011.; 

�6�N�|�O�G����������������. Pored toga, otpornost na trim�H�W�R�S�U�L�P���P�R�å�H���E�L�W�L���L���S�R�V�O�M�H�G�L�F�D���S�U�R�P�M�H�Q�D���X���V�W�U�X�N�W�X�U�L��

porina te, �S�R�V�O�M�H�G�L�þ�Q�R���� �V�P�D�Q�M�H�Q�H�� �V�W�D�Q�L�þ�Q�H�� �S�U�R�S�X�V�Q�R�V�W�L���]�E�R�J�� �þ�H�J�D�� �D�Q�W�L�E�L�R�W�L�N�� �Q�H�� �P�R�å�H�� �X�ü�L�� �X��

�E�D�N�W�H�U�L�M�V�N�X���V�W�D�Q�L�F�X���ã�W�R���M�H���]�D�P�L�M�H�ü�H�Q�R��kod nekih Gram-negativnih bakterija iz rodova Klebsiella, 

Enterobacter i Serratia. Uz to, niska razina otpornosti �Q�D���W�U�L�P�H�W�R�S�U�L�P���P�R�å�H���E�L�W�L���S�R�V�U�H�G�R�Y�D�Q�D���L��

mutacijom gena thy koji kodira za enzim timidilat sintazu (TYMS) ���6�N�|�O�G���� �������������� �6�N�|�O�G�� �L��

Swedberg, 2017.). �7�R���G�R�Y�R�G�L���G�R���L�Q�D�N�W�L�Y�D�F�L�M�H���H�Q�]�L�P�D���7�<�0�6���]�E�R�J���þ�H�J�D���V�W�D�Q�L�Fa postaje ovisna o 

�Y�D�Q�M�V�N�R�M���]�D�O�L�K�L���W�L�P�L�Q�D�����G�X�ã�L�þ�Q�H���S�L�U�L�P�L�G�L�Q�V�N�H���E�D�]�H���S�R�W�U�H�E�Q�H���]�D���V�L�Q�W�H�]�X��molekule DNA. Time se 

�]�D�R�E�L�O�D�]�L�� �S�X�W�� �V�L�Q�W�H�]�H�� �I�R�O�Q�H�� �N�L�V�H�O�L�Q�H���� �Q�H�R�S�K�R�G�Q�H�� �]�D�� �V�L�Q�W�H�]�X�� �W�L�P�L�Q�D���� �]�E�R�J�� �þ�H�J�D�� �V�H�� �V�L�Q�W�H�]�D��

bakterijske DNA nastavlja neovisno o djelovanju antibiotika.  

2.1.6. Tetraciklinski antibiotici  

Antibiotici iz skupine tetraciklina prirodni su antibiotici nastali kao proizvod 

sekundarnog metabolizma bakterija roda Streptomyces (Aminov, 2017.). Ovi se antibiotici 

�ã�L�U�R�N�R�J���V�S�H�N�W�U�D���G�M�H�O�R�Y�D�Q�M�D���S�U�L�P�M�H�Q�M�X�M�X���X���O�L�M�H�þ�H�Q�M�X���E�U�R�M�Q�L�K���E�D�N�W�H�U�L�M�V�N�L�K��infekcija �X���O�M�X�G�L���N�D�R���ã�W�R��

�V�X���L�Q�I�H�N�F�L�M�H���S�U�R�E�D�Y�Q�R�J�����P�R�N�U�D�ü�Q�R�J���L���G�L�ã�Q�R�J���V�X�V�W�D�Y�D���W�H��infekcije �N�R�å�H���L���R�þ�L�M�X (Aminov, 2017.). 

Osim u medicini���� �W�H�W�U�D�F�L�N�O�L�Q�L�� �V�H�� �X�þ�H�V�W�D�O�R�� �S�U�L�P�Menjuju i u veterinarstvu te u akvakulturi kod 

�X�]�J�R�M�D���Y�R�G�H�Q�L�K���R�U�J�D�Q�L�]�D�P�D���S�R�S�X�W���U�L�E�D���L���P�H�N�X�ã�D�F�D��(Rocha Guidi i sur., 2018.; Quesada i sur., 

2013.). Uz to, ovi se antibiotici �X���Q�H�N�L�P���G�U�å�D�Y�D�P�D��primjenjuju i �Q�D���å�L�Y�R�W�L�Q�M�V�N�L�P���I�D�U�P�D�P�D��kao 

promotori rasta, �ã�W�R���M�H u Europskoj Uniji zabranjeno od 2006. godine (Aminov, 2017.).  

2.1.6.1. Kemijska struktura i mehanizam djelovanja 

Tetraciklini pripadaju skupini poliketidnih antibiotika koji u osnovnoj kemijskoj 

�V�W�U�X�N�W�X�U�L�� �L�P�D�M�X�� �R�N�W�D�K�L�G�U�R�Q�D�I�W�D�F�H�Q�� �N�R�M�H�J�� �þ�L�Q�H�� �þ�H�W�L�U�L�� �O�L�Q�H�D�U�Q�R�� �S�R�Y�H�]�D�Q�D�� �N�R�Q�G�H�Q�]�L�U�D�Q�D��

�ã�H�V�W�H�U�R�þ�O�D�Q�D���X�J�O�M�L�N�R�Y�D���S�U�V�W�H�Q�D�����Ä�W�H�W�U�D�F�L�N�O�L�Q�V�N�D���M�H�]�J�U�D�³�� (Slika 6.). Na tu jezgru mogu biti vezane 

�U�D�]�O�L�þ�L�W�H�� �I�X�Q�N�F�L�R�Q�D�O�Q�H�� �V�N�X�S�L�Q�H�� �R�G�� �N�R�M�L�K�� �V�X�� �G�L�P�Htilamino- �L�� �K�L�G�U�R�N�V�L�O�Q�D�� �V�N�X�S�L�Q�D�� �Q�D�M�Y�D�å�Q�L�M�H�� �]�D��

antibakterijsku aktivnost (Aminov, 2017.; Chopra i Roberts, 2001.). Najpoznatiji predstavnici 

tetraciklinske skupine antibiotika su klortetraciklin, oksitetraciklin, tetraciklin i doksiciklin 

(Daghrir i Drogui, 2013.; Markley i Wencewicz, 2018.). Mehanizam njihovog bakteriostatskog 

djelovanja temelji se �Q�D���L�Q�K�L�E�L�F�L�M�L���V�L�Q�W�H�]�H���S�U�R�W�H�L�Q�D���Y�H�]�D�Q�M�H�P���Q�D�������6���S�R�G�M�H�G�L�Q�L�F�X���U�L�E�R�V�R�P�D�����ã�W�R��
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�R�Q�H�P�R�J�X�ü�D�Y�D���Y�H�]�D�Q�M�H���D�P�L�Q�Racilirane tRNA na vezno mjesto ribosoma i produljenje peptidnog 

lanca (Bhattacharjee, 2016.; Chopra i Roberts, 2001.).  

 

Slika 6. Osnovna kemijska struktura tetraciklinskih antibiotika. Preuzeto iz Markley i 

Wencewicz (2018.).  

 

 2.1.6.2. Mehanizmi bakterijske otpornosti 

Nekoliko je mehanizama odgovorno za otpornost na tetracikline, a to su izbacivanje 

antibiotika iz stanice, promjen�D�� �L�� �]�D�ã�W�L�W�D ciljnog mjesta djelovanja antibiotika, enzimska 

inaktivacija antibiotika te �V�P�D�Q�M�H�Q�M�H�� �S�U�R�S�X�V�Q�R�V�W�L�� �V�W�D�Q�L�þ�Q�H�� �V�W�L�M�H�Q�N�H��(Markley i Wencewicz, 

2018.; Roberts, 2005.). �1�D�M�þ�H�ã�ü�H�� �M�H otpornost na tetracikline posredovana aktivnim 

izbacivanjem antibiotika iz stanice �S�R�P�R�ü�X�� �H�I�O�X�N�V�� �S�X�P�S�L�� �S�U�L�� �þ�H�P�X�� �G�R�O�D�]�L�� �G�R�� �]�D�P�M�H�Q�H��

kompleksa tetraciklin-kation za proton suprotno koncentracijskom gradijentu (Roberts, 2005.). 

Geni koji kodiraju za efluks pumpe, primjerice tetA, tetC i tet�������� �V�X�� �X�J�O�D�Y�Q�R�P�� �S�U�R�Q�D�ÿ�H�Q�L��u 

Gram-negativnim bakterijama (Roberts, 2002., 2005.)���� �G�R�N�� �V�X�� �Q�H�N�L���� �N�D�R�� �ã�W�R�� �V�X��tetK i tetL, 

�S�U�R�Q�D�ÿ�H�Q�L��kod Gram-pozitivnih bakterija. �=�D�ã�W�L�W�D�� �F�L�O�M�Q�R�J�� �P�M�H�V�W�D�� �G�M�H�O�R�Y�D�Q�M�D��tetraciklina je 

posredovana proteinima �R�G�J�R�Y�R�U�Q�L�P���]�D���]�D�ã�W�L�W�X���Uibosoma koji vezanjem na ribosom uzrokuju 

�D�O�R�V�W�H�U�L�þ�N�H���S�U�R�P�M�H�Q�H���X�V�O�L�M�H�G���þ�H�J�D���G�R�O�D�]�L���G�R���R�W�S�X�ã�W�D�Q�M�D���W�H�W�U�D�F�L�N�O�L�Q�D�����Y�U�D�ü�D�Q�M�D���U�L�E�R�V�R�P�D���X���S�R�þ�H�W�Q�X��

konformaciju i daljnje neometane sinteze proteina (Roberts, 2005.). Ovaj mehanizam 

posredovan je �J�H�Q�L�P�D���N�D�R���ã�W�R���V�X��tetM, tetO i tet�4���N�R�M�L���V�X���S�R�G�M�H�G�Q�D�N�R���]�D�V�W�X�S�O�M�H�Q�L���P�H�ÿ�X���*�U�D�P-

pozitivnim i Gram-negativnim bakterijama (Roberts, 2002.). Pored toga, promjena ciljnog 

mjesta djelovanja �P�R�å�H���E�L�W�L��i posljedica mutacija u genima koji kodiraju za vezno mjesto �ã�W�R��

rezultira smanjenim afinitetom vezanja tetraciklina za ribosom (Markley i Wencewicz, 2018.). 

Nadalje, inaktivacija tetraciklina temelji se na selektivnoj oksidaciji p�R�P�R�ü�X�� �H�Q�]�L�P�D��

oksidoreduktaza, �ã�W�R�� �G�R�Y�R�G�L�� �G�R�� �U�D�]�J�U�D�G�Q�M�H�� �P�R�O�H�N�X�O�H�� �D�Q�W�L�E�L�R�W�L�N�D�� �X�� �S�U�L�V�X�W�Q�R�V�W�L�� �N�L�V�L�N�D�� �L��

nikotinamida adenin dinukleotid fosfata (NADPH) (Markley i Wencewicz, 2018.). Suprotno 

prethodno spomenutim mehanizmima, �Q�D���R�Y�D�M���Q�D�þ�L�Q���G�R�O�D�]�L���G�R���S�R�W�S�X�Q�R�J���Q�H�V�W�D�Q�N�D���W�H�W�U�D�F�L�N�O�L�Q�D��
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i smanjenja njegove koncentracije unutar i izvan bakterijske stanice. �1�D�M�X�þ�H�V�W�D�O�L�M�D��

oksidoreduktaza je Tet(X) oksidoreduktaza ovisna o NADPH-u posredovana genom tetX koji 

�M�H���ã�L�U�R�N�R���U�D�V�S�U�R�V�W�U�D�Q�M�H�Q���P�H�ÿ�X���R�N�R�O�L�ã�Q�L�P���E�D�N�W�H�U�L�M�D�P�D���W�H���N�O�L�Q�L�þ�N�L�P patogenim bakterijama (Deng 

i sur., 2014; Leski i sur., 2013.; Ming i sur., 2017.). Naposljetku, otpornost na tetracikline 

posredovana smanjenom propusno�ã�ü�X �V�W�D�Q�L�þ�Q�H���V�W�L�M�H�Q�N�H���S�R�V�O�M�H�G�L�F�D���M�H���P�R�U�I�R�O�R�ã�N�L�K���S�U�R�P�M�H�Q�D���L�O�L��

�V�P�D�Q�M�H�Q�H���H�N�V�S�U�H�V�L�M�H���S�R�U�L�Q�D���]�E�R�J���þ�H�J�D���M�H���V�P�D�Q�M�H�Q���L�O�L���X �S�R�W�S�X�Q�R�V�W�L���R�Q�H�P�R�J�X�ü�H�Q���X�Q�R�V���W�H�W�U�D�F�L�N�O�L�Q�D��

u bakterijsku stanicu (Markley i Wencewicz, 2018.).  

 2.1.7�����0�H�K�D�Q�L�]�P�L���ã�L�U�H�Q�M�D���R�W�S�R�U�Q�R�V�W�L���Q�D���D�Q�W�L�E�L�R�W�L�N�H���P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D 

 �*�H�Q�L���]�D���R�W�S�R�U�Q�R�V�W���Q�D���D�Q�W�L�E�L�R�W�L�N�H���P�R�J�X���E�L�W�L���V�P�M�H�ã�W�H�Q�L���Q�D���E�D�N�W�H�U�L�M�V�N�R�P���N�U�R�P�R�V�R�P�X���L���L�O�L��

na pokretnim �J�H�Q�H�W�L�þ�N�L�P �H�O�H�P�H�Q�W�L�P�D�� �N�D�R�� �ã�W�R��su plazmidi, integroni i �W�U�D�Q�V�S�R�]�R�Q�L���� �D�� �P�H�ÿ�X��

bakterijama se mogu prenositi vertikalno ili horizontalno (Scott i sur., 2016.). Vertikalan 

prijenos je prijenos gena za otpornost�����V�P�M�H�ã�W�H�Q�L�K���Q�D�M�þ�H�ã�ü�H���Q�D���N�U�R�P�R�V�R�P�X�����Q�D���Q�R�Y�H���J�H�Q�H�U�D�F�L�M�H��

jedne bakterijske vrste �U�D�]�P�Q�R�å�D�Y�D�Q�M�H�P���W�M�����V�W�D�Q�L�þ�Q�R�P���G�L�R�E�R�P�����.�D�O�H�Q�L�ü���� ������������. Horizontalni 

prijenos gena �M�H�� �L�]�P�M�H�Q�D�� �J�H�Q�H�W�L�þ�N�R�J�� �P�D�W�H�U�L�M�D�O�D���P�H�ÿ�X��filogenetski bliskim ili udaljenim 

�E�D�N�W�H�U�L�M�V�N�L�P�� �Y�U�V�W�D�P�D���� �U�R�G�R�Y�L�P�D�� �L�O�L�� �þ�D�N�� �N�R�O�M�H�Q�L�P�D��(Peterson i Kaur, 2018.). Ovaj prijenos je 

stoga �Y�D�å�D�Q�� �L�]�Y�R�U�� �J�H�Q�H�W�L�þ�N�H�� �Y�D�U�L�M�D�E�L�O�Q�R�V�W�L�� �X�� �E�D�N�W�H�U�L�M�D �L�� �þ�H�V�W�R�� �M�H�� �R�G�J�R�Y�R�U�D�Q�� �]�D�� �V�W�Mecanje 

otpornosti na antibiotike. Na ovaj �Q�D�þ�L�Q���V�H���ã�L�U�H���J�H�Q�L���R�W�S�R�U�Q�R�V�Wi �N�R�M�L���V�X���V�P�M�H�ã�W�H�Q�L���Q�D��pokretnim 

�J�H�Q�H�W�L�þ�Nim elementima �N�D�R���ã�W�R���V�X���Slazmidi (Partridge i sur., 2018.; Sultan i sur., 2018.). Osim 

�W�R�J�D�����Q�D���R�Y�D�N�D�Y���Q�D�þ�L�Q���P�R�J�X se �ã�L�U�L�W�L���L���J�H�Q�L���V�P�M�H�ã�W�H�Q�L���Q�D���E�D�N�W�H�U�L�M�V�N�R�P���N�U�R�P�R�V�R�P�X���D�N�R���V�H���U�D�G�L���R��

transpozonu koji se �P�R�å�H��prenijeti s kromosoma na plazmid. 

 Mehanizmi horizontalnog prijenosa gena �N�R�M�L�P�D�� �E�D�N�W�H�U�L�M�H�� �P�R�J�X�� �V�W�H�ü�L�� �R�W�S�R�U�Q�R�V�W��su 

konjugacija, transformacija i transdukcija, a prikazani su na Slici 7. 

 Konjugacija je prijenos fragmenata kromosoma ili plazmida iz stanice davatelja 

(donor) u stanicu primatelja (recipijent) �N�R�M�L���]�D�K�W�L�M�H�Y�D���G�L�U�H�N�W�Q�L���N�R�Q�W�D�N�W���L�]�P�H�ÿ�X���G�Y�L�M�H���E�D�N�W�H�U�L�M�V�N�H��

stanice preko pilusa (konjugacijskog �P�R�V�W�L�üa) (von Wintersdorff i sur., 2016.). Neki su plazmidi 

�Y�U�O�R�� �V�S�H�F�L�I�L�þ�Q�L�� �S�D�� �V�H�� �N�R�Q�M�X�J�D�F�L�M�D�� �R�G�Y�L�M�D�� �V�D�P�R�� �P�H�ÿ�X���R�G�U�H�ÿ�H�Q�L�P��vrstama bakterija, dok drugi 

�L�P�D�M�X�� �P�D�Q�M�X�� �V�S�H�F�L�I�L�þ�Q�R�V�W�� �L�� �P�R�J�X�� �V�H�� �S�U�H�Q�R�V�L�W�L�� �L�]�P�H�ÿ�X�� �E�D�N�W�H�U�L�M�D�� �U�D�]�O�L�þ�L�W�L�K�� �Y�U�V�W�D���� �U�R�G�R�Y�D�� �L�O�L��

porodica (Volkova i sur., 2014.; von Wintersdorff i sur., 2016.). Prijenos bakterijskih plazmida 

konjugacijom smatra se �Q�D�M�þ�H�ã�ü�L�P��HGT mehanizmom �]�D���ã�L�U�H�Q�M�H gena otpornosti na antibiotike, 

dok se transformacija i transdukcija smatraju �P�D�Q�M�H���Y�D�å�Q�L�P�D�����5azlog tome je to �ã�W�R��konjugacija 

�R�P�R�J�X�ü�D�Y�D�� �E�R�O�M�X�� �]�D�ã�W�L�W�X��prijenosa DNA �R�G�� �X�W�M�H�F�D�M�D�� �R�N�R�O�L�Q�H�� �L�� �G�M�H�O�R�W�Y�R�U�Q�L�M�H�� �Q�D�þ�L�Q�H�� �X�Q�R�ã�H�Q�M�D��

DNA u stanicu recipijenta od transformacije te postoji �ã�L�U�L���U�D�V�S�R�Q stanica koje mogu konjugirati 
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u odnosu na one �X���N�R�M�H���V�H���'�1�$���P�R�å�H���S�U�H�Q�L�M�H�W�L���S�X�W�H�P���W�U�D�Q�V�G�X�N�F�L�M�H���E�D�N�W�H�U�L�R�I�D�J�R�P (Norman i 

sur., 2009.).  

 Transdukcija je prijenos DNA �L�]�� �V�W�D�Q�L�F�H�� �G�R�Q�R�U�D�� �X�� �V�W�D�Q�L�F�X�� �U�H�F�L�S�L�M�H�Q�W�D�� �S�R�P�R�ü�X��

bakterijskog virusa, bakteriofaga (Modi i sur., 2013.). �,�D�N�R���V�H���W�U�D�Q�V�G�X�N�F�L�M�R�P���Q�H���R�V�W�Y�D�U�X�M�H���I�L�]�L�þ�N�L��

�N�R�Q�W�D�N�W���L�]�P�H�ÿ�X���V�W�D�Q�L�F�H���G�R�Q�R�U�D���'�1�$���L���V�W�D�Q�L�F�H���U�H�F�L�S�L�M�H�Q�Wa, bakteriofag se mora replicirati unutar 

stanice donora �O�L�W�L�þ�N�L�P���L�O�L���O�L�]�R�J�H�Q�L�P���F�L�N�O�X�V�R�P. �8���O�L�]�R�J�H�Q�R�P���F�L�N�O�X�V�X�����E�D�N�W�H�U�L�R�I�D�J���X�J�U�D�ÿ�X�M�H���V�Y�R�M��

�J�H�Q�R�P���X���J�H�Q�R�P���V�W�D�Q�L�F�H���G�R�P�D�ü�L�Q�D�����S�U�R�I�D�J�����W�H���V�H��replicira �N�D�R���G�L�R���G�R�P�D�ü�L�Q�D�����%�D�O�F�D�]�D�U��������������������

�8�� �Q�H�S�R�Y�R�O�M�Q�L�P�� �X�Y�M�H�W�L�P�D�� �P�R�å�H�� �G�R�ü�L�� �G�R�� �L�Q�G�X�N�F�L�M�H�� �S�U�R�I�D�J�D���� �R�G�Q�R�V�Q�R�� �L�]�O�D�V�N�D�� �I�D�J�Q�H�� �'�1�$�� �L�]��

�E�D�N�W�H�U�L�M�V�N�R�J���N�U�R�P�R�V�R�P�D���S�U�L���þ�H�P�X���S�U�R�I�D�J���]�D�K�Y�D�ü�D��i dio bakterijskog kromosoma i potom ulazi 

�X���O�L�W�L�þ�N�L���F�L�N�O�X�V�����7�L�M�H�N�R�P���O�L�W�L�þ�N�R�J���F�L�N�O�X�V�D���X���V�W�D�Q�L�F�L���G�R�P�D�ü�L�Q�D��dolazi do replikacije bakteriofaga 

�S�U�L�� �þ�H�P�X�� �V�H�� �P�D�O�L�� �G�L�R�� �'�1�$�� �V�W�D�Q�L�F�H�� �G�R�P�D�ü�L�Q�D�� �P�R�å�H�� �X�S�D�N�L�U�D�W�L�� �X�� �Q�R�Y�R�V�L�Q�W�H�Q�W�L�]�L�U�D�Q�L�� �R�P�R�W�D�þ��

bakteriofaga (Nor�P�D�Q���L���V�X�U���������������������7�D�N�R���Q�R�Y�R�Q�D�V�W�D�O�H���Y�L�U�X�V�Q�H���þ�H�V�W�L�F�H���V�H���L�]���V�W�D�Q�L�F�H���G�R�P�D�ü�L�Q�D��

�O�L�]�R�P�� �R�V�O�R�E�D�ÿ�D�M�X�� �X�� �R�N�R�O�L�ã�� �X�� �N�R�M�H�P�� �P�R�J�X�� �]�D�U�D�]�L�W�L�� �Q�R�Y�X�� �V�W�D�Q�L�F�X�� �G�R�P�D�ü�L�Q�D����Transdukcijom je 

�G�R�ã�O�R�� �G�R�� �ã�L�U�H�Q�M�D�� �R�W�S�R�U�Q�R�V�W�L�� �Q�D�� �U�D�]�O�L�þ�L�W�H�� �V�N�X�S�L�Q�H�� �D�Q�W�L�E�L�R�W�L�N�D���P�H�ÿ�X���N�O�L�Q�L�þ�N�Lm patogenima iz 

rodova Enterococcus, Streptococcus i Salmonella (von Wintersdorff i sur., 2016.). To ukazuje 

da bi bakteriofagi mogli biti  �Y�D�å�D�Q spremnik gena za otpornost na antibiotike, a novija 

�L�V�W�U�D�å�L�Y�D�Q�M�D���V�X�J�H�U�L�U�D�M�X���G�D���E�L���Q�M�L�K�R�Y�D���X�O�R�J�D���X���ã�L�U�H�Q�M�X��otpornosti na antibiotike �P�R�J�O�D���E�L�W�L���Y�H�ü�D��

�Q�H�J�R���ã�W�R���V�H���S�U�H�W�K�R�G�Q�R���V�P�D�W�U�D�O�R����Balcazar, 2014.; von Wintersdorff i sur., 2016). 

Transformacija je prijenos �Ä�J�R�O�L�K�³���I�U�D�J�P�H�Q�D�W�D���'�1�$��iz okoline u stanicu recipijenta 

koji se potom �X�J�U�D�ÿ�X�M�X���X���N�U�R�P�R�V�R�P���L���L�O�L���S�O�D�]�P�L�G��te funkcionalno eksprimiraju u bakterijskoj 

stanici (Gothwal i Shashidhar, 2015.; von Wintersdorff i sur., 2016.). �ý�H�V�W�R�� �V�X�� �R�Y�L�� �Ä�J�R�O�L�³��

fragmenti DNA �R�V�O�R�E�R�ÿ�H�Q�L�� �L�]�� �V�W�D�Q�L�F�H�� �V�W�D�Q�L�þ�Q�R�P�� �V�P�U�ü�X�� �L�O�L�� �D�N�W�L�Y�Q�L�P�� �W�U�D�Q�V�S�R�U�W�R�P�� ���&�K�H�Q�� �L��

Dubnau, 2004.). Ovaj je proces kod bakterija prirodan, a zahtijeva prisutnost fragmenta DNA 

�X���L�]�Y�D�Q�V�W�D�Q�L�þ�Q�R�P��prostoru, kompetentnost bakterije recipijenta te da se DNA koja se prenosi 

stabilizira procesom rekombinacije u genom recipijenta ili ponovnom cirkularizacijom, u 

�V�O�X�þ�D�M�X���S�O�D�]�P�L�G�Q�H��DNA (Thomas i Nielsen, 2005.). P�U�H�P�G�D���V�H���N�R�Q�M�X�J�D�F�L�M�D���V�P�D�W�U�D���Q�D�M�þ�H�ã�ü�L�P��

HGT mehanizmom, �S�R�N�D�]�D�O�R���V�H���G�D���L���W�U�D�Q�V�I�R�U�P�D�F�L�M�D���L�P�D���]�Q�D�þ�D�M�Q�X���X�O�R�J�X���X���ã�L�U�H�Q�M�X���R�W�S�R�U�Q�R�V�W�L���Q�D��

antibiotike (Domingues i sur., 2012a.; Mao i sur., 2014.; von Wintersdorff i sur., 2016.). 
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Slika 7. Mehanizmi horizontalnog prijenosa gena i stjecanja otpornosti na antibiotike u 

�E�D�N�W�H�U�L�M�D�����6�O�L�N�D���M�H���S�U�H�X�]�H�W�D���L���S�U�L�O�D�J�R�ÿ�H�Q�D���L�]��von Wintersdorff  i sur. (2016.). 

 

 2.1.7.1. Integroni  

 Integroni su pokretni �J�H�Q�H�W�L�þ�N�L elementi koji imaju �V�S�R�V�R�E�Q�R�V�W�� �S�U�L�K�Y�D�ü�D�Q�M�D�� �L��

�X�N�O�M�X�þ�L�Y�D�Q�M�D��novih gena mjesno-�V�S�H�F�L�I�L�þ�Qom rekombinacij�R�P�� �X�� �Y�H�ü�� �S�R�V�W�R�M�H�ü�L���J�H�Q�H�W�L�þ�N�L 

�P�D�W�H�U�L�M�D�O���W�H���P�R�J�X���X�V�S�M�H�ã�Q�R���S�U�R�Y�R�G�L�W�L���H�N�V�S�U�H�V�L�M�X��tih gena kao dio kazeta gena (Domingues i sur., 

2012b.). �2�Q�L���V�X���Q�D�ã�L�U�R�N�R���S�R�]�Q�D�W�L���S�R���V�Y�R�M�R�M���X�O�R�]�L���X���ã�L�U�H�Q�M�X���R�W�S�R�U�Q�R�V�W�L���Q�D���D�Q�W�L�E�L�R�W�L�N�H�����S�R�V�H�E�L�F�H���X��

Gram-negativnih bakterija. �2�V�L�P�� �W�R�J�D���� �S�R�N�D�]�D�O�R�� �V�H�� �G�D�� �L�P�D�M�X�� �Y�D�å�D�Q�� �X�Wjecaj na adaptaciju 

bakterija i evoluciju genoma. Iako sami po sebi nisu pokretni, �P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D��se prenose kao 

dijelovi konjugacijskih plazmida ili transpozona (Deng i sur., 2015.). �.�D�R���ã�W�R���M�H���S�U�L�N�D�]�D�Q�R���Q�D��

Slici 8., svaki integron sastoji se od: 1) gena intI koji kodira protein integron-integrazu i 

promotora Pint odgovornog za ekspresiju tog gena, 2) gena attI �N�R�M�L���þ�L�Q�L���U�H�N�R�P�E�L�Q�D�F�L�M�V�N�R���P�M�H�V�W�R��

i 3) promotora Pc �S�R�W�U�H�E�Q�R�J���]�D���X�V�S�M�H�ã�Q�X���W�U�D�Q�V�N�U�L�S�F�L�M�X���L���H�N�V�S�U�H�V�L�M�X���J�H�Q�V�N�L�K���N�D�]�H�W�D���S�U�L�V�X�W�Q�L�K��u 

sklopu integrona ���'�D�Y�L�H�V���L���'�D�Y�L�H�V�������������������-�R�Y�p���L���Vur., 2017.). Uloga integraze je da katalizira 

�U�H�N�R�P�E�L�Q�D�F�L�M�X���L�]�P�H�ÿ�X���X�O�D�]�Q�L�K���N�D�]�H�W�D���J�H�Q�D���L��attI mjesta na integronu u rekombinacijsko mjesto 

attC (Slika 8.) (Partridge i sur., 2018.). Ovaj proces je reverzibilan tj. kazete gena se mogu i 
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izrezati u obliku slobodnih, cirkularnih molekula DNA (Collis i Hall, 1992.). �1�D�N�R�Q�� �ã�W�R�� �V�H��

kazeta gena rekombinacijom ugradi u integron provodi se ekspresija gena preko promotora Pc 

(Slika 8.) (Deng i sur., 2015.; Domingues i sur., 2012b.; Partridge i sur., 2018.). �7�R���R�P�R�J�X�ü�X�M�H 

stjecanje novih gena za otpornost kao dio kazeta gena. Kazete gena su mali mobilni elementi 

koji se od �V�D�V�W�R�M�H���Q�H�ã�W�R���Y�L�ã�H���R�G���M�H�G�Q�R�J���J�H�Q�D�����R�W�Y�R�U�H�Q�R�J���R�N�Y�L�U�D���þ�L�W�D�Q�M�D���L���U�H�N�R�P�E�L�Q�D�F�L�M�V�N�R�J���P�M�H�V�W�D��

attC koje se originalno nazivalo element 59 nukleinskih baza. Do danas je �L�G�H�Q�W�L�I�L�F�L�U�D�Q�R���Y�L�ã�H��

od 130 genskih kazeta za otpornost na antibiotike u sklopu integrona (Cambray i sur., 2010.). 

Na temelju razlike u sekvenci integron-integraze, integroni se mogu podijeliti u nekoliko 

skupina od kojih skupine 1, 2 i 3 �L�P�D�M�X���J�O�D�Y�Q�X���X�O�R�J�X���X���ã�L�U�H�Q�M�X���J�H�Q�D��za otpornost na antibiotike 

(Deng i sur., 2015.; Sultan i sur., 2018.). Pogotovo su integroni koji pripadaju skupinama 1 i 2 

�þ�H�V�W�R���G�H�W�H�N�W�L�U�D�Q�L���X���R�N�R�O�L�ã�X���R�Q�H�þ�L�ã�ü�H�Q�R�P�� �D�Q�W�L�E�L�R�W�L�F�L�P�D���Q�R�V�H�ü�L���U�D�]�O�L�þ�L�W�H���W�L�S�R�Y�H�� �J�H�Q�D���R�W�S�R�U�Q�R�V�Wi 

(Kristiansson i sur., 2011.; Marathe i sur., 2013.; Moura i sur., 2012.).  

 

Slika 8. Struktura integrona i stjecanje genskih kazeta unutar integrona. Slika je preuzeta i 

�S�U�L�O�D�J�R�ÿ�H�Q�D iz rada Davies i Davies (2010.). 

 

Integroni skupine 1 smatraju se glavnim vektorima �]�D�� �ã�L�U�H�Q�M�H���R�W�S�R�U�Q�R�V�W�L�� �Q�D�� �D�Q�W�L�E�L�R�W�L�N�H��

posljednjih 50 godina. Prvo su otkriveni u �N�O�L�Q�L�þ�N�Lm bakterijskim sojevima �J�G�M�H���V�X���þ�H�V�W�R bili 

integrirani u transpozone iz porodice Tn402 (Cambray i sur., 2010.; Gillings, 2014.). 

Istra�å�L�Y�D�Q�M�D���V�X��potom pokazala da t�L���L�Q�W�H�J�U�R�Q�L���Q�L�V�X���R�J�U�D�Q�L�þ�H�Q�L���V�D�P�R��n�D���E�R�O�Q�L�þ�N�H���V�U�H�G�L�Q�H��nego 

�V�X�� �W�D�N�R�ÿ�H�U�� �U�D�V�S�U�R�V�W�U�D�Q�M�H�Q�L�� �L�� �X�� �U�D�]�O�L�þ�L�W�L�P�� �G�L�M�H�O�R�Y�L�P�D�� �R�N�R�O�L�ã�D�� �X�N�O�M�X�þ�X�M�X�ü�L�� �R�W�S�D�G�Q�H�� �Y�R�G�H����

�S�R�Y�U�ã�L�Q�V�N�H���Y�R�G�H���L���V�H�G�L�P�H�Q�W���Q�R�V�H�ü�L���U�D�]�O�L�þ�L�W�H���W�L�S�R�Y�H���J�H�Q�D���R�W�S�R�U�Q�R�V�Wi na antibiotike (Huang i sur., 

2019.; Kristiansson i sur., 2011.; Li i sur., 2010.). �2�V�L�P�� �V�W�U�X�N�W�X�U�H�� �N�D�U�D�N�W�H�U�L�V�W�L�þ�Q�H�� �]�D�� �R�V�W�D�O�H��

integrone opisane u gornjem odjeljku, integroni skupine 1 imaju tri vrste rekombinacijskih 
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mjesta (attI1, attC i sekundarna mjesta), integron-integrazu kodiranu genom intI1, dok se 

nizvodno od toga nalazi 3'-konzervirana regija u kojoj su �V�P�M�H�ã�W�H�Q�L��geni odgovorni za otpornost 

na sulfonamide (sul1) i antiseptike (kvaterne amonijeve spojeve, qac�(�û������(Slika 9.) (Cambray, 

i sur., 2010.; Deng i sur., 2015.). Spomenuti i�Q�W�H�J�U�R�Q�L���ã�L�U�R�N�R��su �U�D�V�S�U�R�V�W�U�D�Q�M�H�Q�L���P�H�ÿ�X���*�U�D�P-

nega�W�L�Y�Q�L�P�� �E�D�N�W�H�U�L�M�D�P�D���� �X�N�O�M�X�þ�X�M�X�ü�L�� �U�R�G�R�Y�H��Acinetobacter, Escherichia, Klebsiella, 

Pseudomonas i Salmonella te Gram-�S�R�]�L�W�L�Y�Q�L�P���E�D�N�W�H�U�L�M�D�P�D���X�N�O�M�X�þ�X�M�X�ü�L���U�R�G�R�Y�H��Streptococcus, 

Staphylococcus, Enterococcus i Aerococcus (Deng i sur., 2015.)���� �X�]�U�R�þ�Q�L�N�H���E�U�R�M�Q�L�K bolesti u 

ljudi. Gen intI1 �S�U�H�G�O�R�å�H�Q�� �M�H�� �N�D�R�� �E�L�R�P�D�U�N�H�U�� �]�D�� �S�U�R�F�M�H�Q�X�� �D�Q�W�U�R�S�R�J�H�Q�R�J�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �R�N�R�O�L�ã�D��

(Gillings, 2017., 2018.; Gillings i sur., 2015.), a �S�U�R�Q�D�ÿ�H�Q��je u otpadnim vodama �L���R�E�U�D�ÿ�H�Q�R�P��

aktivnom mulju �X�U�H�ÿ�D�M�D�� �]�D���S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H otpadnih voda, stajskom gnojivu �N�D�R���L���X���U�D�]�O�L�þ�L�W�L�P��

sastavnicama �R�N�R�O�L�ã�D��poput rijeka, jezera i sedimenata (Gillings, 2018.). Tako je p�R�Y�H�ü�D�Q�L��

�V�D�G�U�å�D�M navedenog �J�H�Q�D���Q�D�ÿ�H�Q��i �X���Y�R�G�H�Q�R�P���R�N�R�O�L�ã�X���R�Q�H�þ�L�ã�ü�H�Q�R�P���D�Q�W�L�E�L�R�W�L�F�L�P�D��putem ispusta 

otpadnih voda iz farmaceutskih industrija (Kristiansson i sur., 2011.; Li i sur., 2009., 2010.).  

 

Slika 9. Struktura integrona skupine 1. Preuze�W�R���L���S�U�L�O�D�J�R�ÿ�H�Q�R���L�]���'�H�Q�J���L���V�X�U�� (2015.).  

 

 Integroni skupine 2 �L�P�D�M�X���V�O�L�þ�Q�X���I�X�Q�N�F�L�M�X���N�D�R���L�Q�W�H�J�U�R�Q�L���V�N�X�S�L�Q�H��������ali posjeduju samo 

mali dio gena za otpornost koji se nalaze u sastavu integrona skupine 1. N�D�M�þ�H�ã�ü�H se povezuju 

�V���R�W�S�R�U�Q�R�ã�ü�X���Q�D���D�P�L�Q�R�J�O�L�N�R�]�L�G�H���L���W�U�L�P�H�W�R�S�U�L�P�����D���S�U�R�Q�D�ÿ�H�Q�L���V�X���N�R�G���E�D�N�W�H�U�L�Ma iz rodova �N�D�R���ã�W�R��

su Salmonella, Pseudomonas, Acinetobacter te kod porodice Enterobacteriaceae (Deng i sur., 

2015.; Sultan i sur., 2018.). Suprotno tome, integroni skupine 3 �Q�D�M�þ�H�ã�ü�H��su povezani s 

�R�W�S�R�U�Q�R�ã�ü�X���Q�D����-laktamske antibiotike �Q�R�V�H�ü�L���J�H�Q�H���R�G���N�O�L�Q�L�þ�N�R�J���]�Q�D�þ�D�M�D���N�D�R���ã�W�R���V�X��blaGES-1 i 

blaIMP-1, a �S�U�R�Q�D�ÿ�H�Q�L��su u brojnim patogenim bakterijama iz rodova �N�D�R�� �ã�W�R�� �V�X Klebsiella, 

Escherichia, Acinetobacter, Serratia i Pseudomonas (Deng 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 plazmidi. �3�O�D�]�P�L�G�L���V�X���P�D�O�H�����N�U�X�å�Q�H�����V�D�P�R�U�H�S�O�L�F�L�U�D�M�X�ü�H���P�R�O�H�N�X�O�H���'�1�$���N�R�M�H���X��

bakterijskoj stanici mogu bili slobodne u citoplazmi ili se mogu integrirati u kromosomsku 

�'�1�$�����6�Y�D�N�L���S�O�D�]�P�L�G���L�P�D���R�G�U�H�ÿ�H�Q�L���E�U�R�M���J�H�Q�D���N�R�M�L���Q�L�V�X���R�G���H�V�H�Q�F�L�M�D�O�Q�R�J���]�Q�D�þ�H�Q�M�D���]�D��bakterijsku 

stanicu, ali mogu biti vrlo korisni za brzu prila�J�R�G�E�X���L���S�U�H�å�L�Y�O�M�D�Y�D�Q�M�H���E�D�N�W�H�U�L�M�H u novostvorenim 

�X�Y�M�H�W�L�P�D���R�N�R�O�L�ã�D��(Grenni i sur., 2018.; Smalla i sur., 2015.). Pretpostavlja se da ovi pokretni 

�J�H�Q�H�W�L�þ�N�L���H�O�H�P�H�Q�W�L���S�R�W�L�þ�X���D�G�D�S�W�D�F�L�M�X���E�D�N�W�H�U�L�M�D���Q�D���V�W�U�H�V�Q�H���L���S�U�R�P�M�H�Q�M�L�Y�H���X�Y�M�H�W�H���X���R�N�R�O�L�ã�X��(Heuer 

i Smalla, 2012.). Razlikujemo konjugacijske plazmide koji posjeduju faktore fertilnosti (F-

faktore) �S�R�P�R�ü�X���N�R�M�L�K���V�H���X�V�S�R�V�W�D�Y�O�M�D���N�R�Q�W�D�N�W���L�]�P�H�ÿ�X���G�Y�L�M�H���E�D�N�W�H�U�L�M�V�N�H���V�W�D�Q�L�F�H �Q�X�å�D�Q���]�D���S�U�L�M�H�Q�R�V��

plazmida iz stanice donora u stanicu recipijenta i plazmide koji ne posjeduju F-faktore te se 

�P�H�ÿ�X�� �E�D�N�W�H�U�L�M�V�N�L�P�� �V�W�D�Q�L�F�D�P�D�� �S�U�H�Q�R�V�H�� �X�]�� �S�R�P�R�ü��konjugacijskih plazmida (Partridge i sur., 

2018.; Sultan i sur., 2018.). Smatra se da su, uz integrone, plazmidi �N�O�M�X�þ�Q�L���Y�H�N�W�R�U�L���X��globalnom 

�ã�L�U�H�Q�M�X���Jena za otpornost na antibiotike �L���S�U�R�P�R�W�R�U�L���Y�L�ã�H�V�W�U�X�N�H���R�W�S�R�U�Q�R�V�W�L���M�H�U���þ�H�V�W�R���Q�R�V�H���J�H�Q�H���]�D��

�R�W�S�R�U�Q�R�V�W���Q�D���Y�L�ã�H���V�N�X�S�L�Q�D���D�Q�W�L�E�L�R�W�L�N�D (Blau i sur., 2018.; Flach i sur., 2015.; Heuer i sur., 2009.; 

Heuer i Smalla, 2012.; Jechalke i sur., 2013.).  

Klasifikacija �S�O�D�]�P�L�G�D�� �M�H�� �P�R�J�X�ü�D�� �Q�D�� �Q�H�N�R�O�L�No �Q�D�þ�L�Q�D���� �D�� �Q�D�M�þ�H�ã�ü�D je ona na temelju 

analize replikona. Replikoni su konzervirane regije plazmidne molekule DNA koje su klju�þne 

za proces replikacije. Zadu�åeni su za kontrolu broja kopija plazmida u bakterijskoj stanici pri 

�þemu definiraju i spektar bakterijskih vrsta u kojima plazmidi mogu opstati (Shintani i sur., 

2015.). Plazmidi koji imaju isti replikon su inkompatibilni i svrstavaju se u istu skupinu 

inkompatibilnosti, Inc (Shintani i sur., 2015.)���� �G�R�N�� �V�X�� �S�O�D�]�P�L�G�L�� �V�� �U�D�]�O�L�þ�L�Wim replikonom 

kompatibilni (Partridge i sur., 2018.). �3�U�H�P�D�� �S�R�W�H�Q�F�L�M�D�O�X�� �ã�L�U�H�Q�M�D�� �X�� �U�D�]�O�L�þ�L�W�H�� �E�D�N�W�H�U�L�M�V�N�H�� �Y�U�V�W�H����

plazmidi se dijele na one koji su vezani uz uzak spektar bakterijskih dom�D�ü�L�Q�D�����Q�S�U�����,�Q�F�)�����L���Q�D��

�R�Q�H���N�R�M�L���V�H���P�R�J�X���Q�D�ü�L���X���Y�H�O�L�N�R�P���E�U�R�M�X���U�D�]�O�L�þ�L�W�L�K���E�D�N�W�H�U�L�M�V�N�L�K���Y�U�V�W�D�����Q�S�U�����,�Q�F�3-1, IncN, IncA/C, 

IncQ, IncL/M) (�.�O�•�P�S�H�U���L���V�X�U���������������������6�K�L�Q�W�D�Q�L���L���V�X�U�����������������������������������6�X�]�X�N�L���L���V�X�U����������10.). Pritom 

�V�H���S�R�V�H�E�Q�R���L�V�W�L�þ�X��plazmidi skupine IncP-1 koji �V�X���Y�D�å�Q�L���X���N�O�L�Q�L�þ�N�R�P���L���R�N�R�O�L�ã�Q�R�P���N�R�Q�W�H�N�V�W�X, a 

vrlo su �Ä�S�U�R�P�L�V�N�X�L�W�H�W�Q�L�³���L���þ�H�V�W�R���Q�R�V�H��gene za otpornost na �Y�L�ã�H���V�N�X�S�L�Q�D antibiotika (Heuer i sur., 

2012.; Popowska i Krawczyk-Balska, 2013.; Wolters i sur., 2015.). Spomenuti plazmidi su 

detektirani �X�� �U�D�]�O�L�þ�L�W�L�P���R�N�R�O�L�ã�Q�L�P���V�U�H�G�L�Q�D�P�D�� �N�D�R�� �ã�W�R�� �V�X�� �Wlo ���.�O�•�P�S�H�U�� �L�� �V�X�U������ ����15.), �U�L�M�H�þ�Q�L��

sedimenti �R�Q�H�þ�L�ã�ü�H�Q�L��metalima (Cyriaque i sur., 2020.) te komunalne otpadne vode (Rahube i 

sur., 2014.). Plazmidi IncP-1 �þ�H�V�W�R nose gene otpornosti na �D�P�L�Q�R�J�O�L�N�R�]�L�G�H���� ��-laktame, 

sulfonamide, tetracikline i trimetoprim te tako �G�R�S�U�L�Q�R�V�H�� �ã�L�U�H�Q�M�X���Y�L�ã�H�V�W�U�X�N�H�� �R�W�S�R�U�Q�R�V�W�L��
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(Popowska i Krawczyk-Balska, 2013.). U�R�þ�H�Q�D�� �M�H�� �W�D�N�R�ÿ�H�U��povezanost gena za otpornost na 

antiseptike (qac�(�¨������ �V�� �R�Y�L�P�� �S�O�D�]�P�L�G�L�P�D��(Popowska i Krawczyk-Balska, 2013.). Pored 

plazmida IncP-������ �X�� �ã�L�U�H�Q�M�X��otpornosti na antibiotike �X�� �R�N�R�O�L�ã�X�� �Y�D�å�Q�X�� �X�O�R�J�X�� �L�P�D�M�X�� �L�� �Slazmidi 

IncA/C i IncN skupina inkompatibilnosti. Navedeni plazmidi su konjugacijski i povezuju se s 

�R�Q�H�þ�L�ã�ü�H�Q�Mem �R�N�R�O�L�ã�D��antibioticima putem ispusta iz farmaceutskih industrija u Indiji (Flach i 

sur., 2015.). Pokazalo se da plazmidi IncA/C iz t�D�N�R���R�Q�H�þ�L�ã�ü�H�Q�R�J���R�N�R�O�L�ã�D��nose velik broj gena 

�R�G�J�R�Y�R�U�Q�L�K���]�D���R�W�S�R�U�Q�R�V�W���Q�D���U�D�]�O�L�þ�L�W�H��skupine antibiotika koji su uglavnom lokalizirani u sklopu 

integrona skupine 1, insercijskih sekvenci (ISCR) ili transpozona (Tn21). Nasuprot tome, 

plazmidi IncN skupine inkompatibilnosti �S�R�U�L�M�H�N�O�R�P�� �L�]�� �R�N�R�O�L�ã�D���R�Q�H�þ�L�ã�ü�H�Q�R�J��antibioticima 

�R�E�L�þ�Q�R���Q�R�V�H��gene odgovorne za otpornost na fluorokinolone i trimetoprim u sastavu integrona 

skupine 1 (Flach i sur., 2015.).  

 �����������2�W�S�R�U�Q�R�V�W���E�D�N�W�H�U�L�M�D���Q�D���D�Q�W�L�E�L�R�W�L�N�H���X���R�N�R�O�L�ã�X 

 Iako se bakterijska otpornost na antibiotike �W�U�D�G�L�F�L�R�Q�D�O�Q�R�� �Y�H�å�H�� �X�] �E�R�O�Q�L�þ�N�H�� �V�U�H�G�L�Q�H, 

�L�V�W�U�D�å�L�Y�D�Q�M�D��provedena zadnjih desetak godina ukazala su �Q�D���R�N�R�O�L�ã���N�D�R���Y�D�å�D�Q��spremnik i izvor 

otpornih mikroorganizama koji posjeduju veliku zalihu gena otpornosti na antibiotike koja se 

naziva rezistom (D�¶�&�R�V�W�D���L���V�X�U���������������������0�D�U�W�t�Q�H�]��������������). To je dijelom posljedica prisutnosti 

mikroorganizama koji proizvode antibiotike (neke gljive i bakterije) pa su razvili otpornost kao 

�R�E�U�D�Q�X���R�G���V�D�P�R�X�Q�L�ã�W�H�Q�M�D��(Surette i Wright, 2017.). S druge strane, kontinuiranim �R�Q�H�þ�L�ã�ü�H�Q�M�H�P��

�R�N�R�O�L�ã�D�� �D�Q�W�L�E�L�R�W�L�F�L�P�D�� �Q�D�U�X�ã�L�O�D�� �V�H�� �U�D�Y�Q�R�W�H�å�D�� �S�U�L�U�R�G�Qog ekosustava te je �G�R�ã�O�R�� �G�R��selekcije 

bakterijskih populacija otpornih na antibiotike. �3�R�N�D�]�D�O�R�� �V�H�� �G�D�� �þ�D�N�� �L�� �Q�L�V�N�H���� �V�X�E�L�Q�K�L�E�L�W�R�U�Q�H��

�N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �D�Q�W�L�E�L�R�W�L�N�D���� �V�O�L�þ�Q�H�� �R�Q�L�P�D�� �Q�D�ÿ�H�Q�L�P�� �X�� �U�D�]�O�L�þ�L�W�L�P�� �Y�R�G�H�Q�L�P�� �L�� �N�R�S�Q�H�Q�L�P�� �V�X�V�W�D�Y�L�P�D��

���.�•�P�P�H�U�H�U�� 2009.), mogu potaknuti selekciju otpornih bakterija putem horizontalnog prijenosa 

plazmida s genima za otpornost (Andersson i Hughes, 2014.; Gullberg i sur., 2011.; Sandegren, 

2014.). Pored antibiotika���� �L�V�W�U�D�å�L�Y�D�Q�M�D�� �V�X�� �S�R�N�D�]�D�O�D�� �G�D���R�Q�H�þ�L�ã�ü�H�Q�M�H���R�N�R�O�L�ã�D�� �P�H�W�D�O�L�P�D���� �þ�D�N�� �L�� �X��

relativno niskim koncentracijama, �W�D�N�R�ÿ�H�U���S�R�W�L�þ�H�� �V�H�O�H�N�F�L�M�X��otpornosti na antibiotike zbog 

�]�D�M�H�G�Q�L�þ�N�L�K���J�H�Q�H�W�L�þ�N�L�K �L�O�L���I�L�]�L�R�O�R�ã�N�L�K���P�H�K�D�Q�L�]�D�P�D���R�W�S�R�U�Q�R�V�W�L���Q�D���D�Q�W�L�E�L�R�W�L�N�H���L���P�H�W�D�O�H��(Di Cesare 

i sur., 2016.; Pal i sur., 2017.). Naime, geni za otpornost na antibiotike i metale �þ�H�V�W�R��su 

�V�P�M�H�ã�W�H�Q�L��na istim pokretnim �J�H�Q�H�W�L�þ�N�L�P elementima poput plazmida ili se nalaze u istoj 

bakterijskoj stanici pa usli�M�H�G���L�]�O�R�å�H�Q�R�V�W�L metalima dolazi do indirektne selekcije otpornosti na 

antibiotike (tzv. ko-otpornost) (Baker-Austin i sur., 2006.; Pal i sur., 2017.). �'�U�X�J�D���P�R�J�X�ü�Q�R�V�W��

�X�N�O�M�X�þ�X�M�H���W�]�Y�����X�Q�D�N�U�V�Q�X���R�W�S�R�U�Q�R�V�W kada jedan gen ili mehanizam otpornosti (npr. prekomjerna 

ekspresija gena, efluks pumpa) dovodi do otpornosti bakterija na obje skupine spojeva, 

antibiotike i metale (Baker-Austin i sur., 2006.; Pal i sur., 2017.). Osim toga, s�Y�H�� �Y�L�ã�H��
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�L�V�W�U�D�å�L�Y�D�Q�M�D�� �X�N�D�]�X�M�H�� �Q�D�� �S�R�Y�H�]�D�Q�R�V�W���S�R�Y�H�ü�D�Q�R�J�� �U�D�]�Y�R�M�D��otpornosti na antibiotike �X�� �R�N�R�O�L�ã�X�� �L��

pojave otpornosti na antibiotike �P�H�ÿ�X���S�D�W�R�J�H�Q�L�P�D���þ�R�Y�M�H�N�D. Tako je primjeric�H���]�D�S�D�å�H�Q�R��da geni 

�]�D���R�W�S�R�U�Q�R�V�W���Q�D����-laktame (blaCTX-M i blaOXA-48) i kinolone (qnrA) koji su �ã�L�U�R�N�R��rasprostranjeni 

�P�H�ÿ�X���N�O�L�Q�L�þ�N�L�P patogenima iz porodice Enterobacteriaceae imaju vjerojatno porijeklo u 

�R�N�R�O�L�ã�Q�L�P���E�D�N�W�H�U�L�M�D�P�D���L�]���U�R�G�D��Kluvyera i Shewanella te bakterijama iz porodice Vibrionaceae 

���&�D�Q�W�y�Q���L���&�R�T�X�H�������������������3�R�L�U�H�O���L���V�X�U���������������D���������������E������������������. Pored toga, Forsberg i sur. (2012.) 

pokazali su da mikroorganizmi iz tla posjeduju ge�Q�H�� �]�D�� �R�W�S�R�U�Q�R�V�W�� �Q�D�� ��-laktame (blaP-1), 

tetracikline (tetA), aminoglikozide (aadB i aacA4), sulfonamide (sul1) i amfenikol koji su  

�������� ���� �L�G�H�Q�W�L�þ�Q�L�� �R�Q�L�P�D�� �L�]���N�O�L�Q�L�þ�N�L�K patogena poput A. baumanii, K. pneumoniae, S. 

typhimurium, P. aeruginosa, E. coli, En. cloacae i dr. Takve �V�S�R�]�Q�D�M�H�� �X�N�D�]�X�M�X�� �Q�D�� �Y�D�å�Q�R�V�W 

�R�N�R�O�L�ãa kao izvora i spremnika gena za otpornost na antibiotike koji su �U�D�V�S�R�O�R�å�L�Y�L za razmjenu 

s �O�M�X�G�V�N�L�P���L���å�L�Y�R�W�L�Q�M�V�N�L�P���S�D�W�R�J�H�Q�L�P���E�D�N�W�H�U�L�M�D�P�D����Putevi kojima �O�M�X�G�L���P�R�J�X���G�R�ü�L���X���N�R�Q�W�D�N�W���V��tim 

otpornim bakterijama �L���L�O�L���Q�M�L�K�R�Y�L�P���J�H�Q�L�P�D���X�N�O�M�X�þ�X�M�X���N�R�Q�]�X�P�D�F�L�M�X���R�Q�H�þ�L�ã�ü�H�Q�H hrane ili  vode, 

rekreativne aktivnosti u �R�Q�H�þ�L�ã�ü�H�Q�R�M���S�R�Y�U�ã�L�Q�V�N�R�M�� �Y�R�G�L�� �W�H�� �L�Q�K�D�O�D�F�L�M�X�� �D�H�U�R�V�R�O�D�����2�¶�)�O�D�K�H�U�W�\�� �L��

Cummins, 2017.; Pruden i sur., 2013.)�����6�W�R�J�D���R�Q�H�þ�L�ã�ü�H�Q�M�H �R�N�R�O�L�ã�D���D�Q�W�L�E�L�R�W�L�F�L�P�D��predstavlja ne 

samo direktnu opasnost za zdravlje ekosustava izazivanjem potencijalno �W�R�N�V�L�þ�Q�Lh �X�þ�L�Qaka na 

�å�L�Y�H���R�U�J�D�Q�L�]�P�H��nego i indirektnu �R�S�D�V�Q�R�V�W���]�D���]�G�U�D�Y�O�M�H���O�M�X�G�L���L���å�L�Y�R�W�L�Q�M�D �S�X�W�H�P���U�D�]�Y�R�M�D���L���ã�L�U�H�Q�M�D��

otpornosti na antibiotike. �ý�R�Y�M�H�N�� �V�W�D�O�Q�R�� �L�]�P�M�H�Q�M�X�M�H�� �V�Y�R�M�X�� �P�L�N�U�R�E�L�R�W�X�� �V�� �R�N�R�O�L�Q�R�P�� �W�H�� �V�H��stoga 

�R�J�U�D�Q�L�þ�D�Y�D�Q�M�X���ã�L�U�H�Q�M�D��otpornosti na antibiotike �P�R�U�D���S�U�L�V�W�X�S�L�W�L���]�D�M�H�G�Q�L�þ�N�L���V���R�E�M�H���V�W�U�D�Q�H�����E�R�O�Q�L�þ�N�H��

�L�� �L�]�Y�D�Q�E�R�O�Q�L�þ�N�H. Pritom se uspjeh pojedinih intervencija usmjerenih prema �N�R�Q�W�U�R�O�L�� �ã�L�U�H�Q�M�D��

otpornosti �P�R�å�H�� �P�M�H�U�L�W�L�� �M�H�G�L�Q�R�� �D�N�R�� �S�R�V�W�R�M�H�� �S�R�G�D�F�L�� �R razini otpornosti u obje sredine prije i 

�S�R�V�O�L�M�H�� �L�Q�W�H�U�Y�H�Q�F�L�M�H���� �0�H�ÿ�X�W�L�P���� �]�D�� �U�D�]�O�L�N�X�� �R�G�� �E�R�O�Q�L�þ�N�L�K�� �V�U�H�G�L�Q�D��u kojima se otpornost 

kontinuirano prati na nacionalnoj i �P�H�ÿ�X�Q�D�U�R�G�Q�R�M �U�D�]�L�Q�L���� �S�U�R�J�U�D�P�L�� �]�D�� �S�U�D�ü�H�Q�M�H�� �R�W�S�R�U�Q�R�V�W�L�� �X��

�R�N�R�O�L�ã�X�� �M�R�ã�� �X�Y�L�M�H�N�� �Q�H�� �S�R�V�W�R�M�H����Takvi podaci su pak prijeko potrebni za procjenu rizika te 

�S�U�R�Y�R�ÿ�H�Q�M�H���P�M�H�U�D��za �]�D�ã�W�L�W�X���]�G�U�D�Y�O�M�D���O�M�X�G�L���L���R�N�R�O�L�ã�D���� 

2.2.1. Uno�ã�H�Q�Me antibiotika i bakterija otpornih na antibiotike �X���R�N�R�O�L�ã 

Premda su antibiotici spojevi koji su prirodno �S�U�L�V�X�W�Q�L���X���R�N�R�O�L�ã�X�����L�V�W�U�D�å�L�Y�D�Q�M�D���S�U�R�Y�H�G�H�Q�D 

posljednjih desetak godina ukazala su da se ovi spojevi kontinuirano �X�Q�R�V�H���X���R�N�R�O�L�ã��kroz razne 

antropogene aktivnosti. Stoga su antibiotici tek u novije vrijeme privukli pozornost kao 

�S�R�W�H�Q�F�L�M�D�O�Q�D�� �S�U�L�M�H�W�Q�M�D�� �]�D�� �R�N�R�O�L�ã��te se ubrajaju u tzv. �Ä�Q�R�Ya �]�D�J�D�ÿ�L�Yala�³�� ���H�Q�J�O�� Emerging 

Contaminants)�����=�D���U�D�]�O�L�N�X���R�G���N�O�D�V�L�þ�Q�L�K���S�U�L�R�U�L�W�H�W�Q�L�K���]�D�J�D�ÿ�L�Y�Dla, poput primjerice pesticida �þ�L�M�H��

�M�H�� �X�Q�R�ã�H�Q�M�H�� �X�� �R�N�R�O�L�ã��odavno �R�J�U�D�Q�L�þ�H�Q�R�� �S�U�R�S�L�V�L�P�D�����N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �D�Q�W�L�E�L�R�W�L�N�D�� �X�� �R�N�R�O�L�ã�X���M�R�ã��

uvijek nisu regulirane zakonom, iako se ovi spojevi �R�G�O�L�N�X�M�X���Y�L�V�R�N�R�P���E�L�R�O�R�ã�N�R�P���D�N�W�L�Y�Q�R�ã�ü�X���S�D��
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mogu izazvati nepovoljne �X�þ�L�Q�N�H�� �Q�D�� �R�N�R�O�L�ãne organizme. Naime, kontinuiranim unosom 

antibiotika u oko�O�L�ã�� �Y�R�G�H�Q�L�� �R�U�J�D�Q�L�]�P�L���P�R�J�X�� �E�L�W�L�� �L�]�O�R�å�H�Q�L�� �Q�H�S�U�H�N�L�G�Q�R�P�� �G�M�H�O�R�Y�D�Q�M�X��takvih 

spojeva (Scott i sur., 2016.). To djelovanje se mo�å�H, s jedne strane, manifestirati �W�R�N�V�L�þ�Qim 

�X�þ�L�Qcima na alge, biljke i �å�L�Y�R�W�L�Q�M�H��te bakterijske zajednice inhibi�U�D�M�X�ü�L ili �X�Q�L�ã�W�D�Y�D�M�X�ü�L pojedine 

skupine koje su �Y�D�å�Qe za normalno funkcioniranje ekosustava���� �þ�L�P�H�� �V�H �G�L�U�H�N�W�Q�R�� �X�J�U�R�å�D�Y�D��

�]�G�U�D�Y�O�M�H���R�N�R�O�L�ã�D (Grenni i sur., 2018.; Carvalho i Santos, 2016.)���� �6���G�U�X�J�H���V�W�U�D�Q�H���� �R�Q�H�þ�L�ã�ü�H�Q�M�H��

�R�N�R�O�L�ã�D�� �D�Q�W�L�E�L�R�W�L�F�L�P�D�� �P�R�å�H��imati nepovoljan utjecaj na zdravlje ljudi zbog opasnosti od 

nastanka bakterija otpornih na antibiotike �N�R�M�H���V�H���P�R�J�X���S�U�H�Q�L�M�H�W�L���L�]�Y�D�Q���R�N�R�O�L�ã�D��(Forsberg i sur., 

2012.; Grenni i sur., 2018.; Huijbers i sur., 2015.).  

Putevi uno�ã�H�Q�M�D �D�Q�W�L�E�L�R�W�L�N�D�� �X�� �R�N�R�O�L�ã��prikazani su na Slici 10. Oni �X�N�O�M�X�þ�X�M�X�� �L�V�S�X�V�W�H��

�N�R�P�X�Q�D�O�Q�L�K�� �L�� �E�R�O�Q�L�þ�N�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D���N�R�M�H�� �V�D�G�U�å�H�� �D�Q�W�L�E�L�R�W�L�N�H���L�]�O�X�þ�H�Q�H�� �L�]�� �O�M�X�G�V�N�R�J�� �L�O�L��

�å�L�Y�R�W�L�Q�M�V�N�R�J�� �R�U�J�D�Q�L�]�P�D�� �Q�D�N�R�Q�� �W�H�U�D�Sijske primjene te ispuste otpadnih voda iz proizvodnih 

pogona farmaceutske industrije (Andersson i Hughes, 2014.; Larsson, 2014b.). Osim toga, 

�D�Q�W�L�E�L�R�W�L�F�L�� �G�R�V�S�L�M�H�Y�D�M�X�� �X�� �R�N�R�O�L�ã��i �J�Q�R�M�H�Q�M�H�P�� �R�E�U�D�G�L�Y�L�K�� �S�R�Y�U�ã�L�Q�D stajskim gnojivom s farmi 

�G�R�P�D�ü�L�K�� �å�L�Y�R�W�L�Q�M�D��na kojima se antibiotici �N�R�U�L�V�W�H�� �N�D�R�� �S�U�R�P�R�W�R�U�L�� �U�D�V�W�D�� �W�H�� �U�D�G�L�� �O�L�M�H�þ�H�Q�M�D�� �L�O�L��

prevencije bolesti (�+�|�O�]�H�O���L���V�X�U���������������������.�H�P�S�H�U��������������), ali i primjenom �R�E�U�D�ÿ�H�Qog aktivnog 

mulja �V�� �N�R�P�X�Q�D�O�Q�L�K�� �X�U�H�ÿ�D�M�D�� �]�D�� �R�E�U�D�G�X�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D��(Gothwal i Shashidar, 2015.). Izvor 

�R�Q�H�þ�L�ã�ü�H�Q�M�D���R�N�R�O�L�ã�D �W�D�N�R�ÿ�H�U predstavlja �S�U�L�P�M�H�Q�D���D�Q�W�L�E�L�R�W�L�N�D���X���X�]�J�R�M�X���Y�R�ü�D���L���S�R�Y�U�ü�D����McManus 

i sur., 2002.) te u akvakulturi �N�R�G���X�]�J�R�M�D���Y�R�G�H�Q�L�K���R�U�J�D�Q�L�]�D�P�D���S�R�S�X�W���U�L�E�D���L���P�H�N�X�ã�D�F�D (Cabello i 

sur., 2016.). Pritom treba naglasiti da bakterije otporne na antibiotike uglavnom slijede iste 

pute�Y�H���X�Q�R�V�D���X���R�N�R�O�L�ã���N�D�R���L���D�Q�W�L�E�L�R�W�L�F�L�� 

 

Slika 10. Glavni putevi uno�ã�H�Q�M�D antibiotika i bakterija otpornih na antibiotike �X���R�N�R�O�L�ã����

�3�U�H�X�]�H�W�R���L���S�U�L�O�D�J�R�ÿ�H�Q�R���L�]��Andersson i Hughes (2014.).  
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 U�U�H�ÿ�D�M�L�� �]�D�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D��prepoznati su kao jedni od glavnih izvora 

�R�Q�H�þ�L�ã�ü�H�Q�M�D���Y�R�G�H�Q�R�J���R�N�R�O�L�ã�D��antibioticima i bakterijama otpornim na antibiotike (Manaia i sur., 

2018.; Michael i sur., 2013.; Rizzo i sur., 2013.). �%�X�G�X�ü�L���G�D���V�H���G�L�R��antibiotika nakon terapijske 

primjene (od 30 do 90 %) �L�]�O�X�þ�X�M�H��iz ljudskog organizma u nepromijenjenom obliku, ti spojevi 

putem komunalnih otpadnih voda dospijevaju do �X�U�H�ÿ�D�Ma �]�D�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D��u 

kojima se slabo ili nepotpuno uklanjaju ���&�D�U�Y�D�O�K�R�� �L�� �6�D�Q�W�R�V���� �������������� �2�¶�)�O�D�K�H�U�W�\�� �L�� �&�X�P�P�L�Q�V����

2017.). �%�D�N�W�H�U�L�M�H���R�W�S�R�U�Q�H���Q�D���D�Q�W�L�E�L�R�W�L�N�H���V�H���W�D�N�R�ÿ�H�U���L�]�O�X�þ�X�M�X iz ljudskog organizma fekalijama 

te tako dospijevaju u komunalne otpadne vode i putem njih u �X�U�H�ÿ�D�Me za obradu otpadnih voda 

(Cai i sur., 2014.). �=�E�R�J���Q�H�S�R�W�S�X�Q�R�J���X�N�O�D�Q�M�D�Q�M�D���X���X�U�H�ÿ�D�M�L�P�D���]�D���S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H�����R�E�U�D�ÿ�H�Q�H���R�W�S�D�G�Q�H��

vode �N�R�M�H�� �V�H�� �L�V�S�X�ã�W�D�M�X�� �X�� �S�U�L�U�R�G�Q�H��vode ���Q�D�M�þ�H�ã�ü�H�� �U�L�M�H�N�H�����þ�H�V�W�R���V�D�G�U�å�D�Y�D�M�X�� �D�Q�W�L�E�L�R�W�L�Ne u 

koncentraciji �W�L�S�L�þ�Q�R���G�R�����������J L-1 te otporne bakterije u koncentraciji od 105 do 107 u 100 mL 

otpadne vode (Manaia i sur., 2016.; Michael i sur., 2013.; Zhou i sur., 2019.). �â�W�R�� �V�H�� �W�L�þ�H��

antibiotika, pokazalo se da su te koncentracije �X�� �R�E�U�D�ÿ�H�Q�L�P�� �N�R�P�X�Q�D�O�Q�L�P�� �R�W�S�D�G�Q�L�P�� �Y�R�G�D�P�D 

minijaturne u usporedbi s koncentracijama u otpadnim vodama iz pogona za proizvodnju 

antibiotika. Naime, koncentracije antibiotika u industrijskim otpadnim vodama u nekim 

azijskim zemljama poput Indije i Kine bile su �U�H�G�D���Y�H�O�L�þ�L�Q�H���Q�H�N�R�O�L�N�R���G�H�V�H�W�D�N�D���P�J���/-1, �ã�W�R���M�H��oko 

1.�������� �S�X�W�D�� �Y�L�ã�H nego u komunalnim otpadnim vodama pa se farmaceutski pogoni smatraju 

�]�Q�D�þ�D�M�Q�L�P���W�R�þ�N�D�V�W�L�P���L�]�Y�R�U�L�P�D���R�Q�H�þ�L�ã�ü�H�Q�M�D���R�N�R�O�L�ã�D���D�Q�W�L�E�L�R�W�L�F�L�P�D (Larsson, 2014�D�������â�L�P�D�W�R�Y�L�ü���L��

�8�G�L�N�R�Y�L�ü-�.�R�O�L�ü����2019.). Ispusti otpadnih voda iz takvih pogona su stoga rezultirali 

�R�Q�H�þ�L�ã�ü�H�Q�M�H�P���S�R�Y�U�ã�L�Q�V�N�L�K���Y�R�G�D���L���Q�M�L�K�R�Y�L�K���V�H�G�L�P�H�Q�D�W�D, a zatim i podzemnih voda te �Y�R�G�D���]�D���S�L�ü�H��

antibioticima (Fick i sur., 2009.; Kristiansson i sur., 2011.; Li i sur., 2009., 2010.; Rutgersson i 

sur., 2014.)���� �3�R�V�O�M�H�G�L�þ�Q�R����pokazalo se da je takvo �R�Q�H�þ�L�ã�ü�H�Q�M�H�� �S�U�L�G�R�Q�L�M�H�O�R razvoju i �ã�L�U�H�Q�M�X��

bakterija otpornih �Q�D�� �D�Q�W�L�E�L�R�W�L�N�H���� �X�N�O�M�X�þ�X�M�X�ü�L��i nastanak patogena �R�W�S�R�U�Q�L�K�� �Q�D�� �Y�L�ã�H�� �V�N�X�S�L�Q�D��

antibiotika (Li i sur., 2009., 2010.; �/�•�E�E�H�U�W���L���V�Xr., 2017.; Marathe i sur., 2013.; Sidrach-Cardona 

i sur., 2014.). Pritom se �W�D�N�R�ÿ�H�U���S�R�N�D�]�D�O�R���G�D���V�X���V�H�G�L�P�H�Q�W�L���Y�D�å�Q�L��spremnici ne samo antibiotika 

nego i otpornih bakterija te njihovih gena���� �M�H�U�� �]�D�G�U�å�D�Y�D�M�X��hranjive tvari koje pogoduju rastu 

bakterija te �ãtite bakterijske stanice/gene �R�G�� �V�Y�M�H�W�O�D�� �L�� �S�U�H�G�D�W�R�U�V�N�L�K�� �S�U�D�å�L�Y�R�W�L�Q�M�D��(Sidrach-

Cardona i sur., 2014.; Singh i sur., 2019.; Rutgersson i sur., 2014.). 

 2.3. Otpadne vode farmaceutskih industrija 

Otpadne vode iz farmaceutskih industrija �Q�D�V�W�D�M�X���N�D�R���Q�X�V�S�U�R�G�X�N�W���W�H�K�Q�R�O�R�ã�N�L�K���S�U�R�F�H�V�D 

kemijske sinteze antibiotika ili formulacije lijekova s antibioticima kao aktivnim tvarima, a 

�P�R�J�X�� �Q�D�V�W�D�W�L�� �L�� �S�U�D�Q�M�H�P�� �P�H�ÿ�X�S�U�R�G�X�N�D�W�D�� �L�� �N�R�Q�D�þ�Q�R�J�� �S�U�R�G�X�N�W�D���W�H�� �N�D�R�� �U�H�]�X�O�W�D�W���S�U�D�Q�M�D�� �R�S�U�H�P�H�� �L��

�S�R�Y�U�ã�L�Q�D���W�L�M�H�N�R�P���R�G�U�H�ÿ�H�Q�L�K���S�U�R�F�H�V�D���S�U�R�L�]�Y�R�G�Q�M�H���D�Q�W�L�E�L�R�W�L�N�D�� Njihov sastav �M�H���þ�H�V�W�R��promjenjiv 
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i vrlo kompleksan, a ovisi o polaznoj sirovini, tehnolo�ã�N�L�P���S�R�V�W�X�S�F�L�P�D���L���S�U�R�F�H�V�L�P�D���W�H���R�W�S�D�G�Q�L�P��

produktima (Gadipelly i sur., 2014.; Rana i sur., 2017.). U �S�U�D�Y�L�O�X�� �W�H�� �R�W�S�D�G�Q�H�� �Y�R�G�H�� �V�D�G�U�å�H��

�V�P�M�H�V�X�� �U�D�]�O�L�þ�L�W�L�K�� �W�R�N�V�L�þ�Q�L�K�� �W�Y�D�U�L�� �N�D�R�� �ã�W�R�� �V�X�� �Q�H�L�]�U�H�D�J�L�U�D�Q�L�� �U�H�D�N�W�D�Q�W�L���� �P�H�ÿ�X�S�U�R�G�X�N�W�L���� �R�V�W�D�F�L��

produkata tj. aktivnih tvari antib�L�R�W�L�N�D���� �N�D�W�D�O�L�]�D�W�R�U�L�� �W�H�� �D�G�L�W�L�Y�L�� �X�� �R�U�J�D�Q�V�N�R�P�� �R�W�D�S�D�O�X���� �7�D�N�R�ÿ�H�U��

�P�R�J�X���V�D�G�U�å�D�Y�D�W�L���N�L�V�H�O�L�Q�H�����E�D�]�H�����K�D�O�L�G�H�����Q�L�W�U�D�W�H�����V�X�O�I�D�W�H�����F�L�M�D�Q�L�G�H���W�H���U�D�]�O�L�þ�L�W�H���P�H�W�D�O�H��(Cardoso i 

�V�X�U������ �������������� �â�L�P�D�W�R�Y�L�ü�� �L�� �8�G�L�N�R�Y�L�ü-�.�R�O�L�ü���� ������������. Te otpadne vode karakteriziraju i �S�R�Y�L�ã�H�Q�H��

vrijednosti �U�D�]�O�L�þ�L�W�L�K���S�R�N�D�]�D�W�H�O�M�D�� �N�D�N�Y�R�ü�H�� �R�W�S�D�G�Q�H�� �Y�R�G�H, �X�N�O�M�X�þ�X�M�X�ü�L��pokazatelje kemijske 

(KPK) i biokemijske �S�R�W�U�R�ã�Q�Me kisika (BPK5), ukupnog organskog ugljika (TOC) te ukupnih 

suspendiranih tvari (TSS) s pH od 3 do 11 (Gadipelly i sur., 2014.). �6�W�R�J�D�� �M�H�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H��

�W�D�N�Y�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �Y�U�O�R�� �V�S�H�F�L�I�L�þ�Q�R�� �L�� �V�O�R�å�H�Q�R�� �W�H�� �U�H�G�R�Y�L�W�R�� �]�D�K�W�L�M�H�Y�D�� �N�R�P�E�L�Q�D�F�L�M�X�� �U�D�]�O�L�þ�L�W�L�K��

naprednih postupaka obrade kako bi se zadovoljili zakonom propisani uvjeti �L�� �J�U�D�Q�L�þ�Q�H��

vrijednosti emisija prije ispusta �X���R�N�R�O�L�ã�� U ekonomski bolje razvijenim zemljama provodi se 

predobrada industrijskih otpadnih voda u krugu farmaceutske industrije te se potom tako 

�R�E�U�D�ÿ�H�Q�H�� �R�W�S�D�G�Q�H�� �Y�R�G�H���L�V�S�X�ã�W�D�M�X�� �X�� �Vu�V�W�D�Y�� �M�D�Y�Q�H�� �R�G�Y�R�G�Q�M�H�� �J�G�M�H�� �V�H�� �G�R�G�D�W�Q�R�� �S�U�R�þ�L�ã�ü�D�Y�D�M�X�� �Q�D��

gradskim �X�U�H�ÿ�D�Mima za �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H�� �N�R�P�X�Q�D�O�Q�L�K otpadnih voda (Graham i sur., 2013.). 

Suprotno tome, u slabije razvijenim zemljama, posebice u Indiji i Kini, situacija je puno �O�R�ã�L�M�D, 

jer se velik dio industrijskih otpadnih voda �þ�H�V�W�R��izravno �L�V�S�X�ã�W�D���X��prirodne vode bez ikakve 

prethodne obrade ili  nakon �V�D�P�R���G�M�H�O�R�P�L�þ�Qe obrade (Larsson, 2014a.), �ã�W�R���S�U�H�G�V�W�D�Y�O�M�D���]�Q�D�þ�D�M�D�Q��

rizik za zdravlje �R�N�R�O�L�ã�D��i ljudi. Iako u Hrvatskoj nisu dostupni javni podaci o postupcima 

obrade otpadnih voda lokalnih farmaceutskih industrija, poznato je da se dio otpadnih voda iz 

proizvodnje azitromicina nakon predobrade u membranskom bioreaktoru �R�E�U�D�ÿ�X�Me u �X�U�H�ÿ�D�M�X���]�D��

�S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H�� �N�R�P�X�Q�D�O�Q�L�K�� �R�W�S�D�G�Q�L�K �Y�R�G�D�� �J�U�D�G�D�� �=�D�S�U�H�ã�L�ü�D���� �G�R�N�� �V�H�� �G�L�R�� �L�V�S�X�ã�W�D�� �X�� �U�L�M�H�N�X�� �6�D�Y�X��

(�7�H�K�Q�L�þ�N�R-�W�H�K�Q�R�O�R�ã�N�R�� �U�M�H�ã�H�Q�M�H��25-12-387/44). �7�D�N�R�ÿ�H�U�� �M�H�� �S�R�]�Q�D�W�R da se otpadne vode iz 

farmaceutske industrije koja se bavi formulacijom veterinarskih lijekova ispu�ã�W�D�M�X �X�� �R�E�O�L�å�Q�M�L��

plitki potok (oko 0,3-0,5m) �Q�D�N�R�Q���V�D�P�R���P�H�K�D�Q�L�þ�N�H���S�U�H�G�R�E�U�D�G�H ���9�����7�R�P�L�ü�����R�V�R�E�Q�R���S�U�L�R�S�ü�H�Q�M�H��. 

�3�R�N�D�]�D�W�H�O�M�L�� �N�D�N�Y�R�ü�H��navedenih �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �W�H�� �Q�M�L�K�R�Y�H�� �J�U�D�Q�L�þ�Q�H�� �Y�U�L�M�H�G�Q�R�V�W�L���X�U�H�ÿ�H�Qi su 

Pravilnikom �R�� �J�U�D�Q�L�þ�Q�L�P�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D�� �H�P�L�V�L�M�D�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D��NN 80/2013 (43/14, 27/15, 

3/16), ali antibiotici nisu obuhva�üeni tim propisima.  

 2.3.1. Uno�ã�H�Q�M�H antibiotika u vodeni �R�N�R�O�L�ã���S�X�W�H�P��industrijskih otpadnih voda  

 �8�� �G�D�Q�D�ã�Q�M�H��se vrijeme v�H�ü�L�Q�D�� �V�Y�M�H�W�V�N�L�K�� �D�Q�W�L�E�L�R�W�L�N�D proizvodi u azijskim zemljama, 

posebice u Indiji i Kini , vjerojatno �]�E�R�J�� �M�H�I�W�L�Q�L�M�H�� �U�D�G�Q�H�� �V�Q�D�J�H�� �L�� �O�D�E�D�Y�L�M�L�K�� �]�D�N�R�Q�D�� �]�D�� �]�D�ã�W�L�W�X��

�R�N�R�O�L�ã�D�����â�L�P�D�W�R�Y�L�ü�� �L�� �8�G�L�N�R�Y�L�ü-�.�R�O�L�ü���� ������������. �,�V�W�U�D�åu�M�X�ü�L�� �N�H�P�L�M�V�N�L�� �V�D�V�W�D�Y�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �L�]�� 

90-tak farmaceutskih industrija u industrijskoj zoni Patancheru u Indiji, �ã�Y�H�G�V�N�L���]�Q�D�Q�V�W�Y�H�Q�Lci 
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su po prvi put �S�U�R�Q�D�ã�O�L��visoke koncentracije �U�D�]�O�L�þ�L�Wih farmaceutskih spojeva �X�N�O�M�X�þ�X�M�X�ü�L��

antibiotike, �S�U�L���þ�H�P�X��je koncentracija fluorokinolonskog antibiotika ciprofloksacina dosezala 

�þ�D�N 31 mg L-1 (Larsson i sur., 2007.). Procijenjeno je da se na t�D�M���Q�D�þ�L�Q���X���R�N�R�O�L�ã dnevno ispusti 

oko 44 kg ciprofloksacina, �ã�W�R��bi bilo �G�R�Y�R�O�M�Q�R���]�D���O�L�M�H�þ�H�Q�M�H���þ�D�N��45.000 ljudi (Larsson, 2014a.). 

�6�O�L�þ�Q�D���M�H���V�L�W�X�D�F�L�M�D���]�D�S�D�å�H�Q�D��i u Kini. Tako je u �R�E�U�D�ÿ�H�Q�R�M��otpadnoj vodi farmaceutske industrije 

koja proizvodi oksitetraciklin izmjerena koncentracija oksitetraciklina od 19,5 mg L-1 (Li i sur., 

2008a.), dok je u otpadnoj vodi industrije koja proizvodi penicilin G �Q�D�ÿ�H�Q�D��penilo kiselina, 

razgradni produkt penicilina, u koncentraciji od 44 mg L-1
 (Li i sur., 2008b.).  �0�H�ÿ�X�W�L�P�� 

koncentracija penicilina u toj otpadnoj vodi bila je relativno niska (1,68 ��g L-1) �ã�W�R���L���Q�H���þ�Xdi s 

obzirom na izrazitu �Q�H�V�W�D�E�L�O�Q�R�V�W�� ��-laktamskog prstena koji je sklon razgradnji. Novijim 

�L�V�W�U�D�å�L�Y�D�Q�M�H�P�� �S�U�R�Y�H�G�H�Q�L�P�� �Q�D���R�E�U�D�ÿ�H�Q�L�P�� �R�W�S�D�G�Q�L�P�� �Y�R�G�D�P�D�� �L�]���ã�H�V�W�� �X�U�H�ÿ�D�M�D�� �]�D�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H��

otpadnih voda farmaceutskih industrija izmjerene su koncentracije pojedi�Q�D�þ�Q�L�K antibiotika iz 

skupina makrolida, cefalosporina i linkozamida do 1 mg L-1 (Guo i sur., 2018a.). Osim Indije i 

Kine�����Y�L�V�R�N�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���D�Q�W�L�E�L�R�W�L�N�D���Q�D�ÿ�H�Q�H���V�X���X���L�Q�G�X�V�W�U�L�M�V�N�L�P���R�W�S�D�G�Q�L�P���Y�R�G�D�P�D���L���X���G�U�X�J�L�P��

�D�]�L�M�V�N�L�P���G�U�å�D�Y�D�P�D�����7�D�N�R���V�X��Sim i sur. (2011.) u otpadnim vodama farmaceutskih industrija u 

Koreji i Pakistanu detektirali linkomicin u koncentraciji do 44 mg L-1 te neke antibiotike iz 

skupina fluorokinolona, kinolona i tetraciklina u koncentracijama do 9,5 mg L-1 (Hussain i sur., 

2016.). Nasuprot tome, Ashfaq i sur. (2017.) su u industrijskim otpadnim vodama u Pakistanu 

izmjerili puno �Q�L�å�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H��nekih fluorokinolona, �G�R�� ������ ���J L-1. Suprotno azijskim 

zemljama, za Europu ima vrlo malo podataka o koncentraciji antibiotika u otpadnim vodama 

farmaceutske industrije �L�� �R�N�R�O�L�ã�X�� �N�R�M�L�� �M�H�� �S�R�G�� �X�W�M�H�F�D�M�H�P��tih otpadnih voda. Prema dostupnoj 

literaturi samo su u jednoj studiji u otpadnoj vodi hrvatske farmaceutske industrije prona�ÿ�H�Q�H��

visoke koncentracije nekih veterinarskih antibiotika�����S�U�L���þ�H�P�X���M�H���N�R�Q�F�H�Q�W�U�D�F�L�M�D��sulfametazina 

�E�L�O�D���Y�L�ã�D���R�G�����������—g L-1 (�%�D�E�L�ü���L���V�X�U������2007.). 

 �â�W�R�� �V�H�� �W�L�þ�H���N�R�Q�F�H�Q�W�U�D�F�L�M�D�� �D�Q�W�L�E�L�R�W�L�N�D�� �X�� �R�N�R�O�L�ã�X�� �N�R�M�L�� �M�H�� �S�R�G�� �X�W�M�H�F�D�M�H�P�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D��

farmaceutske industrije, one su �W�D�N�R�ÿ�H�U���þ�H�V�W�R�� �E�L�O�H��razmjerno visoke. Tako su u uzorcima 

pojedinih rijeka u Indiji detektirane visoke koncentracije nekih antibiotika, �Q�D�U�R�þ�L�W�R��

fluorokinolona, �S�U�L���þ�H�P�X���M�H���N�R�Q�F�H�Q�W�U�D�F�L�M�D���F�L�S�U�R�I�O�R�N�V�D�F�L�Q�D �E�L�O�D���Y�L�ã�D���R�G�������P�J���/-1�����D���X���U�L�M�H�þ�Q�R�P��

sedimentu �þ�D�N���Y�L�ã�D���R�G���������P�J���N�J-1 (Fick i sur., 2009.; Kristiansson i sur., 2011.). Povrh toga, u 

nekim su �X�]�R�U�F�L�P�D�� �S�R�G�]�H�P�Q�L�K�� �Y�R�G�D�� �L�� �Y�R�G�D�� �]�D�� �S�L�ü�H�� �S�U�R�Q�D�ÿ�H�Q�L��fluorokinoloni �X�� �S�R�Y�L�ã�H�Q�L�P��

koncentracijama (ukupno od ���������� ���J�� �/-1 do ���������J�� �/-1) (Fick i sur., 2009.; Rutgersson i sur., 

2014.). Nadalje, �X�� �U�L�M�H�þ�Q�R�M�� �Y�R�G�L�� �E�O�L�]�X�� �L�V�Susta industrijskih otpadnih voda iz proizvodnje 

oksitetraciklina u Kini detektiran je oksitetraciklin u koncentraciji od 641 ��g L-1 na mjestu 
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ispusta te 377 ��g L-1 oko 20 km nizvodno od ispusta (Li i sur., 2010.). U Pakistanu je 

sulfameto�N�V�D�]�R�O���G�H�W�H�N�W�L�U�D�Q���X���U�L�M�H�þ�Q�R�M���Y�R�G�L��u �Q�D�M�Y�L�ã�R�M���N�R�Q�F�H�Q�W�U�D�F�L�M�L���R�G�����������J���/-1 (Khan i sur., 

2013.), dok je u Vijetnamu pak njegova koncentracija u rijeci/kanalu dosezala �����������J L-1 (Thai 

i sur., 2018.). Neki su autori ukazali i na problem nepropisnog odlaganja farmaceutskog otpada, 

�E�X�G�X�ü�L�� �G�D�� �V�X�� �X�� �S�R�G�]�H�P�Q�L�P�� �Y�R�G�D�P�D�� �X�� �Q�H�S�R�V�U�H�G�Q�R�M�� �E�O�L�]�L�Q�L�� �Q�H�N�D�G�D�ã�Q�M�H�J�� �R�G�O�D�J�D�O�L�ã�W�D��

�I�D�U�P�D�F�H�X�W�V�N�R�J���R�W�S�D�G�D���X���'�D�Q�V�N�R�M���S�U�R�Q�D�ÿ�H�Q�H���Y�U�O�R���Y�L�V�R�N�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���V�X�O�I�D�J�Y�D�Q�L�G�L�Q�D�����þ�D�N���G�R��

1,6 mg L-1) i sulfanilne kiseline, razgradnog produkta sulfonamida (do 6,5 mg L-1) (Holm i sur., 

1995.). 

S obzirom na to da dozvoljena koncentracija antibiotika u otpadnim vodama i u �R�N�R�O�L�ã�X��

nije propisana zakonom, Bengtsson-Palme i Larsson (2016.) �S�U�H�G�O�R�å�L�O�L���V�X��tzv. PNEC vrijednosti 

(engl. Predicted No Effect Concentractions) za 111 �S�R�M�H�G�L�Q�D�þ�Q�L�K��antibiotika koje predstavljaju 

�J�U�D�Q�L�þ�Q�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �L�]�Q�D�G�� �N�R�M�L�K�� �V�H�� �R�þ�H�N�X�M�H�� �V�H�O�H�N�F�L�M�D���D�Q�W�L�E�L�R�W�L�þ�N�H��otpornosti. �8�]�L�P�D�M�X�üi u 

obzir �S�U�H�G�O�R�å�H�Q�H�� �3�1�(�&�� �Y�U�L�M�H�G�Q�R�V�W�L��i gore spomenute koncentracije antibiotika izmjerene u 

industrijskim otpadnima vodama �L���U�H�F�L�S�L�M�H�Q�W�Q�R�P���Y�R�G�H�Q�R�P���R�N�R�O�L�ã�X�����R�S�ü�H�Q�L�W�R���V�H���P�R�å�H���U�H�ü�L���G�D���V�X��

te koncentracije bile �X�J�O�D�Y�Q�R�P���Y�L�ã�H���R�G���R�G�J�R�Y�D�U�D�M�X�ü�L�K���3�1�(�&���Y�U�L�M�H�G�Q�R�V�W�L���L���V�W�R�J�D���V�H�O�H�N�W�L�Y�Q�H���]�D��

�U�D�]�Y�R�M�� �R�W�S�R�U�Q�R�V�W�L�� �P�H�ÿ�X�� �R�N�R�O�L�ã�Q�L�P�� �E�D�N�W�H�U�L�M�D�P�D����Slijedom toga, otpadne vode farmaceutskih 

industrija mogu predstavljati prijetnju za zdravlje ljudi �L�� �R�N�R�O�L�ã�D��te im je potrebno posvetiti 

posebnu pozornost. 

 2.3.2. Utjecaj industrijskih otpadnih voda na rezistom i bakterijske zajednice 

recipijentnog �R�N�R�O�L�ãa 

Osim antibiotika, pokazalo se da otpadne vode farmaceutske industrije mogu biti izvor 

bakterija otpornih na antibiotike i njihovih gena za otpornost�����M�H�U���V�H���þ�H�V�W�R���P�L�M�H�ã�D�M�X���V�D��sanitarnim 

otpadnim vodama ���â�L�P�D�W�R�Y�L�ü���L���8�G�L�N�R�Y�L�ü-�.�R�O�L�ü��������������; Larsson, 2014a.). Tako je pokazano da 

otpadne vode iz proizvodnje ��-lakta�P�D�����N�L�Q�R�O�R�Q�D���L���W�H�W�U�D�F�L�N�O�L�Q�D���V�D�G�U�å�H���R�G������4 do 106 otpornih 

bakterija u 100 mL otpadne vode (Li i sur., 2009., 2010.; Tahrani i sur., 2018.). Osim toga, geni 

�]�D�� �R�W�S�R�U�Q�R�V�W�� �Q�D�� �D�Q�W�L�E�L�R�W�L�N�H�� �Q�D�ÿ�H�Q�L�� �V�X��u industrijskim otpadnim vodama u maksimalnoj 

koncentraciji od 109 kopija gena u 100 mL otpadne vode (Guo i sur., 2018a.; Wang i sur., 

2015a.; Zhai i sur., 2016.). Temeljem tih podataka procjenjeno je da se putem industrijskih 

ispusta �V�Y�D�N�R�G�Q�H�Y�Q�R���X���R�N�R�O�L�ã��unese od 1012 do 1014 kopija gena otpornosti na antibiotike (Guo 

i sur., 2018a.). Premda su te koncentracije manje od koncentracija gena otpornosti koje se unesu 

putem komunalnih otpadnih voda (od 1014 do 1018 kopija gena po danu) (Manaia i sur., 2016.), 
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navedene spoznaje ipak �X�S�X�ü�X�M�X���G�D���Ve industrijskim otpadnim vodama ti geni, kao i otporne 

bakterije unose u recipijentni �R�N�R�O�L�ã.  

 �,�V�W�U�D�å�L�Y�D�Q�M�D u�þ�L�Q�D�N�D otpadnih voda farmaceutskih industrija na recipijentni vodeni 

�R�N�R�O�L�ã pokazala su �]�Q�D�þ�D�M�D�Q���X�W�M�H�F�D�M���Q�D���U�H�]istom i bakterijske zajednice. �â�W�R���V�H���W�L�þ�H���U�H�]�L�V�W�R�P�D����

�]�D�S�D�å�H�Q�R�� �M�H�� �]�Q�D�þ�D�M�Q�R�� �S�R�Y�H�ü�D�Q�M�H���N�R�O�L�þ�L�Q�H��gena za otpornost �X�� �L�]�O�R�å�H�Q�L�P��bakterijskim 

zajednicama (nizvodno od ispusta industrijskih otpadnih voda) �X�� �R�G�Q�R�V�X�� �Q�D�� �Q�H�L�]�O�R�å�H�Q�H��

zajednice (uzvodno od ispusta). Tako su Kristiansson i sur. (2011.) �X���P�H�W�D�J�H�Q�R�P�L�P�D���L�]���U�L�M�H�þ�Q�L�K��

sedimenata �R�Q�H�þ�L�ã�ü�H�Q�L�K���I�O�X�R�U�R�N�L�Q�R�O�R�Q�L�P�D��detektirali �S�R�Y�H�ü�D�Q�X���]�D�V�W�X�S�O�M�H�Q�R�V�W��gena za otpornost 

na sulfonamide (sul2) i aminoglikozide (strA i strB), ali ne i na fluorokinolone (qnrD, qnrS, 

qnrVC) koji su bili zastupljeniji na uzvodnim lokacijama. To �M�H���R�E�M�D�ã�Q�M�H�Q�R���Q�H�V�S�R�V�R�E�Q�R�ã�ü�X��gena 

qnr �G�D�� �S�U�X�å�H�� �R�W�S�R�U�Q�R�V�W�� �Q�D�� �Y�L�V�R�N�H��razine fluorokinolona prisutne na nizvodnim lokacijama. 

�0�H�ÿ�X�W�L�P�����D�Q�D�O�L�]�L�U�D�M�X�ü�L��koncentracije �ã�L�U�H�J���V�S�H�N�W�U�D qnr gena (qnrA, qnrB, qnrC, qnrD, qnrS i 

qnrVC) primjenom preciznije metode, qPCR-a, Rutgersson i sur. (2014.) �S�U�R�Q�D�ã�O�L��su �]�Q�D�þ�D�M�Q�R��

v�L�ã�H �N�R�O�L�þ�L�Q�H gotovo svih navedenih gena u indijskim sedimentima s nizvodnih lokacija u 

odnosu na �U�L�M�H�þ�Q�L�� �V�H�G�L�P�H�Q�W �L�]�O�R�å�H�Q�� �N�R�P�X�Q�D�O�Q�Lm otpadnim vodama u �â�Y�H�G�V�Noj (kontrolni 

sediment)���� �ã�W�R��je ipak potvrdilo �]�Q�D�þ�D�M�D�Q��doprinos industrijskog otpada �R�Q�H�þ�L�ã�ü�H�Q�M�X�� �R�N�R�O�L�ã�D��

genima za  �D�Q�W�L�E�L�R�W�L�þ�Nu otpornost. Osim u Indiji, �]�Q�D�þ�D�M�Q�R���S�R�Y�L�ã�H�Q�M�H���N�R�O�L�þ�L�Q�H gena otpornosti 

�]�D�S�D�å�H�Q�R���M�H��u sedimentima pod utjecajem industrijskih otpadnih voda i u Pakistanu te u Europi 

(�â�S�D�Q�M�R�O�V�Na) (Khan i sur., 2013.; Sidrach-Cardona i sur., 2014.). Povrh gena za otpornost na 

antibiotike, u svim navedenim studijama te u studijama provedenim u Kini (Li i sur. 2009., 

2010.), �]�D�S�D�å�H�Q�D je �L���S�R�Y�H�ü�D�Qa zastupljenost pokretnih �J�H�Q�H�W�L�þ�Nih elemenata poput integrona 

skupine 1 ili  plazmida koji bi mogli mobilizirati detektirane gene otpornosti i pridonijeti 

�Q�M�L�K�R�Y�R�P���ã�L�U�H�Q�M�X���P�H�ÿ�X�� �R�N�R�O�L�ã�Q�L�P���E�D�N�W�H�U�L�M�D�P�D. To je i dokazano za �ã�L�U�H�Q�Me otpornosti putem 

plazmida �X�� �R�N�R�O�L�ã�X�� �R�Q�H�þ�L�ã�ü�H�Q�R�P�� �D�Q�W�L�E�L�R�W�L�F�L�P�D. Naime, Flach i sur. (2015.). dokazali su 

p�R�Y�H�ü�D�Q�L��horizontalni prijenos plazmida koji su nosili otpornost na fluorokinolone, sulfonamide 

ili  ��-laktame �P�H�ÿ�X�� �E�D�N�W�H�U�L�M�D�P�D�� �X sedimentima �L�]�O�R�å�H�Q�L�P industrijskim ispustima u Indiji u 

usporedbi s kontrolnim sedimentima �X���â�Y�H�G�V�N�Rj. �.�D�R���ã�Wo je spomenuto u Poglavlju 2.1.7.2., 

izolirani mobilni plazmidi pripadali su IncA/C i IncN skupinama inkompatibilnosti te su nosili 

gene za �R�W�S�R�U�Q�R�V�W�� �Q�D�� �Y�L�ã�H�� �V�N�X�S�L�Q�D�� �D�Q�W�L�E�L�R�W�L�N�D u sklopu integrona skupine 1, insercijskih 

sekvenci ili transpozona. �6�O�L�þno tome, fenotipska otpornost �Q�D���Y�L�ã�H skupina antibiotika bila je 

prisutna �L�� �N�R�G�� �Y�H�ü�L�Q�H bakterijskih izolata porijeklom iz industrijskih otpadnih voda i/ili  

recipijentnog vodenog �R�N�R�O�L�ã�D u Kini i Indiji  (Li i sur. 2009., 2010.; Marathe i sur., 2013.).  
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Osim �X�þ�L�Q�D�N�D��na �R�N�R�O�L�ã�Q�L��rezistom, pokazalo se da industrijski ispusti izazivaju 

nepovoljne �X�þ�L�Q�N�H na �R�N�R�O�L�ã�Qe bakterijske zajednice. Tako su Li i sur. (2009.) �X�R�þ�L�O�L��razlike u 

taksonomskom sastavu kultivabilnih bakterijskih zajednica porijeklom iz r�L�M�H�þ�Q�H���Y�R�G�H���Q�L�]�Y�R�G�Q�R��

i uzvodno od ispusta iz proizvodnje penicilina G u Kini. S druge strane, Kristiansson i sur. 

(2011.) su metagenomskom analizom �L�Q�G�L�M�V�N�L�K�� �U�L�M�H�þ�Q�L�K�� �V�H�G�L�P�H�Q�D�W�D�� �Q�L�]�Y�R�G�Q�R�� �L�� �X�]�Y�R�G�Q�R�� �R�G��

industrijskih ispusta zapazili razlike u sastavu tih bakterijskih zajednica na taksonomskoj razini 

roda. �0�H�ÿ�X�W�L�P�����L�]�Q�H�Q�D�ÿ�X�M�X�ü�H�� �M�H�� �G�D �Q�L�V�X�� �X�R�þ�H�Q�H���]�Q�D�þ�D�M�Q�H�� �U�D�]�O�L�N�H�� �X�� �E�U�R�Mu bakterijskih vrsta 

�L�]�P�H�ÿ�X�� �Q�L�]�Y�R�G�Q�L�K�� �L�� �X�]�Y�R�G�Q�L�K�� �V�H�G�L�P�H�Q�D�W�D���� �ã�W�R�� �X�N�D�]�X�M�H�� �Q�D�� �U�R�E�X�V�Q�R�V�W�� �S�U�L�U�R�G�Q�L�K�� �]�D�M�H�G�Q�L�F�D����

�R�G�Q�R�V�Q�R�� �Q�M�L�K�R�Y�X�� �V�S�R�V�R�E�Q�R�V�W�� �G�D�� �R�G�U�å�H�� �E�U�R�M�Q�R�V�W�� �Y�U�V�W�D�� �þ�D�N�� �L�� �X�V�Oi�M�H�G�� �L�]�O�R�å�H�Q�R�V�W�L�� �Y�L�V�R�N�L�P��

koncentracijama antibiotika. S druge strane, �X�W�Y�U�ÿ�H�Q�H�� �V�X���S�X�Q�R�� �L�]�U�D�å�H�Q�L�M�H��razlike u 

funkcionalnom sastavu zajednica �L�]�P�H�ÿ�X�� �X�]�Y�R�G�Q�L�K�� �L�� �Q�L�]�Y�R�G�Q�L�K�� �V�H�G�L�P�H�Q�D�W�D. Pritom je 

zastupljenost gena odgovornih za otpornost na antibiotike, transport i metabolizam koenzima 

te replikaciju DNA bila �S�R�Y�L�ã�H�Qa nizvodno, dok je zastupljenost gena za funkcije poput 

transporta i metabolizma aminokiselina, proizvodnje i pretvorbe energije te biosinteze 

sekundarnih metabolita �Q�D�ÿ�H�Qa �]�Q�D�þ�D�M�Q�R���V�P�D�Q�M�H�Qa na nizvodnim u odnosu na uzvodne lokacije 

(Kristiansson i sur., 2011.). �=�D�N�O�M�X�þ�H�Q�R���M�H���G�D���E�L���V�H���]�D�S�D�å�H�Q�H���U�D�]�O�L�N�H���X���I�X�Q�N�F�L�R�Q�D�O�Q�R�M���U�D�]�Q�R�O�L�N�R�V�W�L��

zajednica mogle odraziti na usluge �N�R�M�H�� �R�N�R�O�L�ã�Q�L�� �P�L�N�U�R�R�U�J�D�Q�L�]�P�L�� �S�U�X�å�D�M�X�� �H�N�R�V�X�V�W�D�Y�X. Povrh 

utjecaja na brojnost i raznolikost bakterijskih zajednica, neke stu�G�L�M�H�� �X�S�X�ü�X�M�X�� �Q�D�� �S�R�Y�H�]�D�Q�R�V�W��

�L�]�O�R�å�H�Q�R�V�W�L���Y�L�V�R�N�L�P���N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D���D�Q�W�L�E�L�Rtika i nastanka �S�D�W�R�J�H�Q�D���R�W�S�R�U�Q�L�K���Q�D���Y�L�ã�H���V�N�X�S�L�Q�D��

antibiotika (�/�•�E�E�H�U�W���L���V�X�U��, 2017., Marathe i sur., 2013., 2017.; Li i sur., 2009., 2010.).  

 2.4. Metode �]�D���S�U�D�ü�H�Q�M�H��otpornosti na antibiotike �X���R�N�R�O�L�ã�X 

Spoznaje o u�þ�L�Q�F�L�P�D antibiotika u �R�N�R�O�L�ãu �X�� �S�R�J�O�H�G�X�� �U�D�]�Y�R�M�D�� �L�� �ã�L�U�H�Q�M�D���D�Q�W�L�E�L�R�W�L�þ�N�H��

otpornosti bile su relativno oskudne sve do posljednjih desetak godina���� �]�D�� �ã�W�R�� �M�H�� �G�L�M�H�O�R�P��

odgovorno i �R�J�U�D�Q�L�þ�H�Q�M�H��primjenjenih metoda (Chee-Sanford i sur., 2001.; Koike i sur., 2007.; 

Li i sur., 2009., 2010.������ �8�� �Y�H�ü�L�Q�L�� �L�V�W�U�D�å�L�Y�D�Q�M�D�� �X�S�R�W�U�L�M�H�E�O�M�H�Q�D�� �V�X�� �G�Y�D�� �J�O�D�Y�Q�D�� �S�U�L�V�W�X�S�D�����.�O�D�V�L�þ�Q�L��

�P�L�N�U�R�E�L�R�O�R�ã�N�L�� �S�U�L�V�W�X�S temelji se na uzgoju bakterija otpornih na antibiotike na selektivnim 

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

2013.�������0�H�ÿ�X�W�L�P�����G�R�E�U�R���M�H���S�R�]�Q�D�W�R���G�D���Y�H�ü�L�Q�X���R�N�R�O�L�ã�Q�L�K���P�L�N�U�R�R�U�J�D�Q�L�]�D�P�D�����!���������������Q�L�M�H���P�R�J�X�ü�H��

uzgojiti u laboratoriju (Amann i sur., 1995.) pa ni analizirati primjenom metoda ovisnih o 

uzgoju. Drugi, moderniji pristup temeljen je na upotrebi molekularnih metoda kojima se 

zaobilaze �R�J�U�D�Q�L�þ�H�Q�M�D���Y�H�]�D�Q�D���X�]���X�]�J�R�M���N�R�U�L�V�W�H�ü�L���X�P�Q�R�å�D�Yanje ciljanih gena otpornosti PCR-om 

iz ukupne DNA izolirane direktno �L�]���R�N�R�O�L�ã�Q�R�J���X�]�R�U�N�D��(metagenomska DNA) (Graham i sur., 

2011.; Khan i sur., 2013.; Marti i sur., 2014.; Stoll i sur., 2012.). Primjenom tog pristupa i 
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�G�R�U�D�ÿ�H�Q�R�J���S�U�L�V�W�X�S�D, qPCR-a �N�R�M�L���R�P�R�J�X�ü�X�M�H���R�G�U�H�ÿ�L�Y�D�Q�M�H��ko�O�L�þ�L�Q�H ciljanih gena, detektirani su 

i �N�Y�D�Q�W�L�I�L�F�L�U�D�Q�L�� �E�U�R�M�Q�L�� �J�H�Q�L�� �R�W�S�R�U�Q�R�V�W�L�� �Q�D�� �D�Q�W�L�E�L�R�W�L�N�H�� �X�� �U�D�]�O�L�þ�L�W�L�P�� �R�N�R�O�L�ã�Q�L�P��uzorcima i na taj 

�Q�D�þ�L�Q��dobivene vrijedne spoznaje o �X�þ�L�Qcima antibiotika, ali i drugih selektivnih tvari poput 

metala �Q�D�� �R�N�R�O�L�ã�Q�L�� �U�H�]�L�V�W�R�P��(Cacace i sur., 2019.; Khan i sur., 2013.; Guo i sur., 2018b.; 

Rutgersson i sur., 2015.; Sidrach-Cardona i sur., 2014.; Zhu i sur., 2018.). �0�H�ÿ�X�W�L�P�����R�J�U�D�Q�L�þ�H�Q�M�H��

�N�O�D�V�L�þ�Q�R�J��PCR i qPCR �S�U�L�V�W�X�S�D���O�H�å�L���X���R�G�D�E�L�U�X���S�R�þ�H�W�Q�L�F�D���N�R�M�H���V�H���S�U�L�P�M�H�Q�M�X�M�X���]�D���X�P�Q�R�å�D�Yanje 

ciljanih sekvenci���� �%�X�G�X�ü�L�� �G�D�� �V�H�� �W�H�� �S�R�þ�H�W�Q�L�F�H�� �G�L�]�D�M�Q�L�U�D�M�X�� �Q�D�� �W�H�P�H�O�M�X�� �S�R�]�Q�D�W�L�K�� �V�H�N�Y�H�Q�F�L����

primjenom PCR-a i qPCR-a mogu se detektirati i kvantificirati samo otprije poznati geni 

odgovorni za otpornost na antibiotike. �8�Y�R�ÿ�H�Q�M�H���Q�R�Y�L�K���P�H�W�D�J�H�Q�R�P�V�N�L�K���S�U�L�V�W�X�S�D���N�R�M�L���V�H���W�H�P�H�O�M�H��

�Q�D���S�U�H�W�U�D�å�L�Y�D�Q�M�X���V�H�N�Y�H�Q�F�L���L/ili  funkcije otpornosti osiguralo je novi skup �D�O�D�W�D���]�D���S�U�R�X�þ�D�Y�D�Q�M�H��

�R�N�R�O�L�ã�Q�L�K��spremnika otpornosti na antibiotike (Handelsman, 2004.).  

2.4.1. Metode sekvenciranja  

Sekvenciranje DNA �R�E�X�K�Y�D�ü�D���V�N�X�S���S�R�V�W�X�S�D�N�D���L���W�H�K�Q�R�O�R�J�L�M�D��kojima se �R�G�U�H�ÿuje slijed 

nukleotida u molekuli DNA, �D���P�R�å�H���V�H���S�R�G�L�M�H�O�L�W�L���X���V�H�N�Y�H�Q�F�L�U�D�Q�M�H���S�U�Y�H��generacije (Sangerova 

dideoksi metoda) �W�H���G�U�X�J�H���L���W�U�H�ü�H���J�H�Q�H�U�D�F�L�M�H���N�R�M�H���V�H���]�D�M�H�G�Q�L�þ�N�L���Q�D�]�L�Y�D�M�X��metode sekvenciranja 

�V�O�M�H�G�H�ü�H���J�H�Q�H�U�D�F�L�M�H (engl. Next Generation Sequencing, NGS). Sangerova metoda je uglavnom 

�X�V�P�M�H�U�H�Q�D�� �Q�D�� �V�H�N�Y�H�Q�F�L�U�D�Q�M�H�� �S�R�M�H�G�L�Q�D�þ�Q�L�K�� �J�H�Q�D��te se �þ�H�V�W�R��primjenjivala za �D�Q�D�O�L�]�X�� �U�D�]�O�L�þ�Ltih 

gena otpornosti �X�� �S�R�M�H�G�L�Q�D�þ�Q�L�P�� �E�D�N�W�H�U�L�M�V�N�L�P�� �L�]�R�O�D�W�L�P�D��te analizu gena 16S rRNA u svrhu 

identifikacije bakterija otpornih na antibiotike (Gorgani i sur., 2009.; Hatosy i sur., 2015.; 

Marathe i sur., 2018.; Wichmann i sur. 2014.; Willms i sur., 2019.). �8�Q�D�W�R�þ��zahtjevnosti i 

visokoj cijeni kad su u pitanju veliki projekti, ta je metoda �M�R�ã�� �X�Y�L�M�H�N najprimjenjivanija 

tehnologija sekvenciranja �]�E�R�J���P�R�J�X�ü�Q�R�V�W�L���þ�L�W�D�Q�M�D���G�X�J�L�K���V�H�N�Y�H�Q�F�L���Y�L�V�R�N�R�P���S�U�H�F�L�]�Q�R�ã�ü�X.  

 2.4.1.1. Metode se�N�Y�H�Q�F�L�U�D�Q�M�D���V�O�M�H�G�H�ü�H���J�H�Q�H�U�D�F�L�M�H 

Razv�R�M�� �W�H�K�Q�R�O�R�J�L�M�D�� �V�H�N�Y�H�Q�F�L�U�D�Q�M�D�� �V�O�M�H�G�H�ü�H�� �J�H�Q�H�U�D�F�L�M�H�� �G�R�Y�H�R�� �M�H�� �G�R���P�R�J�X�ü�Q�R�V�W�L��

sekvenciranja �Y�H�üih �N�R�O�L�þ�L�Qa DNA �X���N�U�D�ü�H�P���Y�U�H�P�H�Q�X���L���X�]���V�Y�H���Q�L�å�H���W�U�R�ã�N�R�Y�H��(Heather i Chain, 

2016.). �.�D�R���J�O�D�Y�Q�D���R�J�U�D�Q�L�þ�H�Q�M�D��ovih tehnologija �L�V�W�L�þ�X���V�H��manja duljina sekvenciranih sljedova 

�L�� �þ�H�V�W�R�� �P�D�Q�M�D�� �S�R�X�]�G�D�Q�R�V�W�� �W�R�þ�Q�R�V�W�L�� �V�Y�D�N�R�J�� �S�U�R�þ�L�W�D�Q�R�J�� �Q�X�N�O�H�R�W�L�G�D��(Heather i Chain, 2016.). 

Razlikuju se tehnologije druge generacije kod kojih je prije samog �L�]�Y�R�ÿ�H�Q�M�D���S�R�W�U�H�E�Q�R provesti 

PCR reakciju �X�P�Q�R�å�D�Y�D�Q�M�D DNA kalupa i tehnologije �W�U�H�ü�H�� �J�H�Q�H�U�D�F�L�M�H��kod kojih to nije 

�S�R�W�U�H�E�Q�R�����Y�H�ü���M�H���P�R�J�X�ü�H���V�H�N�Y�H�Q�F�L�U�D�Q�M�H���S�R�M�H�G�L�Q�D�þ�Q�H���P�R�O�H�N�X�O�H��u realnom vremenu (engl. Single 

Molecule Real-Time Sequencing, SMRT������ �8�P�Q�R�å�D�Y�D�Q�M�H PCR-om �M�H�� �S�R�W�U�H�E�Q�R�� �N�D�N�R�� �E�L�� �V�H��

�S�R�M�D�þ�D�R�� �V�L�J�Q�D�O,���M�H�U�� �G�H�W�H�N�W�R�U�� �Q�L�M�H�� �X�� �P�R�J�X�ü�Q�R�V�W�L�� �G�H�W�H�N�W�L�U�D�W�L�� �G�R�G�D�W�D�N�� �V�D�P�R�� �M�H�G�Qe baze na razini 
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jedne molekule DNA. Tehnologije koje koriste umn�R�å�D�Y�D�Q�M�H PCR-om su Illumina, SOLiD i 

Roche 454 (Heather i Chain, 2016.). �8�V�S�R�U�H�G�E�R�P���Q�D�Y�H�G�H�Q�L�K���W�H�K�Q�R�O�R�J�L�M�D���G�R�ã�O�R���V�H���G�R���]�D�N�O�M�X�þ�N�D��

�G�D���,�O�O�X�P�L�Q�D���L�P�D���Q�D�M�Y�L�ã�H���R�X�W�S�X�W�H���X�]���Q�D�M�Q�L�å�H���W�U�R�ã�N�R�Y�H����SOLiD �V�X�V�W�D�Y���G�D�M�H���Q�D�M�Y�H�ü�X���W�R�þ�Q�R�V�W�����G�R�N��

�M�H�� �X�]�� �S�U�L�P�M�H�Q�X�� �5�R�F�K�H�� �������� �P�R�J�X�ü�H�� �D�Q�D�O�L�]�L�U�D�W�L�� �Q�D�M�G�X�O�M�H�� �V�H�N�Y�H�Q�F�H�� ��Liu i sur., 2012.). 

Sekvenciranje amplikona 16S rRNA na Illumina ili Roche 454 �L�Q�V�W�U�X�P�H�Q�W�X���X�þ�H�V�W�D�O�R���V�H���N�R�U�L�V�W�L��

za analizu raznolikosti bakterijskih zajednica u �R�N�R�O�L�ãima �L�]�O�R�å�Hnim �U�D�]�O�L�þ�L�W�L�P�� �D�Q�W�U�R�S�R�J�H�Q�L�P��

pritiscima, �X�N�O�M�X�þ�X�M�X�ü�L�� �D�Q�W�L�E�L�R�W�L�N�H�� ��Kristiansson i sur., 2011.; Mittal i sur., 2019.; Udikovic-

Kolic i sur., 2014.). S druge strane, Pacific Biosciences (PacBio) razvio je tzv. SMRT sustav 

koji �R�P�R�J�X�ü�X�Me sekvenciranje duljih fragmenata DNA bez prethodnog umno�å�Dvanja, �M�H�U���P�R�å�H��

detektirati signal na razini jedne molekule DNA (Rhoads i Au, 2015.). U posljednje vrijeme se 

PacBio tehnologija �V�Y�H���Y�L�ã�H���N�R�U�L�V�Wi za sekvenciranje plazmida �R�G�J�R�Y�R�U�Q�L�K���]�D���ã�L�U�H�Q�M�H��otpornosti 

na antibiotike �P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D��(Botts i sur., 2017.; Hazen i sur., 2017.; He i sur., 2016.; Liang 

i sur., 2019.).  

 2.4.2. Funkcionalna metagenomika 

 �)�X�Q�N�F�L�R�Q�D�O�Q�D���P�H�W�D�J�H�Q�R�P�L�N�D���M�H���M�H�G�L�Q�L���S�U�L�V�W�X�S���N�R�M�L���L�P�D���P�R�J�X�ü�Q�R�V�W���R�W�N�U�L�W�L���S�R�W�S�X�Q�R���Q�R�Y�H��

�J�H�Q�H���H�N�V�S�U�L�P�L�U�D�M�X�ü�L���L�K���X��surogatnom �G�R�P�D�ü�L�Q�X�����W�L�S�L�þ�Q�R��E. coli (Mullany, 2014.). Ova robusna 

metoda prvi put je opisana 2000. godine, a �X�N�O�M�X�þ�X�M�H�� �N�R�Q�V�W�U�X�N�F�L�M�X�� �P�H�W�D�J�H�Q�R�P�V�N�L�K�� �N�Q�M�L�å�Q�L�F�D��

�N�R�M�D�� �]�D�S�R�þ�L�Q�M�H��izolacijom ukupne �R�N�R�O�L�ã�Q�H��(metagenomske) DNA te potom njezinim 

fragmentiranjem na o�G�U�H�ÿ�H�Q�X�� �Y�H�O�L�þ�L�Q�X (�Q�D�M�þ�H�ã�ü�H�� �R�G�� ���� �G�R�� ���� �N�E) i kloniranjem dobivenih 

fragmenata u ekspresijski vektor (Slika 11.) (Adu-Oppong i sur., 2017.; Crofts i sur., 2017.). 

Takav rekombinantni vektor se potom transformacijom unosi u E. coli���� �Q�D�N�R�Q�� �þ�H�J�D�� �V�O�L�M�H�G�L��

funkcionalna analiza probirom klonova koji ispoljavaju otpornost na antibiotike na selektivnim 

krutim hranjivim podlogama. Geni za otpornost na antibiotike identificiraju se iz aktivnih 

klonova Sangerovim �V�H�N�Y�H�Q�F�L�U�D�Q�M�H�P�� �L�Q�V�H�U�W�D�� �N�R�U�L�V�W�H�ü�L�� �S�R�þ�H�W�Q�L�F�H�� �G�L�]�D�M�Q�L�U�D�Q�H�� �]�D�� �S�O�D�]�P�L�G�Q�L��

vektor (Hatosy i sur., 2015.; Marathe i sur., 2018.; Wichmann i sur., 2014.) ili primjenom NGS-

a (Crofts i sur., 2017.). Primjenom metode funkcionalne metagenomike identificirani su novi, 

ali i poznati geni za otpornost na antibiotike u �U�D�]�O�L�þ�L�Wim uzorcima�����X�N�O�M�X�þ�X�M�X�ü�L���W�O�R (Udikovic-

Kolic i sur., 2014.; Willms i sur., 2019.), aktivni mulj (Parsley i sur., 2010.), ljudska crijeva 

(Wang i sur., 2015b.), stajsko gnojivo (Wichmann i sur., 2014.), rijeku i �U�L�M�H�þ�Q�L���V�H�G�L�P�H�Q�W��(Amos 

i sur., 2014.; Marathe i sur., 2018. ) te ocean (Hatosy i sur., 2015.).  
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Slika 11. Shematski prikaz metode funkcionalne metagenomike�����3�U�H�X�]�H�W�R���L���S�U�L�O�D�J�R�ÿ�H�Q�R���L�]��

Crofts i sur. (2017.). 

 

 �%�X�G�X�ü�L���G�D���V�H��ova metoda ne temelji na otprije poznatoj sekvenci gena nego na funkciji 

koju taj gen eksprimira (otpornost na antibiotike)�����P�R�J�X�ü�D���M�H���L�G�H�Q�W�L�I�L�N�D�F�L�M�D���S�R�W�H�Q�F�L�M�D�O�Q�R���Q�R�Y�L�K��

gena i mehanizama odgovornih za otpornost na antibiotike. Pored toga, primjenom 

funkcionalne metagenomike �P�R�å�H se procijeniti i potencijal horizontalnog prijenosa 

identificiranih gena analizom genske okoline gena, tj. njegovih okolnih regija (Adu-Oppong i 

sur., 2017.; Pehrsson i sur., 2013.). �0�H�ÿ�X�W�L�P�����J�O�D�Y�Q�L���Q�H�G�R�V�W�D�W�D�N��t�H���P�H�W�R�G�H���M�H���X���W�R�P�H���ã�W�R���J�H�Q�����G�D��

bi bio detektiran i identificiran, mora biti funkcionalan, odnosno eksprimiran u svom �G�R�P�D�ü�L�Q�X. 

Upotreba �G�R�P�D�ü�L�Q�D���N�D�R�� �ã�W�R�� �M�H��Gram-negativna bakterija E. coli �P�R�å�H��dovesti do smanjene 

ekspresije �J�H�Q�D���N�R�M�L���S�R�W�M�H�þ�X���L�]���*�U�D�P-pozitivnih bakterija, a osim toga i �X�U�R�ÿ�H�Q�D��otpornost E. 

coli i drugih surogatnih �G�R�P�D�ü�L�Q�D na �R�G�U�H�ÿ�H�Q�H��antibiotike �P�R�å�H���G�D�W�L���O�D�å�Q�R���S�R�]�L�W�L�Y�Q�H���U�H�]�X�O�W�D�W�H��

prilikom selekcije �R�G�U�H�ÿ�H�Q�L�K��fenotipova (Crofts i sur., 2017.)���� �8�� �N�R�Q�D�þ�Q�L�F�L����uslijed 

fragmentacije molekule DNA �P�R�å�H���G�R�ü�L���G�R���J�X�E�L�W�N�D���L�Q�I�R�U�P�D�F�L�M�D���R��genskoj okolini i njegovoj 

povezanosti s pokretnim �J�H�Q�H�W�L�þ�N�L�P �H�O�H�P�H�Q�W�L�P�D���� �0�H�ÿ�X�W�L�P���� �L�V�W�U�D�å�L�Y�D�Q�M�H�� �R�N�R�O�L�ã�Q�R�J�� �U�H�]�L�V�W�R�P�D��

�S�R�P�R�ü�X�� �I�X�Q�N�F�L�R�Q�D�O�Q�H�� �P�H�W�D�J�H�Q�R�P�L�N�H, posebice rezistoma �R�N�R�O�L�ãa �R�Q�H�þ�L�ã�ü�H�Q�Rg visokim 

�N�R�O�L�þ�L�Q�D�P�D�� �D�Q�W�L�E�L�R�W�L�N�D�� �P�R�å�H�� �G�R�Y�H�V�W�L�� �G�R�� �Y�D�å�Q�L�K�� �V�D�]�Q�D�Q�M�D�� �R�� �U�D�]�Q�R�O�L�N�R�V�W�L�� �J�H�Q�D��otpornosti na 

antibiotike kao i do identifikacije potencijalno novih mehanizama otpornosti (dos Santos i sur., 

2017.). 
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 2.4.3. Egzogena izolacija i tipizacija plazmida  

Podaci o mobilnosti gena za otpornost na antibiotike �V�X���Y�U�O�R���Y�D�å�Q�L��za procjenu rizika za 

ljudsko zdravlje. �.�D�R�� �ã�W�R�� �M�H�� �U�D�Q�L�M�H spomenuto (Poglavlje 2.1.7.), prijenos gena otpornosti 

konjugacijom jedan je �R�G���Q�D�M�þ�H�ã�ü�L�K���P�H�K�D�Q�L�]�D�P�D���N�R�M�L�P�D���V�H���R�W�S�R�U�Q�R�V�W���Q�D���D�Q�W�L�E�L�R�W�L�N�H���ã�L�U�L���P�H�ÿ�X��

bakterijama. Takve analize mogu se provesti �Q�D�� �R�N�R�O�L�ã�Q�L�P�� �X�]�R�U�F�L�P�D��primjenom pristupa 

neo�Y�L�V�Q�R�J���R���X�]�J�R�M�X���W�]�Y�����H�J�]�R�J�H�Q�R�J���Ä�K�Y�D�W�D�Q�M�D�³ plazmida (engl. Exogenous Plasmid Capture) 

(Slika 12.) (Smalla i sur., 2015.). Tom metodom se prati prijenos plazmida s genima za 

otpornost na odabrane �D�Q�W�L�E�L�R�W�L�N�H���G�L�U�H�N�W�Q�R���L�]���R�N�R�O�L�ã�Q�L�K���E�D�N�W�H�U�L�M�D�����G�R�Q�R�U�L���S�O�D�]�P�L�G�D�����X���R�G�D�E�U�D�Q�L��

recipijentni bakterijski soj, �Q�D�M�þ�H�ã�ü�H��E. coli CV601. Taj soj ne posjeduje plazmide i otporan je 

na rifampicin i kanamicin te �R�E�L�O�M�H�å�H�Q�� �]elenim fluorescentnim proteinom (engl. Green 

Fluorescent Protein, GFP) radi �R�O�D�N�ã�Dne identifikacije transkonjuganata. �6�X�V�S�H�Q�]�L�M�D���R�N�R�O�L�ã�Q�R�J��

uzorka (npr. sedimenta) i kultura recipi�M�H�Q�W�Q�R�J�� �V�R�M�D�� �S�R�P�L�M�H�ã�D�M�X�� �V�H�� �X�� �R�G�U�H�ÿ�H�Q�R�P�� �R�P�M�H�U�X��i 

�L�Q�N�X�E�L�U�D�M�X���R�G�U�H�ÿ�H�Q�R���Y�U�L�M�H�P�H��na membranskim �I�L�O�W�H�U�L�P�D���S�U�L���þ�H�P�X���G�R�O�D�]�L���G�R���S�U�Ljenosa plazmida. 

Potom se bakterijske stanice, prikupljene s membranskog filtera, nacjepljuju na selektivne krute 

hranjive podloge s rifampicinom, kanamicinom i antibiotikom od interesa, a nakon inkubacije 

se na spomenutim �S�O�R�þ�D�P�D���E�U�R�M�H���W�U�D�Q�V�N�R�Q�M�X�J�D�Q�W�L, tj. stanice E. coli koje su primile plazmid s 

�J�H�Q�L�P�D�� �]�D�� �R�W�S�R�U�Q�R�V�W�� �L�]�� �R�N�R�O�L�ã�Q�L�K�� �E�D�N�W�H�U�L�M�D (Blau i sur., 2020.). Prednost ove metode je u 

�P�R�J�X�ü�Q�R�V�W�L���L�]�R�O�D�F�L�M�H���L���L�G�H�Q�W�L�I�L�N�D�F�L�M�H���Q�R�Y�L�K�����M�R�ã���Q�H�R�W�N�U�L�Y�H�Q�L�K���S�O�D�]�P�L�G�D�����G�R�N���M�H���J�O�D�Y�Q�L���Q�H�G�R�V�W�D�W�D�N��

�Q�H�P�R�J�X�ü�Q�R�V�W�� �L�G�H�Q�W�L�I�L�N�D�F�L�Me bakterije donora plazmida. Metoda egzogenog �Ähvatanja�³ ili  

izolacije plazmida je do sada �X�V�S�M�H�ã�Q�R��primjenjena �]�D���S�U�D�ü�H�Q�M�H��plazmidnog �ã�L�U�H�Q�M�D���R�W�S�R�U�Q�R�V�W�L 

na antibiotike u �R�N�R�O�L�ã�X �X�N�O�M�X�þ�X�M�X�ü�L���U�L�M�H�þ�Qe sedimente �L�]�O�R�å�H�Qe otpadnim vodama farmaceutskih 

industrija u Indiji (Flach i sur., 2015.), tlo tretirano stajskim gnojivom (Heuer i sur., 2009., 

���������������L�O�L���R�E�U�D�ÿ�H�Q�L�P���D�N�W�L�Y�Q�L�P���P�X�O�M�H�P�����:�R�O�W�H�U�V���L���V�X�U������������������, kao i tla �R�Q�H�þ�L�ã�ü�H�Qa pesticidima 

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

Tipizacija mobilnih plazmida koji nose gene za otpornost na antibiotike, a izolirani su 

iz dobivenih transkonjuganata, �R�E�L�þ�Q�R���V�H���S�U�R�Y�R�G�L���S�U�L�P�M�H�Q�R�P���P�H�W�R�G�H���W�L�S�L�]�D�F�L�M�H���U�H�S�O�L�N�R�Q�D��PCR-

om (engl. PCR-Based Replicon Typing, PBRT). Ta metoda se bazira na primjeni PCR-a ili  

qPCR-a, a koristi �S�R�þ�H�W�Q�L�F�H�� �Vp�H�F�L�I�L�þ�Q�H�� �]�D �R�G�U�H�ÿ�H�Q�H�� �V�N�X�S�L�Q�H�� �L�Q�N�R�P�S�D�W�L�E�L�O�Q�R�V�W�L�� �S�O�D�]�P�L�G�D����

Svrstavanjem plazmida u Inc skupine dobiva se uvid u potencijal �Q�M�L�K�R�Y�R�J���K�R�U�L�]�R�Q�W�D�O�Q�R�J���ã�L�U�H�Q�M�D��

(Smalla i sur., 2015.).  
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Slika 12. Shematski prikaz metode egzogene izolacije plazmida.  
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ABSTRACT 21 

Environments polluted with high levels of antibiotics released from manufacturing sites can act 22 

as a source of transferable antibiotic resistance (AR) genes to human commensal bacteria and 23 

pathogens. The aim of this study was to evaluate AR of bacteria isolated from Sava river 24 

sediments (Croatia) at the discharge site of effluents from azithromycin production, and 25 

compared to those from upstream site and a clinical setting in Croatia. A total of 228 26 

environmental strains were isolated, with 124 from the discharge site and 104 from the upstream 27 

site. In addition, a total of 90 clinical streptococcal and staphyloccocal isolates obtained from 28 

the Croatian Reference Center for Antibiotic Resistance Surveillance were analyzed. 29 

Sequencing of 16S rRNA gene of environmental isolates showed that the genus 30 

Microbacterium dominated at both river sites, followed by Bacillus at upstream site and 31 

Cellulosimicrobium, Brevundimonas, Enterococcus, Streptococcus and Chryseobacterium at 32 

the discharge site. Screening of all isolates by PCR for the presence of 11 relevant macrolide 33 

resistance genes (MRGs) showed that 46.8 % of discharge isolates, 16.3 % of the upstream 34 

strains and nearly 60% of clinical isolates carried at least one MRG. Discharge isolates 35 

demonstrated greater detection frequencies for 4 gene targets (ermB, msrE, mphE and ermF) 36 

compared to upstream isolates. Among clinical isolates, the most frequently detected gene was 37 

ermB, followed by msrD, mefA/E and mefC. Discharge site demonstrated a greater abundance 38 

of isolates with co-occurence of two different MRGs (predominantly msrE-mphE) than 39 

upstream site, but lower abundance than clinical sources (most commonly msrD-mefE). The 40 

simultaneous presence of three or even four MRGs was specific for discharge and clinical 41 

isolates, but not for upstream isolates. When MRG results were sorted by gene mechanism, the 42 

ribosomal methylation (erm) and protection genes (msr) were the most frequently detected 43 

among both discharge and clinical isolates. Additionally, the efflux mef genes dominating 44 

among clinical isolates were poorly represented among discharge isolates. Following 45 

sequencing, high nucleotide sequence similarity (> 98 %) was observed between ermB in 46 

discharge isolates (mainly streptococci and enterococci) and clinical streptococcal isolates, 47 

suggesting the possible transfer of the ermB gene between bacteria of clinical and 48 

environmental origin. Our study highlights the importance of environmental bacterial 49 

populations as reservoirs for AR genes. 50 

 51 

 52 
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INTRODUCTION  55 

 Overuse and misuse of antibiotics in human and veterinary medicine is one of the key 56 

drivers of the emergence and spread of antibiotic resistance (AR), which is a serious threat to 57 

public health and clinical medicine worldwide (UNEP, 2017; WHO, 2014). Antibiotic resistant 58 

bacteria and their AR genes, however, are not limited to the clinic; rather, they are already 59 

prevalent in the natural environment. Pollution of the environment with antibiotics further 60 

increased the amount of such resistance determinants (Bengtsson-Palme et al., 2014; Cacace et 61 

al., 2019) or dissemination of AR through horizontal gene transfer (HGT) (Heuer and Smalla 62 

�������������*�R�Q�]�i�O�H�]-Plaza et al., 2019). Several studies have documented similar or even identical 63 

AR genes between environmental bacteria and clinical isolates (Forsberg et al., 2012; 64 

Humeniuk et al., 2002; Poirel et al., 2005), suggesting the movement of AR genes between the 65 

environment and the clinic. Of particluar concern are environments impacted by discharges 66 

from antibiotic manufacturing facilities as such environments often contain very high levels of 67 

antibiotics contributing to the selection and/or induction of AR in environmental bacteria 68 

���W�K�U�R�X�J�K���P�X�W�D�W�L�R�Q�V���R�U���+�*�7�������.�U�L�V�W�L�D�Q�V�V�R�Q���H�W���D�O�������������������0�L�O�D�N�R�Y�L�ü���H�W���D�O�������������������)�O�D�F�K���H�W���D�O������������������69 

�*�R�Q�]�i�O�H�]-Plaza et al., 2019, Bengtsson-Palme et al., 2019). These environments with both high 70 

abundance and diversity of AR genes were, thus, considered as 'hotspots' for resistance 71 

development, maintenance and/or transmission (Bengtsson-Palme et al., 2018). In order to 72 

recognize and evaluate the full risks associated with AR in the environment and its relation to 73 

human health risk scenarios, the role of such 'hotspots' as a point source and route of 74 

dissemination of resistant bacteria cannot be ignored.  75 

Macrolides such as azithromycin (AZM) are one of the most successful and widely 76 

prescribed antibiotics in the world. In addition, they have been recently classified as the highest 77 

priority critically important antibiotics for human medicine (WHO, 2017). AZM and other 78 

macrolides have been largely used to treat infections caused by Gram-positive bacteria such as 79 

Streptococus, Staphylococcus or Enterococcus, and as a substitution for ��-lactams in patients 80 

with penicillin allergies (Golkar et al., 2018). Besides, they do have good activity against 81 

various Gram-negative bacteria like Campylobacter spp., Haemophilus influenzae or Neisseria 82 

gonorrhoeae, and other organisms such as Mycoplasma, Chlamydia, Bordetella or Moraxella 83 

species (McKenna and Evans, 2001). These antibiotics inhibit bacterial protein synthesis 84 

through binding to the 23S rRNA in the large ribosomal subunit (50S) (Dinos, 2017; Fyfe et 85 

al., 2016). However, macrolide therapy is lately becoming ineffective due to increasing 86 

macrolide resistance among clinically relevant pathogens including group A streptococci and 87 



                                                                                                                         Znanstveni radovi 

97 
 

invasive S. pneumoniae strains in Croatia as well as in Norway and Hungary (ECDC, 2019; 88 

�7�D�P�E�L�ü�� �$�Q�G�U�D�ã�H�Y�L�ü�� �H�W�� �D�O������ �������������� �'�L�I�I�H�U�H�Q�W�� �P�D�F�U�R�O�L�G�H�� �U�H�V�L�V�W�D�Q�F�H�� �J�H�Q�H�V�� ���0�5�*�V���� �K�Dve been 89 

described, leading to resistance through various mechanisms such as ribosome modifications 90 

by rRNA methyltransferases (erm genes), macrolide efflux pumps (mef genes), ribosome 91 

protection by ABC-F type proteins and GTPase proteins (msr genes and hflX) or macrolide-92 

inactivation mediated by phosphotransferases (mph genes) or esterases (ere genes) (Dinos, 93 

2017; Duval et al., 2018; Fyfe et al., 2016). Additionally, different plasmid-mediated MRGs 94 

have been identified, such as ermB, ermC, mphG, msrE, mefC and mphE (Blackwell et al., 95 

2017; Bonnin et al., 2013; de Vries et al., 2012; McCarthy and Lindsay, 2012; Poirel et al., 96 

2011; Sugimoto et al., 2017). Therefore, in order to preserve effectivenes of these valuable 97 

antibiotics, it is important to understand resistance mechanisms in both clinical pathogens  and 98 

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

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

determinants in heavily macrolide-polluted environment. 101 

This study was carried out on the two sites along the Sava river, one directly at the 102 

discharge point of effluents from AZM-production industry and a second site upstream of 103 

discharge (reference site) ���%�L�H�O�H�Q���H�W���D�O�������������������0�L�O�D�N�R�Y�L�ü���H�W���D�O����������������. Results from our previous 104 

studies demonstrated high concentrations of macrolides, particularly AZM (up to 10 mg/kg), 105 

increased levels of MRGs (mphE, mphG, msrE, mefC and ermB) and MGEs (IncP-1 plasmids 106 

and class 1 integrons) as well as increased rate of plasmid-mediated transfer of MRGs in 107 

sediments from the discharge vs reference site ���*�R�Q�]�i�Oez-Plaza et al., 2018, �������������0�L�O�D�N�R�Y�L�ü���H�W��108 

al., 2019). These sediments may thus act as a reservoir from which resistance genes could be 109 

transferred to pathogens or to the normal commensal bacteria that coexist within and on humans 110 

(Vikesland et al., 2017). The present study thus aimed to investigate the prevalence of MRGs 111 

in sediment isolates from the discharge and upstream site as well as in clinical isolates of 112 

relevant pathogens from Croatian nearby hospitals. We used both culture-dependent (plating 113 

and turbidity-based methods) and independent methods (16S rRNA gene sequencing, PCR of 114 

MRGs and sequencing) in order to link specific MRGs to their bacterial hosts in environmental 115 

settings, which would help to target appropriate control and mitigation strategies. Moreover, 116 

selected MRGs were compared among environmental and clinical isolates in order to make a 117 

potential link between the environment with high selection pressure from macrolides and MRGs 118 

in bacteria found in Croatian clinics. 119 

  120 
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MATERIALS AND ME THODS 121 

Antimicrobial agens and media 122 

 The antibiotics azithromycin (AZM), erythromicin (ERY), clarithromycin (CLA), 123 

tetracycline (TET), ampicillin (AMP) and ciprofloxacin (CIP) as well as the antimycotic 124 

cycloheximide (CHX) used in this study were purchased from Sigma-Aldrich (Taufkirchen, 125 

Germany). Culture media included Mueller-Hinton broth (MHB), purchased from Merck 126 

(Darmstadt, Germany), R2A broth, purchased from Lab M Ltd. (Heywood, UK), and Columbia 127 

agar, purchased from MAST Group Ltd. (Bootle, UK). Mueller-Hinton agar (MHA) and R2A 128 

agar plates were made by amending MHB or R2A broth with 1.5 % agar (BioLife Italiana). 129 

Defibrinated horse blood and yeast extract were obtained from Biognost (Zagreb, Croatia) and 130 

BioLife Italiana (Milano, Italy), respectively. Staph/Strep selective supplement (S/S) was 131 

purchased from MAST Group Ltd. (Bootle, UK). 132 

Study site and sampling of river sediment 133 

Sediment samples were collected from the Sava river, located in the north-west of 134 

Zagreb (Croatia) on February 2016. This river receives the wastewater effluents from the 135 

pharmaceutical industry producing antibiotic azithromycin and was previously shown to be 136 

heavily polluted with macrolide antibiotics, especially at the site of effluent discharge (Bielen 137 

�H�W���D�O�������������������0�L�O�D�N�R�Y�L�ü���H�W���D�O����������������. Surface sediment samples (0-10 cm) were collected from 138 

this discharge site (DW0) and reference site located 7.5 km upstream of discharge (UP) as 139 

previously described (Gonz�ilez-Plaza et al., 2018). Briefly, four sediment sub-samples were 140 

collected with a plastic core tube from each site, transported to the laboratory on ice and 141 

composited into one sediment sample per site. A subsample of that composite was removed for 142 

culturing of macrolide-resistant bacteria and processed within 6h. Another subsample was 143 

frozen at -80 �ƒ�& for later DNA extraction. 144 

Isolation of macrolide-resistant bacteria from river sediments 145 

Macrolide-resistant bacterial strains were isolated from DW0 and UP sediment samples 146 

by the spread plate method. One g of each sediment sample (wet weight) was vortexed in 9 mL 147 

of physiological saline (0.85 % NaCl). The heavy particles were allowed to settle for 1 min and 148 

1 mL of the supernatant was used to prepare the dilutions. Several 10-fold dilutions (0.1 mL) 149 

were plated on different culture media supplemented with AZM at a final concentration of 15 150 
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mg/L. This concentration was selected according to the Clinical and Laboratory Standards 151 

Institute (CLSI) quidelines (2015) where most of isolates categorized as macrolide-resistant 152 

exhibited MIC values �•��8. For isolation of diverse bacterial species from sediments, three 153 

different culture media were used: R2A agar supplemented with yeast extract (5 g/L) to select 154 

for heterotrophs and MHA with S/S as well as Columbia agar with S/S and defibrinated horse 155 

blood (5 %) to target Gram-positive cocci, particularly streptococci and staphylococci. All 156 

media were supplemented with CHX (100 mg/L) to inhibit fungal growth. All plates were 157 

�L�Q�F�X�E�D�F�W�H�G���D�H�U�R�E�L�F�D�O�O�\���D�W���������ƒ�&���I�R�U�������W�R���� days, except for Columbia agar plates, which were 158 

�L�Q�F�X�E�D�W�H�G�� �D�W�� �����ƒ�&�� �I�R�U�� ���� �G�D�\�V���� �$�I�W�H�U�� �L�Q�F�X�E�D�W�L�R�Q���� �P�R�U�S�K�R�O�R�J�L�F�D�O�O�\�� �G�L�I�I�H�U�H�Q�W�� �F�R�O�R�Q�L�H�V�� �Z�H�U�H�� �U�H-159 

streaked on the same media to obtain pure cultures. The isolated strains were stored at -�������ƒ�&��160 

in MHB containing AZM (4 mg/L) and 20 % glycerol.  161 

Clinical isolates 162 

 This study was conducted on a collection of streptococcal and staphylococcal clinical 163 

isolates obtained from the Croatian Reference Center for Antibiotic Resistance Surveillance. A 164 

total of 90 macrolide-resistant clinical isolates were collected in a period from April 2014 to 165 

August 2018 from various clinical specimens including throat, pharynx, nasopharynx, tonsils, 166 

ear canals, ulcer and skin wounds.  167 

Identification of environmental and clinical isolates 168 

Environmental and clinical AZM-resistant isolates were identified by 16S rRNA gene 169 

sequencing. Extractions of the total DNA of the isolates were performed using a proteinase K 170 

protocol ���&�K�q�Q�H�E�\���H�W���D�O���������������� and the 16S rDNA was amplified by PCR using primers 27F 171 

and 1492R (Lane, 1991) �Z�L�W�K���W�K�H���I�R�O�O�R�Z�L�Q�J���S�U�R�J�U�D�P�����G�H�Q�D�W�X�U�D�W�L�R�Q���I�R�U�������P�L�Q���D�W���������ƒ�&���I�R�O�O�R�Z�H�G��172 

by 35 cycles consisting of �������ƒ�&���I�R�U���������V�����������ƒ�&���I�R�U���������V���D�Q�G���������ƒ�&���I�R�U�������P�L�Q���������V�����I�L�Q�D�O���H�[�W�H�Q�V�L�R�Q��173 

�D�W���������ƒ�&���I�R�U�������P�L�Q�����3�X�U�L�I�L�F�D�W�L�R�Q���R�I���3�&�5���S�U�R�G�X�F�W�V���D�Q�G���W�K�H�L�U���X�Q�L�G�L�U�H�F�W�L�R�Q�D�O���V�H�T�X�H�Q�F�L�Q�J���X�V�L�Q�J���W�K�H��174 

27F or 1492 primer was carried out by Macrogen DNA Sequencing Service (Amsterdam, 175 

Netherlands). The obtained sequences were edited using the Chromas Lite v2.6.6. 176 

(Technelysium, Australia) and compared against the sequences available in the National Center 177 

for Biotechnology Information (NCBI) database using the BLASTn program (Altschul et al., 178 

1990). The 16S rRNA sequences were deposited in the NCBI Sequence Read Archives (SRA) 179 

under accession numbers MN923288-MN923515 (environmental isolates) and MN922958-180 

MN923046 (clinical isolates). Taxonomic diversity of environmental isolates was assessed 181 
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using the Shannon-Wiener diversity index (H)�����F�D�O�F�X�O�D�W�H�G���D�V���G�H�V�F�U�L�E�H�G���S�U�H�Y�L�R�X�V�O�\�����8�G�L�N�R�Y�L�ü-182 

�.�R�O�L�ü���H�W���D�O��������������������H = - �Ã �’ �‹�������Ž�•�’�‹����
�‹
L�s �Z�K�H�U�H���Ä�S�³���L�V���W�K�H���S�U�R�S�R�U�W�L�R�Q�����Q���1�����R�I���L�Q�G�L�Y�L�G�X�D�O�V���R�I���R�Q�H��183 

particular species found (n) divided by the total number of individu�D�O�V���I�R�X�Q�G�����1�����D�Q�G���Ä�V�³���L�V���W�K�H��184 

number of species. 185 

Macrolide-resistance gene detection  186 

All AZM -resistant isolates (environmental and clinical) were screened by end-point 187 

PCR for the presence of 11 relevant macrolide-resistance genes (MRGs) according to the 188 

methods described previously (Table 1). Target MRGs comprized of 4 ribosomal methylation 189 

genes (erm), 2 macrolide efflux genes (mef), 3 ribosomal protection genes (msr), 1 gene 190 

conferring resistance through enzymatic modification of macrolides (mphE) and 1 gene coding 191 

for GTPase binding proteins (hflX). Each PCR reaction was carried out in a total volume of 25 192 

�—L containing 15 �—L of EmeraldAmpMax PCR Master Mix (Takara Biotechnology, China), 193 

0.4 �—M of each primer (Table 1), 25 ng of DNA and 8 �—L of DNA-free water. Negative and 194 

positive controls (bacteria carrying the MRG included in the study) were used to validate the 195 

�U�H�V�X�O�W�V�����7�K�H���D�P�S�O�L�I�L�F�D�W�L�R�Q���F�R�Q�G�L�W�L�R�Q�V���Z�H�U�H���D�V���I�R�O�O�R�Z�V�����������V���D�W���������ƒ�&�����;���F�\�F�O�H�V�����7�D�E�O�H���������I�R�U��������196 

�V�� �D�W�� ������ �ƒ�&���� ������ �V�� �D�W�� �J�H�Q�H-specific ann�H�D�O�L�Q�J�� �W�H�P�S�H�U�D�W�X�U�H�� ���7�D�E�O�H�� �������� �H�O�R�Q�J�D�W�L�R�Q�� �D�W�� ������ �ƒ�&�� �I�R�U��197 

�G�X�U�D�W�L�R�Q���V�S�H�F�L�I�L�F���I�R�U���H�D�F�K���J�H�Q�H�����7�D�E�O�H�����������D�Q�G���I�L�Q�D�O���H�O�R�Q�J�D�W�L�R�Q���D�W���������ƒ�&���I�R�U�������P�L�Q�����$�P�S�O�L�I�L�F�D�W�L�R�Q��198 

of the expected fragment sizes were verified by gel electrophoresis on 1% (w/v) agarose gels 199 

(Sigma-Aldrich, Germany).  200 

All positive ermB, mefA/E, mphE and msrD PCR products were purified and bi-201 

directionally sequenced by Macrogen using the same primers that were used for PCR screening. 202 

In order to discriminate between mefA and mefE, sequence analysis was based on the presence 203 

of BamHI and DraI restriction sites as previously suggested (Grivea et al., 2012).The resulting 204 

sequences were edited as mentioned above and compared with reference sequences in the NCBI 205 

database using the online BLASTX search. Nucleotide sequences were aligned and compared 206 

using ClustalX software (http://www.clustal.org/clustal2/). Phylogenetic trees were inferred 207 

using Neighbor-Joining (NJ) analysis with the software MEGA-X (Tamura et al., 2013). 208 

Bootstrap values were calculated based on 1,000 replications. Phylogenetic trees were 209 

visualized with Interactive Tree of Life (ITOL) software (https://itol.embl.de/). The nucleotide 210 

sequences of ermB, mefA/E, mphE and msrD genes were deposited in the NCBI under 211 

accession numbers MT337696-MT337738, MT345159-MT345176, MT317310-MT317331, 212 

MT321146-MT321166 and MT330117.  213 

http://www.clustal.org/clustal2/
https://itol.embl.de/
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Table 1. Primers and PCR conditions used for detection of macrolide-resistance genes. 214 
Target 
gene 

Amplicon 
size/bp Primer sequence (5'�±3') 

Tm*/
�ƒ�& 

Elongation 
time 

Number of 
cycles Reference 

ermA 645 F: TCTAAAAAGCATGTAAAAGAA  
R: CTTCGATAGTTTATTAATATTAG 

53 1 min 35 �0�L�ã�L�ü���H�W���D�O�������������� 

ermB 639 F: GAAAAGGTACTCAACCAAATA  
R: AGTAACGGTACTTAAATTGTTTAC 

51 1 min 30 Gygax et al., 2006 

ermC 642 F: TCAAAACATAATATAGATAAA  
R: GCTAATATTGTTTAAATCGTCAAT 

51 45 sec 35 �0�L�ã�L�ü���H�W���D�O�������������� 

ermF 466 F: CGGGTCAGCACTTTACTATTG 
R: GGACCTACCTCATAGACAAG 

59 45 sec 35 Roberts et al., 
1999 

mefA/E 1759 F: GCGTTTAAGATAAGCTGGCA 
R: CCTGCACCATTTGCTCCTAC 

55 2 min 35 Grivea et al.,  
2012 

mefC 1156 F: GGCTGGACAGTTTGCTTC 
R: CATTAAGTTGCGAGTGCTAAAC 

52 2 min 30 This study** 

msrA 940 F: GGCACAATAAGAGTGTTTAAAGG 
R: 
AAGTTATATCATGAATAGATTGTCCTGTT 

56 1 min 35 �0�L�ã�L�ü���H�W���D�O������ 
2017 

msrE 1352 F: GCGAGAAACATACGCTTG 
R: GGTCAAGATAGTTTCCTGGTTC 

53 2 min 30 This study** 

msrD 1202 F: TGCCTATATTCCCCAGTTG 
R: GTAATCGTTTATCGTGGGTG 

57 1.5 min 35 Amezaga et al., 
2002 

mphE 855 F: CACTTGCTGAAGCACACG 
R: CTCCCAACTGAGCTTTTGC 

53 1 min 30 This study** 

hflX 1191 F: CTGAAGACCGAAGAGCCATC 
R: CTTCGACCAGTGTACCTTCTTCC 

58 2 min 30 This study** 

* annealing temperature 215 
** primers were constructed based on sequences of previously identified macrolide-resistance genes ���*�R�Q�]�i�O�H�]-Plaza et al., 216 
2018) using DNASTAR Lasergene software package (v14.0) software 217 

 218 

Antibiotic susceptibility testing 219 

 All MRG-positive isolates (environmental and clinical) were evaluated for resistance to 220 

six antibiotics from four classes: (i) macrolides: AZM (0.125-128 �—g/mL), ERY (0.125-128 221 

�—g/mL), and CLA (0.125-128 �—g/mL), (ii) tetracyclines: TET (2-128 �—g/mL), (iii) ��-lactams: 222 

AMP (0.125-128 �—g/mL), and (iv) fluoroquinolones: CIP (0.25-16 �—g/mL). 223 

 Resistance was estimated by determination of minimum inhibitory concentrations 224 

(MICs) using a 96-well broth dilution method according to the Clinical Laboratory Standards 225 

Institute (CLSI) Guidelines M100-S24 (CLSI 2020) and M45 (CLSI 2015). The wells contained 226 

0.09 mL of MHB or MHB supplemented with 5% lysed horse blood (genera Streptococcus, 227 

Arthrobacter, Microbacterium, Cellulosimicrobium, Aerococcus and Lactococcus) and serially 228 

diluted target antibiotics. Bacterial culture suspensions grown to log phase were adjusted at a 229 

0.5 McFarland turbidity and an aliquot of 0.01 mL of each bacterial suspension was inoculated 230 

into each well. Microplates were incubated for 18-24h at 35-�������ƒ�& in air (environmental isolates 231 

exept Aerococcus sp.) or in air with 5 % CO2 (clinical isolates and Aerococcus sp.). The MIC 232 

was identified as the minimum concentration at which visible growth was inhibited (compared 233 

to a positive growth control). Susceptibility results were interpreted according to the CLSI 234 

breakpoints (CLSI 2015, 2020). 235 

 236 
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RESULTS AND DISCUSSION 237 

Evidences show that some of the resistance genes that we see in clinical pathogens 238 

originate from non-pathogenic environmental bacteria (Peterson and Kaur, 2018). There are 239 

concerns that heavy environmental pollution with antibiotics from manufacturing sites may 240 

increase the recruitment of resistance genes to clinically relevant pathogens. However, the role 241 

of antibiotic pollution in this context is still not clear. We used a combination of standard culture 242 

and molecular methods (PCR and sequencing) to isolate and characterize AZM-resistant 243 

bacterial strains from macrolide-polluted and unpolluted river sediments as well as from 244 

Croatian hospitals in order to compare macrolide-resistance mechanisms between 245 

environmentally- and clinically-acquired isolates.  246 

Diversity and phenotypic resistance of bacterial isolates from river sediments 247 

Culture on three different media supplemented with AZM allowed us to isolate a total 248 

of 228 bacterial strains from the Sava river sediments, with 104 from the UP site and 124 from 249 

the DW0 site. Although standard culturing is known to underestimate the actual microbial 250 

diversity, it still remains important method for detailed characterization of individual bacterial 251 

strains allowing linkage of antibiotic resistance phenotypes to the genetic basis of these 252 

phenotypes. Analysis of 16S rRNA gene sequences and calculation of the Shannon-Wiener 253 

diversity (H) showed that isolates from DW0 site were more diverse (H=2.73) than isolates 254 

from the UP site (H=1.43). Higher diversity at DW0 site may be explained either by deposition 255 

of AZM-resistant bacteria via discharge of AZM-production effluents (Bielen et al., 2017) 256 

and/or by proliferation of AZM-resistant bacteria resident to sediment as a response to increased 257 

concentration of macrolides (up to 24 mg/kg) and nutrients at DW0 compared to UP (M�L�O�D�N�R�Y�L�ü��258 

et al., 2019).   259 

Actinobacteria were found to be most prevalent among isolates from both sites (UP,  260 

57 %; DW0, 52 %) (Fig. 1A). However, there were considerable differences in the prevalence 261 

of isolates belonging to phyla Firmicutes, Bacteroidetes and Proteobacteria between the two 262 

sites. The Firmicutes isolates were more frequently isolated from UP site than from DW0 (UP, 263 

42 %; DW0, 20 %), which is in contrast with our previous findings obtained by Illumina-based 264 

16S rRNA gene sequencing ���0�L�O�D�N�R�Y�L�ü���H�W���D�O����������������. This difference in findings may be due to 265 

unoptimized culture conditions to grow and isolate Firmicutes members. In contrast, 266 

Proteobacteria isolates were more frequently isolated from DW0 site than from UP site (DW0, 267 
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22 %; UP, 1 %), while Bacteroidetes isolates were isolated only from the DW0 site (Fig. 1A). 268 

The higher proportion of Proteobacteria and Bacteroidetes at DW0 vs UP is consistent with 269 

our previous Illumina-based findings ���0�L�O�D�N�R�Y�L�ü���H�W���D�O����������������, but also with several other studies 270 

conducted on antibiotic-polluted aquatic bacterial communities (Kristiansson et al., 2011; Li et 271 

al., 2010).  272 

The most dominant genus at both DW0 and UP sites was Microbacterium, representing 273 

42 % and 30 % of the total isolates from DW0 and UP, respectively (Table S1 Fig. 1B,) and 274 

displaying resistance to all three tested macrolides (MICAZI, ERY, CLA > 128 �—�J/mL) (Table S2). 275 

This genus is known to be ubiquitous in aquatic environments including river sediments (Iyer 276 

et al., 2017; Pashang et al., 2019), but it has also recently emerged as an opportunistic human 277 

pathogen with acquired resistance to macrolides (Gneiding et al., 2008; Sharma et al., 2013). 278 

Bacillus and Cellulosimicrobium were the two other dominant genera among the isolated 279 

strains, with Bacillus licheniformis dominating among UP isolates (33.6 %) and 280 

Cellulosimicrobium sp. among DW0 isolates (7.3 %). All Bacillus isolates exhibited resistance 281 

to all three tested macrolides (MICAZI, ERY, CLA > 128 �—�J/mL) (Table S2), as consistent with 282 

previous reports in Bacillus isolates from environmental samples (Barbosa et al., 2014; Song et 283 

al., 2019). The Cellulosimicrobium isolates from the DW0 site were resistant to macrolides 284 

(ERY, AZM, CLA) and intermediate resistant to fluoroqionolones (CIP) (Table S2). This genus 285 

has previoulsy been isolated from heavy metal-polluted wastewaters and exhibited resistance 286 

to both heavy metals and various antibiotics including macrolides and fluroquinolones 287 

(Bharagava and Mishra, 2018). Therefore, pollution of the DW0 sediments with heavy metals, 288 

especially Cu �D�Q�G���=�Q�����0�L�O�D�N�R�Y�L�ü���H�W���D�O���������������������P�D�\���I�D�Y�R�U���S�U�R�O�L�I�H�U�D�W�L�R�Q��of Cellulosimicrobium 289 

at DW0 site. Furthermore, other most frequently isolated strains from DW0 site included 290 

Brevundimonas (7.3 %), Enterococcus (5.6 %), Streptococcus (4.8 %) and Chryseobacterium 291 

(4.8 %) (Fig. 1B, Table S1). Members of Enterococcus and Streptococcus spp. are clinically 292 

relevant. Enterococcus isolates were mainly shown to be resistant to �•�� ���� �D�Q�W�L�E�L�R�W�L�F�� �F�O�D�V�V�H�V����293 

�L�Q�F�O�X�G�L�Q�J����-lactams (AMP) which could be problem for the treatment of enterococcal infections 294 

(Arias and Murray, 2012; Gagetti et al., 2019). Streptococcus isolates were resistant to both 295 

macrolides (MICAZI, ERY, CLA �!�� �������� �—�J���P�/���� �D�Q�G�� ��-lactams (AMP) (Table S2). Given that 296 

macrolides and penicillins are the basis of first-line therapy for respiratory tract infections 297 

caused by streptococcci (Fernandes et al., 2013; Fyfe et al., 2016), infection caused by 298 

macrolide- and penicilin-resistant streptococci may lead to treatment failure.  299 

 300 
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 301 

Figure 1. Percentage of isolates from sediments at two sites (upstream and discharge) at the 302 

(A) phylum/class and (B) genus levels. Taxa with prevalence below 3% in all samples were 303 

presented as a low prevalent genera. 304 

  305 
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Prevalence of macrolide resistance genes and mechanisms among environmental isolates 306 

All environmental bacterial isolates were further analyzed for the presence of 11 MRGs 307 

that were previously identified in the studied area by functional or shotgun metagenomics 308 

(ermB, ermF, msrE, msrD, mefC, mphE and hfl�;���� ���*�R�Q�]�i�O�H�]-Plaza et al., 2018; Bengtsson-309 

Palme et al 2019) or recognized as clinically relevant (ermA, ermC, msrA and mefA/E). Target 310 

MRGs were more prevalent among isolates from DW0 site (n=58, 46.8 %) than among those 311 

deriving from UP site (n=17, 16.3 %), suggesting that sediment at the discharge site is a 312 

reservoir for MRGs possibly originating from industrial sources. As shown in Fig. 2A, 7 out of 313 

11 target MRGs were detected in upstream isolates (ermF, msrA, msrD, msrE, mefE, mphE and 314 

hflX). This indicates the persistance of various MRGs in sediment bacteria even when 315 

macrolide concentration was very low (0.04 mg/kg) or absent (Milakovi�ü�� �H�W�� �D�O������ ��������). The 316 

most prevalent MRGs among upstream isolates were hflX (3.8 % of isolates), detected in 317 

Bacillus isolates only, and ermF (3.8 %), detected in Bacillus, Microbacterium and 318 

Arthrobacter isolates. All these isolates exhibited resistance to all three macrolides (Table S2). 319 

To our knowledge this is the first report of hflX or ermF genes in these genera 320 

(http://faculty.washington.edu/marilynr/ermweb4.pdf), suggesting their potential role in the 321 

intrinsic macrolide resistance in these isolates from UP site. Although the mechanism conferred 322 

by HflX -like protein, which rescues stalled ribosomes by separating their sub-units, is relatively 323 

new, it is believed to be shared by numerous environmental bacteria, particularly among the 324 

members of the phylum Firmicutes (Duval et al., 2018). The remaining MRGs investigated 325 

(ermA, ermB, ermC and mefC) were not found in any isolate from UP site.  326 

 Approximately 50 % isolates from DW0 site were positive for et least one MRG, and 9 327 

of 11 target MRGs were detectable among them (Fig. 2A). Genes ermA and ermC were not 328 

detected in any of the discharge isolates. This indicates that the AZM-resistant discharge 329 

isolates could also harbor other MRGs not investigated in this study or genes for non-specific, 330 

multi-drug efflux pumps responsible for macrolide resistance (Delmar et al., 2014; Sun et al., 331 

2014). The most frequently detected gene was ermB (18.6 % of isolates), followed by msrE 332 

(13.7%), mphE (13.7%) and ermF (9.7%) (Fig. 2A). The ermB was found primarily in 333 

Enterococcus and Streptococcus species (Table S2), as consistent with previous frequent 334 

detection of this gene in enterococci and streptococci from environmental and clinical samples 335 

(Harimaya et al., 2007; Okitsu et al., 2005). The ermB is typically associated with conjugative 336 

transposons (Okitsu et al., 2005; Roberts and Mullany, 2011) and plasmids (Lim et al., 2006; 337 

Poirel et al., 2011; Teuber et al., 2003), which facilitates its dissemination across species. 338 

http://faculty.washington.edu/marilynr/ermweb4.pdf
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Streptococcal species have been shown to exchange conjugative transposons via transformation 339 

in addition to conjugation (Chancey et al., 2015), and exposure to antibiotics stimulates 340 

transformation in these species (Prudhomme et al., 2006). All of this suggests that strong 341 

macrolide pollutio�Q���D�V���S�U�H�Y�L�R�X�V�O�\���R�E�V�H�U�Y�H�G���D�W���'�:�����V�L�W�H�����0�L�O�D�N�R�Y�L�ü���H�W���D�O�������������������P�D�\���F�R�Q�W�U�L�E�X�W�H��342 

to the expansion of ermB-mediated macrolide resistance among environmental streptococci. 343 

This may be of clinical concern as macrolides are often used in the treatment of respiratory 344 

infections caused by streptococci. Besides ermB, ermF gene was found in various Gram-345 

positive and Gram-negative genera at DW0 site (Table S2), some of which have not been 346 

previously reported as hosts of ermF gene, such as Arthrobacter, Bacillus, Microbacterium, 347 

Lysinibacillus, Chryseobacterium, Trichococcus and Brevundimonas 348 

(http://faculty.washington.edu/marilynr/ermweb4.pdf). The ermF was previously found to be 349 

particularly responsive to high levels of macrolides among activated sludge community 350 

(Bengtsson-Palme et al., 2019). When MRG data were sorted by gene mechanism, the three 351 

resistance mechanisms were present in considerably greater frequency in discharge isolates than 352 

the upstream isolates. These included the ribosomal methylation (ermB and ermF genes, total -353 

28.2 % of discharge isolates) and protection (msrE, msrD and msrA; total 16.9 %) as well as 354 

macrolide enzymatic inactivation (mphE, 13.7 %) (Fig. 2A). This hints at the possibility that 355 

these mechanisms may represent the most effective means of decreasing exposure of sediment 356 

bacteria at DW0 site to very high concentrations of macrolides (24 �P�J���N�J�������0�L�O�D�N�R�Y�L�ü���H�W���D�O������357 

2019). Efflux pumps (mefA/E, mefC) and a ribosome-associated GTPase (hflX) were the least 358 

prevalent mechanisms, represented in 2.1 % and 3.2 % discharge isolates, respectively.  359 

 Further analysis showed that majority of MRG-positive isolates from both UP (88.2 % 360 

of isolates) and DW0 sites (72.4 %) harbored only one mechanism of resistance to macrolides 361 

(one MRG) (Fig. 2B). However, when comparing the percentage of isolates harboring two or 362 

more MRGs between the two sites, higher proportion of isolates with two different macrolide 363 

resistance mechanisms was detected at DW0 site (24.1 % vs 11.8 %). The most frequently 364 

found dual mechanism in these isolates involved a ribosomal protection gene (msrE) and a 365 

macrolide inactivation gene (mphE). This gene cluster was detected in various Gram-negative 366 

proteobacterial genera (Citrobacter, Acinetobacter, Comamonas, Rhodobacter and 367 

Stenotrophomonas) (Table S2), likely originated from effluent-associated bacteria as 368 

demonstrated by our recent study ���*�R�Q�]�ilez-Plaza et al., 2018). However, we also detected 369 

mphE-msrE genes in Acinetobacter isolate from UP site (Table S2), indicating that it can be 370 

also present in resident sediment bacteria. Although macrolide resistance in above mentioned 371 

https://www.frontiersin.org/articles/10.3389/fmicb.2016.00173/full#B21
http://faculty.washington.edu/marilynr/ermweb4.pdf
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Gram-negative species is not clinically important, MRGs might be mobilized under macrolide 372 

selective pressure and horizontally transferred to other bacteria, including relevant pathogens 373 

inside or outside the environment. This mobility is further supported by the fact that mphE-374 

msrE is typically located on conjugative plasmids as observed in our recent study (unpublished 375 

data) and other studies (Blackwell and Hall, 2017; Kadlec et al., 2011; Zhang et al., 2013). 376 

Interestingly, isolates with the simultaneous presence of three or four macrolide resistance 377 

mechanisms were detected only at DW0 site (3.4 %) but not at UP site (Fig. 2B). Triple 378 

mechanisms conferred by ermF-msrE-mphE genes were detected in Citrobacter freundii, 379 

whereas quadruple mechanisms encoded by mefA-msrE-mphE-hflX genes were found in 380 

Acidovorax sp. (Fig. 2B, Table S2). These observations suggest the importance of acquiring 381 

multiple macrolide-resistance mechanisms in the adaptation of bacteria to environmental 382 

conditions in which the environment is full of antibiotics.  383 

 384 

 385 

Figure 2. Distribution of single macrolide-resistance genes (A) and macrolide-resistance 386 

mechanisms (B) in environmental isolates from sediments at upstream and at effluent discharge 387 

site. Graph A shows % of isolates with single macrolide resistance gene in relation to the total 388 

number of isolates from a particular site, while graph B shows % of isolates with one or more 389 
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resistance mechanisms (RM) in relation to the number of isolates harbouring at least one 390 

macrolide-resistance gene.  391 

  392 
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Diversity of clinical isolates and distribution of macrolide-resistance genes  393 

Sequencing of 16S rRNA genes of 90 clinical isolates analyzed in the present study 394 

revealed that majority of them (84 isolates, 93.3 %) belonged to Streptococcus genus, with the 395 

most abundant species Streptococcus pyogenes (56; 62.2 %) and Streptococcus dysgalactiae 396 

(17; 18.9 %) (Table 2). Both these species are an important pathogens that cause throat, skin 397 

and soft tissue infections, but also life-threating infections such as sepsis and toxic shock 398 

syndrome (Barnett et al., 2019; Laabei and Ermert, 2018). These streptococcal isolates were 399 

mostly resistant (MIC > 1 �—�J���P�/����to all three macrolides (AZM, ERY, CLA) and tetracyclines 400 

(TET), whereas only one S. pyogenes isolate showed additional intermediate resistance to 401 

fluoroqinolones (CIP) (Table 2). A smaller proportion of clinical isolates (6 isolates, 6.7 %) 402 

belonged to Staphylococcus genus and included S. aureus, S. epidermidis and S. warneri (Table 403 

2). These species are known to cause a wide range of human infections, particularly skin and 404 

soft tissue infections (Legius et al., 2012; Otto, 2009; Tong et al., 2015). The isolates of 405 

Staphylococcus genus were mostly resistant to ERY and AMP, while only S. epidermidis 406 

showed additional resistance to TET (Table 2).  407 

 408 

Table 2. Phenotypic and genotypic characteristics of the studied clinical isolates.  409 

Genus Species (n) N MRGs Antibiotic r esistance profile  

Streptococcus 

S. pyogenes 
(56) 

1 msrD 

 
ERY; AZM; CLA; TET 
 

6 ermB 
1 ermB+ermC 
2 mefC 
2 mefA+msrD 
1 mefE+msrD 
1 ermB ERY; AZM; CLA; TET; CIP 
5 ermB ERY; AZM; CLA 

S. 
dysgalactiae 
(17) 

1 mphE 

ERY; AZM; CLA; TET 
1 ermB+msrD 
1 mefC+mphE 
1 mefE+msrD 

1 msrD 

ERY; AZM; CLA 
 

4 mefE+msrD 
1 mphE 
1 ermB+mphE 
1 ermB+msrA 
1 mefC 

S. salivarius 2 mefE+msrD 
ERY; AZM; CLA; AMP 

(5) 2 mefE+ermB+msrD 

S. anginosus 1 mefC 
ERY; AZM; CLA; AMP 

(2) 1 mefE+msrD 
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S. 
pneumoniae 
(2) 

1 mefE+ermB+msrD ERY; AZM; CLA; TET; CIP 

1 ermB+msrD+mphE ERY; AZM; CLA; TET 

S. agalactiae 1 ermB ERY; AZM; CLA; TET; CIP 
 (2) 1 ermF ERY; AZM; CLA 

Staphylococcus S. aureus (2) 1 mefE ERY; AMP 

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

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

S. warneri (2) 0 ND NA 

n - the total number of isolates belonging to the same species. N �± number of MRG-positive isolates; MRG �± 410 
macrolide resistance genes. ERY �± erythromycin; AZM �± azithromycin; CLA �± clarithromycin; TET �± 411 
tetracycline; AMP �± ampicillin; CIP �± ciprofloxacin. ND �± not detected; NA �± not analyzed.  412 
 413 

PCR screening of 90 clinical isolates for 11 MRG targets showed that 51 of them (57%) 414 

carried at least one of the 8 targets (Fig. 3A). The most frequently detected gene was ermB 415 

(24% of isolates), followed by msrD (21%), mefA/E (16,7%) and mefC (12,2%). Genes ermA, 416 

msrE and hflX were not detected in any of the clinical isolates. Genes ermB and mefC were the 417 

most frequently detected in Streptococcus pyogenes, as consistent with previous reports. On the 418 

other hand, msrD and mefE were the most commonly detected in Streptococcus dysgalacticae 419 

(Table 2). The other MRGs (mphE, ermC, msrA and ermF) were less prevalent and found in a 420 

total of 10 isolates (Streptococcus dysgalactiae, Streptococcus pneumoniae, Streptococcus 421 

pyogenes, Streptococcus agalactiae and Staphylococcus epidermidis,). When the MRG data 422 

were sorted by gene mechanism of action, the efflux genes (mefA/E and mefC genes; total  423 

28.9 %) were the most prevalent, in stark contrast to environmental isolates from the discharge 424 

site where these mef genes were poorly represented (2.1 %) (Figs 2 and 3). The other two 425 

dominant mechanisms of action among assayed clinical isolates were the ribosomal methylation 426 

(ermB, ermC and ermF; total 27.7 %) and protection genes (msrD, and msrA; total 23.3 %), 427 

similar to observations among discharge isolates. Nevertheless, notable difference between 428 

clinical and discharge isolates was in gene variants responsible for ribosomal protection �± 429 

clinical isolates contained predominantly msrD, while environmental isolates carried mainly 430 

msrE. (Figs. 2A and 3A).   431 

Besides single MRG per isolate, the co-existence of two or three MRGs was detected in 432 

17/51 (33%) and 4/51 (8%) MRG-positive clinical isolates, respectively (Fig. 3B). The most 433 

frequent detected combination of MRGs among these isolates was msrD-mefE, a dual efflux 434 

pump responsible for high-level macrolide resistance which has been reported previously for 435 

streptococcal isolates (Ambrose et al., 2005; Fyfe et al., 2016; Schroeder et al., 2019; 436 

Wierzbowski et al., 2005). This dual efflux pump has been often associated with Mega, 437 

Macrolide Efflux Genetic Assembly and derivative transposons Tn2009 and Tn2010 (Fyfe et 438 



                                                                                                                         Znanstveni radovi 

111 
 

al., 2016). Combinations of three MRGs including ermB-msrD-mefE was detected in 439 

Streptococcus pneumoniae and Streptococcus salivarius, while ermB-msrD-mphE was detected 440 

only in S. pneumoniae (Table S3). The ermB-msrD-mefE cluster has been detected in an 441 

increasing number of S. pneumoniae isolates worldwide (Bowers et al., 2012; Farrell et al., 442 

2008; Schroeder and Stephens, 2016), probably due to association with the transposon Tn2010 443 

containing both ermB gene and the Mega element (Del Grosso et al., 2006; Schroeder and 444 

Stephens, 2016).  445 

 446 

Figure 3. Percentage of single macrolide-resistance genes (A) and macrolide-resistance 447 

mechanisms (B) identified in clinical isolates. Graph A shows % of isolates with single 448 

resistance gene in relation to the total number of isolates tested, while graph B shows % of 449 

isolates with one or more resistance mechanisms (RM) in relation to the number of isolates 450 

harbouring at least one macrolide-resistance gene..  451 

  452 
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Comparison of selected MRGs from clinical and environmental isolates  453 

 Four MRGs representing the most dominant mechanisms of action were selected for 454 

further sequence analysis: (i) ermB, the most commonly detected gene in both environmental 455 

and clinical isolates, (ii) mefA/E and msrD genes, more frequently found in clinical isolates, 456 

and (iii) mphE, more frequently identified in environmental isolates. The nucleotide sequences 457 

of all four analyzed MRGs were highly similar (�•��98 %) to the nucleotide sequences deposited 458 

in the NCBI database.  459 

 Phylogenetic analysis of the nucleotiode sequences of the ermB gene found in both 460 

sediment isolates from the discharge site and clinical isolates revealed two different genotypes 461 

separated in two distinct clusters (1 and 2). Although there is high ermB sequence homology 462 

(> 98 %) between these two sub-clusters, variability in the sequence may indicate the origin of 463 

erm genes found in isolated strains. The genotype associated with cluster 1 has been mostly 464 

found in environmental isolates from DW0 site (20/25) (the genera Lysinibacillus, 465 

Streptococcus, Aerococcus, Microbacterium, Bacillus, Enterococcus, Cellulosimicrobium, 466 

Lactococcus and Trichococcus) and in 5 clinical streptococci characterized in this study (Fig. 467 

4). In contrast, the genotype associated with cluster 2 has been mainly identified in clinical 468 

streptococcal isolates assayed in this study (15/18), but also in three discharge isolates, 469 

including the genera Brevundimonas and Enterococcus. Collectively, these observations 470 

suggest the possible transfer of the ermB gene between bacteria of clinical and environmental 471 

origin.  472 

Phylogenetic analyses of mefA/E and msrD genes (Figs. S1 and S2), which were mostly 473 

associated with clinical streptococcal isolates, showed no clear grouping between clinical and 474 

environmental isolates from either UP or DW0 site due to high overall homology between 475 

sequenced genes. Interestingly, phylogenetic analysis of the mefA/E gene revealed two sub-476 

groups (Fig. S1), despite previously reported high nucleotide sequence homology of mefA and 477 

mefE genes (Roberts et al., 1999). The mefA sub-group consisted of only 2 clinical isolates of 478 

S. pyogenes and 1 discharge isolate of Acidovorax sp., suggesting that these three mefA efflux 479 

pumps are highly similar at their nucleotide sequence level. On the other hand, the mefE sub-480 

group consisted mostly of clinical streptococcal isolates and 2 Microbacterium isolates from 481 

both UP and DW0 site. This indicates high mefE homology between clinical streptococci and 482 

environmental Microbacterium isolates, regardless of macrolide pollution. Similar findings 483 

were observed for the msrD gene (Fig. S2), whose nucleotide sequences in studied clinical 484 
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streptococci were highly homologous to those in evironmental isolates of Microbacterium and 485 

Bacillus from UP site as well as Microbacterium and Chryeobacterium from DW site.  486 

Regarding the phylogenetic analysis of mphE gene, which was mostly found in Gram-487 

negative environmental isolates, we found high nucleotide sequence similarity between mphE 488 

in clinical streptococcal isolates (S. pneumoniae and S. dysgalactiae) and environmental 489 

isolates from either UP (2 isolates) or DW0 site (14 isolates) (Fig. S3). These observations 490 

suggest that macrolide phosphotransferase MphE found in pathogenic streptococci from 491 

clinical samples are closely related to those in environmental bacteria, irrespective of whether 492 

sediment samples were collected from macrolide-polluted or unpolluted sediment. 493 

anthropogenic influences. However, despite the high similarity between analyzed genes from 494 

clinical pathogens and environmental isolates, the potential transfer mechanisms of target 495 

MRGs between their genomes remains unknown and should be further explored.  496 

  497 
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 498 

 499 

 500 
 501 

Figure 4.  Neighbor-joining phylogenetic tree generated by analysing near complete ermB gene 502 

sequences of environmental isolates from the effluent discharge site (DW0) as well as clinical 503 

isolates (HOSP) and strains of its closest relatives retrieved from NCBI database (in bold). 504 

Accession numbers are given in front of isolate name. Bootstrap values (>500 only) calculated 505 

from 1000 re-samplings are shown. Scale bar = 0.001 changes/site.   506 

  507 
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CONCLUSIONS 508 

 This study demonstrates the importance of river sediment exposed to very high levels 509 

of macrolides discharged from azithromycin-producing factory as a reservoir of diverse 510 

macrolide-resistant bacteria, including opportunistic pathogens. Besides single MRGs, isolates 511 

from the effluent discharge site demonstrated a greater incidence of the co-occurence of 512 

multiple MRGs compared to isolates from the upstream site, suggesting the importance of 513 

acquiring multiple macrolide resistance mechanisms in the adaptation of bacteria to high 514 

macrolide levels. Discharge isolates also showed a greater incidence of the ribosomal 515 

methylation and protection mechanisms compared to upstream ones, suggesting that these 516 

mechanisms have an important role in defence of bacteria against high concentration of 517 

macrolides. Although the same mechanisms were among the most frequently detected among 518 

clinical isolates, a different variants of these genes were primarily found between environmental 519 

and clinical sources, with the exception of the ermB gene. The fact that this gene was the 520 

dominant resistance gene in both the discharge and clinical streptococcal isolates, together with 521 

high ermB nucleotide sequence homology between these isolates suggested a possible exchange 522 

between bacteria of clinical and environmental origin. However, further studies, focusing on 523 

the mobility potential of identified environmental genes and clonal relations between 524 

environmental and clinical isolates, are needed to better elucidate the impact of environmental 525 

pollution with macrolides on the promotion of macrolide resistance in clinically relevant 526 

pathogens in Croatia.   527 
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 4. RASPRAVA 

 �5�D�V�W�X�ü�D���S�R�M�D�Y�D �V�Y�H���Y�H�ü�H�J���E�U�R�M�D��bakterija otpornih na antibiotike predstavlja jedan od 

�Q�D�M�Y�H�ü�L�K�� �M�D�Y�Q�R�]�G�U�D�Y�V�W�Y�H�Q�L�K�� �S�U�R�E�O�H�P�D�� �Q�D�� �J�O�R�E�D�O�Q�R�M�� �U�D�]�L�Q�L���� �D�� �S�R�W�D�N�Q�X�W�D�� �M�H�� �S�U�H�N�R�P�M�H�U�Q�R�P��

�S�R�W�U�R�ã�Q�M�R�P�� �D�Q�W�L�E�L�R�W�L�N�D�� �X�� �O�M�X�G�L�� �L�� �å�L�Y�R�W�L�Q�M�D�� �W�H�� �Q�M�L�K�R�Y�L�P�� �N�R�Q�W�L�Q�X�L�U�D�Q�L�P�� �L�V�S�X�ã�W�D�Q�M�H�P�� �X�� �R�N�R�O�L�ã����

�2�W�S�D�G�Q�H���Y�R�G�H���I�D�U�P�D�F�H�X�W�V�N�H���L�Q�G�X�V�W�U�L�M�H���P�R�J�X���S�U�H�G�V�W�D�Y�O�M�D�W�L���]�Q�D�þ�D�M�Q�H���W�R�þ�N�D�V�W�H���L�]�Y�R�U�H���D�Q�W�L�E�L�R�W�L�N�D��

�W�H�� �V�W�R�J�D�� �S�U�L�G�R�Q�R�V�H�� �R�Q�H�þ�L�ã�ü�H�Q�M�X�� �U�H�F�L�S�L�M�H�Q�W�Q�R�J�� �Y�R�G�H�Q�R�J�� �R�N�R�O�L�ã�D�� �R�Y�L�P�� �G�U�D�J�R�F�M�H�Q�L�P�� �O�L�M�H�N�R�Y�L�P�D��

(Fick i sur., 2009.; Kristiansson i sur., 2011.; �/�D�U�V�V�R�Q���� ���������D������ �â�L�P�D�W�R�Y�L�ü�� �L�� �8�G�L�N�R�Y�L�ü-�.�R�O�L�ü����

2019.)���� �.�D�N�R�� �V�H�� �U�D�G�L�� �R�� �E�L�R�O�R�ã�N�L�� �D�N�W�L�Y�Q�L�P�� �V�S�R�M�H�Y�L�P�D���� �S�U�L�V�X�W�Q�R�V�W�� �D�Q�W�L�E�L�R�W�L�N�D�� �X�� �S�R�Y�L�ã�H�Q�L�P��

�N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D���X���R�N�R�O�L�ã�X���P�R�å�H���L�]�D�]�Y�D�W�L���D�N�X�W�Q�H���W�R�N�V�L�þ�Q�H���X�þ�L�Q�N�H���Q�D���Y�R�G�H�Q�H���R�U�J�D�Q�L�]�P�H�����ã�W�R���]�D��

�S�R�V�O�M�H�G�L�F�X���L�P�D���Q�D�U�X�ã�D�Y�D�Q�M�H���R�V�M�H�W�O�M�L�Y�H���U�D�Y�Q�R�W�H�å�H���H�N�R�V�X�V�W�D�Y�D��(Carlsson i sur., 2009.; Larsson i 

sur., 2007.)���� �2�V�L�P���W�R�J�D���� �L�]�O�R�å�H�Q�R�V�W���S�R�Y�L�ã�H�Q�L�P���N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D�� �D�Q�W�L�E�L�R�W�L�N�D���P�R�å�H���G�R�Y�H�V�W�L���L���G�R��

dugotrajnih �X�þ�L�Q�D�N�D���S�R�S�X�W stjecanja otpornosti na antibiotike �P�H�ÿ�X���R�N�R�O�L�ã�Q�L�P���E�D�N�W�H�U�L�M�D�P�D�����þ�L�P�H��

�V�H���L�Q�G�L�U�H�N�W�Q�R���X�J�U�R�å�D�Y�D���]�G�U�D�Y�O�M�H���O�M�X�G�L���L���å�L�Y�R�W�L�Q�M�D��(Bengtsson-Palme i sur., 2014.; Flach i sur., 

2015.; Kristiansson i sur., 2011.; Li i sur., 2009., 2010.; Rutgersson i sur., 2014.; Sidrach-

Cardona i sur., 2014.). Do danas se relativno malo zna o utjecaju otpadnih voda farmaceutskih 

�L�Q�G�X�V�W�U�L�M�D�� �Q�D�� �V�W�X�S�D�Q�M�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �R�N�R�O�L�ã�D�� �L�� �V�W�M�H�F�D�Q�M�H��otpornosti na antibiotike, a dostupne 

�V�S�R�]�Q�D�M�H�� �S�R�W�M�H�þ�X�� �X�J�O�D�Y�Q�R�P�� �L�]�� �D�]�L�M�V�N�L�K�� �G�U�å�D�Y�D�� �S�R�S�X�W�� �,�Q�G�L�M�H�� �L�� �.�L�Q�H���� �G�R�N�� �X�� �R�V�W�D�O�L�P�� �G�L�M�H�O�R�Y�L�P�D��

�V�Y�L�M�H�W�D�����X�N�O�M�X�þ�X�M�X�ü�L���L���+�U�Y�D�W�V�N�X�����R�Y�R���Y�D�å�Q�R���S�L�W�D�Q�M�H���R�V�W�D�M�H���Q�H�U�D�]�M�D�ã�Q�M�H�Q�R�����,�]���W�R�J���M�H���U�D�]�O�R�J�D���X���R�Y�R�P��

�U�D�G�X���R�E�X�K�Y�D�ü�H�Q�D���V�M�H�Y�H�U�R�]�D�S�D�G�Q�D���+�U�Y�D�W�V�N�D�����L���W�R���G�Y�D���V�W�X�G�L�M�V�N�D���S�R�G�U�X�þ�M�D���X���R�N�R�O�L�F�L���J�U�D�G�D���=�D�J�U�H�E�D��

�J�G�M�H���V�X���V�P�M�H�ã�W�H�Q�L���S�U�R�L�]�Y�R�G�Q�L���S�R�J�R�Q�L���I�D�U�P�D�F�H�X�W�V�N�L�K���L�Q�G�X�V�W�U�L�M�D�����-�H�G�Q�D���R�G���W�L�K���L�Q�G�X�V�W�U�L�M�D�����,�Q�G�X�V�W�U�L�M�D��

1) ima dugu tradiciju u proizvodnji makrolidnog antibiotika azitromicina, dok je druga 

�L�Q�G�X�V�W�U�L�M�D�� ���,�Q�G�X�V�W�U�L�M�D�� ������ �X�J�O�D�Y�Q�R�P�� �X�N�O�M�X�þ�H�Q�D�� �X�� �I�R�U�P�X�O�D�F�L�M�X�� �Y�H�W�H�U�L�Q�D�U�V�N�L�K�� �O�L�M�H�N�R�Y�D�� �N�R�M�L�� �N�D�R��

�D�N�W�L�Y�Q�H�� �W�Y�D�U�L�� �V�D�G�U�å�H�� �D�Q�W�L�E�L�R�W�L�N�H�� �L�]�� �U�D�]�O�L�þ�L�W�L�K�� �V�N�X�S�L�Q�D���� �*�O�D�Y�Q�L�� �M�H�� �F�L�O�M�� �R�Y�R�J�� �U�Dda bio razjasniti 

�X�þ�L�Q�N�H�� �L�V�S�X�V�W�D�� �W�L�K�� �L�Q�G�X�V�W�U�L�M�V�N�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �Q�D�� �W�D�N�V�R�Q�R�P�V�N�L�� �V�D�V�W�D�Y�� �L�� �U�H�]�L�V�W�R�P�� �S�U�L�U�R�G�Q�L�K��

�E�D�N�W�H�U�L�M�V�N�L�K���]�D�M�H�G�Q�L�F�D���S�U�L�P�M�H�Q�R�P���Q�D�S�U�H�G�Q�L�K���D�Q�D�O�L�W�L�þ�N�L�K���P�H�W�R�G�D���X���N�R�P�E�L�Q�D�F�L�M�L���V�D���V�W�D�Q�G�D�U�G�Q�L�P��

�P�L�N�U�R�E�L�R�O�R�ã�N�L�P�� �P�H�W�R�G�D�P�D�� �W�H�� �L�Q�R�Y�D�W�L�Y�Q�L�P�� �P�H�W�D�J�H�Q�R�P�V�N�L�P�� �S�U�L�V�W�X�S�L�P�D���� �ã�W�R�� �ü�H�� �E�L�W�L�� �L�V�F�U�S�Q�R��

izneseno dalje u raspravi.   
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�����������8�W�M�H�F�D�M���L�Q�G�X�V�W�U�L�M�V�N�L�K���L�V�S�X�V�W�D���Q�D���R�Q�H�þ�L�ã�ü�H�Q�M�H���U�H�F�L�S�L�M�H�Q�W�Q�R�J���Y�R�G�H�Q�R�J���R�N�R�O�L�ã�D 

 �3�U�Y�L���G�L�R���L�V�W�U�D�å�L�Y�D�Q�M�D���R�E�X�K�Y�D�ü�D���I�L�]�L�N�D�O�Q�X�����N�H�P�L�M�V�N�X���L���P�L�N�U�R�E�L�R�O�R�ã�N�X���D�Q�D�O�L�]�X���L�Q�G�X�V�W�U�L�M�V�N�L�K��

otpadnih voda, a potom i �S�U�R�F�M�H�Q�X���R�Q�H�þ�L�ã�ü�H�Q�M�D���U�H�F�L�S�L�M�H�Q�W�Q�L�K���S�U�L�U�R�G�Q�L�K���Y�R�G�D�����L���W�R���U�L�M�H�N�H���6�D�Y�H���X��

koju se ulijevaju otpadne vode Industrije 1 te potoka Kalinovica �X�� �N�R�M�L�� �V�H�� �L�V�S�X�ã�W�D�M�X�� �R�W�S�D�G�Q�H��

�Y�R�G�H���,�Q�G�X�V�W�U�L�M�H���������5�H�]�X�O�W�D�W�L���R�Y�R�J���G�L�M�H�O�D���L�V�W�U�D�å�L�Y�D�Q�M�D���R�E�M�D�Y�O�M�H�Q�L���V�X���S�R�G���U�H�G�Q�L�P���E�U�R�M�H�Y�L�P�D����-5 u 

popisu znanstvenih radova (str. 40-92).  

 ���������������3�U�R�F�M�H�Q�D���N�D�N�Y�R�ü�H���L�Q�G�X�V�W�U�L�M�V�N�L�K���R�W�S�D�G�Q�L�K���Y�R�G�D�� 

 �,�Q�G�X�V�W�U�L�M�V�N�H�� �R�W�S�D�G�Q�H�� �Y�R�G�H�� �S�U�L�N�X�S�O�M�H�Q�H�� �V�X�� �W�L�M�H�N�R�P�� �þ�H�W�L�U�L�� �V�H�]�R�Q�H�� ������������ �J�R�G�L�Q�H���� �]�L�P�H��

���V�L�M�H�þ�D�Q�M���Y�H�O�M�D�þ�D������ �S�U�R�O�M�H�ü�D�� ���W�U�D�Y�D�Q�M���V�Y�L�E�D�Q�M������ �O�M�H�W�D�� ���V�U�S�D�Q�M���N�R�O�R�Y�R�]���� �L�� �M�H�Veni (listopad/studeni). 

Kemijska analiza otpadne vode Industrije 1 provedena je mjerenjem koncentracija osnovnih 

sastojaka �N�R�M�L���E�L���P�R�J�O�L���S�R�W�M�H�F�D�W�L���L�]���S�U�R�L�]�Y�R�G�Q�R�J���S�R�J�R�Q�D���W�H���L�Q�G�X�V�W�U�L�M�H�����H�U�L�W�U�R�P�L�F�L�Q�D���N�D�R���L�V�K�R�G�L�ã�Q�H��

tvari u sintezi (ERY), N-desmetil azitromicina (N-�'�0�$�����N�D�R���M�H�G�Q�R�J���R�G���P�H�ÿ�X�S�U�R�G�X�N�D�W�D���V�L�Q�W�H�]�H��

�W�H���V�D�P�R�J���N�R�Q�D�þ�Q�R�J���S�U�R�L�]�Y�R�G�D�����D�]�L�W�U�R�P�L�F�L�Q�D�����$�=�,�������6�Y�D���W�U�L���V�S�R�P�H�Q�X�W�D���P�D�N�U�R�O�L�G�D���G�H�W�H�N�W�L�U�D�Q�D���V�X��

�X���U�D�]�P�M�H�U�Q�R���Y�L�V�R�N�L�P���N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D���U�H�G�D���Y�H�O�L�þ�L�Q�H���P�J���/-1, posebice tijekom zime (ukupno do 

6,5 mg L-1�����L���S�U�R�O�M�H�ü�D��(ukupno do 10,5 mg L-1�������ã�W�R���M�H���Y�M�H�U�R�M�D�W�Q�R���S�R�V�O�M�H�G�L�F�D���ã�D�U�å�Q�H���S�U�R�L�]�Y�R�G�Q�M�H��

�D�]�L�W�U�R�P�L�F�L�Q�D�� �W�L�M�H�N�R�P�� �W�L�K�� �]�L�P�V�N�L�K�� �L�� �S�U�R�O�M�H�W�Q�L�K�� �P�M�H�V�H�F�L���� �1�D�å�D�O�R�V�W���� �S�U�R�S�L�V�L�� �N�R�M�L�� �U�H�J�X�O�L�U�D�M�X��

�N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �D�Q�W�L�E�L�R�W�L�N�D�� �X�� �R�W�S�D�G�Q�L�P�� �Y�R�G�D�P�D�� �Q�H�� �S�R�V�W�R�M�H�� �S�D�� �V�H�� �V�W�R�J�D�� �Q�H�� �P�R�å�H�� �Q�D�þ�L�Q�L�W�L�� �Q�D��

propisi�P�D���X�W�H�P�H�O�M�H�Q�D���S�U�R�F�M�H�Q�D���N�D�N�Y�R�ü�H�����0�H�ÿ�X�W�L�P�����þ�L�Q�M�H�Q�L�F�D���G�D���V�X���W�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���E�L�O�H���þ�D�N���G�R��

���� �U�H�G�D�� �Y�H�O�L�þ�L�Q�H�� �Y�L�ã�H�� �R�G�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�� �X�R�E�L�þ�D�M�H�Q�L�K�� �]�D�� �E�R�O�Q�L�þ�N�H�� �L�� �N�R�P�X�Q�D�O�Q�H�� �R�W�S�D�G�Q�H�� �Y�R�G�H�� 

������ ������ ���J�� �/-1���� �L�S�D�N�� �X�S�X�ü�X�M�H�� �Q�D�� �]�Q�D�þ�D�M�Q�X�� �U�D�]�L�Q�X�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �L�Q�G�X�V�W�U�L�M�V�N�L�K�� �R�W�S�D�G�Q�L�K�� �Yoda 

makrolidima (Michael i sur., 2013.; Verlicchi i sur., 2012.; Zhou i sur., 2019.). Ipak, zanimljivo 

�M�H���S�U�L�P�L�M�H�W�L�W�L���G�D���V�X���P�D�N�V�L�P�D�O�Q�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���P�D�N�U�R�O�L�G�D�����]�D�E�L�O�M�H�å�H�Q�H���W�L�M�H�N�R�P���]�L�P�H���L���S�U�R�O�M�H�ü�D����

�E�L�O�H���R�S�ü�H�Q�L�W�R���Q�L�å�H���Rd koncentracija antibiotika u otpadnim vodama farmaceutskih industrija u 

azijskim zemljama (do 44 mg L-1) (Larsson i sur., 2007.; Li i sur., 2008a, b.; Sim i sur., 2011.). 

Nadalje, analiza fizikalno-kemijskih pokazatelja �S�U�R�S�L�V�D�Q�L�K�� �3�U�D�Y�L�O�Q�L�N�R�P�� �R�� �J�U�D�Q�L�þ�Q�L�P��

vrijednostima emisija otpadnih voda NN 80/13 (43/14, 27/15, 3/16) pokazala je da su 

vrijednosti organskih pokazatelja poput KPK, BPK5 i TOC te anorganskih pokazatelja poput 

�X�N�X�S�Q�R�J���I�R�V�I�R�U�D���L���Q�L�W�U�L�W�D���þ�H�V�W�R���S�U�H�P�D�ã�L�Y�D�O�H���J�U�D�Q�L�þ�Q�H���Y�U�L�M�H�G�Q�R�V�W�L���G�D�Q�H���X���S�U�D�Y�L�O�Q�L�N�X�����ã�W�R���X�S�X�ü�X�M�H��

�Q�D���Q�H�]�D�G�R�Y�R�O�M�D�Y�D�M�X�ü�X���N�D�N�Y�R�ü�X���W�L�K���R�W�S�D�G�Q�L�K���Y�R�G�D���]�D���L�V�S�X�V�W���X���R�N�R�O�L�ã�����7�L���S�R�G�D�F�L���W�D�N�R�ÿ�H�U���X�N�D�]�X�M�X��

�Q�D�� �Q�H�X�þ�L�Q�N�R�Y�L�W�R�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �L�]�� �S�R�J�R�Q�D�� �]�D�� �S�U�R�L�]�Y�R�G�Q�M�X�� �D�]�L�W�U�R�P�L�F�L�Q�D�� �X��

�P�H�P�E�U�D�Q�V�N�R�P�� �E�L�R�O�R�ã�N�R�P�� �U�H�D�N�W�R�U�X �X�� �N�U�X�J�X�� �W�H�� �W�Y�R�U�Q�L�F�H���� �9�D�å�Q�R�� �M�H�� �Q�D�S�R�P�H�Q�X�W�L�� �G�D���� �L�D�N�R��

�P�D�N�V�L�P�D�O�Q�R�� �G�R�S�X�ã�W�H�Q�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �P�D�N�U�R�O�L�G�Q�L�K�� �D�Q�W�L�E�L�R�W�L�N�D�� �Q�L�V�X�� �G�H�I�L�Q�L�U�D�Q�H�� �]�D�N�R�Q�V�N�L�P��
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�S�U�R�S�L�V�L�P�D�����D�]�L�W�U�R�P�L�F�L�Q���L���H�U�L�W�U�R�P�L�F�L�Q���V�X���Q�H�G�D�Y�Q�R���X�Y�U�ã�W�H�Q�L���X���O�L�V�W�X���]�D���S�U�D�ü�H�Q�M�H�����W�]�Y�����Äwatch listu�³ 

u okviru EU Okvirne dir�H�N�W�L�Y�H�� �R�� �Y�R�G�D�P�D�� �]�E�R�J�� �V�Y�R�M�L�K�� �N�D�U�D�N�W�H�U�L�V�W�L�N�D�� �S�R�S�X�W�� �W�R�N�V�L�þ�Q�R�V�W�L����

�E�L�R�D�N�X�P�X�O�D�W�L�Y�Q�R�V�W�L�� �L�� �S�R�V�W�R�M�D�Q�R�V�W�L�� �X�� �R�N�R�O�L�ã�X�� ���'�L�U�H�N�W�L�Y�D�� �������������������(�8�� �R�G�� �������� �R�å�X�M�N�D�� ��������������

(Barbosa i sur., 2016.). 

Kemijska analiza otpadnih voda Industrije 2 provedena je mjerenjem koncentracija 

�D�Q�W�L�E�L�R�W�L�N�D�� �N�D�U�D�N�W�H�U�L�V�W�L�þ�Q�L�K�� �]�D�� �W�X�� �L�Q�G�X�V�W�U�L�M�X���� �X�N�O�M�X�þ�X�M�X�ü�L�� �D�Q�W�L�E�L�R�W�L�N�H�� �L�]�� �V�N�X�S�L�Q�D�� �V�X�O�I�R�Q�D�P�L�G�D��

(sulfadiazin, SDZ; sulfametazin, SMZ), 2,4-diaminopirimidina (trimetoprim, TMP), 

fluorokinolona (enrofloksacin, ENR) i tetraciklina (oksitetraciklin, OTC). Koncentracije tih 

�S�R�M�H�G�L�Q�D�þ�Q�L�K�� �D�Q�W�L�E�L�R�W�L�N�D�� �R�S�ü�H�Q�L�W�R�� �V�X�� �E�L�O�H�� �]�Q�D�W�Q�R�� �Q�L�å�H�� �R�G�� �P�J�� �/-1 koncentracija makrolida u 

�R�W�S�D�G�Q�L�P���Y�R�G�D�P�D���,�Q�G�X�V�W�U�L�M�H�������L���N�U�H�W�D�O�H���V�X���V�H���X���U�D�V�S�R�Q�X���R�G���Q�H�N�R�O�L�N�R�����J���/-1 do maksimalno 231 

���J�� �/-1. Ipak, potrebno je napomenuti da su te koncentracije i dalje �þ�H�V�W�R�� �E�L�O�H�� �L�� �]�D�� �þ�L�W�D�Y�� �U�H�G��

�Y�H�O�L�þ�L�Q�H�� �Y�L�ã�H�� �R�G�� �X�R�E�L�þ�D�M�H�Q�L�K�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�� �D�Q�W�L�E�L�R�W�L�N�D�� �X�� �N�R�P�X�Q�D�O�Q�L�P�� �R�W�S�D�G�Q�L�P�� �Y�R�G�D�P�D��

(Michael i sur., 2013.; Zhou i sur., 2019.). Nadalje j�H�� �]�D�S�D�å�H�Q�R�� �G�D�� �X�� �R�W�S�D�G�Q�L�P�� �Y�R�G�D�P�D�� �R�Y�H��

�L�Q�G�X�V�W�U�L�M�H�����V�O�L�þ�Q�R���N�D�R���X���R�W�S�D�G�Q�L�P���Y�R�G�D�P�D���,�Q�G�X�V�W�U�L�M�H���������S�R�V�W�R�M�H���]�Q�D�þ�D�M�Q�H���V�H�]onske varijacije u 

koncentracijama �D�Q�W�L�E�L�R�W�L�N�D���� �ã�W�R�� �M�H�� �Q�D�U�R�þ�L�W�R�� �U�D�]�Y�L�G�Q�R�� �X�� �V�O�X�þ�D�M�X�� �V�X�O�I�D�P�H�W�D�]�L�Q�D�� �þ�L�M�H�� �V�X��

�N�R�Q�F�H�Q�W�U�D�F�L�M�H���Y�D�U�L�U�D�O�H���X���U�D�V�S�R�Q�X���R�G���������J L-1 �G�R�������������J���/-1. Takve oscilacije u koncentracijama 

�D�Q�W�L�E�L�R�W�L�N�D���P�R�J�X���E�L�W�L���S�R�V�O�M�H�G�L�F�D���Y�L�ã�H�V�W�U�X�N�L�K���U�D�]�O�R�J�D���X�N�O�M�X�þ�X�M�X�ü�L���U�D�]�O�L�N�H���X���F�L�N�O�X�V�L�P�D���S�U�R�L�]�Y�R�G�Q�M�H��

antibiotika te ispiranju reakcijskih/formulacijskih spremnika (Larsson, 2014a.; Pruden i sur., 

2013.). Analiza fizikalno-kemijskih pokazatelja propisanih Pravilnikom NN 80/13 (43/14, 

27/15, 3/16) nadalje je pokazala da su otpadne vode Industrije 2 �X�J�O�D�Y�Q�R�P���E�L�O�H���]�D�G�R�Y�R�O�M�D�Y�D�M�X�ü�H��

�N�D�N�Y�R�ü�H���]�D���L�V�S�X�V�W���X���R�N�R�O�L�ã�����E�X�G�X�ü�L���G�D���V�X���Y�U�L�M�H�G�Q�R�V�W�L���L�V�S�L�W�L�Y�D�Q�L�K���S�R�N�D�]�D�W�H�O�M�D���E�L�O�H���L�V�S�R�G���S�U�R�S�L�V�D�Q�L�K��

�G�R�S�X�ã�W�H�Q�L�K���P�D�N�V�L�P�X�P�D���� 

 �1�D�M�Y�H�ü�D�� �]�D�E�U�L�Q�X�W�R�V�W���Y�H�]�D�Q�D�� �X�]�� �L�V�S�X�ã�W�D�Q�M�H�� �D�Q�W�L�E�L�R�W�L�Na iz proizvodnih pogona je razvoj 

�E�D�N�W�H�U�L�M�D�� �R�W�S�R�U�Q�L�K�� �Q�D�� �W�H�� �D�Q�W�L�E�L�R�W�L�N�H���� �S�U�R�E�O�H�P�� �N�R�M�L�� �Q�L�M�H�� �R�J�U�D�Q�L�þ�H�Q�� �Q�D�� �]�H�P�O�M�R�S�L�V�Q�R�� �S�R�G�U�X�þ�M�H�� �L�O�L��

�G�U�å�D�Y�X���X���N�R�M�R�M���Q�D�V�W�D�M�H���Q�H�J�R���S�U�H�G�V�W�D�Y�O�M�D���S�R�W�H�Q�F�L�M�D�O�Q�X���S�U�L�M�H�W�Q�M�X���]�G�U�D�Y�O�M�X���O�M�X�G�L���ã�L�U�R�P���V�Y�L�M�H�W�D�����1�H�N�L��

�V�X�� �D�X�W�R�U�L�� �D�Q�D�O�L�]�L�U�D�M�X�ü�L�� �Y�R�G�H�Q�L �R�N�R�O�L�ã�� �L�]�O�R�å�H�Q�� �R�Q�H�þ�L�ã�ü�H�Q�M�X�� �D�Q�W�L�E�L�R�W�L�F�L�P�D�� �L�]�� �I�D�U�P�D�F�H�X�W�V�N�H��

�S�U�R�L�]�Y�R�G�Q�M�H���X�R�þ�L�O�L���R�E�R�J�D�ü�L�Y�D�Q�M�H���E�D�N�W�H�U�L�M�D���R�W�S�R�U�Q�L�K���Q�D���D�Q�W�L�E�L�R�W�L�N�H���L���Q�M�L�K�R�Y�L�K���J�H�Q�D���]�D���R�W�S�R�U�Q�R�V�W��

���)�O�D�F�K���L���V�X�U���������������������/�L���L���V�X�U�������������������������������������������������/�•�E�E�H�U�W���L���V�X�U���������������������5�X�W�J�H�U�V�V�R�Q���L���V�X�U��������������������

Sidrach-�&�D�U�G�R�Q�D�� �L�� �V�X�U������ ���������������� �3�R�U�H�G�� �W�R�J�D���� �L�V�W�U�D�å�L�Y�D�Q�M�D�� �V�X�� �S�R�N�D�]�D�O�D�� �G�D�� �þ�D�N�� �L�� �Q�L�V�N�H����

�V�X�E�L�Q�K�L�E�L�W�R�U�Q�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���D�Q�W�L�E�L�R�W�L�N�D�����V�O�L�þ�Q�H���R�Q�L�P�D���Q�D�ÿ�H�Q�L�P���X���U�D�]�O�L�þ�L�W�L�P���Y�R�G�H�Q�L�P���V�X�V�W�D�Y�L�P�D����

mogu promicati otpornost na antibiotike (Andersson i Hughes, 2014.; Berendonk i sur., 2015.; 

Gullberg i sur., 2011.)�����0�H�ÿ�X�W�L�P����iako �Q�H���S�R�V�W�R�M�H���Q�L���G�R�P�D�ü�L���Q�L���L�Q�R�]�H�P�Q�L���]�D�N�R�Q�V�N�L��propisi koji 

�E�L�� �G�H�I�L�Q�L�U�D�O�L�� �P�D�N�V�L�P�D�O�Q�R�� �G�R�S�X�ã�W�H�Q�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �D�Q�W�L�E�L�R�W�L�N�D�� �X�� �R�N�R�O�L�ã�X, koncentracije 
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azitromicina izmjerene u otpadnim vodama Industrije 1 bile su �þ�D�N���G�R�������U�H�G�D���Y�H�O�L�þ�L�Q�H���Y�L�ã�H���R�G��

njegove PNEC vrijednosti (250 ng L-1), pa je �]�D�� �R�þ�H�N�L�Y�D�W�L�� �G�D�� �ü�H�� �L�V�S�X�V�W�� �W�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D��

potaknuti razvoj bakterijske �R�W�S�R�U�Q�R�V�W�L�� �Q�D�� �P�D�N�U�R�O�L�G�H�� �X�� �U�L�M�H�F�L�� �6�D�Y�L���� �â�W�R�� �V�H�� �W�L�þ�H�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D��

�,�Q�G�X�V�W�U�L�M�H�� ������ �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �S�R�M�H�G�L�Q�D�þ�Q�L�K�� �D�Q�W�L�E�L�R�W�L�N�D���� �L�D�N�R�� �]�Q�D�W�Q�R�� �Q�L�å�H�� �X�� �X�V�S�R�U�H�G�E�L�� �V�D��

�N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D���X���R�W�S�D�G�Q�L�P���Y�R�G�D�P�D���,�Q�G�X�V�W�U�L�M�H���������W�D�N�R�ÿ�H�U��su �S�U�H�P�D�ã�L�Y�D�O�H���R�G�J�R�Y�D�U�D�M�X�ü�H���3�1�(�&��

vrijednosti, �X�N�D�]�X�M�X�ü�L�� �Q�D�� �S�R�W�H�Q�F�L�M�D�O�Q�L�� �U�L�]�L�N za poticanje razvoja bakterijske otpornosti 

(Bengtsson-Palme i Larsson, 2016.).   

 �.�H�P�L�M�V�N�R�P�� �D�Q�D�O�L�]�R�P�� �M�H�� �Q�D�G�D�O�M�H�� �X�W�Y�U�ÿ�H�Q�R�� �G�D�� �R�W�S�D�G�Q�H�� �Y�R�G�H�� �R�E�L�M�X�� �L�Q�G�X�V�W�U�L�M�D���� �S�R�U�H�G��

�D�Q�W�L�E�L�R�W�L�N�D�����V�D�G�U�å�H���L���P�H�W�D�O�H�����$�V�����&�G�����&�U�����&�X�����3�E�����1�L���L���=�Q�������P�H�ÿ�X�W�L�P�����Q�M�L�K�R�Y�H���V�X���N�R�Q�F�H�Q�W�U�D�F�L�M�H��

�W�L�M�H�N�R�P�� �R�E�M�H�� �V�H�]�R�Q�H�� �X�J�O�D�Y�Q�R�P�� �E�L�O�H�� �Q�L�å�H�� �R�G�� �P�D�N�V�L�P�D�O�Q�R�� �G�R�S�X�ã�W�H�Q�L�K�� �N�R�Q�F�H�Q�W�U�D�F�Lja prema 

�Y�D�å�H�ü�H�P�� �3�U�D�Y�L�O�Q�L�N�X�� �1�1�� ������������ ���������������� �������������� �������������� �,�S�D�N���� �Y�D�O�M�D�� �Q�D�J�O�D�V�L�W�L�� �G�D�� �V�X�� �L�]�P�M�H�U�H�Q�H��

�N�R�Q�F�H�Q�W�U�D�F�L�M�H���W�L�K���P�H�W�D�O�D���E�L�O�H���þ�D�N���G�R���������S�X�W�D���Y�L�ã�H���R�G���J�U�D�Q�L�þ�Q�L�K���N�R�Q�F�H�Q�W�U�D�F�L�M�D���L�]�Q�D�G���N�R�M�L�K���V�H���P�R�å�H��

�R�þ�H�N�L�Y�D�W�L���N�R-selekcija otpornosti na metale i antibiotike (Seiler i Berendonk, 2012.). Ti podaci 

ukazuju na doprinos metala selekciji bakterija otpornih na antibiotike, barem u otpadnim 

�Y�R�G�D�P�D���� �0�H�ÿ�X�� �D�Q�D�O�L�]�L�U�D�Q�L�P�� �P�H�W�D�O�L�P�D�� �S�R�V�H�E�Q�R�� �V�H�� �L�V�W�L�þ�X�� �&�X�� �L�� �=�Q�� �N�R�M�L�� �V�X�� �L�P�D�O�L�� �Q�D�M�Y�L�ã�X��

koncentraciju u otpadnim vodama obiju industrija u odnosu na druge metale te je njihova 

povezanost sa poticanjem nastanka bakterija otpornih na antibiotike poznata od ranije (Becerra-

Castro i sur., 2015.; Poole, 2017.).  

 �0�L�N�U�R�E�L�R�O�R�ã�N�D�� �D�Q�D�O�L�]�D���R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �L�]�� �R�E�M�H�� �L�V�W�U�D�å�L�Y�D�Q�H�� �L�Q�G�X�V�W�U�L�M�H��provedena je 

nacjepljivanjem uzoraka otpadnih voda na selektivne 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 %) u ukupnoj 

kultivabilnoj bakterijskoj populaciji otpadne vode Industrije 1, napose tijekom zime i �S�U�R�O�M�H�ü�D 

kada su u tim uzorcima bile izmjerene i visoke koncentracije azitromicina. Ti podaci ukazuju 

�Q�D���P�R�J�X�üe �Q�D�P�Q�R�å�D�Y�D�Q�M�H��bakterija u otpadnoj vodi kao odgovor na visoki selekcijski pritisak 

�D�]�L�W�U�R�P�L�F�L�Q�D�����6�O�L�þ�Q�R���W�R�P�H�����X���R�W�S�D�G�Q�R�M���Y�R�G�L���,�Q�G�X�V�W�U�L�M�H�������X�R�þ�H�Q���M�H���Y�L�V�R�N���X�G�L�R���E�D�N�W�H�U�L�M�D���R�W�S�R�U�Q�L�K��

�Q�D���V�X�O�I�D�P�H�W�D�]�L�Q�����G�R���������������L���R�N�V�L�W�H�W�U�D�F�L�N�O�L�Q�����G�R�����������������3�U�L�W�R�P���M�H���]�D�P�L�M�H�ü�H�Q�D���S�R�]�L�W�L�Y�Q�D���N�R�U�H�O�D�F�L�M�D��

�L�]�P�H�ÿ�X���X�G�M�H�O�D���E�D�N�W�H�U�L�M�D���R�W�S�R�U�Q�L�K���Q�D���R�N�V�L�W�H�W�U�D�F�L�N�O�L�Q���L���N�R�Q�F�H�Q�W�U�D�F�L�M�H���R�N�V�L�W�H�W�U�D�F�L�N�O�L�Q�D�����ã�W�R���X�S�X�ü�X�M�H��

�Q�D���]�D�N�O�M�X�þ�D�N���G�D���R�N�V�L�W�H�W�U�D�F�L�N�O�L�Q���Y�M�H�U�R�M�D�W�Q�R���S�R�W�L�þ�H���V�H�O�H�N�F�L�M�X���R�W�S�R�U�Q�L�K���E�D�N�W�H�U�L�M�D���X���R�W�S�D�G�Q�R�M���Y�R�G�L���� 

�6�D�å�H�W�R���U�H�þ�H�Q�R�����L�]���G�R�V�D�G�D�ã�Q�M�H���U�D�V�S�U�D�Y�H���S�U�R�L�]�O�D�]�L���G�D���Ve ispustom otpadnih voda iz lokalnih 

farmaceutskih industrija unose �Q�H���V�D�P�R���W�R�N�V�L�þ�Qe i selektivne tvari poput antibiotika i metala 
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nego i bakterije otporne na antibiotike u recipijentne prirodne vode. Takve otpadne vode, stoga, 

predstavljaju potencijalnu opasnost za zdravlje okol�L�ã�D���L���O�M�X�G�L�� 

 ���������������.�H�P�L�M�V�N�R���L���P�L�N�U�R�E�L�R�O�R�ã�N�R���R�Q�H�þ�L�ã�ü�H�Q�M�H���Y�R�G�H�Q�R�J���R�N�R�O�L�ã�D�� 

Prema dostupnoj literaturi ispusti otpadnih voda farmaceutskih industrija dovode do 

�]�Q�D�þ�D�M�Q�R�J���R�Q�H�þ�L�ã�ü�H�Q�M�D���U�H�F�L�S�L�M�H�Q�W�Q�L�K���S�U�L�U�R�G�Q�L�K���Y�R�G�D���D�Q�W�L�E�L�R�W�L�F�L�P�D���L���E�D�N�W�H�U�L�M�D�P�D���R�W�S�R�U�Q�L�P���Q�D���W�H��

antibiotike (Fick i sur., 2009.; Flach i sur., 2015.; Kristiansson i sur., 2011.; Li i sur., 2009., 

�������������� �/�•�E�E�H�U�W�� �L�� �V�X�U������ �������������� �6�L�G�U�D�F�K-Cardona i sur., 2014.)���� �%�X�G�X�üi da industrijske otpadne 

�Y�R�G�H�� �L�V�W�U�D�å�L�Y�D�Q�H�� �X�� �R�Y�R�P�� �U�D�G�X�� �N�D�U�D�N�W�H�U�L�]�L�U�D�� �U�D�]�P�M�H�U�Q�R�� �Y�L�V�R�N�D�� �U�D�]�L�Q�D�� �N�H�P�L�M�V�N�R�J�� �L��

�P�L�N�U�R�E�L�R�O�R�ã�N�R�J�� �R�Q�H�þ�L�ã�ü�H�Q�M�D���� �P�R�å�H�� �V�H�� �R�þ�H�N�L�Y�D�W�L�� �R�Q�H�þ�L�ã�ü�H�Q�M�H�� �U�L�M�H�N�H�� �6�D�Y�H�� �R�G�Q�R�V�Q�R�� �S�R�W�R�N�D��

Kalinovica u koje se te otpadne vode ulijevaju. Stoga je cilj ovog �G�L�M�H�O�D���L�V�W�U�D�å�L�Y�D�Q�M�D���E�L�R���L�V�W�U�D�å�L�W�L��

�X���N�R�M�R�M���M�H���P�M�H�U�L���G�R�ã�O�R���G�R���R�Q�H�þ�L�ã�ü�H�Q�M�D���V�S�R�P�H�Q�X�W�L�K���S�U�L�U�R�G�Q�L�K���Y�R�G�D�� 

�.�H�P�L�M�V�N�R�P���D�Q�D�O�L�]�R�P���S�R�Y�U�ã�L�Q�V�N�H���Y�R�G�H���U�L�M�H�N�H���6�D�Y�H���X�W�Y�U�ÿ�H�Q�H���V�X���S�R�Y�L�ã�H�Q�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H��

ciljanih makrolida (AZI, ERY i N-DMA) na dvije lokacije 700 m (DW700) i 4,5 km nizvodno 

od ispusta (DW4500) u odnosu na uzvodnu lokaciju. Iako su te koncentracije varirale tijekom 

�V�H�]�R�Q�D���� �Q�D�M�Y�L�ã�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �L�]�P�M�H�U�H�Q�H�� �V�X�� �W�L�M�H�N�R�P�� �]�L�P�H�� ���X�N�X�S�Q�R�� �R�N�R�� ������ ���J�� �/-1���� �L�� �S�U�R�O�M�H�ü�D��

���X�N�X�S�Q�R���G�R�����������J���/-1) na nizvodnim lokacijama kada su i indu�V�W�U�L�M�V�N�H���R�W�S�D�G�Q�H���Y�R�G�H���E�L�O�H���Q�D�M�Y�L�ã�H��

�R�S�W�H�U�H�ü�H�Q�H�� �P�D�Nrolidima. Nadalje, koncentracije makrolida u rijeci Savi uglavnom su se 

smanjivale �X�G�D�O�M�D�Y�D�Q�M�H�P���R�G���O�R�N�D�F�L�M�H���L�V�S�X�V�W�D�����Y�M�H�U�R�M�D�W�Q�R���X�V�O�L�M�H�G���U�D�]�U�M�H�ÿ�H�Q�M�D���U�L�M�H�þ�Q�R�P���Y�R�G�R�P���W�H��

prirodnih eliminacijskih procesa u samoj �U�L�M�H�F�L���� �0�H�ÿ�X�W�L�P���� �S�R�Y�U�H�P�H�Q�R�� �V�X�� �Y�L�ã�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H��

makrolida izmjerene na udaljenijoj lokaciji DW4500 �X�� �R�G�Q�R�V�X�� �Q�D�� �O�R�N�D�F�L�M�X�� �E�O�L�å�H�� �L�V�S�X�V�W�X��

(DW�������������ã�W�R���X�S�X�ü�X�M�H���Q�D���W�R���G�D���L�Q�G�X�V�W�U�L�M�V�N�H���R�W�S�D�G�Q�H���Y�R�G�H���Q�L�V�X���M�H�G�L�Q�L���W�R�þ�N�D�V�W�L���L�]�Y�R�U���R�Q�H�þ�L�ã�ü�H�Q�M�D��

�6�D�Y�H�� �W�L�P�� �V�S�R�M�H�Y�L�P�D���� �7�D�� �þ�L�Q�M�H�Q�L�F�D�� �Q�H�� �L�]�Q�H�Q�D�ÿ�X�M�H�� �D�N�R�� �V�H�� �X�]�P�H�� �X�� �R�E�]�L�U�� �S�R�G�D�W�D�N�� �G�D�� �V�H�� �L�]�P�H�ÿ�X��

navedenih nizvodnih lokacija, neposredno ispod lokacije DW700, nalazi utok rijeke Krapine u 

�6�D�Y�X���� �1�D�L�P�H���� �U�L�M�H�N�D�� �.�U�D�S�L�Q�D�� �M�H�� �U�H�F�L�S�L�M�H�Q�W�� �L�V�S�X�V�W�D�� �L�]�� �X�U�H�ÿ�D�M�D�� �]�D�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D��

grada Zapr�H�ã�L�ü�D�� �Q�D�� �N�R�M�H�P�� �V�H�� �G�L�M�H�O�R�P�� �R�E�U�D�ÿ�X�M�X�� �L�� �R�W�S�D�G�Q�H�� �Y�R�G�H�� �,�Q�G�X�V�W�U�L�M�H�� ������ �W�D�N�R�� �G�D�� �S�R�V�W�R�M�L��

�P�R�J�X�ü�Q�R�V�W�� �G�D��utok rijeke Krapine �P�D�Q�M�L�P�� �G�L�M�H�O�R�P�� �S�U�L�G�R�Q�R�V�L�� �R�Q�H�þ�L�ã�ü�H�Q�M�X�� �U�L�M�H�N�H Save ovim 

antibioticima. �9�D�å�Q�R���M�H���W�D�N�R�ÿ�H�U���Q�D�S�R�P�H�Q�X�W�L���G�D���M�H��uzvodna lokacija UP3500 (3,5 km uzvodno 

od ispusta otpadnih voda Industrije 1) �V�P�M�H�ã�W�H�Q�D��netom poslije utoka �Q�H�N�D�G�D�ã�Q�M�H�J��potoka 

Gorjak u Savu. Taj je �S�R�W�R�N�����N�R�M�L���M�H���V�D�G�D���S�R�W�S�X�Q�R���S�U�H�V�X�ã�H�Q�����V�O�X�å�L�R���N�D�R���G�X�J�R�J�R�G�L�ã�Q�M�L���U�H�F�L�S�L�M�H�Q�W��

�Q�H�S�U�R�þ�L�ã�ü�H�Q�L�K���R�W�S�D�G�Q�L�K���Y�R�G�D�����V�D�Q�L�W�D�U�Q�L�K���L���W�H�K�Q�R�O�R�ã�N�L�K�����W�Y�U�W�N�L���3�/�,�9�$���L���.�9ASAC sve do 2007. 

�J�R�G�L�Q�H���� �S�D�� �V�X�� �S�U�L�M�D�ã�Q�M�H�� �D�Q�D�O�L�]�H�� �S�R�N�D�]�D�O�H�� �G�D�� �M�H�� �V�H�G�L�P�H�Q�W�� �W�R�J�� �S�R�W�R�N�D�� �M�D�N�R�� �R�S�W�H�U�H�ü�H�Q�� �Q�L�]�R�P��

organskih spojeva�����S�R�V�H�E�L�F�H���P�D�N�U�R�O�L�G�L�P�D�����L���W�R���D�]�L�W�U�R�P�L�F�L�Q�R�P�����,�]�Y�M�H�ã�W�D�M������������.). Prema tome, 
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�N�R�Q�F�H�Q�W�U�D�F�L�M�H���P�D�N�U�R�O�L�G�D���R�G�U�H�ÿ�H�Q�H���X���]�L�P�V�N�L�P���P�M�H�V�H�F�L�P�D�����X�N�X�Sno do 3,9 �—g L-1) na toj lokaciji 

�P�R�J�X���V�H���R�E�M�D�V�Q�L�W�L���P�L�J�U�D�F�L�M�R�P���P�D�N�U�R�O�L�G�Q�R�J���R�S�W�H�U�H�ü�H�Q�M�D���L�]���V�X�K�R�J���N�R�U�L�W�D���S�R�W�R�N�D���X���6�D�Y�X��tijekom 

visokih vodostaja Save uslijed intenzivnih oborina u zimskim mjesecima. Zato su tijekom 

ponovljenog zimskog uzorkovanja �X���Y�H�O�M�D�þ�L��2017. godine, kao i daljnih uzorkovanja tijekom 

preostalih sezona, uzeti uzorci sedimenta na dodatnoj lokaciji kod Otoka Samoborskog 

(UP7500; 7,5 km uzvodno od industrijskog ispusta), na ulazu rijeke Save u Hrvatsku. Ta je 

lokacija ujedno predstavljala referentnu lokaciju za sve daljne analize provedene na uzorcima 

prikupljenim iz rijeke Save. �9�D�å�Q�R���M�H���W�D�N�R�ÿ�H�U���Q�D�S�R�P�H�Q�X�W�L���G�D���V�X���N�R�Q�F�H�Q�W�U�D�F�L�M�H���D�]�L�W�U�R�P�L�F�L�Q�D���X��

vodi rijeke Save, izmjerene na lokaciji UP3500 tijekom zime te nizvodnim lokacijama DW700 

i DW4500 �W�L�M�H�N�R�P�� �]�L�P�H�� �L�� �S�U�R�O�M�H�ü�D���� �S�U�H�P�D�ã�L�Y�D�O�H�� �Q�M�H�J�R�Y�H�� �3�1�(�&�� �Y�U�L�M�H�G�Q�R�V�W�L���� �ã�W�R�� �X�N�D�]�X�M�H�� �Q�D��

potencijalni rizik za selekciju makrolidne otpornosti u samoj rijeci (Bengtsson-Palme i Larsson, 

2016.).  

�2�V�L�P�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �S�R�Y�U�ã�Lnske vode rijeke Save, industrijski ispusti iz pogona za 

�S�U�R�L�]�Y�R�G�Q�M�X���D�]�L�W�U�R�P�L�F�L�Q�D���S�U�L�G�R�Q�L�M�H�O�L���V�X���W�D�N�R�ÿ�H�U���L���R�Q�H�þ�L�ã�ü�H�Q�M�X���V�H�G�L�P�H�Q�W�D��te rijeke antibioticima. 

�,�D�N�R�� �V�X�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �P�D�N�U�R�O�L�G�D���� �S�R�V�H�E�L�F�H�� �D�]�L�W�U�R�P�L�F�L�Q�D���� �Y�D�U�L�U�D�O�H�� �X�� �V�H�G�L�P�H�Q�W�L�P�D�� �X�� �ã�L�U�R�N�R�P��

rasponu, izra�]�L�W�L�� �P�D�N�V�L�P�X�P�� �]�D�E�L�O�M�H�å�H�Q�� �M�H�� �Q�D�� �O�R�N�D�F�L�M�L�� �L�V�S�X�V�W�D�� ���X�N�X�S�Q�R�� �G�R�� ������ �P�J�� 

kg-1������ �7�D�N�R�ÿ�H�U���� �U�D�]�P�M�H�U�Q�R�� �Y�L�V�R�N�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� ���! 1 mg kg-1���� �Q�D�ÿ�H�Q�H�� �V�X�� �L�� �Q�D�� �O�R�N�D�F�L�M�L�� �������� �P��

�Q�L�]�Y�R�G�Q�R�� �R�G�� �L�V�S�X�V�W�D���� �ã�W�R�� �X�N�D�]�X�M�H�� �Q�D�� �]�Q�D�þ�D�M�D�Q�� �G�R�S�U�L�Q�R�V�� �I�D�U�P�D�F�H�X�W�V�N�H�� �L�Q�G�X�V�W�U�L�M�H�� �S�R�Y�H�ü�D�Q�R�P��

�V�D�G�U�å�D�M�X���P�D�N�U�R�O�L�G�D���X���U�L�M�H�þ�Q�R�P���V�H�G�L�P�H�Q�W�X�����0�H�ÿ�X�W�L�P�����S�R�Y�L�ã�H�Q�H���U�D�]�L�Q�H���D�]�L�W�U�R�P�L�F�L�Q�D�����R�N�R�������P�J 

kg-1, detektirane su i u sedimentu na uzvodnoj lokaciji UP3500 (nije prikazano), iz �þ�H�J�D���V�H���P�R�å�H��

�]�D�N�O�M�X�þ�L�W�L�� �G�D�� �S�R�W�R�N�� �*�R�U�M�D�N�� �W�D�N�R�ÿ�H�U�� �S�U�L�G�R�Q�R�V�L�� �R�Q�H�þ�L�ã�ü�H�Q�M�X��sedimenta rijeke Save ovim 

antibiotikom �L���W�R���]�E�R�J���M�D�N�R�J���R�Q�H�þ�L�ã�ü�H�Q�M�D��potoka �X���S�U�R�ã�O�R�V�W�L���W�H���Q�H�S�R�Y�R�O�M�Q�L�K���K�L�G�U�R�O�R�ã�N�L�K���S�U�L�O�L�N�D 

(visoki vodostaji). Nadalje�����X�V�S�U�N�R�V���W�R�P�H���ã�W�R���V�X���N�R�Q�F�H�Q�W�U�D�F�L�M�H���P�D�N�U�R�O�L�G�D���X���R�W�S�D�G�Q�R�M���L���U�L�M�H�þ�Q�R�M��

�Y�R�G�L�� �E�L�O�H�� �Y�L�ã�H�� �W�L�M�H�N�R�P�� �]�L�P�V�N�H�� �Q�H�J�R�O�L�� �O�M�H�W�Q�H�� �V�H�]�R�Qe, obrnuta �V�L�W�X�D�F�L�M�D�� �M�H�� �]�D�S�D�å�H�Q�D�� �]�D�� �X�]�R�U�N�H��

�V�H�G�L�P�H�Q�D�W�D���� �5�D�]�O�R�J�� �W�R�P�H�� �E�L�� �P�R�J�D�R�� �E�L�W�L�� �Y�H�ü�L�� �S�U�R�W�R�N�� �U�L�M�H�N�H�� �6�D�Y�H�� �W�L�M�H�N�R�P�� �]�L�P�H�� ������������ �P3/h) u 

odnosu na ljeto (421 m3/h������ �ã�W�R�� �M�H�� �P�R�J�O�R�� �G�R�Y�H�V�W�L�� �G�R�� �U�H�V�X�V�S�H�Q�]�L�M�H�� �R�Q�H�þ�L�ã�ü�H�Q�R�J�� �V�H�G�L�P�H�Q�W�D�� �L��

prijenosa makrolida u vodenu matric�X�� �L�]�Q�D�G�� �V�H�G�L�P�H�Q�W�D�� �W�H���� �S�R�V�O�M�H�G�L�þ�Q�R���� �V�P�D�Q�M�H�Q�M�D�� �Q�M�L�K�R�Y�L�K��

koncentracija u zimskim uzorcima tih sedimenata. Nadalje, razmjerno visoke razine makrolida 

�X�� �V�H�G�L�P�H�Q�W�L�P�D���� �E�D�U�H�P�� �Q�D�� �Q�D�M�Y�L�ã�H�� �R�Q�H�þ�L�ã�ü�H�Q�R�M�� �O�R�N�D�F�L�M�L�� �L�V�S�X�V�W�D���� �P�R�J�O�H�� �E�L�� �S�R�W�D�N�Q�X�W�L��selekciju 

otpornosti na makro�O�L�G�H�� �P�H�ÿ�X�� �E�D�N�W�H�U�L�Mama �V�H�G�L�P�H�Q�W�D���� �,�D�N�R�� �M�H�� �W�H�ã�N�R�� �S�U�R�F�L�M�H�Q�L�W�L�� �V�W�X�S�D�Q�M��

�E�L�R�U�D�V�S�R�O�R�å�L�Y�R�V�W�L�� �G�H�W�H�N�W�L�U�D�Q�L�K�� �P�D�N�U�R�O�L�G�D�� �X�� �V�H�G�L�P�H�Q�W�L�P�D���� �S�U�L�M�D�ã�Q�M�H�� �L�V�W�U�D�å�L�Y�D�Q�M�H�� �Q�D�� �S�U�L�P�M�H�U�X��

tilozina je �S�R�N�D�]�D�O�R���G�D���P�D�N�U�R�O�L�G�L���]�D�G�U�å�D�Y�D�M�X���D�Q�W�L�P�L�N�U�R�E�Q�X���D�N�W�L�Y�Q�R�V�W���þ�D�N���L���N�D�G���V�X���þ�Y�U�V�W�R���Y�H�]�D�Q�L��

na �þ�H�V�W�L�F�H�� �V�H�G�L�P�H�Q�W�D�� ���&�K�D�Q�G�H�U�� �L�� �V�X�U������ ���������������� �8�V�S�R�U�H�G�E�R�P�� �U�D�]�L�Q�D�� �P�D�N�U�R�O�L�G�D�� �L�]�P�M�H�U�H�Q�L�K�� �X��
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�V�H�G�L�P�H�Q�W�L�P�D���U�L�M�H�N�H���6�D�Y�H���X���R�Y�R�P���U�D�G�X���L���U�D�]�L�Q�D���I�O�X�R�U�R�N�L�Q�R�O�R�Q�D���X���V�O�L�þ�Q�L�P���L�V�W�U�D�å�L�Y�D�Q�M�L�P�D���X���,�Q�G�L�M�L��

�X�W�Y�U�ÿ�H�Q�R�� �M�H�� �G�D�� �V�X�� �U�D�]�L�Q�H�� �P�D�N�U�R�O�L�G�D�� �E�L�O�H�� �S�X�Q�R�� �Q�L�å�H�� �R�G�� �U�D�]�L�Q�D�� �I�O�X�R�U�R�N�L�Q�R�O�R�Q�D�� �X�� �U�L�M�H�þ�Q�R�P��

sedimentu (54 mg kg-1) u regiji Patancheru (Kristiansson i sur., 2011.)�����D�O�L���L�S�D�N���Y�L�ã�H���R�G���U�D�]�L�Q�D��

fluorokinolona u sedimentu rijeke Musi (do 3 mg kg-1) (Gothwal i Shashidhar, 2017.). Osim 

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

�L���=�Q�����X���U�L�M�H�þ�Q�R�P���V�H�G�L�P�H�Q�W�X�����ã�W�R���X�N�D�]�X�M�H���G�D���W�L���P�H�W�D�O�L���X�O�Dze u rijeku Savu industrijskim otpadnim 

vodama���� �%�X�G�X�ü�L�� �G�D�� �M�H�� �L�]�P�M�H�U�H�Q�D�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D���W�L�K�� �P�H�W�D�O�D�� �S�U�H�P�D�ã�L�Y�D�O�D�� �Q�M�L�K�R�Y�X�� �W�H�R�U�L�M�V�N�X��

minimalnu ko-selektivnu koncentraciju (Seiler i Berendonk, 2012.)�����P�R�å�H���V�H���R�þ�H�N�L�Y�D�W�L���G�R�S�U�L�Q�R�V��

Cu i Zn razvoju otpornosti na antibiotike u sedimentima putem ko-selekcije. Navedena 

�S�U�H�W�S�R�V�W�D�Y�N�D�� �M�H�� �X�� �V�N�O�D�G�X�� �V�� �U�D�Q�L�M�L�P�� �L�V�W�U�D�å�L�Y�D�Q�M�L�P�D�� �N�R�M�D�� �V�X�� �S�R�N�D�]�D�O�D�� �G�D�� �X�V�O�L�M�H�G�� �L�]�O�R�å�H�Q�R�V�W�L��

metalima dolazi do indirektne selekcije otpornosti na antibiotike �]�E�R�J���]�D�M�H�G�Q�L�þ�N�H���O�R�N�D�O�L�]�D�F�L�M�H��

gena za otpornost na metale i antibiotike na istim �J�H�Q�H�W�L�þ�N�L�P elementima (Di Cesare i sur., 

2016.; Guo i sur., 2018b.; Pal i sur., 2016a.; Song i sur., 2017.). Tako je primjerice u nekih 

�E�D�N�W�H�U�L�M�D���Y�H�ü���S�R�W�Y�U�ÿ�H�Q�D���L�V�W�R�Yremena otpornost na Cu i na makrolidne antibiotike (Amachawadi 

i sur., 2011.; Hasman i Aarestrup, 2002.)���� �3�R�Y�U�K�� �D�Q�W�L�E�L�R�W�L�N�D�� �L�� �P�H�W�D�O�D���� �]�Q�D�þ�D�M�Q�H�� �N�R�O�L�þ�L�Q�H��

�R�U�J�D�Q�V�N�R�J���P�D�W�H�U�L�M�D�O�D�����I�R�V�I�R�U�R�Y�L�K���L���G�X�ã�L�N�R�Y�L�K���V�S�R�M�H�Y�D���W�D�N�R�ÿ�H�U���V�X���X�Q�H�ã�H�Q�H���X���U�L�M�H�N�X���6�D�Y�X���S�X�W�H�P��

�L�Q�G�X�V�W�U�L�M�V�N�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D���� �ã�W�R�� �M�H�� �U�H�]�X�O�W�L�U�D�O�R�� �D�N�X�P�X�O�D�F�L�M�R�P�� �W�L�K�� �V�S�R�M�H�Y�D�� �X�� �V�H�G�L�P�H�Q�W�L�P�D����

posebice na lokaciji ispusta.  

�6�O�L�þ�Q�R���X�R�þ�H�Q�R�P�� �N�H�P�L�M�V�N�R�P�� �R�Q�H�þ�L�ã�ü�H�Q�M�X��sedimenta rijeke Save���� �]�Q�D�þ�D�M�Q�R�� �Y�L�ã�L�� �X�G�M�H�O�L��

kultivabilni�K�� �E�D�N�W�H�U�L�M�D�� �R�W�S�R�U�Q�L�K�� �Q�D�� �D�]�L�W�U�R�P�L�F�L�Q�� �]�D�P�L�M�H�ü�H�Q�L�� �V�X�� �X�� �L�]�O�R�å�H�Q�L�P�� �V�H�G�L�P�H�Q�W�L�P�D����

�S�R�V�H�E�L�F�H�� �Q�D�� �P�M�H�V�W�X�� �L�V�S�X�V�W�D�����R�N�R�������� ���� �R�W�S�R�U�Q�L�K�� �E�D�N�W�H�U�L�M�D������ �7�R�� �P�R�å�H�� �E�L�W�L�� �S�R�V�O�M�H�G�L�F�D���� �D���� �X�Q�R�V�D��

otpornih bakterija otpadnom vodom i njihovog �S�U�H�å�L�Y�O�M�D�Y�D�Q�Ma u sedimentu te prijenosa do 

nizvodnih lokacija, b) �Q�D�P�Q�R�å�D�Y�D�Q�M�D �D�X�W�R�K�W�R�Q�H�� �E�D�N�W�H�U�L�M�V�N�H�� �S�R�S�X�O�D�F�L�M�H�� �V�H�G�L�P�H�Q�W�D�� �X�U�R�ÿ�H�Q�R��

otporne na makrolide, c) selekcije novih bakterijskih populacija koje su stekle otpornost 

mutacijama ili, vjerojatnije, prijenosom gena za otpornost iz bakterija prisutnih u sedimentu ili 

otpadnoj vodi�����.�R�P�E�L�Q�D�F�L�M�H���R�Y�L�K���P�R�J�X�ü�Q�R�V�W�L���W�D�N�R�ÿ�H�U���V�X���Y�U�O�R���Y�M�H�U�R�M�D�W�Q�H�����'�R�E�L�Y�H�Q�L���V�X���U�H�]�X�O�W�D�W�L��

�X���V�N�O�D�G�X���V���S�R�Y�H�ü�D�Q�L�P���U�D�]�Y�R�M�H�P���R�W�S�R�U�Q�R�V�W�L���P�H�ÿ�X���N�X�O�W�L�Y�D�E�L�O�Q�L�P���E�D�N�W�H�U�L�M�D�P�D���N�R�M�D���V�H���R�S�L�V�X�M�H���X��

�Y�R�G�H�Q�R�P���R�N�R�O�L�ã�X���N�R�M�L���M�H���S�R�G���X�W�M�H�F�D�M�H�P���L�V�S�X�V�W�D���L�]���S�U�R�L�]�Yodnje antibiotika (Flach i sur., 2015.; 

Li i sur., 2009., 2010.). �%�L�W�Q�R�� �M�H�� �W�D�N�R�ÿ�H�U�� �Q�D�S�R�P�H�Q�X�W�L�� �G�D���X�V�S�U�N�R�V�� �P�D�N�U�R�O�L�G�Q�R�P�� �R�S�W�H�U�H�ü�H�Q�M�X��

sedimenta �Q�D���O�R�N�D�F�L�M�L���8�3�����������X���E�O�L�]�L�Q�L���X�W�R�N�D���Q�H�N�D�G�D�ã�Q�M�H�J���S�R�W�R�N�D���*�R�U�M�D�N, udjeli kultivabilnih 

bakterija otpornih na azitromicin (�S�U�R�V�M�H�þ�Q�R 5,4 %; nije prikazano) bili su �L�S�D�N���Q�L�å�L���R�G���X�G�M�H�O�D���X��

nizvodnim sedimentima (od 7 % do 27 %), ali opet v�L�ã�L�� �R�G�� �X�G�M�H�O�D�� �X�� �U�H�I�H�U�H�Q�W�Q�R�P�� �V�H�G�L�P�H�Q�W�X 

���S�U�R�V�M�H�þ�Q�R�� ��,9 %). �,�]�� �W�R�J�D�� �V�H�� �P�R�å�H�� �]�D�N�O�M�X�þ�L�W�L�� �G�D, �L�D�N�R�� �P�L�N�U�R�E�L�R�O�R�ã�N�R�� �R�S�W�H�U�H�ü�H�Q�M�H��sedimenta 
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rijeke Save ovisi dominantno o ispustima iz pogona Industrije 1, suho korito potoka Gorjak 

�W�D�N�R�ÿ�H�U���P�D�Q�M�L�P���G�L�M�H�O�R�P���S�U�L�G�R�Q�R�V�L���W�R�P���R�Q�H�þ�L�ã�ü�H�Q�M�X���� 

 �.�H�P�L�M�V�N�R�P�� �D�Q�D�O�L�]�R�P�� �S�R�Y�U�ã�L�Q�V�N�H�� �Y�R�G�H�� �S�R�W�R�N�D�� �.�D�O�L�Q�R�Y�L�F�D�� �G�H�W�H�N�W�L�U�D�Q�L�� �V�X�� �D�Q�W�L�E�L�R�W�L�F�L�� �L�]��

skupina sulfonamida (SDZ i SMZ), 2,4-diaminopirimidina (TMP), fluorokinolona (ENR) i 

tetraciklina (OTC) u koncentracijama koje uglavnom nisu �S�U�H�P�D�ã�L�Y�D�O�H�� ������ ���J�� �/-1 u blizini 

�O�R�N�D�F�L�M�H���L�V�S�X�V�W�D�����G�R�N���V�X���Q�D���O�R�N�D�F�L�M�L�������N�P���Q�L�]�Y�R�G�Q�R���R�G���L�V�S�X�V�W�D���W�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���E�L�O�H���]�Q�D�Q�W�Q�R���Q�L�å�H����

�X�J�O�D�Y�Q�R�P���R�N�R���������J���/-1 �L�O�L���Q�L�å�H�����0�H�ÿ�X�W�L�P�����Y�D�å�Q�R���M�H���Q�D�S�R�P�H�Q�X�W�L���G�D���V�X���W�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���E�L�O�H���L���G�R��

30-�W�D�N���S�X�W�D���Y�L�ã�H���R�G���R�Q�L�K���L�]�P�M�H�U�H�Q�L�K���Q�D���X�]�Y�R�G�Q�R�M���O�R�N�D�F�L�M�L�����ã�W�R���X�N�D�]�X�M�H���Q�D��doprinos Industrije 2 

�R�Q�H�þ�L�ã�ü�H�Q�M�X�� �S�R�W�R�N�D Kalinovica ovim antibioticima. �3�R�U�H�G�� �W�R�J�D���� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �S�R�M�H�G�L�Q�D�þ�Q�L�K 

�D�Q�W�L�E�L�R�W�L�N�D���X���S�R�W�R�þ�Q�R�M���Y�R�G�L���E�L�O�H���V�X���Y�L�ã�H���R�G���Q�M�L�K�R�Y�L�K���3�1�(�&���Y�U�L�M�H�G�Q�R�V�W�L�����ã�W�R���X�N�D�]�X�M�H���Q�D���P�R�J�X�ü�Q�R�V�W��

selekcije otpornosti na antibiotike u samom potoku (Bengtsson-Palme i Larsson, 2016.). 

Nadalje, analiza antibiotika u sedimentu potoka ukazala je da je na mjestu ispusta sediment 

�Q�D�M�Y�L�ã�H���R�Q�H�þ�L�ã�ü�H�Q���D�Q�W�L�E�L�R�W�L�F�L�P�D�����L���W�R���W�U�L�P�H�W�R�S�U�L�P�R�P�����R�N�R�������P�J���N�J-1) i azitromicinom (do 0,4 

mg kg-1). Suprotno tome, naj�Y�L�ã�D�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�� �V�X�O�I�R�Q�D�P�L�G�D���� �6�'�=�� �L�� �6�0�=���� �E�L�O�D�� �M�H�� �Q�D�� �O�R�N�D�F�L�M�L��

udaljenoj 3 km nizvodno od ispusta (do 1,2 mg kg-1�������5�D�]�O�R�J���W�R�P�H���P�R�å�H���E�L�W�L���V�S�R�U�L�M�L���S�U�R�W�R�N���Y�R�G�H��

�Q�D�� �W�R�M�� �O�R�N�D�F�L�M�L�� �L���� �S�R�V�O�M�H�G�L�þ�Q�R���� �Q�D�J�R�P�L�O�D�Y�D�Q�M�H�� �D�Q�W�L�E�L�R�W�L�N�D�� �X�� �V�H�G�L�P�H�Q�W�X���� �3�R�U�H�G�� �W�R�J�D���� �ã�X�P�R�Y�L�W�R��

�S�R�G�U�X�þ�M�H�� �N�R�M�H�� �R�N�U�X�å�X�M�H�� �W�X�� �O�R�N�D�F�L�M�X�� �Y�M�H�U�R�M�D�W�Q�R�� �M�H�� �R�P�R�J�X�ü�L�O�R�� �]�D�ã�W�L�W�X�� �V�X�O�I�R�Q�D�P�L�G�D�� �R�G��

fotorazgradnje i time produljilo njihovu postojanost u sedimentu (Baena-Nogueras i sur., 

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

kg-1; nizvodno, do 1,5 mg kg-1�����R�S�ü�H�Q�L�W�R���V�X���E�L�O�H���Q�L�å�H���R�G���N�R�Q�F�H�Q�W�U�Dcija izmjerenih u sedimentima 

�U�L�M�H�N�H���6�D�Y�H���W�H���U�L�M�H�þ�Q�L�P���V�H�G�L�P�H�Q�W�L�P�D���X���V�O�L�þ�Q�L�P���L�V�W�U�D�å�L�Y�D�Q�M�L�P�D���X���,�Q�G�L�M�L��(Gothwal i Shashidhar, 

2015.; Kristiansson i sur., 2011.)�����,�S�D�N�����Y�D�å�Q�R���M�H���L�V�W�D�N�Q�X�W�L���G�D���V�X���X�W�Y�U�ÿ�H�Q�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���L���G�D�O�M�H��

�E�L�O�H���Y�L�ã�H���R�G���N�R�Q�F�H�Q�W�U�D�F�L�M�D���X���V�H�G�L�P�H�Q�W�L�P�D���L�]�O�R�å�H�Q�L�P���N�R�P�X�Q�D�O�Q�L�P���R�Wpadnim vodama (ukupno do 

0,6 mg kg-1) (Guan i sur., 2018.; Li i sur., 2019.; Marti i sur., 2014.)�����â�W�R���V�H���W�L�þ�H��analiziranih 

�P�H�W�D�O�D���� �S�R�V�H�E�L�F�H�� �&�X�� �L�� �=�Q���� �Q�M�L�K�R�Y�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �V�X�� �Q�D�� �V�Y�L�P�� �O�R�N�D�F�L�M�D�P�D�� �G�X�å�� �S�R�W�R�N�D�� �S�U�H�O�D�]�L�O�H��

minimalne ko-selektivne koncentracije (Seiler i Berendonk, 2012.)���� �ã�W�R�� �J�R�Y�R�U�L�� �X�� �S�U�L�O�R�J��

potencijalnom doprinosu tih metala razvoju otpornosti na antibiotike �X���S�R�W�R�þ�Q�R�P���V�H�G�L�P�H�Q�W�X����

�0�H�ÿ�X�W�L�P���� �L�]�Q�H�Q�D�ÿ�X�M�X�ü�H�� �M�H�� �G�D�� �V�X�� �Q�D�Y�H�G�H�Q�L�� �P�H�W�D�O�L�� �E�L�O�L�� �S�U�L�V�X�W�Q�L�� �Q�D�� �X�]�Y�R�G�Q�R�M�� �O�R�N�D�F�L�M�L�� �X��

�N�R�Q�F�H�Q�W�U�D�F�L�M�L���L���G�R�������S�X�W�D���Y�L�ã�R�M���X���R�G�Q�R�V�X���Q�D���O�R�N�D�F�L�M�X���L�V�S�X�V�W�D���L���Q�L�]�Y�R�G�Q�X���O�R�N�D�F�L�M�X�����ã�W�R���X�N�D�]�X�M�H���Q�D��

do�S�U�L�Q�R�V�� �Q�H�N�L�K�� �G�U�X�J�L�K�� �L�]�Y�R�U�D�� �W�L�K�� �P�H�W�D�O�D�� �Q�D�� �L�V�W�U�D�å�L�Y�D�Q�R�P�� �S�R�G�U�X�þ�M�X���� �%�X�G�X�ü�L�� �G�D�� �M�H�� �X�]�Y�R�G�Q�D��

�O�R�N�D�F�L�M�D�� �V�P�M�H�ã�W�H�Q�D�� �X�� �U�X�U�D�O�Q�R�P�� �S�R�G�U�X�þ�M�X�� �E�H�]�� �X�U�H�ÿ�H�Q�H�� �N�D�Q�D�O�L�]�D�F�L�M�V�N�H�� �L�Q�I�U�D�V�W�U�X�N�W�X�U�H���� �X�Q�R�ã�H�Q�M�H��

metala, ali i antibiotika (do 0,04 mg kg-1�����X���S�R�W�R�N���Q�D���W�R�M���O�R�N�D�F�L�M�L���P�R�å�H���E�L�W�L���S�Rvezano s difuznim 

izvorima, prije svega ispiranjem s okolnih polja koja su tretirana stajskim gnojivom te ilegalnim 
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�L�V�S�X�V�W�L�P�D�� �N�D�Q�D�O�L�]�D�F�L�M�H�� �L�]�� �N�X�ü�D�Q�V�W�D�Y�D���� �2�V�L�P�� �D�Q�W�L�E�L�R�W�L�N�D�� �L�� �P�H�W�D�O�D���� �V�H�G�L�P�H�Q�W�� �S�R�W�R�N�D�� �Q�D�� �O�R�N�D�F�L�M�L��

�L�V�S�X�V�W�D�� �R�S�W�H�U�H�ü�H�Q�� �M�H�� �S�R�Y�L�ã�H�Q�L�P�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D���G�X�ã�L�N�R�Y�L�K�� �V�S�R�M�H�Y�D�� �X�� �X�V�S�R�U�H�G�E�L�� �V�� �X�]�Y�R�G�Q�L�P��

�V�H�G�L�P�H�Q�W�R�P�����ã�W�R���S�R�W�Y�U�ÿ�X�M�H���G�D���W�L���V�S�R�M�H�Y�L���S�R�W�M�H�þ�X���L�]���L�Q�G�X�V�W�U�L�M�V�N�L�K���R�W�S�D�G�Q�L�K���Y�R�G�D�����0�L�N�U�R�E�L�R�O�R�ã�Nom 

�D�Q�D�O�L�]�R�P�� �M�H�� �Q�D�G�D�O�M�H�� �S�R�W�Y�U�ÿ�H�Q �S�R�Y�H�ü�D�Q�L�� �X�G�L�R kultivabilnih bakterija otpornih na sulfonamide 

(SMZ) i tetracikline (OTC) u sedimentu potoka na ispustu i nizvodno od ispusta u odnosu na 

uzvodnu lokaciju. To je vjerojatno posljedica unosa otpornih bakterija otpadnom vodom, ali i 

�V�H�O�H�N�F�L�M�H���R�W�S�R�U�Q�L�K���S�R�S�X�O�D�F�L�M�D���N�D�R���R�G�J�R�Y�R�U���Q�D���S�R�Y�L�ã�H�Q�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���D�Q�W�L�E�L�R�W�L�N�D���X���V�H�G�L�P�H�Q�W�X���� 

�=�D�N�O�M�X�þ�Q�R���V�H���P�R�å�H���U�H�ü�L���G�D je na temelju ovog dijela rezultata �S�R�W�Y�U�ÿ�H�Q�D���S�U�Y�D��hipoteza 

doktorskog rada (H1) �Ä�2�W�S�D�G�Q�H�� �Y�R�G�H�� �L�]�� �O�R�N�D�O�Q�L�K�� �I�D�U�P�D�F�H�X�W�V�N�L�K�� �L�Q�G�X�V�W�U�L�M�D�� �R�Q�H�þ�L�ã�ü�X�M�X��

�U�H�F�L�S�L�M�H�Q�W�Q�L���Y�R�G�H�Q�L���R�N�R�O�L�ã���D�Q�W�L�E�L�R�W�L�F�L�P�D�����P�H�W�D�O�L�P�D���L���E�D�N�W�H�U�L�M�D�P�D���R�W�S�R�U�Q�L�P�D���Q�D���D�Q�W�L�E�L�R�W�L�N�H�³. 

4.2. Sastav rezistoma industrijskih otpadnih voda i slatkovodnih sedimenata  

 �3�U�R�Y�H�G�H�Q�H���N�H�P�L�M�V�N�H���L���P�L�N�U�R�E�L�R�O�R�ã�N�H���D�Q�D�O�L�]�H���Q�H�G�Y�R�M�E�H�Q�R���V�X���S�R�N�D�]�D�O�H��da su industrijski 

ispusti doveli do zna�þ�D�M�Q�R�J �R�Q�H�þ�L�ã�ü�H�Q�M�D���L�V�W�U�D�å�L�Y�D�Q�L�K���U�L�M�H�þ�Q�L�K���L���S�R�W�R�þ�Q�L�K���V�H�G�L�P�H�Q�D�W�D�����S�R�V�H�E�L�F�H��

antibioticima, stoga �S�R�V�W�R�M�L���P�R�J�X�ü�Q�R�V�W���G�D���M�H���P�H�ÿ�X���E�D�N�W�H�U�L�M�V�N�R�P���S�R�S�X�O�D�F�L�M�R�P���V�H�G�L�P�H�Q�W�D���G�R�ã�O�R��

�G�R���R�E�R�J�D�ü�H�Q�M�D���S�R�]�Q�D�W�L�K�����D�O�L���L���Q�D�V�W�D�Q�N�D���Q�R�Y�L�K���J�H�Q�D���]�D��otpornost na antibiotike uslijed dugotrajne 

i�]�O�R�å�H�Q�R�V�W�L���U�H�O�D�W�L�Y�Q�R���Y�L�V�R�N�L�P���U�D�]�L�Q�D�P�D���D�Q�W�L�E�L�R�W�L�N�D�����2�Y�R���]�D�S�D�å�D�Q�M�H���V�H���þ�H�V�W�R���Q�D�Y�R�G�L���X���O�L�W�H�U�D�W�X�U�L��

�]�D�� �S�R�G�U�X�þ�M�H�� �$�]�L�M�H�� �J�G�M�H�� �M�H�� �R�N�R�O�L�ã�Q�R�� �R�Q�H�þ�L�ã�ü�H�Q�M�H�� �D�Q�W�L�E�L�R�W�L�F�L�P�D�� �S�X�W�H�P�� �L�V�S�X�V�W�D�� �L�]�� �S�U�R�L�]�Y�R�G�Q�L�K��

�S�R�J�R�Q�D���Q�D�M�L�]�U�D�å�H�Q�L�M�H��(Bengtsson-Palme i sur., 2014.; Kristiansson i sur., 2011.; Marathe i sur., 

2018.)�����=�D�W�R���M�H���F�L�O�M���R�Y�R�J���G�L�M�H�O�D���L�V�W�U�D�å�L�Y�D�Q�M�D���E�L�R���L�G�H�Q�W�L�I�L�F�L�U�D�W�L���J�H�Q�H���]�D���R�W�S�R�U�Q�R�V�W���Q�D���D�Q�W�L�E�L�R�W�L�N�H���X��

�L�V�W�U�D�å�L�Y�D�Q�L�P�� �L�Q�G�X�V�W�U�L�M�V�N�L�P�� �R�W�S�D�G�Q�L�P�� �Y�R�G�D�P�D�� �L�� �L�]�O�R�å�H�Q�L�P�� �V�H�G�L�P�H�Q�W�L�P�D�� �X�� �X�V�S�R�U�H�G�E�L�� �V�D��

�Q�H�L�]�O�R�å�H�Q�L�P�� �V�H�G�L�P�H�Q�W�L�P�D�� ���X�]�Y�R�G�Q�H�� �O�R�N�D�F�L�M�H�� �S�R�P�R�ü�X�� �L�Q�R�Y�D�W�L�Y�Q�R�J�� �S�U�L�V�W�X�S�D�� �I�X�Q�N�F�L�R�Q�D�O�Q�H��

�P�H�W�D�J�H�Q�R�P�L�N�H�����3�U�H�P�D���Q�D�ã�L�P���V�D�]�Q�D�Q�M�L�P�D�����U�H�]�X�O�W�D�W�L���R�Y�R�J���L�V�W�U�D�å�L�Y�D�Q�M�D���V�X���X�M�H�G�Q�R���L���S�U�Y�L���S�R�G�D�F�L���R��

�U�H�]�L�V�W�R�P�X�� �L�Q�G�X�V�W�U�L�M�V�N�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �L�� �V�H�G�L�P�H�Q�D�W�D�� �R�Q�H�þ�L�ã�ü�H�Q�L�K�� �Y�L�V�R�N�L�P�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D��

antibiotika dobiveni funkcionalnom metagenomikom, a objavljeni su pod rednim brojem 2 u 

popisu znanstvenih radova (str. 49-61).  

 �)�X�Q�N�F�L�R�Q�D�O�Q�R�P�� �D�Q�D�O�L�]�R�P�� �P�H�W�D�J�H�Q�R�P�V�N�L�K�� �N�Q�M�L�å�Q�L�F�D�� �S�R�U�L�M�H�N�O�R�P�� �L�]�� �R�W�S�D�G�Q�H�� �Y�R�G�H��

�,�Q�G�X�V�W�U�L�M�H�������L���U�H�F�L�S�L�M�H�Q�W�Q�L�K���U�L�M�H�þ�Q�L�K���V�H�G�L�P�H�Q�D�W�D���R�W�N�U�L�Y�H�Q�R���M�H���������M�H�G�L�Q�V�W�Y�H�Q�L�K��(engl. Non-Copy) 

�J�H�Q�D���]�D���R�W�S�R�U�Q�R�V�W���Q�D���P�D�N�U�R�O�L�G�H�����S�U�L���þ�H�P�X���M�H���Y�H�ü�L�Q�D���W�L�K���J�H�Q�D���E�L�O�D���V�O�L�þ�Q�D�����t 99 %) �Y�H�ü��poznatim 

�J�H�Q�L�P�D�� �N�D�R�� �ã�W�R�� �V�X��msr�(�� ���]�D�ã�W�L�W�Q�L�� �S�U�R�W�H�L�Q�L�� �U�L�E�R�V�R�P�D������mphE i mphG (makrolidne 

fosfotransferaze) te mef�&�����H�I�O�X�N�V���S�X�P�S�H������ �8�Q�D�W�R�þ���M�D�N�R�P���V�H�O�H�N�F�L�M�V�N�R�P���S�U�L�W�L�V�N�X��uzrokovanom 

�S�U�L�V�X�W�Q�R�ã�ü�X�� �P�D�N�U�R�O�L�G�D���� �R�W�N�U�L�Y�H�Q�� �M�H�� �V�D�P�R�� �M�H�G�D�Q�� �S�R�W�H�Q�F�L�M�D�O�Q�R�� �Q�R�Y�L�� �J�H�Q�� ���d ������ ���� �V�O�L�þ�Q�R�V�Wi 

proteinskih sekvenci sa sekvencama u bazi podataka NCBI). To je bio gen erm koji je pokazao 
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67 %-tn�X�� �V�O�L�þ�Q�R�V�W�� �S�U�R�W�H�L�Q�V�N�H�� �V�H�N�Y�H�Q�F�H��sa sekvencom enzima 23S rRNA metiltransferaze iz 

vrste Clostridium sp. 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 inhibitorna koncentracija, MIK, iznosila je 1536 mg L-1). Nadalje, 

pokazalo se da su klonovi koji su ispoljavali visoku otpornost na makrolide (MIKERI �•������������ 

mg L-1; MIK AZI �•���������P�J���/-1�����V�D�G�U�å�D�Y�D�O�L���J�H�Q�H���]�D���G�Y�D���U�D�]�O�L�þ�L�W�D���P�H�K�D�Q�L�]�P�D���P�D�N�U�R�O�L�G�Q�H���R�W�S�R�U�Q�R�V�W�L��

�N�D�R�� �ã�W�R��su msrE-mphE i mphG-mef�&���� �2�Y�H�� �J�H�Q�V�N�H�� �N�D�]�H�W�H�� �S�U�R�Q�D�ÿ�H�Q�H�� �V�X�� �V�D�P�R�� �X�� �N�Q�M�L�å�Q�L�F�D�P�D��

�S�R�U�L�M�H�N�O�R�P�� �L�]�� �R�W�S�D�G�Q�H�� �Y�R�G�H�� �L�� �V�H�G�L�P�H�Q�W�D�� �V�� �O�R�N�D�F�L�M�H�� �L�V�S�X�V�W�D���� �ã�W�R�� �X�S�X�ü�X�M�H�� �Q�D�� �R�W�S�D�G�Q�H�� �Y�R�G�H��

�,�Q�G�X�V�W�U�L�M�H�������N�D�R���Y�D�å�D�Q���L�]�Y�R�U���W�L�K���J�H�Q�D���X���U�L�M�H�þ�Q�R�P���V�H�G�L�P�H�Q�W�X�����'�D�O�M�Q�R�P���D�Q�D�O�L�]�R�P���P�H�W�D�J�H�Q�R�P�V�N�L�K��

kn�M�L�å�Q�L�F�D���S�R�U�L�M�H�N�O�R�P���L�]���Q�H�R�Q�H�þ�L�ã�ü�H�Q�L�K�����X�]�Y�R�G�Q�L�K���V�H�G�L�P�H�Q�D�W�D���L�G�H�Q�W�L�I�L�F�L�U�D�Q���M�H���M�H�G�D�Q���S�R�W�H�Q�F�L�M�D�O�Q�R��

novi mehanizam otpornosti na makrolide kojeg kodira gen hflX. Taj gen eksprimira enzim 

GTP-�D�]�X���+�I�O�;���N�R�M�D���M�H���S�R�N�D�]�D�O�D���Q�L�]�D�N���V�W�X�S�D�Q�M���V�O�L�þ�Q�R�V�W�L���S�U�R�W�H�L�Q�V�N�H���V�H�N�Y�H�Q�F�H�����” 63 %) s onom iz 

bakterije Emergencia timonensis. Smatra se da ta GTP-aza HflX  reagira s molekulom 

�P�D�N�U�R�O�L�G�D�� �Y�H�]�D�Q�R�P�� �]�D�� �U�L�E�R�V�R�P�� �þ�L�P�H�� �M�X�� �L�]�E�D�F�X�M�H�� �L�]�� �Y�H�]�Q�R�J�� �P�M�H�V�W�D�� �L�� �Q�D�� �W�D�M�� �Q�D�þ�L�Q�� �R�P�R�J�X�ü�X�M�H��

�Q�H�R�P�H�W�D�Q�X�� �V�L�Q�W�H�]�X�� �V�W�D�Q�L�þ�Q�L�K�� �S�U�R�W�H�L�Q�D�� �Q�D�� �U�L�E�R�V�R�P�X��(Duval i sur., 2018.; Lau i sur., 2017.). 

Premda su na referentnoj lokaciji (UP7500) detektirane vrlo niske razine azitromicina (4,6  

�—�J�� �N�J-1), otpornost na makrolide posredovana genom hfl�;�� �P�R�J�O�D�� �V�H�� �U�D�]�Y�L�W�L�� �V�D�V�Y�L�P�� �V�O�X�þ�D�M�Q�R��

�Q�D�N�X�S�O�M�D�Q�M�H�P�� �P�X�W�D�F�L�M�D�� �X�� �J�H�Q�R�P�X�� �E�D�N�W�H�U�L�M�D�� �X�V�O�L�M�H�G�� �G�X�J�R�W�U�D�M�Q�H�� �L�]�O�R�å�H�Q�R�V�W�L�� �U�D�]�O�L�þ�L�W�L�P�� �G�U�X�J�L�P��

�V�H�O�H�N�W�L�Y�Q�L�P�� �V�S�R�M�H�Y�L�P�D�� ���.�Q�|�S�S�H�O�� �L�� �V�X�U������ ��������.). Tu pretpostavku potkrepljuju i literaturna 

�]�D�S�D�å�D�Q�M�D�� �N�R�M�D�� �V�X�� �S�R�N�D�]�D�O�D�� �G�D�� �R�N�R�O�L�ã�� �N�R�M�L�� �Q�L�M�H�� �S�R�G�� �X�W�M�H�F�D�M�H�P�� �D�Q�W�U�R�S�R�J�H�Q�R�J�� �R�Q�H�þ�L�ã�ü�H�Q�M�D��

�D�Q�W�L�E�L�R�W�L�F�L�P�D�� �P�R�å�H�� �E�L�W�L��spremnik �Q�R�Y�L�K�� �J�H�Q�D�� �]�D�� �D�Q�W�L�E�L�R�W�L�þ�N�X�� �R�W�S�R�U�Q�R�V�W�� ���.�U�L�V�W�L�D�Q�V�V�R�Q�� �L�� �V�X�U������

2011.; Amos i sur., 2014.; Nesme i sur., 2014.). Nadalje, pokazalo se da su klonovi koji su 

nosili gen hfl�;���L�V�S�R�O�M�D�Y�D�O�L���Q�L�å�L���V�W�X�S�D�Q�M���R�W�S�R�U�Q�R�V�W�L���Q�D���P�D�N�U�R�O�L�G�H�����0�,�.ERI  64-128 mg L-1; MIK AZI 

< 16 mg L-1�����X���X�V�S�R�U�H�G�E�L���V�D���N�O�R�Q�R�Y�L�P�D���S�R�U�L�M�H�N�O�R�P���L�]���R�Q�H�þ�L�ã�ü�H�Q�L�K���X�]�R�U�D�N�D���N�R�M�L���V�X���S�R�V�M�H�G�R�Y�D�O�L��

gene msrE, mphE, mphG i mefC (MIKERI 512-2048 mg L-1; MIK AZI 32-512 mg L-1). Ti podaci 

ukazuju da je mehanizam posredovan genom hfl�;���� �D�� �S�U�L�V�X�W�D�Q�� �X�� �E�D�N�W�H�U�L�M�D�P�D�� �Q�H�R�Q�H�þ�L�ã�ü�H�Q�R�J��

�V�H�G�L�P�H�Q�W�D���� �P�D�Q�M�H�� �X�þ�L�Q�N�R�Y�L�W���X�� �S�U�X�å�D�Q�M�X�� �R�W�S�R�U�Q�R�V�W�L�� �Q�D�� �P�D�N�U�R�O�L�G�H�� �X�� �X�V�S�R�U�H�G�E�L�� �V�� �P�H�K�D�Q�L�]�P�L�P�D��

�S�U�L�V�X�W�Q�L�P���X���R�Q�H�þ�L�ã�ü�H�Q�L�P���X�]�R�U�F�L�P�D���� �7�R���S�D�N���Q�D�G�D�O�M�H���X�S�X�ü�X�M�H���Q�D���W�R���G�D���V�X���E�D�N�W�H�U�L�M�H���N�R�M�H���å�L�Y�H���X��

�V�H�G�L�P�H�Q�W�X���Q�D���P�M�H�V�W�X���L�V�S�X�V�W�D���H�Y�R�O�X�L�U�D�O�H���L�O�L���V�W�H�N�O�H���Y�H�ü�X���R�W�S�R�U�Q�R�V�W���Q�D���P�D�N�U�R�O�L�G�H���N�D�R���R�G�J�R�Y�R�U���Q�D��

�L�]�O�R�å�H�Q�R�V�W���Y�L�V�R�N�R�P���V�H�O�H�N�F�L�M�V�N�R�P���S�U�L�W�L�V�N�X���P�D�N�U�R�O�L�G�D���� 

Funkcionalnom analizom metagenomskih �N�Q�M�L�å�Q�L�F�D�� �S�R�U�L�M�H�N�O�R�P�� �L�]�� �R�W�S�D�G�Q�H�� �Y�R�G�H��

�,�Q�G�X�V�W�U�L�M�H�������L���S�R�W�R�þ�Q�L�K���V�H�G�L�P�H�Q�D�W�D���V���X�]�Y�R�G�Q�H���O�R�N�D�F�L�M�H���L���O�R�N�D�F�L�M�H���L�V�S�X�V�W�D���L�G�H�Q�W�L�I�L�F�L�U�D�Q�R���M�H���X�N�X�S�Q�R��

�������M�H�G�L�Q�V�W�Y�H�Q�L�K���J�H�Q�D���]�D���R�W�S�R�U�Q�R�V�W���Q�D���D�Q�W�L�E�L�R�W�L�N�H���L�]���V�N�X�S�L�Q�D����-laktama, sulfonamida, tetraciklina 
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i 2,4-diaminopirimidina���� �3�U�L�W�R�P�� �M�H�� �Y�H�ü�L�Q�D�� �W�L�K�� �J�H�Q�D�� �E�L�O�D�� �Y�U�O�R�� �V�O�L�þ�Q�D�� ���t ������ ������ �Y�H�ü�� �S�R�]�Q�D�W�L�P��

genima otpornosti na razini proteinske sekvence. Tako su, primjerice, svi identificirani geni za 

�R�W�S�R�U�Q�R�V�W�� �Q�D�� �V�X�O�I�R�Q�D�P�L�G�H�� �E�L�O�L�� �Y�H�ü�� �S�R�]�Q�D�W�L�� �W�L�S�R�Y�L�� �J�H�Q�D�� �S�R�S�X�W��sul1 i sul2 koji dovode do 

otpornosti posredstvom enzima DHPS. Za razliku od gena sul���� �N�R�M�L�� �M�H�� �Q�D�ÿ�H�Q�� �X�� �V�Y�L�P��

�N�Q�M�L�å�Q�L�F�D�P�D�����J�H�Q��sul�����Q�D�ÿ�H�Q���M�H���V�D�P�R���X���N�Q�M�L�å�Q�L�F�D�P�D���S�R�U�L�M�H�N�O�R�P���V���O�R�N�D�F�L�M�H���L�V�S�X�V�W�D�����ã�W�R���X�S�X�ü�X�M�H��

na industrijsku otpadnu vodu kao izvor tog gena u sedimentu potoka. Oba navedena gena su 

�Y�H�ü�� �G�H�W�H�N�W�L�U�D�Q�D�� �X�� �V�H�G�L�P�H�Q�W�L�P�D�� �R�Q�H�þ�L�ã�ü�H�Q�L�P�� �D�Q�W�L�E�L�R�W�L�F�L�P�D��(Bengtsson-Palme i sur., 2014.; 

Kristiansson i sur., 2011.; Luo i sur., 2010.)�����N�D�R���L���X���Q�H�R�Q�H�þ�L�ã�ü�H�Q�L�P���V�H�G�L�P�H�Q�W�L�P�D��(Archundia i 

sur., 2017.; Czekalski i sur., 2015.)�����7�R���S�R�W�Y�U�ÿ�X�M�H���Q�M�L�K�R�Y�X���ã�L�U�R�N�X���U�D�V�S�U�R�V�W�U�D�Q�M�H�Q�R�V�W���X���R�N�R�O�L�ã�X����

�Y�M�H�U�R�M�D�W�Q�R�� �X�V�O�L�M�H�G�� �þ�H�V�W�H�� �O�R�N�D�O�L�]�D�F�L�M�H�� �Q�D�� �S�O�D�]�P�L�G�L�P�D�� �þ�L�P�H�� �M�H�� �R�O�D�N�ã�D�Q�R�� �Q�M�L�K�R�Y�R�� �ã�L�U�H�Q�M�H�� �P�H�ÿ�X��

bakterijama (Hu i sur., 2016.; Johnson i sur., 2016.; Koczura i sur., 2016.)�����6�O�L�þ�Q�R���J�H�Q�L�P�D��sul, 

svi identificirani geni za �R�W�S�R�U�Q�R�V�W���Q�D���W�H�W�U�D�F�L�N�O�L�Q�H���E�L�O�L���V�X���Y�H�ü���S�R�]�Q�D�W�L���W�L�S�R�Y�L���J�H�Q�D���S�R�S�X�W��tet39, 

tetA i tet�&�����2�Y�L���J�H�Q�L���V�X���W�D�N�R�ÿ�H�U���Y�H�ü���U�D�Q�L�M�H���E�L�O�L���G�H�W�H�N�W�L�U�D�Q�L���X���V�H�G�L�P�H�Q�W�L�P�D���Y�L�V�R�N�R���R�Q�H�þ�L�ã�ü�H�Q�L�P��

�I�O�X�R�U�R�N�L�Q�R�O�R�Q�L�P�D�� �S�U�L�� �þ�H�P�X�� �M�H�� �J�H�Q��tet39 dominirao (Bengtsson-Palme i sur., 2014.). Od 

navedenih gena, jedino je gen tet�&�� �Q�D�ÿ�H�Q�� �X�� �X�]�Y�R�G�Q�R�P�� �V�H�G�L�P�H�Q�W�X���� �ã�W�R�� �X�N�D�]�X�M�H�� �Q�D�� �Q�M�H�J�R�Y�X��

�S�U�L�U�R�G�Q�X�� �S�U�L�V�X�W�Q�R�V�W�� �X�� �L�V�W�U�D�å�L�Y�D�Q�R�P�� �S�R�W�R�N�X���� �7�R�� �M�H�� �X�� �V�N�O�D�G�X�� �V�� �O�L�W�H�U�D�W�X�U�Q�L�P�� �]�D�S�D�å�D�Q�M�L�P�D�� �N�R�M�D��

opisuju rasprostranjenost gena tetA i tet�&�� �X�� �R�N�R�O�L�ã�X�� �N�R�M�L�� �Q�L�M�H�� �E�L�R�� �L�]�O�R�å�H�Q�� �D�Q�W�U�R�S�R�J�H�Q�R�P��

�R�Q�H�þ�L�ã�ü�H�Q�M�X���D�Q�Wibioticima (Andersen i Sandaa, 1994.; Durso i sur., 2016.; West i sur., 2011.). 

�'�U�X�J�D���M�H���S�D�N���P�R�J�X�ü�Q�R�V�W���G�D���M�H���J�H�Q��tet�&���X���L�V�W�U�D�å�L�Y�D�Q�L���S�R�W�R�N���G�R�V�S�L�R���L�V�S�L�U�D�Q�M�H�P���V�W�R�þ�Q�R�J���J�Q�R�M�L�Y�D��

�N�R�M�H���M�H�� �V�D�G�U�å�D�Y�D�O�R�� �W�D�M�� �J�H�Q�� �V�D�� �R�N�R�O�Q�L�K�� �R�U�D�Q�L�F�D���� �â�W�R�� �V�H�� �W�L�þ�H�� �L�G�H�Q�W�L�I�L�N�D�F�L�M�H�� �J�H�Q�D�� �]�D�� �R�W�S�R�U�Q�R�V�W�� �Q�D��

�W�U�L�P�H�W�R�S�U�L�P���� �L�D�N�R�� �V�X�� �Y�H�ü�L�Q�R�P�� �Q�D�ÿ�H�Q�L�� �Y�H�ü�� �S�R�]�Q�D�W�L�� �J�H�Q�L���� �L�G�H�Q�W�L�I�L�F�L�U�D�Q�� �M�H�� �L�� �]�Q�D�þ�D�M�D�Q�� �X�G�L�R�� ���R�N�R�� 

30 %) potenc�L�M�D�O�Q�R�� �Q�R�Y�L�K�� �J�H�Q�D���� �ý�L�Q�M�H�Q�L�F�D�� �G�D�� �V�X�� �S�R�]�Q�D�W�L�� �L�� �S�R�W�H�Q�F�L�M�D�O�Q�R�� �Q�R�Y�L�� �J�H�Q�L�� �Q�D�ÿ�H�Q�L�� �X��

�N�Q�M�L�å�Q�L�F�D�P�D���S�R�U�L�M�H�N�O�R�P���L�]���V�H�G�L�P�H�Q�W�D���V���X�]�Y�R�G�Q�H���O�R�N�D�F�L�M�H���L���O�R�N�D�F�L�M�H���L�V�S�X�V�W�D���X�N�D�]�X�M�H���Q�D���W�R���G�D���M�H��

sam sediment prirodan spremnik �W�L�K���J�H�Q�D�����,�G�H�Q�W�L�I�L�F�L�U�D�Q�L���J�H�Q�L���E�L�O�L���V�X���Q�D�M�V�O�L�þ�Q�L�M�L���J�H�Q�Lma dfr koji 

kodiraju enzime DHFR ili genima thy koji kodiraju enzime TYMS. Ti enzimi dovode do 

�R�W�S�R�U�Q�R�V�W�L�� �Q�D�� �W�U�L�P�H�W�R�S�U�L�P�� �]�D�R�E�L�O�D�V�N�R�P�� �P�H�W�D�E�R�O�L�þ�N�R�J�� �S�X�W�D�� �V�L�Q�W�H�]�H�� �I�R�O�Q�H�� �N�L�V�H�O�L�Q�H�� �L�� �W�L�P�L�Q�D����

�3�R�W�U�H�E�Q�R���M�H���W�D�N�R�ÿ�H�U���Q�D�S�R�P�H�Q�X�W�L���G�D���V�X���Q�H�N�L���N�O�R�Q�R�Y�L���S�R�V�M�H�G�R�Y�D�O�L���G�Y�D���U�D�]�O�L�þita gena za otpornost 

na trimetoprim, dfr i thy�����N�R�M�D���V�X���X���S�U�L�M�D�ã�Q�M�H�P���L�V�W�U�D�å�L�Y�D�Q�M�X���Q�D�ÿ�H�Q�D���]�D�M�H�G�Q�R���Q�D���L�V�W�R�P���S�O�D�]�P�L�G�X��

(Kehrenberg i Schwarz, 2005.)�����ã�W�R���X�N�D�]�X�M�H���Q�D���Q�M�L�K�R�Y�X���S�R�W�H�Q�F�L�M�D�O�Q�X���]�D�M�H�G�Q�L�þ�N�X���P�R�E�L�O�Q�R�V�W�����â�W�R��

�V�H���W�L�þ�H���J�H�Q�D���]�D���R�W�S�R�U�Q�R�V�W���Q�D����-laktame, u ovom radu je identificirano 15 jedinstvenih gena koji 

�N�R�G�L�U�D�M�X���]�D����-laktamaze iz skupina A-�'�����9�H�ü�L�Q�D���W�L�K���J�H�Q�D���E�L�O�L���V�X���R�W�S�U�L�M�H���S�R�]�Q�D�W�L���W�H���V�X���S�R�W�M�H�F�D�O�L��

iz otpadne vode i on�H�þ�L�ã�ü�H�Q�R�J���V�H�G�L�P�H�Q�W�D�����3�U�L�W�R�P���Y�D�O�M�D���L�V�W�D�N�Q�X�W�L���S�U�L�V�X�W�Q�R�V�W���N�O�L�Q�L�þ�N�L���U�H�O�H�Y�D�Q�W�Q�L�K��

gena poput gena blaGES-1 i blaVEB-9 ����-laktamaze skupine A) te blaMOX-9 i blaCMY-10 (plazmidne 

�$�P�S�&����-laktamaze skupine C) koji su �S�R�N�D�]�D�O�L���Q�D�M�Y�H�ü�X���V�O�L�þ�Q�R�V�W s genima iz patogenih bakterija 
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poput K. pneumoniae, P. aeruginosa, A. baumanii i C. freundii (Jacoby, 2009.; Paterson i 

Bonomo, 2005.). Pored visokog stupnja otpornosti na ampicilin (MIK > 1024 mg L-1), navedeni 

�J�H�Q�L�� �E�L�O�L�� �V�X�� �R�G�J�R�Y�R�U�Q�L�� �L�� �]�D�� �Y�L�V�R�N�� �V�W�X�S�D�Q�M�� �R�W�S�R�U�Q�R�V�W�L�� �Q�D�� �F�H�I�R�W�D�N�V�L�P���� �F�H�I�D�O�R�V�S�R�U�L�Q�� �S�U�R�ã�L�U�H�Q�R�J��

spektra (MIC 8-32 mg L-1������ �N�R�M�L�� �M�H�� �Y�U�O�R�� �X�þ�L�Q�N�R�Y�L�W�� �X�� �O�L�M�H�þ�H�Q�M�X�� �L�Q�I�H�N�F�L�M�D��izazvanih Gram-

negativnim bakterijama. Pored toga, poznato je da enzim kodiran genom blaGES-1 hidrolizira 

�N�D�U�E�D�S�H�Q�H�P�H���� �D�Q�W�L�E�L�R�W�L�N�H�� �S�R�V�O�M�H�G�Q�M�H�� �O�L�Q�L�M�H�� �R�E�U�D�Q�H�� �X�� �O�L�M�H�þ�H�Q�M�X�� �L�Q�I�H�N�F�L�M�D��izazvanih 

�H�Q�W�H�U�R�E�D�N�W�H�U�L�M�D�P�D���R�W�S�R�U�Q�L�P���Q�D���Y�L�ã�H���V�N�X�S�L�Q�D���D�Q�W�L�E�L�R�W�L�N�D��(Stewart i sur., 2015.). Sva navedena 

�]�D�S�D�å�D�Q�M�D�� �V�W�R�J�D�� �X�S�X�ü�X�M�X�� �Q�D�� �]�D�N�O�M�X�þ�D�N�� �G�D�� �E�L�� �S�R�W�R�þ�Q�L�� �V�H�G�L�P�H�Q�W�� �L�]�O�R�å�H�Q�� �L�Q�G�X�V�W�U�L�M�V�N�R�P�� �L�V�S�X�V�W�X��

�P�R�J�D�R�� �E�L�W�L�� �Y�D�å�D�Q��spremnik �J�H�Q�D�� �N�R�M�L�� �N�R�G�L�U�D�M�X�� �N�O�L�Q�L�þ�N�L�� �U�H�O�H�Y�D�Q�W�Q�H�� ��-laktamaze �S�U�R�ã�L�U�H�Q�R�J��

spektra poput GES, VEB, MOX i CMY-�������� �ý�L�Q�M�H�Q�L�F�D�� �G�D�� �V�X�� �J�H�Q�L�� �]�D�� �Q�D�Y�H�G�H�Q�H�� ��-laktamaze 

�Q�D�ÿ�H�Q�L���M�H�G�L�Q�R���X���V�H�G�L�P�H�Q�W�X���Qa lokaciji ispusta ukazuje na otpadnu vodu kao izvor tih gena. Ta 

�þ�L�Q�M�H�Q�L�F�D���Q�H���L�]�Q�H�Q�D�ÿ�X�M�H���D�N�R���V�H���X�]�P�H���X���R�E�]�L�U���S�R�G�D�W�D�N���G�D���R�W�S�D�G�Q�D���Y�R�G�D���N�R�M�D���V�H���X�O�L�M�H�Y�D���X���S�R�W�R�N��

�S�U�H�G�V�W�D�Y�O�M�D���P�M�H�ã�D�Y�L�Q�X���W�H�K�Q�R�O�R�ã�L�K���L���V�D�Q�L�W�D�U�Q�L�K���R�W�S�D�G�Q�L�K���Y�R�G�D���S�D���E�L���W�L���J�H�Q�L���P�R�J�O�L���E�L�W�L���K�X�P�D�Q�R�J��

porij�H�N�O�D�����8���S�U�L�O�R�J���W�R�P�H���J�R�Y�R�U�H���L���L�V�W�U�D�å�L�Y�D�Q�M�D���N�R�M�D���V�X���S�R�N�D�]�D�O�D���G�D���V�X���N�R�P�X�Q�D�O�Q�H���R�W�S�D�G�Q�H���Y�R�G�H��

izvor gena za karbapenemaze �L�]���S�R�U�R�G�L�F�H���*�(�6���X���U�H�F�L�S�L�M�H�Q�W�Q�R�P���U�L�M�H�þ�Q�R�P���V�H�G�L�P�H�Q�W�X��(Marathe i 

sur., 2017.)�����D���E�R�O�Q�L�þ�N�H���R�W�S�D�G�Q�H���Y�R�G�H���L�]�Y�R�U gena za ��-laktamaze iz porodice MOX (Antonelli i 

sur., 2015.). Nasuprot tome, geni blaOXA-198 i blaOXA-10 �N�R�M�L���N�R�G�L�U�D�M�X����-laktamaze skupine D, 

�G�H�W�H�N�W�L�U�D�Q�L�� �V�X�� �X�� �V�Y�L�P�� �N�Q�M�L�å�Q�L�F�D�P�D�� �X�N�O�M�X�þ�X�M�X�ü�L�� �L�� �R�Q�X�� �L�]�� �X�]�Y�R�G�Q�R�J�� �V�H�G�L�P�H�Q�W�D���� �ã�W�R�� �X�N�D�]�X�M�H�� �G�D��

njihova prisutnost u sedimentu potoka nij�H�� �L�V�N�O�M�X�þ�L�Y�R�� �X�Y�M�H�W�R�Y�D�Q�D�� �L�Q�G�X�V�W�U�L�M�V�N�L�P�� �L�V�S�X�V�W�R�P����

�%�X�G�X�ü�L���G�D���S�R�W�R�N���W�H�þ�H���N�U�R�]���U�X�U�D�O�Q�R���S�R�G�U�X�þ�M�H�����L�]�Y�R�U���Q�D�Y�H�G�H�Q�L�K���J�H�Q�D��blaOXA,  pored otpadne vode, 

�P�R�å�H���E�L�W�L���L���V�W�R�þ�Q�R���J�Q�R�M�L�Y�R���N�R�M�H���M�H���L�V�S�L�U�D�Q�M�H�P���]�D�Y�U�ã�L�O�R���X���S�R�W�R�N�X�����3�R�U�H�G��identificiranih poznatih 

gena za otpornost �Q�D����-�O�D�N�W�D�P�H�����L�G�H�Q�W�L�I�L�F�L�U�D�Q�D���V�X���L���þ�H�W�L�U�L���S�R�W�H�Q�F�L�M�D�O�Q�R���Q�R�Y�D���J�H�Q�D���N�R�M�D���N�R�G�L�U�D�M�X��

��-laktamaze iz skupina A, B i D, a bila su odgovorna za visok stupanj otpornosti na ampicilin 

(MIK > 1024 mg L-1). 

�8�� �N�R�Q�D�þ�Q�L�F�L���� �D�Q�D�O�L�]�D�� �J�H�Q�V�N�H�� �R�N�R�O�L�Q�H�� �L�G�H�Q�W�L�I�L�F�L�U�D�Q�L�K�� �J�H�Q�D�� �X�N�D�]�D�Oa je na vjerojatno 

�S�O�D�]�P�L�G�Q�R���S�R�U�L�M�H�N�O�R���P�Q�R�J�L�K���J�H�Q�D�����ã�W�R���M�H���L���X���V�N�O�D�G�X���V���S�U�L�M�D�ã�Q�M�L�P���L�V�W�U�D�å�L�Y�D�Q�M�L�P�D��(Kadlec i sur., 

���������������1�R�Q�D�N�D���L���V�X�U���������������������6�F�K�O�•�W�H�U���L���V�X�U���������������������6�X�J�L�P�R�W�R���L���V�X�U���������������������=�K�D�Q�J���L���V�X�U������������������. 

Ta teza, kao i podatak da su neki klonovi, pored dvostrukih mehanizama za otpornost na jednu 

skupinu antibiotika, posjedovali i gene za otpornost na druge skupine antibiotika, ukazuje na 

�Y�M�H�U�R�M�D�W�Q�R�V�W���Y�H�]�D�Q�R�J���Y�H�U�W�L�N�D�O�Q�R�J���Q�D�V�O�M�H�ÿ�L�Y�D�Q�M�D���L�O�L���V�W�M�H�F�D�Q�M�D���ã�D�U�R�O�L�N�R�J���V�S�H�N�W�U�D���J�H�Q�D���R�W�S�R�U�Q�R�V�W�L���X��

�V�O�X�þ�D�M�X���K�R�U�L�]�R�Q�W�D�O�Q�R�J���S�U�L�M�H�Q�R�V�D�����3�R�Y�U�K���W�R�J�D�����L�G�H�Q�W�L�I�L�F�L�U�D�Q�L���J�H�Q�L���þ�H�V�W�R���V�X���Q�D�ÿ�H�Q�L���X���V�N�O�R�S�X���J�H�Q�V�N�Lh 

�N�D�]�H�W�D�� �L�Q�W�H�J�U�R�Q�D�� �V�N�X�S�L�Q�H�� ���� �N�R�M�L�� �V�X�� �N�D�R�� �S�R�N�U�H�W�Q�L�� �J�H�Q�H�W�L�þ�N�L�� �H�O�H�P�H�Q�W�L�� �G�L�U�H�N�W�Q�R�� �L�O�L�� �L�Q�G�L�U�H�N�W�Q�R��



                                                                                                                                       Rasprava 

138 
 

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.).  

R�H�]�X�O�W�D�W�L�� �R�Y�R�J�� �G�L�M�H�O�D�� �L�V�W�U�D�å�L�Y�D�Q�M�D�� �G�D�O�L�� �V�X�� �S�U�H�J�O�H�G��prisutnosti gena za otpornost na 

�D�Q�W�L�E�L�R�W�L�N�H�� �X�� �L�Q�G�X�V�W�U�L�M�V�N�L�P�� �R�W�S�D�G�Q�L�P�� �Y�R�G�D�P�D�� �L�� �V�H�G�L�P�H�Q�W�L�P�D�� �Q�M�L�K�R�Y�L�K�� �U�H�F�L�S�L�M�H�Q�D�W�D���� �D�� �þ�L�M�D��

�L�G�H�Q�W�L�I�L�N�D�F�L�M�D�� �M�H�� �R�P�R�J�X�ü�H�Q�D�� �S�U�L�P�M�H�Q�R�P�� �S�U�L�V�W�X�S�D�� �I�X�Q�N�F�L�R�Q�D�O�Q�H�� �P�H�W�D�J�H�Q�R�P�L�N�H���� �0�R�J�X�ü�H�� �M�H��

�W�D�N�R�ÿ�H�U���G�D���R�Yi uzorci �V�D�G�U�å�H���L���G�U�X�J�H���J�H�Q�H���R�W�S�R�U�Q�R�V�W�L���N�R�M�L���Q�L�V�X���H�N�V�S�U�L�P�L�U�D�Q�L���X��E. coli pa stoga ne 

mogu biti identificirani ovom metodom. Usprkos tome, dobiveni rezultati ukazuju na to da 

�V�H�G�L�P�H�Q�W�L�� �R�Q�H�þ�L�ã�ü�H�Q�L�� �D�Q�W�L�E�L�R�W�L�F�L�P�D�� �S�X�W�H�P�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �I�D�U�P�D�F�H�X�W�V�N�L�K��industrija mogu biti 

�Y�D�å�Q�L��spremnici �N�O�L�Q�L�þ�N�L���U�H�O�H�Y�D�Q�W�Q�L�K���J�H�Q�D���R�W�S�R�U�Q�R�V�W�L�����N�D�N�R���S�R�]�Q�D�W�L�K���W�D�N�R���L���S�R�W�H�Q�F�L�M�D�O�Q�R���Q�R�Y�L�K����

Slijedom navedenog, hipoteza H2 postavljena u ovom doktorskom radu �Ä�2�W�S�D�G�Q�H�� �Y�R�G�H�� �L��

sedimenti recipijentnih voda su spremnici poznatih i potencijalno novih gena za otpornost na 

�D�Q�W�L�E�L�R�W�L�N�H�³���M�H���S�R�W�Y�U�ÿ�H�Q�D���� 

�����������8�W�M�H�F�D�M���L�Q�G�X�V�W�U�L�M�V�N�L�K���R�W�S�D�G�Q�L�K���Y�R�G�D���Q�D���ã�L�U�H�Q�M�H��otpornosti na antibiotike  

 �5�H�]�X�O�W�D�W�L���G�R�V�D�G�D�ã�Q�M�L�K���L�V�W�U�D�å�L�Y�D�Q�M�D���S�U�R�Y�H�G�H�Q�L�K���X���R�Y�R�P���U�D�G�X���X�N�D�]�D�O�L���V�X���Q�D���ã�L�U�R�N���U�H�S�H�U�W�R�D�U��

funkcionalnih gena za otpornost na antibiotike �N�R�M�L���V�X���S�R�N�D�]�D�O�L���S�R�W�H�Q�F�L�M�D�O���K�R�U�L�]�R�Q�W�D�O�Q�R�J���ã�L�U�H�Q�M�D��

�P�H�ÿ�X�� �E�D�N�W�H�U�L�M�D�P�D�� �X�� �V�H�G�L�P�H�Q�W�L�P�D�� �L�]�O�R�å�H�Q�L�P�� �L�Q�G�X�V�W�U�L�M�V�N�L�P�� �L�V�S�X�V�W�L�P�D���� �7�R�P�H�� �X�� �S�U�L�O�R�J�� �L�G�X�� �L��

�O�L�W�H�U�D�W�X�U�Q�D�� �]�D�S�D�å�D�Q�M�D�� �N�R�M�D�� �W�D�N�R�ÿ�H�U�� �G�R�Y�R�G�H�� �X�� �Y�H�]�X�� �R�N�R�O�L�ã�Q�R�� �R�Q�H�þ�L�ã�ü�H�Q�M�H�� �R�W�S�D�G�Q�L�P�� �Y�Rdama 

�I�D�U�P�D�F�H�X�W�V�N�L�K�� �L�Q�G�X�V�W�U�L�M�D�� �L�� �S�R�Y�H�ü�D�Q�X�� �P�R�E�L�O�Q�R�V�W�� �J�H�Q�D�� �R�W�S�R�U�Q�R�V�W�L�� �P�H�ÿ�X�� �R�N�R�O�L�ã�Q�L�P�� �E�D�N�W�H�U�L�M�D�P�D��

(Bengtsson-Palme i sur., 2014.; Flach i sur., 2015.)�����6�W�R�J�D���V�X���G�D�O�M�Q�D���L�V�W�U�D�å�L�Y�D�Q�M�D���R�Y�R�J���U�D�G�D���E�L�O�D��

�X�V�P�M�H�U�H�Q�D�� �Q�D�� �S�U�R�F�M�H�Q�X�� �X�W�M�H�F�D�M�D�� �L�Q�G�X�V�W�U�L�M�V�N�L�K�� �L�V�S�X�V�W�D�� �Q�D�� �ã�L�U�H�Q�M�H��otpornosti na antibiotike u 

�V�H�G�L�P�H�Q�W�L�P�D���U�H�F�L�S�L�M�H�Q�W�Q�L�K���Y�R�G�D�����ã�W�R���M�H���S�U�R�Y�H�G�H�Q�R���S�R�P�R�ü�X���W�U�L���V�H�U�L�M�H���D�Q�D�O�L�]�D�����D���G�R�E�L�Y�H�Q�L���U�H�]�X�O�W�D�W�L��

objavljeni su pod rednim brojevima 3-6 u popisu znanstvenih radova (str. 62-124) te u Prilogu 

7.7. (str. 242-246).  

4.3.1. Kvantifikacija gena otpornosti u otpadnim vodama i sedimentima 

 �3�U�R�F�M�H�Q�D���ã�L�U�H�Q�M�D gena za otpornost na antibiotike �]�D�S�R�þ�H�W�D���M�H���N�Y�D�Q�W�L�I�L�N�D�F�L�M�R�P���R�G�D�E�U�D�Q�L�K��

gena u otpadnim vodama i sedimentima metodom qPCR-�D�� �W�H�� �L�]�U�D�þ�X�Q�R�P�� �R�P�M�H�U�D�� �W�L�K�� �J�H�Q�D�� �X��

odnosu na ukupne 16S rRNA gene (rrn) (relativna zastupljenost u ukupnoj bakterijskoj 

zajednici) tijekom dvije sezone (zima i ljeto). Tako su u sedimentima rijeke Save kvantificirani 

geni za otpornost na makrolide (mphG, mphE, msrE, mefC i ermB), dok su u potoku Kalinovica 

kvantificirani geni za otpornost na sulfonamide (sul1 i sul2), tetracikline (tetC i tet���������� ��-

laktame (blaGES, blaVEB, blaOXA-1 i blaOXA-2), trimetoprim (dfrA14 i folA) i makrolide (mphG, 

mphE, msrE, mefC i ermB)�����,�D�N�R���V�X���U�H�]�X�O�W�D�W�L���W�L�K���D�Q�D�O�L�]�D���S�R�N�D�]�D�O�L���G�D���L�Q�G�X�V�W�U�L�M�V�N�L���L�V�S�X�V�W�L���S�R�W�L�þ�X��



                                                                                                                                       Rasprava 

139 
 

�ã�L�U�H�Q�M�H���J�H�Q�D���]�D���R�W�S�R�U�Q�R�V�W���X���L�]�O�R�å�H�Q�L�P���V�H�G�L�P�H�Q�W�L�P�D�����X�R�þ�H�Q�H���V�X���E�L�W�Q�H���U�D�]�O�L�N�H���L�]�P�H�ÿ�X���L�V�W�U�D�å�L�Y�D�Q�H��

rijeke i potoka.  

U otpadnoj vodi Industrije 1, �P�H�ÿ�X�� �� ciljanih gena za makrolidnu otpornost, 

najzastupljeniji su bili tipovi gena koji kodiraju makrolidne fosfotransferaze (mphG), proteine 

�]�D�� �]�D�ã�W�L�W�X�� �U�L�E�R�V�R�P�D�� ��msrE) i ribosomske metilaze (ermB), dok je relativna zastupljenost 

preostala dva gena koja kodiraju efluks pumpe (mefC) i fosfotransferaze (mph�(�����E�L�O�D���S�U�L�E�O�L�å�Q�R��

������ �S�X�W�D���Q�L�å�D���� �,�V�S�X�V�W�L�� �W�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �X�� �U�L�M�H�N�X�� �6�D�Y�X�� �S�U�L�G�R�Q�L�M�H�O�L�� �V�X�� �]�Q�D�þ�D�M�Q�R���Y�L�ã�R�M�� �U�H�O�D�W�L�Y�Q�R�M��

zastupljenosti svih 5 navedenih gena u sedimentu na lokaciji ispusta i 4 lokacije nizvodno od 

�L�V�S�X�V�W�D���� �þ�D�N�� �G�R�� ������ �N�P�� �Q�L�]�Y�R�G�Q�R���� �X�� �R�G�Q�R�V�X�� �Q�D��referentnu lokaciju (UP7500)���� �0�H�ÿ�X�W�L�P����

�L�]�Q�H�Q�D�ÿ�X�M�X�ü�H�� �M�H�� �G�D�� �Q�L�M�H�� �]�D�P�L�M�H�ü�H�Q�� �]�Q�D�þ�D�M�D�Q�� �V�H�]�R�Q�V�N�L�� �X�W�M�H�F�D�M�� �Q�D�� �U�D�V�S�R�G�M�H�O�X�� �F�L�O�M�D�Q�L�K�� �J�H�Q�D�� �X��

�V�H�G�L�P�H�Q�W�L�P�D�� �X�Q�D�W�R�þ�� �Y�H�ü�R�M�� �E�U�]�L�Q�L�� �S�U�R�W�R�N�D�� �6�D�Y�H�� �W�L�M�H�N�R�P�� �]�L�P�H�� �Q�H�J�R�O�L�� �W�L�M�H�N�R�P�� �O�M�H�W�D����Pritom je 

izuzetak uzvodna lokacija UP3500 vezana uz utok potoka Gorjak na kojoj je relativna 

zastupljenost svih 5 c�L�O�M�D�Q�L�K���J�H�Q�D���E�L�O�D���]�Q�D�þ�D�M�Q�R���Y�L�ã�D���Q�H�J�R���Q�D���U�H�I�H�U�H�Q�W�Q�R�M���O�R�N�D�F�L�M�L���M�H�G�L�Q�R��tijekom 

ljeta (nije prikazano), �ã�W�R�� �X�N�D�]�X�M�H�� �Q�D�� �S�R�W�H�Q�F�L�M�D�O�Q�X�� �V�H�O�H�N�F�L�M�X�� �R�W�S�R�U�Q�L�K�� �E�D�N�W�H�U�L�M�D�� �X�� �V�H�G�L�P�H�Q�W�X��

usli�M�H�G�� �L�]�O�R�å�H�Q�R�V�W�L��nagomilanim razinama antibiotika. Nadalje, u literaturi se navodi da je 

�U�H�O�D�W�L�Y�Q�D���]�D�V�W�X�S�O�M�H�Q�R�V�W���J�H�Q�D���]�D���D�Q�W�L�E�L�R�W�L�þ�N�X���R�W�S�R�U�Q�R�V�W���X���R�N�R�O�L�ã�X���M�D�N�R���R�Q�H�þ�L�ã�ü�H�Q�R�P���D�Q�W�L�E�L�R�W�L�F�L�P�D��

�R�E�L�þ�Q�R���X���U�D�V�S�R�Q�X���R�G��-2 do -1 log kopija gena otpornosti/rrn �N�R�S�L�M�D�����*�D�R���L���V�X�U�����������������������ã�W�R���M�H��

usporedivo s podacima dobivenim u ovom radu za otpadnu vodu �L���U�L�M�H�þ�Q�L���V�H�G�L�P�H�Q�W���V���O�R�N�D�F�L�M�H��

ispusta. Nasuprot tome, �S�U�R�V�M�H�þ�Q�D���N�R�O�L�þ�L�Q�D��najzastupljenijih gena (mphG, msrE i ermB) bila je 

�S�U�L�E�O�L�å�Q�R���������S�X�W�D���Q�L�åa �X���V�H�G�L�P�H�Q�W�L�P�D���Q�D���Q�L�]�Y�R�G�Q�L�P���O�R�N�D�F�L�M�D�P�D�����ã�W�R���J�R�Y�R�U�L���X���S�U�L�O�R�J���W�H�]�L���G�D���M�H��

�S�R�G�U�X�þ�M�H���U�L�M�H�N�H���6�D�Y�H���������N�P���Q�L�]�Y�R�G�Q�R���R�G �L�V�S�X�V�W�D���X�P�M�H�U�H�Q�R���R�Q�H�þ�L�ã�ü�H�Q�R���J�H�Q�L�P�D���]�D���P�D�N�U�R�O�L�G�Q�X��

otpornost (Gao i sur., 2018.; Graham i sur., 2011.). Nadalje, te �N�R�O�L�þ�L�Q�H��gena otpornosti 

usporedive su s �N�R�O�L�þ�L�Q�D�P�D��gena otpornosti na fluorokinolone izmjerenim u indijskim 

�V�H�G�L�P�H�Q�W�L�P�D���Y�L�V�R�N�R���R�Q�H�þ�L�ã�ü�H�Q�L�P���I�O�X�R�U�R�N�L�Q�R�O�R�Q�L�P�D��(Rutgersson i sur., 2014.). 

Dobiveni rezultati �N�R�M�L�� �X�N�D�]�X�M�X�� �Q�D�� �Y�H�ü�X��relativnu zastupljenost gena za makrolidnu 

otpornost na nizvodnim lokacijama u odnosu na referentnu lokaciju mogli bi biti posljedica 

�V�H�O�H�N�F�L�M�H�� �E�D�N�W�H�U�L�M�D�� �N�R�M�H�� �Q�R�V�H�� �W�H�� �J�H�Q�H�� �X�V�O�L�M�H�G�� �L�]�O�R�å�H�Q�R�V�W�L�� �U�D�]�P�M�H�U�Q�R�� �Y�L�V�R�N�L�P�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D��

�P�D�N�U�R�O�L�G�D���� �E�D�U�H�P�� �Q�D�� �S�R�G�U�X�þ�M�X�� �������� �P�� �Q�L�]�Y�R�G�Q�R�� �R�G�� �L�V�S�X�V�W�D�� �N�R�M�H���M�H�� �L�V�N�O�M�X�þ�L�Y�R�� �S�R�G�� �X�W�M�H�F�D�M�H�P��

industrijskog otpada i koje �N�D�U�D�N�W�H�U�L�]�L�U�D���Y�L�V�R�N�R���R�Q�H�þ�L�ã�ü�H�Q�M�H���P�D�N�U�R�O�L�G�L�P�D���� �$�O�W�H�U�Q�D�W�L�Y�Q�R���� �X�Q�R�V��

otpornih bakterija otpadnom vodom u sediment na lokaciji ispusta i njihov prijenos do 

nizvodnih lokacija, kao i horizontalni prijenos g�H�Q�D���P�D�N�U�R�O�L�G�Q�H���R�W�S�R�U�Q�R�V�W�L���P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D��

�V�H�G�L�P�H�Q�W�D���W�D�N�R�ÿ�H�U���E�L���P�R�J�O�L���G�R�S�U�L�Q�L�M�H�W�L���S�R�M�D�Y�L���Y�H�ü�H���N�R�O�L�þ�L�Q�H��tih gena na nizvodnim lokacijama. 

�7�R�M���W�H�]�L���L�G�H���X���S�U�L�O�R�J���L���þ�L�Q�M�H�Q�L�F�D���G�D���V�X���P�Q�R�J�L���J�H�Q�L���]�D���P�D�N�U�R�O�L�G�Q�X���R�W�S�R�U�Q�R�V�W���X�N�O�M�X�þ�X�M�X�ü�L���L���J�H�Q�H��
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analizirane u ovom radu, �Q�D�ÿ�H�Q�L�� �Q�D��konjugacijskim plazmidima koje karakterizira potencijal 

�ã�L�U�H�Q�M�D���P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D���L���N�R�M�L���R�E�L�þ�Q�R���Q�R�V�H���L���J�H�Q�H���]�D���R�W�S�R�U�Q�R�V�W���Q�D���R�V�W�D�O�H���V�N�X�S�L�Q�H���D�Q�W�L�E�L�R�W�L�N�D��

(Sugimoto i sur., 2017.; Zhang i sur., 2013.). Prema tome, horizontalni prijenos plazmida bi 

mog�D�R�� �E�L�W�L�� �R�G�J�R�Y�R�U�D�Q�� �]�D�� �ã�L�U�H�Q�M�H�� �L�� �S�R�V�W�R�M�D�Q�R�V�W�� �J�H�Q�D�� �]�D�� �P�D�N�U�R�O�L�G�Q�X�� �R�W�S�R�U�Q�R�V�W�� �X�� �U�L�M�H�þ�Q�L�P��

sedimentima nizvodno od ispusta.   

�2�V�L�P���]�Q�D�þ�D�M�Q�R���Y�H�ü�H���N�R�O�L�þ�L�Q�H��ciljanih gena msr, mph, erm i mef�����X�W�Y�U�ÿ�H�Q�D���M�H �L���]�Q�D�þ�D�M�Q�R��

�Y�H�ü�D���N�R�O�L�þ�L�Q�D��gena intI1 u uzorcima sedimenta na ispustu te nizvodno i uzvodno (UP3500) od 

ispusta u odnosu na sediment sa referentne lokacije, ali samo tijekom zimske sezone. Ti rezultati 

ukazuju �G�D�� �S�R�Y�H�ü�D�Q�H�� �N�R�O�L�þ�L�Q�H��integrona skupine 1 u sedimentu rijeke Save ne ovise samo o 

�V�D�G�D�ã�Q�M�Lm industrijskim ispustima �X�� �=�D�S�U�H�ã�L�ü�X, �Y�H�ü�� �V�H�� �U�D�G�L�� �L�� �R�� �G�R�S�U�L�Q�R�V�X���S�U�L�M�D�ã�Q�M�L�K ispusta 

Industrije 1 u potok Gorjak, posebno na lokaciji poslije utoka Gorjaka u Savu (UP3500). 

Spomenuti integroni (gen int�,�������S�U�H�G�O�R�å�H�Q�L���V�X���N�D�R���J�H�Q�H�W�L�þ�N�L���P�D�U�N�H�U�L���D�Q�W�U�R�S�R�J�H�Q�R�J���R�Q�H�þ�L�ã�ü�H�Q�M�D��

�R�N�R�O�L�ã�D�� ��Gillings, 2018., 2017.; Gillings i sur., 2015.), a njihova lokalizacija na plazmidima 

�P�R�J�O�D���E�L���S�R�W�D�N�Q�X�W�L���K�R�U�L�]�R�Q�W�D�O�Q�L���S�U�L�M�H�Q�R�V���Y�L�ã�H���U�D�]�O�L�þ�L�W�L�K��gena za otpornost u tim sedimentima. 

�0�H�ÿ�X�W�L�P���� �S�U�H�P�G�D��je relativna zastupljenost gena int�,���� �S�U�L�E�O�L�å�Q�R�� �M�H�G�Q�D�N�D u nizvodnim 

�V�H�G�L�P�H�Q�W�L�P�D���W�L�M�H�N�R�P���R�E�M�H���V�H�]�R�Q�H�����]�Q�D�þ�D�M�Q�R���S�R�Y�L�ã�H�Q�M�H���X���Q�L�]�Y�R�G�Q�L�P���V�H�G�L�P�H�Q�W�L�P�D���X���R�G�Q�R�V�X���Q�D��

referentni sediment �Q�L�M�H���X�R�þ�H�Q�R���W�L�M�H�N�R�P���O�M�H�W�D�����Y�M�H�U�R�M�D�W�Q�R���]�E�R�J���S�X�Q�R���Y�H�ü�H �N�R�O�L�þ�L�Q�H��tog gena u 

referentnom sedimentu tijekom ljeta u odnosu na zimu. 

U otpadnoj vodi Industrije 2 detektirane su relativno visoke �N�R�O�L�þ�L�Q�H��gena otpornosti  

���•��-2,5 log kopija gena otpornosti/rrn kopija) na sulfonamide (sul1 i sul2), tetracikline (tet39 i 

tetC), makrolide (mphG i msr�(��������-laktame (blaOXA-2) i trimetoprim (dfr�$�����������ã�W�R��ukazuje na to 

�G�D�� �R�Y�H�� �R�W�S�D�G�Q�H�� �Y�R�G�H���� �R�V�L�P�� �D�Q�W�L�E�L�R�W�L�N�D���� �X�Q�R�V�H�� �L�� �]�Q�D�W�Q�H�� �N�R�O�L�þ�L�Q�H�� �U�D�]�O�L�þ�L�W�L�K�� �J�H�Q�D�� �R�W�S�R�U�Q�R�V�W�L�� �X��

recipijentni potok. Kao rezultat toga, relativna zastupljenost gotovo svih tih gena (izuzev gena 

sul) bi�O�D���M�H���]�Q�D�þ�D�M�Q�R���Y�L�ã�D u sedimentu na lokaciji ispusta u odnosu na uzvodnu lokaciju tijekom 

�O�M�H�W�D���� �D�O�L�� �Q�H�� �L�� �W�L�M�H�N�R�P�� �]�L�P�H���� �7�R�� �M�H�� �Y�M�H�U�R�M�D�W�Q�R�� �S�R�Y�H�]�D�Q�R�� �V�� �Y�L�ã�L�P�� �W�H�P�S�H�U�D�W�X�U�D�P�D�� �N�R�M�H�� �P�R�J�X��

�S�U�R�P�R�Y�L�U�D�W�L���S�U�H�å�L�Y�O�M�D�Y�D�Q�M�H���R�W�S�R�U�Q�L�K���E�D�N�W�H�U�L�M�D���L�]���R�W�S�D�G�Q�H���Y�R�G�H���L�O�L���K�R�U�L�]�R�Q�W�D�O�Q�L���S�U�L�M�H�Q�R�V���J�H�Q�D���X��

�V�H�G�L�P�H�Q�W�X�����0�H�ÿ�X�W�L�P�����S�R�W�U�H�Eno je istaknuti da je relativna zastupljenost svih ciljanih gena bila 

�L�]�Q�H�Q�D�ÿ�X�M�X�ü�H�� �Y�L�V�R�Na i u sedimentu na uzvodnoj lokaciji (od -2 do -3 log kopija gena 

otpornosti/rrn kopija). Iz tog razloga je relativna zastupljenost gena otpornosti bila tek 

neznatno, ali i�S�D�N���]�Q�D�þ�D�M�Q�R���Y�L�ãa na lokaciji ispusta u odnosu na uzvodnu lokaciju. Razlog tako 

visokoj zastupljenosti �F�L�O�M�D�Q�L�K���J�H�Q�D���X���X�]�Y�R�G�Q�R�P���V�H�G�L�P�H�Q�W�X���P�R�å�H���E�L�W�L���S�R�Y�H�]�D�Qa sa selekcijskim 

pritiskom antibiotika i metala koji su na tu referentnu lokaciju vjerojatno dospjeli ilegalnim 

�N�D�Q�D�O�L�]�D�F�L�M�V�N�L�P�� �L�V�S�X�V�W�L�P�D�� �L���L�O�L�� �L�V�S�L�U�D�Q�M�H�P�� �V�W�R�þ�Q�R�J�� �J�Q�R�M�L�Y�D�� �V�� �R�N�R�O�Q�L�K�� �R�U�D�Q�L�F�D���� �1�D�G�D�O�M�H���� �R�V�L�P��
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razmjerno visoke �N�R�O�L�þ�L�Q�H���Q�H�N�L�K���J�H�Q�D�����R�W�S�D�G�Q�H���Y�R�G�H���,�Q�G�X�V�W�U�L�M�H�������W�D�N�R�ÿ�H�U���V�X���V�D�G�U�å�D�Y�D�O�H���U�D�]�Q�H��

�S�R�G�W�L�S�R�Y�H�� �J�H�Q�D�� �]�D�� �R�W�S�R�U�Q�R�V�W�� �Q�D�� ��-laktame (blaGES, blaVEB i blaOXA-1), trimetoprim (folA) i 

makrolide (ermB, mphE i mef�&���� �X�� �Q�H�ã�W�R�� �Q�L�å�L�P���N�R�O�L�þ�L�Q�D�P�D��(od -4 do -3 log kopija gena 

otpornosti/rrn �N�R�S�L�M�D������ �0�H�ÿ�X�W�L�P����relativna zastupljenost svih navedenih gena bila je opet 

�]�Q�D�þ�D�M�Q�R���Y�L�ã�D u sedimentu na lokaciji ispusta u odn�R�V�X���Q�D���X�]�Y�R�G�Q�X���O�R�N�D�F�L�M�X�����1�D�G�D�O�M�H�����X�R�þ�H�Q�H��

�V�X�� �L�� �V�H�]�R�Q�V�N�H�� �U�D�]�O�L�N�H�� �X�� �G�L�Q�D�P�L�F�L�� �Y�H�ü�L�Q�H�� �W�L�K�� �J�H�Q�D���� �Y�M�H�U�R�M�D�W�Q�R�� �]�E�R�J�� �Y�D�U�L�M�D�F�L�M�D�� �X�� �Q�M�L�K�R�Y�L�P��

pozadinskim razinama u sedimentu samog potoka (razine na uzvodnoj lokaciji). Jedino geni 

ermB i blaGES �N�R�M�L���V�X���R�G���N�O�L�Q�L�þ�N�R�J���]�Q�D�þ�D�M�D�����*�X�R���L���V�X�U���������������F�������:�L�E�E�H�U�J���L���V�X�U���������������������Q�L�V�X���E�L�O�L��

detektirani u uzvodnom sedimentu, ali su pak detektirani u sedimentu na lokaciji ispusta tijekom 

�R�E�M�H�� �V�H�]�R�Q�H���� �7�D�M�� �S�R�G�D�W�D�N���� �N�D�R�� �L�� �þ�L�Q�M�H�Q�L�F�D�� �G�D�� �V�X�� �R�E�D�� �J�H�Q�D�� �G�H�W�H�N�W�L�U�D�Q�D�� �L�� �X�� �R�W�S�D�G�Q�R�M�� �Y�R�G�L����

nedvojbeno p�R�N�D�]�X�M�H���G�D���V�X���Q�M�L�K�R�Y���J�O�D�Y�Q�L���L�]�Y�R�U���X���S�R�W�R�þ�Q�R�P���V�H�G�L�P�H�Q�W�X���L�V�S�X�V�W�L���L�]���,�Q�G�X�V�W�U�L�M�H��������

Zanimljivo je primijetiti da je relativna zastupljenost tih gena u otpadnoj vodi te industrije  

(od -4 do -3 log kopija gena otpornosti/rrn kopija) usporediv�D�� �L�O�L�� �þ�D�N�� �Q�L�å�D�� �R�G�� �Q�M�L�K�R�Y�H��

zastupljenosti u komunalnim otpadnim vodama (od -2 do -3 log kopija gena otpornosti/rrn 

kopija) (Rafraf i sur., 2016.; Rodriguez-Mozaz i sur., 2015.)���� �1�H�� �þ�X�G�L�� �V�W�R�J�D�� �þ�L�Q�M�H�Q�L�F�D�� �G�D�� �M�H��

�R�E�R�J�D�ü�L�Y�D�Q�M�H���W�L�K���J�H�Q�D���]�D�E�L�O�M�H�å�Hno i u sedimentima pod utjecajem komunalnih otpadnih voda 

(Marathe i sur., 2017.; Sabri i sur., 2018.), kao i u sedimentima pod utjecajem otpadnih voda iz 

formulacije lijekova (Khan i sur., 2013.).  

�1�D�V�X�S�U�R�W���S�R�Y�L�ã�H�Q�R�M���N�R�O�L�þ�L�Q�L���J�H�Q�D���R�W�S�R�U�Q�R�V�W�L���X���S�R�W�R�þ�Q�R�P���V�H�G�L�P�H�Q�W�X���Q�D���O�R�N�D�F�L�M�L���L�V�S�X�V�W�D��

u usporedbi sa uzvodnom lokacijom, relativna zastupljenost �Y�H�ü�L�Q�H���W�L�K���J�H�Q�D���S�D�O�D���M�H u sedimentu 

�Q�D�� �O�R�N�D�F�L�M�L�� �V�P�M�H�ã�W�H�Q�R�M�� ���� �N�P�� �Q�L�]�Y�R�G�Q�R�� �Q�D�� �U�D�]�L�Q�X�� �X�]�Y�R�G�Q�H�� �O�R�N�D�F�L�M�H���� �7�R�� �P�R�å�H�� �E�L�W�L�� �S�R�V�O�M�H�G�L�F�D��

�R�J�U�D�Q�L�þ�H�Q�R�J���S�U�L�M�H�Q�R�V�D���W�L�K���J�H�Q�D���V���O�R�N�D�F�L�M�H���L�V�S�X�V�W�D���Q�L�]�Y�R�G�Q�R���L�O�L���R�G�X�P�L�U�D�Q�M�D���Q�M�L�K�R�Y�L�K���E�D�N�W�H�U�L�M�Vkih 

�G�R�P�D�ü�L�Q�D���� �U�D�]�J�U�D�G�Q�M�H�� �L�]�Y�D�Q�V�W�D�Q�L�þ�Q�H�� �'�1�$�� �N�R�M�D�� �Q�R�V�L�� �W�H�� �J�H�Q�H��(Nnadozie i Odume, 2019.), 

sorpcije gena za sediment (Calero-Caceres i sur., 2017.) �L�O�L���U�D�]�O�L�þ�L�W�L�K���N�R�P�E�L�Q�D�F�L�M�D���R�Y�L�K���S�U�R�F�H�V�D�� 

Usprkos tome, relativna zastupljenost gena sul2, mphG i msrE bila �M�H���L���G�D�O�M�H���]�Q�D�þ�D�M�Q�R���S�R�Y�L�ã�H�Qa 

u nizvodnom sedimentu u odnosu na uzvodni. Ti se rezultati mogu donekle objasniti selekcijom 

bakteri�M�D���N�R�M�H���Q�R�V�H���W�H���J�H�Q�H���X�V�O�L�M�H�G���L�]�O�R�å�H�Q�R�V�W�L���U�D�]�P�M�H�U�Q�R���Y�L�V�R�N�L�P���N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D���V�X�O�I�R�Q�D�P�L�G�D��

na nizvodnoj lokaciji (do 1,2 mg kg-1). Naime, Heuer i sur. (2008.) pokazali su da sulfonamidni 

antibiotik �V�X�O�I�D�G�L�D�]�L�Q�� �Y�H�ü�� �S�U�L�� �N�R�Q�F�H�Q�W�U�D�F�L�M�L�� �R�G�� ���������� �P�J�� �N�J-1���� �ã�W�R�� �M�H�� �Q�L�å�H�� �R�G�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H��

sulfadiazina izmjerene na nizvodnoj lokaciji u ovom radu (> 0,16 mg kg-1), dovodi do selekcije 

bakterija koje nose gen sul�����S�X�W�H�P���K�R�U�L�]�R�Q�W�D�O�Q�R�J���S�U�L�M�H�Q�R�V�D���J�H�Q�D�����%�X�G�X�ü�L���G�D���Q�H�P�D���Oiteraturnih 

�S�R�G�D�W�D�N�D���R���V�H�O�H�N�W�L�Y�Q�R�M���N�R�Q�F�H�Q�W�U�D�F�L�M�L���P�D�N�U�R�O�L�G�D���X���V�H�G�L�P�H�Q�W�X�����W�H�ã�N�R���M�H���S�U�R�F�L�M�H�Q�L�W�L���M�H�V�X���O�L���U�D�]�L�Q�H��

�D�]�L�W�U�R�P�L�F�L�Q�D�� �R�G�U�H�ÿ�H�Q�H�� �X�� �V�H�G�L�P�H�Q�W�X�� �Q�D�� �Q�L�]�Y�R�G�Q�R�M�� �O�R�N�D�F�L�M�L�� ������������ �P�J�� �N�J-1) bile selektivne za 
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razvoj bakterija koje nose gene mphG i msr�(���� �$�O�W�H�U�Q�D�W�L�Y�Q�R���� �G�X�J�R�W�U�D�M�Q�D���L�]�O�R�å�H�Q�R�V�W���U�D�]�P�M�H�U�Q�R��

visokim razinama sulfonamida mogla bi dovesti i do ko-selekcije gena za makrolidnu otpornost. 

�8���S�U�L�O�R�J���W�R�P�H���J�R�Y�R�U�L���L���þ�L�Q�M�H�Q�L�F�D���G�D���V�X���J�H�Q�L���]�D���R�W�S�R�U�Q�R�V�W���Q�D���P�D�N�U�R�O�L�G�H���L���V�X�O�I�R�Q�D�P�L�G�H���þ�H�V�W�R���Q�D�ÿ�H�Q�L��

ko-lokalizirani na istim plazmidima (Dolejska i sur., 2014.; Nonaka i sur., 2012.; Rahube i sur., 

2014.)�����ã�W�R���M�H���X���V�N�O�D�G�X���L���V�D���U�H�]�X�O�W�D�W�L�P�D���I�X�Q�N�F�L�R�Q�D�O�Q�H���P�H�W�D�J�H�Q�R�P�L�N�H���G�R�Eivenim u ovom radu. 

�3�U�H�P�D�� �W�R�P�H���� �Q�D�� �W�H�P�H�O�M�X�� �U�H�]�X�O�W�D�W�D�� �G�R�E�L�Y�H�Q�L�P�� �R�Y�L�P�� �L�V�W�U�D�å�L�Y�D�Q�M�H�P���� �K�L�S�R�W�H�]�D�� �+���� �Ä�,�Q�G�X�V�W�U�L�M�V�N�L��

�L�V�S�X�V�W�L���S�R�W�L�þ�X���ã�L�U�H�Q�M�H��otpornosti na antibiotike �P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D���X���L�]�O�R�å�H�Q�L�P���V�H�G�L�P�H�Q�W�L�P�D�³���V�H��

�S�U�L�K�Y�D�ü�D�� 

 ���������������+�R�U�L�]�R�Q�W�D�O�Q�R���ã�L�U�H�Q�M�H���J�H�Q�D���]�D��otpornost na antibiotike 

 Daljnja �D�Q�D�O�L�]�D�� �ã�L�U�H�Q�M�D �J�H�Q�D�� �]�D�� �D�Q�W�L�E�L�R�W�L�þ�N�X�� �R�W�S�R�U�Q�R�V�W�� �S�U�R�Y�H�G�H�Q�D�� �M�H�� �S�U�D�ü�H�Q�M�H�P��

plazmidnog prijenosa otpornosti iz bakterija otpadne vode i sedimenta kao donora plazmida u 

recipijentni soj E. coli CV601.  

 �8���V�H�G�L�P�H�Q�W�L�P�D���U�L�M�H�N�H���6�D�Y�H���X�R�þ�H�Q�D �M�H���Y�H�ü�D���X�þ�H�V�W�D�O�R�V�W���S�O�D�]�P�L�G�Q�R�J���S�U�L�M�H�Q�R�V�D���R�W�S�R�U�Q�R�V�W�L��

na makrolide i tetracikline na lokacijama ispusta i 700 m nizvodno od ispusta u usporedbi sa 

udaljenijom nizvodnom lokacijom (4,5 km nizvodno) ili pak referentnom lokacijom. Ta 

�]�D�S�D�å�D�Q�M�D�� �V�X�J�H�U�L�U�D�M�X�� �G�D�� �R�Q�H�þ�L�ã�ü�H�Q�H�� �O�R�N�D�F�L�M�H���� �S�R�V�H�E�L�F�H�� �O�R�N�D�F�L�M�D�� �L�V�S�X�V�W�D���� �P�R�J�X�� �E�L�W�L�� �å�D�U�L�ã�W�D�� �]�D��

�S�U�L�M�H�Q�R�V�� �R�W�S�R�U�Q�R�V�W�L�� �Q�D�� �P�D�N�U�R�O�L�G�H�� �L�� �W�H�W�U�D�F�L�N�O�L�Q�H�� �S�R�V�U�H�G�R�Y�D�Q�� �S�U�L�M�H�Q�R�V�R�P�� �S�O�D�]�P�L�G�D�� �P�H�ÿ�X��

bakterijskom populacijom �V�H�G�L�P�H�Q�W�D�����7�D���S�R�Y�H�ü�D�Q�D���P�R�E�L�O�Q�R�V�W���M�H���Y�M�H�U�R�M�D�W�Q�R���S�R�W�D�N�Q�X�W�D���Y�L�V�R�N�L�P��

koncentracijama makrolida, ali i hranjivih tvari te otpornih bakterija u tim sedimentima. 

�1�D�Y�H�G�H�Q�L���U�H�]�X�O�W�D�W�L���V�X���X���V�N�O�D�G�X���V���U�H�]�X�O�W�D�W�L�P�D���V�O�L�þ�Q�R�J���L�V�W�U�D�å�L�Y�D�Q�M�D��provedenog �Q�D���S�R�G�U�X�þ�M�X���,�Q�G�L�M�H��

�N�R�M�H�� �W�D�N�R�ÿ�H�U�� �Q�D�Y�R�G�L�� �Y�H�ü�X�� �X�þ�H�V�W�D�O�R�V�W�� �S�O�D�]�P�L�G�Q�R�J�� �S�U�L�M�H�Q�R�V�D�� �D�Q�W�L�E�L�R�W�L�þ�N�H�� �R�W�S�R�U�Q�R�V�W�L�� �P�H�ÿ�X��

�E�D�N�W�H�U�L�M�D�P�D�� �V�H�G�L�P�H�Q�W�D�� �Y�L�V�R�N�R�� �R�Q�H�þ�L�ã�ü�H�Q�R�J�� �D�Q�W�L�E�L�R�W�L�F�L�P�D�� ���I�O�X�R�U�R�N�L�Q�R�O�R�Q�L�P�D����(Flach i sur., 

2015.)�����7�D���X�þ�H�V�W�D�O�R�V�W���S�O�D�]�P�L�G�Q�R�J���S�U�L�M�H�Q�R�V�D���N�U�H�W�D�O�D���V�H���X���U�D�V�S�R�Q�X���R�G������-4 do 10-6 �ã�W�R���M�H���X�V�S�R�U�H�G�L�Y�R��

�V���S�R�G�D�F�L�P�D���G�R�E�L�Y�H�Q�L�P���X���R�Y�R�P���L�V�W�U�D�å�L�Y�D�Q�M�X�����R�G������-3 do 10-6�������=�D���U�D�]�O�L�N�X���R�G���X�V�S�M�H�ã�Q�R���S�R�V�W�L�J�Q�X�W�R�J��

horizontalnog prijenosa gena u uzorcima sedimenta, taj je prijenos �E�L�R�� �Q�H�X�V�S�M�H�ã�D�Q u uzorku 

otpadne vode Industrije 1, vjerojatno zbog izrazito visoke koncentracije makrolida (ukupno 6,5 

mg L-1�����N�R�M�D���M�H���P�R�J�O�D���L�Q�K�L�E�L�U�D�W�L���U�H�F�L�S�L�M�H�Q�W�Q�L���V�R�M�����7�R�M���W�H�]�L���J�R�Y�R�U�H���X���S�U�L�O�R�J���L���U�H�]�X�O�W�D�W�L���S�U�L�M�D�ã�Q�M�H�J��

�L�V�W�U�D�å�L�Y�D�Q�M�D�� �N�R�M�L�� �Q�D�Y�R�G�H�� �G�D�� �H�U�L�W�U�R�P�L�F�L�Q�� �L�Q�K�L�E�L�U�D�� �S�U�L�M�H�Q�R�V�� �S�O�D�]�P�L�G�D�� �S�U�L�� �N�R�Q�F�H�Q�W�U�D�F�L�M�L�� �R�G�� 

1 mg L-1 �W�H���þ�D�N���Y�L�ã�H���S�U�L���������P�J���/-1 (Jutkina i sur., 2018.�������ý�L�Q�M�H�Q�L�F�D���G�D���M�H���X���R�Y�R�P���U�D�G�X���G�R�N�D�]�D�Q��

�X�V�S�M�H�ã�D�Q�� �K�R�U�L�]�R�Q�W�D�O�Q�L�� �S�U�L�M�H�Q�R�V�� �R�W�S�R�U�Q�R�V�W�L�� �X�� �X�]�R�U�F�L�P�D�� �V�H�G�L�P�H�Q�D�W�D�� �Y�L�V�R�N�R�� �R�Q�H�þ�L�ã�ü�H�Q�L�P��

�P�D�N�U�R�O�L�G�L�P�D�� ���þ�D�N�� �G�R�� ������ �P�J�� �N�J-1���� �P�R�å�H�� �V�H�� �G�R�Q�H�N�O�H�� �R�E�M�D�V�Q�L�W�L�� �V�P�D�Q�M�H�Q�R�P�� �E�L�R�U�D�V�S�R�O�R�å�L�Y�R�ã�ü�X 

�P�D�N�U�R�O�L�G�D���X�V�O�L�M�H�G���D�G�V�R�U�S�F�L�M�H���Q�D���þ�H�V�W�L�F�H���V�H�G�L�P�H�Q�W�D���� 
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 �8���V�H�G�L�P�H�Q�W�L�P�D���S�R�W�R�N�D���.�D�O�L�Q�R�Y�L�F�D���S�U�D�ü�H�Q�D���M�H���X�þ�H�V�W�D�O�R�V�W���S�O�D�]�P�L�G�Q�R�J���S�U�L�M�H�Q�R�V�D���R�W�S�R�U�Q�R�V�W�L��

�Q�D�� �W�H�W�U�D�F�L�N�O�L�Q�H�� �N�R�M�D�� �M�H�� �Q�D�ÿ�H�Q�D�� �S�R�Y�L�ã�H�Q�D�� �V�D�P�R�� �X�� �V�H�G�L�P�H�Q�W�X�� �Q�D�� �O�R�N�D�F�L�M�L�� �L�V�S�X�V�W�D���� �D�O�L�� �Q�H�� �L�� �Q�D��

nizvodnoj lokaciji u usporedbi sa uzvodnom lokacijom. Osim iz sedimenata, dobiven je 

�X�V�S�M�H�ã�D�Q�� �K�R�U�L�]�R�Q�W�D�O�Q�L�� �S�U�L�M�H�Q�R�V�� �R�W�S�R�U�Q�R�V�W�L�� �L�� �L�]�� �R�W�S�D�G�Q�H�� �Y�R�G�H�� �,�Q�G�X�V�W�U�L�M�H�� ������ �ã�W�R�� �X�N�D�]�X�M�H�� �G�D�� �M�H�� �W�D��

�R�W�S�D�G�Q�D�� �Y�R�G�D�� �L�]�Y�R�U�� �P�R�E�L�O�Q�L�K�� �J�H�Q�D�� �]�D�� �R�W�S�R�U�Q�R�V�W�� �Q�D�� �W�H�W�U�D�F�L�N�O�L�Q�H���� �3�U�L�M�D�ã�Q�M�D�� �L�V�W�U�D�å�L�Y�D�Q�M�D�� �V�X��

pokazala da k�R�Q�F�H�Q�W�U�D�F�L�M�D���W�H�W�U�D�F�L�N�O�L�Q�D���R�G�����������J���/-1 �S�R�W�L�þ�H���K�R�U�L�]�R�Q�W�D�O�Q�L���S�U�L�M�H�Q�R�V���J�H�Q�D��(Jutkina i 

sur., 2016.; Kim i sur., 2014.)���� �7�H�P�H�O�M�H�P�� �W�R�J�D�� �P�R�å�H�� �V�H�� �S�U�H�W�S�R�V�W�D�Y�L�W�L�� �G�D�� �M�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D��

�R�N�V�L�W�H�W�U�D�F�L�N�O�L�Q�D�����D�Q�W�L�E�L�R�W�L�N�D���L�]���V�N�X�S�L�Q�H���W�H�W�U�D�F�L�N�O�L�Q�D�����X���L�V�W�U�D�å�L�Y�D�Q�R�M �R�W�S�D�G�Q�R�M���Y�R�G�L�������������J���/-1) bila 

�G�R�Y�R�O�M�Q�D�� �]�D�� �S�R�W�L�F�D�Q�M�H�� �K�R�U�L�]�R�Q�W�D�O�Q�R�J�� �ã�L�U�H�Q�M�D�� �J�H�Q�D�� �P�H�ÿ�X�� �E�D�N�W�H�U�L�M�D�P�D�� �R�W�S�D�G�Q�H�� �Y�R�G�H���� �7�U�H�E�D��

�W�D�N�R�ÿ�H�U�� �L�V�W�D�N�Q�X�W�L�� �G�D�� �V�X�� �W�L�� �U�H�]�X�O�W�D�W�L�� �X�M�H�G�Q�R�� �L�� �S�U�Y�L�� �S�R�G�D�F�L�� �R�� �P�R�E�L�O�Q�R�V�W�L�� �J�H�Q�D�� �]�D�� �R�W�S�R�U�Q�R�V�W�� �Q�D��

�D�Q�W�L�E�L�R�W�L�N�H���P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D���N�R�M�H���R�E�L�W�D�Y�D�M�X���X��otpadnim vodama farmaceutske industrije.  

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

�M�H���Y�H�ü�L�Q�D���W�L�K���S�O�D�]�P�L�G�D���S�U�L�S�D�G�D�O�D���,�Q�F�3-1 skupini inkompatibilnosti, i to podskupini IncP-���0�����7�L��

plazmidi su uglavnom bili izolirani iz uzoraka �R�Q�H�þ�L�ã�ü�H�Q�L�K���D�Q�W�L�E�L�R�W�L�F�L�P�D���S�R�S�X�W���R�W�S�D�G�Q�H���Y�R�G�H��

�,�Q�G�X�V�W�U�L�M�H�������L���S�R�W�R�þ�Q�R�J���V�H�G�L�P�H�Q�W�D���V���O�R�N�D�F�L�M�H���L�V�S�X�V�W�D���W�H���U�L�M�H�þ�Q�L�K���V�H�G�L�P�H�Q�D�W�D���V���O�R�N�D�F�L�M�H���L�V�S�X�V�W�D���L��

�O�R�N�D�F�L�M�H���E�O�L�å�H���L�V�S�X�V�W�X�������������P���Q�L�]�Y�R�G�Q�R���R�G���L�V�S�X�V�W�D�������1�D�Y�H�G�H�Q�L���U�H�]�X�O�W�D�W�L���X�S�X�ü�X�M�X���Q�D���]�D�N�O�M�X�þ�D�N���G�D��

bi IncP-���0�� �S�O�D�]�P�L�G�L�� �P�R�J�O�L�� �E�L�W�Q�R�� �S�U�L�G�R�Q�L�M�H�W�L�� �O�R�N�D�O�Q�R�M�� �S�U�L�O�D�J�R�G�E�L�� �L�� �S�U�H�å�L�Y�O�M�D�Y�D�Q�M�X�� �E�D�N�W�H�U�L�M�D�� �X��

�R�N�R�O�L�ã�X���S�U�H�S�X�Q�R�P���D�Q�W�L�E�L�R�W�L�N�D�����,�D�N�R���V�X���S�O�D�]�P�L�G�L���,�Q�F�3-1 prvotno otkriveni u �N�O�L�Q�L�þ�N�L�P izolatima 

(Datta i sur., 1971.)�����N�D�V�Q�L�M�L�P���V�X���L�V�W�U�D�å�L�Y�D�Q�M�L�P�D���G�H�W�H�N�W�L�U�D�Q�L���X���U�L�M�H�N�D�P�D���L���U�L�M�H�þ�Q�L�P���V�H�G�L�P�H�Q�W�L�P�D��

�R�Q�H�þ�L�ã�ü�H�Q�L�P���å�L�Y�R�P���W�H���X���N�D�Q�D�O�L�]�D�F�L�M�L���L���D�N�W�L�Y�Q�R�P���P�X�O�M�X��(Bahl i sur., 2009.; Haines i sur., 2006.; 

Heuer i sur., 2012.; Moura i sur., 2012.; Oliveira i sur., 2012.; Smalla i sur., 2006.)�����3�U�H�G�O�R�å�H�Q�D��

�M�H���W�D�N�R�ÿ�H�U���L���S�R�Y�H�]�D�Q�R�V�W���Y�L�ã�H���]�D�V�W�X�S�O�M�H�Q�R�V�W�L���S�O�D�]�P�L�G�D���,�Q�F�3-1 i antropogen�R�J���R�Q�H�þ�L�ã�ü�H�Q�M�D���R�N�R�O�L�ã�D��

(Smalla i sur., 2006.). Pored IncP-���0���S�O�D�]�P�L�G�D�����X���R�Y�R�P���L�V�W�U�D�å�L�Y�D�Q�M�X���L�]�R�O�L�U�D�Q�L���V�X���L���S�O�D�]�P�L�G�L���N�R�M�L��

pripadaju podskupini IncP-�������W�H���,�Q�F�1���V�N�X�S�L�Q�L���L�Q�N�R�P�S�D�W�L�E�L�O�Q�R�V�W�L�����D���S�R�W�M�H�þ�X���L�]���V�H�G�L�P�H�Q�W�D���U�L�M�H�N�H��

�6�D�Y�H���R�Q�H�þ�L�ã�ü�H�Q�R�J���P�D�N�U�R�O�L�G�L�P�D�����'�H�W�H�N�F�L�M�D���S�Oazmida IncN u skladu je sa studijom Flach i sur., 

(2015.) �X���N�R�M�R�M���V�X���W�D�N�Y�L���S�O�D�]�P�L�G�L���L�]�R�O�L�U�D�Q�L���L�]���V�H�G�L�P�H�Q�W�D���L�]�U�D�]�L�W�R���R�Q�H�þ�L�ã�ü�H�Q�R�J���I�O�X�R�U�R�N�L�Q�R�O�R�Q�L�P�D��

�L�]�� �I�D�U�P�D�F�H�X�W�V�N�L�K�� �S�R�J�R�Q�D�� �X�� �,�Q�G�L�M�L���� �%�X�G�X�ü�L�� �G�D�� �V�X�� �S�O�D�]�P�L�G�L�� �,�Q�F�3-1 i IncN skupina 

�L�Q�N�R�P�S�D�W�L�E�L�O�Q�R�V�W�L�� �L�]�U�D�]�L�W�R�� �Ä�S�U�R�P�L�V�N�X�L�W�H�W�Q�L�³�����.�O�•�P�S�H�U�� �L�� �V�X�U������ �������������� �0�D�W�V�X�P�X�U�D�� �L�� �V�X�U������ ��������������

Musovic i sur., 2006.; Shintani i sur., 2015.)���� �]�D�� �R�þ�H�N�L�Y�D�W�L�� �M�H�� �G�D�� �L�P�D�M�X�� �Y�H�O�L�N�X�� �Y�D�å�Q�R�V�W�� �X��

�K�R�U�L�]�R�Q�W�D�O�Q�R�P�� �ã�L�U�H�Q�M�X��otpornosti na antibiotike �P�H�ÿ�X��filogenetski bliskim i udaljenim 

�E�D�N�W�H�U�L�M�D�P�D���X���L�V�W�U�D�å�L�Y�Dnoj rijeci i potoku. Nadalje, integroni skupine 1 (gen intI1) te geni koji 

su uglavnom sastavni dio tih integrona (qacE/qac�(�¨������sul1 i tetA) detektirani su na IncP-���0��

�S�O�D�]�P�L�G�L�P�D���L�]���R�W�S�D�G�Q�H���Y�R�G�H���,�Q�G�X�V�W�U�L�M�H�������W�H���L�]���U�L�M�H�þ�Q�L�K���L���S�R�W�R�þ�Q�L�K���V�H�G�L�P�H�Q�D�W�D�����ã�W�R���M�H���X���V�Nladu sa 
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�U�D�Q�L�M�L�P���O�L�W�H�U�D�W�X�U�Q�L�P���R�S�D�å�D�Q�M�L�P�D��(Jechalke i sur., 2013.; Wolters i sur., 2015.)���� �1�H���þ�X�G�L���V�W�R�J�D 

podatak da su IncP-���0�� �L�� �,�Q�F�1�� �S�O�D�]�P�L�G�L�� �D�Q�D�O�L�]�L�U�D�Q�L�� �X�� �R�Y�R�P�� �L�V�W�U�D�å�L�Y�D�Q�M�X���� �S�R�U�H�G�� �I�H�Q�R�W�L�S�V�N�H��

�R�W�S�R�U�Q�R�V�W�L�� �Q�D�� �P�D�N�U�R�O�L�G�H�� �L�O�L�� �W�H�W�U�D�F�L�N�O�L�Q�H���� �þ�H�V�W�R�� �L�V�S�R�O�M�D�Y�D�O�L�� �R�W�S�R�U�Q�R�V�W�� �L�� �Q�D�� �G�U�X�J�H�� �V�N�X�S�L�Q�H��

antibiotika, poglavito sulfonamide i �W�U�L�P�H�W�R�S�U�L�P�����D�O�L���L����-laktame. Takva fenotipska otpornost na 

�Y�L�ã�H�� �V�N�X�S�L�Q�D�� �D�Q�W�L�E�L�R�W�L�N�D�� �Eila �M�H�� �Q�D�M�L�]�U�D�å�H�Q�L�Ma �N�R�G�� �S�O�D�]�P�L�G�D�� �S�R�U�L�M�H�N�O�R�P�� �L�]�� �V�H�G�L�P�H�Q�D�W�D�� �Q�D�M�Y�L�ã�H��

�R�Q�H�þ�L�ã�ü�H�Q�L�K�� �D�Q�W�L�E�L�R�W�L�F�L�P�D���� �7�R�� �M�H�� �Y�U�O�R�� �Y�M�H�U�R�M�D�W�Q�R�� �S�R�V�O�M�H�G�L�F�D�� �S�R�Y�H�ü�D�Q�H�� �P�R�E�L�O�Q�R�V�W�L�� �S�O�D�]�P�L�G�D�� �L��

�J�H�Q�V�N�L�K�� �S�U�H�V�O�D�J�L�Y�D�Q�M�D�� �S�O�D�]�P�L�G�Q�H�� �'�1�$�� �X�]�U�R�N�R�Y�D�Q�L�K���� �X�� �Y�H�O�L�N�R�P�� �E�U�R�M�X�� �V�O�X�þ�D�M�H�Y�D���� �S�R�N�U�H�W�Q�L�P 

�J�H�Q�H�W�L�þ�N�L�P�� �H�O�H�P�H�Q�W�L�P�D���� �*�H�Q�V�N�D pozadina �I�H�Q�R�W�L�S�V�N�H�� �R�W�S�R�U�Q�R�V�W�L�� �Q�D�� �Y�L�ã�H�� �V�N�X�S�L�Q�D�� �D�Q�W�L�E�L�R�W�L�N�D 

rasvijetljena je sekvenciranjem cijelih odabranih konjugacijskih plazmida PacBio 

tehnologijom. Dobiveni rezultati potvrdili su klasifikaciju plazmida IncP-���-���L���,�Q�F�1���W�H���G�R�G�D�W�Q�R��

IncL i IncFII skupini i�Q�N�R�P�S�D�W�L�E�L�O�Q�R�V�W�L�� �N�R�M�H�� �N�D�U�D�N�W�H�U�L�]�L�U�D�� �Y�H�O�L�N�L�� �S�R�W�H�Q�F�L�M�D�O�� �ã�L�U�H�Q�M�D�� �P�H�ÿ�X��

�U�D�]�O�L�þ�L�W�L�P���Y�U�V�W�D�P�D���E�D�N�W�H�U�L�M�D�����S�R�V�H�E�L�F�H���P�H�ÿ�X���N�O�L�Q�L�þ�N�L���]�Q�D�þ�D�M�Q�L�P���H�Q�W�H�U�R�E�D�N�W�H�U�L�M�D�P�D (Adamczuk 

i sur., 2015.; Bonnin i sur., 2012.; Carattoli, 2009.)�����â�W�R���V�H���W�L�þ�H���G�L�V�W�U�L�E�X�F�L�M�H���J�H�Q�D���]�D���R�W�S�R�U�Q�R�V�W na 

�S�O�D�]�P�L�G�L�P�D���� �U�H�]�X�O�W�D�W�L�� �V�H�N�Y�H�Q�F�L�U�D�Q�M�D�� �S�R�N�D�]�D�O�L�� �V�X�� �ã�D�U�R�O�L�N�� �V�S�H�N�W�D�U�� �J�H�Q�D��lokaliziranih na istom 

plazmidu. Tako su se, primjerice, na plazmidu �,�Q�F�/�������'�:���B�6���������Y�H�O�L�þ�L�Q�H���������������N�E���S�R�U�L�M�H�N�O�R�P��

iz sedimenta Save s lokacije ispusta nalazili geni za otpornost na makrolide (msrE i mph�'��������-

laktame (blaTEM-1), sulfonamide (sul1), ali i geni otpornosti na arsen (arsC, arsB, arsR i arsI). 

Drugi plazmid IncP1-�0�����Y�H�O�L�þ�L�Q�H���������������N�E���V���L�V�W�H���O�R�N�D�F�L�M�H�����'�:���B�6�������Q�R�V�L�R���M�H���J�H�Q�H���]�D���R�W�S�R�U�Q�R�V�W��

na makrolide (msrE i mphD), tetracikline (tetC) i sulfonamide (sul1). Suprotno tome, plazmid 

�,�Q�F�)�,�,�����'�:���B�6���������Y�H�O�L�þ�L�Q�H�����������������N�E���V���L�V�W�H���O�R�N�D�F�L�M�H���E�L�R���M�H���R�G�J�R�Y�R�U�D�Q���]�D���ã�L�U�H�Q�M�H���G�U�X�J�L�K��tipova 

�J�H�Q�D���R�G�J�R�Y�R�U�Q�L�K���]�D���R�W�S�R�U�Q�R�V�W���Q�D���þ�D�N�������V�N�X�S�L�Q�D���D�Q�W�L�E�L�R�W�L�N�D���X�N�O�M�X�þ�X�M�X�ü�L����-laktame (blaTEM-186), 

tetracikline (tet59), kloramfenikol (catII), trimetoprim (dfr), aminoglikozide (aph(3'')-Ib i 

aph(6)-Id) i sulfonamide (sul1). Zanimljivo je primijetiti da su svi navedeni geni uglavnom bili 

lokalizirani u genskim kazetama integrona skupine 1 ili transpozona koji su odgovorni za 

�Q�M�L�K�R�Y�X���P�R�E�L�O�L�]�D�F�L�M�X���L���X�J�U�D�G�Q�M�X���X���S�O�D�]�P�L�G�H�����þ�L�P�H���V�H���]�Q�D�þ�D�M�Q�R���R�O�D�N�ã�D�Y�D���Q�M�L�K�R�Y�R���G�D�O�M�Q�M�H���ã�L�U�H�Q�M�H��

�P�H�ÿ�X���R�N�R�O�L�ã�Q�L�P�� �E�D�N�W�H�U�L�M�D�P�D���� �6�O�L�þ�Q�R�� �W�R�P�H����na plazmidima �,�Q�F�3���0�� �L�� �,�Q�F�1�� �L�]�R�O�L�U�D�Q�Lma iz 

�S�R�W�R�þ�Q�R�J�� �V�H�G�L�P�H�Q�W�D�� �V�� �O�R�N�D�F�L�M�H�� �L�V�S�X�V�W�D�� ���'�:���B�.��-3) nalazilo se �R�G�� ���� �G�R�� ���� �U�D�]�O�L�þ�L�W�L�K�� �J�H�Q�D��

otpornosti. Pritom je zanimljivo primijetiti da se na plazmidu �,�Q�F�1�����Y�H�O�L�þ�L�Q�H���������������N�E��nalazilo 

�����J�H�Q�D���]�D���R�W�S�R�U�Q�R�V�W���Q�D�������V�N�X�S�L�Q�D���D�Q�W�L�E�L�R�W�L�N�D���X�N�O�M�X�þ�X�M�X�ü�L���W�H�W�U�D�F�L�N�O�L�Q�H����tet�&��������-laktame (blaTEM-

1), sulfonamide (sul2), trimetoprim (dfrA14) i aminoglikozide (aph(6)-Id i aph(3'')-Ib). �9�D�å�Q�R��

�M�H���W�D�N�R�ÿ�H�U���Q�D�J�O�D�V�L�W�L���G�D���V�X���R�Y�R�����S�U�H�P�D���Q�D�ã�L�P���V�D�]�Q�D�Q�M�L�P�D�����S�U�Y�L���S�R�G�D�F�L���R���V�P�M�H�ã�W�D�M�X���J�H�Q�D��sul2 na 

�S�O�D�]�P�L�G�X���,�Q�F�1���V�N�X�S�L�Q�H�����6�S�R�P�H�Q�X�W�L���J�H�Q���M�H���G�R���V�D�G�D���X�J�O�D�Y�Q�R�P���S�U�R�Q�D�ÿ�H�Q���Q�D���S�O�D�]�P�L�G�L�Pa s malim 

brojem kopija (engl. Low Copy Plasmids�����N�D�R���ã�W�R���V�X���S�U�L�P�M�H�U�L�F�H���,�Q�F�$���&�����,�Q�F�)�,�%���� �,�Q�F�)���� �,�Q�F�.����

IncI1, IncQ te IncZ plazmidi (Blau i sur., 2018.; Flach i sur., 2015.; Heuer i sur., 2009.; Jiang i 
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�V�X�U������ �������������� �5�R�]�Z�D�Q�G�R�Z�L�F�]�� �L�� �V�X�U������ ���������������� �ý�L�Q�M�H�Q�L�F�D�� �G�D�� �J�H�Q��sul2 nije povezan s integronima 

skupine 1 na spomenutom plazmidu IncN je u skladu s literaturnim podacima koji ne dovode 

taj gen u nikakvu vezu s integronskim strukturama (Bean i sur., 2009.; Dom�tnguez i sur., 2019.; 

�9�L�Q�X�p���L���V�X�U�������������������� 

�=�D�N�O�M�X�þ�Q�R�� �V�H�� �P�R�å�H�� �U�H�ü�L�� �G�D�� �L�V�S�X�V�W�L�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �L�]�� �O�R�N�D�O�Q�L�K�� �I�D�U�P�D�F�H�X�W�V�N�L�K�� �L�Q�G�X�V�W�U�L�M�D��

�S�R�W�L�þ�X��mobilnost gena za otpornost na antibiotike putem plazmidnog prijen�R�V�D�� �P�H�ÿ�X��

�E�D�N�W�H�U�L�M�D�P�D���� �þ�L�P�H�� �V�H�� �S�R�M�D�þ�D�Y�D�� �G�R�V�H�J�� �K�R�U�L�]�R�Q�W�D�O�Q�R�J�� �ã�L�U�H�Q�M�D�� �W�L�K�� �J�H�Q�D�� �L�� �Q�D�� �U�D�]�O�L�þ�L�W�D�� �J�H�R�J�U�D�I�V�N�D��

�S�R�G�U�X�þ�M�D���� �D�O�L�� �L�� �X�N�D�]�X�M�H�� �Q�D�� �U�L�]�L�N�� �S�U�L�M�H�Q�R�V�D�� �R�W�S�R�U�Q�R�V�W�L�� �L�]�Y�D�Q�� �R�N�R�O�L�ã�D���� �'�R�E�L�Y�H�Q�L�� �U�H�]�X�O�W�D�W�L�� �V�W�R�J�D��

�S�R�W�Y�U�ÿ�X�M�X�� �K�L�S�R�W�H�]�X�� �+�� �N�R�M�R�P�� �M�H�� �S�U�H�W�S�R�V�W�D�Y�O�M�H�Q�R�� �G�D�� �Ä�,�Q�G�X�V�W�U�L�M�V�N�L�� �L�V�S�X�V�W�L�� �S�R�W�L�þ�X�� �ã�L�U�H�Q�M�H��

otpornosti na antibiotike �P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D���X���L�]�O�R�å�H�Q�L�P���V�H�G�L�P�H�Q�W�L�P�D�³�� 

���������������8�V�S�R�U�H�G�E�D���P�D�N�U�R�O�L�G�Q�H���R�W�S�R�U�Q�R�V�W�L���L�]�P�H�ÿ�X���R�N�R�O�L�ã�Q�L�K���L���N�O�L�Q�L�þ�N�L�K���L�]�R�O�D�W�D 

 �$�Q�D�O�L�]�D�� �ã�L�U�H�Q�M�D�� �R�W�S�R�U�Q�R�V�W�L�� �E�L�O�D�� �M�H�� �Q�D�G�D�O�M�H�� �X�V�P�M�H�U�H�Q�D�� �Q�D�� �S�U�R�X�þ�D�Y�D�Q�M�H���P�R�J�X�ü�H�J�� �ã�L�U�H�Q�M�D 

�R�W�S�R�U�Q�R�V�W�L�� �Q�D�� �P�D�N�U�R�O�L�G�H�� �L�]�Y�D�Q�� �R�N�R�O�L�ã�D���� �ã�W�R�� �S�U�H�G�V�W�D�Y�O�M�D��rizik za zdravlje ljudi. Ta analiza 

�S�U�R�Y�H�G�H�Q�D���M�H���Q�D���W�U�L���V�N�X�S�L�Q�H���E�D�N�W�H�U�L�M�V�N�L�K���L�]�R�O�D�W�D�����L���W�R���R�N�R�O�L�ã�Q�L�K���L�]�R�O�D�W�D���S�R�U�L�M�H�N�O�R�P���L�]���V�H�G�L�P�H�Q�W�D��

�U�L�M�H�N�H���6�D�Y�H���L�]�U�D�]�L�W�R���R�Q�H�þ�L�ã�ü�H�Q�R�J���P�D�N�U�R�O�L�G�L�P�D�����O�R�N�D�F�L�M�D���L�V�S�X�V�W�D���R�W�S�Ddnih voda Industrije 1) te 

�L�]�R�O�D�W�D���L�]���Q�H�R�Q�H�þ�L�ã�ü�H�Q�R�J���V�H�G�L�P�H�Q�W�D����referentna �O�R�N�D�F�L�M�D�������N�D�R���L���L�]���N�O�L�Q�L�þ�N�L�K���L�]�R�O�D�W�D���S�U�L�N�X�S�O�M�H�Q�L�K��

�X���5�H�I�H�U�H�Q�W�Q�R�P���F�H�Q�W�U�X���]�D���S�U�D�ü�H�Q�M�H��otpornosti bakterija na antibiotike Ministarstva zdravstva pri 

�.�O�L�Q�L�F�L���]�D���L�Q�I�H�N�W�L�Y�Q�H���E�R�O�H�V�W�L���Ä�'�U�����)�U�D�Q���0�L�K�D�O�M�H�Y�L�ü�³�����0�H�K�D�Q�L�]�P�L���R�W�S�R�U�Q�R�V�W�L���Q�D���P�D�N�U�R�O�L�G�H���L�V�S�L�W�D�Q�L��

su u navedenim skupinama izolata PCR detekcijom 11 relevantnih gena. Geni koji su dominirali 

�P�H�ÿ�X���R�N�R�O�L�ã�Q�L�P �L�]�R�O�D�W�L�P�D���L���N�O�L�Q�L�þ�N�L�P���L�]�R�O�D�W�L�P�D����ermB, mphE, msrD i mefA/E) analizirani su 

�V�H�N�Y�H�Q�F�L�U�D�Q�M�H�P���N�D�N�R���E�L���V�H���G�R�E�L�R���X�Y�L�G���X���S�R�W�H�Q�F�L�M�D�O�Q�X���V�O�L�þ�Q�R�V�W���Q�M�L�K�R�Y�L�K��nukleotidnih sekvenci.  

 Analiza �E�D�N�W�H�U�L�M�V�N�H�� �S�R�S�X�O�D�F�L�M�H�� �R�N�R�O�L�ã�Q�L�K�� �L�]�R�O�D�W�D�� �V�� �O�R�N�D�F�L�M�H�� �L�V�S�X�V�W�D�� �N�R�M�L�� �V�X�� �L�V�S�R�O�M�D�Y�D�O�L 

otpornost na azitromicin (124) ukazala je da njih 46,8 % posjeduje neki od analiziranih gena za 

makrolidnu otpornost, dok je samo 16,3 % izolata s referentne lokacije (17/104) imalo neki od 

ciljanih gena. Daljnjom analizom tih pozitivnih izolata pokazalo se da je u izolata s lokacije 

�L�V�S�X�V�W�D���G�R�ã�O�R���G�R���]�Q�D�W�Q�R�J���R�E�R�J�D�ü�H�Q�M�D���W�U�L���P�H�K�D�Q�L�]�P�D���P�D�N�U�R�O�L�G�Q�H���R�W�S�R�U�Q�R�V�W�L�����3�U�L�W�R�P���M�H���G�R�P�L�Q�L�U�D�R��

mehanizam posredovan djelovanjem enzima 23S metiltran�V�I�H�U�D�]�D�� �N�R�M�H�� �V�X�� �Y�H�ü�L�Q�R�P�� �N�R�G�L�U�D�O�L��

geni ermB i erm�)���� �7�L�� �J�H�Q�L�� �Q�D�ÿ�H�Q�L��su �X�� �U�D�]�O�L�þ�L�W�L�P�� �*�U�D�P-negativnim i Gram-pozitivnim 

�E�D�N�W�H�U�L�M�D�P�D���X�N�O�M�X�þ�X�M�X�ü�L���L���N�O�L�Q�L�þ�N�L���U�H�O�H�Y�D�Q�W�Q�H��Streptococcus vrste. Nadalje, prema zastupljenosti 

�X�V�O�L�M�H�G�L�R���M�H���P�H�K�D�Q�L�]�D�P���S�R�V�U�H�G�R�Y�D�Q���]�D�ã�W�L�W�Q�L�P proteinima ribosoma kodiranim uglavnom genom 

msrE te potom mehanizam posredovan djelovanjem enzima makrolidnih fosfotransferaza koje 

je kodirao gen mph�(�����1�D�Y�H�G�H�Q�L���U�H�]�X�O�W�D�W�L���X�S�X�ü�X�M�X���Q�D���]�D�N�O�M�X�þ�D�N���G�D���E�L���W�D���W�U�L���P�H�K�D�Q�L�]�P�D���P�R�J�O�D��
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�S�U�H�G�V�W�D�Y�O�M�D�W�L���Q�D�M�H�I�L�N�D�V�Q�L�M�H���Q�D�þ�Lne kojima si bakterije na lokaciji ispusta osiguravaju otpornost 

�Q�D���Y�U�O�R���Y�L�V�R�N�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���P�D�N�U�R�O�L�G�D�����,�D�N�R���M�H���Y�H�ü�L�Q�X���D�Q�D�O�L�]�L�U�D�Q�L�K���R�N�R�O�L�ã�Q�L�K���L�]�R�O�D�W�D���R�G�O�L�N�R�Y�D�R��

�M�H�G�D�Q���P�H�K�D�Q�L�]�D�P���R�W�S�R�U�Q�R�V�W�L���Q�D���P�D�N�U�R�O�L�G�H�����X���L�]�R�O�D�W�D���V���O�R�N�D�F�L�M�H���L�V�S�X�V�W�D���]�D�E�L�O�M�H�å�H�Q�D���M�H���Y�H�ü�D���S�R�M�D�Ya 

�G�Y�R�M�Q�L�K���P�H�K�D�Q�L�]�D�P�D���R�W�S�R�U�Q�R�V�W�L���X���R�G�Q�R�V�X���Q�D���L�]�R�O�D�W�H���V���U�H�I�H�U�H�Q�W�Q�H���O�R�N�D�F�L�M�H�����7�D�N�R���M�H���Q�D�X�þ�H�V�W�D�O�L�M�L��

dvojni mehanizam bio posredovan genskom kazetom mphE-msr�(���N�R�M�D���M�H���Y�H�ü�L�Q�R�P���G�H�W�H�N�W�L�U�D�Q�D��

u Gram-negativnim izolatima iz koljena Proteobacteria, �L���W�R���U�R�G�R�Y�L�P�D���N�D�R���ãto su Acinetobacter, 

Comamonas, Citrobacter, Rhodobacter i dr. To ukazuje da sama aktivnost enzima 

�I�R�V�I�R�W�U�D�Q�V�I�H�U�D�]�D�� ���0�S�K�(���� �L�O�L�� �S�U�R�W�H�L�Q�D�� �N�R�M�L�� �ã�W�L�W�H�� �U�L�E�R�V�R�P�� �R�G�� �Y�H�]�D�Q�M�D�� �P�D�N�U�R�O�L�G�D�� ���0�V�U�(���� �Q�L�M�H��

�G�R�Y�R�O�M�Q�D�� �]�D�� �G�H�W�R�N�V�L�N�D�F�L�M�X�� �E�D�N�W�H�U�L�M�V�N�L�K�� �V�W�D�Q�L�F�D�� �R�G�� �D�]�L�W�U�R�P�L�F�L�Q�D���� �Y�H�ü��je potrebno njihovo 

�]�G�U�X�å�H�Q�R���G�M�H�O�R�Y�D�Q�M�H���G�D���V�H���R�V�L�J�X�U�D���E�U�]�D���]�D�ã�W�L�W�D���R�G���Y�L�V�R�N�L�K���N�R�Q�F�H�Q�W�U�D�F�L�M�D���P�D�N�U�R�O�L�G�D�����%�X�G�X�ü�L���G�D��

literaturni podaci (Blackwell i Hall, 2017.; �1�R�Q�D�N�D���L���V�X�U�����������������������N�D�R���L���U�H�]�X�O�W�D�W�L���R�Y�R�J���U�D�G�D�����þ�H�V�W�R��

�S�R�Y�H�]�X�M�X���Q�D�Y�H�G�H�Q�H���J�H�Q�H���V���S�O�D�]�P�L�G�L�P�D�����P�R�å�H��se pretpostaviti da je navedeni dvojni mehanizam 

�V�W�H�þ�H�Q�L�� �R�E�O�L�N�� �R�W�S�R�U�Q�R�V�W�L�� �P�H�ÿ�X�� �*�U�D�P-negativnim proteobakterijama. Osim toga, pojava 

trostrukih (ermF-msrE-mph�(���� �L�� �þ�H�W�Y�H�U�R�V�W�U�X�N�L�K�� �P�H�K�D�Q�L�]�D�P�D�� ��mefA-msrE-mphE-hflX) 

�]�D�P�L�M�H�ü�H�Q�D�� �M�H�� �L�V�N�O�M�X�þ�L�Y�R�� �N�R�G��izolata s lokacij�H�� �L�V�S�X�V�W�D���� �ã�W�R�� �X�S�X�ü�X�M�H�� �Q�D�� �Y�D�å�Q�R�V�W�� �V�W�M�H�F�D�Q�M�D��

�Y�L�ã�H�V�W�U�X�N�L�K���P�H�K�D�Q�L�]�D�P�D���R�W�S�R�U�Q�R�V�W�L���X���S�U�L�O�D�J�R�G�E�L���E�D�N�W�H�U�L�M�D���Q�D���X�Y�M�H�W�H���å�L�Y�R�W�D���X���N�R�M�L�P�D���M�H���R�N�R�O�L�ã��

pun antibiotika. Iako su makrolidi visoko djelotvorni na Gram-pozitivne bakterije poput 

streptokoka i stafilokoka, njih�R�Y�� �V�S�H�N�W�D�U�� �G�M�H�O�R�Y�D�Q�M�D�� �R�E�X�K�Y�D�ü�D�� �L�� �N�O�L�Q�L�þ�N�L�� �U�H�O�H�Y�D�Q�W�Q�H�� �*�U�D�P-

negativne bakterije poput bordetela, legionela, klamidija, mikoplazmi, Campylobacter sp. i 

Helicobacter pylori ���(�U�D�N�R�Y�L�ü���+�D�E�H�U���������������������,�D�N�R���R�N�R�O�L�ã�Q�L���L�]�R�O�D�W�L���N�R�M�L���L�V�S�R�O�M�D�Y�D�M�X���R�W�S�R�U�Q�R�V�W���Q�D��

azitromici�Q���� �D�� �S�U�H�Y�O�D�G�D�Y�D�M�X�� �Q�D�� �O�R�N�D�F�L�M�L�� �L�V�S�X�V�W�D�� �X�J�O�D�Y�Q�R�P�� �Q�H�� �V�S�D�G�D�M�X�� �X�� �N�O�L�Q�L�þ�N�L�� �U�H�O�H�Y�D�Q�W�Q�H��

�S�D�W�R�J�H�Q�H�����R�Q�L���L�S�D�N���P�R�J�X���S�U�H�G�V�W�D�Y�O�M�D�W�L���Y�D�å�Q�H��spremnike za prijenos gena makrolidne otpornosti 

�X���S�D�W�R�J�H�Q�H�����E�L�O�R���X�Q�X�W�D�U���L�O�L���L�]�Y�D�Q���R�N�R�O�L�ã�D�� 

 �6�N�X�S�L�Q�X���N�O�L�Q�L�þ�N�L�K���L�]�R�O�D�W�D���þ�L�Q�L�O�R���M�H���������N�O�L�Q�L�þ�N�L���U�H�O�H�Y�D�Q�W�Q�L�K���E�D�N�W�H�U�L�M�V�N�L�K���S�D�W�R�J�H�Q�D���N�R�M�L���V�X��

�S�R�N�D�]�L�Y�D�O�L���V�P�D�Q�M�H�Q�X���R�V�M�H�W�O�M�L�Y�R�V�W���Q�D���D�]�L�W�U�R�P�L�F�L�Q�����D���Y�H�ü�L�Q�R�P���V�X���S�U�L�S�D�G�D�O�L���U�R�G�X��Streptoccoccus te 

u manjem udjelu rodu Staphylococcus�����3�R�N�D�]�D�O�R���V�H���G�D���M�H���Y�H�ü�L�Q�D���W�L�K���L�]�R�O�Dta (56,7 %) posjedovala 

�Q�H�N�L���R�G���D�Q�D�O�L�]�L�U�D�Q�L�K���J�H�Q�D���]�D���P�D�N�U�R�O�L�G�Q�X���R�W�S�R�U�Q�R�V�W���W�H���G�D���V�X���P�H�ÿ�X���Q�M�L�P�D���S�U�H�Y�O�D�G�D�Y�D�O�L���J�H�Q�L��mefE 

i mefC. To ukazuje da su efluks pumpe iz porodice Mef bile dominantan mehanizam makrolidne 

�R�W�S�R�U�Q�R�V�W�L���P�H�ÿ�X���N�O�L�Q�L�þ�N�L�P���L�]�R�O�D�W�L�P�D���� �6�O�L�þ�Q�R���N�D�R��kod izolata s lokacije ispusta, preostala dva 

�G�R�P�L�Q�D�Q�W�Q�D���P�H�K�D�Q�L�]�P�D���X�N�O�M�X�þ�L�Y�D�O�D���V�X�������6���P�H�W�L�O�W�U�D�Q�V�I�H�U�D�]�H�����S�U�Y�H�Q�V�W�Y�H�Q�R���J�H�Q��erm�%�����L���]�D�ã�W�L�W�Q�H��

proteine ribosoma (uglavnom gen msrD). Navedeni rezultati su u skladu s literaturnim 

navodima koji opisuju tri spomenut�D�� �P�H�K�D�Q�L�]�P�D�� �N�D�R�� �Q�D�M�þ�H�ã�ü�H�� �P�H�K�D�Q�L�]�P�H�� �P�D�N�U�R�O�L�G�Q�H��

�R�W�S�R�U�Q�R�V�W�L���P�H�ÿ�X���N�O�L�Q�L�þ�N�L�P���V�W�D�I�L�O�R�N�R�N�L�P�D���L���V�W�U�H�S�W�R�N�R�N�L�P�D��(Fyfe i sur., 2016.)�����1�D�G�D�O�M�H�����V�O�L�þ�Q�R��
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�R�N�R�O�L�ã�Q�L�P���L�]�R�O�D�W�L�P�D���V���O�R�N�D�F�L�M�H���L�V�S�X�V�W�D�����N�O�L�Q�L�þ�N�H���L�]�R�O�D�W�H���W�D�N�R�ÿ�H�U���M�H���R�G�O�L�N�R�Y�D�O�D���S�R�M�D�Y�D���Y�L�ã�H�V�W�U�X�N�L�K��

�P�H�K�D�Q�L�]�D�P�D���P�D�N�U�R�O�L�G�Q�H���R�W�S�R�U�Q�R�V�W�L�����G�R�������U�D�]�O�L�þ�L�W�D���P�H�K�D�Q�L�]�P�D�������ã�W�R���X�N�D�]�X�M�H���Q�D���V�O�L�þ�D�Q odgovor 

patogenih bakterija na visoke koncentracije �P�D�N�U�R�O�L�G�D�����0�H�ÿ�X�W�L�P�����]�D���U�D�]�O�L�N�X���R�G���R�N�R�O�L�ã�Q�L�K���L�]�R�O�D�W�D��

�P�H�ÿ�X�� �N�R�M�L�P�D�� �M�H�� �S�U�H�Y�O�D�G�D�Y�D�O�D�� �J�H�Q�V�N�D�� �N�D�]�H�W�D��msrE-mph�(���� �Q�D�M�þ�H�ã�ü�L�� �G�Y�R�M�Q�L�� �P�H�K�D�Q�L�]�D�P�� �P�H�ÿ�X��

�N�O�L�Q�L�þ�N�L�P�� �V�W�U�H�S�W�R�N�R�N�L�P�D�� �E�L�R�� �M�H�� �S�R�V�U�H�G�R�Y�D�Q�� �J�H�Q�V�N�R�P�� �N�D�]�H�W�R�P��msrD-mefE �N�R�M�D�� �V�H�� �X�þ�H�V�W�D�O�R��

�R�S�L�V�X�M�H���P�H�ÿ�X���N�O�L�Q�L�þ�N�L�P���S�D�W�R�J�H�Q�L�P�D���L���R�V�L�J�X�U�D�Y�D���Y�L�V�R�N�L���V�W�X�S�D�Q�M���R�W�S�R�U�Q�R�V�W�L���Q�D���P�D�N�U�R�O�L�G�H��(Fyfe i 

sur., 2016.; Schroeder i Stephens, 2016.; Wierzbowski i sur., 2005.).  

 �'�D�O�M�Q�R�P���X�V�S�R�U�H�G�E�R�P���S�R�M�H�G�L�Q�D�þ�Q�L�K���J�H�Q�D���R�W�S�R�U�Q�R�V�W�L���L�]�P�H�ÿ�X���R�N�R�O�L�ã�Q�L�K���L���N�O�L�Q�L�þ�N�L�K���L�]�R�O�D�W�D��

pokazano je da je gen erm�%���S�U�H�Y�O�D�G�D�Y�D�R���P�H�ÿ�X���N�O�L�Q�L�þ�N�L�P���L�]�R�O�D�W�L�P�D���L���L�]�R�O�D�W�L�P�D���V���O�R�N�D�F�L�M�H���L�V�S�X�V�W�D����

dok na referentnoj lokaciji nije bio detektiran. To ukazuje na vjerojatnost da metilacija ribosoma 

posredovana genom erm�%�� �S�U�H�G�V�W�D�Y�O�M�D�� �X�þ�L�Q�N�R�Y�L�W�L�M�L�� �P�H�K�D�Q�L�]�D�P�� �R�W�S�R�U�Q�R�V�Wi na makrolide pri 

njihovim visokim koncentracijama u usporedbi s drugim analiziranim mehanizmima. Toj tezi 

idu u prilog i literaturni podaci koji navode da geni erm �L�V�S�R�O�M�D�Y�D�M�X���Y�L�ã�L���V�W�X�S�D�Q�M���R�W�S�R�U�Q�R�V�W�L���Q�D��

makrolide u odnosu na gene msr (van Duijkeren i sur., 2018.)�����ã�W�R���Y�M�H�U�R�M�D�W�Q�R���R�S�U�D�Y�G�D�Y�D���Y�L�ã�X��

zastupljenost gena erm negoli gena msr �P�H�ÿ�X���N�O�L�Q�L�þ�N�L�P���L�]�R�O�D�W�L�P�D���L���L�]�R�O�D�W�L�P�D���V���O�R�N�D�F�L�M�H���L�V�S�X�V�W�D��

�L�]�O�R�å�H�Q�L�P�� �Y�L�V�R�N�L�P�� �N�R�Q�F�H�Q�W�U�D�F�L�M�Dma makrolida. Nadalje, detekcija gena erm�%�� �X�� �ã�D�U�R�O�L�N�L�P��

�E�D�N�W�H�U�L�M�V�N�L�P���Y�U�V�W�D�P�D���Q�D���O�R�N�D�F�L�M�L���L�V�S�X�V�W�D���X�N�O�M�X�þ�X�M�X�ü�L���L���N�O�L�Q�L�þ�N�L���U�H�O�H�Y�D�Q�W�Q�H��Streptococcus vrste, u 

�V�N�O�D�G�X���M�H���V���O�L�W�H�U�D�W�X�U�Q�L�P���Q�D�Y�R�G�L�P�D���N�R�M�L���R�S�L�V�X�M�X���ã�L�U�R�N�X���U�D�V�S�U�R�V�W�U�D�Q�M�H�Q�R�V�W���W�R�J���J�H�Q�D���X���R�N�R�O�L�ã�X���S�D���L��

u okoli�ã�X���L�]�O�R�å�H�Q�R�P���R�W�S�D�G�Q�L�P���Y�R�G�D�P�D���L�]���S�U�R�L�]�Y�R�G�Q�M�H���D�Q�W�L�E�L�R�W�L�N�D��(Khan i sur., 2013.; Pal i sur., 

2016b.). Filogenetskom analizom nukleotidnih sekvenci gena erm�%�� �N�R�M�L�� �M�H�� �G�R�P�L�Q�L�U�D�R�� �P�H�ÿ�X��

�R�N�R�O�L�ã�Q�L�P���L�]�R�O�D�W�L�P�D���V���O�R�N�D�F�L�M�H���L�V�S�X�V�W�D���L���N�O�L�Q�L�þ�N�L�P���L�]�R�O�D�W�L�P�D���X�W�Y�U�ÿ�H�Q�D���M�H���Y�L�V�R�N�D���U�D�]�L�Q�D���V�O�L�þ�Q�R�V�W�L��

���!�� ������ ������ �L�]�P�H�ÿ�X��njihovih nukleotidnih sekvenci���� �ã�W�R���X�N�D�]�X�M�H���Q�D���P�R�J�X�ü�L�� �S�U�L�M�H�Q�R�V���R�Y�R�J�� �J�H�Q�D��

�L�]�P�H�ÿ�X���E�D�N�W�H�U�L�M�D���N�O�L�Q�L�þ�N�Rg �L���R�N�R�O�L�ã�Q�R�J���S�R�G�U�L�Metla. �0�H�ÿ�X�W�L�P�����Q�D���W�H�P�H�O�M�X���U�H�]�X�O�W�D�W�D���R�Y�R�J���U�D�G�D���Q�L�M�H��

�P�R�J�X�ü�H���G�R�Q�L�M�H�W�L���]�D�N�O�M�X�þ�D�N���R���S�X�W�H�Y�L�P�D���ã�L�U�H�Q�M�D���W�L�K���J�H�Q�D���L�]�Y�D�Q���R�N�R�O�L�ã�D���ã�W�R���þ�L�Q�L���G�R�E�U�X���R�V�Q�R�Y�X���]�D��

�E�X�G�X�ü�D���L�V�W�U�D�å�L�Y�D�Q�M�D�� 

 �6�D�å�H�W�R���U�H�þ�H�Q�R�����U�H�]�X�O�W�D�W�L���G�R�E�L�Y�H�Q�L���X���R�Y�R�P���G�L�M�H�O�X���L�V�W�U�D�å�L�Y�D�Q�M�D���X�N�D�]�X�M�X���G�D���U�L�M�H�þ�Q�L���V�H�G�L�P�H�Q�W��

i�]�O�R�å�H�Q�� �R�Q�H�þ�L�ã�ü�H�Q�M�X�� �P�D�N�U�R�O�L�G�L�P�D�� �S�X�W�H�P�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �O�R�N�D�O�Q�H�� �I�D�U�P�Dceutske industrije 

predstavlja spremnik �E�D�N�W�H�U�L�M�D�� �R�W�S�R�U�Q�L�K�� �Q�D�� �D�]�L�W�U�R�P�L�F�L�Q�� �X�N�O�M�X�þ�X�M�X�ü�L�� �L�� �N�O�L�Q�L�þ�N�L�� �U�H�O�H�Y�D�Q�W�Q�H��

patogene iz roda Streptococcus. �9�L�V�R�N�D�� �V�O�L�þ�Q�R�V�W�� �Q�X�N�O�H�R�W�L�G�Q�L�K��sekvenci gena ermB izme�ÿ�X��

�R�N�R�O�L�ã�Q�L�K���L�� �N�O�L�Q�L�þ�N�L�K�� �L�]�R�O�D�W�D���L�]�O�R�å�H�Q�L�K�� �Y�L�V�R�N�L�P�� �U�D�]�L�Q�D�P�D�� �P�D�N�U�R�O�L�G�D���X�N�D�]�X�M�H�� �Q�D�� �P�R�J�X�ü�Q�R�V�W��

�ã�L�U�H�Q�M�D���W�L�K���J�H�Q�D���L�]�Y�D�Q���R�N�R�O�L�ã�D�����ã�W�R���L�G�H���X���S�U�L�O�R�J���Y�H�ü���S�U�L�K�Y�D�ü�H�Q�R�M���K�L�S�R�W�H�]�L H3.  
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���������� �8�W�M�H�F�D�M�� �L�Q�G�X�V�W�U�L�M�V�N�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �Q�D�� �E�D�N�W�H�U�L�M�V�N�H�� �]�D�M�H�G�Q�L�F�H�� �L�]�O�R�å�H�Q�L�K��

sedimenata 

 �.�D�R�� �ã�W�R�� �M�H�� �U�D�Q�L�M�H�� �V�S�R�P�H�Q�X�W�R���� �L�V�W�U�D�å�L�Y�D�Q�M�L�P�D�� �S�U�R�Y�H�G�H�Q�L�P�� �X�� �R�Y�R�P�� �U�D�G�X�� �X�W�Y�U�ÿ�H�Q�R�� �M�H�� �G�D��

�R�W�S�D�G�Q�H�� �Y�R�G�H�� �O�R�N�D�O�Q�L�K�� �I�D�U�P�D�F�H�X�W�V�N�L�K�� �L�Q�G�X�V�W�U�L�M�D�� �R�Q�H�þ�L�ã�ü�X�M�X�� �V�H�G�L�P�H�Q�W�H�� �U�H�F�L�S�L�M�H�Q�W�Q�H�� �U�L�M�H�N�H�� �L��

�S�R�W�R�N�D�� �D�Q�W�L�E�L�R�W�L�F�L�P�D�� �L�� �P�H�W�D�O�L�P�D���� �ã�W�R�� �E�L�� �P�R�J�O�R�� �Q�H�J�D�W�L�Y�Q�R�� �X�W�M�H�F�D�W�L�� �Q�D��prirodne bakterijske 

zajednice tih sedimenata (Grenni i sur., 2018.; Ibekwe i sur., 2016.)���� �,�]�� �W�R�J�� �U�D�]�O�R�J�D�� �V�O�M�H�G�H�ü�L��

�N�R�U�D�N���L�V�W�U�D�å�L�Y�D�Q�M�D���E�L�R���M�H���L�V�S�L�W�D�W�L���N�D�N�R���S�U�L�U�R�G�Q�H���E�D�N�W�H�U�L�M�V�N�H���]�D�M�H�G�Q�L�F�H���L�]���V�H�G�L�P�H�Q�D�W�D���V���U�D�]�O�L�þ�L�W�L�K��

�O�R�N�D�F�L�M�D���G�X�å���U�L�M�H�N�H���L���S�R�W�R�N�D���W�H���X���U�D�]�O�L�þ�L�W�R�M���V�H�]�R�Q�L�����]�L�P�D���O�M�H�W�R�����R�G�J�R�Y�D�U�D�M�X���Q�D���L�Q�G�X�V�W�U�L�M�V�N�H���L�V�S�X�V�W�H����

Te analize provedene su sekvenciranjem amplikona 16S rRNA gena tehnologijom Illumina 

�0�L�V�H�T�� �L�� �E�L�R�L�Q�I�R�U�P�D�W�L�þ�N�R�P�� �R�E�U�D�G�R�P�� �G�R�E�L�Y�H�Q�L�K�� �S�R�G�D�W�D�N�D�� �X�� �S�U�R�J�Uamu QIIME2. Dobiveni 

rezultati prikazani su pod rednim brojem 3 i 5 u popisu znanstvenih radova (str. 62-72 i str. 84-

92).  

 Taksonomskom analizom bakterijskih zajednica u sedimentima rijeke Save uzvodno i 

�Q�L�]�Y�R�G�Q�R�� �R�G�� �L�Q�G�X�V�W�U�L�M�V�N�R�J�� �L�V�S�X�V�W�D�� �X�R�þ�H�Q�H�� �V�X�� �L�]�Q�H�Q�D�ÿ�X�M�X�ü�H�� �P�D�O�H�� �Y�D�U�L�M�D�F�L�M�H�� �X�� �U�D�]�Q�R�O�L�N�R�V�W�L��

�E�D�N�W�H�U�L�M�V�N�L�K���Y�U�V�W�D���L�]�P�H�ÿ�X���W�L�K���V�H�G�L�P�H�Q�D�W�D�����ã�W�R���X�N�D�]�X�M�H���G�D���ã�L�U�R�N���V�S�H�N�W�D�U���Y�U�V�W�D���P�R�å�H���S�U�H�å�L�Y�M�H�W�L���X��

�R�N�R�O�L�ã�X���S�U�L���Y�L�V�R�N�L�P���N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D���P�D�N�U�R�O�L�G�D���� �'�R���V�O�L�þ�Q�L�K���V�X���V�S�R�]�Q�D�M�D���G�R�ã�O�L���L���.�U�L�V�W�L�D�Q�V�V�R�Q���L��

sur. (2011.) koji opisuju podj�H�G�Q�D�N�X�� �E�L�R�U�D�]�Q�R�O�L�N�R�V�W�� �V�H�G�L�P�H�Q�D�W�D�� �L�]�U�D�]�L�W�R�� �R�Q�H�þ�L�ã�ü�H�Q�L�K��

�I�O�X�R�U�R�N�L�Q�R�O�R�Q�L�P�D�� �L�� �U�H�I�H�U�H�Q�W�Q�L�K���� �Q�H�R�Q�H�þ�L�ã�ü�H�Q�L�K�� �V�H�G�L�P�H�Q�D�W�D���� �1�D�V�X�S�U�R�W�� �W�R�P�H���� �X�W�Y�U�ÿ�H�Q�H�� �V�X��

�]�Q�D�þ�D�M�Q�H���S�U�R�P�M�H�Q�H���X���V�D�V�W�D�Y�X���L���V�W�U�X�N�W�X�U�L���]�D�M�H�G�Q�L�F�D���X���V�H�G�L�P�H�Q�W�X���Q�D���O�R�N�D�F�L�M�L���L�V�S�X�V�W�D�����D�O�L���Q�H���L���Q�D��

nizvodnim lokacijama u usporedbi s referentnom lokacijom (UP7500). Sastav bakterijskih 

zajednica u sedimentu na referentnoj �O�R�N�D�F�L�M�L���L���Q�L�]�Y�R�G�Q�L�P���O�R�N�D�F�L�M�D�P�D���E�L�R���M�H���W�L�S�L�þ�D�Q���]�D���U�L�M�H�þ�Q�L��

sediment, uz koljena Proteobacteria, Actinobacteria, Bacteroidetes i Acidobacteria koja su 

dominirala (Ibekwe i sur., 2016.; Wang i sur., 2018.; Xie i sur., 2016.)�����0�H�ÿ�X�W�L�P�����X���V�H�G�L�P�H�Q�W�X��

�Q�D�� �O�R�N�D�F�L�M�L�� �L�V�S�X�V�W�D�� �X�W�Y�U�ÿ�H�Q�R�� �M�H�� �]�Q�D�þ�D�M�Q�R�� �S�R�Y�H�ü�D�Q�M�H�� �X�G�M�H�O�D�� �N�R�O�M�H�Q�D��Epsilonbacteraeota, 

Bacteroidetes i Firmicutes koja su dominirala zajedno s koljenom Proteobacteria. Sli�þ�D�Q��

taksonomski sastav �]�D�P�L�M�H�ü�H�Q���M�H���L���]�D���R�W�S�D�G�Q�X���Y�R�G�X���W�L�M�H�N�R�P���R�E�M�H���V�H�]�R�Q�H�����7�L���V�X���U�H�]�X�O�W�D�W�L���X���V�N�O�D�G�X��

�V���O�L�W�H�U�D�W�X�U�Q�L�P���R�S�D�å�D�Q�M�L�P�D���N�R�M�D���V�X���S�R�W�Y�U�G�L�O�D���G�R�P�L�Q�D�F�L�M�X���Q�D�Y�H�G�H�Q�D���þ�H�W�L�U�L���N�R�O�M�H�Q�D���L���X���V�H�G�L�P�H�Q�W�L�P�D��

�R�Q�H�þ�L�ã�ü�H�Q�L�P�� �I�O�X�U�R�N�L�Q�R�O�R�Q�L�P�D�� �X�� �,�Q�G�L�M�L�� ��Kristiansson i sur., 2011.). Nadalje, na taksonomskoj 

�U�D�]�L�Q�L���U�R�G�D�����X���V�H�G�L�P�H�Q�W�X���Q�D���O�R�N�D�F�L�M�L���L�V�S�X�V�W�D���X�R�þ�H�Q�R���M�H���S�R�Y�H�ü�D�Q�M�H���X�G�M�H�O�D���U�R�G�R�Y�D���N�R�M�L���S�R�W�M�H�þ�X���L�]��

otpadne vode (Macellibacteroidetes, Sulfuricurvum i vadinBC27 grupa) te rodova koji su 

�Q�D�ÿ�H�Q�L�� �L�� �X�� �R�W�S�D�G�Q�R�M�� �Y�R�G�L�� �L�� �X�� �V�H�G�L�P�H�Q�W�X�� �Q�D��referentnoj lokaciji (Trichococcus, Thauera, 

Arcobacter, Pseudomonas, Variovorax i Comamonas�������7�R���X�S�X�ü�X�M�H���Q�D���D�N�X�P�X�O�D�F�L�M�X���E�D�N�W�H�U�L�M�D���L�]��

�R�W�S�D�G�Q�H���Y�R�G�H���X���V�H�G�L�P�H�Q�W�X���Q�D���O�R�N�D�F�L�M�L���L�V�S�X�V�W�D�����D�O�L���W�D�N�R�ÿ�H�U���L���Q�D���S�U�R�O�L�I�H�U�Dciju autohtonih bakterija 
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�V�H�G�L�P�H�Q�W�D�����Y�M�H�U�R�M�D�W�Q�R���X�V�O�L�M�H�G���L�]�O�R�å�H�Q�R�V�W�L���Y�H�ü�H�P���V�D�G�U�å�D�M�X���K�U�D�Q�M�L�Y�L�K���W�Y�D�U�L���W�H���P�D�N�U�R�O�L�G�D���L���P�H�W�D�O�D����

�S�R�V�H�E�L�F�H���&�X���� �ã�W�R���M�H���X���V�N�O�D�G�X���V���U�H�]�X�O�W�D�W�L�P�D���U�H�G�X�Q�G�D�Q�F�L�M�V�N�H���D�Q�D�O�L�]�H���� �3�R�U�H�G���W�R�J�D���� �Q�D���W�R�M���O�R�N�D�F�L�M�L��

�X�W�Y�U�ÿ�H�Q�D���M�H���]�Q�D�þ�D�M�Q�D���S�R�]�L�W�L�Y�Q�D���N�R�U�H�O�D�F�L�M�D���L�]�P�H�ÿ�X���J�H�Q�D���]�D���P�D�N�U�R�O�L�G�Q�X���R�W�S�R�U�Q�R�V�W����msr, mph, mef) 

i Gram-pozitivnih (Macellibacteroidetes, Trichococcus) te Gram-negativnih (Thauera, 

Arcobacter, Variovorax, Pseudomonas���� �E�D�N�W�H�U�L�M�V�N�L�K�� �U�R�G�R�Y�D���� �ã�W�R�� �X�N�D�]�X�M�H�� �G�D�� �E�L�� �W�H�� �E�D�N�W�H�U�L�M�H��

�P�R�J�O�H�� �E�L�W�L�� �G�R�P�D�ü�L�Q�L�� �Q�D�Y�H�G�H�Q�L�K�� �J�H�Q�D���� �7�R�� �P�R�å�H�� �E�L�W�L�� �S�R�V�O�M�H�G�L�F�D���� �V�� �M�H�G�Q�H�� �V�W�U�D�Q�H���� �X�U�R�ÿ�H�Q�H��

makrolidne otpornosti nekih ili svih navedenih bakterija ili pak stjecanja otpornosti 

horizontalnim prijenosom navedenih gena. Bakterije iz spomenutih rodova se u znanstvenoj 

�O�L�W�H�U�D�W�X�U�L�� �þ�H�V�W�R�� �Y�H�å�X�� �X�] �X�U�H�ÿ�D�M�H�� �]�D�� �R�E�U�D�G�X�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� ���&�\�]�G�L�N-�.�Z�L�D�W�N�R�Z�V�N�D�� �L�� �=�L�H�O�L���V�N�D����

�������������� �'�L�F�K�R�V�D�� �L�� �V�X�U������ �������������� �=�K�D�Q�J�� �L�� �V�X�U������ �������������� �L�� �U�L�M�H�þ�Q�H�� �V�H�G�L�P�H�Q�W�H�� �R�Q�H�þ�L�ã�ü�H�Q�H�� �R�W�S�D�G�Q�L�P��

�Y�R�G�D�P�D�� �L�]�� �W�L�K�� �X�U�H�ÿ�D�M�D�� ���/�X�� �L�� �/�X���� �������������� �0�D�U�W�t�Q�H�]-Santos i sur., 2018.) te antibioticima 

(Nakayama i �V�X�U������ �������������� �L�O�L�� �W�H�ã�N�L�P�� �P�H�W�D�O�L�P�D�� ���6�X�K�D�G�R�O�Q�L�N�� �L�� �V�X�U������ �������������� �=�K�D�R�� �L�� �V�X�U������ ����������������

�0�H�ÿ�X�W�L�P�����X�G�M�H�O�L���W�L�K���E�D�N�W�H�U�L�M�V�N�L�K���U�R�G�R�Y�D���N�R�M�L���V�X���Q�D�ÿ�H�Q�L���]�Q�D�þ�D�M�Q�R���S�R�Y�L�ã�H�Q�L���Q�D���L�V�S�X�V�W�X���Q�D�J�O�R���V�X���V�H��

smanjili u sedimentima na nizvodnim lokacijama do razine njihove zastupljenosti na referentnoj 

�O�R�N�D�F�L�M�L�� ������ ���� �������� �7�D�� �V�X�� �R�S�D�å�D�Q�M�D�� �E�L�O�D�� �X�� �V�N�O�D�G�X�� �V�� �U�H�]�X�O�W�D�W�L�P�D�� �Q�H�P�H�W�U�L�M�V�N�R�J�� �Y�L�ã�H�G�L�P�H�Q�]�L�M�V�N�R�J��

�J�U�X�S�L�U�D�Q�M�D�� ���1�0�'�6���� �N�R�M�L�� �V�X�� �W�D�N�R�ÿ�H�U�� �X�N�D�]�D�O�L�� �Q�D�� �V�O�L�þ�Q�X�� �V�W�U�X�N�W�X�U�X�� �E�D�N�W�H�U�L�M�V�N�L�K�� �]�D�M�H�G�Q�L�F�D�� �X��

uzorcima sedimenta sa referentne i nizvodnih lokacija tijekom �R�E�M�H���V�H�]�R�Q�H�����7�L���U�H�]�X�O�W�D�W�L���X�S�X�ü�X�M�X��

�Q�D���R�S�R�U�D�Y�D�N���E�D�N�W�H�U�L�M�V�N�L�K���]�D�M�H�G�Q�L�F�D���X���Q�L�]�Y�R�G�Q�L�P���V�H�G�L�P�H�Q�W�L�P�D�����ã�W�R���M�H���Y�M�H�U�R�M�D�W�Q�R���S�R�V�O�M�H�G�L�F�D���W�R�J�D��

�G�D�� �Q�H�� �G�R�O�D�]�L�� �G�R�� �W�U�D�Q�V�S�R�U�W�D�� �E�D�N�W�H�U�L�M�D�� �V�� �O�R�N�D�F�L�M�H�� �L�V�S�X�V�W�D�� �Q�L�]�Y�R�G�Q�R���� �1�D�G�D�O�M�H���� �X�]�L�P�D�M�X�ü�L�� �X�� �R�E�]�L�U��

podatak da sediment na lokaciji isp�X�V�W�D���V�D�G�U�å�L���P�Q�R�ã�W�Y�R���E�D�N�W�H�U�L�M�D���L�]���R�W�S�D�G�Q�H���Y�R�G�H�����P�R�J�X�ü�H���M�H��

�G�D�����X���V�O�X�þ�D�M�X���Q�M�L�K�R�Y�R�J���W�U�D�Q�V�S�R�U�W�D���Q�L�]�Y�R�G�Q�R�����W�H���E�D�N�W�H�U�L�M�H���Q�H���S�U�H�å�L�Y�O�M�D�Y�D�M�X���X���W�L�P���V�H�G�L�P�H�Q�W�L�P�D�����7�R��

�Q�H�� �L�]�Q�H�Q�D�ÿ�X�M�H���E�X�G�X�ü�L�� �G�D�� �Y�H�ü�L�Q�D�� �E�D�N�W�H�U�L�M�D�� �L�]�� �R�W�S�D�G�Q�H�� �Y�R�G�H�� �Q�L�M�H�� �G�R�E�U�R�� �S�U�L�O�D�J�R�ÿ�H�Q�D�� �X�Y�M�H�W�L�P�D�� �X��

sedimentu. V�D�å�Q�R���M�H���W�D�N�R�ÿ�H�U���Q�D�S�R�P�H�Q�X�W�L���G�D���M�H���V�W�U�X�N�W�X�U�D���E�D�N�W�H�U�L�M�V�N�H���]�D�M�H�G�Q�L�F�H���X���V�H�G�L�P�H�Q�W�X���V�D��

uzvodne lokacije UP3500 iza utoka potoka Gorjak u Savu �V�O�L�þ�Q�D�� �V�W�U�X�N�W�X�U�L��zajednice sa 

referentne lokacije (nije prikazano)���� �ã�W�R ukazuje �G�D�� �S�R�W�R�N�� �*�R�U�M�D�N�� �Q�H�P�D�� �]�Q�D�þ�D�M�D�Q�� �X�W�M�H�F�D�M�� �Q�D��

prirodnu zajednicu sedimenta u rijeci Savi. �2�V�L�P���Q�D�Y�H�G�H�Q�L�K���S�U�R�V�W�R�U�Q�L�K���S�U�R�P�M�H�Q�D�����]�D�S�D�å�H�Q�H���V�X��

i sezonske promjene u zajednicama sedimenata koje bi mogle biti posljedica sezonskih 

varijacija u taksonomskom sastavu otpadne vode zajedno s promjenama fizikalno-kemijskih 

pokazatelja sedimenata.  

�0�H�ÿ�X�W�L�P�����X�Q�D�W�R�þ���X�R�þ�H�Q�R�P��oporavku bakterijskih zajednica u nizvodnim sedimentima, 

relativna zastupljenost gena za makrolidnu otpornost bila �M�H���L���G�D�O�M�H���]�Q�D�þ�D�M�Q�R���Y�L�ãa na nizvodnim 

lokacijama u odnosu na referentnu �O�R�N�D�F�L�M�X�����7�R���V�H���P�R�å�H���R�E�M�D�V�Q�L�W�L���S�U�L�V�X�W�Q�R�ã�ü�X���W�L�K���J�H�Q�D���X���R�E�O�L�N�X��

�L�]�Y�D�Q�V�W�D�Q�L�þ�Q�H�� �'�1�$�� �L���L�O�L�� �Q�M�L�K�R�Y�L�P�� �K�R�U�L�]�R�Q�W�D�O�Q�L�P�� �S�U�L�M�H�Q�R�V�R�P�� �X�� �Q�R�Y�H�� �G�R�P�D�ü�L�Q�H���� �%�X�G�X�ü�L�� �G�D�� �M�H��
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�S�R�Y�H�ü�D�Q�R�� �K�R�U�L�]�R�Q�W�D�O�Q�R�� �ã�L�U�H�Q�M�H�� �J�H�Q�D�� �]�D�� �P�D�N�U�R�O�L�G�Q�X�� �R�W�S�R�U�Q�R�V�W�� �Y�H�ü�� �S�R�W�Y�U�ÿ�H�Q�R�� �X�� �Q�Lzvodnim 

�U�L�M�H�þ�Q�L�P�� �V�H�G�L�P�H�Q�W�L�P�D�� �X�� �R�Y�R�P�� �U�D�G�X���� �S�U�R�F�L�M�H�Q�M�H�Q�R�� �M�H�� �G�D�� �M�H�� �S�R�V�W�R�M�D�Q�R�V�W���W�L�K�� �J�H�Q�D�� �Q�D�� �Q�L�]�Y�R�G�Q�L�P��

�O�R�N�D�F�L�M�D�P�D���Y�M�H�U�R�M�D�W�Q�R���S�R�V�O�M�H�G�L�F�D���Q�M�L�K�R�Y�D���K�R�U�L�]�R�Q�W�D�O�Q�R�J���S�U�L�M�H�Q�R�V�D���P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D���� 

 �6�O�L�þ�Q�R���N�D�R���X���V�H�G�L�P�H�Q�W�X���U�L�M�H�N�H���6�D�Y�H�����L���X���V�H�G�L�P�H�Q�W�X���S�R�W�R�N�D���.�D�O�L�Q�R�Y�L�F�D���X���N�R�M�L���V�H���L�V�S�X�ã�W�D�M�X��

�R�W�S�D�G�Q�H�� �Y�R�G�H�� �,�Q�G�X�V�W�U�L�M�H�� ���� �G�R�ã�O�R�� �M�H�� �G�R�� �]�Q�D�þ�D�M�Q�L�K�� �S�U�R�V�W�R�U�Q�L�K�� �S�U�R�P�M�H�Q�D�� �X�� �V�W�U�X�N�W�X�U�L�� �L�� �V�D�V�W�D�Y�X��

�E�D�N�W�H�U�L�M�V�N�L�K���]�D�M�H�G�Q�L�F�D�����5�H�]�X�O�W�D�W�L���1�0�'�6���D�Q�D�O�L�]�H���X�N�D�]�D�O�L���V�X���Q�D���U�D�]�O�L�þ�L�W�X���V�W�U�X�N�W�X�U�X���]�D�M�H�G�Q�L�F�D���Q�D��

�V�Y�H�������L�V�W�U�D�å�L�Y�D�Q�H���O�R�N�D�F�L�M�H�����X�]�Y�R�G�Q�D�����L�V�S�X�V�W�����Q�L�]�Y�R�G�Q�D�����E�X�G�X�ü�L���G�D���V�X���V�H���]�D�M�H�G�Q�L�F�H���V���W�L�K���O�R�N�D�F�L�M�D��

�J�U�X�S�L�U�D�O�H�� �R�G�Y�R�M�H�Q�R���� �1�D�V�X�S�U�R�W�� �W�R�P�H���� �V�H�]�R�Q�V�N�R�� �J�U�X�S�L�U�D�Q�M�H�� �Q�L�M�H�� �]�D�P�L�M�H�ü�H�Q�R���� �ã�W�R�� �X�N�D�]�X�M�H�� �G�D�� �V�H��

struktura bakterijskih zajednica na pojedinoj lokaciji ne mijenja promjenom sezone 

(zima/ljeto). Interesantno, sastav bakterijske zajednice sedimenta na lokaciji ispusta bio je 

�V�O�L�þ�Q�L�M�L���W�D�N�V�R�Q�R�P�V�N�R�P���V�D�V�W�D�Y�X���R�W�S�D�G�Q�H���Y�R�G�H���Q�H�J�R�O�L���V�D�V�W�D�Y�X���X�]�Y�R�G�Q�R�J���L�O�L���Q�L�]�Y�R�G�Q�R�J���V�H�G�L�P�H�Q�W�D����

Tako su koljena Firmicutes i Epsilonbacteraeota koja su dominirala u otpadnoj vodi Industrije 

2, ali i u drugim otpadnim vodama farmaceutskih industrija (Kristiansson i sur., 2011.; Li i sur., 

2010.)�����E�L�O�D���]�Q�D�þ�D�M�Q�R���S�R�Y�L�ã�H�Q�D���X���U�H�O�D�W�L�Y�Q�R�P���X�G�M�H�O�X���X���V�H�G�L�P�H�Q�W�X���Q�D���O�R�N�D�F�L�M�L���L�V�S�X�V�W�D���X���R�G�Q�R�V�X���Q�D��

uzvodnu lokaciju tijekom ob�M�H���V�H�]�R�Q�H�����ã�W�R���X�S�X�ü�X�M�H���Q�D���D�N�X�P�X�O�D�F�L�M�X���E�D�N�W�H�U�L�M�D���L�]���R�W�S�D�G�Q�H���Y�R�G�H���X��

�V�H�G�L�P�H�Q�W�X���� �0�H�ÿ�X�W�L�P���� �X�� �V�H�G�L�P�H�Q�W�X�� �Q�D�� �Q�L�]�Y�R�G�Q�R�M�� �O�R�N�D�F�L�M�L�� �X�G�L�R�� �Q�D�Y�H�G�H�Q�L�K�� �N�R�O�M�H�Q�D�� �]�Q�D�þ�D�M�Q�R�� �V�H��

�V�P�D�Q�M�L�R�������������������X�N�D�]�X�M�X�ü�L���Q�D���Q�H�X�V�S�M�H�ã�D�Q���S�U�L�M�H�Q�R�V���L�O�L���V�O�D�E�R���S�U�H�å�L�Y�O�M�D�Y�D�Q�M�H bakterija porijeklom 

iz otp�D�G�Q�H�� �Y�R�G�H�� �X�� �W�L�P�� �V�H�G�L�P�H�Q�W�L�P�D���� �1�D�V�X�S�U�R�W�� �W�R�P�H���� �X�� �Q�L�]�Y�R�G�Q�R�P�� �V�H�G�L�P�H�Q�W�X�� �G�R�ã�O�R�� �M�H�� �G�R��

�]�Q�D�þ�D�M�Q�R�J�� �S�R�Y�H�ü�D�Q�M�D�� �X�G�M�H�O�D�� �G�U�X�J�L�K�� �N�R�O�M�H�Q�D�� �S�R�S�X�W��Acidobacteria, Chloroflexi, Nitrospirae, 

Gemmatimonadetes, Latescibacteria i razreda �.-Proteobacteria u usporedbi s uzvodnom 

lokacijom i lokacijom ispusta. Takav promijenjen taksonomski sastav sedimenta na nizvodnoj 

�O�R�N�D�F�L�M�L���P�R�å�H���E�L�W�L���S�R�V�O�M�H�G�L�F�D���L�]�O�R�å�H�Q�R�V�W�L���E�D�N�W�H�U�L�M�D���W�R�J���V�H�G�L�P�H�Q�W�D���Y�L�V�R�N�L�P���U�D�]�L�Q�D�P�D���V�X�O�I�R�Q�D�P�L�G�D��

(ukupno do 1,2 mg kg-1 tijekom obje sezone), ali i drugim eventualno prisut�Q�L�P���R�Q�H�þ�L�ã�ü�L�Y�D�O�L�P�D��

�X�N�O�M�X�þ�X�M�X�ü�L���P�H�W�D�O�H�����3�R�U�H�G���W�R�J�D�����R�N�R�O�L�ã�Q�L���I�D�N�W�R�U�L���S�R�S�X�W���U�D�]�O�L�þ�L�W�L�K���K�U�D�Q�M�L�Y�L�K���W�Y�D�U�L���L��osobina �V�W�D�Q�L�ã�W�D��

�Q�L�]�Y�R�G�Q�H�� �O�R�N�D�F�L�M�H�� �P�R�J�X�� �W�D�N�R�ÿ�H�U�� �S�U�L�G�R�Q�L�M�H�W�L�� �W�D�N�Y�R�P�� �S�U�R�P�L�M�H�Q�M�H�Q�R�P�� �V�D�V�W�D�Y�X�� �]�D�M�H�G�Q�L�F�H����

�0�H�ÿ�X�W�L�P�����X�Q�D�W�R�þ���S�U�R�P�M�H�Q�M�H�Q�R�P���W�D�N�V�R�Q�R�P�V�N�R�P���V�D�V�W�D�Y�X���V�H�Gimenta s lokacije ispusta i nizvodne 

�O�R�N�D�F�L�M�H�����Q�L�V�X���X�R�þ�H�Q�H���]�Q�D�þ�D�M�Q�H���S�U�R�P�M�H�Q�H���X���E�L�R�U�D�]�Q�R�O�L�N�R�V�W�L���W�L�K���V�H�G�L�P�H�Q�D�W�D���X���R�G�Q�R�V�X���Q�D���V�H�G�L�P�H�Q�W��

�X�]�Y�R�G�Q�H���O�R�N�D�F�L�M�H�����ã�W�R���X�N�D�]�X�M�H���Q�D���S�U�L�O�D�J�R�G�E�X���ã�L�U�R�N�R�J���V�S�H�N�W�U�D���R�N�R�O�L�ã�Q�L�K���E�D�N�W�H�U�L�M�D���Q�D���R�Q�H�þ�L�ã�ü�H�Q�M�H��

�L�]�� �I�D�U�P�D�F�H�X�W�V�N�L�K�� �S�R�J�R�Q�D���� �.�D�R�� �ã�W�R�� �M�H�� �U�D�Q�L�M�H�� �V�S�R�P�H�Q�X�W�R���� �V�O�L�þ�Q�D�� �]�D�S�D�å�D�Q�M�D�� �]�D�E�L�O�M�H�å�H�Q�D�� �V�X�� �X��

�V�H�G�L�P�H�Q�W�L�P�D���U�L�M�H�N�H���6�D�Y�H���X���R�Y�R�P���U�D�G�X���W�H���X���G�U�X�J�L�P���L�V�W�U�D�åivanjima toga tipa u Aziji (Kristiansson 

i sur., 2011.; Li i sur., 2010.������ �%�X�G�X�ü�L�� �G�D�� �O�L�W�H�U�D�W�X�U�Q�L�� �S�R�G�D�F�L�� �Q�D�Y�R�G�H�� �Y�D�å�Q�X�� �X�O�R�J�X�� �V�D�V�W�D�Y�D��

bakterijskih zajednica u oblikovanju profila otpornosti na antibiotike �X�� �R�N�R�O�L�ã�X�� �R�Q�H�þ�L�ã�ü�H�Q�R�P��

antibioticima (Forsberg i sur., 2014.; Su i sur., 2015.)���� �G�H�W�D�O�M�Q�L�M�H�� �V�P�R�� �S�U�R�X�þ�L�O�L�� �S�R�Y�H�]�D�Q�R�V�W��
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�Y�D�U�L�M�D�F�L�M�D���X���N�R�O�L�þ�L�Q�L���D�Q�D�O�L�]�L�U�D�Q�L�K���J�H�Q�D���R�W�S�R�U�Q�R�V�W�L���V�D���G�L�Q�D�P�L�N�R�P���E�D�N�W�H�U�L�M�V�N�H���]�D�M�H�G�Q�L�F�H�����5�H�]�X�O�W�D�W�L��

�S�U�R�Y�H�G�H�Q�H�� �P�U�H�å�Q�H�� �D�Q�D�O�L�]�H�� ���H�Q�J�O�� Network Analysis���� �X�N�D�]�D�O�L�� �V�X�� �Q�D�� �S�R�Y�H�]�D�Q�R�V�W�� �Q�H�N�L�K�� �N�O�L�Q�L�þ�N�L��

relevan�W�Q�L�K�� �J�H�Q�D�� �R�W�S�R�U�Q�R�V�W�L�� �L�� �E�D�N�W�H�U�L�M�D�� �R�E�R�J�D�ü�H�Q�L�K�� �X�� �V�H�G�L�P�H�Q�W�X�� �Q�D�� �O�R�N�D�F�L�M�L�� �L�V�S�X�V�W�D���� �7�D�N�R�� �M�H����

�S�U�L�P�M�H�U�L�F�H�����X�R�þ�H�Q�D���S�R�]�L�W�L�Y�Q�D���N�R�U�H�O�D�F�L�M�D���U�R�G�R�Y�D��Azoarcus i Aeromonas s genom za otpornost na 

��-laktame blaGES te roda Sulfuricurvum s genom blaOXA-2�����'�R�V�D�G�D�ã�Q�M�D���L�V�W�U�D�å�L�Y�D�Qja ukazala su 

�Q�D���S�O�D�]�P�L�G�Q�L���V�P�M�H�ã�W�D�M�� �J�H�Q�D��blaGES u vrsti Aeromonas spp. izoliranoj iz rijeke (Girlich i sur., 

2011.) �L���X�U�H�ÿ�D�M�D���]�D���R�E�U�D�G�X���N�R�P�X�Q�D�O�Q�L�K���R�W�S�D�G�Q�L�K���Y�R�G�D��(Piotrowska i sur., 2017.)�����ã�W�R���X�S�X�ü�X�M�H���Q�D��

to da bi rod Aeromonas �P�R�J�D�R���E�L�W�L���Y�D�å�D�Q��spremnik �J�H�Q�D���]�D����-�O�D�N�W�D�P�D�]�H���S�U�R�ã�L�U�H�Q�R�J���V�S�H�N�W�U�D���X��

�R�N�R�O�L�ã�X��(Harnisz i Korzeniewska, 2018.)�����3�R�U�H�G���W�R�J�D�����X�R�þ�H�Q�R���M�H���G�D���V�X���S�R�M�H�G�L�Q�L���E�D�N�W�H�U�L�M�V�N�L���U�R�G�R�Y�L��

�S�R�]�L�W�L�Y�Q�R���N�R�U�H�O�L�U�D�O�L���V���Y�L�ã�H���U�D�]�O�L�þ�L�W�L�K���J�H�Q�D���]�D���D�Q�W�L�E�L�R�W�L�þ�N�X���R�W�S�R�U�Q�R�V�W���N�D�R���Q�S�U�����U�R�G��Arcobacter s 

genima blaGES, tet39 i ermB, rod Acinetobacter s genima blaGES, blaOXA-2 i tet39 te rod 

Shewanella s genima blaGES, blaOXA-1, tet39 i ermB. Svi su ti rodovi, zajedno s rodom 

Aeromonas�����R�N�D�U�D�N�W�H�U�L�]�L�U�D�Q�L���N�D�R���R�S�R�U�W�X�Q�L�V�W�L�þ�N�L���O�M�X�G�V�N�L���S�D�W�R�J�H�Q�L��(Ferreira i sur., 2015.; Janda, 

2014.; Janda i Abbott, 2010.; Wong i sur., 2017.)���� �ã�W�R�� �X�S�X�ü�X�M�H�� �Q�D�� �W�R�� �G�D�� �L�Q�G�X�V�W�U�L�M�V�N�L�� �L�V�S�X�V�W�L��

�S�R�Y�H�ü�D�Y�D�M�X���S�U�H�Y�D�O�H�Q�F�L�M�X���S�D�W�R�J�H�Q�L�K���E�D�N�W�H�U�L�M�D���N�R�M�H���Q�R�V�H���Y�L�ã�H�V�W�U�X�N�H���L���N�O�L�Q�L�þ�N�L���U�H�O�H�Y�D�Q�W�Q�H���J�H�Qe za 

�D�Q�W�L�E�L�R�W�L�þ�N�X���R�W�S�R�U�Q�R�V�W���X���S�R�W�R�þ�Q�R�P���V�H�G�L�P�H�Q�W�X�����7�R���Q�D�G�D�O�M�H���X�N�D�]�X�M�H���Q�D���U�L�]�L�N���P�R�J�X�ü�H�J���S�U�L�M�H�Q�R�V�D��

tih �S�D�W�R�J�H�Q�D���R�W�S�R�U�Q�L�K���Q�D���Y�L�ã�H���V�N�X�S�L�Q�D���D�Q�W�L�E�L�R�W�L�N�H���Q�D���O�M�X�G�H�����0�H�ÿ�X�W�L�P�����R�G���W�U�L���J�H�Q�D���]�D���R�W�S�R�U�Q�R�V�W��

�N�R�M�L�� �V�X�� �Q�D�ÿ�H�Q�L�� �]�Q�D�þ�D�M�Q�R�� �S�R�Y�L�ã�H�Q�L�� �Q�D�� �Q�L�]�Y�R�G�Q�R�M�� �O�R�N�D�F�L�M�L�� �X�� �R�G�Q�R�V�X�� �Q�D uzvodnu (sul2, mphG i 

msr�(������ �S�R�]�L�W�L�Y�Q�D�� �N�R�U�H�O�D�F�L�M�D�� �X�R�þ�H�Q�D�� �M�H�� �V�D�P�R�� �L�]�P�H�ÿ�X�� �J�H�Q�D��sul2 i bakterija iz porodice 

Sphingomonadaceae, za koje se smatra da su sklone stjecanju gena sul, a time i otpornosti na 

sulfonamide (Narciso-da-Rocha i sur., 2014.; Vaz-Moreira i sur., 2011.)���� �0�H�ÿ�X�W�L�P���� �Y�D�å�Q�R�� �M�H��

�L�V�W�D�N�Q�X�W�L�� �G�D�� �P�Q�R�J�H�� �E�D�N�W�H�U�L�M�H�� �N�R�M�H�� �V�X�� �Q�D�ÿ�H�Q�H�� �X�� �]�Q�D�þ�D�M�Q�R���Y�L�ã�H�P�� �X�G�M�H�O�X�� �X�� �V�H�G�L�P�H�Q�W�X�� �Q�L�]�Y�R�G�Q�H��

lokacije u odnosu na uzvodnu �O�R�N�D�F�L�M�X���L���O�R�N�D�F�L�M�X���L�V�S�X�V�W�D���Q�L�M�H���E�L�O�R���P�R�J�X�ü�H���N�O�D�V�L�I�L�F�L�U�D�W�L���G�R���U�D�]�L�Q�H��

roda ili vrste.  

 �=�D�N�O�M�X�þ�Q�R���V�H���P�R�å�H���U�H�ü�L���G�D��se �Q�D���W�H�P�H�O�M�X���U�H�]�X�O�W�D�W�D���G�R�E�L�Y�H�Q�L�K���R�Y�L�P���G�L�M�H�O�R�P���L�V�W�U�D�å�L�Y�D�Q�M�D��

�K�L�S�R�W�H�]�D�� �+���� �Ä�,�Q�G�X�V�W�U�L�M�V�N�L�� �L�V�S�X�V�W�L�� �P�L�M�H�Q�M�D�M�X���V�W�U�X�N�W�X�U�X�� �L�� �V�D�V�W�D�Y�� �L�]�O�R�å�H�Q�L�K�� �S�U�L�U�R�G�Q�L�K�� �E�D�N�W�H�U�L�M�V�N�L�K��

�]�D�M�H�G�Q�L�F�D�³���S�U�L�K�Y�D�ü�D���� 
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 �������=�$�.�/�-�8�ý�&�, 

 

1. �2�W�S�D�G�Q�H���Y�R�G�H���O�R�N�D�O�Q�L�K���I�D�U�P�D�F�H�X�W�V�N�L�K���L�Q�G�X�V�W�U�L�M�D���X�N�O�M�X�þ�H�Q�L�K���X���S�U�R�L�]�Y�R�G�Q�M�X���D�]�L�W�U�R�P�L�F�L�Q�D��

�L���I�R�U�P�X�O�D�F�L�M�X���Y�H�W�H�U�L�Q�D�U�V�N�L�K���O�L�M�H�N�R�Y�D���S�U�H�G�V�W�D�Y�O�M�D�M�X���]�Q�D�þ�D�M�Q�H���W�R�þ�N�D�V�W�H���L�]�Y�R�U�H���D�Q�W�L�E�L�R�W�L�N�D���L��

�E�D�N�W�H�U�L�M�D�� �R�W�S�R�U�Q�L�K�� �Q�D�� �W�H�� �D�Q�W�L�E�L�R�W�L�N�H���� �.�R�Q�F�H�Q�W�U�D�F�L�M�H�� �S�R�M�H�G�L�Q�D�þ�Q�L�K�� �D�Q�W�L�E�L�R�W�L�N�D�� �X�� �W�Lm 

otpadnim vodama ocijenjene su kao selektivne za razvoj otpornosti na antibiotike. 

�3�U�L�W�R�P�� �V�X�� �]�Q�D�W�Q�R�� �Q�L�å�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �D�Q�W�L�E�L�R�W�L�N�D���X�W�Y�U�ÿ�H�Q�H��u otpadnim vodama iz 

�I�R�U�P�X�O�D�F�L�M�H�� �O�L�M�H�N�R�Y�D�� ���—�J�� �/-1) u usporedbi s koncentracijama u otpadnim vodama iz 

proizvodnje azitromicina (mg L-1).  

2. �2�Q�H�þ�L�ã�ü�H�Q�M�H�� �U�L�M�H�N�H�� �6�D�Y�H��makrolidima, metalima te determinantama makrolidne 

otpornosti ovisi dominantno o ispustima otpadnih voda iz proizvodnje azitromicina, dok 

drugi lokalni izvori vezani uz terapijsku primjenu makrolida manjim dijelom pridonose 

t�R�P�� �R�Q�H�þ�L�ã�ü�H�Q�M�X����K�H�P�L�M�V�N�R�� �L�� �P�L�N�U�R�E�L�R�O�R�ã�N�R�� �R�S�W�H�U�H�ü�H�Q�M�H potoka Kalinovica ne ovisi 

dominantno o ispustima otpadnih voda iz formulacije veterinarskih lijekova�����Y�H�ü���V�H���U�D�G�L��

i o doprinosu sa uzvodnog �S�R�G�U�X�þ�M�D��zbog odlaganja otpada ili ispiranja s tla gnojenog 

stajskim gnojivom.  

3. Industrijske otpadne vode i sedimenti njihovih recipijentnih voda su spremnici poznatih 

i potencijalno novih gena za otpornost na makrolide odnosno ��-laktame, 2,4-

diaminopirimi�G�L�Q�H�����V�X�O�I�R�Q�D�P�L�G�H���L���W�H�W�U�D�F�L�N�O�L�Q�H�����ý�H�V�W�D���S�R�Y�H�]�Dnost identificiranih gena s 

�S�R�N�U�H�W�Q�L�P���J�H�Q�H�W�L�þ�N�L�P���H�O�H�P�H�Q�W�L�P�D���S�R�S�X�W���S�O�D�]�P�L�G�D���L���L�Q�W�H�J�U�R�Q�D���V�N�X�S�L�Q�H�������W�H���J�H�Q�L�P�D���]�D��

�R�W�S�R�U�Q�R�V�W�� �Q�D�� �L�V�W�X�� �L�O�L�� �G�U�X�J�H�� �V�N�X�S�L�Q�H�� �D�Q�W�L�E�L�R�W�L�N�D�� �X�N�D�]�X�M�H�� �Q�D�� �S�R�W�H�Q�F�L�M�D�O�� �]�D�M�H�G�Q�L�þ�N�H��

�P�R�E�L�O�Q�R�V�W�L���Y�L�ã�H�V�W�U�X�N�H���R�W�S�R�U�Q�R�V�W�L���P�H�ÿ�X���E�D�N�W�H�U�L�M�D�P�D���� 

4. Relativna zastupljenost �F�L�O�M�D�Q�L�K���J�H�Q�D���]�D���R�W�S�R�U�Q�R�V�W���Q�D���D�Q�W�L�E�L�R�W�L�N�H���]�Q�D�þ�D�M�Q�R���M�H���S�R�Y�L�ã�H�Qa u 

�V�H�G�L�P�H�Q�W�L�P�D���L�]�O�R�å�H�Q�L�P���L�Q�G�X�V�W�U�L�M�V�N�L�P���L�V�S�X�V�W�L�P�D���X���X�V�S�R�U�H�G�E�L���V�D���V�H�G�L�P�H�Q�W�L�P�D���U�H�I�H�U�H�Q�W�Q�H��

�O�R�N�D�F�L�M�H�� �X�]�Y�R�G�Q�R�� �R�G�� �L�V�S�X�V�W�D���� �3�U�L�W�R�P�� �M�H�� �S�X�Q�R�� �L�]�U�D�å�H�Q�L�M�L�� �X�W�M�H�F�D�M�� �L�Q�G�X�V�W�U�L�M�V�N�R�J�� �L�V�S�X�V�W�D��

�X�W�Y�U�ÿ�H�Q��za �U�L�M�H�þ�Q�H���Q�H�J�R�O�L���S�R�W�R�þ�Q�H���V�H�G�L�P�H�Q�W�H���]�E�R�J���Q�L�å�L�K���S�R�]�D�G�L�Q�V�N�L�K���U�D�]�L�Q�D���L�V�W�U�D�å�L�Y�D�Q�L�K��

gena u samoj rijeci.  

5. �,�Q�G�X�V�W�U�L�M�V�N�L�� �L�V�S�X�V�W�L�� �S�R�W�L�þ�X���ã�L�U�H�Q�M�H�� �J�H�Q�D�� �]�D��otpornost na antibiotike putem plazmidnog 

�S�U�L�M�H�Q�R�V�D�� �P�H�ÿ�X�� �E�D�N�W�H�U�L�M�D�P�D�� �V�H�G�L�P�H�Q�W�D���� �3�U�R�P�L�V�N�X�L�W�H�W�Q�L�� �S�O�D�]�P�L�G�L���� �Q�D�U�R�þ�L�W�R��plazmidi 

IncP-1 skupine �L�Q�N�R�P�S�D�W�L�E�L�O�Q�R�V�W�L�� �Y�H�O�L�N�R�J�� �S�R�W�H�Q�F�L�M�D�O�D���ã�L�U�H�Q�M�D���P�H�ÿ�X�� �ã�L�U�R�N�L�P�� �U�D�V�S�R�Q�R�P��

bakterija, mogu bitno pridonijeti prilagodbi lokalnih bakterija na �R�N�R�O�L�ã�� �S�U�H�S�X�Q��

antibiotika. Ti plazmidi �þ�H�V�W�R�� �Q�R�V�H�� �Y�L�ã�H�V�W�U�X�N�H�� �J�H�Q�H�� �]�D�� �R�W�S�R�U�Q�R�V�W�� �Q�D�� �Y�L�ã�H�� �U�D�]�O�L�þ�L�W�L�K 

skupina antibiotika u sklopu genskih kazeta integrona skupine 1.  
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6. �8�W�Y�U�ÿ�H�Q�D �Y�L�V�R�N�D�� �V�O�L�þ�Q�R�V�W�� �Q�X�N�O�H�R�W�L�G�Q�L�K�� �V�H�N�Y�H�Q�F�L�� �J�H�Q�D��ermB �L�]�P�H�ÿ�X���R�N�R�O�L�ã�Q�L�K��

bakterijskih izolata porijeklom �L�]�� �V�H�G�L�P�H�Q�W�D�� �U�L�M�H�N�H�� �6�D�Y�H�� �L�]�U�D�]�L�W�R�� �R�Q�H�þ�L�ã�ü�H�Q�R�J��

makrolidima i �N�O�L�Q�L�þ�N�L�K��izolata streptokoka ukazuje na �P�R�J�X�ü�L�� �S�U�L�M�H�Q�R�V�� �R�Y�R�J�� �J�H�Q�D��

�L�]�P�H�ÿ�X���E�D�N�W�H�U�L�M�D���N�O�L�Q�L�þ�N�R�J���L���R�N�R�O�L�ã�Q�R�J���S�R�G�U�L�M�H�W�O�D��  

7. �8�W�Y�U�ÿ�H�Q�D���V�O�L�þ�Q�D��bioraznolikost sedimenata s lokacija industrijskih ispusta te uzvodno i 

nizvodno od tih �L�V�S�X�V�W�D���X�N�D�]�X�M�H���G�D���ã�L�U�R�N���V�S�H�N�W�D�U���E�D�N�W�H�U�L�M�D���P�R�å�H���S�U�H�å�L�Y�M�H�W�L���X���R�N�R�O�L�ã�X���S�U�L��

razmjerno visokim koncentracijama antibiotika.  

8. Z�Q�D�þ�D�M�Q�R�� �U�D�]�O�L�þ�L�W�� �V�D�V�W�D�Y�� �E�D�N�W�H�U�L�M�V�N�L�K�� �]�D�M�H�G�Q�L�F�D, �S�R�W�Y�U�ÿ�H�Q��u sedimentima na obje 

�L�V�W�U�D�å�L�Y�D�Q�H�� �O�R�N�D�F�L�M�H�� �L�V�S�X�V�W�D�� �X�� �X�V�S�R�U�H�G�E�L�� �V�� �U�H�I�H�U�H�Q�W�Q�R�P�� �O�R�N�D�F�L�M�R�P�����X�S�X�ü�X�M�H�� �Q�D unos 

bakterija otpadnom vodom te selekciju bakterija iz sedimenta. Sezonske promjene 

taksonomskog sastava, �S�R�W�Y�U�ÿ�H�Q�H �V�D�P�R�� �X�� �U�L�M�H�þ�Q�R�P�� �V�H�G�L�P�H�Q�W�X, uzrokovane su 

promjenama u sastavu otpadne vode i kemijskim �]�Q�D�þ�D�M�Nama sedimenta. Oporavak 

bakterijskih zajednica �S�R�W�Y�U�ÿ�H�Q���M�H�� �X�� �U�L�M�H�þ�Q�L�P�� �V�H�G�L�P�H�Q�W�L�P�D�� �Q�L�]�Y�R�G�Q�R�� �R�G�� �L�V�S�X�V�W�D���� �]�D��

�U�D�]�O�L�N�X���R�G���S�R�W�R�þ�Q�R�J���V�H�G�L�P�H�Q�W�D���N�R�M�H�J���L���G�D�O�M�H���N�D�U�D�N�W�H�U�L�]�L�U�D���]�Q�D�þ�D�M�Q�R���S�U�R�P�M�H�Q�M�H�Q���V�D�V�W�D�Y��

na nizvodnoj lokaciji.  
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 7. PRILOZI  

 7.1. Dodatne informacije uz rad:  

           �%�L�H�O�H�Q���$�����â�L�P�D�W�R�Y�L�ü���$�����.�R�V�L�ü-�9�X�N�ã�L�ü���-�����6�H�Q�W�D���,�����$�K�H�O���0�����%�D�E�L�ü���6�����-�X�U�L�Q�D���7�����*�R�Q�]�i�O�H�]��

Plaza JJ, �0�L�O�D�N�R�Y�L�ü�� �0���� �8�G�L�N�R�Y�L�ü-�.�R�O�L�ü�� �1���� �1�H�J�D�W�L�Y�H�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �L�P�S�D�F�W�V�� �R�I��

antibiotic-contaminated effluents from pharmaceutical industries. Water Research 126 

(2017): 79-87. doi: 10.1016/j.watres.2017.09.019 

 
 
Tablica 1. Fizikalno-�N�H�P�L�M�V�N�L���S�R�N�D�]�D�W�H�O�M�L���L���S�R�S�L�V���P�H�ÿ�X�Q�D�U�R�G�Q�R���V�W�D�Q�G�D�U�G�L�]�L�U�D�Q�L�K�����,�6�2�����P�H�W�R�G�D��
�N�R�U�L�ã�W�H�Q�L�K���S�U�L���D�Q�D�O�L�]�L���R�W�S�D�G�Q�L�K���Y�R�G�D���L�]���I�D�U�P�D�F�H�X�W�V�N�L�K���L�Q�G�X�V�W�U�L�M�D�����2�]�Q�D�N�D���W�D�E�O�L�F�H���X���U�D�G�X��Table 
S1.  
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Tablica 2. Fizikalno-kemijski pokazatelji otpadnih voda Industri�M�H�� ���� �L�� ���� �N�R�M�H�� �V�H�� �L�V�S�X�ã�W�D�M�X�� �X��
�S�R�Y�U�ã�L�Q�V�N�H���Y�R�G�H���U�L�M�H�N�H���6�D�Y�H���L���S�R�W�R�N�D���.�D�O�L�Q�R�Y�L�F�D�����2�]�Q�D�N�D���W�D�E�O�L�F�H���X���U�D�G�X��Table S2.  

 

 

 

 

 

 

 

 

 

a �P�D�N�V�L�P�D�O�Q�R���G�R�]�Y�R�O�M�H�Q�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���S�U�H�P�D���3�U�D�Y�L�O�Q�L�N�X���R���J�U�D�Q�L�þ�Q�L�P�� �Y�U�L�M�Hdnostima emisije otpadnih voda NN 
80/13 (43/14, 27/15, 3/16) 
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Tablica 3. �)�L�]�L�R�O�R�ã�N�L���O�H�W�D�O�Q�L���X�þ�L�Q�F�L���L�]�P�M�H�U�H�Q�L���������L���������K�S�I�����V�D�W�L���Q�D�N�R�Q���R�S�O�R�G�Q�M�H�� nakon izlaganja 
embrija D. rerio �Q�H�U�D�]�U�M�H�ÿ�H�Q�L�P���W�H�����[���L�����[���U�D�]�U�M�H�ÿ�H�Q�L�P���X�]�R�U�F�L�P�D���L�Q�G�X�V�W�U�L�M�V�N�L�K���R�W�S�D�G�Q�L�K���Y�R�G�D����
�6�W�D�W�L�V�W�L�þ�N�D���D�Q�D�O�L�]�D���S�U�R�Y�H�G�H�Q�D���M�H���S�R�P�R�ü�X��t �W�H�V�W�D���X�]���U�D�]�L�Q�X���]�Q�D�þ�D�M�Q�R�Vti p �”���������������.�R�Q�W�U�R�O�Q�L���H�P�E�U�L�M�L��
�V�X���E�L�O�L���L�]�O�R�å�H�Q�L���G�H�V�W�L�O�L�U�D�Q�R�M���Y�R�G�L�����2�]�Q�D�N�D���W�D�E�O�L�F�H���X���U�D�G�X��Table S3.  

 Measured endpoint 

 Sample 
dilution  

Heart beat rate 
(beats / 15 sec) 

Pigmentation formation 
(scored 1-3) 

Hatching rate 
(%)  

C
om

pa
ny

 1
 W

in
te

r  

48
 h

pf
 Control �������������“���������� �����������“���������� - 

Diluted 2 x �������������“�����������
 �����������“�����������
 - 

Diluted 4 x �������������“�����������
 �����������“�����������
 - 

72
 h

pf
 Control �������������“���������� �����������“���������� ���������������“���������� 

Diluted 2 x �������������“�����������
 �����������“���������� �������������“�����������
 

Diluted 4 x �������������“ 2.29* �����������“���������� �������������“�����������
 

C
om

pa
ny

 1
 S

pr
in

g 

48
 h

pf
 Control �������������“���������� �����������“�������� - 

Diluted 2 x �������������“���������� �����������“���������� - 

Diluted 4 x �������������“���������� �����������“���������� - 

72
 h

pf
 Control �������������“���������� �����������“���������� ���������“���������� 

Diluted 2 x �������������“��2.48* �����������“���������� �������������“�����������
 

Diluted 4 x �������������“�����������
 �����������“���������� �������������“�����������
 

C
om

pa
ny

 2
 S

um
m

er 

48
 h

pf
 

Control �������������“���������� �����������“���������� - 

Undiluted �������������“�����������
 �����������“���������� - 

Diluted 2 x �������������“�����������
 �����������“���������� - 

Diluted 4 x �������������“��1.64 �����������“���������� - 

72
 h

pf
 

Control �������������“���������� �����������“���������� ���������“���������� 

Undiluted �������������“���������
 �����������“���������� ���������“���������� 

Diluted 2 x �������������“�����������
 �����������“���������� ���������“���������� 

Diluted 4 x �������������“�����������
 �����������“���������� ���������“���������� 

C
om

pa
ny

 2
 A

ut
um

n 

48
 h

pf
 

Control �������������“���������� �����������“���������� - 

Undiluted �������������“�����������
 �����������“���������� - 

Diluted 2 x �������������“�����������
 �����������“���������� - 

Diluted 4 x �������������“�����������
 �����������“���������� - 

72
 h

pf
 

Control �������������“���������� �����������“���������� ���������“���������� 

Undiluted �������������“�����������
 �����������“���������� �������������“�����������
 

Diluted 2 x �������������“�����������
 �����������“���������� �������������“���������� 

Diluted 4 x �������������“�����������
 �����������“���������� �������������“���������� 

  �
���V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�D���U�D�]�O�L�N�D���X���R�G�Q�R�V�X���Q�D��kontrolu 
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Tablica 4. �9�U�L�M�H�G�Q�R�V�W�L���D�N�X�W�Q�H���W�R�N�V�L�þ�Q�R�V�W�L���D�Q�W�L�E�L�R�W�L�N�D���S�U�L�V�X�W�Q�L�K���X���R�W�S�D�G�Q�L�P���Y�R�G�D�P�D���,�Q�G�X�V�W�U�L�M�H��������
2 za slatkovodne organizme. Oznaka tablice u radu Table S4.  

Anti -
microbi
al class 

Compound  Acrony
m 

Test 
organis
m 

EC50 
(�Pg/L) 

Reference 

S
ul

fo
na

m
id

es 

Sulfadiazine SDZ algae 7 800 ���/�•�W�]�K�¡�I�W���H�W���D�O�������������� 

  daphnid 112 000 (Sanderson and Thomsen 2009) 

  fish n.a.  

Sulfamethazine SMZ algae 8 700 (Yang et al. 2008) 

  daphnid 202 000 (De Liguoro et al. 2009) 

  fish  > 100 000 (Sanderson and Thomsen 2009) 

Sulfamethoxazole SMX algae 30 (Sanderson and Thomsen 2009) 

  daphnid 10 000 (Sanderson and Thomsen 2009) 

  fish 
n.e.  

1 000 000 
(Isidori et al. 2005) 

D
ia

m
in

o
-

py
rid

in
e

s 

Trimethoprim TMP algae 110 000 (Sanderson and Thomsen 2009) 

  daphnid > 100 000 (Sanderson and Thomsen 2009) 

  fish > 100 000 (Halling-�6�¡�U�H�Q�V�H�Q������������ 

F
lu

or
oq

ui
on

ol
on

es 

Norfloxacin NOR algae 18 000 (Yang et al. 2008) 

  daphnid 527 500 (Pan et al. 2017) 

  fish n.a.  

Ciprofloxacin CIP algae 3 000 (Sanderson and Thomsen 2009) 

  daphnid 60 000 (Sanderson and Thomsen 2009) 

  fish > 10 000 (Robinson et al. 2005) 

Enrofloxacin ENR algae 3 100 (Robinson et al. 2005) 

  daphnid > 10 000 (Robinson et al. 2005) 

  fish > 10 000 (Robinson et al. 2005) 

M
ac

ro
lid

es
 

Azithromycin AZI  algae 19 (Harada et al. 2008) 

  daphnid 120 000 (Sanderson and Thomsen 2009) 

  fish n.a.  

Erythromycin ERY algae 20 (Sanderson and Thomsen 2009) 

  daphnid 940 (Sanderson and Thomsen 2009) 

  fish 80 000 (Sanderson and Thomsen 2009) 

T
et

ra
-

cy
cl

in
es

 Oxytetracycline OTC algae 170 (Sanderson and Thomsen 2009) 

  daphnid 18 700 (Sanderson and Thomsen 2009) 

  fish 62 500 (Sanderson and Thomsen 2009) 

n.e. �± nema efekta; n.a. �± nije dostupno 
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Slika 1. �3�R�W�H�Q�F�L�M�D�O�Q�L���J�H�Q�R�W�R�N�V�L�þ�Q�L���X�W�M�H�F�D�M�L otpadnih voda Industrije 1 2. Rezultati su prikazani 
kao omjer broja Salmonella typhimurium TA98 i TA100 revertanata nakon izlaganja otpadnim 
vodama i broja spontatnih revertanata nakon izlaganja destiliranoj vodi (negativna kontrola). 
Testovi su proveden�L�� �X�� �S�U�L�V�X�V�W�Y�X�� �L�O�L�� �R�G�V�X�V�W�Y�X�� �P�H�W�D�E�R�O�L�þ�N�R�J�� �D�N�W�L�Y�D�W�R�U�D�� ���I�U�D�N�F�L�M�D�� �6���� �M�H�W�U�H��
�ã�W�D�N�R�U�D�������%�D�U�R�Y�L���S�U�H�G�V�W�D�Y�O�M�D�M�X���V�U�H�G�Q�M�H���Y�U�L�M�H�G�Q�R�V�W�L���W�U�L���S�R�N�X�V�D���“���6�'�����2�]�Q�D�N�D���V�O�L�N�H���X���U�D�G�X��Figure 
S1.  
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24 hpf 48 hpf 72 hpf 

 

   

   

    

            

 
Slika 2. �'�H�I�R�U�P�D�F�L�M�H�� �H�P�E�U�L�M�D�� �]�H�E�U�L�F�D�� �L�]�O�R�å�H�Q�L�K�� �V�H�U�L�M�L�� �U�D�]�U�M�H�ÿ�H�Q�M�D�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �L�]��
farmaceutskih industrija nakon 24, 48 i 72 hpf (sati nakon oplodnje). Kontrolni embriji 
predstavljaju normalno razvijene embrije nakon 24, 48 i 72 hpf. a) deformacija cijelog embrija; 
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�E���� �Q�H�U�D�]�Y�L�M�H�Q�D�� �U�H�J�L�M�D�� �J�O�D�Y�H�� �L�� �U�H�S�D���� �G�H�I�R�U�P�D�F�L�M�D�� �å�X�P�D�Q�M�N�D�� �L�� �Q�H�U�D�]�Y�L�W�D�N�� �V�R�P�L�W�D���� �F���� �Q�H�U�D�]�Y�L�M�H�Q�D��
regija glave (zvjezdica) i neodvajanje repa (strelica); d) perikardijalni edem (zvjezdica), 
�Q�H�U�D�]�Y�L�M�H�Q�D���L���Q�H�S�U�D�Y�L�O�Q�D���U�H�J�L�M�D���J�O�D�Y�H���L���U�H�S�D�����G�H�I�R�U�P�L�W�H�W���å�X�P�D�Q�M�N�D���L���Q�H�G�R�V�W�D�W�D�N���S�L�J�P�H�Q�W�D�F�L�M�H�����H����
�]�J�U�X�ã�D�Y�D�Q�M�H���N�U�Y�L�����V�W�U�H�O�L�F�D�����L���Q�H�G�R�V�W�D�W�D�N���S�L�J�P�H�Q�W�D�F�L�M�H�����I�����S�H�U�L�N�D�U�G�L�M�D�O�Q�L���H�G�H�P�����]�Y�M�H�]�G�L�F�D�����L���H�G�H�P��
�å�X�P�D�Q�M�þ�D�Q�H�� �Y�U�H�ü�H�� ���V�W�U�H�O�L�F�D������ �J���� �L�]�O�H�J�O�D�� �U�L�E�D�� �V�D�� �V�D�Y�L�M�H�Q�R�P�� �N�U�D�O�M�H�å�Q�L�F�R�P�� ���]�Y�M�H�]�G�L�F�D���� �L��
�Q�H�I�R�U�P�L�U�D�Q�R�P���S�H�U�D�M�R�P�����V�W�U�H�O�L�F�D������ �K�����Q�H�S�U�D�Y�L�O�Q�R���R�E�O�L�N�R�Y�D�Q�D���N�U�D�O�M�H�å�Q�L�F�D�� ���V�W�U�H�O�L�F�D������ �L���� �Q�H�L�]�O�H�J�O�D��
�U�L�E�D���V�D���S�H�U�L�N�D�U�G�L�M�D�O�Q�L�P���H�G�H�P�R�P�����]�Y�M�H�]�G�L�F�D�������G�H�I�R�U�P�D�F�L�M�R�P���N�U�D�O�M�H�å�Q�L�F�H�����V�W�U�H�O�L�F�D�����L���N�D�ã�Q�M�H�Q�M�H�P��
i�O�L���D�Q�R�P�D�O�L�M�R�P���X���D�E�V�R�U�S�F�L�M�L���å�X�P�D�Q�M�þ�D�Q�H���Y�U�H�ü�H�����2�]�Q�D�N�D���V�O�L�N�H���X���U�D�G�X��Figure S2. 
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  7.2. Dodatne informacije uz rad: 

        �*�R�Q�]�i�O�H�]�� �3�O�D�]�D�� �-�-���� �â�L�P�D�W�R�Y�L�ü�� �$�����0�L�O�D�N�R�Y�L�ü�� �0���� �%�L�H�O�H�Q�� �$���� �:�L�F�K�P�D�Q�Q�� �)���� �8�G�L�N�R�Y�L�ü��

�.�R�O�L�ü�� �1���� �)�X�Q�F�W�L�R�Q�D�O�� �U�H�S�H�U�W�R�L�U�H�� �R�I�� �D�Q�W�L�E�L�R�W�L�F�� �U�H�V�L�V�W�D�Q�F�H��genes in antibiotic 

manufacturing effluents and receiving freshwater sediments. Frontiers in 

Microbiology 8 (2018): 2675. doi: 10.3389/fmicb.2017.02675 

 

 

 
 
Slika 3. Udio metagenomskih klonova (%) otpornih na antibiotike �G�R�E�L�Y�H�Q�L�K�� �S�R�P�R�ü�X��
funkcionalne metagenomike iz otpadne vode Industrije 1 i sedimenata rijeke Save (A) te 
otpadne vode Industrije 2 i sedimenata potoka Kalinovica (B, C, D, E i F). Antibiotici i 
koncentracija antibiotika (mg L-1) �N�R�U�L�ã�W�H�Q�L�� �]�D�� �N�D�U�D�N�W�H�U�L�]�D�F�L�M�X�� �N�Q�M�L�å�Q�L�F�D navedeni su iznad 
svakog grafa. �8�G�L�R���N�O�R�Q�R�Y�D���R�W�S�R�U�Q�L�K���Q�D���D�Q�W�L�E�L�R�W�L�N�H���X���V�Y�D�N�R�M���N�Q�M�L�å�Q�L�F�L��prikazan je kao omjer 
klonova otpornih na antibiotike i ukupnog broja klonova. Oznaka slike u radu Supplementary 
Figure 1.  



                                                                                                                                            Prilozi 

192 
 

 
 

 
 
Slika 4. �5�D�V�S�R�G�M�H�O�D���S�R�V�W�R�W�N�D���V�O�L�þ�Q�R�V�W�L��proteinskih sekvenci gena za otpornost 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. �5�D�V�S�R�G�M�H�O�D���V�O�L�þ�Q�R�V�W�L��proteinske sekvence gena za otpornost na antibiotike iz skupine 
sulfonamida (sulfametazin, SMZ), 2,4-diaminopirimidi�Q�D�� ���W�U�L�P�H�W�R�S�U�L�P���� �7�0�3������ ��-laktama 
(ampicilin, AMP; cefotaksim, CTX) i tetraciklina (tetraciklin, TET; oksitetraciklin, OTC) u 
odnosu na sekvence pohranjene u NCBI bazi. Oznaka slike u radu Supplementary 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 
preuzete �V�X���L�]���1�&�%�,���E�D�]�H���S�R�G�D�W�D�N�D�����6�W�D�E�O�R���M�H���L�]�J�U�D�ÿ�H�Q�R���P�H�W�R�G�R�P���P�D�N�V�L�P�D�O�Q�H���V�O�L�þ�Q�R�V�W�L�����H�Q�J�O����
Maximum Likelihood�����X���*�H�Q�H�L�R�X�V���S�U�R�J�U�D�P�X�����3�R�G�U�ã�N�D���]�D���J�U�D�Q�D�Q�M�D���X�Q�X�W�D�U���V�W�D�E�O�D���R�G�U�H�ÿ�H�Q�D���M�H���Q�D��
temelju 1.�������� �S�R�Q�D�Y�O�M�D�Q�M�D���� �D�� �S�U�L�N�D�]�D�Q�H�� �V�X�� �Y�U�L�M�H�G�Q�R�V�W�L�� �Y�L�ã�H�� �R�G�� ���������� �2�]�Q�D�N�D�� �V�O�L�N�H�� �X�� �Uadu 
Supplementary Figure 4.  
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Slika 7. Okolne regije �J�H�Q�D���R�G�J�R�Y�R�U�Q�L�K���]�D���R�W�S�R�U�Q�R�V�W���Q�D���P�D�N�U�R�O�L�G�H���L�]���P�H�W�D�J�H�Q�R�P�V�N�L�K���N�Q�M�L�å�Q�L�F�D��
�S�R�U�L�M�H�N�O�R�P���L�]���R�W�S�D�G�Q�H���Y�R�G�H���,�Q�G�X�V�W�U�L�M�H�������L���U�H�F�L�S�L�M�H�Q�W�Q�L�K���V�H�G�L�P�H�Q�D�W�D�����2�N�Y�L�U�L���þ�L�W�D�Q�M�D���J�H�Q�D�����H�Q�J�O�� 
Open Reading Frame, ORF) prikazani su �V�W�U�H�O�L�F�D�P�D���� �3�O�D�Y�R�P�� �V�X�� �E�R�M�R�P�� �R�]�Q�D�þ�H�Q�L�� �J�H�Q�L�� �]�D��
�R�W�S�R�U�Q�R�V�W�� �Q�D�� �P�D�N�U�R�O�L�G�H���� �O�M�X�E�L�þ�D�V�W�R�P�� �J�H�Q�L�� �]�D�� �R�W�S�R�U�Q�R�V�W�� �Q�D�� �V�X�O�I�R�Q�D�P�L�G�H���� �V�L�Y�R�P�� �V�X�� �E�R�M�R�P��
�R�]�Q�D�þ�H�Q�L���S�R�N�U�H�W�Q�L���J�H�Q�H�W�L�þ�N�L���H�O�H�P�H�Q�W�L�����D���E�L�M�H�O�R�P���K�L�S�R�W�H�W�V�N�L���S�U�R�W�H�L�Q�L�����,�V�S�U�H�N�L�G�D�Q�L���G�L�M�H�O�R�Y�L���V�W�U�H�O�L�F�D��
�R�]�Q�D�þ�D�Y�D�M�X��nepotpune sekvence. Oznaka slike u radu Supplementary Figure 5.  
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Tablica 5. �%�U�R�M���M�H�G�L�Q�V�W�Y�H�Q�L�K���J�H�Q�D���]�D���R�W�S�R�U�Q�R�V�W���Q�D���D�Q�W�L�E�L�R�W�L�N�H���X���P�H�W�D�J�H�Q�R�P�V�N�L�P���N�Q�M�L�å�Q�L�F�D�P�D��
porijeklom iz sedimenata sa uzvodne lokacije i lokacije ispusta te otpadne vode Industrije 1 (A) 
i Industrije 2 (B). Geni su klasificirani obzirom na mehanizam otpornosti za kojeg kodiraju. 
Oznaka tablice u radu Supplementary Table 1.  
 
A) 
 

Industry area 1 

Library  Mechanism of macrolide resistance 
Number of unique 

ARGS 

S_US_C1 Unknown- GTPase binding protein 4 

F_WW_C1 Efflux pump 1 

 Ribosomal protection 3 

B_DS_C1 

Efflux pump 1 

Macrolide inactivation 1 

Methylation of rRNA 1 

 Ribosomal protection 1 

S_DS_C1 
Efflux pump 1 

Macrolide inactivation 2 

 Ribosomal protection 1 

                                                             TOTAL:  16 
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B) 

Industry area 2 

Library  Mechanism of antibiotic resistance 
Number of 

unique ARGs 

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 - beta-lactamase 2 

F_WW_C2 Modification of target site - dihydropteroate synthase 1 

Modification of target site - dihydrofolate reductase 5 

Modification of target site - thymidylate synthase 1 

Efflux - tetracycline transporter 6 

Antibiotic inactivation - beta-lactamase 3 

B_DS_C2 Modification of target site - dihydropteroate synthase   2 

Modification of target site - dihydrofolate reductase  3 

Efflux - tetracycline transporter 4 

Antibiotic inactivation - beta-lactamase 1 

S_DS_C2 Modification of target site - dihydropteroate synthase 2 

Modification of target site - dihydrofolate reductase 11 

Modification of target site - thymidylate synthase 1 

Efflux - tetracycline transporter 5 

Antibiotic inactivation - beta-lactamase 9 

                                                             TOTAL:  66 
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Tablica 6. Geni za otpornost na antibiotike �L�]���P�H�W�D�J�H�Q�R�P�V�N�L�K���N�Q�M�L�å�Q�L�F�D���Sorijeklom iz otpadne vode Industrije 2 te sedimenata s uzvodne lokacije 
i lokacije ispusta potoka Kalinovica. Prikazani su klonovi koji ispoljavaju otpornost na sulfametazin (SMZ), trimetoprim (TMP), oksitetraciklin 
(OTC), tetraciklin (TET), ampicilin (AMP) i cefotaksim (CTX). MIC: minimalna inhibitorna koncentracija (engl. Minimum Inhibitory 
Concentration). Jedinstveni geni (nukleotidna sekvenca) iz �L�V�W�H���N�Q�M�L�å�Q�L�F�H���V�X���R�]�Q�D�þ�H�Q�L���V�D�
�����2�]�Q�D�N�D���W�D�E�O�L�F�H���X���U�D�G�X��Supplementary Table 2.  
 

Antibiotic used 
for selection 

Clone designation / 
origin  

MIC  
(mg L�í��) 

Gene 
length 
(bp) 

Gene annotation (Closest  BLASTX hit in 
NCBI)  

% amino acid 
identity. GenBank Accession # 

Sulfamethazine 

SMZ2_S_US_C2/ 
Upstream sediment 

>1 024 (SMZ) 927 Dihydropteroate synthase Sul1 
(Enterobacter cloacae WP_012695459.1)     * 

99 MG585961 

SMZ7_S_US_C2/ 
Upstream sediment >1 024 (SMZ) 927 

Dihydropteroate synthase Sul1 
(Enterobacter cloacae WP_012695459.1)      99 MG585962 

SMZ10_S_US_C2/ 
Upstream sediment >1 024 (SMZ) 927 

Dihydropteroate synthase Sul1 
(Enterobacter cloacae WP_012695459.1) 99 MG585963 

SMZ5_F_WW_C2/ 
Effluent >1 024 (SMZ) 927 Dihydropteroate synthase Sul1 

(Enterobacter cloacae WP_012695459.1)     * 99 MG585964 

SMZ6_F_WW_C2/ 
Effluent >1 024 (SMZ) 927 Dihydropteroate synthase Sul1 

(Enterobacter cloacae WP_012695459.1) 99 MG585965 

SMZ10_F_WW_C2/ 
Effluent >1 024 (SMZ) 927 Dihydropteroate synthase Sul1 

(Enterobacter cloacae WP_012695459.1) 99 MG585966 

SMZ1_B_DS_C2/ 
Sediment bacteria >1 024 (SMZ) 852 Dihydropteroate synthase Sul2 

(Escherichia coli HVH 213 EQU75297.1)    * 99 MG585967 

SMZ5_B_DS_C2/ 
Sediment bacteria >1 024 (SMZ) 927 Dihydropteroate synthase Sul1 

(Enterobacter cloacae WP_012695459.1)     * 99 MG585968 

SMZ9_B_DS_C2/ 
Sediment bacteria >1 024 (SMZ) 927 Dihydropteroate synthase Sul1 

(Enterobacter cloacae WP_012695459.1) 99 MG585969 

SMZ6_S_DS_C2/ 
Discharge sediment >1 024 (SMZ) 927 Dihydropteroate synthase Sul1 

(Acinetobacter baumannii ADX02776.1)      * 99 MG585970 



                                                                                                                                                                                                                              Prilozi 

199 
 

SMZ8_S_DS_C2/ 
Discharge sediment >1 024 (SMZ) 927 Dihydropteroate synthase Sul1 

(Enterobacter cloacae WP_012695459.1)     * 99 MG585971 

Trimethoprim  

TRM2_S_US_C2/ 
Upstream sediment 512 (TRM)   795 

Thymidylate synthase 
(Bacteroidetes bacterium GWB2_41_8 
OFX59224)                                                    * 

90 MG585972 

TRM5_S_US_C2/ 
Upstream sediment >512 (TRM) 795 

Thymidylate synthase 
(Neisseria sp. HMSC15C08 
WP_070491626.1)                                         * 

80 MG585973 

TRM6_S_US_C2/ 
Upstream sediment >512 (TRM) 504 Dihydrofolate reductase 

(Nitrosomonas nitrosa SFM09632.1)            * 53 MG585975 

TRM7_S_US_C2/ 
Upstream sediment 

>512 (TRM) 483 Dihydrofolate reductase 
(Methylotenera versatilis WP_047542178.1)* 

74 MG585976 

TRM8_S_US_C2/ 
Upstream sediment >512 (TRM) 528 

Dihydrofolate reductase 
(Lactonifactor longoviformis 
WP_072849072.1)                                         * 

49 MG585977 

TRM10_S_US_C2/ 
Upstream sediment >512 (TRM) 

498 
Dihydrofolate reductase 
(Lentimicrobium saccharophilum 
WP_062039092.1)                                          * 

57 MG585978 

795 

Thymidylate synthase 
(Bacteroidetes bacterium GWA2_40_15 
OFX42999.1)                                                  
*  

80 MG585974 

TRM2_F_WW_C2/ 
Effluent >512 (TRM) 483 Dihydrofolate reductase DfrA14 

(Escherichia coli YP_006953259.1)              * 100 MG585979 

TRM6_F_WW_C2/ 
Effluent >512 (TRM) 294 Dihydrofolate reductase DHFR2 

(Pseudomonas aeruginosa CAQ52800.1)      * 99 MG585986 

TRM8_F_WW_C2/ 
Effluent >512 (TRM) 483 Dihydrofolate reductase DfrA14 

(Salmonella enterica  NP_569370.1)             * 100 MG585980 

TRM10_F_WW_C2/ 
Effluent 

>512 (TRM) 483 Dihydrofolate reductase DfrA14 
(Salmonella enterica NP_569370.1)              * 

99 MG585981 

TRM13_F_WW_C2/ 
Effluent 

>512 (TRM) 483 Dihydrofolate reductase DfrA14 
(Escherichia coli YP_006953259.1) 

100 MG585982 
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TRM16_F_WW_C2/ 
Effluent >512 (TRM) 486 

Dihydrofolate reductase 
(Flavobacterium sasangense 
WP_026725269.1)                                         * 

93 MG585985 

TRM17_F_WW_C2/ 
Effluent >512 (TRM) 483 Dihydrofolate reductase DfrA14 

(Salmonella enterica NP_569370.1) 100 MG585983 

TRM19_F_WW_C2/ 
Effluent >512 (TRM) 843 Thymidylate synthase 

(Acinetobacter lwoffii WP_004729505.1)     * 100 MG585984 

TRM1_B_DS_C2/ 
Sediment bacteria >512 (TRM) 483 Dihydrofolate reductase DfrA14 

(Escherichia coli YP_006953259.1)             * 100 MG585987 

TRM2_B_DS_C2/ 
Sediment bacteria 

>512 (TRM) 483 Dihydrofolate reductase DfrA14 
(Escherichia coli YP_006953259.1) 

100 MG585988 

TRM4_B_DS_C2/ 
Sediment bacteria >512 (TRM) 483 

Dihydrofolate reductase DfrA14 
(Escherichia coli YP_006953259.1) 100 MG585989 

TRM5_B_DS_C2/ 
Sediment bacteria >512 (TRM) 486 

Dihydrofolate reductase 
(Neisseria wadsworthii WP_040666967.1)   * 78 MG585992 

TRM6_B_DS_C2/ 
Sediment bacteria >512 (TRM) 459 Dihydrofolate reductase DfrA12 

(Escherichia coli WP_071846383.1)             * 100 MG585991 

TRM7_B_DS_C2/ 
Sediment bacteria >512 (TRM) 483 Dihydrofolate reductase DfrA14 

(Escherichia coli YP_006953259.1) 100 MG585990 

TRM2_S_DS_C2/ 
Discharge sediment 512 (TRM) 483 

Dihydrofolate reductase 
(Flavobacterium sinopsychrotolerans 
WP_091173155.1)                                          * 

84 MG585993 

TRM3_S_DS_C2/ 
Discharge sediment >512 (TRM) 486 

Dihydrofolate reductase 
(Flavobacterium sasangense 
WP_026725269.1)                                          * 

94 MG585994 

TRM4_S_DS_C2/ 
Discharge sediment >512 (TRM) 510 

Dihydrofolate reductase 
(Ruminococcaceae bacterium YRB3002 
SCW70680.1)                                                 * 

59 MG585995 

TRM5_S_DS_C2/ 
Discharge sediment >512 (TRM) 795 Thymidylate synthase 

(Bdellovibrio exovorus WP_015470741.1)    * 87 MG586006 
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507 Dihydrofolate reductase 
(uncultured bacteria AIA18652.1)                 * 72 MG585996 

TRM6_S_DS_C2/ 
Discharge sediment >512 (TRM) 702 Dihydrofolate reductase DfrA17  

(Klebsiella pneumoniae WP_013023850.1)  * 93 MG586003 

TRM7_S_DS_C2/ 
Discharge sediment >512 (TRM) 477 Dihydrofolate reductase DfrA1 

(Citrobacter freundii WP_053764311.1)       * 99 MG586002 

TRM8_S_DS_C2/ 
Discharge sediment 512 (TRM) 486 

Dihydrofolate reductase 
(Flavobacterium sasangense 
WP_026725269.1) 

94 MG585997 

TRM9_S_DS_C2/ 
Discharge sediment 

>512 (TRM) 483 Dihydrofolate reductase DfrA14 
(Escherichia coli YP_006953259.1)              * 

100 MG586004 

TRM10_S_DS_C2/ 
Discharge sediment >512 (TRM) 498 

Dihydrofolate reductase 
(Paludibacter propionicigenes 
WP_013444380)                                             * 

75 MG585998 

TRM11_S_DS_C2/ 
Discharge sediment 512 (TRM) 483 

Dihydrofolate reductase 
(Flavobacterium sinopsychrotolerans 
WP_091173155.1) 

84 MG585999 

TRM12_S_DS_C2/ 
Discharge sediment >512 (TRM) 483 

Dihydrofolate reductase 
(Flavobacterium sinopsychrotolerans 
WP_091173155.1)                                          * 

84 MG586000 

TRM14_S_DS_C2/ 
Discharge sediment >512 (TRM) 483 Dihydrofolate reductase DfrA14 

(Salmonella enterica NP_569370.1)              * 100 MG586005 

TRM19_S_DS_C2/ 
Discharge sediment >512 (TRM)  495 

Dihydrofolate reductase 
(Flavobacterium antarcticum 
WP_022826597.1)                                          * 

79 MG586001 

Oxytetracycline 

OTC4_S_US_C2/ 
Upstream sediment 

128 (OTC) 
64 (TET) 1 191 Tetracycline MFS efflux pump 

(Escherichia coli AGL61409)                        * 100 MG586007 

OTC8_S_US_C2/ 
Upstream sediment 

128 (OTC) 
128 (TET) 1 320 

Tetracycline MFS efflux pump 
(Flavobacterium psychrophilum  
AIJ37130.1)                                                    * 

97 MG586008 

OTC1_F_WW_C2/ 
Effluent 

512 (OTC) 
256 (TET) 1 275  Tetracycline  MFS efflux pump 

(Escherichia coli WP_01327937.1)               * 100 MG586009 
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OTC5_F_WW_C2/ 
Effluent 

128 (OTC) 
128 (TET) 1 122 Tetracycline MFS efflux pump 

(Acinetobacter gerneri EPR81956.1 )            * 100 MG586011 

OTC6_F_WW_C2/ 
Effluent 

128 (OTC) 
128 (TET) 1 317 

Tetracycline efflux pump  
(Flavobacterium psychrophilum  
AIJ37130.1)                                                    * 

94 MG586012 

OTC8_F_WW_C2/ 
Effluent 

128 (OTC) 
64 (TET) 1 191 Tetracycline MFS efflux pump 

(Enterobacter cloacae OUK56633.1)            * 100 MG586010 

OTC9_F_WW_C2/ 
Effluent 

128 (OTC) 
128 (TET) 1 320 

Tetracycline MFS efflux pump 
(Flavobacterium psychrophilum  
AIJ37130.1)                                                   * 

99 MG586013 

OTC10_F_WW_C2/ 
Effluent 

64 (OTC) 
64 (TET) 

1 320 
Tetracycline MFS efflux pump 
(Flavobacterium psychrophilum 
 AIJ37130.1)                                                   * 

97 MG586014 

OTC1_B_DS_C2/ 
Sediment bacteria 

512 (OTC) 
128 (TET) 1 320 

Tetracycline MFS efflux pump 
(Flavobacterium psychrophilum  
AIJ37130.1)                                                    * 

99 MG586029 

OTC2_B_DS_C2/ 
Sediment bacteria 

128 (OTC) 
128 (TET) 1 188 

Tetracycline MFS efflux pump 
(Acinetobacter WP_004856455)                    * 99 MG586033 

OTC6_B_DS_C2/ 
Sediment bacteria 

128 (OTC) 
64 (TET) 1 275 Tetracycline MFS efflux pump 

(Escherichia coli WP_01327937.1)               * 100 MG586032 

OTC1_S_DS_C2/ 
Discharge sediment 

128 (OTC) 
128 (TET) 1 320 

Tetracycline MFS efflux pump 
(Flavobacterium psychrophilum  
AIJ37130.1)                                                    * 

97 MG586015 

OTC2_S_DS_C2/ 
Discharge sediment 

128 (OTC) 
128 (TET) 1 275 Tetracycline  MFS efflux pump 

(Escherichia coli WP_01327937.1)               * 100 MG586022 

OTC5_S_DS_C2/ 
Discharge sediment 

64 (OTC) 
64 (TET) 1 191 Tetracycline MFS efflux pump 

(Escherichia coli AGL61409)                        * 100 MG586021 

Tetracycline 

TET2_B_DS_C2/ 
Sediment bacteria 

64 (TET)  
64 (OTC) 1 320 Tetracycline MFS efflux pump 

(Flavobacterium psychrophilum AIJ37130.1) 99 MG586030 

TET10_B_DS_C2/ 
Sediment bacteria 

64 (TET)  
64 (OTC) 1 320 

Tetracycline MFS efflux pump 
(Flavobacterium psychrophilum  
AIJ37130.1)                                                    * 

98 MG586031 
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TET1_S_DS_C2/ 
Discharge sediment 

64 (TET)  
64 (OTC) 1 320 Tetracycline MFS efflux pump 

(Flavobacterium psychrophilum AIJ37130.1) 97 MG586016 

TET3_S_DS_C2/ 
Discharge sediment 

64 (TET)  
64 (OTC) 1 320 

Tetracycline MFS efflux pump 
(Flavobacterium psychrophilum  
AIJ37130.1)                                                    * 

99 MG586017 

TET5_S_DS_C2/ 
Discharge sediment 

64 (TET)  
64 (OTC) 1 320 Tetracycline MFS efflux pump 

(Flavobacterium psychrophilum AIJ37130.1) 97 MG586018 

TET6_S_DS_C2/ 
Discharge sediment 

64 (TET)  
64 (OTC) 1 320 Tetracycline MFS efflux pump 

(Flavobacterium psychrophilum AIJ37130.1) 99 MG586019 

TET9_S_DS_C2/ 
Discharge sediment 

64 (TET)  
64 (OTC) 

1 320 
Tetracycline MFS efflux pump 
(Flavobacterium psychrophilum  
AIJ37130.1)                                                    * 

98 MG586020 

Ampicillin  

AMP1_S_US_C2/ 
Upstream sediment 

>1 024 (AMP)  
<8 (CTX) 777 

Class D beta-lactamase OXA-198 
(Pseudomonas aeruginosa  
WP_094865115.1)                                         * 

70 MG586024 

AMP6_S_US_C2/ 
Upstream sediment 

>1 024 (AMP) 
<8 (CTX) 828 

Class D beta-lactamase OXA-10 
(Klebsiella pneumoniae  
WP_020442392.1)                                         * 

99 MG586023 

AMP6_F_WW_C2/ 
Effluent 

>1 024 (AMP) 
<0.25 (CTX) 849 Class D beta-lactamase 

(uncultured bacterium AMP47957.1)            * 99 MG586025 

AMP7_F_WW_C2/ 
Effluent 

>1 024 (AMP) 
<0.25 (CTX) 828 

Class D beta-lactamase OXA-10 
(Klebsiella pneumoniae  
WP_020442392.1)                                          * 

99 MG586028 

AMP11_F_WW_C2/ 
Effluent 

>1 024 (AMP) 
<0.25 (CTX) 741 

Subclass B1 metallo-beta-lactamase 
(Flavobacterium plurextorum 
WP_089058075)                                             * 

98 MG586026 

AMP18_F_WW_C2/ 
Effluent 

>1 024 (AMP) 
<0.25 (CTX) 849 Class D beta-lactamase 

(uncultured bacterium AMP47957.1) 99 MG586027 

AMP2_S_DS_C2/ 
Discharge sediment 

>1 024 (AMP) 
>16 (CTX) 864 

Class A extended-spectrum beta-lactamase 
GES-1 
(Klebsiella pneumoniae AAO32356.1)         * 

100 MG586040 

AMP3_S_DS_C2/ 
Discharge sediment 

>1 024 (AMP) 
8 (CTX) 1 152 Class C beta-lactamase CMY-10 

(Acinetobacter baumannii EXB07206.1)       * 99 MG586041 
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AMP4_S_DS_C2/ 
Discharge sediment 

>1 024 (AMP) 
>16 (CTX) 906 Class A beta-lactamase 

(Pedobacter sp. PACM 27299 ALL06350.1)* 59 MG586035 

AMP6_S_DS_C2/ 
Discharge sediment 

>1 024 (AMP) 
<0.25 (CTX) 786 

Class D beta-lactamase 
(Desulforegula conservatrix 
WP_027358149.1)                                          * 

55 MG586036 

AMP7_S_DS_C2/ 
Discharge sediment 

>1 024 (AMP) 
<0.25 (CTX) 903 Class D beta-lactamase 

(uncultured bacterium AMP47162.1)            * 100 MG586037 

AMP8_S_DS_C2/ 
Discharge sediment 

>1 024 (AMP)  
8 (CTX) 855 BJP beta-lactamase 

(uncultured bacterium AIA18864)                 * 74 MG586038 

AMP9_S_DS_C2/ 
Discharge sediment 

512 (AMP) 
<0.25 (CTX) 

876 Beta-lactamase OXA-1 precursor 
(Acinetobacter baumannii SCY69726.1)       * 

99 MG586043 

AMP10_S_DS_C2/ 
Discharge sediment 

>1 024 (AMP) 
32 (CTX) 900 

Class A extended-spectrum beta-lactamase 
VEB-9 
(Pseudomonas aeruginosa OOK92124.1)     * 

100 MG586042 

AMP12_S_DS_C2/ 
Discharge sediment 

>1 024 (AMP)  
8 (CTX) 741 

Subclass B1 metallo-beta-lactamase 
(Flavobacterium oncorhynchi 
WP_089052251.1)                                          * 

97 MG586039 

AMP18_S_DS_C2/ 
Discharge sediment 

1 024 (AMP) 
>0.25 (CTX) 876 Class D beta-lactamase OXA-1 

(Acinetobacter baumannii SCY69726.1) 99 MG586044 

Cefotaxime 
CTX2_B_DS_C2/ 
Sediment bacteria 

32 (CTX) 1 152 
CMY-1/MOX family class C beta-lactamase 
MOX-9 
(Citrobacter freundii AIG22447.1)                * 

98 MG586034 
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7.3. Dodatne informacije uz rad: 

�0�L�O�D�N�R�Y�L�ü���0�����9�H�V�W�H�U�J�D�D�U�G���*�����*�R�Q�]�i�O�H�]���3�O�D�]�D���-�-�����3�H�W�U�L�ü���,�����â�L�P�D�W�R�Y�L�ü���$�����6�H�Q�W�D���,�����.�X�E�O�L�N��

�6�����6�F�K�O�R�W�H�U���0�����8�G�L�N�R�Y�L�ü���.�R�O�L�ü���1�����3�R�O�O�X�W�L�R�Q���I�U�R�P���D�]�L�W�K�U�R�P�\�F�L�Q-manufacturing promotes 

macrolide-resistance 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 pokazat�H�O�M�L�� �L�� �P�H�ÿ�X�Q�D�U�R�G�Q�R�� �V�W�D�Q�G�D�U�G�L�]�L�U�D�Q�H�� ���,�6�2���� �P�H�W�R�G�H��
�N�R�U�L�ã�W�H�Q�H���]�D���D�Q�D�O�L�]�X���U�L�M�H�þ�Q�L�K���V�H�G�L�P�H�Q�D�W�D�����2�]�Q�D�N�D���W�D�E�O�L�F�H���X���U�D�G�X��Table S1.  

Parameter ISO standard Methodology 

pH (H2O ) 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 (NO2
-) HRN EN ISO 10304-1:2009 Ion chromatography 

Nitrate (NO3
-) HRN EN ISO 10304-1:2009 Ion chromatography 

Ammonium (NH4
+) HRN EN ISO 14911:2001 Ion chromatography 
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Tablica 8. �3�D�U�R�Y�L���S�R�þ�H�W�Q�L�F�D���N�R�U�L�ã�W�H�Q�L���]�D���N�Y�D�Q�W�L�I�L�N�D�F�L�M�X�������6���U�5�1�$���J�H�Q�D�����J�H�Q�D���]�D���R�W�S�R�U�Q�R�V�W���Q�D��
makrolidne antibiotike i �L�Q�W�H�J�U�R�Q�D�� �V�N�X�S�L�Q�H�� ������ �7�R�þ�Q�R�V�W�� ���52���� �L�� �X�þ�L�Q�N�R�Y�L�W�R�V�W�� �������� �V�Y�D�N�H��
amplifikacijske reakcije prikazani su za zimsku (Assay 1) i ljetnu (Assay 2) sezonu. Oznaka 
tablice u radu Table S2.  

Target 
gene 

Primer name �W�Œ�]�u���Œ���•���‹�µ���v�������ñ�[���Æ �ï�[ 
Amplicon 
size (bp) 

�d�u���£���Ž 
Accuracy (R2) Efficiency [%] 

Reference 
Assay1 Assay2 Assay1 Assay2 

mphG PrFW024 GGTATAAGTGAGCAATTGGAAAC 
128 60 0.9946 0.9916 108.99 90.55 this study** 

PrFW025 GCTCCATCCTTTGAAGCTAG 
mphE PrFW028 CTGTTTTCGGTGAAGAAAGTC 

124 60 0.9931 0.9916 94.33 102.29 this study** 
PrFW029 CCATAAGCTAGAGGTGCGG 

msrE PrFW030 CAATGTTATCTCGCCTTGGTG 
127 60 0.9956 0.9945 85.47 98.61 this study** 

PrFW031 GTTGGTTCATCCGCTAGAATG 
mefC PrFW036 GCTTACAAGTTATGCTGTTCAG 

195 60 0.9970 0.9916 81.24 90.55 this study** 
PrFW037 CAGAGAGCTATAAAAGCATCC 

ermB erm(B)-91f GATACCGTTTACGAAATTGG 
364 58 0.9836 0.9916 94.71 105.15 

Chen et al., 
2007 erm(B)-454r GAATCGAGACTTGAGTGTGC 

16S rRNA 534R CCTACGGGAGGCAGCAG 
174 60 0.9997 0.9934 102.11 83.65 

Lopez et al., 
2004  341F ATTACCGCGGCTGCTGGCA 

intl1 intl1_LC1 GCCTTGATGTTACCCGAGAG 
196 60 0.9956 0.9970 83.02 86.56 

Barraud et al., 
2010  intl1_LC5 GATCGGTCGAATGCGTGT 

�
���W�H�P�S�H�U�D�W�X�U�D���V�S�D�U�L�Y�D�Q�M�D���S�D�U�R�Y�D���S�R�þ�H�W�Q�L�F�D 
�
�
���S�D�U�R�Y�L���S�R�þ�H�W�Q�L�F�D���V�X���N�R�Q�V�W�U�X�L�U�D�Q�L �N�R�U�L�V�W�H�ü�L���V�H�N�Y�H�Q�F�H���S�U�H�W�K�R�G�Q�R���L�G�H�Q�W�L�I�L�F�L�U�D�Q�L�K���J�H�Q�D�����*�R�Q�]�i�O�H�]-Plaza i sur., 2018) 
�S�R�P�R�ü�X���*�H�Q�H�L�R�V�X�V���S�U�R�J�U�D�P�D�����Y������������ 
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Tablica 9. Fizikalno-kemijski pokazatelji sedimenata rijeke Save tijekom zimske i ljetne 
sezone. Oznaka tablice u radu Table S3.  
 

Parameter 
Sampling 
campaign 

Sampling site 

UP7500 DW0 DW300 DW700 DW4500 DW11000 

pH (H2O) 
Winter 8.63 8.53 8.80 8.41 9.12 8.37 
Summer 8.76 7.67 8.78 8.35 8.58 8.28 

�d���~�£���• 
Winter 9.5 9.5 10.1 8.5 9.8 9.7 
Summer 24.8 24.1 24.0 23.5 25.0 24.7 

Conductivity (KCl)  
(mS) 

Winter 48.3 115.2 223.0 52.7 115.0 56.9 
Summer 59.5 951.0 56.5 122.6 65.5 162.8 

Sand (%) 
Winter 85.2 56.4 70.7 71.4 82.1 79.4 
Summer 78.5 69.9 63.4 47.4 64.9 81.8 

Silt (%) 
Winter 12.8 37.9 25.5 25.2 13.3 17.6 
Summer 18.1 27.9 32.2 47.3 30.3 15.7 

Clay (%) 
Winter 2.0 5.7 3.8 3.4 2.6 3.0 
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 

Total carbon (%) 
Winter 7.50 9.06 8.20 8.11 6.98 6.42 
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 
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 
Summer 0.49 0.47 0.48 0.33 0.31 0.35 

NO2
- (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 

NO3
- (mg/kg) 

 
Winter 2.26 <10 3.51 4.03 <10 2.41 
Summer 44.0 23.0 56.0 <10 24.0 31.0 

NH4
+ (mg/kg) 

Winter <0.05 25 0.05 0.23 <10 0.26 

Summer 0.50 296 1.60 1.90 1.50 11.0 
Lokacije uzorkovanja: UP7500, 7500 m uzvodno od ispusta (referentna lokacija); DW0, 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�H�O�D�W�L�Y�Q�D�� �]�D�V�W�X�S�O�M�H�Q�R�V�W�� �U�R�G�R�Y�D�� ���L�]�U�D�å�H�Q�D�� �X�� �S�R�V�W�R�W�N�X���� �N�R�M�L�� �V�X�� �V�H�� �]�Q�D�þ�D�M�Q�R�� �S�R�Y�H�ü�D�O�L�� �Q�D�� �Q�L�]�Y�R�G�Q�L�P�� �O�R�N�D�F�L�M�D�P�D�� ���'�:���� �X�� �R�Gnosu na 
referentnu lokaciju (UP7500���� �W�L�M�H�N�R�P�� �]�L�P�V�N�H�� �V�H�]�R�Q�H���� �=�Q�D�þ�D�M�Q�D�� �U�D�]�O�L�N�D�� �X�� �U�H�O�D�W�L�Y�Q�R�M�� �]�D�V�W�X�S�O�M�H�Q�R�V�W�L�� �U�R�G�R�Y�D�� �L�]�P�H�ÿ�X�� �Q�L�]�Y�R�G�Q�L�K�� �O�R�N�D�F�L�M�D�� ���'�:���� �L��
referentne �O�R�N�D�F�L�M�H�����8�3�������������M�H���R�]�Q�D�þ�H�Q�D���S�R�G�H�E�O�M�D�Q�R����p < 0.05). Oznaka tablice u radu Table S4.  
 

Phylum Class Order Family  Genus 
Sampling site 

UP 
7500 

WW DW0 
DW 
300 

DW 
700 

DW 
4500 

DW 
11000 

Bacteroidetes Bacteroidetes 
vadinHA17 

Uncultured Uncultured Uncultured �ì�X�ì�ì�F��
0.00 

�ì�X�ì�ì�F 
0.00 

�ì�X�ò�ô�F 
0.23 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F 
0.02 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F 
0.01 

Bacteroidia Bacteroidales Bacteroidaceae Bacteroides �ì�X�ì�ì�F 
0.00 

�ó�X�í�ò�F 
2.21 

�í�X�ì�ô�F 
0.60 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F 
0.03 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

Tannerellaceae Macellibacteroidetes �ì�X�ì�ì�F 
0.00 

�í�X�ì�ô�F 
0.14 

�î�X�ò�ò�F 
0.99 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ò�F 
0.02 

�ì�X�ì�î�F 
0.01 

�ì�X�ì�í�F 
0.00 

Paludibacteraceae Paludibacter �ì�X�ì�ì�F 
0.00 

�ì�X�í�õ�F 
0.10 

�í�X�ï�ñ�F 
0.84 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�î�F 
0.03 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

Rikenellaceae vadinBC27 wastewater-
sludge group 

�ì�X�ì�ì�F 
0.00 

�ì�X�ï�õ�F 
0.04 

�í�X�î�ì�F 
0.30 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�î�F 
0.03 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

Anaerocella �ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�ì�X�ð�ó�F 
0.24 

�ì�X�ì�í�F 
0.01 

�ì�X�ì�í�F 
0.01 

�ì�X�ì�í�F 
0.01 

�ì�X�ì�ì�F 
0.00 

Flavobacteriia Flavobacteriales Flavobacteriaceae Flavobacterium �ì�X�ó�õ�F 
0.80 

�ì�X�í�ð�F 
0.06 

�í�X�î�õ�F 
0.84 

�î�X�ô�ð�F 
2.92 

�ì�X�õ�ñ�F 
0.49 

�ì�X�ô�ì�F 
0.16 

�í�î�X�ñ�ñ�F 
9.75 

Sphingobacteriia Sphingobacteriales WCHB1-69 Uncultured 
Sphingobacteirales 
bacterium 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�ì�X�ñ�ò�F 
0.30 

�ì�X�ì�ï�F 
0.04 

�ì�X�ì�î�F 
0.01 

�ì�X�ì�ï�F 
0.02 

�ì�X�ì�ñ�F 
0.04 

Uncultured bacterium �ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�ì�X�ò�î�F 
0.11 

�ì�X�ì�í�F 
0.00 

�ì�X�ì�í�F 
0.02 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

Cyanobacteria Oxyphotobacteria Nostocales Xenococcaceae Pleurocapsa �ì�X�ì�í�F 
0.03 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�î�F 
0.03 

�ì�X�ì�î�F 
0.01 

�ì�X�ì�ò�F 
0.08 

�í�X�î�ì�F 
2.10 

�ì�X�í�ì�F 
0.12 

Firmicutes Bacilli Lactobacillales Carnobacteriaceae Trichococcus �ì�X�ì�ò�F 
0.03 

�í�X�ì�õ�F 
0.09 

�ð�X�î�ï�F 
1.20 

�ì�X�í�õ�F 
0.09 

�ì�X�í�ò�F 
0.08 

�ì�X�ï�ó�F 
0.02 

�ì�X�ï�î�F 
0.28 

Clostridia Clostridiales Christensenellaceae Christensenellacae R-7 
Group 

�ì�X�ì�ì�F 
0.00 

�ì�X�õ�î�F 
0.30 

�ì�X�ñ�ð�F 
0.11 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F 
0.02 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F 
0.01 

Family XII Guggenheimella �ì�X�ì�ì�F 
0.0 

�ì�X�ì�ì�F 
0.00 

�í�X�ð�ì�F 
0.54 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�î�F 
0.02 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

Fusibacter �ì�X�ì�í�F 
0.00 

�ì�X�ì�õ�F 
0.01 

�í�X�ð�ò�F 
0.88 

�ì�X�ì�î�F 
0.02 

�ì�X�ì�î�F 
0.02 

�ì�X�ì�î�F 
0.01 

�ì�X�ì�î�F 
0.01 

Family XIII Anaerovorax �ì�X�ì�ì�F 
0.00 

�ì�X�ì�ð�F 
0.01 

�ì�X�ð�ô�F 
0.10 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F 
0.01 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

Erysipelotrichia Erysipelotrichales Erysipelotrichaeae Erysipelothrix �ì�X�ì�í�F 
0.01 

�ì�X�í�ì�F 
0.01 

�ì�X�õ�ð�F 
0.48 

�ì�X�ì�í�F 
0.01 

�ì�X�ì�î�F 
0.02 

�ì�X�ì�î�F 
0.01 

�ì�X�ì�ò�F 
0.02 
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Proteobacteria Alphaproteobacteria Caulobacterales Caulobacteraceae Brevundimonas �ì�X�í�ò�F 
0.18 

�ì�X�ì�ò�F 
0.02 

�ì�X�ð�õ�F 
0.26 

�ì�X�ï�ï�F 
0.26 

�ì�X�ñ�î�F 
0.27 

�ì�X�ð�ð�F 
0.20 

�ì�X�ô�ô�F 
0.47 

Rhodobacterales Rhodobacteraceae Gemmobacter �ì�X�ì�í�F 
0.01 

�ì�X�ñ�ó�F 
0.07 

�ì�X�ó�ô�F 
0.32 

�ì�X�ì�ï�F 
0.04 

�ì�X�ì�ñ�F 
0.02 

�ì�X�ì�ò�F 
0.02 

�ì�X�ì�ð�F 
0.02 

Pseudorhodobacter �ì�X�ì�ð�F 
0.02 

�ì�X�ì�ï�F 
0.01 

�ì�X�ì�ó�F 
0.07 

�ì�X�î�ï�F 
0.29 

�ì�X�í�î�F 
0.07 

�ì�X�ñ�õ�F 
0.08 

�ì�X�î�ô�F 
0.18 

Paracoccus  �ì�X�ì�ï�F 
0.02 

�ì�X�í�ï�F 
0.01 

�ì�X�ï�ô�F 
0.14 

�ì�X�ì�ó�F 
0.06 

�ì�X�î�î�F 
0.14 

�ì�X�ì�ó�F 
0.08 

�ì�X�ì�õ�F 
0.07 

Tabrizicola �ì�X�í�î�F 
0.06 

�ì�X�ì�ð�F 
0.01 

�ì�X�í�î�F 
0.10 

�ì�X�í�ò�F 
0.11 

�ì�X�î�ñ�F 
0.17 

�ì�X�ñ�î�F 
0.10 

�ì�X�ò�ï�F 
0.42 

Other �ì�X�í�ì�F 
0.07 

�ì�X�ò�ô�F 
0.19 

�ì�X�ï�ð�F 
0.09 

�ì�X�ï�ð�F 
0.12 

�ì�X�î�î�F 
0.12 

�ì�X�ó�ñ�F 
0.22 

�ì�X�ò�ð�F 
0.21 

Deltaproteobacteria Desulfobacterales Desulfobacteraceae Desulfobacter �ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�í�X�î�í�F 
0.66 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

Desulfobulbus �ì�X�ì�ì�F 
0.00 

�ì�X�ì�î�F 
0.00 

�ì�X�ô�ñ�F 
0.21 

�ì�X�ì�î�F 
0.02 

�ì�X�ì�ï�F 
0.03 

�ì�X�ì�ñ�F 
0.04 

0.07 
�F�ì�X�ì�ñ 

Desulfuromonadales Geobacteraceae Geobacter �ì�X�í�í�F 
0.04 

�ì�X�ì�î�F 
0.01 

�ì�X�ò�ï�F 
0.46 

�ì�X�ì�ð�F 
0.01 

�ì�X�ì�ô�F 
0.01 

�ì�X�î�ì�F 
0.11 

�ì�X�í�ô�F 
0.06 

Gammaproteobacteria Betaproteobacteriales Comamonadaceae Comamonas �ì�X�ó�ñ�F 
0.17 

�ò�X�ì�ò�F 
1.14 

�ñ�X�î�ô�F 
1.54 

�ì�X�ó�ó�F 
0.25 

�ì�X�ô�ð�F 
0.19 

�í�X�ì�ò�F 
0.16 

�ì�X�ô�õ�F 
0.11 

Rhizobacter �ì�X�í�ð�F 
0.09 

�ì�X�ì�ì�F 
0.00 

�ì�X�ñ�ô�F 
0.41 

�ì�X�ï�ô�F 
0.25 

�ì�X�î�ñ�F 
0.13 

�ì�X�î�í�F 
0.09 

�ì�X�í�ñ�F 
0.08 

Variovorax �ì�X�í�ó�F 
0.11 

�î�X�í�õ�F 
0.35 

�î�X�ò�í�F 
1.08 

�ì�X�ñ�ó�F 
0.41 

�ì�X�ï�ô�F 
0.16 

�ì�X�î�ð�F 
0.12 

�ì�X�î�í�F 
0.14 

Hydrogenophilaceae Thiobacillus �ì�X�ì�ï�F 
0.02 

�ì�X�ì�ì�F 
0.00 

�í�X�ï�ò�F 
0.77 

�ì�X�ì�ð�F 
0.04 

�ì�X�ì�õ�F 
0.05 

�ì�X�í�í�F 
0.04 

�ì�X�í�î�F 
0.08 

Uncultured �ì�X�ì�ì�F 
0.00 

�ì�X�ì�î�F 
0.02 

�ì�X�ñ�ó�F 
0.28 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F 
0.01 

�ì�X�ì�î�F 
0.01 

�ì�X�ì�ì�F 
0.00 

Methylophilaceae Methylotenera �ì�X�í�î�F 
0.02 

�ì�X�ì�ì�F 
0.00 

�ì�X�ñ�î�F 
0.86 

�ì�X�í�ì�F 
0.04 

�ì�X�ì�ð�F 
0.04 

�ì�X�í�ï�F 
0.04 

�ì�X�ì�ï�F 
0.01 

Rhodocyclaceae Thauera �ì�X�ì�ì�F 
0.01 

�í�X�ì�ï�F 
0.09 

�ñ�X�õ�ó�F 
1.66 

�ì�X�í�ï�F 
0.14 

�ì�X�í�ñ�F 
0.17 

�ì�X�í�ñ�F 
0.13 

�ì�X�ì�õ�F 
0.03 

Dechloromonas �ì�X�ï�ó�F 
0.06 

�ì�X�ì�ð�F 
0.01 

�í�X�ì�ó�F 
0.64 

�ì�X�ð�ï�F 
0.37 

�ì�X�ï�ì�F 
0.18 

�ì�X�ï�ô�F 
0.14 

�ì�X�ó�î�F 
0.30 

Propionivibrio �ì�X�ì�ñ�F 
0.02 

�ì�X�í�ò�F 
0.02 

�ì�X�ñ�õ�F 
0.06 

�ì�X�ì�î�F 
0.01 

�ì�X�ì�ð�F 
0.02 

�ì�X�í�ñ�F 
0.08 

�ì�X�ì�ï�F 
0.02 

Methylococcales Methylomonaceae Methylomonas �ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�í�X�ñ�í�F 
1.05 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ñ�F 
0.08 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

Pseudomonadales Moraxellaceae Acinetobacter �ì�X�ì�í�F 
0.00 

�ì�X�î�ñ�F 
0.02 

�ì�X�õ�ó�F 
0.43 

�ì�X�ì�î�F 
0.01 

�ì�X�ì�ï�F 
0.04 

�ì�X�ì�ò�F 
0.04 

�ì�X�ì�î�F 
0.01 

Pseudomonadaceae Pseudomonas �ì�X�ò�ï�F 
0.25 

�í�X�ò�õ�F 
0.12 

�ï�X�ò�í�F 
0.78 

�í�X�î�î�F 
1.40 

�ì�X�ó�ó�F 
1.18 

�ì�X�ñ�ð�F 
0.17 

�ì�X�î�î�F 
0.17 

 Xanthomonadales Xanthomonadaceae Arenimonas �ì�X�ô�í�F 
0.19 

�ì�X�ì�î�F 
0.00 

�ì�X�õ�ò�F 
0.48 

�ì�X�ô�õ�F 
0.28 

�í�X�í�ñ�F 
0.75 

�í�X�ï�î�F 
0.24 

�í�X�ñ�ò�F 
1.22 
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Other Other Other �ì�X�î�ô�F 
0.01 

�ì�X�ì�ò�F 
0.04 

�ì�X�ï�ð�F 
0.02 

�ì�X�ï�ò�F 
0.20 

�ì�X�ï�ó�F 
0.09 

�ì�X�ð�õ�F 
0.09 

�ì�X�ò�í�F 
0.23 

Epsilonbacteraeota Campylobacteria Campylobacterales Thiovulaceae Sulfuricurvum �ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F 
0.01 

�î�X�ï�ó�F 
3.46 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ó�F 
0.14 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

Arcobacteraceae Arcobacter �ì�X�ì�í�F 
0.00 

�í�ò�X�ð�ï�F�î
.86 

�ô�X�í�ó�F 
3.62 

�ì�X�ì�î�F 
0.01 

�ì�X�í�í�F 
0.17 

�ì�X�í�ð�F 
0.08 

�ì�X�ì�î�F 
0.01 

Spirochaetae Spirochaetes Spirochaetales Spirochaetaecae Uncultured �ì�X�ì�ì�F 
0.00 

�ì�X�í�ð�F 
0.04 

�ì�X�õ�î�F 
0.31 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F 
0.01 

�ì�X�í�í�F 
0.10 

�ì�X�ì�ì�F 
0.00 

Sphaerochaeta �ì�X�ì�ì�F 
0.00 

�ì�X�ï�î�F 
0.06 

�ì�X�ð�ò�F 
0.22 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

Treponema �ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F 
0.01 

�ì�X�ð�ñ�F 
0.27 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F 
0.01 

�ì�X�ì�ì�F 
0.00 

Synergistetes Synergistia Synergistales Synergistaceae Uncultured �ì�X�ì�ì�F 
0.00 

�í�X�í�ï�F 
0.23 

�í�X�ñ�õ�F 
0.04 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ï�F 
0.01 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F 
0.00 

Lokacije uzorkovanja: UP7500, 7500 m uzvodno od ispusta (referentna lokacija); DW0, 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. �5�H�O�D�W�L�Y�Q�D�� �]�D�V�W�X�S�O�M�H�Q�R�V�W�� �U�R�G�R�Y�D�� ���L�]�U�D�å�H�Q�D�� �X�� �S�R�V�W�R�W�N�X���� �N�R�M�L�� �V�X�� �V�H�� �]�Q�D�þ�D�M�Q�R�� �S�R�Y�H�ü�D�O�L��na nizvodnim lokacijama (DW) u odnosu na 
referentnu (UP7500���� �W�L�M�H�N�R�P�� �O�M�H�W�Q�H�� �V�H�]�R�Q�H���� �=�Q�D�þ�D�M�Q�D�� �U�D�]�O�L�N�D�� �X�� �U�H�O�D�W�L�Y�Q�R�M�� �]�D�V�W�X�S�O�M�H�Q�R�V�W�L�� �U�R�G�R�Y�D�� �L�]�P�H�ÿ�X�� �Q�L�]�Y�R�G�Q�L�K�� �O�R�N�D�F�L�M�D�� ���'�:���� �L��referentne 
�O�R�N�D�F�L�M�H�����8�3�������������M�H���R�]�Q�D�þ�H�Q�D���S�R�G�H�E�O�M�D�Q�R����p < 0.05). Oznaka tablice u radu Table S5. 
 

Phylum Class Order Family Genus 
Sampling site 

UP 
7500 

WW DW0 
DW 
300 

DW 
700 

DW 
4500 

DW 
11000 

Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides �ì�X�ì�ì�F 
0.00 

�ð�X�ñ�õ�F 
0.06 

�ì�X�ó�ñ�F
0.08 

�ì�X�í�ð�F
0.05 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F 
0.00 

Paludibacteraceae Paludibacter �ì�X�ì�ì�F 
0.00 

�ì�X�í�õ�F 
0.02 

�ì�X�ô�ò�F
0.11 

�ì�X�ì�ô�F
0.05 

�ì�X�ì�î�F
0.01 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F 
0.00 

Rikenellaceae vadinBC27 wastewater-
sludge group 

�ì�X�ì�ì�F 
0.00 

�ì�X�ñ�ì�F 
0.05 

�ï�X�î�ó�F
0.52 

�ì�X�ì�ó�F
0.03 

�ì�X�ì�î�F
0.02 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F 
0.00 

Flavobacteriales Weeksellaceae Cloacibacterium �ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F
0.00 

�ì�X�ò�ô�F 
0.05 

�ì�X�í�ñ�F
0.01 

�ì�X�ì�í�F
0.01 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�í�F 
0.01 

Sphinobacteriia Sphingobacteriales ST-12K33 Uncultured �ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�î�X�ï�ð�F
0.14 

�ì�X�ì�ñ�F
0.02 

�ì�X�ì�ð�F
0.02 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F 
0.00 

WCHB1-69 Uncultured �ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�ì�X�ó�ô�F
0.13 

�ì�X�ì�î�F
0.02 

�ì�X�ì�í�F
0.02 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�í�F 
0.01 

Cloacimonetes W27 Uncultured Uncultured Uncultured �ì�X�ì�ì�F 
0.00 

�ð�X�ñ�ð�F 
0.00 

�î�X�ô�ô�F
0.56 

�ì�X�ì�ñ�F
0.02 

�ì�X�ì�î�F
0.02 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F 
0.00 

Cyanobacteria Oxyphotobacteria Subsection I Family I  Cyanobacterium �ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F
0.00 

�ì�X�ò�ì�F 
0.49 

Firmicutes Bacilli Lactobacillales Carnobacteriaceae Trichococcus �ì�X�ì�ò�F 
0.06 

�ì�X�ì�ó�F 
0.01 

�î�X�ì�ò�F
0.73 

�ì�X�ï�õ�F
0.19 

�ì�X�ì�ï�F
0.01 

�ì�X�ì�ð�F
0.01 

�ì�X�ì�ó�F 
0.00 

Enterococcaceae Enterococcus �ì�X�ì�ì�F
0.00 

�ì�X�ì�ï�F
0.00 

�í�X�ô�ñ�F
0.70 

�ì�X�í�ó�F
0.05 

�ì�X�ì�í�F
0.01 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F 
0.00 

Family XIII Anaerovorax �ì�X�ì�ì�F
0.00 

�ì�X�ì�ñ�F
0.00 

�í�X�ì�ò�F
0.05 

�ì�X�ì�î�F
0.01 

�ì�X�ì�î�F
0.02 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�í�F 
0.01 

Negativicutes Selenomonadales Veillonellaceae Uncultured �ì�X�ì�ì�F 
0.00 

�ì�X�ì�ô�F 
0.00 

�ì�X�ñ�õ�F
0.19 

�ì�X�ì�í�F
0.01 

�ì�X�ì�í�F
0.01 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F 
0.00 

Uncultured Bacterium enrichment �ì�X�ì�ì�F 
0.00 

�ì�X�ì�ó�F 
0.00 

�í�X�î�ñ�F
0.18 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�í�F
0.00 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F 
0.00 
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Proteobacteria Alphaproteobacteria Rhodobacterales Rhodobacteraceae Falsirhodobacter �ì�X�ì�ì�F 
0.00 

�ì�X�í�í�F 
0.01 

�í�X�ï�î�F
1.45 

�ì�X�ì�í�F
0.01 

�ì�X�ì�í�F
0.01 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F 
0.00 

Gemmobacter �ì�X�ì�î�F 
0.01 

�ì�X�ð�õ�F
0.08 

�ì�X�ð�î�F 
0.01 

�ì�X�í�ð�F 
0.03 

�ì�X�ì�î�F 
0.01 

�ì�X�ì�î�F 
0.02 

�ì�X�ì�í�F 
0.00 

Deltaproteobacteria Desulfobacterales Desulfobacteraceae Desulfatiferula �ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�ì�X�ó�ì�F
0.05 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�í�F
0.01 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F 
0.00 

Desulfobacter �ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F 
0.00 

�î�X�ì�õ�F
0.34 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F 
0.00 

Uncultured �ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�ì�X�ò�í�F
0.01 

�ì�X�ì�í�F
0.01 

�ì�X�ì�ï�F
0.02 

�ì�X�ì�î�F
0.01 

�ì�X�î�ì�F 
0.09 

Desulfobulbaceae Desulfobulbus �ì�X�ì�í�F 
0.09 

�ì�X�ì�í�F 
0.01 

�í�X�î�í�F
0.18 

�ì�X�í�ð�F
0.06 

�ì�X�ó�ó�F
0.25 

�ì�X�î�ï�F
0.13 

�ì�X�ñ�õ�F 
0.60 

Uncultured �ì�X�ì�ò�F 
0.02 

�ì�X�ì�ì�F 
0.00 

�ì�X�í�ó�F
0.01 

�ì�X�í�ñ�F
0.12 

�ì�X�î�î�F
0.07 

�ì�X�í�ó�F
0.11 

�ì�X�ñ�ô�F 
0.41 

Nitrospinaceae Uncultured  �ì�X�ì�ò�F 
0.03 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�õ�F
0.07 

�ì�X�ì�ñ�F
0.04 

�ì�X�ì�ñ�F
0.03 

�ì�X�ñ�ð�F 
0.28 

Desulfuromonadales Geobacteraceae Geobacter �ì�X�í�õ�F 
0.14 

�ì�X�ì�ð�F 
0.01 

�ì�X�î�ï�F
0.07 

�ì�X�í�ð�F
0.11 

�ì�X�î�ó�F
0.06 

�ì�X�î�ò�F
0.08 

�ì�X�ñ�ñ�F 
0.24 

Myxococcales Cystobacteraceae Anaeromyxobacter �ì�X�î�ò�F 
0.11 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F
0.00 

�ì�X�ï�ò�F
0.21 

�ì�X�ð�í�F
0.33 

�ì�X�ò�î�F
0.27 

�í�X�ð�ô�F 
0.71 

Cystobacter �ì�X�í�ì�F 
0.08 

�ì�X�ì�ì�F 
0.00 

�ì�X�ì�í�F
0.02 

�ì�X�î�ñ�F
0.27 

�ì�X�ó�ï�F
0.38 

�ì�X�í�ð�F
0.03 

�ì�X�í�ð�F 
0.09 

Gammaproteobacteria Betaproteobacteriales Burkholderiaceae Sphaerotilus �ì�X�ì�í�F 
0.00 

�ì�X�ì�ð�F 
0.01 

�ì�X�ì�î�F
0.01 

�ô�X�õ�î�F
6.39 

�ì�X�î�î�F
0.25 

�ì�X�ì�ð�F
0.00 

�ì�X�ì�í�F 
0.00 

Hydrogenophilaceae Thiobacillus �ì�X�ì�ð�F 
0.01 

�ì�X�ì�ì�F 
0.00 

�ì�X�í�í�F
0.01 

�ì�X�í�ï�F
0.10 

�ì�X�ì�ò�F
0.06 

�ì�X�ì�ô�F
0.05 

�ì�X�ó�ð�F 
0.60 

Rhodocyclaceae Dechloromonas �ì�X�ó�ñ�F 
0.02 

�ì�X�ï�î�F 
0.04 

�ì�X�õ�ò�F
0.19 

�î�X�ì�í�F
0.39 

�í�X�ô�î�F
0.21 

�ì�X�õ�ð�F
0.27 

�í�X�ò�ñ�F 
0.80 

Thauera �ì�X�ì�í�F 
0.01 

�ì�X�ó�ô�F 
0.03 

13.26
�F�î�X�ñ�ð 

�ì�X�ô�ó�F
0.16 

�ì�X�ð�ò�F
0.22 

�ì�X�ì�ñ�F
0.01 

�ì�X�ì�õ�F 
0.06 

Propionivibrio �ì�X�ò�ï�F
0.38 

�ì�X�ð�ì�F
0.04 

�í�X�ì�í�F
0.18 

�ì�X�î�ó�F
0.02 

�ì�X�ó�ï�F
0.15 

�ì�X�ï�ò�F
0.20 

�ì�X�î�ì�F 
0.21 

Xanthomonadales Xanthomonadales Incertae 
Sedis 

Candidatus Competibacer �ì�X�ì�í�F 
0.01 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�î�F
0.01 

�ì�X�ì�ï�F
0.01 

�ì�X�ì�ï�F
0.03 

�ì�X�ì�ï�F
0.01 

�ì�X�ñ�í�F 
0.48 

Pseudomonadales Pseudomonadaceae Pseudomonas �ì�X�ï�ñ�F
0.17 

�í�X�ô�ò�F
0.49 

�í�X�ï�ñ�F 
0.16 

�ì�X�ò�ì�F 
0.03 

�ì�X�ï�ô�F 
0.11 

�ì�X�ï�ô�F 
0.04 

�ì�X�í�ñ�F 
0.04 

Epsilonbacteraeota Campylobacteria Campylobacterales Arcobacteraceae Arcobacter �ì�X�ì�ì�F 
0.00 

44.39
�F�í�X�ð�ï 

�ò�X�ï�ì�F
0.71 

�í�X�ð�ò�F
0.65 

�ì�X�ì�õ�F
0.05 

�ì�X�ì�í�F
0.00 

�ì�X�ì�ï�F 
0.01 

Spirochaetae Spirochaetes Spirochaetales PL-11B10 Uncultured �ì�X�ì�ì�F 
0.00 

�ì�X�ì�ì�F 
0.00 

�í�X�ð�ô�F
0.32 

�ì�X�ì�í�F
0.00 

�ì�X�ì�ï�F
0.01 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F 
0.00 

Spirochaetae 
 

Spirochaeta 2 �ì�X�ì�õ�F 
0.03 

�ì�X�ì�ì�F 
0.00 

�ì�X�ñ�õ�F
0.04 

�ì�X�í�ô�F
0.01 

�ì�X�í�õ�F
0.14 

�ì�X�í�ï�F
0.09 

�ì�X�ô�ï�F 
0.18 

Uncultured �ì�X�ì�ð�F 
0.02 

�ì�X�ì�ð�F 
0.16 

�ì�X�õ�í�F
0.10 

�ì�X�ì�ó�F
0.00 

�ì�X�î�ò�F
0.23 

�ì�X�ì�ñ�F
0.04 

�ì�X�õ�ñ�F 
0.07 



                                                                                                                                                                                                                              Prilozi 

213 
 

Treponema �ì�X�ì�í�F
0.00 

�ì�X�ì�í�F
0.01 

�ì�X�ï�ï�F
0.03 

�ì�X�ì�í�F
0.01 

�ì�X�ì�ï�F
0.04 

�ì�X�ì�î�F
0.01 

�ì�X�í�í�F 
0.08 

Synergistetes Synergistia Synergistales Synergistaceae Uncultured �ì�X�ì�ì�F
0.00 

�ì�X�ï�î�F
0.10 

2.80�F
0.58 

�ì�X�ì�ï�F
0.01 

�ì�X�ì�í�F
0.00 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�í�F 
0.01 

Thermovirga �ì�X�ì�ì�F
0.00 

�ì�X�ó�ï�F
0.07 

�ì�X�ï�í�F
0.07 

�ì�X�ì�ð�F
0.01 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F
0.00 

�ì�X�ì�ì�F 
0.00 

Lokacije uzorkovanja: UP7500, 7500 m uzvodno od ispusta (referentna lokacija); DW0, 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 alfa raznolikost otpadne vode iz farmaceutske 
industrije koja proizvodi makrolidni antibiotik azitromicin (WW) i sedimenata rijeke Save 
�G�R�E�L�Y�H�Q�L�K�� �S�R�P�R�ü�X�� �P�H�W�U�L�N�H�� �Ä�2�E�V�H�U�Y�H�G�� �$�6�9�V�� ���D�P�S�O�L�F�R�Q�� �V�H�T�X�H�Q�F�L�Q�J�� �Y�D�U�L�D�Q�W�V���³���� �/�R�N�D�F�L�M�H��
uzorkovanja: UP7500, 7500 m uzvodno od ispusta (referentna lokacija); DW0, 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 u radu Figure S1.  
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Slika 9. Shannon-Wiener indeks �U�D�]�Q�R�O�L�N�R�V�W�L���V�H�G�L�P�H�Q�D�W�D���U�L�M�H�N�H���6�D�Y�H���Q�D���U�D�]�O�L�þ�L�W�L�P���O�R�N�D�F�L�M�D�P�D��
uzorkovanja tijekom zimske i ljetne sezone. Lokacije uzorkovanja: UP7500, 7500 m uzvodno 
od ispusta (referentna lokacija); DW0, 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 u radu Figure S2. 
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Slika 10. Taksonomska strukture bakterijske zajednice na razini koljena otpadne vode iz 
proizvodnje makrolidnog antibiotik�D���D�]�L�W�U�R�P�L�F�L�Q�D�����:�:�����L���V�H�G�L�P�H�Q�D�W�D���U�L�M�H�N�H���6�D�Y�H���Q�D���U�D�]�O�L�þ�L�W�L�P��
lokacijama uzorkovanja tijekom a) zime i b) ljeta. Bakterijska koljena sa relativnom 
�]�D�V�W�X�S�O�M�H�Q�R�ã�ü�X���P�D�Q�M�R�P���R�G�����������X���V�Y�L�P���X�]�R�U�F�L�P�D���V�X���J�U�X�S�L�U�D�Q�D���X���Ä�2�W�K�H�U�³�����/�R�N�D�F�L�M�H���X�]�R�U�N�R�Y�D�Q�M�D����
UP7500, 7500 m uzvodno od ispusta (referentna lokacija); DW0, 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 u radu Figure S3. 
  

a) b) 
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7.4. Dodatne informacije uz rad: 

�*�R�Q�]�i�O�H�]�� �3�O�D�]�D�� �-�-���� �%�O�D�X�� �.�����0�L�O�D�N�R�Y�L�ü�� �0���� �-�X�U�L�Q�D�� �7���� �6�P�D�O�O�D�� �.���� �8�G�L�N�R�Y�L�ü�� �.�R�O�L�ü�� �1����

Antibiotic-manufacturing sites are hot-spots 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 blot hibridizacijom i 

�O�D�Q�þ�D�Q�R�P�� �U�H�D�N�F�L�M�R�P�� �S�R�O�L�P�H�U�D�]�R�P�� �X�� �V�W�Y�D�U�Q�R�� �Y�U�H�P�H�Q�X�� ���H�Q�J�O�� Real Time PCR, RT-PCR) u 

plazmidnoj DNA E. coli CV06 gfp+ �W�U�D�Q�V�N�R�Q�M�X�J�D�Q�D�W�D�����3�U�L�V�X�W�Q�R�V�W���J�H�Q�D���M�H���R�]�Q�D�þ�H�Q�D���]�Q�D�N�R�P��������

�G�R�N���M�H���R�G�V�X�W�Q�R�V�W���J�H�Q�D���R�]�Q�D�þ�H�Q�D���]�Q�D�N�R�P��-. Oznaka tablice u radu Table S1.  

Industrija 1, proizvodnja azitromicina; Industrija 2, formulacija antibiotika. Lokacije: UP, uzvodno (referentna 

lokacija); DW0, ispust; WW2, otpadna voda iz formulacije antibiotika; DW3000, 3000 m nizvodno od ispusta; 

DW700, 700 m nizvodno od ispusta. TET: tetraciklin; ERY: eritromicin.    

Site 
Ind. 

facility  
Antibiotic 
for capture 

# 
tc 

intI1  qacE/ 
�T�D�F�(�û�� 

mer 
�5�7�¨�3 

sul1 sul2 tet(A) IncP-1 
(korB) 

IncP-���0 
(trfA) 

IncP-���� IncN 

UP 1 ERY 1 + + + + - - + - - - 

DW0 1 ERY 1 + + - + - - - - - - 

DW0 1 ERY 1 + + - + - - + - - - 

DW0 1 ERY 4 + + - + - + + + - - 

DW0 1 TET 2 + + - + - + + + - - 

DW0 1 TET 1 - - - - - - - - - - 

DW0 1 TET 12 + + - + - + + + - - 

DW0 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 16 + + - + - + + + - - 

UP 2 TET 2 + + - + - + - - - - 

DW0 2 TET 1 + + - + - + - - - - 

DW0 2 TET 22 + + - + - + + + - - 

DW0 2 TET 1 - - - - - + - - - - 

DW3000 2 TET 11 - - - - + - - - - - 

DW3000 2 TET 1 - - + - + - - - - - 

WW2 2 TET 23 + + - + - + + + - - 
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7.5. Dodatne informacije uz rad: 

�0�L�O�D�N�R�Y�L�ü�� �0���� �9�H�V�W�H�U�J�D�D�U�G�� �*���� �*�R�Q�]�i�O�H�]-�3�O�D�]�D�� �-�-���� �3�H�W�U�L�ü �,���� �.�R�V�L�ü-�9�X�N�ã�L�ü�� �-���� �6�H�Q�W�D�� �,����

�.�X�E�O�L�N�� �6���� �6�F�K�O�R�W�H�U�� �0���� �8�G�L�N�R�Y�L�ü-�.�R�O�L�ü�� �1���� �(�I�I�H�F�W�V�� �R�I�� �L�Q�G�X�V�W�U�L�D�O�� �H�I�I�O�X�H�Q�W�V�� �F�R�Q�W�D�L�Q�L�Q�J��

moderate levels of antibiotic mixtures on the abundance of antibiotic resistance genes 

and bacterial community composition in exposed creek sediments. Science of the Total 

Environment 

 

Tablica 13. �3�D�U�R�Y�L���S�R�þ�H�W�Q�L�F�D���L���X�Y�M�H�W�L���U�H�D�N�F�L�M�D���]�D���N�Y�D�Q�W�L�I�L�N�D�F�L�M�X�������6���U�5�1�$���E�D�N�W�H�U�L�M�V�N�R�J���J�H�Q�D���L��
�J�H�Q�D���]�D���D�Q�W�L�E�L�R�W�L�þ�N�X���R�W�S�R�U�Q�R�V�W�����2�]�Q�D�N�D���W�D�E�O�L�F�H���X���U�D�G�X Table S1.  
 

Target 
gene 

Resistance 
phenotype �W�Œ�]�u���Œ���•���‹�µ���v�������ñ�[���Æ 3�[ 

Amplicon 
size (bp) 

Tm* 
�~�£���• 

Amplification 
accuracy/efficiency Reference 

tetC Tetracyclines GGCATTCTGCATTCACTCGC  
170 60 0.996 / 107.2% This study** 

  GAAGCAAGCAGGACCATGATC 

tet39 Tetracyclines GCGGGAATTACAGGTGCCAAC 
182 60 0.991 / 98.2% This study** 

  GCAGCAAAGAACGGTGCATG 
blaGES �˜��-lactams GCGGGTTTTCCTAAAGATTGG 

196 65 0.994 / 90.1% Gatica et al., 2016 
  AATAACTTGACCGACAGAGGC 
blaVEB �˜��-lactams CGACTTCCATTTCCCGATGC 

CCAATATTGTCGCTCTCTGATAC 
183 65 0.996 / 82.2% 

Naas et al., 2000 
(F)/This study** (R)   

blaOXA-1 �˜��-lactams TATCTACAGCAGCGCCAGTG 
199 60 0.999 / 95.9% Yang et al., 2012 

  CGCATCAAATGCCATAAGTG 
blaOXA-2 �˜��-lactams TCTTCGCGATACTTTTCTCCA 

177 60 0.999 / 99.7% Yang et al., 2012 
  ATCGCACAGGATCAAAAACC 
dfrA14 Trimethoprim GTCGTTACCCGCTCAGGTTG 

177 67 0.992 / 104.1% This study** 
  GTCGATCGTCGATAAGTGGAG 
folA Trimethoprim CGAAGCTCCAGAAGGTTGTTTG 

167 67 0.990 / 100.0% This study** 
  CCGCTTCAATCGTAGTATGCAC 
sul1 Sulfonamides CCGTTGGCCTTCCTGTAAAG 

965 65 0.999 / 101.6% 
Heuer and Smalla, 
2007   TTGCCGATCGCGTGAAGT 

sul2 Sulfonamides CGGCTGCGCTTCGATT 
865 65 0.998 / 96.7% 

Heuer and Smalla, 
2007   CGCGCGCAGAAAGGATT 

mphG Macrolides GGTATAAGTGAGCAATTGGAAAC 
128 60 0.998 / 105.4% 

�D�]�o���l�}�À�]�������š�����o�X�U��
2019 GCTCCATCCTTTGAAGCTAG 

mphE Macrolides CTGTTTTCGGTGAAGAAAGTC 
124 60 0.999 / 97.2% 

�D�]�o���l�}�À�]�������š�����o�X�U��
2019 CCATAAGCTAGAGGTGCGG 

msrE Macrolides CAATGTTATCTCGCCTTGGTG 
127 60 0.998 / 99.9% 

�D�]�o���l�}�À�]�������š�����o�X�U��
2019 GTTGGTTCATCCGCTAGAATG 

mefC Macrolides GCTTACAAGTTATGCTGTTCAG 
195 60 0.996 / 104.4% 

�D�]�o���l�}�À�]�������š�����o�X�U��
2019   CAGAGAGCTATAAAAGCATCC 

ermB Macrolides GATACCGTTTACGAAATTGG 
364 58 0.990 / 105.1% Chen et al., 2007 

GAATCGAGACTTGAGTGTGC 

16S rRNA  CCTACGGGAGGCAGCAG 
196 60 0.993 / 83.6% 

�>�•�‰���Ì-�'�µ�š�]� �Œ�Œ���Ì�����š��
al., 2004 ATTACCGCGGCTGCTGGCA 

 
�
�5�H�V�L�V�W�D�Q�F�H���S�K�H�Q�R�W�\�S�H�
���R�]�Q�D�þ�D�Y�D���]�D���N�R�M�X���V�N�X�S�L�Q�X���D�Q�W�L�E�L�R�W�L�N�D���N�R�G�L�U�D���Q�D�Y�H�G�H�Q�L���J�H�Q���� 
�
���W�H�P�S�H�U�D�W�X�U�D���V�S�D�U�L�Y�D�Q�M�D���S�R�þ�H�W�Q�L�F�D 
�
�
���S�D�U�R�Y�L���S�R�þ�H�W�Q�L�F�D���V�X���N�R�Q�V�W�U�X�L�U�D�Q�L���Q�D���V�H�N�Y�H�Q�F�D�P�D���S�U�H�W�K�R�G�Q�R���L�G�H�Q�W�L�I�L�F�L�U�D�Q�L�K���J�H�Q�D�����*�R�Q�]�i�O�H�]-Plaza i sur., 2018.) 
�S�R�P�R�ü�X���S�U�R�J�U�D�P�D���0�(�*�$�������Y�H�U�]�L�M�D���������� 
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Tablica 14. Fizikalno-�N�H�P�L�M�V�N�L�� �S�R�N�D�]�D�W�H�O�M�L�� �V�H�G�L�P�H�Q�D�W�D�� �Q�D�� �U�D�]�O�L�þ�L�W�L�P�� �O�R�N�D�F�L�M�D�P�D�� �S�R�W�R�N�D��
Kalinovica tijekom zimske i ljetne sezone. Oznaka tablice u radu Table S2.  
 

Parameter Season 
Sampling sites 

UP DW0 DW3000 
pH (H2O) Winter 7.02 7.93 7.21 
 Summer 7.62 7.98 6.81 
�d���~�£���• Winter 10.4 6.9 3.0 
 Summer 22.2 20.7 23.0 
���}�v���µ���š�]�À�]�š�Ç���~�î�ñ�£���•���~�…�^�l���u�• Winter 198.0 144.1 175.2 
 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 
NO2

- (mg/kg) Winter <0.3 <0.3 <0.3 
 Summer <0.3 <0.3 <0.3 
NO3

- (mg/kg) Winter 22.8 21.0 11.0 
 Summer 19.0 24.0 19.0 
NH4

+ (mg/kg) Winter 9.77 16 <0.4 
 Summer 55.0 23.0 21.0 

Lokacije uzorkovanja: UP, uzvodno od ispusta; DW0, ispust; DW3000, 3000 m nizvodno od ispusta.  
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Tablica 15. �.�R�Q�F�H�Q�W�U�D�F�L�M�D�� �W�H�ã�N�L�K�� �P�H�W�D�O�D�� �X�� �V�H�G�L�P�H�Q�W�L�P�D�� �S�R�W�R�N�D�� �.�D�O�L�Q�R�Y�L�F�D�� �V�D�� �W�U�L�� �U�D�]�O�L�þ�L�W�H��
lokacije tijekom zimske i ljetne sezone. Oznaka tablice u radu Table S3.  
 

�8�3�����X�]�Y�R�G�Q�R���R�G���L�V�S�X�V�W�D�����'�:�������L�V�S�X�V�W�����'�:�����������������������P���Q�L�]�Y�R�G�Q�R���R�G���L�V�S�X�V�W�D�����3�R�G�H�E�O�M�D�Q�H���Y�U�L�M�H�G�Q�R�V�W�L���R�]�Q�D�þ�D�Y�D�M�X��
�N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �W�H�ã�N�L�K�� �P�H�W�D�O�D�� �L�]�Q�D�G�� �P�L�Q�L�P�D�O�Q�H�� �N�R-selektivne koncentracije (engl. Minimum co-selective 
concentration, MCC�������L�]�Q�D�G���N�R�M�H���V�H���R�þ�H�N�X�M�H���N�R-selekcija za otpornost na antibiotike (Seiler i Berendonk, 2012).  
  

 
Metal  
 

MCC* Season 
Sampling sites 

(mg/kg of dry sediment) 
UP DW0 DW3000 

Cadmium (Cd) 1.0 
Winter 0.37 0.10 0.31 
Summer 0.42 0.24 0.63 

Chromium (Cr) - 
Winter 111 139 74 
Summer 102 98 83 

Copper (Cu) 11.5 
Winter 125 43 82 
Summer 171 45 134 

Lead (Pb) - 
Winter 46 63 39 
Summer 53 52 43 

Nickel (Ni) - 
Winter 46 69 53 
Summer 178 35 35 

Zinc (Zn) 42.5 
Winter 445 186 276 
Summer 505 207 396 
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Tablica 16. �3�U�R�V�M�H�þ�Q�D�� �U�H�O�D�W�L�Y�Q�D�� �]�D�V�W�X�S�O�M�H�Q�R�V�W���>�O�R�J10 (kopija gena/rrn kopija)] kvantificiranih 
gena za otpornost na antibiotike u otpadnoj vodi iz formulacije antibiotika (WW) i sedimenata 
potoka Kalinovica tijekom zimske i ljetne sezone. Oznaka tablice u radu Table S4.  
 

Target gene 
Sampling  
campaign 

Sampling sites 

  UP WW DW0 DW3000 
tetC Winter -�î�X�ñ�õ�F�ì�X�ï�ï -�î�X�î�ó�F�ì�X�ð�ó -�î�X�ó�ô�F�ì�X�ò�ñ -�î�X�õ�ó�F�ì�X�ñ�î 
 Summer -�í�X�ó�ó�F�ì�X�ï�ò -�ì�X�õ�ñ�F�ì�X�ì�î -�ì�X�õ�õ�F�ì�X�í�ò -�í�X�ñ�í�F�ì�X�ï�í 
tet39 Winter -�ï�X�õ�õ�F�ì�X�ì�õ -�î�X�í�õ�F�ì�X�ï�ð -�ï�X�ð�ó�F�ì�X�ó�í <LOQ 
 Summer -�ì�X�õ�ô�F�ì�X�ì�í -�í�X�ó�ó�F�ì�X�ï�î �ì�X�î�ô�F�ì�X�ì�ï -�î�X�ñ�ò�F�ì�X�ï�î 
blaGES Winter <LOQ -�ð�X�ò�ó�F�ì�X�ò�ð -�ï�X�ò�ð�F�ì�X�õ�ï <LOQ 
 Summer <LOQ -�î�X�ò�ï�F�ì�X�ì�ô -�î�X�î�ð�F�ì�X�î�ï <LOQ 
blaVEB Winter -�î�X�õ�ò�F�ì�X�î�ì -�î�X�ô�ñ�F�ì�X�ð�ì -�î�X�ñ�ì�F�ì�X�ñ�ð -�î�X�ô�ñ�F�ì�X�ð�ô 
 Summer -�í�X�ï�ò�F�ì�X�ì�ó -�î�X�ì�î�F�ì�X�ì�ò -�í�X�ð�õ�F�ì�X�ì�ò -�í�X�ð�ñ�F�ì�X�í�ñ 
blaOXA-1 Winter -�ï�X�ô�ò�F�ì�X�ï�î -�ï�X�î�ò�F�ì�X�ñ�î -�î�X�ñ�ñ�F�ì�X�ô�ì -�ï�X�ð�ð�F�ì�X�ò�ó 
 Summer -�î�X�ò�ô�F0.14 -�í�X�ô�õ�F�ì�X�í�î -�í�X�ï�ô�F�ì�X�í�õ -�î�X�î�ð�F�ì�X�í�ô 
blaOXA-2 Winter -�î�X�õ�ó�F�ì�X�î�ô -�î�X�ô�î�F�ì�X�ï�ò -�î�X�ò�ð�F�ì�X�ï�ò -�î�X�ò�í�F�ì�X�ò�ó 
 Summer -�î�X�ï�ï�F�ì�X�î�ì -�í�X�ñ�ì�F�ì�X�ì�ï -�í�X�ð�ò�F�ì�X�ð�ò -�î�X�ì�ò�F�ì�X�í�õ 
folA Winter -�ñ�X�ñ�î�F�ì�X�í�ð -�ñ�X�ì�ñ�F�ì�X�í�î -�ð�X�ñ�ô�F�ì�X�ò�ð -�ñ�X�ò�í�F�ì�X�í�ò 
 Summer -�ï�X�ñ�ô�F�ì�X�í�ï -�ï�X�ó�ó�F�ì�X�ì�ô -�ï�X�ô�ô�F�ì�X�í�ï -�ï�X�ï�ò�F�ì�X�ñ�ð 
dfrA14 Winter -�î�X�ò�î�F�ì�X�ï�ï -�î�X�î�ì�F�ì�X�ð�ó -�î�X�ï�î�F�ì�X�ñ�ó -�ï�X�ì�ì�F�ì�X�ñ�í 
 Summer -�í�X�ô�ì�F�ì�X�ï�ò -�ì�X�õ�ô�F�ì�X�ì�î -�í�X�ì�F�ì�X�í�ò -�í�X�ô�î�F�ì�X�ï�í 
sul1 Winter -�î�X�ì�ì�F�ì�X�í�í -�í�X�ï�õ�F�ì�X�ñ�ð -�í�X�ò�ð�F�ì�X�í�ï -�í�X�ò�ô�F�ì�X�ò�ï 
 Summer -�í�X�í�î�F�ì�X�î�ð -�ì�X�ð�ô�F�ì�X�ì�ô -�ì�X�ï�ô�F�ì�X�ì�õ -�ì�X�ô�ì�F�ì�X�ï�õ 
sul2 Winter -�ï�X�ó�ô�F�ì�X�í�ñ -�í�X�ò�ð�F�ì�X�ò�ð -�î�X�ó�ñ�F�ì�X�í�õ -�î�X�ï�í�F�ì�X�ñ�ð 
 Summer -�î�X�ð�î�F�ì�X�î�ñ -�ì�X�õ�ì�F�ì�X�í�ô -�í�X�ò�î�F�ì�X�í�í -�í�X�ñ�ô�F�ì�X�ð�ì 
mphG Winter -�ï�X�ð�ò�F�í�X�í�î -�î�X�ï�ð�F�ì�X�õ�ò -�î�X�ó�í�F�í�X�ì�ï -�ï�X�í�ð�F�ì�X�ò�ñ 
 Summer <LOQ �ì�X�ì�ð�F�ì�X�ì�ò -�í�X�ì�ð�F�ì�X�î�ð -�ï�X�ì�õ�F�ì�X�ð�ò 
mphE Winter <LOQ -�ð�X�ì�ð�F�ì�X�ñ�ñ -�ð�X�í�ì�F�ì�X�õ�ï <LOQ 
 Summer -�î�X�ï�î�F�ì�X�î�ô -�ï�X�í�ì�F�ì�X�ì�ó -�î�X�ó�ì�F�ì�X�ì�õ -�î�X�ð�ñ�F�ì�X�í�ð 
msrE Winter -�ï�X�õ�ï�F�í�X�î�î -�î�X�ð�õ�F�í�X�í�ó -�î�X�õ�ñ�F�í�X�ì�ð -�ï�X�ñ�ì�F�ì�X�ò�ó 
 Summer <LOQ -�ì�X�í�ì�F�ì�X�ì�ó -�í�X�ì�ó�F�ì�X�í�õ -�î�X�ó�ô�F�ì�X�ð�ð 
mefC Winter <LOQ -�ï�X�ï�ñ�F�ì�X�ñ�õ -�ï�X�õ�í�F�ì�X�ò�ò <LOQ 
 Summer -�î�X�ñ�ð�F�ì�X�î�ó -�î�X�ô�ò�F�ì�X�ì�ñ -�ï�X�î�ð�F�ì�X�õ�î -�î�X�ò�ï�F�ì�X�í�ó 
ermB Winter <LOQ -�ð�X�ì�ì�F�ì�X�ò�ì -�ï�X�ñ�ô�F�ì�X�õ�ì <LOQ 
 Summer <LOQ -�î�X�î�õ�F�ì�X�í�ï -�î�X�í�ò�F�ì�X�î�î <LOQ 

< LOQ, ispod granice kvantifikacije. Lokacije uzorkovanja: UP, uzvodno; DW0, ispust, DW3000, 3000 m 
nizvodno od ispusta; WW, otpadna voda.  
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Tablica 17. �5�H�O�D�W�L�Y�Q�D���]�D�V�W�X�S�O�M�H�Q�R�V�W���U�R�G�R�Y�D�����L�]�U�D�å�H�Q�D���X���S�R�V�W�R�W�N�X�����N�D�U�D�N�W�H�U�L�V�W�L�þ�Q�D���]�D���X�]�Y�R�G�Q�L���V�H�G�L�P�Hnt (UP) u odnosu na otpadnu vodu (WW) i 
nizvodni sediment (DW) tijekom zimske sezone (DESeq 2, p < 0,05). Oznaka tablice u radu Table S5.  
 

Phylum Class Order  Family  Genus 
Sampling sites 

UP WW DW0 DW3000 
Acidobacteria Subgroup 18 Uncultured Acidobacteria 

bacterium 
  �ì�X�ï�ó�F�ì�X�í�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�ì�F�ì�X�í�ò 

Holophagae Subgroup 7 Uncultured bacterium SJA-
36 

 �í�X�í�ó�F�ì�X�î�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�õ�ï�F�ì�X�ï�ó 
 

�ì�X�ô�î�F�ì�X�í�ï 

Actinobacteria Actinobacteria Unassigned Unassigned Unassigned �ì�X�ï�ð�F�ì�X�ì�ò �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ð�F�ì�X�ì�î �ì�X�í�ð�F�ì�X�î�î 
PeM15 metagenome  �ì�X�í�õ�F�ì�X�ì�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�ð 

Coriiobacteria OPB41 Uncultured bacterium  �ì�X�î�ñ�F�ì�X�ì�ô �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ï�F�ì�X�ì�ï �ì�X�ì�ï�F�ì�X�ì�î 
Unassigned  �ì�X�í�ô�F�ì�X�ì�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�í 

Acidimicrobiia Microtrichales Ilumatobacteraceae CL500-29 marine group �ì�X�í�ï�F�ì�X�ì�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�î �ì�X�ì�ô�F�ì�X�ì�ó 
Bacteroidetes Bacteroidia Bacteroidales Bacteroidetes BD2-2 Uncultured bacterium �ì�X�ñ�í�F�ì�X�î�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�î 

Unassigned Unassigned �í�X�ì�ì�F�ì�X�í�ó �ì�X�î�î�F�ì�X�ì�ò �ì�X�ï�ó�F�ì�X�ì�ï �ì�X�ï�ô�F�ì�X�í�ï 
Prolixibacteraceae BSV13 �î�X�ó�ì�F�ì�X�ñ�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ó�ï�F�ì�X�ï�ó �ì�X�í�ï�F�ì�X�ì�ô 

Prolixibacter �í�X�í�î�F�ì�X�í�õ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ï�F�ì�X�ì�ð 
WCHB1-32 �ï�X�ò�ó�F�ì�X�ñ�ó �ì�X�õ�ï�F�ì�X�í�ì �í�X�ï�ô�F�ì�X�ó�ô �ì�X�í�ò�F�ì�X�í�ð 
Uncultured �î�X�ó�ì�F�ì�X�ï�ô �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ï�F�ì�X�ì�í �ì�X�î�î�F�ì�X�ì�õ 
Unassigned �í�X�í�ò�F�ì�X�î�ì �ì�X�í�ì�F�ì�X�ì�î �ì�X�ì�ô�F�ì�X�í�ì �ì�X�ï�ð�F�ì�X�ì�ó 

Cytophagales Cyclobacteraceae Ekhidna �ì�X�ï�õ�F�ì�X�í�í �ì�X�ì�î�F�ì�X�ì�í �ì�X�ï�ï�F�ì�X�ð�ì �ì�X�í�ó�F�ì�X�ì�õ 
Unassigned �í�X�ò�ó�F�ì�X�î�ô �ì�X�ì�î�F�ì�X�ì�ì �ì�X�î�ï�F�ì�X�î�ð �ì�X�ì�ò�F�ì�X�ì�ó 

Ignavibacteria Ignavibacteriales Ignavibacteriaceae Ignavibacterium �í�X�ì�ï�F�ì�X�í�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�ï �ì�X�î�õ�F�ì�X�í�õ 
Chloroflexi Anaerolineae SJA-15 Ambigous taxa  �ì�X�ð�í�F�ì�X�í�ô �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ð�F�ì�X�ì�í 
Cyanobacteria Oxyphotobacteria Chloroplast Coelastrella sp. M60  �ì�X�î�ô�F�ì�X�í�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì 
Epsilonbacteraeota Campylobacteria Campylobacterales Thiovulaceae Sulfuricurvum �í�X�ñ�ì�F�ì�X�õ�î �ì�X�ì�í�F�ì�X�ì�í �ì�X�ó�ñ�F�ì�X�ï�ñ �ì�X�ñ�ï�F�ì�X�ñ�ð 
Nitrospinae P9X2b3D02 Uncultured bacterium   �ì�X�ð�õ�F�ì�X�í�ó �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ð�F�ì�X�ì�ñ 
Proteobacteria �r-Proteobacteria Acetobacterales Acetobacteraceae Rhodovastum �ì�X�í�î�F�ì�X�ì�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�ï �ì�X�ì�ì�F�ì�X�ì�ì 

Roseomonas �ì�X�ñ�ô�F�ì�X�ì�ó �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ñ�F�ì�X�í�ì �ì�X�í�ó�F�ì�X�ì�î 
Rhodobacterales Rhodobacteraceae Planktomarina �ì�X�í�ô�F�ì�X�ì�ò �ì�X�ì�í�F�ì�X�ì�í �ì�X�í�ì�F�ì�X�ì�ð �ì�X�í�ì�F�ì�X�í�ï 

Unassigned �ì�X�ñ�ó�F�ì�X�î�í �ì�X�ï�ì�F�ì�X�ì�í �ì�X�í�ô�F�ì�X�í�î �ì�X�ì�ò�F�ì�X�ì�ó 
�w-Proteobacteria Deltaproteobacteria Inc. Sedis Syntrophorhabdaceae Syntrophorhabdus �ì�X�ð�ó�F�ì�X�í�ò �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�ï�ñ�F�ì�X�î�ñ 

Desulfobacterales Desulfobacteraceae [Desulfobacterium] 
catecholicum group 

�ì�X�î�ó�F�ì�X�ì�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�í �ì�X�ì�ñ�F�ì�X�ì�ð 

Desulfuromonadales Geobacteraceae Geobacter �ô�X�ò�ï�F�ì�X�ô�ô �ì�X�ì�ì�F�ì�X�ì�ì �î�X�ò�î�F�ì�X�ô�ð �î�X�ñ�ò�F�î�X�ò�ð 
Geothermobacter �ì�X�õ�ì�F�ì�X�í�õ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�í �ì�X�ì�ò�F�ì�X�ì�ñ 

Sva1033 Uncultured bacterium �ì�X�î�î�F�ì�X�í�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ó�F�ì�X�ì�ñ 
Myxococcales Archangiaceae Anaeromyxobacter �í�X�í�ð�F�ì�X�î�ò �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ñ�F�ì�X�î�î �ì�X�ñ�ì�F�ì�X�î�ò 

MidBa8 Uncultured 
deltaproteobacterium 

�ì�X�î�ô�F�ì�X�ì�õ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�í�F�ì�X�ì�í 

�v-Proteobacteria Betaproteobacteriales Burkholderiaceae Unassigned �ó�X�ô�ñ�F�í�X�ï�õ �ð�X�ì�ô�F�ì�X�î�õ �î�X�ñ�ò�F�í�X�ï�ì �í�X�ì�î�F�ì�X�ñ�î 
Rhodocyclaceae Sulfuritalea �ì�X�ï�í�F�ì�X�í�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�ð �ì�X�î�ñ�F�ì�X�í�ô 
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SAR86 clade Uncultured marine 
eukaryote 

 �ì�X�î�ð�F�ì�X�ì�ó �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ð�F�ì�X�ì�ð �ì�X�í�ì�F�ì�X�ì�ò 

Steroidobacterales Steroidobacteraceae Uncultured �í�X�ó�ð�F�ì�X�î�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ï�õ�F�ì�X�î�ò �í�X�ð�ì�F�ì�X�ò�î 
Unassigned Unassigned Unassigned �î�X�í�í�F�ì�X�î�õ �ì�X�ì�ñ�F�ì�X�ì�í �ì�X�ñ�ó�F�ì�X�ó�ò �í�X�ï�ï�F�ì�X�î�ô 

Spirochaetes Spirochaetia Spirochaetales Spirochaetaceae Sphaerochaeta �î�X�í�î�F�ì�X�ô�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�ï�ñ�F�ì�X�î�ï 

Lokacije uzorkovanja: UP, uzvodno od ispusta; DW0, ispust; DW3000, 3000 m nizvodno od ispusta; WW, otpadna voda.  
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Tablica 18. �5�H�O�D�W�L�Y�Q�D���]�D�V�W�X�S�O�M�H�Q�R�V�W���U�R�G�R�Y�D�����L�]�U�D�å�H�Q�D���X���S�R�V�W�R�W�N�X�����N�D�U�D�N�W�H�U�L�V�W�L�þ�Q�D���]�D���X�]�Y�R�G�Q�L���V�H�G�L�P�H�Q�W�����8�3�����X���R�G�Q�R�V�X���Q�D���R�W�S�D�G�Q�X���Y�R�G�X�����:�:�����L 
nizvodni sediment (DW) tijekom ljetne sezone (DESeq 2, p < 0,05). Oznaka tablice u radu Table S6. 
 

Phylum Class Order  Family  Genus 
Sampling sites 

UP WW DW0 DW3000 
Acidobacteria Subgroup 6 Uncultured bacterium Unassigned Unassigned �í�X�ô�ð�F�ì�X�î�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ì�F�ì�X�ì�ï �í�X�ð�î�F�ì�X�í�õ 

Subgroup 18 Uncultured Acidobacteria 
bacterium 

  �ì�X�ð�ó�F�ì�X�í�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�ï �ì�X�í�ì�F�ì�X�ì�ï 

Actinobacteria Actinobacteria Catenulisporales Actinospicae Actinospica �ì�X�í�ï�F�ì�X�ì�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�î �ì�X�ì�ñ�F�ì�X�ì�ð 
PeM15 metagenome  �ì�X�í�ñ�F�ì�X�ì�ó �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ð�F�ì�X�ì�î 
Unassigned Unassigned Unassigned �ì�X�ï�ñ�F�ì�X�ì�õ �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�õ�F�ì�X�ì�í �ì�X�ì�ò�F�ì�X�ì�ñ 

Bacteroidetes Bacteroidia Bacteroidales Bacteroidetes BD2-2 Uncultured bacterium �ì�X�ï�ô�F�ì�X�ì�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì 
Prolixibacteraceae BSV13 �ð�X�î�î�F�ì�X�ó�ò �ì�X�ì�î�F�ì�X�ì�í �í�X�í�ô�F�ì�X�ñ�î �ì�X�ì�ð�F�ì�X�ì�í 

Prolixibacter �í�X�ï�ï�F�ì�X�î�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ñ�F�ì�X�ì�ò �ì�X�î�ï�F�ì�X�ì�ï 
WCHB1-32 �ð�X�ì�ï�F�ì�X�ñ�ì �í�ì�X�õ�ò�F�í�X�í�í �î�X�ï�í�F�ì�X�ì�ï �ì�X�ì�ñ�F�ì�X�ì�ð 
Uncultured �ï�X�î�î�F�ì�X�ò�ò �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�í�F�ì�X�ì�õ �ì�X�î�ò�F�ì�X�í�î 
Unassigned �í�X�ì�ñ�F�ì�X�î�î �ì�X�ì�ì�F�ì�X�ì�í �ì�X�í�î�F�ì�X�ì�õ �ì�X�ï�ñ�F�ì�X�ì�ñ 

Unassigned Unassigned �ì�X�õ�ñ�F�ì�X�í�õ �ì�X�ì�ô�F�ì�X�ì�î �ì�X�î�ô�F�ì�X�î�ì �ì�X�ð�ó�F�ì�X�í�í 
Cytophagales Cyclobacteriaceae Ekhidna �ì�X�í�ï�F�ì�X�ì�ó �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�ñ�F�ì�X�ì�ñ 

Unassigned �í�X�î�ñ�F�ì�X�í�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�î �ì�X�ì�ñ�F�ì�X�ì�ð 
Microscillaceae Uncultured �ì�X�ñ�ñ�F�ì�X�ï�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ï�F�ì�X�ì�í �ì�X�ì�ò�F�ì�X�ì�í 

Flavobacteriales Unassigned Unassigned �ì�X�í�ï�F�ì�X�ì�ð �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�î�F�ì�X�ì�î �ì�X�ì�í�F�ì�X�ì�î 
Ignavibacteria Ignavibacteriales Ignavibacteriaceae Ignavibacterium �í�X�ð�ï�F�ì�X�î�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ï�F�ì�X�ì�î �ì�X�í�ô�F�ì�X�ì�õ 

Chloroflexi KD4-96 Uncultured Chloroflexi 
bacterium 

  �ì�X�ô�í�F�ì�X�í�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ì�F�ì�X�ì�ò �ì�X�í�ï�F�ì�X�ì�ó 
 

SJA-15 Ambigous taxa Unassigned  �ì�X�í�õ�F�ì�X�ì�ó �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�î �ì�X�ì�î�F�ì�X�ì�ì 
Cyanobacteria Oxyphotobacteria Chloroplast Coelastrella sp. M60 Unassigned �ì�X�í�ô�F�ì�X�ì�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ï�F�ì�X�ì�ð �ì�X�ì�ì�F�ì�X�ì�ì 
Nitrospinae P9X2b3D02 Uncultured bacterium   �ì�X�î�ô�F�ì�X�í�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ï�F�ì�X�ì�ï 
Proteobacteria �r-Proteobacteria Acetobacterales Acetobacteraceae Roseomonas �ì�X�ñ�ï�F�ì�X�í�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�í�ñ�F�ì�X�í�ì �ì�X�î�ò�F�ì�X�ì�ò 

Rhodovastum �ì�X�í�ð�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�î �ì�X�ì�ñ�F�ì�X�ì�í 
�w-Proteobacteria Desulfuromonadales Geobacteraceae Geobacter �õ�X�ô�ô�F�í�X�ó�ñ �ì�X�ì�í�F�ì�X�ì�í �õ�X�ï�ñ�F�í�X�ò�õ �í�X�ï�õ�F�ì�X�ò�ò 

Geothermobacter �ì�X�õ�ò�F�ì�X�ï�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�î �ì�X�ì�õ�F�ì�X�ì�ò 
Myxococcales Archangiaceae Anaeromyxobacter �í�X�ð�ò�F�ì�X�í�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�î�F�ì�X�ì�ï �ì�X�ð�ó�F�ì�X�î�í 
 MidBa8 Uncultured 

deltaprotebacterium 
�ì�X�ð�ó�F�ì�X�í�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�î �ì�X�ì�í�F�ì�X�ì�ì 

�v-Proteobacteria Betaproteobacteriales Burkholderiaceae Rhodoferax �õ�X�ð�ì�F�í�X�í�ô �î�X�ó�ï�F�ì�X�ì�õ �ô�X�õ�ñ�F�í�X�ï�î �ï�X�ó�ð�F�í�X�î�ð 
Unassigned Unassigned �ð�X�î�î�F�ì�X�ò�ï �í�X�í�õ�F�ì�X�ì�ñ �ì�X�õ�ó�F�ì�X�ò�ñ �í�X�í�í�F�ì�X�ô�ì 

Steroidobacterales Steroidobacteraceae Uncultured �ï�X�ð�ð�F�ì�X�ô�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�î�F�ì�X�í�õ �î�X�î�ñ�F�ì�X�î�ñ 
Xanthomonadales Xanthomonadaceae Luteimonas �í�X�ñ�ï�F�ì�X�î�ó �ì�X�î�ò�F�ì�X�ì�î �ì�X�õ�ò�F�ì�X�ó�ð �ì�X�ó�ò�F�ì�X�î�õ 

Spirochaetes Spirochaetia Spirochaetales Spirochaetaceae Sphaerochaeta �í�X�õ�ò�F�ì�X�ò�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ò�F�ì�X�ì�ô �ì�X�ð�í�F�ì�X�í�õ 

 Lokacije uzorkovanja: UP, uzvodno od ispusta; DW0, ispust; DW3000, 3000 m nizvodno od ispusta; WW, otpadna voda.  
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Tablica 19. Relativna zastupljenost �U�R�G�R�Y�D�����L�]�U�D�å�H�Q�D���X���S�R�V�W�R�W�N�X�����N�R�M�L���V�X���V�H���]�Q�D�þ�D�M�Q�R���S�R�Y�H�ü�D�O�L���Q�D���Q�L�]�Y�R�G�Q�L�P���O�R�N�D�F�L�M�D�P�D�����'�:�����X���R�G�Q�R�V�X���Q�D���X�]�Y�R�G�Q�X��
�O�R�N�D�F�L�M�X�����8�3�����W�L�M�H�N�R�P���]�L�P�V�N�H���V�H�]�R�Q�H�����=�Q�D�þ�D�M�Q�D���U�D�]�O�L�N�D���X���U�H�O�D�W�L�Y�Q�R�M���]�D�V�W�X�S�O�M�H�Q�R�V�W�L���U�R�G�R�Y�D���L�]�P�H�ÿ�X���Q�L�]�Y�R�G�Q�L�K���O�R�N�D�F�L�M�D�����'�:�����L���X�]�Yodne lokacije (UP) 
je oz�Q�D�þ�H�Q�D���S�R�G�H�E�O�M�D�Q�R����p < 0.05). Oznaka tablice u radu Table S7.  
 

Phylum Class Order  Family Genus 
Sampling site 

UP WW DW0 DW3000 
Acidobacteria Acidobacteriia Acidobacteriales Acidobacteriaceae (Subgroup 1) Uncultured �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�î�F�ì�X�í�ó 

Blastocatellia (Subgroup 4) Blastocatellales Blastocatellaceae JGI 0001001-H03 �ì�X�ì�õ�F�ì�X�ì�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ñ�F�ì�X�ì�ò �ì�X�ñ�í�F�ì�X�î�ì 
Uncultured �ì�X�ì�î�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ñ�F�ì�X�ì�ñ �ì�X�ñ�í�F�ì�X�ï�ì 

DS-100 Uncultured bacterium Unassigned �ì�X�ì�ï�F�ì�X�ì�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�ð�F�ì�X�í�ñ �ì�X�ì�ì�F�ì�X�ì�ì 
Pyrinomonadales Pyrinomonadaceae RB41 �ì�X�ì�ñ�F�ì�X�ì�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ô�ñ�F�ì�X�ð�ï �ì�X�ì�ó�F�ì�X�ì�õ 

Holophagae Holophagales Holophagaceae Marine group �ì�X�ì�ò�F�ì�X�ì�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ð�ô�F�ì�X�í�ð �ì�X�î�ñ�F�ì�X�î�õ 
Subgroup 7 Uncultured bacterium Uncultured �ì�X�í�ñ�F�ì�X�ì�õ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ñ�ô�F�ì�X�ð�í 

Subgroup 6 Uncultured bacterium   �í�X�ï�ñ�F�ì�X�ï�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�í�F�ì�X�í�ì �í�X�ó�î�F�ì�X�ð�í 
Unassigned Unassigned Unassigned �ì�X�ì�ò�F�ì�X�ì�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ð�F�ì�X�ì�ð �ì�X�ò�ò�F�ì�X�ð�ð 

Subgroup 18 Uncultured bacterium   �ì�X�ì�ñ�F�ì�X�ì�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�í �ì�X�ï�ñ�F�ì�X�î�í 
Subgroup 22 Uncultured bacterium   �ì�X�õ�î�F�ì�X�ï�õ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�î�F�ì�X�í�ì �í�X�õ�ò�F�í�X�ì�í 
Unassigned Unassigned Unassigned Unassigned �ì�X�ì�ó�F�ì�X�ì�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�ñ�î�F�ì�X�î�ñ 

Actinobacteria Thermoleophilia Gaiellales Gaiellaceae Gaiella �ì�X�ì�õ�F�ì�X�ì�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�î �ì�X�î�ð�F�ì�X�í�ò 
Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides �ì�X�ì�í�F�ì�X�ì�í �ì�X�ï�ï�F�ì�X�í�î �ì�X�õ�í�F�í�X�ì�ò �ì�X�ì�ì�F�ì�X�ì�ì 

Barnesiellaceae Uncultured �ì�X�í�ò�F�ì�X�ì�õ �ì�X�ì�ñ�F�ì�X�ì�ï �ï�X�ð�î�F�î�X�î�ó �ì�X�ì�î�F�ì�X�ì�ð 
Paludibacteraceae Paludibacter �ì�X�ì�ï�F�ì�X�ì�ð �ì�X�ì�í�F�ì�X�ì�í �ì�X�ï�ñ�F�ì�X�í�õ �ì�X�ì�ì�F�ì�X�ì�ì 
Prolixibacteraceae Roseimarinus �ì�X�ò�ï�F�ì�X�î�õ �í�X�ì�ó�F�ì�X�î�ò �î�X�ò�ì�F�ì�X�ó�î �ì�X�ï�ì�F�ì�X�í�ì 
Rikenellaceae Blvii 28 wastewater-sludge group �ì�X�ì�î�F�ì�X�ì�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ñ�ð�F�ì�X�ï�õ �ì�X�ì�í�F�ì�X�ì�î 

Chitinophagales Chitinophagaceae Ferruginibacter �ì�X�ì�ð�F�ì�X�ì�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ñ�F�ì�X�î�í �ì�X�î�ï�F�ì�X�í�í 
Terrimonas �ì�X�ì�ï�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�ï�F�ì�X�ï�î �ì�X�ñ�í�F�ì�X�ì�ô 
Unassigned �ì�X�í�ì�F�ì�X�ì�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ó�F�ì�X�î�î �ì�X�ð�ó�F�ì�X�î�ì 

Saprospiraceae Haliscomenobacter �ì�X�í�ì�F�ì�X�ì�ò �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�ò�F�ì�X�î�ð �ì�X�ð�î�F�ì�X�í�î 
Saprospira �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ò�F�ì�X�í�ò �ì�X�ì�ì�F�ì�X�ì�ì 

Cytophagales Microscillaceae Uncultured �ì�X�î�ï�F�ì�X�ì�ô �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ó�F�ì�X�í�ò �ì�X�ð�õ�F�ì�X�í�ó 
Unassigned Unassigned �ì�X�ì�ï�F�ì�X�ì�î �ì�X�ì�ò�F�ì�X�ì�ì �ì�X�í�ñ�F�ì�X�í�ó �ì�X�î�ñ�F�ì�X�í�ï 

Flavobacteriales Flavobacteriaceae Flavobacterium �í�X�î�õ�F�ì�X�ï�í �î�í�X�ò�ó�F�í�X�î�ó �ñ�X�ð�ó�F�í�X�ó�ô �ì�X�ð�ó�F�ì�X�ì�õ 
Unassigned �ì�X�í�ì�F�ì�X�ì�ï �ì�X�ð�ò�F�ì�X�í�ð �ì�X�ï�ñ�F�ì�X�í�í �ì�X�ì�ï�F�ì�X�ì�ï 

Calditrichaeota Calditrichia Calditrichales Calditrichaceae Calorithrix �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�õ�F�ì�X�ï�ì 
Cloacimonetes Cloacimonadia Cloacimonadales Uncultured bacterium  �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ï�ì�F�ì�X�ï�ï �ì�X�ì�ì�F�ì�X�ì�ì 
Chloroflexi Anaerolineae Anaerolineales Anaerolineaceae Uncultured �ì�X�î�ï�F�ì�X�í�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ñ�F�ì�X�ì�ð �ì�X�ñ�ò�F�ì�X�ì�ô 

RBG-13-54-9 Uncultured bacterium  �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ï�õ�F�ì�X�ð�õ 
SBR1031 A4b Uncultured bacterium �ì�X�í�ì�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ò�F�ì�X�ì�ô �ì�X�ï�ò�F�ì�X�í�ð 

Uncultured bacterium  �ì�X�í�ð�F�ì�X�ì�ò �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ñ�F�ì�X�ì�ï �í�X�í�õ�F�ì�X�ñ�í 
KD4-96 Uncultured Chloroflexi bacterium   �ì�X�õ�ñ�F�ì�X�î�ò �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ò�F�ì�X�ì�ñ �í�X�í�ñ�F�ì�X�ñ�í 
Unassigned Unassigned Unassigned Unassigned �ì�X�ì�ï�F�ì�X�ì�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�í �ì�X�ò�í�F�ì�X�î�î 

Defferibacteres Defferibacteres Defferibacteriales Defferibacteriaceae Uncultured �ì�X�í�î�F�ì�X�ì�ï �ì�X�í�î�F�ì�X�ì�ó �ì�X�ó�ò�F�ì�X�ñ�ó �ì�X�ì�ï�F�X�ì�ñ 
Epsilonbacteraeota Campylobacteria Campylobacteriales Arcobacteraceae Arcobacter �ì�X�í�í�F�ì�X�ì�ó �ñ�X�ò�ô�F�í�X�õ�ò �î�X�ï�ò�F�í�X�ì�ó �ì�X�ì�í�F�ì�X�ì�î 

Sulfurospirillaceae Sulfurospirillum �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�ï�F�ì�X�ì�í �ì�X�í�ò�F�ì�X�ì�ó �ì�X�ì�ì�F�ì�X�ì�ì 
Firmicutes Bacilli Lactobacillales Carnobacteriaceae Carnobacterium �ì�X�ì�î�F�ì�X�ì�î �ì�X�ì�ñ�F�ì�X�ì�ð �ì�X�ð�í�F�ì�X�î�ì �ì�X�ì�ì�F�ì�X�ì�ì 

Clostridia Clostridiales Christesenellaceae Christesenellaceae R7 Group �ì�X�ì�î�F�ì�X�ì�í �ì�X�ì�í�F�ì�X�ì�í �ì�X�ð�î�F�ì�X�î�î �ì�X�ì�í�F�ì�X�ì�í 
Family XII Uncultured �ì�X�ì�ð�F�ì�X�ì�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�õ�F�ì�X�í�ï �ì�X�ì�ì�F�ì�X�ì�ì 
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Family XIII Uncultured �ì�X�ì�ñ�F�ì�X�ì�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ï�í�F�ì�X�î�ì �ì�X�ì�í�F�ì�X�ì�î 
Lachnospiraceae Lachnoclostridium 10 �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ó�F�ì�X�í�õ �ì�X�ì�í�F�ì�X�ì�î 

Uncultured �ì�X�ì�î�F�ì�X�ì�í �ì�X�í�ñ�F�ì�X�ì�ð �ì�X�ï�õ�F�ì�X�ð�ï �ì�X�ì�ì�F�ì�X�ì�ì 
Ruminococcaceae Unassigned �ì�X�ì�ð�F�ì�X�ì�ï �ì�X�ð�ï�F�ì�X�í�í �ì�X�î�ó�F�ì�X�í�ò �ì�X�ì�ò�F�ì�X�ì�ó 

Unassigned Unassigned Unassigned �ì�X�í�ó�F�X�ì�ò �ì�X�í�ó�F�ì�X�ì�ó �ì�X�ï�ì�F�ì�X�í�ï �ì�X�ì�î�F�ì�X�ì�î 
Erysipelotrichia Elysipelotrichiales Erysipelotrichiaceae Solobacterium �ì�X�ì�ò�F�ì�X�ì�ð �ì�X�ì�í�F�ì�X�ì�í �ì�X�ó�ñ�F�ì�X�í�ñ �ì�X�ì�î�F�ì�X�ì�ð 
Negativicutes Selenomonadales Acidaminococcaceae Uncultured �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�õ�F�ì�X�ì�ï �ì�X�ï�ï�F�ì�X�ï�ð �ì�X�ì�ì�F�ì�X�ì�ì 

Gemmatimonadetes Gemmatimonadetes Gemmatimonadales Gemmatimonadaceae Gemmatimonas �ì�X�ì�ï�F�ì�X�ì�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�î�í�F�ì�X�í�õ 
Uncultured �ì�X�ì�ò�F�ì�X�ì�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ò�F�ì�X�í�ñ �í�X�ô�í�F�ì�X�ó�ô 
Unassigned �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ó�F�ì�X�ì�ô �ì�X�ò�î�F�ì�X�î�î 

Latescibacteria Uncultured bacterium    �ì�X�î�ò�F�ì�X�í�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ñ�F�ì�X�í�î �í�X�ñ�î�F�ì�X�ð�í 
Uncultured Latescibacteria 
bacterium 

   
�ì�X�ì�ì�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�ï �ì�X�ï�í�F�ì�X�í�ï 

Unassigned Unassigned Unassigned  Unassigned �ì�X�ì�í�F�ì�X�ì�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�ï�ð�F�ì�X�í�ò 
Nitrospirae Nitrospira Nitrospirales Nitrospiraceae Nitrospira �í�X�ñ�í�F�ì�X�ò�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ï�ô�F�ì�X�ï�î �ï�X�ñ�ï�F�î�X�ð�í 
Proteobacteria �r-Proteobacteria Caulobacterales Hyphomonadaceae UKL3-1 �ì�X�ð�ò�F�ì�X�í�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ï�ð�F�ì�X�í�ñ �í�X�ð�í�F�ì�X�ñ�ð 

Dongiales Dongiaceae Dongia �ì�X�î�ó�F�ì�X�í�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�î�F�ì�X�í�í �ì�X�ô�ò�F�ì�X�ï�ð 
Rhizobiales A0389 Uncultured bacterium �ì�X�ì�ì�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�î �ì�X�î�ì�F�ì�X�í�ï 

Xanthobacteraceae Uncultured �ì�X�ï�ñ�F�ì�X�í�õ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ñ�F�ì�X�ì�ò �í�X�ñ�í�F�ì�X�ô�õ 
Sphingomonadales Sphingomonadaceae Unassigned �ì�X�í�ì�F�ì�X�ì�ð �ì�X�î�ð�F�ì�X�ì�î �ì�X�ò�ó�F�ì�X�ï�í �ì�X�ñ�ï�F�ì�X�í�ñ 
Tistrellales Tistrellaceae Tistrella �ì�X�ì�ð�F�ì�X�ì�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ð�F�ì�X�ì�ð �ì�X�î�ì�F�ì�X�í�î 
Uncultured Uncultured Green bay 

ferromanganous micronodule 
bacterium MNH4 

 
�ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�î�F�ì�X�í�î 

�w-Proteobacteria Desulfarculales Desulfarculaceae Uncultured �ì�X�î�ì�F�ì�X�í�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ï�F�ì�X�ì�ï �ì�X�ï�î�F�ì�X�í�ó 
Desulfobacterales Desulfobacteraceae SEEP-SRB1 �ì�X�î�ò�F�ì�X�ì�ò �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�î �ì�X�ô�í�F�ì�X�ð�ì 

Desulfobulbaceae Desulfobulbus �í�X�í�ô�F�ì�X�í�ñ �ì�X�ì�ì�F�ì�X�ì�ì �í�X�ñ�ò�F�ì�X�ó�ô �ì�X�î�ï�F�ì�X�í�ô 
Myxococcales Phaselicystidaceae Phaselyscistis �ì�X�í�ï�F�ì�X�ì�ò �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�ð�F�ì�X�î�ì �ì�X�ñ�ô�F�ì�X�î�ð 
MBNT15 Uncultured bacterium  �ì�X�ì�ñ�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�ð�í�F�ì�X�ð�ì 
NB1-j Uncultured bacterium  �ì�X�ï�ó�F�ì�X�í�ô �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�õ�F�ì�X�ì�ô �í�X�ï�ó�F�ì�X�ó�î 
Syntrophobacterales Syntrophaceae Smithella �ì�X�ð�î�F�ì�X�í�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ó�F�ì�X�ì�ï �ì�X�ñ�ò�F�ì�X�ñ�î 
Unassigned Unassigned Unassigned �ì�X�ñ�î�F�ì�X�í�í �ì�X�ì�í�F�ì�X�ì�í �í�X�ó�î�F�í�X�ð�ì �î�X�õ�î�F�ì�X�ð�ï 

�v-Proteobacteria Aeromonadales Aeromonadaceae Aeromonas �ì�X�í�ï�F�ì�X�ì�ó �õ�X�ô�õ�F�ì�X�ó�ó �ï�X�ô�î�F�í�X�ì�î �ì�X�ì�í�F�ì�X�ì�ï 
Alteromonadales Pseudoalteromonadaceae Pseudoalteromonas �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ï�î�F�ì�X�î�ì �ì�X�í�ï�F�ì�X�ì�ô �ì�X�ì�ì�F�ì�X�ì�ì 
CCD24 metagenome  �ì�X�ñ�ô�F�ì�X�í�õ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ó�F�ì�X�í�ð �ì�X�õ�ð�F�ì�X�î�õ 
Betaproteobacteriales Burkholderiaceae Acidovorax �ì�X�í�ó�F�ì�X�ì�ò �õ�X�ò�í�F�í�X�ï�ï �ô�X�î�ñ�F�í�X�ì�õ �ì�X�î�ñ�F�ì�X�í�ï 

Caenimonas �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ð�F�ì�X�ì�ï �ì�X�î�ó�F�ì�X�î�ñ 
Massilia �ì�X�ì�ñ�F�ì�X�ì�í �ì�X�ò�ð�F�ì�X�ì�ð �ì�X�î�î�F�ì�X�ï�ð �ì�X�í�ò�F�ì�X�î�ó 
Polaromonas �ì�X�ì�ï�F�ì�X�ì�í �ì�X�ì�ñ�F�ì�X�ì�î �ì�X�ò�ñ�F�ì�X�ñ�ñ �ì�X�ì�ì�F�ì�X�ì�ì 
Rhodoferax �í�ì�X�ô�ò�F�ì�X�ô�ò �ï�X�ð�ò�F�ì�X�ï�ò �í�ï�X�ï�ï�F�î�X�ï�ñ �ï�X�ô�î�F�í�X�ð�õ 
Uncultured �î�X�ï�î�F�ì�X�ñ�ó �î�X�ð�õ�F�ì�X�î�ô �ì�X�ò�õ�F�ì�X�ñ�ò �ï�X�ì�ô�F�ì�X�ò�ï 

Gaiellaceae Sideroxydans �ì�X�î�ì�F�ì�X�í�ì �ì�X�ì�ó�F�ì�X�ì�î �í�X�î�ï�F�ì�X�ð�ó �í�X�ó�ì�F�ì�X�ð�õ 
Hydrogenophilaceae Thiobacillus �ì�X�î�ô�F�ì�X�í�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ï�F�ì�X�ì�ñ �ì�X�ð�í�F�ì�X�ð�ï 
Nitrosomonadaceae Ellin6067 �í�X�õ�ì�F�ì�X�ñ�ô �ì�X�ì�í�F�ì�X�ì�í �ì�X�ò�î�F�ì�X�ð�í �ï�X�õ�ó�F�ì�X�ñ�í 
Rhodocyclaceae Azoarcus �ì�X�ì�ð�F�ì�X�ì�î �ì�X�ì�í�F�ì�X�ì�í �ì�X�õ�õ�F�ì�X�ð�ï �ì�X�í�î�F�ì�X�í�ì 

Thauera �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ñ�ì�F�ì�X�î�ì �ì�X�ì�ì�F�ì�X�ì�ì 
Unassigned �ì�X�ì�î�F�ì�X�ì�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�í �ì�X�ï�õ�F�ì�X�ó�ï 

Pseudomonadales Moraxellaceae Acinetobacter �ì�X�ò�ï�F�ì�X�ð�õ �í�ñ�X�ì�ñ�F�ï�X�î�õ �ï�X�ì�ì�F�ì�X�ó�ô �ì�X�ì�î�F�ì�X�ì�î 
Pseudomonadaceae Pseudomonas �ì�X�ô�í�F�ì�X�ì�ó �í�ð�X�í�ì�F�í�X�ð�ñ �ð�X�õ�ð�F�í�X�ì�ð �ì�X�ð�î�F�ì�X�î�ì 

Xanthomonadales Xanthomonadaceae Luteimonas �ì�X�ô�ð�F�ì�X�í�ô �ì�X�ì�ð�F�ì�X�ì�ï �í�X�õ�ò�F�í�X�ï�ð �ì�X�ð�ò�F�ì�X�í�õ 
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Unassigned Unassigned Unassigned �î�X�ó�õ�F�í�X�ì�ñ �ì�X�ï�ñ�F�ì�X�ì�ñ �î�X�î�ì�F�ì�X�î�í �ï�X�ñ�õ�F�ì�X�ò�ð 
Spirochaetes Spirochaetia Spirochaetales Spirochaetaceae Spirochaeta 2 �ì�X�ì�î�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�ï �ï�X�ó�ð�F�í�X�ð�ð 

Treponema 2 �ì�X�î�ì�F�ì�X�í�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�ô�î�F�ì�X�î�ô �ì�X�ì�ó�F�ì�X�ò�ò 
Unassigned �ì�X�í�ò�F�ì�X�ì�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ô�F�ì�X�í�õ �ì�X�ó�ï�F�ì�X�ì�ï 

Synergistetes Synergistia Synergistales Synergistaceae Aminomonas �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ð�ó�F�ì�X�ï �ì�X�ì�ì�F�ì�X�ì�ì 

Lokacije uzorkovanja: UP, uzvodno; DW0, ispust; DW3000, 3000 m nizvodno od ispusta; WW, otpadna voda.  
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Tablica 20�����5�H�O�D�W�L�Y�Q�D���]�D�V�W�X�S�O�M�H�Q�R�V�W���U�R�G�R�Y�D�����L�]�U�D�å�H�Q�D���X���S�R�V�W�R�W�N�X�����N�R�M�L���V�X���V�H���]�Q�D�þ�D�M�Q�R���R�E�R�J�D�W�L�O�L���S�R�Y�H�ü�D�O�L���Q�D���Q�L�]�Y�R�G�Q�L�P���O�R�N�D�F�L�M�D�P�D�����'�:�����X��odnosu 
na uzvodn�X���O�R�N�D�F�L�M�X�����8�3�����W�L�M�H�N�R�P���O�M�H�W�Q�H���V�H�]�R�Q�H�����=�Q�D�þ�D�M�Q�D���U�D�]�O�L�N�D���X���U�H�O�D�W�L�Y�Q�R�M���]�D�V�W�X�S�O�M�H�Q�R�V�W�L���U�R�G�R�Y�D���L�]�P�H�ÿ�X���Q�L�]�Y�R�G�Q�L�K���O�R�N�D�F�L�M�D�����'�:�����L���Xzvodne 
�O�R�N�D�F�L�M�H�����8�3�����M�H���R�]�Q�D�þ�H�Q�D���S�R�G�H�E�O�M�D�Q�R����p < 0.05). Oznaka tablice u radu Table S8.  
 

Phylum Class Order Family Genus 
Sampling sites 

UP WW DW0 DW3000 
Acidobacteria Blastocatellia (Subgroup 4) Blastocatellales Blastocatellaceae Unassigned �ì�X�ì�ð�F�ì�X�ì�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ñ�F�ì�X�ì�ï �ì�X�ï�ð�F�ì�X�î�ï 

Holophagae Holophagales Holophagaceae Marine group �ì�X�í�ñ�F�ì�X�í�ð �ì�X�ì�ð�F�ì�X�ì�í �ì�X�õ�ì�F�ì�X�ñ�í �ì�X�ì�õ�F�ì�X�ì�ð 
Subgroup 7 Uncultured bacterium SJA-36  �î�X�ì�ñ�F�ì�X�ò�ó �ì�X�ì�ì�F�ì�X�ì�ì �î�X�õ�ò�F�ì�X�ò�ô �ì�X�ò�ô�F�ì�X�í�õ 

Subgroup 5 Uncultured Acidobacterium sp.   �ì�X�ì�õ�F�ì�X�ì�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ñ�F�ì�X�ì�ô 
Subgroup 6 metagenome   �ì�X�í�ò�F�ì�X�ì�ò �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�î�ò�F�ì�X�ì�ð 
Subgroup 18 Unassigned Unassigned Unassigned �ì�X�ì�ï�F�ì�X�ì�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ñ�î�F�ì�X�î�ï 
Subgroup 22 Uncultured bacterium   �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�ì �ì�X�ï�ò�F�ì�X�í�ô 
Thermoanaerobaculia Thermoanaerobaculales Thermoanaerobaculaceae Subgroup 10 �ì�X�í�õ�F�ì�X�í�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ò�ñ�F�ì�X�í�ð 
Unassigned Unassigned Unassigned Unassigned �ì�X�ì�ò�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ó�F�ì�X�ì�ñ �ì�X�ò�ó�F�ì�X�í�í 

Actinobacteria Coriobacteriia OPB41 Uncultured bacterium  �ì�X�î�ì�F�ì�X�ì�ó �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ï�ï�F�ì�X�ì�ô �ì�X�ì�ï�F�ì�X�ì�î 
Unassigned Unassigned Unassigned Unassigned �ì�X�í�õ�F�ì�X�ì�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ð�ñ�F�ì�X�î�ó �ì�X�î�í�F�ì�X�í�ì 

Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae Bacteroides �ì�X�ì�ì�F�ì�X�ì�í �ð�X�ì�ò�F�ì�X�í�ð �ì�X�ò�ì�F�ì�X�ð�î �ì�X�ì�ì�F�ì�X�ì�ì 
Bacteroidetes vadinHA17 Uncultured bacterium �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ï�ì�F�ì�X�í�ô �ì�X�ì�í�F�ì�X�ì�í 
Barnesiellaceae Uncultured �ì�X�í�ì�F�ì�X�ì�ó �í�X�ó�î�F�ì�X�í�ï �î�X�ð�ñ�F�ì�X�ñ�ô �ì�X�ì�í�F�ì�X�ì�í 
Paludibacteraceae Paludibacter �ì�X�ì�ð�F�X�ì�ï �ì�X�ì�í�F�ì�X�ì�í �ì�X�í�ñ�F�ì�X�í�í �ì�X�ì�í�F�ì�X�ì�í 
Prolixibacteraceae Roseimarinus �ì�X�î�ô�F�ì�X�í�ñ �í�X�õ�õ�F�ì�X�ì�ð �í�X�õ�ó�F�ì�X�ò�ó �ì�X�î�õ�F�ì�X�ì�õ 
Rikenellaceae Blvii28 wastewater-sludge group �ì�X�ì�ï�F�ì�X�ì�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ò�ï�F�ì�X�ï�ò �ì�X�ì�í�F�ì�X�ì�î 

Uncultured �ì�X�ì�î�F�ì�X�ì�í �ì�X�í�í�F�ì�X�ì�í �ì�X�í�ó�F�ì�X�í�í �ì�X�ì�ì�F�ì�X�ì�ì 
Chitinophagales Chitinophagaceae Terrimonas �ì�X�ì�ô�F�ì�X�í�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ò�F�ì�X�ì�ñ �ì�X�ð�ó�F�ì�X�ì�ñ 

Saprospiraceae Haliscomenobacter �ì�X�í�î�F�ì�X�í�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ñ�F�ì�X�ì�ð �ì�X�ï�ì�F�ì�X�í�ð 
Flavobacteriales Flavobacteriaceae Flavobacterium �ì�X�ð�ô�F�ì�X�í�ô �ô�X�ì�ì�F�ì�X�ð�ò �ì�X�ò�ò�F�ì�X�í�ô �ì�X�í�ï�F�ì�X�ì�õ 

Ignavibacteria Kryptoniales BSV26 Uncultured bacterium �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ð�F�ì�X�ì�ò 
Calditrichaeota Calditrichia Calditrichales Calditrichaceae Calorithrix �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ï�F�ì�X�ì�í �ì�X�ð�ð�F�ì�X�ï�ì 
Chloroflexi Anaerolineae Anaerolineales Anaerolineaceae Uncultured �ì�X�î�ì�F�ì�X�ì�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ð�F�ì�X�ì�î �ì�X�ò�ð�F�ì�X�ì�ó 

RBG-13-54-9 Uncultured bacterium  �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�ð �ì�X�ñ�ò�F�ì�X�ï�õ 
SBR1031 A4b Ambiguous taxa �ì�X�ì�ï�F�ì�X�ì�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�í �ì�X�ï�î�F�ì�X�ì�ó 

Uncultured bacterium �ì�X�ì�õ�F�ì�X�ì�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�ð�ó�F�ì�X�ì�ñ 
Uncultured bacterium  �ì�X�ð�í�F�ì�X�í�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�õ�ñ�F�ì�X�î�õ �î�X�ì�ô�F�ì�X�ï�ò 

Dehalococcoidia GIF9 Uncultured bacterium  �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�í �ì�X�ñ�ð�F�X�î�ñ 
Unassigned Unassigned Unassigned Unassigned �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�ñ�ò�F�ì�X�ì�ò 

Cloacimonetes Cloacimonadia Cloacimonadales PBS-18 Uncultured bacterium �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ô�F�ì�X�í�ò �ì�X�î�î�F�ì�X�í�î 
Uncultured bacterium  �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ò�ì�F�ì�X�î�ñ �ì�X�ì�ì�F�ì�X�ì�ì 
Unassigned Unassigned �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�ó�F�ì�X�í�î �ì�X�ì�ì�F�ì�X�ì�ì 

Epsilonbacteraeota Campylobacteria Campylobacterales Arcobacteraceae Arcobacter �ì�X�ì�î�F�ì�X�ì�î �í�ð�X�î�ô�F�ì�X�ò�ì �í�X�î�ñ�F�ì�X�õ�î �ì�X�ì�î�F�ì�X�ì�î 
Thiovulaceae Sulfuricurvum �ì�X�î�î�F�ì�X�í�ï �ì�X�ì�ò�F�ì�X�ì�í �ì�X�õ�ô�F�ì�X�í�ô �ì�X�ì�ó�F�ì�X�ì�î 

Firmicutes Bacilli Bacillales Bacillaceae Unassigned �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ð�F�ì�X�ì�ì �ì�X�î�î�F�ì�X�ì�õ �ì�X�ì�í�F�ì�X�ì�î 
Lactobacillales Carnobacteriaceae Carnobacterium �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�í�F�ì�X�ì�í �ì�X�í�ð�F�ì�X�ì�ó �ì�X�ì�ì�F�ì�X�ì�ì 

Clostridia Clostridiales Christesenellaceae Christesenellaceae R7 Group �ì�X�ì�ò�F�ì�X�ì�ñ �ì�X�ì�ð�F�ì�X�ì�í �ì�X�ó�ò�F�ì�X�ï�ð �ì�X�ì�í�F�ì�X�ì�í 
Family XIII Uncultured �ì�X�ì�ñ�F�ì�X�ì�ï �ì�X�ì�ï�F�ì�X�ì�î �ì�X�ï�õ�F�ì�X�ì�ô �ì�X�ì�ì�F�ì�X�ì�ì 
Ruminococcaceae Unassigned �ì�X�í�ð�F�ì�X�ì�ï �ì�X�í�ï�F�ì�X�ì�ð �ì�X�ñ�ò�F�ì�X�ð�ó �ì�X�ì�ò�F�ì�X�ì�ñ 
Unassigned Unassigned �ì�X�í�î�F�ì�X�ì�ñ �ì�X�í�í�F�ì�X�ì�í �ì�X�ð�ð�F�ì�X�í�õ �ì�X�ì�ï�F�ì�X�ì�í 
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Erysipelotrichia Erysipelotrichiales Erysipelotrichiaceae Solobacterium �ì�X�ì�ð�F�ì�X�ì�ð �ì�X�ì�õ�F�ì�X�ì�í �í�X�î�í�F�ì�X�ò�í �ì�X�ì�í�F�ì�X�ì�í 
Unassigned Unassigned Unassigned Unassigned �ì�X�î�ò�F�ì�X�ì�ð �ì�X�ì�ó�F�ì�X�ì�î �í�X�ð�ó�F�ì�X�ñ�ï �ì�X�ì�ó�F�ì�X�ì�î 

Gemmatimonadetes Gemmatimonadetes Gemmatimonadetes Gemmatimonadaceae Uncultured �ì�X�ï�í�F�ì�X�ï�ò �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ï�F�ì�X�í�ï �í�X�ò�õ�F�ì�X�ð�ï 
Unassigned �ì�X�ì�î�F�ì�X�ì�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�í �ì�X�ñ�ñ�F�ì�X�í�ð 

Latescibacteria Latescibacteria Latescibacteriales Latescibacteriaceae Uncultured bacterium �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�ñ�F�ì�X�í�ó 
Uncultured bacterium    �ì�X�ï�ì�F�ì�X�í�ó �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ñ�ð�F�ì�X�í�ô �í�X�ò�ï�F�ì�X�í�ì 
Unassigned Unassigned Unassigned Unassigned �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ï�F�ì�X�ì�î �ì�X�ï�í�F�ì�X�ì�ñ 

Nitrospirae Nitrospira Nitrospirales Nitrospiraceae Nitrospira �í�X�í�ô�F�ì�X�ð�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ï�F�ì�X�í�ì �ï�X�ñ�õ�F�í�X�ò�ó 
Thermodesulfovibrionia Uncultured Uncultured Nitrospirae bacterium  �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�ï�F�ì�X�í�ð 
4-29-1 Uncultured bacterium   �ì�X�ì�ô�F�ì�X�ì�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ï�F�ì�X�ì�î �ì�X�ñ�ì�F�ì�X�ì�ó 

Proteobacteria �r-Proteobacteria Caulobacterales Hyphomonadaceae UKL13-1 �ì�X�ñ�í�F�ì�X�î�ó �ì�X�î�ò�F�ì�X�ì�ð �ì�X�ï�ñ�F�ì�X�ì�ñ �í�X�ñ�ï�F�ì�X�ì�ó 
Rhizobiales A0839 Uncultured bacterium �ì�X�ì�ï�F�ì�X�ì�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ï�ì�F�ì�X�í�î 

Beijerinckiaceae Psychroglaciecola �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�ì�F�ì�X�ì�ï �ì�X�í�ï�F�ì�X�ì�ò �ì�X�ì�ð�F�ì�X�ì�ð 
KF-JG30-B3 Metagenome �ì�X�ì�î�F�ì�X�ì�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�í �ì�X�î�ð�F�ì�X�í�í 
Rhizobiales Inc. Sedis Uncultured �ì�X�ì�ï�F�ì�X�ì�ï �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�í �ì�X�î�í�F�ì�X�ì�ï 
Xanthobacteraceae Uncultured �ì�X�î�ó�F�ì�X�î�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ô�F�ì�X�ì�ï �í�X�ð�í�F�ì�X�ñ�ì 
Unassigned Unassigned �ì�X�í�õ�F�ì�X�ì�õ �ì�X�î�ó�F�ì�X�ì�ï �ì�X�ì�ô�F�ì�X�ì�î �ì�X�ò�î�F�ì�X�ì�ò 

Sphingomonadales Sphingomonadaceae Novosphingobium �ì�X�ì�í�F�ì�X�ì�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�ï�F�ì�X�í�ì �ì�X�ì�ô�F�ì�X�ì�í 
Unassigned �ì�X�ì�ð�F�ì�X�ì�ó �ì�X�í�ï�F�ì�X�ì�í �ì�X�ï�ñ�F�ì�X�ì�ï �ì�X�ñ�î�F�ì�X�î�î 

Unassigned Unassigned Unassigned �ì�X�ò�õ�F�ì�X�ï�ñ �ì�X�ñ�î�F�ì�X�ì�ï �ì�X�ò�ó�F�ì�X�ì�ó �í�X�ô�î�F�ì�X�ñ�ð 
�w-Proteobacteria Desulfarculales Desulfarculaceae Desulfatiglans �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�í�F�ì�X�ì�ì �ì�X�ò�ñ�F�ì�X�ï�ò 

Desulfobacterales Desulfobulbaceae Desulfobulbus �í�X�ð�ì�F�ì�X�ï�ï �ì�X�ì�ì�F�ì�X�ì�ì �î�X�ñ�ì�F�ì�X�ô�ì �ì�X�í�ô�F�ì�X�ì�ô 
Desulfurivibrio �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ô�ì�F�í�X�ï�ò �ì�X�ì�ô�F�ì�X�ì�î 
MSBL7 �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ï�ô�F�ì�X�ð�í �ì�X�ì�í�F�ì�X�ì�í 
SEEP-SRB1 �ì�X�í�ó�F�ì�X�ì�ó �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�í�F�ì�X�ì�ó �ì�X�ó�î�F�ì�X�í�ò 

Desulfuromonadales Sva1033 Unassigned �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ï�î�F�ì�X�í�î �ì�X�ì�ì�F�ì�X�ì�ì 
Unassigned Unassigned �ì�X�ì�ó�F�ì�X�ì�ó �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�ð�F�ì�X�î�ñ �ì�X�ì�ô�F�ì�X�ì�í 

Desulfovibrionales Desulfovibrionaceae Desulfovibrio �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�î �ì�X�í�ó�F�ì�X�í�ô �ì�X�ì�ì�F�ì�X�ì�í 
 Phaselicystidaceae Phaselicystis �ì�X�ï�ñ�F�ì�X�í�ñ �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ï�ó�F�ì�X�ï�í �ì�X�ð�ô�F�ì�X�í�õ 
NB1-j Uncultured bacterium  �ì�X�ï�õ�F�ì�X�î�ó �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ï�F�ì�X�ì�ï �í�X�î�ì�F�ì�X�î�ð 
Syntrophobacterales Syntrophaceae Smithella �ì�X�ð�ñ�F�ì�X�í�ð �ì�X�ì�ì�F�ì�X�ì�ì �í�X�ð�ó�F�í�X�ï�õ �í�X�ï�ò�F�ì�X�ð�ò 

Syntrophobacteraceae Syntrophobacter �ì�X�ì�ï�F�ì�X�ì�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�î�ï�F�ì�X�î�ó �ì�X�ì�ñ�F�ì�X�ì�î 
Unassigned Unassigned Unassigned �ì�X�ð�ò�F�ì�X�ì�ð �ì�X�ì�î�F�ì�X�ì�î �í�X�ô�ð�F�ì�X�ð�ó �î�X�ò�ò�F�ì�X�ñ�ì 

�v-Proteobacteria Aeromonadales Aeromonadaceae Aeromonas �ì�X�í�ï�F�ì�X�ì�ï �õ�X�ó�í�F�í�X�î�ñ �î�X�î�î�F�í�X�ð�ô �ì�X�ì�î�F�ì�X�ì�ï 
Succinivibrionaceae Uncultured �ì�X�ì�í�F�ì�X�ì�í �ì�X�ì�î�F�ì�X�ì�ì �ì�X�î�ô�F�ì�X�í�î �ì�X�ì�ì�F�ì�X�ì�ì 

Alteromonadales Shewanellaceae Shewanella �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�í�õ�F�ì�X�ì�ï �ì�X�í�í�F�ì�X�ì�ô �ì�X�ì�ì�F�ì�X�ì�ì 
CCD24 metagenome  �ì�X�ò�ô�F�ì�X�ì�ó �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ï�F�ì�X�ì�ð �í�X�ì�õ�F�ì�X�í�ô 
Betaproteobacteriales Burkholderiaceae Acidovorax �ì�X�í�í�F�ì�X�ì�î �í�ï�X�ï�ì�F�ì�X�î�ð �ñ�X�ì�ñ�F�î�X�õ�ò �ì�X�î�ï�F�ì�X�í�ï 

Uncultured �í�X�ô�í�F�ì�X�î�ó �ì�X�ì�ò�F�ì�X�ì�ì �ì�X�í�ò�F�ì�X�í�ï �ï�X�ñ�í�F�ì�X�ò�ñ 
Galliionellaceae Sideroxydans �ì�X�í�ð�F�ì�X�ì�õ �ì�X�í�ñ�F�ì�X�ì�ï �ì�X�ò�ñ�F�ì�X�î�ô �í�X�ñ�ï�F�ì�X�ñ�ï 
Hydrogenophilaceae Thiobacillus �ì�X�ð�î�F�ì�X�ì�í �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ñ�F�ì�X�ì�ð �ì�X�ñ�ô�F�ì�X�ï�í 
Nitrosomonadaceae Ellin6067 �í�X�õ�ô�F�ì�X�î�î �ì�X�ì�ì�F�ì�X�ì�í �ì�X�ò�ò�F�ì�X�î�ì �ï�X�ñ�ð�F�ì�X�ï�ï 
Rhodocyclaceae Azoarcus �ì�X�ì�ð�F�ì�X�ì�ï �ì�X�í�ô�F�ì�X�ì�í �í�X�ì�ì�F�ì�X�ð�ï �ì�X�ì�ò�F�ì�X�ì�ñ 

Thauera �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�ñ�F�ì�X�ì�î �í�X�î�ð�F�ì�X�ð�ñ �ì�X�ì�ì�F�ì�X�ì�ì 
Unassigned �ì�X�ì�ñ�F�ì�X�ì�î �ì�X�ì�î�F�ì�X�ì�ì �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ñ�í�F�ì�X�ð�ð 

Unassigned  �î�X�ð�ï�F�ì�X�ñ�ð �ì�X�ò�ô�F�ì�X�ì�ð �î�X�ò�ô�F�ì�X�ó�î �ï�X�ð�ï�F�í�X�ñ�í 
Pseudomonadales Moraxellaceae Acinetobacter �ì�X�ì�í�F�ì�X�ì�í �í�ò�X�ñ�ñ�F�í�X�ï�î �í�X�õ�ó�F�í�X�ï�ñ �ì�X�ì�î�F�ì�X�ì�ï 

Pseudomonadaceae Pseudomonas �ì�X�ô�õ�F�ì�X�í�í �í�X�ò�ò�F�ì�X�ì�ó �í�X�î�ì�F�ì�X�ô�í �ì�X�í�õ�F�ì�X�ì�ð 
Unassigned Unassigned Unassigned �î�X�õ�î�F�ì�X�ï�í �ð�X�ñ�í�F�ì�X�í�ï �ï�X�í�ò�F�í�X�ð�ó �ï�X�ñ�õ�F�ì�X�ñ�ì 
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Spirochaetes Spirochaetia Spirochaetales Spirochaetaceae Spirochaeta 2 �ì�X�ì�ô�F�ì�X�ì�ð �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ò�õ�F�ì�X�í�ì �ï�X�ô�õ�F�í�X�ñ�ô 
Treponema 2 �ì�X�ð�ô�F�ì�X�í�ï �ì�X�ì�í�F�ì�X�ì�í �í�X�ì�ó�F�ì�X�ò�ð �ì�X�ì�õ�F�ì�X�ì�í 
Uncultured �ì�X�õ�ò�F�ì�X�ð�ï �ì�X�ì�ì�F�ì�X�ì�ì �ó�X�ï�ô�F�î�X�ì�ó �í�X�î�ð�F�ì�X�î�ï 
Unassigned �ì�X�î�ô�F�ì�X�í�î �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ï�ó�F�ì�X�í�ó �ì�X�ó�í�F�ì�X�î�î 

Synergistetes Synergistia Synergistales Synergistaceae Aminomonas �ì�X�ì�ì�F�ì�X�ì�ì �ì�X�ì�î�F�ì�X�ì�í �ì�X�ñ�ó�F�ì�X�ì�ò �ì�X�ì�ì�F�ì�X�ì�ì 

Lokacije uzorkovanja: UP, uzvodno od ispusta; DW0, 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 
�D�Q�W�L�E�L�R�W�L�N�D�����:�:�����L���V�H�G�L�P�H�Q�D�W�D���S�R�W�R�N�D���.�D�O�L�Q�R�Y�L�F�D���G�R�E�L�Y�H�Q�L�K���S�R�P�R�ü�X���P�H�W�U�L�N�H���Ä�2�E�V�H�U�Y�H�G���$�6�9�V��
���D�P�S�O�L�F�R�Q���V�H�T�X�H�Q�F�L�Q�J���Y�D�U�L�D�Q�W�V���³�����/�R�N�D�F�L�M�H���X�]�R�U�N�R�Y�D�Q�M�D�����8�3�����X�]�Y�R�G�Q�R���R�G���L�V�S�X�V�W�D�����'�:�������Lspust; 
DW3000, 3000 m nizvodno od ispusta. Oznaka slike u radu Figure S1.  
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Slika 12. Shannon-�:�L�H�Q�H�U���L�Q�G�H�N�V���U�D�]�Q�R�O�L�N�R�V�W�L���V�H�G�L�P�H�Q�D�W�D���S�R�W�R�N�D���.�D�O�L�Q�R�Y�L�F�D���X���N�R�M�L���V�H���L�V�S�X�ã�W�D�M�X��
otpadne vode iz formulacije antibiotika tijekom zimske i ljetne sezone. Lokacije uzorkovanja: 
UP, uzvodno; DW0, ispust; DW3000, 3000 m nizvodno od ispusta. Oznaka slike u radu Figure 
S2. 
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Slika 13. Taksonomska strukture bakterijske zajednice na razini koljena otpadne vode iz 
formulacije antibiotika (WW) i sedimenata potoka Kalinovica �Q�D���U�D�]�O�L�þ�L�W�L�P���O�R�N�D�F�L�M�D�P�D��tijekom 
zimske i ljetne sezone uzorkovanja. Bakterijska kolje�Q�D���V�D���U�H�O�D�W�L�Y�Q�R�P���]�D�V�W�X�S�O�M�H�Q�R�ã�ü�X���P�D�Q�M�R�P��
�R�G�������� �X���V�Y�L�P���X�]�R�U�F�L�P�D���V�X���J�U�X�S�L�U�D�Q�D���X���Ä�2�W�K�H�U�³���� �/�R�N�D�F�L�M�H���X�]�R�U�N�R�Y�D�Q�M�D���� �8�3���� �X�]�Y�R�G�Q�R���� �'�:������
ispust; DW3000, 3000 m nizvodno od ispusta. Oznaka slike u radu Figure S3.  
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Slika 14. Promjene u sastavu bakterijske zajednice na razini koljena u nizvodnim sedimentima 
(DW) u odnosu na uzvodni sediment (UP) tijekom a) zimske i b) ljetne sezone. Prikazana 
�U�H�O�D�W�L�Y�Q�D���]�D�V�W�X�S�O�M�H�Q�R�V�W���E�D�N�W�H�U�L�M�V�N�L�K���N�R�O�M�H�Q�D���W�H�P�H�O�M�L���V�H���Q�D�������������V�O�L�þ�Q�R�V�W�L���V�D���S�R�G�D�F�L�P�D���L�]���6�,�/�9�$��
baze podataka. Zvjezdice prik�D�]�X�M�X���V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�X���U�D�]�O�L�N�X��(*p < 0.05; **p < 0.01; ***p < 
�������������� �'�(�6�H�T������ �L�]�P�H�ÿ�X�� �V�Y�D�N�H�� �Q�L�]�Y�R�G�Q�H�� �O�R�N�D�F�L�M�H�� ���'�:���� �L�� �X�]�Y�R�G�Q�H�� ���8�3���� �O�R�N�D�F�L�M�H���� �/�R�N�D�F�L�M�H��
uzorkovanja: UP, uzvodno od ispusta; DW0, ispust; DW3000, 3000 m nizvodno od ispusta. 
Oznaka slike u radu Figure S4.  
  



                                                                                                                                            Prilozi 

235 
 

7.6. Dodatne informacije uz rad:  

�0�L�O�D�N�R�Y�L�ü�� �0, Pet�U�L�ü�� �,���� �.�U�L�å�D�Q�R�Y�L�ü�� �6���� �â�L�P�D�W�R�Y�L�ü�� �$���� �*�R�Q�]�D�O�H�]�� �3�O�D�]�D�� �-�-���� �*�X�å�Y�L�Q�H�F�� �0����
�3�R�O�H�� �/���� �0�U�N�R�Q�M�L�ü�� �)�X�N�D�� �0���� �8�G�L�N�R�Y�L�ü-�.�R�O�L�ü�� �1���� �&�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q�� �R�I�� �P�D�F�U�R�O�L�G�H�� �U�H�V�L�V�W�D�Q�F�H�� �L�Q��
clinical and environmental isolates from macrolide-polluted and unpolluted river sediments. U 
postupku u �þ�D�V�R�S�L�V�X���6�F�L�H�Q�F�H���R�I���W�K�H���7�R�W�D�O���(�Q�Y�L�U�R�Q�P�H�Q�W���� 

 

Tablica 21. �=�D�V�W�X�S�O�M�H�Q�R�V�W���R�N�R�O�L�ã�Q�L�K���N�X�O�W�L�Y�D�E�L�O�Q�L�K���E�D�N�W�H�U�L�M�V�N�L�K���U�R�G�R�Y�D���R�W�S�R�U�Q�L�K���Q�D���D�]�L�W�U�R�P�L�F�L�Q���� 

Phylum Genus 
Abundance (%) 

Upstream Discharge 
Actinobacteria  
(Gram-positive) 

Microbacterium 42.31 29.84 
Arthrobacter 4.81 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 
(Gram-positive) 

Bacillus 38.46 4.84 
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 
(Gram-negative) 

Chryseobacterium             0.00             4.84 
Flavihumibacter 0.00 0.81 

��-Proteobacteria 
(Gram-negative) 

Acinetobacter 0.96 0.81 
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 
(Gram-negative) 

Brevundimonas 0.00 7.26 
Rhodobacter 0.00 0.81 

��-Proteobacteria 
(Gram-negative) 

Acidovorax 0.00 3.23 
Comamonas 0.00 1.61 
Neisseria 0.00 0.81 
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Tablica 22. �)�H�Q�R�W�L�S�V�N�D���L���J�H�Q�R�W�L�V�N�D���N�D�U�D�N�W�H�U�L�]�D�F�L�M�D���R�N�R�O�L�ã�Q�L�K���E�D�N�W�H�U�L�M�V�N�L�K���L�]�R�O�D�W�D���V�D���X�]�Y�R�G�Q�H���O�R�N�D�F�L�M�H���L���O�R�N�D�F�L�M�H���L�V�S�X�V�W�D�����3�U�R�I�L�O���R�W�S�R�U�Q�R�Vti bakterijskih 
izolata na antibiotike temelji se na CLSI standardima.  

Source Phylum Genus/Species N MRGs Resistance profile 

U
ps

tr
ea

m
 

Actinobacteria Arthrobacter sp. 1 ermF ERY; AZM; CLA 
Microbacterium sp. 
 

1 msrD ERY; AZM; CLA 
1 mefE ERY; AZM; CLA; TET 
1 mphE ERY; AZM; CLA; CIP 
1 ermF ERY; AZM; CLA; CIP 
1 msrD ERY; AZM; CLA; CIP 

Firmicutes Bacillus licheniformis 1 msrA+hflX  
 

ERY; AZM; CLA 
2 ermF 
1 msrE 
1 msrD 
3 hflX 

Proteobacteria Acinetobacter sp.  1 msrE+mphE **  

D
is

ch
ar

ge
 

Actinobacteria Arthrobacter sp. 1 ermF ERY; AZM; CLA; TET 
Cellulosimicrobium cellulans 1 ermB ERY; AZM; CLA; CIP 
Microbacterium sp.  1 ermB ERY; AZM; CLA; TET; CIP 

1 mefE ERY; AZM; CLA 
1 mphE ERY; AZM; CLA; CIP 

Microbacterium 
estearomaticum 

1 ermB ERY; AZM; CLA; TET 
1 ermB ERY; AZM; CLA; CIP 

Microbacterium 
keratanolyticum 1 hflX ERY; AZM; CLA 

Microbacterium 
saccharophilum 

2 ermF ERY; AZM; CLA 

Microbacterium paraoxydans 1 hflX  
ERY; AZM; CLA 

 
 

1 ermF+msrE 

1 ermF 
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Micrococcus aloeverae 1 msrE ERY 
Lysinibacillus fusiformis 1 ermB ERY; AZM; CLA; TET; AMP; CIP 

1 ermB ERY; AZM; CLA; AMP 
Tessaracoccus flavescens 1 mphE *  

Bacteroidetes Chryseobacterium sp.   1 ermF+msrD *  
Firmicutes Aerococcus viridans 1 ermB TET; CIPRO 

Bacillus sp.  1 ermB+msrE ERY; AZM; CLA 
Bacillus cereus 1 ermB ERY; AZM; CLA 
Enterococcus saccharolyticus 1 ermB+ermF ERY; AZM; CLA 

1 ermB ERY; AZM; CLA; TET; AMP; CIP 
Enterococcus sp. 1 ermB+mefC ERY; AZM; CLA; TET; AMP 
Enterococcus asini 1 ermB 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+msrE ERY 
Streptococcus sp.  5 ermB ERY; AZM; CLA; AMP 
Trichococcus sp. 1 ermB *  

 Trichococcus flocculiformis 1 ermF 
Proteobacteria Acinetobacter johnsonii 1 msrE+mphE **  

Brevundimonas bullata 1 ermF  
 
 
 
 
 
 
*  
 
 
 

 

1 msrE 
Brevundimonas diminuta 1 ermB 
Comamonas sp.  1 msrE+mphE 
Comamonas denitrificans 1 msrE+mphE 
Citrobacter freundii 2 msrE+mphE 

1 ermF+msrE+mphE 
Acidovorax sp. 1 mefA+msrE+mphE+hflX 

1 msrE+mphE 
Neisseria sp.  1 mphE 
Pseudomonas sp.  1 msrE 
Pseudoxanthomonas sp.  1 mphE 
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Rhodobacter sp.  1 msrE+mphE  
 
 

Stenotrophomonas sp.  1 msrE+mphE 
Thermomonas brevis 1 mphE 

 

* �1�H���S�R�V�W�R�M�H���&�/�6�,���V�P�M�H�U�Q�L�F�H���]�D���R�G�U�H�ÿ�L�Y�D�Q�M�H���U�D�]�L�Q�H���R�W�S�R�U�Q�R�V�W�L���Q�D���W�X���Y�U�V�W�X���D�Q�W�L�E�L�R�W�L�N�D�����S�U�L�U�X�þ�Q�L�N���0������Methods for Antimicrobial Dilution and Disk Susceptibility 
Testing of Infrequently Isolated or Fastidious Bacteria) (2016).  
** Ne postoje CLSI smjernice za o�G�U�H�ÿ�L�Y�D�Q�M�H�� �U�D�]�L�Q�H�� �R�W�S�R�U�Q�R�V�W�L�� �Q�D�� �P�D�N�U�R�O�L�G�Q�H�� �D�Q�W�L�E�L�R�W�L�N�H�� ���S�U�L�U�X�þ�Q�L�N�� �0������Methods for Antimicrobial Dilution and Disk 
Susceptibility Testing of Infrequently Isolated or Fastidious Bacteria) (2016).  
N-broj izolata; MRGs �± geni za otpornost na makrolide. ERY �± eritromicin; AZI �± azitromicin; CLA �± klaritromicin; TET �± tetraciklin; AMP �± ampicilin; CIP 
�± ciprofloksacin. CLSI smjernice za AZI i CLA su temeljene na smjernicama za ERY za sve rodove osim Streptococcus spp. i Staphylococcus spp. Za rodove 
Streptococcus spp. i Lactococcus �V�S�S�����V�P�M�H�U�Q�L�F�H���]�D���R�G�U�H�ÿ�L�Y�D�Q�M�H���R�W�S�R�U�Q�R�V�W�L���Q�D���&�,�3�5�2���V�X���W�H�P�H�O�M�H�Q�H���Q�D���V�P�M�U�Q�L�F�D�P�D���]�D���O�H�Y�R�I�O�R�N�V�D�F�L�Q���L���R�I�O�R�N�V�D�F�L�Q���� 
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Slika 15. Filogenetsko stablo dobiveno usporedbom sekvenci gena mefA/E �L�]���N�O�L�Q�L�þ�N�L�K��(HOSP) 
�L�� �R�N�R�O�L�ã�Q�L�K�� �L�]�R�O�D�W�D�� �V�D�� �X�]�Y�R�G�Q�H�� �O�R�N�D�F�L�M�H (UP) i lokacije ispusta (DW0) te reprezentativnih 
�V�H�N�Y�H�Q�F�L�� ���S�U�L�N�D�]�D�Q�H�� �S�R�G�H�E�O�M�D�Q�R���� �L�]�� �1�&�%�,�� �E�D�]�H���� �6�W�D�E�O�R�� �M�H�� �L�]�J�U�D�ÿ�H�Q�R�� �P�H�W�R�G�R�P�� �S�R�Y�H�]�L�Y�D�Q�M�D��
susjeda (engl. Neighbour joining�����S�R�P�R�ü�X���U�D�þ�X�Q�D�O�Q�R�J���S�U�R�J�U�D�P�D���0�(�*�$���;�����3�R�G�U�ã�N�D���]�D���J�U�D�Q�D�Q�M�D��
unutar s�W�D�E�O�D���R�G�U�H�ÿ�H�Q�D���M�H���Q�D���Wemelju 1.000 ponavljanja.  
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Slika 16. Filogenetsko stablo dobiveno usporedbom sekvenci gena msr�'���L�]���N�O�L�Q�L�þ�N�L�K (HOSP) 
�L�� �R�N�R�O�L�ã�Q�L�K�� �L�]�R�O�D�W�D�� �V�D�� �X�]�Y�R�G�Q�H�� �O�R�N�D�F�L�M�H (UP) i lokacije ispusta (DW0) te reprezentativnih 
sekvenci (prikazane podebljano) iz NCBI ba�]�H���� �6�W�D�E�O�R�� �M�H�� �L�]�J�U�D�ÿ�H�Q�R�� �P�H�W�R�G�R�P�� �S�R�Y�H�]�L�Y�D�Q�M�D��
susjeda (engl. Neighbour joining�����S�R�P�R�ü�X���U�D�þ�X�Q�D�O�Q�R�J���S�U�R�J�U�D�P�D���0�(�*�$���;�����3�R�G�U�ã�N�D���]�D���J�U�D�Q�D�Q�M�D��
�X�Q�X�W�D�U���V�W�D�E�O�D���R�G�U�H�ÿ�H�Q�D���M�H���Q�D���W�H�P�H�O�M�X��1.000 ponavljanja.  
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Slika 17. Filogenetsko stablo dobiveno usporedbom sekvenci gena mph�(���L�]���N�O�L�Q�L�þ�N�L�K��(HOSP) 
�L�� �R�N�R�O�L�ã�Q�L�K�� �L�]�R�O�D�W�D�� �V�D�� �X�]�Y�R�G�Q�H�� �O�R�N�D�F�L�M�H (UP) i lokacije ispusta (DW0) te reprezentativnih 
�V�H�N�Y�H�Q�F�L�� ���S�U�L�N�D�]�D�Q�H�� �S�R�G�H�E�O�M�D�Q�R���� �L�]�� �1�&�%�,�� �E�D�]�H���� �6�W�D�E�O�R�� �M�H�� �L�]�J�U�D�ÿ�H�Q�R�� �P�H�W�R�G�R�P�� �S�R�Y�H�]�L�Y�D�Q�M�D��
susjeda (engl. Neighbour joining�����S�R�P�R�ü�X���U�D�þ�X�Q�D�O�Q�R�J���S�U�R�J�U�D�P�D���0�(�*�$���;�����3�R�G�U�ã�N�D���]�D���J�U�D�Q�D�Q�M�D��
unutar �V�W�D�E�O�D���R�G�U�H�ÿ�H�Q�D���M�H���Q�D���W�H�P�H�O�M�X����.000 ponavljanja.  
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7.7. Sekvence plazmida izoliranih iz sedimenta s lokacije ispusta rijeke Save 
(DW0_S1-3) i potoka Kalinovica (DW0_K1-3).  
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�3�2�3�,�6���.�2�5�,�â�7�(�1�,�+���.�5�$�7�,�&�$ 
 

AMP   ampicilin 

AZI    azitromicin 

BPK5   �E�L�R�N�H�P�L�M�V�N�D���S�R�W�U�R�ã�Q�M�D���N�L�V�L�N�D 

CEFO   cefotaksim 

DHFR   dihidrofolat reduktaza 

DHPS   dihidropteroat sintaza 

DNA   deoksiribonukleinska kiselina 

ENR   enrofloksacin 

ERY-H2O  dehidrirani eritromicin 

ESBL   ��-�O�D�N�W�D�P�D�]�D���S�U�R�ã�L�U�H�Q�R�J���V�S�H�N�W�U�D 

HGT   horizontalni prijenos gena 

ICP-MS  masena spektrometrija s induktivno spregnutom plazmom 

kb   kilobaza 

KPK    �N�H�P�L�M�V�N�D���S�R�W�U�R�ã�Q�M�D���N�L�V�L�N�D 

LC-MS/MS  vezani sustav �W�H�N�X�ü�L�Q�V�N�D���N�U�R�P�D�W�R�J�U�D�I�L�M�D - tandemna spektrometrija masa 

MIK    minimalna inhibitorna koncentracija 

NADPH  nikotinamid adenin dinukleotid fosfat 

N-DMA  n-desmetil azitromicin 

NMDS   nemetrijsko �Y�L�ã�H�G�L�P�H�Q�]�L�M�V�N�R���J�U�X�S�L�U�D�Q�M�H 

NGS   �P�H�W�R�G�H���V�H�N�Y�H�Q�F�L�U�D�Q�M�D���V�O�M�H�G�H�ü�H���J�H�Q�H�U�D�F�L�M�H 

OTC   oksitetraciklin 

PABA   p-aminobenzojeva kiselina 

pb    parova baza 

PBPs    penicilin-�Y�H�]�X�M�X�ü�L���S�U�R�W�H�L�Q�L�� 

PBRT    �W�L�S�L�]�D�F�L�M�D���U�H�S�O�L�N�R�Q�D���O�D�Q�þ�D�Q�R�P���U�H�D�N�F�L�M�R�P���S�R�O�L�P�H�U�D�]�R�P 

PCR    �O�D�Q�þ�D�Q�D���U�H�D�N�F�L�M�D���S�R�O�L�P�H�U�D�]�R�P 

PNEC   �J�U�D�Q�L�þ�Q�D���N�R�Q�F�H�Q�W�U�D�F�L�M�D���L�]�Q�D�G���N�R�M�H���V�H���P�R�å�H���R�þ�H�N�L�Y�D�W�L���V�H�O�H�N�F�L�M�D 

   �D�Q�W�L�E�L�R�W�L�þ�N�H���R�W�S�R�U�Q�R�V�W�L 

RNA   ribonukleinska kiselina 

rrn   16S rRNA gen 

r-RNA   ribosomska RNA 

t-RNA   transportna RNA 
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SDZ    sulfadiazin 

SMZ   sulfametazin 

SZO   Svjetska zdravstvena organizacija 

TET   tetraciklin 

TMP   trimetoprim 

TOC    ukupni organski ugljik 

TSS    ukupne suspendirane tvari 

TYMS   timidilat sintaza 

qPCR    �N�Y�D�Q�W�L�W�D�W�L�Y�Q�D���O�D�Q�þ�D�Q�D���U�H�D�N�F�L�M�D���S�R�O�L�P�H�U�D�]�R�P 
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 �������ä�,�9�2�7�2�3�,�6 
 

�0�L�O�H�Q�D�� �0�L�O�D�N�R�Y�L�ü�� �U�R�ÿ�H�Q�D�� �M�H�� �������� �O�L�V�W�R�S�D�G�D�� ������������ �J�R�G�L�Q�H�� �X�� �%�M�H�O�R�Y�D�U�X���� �J�G�M�H�� �M�H�� �]�D�Y�U�ã�L�O�D��

�R�V�Q�R�Y�Q�X�� �L�� �V�U�H�G�Q�M�X�� �ã�N�R�O�X���� �,�Q�W�H�J�U�L�U�D�Q�L�� �S�U�H�G�G�L�S�O�R�P�V�N�L�� �L�� �G�L�S�O�R�P�V�N�L�� �V�W�X�G�L�M�� �%�L�R�O�R�J�L�M�H�� �L�� �.�H�P�L�M�H�� �Q�D��

Prirodoslovno-�P�D�W�H�P�D�W�L�þ�N�R�P���I�D�N�X�O�W�H�W�X���6�Y�H�X�þ�L�O�L�ã�W�D���X���=�D�J�U�H�E�X���]�D�Y�U�ã�L�O�D���M�H���������������J�R�G�L�Q�H���þ�L�P�H���M�H��

stekla akademski naziv magistre edukacije biologije i kemije (mag. educ. biol. et chem.). Od 

������������ �J�R�G�L�Q�H�� �G�R�� �G�D�Q�D�V�� �M�H�� �]�D�S�R�V�O�H�Q�D�� �Q�D�� �P�M�H�V�W�X�� �G�R�N�W�R�U�D�Q�G�L�F�H�� �X�� �/�D�E�R�U�D�W�R�U�L�M�X�� �]�D�� �R�N�R�O�L�ã�Q�X��

mikrobiologiju i bioteh�Q�R�O�R�J�L�M�X�� �,�Q�V�W�L�W�X�W�D�� �5�X�ÿ�H�U�� �%�R�ã�N�R�Y�L�ü�� �X�� �=�D�J�U�H�E�X���� �1�M�H�]�L�Q�� �]�Q�D�Q�V�W�Y�H�Q�L�� �U�D�G��

�R�E�X�K�Y�D�ü�D�� �L�V�W�U�D�å�L�Y�D�Q�M�H�� �U�D�]�Y�R�M�D�� �L�� �ã�L�U�H�Q�M�D�� �R�W�S�R�U�Q�R�V�W�L�� �E�D�N�W�H�U�L�M�D�� �Q�D�� �D�Q�W�L�E�L�R�W�L�N�H�� �N�D�R�� �L�� �V�D�V�W�D�Y�D�� �L��

�V�W�U�X�N�W�X�U�H�� �E�D�N�W�H�U�L�M�V�N�L�K�� �]�D�M�H�G�Q�L�F�D�� �X�� �Y�R�G�H�Q�R�P�� �R�N�R�O�L�ã�X�� �L�]�O�R�å�H�Q�R�P�� �L�V�S�X�V�W�X�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �L�]��

farmaceutskih industrija. U akademskoj godini 2016./2017. upisala je Poslijediplomski 

�V�Y�H�X�þ�L�O�L�ã�Q�L���G�R�N�W�R�U�V�N�L���V�W�X�G�L�M���E�L�R�O�R�J�L�M�H���Q�D���3�U�L�U�R�G�R�V�O�R�Y�Q�R-�P�D�W�H�P�D�W�L�þ�N�R�P���I�D�N�X�O�W�H�W�X���6�Y�H�X�þ�L�O�L�ã�W�D���X��

�=�D�J�U�H�E�X�����'�R�E�L�W�Q�L�F�D���M�H���V�W�L�S�H�Q�G�L�M�H���&�2�6�7���D�N�F�L�M�H���1�(�5�(�8�6�����(�6�������������]�D���G�Y�R�P�M�H�V�H�þ�Q�R���]�Q�D�Q�V�W�Y�H�Q�R��

u�V�D�Y�U�ã�D�Y�D�Q�M�H���X���1�M�H�P�D�þ�N�R�M���Q�D���L�Q�V�W�L�W�X�W�X���+�H�O�P�K�R�O�W�]�=�H�Q�W�U�X�P���0�X�Q�F�K�H�Q���X���J�U�X�S�L���S�U�R�I�����G�U�����0�L�F�K�D�H�O�D��

�6�F�K�O�R�W�H�U�D���� �'�R�E�L�W�Q�L�F�D�� �M�H�� �L�� �Q�H�N�R�O�L�N�R�� �V�W�L�S�H�Q�G�L�M�D�� �)�H�G�H�U�D�F�L�M�H�� �H�X�U�R�S�V�N�L�K�� �P�L�N�U�R�E�L�R�O�R�ã�N�L�K�� �G�U�X�ã�W�D�Y�D��

���)�(�0�6���� �]�D�� �V�X�G�M�H�O�R�Y�D�Q�M�H�� �Q�D�� �]�Q�D�Q�V�W�Y�H�Q�L�P�� �V�N�X�S�R�Y�L�P�D�� �X�� �L�Q�R�]�H�P�V�W�Y�X�� �L�� �X�� �G�U�å�D�Y�L���� �3�R�Ued toga, 

�G�R�E�L�W�Q�L�F�D�� �M�H�� �L�� �*�R�G�L�ã�Q�M�H�� �Q�D�J�U�D�G�H�� �P�O�D�G�L�P�� �]�Q�D�Q�V�W�Y�H�Q�L�F�L�P�D�� �Ä�-�D�V�H�Q�N�D�� �3�L�J�D�F�³�� �+�U�Y�D�W�V�N�R�J��

�P�L�N�U�R�E�L�R�O�R�ã�N�R�J�� �G�U�X�ã�W�Y�D�� ������������ �J�R�G�L�Q�H�� �N�D�R�� �L�� �Q�D�J�U�D�G�H�� �]�D�� �G�U�X�J�L�� �Q�D�M�E�R�O�M�L�� �S�R�V�W�H�U�� �S�U�H�G�V�W�D�Y�O�M�H�Q�� �Q�D��

�N�R�Q�J�U�H�V�X���;�(�1�2�:�$�&���,�,���R�G�U�å�D�Q�R�P���X���/�L�P�D�V�V�R�O�X�����&�L�S�D�U���������������J�R�G�L�Q�H������ 

 Do sada je �D�X�W�R�U�L�F�D���V�X�D�X�W�R�U�L�F�D������ �]�Q�D�Q�V�W�Y�H�Q�L�K�� �U�D�G�R�Y�D���� �R�G�� �þ�H�J�D���M�H���S�U�Y�D�� �D�X�W�R�U�L�F�D���Q�D���G�Y�D��

�]�Q�D�Q�V�W�Y�H�Q�D���U�D�G�D�����X���M�H�G�Q�L�P�D���R�G���Q�D�M�S�U�H�V�W�L�å�Q�L�M�L�K���þ�D�V�R�S�L�V�D���X���S�R�G�U�X�þ�M�X���R�N�R�O�L�ã�Q�L�K���]�Q�D�Q�R�V�W�L���F�L�W�L�U�D�Q�L�K��

�E�D�]�R�P���:�H�E���R�I���6�F�L�H�Q�F�H�����:�R�6�������W�H���������V�D�å�H�W�D�N�D���X���]�E�R�U�Q�L�F�L�P�D���]�Q�D�Q�V�W�Y�H�Q�L�K���V�N�X�S�R�Y�D���� 
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Popis objavljenih znanstvenih radova  

 

1. �%�L�H�O�H�Q���$�����â�L�P�D�W�R�Y�L�ü���$�����.�R�V�L�ü-�9�X�N�ã�L�ü���-�����6�H�Q�W�D���,�����$�K�H�O���0�����%�D�E�L�ü���6�����-�X�U�L�Q�D���7�����*�R�Q�]�i�O�H�]��

Plaza JJ, �0�L�O�D�N�R�Y�L�ü�� �0���� �8�G�L�N�R�Y�L�ü-�.�R�O�L�ü�� �1���� �1�H�J�D�W�L�Y�H�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �L�P�S�D�F�W�V�� �R�I��

antibiotic-contaminated effluents from pharmaceutical industries. Water Research 126 

(2017): 79-87. doi: 10.1016/j.watres.2017.09.019 

2. �*�R�Q�]�i�O�H�]���3�O�D�]�D���-�-�����â�L�P�D�W�R�Y�L�ü���$�����0�L�O�D�N�R�Y�L�ü���0�����%�L�H�O�H�Q���$�����:�L�F�K�P�D�Q�Q���)�����8�G�L�N�R�Y�L�ü���.�R�O�L�ü��

N: Functional repertoire of antibiotic resistance genes in antibiotic manufacturing 

effluents and receiving freshwater sediments. Frontiers in Microbiology 8 (2018): 2675. 

doi: 10.3389/fmicb.2017.02675 

3. �0�L�O�D�N�R�Y�L�ü���0�����9�H�V�W�H�U�J�D�D�U�G���*�����*�R�Q�]�i�O�H�]���3�O�D�]�D���-�-�����3�H�W�U�L�ü���,�����â�L�P�D�W�R�Y�L�ü���$�����6�H�Q�W�D���,�����.�X�E�O�L�N��

�6�����6�F�K�O�R�W�H�U���0�����8�G�L�N�R�Y�L�ü���.�R�O�L�ü���1�����3�R�O�O�X�W�L�R�Q���I�U�R�P���D�]�L�W�K�U�R�P�\�F�L�Q-manufacturing promotes 

macrolide-resistance 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 

4. �*�R�Q�]�i�O�H�]�� �3�O�D�]�D�� �-�-���� �%�O�D�X�� �.�����0�L�O�D�N�R�Y�L�ü M���� �-�X�U�L�Q�D�� �7���� �6�P�D�O�O�D�� �.���� �8�G�L�N�R�Y�L�ü�� �.�R�O�L�ü�� �1����

Antibiotic-manufacturing sites are hot-spots 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 

5. Bengtsson-Palme J, Milakovic M ���� �â�Y�H�F�R�Y�i�� �+���� �*�D�Q�M�W�R�� �0���� �-�R�Q�V�V�R�Q�� �9���� �*�U�D�E�L�F�� �5����

Udikovic-Kolic N: Industrial wastewater treatment plant enriches antibiotic resistance 

genes and alters the structure of microbial communities. Water Research 162 (2019): 

437-445. doi: 10.1016/j.watres.2019.06.073 

6. �0�L�O�D�N�R�Y�L�ü�� �0���� �9�H�V�W�H�U�J�D�D�U�G�� �*���� �*�R�Q�]�i�O�H�]-�3�O�D�]�D�� �-�-���� �3�H�W�U�L�ü�� �,���� �.�R�V�L�ü-�9�X�N�ã�L�ü�� �-���� �6�H�Q�W�D�� �,����

�.�X�E�O�L�N�� �6���� �6�F�K�O�R�W�H�U�� �0���� �8�G�L�N�R�Y�L�ü-�.�R�O�L�ü�� �1���� �(�I�I�H�F�W�V�� �R�I�� �L�Q�G�X�V�W�U�L�D�O�� �H�I�I�O�X�H�Q�W�V�� �F�R�Q�W�D�L�Q�L�Q�J��

moderate levels of antibiotic mixtures on the abundance of antibiotic resistance genes 

and bacterial community composition in exposed creek sediments. Science of the Total 

Environment 706 (2020): 136001. doi: 10.1016/j.scitotenv.2019.136001 
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�.�R�Q�J�U�H�V�Q�D���S�U�L�R�S�ü�H�Q�M�D 

 

1. �0�L�O�D�N�R�Y�L�ü�� �0, Ves�W�H�U�J�D�D�U�G�� �*���� �*�R�Q�]�i�O�H�]-�3�O�D�]�D�� �-�-���� �3�H�W�U�L�ü�� �,���� �â�L�P�D�W�R�Y�L�ü�� �$���� �6�F�K�O�R�W�H�U�� �0����

�8�G�L�N�R�Y�L�ü-�.�R�O�L�ü���1�����=�D�J�D�ÿ�H�Q�M�H���V�H�G�L�P�H�Q�W�D���U�L�M�H�N�H���6�D�Y�H���I�D�U�P�D�F�H�X�W�V�N�L�P���R�W�S�D�G�Q�L�P���Y�R�G�D�P�D��

�± �U�D�]�Y�R�M���L���ã�L�U�H�Q�M�H���R�W�S�R�U�Q�R�V�W�L���Q�D���P�D�N�U�R�O�L�G�Q�H���D�Q�W�L�E�L�R�W�L�N�H���L���R�G�J�R�Y�R�U���E�D�N�W�H�U�L�M�V�N�L�K���]�D�M�H�G�Q�L�F�D����

2. kongres studenata Biotehnologije �± �.�Q�M�L�J�D�� �V�D�å�H�W�D�N�D. Zagreb, Hrvatska: Udruga 

studenata Prehrambeno-�E�L�R�W�H�K�Q�R�O�R�ã�N�R�J�� �I�D�N�X�O�W�H�W�D�� �Ä�3�5�2�%�,�2�1�³���� ������������ �V�W�U���� ����-18 

(predavanje).  

 
2. �0�L�O�D�N�R�Y�L�ü�� �0, �9�H�V�W�H�U�J�D�D�U�G�� �*���� �*�R�Q�]�i�O�H�]-�3�O�D�]�D�� �-�-���� �3�H�W�U�L�ü�� �,���� �â�L�P�D�W�R�Y�L�ü�� �$���� �6�F�K�O�R�W�H�U�� �0����

�8�G�L�N�R�Y�L�ü-�.�R�O�L�ü���1�����(�I�I�H�F�W�V���R�I���Z�D�V�W�H�Z�D�W�H�U���S�R�O�O�X�W�L�R�Q���R�Q���W�K�H���D�Q�W�L�E�L�R�W�L�F���U�H�V�L�V�W�D�Q�F�H���J�H�Q�H���S�R�R�O��

and bacterial communities in the sediments of the Sava river, Croatia. Power of 

Microbes in Industry and Environment�����6�O�D�Y�L�F�D�����$�Q�L�W�D�����7�H�S�D�U�L�ü�����5�H�Q�D�W�D�����/�H�E�R�ã���3�D�Y�X�Q�F����

Andreja; Kifer, Domagoj (ur.). Sv. Martin na Muri, Hrvatska: Croatian Microbiological 

Society, Czechoslovak Society for Microbiology, Croatian Society of Biotechnology, 

Croatian Society of Viticulture and Enology, Hungarian Society for Microbiology, 

Slovenian Microbiological Society, Serbian Society for Microbiology, Turkish Society 

of Microbiology, 2019. str. 49-49 (predavanje). 

 
3. �0�L�O�D�N�R�Y�L�ü���0�����9�H�V�W�H�U�J�D�D�U�G���*�����*�R�Q�]�i�O�H�]-�3�O�D�]�D���-�-�����3�H�W�U�L�ü���,�����8�G�L�N�R�Y�L�ü-�.�R�O�L�ü���1�����5�D�]�Y�R�M���L��

�ã�L�U�H�Q�M�H�� �R�W�S�R�U�Q�R�V�W�L�� �Q�D�� �P�D�N�U�R�O�L�G�Q�H�� �D�Q�W�L�E�L�R�W�L�N�H�� �X�� �V�H�G�L�P�H�Q�W�X�� �U�L�M�H�N�H�� �6�D�Y�H�� �N�R�M�L�� �M�H�� �S�R�G��

utjecajem farmaceutskih otpadnih voda. Simpozij studenata doktorskih studija PMF-a 

�± �.�Q�M�L�J�D�� �V�D�å�H�W�D�N�D���� �.�X�P�H�U�L�þ�N�L���� �.�U�H�ã�L�P�L�U���� �/�X�N�L�ü���� �$�O�H�N�V�D�Q�G�D�U���� �%�X�F�N�R�Y�L�ü����Damir; 

�3�U�L�P�R�å�L�ü�����,�Q�H�V�����'�U�P�D�þ�����=�O�D�W�N�R�����3�L�N�H�O�M�����.�U�L�V�W�L�Q�D�����X�U���������=�D�J�U�H�E�����+�U�Y�D�W�V�N�D�����3�U�L�U�R�G�R�V�O�R�Y�Q�R-

�P�D�W�H�P�D�W�L�þ�N�L���I�D�N�X�O�W�H�W���6�Y�H�X�þ�L�O�L�ã�W�D���X���=�D�J�U�H�E�X�����������������V�W�U��������-14 (predavanje).  

 
4. �0�L�O�D�N�R�Y�L�ü�� �0���� �*�R�Q�]�i�O�H�]-�3�O�D�]�D�� �-�-���� �6�Y�L�O�L�þ�L�ü�� �3�H�W�U�L�ü�� �,���� �â�L�P�D�W�R�Y�L�ü�� �$���� �8�G�L�N�R�Y�L�ü-�.�R�O�L�ü�� �1����

Abundance of macrolide resistance genes and bacterial community composition from 

urban river sediments contaminated with macrolide antibiotics. XENOWAC II 

(Challenges and Solutions related to Xenobiotics and Antimicrobial Resistance in the 

framework or Urban Wastewater Reuse: Towards a Blue Circle Society), . Limassol, 

Cipar: NEREUS-COST ACTION ES1403, 2018. str. 1-1 (poster).  

 
5. �0�L�O�D�N�R�Y�L�ü���0�����9�H�V�W�H�U�J�D�D�U�G���*�����6�F�K�O�R�W�H�U���0�����8�G�L�N�R�Y�L�ü-�.�R�O�L�ü���1�����,�P�S�D�F�W�V���R�I���H�I�I�O�X�H�Q�W�V���I�U�R�P��

pharmaceutical industries on natural bacterial communities. 6th Central European 



                                                                                                                                        �ä�L�Y�R�W�R�S�L�V 

253 
 

Symposium on Antimicrobials and Antimicrobial Resistance (CESAR), . Sv. Martin na 

Muri, Hrvatska: Croatian Microbiological Society, 2018. str. 91-91 (poster). 

 
6. �0�L�O�D�N�R�Y�L�ü���0�����â�L�P�D�W�R�Y�L�ü���$�����*�R�Q�]�i�O�H�]-Plaza JJ, Bielen A, Senta I, �-�X�U�L�Q�D���7�����%�D�E�L�ü���6����

�8�G�L�N�R�Y�L�ü-�.�R�O�L�ü�� �1���� �(�F�R�W�R�[�L�F�R�O�R�J�L�F�D�O�� �H�Y�D�O�X�D�W�L�R�Q�� �D�Q�G�� �P�D�F�U�R�O�L�G�H-resistance diversity of 

Croatian pharmaceutical effluents. 7th Congress of European Microbiologists, . 

�9�D�O�H�Q�F�L�D�����â�S�D�Q�M�R�O�V�N�D�����)�H�G�H�U�D�W�L�R�Q���R�I���(�X�U�R�S�H�D�Q���0�L�F�U�R�E�L�R�O�R�J�L�F�D�O���6�R�F�L�H�W�L�H�V��������17. str. 804-

804 (poster).  

 

 

 

 


