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125. cegHyua HactaBHo Hay4Hor Beha ®akynteTta BeTepyHapcke MeamuuHe ogpxkara 21.12.2011.
roanHe

Date and name of the institution that appointed committee

125. Session of The teaching and scientific board of Faculty of Veterinary Medicine attended on
December 21% 2011,

2. CacrtaB KoMUCHje Ca Ha3HAKOM MMEHa W Mpe3nMeHa CBaKor 4YflaHa, 3Bakba, Ha3uBa YXKe Hay4yHe
obnacTtu 3a kojy je nsabpaH y 3Bare, roaMHe nsbopa y 3Bawe M Ha3uWB dhakynTeTa, yCTaHOBe y
KOjoj je unaH Komucuje 3anocneH:

Members of the committee with full names, titles, research area, year of the appointment to a
current position, name of the institution

1. op Bepa Katuh, pegosHu npodecop, XurnjeHa u TexHonorunja mneka, 1996. roguHe, YHMBep3uTeT y
Beorpagy, ®akynteT BeTepMHapcke meauumHe

dr. Vera Katic, Professor, Hygiene and technology of milk, 1996. Belgrade University, Faculty of
Veterinary medicine

2. dr. Sophia Kathariou, Professor, Food Science and Microbiology, 2000., Department of Food Science,
Graduate Program in Genomic Sciences, and Department of Microbiology, North Carolina State
University, Raleigh, N. Carolina

3. ap AywaH Mwuwwuh, pgoueHTt, Mukpobuonoruja, 2010. rognHe, YHueepautet y beorpagy, ®akynter
BeTepuHapcke MeauLmHe.

Dr. Dusan Misic, Associate professor, Microbiology, 2010., Belgrade University, Faculty of Veterinary
medicine
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INFORMATION ABOUT CANDIDATE

Nwme, ume jegHor pogutersa, npesmme: Mupa, Jbybusoje, Pakuh - MapTuHes
First name, fathers name, last name: Mira, Ljubivoje, Rakic — Martinez

1. [Hatym n mecTto pohema, onwTtnHa, Penybnuka: 30.08.1972., Yxuue, Cpbuja
Date of birth, city, state: 08.30.1972., Uzice, Serbia

Hatym ogbpaHe, MeCTO 1 Ha3MB MarmcTapcke Tese™:

Place, title and date of defense of Magister tesis*:

o w0 Dd

HayyHa obnacT m3 Koje je cTedeHO akafeMCKO 3Bake Marncrpa Hayka*:
Scientific area of Magister thesis




6. [lpukas Hay4yHUX U CTPYYHUX pagoBa ca OLEHOM:
List of scientific and expert articles with evaluation:

1. Pakmh- MaptuHe3 M. i V. Katic 2009. Ncnntmeawe MoOryhHoOCTM mpumeHe npenaparta Ha 6a3un
XJOop-AMOKCMaa 3a Ae3nHdekumjy y noroHmmMa 3a npepagy mrneka. BetepuHapckn rmacHuk, 1-2: 87-101,
ISSN 0350-2457.

Rakic — Martinez M., and V. Katic. 2009. Evaluation for the possible use of the disinfectant based on
chlorine dioxide in dairy plant. Veterinary Journal 63 (1-2):87-101.

2. Rakic — Martinez, M., D. Drevets, V. Dutta, V. Katic, and S. Kathariou. 2011. Listeria
monocytogenes strains selected on ciprofloxacin or the disinfectant benzalkonium chloride exhibit
reduced susceptibility to ciprofloxacin, gentamicin, benzalkonium chloride and other toxic compounds.
Appl. Environ. Microbiol. doi: 10.1128/AEM.05941-11. Prihvacen za Stampu 07.10.2011.

Mwupa Pakvh- MapTuHes je objaBuna gBa HayyHa paga w3 obnactu u3 koje npujaerbyje auceprauujy.
Pan nog peaHum 6pojem 2 je npuxsaheH 3a wtamny y MmefjyHapoaHOM 4Yaconucy.

Mira Rakic- Martinez published two scientific articles in research area of dissertation. Article under
number 2. is accepted for print in international journal.




Iv. OBPA3JNOXEHU KPUTEPUJYMU U PA3NTO3N HA OCHOBY KOJUX CE 3ACHUBA
NO3UTUBHA OLEHA OA JE KAHOUOAT NOAOBAH OA PAOU AUCEPTALINJY

EXPLANATION OF THE CRITERIA AND REASONS FOR THE POSITIVE EVALUATION OF
THE DOCTORAL CANDIDATE

Mwupa Pakuh-MapTuHes paam kao uctpaxuead capagHuk Ha Department of Food, Bioprocessing and
Nutrition Sciences, North Carolina State University. Hay4Ho ncrpaxunBadka genatHoct Mupe Paknh-
MapTuHes je ycmepeHa Ha npoyyaBahe 0CeTIbMBOCTU L. monocytogenes Ha aHTUMUKpPOOHa cpeacTtBea wu,
u3 Te obnacTu je y capagmu ca apyrum aytopmuma nybnukosana pag y mehyHapogHoOM 4aconucy, Koju
npeacraerba 4OOPY OCHOBY 3a Aarbe UcTpaxusake u ksanmdukyjy Mupy Pakuh-MapTtuHes 3a uspagy
OBe [IOKTOpCKe auncepTauuje.
Mira Rakic Martinez works as research assistant at the Department of Food, Bioprocessing and Nutrition
Sciences, North Carolina State University. She is primarily interested in the study of antimicrobial
resistance of L. monocytogenes. In cooperation with other authors she published article in international
journal, which presents good bases for further research and qualifies Mira Rakic- Martinez as doctoral
candidate.

V. OLIEHA NOAOBHOCTU NPEANOXEHOI MEHTOPA

Mpennoxexn meHTop, ap Bepa Katuh je y 3Bane pegosHor npodecopa nsabparHa 1996. rognHe. Kao
ayTop WUnu KoayTop 4o caga je objaBnna 193 HayyHa 1 CTpy4Ha paga u3 obnactu xurnjeHe u
TexHosnorvje mneka. Buwe pagoBa je us mukpobuornorvje mneka n nponssoaa og mreka. [lo caga je
pykoBoamna u3pagom Tpu JOKTOpCKe aucetaumje, 4 marmcrtapcke Tese v BuLe CreuunjanmncTnykmx
pagoBa. YyecTBOBarna je y koMucujama 3a ogbpaHy Marmctapckmx pagoBa U JOKTOPCKMX Ancepraumja
Ha lMorsonpuepenHoM dakynTeTy YHuBepauteta y beorpaagy n ®akyntety BeTepuHapcke MeauuuHe y
Ckonrby. YuecTByje y peanusaumju npojekata kKoje pmHaHcmpa MUHUCTaApCTBO 3a HayKy U TEXHOMOrnjy
Peny6nuke Cpbuje.

Cnucak pagosa ap Bepy Katuh koju je kBanudukyjy aa 6yae MeHTop npv u3pagu 4OKTOpcke
aucepTtauuje:

EVALUATION OF THE SUGGESTED MENTOR

Suggested mentor, dr. Vera Katic is Professor since 1996. As author or coauthor she published 193
scientific and expert articles regarding issues in microbiology of milk and dairy products. Three
doctoral dissertations, four magister thesis and number of specialist titles were obtained under her
mentorship. Dr. Katic has been member of committees for magister and doctoral degrees at Faculty of
Agriculture, Belgrade University and Faculty of Veterinary Medicine in Skoplje, Macedonia. She is
participating in the projects funded by the Department of science and technology of the Government of
the Republic of Serbia.

List of publications that qualifies dr. Vera Katic as a mentor for doctoral dissertation:

1. Collins M. D, Farrow J.A.E, Kati¢ Vera, Kandler O, 1984, Toxonomic Studies on Streptococci of
Serological groups E.P.U and V: Description of Streptococcus porcinus sp. nov. System. App.
Microbiol. (5) 402-413.

2. Kati€ Vera, Stojanovi¢ L, 1992, The occurrence of Listeria monocytogenes in goat and sheep milk.
Acta veterinaria. 215-221.

3. Kati¢ Vera, 1995, The survival of Listeria monocytogenes in white brined cheese. Acta veterinaria.
31-36.

4. Kati¢ Vera, Radenkov Silvana, 1998, The fate of Escherichia coli O157:H7 in pasteurized milk.
Acta veterinaria. No 5-6, 345-350.

5. Kati¢ Vera, Stojanovi¢ L. 2004, The effect of salt concentration and pH on the survival and growth
of E. coli O157:H7 in white cheese and trypticase soy broth. Acta veterinaria, Vol. 53, No 5-6,
411-418.

6. Petkovi¢ Jelena, Knut R, Bunci¢ Olivera, Kati¢ Vera, LepSanovi¢ Zorica, 2009, Multilocus
Sequence Typing for Investigation of Diversity of Campylobacter jejuni strains from humans and
Environment in Norway. Acta Vet. Hung. 57 (1) 1-11. ISSN broj 0236-6290.

7. Radovanovic RS and Katic V, 2009, Influence of lactic acid bacteria isolates on Staphylococcus
aureus growth in skimmed milk. Bulgarian Journal of Agricultural Science, 15 (No 3), 196-203.
Agricultural Academy.

Byoyhu ga he ce geo uctpaxusarwa pagntn Ha North Carolina State University, The Department of
Food, Bioprocessing and Nutrition Sciences nog pykosoactsom dr Sophia Kathariou gajemo u cnucak
nybnukauuja koju dr Sophia Kathariou kBanudukyjy ga yge kKoMeHTop npu nspagu ose gucepraumje.




Research will be partially conducted at the North Carolina State University, The Department of Food,
Bioprocessing and Nutrition Sciences under the guidance of dr. Sophia Kathariou. Presented is a list
of publications that qualifies dr. Kathariou as a komentor for this dissertation:

1. Lee, S., T.J. Ward, L.M. Graves, L.A. Wolf, K. Sperry, R. M. Siletzky, and S. Kathariou. 2011.
Characterization of Atypical Listeria monocytogenes Serotype 4b Strains Harboring a Lineage II-
Specific Gene Cassette. Appl Environ Microbiol. 2011 Dec 2. [Epub ahead of print].

2. Elhanafi, D., V. Dutta V, and S. Kathariou. 2010. Genetic characterization of plasmid-associated
benzalkonium chloride resistance determinants in a Listeria monocytogenes strain from the 1998-

1999 outbreak. Appl Environ Microbiol. 2010 Dec;76(24):8231-8. Epub 2010 Oct 22.

3. Mullapudi, S., R. M. Siletzky, and S. Kathariou. 2009. Diverse cadmium resistance determinants
in Listeria monocytogenes from the environment of turkey processing plants. Appl Environ
Microbiol. Nov 30, 2009. [Epub ahead of print]

4. Pan,Y, F.Breidt, Jr, and S. Kathariou. 2009. Competition of Listeria monocytogenes serotype
1/2a and 4b strains in mixed culture biofilms. Appl. Environ. Microbiol. 75:5846-5852.

5. Kim, J. W,, and S. Kathariou. 2009. Temperature-dependent phage resistance of Listeria
monocytogenes epidemic clone Il. Appl. Environ. Microbiol. 75:2433-2438.

6. Azizoglu, R. O., J. Osborne, S. Wilson, and S. Kathariou. 2009. Role of growth temperature on
freeze-thaw tolerance of Listeria spp. Appl. Environ. Microbiol. 75:5315-5320.

7. Faith, N., S. Kathariou, Cheng, Y., Promadej, N., Neudeck, B. L. , Zhang, Q., Luchansky, J.,
Czuprynski, C. 2008. The role of Listeria monocytogenes serotype 4b gtcA in gastrointestinal
listeriosis in A/J mice. Foodborne Pathog Dis. 6:39-48.

8. Kim, J. W, Siletzky, R. M., Kathariou, S. 2008. Host ranges of Listeria-specific bacteriophages
from the turkey processing plant environment in the United States. Appl Environ. Microbiol.
74:6623-6630.

9. Mullapudi, S., R. M. Siletzky, and S. Kathariou. 2008. Heavy metal and benzalkonium chloride
resistance of Listeria monocytogenes from the environment of turkey processing plants. Appl.
Environ. Microbiol. 74:1464-1468.

10. Sperry, K. E., S. Kathariou, J. S. Edwards, and L. A. Wolf. 2008. Multiple-locus variable-
number tandem-repeat analysis as a tool for subtyping Listeria monocytogenes strains. J. Clin.
Microbiol. 46:1435-1450.

11. Cheng, Y., N. Promadej, J. W. Kim, and S. Kathariou. 2008. Teichoic acid glycosylation
mediated by gfcA is required for phage adsorption and susceptibility of Listeria monocytogenes
serotype 4b. Appl. Environ. Microbiol. 74:1653-1655.

VL. OLIEHA NOAOBHOCTU TEME:
EVALUATION OF THE SCIENTIFIC SIGNIFICANCE OF THE THESIS:

1. Hacnos gucepTtaumje

McnutuBakwe MexaHu3ama pe3VICTeHLI,l/Ije n Moryhe YHaKpCHe pe3I/ICTeHLI,VIje L.monocytogenes HaKOH
aﬂ,aI'ITaLl,Vlje Ha pa3nnyunTta aHTVIMVIKpO6Ha cpencrea.

1. Title of dissertation

Identification of the mechanisms of resistance and potential cross resistance upon L. monocytogenes
adaptation to different antimicrobials.

2. lMpepmeT UcTpaxunBakwa

Ynotpeba aHTUMUKPOBHMX CpefcTaBa y TpeTMaHy XMBOTUHA M TbYAN MOXe Aa AoBeae A0 cenekuuje
pes3ncTeHTHMX BakTepujcknx nonynauumja. Koa xxmBoTuH:a Koje ce raje 3a NponsBofry XpaHe,
aHTUMKKpoOHa cpeacTBa ce KOpUCTE 3a KOHTPOIMY U fnevere NHPEKTUBHUX bonectn 6akrepujckor
nopekna kao 1 3a npomouujy pacrta (32), ocuMm aHTMBMOTUKA KOju Ce KOPUCTE 3a Nnedere byau, a 'y
EBponckoj yHuju cy 3abpatbeHun 3a nevere XMBOTUHa HaMeHEHUX 3a MPON3BOAHY XpaHe. PesynTar
WHTEH3uBHe ynotpebe aHTUMMKPOOHMX cpefcTaBa je NoTeHuujarnHu pas3soj Pe3UCTEHTHUX NaToreHmx
MUKpOOpraHuaama v nocneanyHo NpeHoLeHe TUX MUKpOOpraHudama Ha reyae nytem xpaHe(12).
[ogaTHo, CMOHTaHe MyTaumje MUKpOOpraHnsama unu Lperwe pe3ncTeHTHNX baktepuja y HegocTaTky
CenekTUBHOr NpUTMUCKa Takofje Mory Aa AonpuHecy HMxoBOM Hanasy y xpanu (13). 3abpurasajyhe cy
npomMmeHe heHoTMNa y CMUCTTY pa3Boja pe3ncTeHuuje, Koje cy yTBpfheHe kog Benukor 6poja BpcTa
OakTepuja, ykrby4yjyhm u L. monocytogenes (39).

The use of antimicrobials in both animals and humans can select for resistant bacterial populations. In
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food animals, antimicrobials are used for the control and treatment of bacteria associated infectious
diseases as well as for growth promotion purposes (32), apart from the European Union (EU) ban of
certain antibiotics that are used, or related to those used, in human medicine (15). An undesired
consequence of antimicrobial use is the potential development of antimicrobial-resistant foodborne
bacterial pathogens and subsequent transmission to humans as food contaminants (12). In addition,
spontaneous mutation in foodborne bacteria or the spread of resistant bacteria in the absence of selective
pressure may also contribute to the antimicrobial resistance burden in food (13). In fact, emerging
antimicrobial resistance phenotypes have been recognized among multiple pathogens including Listeria
monocytogenes (39).

3. TMMopauwm n3 nsabpaHe nutepartype

L. monocytogenes 3Ha4ajaH MMKPOOPraHn3am Koju ce MPEHOCH XPaHOM, U30SI0BaH je 13 pasnuyinTmx
npoussoga. Of Kaga je npyjaBrbeH NPBU CNy4aj NMMCTEPUO3e, HacTarne nocrne KOH3yMupakwa XpaHe
KOoHTamuHupaHe L. monocytogenes 1981. roguHe (38), 3abenexeHe cy OpojHe enugemuje nuctepmose y
ceety (9; 16). OBaj naToreHM MMKpPOOpraHM3am nMma CrocobHOCT Aa ce KONOHM3Yje Y OKOMNHN 1 Ha
onpemu y NoroHnma 3a nNpou3Boary XpaHe, 3agapxaBajyhu ce noHekaga v roanHama (7; 24).

Meco, uBWHa, MNEKO 1 NPON3BOAM OA MIeka, kao 1 noBphe permcTpoBaHu Cy kao U3BOP NIMCTEPMO3e
(1;17). Nako cy cnyyajesn nuctepmose peTkn, L. monocytogenes octaje Bogehu y3apouHmK 036UrbHMX
oborbera ca CMPTHUM NCXOA0M M3a3BaHuX naToreHuma npeHocmsum xpaHom y CALl (37). OBaj natorexu
MUWKpOOpraHu3am 4oAaTHO M3asmBa YMTaB HU3 cekyHOapHUX oborbera Kao cTo cy nobadvaju, MEHUHIMTUC
unu centukemuja. NocebHo cy pnsmnky o oborbeBaka N3NoXeHe TpyaHuLe, cTapuyje ocobe, naunjeHTy ca
KaHLepo3HUM 060rbeHNMa, Kao 1 NaumnjeHTn Ha XxemoTepanuju unm nMyHocynpecusHum TpetmaHuma (10;
30).

O 3Hauajy L. monocytogenes, Kao y3po4yHunka 6onecT NPeHOCMBKX XPaHOM, FOBOPY M Nocrneana
enngemuja 3abenexeHa y CjeanweHnm Amepudkum [ip)xaBama Hactana nocne KOH3yMupawem Aukba, a
Y KOjOj CY Y Bpeme nucarba 0BOr npeanora esugeHtupaHe 133 obonene ocobe o kojux je 28 ympno.
Enngemuja je 3axsatuna 20 gpxaBa v noctoju 6ojasaH ga jow yBek Huje gocturna BpxyHau, (4).

L. monocytogenes je 00MYHO OTMOPHA Ha LUMPOKM crnekTap aHTMOmoTuka (18), anm HakoH NpBe usonaumje
MYNTUPE3NCTEHTHOT coja y PpaHuyckoj 1988. rogmHe (33), n3onoBaHu Cy 13 XpaHe, OKpYXeHa u
crnopaavyHKX cny4vajeBa nauujeHata obonenux og nUCTeprose 1 Apyru cojeBu OTNOPHW Ha jeaH unu
BULLE aHTUBMOTKKA, (36; 42). TpeHyTHO, Tepanuja n3bopa 3a NUCTEPUO3Y Cy aHTUBMOTULM 13 Knace 3-
naktama (NeHWUMNMH UK amnuununmH), NojeauHavyHo U y kombrHaumjm ca aMmHornnkosmauma (Hnp.
reHTaMuUMH) y criyyajy naumjeHaTa ca ocrnabrbeHum umyHum ctatycom (19). KnuHmnykm nsonatm L.
monocytogenes reHeparHo Cy joLl YBeK OCETIbUBM Ha HaBefeHe aHTubnoTuke (18; 29).

Mopen na3noxeHocTn aHTMbMoTMUMMA, L. monocytogenes je n3noxeHa CenekTMBHOM MPUTUCKY
n3a3BaHoOM peJoBHOM ynoTpebom aesnHpurumjeHaca kao CTo Cy, Ha MpUMep, KBaTeHepHa aMOHMjyMOBa
jeonmbemba, a Koju ce kopucTe y objekTuma 3a npepagy XpaHe 1y 30paBCTBEHMM ycTaHoBama. Y
nuTepaTypu Hema AOBOSBHO MHGOPMaLMja 0 pa3Bojy YHaKpCHE pesnCTeHuMje HaKOH nanarawa L.
monocytogenes aHTMGMoOTULMMA U3 rpyne ryopoKMHOITOHA Kakae je LunpodnokcaLmH 1
Oe3nHrUmjeHcuMa Kao LWTO je KBapTEHEPHO aMOHMjyMOBO jeauhere BesankoHnjym xnopug, (BL), koje
Ce MHTEH3UBHO KOPUCTW Yy npexpambeHoj nHayctpuju (27; 28).

WNako cy y xpaHu, BehuHa Baktepuja pe3sucTEHTHUX Ha aHTUBMOTHKe, canpodUTN NN KOMEHcanu u3
OKpYXeHhsa, hUXOBM reHW OO4rOBOPHM 3a PE3UCTEHLM)Y MOry Ce NPEeHOCUTU, MOBUNHUM FEHEeTCKUM
efieMeHTMa KakBu Cy TpaHCNo3oHW unun nnasmuan (33), Ha apyre 6akTepuje NpeHocuBe XpaHoM,
ykrbyyyjyhm n L. monocytogenes (31). Hajuelwhn nssopwu reHa OAroBOpHUX 3a pe3ncTeHunjy y crnyyajy L.
monocytogenes cy 6akTepwje n3 pogosa Enterococcus v Streptococcus (2; 35). MehyTtum, nocToje u
OpYrv U3BOPU reHa OAroBOPHUX 3a pe3ncTeHumjy, 003MpoM Aa TakBu reHn YecTo nykTyupajy nameny
rpam No3NTMBHMX M rpaM HeraTuBHUX DakTepuja 3axBarbyjyhn npouecy kowyrauuje (6). OBaj npouec
MOXe MPOY3POKOBATU HEXEIbEHE KITMHMYKE nocneauue 3a JomahvHa v Wwnpy nonynauujy Koju gonase y
KOHTaKT ca natoreHum GakTepujama pe3ncTeHTHUM Ha aHTMOuoTKKe. HacTaHak v wmpewe OTNOPHOCTY Ha
aHTUbuoTMke Kopg L. monocytogenes Moxe fa MMa 3HadajHe KMMHUYKE MMMIMKauuje y nevemwy
nucrepuose.

MpucyctBo myntupesucteHTHUX (MDR) cojeBa L. monocytogenes oTnopHux Ha Behun 6poj aHTnbmnotumka y
06jeKkTMMa 3a npepagy xpaHe 1 34paBCTBEHVM yCTaHOBaMa MMa BULLECTPYKE MMMnmMKaumje.
MynTupe3ncTeHTHN CojeBM ca pegyKoBaHOM oceTrbMBoLhy Ha aHTUOMOTUKE KOjU Ce KOpUCTe Y Tepanuju
nucTepuose Mory fa AoBedy A0 NopacTa MopTanuTeTa u mopbuanTteTa Koj nauuwjeHaTa ca OBUM
oborbenwem. [lpyra n Beoma BakHa UMMuKauwmja je y CKopo NpeAcTaBrbeHM AoKa3nMa Aa ekcrpecuja
MDR TpaHcnopTepa uHaykyje ypoheHu nmynutet (8; 40).

OtnopHocT L. monocytogenes Ha ogpeheHe aHTUBUOTMKE MOXE ce AENMMNYHO Pa3BMTU Kao nocneamua
NpUCyCcTBa reHa Koju kogaunpajy ednykc nymne ogroBopHe 3a myntupesucteHumjy (MDR). Mpucycteo MDR
nymMnv y pasnuunuTtnm opraHuaMmMa og 6akrepuja 4o jbyam, ykasyje Ha huxoBy M3y3eTHY BaXHOCT. Mako




Cy NpuMapHa oyHKUMja 1 MexaHu3am gernoBamwa 3a BehuHy MDR nymnun He4OBOSbHO pasjallHseHu,
No3HaTo je Aa OBW NPOTEUHN aKTUBHO TPAHCMOPTYjy TOKCUYHE MaTepuje nssaH henuje. Ednykc nymne
crneundmnyHe 3a aHTMBMOTUKE HECTO Cy KoaMpaHe Ha NPeHOCUBMM NNnasMuamMmMa U TpaHCno3oHuma y
baktepuju. Behuna ednykc nymnu je, mehytnm, kogupaHa Ha bakrtepujckum xpomosomuma (25). Y
Benvkom 6pojy 6aktepuja MDR nymne cy Ha3HayeHe Kao Ba3HW YMHMOLUM Yy Pa3Bojy MynTMpe3ncTeHumje
(14; 20; 22; 26).

MpexunBrbaBake 6akTepuja y HeCTabunHMM ycrioBMma cpeamHe 3axTeBa LUMPOK criektap 6panx
ajanTMBHUX OAroBOpa Koje UHMUMpajy perynatopHu npotemHn. OBuW perynatopu ogrosapajy Ha henujcke
curHane 13 oKonuHe Koju ycknahyjy TpaHcKpunuwmjy, TpaHcnauuvjy unu Hekv Apyrn Bu ekcnpecuje reHa,
Kako 6u dusmornoLku ogroBop 6uo ogroeapajyhe mogndukosaH. Y BehuHu cnyyajesa, aganTUBHM
OroBOpY Cy NocpefoBaHN TpaHCKpUnumnoHum perynatopmma. ®amunuja TetR je bamununja
TPaHCKPUNLMOHMX perynaTopa LWMPOKO 3acTynrbeHa n aobpo npeacraesrbeHa mehy 6akrepujama (34).
OBwu perynatopu KOHTPONWLLY reHe Koju Cy OArOBOPHU 33 MyNTUPE3NCTEHUM]Y, EH3MME Y PasnnyunTum
kaTtabonunuknm npouecnma, GBUOCUHTE3Y aHTMBNOTMKA, OCMOTCKU CTPEC U NATOreHOCT rpam-HeraTuBHUX U
rpam-nos3nTnBHMX 6aktepuja.

Literature review:

L. monocytogenes is an important foodborne pathogen and has been isolated from a variety of food
products. Since foodborne listeriosis was first reported in 1981 (38), numerous foodborne outbreaks of L.
monocytogenes have been documented worldwide ( 9; 16). This pathogen has great ability to colonize the
environment and equipment in food processing plants, often for years (7; 24).

Meat, poultry, dairy, and vegetable products have all been implicated as vehicles of listeriosis (1; 17).
Although cases of listerisosis are rare, L. monocytogenes remains a leading cause of severe illness and
death due to foodborne disease in the United States (37). The pathogen also causes a wide range of
secondary conditions such as abortion, meningitis, and septicaemia. Populations at special risk include
pregnant women, the elderly, patients with cancer and those undergoing chemotherapy or other
immunosuppressive treatments (10; 30).

Virulence of L. monocytogenes was underlined by the recent outbreak in the USA, linked to cantaloupes
that at the time of this writing resulted in 133 cases and 28 deaths spread over 20 states and the outbreak
may not have yet reached its peak (4)

L. monocytogenes is usually susceptible to a wide range of antibiotics (18), but since the first isolation of a
multiresistant strain in France in 1988 (33), other strains resistant to one or more antibiotics have been
recovered from food, environment and from sporadic cases of human listeriosis (36; 42). Currently, the
treatment of choice for listeriosis is a p-lactam antibiotic (e.g. penicillin or ampicillin), alone or in
combination with an aminoglycoside (e.g. gentamicin) in case of immunocompromised patients (19). and
clinical isolates of L. monocytogenes generally remain susceptible to these antibiotics (18; 29). In addition
to antibiotic-related exposures, L. monocytogenes is expected to be frequently subjected to selection
pressures associated with the extensive use of disinfectants such as quaternary ammonium compounds in
food processing plants and healthcare settings. Limited information is currently available on possible
cross-resistance following exposure to antibiotics such as ciprofloxacin and disinfectants such as the
quaternary ammonium compound benzalkonium chloride (BC), extensively used in the food processing
industry (27; 28).

While many antibiotic-resistant bacteria in foods are currently saprophytic or commensal in habit, their
resistance genes can be transferred, through movable genetic elements such as transposons and
plasmids (33), to other food-borne bacteria, including L. monocytogenes within the gastrointestinal tract
(31). The common sources of resistance genes for L. monocytogenes appear to be enterococci and
streptococci (2; 35). However, resistance genes could also come from other sources since such genes
often flux among Gram-positive and Gram-negative bacteria through conjugative mobilization (6). This
process may have undesirable clinical implications for the host and for the wider population coming into
contact with derived antibiotic resistant pathogens. Emergence and dissemination of antibiotic resistance
in L. monocytogenes may have significant future clinical implications for the treatment of listeriosis.
Presence of multidrug resistant (MDR) strains of L. monocytogenes in the food processing plants or in
healthcare settings has various implications. MDR strains with reduced susceptibility to antibiotics used for
treatment of listeriosis would cause higher mortality and morbidity on humans with this disease . Second
and very important implication is in the recently presented evidence that expression of MDR transporters
induces the innate immune response through a novel cytosolic surveillance pathway (8; 40).

The intrinsic resistance of L. monocytogenes to certain antimicrobials may be partially due to genes that
encode multidrug resistance efflux pumps (MDRs). MDRs are found in a variety of organisms ranging from
bacteria to humans, suggesting their universal importance. Although the primary functions and
mechanisms of action for most MDRs remain unclear, these proteins are known to actively transport toxic
compounds out of the cell. Antibiotic specific efflux pumps are often encoded on transmissible plasmids




and transposons in bacteria. However, most genes for MDRs are encoded on the bacterial chromosome
(25). In a number of other bacteria, MDRs have also been implicated as important contributors to multidrug
resistance (14; 20; 22; 26).

Survival of bacteria in unstable environment requires a wide range of rapid, adaptive responses which are
triggered by regulatory proteins. These regulators respond to specific environmental and cellular signals
that modulate transcription, translation, or some other event in gene expression, so that the physiological
responses are modified appropriately. In most cases, the adaptive responses are mediated by
transcriptional regulators. TetR family, a family of transcriptional regulators that is well represented and
widely distributed among bacteria (34) These proteins control genes whose products are involved in
multidrug resistance, enzymes implicated in different catabolic pathways, biosynthesis of antibiotics,
osmotic stress, and pathogenicity of gram-negative and gram-positive bacteria.

4. LUwrbeBu nctpaxuBama

Linrb npegnoxeHe gucepraumje je ga ce yTBpae reHeTCkM MEXaHU3MM aHTUMUKPOBOHE pe3ncTeHumje y
opabpaHum cojeBuma L. monocytogenes U3010BaHNM y enuaemmnjama nnMcTeprose M3 XpaHe U KIMHNYKOr
martepujana.

lMeTnocTaBKa je ga nsnarawe L. monocytogenes fejctsy AesvHuumjeHaca Koju ce Hajuwhe KkopucTe y
objekTMMa 3a Npon3BOAHY XpaHe Unu 4ejCTBY aHTMOMOTUKA KOjU CE KOPUCTE Y XyMaHoj U BETEPUHAPCKO]
MeauunHU OBOAM A0 cenekumje MyTupaHux, MyrnTupesncTeHTHUX cojesa. NpegnocTtasrba ce aa 6u
pPasnUuNTM reHETCKN MexaHn3mmn mornu ga byay y3pok nomeHyTux Mytaumja ca moryhnum garum
npomMeHama koje 6u ce ornegane y oceTrbMBOCTU Ha METOAE KOH3epBMCaHkha XpaHe, kao U CNOCOBHOCTH
agxepeHuuje n npexuerbaBakba Ha NoBpLIMHaMa CMpPOBUX NPOM3BOAA, ¥ NacTEPU3OBAHOM U CUPOBOM
MIIeKy, Kao 1 Ha NoBpLUMHaMa of Hephajyher vyenuka.

Zadatci:
1. WoeHTudukaumja mexaHuama pesncteHumje n moryhe yHakpcHe pesncTteHumje HakoH agantauuje L.
monocytogenes Ha ogabpaHe aHTMONOTMKE U OEe3NHDULINJEHCE;
2. Kapaktepusaumja MDR cojeBa nsabpaHux HakoH nsnaraka pasnmimTtuM KoHLUEHTpauvjama
aHTUMKKPOBHMX cpeacTaBa u ngeHtTndmrkaumnja Hoenx MDR TpaHcnopTepa nog KoHTporiom tetR
penpecopa;
3. MNMpoueHa heHOTUNCKUX NPOMEHa y OCETILMBOCTN adanTypaHnX cojeBa Ha pasnuuuTe Metoae
KOH3epBUcara Koje ce kopucTe y npoussoanu xpaHe (NaCl, pH, temnepaTtypa, aw, gepusatu
eTapCKMX yrba) U cnocobHOCTU agxepeHumje / NpexvBrbaBaka Ha NoBpLUMHAMa CMPOBMX NPOM3BOAA,
nactepusoBaHOM Y OZIHOCY Ha CUPOBO MIEKO M NoBpLUMHAMa of Hephajyher yenuka.

Objectives:
The present proposal aims to evaluate genetic mechanisms of antimicrobial resistance in selected L.
monocytogenes strains involved in food outbreaks and clinical isolates.

We hypothesize that exposure of L. monocytogenes to disinfectants commonly used in the food
processing environment or antibiotics currently used in veterinary and human therapy would select for
MDR mutants with reduced susceptibility to a range of drugs. We also hypothesize that different genetic
mechanisms would be involved in such mutations with possible change in susceptibility to hurdles in food
processing or ability of adherence and survival on fresh produce, pasteurized vs. raw milk and stainless
still surface

Tasks:

1. Identification of the mechanisms of resistance and potential cross resistance upon L.
monocytogenes adaptation to antibiotics and disinfectants;

2. Characterization of MDR strains selected following exposure to drugs and identification of the novel
MDR transporter(s) under control of tetR repressor;

3. The assessment of phenotypic changes in resistance to hurdles (salt, pH, temperature, a,, essential oil
derivatives) and adherence / survival on fresh produce, pasteurized vs. raw milk and stainless

5. Ou4ekuBaHu pe3ynrtatu

Ovekyje ce na he OMTU MOEHTUMMKOBAHN MEXAHU3MU PE3UCTEHUMjE U YHAKPCHE pe3ucTeHuuje L.
monocytogenes HaKoH afjanTtauuje Ha pasnuunMTuM aHTUMUKPOOHMM cyncTaHuama. Takohe ce o4vekyje
naeHTudukaumnja Hosor MDR TpaHcnopeTtpa nof KoHTpornom tetR penpecopa. NpaktudHa npumeHa
OoBe [puceptauvje ornegana 6u ce y pa3Bojy HOBMX cCTpaTervja 3a 3awTuTy U MpeBeHuujy
KOHTaMWHaLmje XpaHe, Kao M HOBM NMPUCTYM KOH3EpBUCaky XpaHe (TeXHonorvje npenpeka) kojum 6m
Ce Cnpeyno npeHoc MynTnMpesncTeHTHUX cojeBa L. monocytogenes.

Expected results:

We expect to indentify possible mechanisms of antimicrobial resistance and cross resistance in L.
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monocytogenes upon adaptation on different antimicrobial compounds. We also expect to identify new
MDR transporter(s) under tetR control. Practical application of this tesis would be in the development of
the novel strategies for protection and prevention of food contamination as well as a new approach to the
hurdle technologies, in order to avoid transfer of the MDR strains of L. monocytogenes to food.

6. [MMnaH papa

EkcnepumeHTn he ce ogsujatn cnegehum pegocnenom:

1. YMHOXaBare Naxr-neo ogabpaHux cojeBa L. monocytogenes (pasnuymT cepoTun 1 M3Bop);

2.0ppehuBaHe MUHMMarnHe UHxMbuTopHe koHueHTpauuje (MIC) aeanHduumjeHca n aHTMbMOTMKaA 3a
opabpaHe cojese L. monocytogenes ;

3.M3onauunja mytaHata L. monocytogenes ca noBehaHoM unn cMmakweHOM oceTrbusoLhy Ha
opabpaHa aHTMMUKpPOOHa cpeacTBa;

4 NcnntuBane ekcnpecnje MDR gena (mdrL, mdrM, madrT, Ide) y ogabpaHum mMyTupaHum cojeBuma
L. monocytogenes.

5. KoHcTpykumja konekumje mytaHata Th916 (pesncteHumja Ha TeTpaumknuHe) u mariner-based
TpaHCMNO30Ha.

6.CKPUHUHT 1 reHeTCKa KapakTepu3auuja;

7.VpeHTndpurkalmja gogatHor TpaHCNOPTHON reHa nof KOHTporom penpecopa tetR;

8.0ppefmBane 6poja MHcepLMja TPAHCMO30Ha;

9.04pehuBare MecTa MHcepLmje TpaHCMNo30Ha;

10. CeKkBEHUNOHNpPaH-E;

11.MpoueHa heHOTUNCKMX MPOMEHa Y Pe3UCTEeHUMjM Ha pasnuuuTe MeToae KOH3epBucama Koje ce
kopucTe y npoussogru xpaHe (NaCl, pH, Temnepatypa, a,, AepvBaTN eTapCkux yrba) un
cnocobHOCTM agxepeHumje / NnpesvBrbaBakba Ha NOBPLUWHM CUPOBMX NPOM3BOAA, ¥ NacTEPN30BaHOM
Yy OOQHOCY Ha CMPOBO MIIEKO M NoBpLUMHaMa o4 Hephajyher yenuka;

12. Ctatnctnyka obpaga nogaraka
6. Dissertation work plan

Experiment will be developed by the folowing order:

1.Growing of carefully chosen panel of L. monocytogenes strains;

2.Determination of MICs of disinfectant and antibiotics for selected panel of strains;
3.Isolation of mutants with increased or decreased susceptibility to selected antimicrobials;

4 Monitoring of MDR genes (mdrL, mdrM, mdrT, Ide) expression in selected mutants;

5. Constructions of Tn916 (tetracycline resistance) and mariner-based transposon library;
6.Screening and genetic characterizations;

7.ldentification of the additional transporter genes under repression by tetR;

8.Determination of the number of transposon insertions;

9.Determination of transposon insertion sites;

10.Sequencing

11.Assessing phenotypic changes in resistance to hurdles (salt, pH, temperature, a,, essential oils)
and adherence / survival on fresh produce, pasteurized vs. raw milk and stainless still surface;

12. Statistical analyses.
7. MeToae u maTtepujan uctTpaxmBamwa

CojeBu L. monocytogenes : Y ctyamju he 6utn kopuwheHn naxsreMBo ogabpaHu CojeBu Koju ce
pasnukyjy no U3Bopy M CepoTuny;

YcnoBn pacrta, TecTupake OCeT/bMBOCTM WU opgpefjuBakbe MUHUMANHUX WMHXMOUTOPHMX
KOHUeHTpaumja: 3a pact Gaktepuja he 6utn kopuwheH BHI arap (Brain hart infusion broth ca 1,5%
arapa); Kyntype he 6utn nHkybmnpaHe 24 cata Ha 37°C. OceT/bMBOCT Ha aHTUMUKpPOOHa cpeactBa he
OuTK ucnutuBaHa metoaom paspehera Ha Munep XUHTOH arapy;

AHTUMUKpPOOHa cpepcTBa: [NaBHe knace aHTUOMOTMKA YKIbYYYjyhr M OHE KOjU Ce KOPUCTE Yy nedery
nucTepuose, kao 1 gpyrn aHTMBUOTMLM KOju ce OBUYHO KOpPUCTE Y XyMaHOj U BeTEPUHapCKOj MeguLNHY;
Ae3vHdULMjeHC 13 rpyne KBapTEHEePHUX aMOHMjyMOBUX jeantsera—beH3ankoHujym xnopug (benzalkonium
chloride- BC), TtetpadeHundocgoHnym xnopug (Tetraphenylphosphonium chloride -TPP, nek npoTtus
KaHuepa, 06u4Ho y ynotpebu kao MDR cybcTtpart).

3a opgpefhuBawe MIC 3a pasnuumte koH3epBaHce (NaCl, gepuBatn eTapckux yrba) buhe kopuwheHa
meToaa paspehersa y arapy;

Ekctpakumja PHK n peBep3Ha — TpaHckpunuuja PCR (RT-PCR). Ekcnpecwnja ogabpaHmnx MDR rena (mdrl
mdrM, mdrT, Ide) 6uhe npoueneHa kopuwhewem RT-PCR metoge (14). 3a PCR he 6utn kopuwheH Takarg
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Ex Taq kit (Takara, Madison, WI) n T1 thermal cycler (Biometra, Goettingen, Germany) kao LITO je onncaHo
pagy Elhanafi et al. (14).

KoHcTpykumja konekumje mytaHaTa: Konekuuja mytaHata ca TpaHcno3oHom Tn916 (pesncteHumja Ha
TeTpaumknuH) buhe npunpemrseHa kopuwherwem Beh onucaHe metoge (23), a konekumja MyTaHaTta ca
mariner-based TpaHcno3oHckum cuctemom ca pMC38, metogom onucaHom y pagy Cao et al . (3).
Southern blots: bpoj nHcepuuja TpaHcno3oHa 3a ogabpaHe myTtaHTe he 6uTtn yTBpheH Southern blot
meTtozom (40);

OppeajuBakbe MecTa MHcepumje TpaHcno3oHa: MecTta uHcepumje TpaHcno3oHa 6uhe ogpeheHa
apbutpapHum PCR kao cTo je onvcaHo y pagy Cao et al. (3);

CekBeHUuoHupawe: PCR npoussoau he 6utn cekBeHumoHmpann (Genewiz, Inc., South Plainfield, NJ), n
cekBeHue aHanuanpaHe nomohy Nucleotide Basic Local Alignment Search Tool (BLAST), HaumoHanHor
WHCTUTYTa 3a BuoTexHonorgujy;

MpoueHa heHOTUNCKNX NPOMEHa y pe3UCTEeHLMjU Ha pa3nuunTe MeToae KOH3epBUpawa xpaHe 1
cnocoGHoCTU aaxepeHuMje/npexnBrbLaBala Ha NOBPLUMHU cupoBor nospha, nactepusoBaHoMm 1
CMpPOBOM MIEKYy Unun NnoBpLMHU of HepRajyher yenuka: OgabpaHu MmyTtaHT he BT ucnUTMBaHM Npu
pasnuunTuMm KoHueHTpaumnjama conu (NaCl), gepmBatuma etapckux yroa, pasnmyuntum TemnepaTypama,
pH v akTMBHOCTM BOAE.

CnocobHoCT npexuBrbaBawa U agxepeHumje he BuTn ncnmutaHa Ha noBpLIMHaMa CUMPOBMX NPOU3BOAA
(Bvre n uenep), y nactepu3oBaHOM 1 CUPOBOM MIIEKY, Kao 1 Ha NOBPLUWHW Of Hephajyher yenuka.

Materials and methods:

Bacterial strains: Study will employ a carefully chosen panel of diverse strains of L. monocytogenes.
Strains will differ by serotype and source.

Growth conditions, susceptibility testing and MIC determinations: Bacteria will be grown on brain
hart infusion (BHI) agar plates at 37°C for 24 h. The colonies will be tested for antimicrobial susceptibility by
agar dilution on MHA.

Antimicrobials : Major antibiotic classes included those used for treatment of listeriosis as well as others
commonly used in human and veterinary medicine, disinfectant- quaternary ammonium compound
benzalkonium chloride (BC) Tetraphenylphosphonium chloride (TPP, an anticancer drug commonly used as
MDR substrate).

Determination of L. monocytogenes MICs for specific hurdles ( salt, essential oil derivatives) will be
performed by the agar dilution method.

RNA extraction and reverse-transcription PCR (RT-PCR). Expression of selected MDR genes (mdrL,
mdrM, mdrT, Ide) will be assessed by using RT-PCR analysis as described (14). PCR will be carried out
using the Takara Ex Taq kit (Takara, Madison, WI) and a T1 thermal cycler (Biometra, Goettingen, Germany)|
as described (14).

Construction of Mutant Libraries: Transposon mutant library of Tn9716 (tetracycline resistance) will be
constructed as described (23) and a transposon mutant library with a mariner-based transposition system
with pMC38, as described by Cao et al. (3).

Southern blots: The number of transposon insertions for selected mutants will be determined by Southern
blot (41);

Determination of transposon insertion site: Transposon insertion site will be determined by arbitrary PCF
as described (3);

Sequencing: The PCR product will be sequenced (Genewiz, Inc., South Plainfield, NJ), and the sequence
analyzed by the nucleotide Basic Local Alignment Search Tool (BLAST) of the National Center for
Biotechnology;

Assessing phenotypic changes in resistance to hurdles and ability of adherence to the surface of
fresh produce: Selected mutants will be tested for MICs on different concentrations of NaCl, essential oil
derivatives, at different range of temperature, pH and aw.

Ability of survival and adherence will be tested on the surface of the fresh produce such as cantaloupes or
celery, in pasteurized versus unpasteurized milk and stainless still surface;

8. MecTo, nabopaTopuja u onpema 3a eKkcrnepMMeHTanHu pag

Wcnutneama he 6utn nssegeHa Ha North Carolina State University, The Department of Food,
Bioprocessing and Nutrition Sciences nog Hagsopom Dr. Sophia Kathariou n Ha Kategpu 3a xurunjeny u
TEXHOMOornjy HammpHuLa aHMMarnHor nopekna, ®akynteta BeTepuHapcke MeavumnHe, YHuBepauTeTa y
Beorpaay.

Department, laboratory and experimental equipment
The experiments will be performed at North Carolina State University, The Department of Food,
Bioprocessing and Nutrition Sciences under guidance of Dr. Sophia Kathariou and Department for food
hygiene and technology, Faculty of veterinary medicine, University of Belgrade
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9. MeToae cTaTucTU4Ke oGpap,e nogartaka u octanu pernieBaHTHM nogauu

Pesyntatn he 6utn cratuctmykm obpafeHun kopuwherwem nporpama (SAS Institute, Cary, NC) n no
notpebn 6uhe koHcynToBaH Dr. Jason Osborne, ctatuctuyap Ha Konely.

Statistical analysis

The experiment findings will be analyzed statistically using SAS (SAS Institute, Cary, NC). The College
statistician (Dr. Jason Osborne) will be consulted as needed.
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VIL. 3AKIbYYAK CA OBPA3NOXXEHOM OLIEHOM O NOAOBHOCTU TEME U KAHOUOATA

Ha ocHOBYy yBMaa y [OCTaBibeHy OOKyMeHTauujy kaHaupgaTta, Komucuwja cmatpa ga gunnomupaHu
BeTepynHap Mupa Pakuh-MapTuHes, ucnywaa cBe ycrioBe nponucaHe 3akOHOM O BMCOKOM LUKOJICTBY,
3a u3pagy Aoktopcke auceptauumje. NpennoxeHa Tema je akTyenHa M Hay4yHO 3acHoBaHa. LinrbeBu u
3agaum oBe aucepraumje cy npeumsHo AedUHUCAHW, a MeTOAe Koje Ou ce KOpUCTUNE 3a HMXOBY
peanv3auujy cy BanuaHe u npaBuiiHo ogabpaHe.

Komucuja npegnaxe HactaBHo-Hay4HOM Behy PakynteTa BeTepuHapcke MeavuuHe YHusepsuTeTa 'y
Beorpaay, oa npuxeaTtu u3pagy AOKTOPCKe aucepTaumje, nog Hacrnosom: Vicnutueawe mexaHusama
pesncTeHumje n moryhe yHakpcHe pesucteHumje L.monocytogenes HakoH aganTtauumje Ha pasnuunta
aHTUMMKpobHa cpeacTea.

Komucuja npeanaxe aa ce JOKTOpCKa AvcepTtaumja pagnm Ha Kateopum 3a XurujeHy 1 TeXHOnorujy
HaMVpHULUa aHumarnHor nopekna, Pakynrteta setepuHapcke megumuuHe n North Carolina State
University, The Department of Food, Bioprocessing and Nutrition Sciences. 3a meHTOpa ce npegnaxe
ap Bepa Katuh, pegosHu npodecop PakynteTa BeTepuHapcke meguumnHe y beorpagy, a 3a komeHTopa
Dr. Sophia Kathariou, Professor, North Carolina State University, The Department of Food,
Bioprocessing and Nutrition Sciences.

CONCLUSION WITH EVALUATION OF DOCTORAL CANDIDATE AND THESIS
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methods are relevant and correctly chosen.
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University, to accept proposed thesis titled : Identification of the mechanisms of resistance and potential
cross resistance upon L. monocytogenes adaptation to antimicrobials.
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