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in fulfillment of the requirements for the degree of Doctor of Philosophy (PhD) in the
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The thesis of Sabina Tovekelkyzy Kenesheva, presented as a series of peer-reviewed
publications, constitutes a coherent and scientifically significant body of work addressing the
urgent global challenge of multidrug resistance in pathogenic microorganisms. The research
is unified by a central concept — the investigation of semi-organic iodine-containing
compounds and their effects on pathogenic microorganisms — and represents a coherent
research framework in which individual publications collectively address different aspects of a
single scientific problem, demonstrating a clear progression from foundational genomic
studies to applied research. Across these publications, the candidate shows consistent
scientific maturity, methodological rigor, and the ability to integrate approaches from
microbiology, chemistry, and bioinformatics.

The most substantial and conceptually advanced contribution is presented in the 2023 paper
“The Effect of Three Complexes of lodine with Amino Acids on Gene Expression of Model
Antibiotic Resistant Microorganisms Escherichia coli ATCC BAA-196 and Staphylococcus
aureus ATCC BAA-39" published in Microorganisms, where the candidate investigates
molecular-level responses associated with the antimicrobial activity of iodine-amino acid
complexes. Using RNA sequencing and differential gene expression analysis, this work
reveals that such complexes induce profound metabolic and regulatory changes in multidrug-
resistant pathogens. The results demonstrate disruption of central metabolic pathways,
induction of oxidative stress, DNA damage responses, and impairment of cell wall integrity. A
particularly important conceptual advance of this study lies in the demonstration that the
biological activity of iodine can be modulated by the organic component of the complex. This
finding provides a new framéwork for the rational design of iodine-based antimicrobial
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agents. The study also reflects the candidate’s mastery of advanced transcriptomic and
bioinformatic techniques, as well as careful data curation and presentation.

This research is further developed in the 2025 publication “The Effect of Semiorganic lodine-
Containing Compounds on the Antibiotic Susceptibility of Pathégenic Microorganisms” in
Biomedicines, where the candidate evaluates the functional consequences of applying semi-
organic iodine-containing compounds to multidrug-resistant bacteria. In this study, specific
compounds were shown to enhance antibiotic susceptibility and, in certain cases, partially
restore sensitivity to antibiotics. Although complete reversal of resistance was not achieved,
the results provide strong experimental support for the use of such compounds as antibiotic
adjuvants. This work is of particular translational relevance, as it connects molecular-level
insights with potential clinical applications and highlights a promising strategy for overcoming
antimicrobial resistance.

An important component of the thesis is the synthesis and physicochemical characterization
of novel iodine-containing coordination compounds, presented in the 2024 publication
“Synthesis, physicochemical properties and antimicrobial activity of a diaminopropionic acid
hydrogen tri-iodide coordination compound” in BMC Research Notes. In this study, the
candidate demonstrates the abiiity to design and characterize new compounds with
significant antimicrobial activity against both susceptible and multidrug-resistant bacterial
strains. The application of multiple analytical techniques, including X-ray diffraction, infrared
spectroscopy, and thermal analysis, reflects a high level of technical competence. Notably,
the candidate ensured that the structural data of the synthesized compounds were fully
documented and deposited, including detailed crystallographic parameters provided in
supplementary tables. This contributes to transparency, reproducibility, and broader scientific
utility of the results.

The earlier publications from 2019 establish the experimental foundation of the research by
providing complete genome sequences of model multidrug-resistant organisms Escherichia
coli ATCC BAA-196 and Staphylococcus aureus ATCC BAA-39 used throughout the
subsequent studies. These studies demonstrate the candidate’s abilities in using advanced
sequencing technologies, genome assembly, and annotation methods, and they provide a
robust platform for the subsequent experimental investigations.

Taken together, the publications included in this thesis form a logically connected and
progressively developed research program. The candidate has systematically carried out the
design and physicochemical characterization of novel coordination compounds, the
evaluation of their antimicrobial activity, and the analysis of their modulatory effects on
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antibiotic susceptibility. In addition, the candidate has investigated transcriptomic responses
of bacterial cells to these compounds, identifying changes in gene expression associated
with key metabolic and regulatory processes. This trajectory clearly illustrates the candidate’s
development into an independent researcher capable of bridging multiple scientific
disciplines.

Overall, the work makes a meaningful contribution to the field of antimicrobial research. It
advances understanding of the mechanisms of action of iodine-based compounds,
introduces novel semi-organic complexes with demonstrated biological activity, and provides
experimentally supported strategies for modulating antibiotic resistance. The integration of
chemical, microbiological, and computational approaches, combined with the deposition of
structural data and comprehensive datasets, underscores the scientific merit of the work and
its relevance to addressing the global challenge of antimicrobial resistance.

In my opinion, the doctoral thesis presented by Kenesheva S. T. fully meets all formal
requirements for the award of the Doctor of Philosophy (PhD) degree in Biotechnology.

Prof. O. Reva

OFFICE OF THE DEAN
Natural and Agricultural Sciences
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OT3bIB

Ha AuccepTaLuMoHHY0 pabGoTy B BUAe cepuu crateun
Ha TeMy
«BnuaHue cemnopraHnvyeckux coeauHeHU oaa Ha NnaToreHHble
MUKPOOPraHM3Mbl C MHOXXECTBEHHOW NNeKapCTBEHHOW YCTOMYUBOCTLIOY,
npeacrtaBneHHyro KeHeweBon CabuHon ToBeKkenKbI3bl
K 3aliuTe Ha coOuckaHue cteneHun aokropa cpunococuu (PhD)
no cneuynanbHoctn 6D070100 — «BUuoTexHonorus»

HvccepraunonHaa pabota KeHelwesoit CabuHbl ToBEKEnKbI3bl, NPEeACTaBMEHHas B
BUAE CEpUN peLeH3NpPOBaHHbIX Nybnukauui, npeactaBnaeT coboil LenocTHoe u
Hay4HO 3Ha4YMmMoe uccnefoBaHue, MoCBALLEHHOE akTyanbHOW rnobanbHoi npobneme
MHOXECTBEHHON NEKapCTBEHHOW  YCTOWYMBOCTW  MNATOrEHHbIX  MUKPOOPraHU3MOB.
NccneposaHne obbeanHeHo oOLei KOHUEenuuen — usyyeHuem CemmopraHuyeckunx
oacofepkalnx COeaVHEHNN 1 UX BO3AENCTBUSA Ha NaTOreHHble MUKPOOPraHu3mbl — 1
npeAcTaBnseT cobOoi LEMNOCTHYK Hay4yHyl CUCTEMY, B pamKkax KOTOPOW OTAENbHbIE
nyonukaumMm COBMECTHO pacKpbIBalOT pasfnyHble acnekTbl OAHON Hay4YHOW Npobnemsl,
AEMOHCTPpUpPYA nocrnefosaTenibHoe pasBuTMe OT  (yHAAMEHTalNbHbIX T[E€HOMHbIX
nccnenoBaHUM K npuknagHbiM. Bo Bcex nybnukaumsax couckaTenb AEeMOHCTpUpyeT
YCTOMYMBYIO Hay4YHYIO 3penocTb, METOAONOrMYECKYtd CTPOrocTb U  CNOCOBHOCTb
VHTErpmMpoBaTth NoAxoAbl MMKPODMONOrnu, XuMmnn 1 BUONHOPMATHKA,

Haunbonee 3HauyMmbIl 1 KOHLENTyanbHO NPOABUHYTLIN BKMag NpeacTaBneH B paboTe
2023 ropa «The Effect of Three Complexes of lodine with Amino Acids on Gene
Expression of Model Antibiotic Resistant Microorganisms Escherichia coli ATCC BAA-
196 and Staphylococcus aureus ATCC BAA-39», onyGnukoBaHHONW B XXypHane
Microorganisms, rae cowuckaTenb uccrnegyeT MOSeKynapHble OTBEThl, CBS3aHHble C
AHTUMWKPOOHON  aKTMBHOCTbIO ~ KOMMMEKCOB  ioga ¢ aMuHokucrnotamu. C
vcnonb3oBaHnem PHK-cekBeHupoBaHus W aHanusa guddepeHumanbHoi sKkenpeccum
reHoB B [JaHHOW paboTe MokasaHo, YTO Takue KOMMMEKCbl BbI3bIBAIOT BblpaXeHHble
meTabonnyeckne n perynAaTopHble W3MEHEHUS Y MYNbTUPE3UCTEHTHbLIX MaTOrE€HOB.
PesynbTathl OEMOHCTPUPYIOT HapyLEHWe LeHTpanbHbiX MeTabonuyeckux nyTen,
NHOYKUMIO OKUCNUTENbHOrO CTpecca, akTuBauuio OTBETOB Ha nospexaeHne OHK u
HapylleHne LEenoCTHOCTU KrieTouHoW cTeHKkn. OCoBeHHO BaXHbIM KOHLENTyanbHbIM
AOCTWXKEHWEM  [aHHOro UccnefoBaHWs ABNAETCA  OokasaTeNbCTBO  TOrMo, M4TO



Guonornueckas aKTUBHOCTb 0@  MOXeT  MOANULMPOBaTLCA opraHu4eckum
KOMMOHEHTOM KoMMfiekca. OTo ABMEHNE OTKPbIBAET HOBYIO OCHOBY AMSt PALIMOHANBHOTO
KOHCTPYMPOBaHUs aHTUMUKPOOHBIX CPEACTB Ha OCHOBE ona. PaboTa Takke oTpaxaeT
BrnageHue couckatenem COBPEMEHHbIMY TPaHCKPUMTOMHbBIMU "
BuonHOpMaTUYECKUMI  METOAAMW, @  TaKke BbICOKWI  ypOBEHb 0BpaboTkn 1
npeacTaBneHns daHHbIX.

[JaHHOE wccnenoBaHvue Mnony4uno nanbHeiillee passuTve B nyonukaunm 2025 ropa
«The Effect of Semiorganic lodine-Containing Compounds on the Antibiotic
Susceptibility of Pathogenic Microorganisms» B XypHane Biomedicines, rae conckaTtenb
oueHuBaeT  (PyHKLMOHAsMbHblE  MOCNEACTBNA BO3OENCTBUS  CEMUOPraHn4ecKmx
MoAcodepKalMX — COeAUHEHWA Ha  MyNnbTUPE3NCTEHTHbIE Haktepun. B aaHHOM
MCCNedoBaHWM  NOKasaHo, YTO  OTAENbHbIE  COSAMHEHUS CcnocoOHbl  MOBbLILATH
YYBCTBUTENBHOCTbL K aHTUGMOTNKaM 1 B pAAe CryHaes 4yacTWYHO ee BOCCTaHaBNUBATh.
HecMoTpst Ha TO, 4YTO MOMHOrO BO3BPaTa 4yBCTBUTENBHOCTH LNOCTUTHYTO He ObIno,
nomnyyeHHble — pesynbTaTbl  obecneunsaioT ybeauTenbHoe  dKCnepumeHTanbHoe
060CHOBaHNE BO3MOXXHOCTV UCMOMb30BaHNA  [AAHHBIX coefiMHeHNn B KayecTse
AHTUBMOTUKOBBLIX ambloBaHToB. [aHHas paboTa obnapgaet BbIP@XXEHHOW NPUKNaAHoOw
3HAYMMOCTbHIO, NOCKOMbKY CBA3bIBAET MONEKYNSAPHbLIS HabN4eHNs C noTeHUnanbHbIMN
KNMHUYECKUMI NPUMEHEHUAMU 11 NPEAnaraeT NepcrekTUBHYO CTPaTErMIo NpeofoneHns
AHTVMUKPOOHOW YCTONYUBOCTH.

Ba)kHOl COCTaBfsioLlel auccepTauuy  ABNSeTcA CUHTES W du3nko-xmmmyeckasn
xapakTepucTuka HOBbIX noacoaepxaLimnx KOOPAMHALNOHHbIX COEVNHEHNN,
npeacTasneHHble B ny6nukauun 2024 roga «Synthesis, physicochemical properties and
antimicrobial activity of a diaminopropionic acid hydrogen tri-iodide coordination
compound» B xypHane BMC Research Notes. B gaHHOM uccnenoBaHnn couckaTenb
[EMOHCTPVPYET CNOCOOHOCTL K paspaboTke u xapaKTepMCTMKe HOBbIX COEdUHEHUN C
BbIPaXXEHHOW aHTUMMUKPOOHOW aKTUBHOCTBIO B OTHOLLEHMW Kak YyBCTBUTENbHbIX, TaK WU
MyMbTUPE3UCTEHTHBIX  BakTepuanbHbIX LITAaMMOB. MpuMeHeHne  KomMnekca
aHanUTUYECKNUX MeToAoB, BKIo4asn PEHTTEHOCTPYKTYPHbIA  aHanus, NHPpaKpacHyo
CMEKTPOCKOMUIO W TEPMUYECKNA  aHanus, CBMAETENbCTBYET O BbICOKOM YPOBHE
TexHuueckol komneTenTHocT. Ocobo cnedyeT OTMeTUTb, YTO COUCKaTe b obecneyunn
MOMHYyI0 [JOKyMeHTauuto 1 AenoHNpoBaHNe CTPYKTYPHbIX [AHHBIX CUHTE3NPOBAHHBIX
coeiHEHNN, BKItOYas noapobHble KpucTannorpadguyeckme napameTpbl,
npecTaBneHHble B AOMNOMHATENbHBIX MaTepuasax. 370 cnocobCcTBYET NPO3PAYHOCTH,
BOCMPOM3BOAMMOCTMN 1 PACLUMPAET Hay4HYIo LEHHOCTb NOMNyYeHHbIX PE3yNbTaTOB.

PaHHue nyb6nukaumm 2019 ropa hOPMUPYIOT ~ BKCMEpPUMEHTanbHytlo  OCHOBY
nccnenoBaHus, NPeaocTaBnss MofHble TeHOMHbIE nocrnefoBaTenbHOCTM MOAENbHbIX
MYSIbTUPE3NCTEHTHbIX  MUKPOOPraHN3MoB Escherichia coli ATCC BAA-196 u
Staphylococcus aureus ATCC BAA-39, ucnonb3yemblx BO BCeX MOCneafyLnX
nccnenoBanunsax. 3T paboTbl AEMOHCTPUPYIOT CcnocoBbHOCTL couckaTens NPUMEHATb
COBpEMEHHbIE TEXHOIOMMN CEKBEHNPOBAHNA, METOAbI cOOPKY FTEHOMOB 1 X aHHOTaLWK,
a Tawke OPMUPYIOT HadexHylo nnatgopmy Ans NpoBeASHUA nocneayroLmx
aKCMepUMEHTanbHbIX NCCNEeA0BaHUN.
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B COBOKYMHOCTW mnybnmkauum, BKIIOYEHHbIE B Aa@HHYI0 AUCCepTaumio, dopMupytoT
NOrMYeckn CcBsizaHHoe W HOCNeaoBaTENbHO Pa3BUBAIOLLEECH Hay4HOE WccneaosaHvie.
CowvickaTenem  CUCTEMHO BLINONHEHbl  paspaboTka W dhU3NKO-XmMmu4ecKas
XapaKTepucTka HOBbIX KOOPANHALMOHHBIX coefMHEHUN, OuUeHka UX aQHTUMUKPOBHON
aKTMBHOCTM U aHanmus WX MOAYNMpYIOLLEro  BAMAHUA - Ha 4yBCTBNTENBHOCTL K
aHTubnoTnkam. Kpome TOrO, conckaTenem wuccneaosaHbl TpAHCKPUNTOMHbIE OTBETH!
GakTepnanbHbIX KNeToK Ha BO3AEeNCTBME AaHHbIX COEMHEHNIA, YTO NO3BONNIO BLIABUTE
N3MEHEHUs JKCnpeccun TreHoB, 3aTparmBaloLne  Krio4eBbIe meTabonuueckue u
perynaTopHsIe MPOLECCH!. [laHHas TpaeKkTopus 4eTKO [LEMOHCTPUPYET CTAHOBNEHNE
couckaTensl kak camoCcToATENbHOMO nccneposatens, CnocobHOro paboTaTb Ha CTbIKE
HECKOMbKUX HaYUYHbIX ANCUUNANH.

B uenom paborta BHOCAT sHAUMMbI BKNag B obnacTb AHTUMUKPOOHBIX nccnenoBaHui.
Ona paclumpsieT NoHUMaHne MexaHu3MOB AENCTBUA opcoaepKaLnx coeAVHeHNN,
BKntoyaeT HOBblE CemMMopraHnyeckne  KOMNNeKchbl ¢ [oKasaHHOW BronornyecKko
AKTWBHOCTbIO U Npeanaraet akcnepvMeHTanbHo o60oCHOBaHHbIE NOAXOAb! K MOAYNALNN
4yBCTBUTENBHOCTU K aHTWBUoTMKaM. VHTerpauna YMUUYECKMX, MUKPOOUONOTMHECKNX n
BbIUVCIUTENBHBIX NOAXOA0B, B couyeTaHun ¢ AENOHNPOBAHNEM CTPYKTYPHbIX AaHHbIX Y
npencraBneHnemM KOMMMEKCHbIX HabopoB AaHHbIX, noavepknBaeT Hay4Hyto 3Ha4YNMOCTb
paboTbl W €€ akTyanbHoCcTb  ANA peLleHns rnobanbHoi  mpobnemb
AHTUBMOTNKOPE3NCTEHTHOCTU.

Mo MoemMy MHEHWNIO, npegcrasnieHHas poKTopcKas auccepTaumnoHHas paboTa
Kenewesoit C. T. NONHOCTBIO COOTBETCTBYET BCEM ocuumanbHbIM TpeboBaHUAM,
npeabaBnsemMbIM K npucy>XaeHnio  CTeneHn JlOKTOp2a counocodnn (PhD) no
creumanbHOCTU «BUOTEXHONOTA?.

/noanucaHo/
Mpodpeccop O. PeBa
[Wramn: [EKAHAT EcTecTBeHHbIX 1 CenbCKoX03ANCTBEHHBIX Hayxk

19.03.2026 * YHUBEPCUTET MPETOPUW* MPETOPWA 0002]

Ten.: +27-(O)12-420—5810, dakc: +27—(0)12-420-5800, e-mail: oleg.reva@up.ac.za




YM&ROB3HO 1 1

P

OLLHyp BaHo

A~ BNN\N\\F

T
Slsigngay v o, * 48
Tuiaw ggog e Ze

N b o5 s S

N A58




