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IV OPEIJEJ JOKTOPCKE IMCEPTAIIMJE:
IV OVERVIEW OF THE DOCTORAL DISSERTATION:

JTokTopcka muceprarja kanauaara Jlamupa Iasprha ,,@umamenTo3an 6akreprodaru Bpere Pseudomonas
aeruginosa“ mpumaza HaydHoj obmactm buomormja, yxka HaydHa obmact  MukpobGuonoruja
(BakTepunonoruja u Bupycomoruja). Hamnmcana je Ha eHTIIECKOM jE3WKY, a CaKeTak je JaT Ha €HIJIECKOM
Je3UKY Y KJbYIHO] JOKYMEHTAIIH] CKOj HH()OPMAIH]H.

Hcnpen OCHOBHOT TeKCTa JHCEpTalldje Haja3e ce HAclOBHA CTpaHa, K/bydHa JIOKYMEHTAllWjcKa
uHdopmanmja, 3axBanHuna u caapxaj. Jucepranuja je Hamucana Ha 192 crpanuie A4 dopmara u
noziesbeHa je Ha 9 mornassba: 1. YBon, 2. [lpernen nuteparype, 3. Lusb u pagHe xunorese, 4. Matepujan u
Meroxe pana, 5. Pesymratm, 6. JQuckycuja, 7. 3akipyunu, 8. Jlurepatypa u 9. [lpunosu ['maBHE TekcT
nucepranuje caapxu 13 tabena u 40 cnuka u pororpaduja, g0k mpuior odyxsara 2 Tabene. YKyIHO Cy
uutupae 373 myOnukanuje. Ha kpajy OCHOBHOI TeKCTa JUcepTalldje Hala3u ce Kparka Ouorpaduja

ayropa.




Candidate Damir Gavric¢'s doctoral dissertation "Filamentous bacteriophages of Pseudomonas aeruginosa"
belongs to the scientific field of Biology, narrower scientific field of Microbiology (Bacteriology and
Virology). It is written in English, and the summary is given in English in the key documentation
information.

The main text of the dissertation is preceded by the title page, key documentation information,
acknowledgments and table of contents. The dissertation is written on 192 pages of A4 format and is
divided into 9 chapters: 1. Introduction, 2. Literature review, 3. Objective and working hypotheses, 4.
Material and work methods, 5. Results, 6. Discussion, 7. Conclusions, 8. Literature and 9. Supplementary.
The main text of the dissertation contains 13 tables and 40 pictures and photographs, while the
supplementary includes 2 tables. A total of 373 publications were cited. At the end of the main text of the
dissertation there is a short biography of the author.

\% BPEJHOBAIBGE INOJEAUHUX JEJOBA JOKTOPCKE IUCEPTAIIUJE:
\Y EVALUATION OF INDIVIDUAL PARTS OF THE DOCTORAL DISSERTATION:

V nornaeiby YBOI KaHIUAAT NPEACTaBba JeTajbaH OMMC OakTepHjcke Bpcte Pseudomonas aeruginosa ca
MOCEOHUM OCBPTOM Ha HEHY MATOr€HOCT W MEIUIIMHCKHU 3Hayaj. Omucyje ce MHTEepaKIMja OBe OaKTepHje
ca baktepuodaruma. Obpasiaxe ce MNPOKA PACHPOCTPABLEHOCT OakTeprodara U IBUXOB BETHKH 3HAYA] Y
npoMeHama (eHoTuna OakTepujckux JomMahWHa TMOCPEICTBOM JIM30reHe KOHBep3Wje. YKasyje ce Ha
nocrojame 3acebHe rpymne 6akrepuodara, u3z hamunuje Inoviridae. Osu Gakreprodary, 4ecTo Ha3BaHU U
¢unamenTo3Hu OakTeprodary, moceayjy jeAMHCTBEHY MOp(OIOTHjy Kao W XMBOTHU Lukiyc. Hajpeha
naxma je moceelieHa umaMentosHum GakTepuodaruma bakrepuje P. aeruginosa kao v BHXOBa yiaora y
BUPYJICHTHOCTH OBE OaKTEpHUjCKE BPCTE.

[Tornassbe Ilperien auTepaType moaesbeHo je Ha 13 moTHornapka U IETa/bHO M CBECTPAHO aHAIM3HpPA
Jocajalliba HAydHa casHamba O YTHIAjy (uiameHTo3Hux Oakreprodara Ha ¢eHorunm P. aeruginosa.
JletassHO Cy, Tpe CBera, OmMHCaHe KapakTepucThke Oaktepuje P. aeruginosa, meHa OCeT/bHBOCT Ha
AHTUMHKpPOOHE areHce M 3Hauaj oBe Oakrepujcke Bpcre. [loceOHO je mocBeheHa maxmwa (akropuma
BUpyneHije P. aeruginosa kao W mpoliecy JIM30TeHE KOHBEp3Wje Om cTpaHe Oakrtepuodara Koju
JIONIPUHOCE BHUPYJIEHTHOCTU OBe Oakrepuje. JlerasbHo cy omucaHe mopdosordja U (GU3HIKOXEMHUjCKe
ocobuHe (uIaMeHTO3HUX Oakreprodara u opranuzaiuja reHoMa. OOjallllbeH je HAYMH YCIOCTABIbabha
uHpeKIHja o1 CTpaHe oBe rpyre ¢ara, Kao U J1Ba pa3lIn4nTa JKUBOTHA [UKIYCa KOjU CY 3aCTYIUbEHU KOJ
¢dumamenTo3anx Gakrepuotara. JerasbHO cy omucand (uaaMeHTo3HH Oaktepuodarn P. aeruginosa,
os3Hauenu kao Pf. Hapounto je moceeliena maxma npusHatiM Bpctama Pfl i Pf3, anun u apyrum mame
mo3HatuM (aruma kao mrro cy Pf4, Pf5 u PFLES58, koju Hemajy cratyc Bpcre.

Komucuja cmampa oa cy Y600 u Ilpeened numepamype cucmemamuyHo u c6eo0yxeamno Hanucanu u od
je dam xomnieman yguo y npobiemamuky kojom ce oucepmayuja 6asu. Hmajyhu y eudy oocadauiive,
Manobpojre pesynmame  UCMPAXCUBAFA  (PUIAMEHMO3HUX —Oakmepuoghaza u mwuxoge yroze y
supyrenmuocmu 6akmepuja, Komucuja cmampa Oa je y 06uM No21agwuMda JjACHO YKA3AHO HA
ONpasoaHoCcm U 3HAYAj 0A/bUX UCTHPANCUBARLA Y 080] obaacmu. Ananuzom osux noenasnsa Komucuja
KOHCmamyje 0a je KaAHOUOAm mMeMe/bHO U3N0NHCUO 00CAOAUbe HAJBAdCHUje HayuHe pesyamame,
Heonxoo0He 3a nocmasbarve jacHo degunucanux L{uwvesa ucmpasxcusarsa.

InbeBH MCTpasKUBama JOKTOpCcKe mauceprammje: Jedunanmumja mopdomomkux kapakrepuctiuka Pf4,
Pf5 u PfLES58 ¢dara, xapakTrepucTHKa T€HOMa W TAaKCOHOMCKE To3uIHje yHyTap (ammumje Inoviridae.
OnTtuMmuzanja MeToAe 3a YMHOXKaBame (IaMeHTO3HHX OakTepuodara, oapehuBame HHXOBOT
JUTHYKOT CIIEKTpa W WH(GEKTUBHOCTH aNTepHATUBHUX noMahwHa. YTBphUBame HHIYIMOWIHOCTH
¢umamenTo3Hnx (¢ara antuOmoruiuMa. J[lepuHncame ynore (uIaMEeHTO3HHMX OakTepmodara y
IpoMeHaMa BHUPYICHTHOCTH OakTepHjckor nomalimHa kao INTO Cy: TPOMEHE Y OCETJBHMBOCTH Ha
aHTHOWOTHKE, (opMupame OnoduiMa, MOKPETIEUBOCT, Op3WMHA pacTa, MPOM3BOAHBA MUTMEHTa, Kao U
yiora ¢ara y ayroarperaiuju u xuapodoodrnoctu henmja).

Komucuja cmampa 0a cy yuwesu o6e oucepmayuje npasuiHo KOHYUNUPAHU U O0a CY Y CKAady ca
npujagom meme u caopaicajem oucepmayuje




[Nornassbe MaTtepujan u MeTo/ie paja caapxu 26 MOTHOrIaBba KOjU /1ajy JAeTajbaH OMUC MaTepHjaia u
MeTo/Ia KOPHIITCHUX y Pajy 3a OCTBapHBamke MOCTAaBJbCHHX IMibeBa. Olmicane cy OakTepHjcke BPCTE,
Oakreprodard M aHTUMUKPOOHHM areHCH KOjU Cy HCKOPHUINTEHH Y OBOj cTyauju. HaBemenu cy cBu
copTBepr W OHOMH(GOPMATHUYKM aNaTH WCKOPHINTEHH 32 aHAIW3Y CEKBEHIW (DUIIAMEHTO3HHX
Oaktepuodara u qu3ajaupame PCR mpajmepa crienmpuvnaux 3a oBy rpymy (dara. Takohe cy objamimene
Merone onpehuBama 3acTyiubeHocTd Pf OakTepuodara y pasamuauTuM cojeBHMa Oaktepuje P.
aeruginosa. YmopeheHe cy JBe pasnudyuTe METOAC yMHOXKaBama P. aeruginosa ¢gunameHTO3HHX (ara.
O0jammeH je HauMH yTBphHBama HUXOBE MPOAYKIHjE W JIUTHYKOT CIIEKTpa Ha PasIMdUTHM COjeBHMa
Oakrepuje P. aeruginosa. Jleta/bHO Cy oOmnmMcaHM Kopamu 3a J00Hjalbe TPAHCMHUCHOHE EJIEKTPOHCKE
MuKporpaduje oBux 6akrepuodara, kao u yrsphusama JJHK u nporennckor npoduna. OnucaH je HAYMH
cynepunpekimje Oaktepuje P. aeruginosa ox crpane Pf Gakrepmodara, ka0 W BHUXOBa HHAYKIHja
Pa3IUYUTIM aHTUMHKPOOHUM areHcHMa M OOJIMraTHO JTUTHYKHM (aruma. Ha kpajy cy moTmornaeba Koja
OINCY]y pa3jIMYuTe METOJE 3a NpoBepy (PEHOTUIICKMX OcoOMHa Oakrepuje nomahiHa HaKOH MH(EKIuje
ca Pf 6akreprodaruma. CBu 100HjeHH pe3yNITaTh Cy cTaTUCTHYKK oOpalenn ymorpebom Student T Tecra
u Wilcoxon tecra panrupama.

Komucuja cmampa da je xopuwmenu mamepujan aoexeaman u ynompebmen Ha 00206apajyhiu Hauun 3a
cee cnomenyme anaauze y oucepmayuju. Memooe 3a peanuzayujy HaseoeHUx Yumbesa UCHMPAadICUBARbA CY
caepemene, 0emamHO ONUCAHe, NpeyusHe U npumepene 3a 0odujare 8anuoHux pesyimama. HMzabpane
Memode cmamucmuuke 00pade nooamaxa y NOmnyHocmu ¢y 00208apajyhe nianupanom ucmpasicuearsy.

Pe3yaraTu qucepraiyje Cy U3JI0KEHH Y IETOM TIOTTIaBJbY, & TeKCTYAIHH MPUKA3 je HIIYCTPOBAH CIIUKaMa
u ¢ororpadujama (30) u tadenama (10). Y mornornaBbuMa Cy CUCTEMATHYHO M JIETaJbHO NPUKa3aHH
pesyatatu aHajm3e cekBeHim Pf Gaktepuodara xao QuioreHercke aHain3e OBUX (hara ca OCTajIuM
npu3HaTUM BpcTama (damunuje Inoviridae. Yephena je nponykimja PFLES58 Gakrepuodara u merosa
3aCTYIUBEHOCT Y pasjInuUTUM cojeBuMa Oakrepuje P. aeruginosa. Ilpukasane cy pasnmuke u3Mmel)y nse
MeTozie 3a yMHOXKaBame P. aeruginosa ¢uiaMeHTO3HHX OakTepuodara. YCIENHO je ToKa3aHa
nponykuuja Bupuona PfLES58 Gakreprodara 3a koje 1m0 cama Huje OWio mo3HaTO 1a (HOpMHUPaAjy
KOMIUIETHE BHpHOHe. [Ipuka3zaHa je W TPOAYyKIMja IUIaKa O CTpaHe cBa TpH aHaimmsupana Pf ¢ara.
Cneunduyna mopdomnoruja oBux Oakrepuodara je npukazaHa civkama J00HjeHHX TPaHCMHCHOHHM
ENIEKTPOHCKMM MHKpockorioM. [lorBpheno je mpucyctBo jemHonanuane JJHK w mpucyctBo Ti1aBHOT
NPOTEHHA Kalcha Koj cBa Tpu Oaktepuodara. YTBpheH je ’bHUXOB JTUTUUKHU CIIEKTap Ha 267 pa3iuuuThUX
cojeBa Gaxrepuje P. aeruginosa. Pesyaratu uanykiuje Pf Gakreprodara y mpHcycTBy aHTUMHKPOOHUX
areHaca Wi OOJMIaTHO JIUTHYKKUX Oakrepuodara cy takohe npencraBiberu. Pazmimuntum PCR merogama
W CEKBEHIMPAmeM YCIENHO je yTBphena cymepuudeknuja Pf Gakrepmodara pasnuuutux cojeBa
6aktepuje P. aeruginosa. gRT-PCR MeromoM je mpoBepeHa ekcripecwja W MpoAykiuja BupuoHa Pf
Oakteprodara y HOBUM uHpUIMpaHuM cojeBuma. Ha kpajy, rpaduuku u tabenapHo Cy IpHKa3aHe CBe
3abenexxeHe MpoMeHe y (GeHOTUIy HHGHUIMPAaHUX COjeBa Kao ILITO Cy MPOMEHA y ayroarperaTMBHOCT U
xuapopobHocTH henuja, y BUXOBOj MOKPETIHUBOCTH, POAYKIMjU OnoduiIMa U nmurMeHata (MHOLUjaHnH
W THOBEPANH), 3aCTYIUbEHOCTH MajuxX Bapwjanth komonwja (eng. small colony variants — SCVs) u
OCETJPMBOCTH Ha AaHTHOMOTHKE W3 PA3NMYATHX Kiaca. Ha OCHOBy noOMjeHHMX pe3yiraTa JeTajbHO je
OITHCaHa yJIOTra Y BUPYIEHTHOCTH OBE OaKTEPHjCKe BPCTE.

Komucuja cmampa oa je kanouoam npeaneono, aHaumuyHo 1 CUCIEMAMUYHO NPeOCMAasuo pesyamame,
0a cy oHu jacnu 3a mymaierbe U OCmeapyjy nocmaessene yunvese oucepmayuje.

VY meny JIMCKycHja KaHIWAAT je yKa3ao Ha U3pakeHy CIMIHOCT mojenennx Pf Gakrepruodara y mormeny
HYKJICOTHIHUX CEKBEHITM TeHOMa, anu u (unorenercky ymasbenoct PFLES58 Gakreprodara ox ocrammx
aHanu3upanux Oakrepuodara. Ilpemnoxken je HoBu pox Secondolicivirus y oksupy oBe damuinmje ca
PfLES58 ¢arom kao mpencraBaukoM. OOjanimeH je 3HaYaj MPOAYKIMj€ BUPUOHA W IMHPHHE JINTHIKOT
criektap Pf 6Gakreprodara. TToceGHO Cy IPOKOMEHTAPUCAHN PE3Y/ITATH MHAYKIIMj€ OBUX OakTeprodara y
MIPUCYCTBY aHTUMHUKPOOHUX areHaca M OOJUraTHO JIMTHYKUX (hara ca OCBPTOM Ha aHTHUOMOTCKY Tepanujy
WM Tepanmja ca aruma.

Y oBOM MOr7aBJby AATO je cBEOOYXBAaTHO TyMauewme M nopeheme Jo0HjeHHX pe3yaTara ca pe3yaTaTiMa
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pazoBa Jpyrux ayropa Koju cy ce 6aBmiy mpoMeHama (peHOTHIa pa3InIuTHX OaKTEpHjCKUX BPCTa HAKOH
nHdeknje ca ¢pumaMeHTo3HNM OakTeprodaruma. 3akjbydeHoO je na GuiaaMeHTo3HH Qaru Oaxrepuje P.
aeruginosa 3Ha4yajHO CHI)KaBajy BUPYJICHTHOCT OB OaKkTepHje, CMambyjy BeHY TOKCHYHOCT U moBehasajy
OCETJFUBOCT Ha aHTHOMOTHKE M3 pa3InunTHX Kiaca. Takohe, 300r peTasbHO HCTpaskeHe OMOJIOTHje OBHX
Oakteprogara, oMoryheHa cy najba MCTpaKMBama y NPUMEHH (HIAMEHTO3HHX (ara y pasiIudduTUM
MOJIEKYJapHUM TEXHUKaMa U MEAUIMHH.

Komucuja cmampa oa [Juckycuja npomuwibeno npamu memy, yuvese u 0obujene pesyimame, HAnucana
je KOHYU3HO, CUCEeMAMUYHO U HAYYHO YMEMEHEHO.

H3BeneHo je yKyIHO JeBeT 3aK/bydaka, KOju Cy HaBelIeHH Y MoraBiby 7 oBor M3Bemiraja.

Komucuja cnampa oa cy 3akwyuuyu npasuino uzéedenu Ha 0CHOBY 000UjeHUX pe3yamama u OUcKycuje,
a opmynucanu cy jacHo u 'y CKIady ca NOCMAGHEHUM UYWbesuMd U XUnomesama OOKMOPCKe
Jucepmayuje.

YxynHo 373 auTepaTypHe jeIuHHIIE, TIPBEHCTBEHO M3 MelyHApOIHHMX YacONWca M HAYYHUX KIbHTa,
UTHpaHe Cy Ha o/iroBapajyhu HauuH, a n300p pedepeHiH je npuMepeH TEMATHIIN OBE JIUCEPTALIH]e.

Ha ocnosy odabpanux nuemapmypnux uzeopa Komucuja saxwyuyje da kamoudam nocedyje 000po
nosHasarbe 0OIACMU U NPEOMEMA UCTPAICUBAA OUCepmayuje.

Ilpuior canpxu npe Tabene. JemHa je ca CIMCKOM HMCKOPHINTEHHX OAaKTEPHjCKHX COjeBa, a Apyra je
IpHKa3 pe3yarara.

Komucuja koncmamyje oa cy cea noznasoa HARUCAHA HA A0EKEAMAH HAYUH U NO3UMUBHO OUer)je
cee 0enose 00KmMopcKe oucepmauje.

In the Introduction chapter, the candidate presents a detailed description of the bacterial species
Pseudomonas aeruginosa with special reference to its pathogenicity and medical significance. The
interaction of this bacterium with bacteriophages is described. The wide distribution of bacteriophages
and their importance in changing the phenotype of bacterial hosts through lysogenic conversion is
explained. The existence of a separate group of bacteriophages from the Inoviridae family is explained.
These bacteriophages, often called filamentous bacteriophages, have a unique morphology and life cycle.
The greatest attention is paid to the filamentous bacteriophages of the bacterium P. aeruginosa, as well as
their role in the virulence of this bacterial species.

The literature review chapter is divided into 13 subchapters and analyzes in detail and comprehensively
the current scientific knowledge about the influence of filamentous bacteriophages on the phenotype of P.
aeruginosa. First of all, the characteristics of P. aeruginosa bacteria, its sensitivity to antimicrobial agents
and the importance of this bacterial species are described in detail. Special attention was paid to the
virulence factors of P. aeruginosa as well as the process of lysogenic conversion by bacteriophages that
contribute to the virulence of this bacterium. The morphology and physicochemical properties of
filamentous bacteriophages and genome organization are described in detail. Their genome organization
is explained. The method of establishing infections by this group of phages is explained, as well as the
two different life cycles used by filamentous phages. The filamentous bacteriophages of P. aeruginosa,
named Pf, are described in detail. Particular attention was paid to the recognized species Pfl and Pf3, but
also to other lesser-known phages such as Pf4, Pf5 and PfLES58, which do not have species status.

The Commission believes that the Introduction and the Literature Review are systematically and
comprehensively written and that a complete insight into the issues dealt with in the dissertation is
provided. Bearing in mind the few results of research on filamentous bacteriophages and their role in the
virulence of bacteria, the Commission believes that the justification and importance of further research in
this area is clearly indicated in these chapters. By analyzing these chapters, the Commission concludes

5




that the candidate has thoroughly presented the most important scientific results so far, which are
necessary for setting clearly defined research objectives.

Research objectives of the doctoral dissertation: Definition of morphological characteristics of Pf4, Pf5
and PfLES58 phages, genome characteristics and taxonomic position within the Inoviridae family.
Optimization of the method for multiplication of filamentous bacteriophages, determination of their Iytic
spectrum and infectivity of alternative hosts. Determining the inducibility of filamentous phages with
antibiotics. Defining the role of filamentous bacteriophages in changes in the virulence of the bacterial
host, such as: changes in sensitivity to antibiotics, biofilm formation, mobility, growth rate, pigment
production, as well as the role of phages in autoaggregation and cell hydrophabicity).

The committee believes that the objectives of this dissertation are properly conceived and that they are in
accordance with the application of the topic and the content of the dissertation.

The chapter Material and methods contains 26 subchapters that provide a detailed description of the
materials and methods used in the work to achieve the set goals. The bacterial species, bacteriophages
and antimicrobial agents used in this study are described. All the software and bioinformatics tools used
to analyze the sequences of filamentous bacteriophages and design PCR primers specific for this group of
phages are listed. Methods of determining the presence of Pf bacteriophage in different strains of P.
aeruginosa bacteria are also explained. Methods of determining the presence of Pf bacteriophage in
different strains of P. aeruginosa bacteria are also explained. Two different methods of multiplication of
P. aeruginosa filamentous phages were compared. The method of determining their production and Iytic
spectrum on different strains of the bacterium P. aeruginosa is explained. The steps for obtaining a
transmission electron micrograph of these bacteriophages, as well as determining the DNA and protein
profile, are described in detail. The method of superinfection of P. aeruginosa by Pf bacteriophages is
described, as well as their induction by various antimicrobial agents and obligate lytic phages. At the end
are subsections describing different methods for checking the phenotypic properties of the host bacteria
after infection with Pf bacteriophages. All obtained results were statistically processed using the Student
T test and the Wilcoxon signed rank test.

The committee believes that the material used is adequate and used in an appropriate way for all the
analyzes mentioned in the dissertation. The methods for the realization of the mentioned research
objectives are modern, described in detail, precise and suitable for obtaining reliable results. The chosen
methods of statistical data processing are fully appropriate to the planned research.

The results of the dissertation are presented in the fifth chapter, and the text presentation is illustrated
with pictures and photos (30) and tables (10). In the subchapters, the results of the sequence analysis of Pf
bacteriophages as well as the phylogenetic analysis of these phages with other recognized species of the
Inoviridae family are presented systematically and in detail. The production of PfLES58 bacteriophage
and its presence in different strains of P. aeruginosa was determined. The differences between two
methods for multiplying P. aeruginosa filamentous bacteriophages are presented. The production of
PfLES58 bacteriophage virions, which until now were not known to form complete virions, was
successfully demonstrated. Plaque production by all three analyzed Pf phages is also shown. The specific
morphology of these bacteriophages is shown by images obtained with a transmission electron
microscope. The presence of single-stranded DNA and the presence of the main capsid protein in all three
bacteriophages were confirmed. Their lytic spectrum was determined on 267 different strains of the
bacterium P. aeruginosa. Results of Pf bacteriophage induction in the presence of antimicrobial agents or
obligate lytic bacteriophages are also presented. Different PCR methods and sequencing successfully
determined the superinfection of Pf bacteriophage of different strains of P. aeruginosa bacteria. The
expression and production of Pf bacteriophage virions in new infected strains was checked using the
gRT-PCR method. At the end, all recorded changes in the phenotype of the infected strains are presented
graphically and tabularly, such as changes in autoaggregativity and hydrophobicity of cells, in their
mobility, production of biofilms and pigments (pyocyanin and pyoverdine), representation of small




colony variants (SCVs) and sensitivity to antibiotics from different classes. Based on the obtained results,
the role in the virulence of this bacterial species is described in detail.

The committee believes that the candidate presented the results in a clear, analytical and systematic
manner, that they are clear for interpretation and achieve the set goals of the dissertation.

In the Discussion section, the candidate indicated the pronounced similarity of certain Pf bacteriophages
in terms of genome nucleotide sequences, but also the phylogenetic distance of the PfLES58
bacteriophage from the other analyzed bacteriophages. A new genus Secondolicivirus was proposed
within the Inoviridae family with the PfLES58 phage as a representative. The importance of virion
production and the width of the Iytic spectrum of the Pf bacteriophage is explained. The results of the
induction of these bacteriophages in the presence of antimicrobial agents and obligatorily Iytic phages
with reference to antibiotic therapy or therapy with phages are specially commented.

In this chapter, a comprehensive interpretation and comparison of the obtained results with the results of

the works of other authors who dealt with changes in the phenotype of different bacterial species after
infection with filamentous bacteriophages is given.

The Commission believes that the Discussion carefully follows the topic, goals and results obtained, it is
written concisely, systematically and scientifically based.

A total of nine conclusions were drawn, which are listed in chapter 7 of this Report.

The Commission considers that the Conclusions were correctly drawn based on the obtained results and
discussion, and were formulated clearly and in accordance with the set goals and hypotheses of the
doctoral dissertation.

A total of 373 literature units, primarily from international journals and scientific books, are cited in an
appropriate manner, and the selection of references is appropriate to the topic of this dissertation.

Based on the selected literary sources, the Commission concludes that the candidate has a good
knowledge of the field and subject of the dissertation research.

The supplementary contains two tables. One is with a list of used bacterial strains, and the other is a
presentation of the results.

The commission notes that all chapters are written in an adequate manner and positively evaluates all
parts of the doctoral dissertation.

VI  CIIMCAK HAYYHHMX 1 CTPYUHUX PAJIOBA KOJ1 CY OBJABJbEHU NJIN
IMPUXBAREHU 3A OBJABJBUBALE HA OCHOBY PE3VIITATA NCTPAXKMBABA ¥V
OKBHUPY PAIIA HA IOKTOPCKOJ JUCEPTALINJN:

VI  LIST OF SCIENTIFIC AND PROFESSIONAL PAPERS THAT HAVE BEEN PUBLISHED OR
ACCEPTED FOR PUBLICATION ON THE BASIS OF THE RESEARCH RESULTS IN THE
FRAMEWORK OF WORK ON THE DOCTORAL DISSERTATION:

M21 — Pan y BpxyHckoM Mel)yHApPOTHOM Yaconmucy
M21 — Paper in a superb international journal

1. Gavric, D., Knezevic, P. 2022. Optimized Method for Pseudomonas aeruginosa Integrative
Filamentous Bacteriophage Propagation. Frontiers in Microbiology. 12 - 2021.
https://doi.org/10.3389/fmich.2021.707815 (IF 6.064)




2. Gavric, D., Knezevic, P. 2022. Filamentous Pseudomonas Phage Pf4 in the Context of Therapy-
Inducibility, Infectivity, Lysogenic Conversion, and Potential Application. Viruses. 14 (6), 1261;
https://doi.org/10.3390/v14061261 (IF 5.818)

M34 — Caonmmreme ca Me)yHapogHOTr cKyNa IITAMIAHO Y H3BOXY
M34 — Presentation from the international meeting printed in the extract

1. Gavric, D., Cvetanovic, J., Grceic, J., Aleksic Sabo, V., Kostanjsek, R., Knezevic, P. 2022.
"Pseudomonas virus PfLES" - candidate for a new species and genus of the family Inoviridae.
FEMS Conference on Microbiology (2; Beograd; 2022 )

2. Gavric, D., Vukovic, D., Nikolic, I., Gostimirovic, S., Pejic, J., Knezevic, P. 2022. Filamentous
phage Pf4 resensitize Pseudomonas aeruginosa to antibiotics. FEMS Conference on Microbiology
(2; Beograd; 2022)

3. Gavric, D., Vukovic, D., Gostimirovic, S., Nikolic, I., Pejic, J., Grcic, J., Cvetanovic, J., Aleksic
Sabo, V., Knezevic, P. 2022. Pseudomonas aeruginosa filamentous phage PfLES58 is inducible
by subinhibitory concentrations of different antimicrobial agents. International Congress on Cell
Science and Molecular Biology (1; Reykjavik; 2022)

VII 3AK/bYUIIM OJJHOCHO PE3YJIITATU HCTPAKUBAIbA:
VII CONCLUSIONS AND RESEARCH RESULTS:

VY 0BOj mucepralnMju JeTajbHO Cy OKapakTepucanu ¢aru Gakrepumje Pseduomonas aeruginosa koju
npunanajy Gamumju Inoviridae — Pf4, Pf5 u PfLES58, nopekinom u3 cojeea PAOL, UCBPP-PA14 u
LESB58, a muxoBa Onosnoruja je pasjamimeHa.
Ha ocHOBY 100HMjeHUX pe3ynTaTa ¥ Y CKIajly ca [IMJbEBUMA CTY/IH]e, MOXKE CE 3aKJbyUUTH:
o ®aru PfLES58, Pf4 i Pf5 npumanmajy damimmju Inoviridae, momro meme Mopgoioriika, reHOMCKa H
NPOTEMHCKA CBOjCTBa ca JpyruMm QaruMa u3 Qamunuje. AHajamsza je Tokas3ana jaa cy oBa Tpu (ara
pazmuunte Bpere u aa daru Pf4 u Pf5 npunanajy nucrom pony, 3ajenso ca Pfl u Pf8 (Primolicivirus).
* Tlpodar PfLES58 ce aktuBHO permmiupa y P. aeruginosa, mTo je TMOKa3aHO MPUCYCTBOM
pemukaTuBHe (GopMme y OakrepujckuMm henmujama, a 3aTuM ¥ TPOM3BOAKOM BHpHOHA. Ha oOCHOBY
cBOjcTaBa KJby4HHMX TeHa/mporenna, PfLES58 mpumaga apyrom pomy (IpemiokeHO uMe
Secondolicivirus). BberoBu reHeTcku eeMEHTH UMajy BHCOKY 3aCTYIUBEHOCT y cojeBuMa P. aeruginosa
(41,2%) u3 xoneknmje PK Lab.
* Ilpunoc ¢ara je mHoro Behwu, 3a ornpuiuke 4 — 8 nmoraputMma, Kaja ce KOPUCTH Mama 3alpeMuHa
KyAType W KaJ MHKyOaluja Tpaje Iy)Ke Hero kKaja ce KOPHCTU BEJHKa 3alpeMHHa KyiaType ca kpahom
nHKyOarujom. Moryha je nasba MoauduKalija METojie, Tako Jla Ce MOXKE ITPUIIATOIUTH 32 (PUITaMEHTO3HE
¢are xoju uupHUIHpajy Apyre Gakrepuje ocum P. aeruginosa.
* [Topen Pf4 ¢ara, 3a xojer je mo3HATO Ja MPOU3BOM IUTAKE, OBO CBOjCTBO je motBpheno 3a PFLES58 u
Pf5 ¢are. ITlnaku cy mManmu (oko 1 MM) W HEMPO3MPHH W MOTY Ce JIaKIIe OTKPUTH Kaaa Ce TPUMEHH
jemrocmojuu arap merox (CIIOT merona).
* Pf ¢arm mory OwTH WHIYKOBaHM CYOMHXHOMTOPHHM KOHIICHTpaIjamMa (QIyopOXHHOIOHA |
MuToMunuHa LI, mMTO je CKOpO YABOCTPYYHMIIO eKCIIpecHjy TreHa ¢ara, Wid HHOEKIHjoM OOJUTraTHO
JUTHYKAM peratuM ¢aruma u3 poga Pbunavirus, koju mojauasajy excripecujy Pf rena mo 5 myra. OBo je
moceOHO BaJKHO Ca acleKkTa Tepamnuje Gparuma wim KOMOMHOBAHOT TpeTMaHa (parrmMa 1 aHTHOMOTHUIIMA.
* Pf ¢paru Mory ycrmocTaBuTH XpOHWYHE MPOAYKTHBHE HH(EKIMje Y pasIHuuTHM cojeBuMa P. aeruginosa,
a BUXOBAa EKCIIPeCHja MOXKE y HEKHM CIydajeBHMa IMPEMAIIUTH EKCIPECH]y OPYTUX (QIIIaMEHTO3HHX
mpodara (ckopo 2 myTa BHIIe), Koju ce Beh Hanmaze y nomahuanma. MckipydanBame cynepuH(peKnje Hije
npuMeheHo, Tako Ja BUIIECTPYKE CymepuH(EKnuje MOry aa obe30ene HOBH TEHETCKH MaTepwjai 3a
MyTarje, IpudT WK TPUPOIHY CENEKIH]y, OIHOCHO eBonynHjy P. aeruginosa. OBo je moceGHO BaXKHO Y
KOHTEKCTY YMEPEHOT [0 IIMPOKOr JINTHUYKOr crektpa ¢ara: Pf4 moxe mudumupatu 46,1% cojesa, Pf5
62,5% u PfLES58 unduuuparn 90,6% cojeBa kama je xopumhena PK Lab komexkumja Gaktepujckux
KyJATYpa.
* Pf aru Mory yrumaTu Ha (heHOTHIICKA CBOjCTBA y BE3H Ca BUPYJIEHIIN]jOM HOBOMH(MHIIMPAHUX cojeBa P.
aeruginosa:

» Heku daru Onaro cMamyjy pact 6akTeprja HAKOH HHPEKIHje;




» CMamuTu ayroarperaiujy, Memajyhu cojeBe KBAJIUTATHBHO OJf YMEPEHO arperaTHBHHX Y
HearperaTuBHe y HEKMM CITy4ajeBUMa; OBO je ITOBE3aHO ca CMamkeHOM BHpYJeHTHomhy cojeBa;

» Tlosehatn xuapodobHOCT MoBpiuHEe henuje, Membajyhin cojeBe KBATUTATUBHO O XUIPODIITHUX
JI0 yMepeHO XHApo(oOHNX y HEKHM CITy4ajeBUMa; OBO JONPUHOCH 00JbOj anxe3nju OakTepuja
Ha xunpodoOHe NOBPIIHHE;

» CMamuTd TMOKpeT/bUBOCT momohy mmna (eng. twitching motility), cmamutn wiun noeehatu
MOKPETJFUBOCT pojerba (eng. swarming motility) u mosehaTu mokperspHBOCT IUIMBamba (€NG.
swimming motility), y 3aBucHoctH of crietbuuHe koMOuHanuje dara u coja dakTepuje.

» Pf ¢aru ckopo NOTIyHO UHXHOUPA]y MPOU3BOKY TOKCHYHOT MUOIMjaHUHA (oTmpuwiuke 10 10
130 myra), mTo YnHU OBE HHPHUIUPAHE COjEBE Mahe TOKCHYHUM.

» Pf ¢aru Ttakohe cmamyjy NpOHM3BOOMY NHOBEpIHHA, oMeTajyhu Be3uBame TBoxha. Kako
NHOBEPNH aKTUBHPA TIPOM3BO/IbY TOKCHHA, Pf aru cMamyjy oMty TOKCHYHOCT coja.

» Mudeknuja dakrepruodarnma oBe rpyre 3Ha4ajHo je nosehasia mpou3BoImbYy OnohuIMa Ko OakTepHja,
ca 1,6 na 2,4 nmyra. OBakBu edekTH O0BOJIE 10 IOjaBe cojeBa P. aeruginosa koju ¢y CKIOHHjU
YCIIOCTaBJbakhy XPOHWYHMX HHGeKIja. JlomaTHu I0Ka3 3a TO je yemha [ojaBa MajHMX BapHjaHTH
kosionuja (eng. small colony variants — SCVs) nakon undekuuje Pf fagima, anu u cmamena Bupynenmnumja
KOja MOK€ YUMHHUTH OaKTepHjcKe HHPEKIINje Mambe 030MIbHUM.

* OunaMeHTo3HM (aru MMajy MOTEHLHjall Ja y4MHE HOBOMH(HIMpAHE COjeBE MOHOBO OCET/HMBHM Ha
AHTHOMOTHKE, Kao INTO Cy TETPAlUKIWH, nedTasuauM U crpentomuiuH, Hyaehu oOchasajyhy
Tepanujcky onmujy. Takohe, oBu darm, momTo cy oBle NeTajbHO OKapakTepHCaHH, MOTY CE y3€TH Y
003up 3a Ipyre TeXHWKE 3aCHOBaHEe Ha GakreprodaruMa (merekidja P. aeruginosa, tunmsamuja daruma,
npuka3 ¢ara (eng. phage display) urx.).

Pesynrtatn jacHo ykasyjy jma ucnmtuBaHu Pf ¢arn mompunoce BHpYIEHILMjH W €BONYLMjU Oaktepuja,
MMajy MHOTA je[IMHCTBEHA CBOjCTBA M BEJIWKH MOTEHNHMjaj 3a BUIIECTPYKY IpuMeHy. CaMHM TUM, OBa
rpyna 6akrepuodara 3aciayKyje 1ajba UCTPAKHBAbA.

In the present study, Pseudomonas aeruginosa specific phages belonging to family Inoviridae —
Pf4, Pf5 and PfLES58, originating from strains PAO1, PA14 and LESB58, have been characterized in
detail and their biology has been elucidated.

Based on the obtained results and in line with the study objectives, the following can be
concluded:

e The phages PfLES58, Pf4, and Pf5 belong to the family Inoviridae, since they share
morphological, genome and protein properties with other phages from the family. The analysis
showed that these three phages are different species and that phages Pf4 and Pf5 belong to the
same genus, together with Pf1 and Pf8 (Primolicivirus).

e The prophage PfLES58 actively replicates in P. aeruginosa, as demonstrated by the presence of
replicative form in bacterial cells, and subsequently by virion production. Based on properties of
key genes/proteins, PFLES58 belongs to a different genus (proposed name Secondolicivirus). Its
genetic elements have high prevalence among P. aeruginosa strains (41.2%) of PK Lab culture
collection.

e The phage yield is much higher, for approx. 4 — 8 logs, when a smaller culture volume is used and
the incubation lasts longer than when a large culture volume is used with a shorter incubation.
Further modification of the method is possible, so it can be adapted for filamentous phages that
infect bacteria other than P. aeruginosa.

o Beside Pf4 phage, which is known to produce plaques, this property was confirmed for PfLES58
and Pf5 phages. The plaques are small (approx. 1mm) and opaque and can be easier detected
when single-layer agar method is applied.

o Pf phages can be induced by subinhibitory concentrations of fluoroquinolones and mitomycin C,
which almost doubled expression of phage genes, or by infection with obligatory Iytic tailed
phages from Pbunavirus genus, which elevate Pf gene expression up to 5 times. This is
particularly important from the aspect of phage therapy or combined phage-antibiotic treatment.

o Pf phages can establish chronic productive infections in different P. aeruginosa strains, and their




expression can exceed in some instances the expression of indigenous filamentous prophages
(almost 2 times more). The superinfection exclusion was not observed, so the multiple
superinfections can provide new genetic material for mutations, drift or natural selection, i.e.
evolution of P. aeruginosa. This is particularly important in the context of phage moderate to
broad Iytic spectra: Pf4 can infect 46.1% of strains, Pf5 62.5% and PfLES58 infect 90.6% strains
when PK Lab culture collection was used.

o Pf phages can influence virulence related phenotypic properties of newly infected P. aeruginosa
strains:

o Some phages slightly decrease bacterial growth after infection;

o Decrease autoaggregation, changing it qualitatively from moderately aggregative to non-
aggregative in some instances; this is related with decreased virulence of strains;

o Increase cell surface hydrophobicity, changing it qualitatively from hydrophilic to
moderately hydrophobic in some instances; this contributes to better bacterial adhesion
to hydrophobic surfaces;

o Decrease twitching motility, decrease or increase swarming motility and increase
swimming motility, depending on a specific phage-bacterial strain combination.

o Pf phages almost completely inhibit the production of toxic pyocyanin (approx. from 10
to 130 times), which makes these infected strains less toxic.

o Pf phages also decrease pyoverdine production, impairing iron chelation and reducing the
bacterial fitness. As pyoverdine activates production of some toxin, Pf phages decrease
general strain toxicity.

o Bacterial infection with bacteriophages of this group significantly increased biofilm production,
from 1.6 to 2.4 times. Such effects lead to the emergence of P. aeruginosa strains that are more
prone to establishing chronic infections. Additional proof of this is the more frequent appearance
of SCV colonies after infection with Pf phage, but also decreased virulence that can make the
infections less severe.

o Filamentous phages have the potential to re-sensitize newly infected strains to antibiotics, such as
tetracycline, ceftazidime and streptomycin, offering a promising therapeutic option. Also, these
phages, since here characterized in details, can be considered for other phage based techniques
(detection of P. aeruginosa, phage typing, phage display etc).

The results clearly indicate that the examined Pf phages contribute to bacterial virulence and evolution,
have many unique properties and possess great potential for various application, so they deserve further
research.

VIII  OHEHA HAYHUHA INPUKA3A U TYMAUYEIbA PE3YJITATA HCTPAYKUBAIDBA .
VI ASSESSMENT OF THE METHOD OF PRESENTATION AND INTERPRETATION OF
RESEARCH RESULTS:
ExcmunuTHO HaBECTH NO3UTHBHY WIM HEraTUBHY OLICHY HauuMHA IpUKa3a U TyMauewa pe3yirara
HUCTpaKuBama.
Explicitly state a positive or negative assessment of the way research results are presented and
interpreted.

Karmunat Jamup [aBpuh je y Te3u je ycremHo oOopaano U 00jeINHNO Y JOTWYKE IEITHHE BEIUKH Opoj
noOujeHHX pe3ynrara. EKcepuMeHTH Cy CTpYYHO M TeMeJbHO HCIUIAHMPaHW M jaCHO CTPYKTYPHCAHH.
WsBpmena je omroBapajyha cratmctuuka obOpama noOujeHMX mNomaTaka. Pe3ynraTém HCTpaKuBama Cy
JIOTUYKM M aHAJMTHYKU MPUKA3aHW M NPOTyMadyeHH y3 apryMEHTOBAaHO M KPUTHYKO yropehuBame ca
aKTYeITHUM JIUTEpaTypHUM IIOJalliMa M pe3ylTaTHMa IPYrux ayropa. Ha ocHOBy nerasbHe W HaydHO
yTeMeJbeHe JUCKYCHje M3BEICHU CY 3aKJbYUIM KOjU 1ajy OATOBOpE HA IMJbEBE MOCTABJHCHE Y TPHjaBH
OBE JIOKTOpCKe mucepranuje. KommcHja MO3UTHBHO OLCHYje HaYMH TpHKa3a U TyMauema pe3yiTara
HCTPaKUBambA.
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In this thesis, candidate Damir Gavri¢ successfully processed and consolidated a large number of obtained
results into logical units. Experiments are expertly and thoroughly planned and clearly structured.
Appropriate statistical processing of the obtained data was performed. The research results are logically
and analytically presented and interpreted with an argumentative and critical comparison with current
literature data and the results of other authors. Based on a detailed and scientifically based discussion,
conclusions were drawn that provide answers to the goals set in the application of this doctoral
dissertation. The Commission positively evaluates the way the research results are presented and
interpreted.

IX KOHAYHA OLHEHA JOKTOPCKE IUCEPTAIINJE:

IX FINAL ASSESSMENT OF THE DOCTORAL DISSERTATION:
ExcrmmmuTHO HaBecTH Ja JHM JMcepTaldja jecTe WM HHUje Hal|caHa y CKIAAy ca HaBeIeHUM
o6pa3no>I<eH)eM, Kao 1 Jia JIu OHa CaAp>KW WU HE CaIpKU CBC OUTHE eJIeMEHTE. )lam jaCHe, MpeHu3He U
KOHIIM3HE OJIroBOpe Ha 3. U 4. muTame:
Explicitly state whether or not the dissertation was written in accordance with the stated explanation, as
well as whether it contains or does not contain all essential elements. Give clear, precise and concise
answers to questions 3 and 4:

1. Jla v je mucepTalija HamKMcaHa y CKIIaay ca 00pa3ioKeHheM HABEICHUM Y MPHUjaBH TeMe?
Komucuja 3akibydyje Aa je oBa IucepTaldja HallMCaHa y CKIIaTy ca 00pa3iokKemheM HABEJACHUM Y MPHjaBU
TEMEC.

1. Is the dissertation written in accordance with the explanation given in the application of the topic?
The committee concludes that this dissertation was written in accordance with the explanation stated in the
application of the topic.

2. Ja nu nuceprainuja capxu cBe OUTHE elleMeHTe?
Komucuja 3axipydyje ga oBa JucepTandja cagpXd CBe OWUTHE eleMEHTe: IEJOBUT YBOA W Iperien
JOCaallbuX JIUTEPATYpHUX IOofaTaka M TocTojehMx HCTpakuBamwa, JeQUHHCAH MPOOJIeM W IMIbEBE
UCTpa)XKMBakha, jaCaH U CUCTEMaTH4aH NpUKa3 NpUKa3 METOIOJOIHje Pajia, aJeKBaTaH U CTYIH03aH NpUKa3
JNOOWjeHnX pe3yiTata M HAydHO 3aCHOBaHy aHanM3y M Juckycujy. Ha ocHOBy moOujeHux pesyararta
3aKJbY4IIU CY Pa3yMJbUBO, jACHO U TPABHJIHO U3BEACHU. Y CIIUCKY JIMTEpAType Halla3e ce CBE JUTepaTypHe
JjenMHHMIE KOje Cy [IUTUpPAHE Y TEKCTY IUcepTaluje.

2. Does the dissertation contain all essential elements?
The commission concludes that this dissertation contains all the essential elements: a complete introduction
and review of previous literature data and existing research, a defined problem and research objectives, a
clear and systematic presentation of the methodology of the work, an adequate and studious presentation of
the obtained results and scientifically based analysis and discussion. Based on the obtained results, the
conclusions were clearly, clearly and properly drawn. The list of references contains all literature units that
are cited in the text of the dissertation.

3. Mo uemy je nucepranuja OpUrHHAIAH JTOMPUHOC HAYIH?

Komucuja cmatpa na moOHjeHH pe3yiTaTH, Te HAaydHO OOpa3jOKeHW 3aK/by4lld Ja)y OpUTHHAJaH
JONPUHOC HAYYHOM HCTpakuBawy y obnactu Mukpobuonoruje (Bupyconoruje) w3 Buile pasiora.
Jlocamanima HCTpaXkuBama Ha (rumaMeHTo3HnM Oakteprodarnma Gakreprje P. aeruginosa cy 6mia ycko
Besana 3a Pfl u Pf4 Gakreprodare — Pfl je kopumhen kao mozen 3a yrephjuBame Mophonoruje opux (ara,
1ok je Pf4 pasmarpan y koHTeKCTY (hopmupama ouodpmima. Meljyrim, yiora Pf para cermpmannx 3a P.
aeruginosa, Koju Cy 3acTyIUEHH Y BEJIMKOM Opojy TeHoMa oBe OakTepwje, HHCY pa3MaTpaHH ca IPYTuX
acriekata, a Heku (parm Hucy mpoydeHu yomiire. Ctora cy MOOHMjeHH Pe3yATaTH WU3y3eTHO 3HA4YajHH ca
acrekTa IMOTIYHUJUX Ca3Hama O OMOJIOTHjU OBe Tpyme OakTepmodara Kao W HHUXOBE WHTEpakmuje ca P.
aeruginosa. PasBujeHa je Merola 3a yMHOKaBam€ OBHX (hara, IITO ONakimasa Oymayha HCTpaKMBama y
obmactu. Pe3ynratu mMajy ¥ TAKCOHOMCKH 3Ha4aj jep je YIBpEHO IOCTOjarke jOII jeHOT POoa y OKBUPY
¢damumuje Inoviridae. Pesyaratu ykasyjy Ha mspaxeny umHmyruowinoct Pf  Gakteprnodara y mpucycty
AHTUMUKPOOHUX areHaca W OOJIMTaTHO JUTHYKKX (hara IITO je 3HAYajHO ca acreKTa IMpUMEHEe aHTHOMOTCKE
Tepanyje win Tepamdje (armma. Ha kpajy, pesynraTa Te3e ykasyjy Ha 3HadajHe mpoMeHe y ¢eHorumy P.
aeruginosa nakon uHbekunja Pf ¢prmamenTo3HHX (ara Koje TONMPUHOCE HACTAHKY Mame BUPYICHTHHX
cojeBa, KOju claduje MpOAYKYjy TOKCHHE W KOjH Cy CKIOHH YCIIOCTaBJbalkbhy XPOHHMYHUX WH(EKIHja ca
M3pakKeHOM TPOIYKIHjOM OHopHIMa.

Hanomena: mokTopcka aucepTanyja je NpOIUIA MPOBEPY OPUTHHAIHOCTH HPHMEHOM co(TBepa 3a
Jerexnyjy muardjapusMa iThenticate, koju je mokazao ma “similarity index” msnocn 30%. CamuHocT ca
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pazoBnMa y KOjUMa je KaHIuIaT MpBU ayTop i koayrtop je 14,34%, a 7,01% cy ycraseene ¢paze koje cy
nperno3Harte kao rmiarupusam (P. aeruginosa”, et al. rommHa”, “’schematic representation”, HazuBm
komrutera 3a m3onanujy JAHK, PHK, PT-IILIP n muxoBux mnpomnsBohaua, cactaB XpaHJbHBHX IIOJUIOTa U
komnonente nydepa, CIC-IIATE u cn, statistically significant diference”, numensuje Buprona u npyre
OpojuaHe BPETHOCTH KOje HHCY Pe3yiTaTd WTA.). Takole je BaKHO HATJIACHTH Ja je 3HavajaH MpOICHAT
OBHUX CIIMYHOCTH YCTaHOBJbEH ca JMTEPaTypOM Koja HHje pelieBaHTHA 3a TeMy AOKTOPCKE IucepTaluje.
Ocraje CIMYHOCTH, KOj€ Ce€ OJHOCE Ha CIMYHOCT Ca ayTOCPKHM JENOM TEKCTa caMe Te3e U pelieBaHTHe
nuTeparype, usHoce 8.65%, Taxo 1a je 3al0BOJbEH KPUTEPHjyM OPUTHHATHOCTH AOKTOPCKE JUCETalH]e.

3. How is the dissertation an original contribution to science?
The commission believes that the obtained results and scientifically explained conclusions make an original
contribution to scientific research in the field of Microbiology (Virusology) for several reasons. Previous
research on filamentous bacteriophages of P. aeruginosa was closely related to Pf1 and Pf4 bacteriophages
- Pf1 was used as a model to determine the morphology of these phages, while Pf4 was considered in the
context of biofilm formation. However, the role of Pf phages specific to P. aeruginosa, which are
represented in a large number of genomes of this bacterium, have not been considered from other aspects,
and some phages have not been studied at all. Therefore, the obtained results are extremely significant from
the aspect of more complete knowledge about the biology of this group of bacteriophages as well as their
interaction with P. aeruginosa. A method for multiplying these phages has been developed, which
facilitates future research in the field. The results also have taxonomic significance, as the existence of
another genus within the Inoviridae family was established. The results indicate a pronounced inducibility
of Pf bacteriophage in the presence of antimicrobial agents and obligate lytic phages, which is significant
from the aspect of application of antibiotic therapy or phage therapy. Finally, the results of the thesis
indicate significant changes in the phenotype of P. aeruginosa after infection with Pf filamentous phages,
which contribute to the emergence of less virulent strains, which produce less toxins and are prone to
establish chronic infections with pronounced biofilm production.

Note: the doctoral dissertation was checked for originality using iThenticate plagiarism detection software,
which showed that the "similarity index" is 30%. The similarity with published articles in which the
candidate is the first author or co-author is 14.34%, and 7.01% are established phrases that are recognized
as plagiarism ("P. aeruginosa”, "et al. year", "schematic representation”, names of DNA and RNA isolation
kits, RT-PCR kit and their manufacturers, composition of nutrient media and buffer components, SDS-
PAGE, etc., "statistically significant difference", virion dimensions and other numerical values that are not
results, etc.). It is also important to emphasize that a significant percentage of these similarities were
established with literature that is not relevant to the topic of the doctoral dissertation. Other similarities,
which refer to the similarity with the author's part of the text of the thesis itself and the relevant literature,
amount to 8.65%, so that the criterion of originality of the doctoral dissertation is satisfied.

4. Koju cy HenocTany Jucepraliyje 1 KakaB je BbHXOB YTUIA] Ha Pe3YNTaT HCTpaKuBarmba?
4. What are the shortcomings of the dissertation and what is their impact on the research result?

Komucuja cmatpa ga mucepraiyja HeMa HEIOCTaTaka, jep Cy UCIYHCHH 3a/1aTH LIJBEBH HCTPaKUBaba
U 1OoOWjeHH Cy pe3yiaTaTH KOjU TpeAcTaBibajy OpPUTMHANAH W 3HAaYajaH JONPHHOC Y OOJacTH
Muxkpobuomnoryje.

The committee believes that the dissertation has no flaws, because the set research goals were met and
results were obtained that represent an original and significant contribution in the field of Microbiology.

HOPELJIOT:

PROPOSAL:

Ha ocHOBY HaBenmeHor, KOMHCH]ja TpeIaxe:
Based on the above, the commission proposes:

X X
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a) J1a ce JIOKTOpCKa JrcepTaIija MpuxBaTh, a KaHIUIaTy oJ00pu oa0paHa;

Ha ocHoBy HaBemenor, Kommcuja mpemrake &a ce NPUXBaTH IMO3UTHBHA OICHA JOKTOPCKE
JucepTanuje moa HaciaoBoM ,,DuameHTo3HH OakTepuodaru Bpere Pseudomonas aeruginosa“ u
na ce kauauaary Hamup [aBpuh omoOpu ogbOpaHa.

a) that the doctoral dissertation is accepted, and the candidate is granted a defense;

On the basis of the above, the Commission proposes to accept a positive evaluation of the doctoral
dissertation entitled "Filamentous bacteriophages of the species Pseudomonas aeruginosa” and to
grant the defense to the candidate Damir Gavrié.

Y Hoeom Cany (in Novi Sad)

1p Beprna Anekcuh Cabo, nomeHt
Dr. Verica Aleksi¢ Sabo, assistant professor
[MpuponHo-maTemMaTH4Ku (aKynTer,
Faculty of Sciences,
Yuusepaurer y HoBom Cany, npeaceiHuk
University of Novi Sad, president

np Ilerap Kuexesuh, penoau npogecop
Dr. Petar Knezevi¢, full professor
[MpuponHo-maTemMaTH4ku (aKynTer,
Faculty of Sciences,
Yuusepsurer y Hopom Cany, npeacenHuk
University of Novi Sad, president

Jp Manropxkara JloOotika, penoBHu mpodecop
Dr. Matgorzata L.obocka, full professor
Wucruryt 3a 6noxemujy u 6nodusuky [losbcke
akajieMuje Hayka y Bapriasu, uian
Institute of Biochemistry and Biophysics of the Polish
Academy of Sciences in Warsaw, member

HAIIOMEHA: UYnan koMucHje KOjH HE JKENU Jia MOTIHUIIE M3BEIITaj jep ce He Cllake ca MHUILBEHEM
BeliHe YiIaHOBa KOMHUCH]E, AYXKaH je Jla yHece Y M3BelITaj 00pasioKemhe OHOCHO pa3iore 300r KOjux He
KEJTH J1a MOTIHINE M3BEIITaj U 1a MCTH IOTIIHUIIE.

NOTE: A member of the commission who does not want to sign the report because he does not agree with
the opinion of the majority of the commission members, is obliged to enter in the report the explanation or
the reasons for which he does not want to sign the report and to sign it.
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