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1. Lozena A. Otcheva, Martina Traykovska, Robert Penchovsky, Targeting Bacterial
Adenylate Kinase mRNA with a Chimeric Antisense Oligonucleotide for Rational
Antibacterial Drug Development, Molecules, 2025, ISSN (online): 1420-3049, doi:
10.3390/molecules30163425, Ref, Web of Science Quartile: Q1 (2025) IF 4.6, SCOPUS
Quartile: Q1 (2025), SJR=0.865
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MynTHPE3UCTEeHTHOCTTa IpPH YOBELIKM OaKTepHalHU MaTOreHH ce IpeBbpHa B
3HAYUTEIHO TPEAN3BUKATEICTBO 3a TJIO0AIHOTO 3paBeolia3BaHe Mpe3 TO3W BEK, TJIABHO
Mopajy IIMPOKO pa3lmpocTpaHeHaTa 3j10ynoTpeda ¢ aHTHUOMOTHULIM B CBETOBEH Mamad. B
pe3yiTar Ha TOBa MUJIMOHH X0Opa €a 3aCerHaTH OT MYJITHPE3UCTEHTHU OAKTepHATHU MH(DEKLINH.
[Iponiecute Ha pa3paboTBaHE HA AaHTHOMOTHUIIM HE MOTAT J1a Ce CIPABST ¢ HEOOXOAMMOCTTA OT
MIPOM3BOJICTBO Ha HOBM aHTHOMOTHIM. CrepoBaTenHo, TpsOBa Ja ObAaT M300peTeHU IOo-
MPOAYKTUBHH METOIH 3a pa3paboTBaHe Ha aHTUOMOTHIHW. Ta3wW cTaTHs MPEICTaBs M3ISUIO
pamnMoHalieH MOIXOJ 3a OTKpMBaHE HAa aHTHOAKTEPHAIHM JIEKApCTBA, Oa3MpaH HA XUMEPHO
AQHTUCEHC OJIMTOHYKJIEeOoTUIHO HacouBaHe (ASO) kbpM anenunatr kuHazHata uUPHK B
Staphylococcus aureus. ASO ce ngoctaBs B OakTepUHTE 4pe3 NMPOHMKBAIMS B KIETKHUTE
omuronentua pVEC. pVEC-ASOI1 mposiBaBa 6aktepuruaeH edekt cpenry Staphylococcus
aureus, ¢ MUHMMaJIHa nHXHOMpaia konueHTpanus ot 500 nM. pVEC-ASO1 uma 98% npouieHT
Ha oOLeNsBaHe IpHU ChIlaTa KOHIEHTPALUs BbPXY KICTBYHU JHHHUU. Te3u OTKpUTHUS
KaTeropuyHo MOKa3Bar, ye To3u xuMepeH ASO e obemaBai KaHAXAT 32 aHTUOAKTEPHATTHO
nekapctBo. OcBeH ToBa, ToBa ¢ merara OakrepuanHa MPHK, kbM kosiTo ycmemHo cme ce

Hacoumsa ¢ pVEC-ASO, koeTo nmpeaocTaBst TOMBIHUTEIHH TI0KAa3aTEICTBA 32 €()eKTUBHOCTTA




Ha Hallus MOAXOJ. 3a pa3iMKa OT MPEIUIIHUTE YeTHPU MHUIIEHH, PUOOIPEBKIIIOYBATEIH,
pa3MoyIoKEHN B 5'-HETpaHCIMpaHaTa 00JacT, HUE ceé HacouBaMe KbM KOJAMpAIlaTa 4acT Ha
MPHK, namupaina ce B 6akrepuute. ToBa npearnosnara, 4e HalIuAT [TOIX0J] MOXKe J1a UMa MHOT'O

IIO-IIMPOKHU TCPAIIEBTUYHHU IIPUIIOKCHU.

Abstract

Multi-drug resistance in human bacterial pathogens has become a significant challenge
for global healthcare this century, mainly due to the widespread misuse of antibiotics
worldwide. As a result, millions of people have been affected by multi-drug-resistant bacterial
infections. The antibiotic development pipelines cannot cope with the need to produce new
antibiotics. Therefore, more productive antibiotic development methods must be invented. This
paper presents an entirely rational approach for antibacterial drug discovery based on chimeric
antisense oligonucleotide targeting (ASO) of the adenylate kinase mMRNA in Staphylococcus
aureus. The ASO is delivered into the bacteria via the cell-penetrating oligopeptide pVEC. The
pVEC-ASO1 exhibits a bactericidal effect against Staphylococcus aureus, with a 50% minimal
inhibitory concentration of 500 nM. The pVEC-ASOL has a 98% survivability rate at the same
concentration on cell lines. These findings strongly suggest that this chimeric ASO is a
promising antibacterial drug candidate. Moreover, this is the fifth bacterial mMRNA we have
successfully targeted with pVEC-ASOs, providing further evidence for the efficiency of our
approach. In contrast to the previous four targets, riboswitches residing in the 5'-untranslated
region, we target the coding part of mMRNA found in bacteria. That suggests that our approach

may have much broader therapeutic applications.

2. Nikolet Pavlova, Vanya Dyakova, Martina Traykovska, Dimitrios Kaloudas,
Robert Penchovsky, The Application of Aptamers in Pharmacological Drug Development
and Therapeutic, ChemistrySelect, 2025, ISSN (print): 2365-6549, ISSN (online): 2365-
6549, doi:10.1002/slct.202502954, Ref, Web of Science, IF 1.9, SCOPUS Quartile: Q3 (2024),
SJR=0.366

Pesrome

Karo BaxkHu mnpezacTtaBuTend Ha (YHKIMOHAIHUTE HYKJIeHHOBU KucennHu (FNA),
anTaMepuTe Ha 6a3aTa Ha HyKJIEMHOBU KUCEIIMHU PETYIUPAT pa3IuuHU OMOJOTHYHU MPOLIECH,
urpaeiiku pyHaaMeHTallHa poJisl B pa3pabOTBAaHETO Ha JIEKapCTBa U TepanusaTa. AnraMmepuTe ca
€THOBEPI>KHU MOJIEKYJIM HYKJIEMHOBHM KHCEIMHHU, KOUTO MOTarT Jla ce CrbBaT B YHUKaIHU 3D
CTPYKTYpH, TMO3BOJSIBAaHKHM CHENU(GUYHO CBBP3BAHE C UIMPOK CHEKTHP OT L. TexHurte
CBOWCTBA TH TMpaBiAT o0elaBalld WHCTPYMEHTH B TepamusTa, JIHAarHOCTHKaTa W

pa3pa60TBaHeT0 Ha JICKapCTBa. To3u mnmperjiea nMma 3a e aa 0606IJ_II/I TCKYIIOTO pa361/1paHe 3a



anTaMepuTe, TEXHUTE MPUIIOKEHUS BB ()apMaKoJIOTHATAa M MEIUIIMHATA, U TEXHUS TOTEHIUAI
KaTo TEpaleBTUYHU areHTH, OMOCEH30pU U LENIU 3a OTKpUBaHE Ha JieKapcTBa. Pasrinenaxme
IIOCJICHUTE IOCTUYKEHUS B TEXHOJIOTUUTE 3a CeleKIus Ha anTamepu, BkitounTenHo SELEX u
HEroBUTE BapHUaHTH, U M3CIeABaAXMe MOIU(UKAUK 32 NOJ00psBaHE HAa CTaOWIIHOCTTa U
cneunpuyHocTTa Ha anrtamepute. llperizensr o6xBama M (QyHKIHOHAJIHUTE pOJIM HA
afnTaMepuTe IpU  HACOYBaHE KbM  MPOTEMHH, METa0OJIMTH W peryJaTOpHHU
PUOOTPEBKIIIOUBATENH, C AaKIIEHT BbPXY TEXHUTE MPHIIOKEHUS B JICUCHHETO Ha 3a00JIIBaHUs U
JMAarHOCTHKaTa. AnTamMepuTe IMpOsABABAT BUCOK a(QUHUTET M CHEUU(PHUHOCT, CPABHUMHU C
aHTUTeNaTa, HO Ipe/ylaraT IpeAuMCTBA IPU CHHTE3a, MOAM(UKALUATA U JOCTABSIHETO.
Hskonko nekapctBa, 6asupaHu Ha aniTaMepH, ca noay4duiin ogoopenue ot FDA u npobikaBar
Ja ce MOSIBSIBAT HOBH T€PANIEBTUYHHU U TUATHOCTHYHU MPUIIOKEHHUS, BKIIOYUTEITHO OMOCEH30pH

3a TEXKKHU METall, paKOBU OMOMapKepH U BUpycHU natorenu kato SARS-CoV-2.

Abstract

As significant representatives of functional nucleic acids (FNASs), nucleic acid-based
aptamers regulate various biological processes, playing a fundamental role in drug development
and therapy. Aptamers are single-stranded nucleic acid molecules that can fold into unique 3D
structures, allowing for specific binding to a wide range of targets. Their properties make them
promising tools in therapeutics, diagnostics, and drug development. This review aims to
summarize the current understanding of aptamers, their applications in pharmacology and
medicine, and their potential as therapeutic agents, biosensors, and targets for drug discovery.
We examined recent advances in aptamer selection technologies, including SELEX and its
variants, and explored modifications to enhance aptamer stability and specificity. The review
also covers the functional roles of aptamers in targeting proteins, metabolites, and regulatory
riboswitches, with emphasis on their applications in disease treatment and diagnostics.
Aptamers exhibit high affinity and specificity comparable to antibodies but offer advantages in
synthesis, modification, and delivery. Several aptamer-based drugs have gained FDA approval,
and novel therapeutic and diagnostic applications continue to emerge, including biosensors for

heavy metals, cancer biomarkers, and viral pathogens like SARS-CoV-2.

3. Robert Penchovsky, Antoniya V. Georgieva, Vanya Dyakova, Martina Traykovska,
Nikolet Pavlova, Antisense and Functional Nucleic Acids in Rational Drug Development,
Antibiotics, 2024, Ref, Web of Science Quartile: Q1 (2023), IF 4.8, SCOPUS, Quartile: Q1
(2023), SJR=1.114
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To3u 0030p € PoxkycupaH BbpXY aHTUCEHC M (PYHKIIMOHAIHHN HYKJICHHOBU KUCEIWHU,
W3MOJI3BaHU 3a HAI'BJIHO pallMOHAJEH JAM3ailH Ha JIEKapcTBa M OLEHKA HA JIEKApCTBEHUTE
MUILIEHH, C IIeJl HaMaJlsiBaHE Ha BPEMETO M CPEJACTBATa, M3Pa3XOJBaHHU 3a pa3paboTBaHe Ha
JIeKapcTBa, W YBEJIMYaBaHE Ha IMPOLEHTAa Ha YCHENIHO pa3paboTBaHE Ha JeKapcTBa.
HyknenHoBruTEe KHCENMHUM MMAaT YHUKAJIHHU CBOMCTBA, KOUTO UIPasAT JABE OCHOBHU POJU B
pa3paboTBaHETO Ha JICKAPCTBA KATO JIEKAPCTBEHW MUIIIEHHU M KaTo JIeKapcTBa. JIekapcTBeHUTE
MUIICHH MoraT na Obnat uHpopmanuoHHU, pubo3omuH, Hekomupamu PHK, pubdozumu,
pubonpeskiatouBatenu u apyru PHK. OcBen ToBa, pa3iauuHu aHTUCEHC UM (DYHKIHMOHAIHU
HYKJIEMHOBU KHCEJIUHU MoraT Ja ObJaT LIEHHU MHCTPYMEHTH B OTKPHUBAHETO Ha JIEKapCTBa.
Mmuoro mexanusmu 3a PHK-0a3zupan KOHTpOn Ha reHHaTa €KCHpecuss KakTo B Mpo- U
€yKapuoTHUTE, TaKa M B MH)KEHEPHUTE MOJXOAM, OTBApST HOBH I'BTHUILA 3a OTKpPUBAHE Ha
JeKapcTBa € KpUTHYHA pois. To3u mperyie oOCHXKIa NPUHIUINTE Ha MPOEKTUPAHE,
MIPUJIOKEHUATA U IEPCIICKTUBUTE HA AaHTUCEHC M (DYHKIIMOHATTHUTE HYKJICHHOBH KUCEIHHU TPU
JIOCTaBIHETO M IPOEKTHUPAHETO Ha JeKapcTBa. TakuWBa HYKJIEMHOBU KHCEIMHHU BKJIIOYBAT
AQHTHUCEHC OJIUTOHYKJICOTHIU, CHUHTETWYHH puOo3uMu u siRNA, kouto morar na Obaat
W3MOJI3BaHU 3a PAllMOHAIHO pa3pabOTBaHe HA aHTHOAKTEPUAIHU JIEKapCTBa, KOETO MOXKE J1a
Obe MHOro egeKTUBHO. BakHa XapakTepuCTHKa HAa AaHTUCEHC W (QYHKIHMOHAITHUTE
HYKJIEMHOBU KHCEJIMHU € BB3MOXKHOCTTAa 3a W3MOJ3BaHE Ha pAlMOHAIHU METOIU 3a
MIPOEKTHUpaHE 3a pa3pabOTBaHe Ha JieKapcTBa. To3M Mperjesa uma 3a 11ell a Monyaspu3upa Te3u

HOBH IIOAXOAHU B I10JI3a Ha (bapMaI_IeBTI/I‘{HaTa HHAYCTpUA U NAOUCHTUTC.

Abstract

This review is focused on antisense and functional nucleic acid used for completely
rational drug design and drug target assessment, aiming to reduce the time and money spent
and increase the successful rate of drug development. Nucleic acids have unigque properties that
play two essential roles in drug development as drug targets and as drugs. Drug targets can be
messenger, ribosomal, non-coding RNAs, ribozymes, riboswitches, and other RNAs.
Furthermore, various antisense and functional nucleic acids can be valuable tools in drug
discovery. Many mechanisms for RNA-based control of gene expression in both pro-and-
eukaryotes and engineering approaches open new avenues for drug discovery with a critical
role. This review discusses the design principles, applications, and prospects of antisense and
functional nucleic acids in drug delivery and design. Such nucleic acids include antisense
oligonucleotides, synthetic ribozymes, and siRNAs, which can be employed for rational

antibacterial drug development that can be very efficient. An important feature of antisense and



functional nucleic acids is the possibility of using rational design methods for drug
development. This review aims to popularize these novel approaches to benefit the drug
industry and patients.

4. Nikolet Pavlova, Martina Traykovska, Robert Penchovsky, Targeting FMN,
TPP, SAM-I, and glmS Riboswitches with Chimeric Antisense Oligonucleotides for
Completely Rational Antibacterial Drug Development, Antibiotics, 2023, doi:
10.3390/antibiotics12111607, Ref, Web od Science Quartile: Q1 (2023), IF 4.9, SCOPUS,
Quartile: Q1 (2023), SIR=1.114
Pe3iome

PesucrenTHOCTTa KBM AHTUMHUKPOOHHM JIEKapCTBa C€ OuyepTaBa KaTO 3HAYUTEITHO
MIPEIN3BUKATEICTBO B ChBPEMEHHATA MEIULIMHA NIOPAJAH Pa3lpOCTPAaHEHUETO HA MHOXKECTBO
OaKkTepHagHM  IAMOBE, PE3UCTEHTHM Ha BCHUYKM  ChLIECTBYBAIM aAHTUOMOTHIIH.
MexayBpeMeHHO, pHOONPEBKIIOUBATEINTE CE€ OdepTaBaT KaTo oOelaBaly ILead 3a
OTKpUBaHEe Ha AaHTUOAKTEPHAJIHM JieKapcTBa. PuOONpeBKIIIOYBATEIUTE ca peryJaTOpHU
eneMeHTd B onpeneneHu Oakrepuanan MPHK, kouto mMoraT ia ce cBbp3Bar che ciennpuaHu
MOJIEKYJIM U Ja KOHTPOJMpAT IeHHaTa €KCIIPECUsl 4pe3 TPAaHCKPUIILMOHHO TEPMHUHHpAHE,
IpeJOTBpaTsABaHe Ha TpaHcaanusaTa win aecradbunusauus Ha MPHK. Upe3 HacouBaHe KbM
pUOONPEBKIIOYBATENINTE, HUE CE CTPEMUM Jla pa3pa00OTUM MHOBATUBHU CTpaTeruu 3a 0opba ¢
PE3UCTEHTHUTE HA AaHTUOMOTMIM OakTepuu W Ja [OBHMIIMM e(uKacHOCTTa Ha
aHTHOAKTepUAIHOTO JieueHUWe. ToBa cbhbueTaHHME Ha NPEIU3BUKATENCTBA U BB3MOXXHOCTH
[IOYEPTaBa MPOABDKABAIIOTO THPCEHE HAa PEBOJIOLUS B MEJUIIMHCKUTE MOAXOIU CpEIly
pa3BUBAIINTE ce OakTepHalHU 3aIulaXy. 3a IbpPBU BT TO3W MHOBAaTHBEH IIpErJie]] OMUCBa
palMoOHaIHUS JM3allH M TPUIIOKEHHUSATA HA XUMEPHU AHTHCEHC OJIMTOHYKJICOTHUIM KaTo
aHTHOAKTEepUaJIHU areHTH, HACOYEHU KbM YETUPU PUOOIPEBKIIOYBATENS, U30paHU Bb3 OCHOBA
Ha OMOMH(pOPMATUYHU aHAJIM3H B LIETIHs TeHOM. AHTHUCEHC OJIMTOHYKJIEOTHIUTE Ca CBBP3aHU C
IIPOHUKBAIUA B KieTkure onuronentu] pVEC, KOWTO NMpOHUKBA B IpaM-TNOJOKUTEIHU U
rpaM-oTpHUIaTeTHU OaKTepUU U € HaCOYeH cnerupuYHO KbM pudornpeBkiIoyBaTenure glms,
FMN, TPP u SAM-I B Staphylococcus aureus, Listeria monocytogenes u Escherichia coli.
Cpennara aHTHOMOTHYHA J103a AHTHUCEHC OJMIOHYKJICOTHIH, KoATo HHXuOupa 80% oT
OakrepuanHus pactex, € okono 700 nM (4,5 pg/mL). AHTHCEHC OJIMTOHYKJIEOTHIUTE HE
MPOSABSIBAT TOKCUYHOCT B YOBEIIKM KJIETHYHM JIMHUM MPU Ta3u KOHUEHTpauus. Pesynrature
MOKa3BaT, 4e Te3u pUOOMPEBKIIOYBATENN ca MOAXOASIIM MHIIEHH 3a pa3paboTBaHE Ha
aHTHOAKTepUaAIHU JIEKAPCTBA, H3IMOJ3BAIM AHTUCEHC OJHUIOHYKJICOTHIHA TEXHOJIOTHUS.

IlogxoabT € HAITbJIHO paloOHAJICH, Thil KaTo I/I360p’bT Ha IMoaxX0o A1 pI/I60HpeBKHIOqBaTeJ'II/I )51



npoektupaneTo Ha ASO, KOUTO TM HAcCOYBAT, C€ OCHOBABAT HA MPEABAPUTEIHO OMPEACICHU
kputepuu. [ToaxoxbT MOKe Ja ce U3M0JI3Ba 32 pa3paboTBaHe HA TECHO- WIH IMUPOKOCTIEKThPHU
AHTHUOUOTHIIM CPEIy MYJITUPE3UCTCHTHH OAKTEPUATTHH IIIAMOBE 3a KpaTko Bpeme. [loaxoast e

JIECHO aJallTUBCH KbM HOBA PE3UCTCHTHOCT, H3II0JI3BANKH TapreTupalia NGS texHoorus.

Abstract

Antimicrobial drug resistance has emerged as a significant challenge in contemporary
medicine due to the proliferation of numerous bacterial strains resistant to all existing
antibiotics. Meanwhile, riboswitches have emerged as promising targets for discovering
antibacterial drugs. Riboswitches are regulatory elements in certain bacterial MRNAs that can
bind to specific molecules and control gene expression via transcriptional termination,
prevention of translation, or mRNA destabilization. By targeting riboswitches, we aim to
develop innovative strategies to combat antibiotic-resistant bacteria and enhance the efficacy
of antibacterial treatments. This convergence of challenges and opportunities underscores the
ongoing quest to revolutionize medical approaches against evolving bacterial threats. For the
first time, this innovative review describes the rational design and applications of chimeric
antisense oligonucleotides as antibacterial agents targeting four riboswitches selected based on
genome-wide bioinformatic analyses. The antisense oligonucleotides are coupled with the cell-
penetrating oligopeptide pVEC, which penetrates Gram-positive and Gram-negative bacteria
and specifically targets gimS, FMN, TPP, and SAM-I riboswitches in Staphylococcus aureus,
Listeria monocytogenes, and Escherichia coli. The average antibiotic dosage of antisense
oligonucleotides that inhibits 80% of bacterial growth is around 700 nM (4.5 pg/mL). Antisense
oligonucleotides do not exhibit toxicity in human cell lines at this concentration. The results
demonstrate that these riboswitches are suitable targets for antibacterial drug development
using antisense oligonucleotide technology. The approach is fully rational because selecting
suitable riboswitch targets and designing ASOs that target them are based on predefined criteria.
The approach can be used to develop narrow or broad-spectrum antibiotics against multidrug-
resistant bacterial strains for a short time. The approach is easily adaptive to new resistance
using targeting NGS technology.

5. Aikaterini Valsamatzi-Panagiotou, Martina Traykovska, Georgie Miloshev,
Robert  Penchovsky,  Various therapies against SARS-CoV-2, ACTA
MICROBIOLOGICA BULGARICA, 2023, 3-11, Vol 13, Ref, Web of Science: IF 0.11,
SCOPUS, Quertile: Q4 (2022), SIR=0.154
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Enunemus ot koponaBupycHa nadexnus SARS-CoV-2 npes nexkemBpu 2019 . B YxaH,
npoBuHIMA Ha Kurtail, mpean3BuKa CBETOBHA MAaHJEMHUs, KOATO JIOBEJIE JI0 OMYCTOIIMTEIHU
MOCTIeIUIM 3a 3/PaBHUTE CHUCTEMH M HKOHOMHMKAaTa B CBETOBEH Maiiad. 3apa3HocTTa Ha
MHQPEKIUATA ¥ MTOCIEAUIIUTE OT 3a00JISIBAHETO B ©KEJHEBUETO MOAYEpTaxa ToysiMaTa Hy»Ka
OT TOAXOJAIIO JICUCHHE Cpelly KOpOHaBUpYyca BB3MOXKHO Haii-ckopo. [lopamu ToBa MHOTO
YUYCHH TIO IeNusl CBAT ce (POKycHpaxa BbPXY OTKPHBAHETO Ha MOJXOASAIIA TEPamusl CPEIry
Bupyca. Hacrosimara cratust oOscHsIBa CTpyKTypaTa Ha BHUpYyca, MaTOPHU3UOIOTHATA Ha
nHpeknuara cb¢ SARS-CoV-2 u paznuunute tepanuu cpenty SARS-CoV-2. [IepBuTe nanHu,
OTHACSIIIH ce 10 €PEKTHBHOCTTA Ha BAKCHHUTE OT CTPAHUTE, KOUTO BEYE Ca 3alI0YHAIN MACOBH
BaKCHHAIIMH, Ca TOJIOKUTEIHU. BBIpeKkn ToBa € MHOTO PaHO Ja Ce NPAaBAT 3aKITIOUCHHS
OTHOCHO €(pMKACHOCTTa Ha BAKCHHUTE Cpe]] HaceneHneTo. [losBaTa Ha HOBH BUPYCHU MYTallUU
MopaXkJa OIMAaceHMs U MPUHYKJaBa HAKOU CTPAHU Jla HAJOXKAT JOIBIHUTEIHA OTPaHHYCHHS.
Haii-HoBusiT 1 Haii-3apa3zeH BapuaHT, u3BecTeH karo Omicron, H3IJIekKAa HaMalsiBa
3HAYUTENHO TiobanHaTa manaemus. [Ipemiarar ce HoBu tepamuu 3a SARS-CoV-2, 6a3upanu

Ha aHTHUCCHC TCXHOJIOI' M.

Abstract

An outbreak of coronavirus SARS-CoV-2 infection in December 2019 in Wuhan, a
province of China, has caused a worldwide pandemic that led to devastating effects on
healthcare systems and the economy worldwide. The contagiousness of the infection and the
consequences of the disease in everyday life highlighted the great need for a suitable treatment
against coronavirus as soon as possible. Therefore, lots of scientists all around the world
focused on the discovery of a proper therapy against the virus. The present article explains the
structure of the virus, the pathophysiology of the infection with SARS-CoV-2, and various
therapies against SARS-CoV-2. The first data that concern the effectiveness of vaccines from
the countries that have already started mass vaccinations are positive. However, it is very early
to conclude about the efficacy of vaccines in the population. The appearance of novel virus
mutations raises concerns and forces some countries to impose further restrictions. The latest
and the most contagious variant, known as Omicron, seems to decrease the global pandemic

significantly. New SARS-CoV-2 therapies are suggested based on antisense technology.

6. Aikaterini Valsamatzi, Martina Traykovska, Robert Penchovsky, Coronavirus
SARS-CoV-2: Where do we stand?, Acta Microbiologica Bulgarica, 2022, Ref, Web of
Science: IF 0.11, SCOPUS, Quertile: Q4 (2022), SJIR=0.154
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IIpe3 nexemBpu 2019 1. B VYxaH, npoBuHiuss Ha Kwutail, ce MOSBM OTHUIIE Ha
KopoHaBupycHa uHpeknus, HapedeHa SARS-CoV-2. To mpenusBrka CBETOBHA TaHACMUS,
KOSATO [JIOBEIE A0 OIYCTOLIMTENHM IMOCIEAMLU 32 3APaBHUTE CUCTEMH M HKOHOMHKATA.
3apa3HocTTa Ha HMH(EKIusATa U THOcCIeAULUTEe OT OoJiecTTa B €XKEIHEBHETO MoauyepTaxa
rojisiMaTa HyXJa OT NOAXOAAIIO JICYEHHE Cpelly KOPOHABHpYyCa BB3MOXKHO Hail-CKOPO.
[Topaau ToBa MHOTO YY€HHU TIO LIENHS CBAT ce (POKycHpaxa BbPXY OTKPUBAHETO HA MOIXOSINA
Tepanus cpeuly Bupyca. Hacrtosmiara craTusi 00SCHSBa OCHOBHUTE PA3JIMKU B KIMHHUYHATA
KapTUHA MEX/1y Pa3IMuHUTE MAllUEHTH, XapaKTEePUCTUKUTE U ChII'BTCTBAILIUTE 3a00IsIBAaHHS Ha
MO-yA3BUMHUTE XOpa, JIeKapcTBaTa M BAaKCUHUTE, W3MOJ3BaHUM IPU MAacOBU BaKCHUHAIUU.
[IspBUTE MaHHM, OTHACSIIM CE€ 10 €(DEKTUBHOCTTA HA BAKCHHUTE OT CTPAHUTE, KOUTO BEYE ca
3all0YHAaIM MACOBHM BaKCHUHAIMU, €A IOJIOKUTEIHA. MHOro € paHo J1a ce IpaBsAT 3aKJIIOYCHUS
3a eUKAaCHOCTTA Ha BAKCUHUTE cpell HaceneHueTo. [losBara Ha HOBH BUPYCHU MyTaIll 00aye
MOpaK/J1a OMACEHUs U MPUHYK/1aBa HIKOU CTPAHU Ja HAJIOXKAT JONBJIHUTEIIHU OTPaHUYCHUS.
Haii-HoBusST M Hali-3apa3eH BapuaHT, u3BecTeH KaTo OMHMKpOH, M3IJIEXJa HaMaisiBa

3HAYMTEIHO IJ100aHaTa IMaHACMU.

Abstract

An outbreak of coronavirus infection named SARS-CoV-2 emerged in December 2019
in Wuhan, a province of China. It caused a worldwide pandemic that led to devastating effects
on healthcare systems and the economy. The contagiousness of the infection and the
consequences of the disease in everyday life highlighted the great need for a suitable treatment
against coronavirus as soon as possible. Therefore, lots of scientists all around the world
focused on the discovery of a proper therapy against the virus. The present article explains the
main differences in the clinical picture among different patients, the characteristics and
concomitant diseases of more vulnerable people, medicines, and vaccines used in mass
vaccinations. The first data that concern the effectiveness of vaccines from the countries that
have already started mass vaccinations are positive. It is very early to conclude about the
efficacy of vaccines in the population. However, the appearance of novel virus mutations raises
concerns and forces some countries to impose further restrictions. The latest and the most

contagious variant, known as Omicron, seems to decrease the global pandemic significantly.



7. Georgi Y. Miloshev, Martina Traykovska, Dimitrios Kaloudas, Robert
Penchovsky, ,ENGINEERING A PLASMID AS A REPORTER SYSTEM FOR
QUANTIFYING GENE EXPRESSION IN ESCHERICHIA COLI*, Proceedings of the
Bulgarian Academy of Sciences, 2022, DOI: https://doi.org/10.7546/CRABS.2022.01.07,
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Pa3nnuny reHHN penopTepHU aHAIN3H CE M3I0J3BAT 3a KOJIMYECTBEHO ONPEIEIIHE Ha
pa3IMYHA METOJIM 3a CHUHTETHMYEH KOHTPOJ Ha TeHHaTa eKcrnpecus. AKTUBHOCTTAa Ha
penopTepHus TPOTEUH, (IyopecleHlrs WIM XHUMHYECKO OLBETsIBaHe, OOWKHOBEHO €
IIPONOPLMOHAIIHA HA HUBOTO Ha npousBeneHa HPHK B kieTkara nu MOXe aa ce U3I0i3Ba 3a
HaOJI0ICHNEe HA aKTUBHOCTTAa Ha MPOMOTOP MJIM eHXaHcep. TakbB pernoprepeH reH e lacZ ot
Escherichia coli, kogupain B-ramakrosumaza. Kinonupaxme PL mpomoTopa ot dar nambaa B
mwazmuaa pRS414 ¢ pasmep Han 10 kb, 3a ma cwh3magem reHeH penoprepeH aHanui. B
1a3MuUa, U3MOI3BaH 32 BMbKBaHE Ha MPOMOTOpA, Oellie BbBEeIeH pecTpUKIMOHEeH cailT Kpnl,
3aeIHO ¢ pUOO30MHO CBBP3BAIO MSICTO 3a OakTepuanHa u apxeanHa nPHK u nnunuunpanero
Ha TpaHcKpunuuoHHUs KoJoH ATG B pamka ¢ lacZ. AHanmm3ute Ha [-rajaKTo3wWIa3HaTa
aKTUBHOCT MOKa3axa Kopenalus MeXy MHIylIHpaHaTa eKchpecus Ha lacZ reHa um BpeMero,
KOETO MOKa3Ba MPAaBHJIHOCTTAa Ha KOHCTPYKIIUATA, KOSATO MOKE Jia Ce M3IMO0JI3Ba 33 aHAIM3HU Ha
aKTUBHOCTTA Ha lacZ penopTepHHUs T'€H M CUHTETUYEH KOHTPOJ Ha I'€HHATa EKCIpecus B
W3CIIe/IBAaHMS Ha CHUHTeTHYHaTa Oumosiorus. HoBusT rumasmuna, HapeueH pRS414ge, e MHOrO

MoAXO[A41I 3a CKCIICPUMCHTH 110 PHK cuaTeTHYHA OHOIOTHS.

Abstract

Different gene reporter assays are used for quantifying various methods for synthetic
control of gene expression. The activity of a reporter protein, fluorescence or chemical stain, is
usually proportional to the level of mMRNA produced in the cell and can be utilized for
monitoring the activity of a promoter or enhancer. Such a reporter gene is the lacZ from
Escherichia coli, encoding B- galactosidase. We cloned the PL promoter from phage lambda
into the pRS414 plasmid of over 10kb to create a gene reporter assay. A Kpnl restriction site
was introduced into the plasmid used for inserting the promoter together with a ribosomal
binding site for bacterial and archaeal mMRNA and the initiation of transcription codon ATG in
frame with the lacZ. B-galactosidase activity assays showed a correlation between the induced
expression of the lacZ gene and the time, indicating the rightness of the construct, which can

be used for lacZ reporter gene activity assays and synthetic control of gene expression in



synthetic biology studies. The new plasmid named pRS414ge is very suitable for RNA synthetic

biology experiments.

8. Martina Traykovska, Robert Penchovsky, Engineering antisense
oligonucleotides as antibacterial agents that target FMN riboswitches and inhibit the
growth of Staphylococcus aureus, Listeria monocytogenes, and Escherichia coli, 2022,
ACS Synthetic Biology, Ref, Web of Science Quartile: Q1 (2022), IF 5.0, SCOPUS,
Quiartile: Q1, SJR=1.241

Pe3iome

[Ipe3 mociegHHUTE HAKOJIKO ICCETHIICTHS, PE3UCTEHTHOCTTa KbM AHTHOMOTHLIU C€
oyepTa KaTo 3HAYUTEITHO MPEIN3BUKATEICTBO B ChBPEMEHHATA MEANIIMHA TTIOPAJIH IMOsBaTa Ha
MHOT0 OaKTepUAJIHU NIATOTCHHH IIaMOBE, PE3UCTEHTHN HA BCUYKH M3BECTHU aHTUOMOTHIIU. B
CBIIOTO BpeMe, pUOONPEBKIIOYBATEIIMTE CE OYepTaxa Karo HOBU MUIICHH 3a OTKpUBAHE Ha
aHTHOAKTepUAIIHU JiekapcTBa. TyK 3a IbPBU I'BT OMKMCBAME JIM3aliHA M TPWIOKEHUSATA Ha
AQHTUCEHC  OJIMTOHYKJICOTHUAM  KAaTO  aHTUOAKTEpHaIHH  areHTH, HAaCOYCHH  KbM
puOOTpEBKIIOUBATEN. AHTHCEHC OJHTOHYKJICOTHIUTE Ca KOBAJICHTHO CBBP3aHH C [Ba
pasIMYHU KJICTHYHO TPOHUKBAIM TENTHIA, MPOHUKBaNM B ['pam-monoxurennu u ['pam-
OTPHIIATEIIHU OaKTepUATHU KJIeTKH. Hue criernuanHo ce HacouBaMe KbM PHOOIIPEBKITFOUBATEIIN
na Flavin MonoNucleotide (FMN) B Staphylococcus aureus, Listeria monocytogenes wu
Escherichia coli, kouto KOHTpoIUpaT KaKTO CHHTE3a, Taka U uMiopta Ha FMN mpekypcopu.
VYcTraHoBHXME cpelHa aHTMOMOTHYHA J103a OT aHTHUCEHC OJMTOHYKJICOTH]IU, KOSTO MHXHOUpa
80% ot Oakrtepuannus pacrex npu 700 nM (4,5 pg/mL). OcBeH TOBa, aHTHCEHC
OJIMTOHYKJICOTHIIUTE HE TMPOSBSIBAT TOKCHYHOCT B YOBEUIKH KIETHYHHM JIMHUHM TIPU Ta3u
KOHIIeHTpanusi. Pe3ynraTure mokassar, 4e puOOIPEBKIIOYBATEIINTE Ca MOAXOSAIIN MUIICHH B

AHTHUCCHC TCXHOJIOTHATA 3a pa3pa60TBaHe Ha aHTI/I6aKTepI/IaJ'IHI/I JICKapCTBa.

Abstract

In the past several decades, antibiotic drug resistance has emerged as a significant
challenge in modern medicine due to the rise of many bacterial pathogenic strains resistant to
all known antibiotics. At the same time, riboswitches have emerged as novel targets for
antibacterial drug discovery. Here for the first time, we describe the design and applications of
antisense oligonucleotides as antibacterial agents that target a riboswitch. The antisense
oligonucleotides are covalently coupled with two different cell-penetrating peptides,
penetrating Gram-positive and Gram-negative bacterial cells. We specifically target Flavin

MonoNucleotide (FMN) riboswitches in Staphylococcus aureus, Listeria monocytogenes, and



Escherichia coli that control both synthesis and import of FMN precursors. We have established
an average antibiotic dosage by antisense oligonucleotides that inhibit 80% of bacterial growth
at 700 nM (4.5 pg/mL). Furthermore, the antisense oligonucleotides do not exhibit toxicity in
human cell lines at this concentration. The results demonstrate that riboswitches are suitable

targets in antisense technology for antibacterial drug development.

9. Martina Traykovska, Robert Penchovsky, Targeting SAM-I Riboswitch Using
Antisense Oligonucleotide Technology for Inhibiting the Growth of Staphylococcus
aureus and Listeria monocytogenes, Antibiotics, 2022, Ref, Web of Science, Quartile: Q1
(2022), IF 5.2, SCOPUS, Quartile: Q1 (2022) SIR=1.114,

Pe3rome

C OTKpHBaHETO Ha aHTUOMOTHUIM, MPOJYKTUBEH IEPUOJ HAa MHOBALIMU B 00jacTTa Ha
aHTHOAKTEpUAITHUTE JIEKAPCTBA M TAXHOTO MPUIOKEHHE B 3[PAaBHUTE CHUCTEMH U CEJICKOTO
CTOIIAHCTBO JIOBEJIE /10 CIACSIBAHETO HAa MWJIMOHHM KMBOTH. 3a ChXKaJeHue, 3j0ynorpedara ¢
AHTUOMOTHIIM JIOBEJE [0 IOsBaTa HAa MHOTO PE3UCTEHTHHM NAaTOTeHHHW mamoBe. Hskown
pUOOTIpEBKIIIOUBATEIM €€ MpPEeBbpPHAaXa B oOOCIIaBalld MHUIICHH 3a pa3padoTBaHE Ha
aHTHOaKTepUaJIHU JieKapcTBa. TyK omucBame Jau3ailHa U NPWIOXKEHUATAa Ha XHUMEpPHUS
anTHceHnc onuronykineorus (ASO) kato HOB anTuOakTepuanet arenT. pVEC-ASO-1 ce cbeton
OT KJIETHhYHO TIPOHMKBAI] OJHUIONENnTHH, wu3BecTeH kato pVEC, mpukpeneH KbM
OJIMTOHYKJIEOTH/IHA YaCT C MOAU(UKAIIMH OT I'bPBO U BTOPO MOKoJIeHHue. Ta3u KoMOuHaIus OT
MoJUUKaAIMK MT03BOJsIBA crieluduuHo pasrpaxaade Ha ”PHK npu ycinoBus Ha MHOKECTBO
npomenu upe3 RNase H. pVEC-ASO e HacodeH kbM pHOOIpPEBKIIOYBATENS S-aJeHO3UIT
MeTuoHUH (SAM)-I, koiiTo ce HamMupa B reHOMa Ha MHOI'O I'paM-TIOJIOKUTETHH OaKTepHH.
PubGonpeskitouBarenst SAM-I konTponupa He camo OMOCHHTE3a, HO U TpaHcropTa Ha SAM.
YcranoBuxme antTOnoTHYHA J103a 0T 700 nM (4,5 ng/mL) pVEC-ASO, xosito nuxubupa 80%
ot pacrexa Ha Staphylococcus aureus u Listeria monocytogenes. pVEC-ASO-1 He moka3Ba
HUKaKBa TOKCHYHOCT B YOBEIIKaTa KJIeThYHA JTUHUS Npu KoHeHTpanus MIC80. lokazaxme,
ye pubomnpeBkimouBatenar SAM-l e mnoaxoxsimia MumieHa 3a  pa3pa0OTBaHE Ha
aHTHOaKTepualHu JiekapcTBa, Oasupanu Ha ASO. IloaxoabT € paluoOHaleH U JIECHO ce

ananTupa KpM apyru 6akrepuanau PHK mumenu.

Abstract

With the discovery of antibiotics, a productive period of antibacterial drug innovation
and application in healthcare systems and agriculture resulted in saving millions of lives.
Unfortunately, the misusage of antibiotics led to the emergence of many resistant pathogenic

strains. Some riboswitches have risen as promising targets for developing antibacterial drugs.



Here, we describe the design and applications of the chimeric antisense oligonucleotide (ASO)
as a novel antibacterial agent. The pVEC-ASO-1 consists of a cell-penetrating oligopeptide
known as pVEC attached to an oligonucleotide part with modifications of the first and the
second generations. This combination of modifications enables specific mMRNA degradation
under multiple turnover conditions via RNase H. The pVEC-ASO targets the S-adenosyl
methionine (SAM)-1 riboswitch found in the genome of many Gram-positive bacteria. The
SAM-I riboswitch controls not only the biosynthesis but also the transport of SAM. We have
established an antibiotic dosage of 700 nM (4.5 ng/mL) of pVEC-ASO that inhibits 80% of the
growth of Staphylococcus aureus and Listeria monocytogenes. The pVEC-ASO-1 does not
show any toxicity in the human cell line at MIC80's concentration. We have proven that the
SAM-I riboswitch is a suitable target for antibacterial drug development based on ASO. The

approach is rational and easily adapted to other bacterial RNA targets.

10. Martina Traykovska, Lozena A. Otcheva, Robert Penchovsky, Targeting TPP
riboswitches using chimeric antisense oligonucleotide technology for antibacterial drug
development, ACS Applied Bio Materials, 2022, Ref, Web of Science, Quartile: Q1 (2021),
IF 3.5, SCOPUS, Quartile: Q1 (2021), SJR=0.894

Pesrome

B nHemnHo Bpeme nosiBata u npeiaBaHETO Ha MYJITUPE3UCTEHTHH ATOI€HHU OaKTepUu
ca CepHO3Ha 3arJiaxa, OKa3Balla roJisiM HaTUCK BBPXY 3/IpaBHUTE CUCTEMH I10 Tieus cBsT. [1pe3
MOCTICTHUTE TOIMHHU B CBETOBEH Mamiad ca JOKJIAABaHW MHOTO TeKKU OTHHUIIA Ha OaKTEpUaTHA
uHoekuu. [Topanu ToBa MMa HEMOCpEACTBEHA HYXJa OT pa3paboTBaHe HA aHTHUOMOTHUIIM.
Hsikon pubomnpeBkiItoYBaTeIM ca MOTEHLMAIHN MUIIEHH 32 MPEeoAoIsIBaHe Ha OakTepuanHaTa
pesucteHTHOCT. Tasum cTatus JeMOHCTpHpa OaKTepHOCTATHYHHS e(eKT Ha aHTHCEHC
onuronykiieotus; (ASO), mpoekThpaH Ja MOTHUCKA pacTeka Ha MAaTOTeHHU OaKTepUu KaTto
Listeria monocytogenes, upe3 HacouBaHe KbM PHOOIPEBKIFOUBATEIIS HA THAMUH mupodocdar
(TPP). Toii He nHXHOHMpPa pacTexa Ha yCIOBHO maToreHHuTe Oakrepun Escherichia coli, Teit
kato My JuncBa TPP pubornpeBkitouBaTensarT, KOETO MOKa3Ba crennGuyHoCTTa Ha JeHCTBUETO
Ha Hamuss ASO. Toil € KOBaJE€HTHO CBBp3aH C KJIEThbYHO-IpOHMKBamMs nporeuH pVEC.
HanpaBuxme 6MonHpOpMaTHYHM aHAIM3H Ha pUOONPEBKIIIOUBATEN HA THAMHUH nUpodocdar
OTHOCHO HEroBaTa poJjisi B CHHTE3HpPAHETO Ha MeTaboiauTa THaMuH nupodocdar, KOWTo € oT
CHILIECTBEHO 3HAauYeHHe 3a Oakrepuure. L. MONOCYtOYENES € BBTPEIIHO PE3UCTEHTEH Ha

nedamocnopuan 1 OOMKHOBEHO C€ JIEKyBa ¢ aMMUINIIMH. YcTaHoBeHa € m03a ASO, KosATO



unxubupa 80% ot Oakrepuannus pacrex mnpu 700 nM (4,5 pg/mL). Tlo TO3u HauwuH,

pubonpeskitouBarenat TPP e nenna antnbakTepramta Lel.

Abstract

Nowadays, the emergence and the transmission of multidrug-resistant pathogenic
bacteria are a severe menace mounting a lot of pressure on the healthcare systems worldwide.
Many severe outbreaks of bacterial infections have been reported worldwide in recent years.
Thus, there is an immediate demand to develop antibiotics. Some riboswitches are potential
targets for overcoming bacterial resistance. This paper demonstrates the bacteriostatic effect of
an antisense oligonucleotide (ASO) engineered to suppress the growth of pathogenic bacteria
such as Listeria monocytogenes by targeting the Thiamine Pyrophosphate (TPP) riboswitch. It
does not inhibit the growth of the conditional pathogenic bacteria Escherichia coli, as it lacks
the TPP riboswitch, showing the specificity of action of our ASO. It is covalently bonded with
the cell-penetrating protein pVEC. We did bioinformatics analyses of the thiamine
pyrophosphate riboswitch regarding its role in synthesizing the metabolite thiamine
pyrophosphate, which is essential for bacteria. L. monocytogenes is intrinsically resistant to
cephalosporins and usually is treated with ampicillin. A dosage of ASO has been established
that inhibits 80% of bacterial growth at 700 nM (4.5 pg/mL). Thus, the TPP riboswitch is a
valuable antibacterial target.

11. Robert Penchovsky, Nikolet Pavlova, Antoniya VV Georgieva, Georgi Miloshev,
Martina Traykovska, Versatile Tools of Synthetic Biology applied for Drug Discovery
and Production, Future Medicinal Chemistry, 2022, Ref, Web of Science, Quartile: Q2
(2021), IF 4.75, SCOPUS, Quartile: Q2 (2021), SJR=0.894

Pe3rome

Bobnpeku de cuHTeTHYHATa OMOJOTHS € HOBOBB3HMKBAIA M3CIEAoBaTelicka 00acT,
KOATO CTaHa WM3BECTHA Npe3 MOCIEAHOTO JECETUIIETHE, TS Beue MMa MHOIO MPAKTHYECKH
npunoxkenus. [IpunoxxenusTa n o0xBamar ooiacTuTe Ha papMaleBTUYHaTa OMOTEXHOIOTHS U
OTKpI/IBaHeTO Ha .]'IeKapCTBa, KaTto npezmaraT BAXXHH HOBH METOOIU U CTpaTeFHH KaTto
METa0OJINTHO HWHXKEHEPCTBO, MpEenporpaMupaHe Ha KIeThYHATa Cha0a, MPOU3BOACTBO Ha
JIEKapcTBa B TEHETUYHO MOAU(DHUIIMPAHU OPTaHU3MHU, MOJEKYISIPHU Jienuia, (yHKIMOHAIHA
HYKJICMHOBU KUCEJIMHU U PelaKTHpaHe Ha TeHoMa. T03u 0030p pasriiex/ia OCHOBHUTE MIbTHINA
3a PUJIOKEHHE Ha CUHTETUYHATa OMOJIOTHS BbB (papMalleBTUYHATa OMOTEXHOJIOTHs. ABTOpUTE
BSIpBAaT, Y€ CUHTETHYHATAa OWOJIOTHS I MPOMEHH Pa3pabOTBAHETO M IMPOM3BOJICTBOTO Ha

JICKapCTBa 00 HOI(O6H8. CTCIICH, KAKTO HAIPCABKBT B OPraHUYIHHA XUMHUUYCH CUHTE3 IIPE3 20-tu



BCK. CJ'IGI[OB&TCJ'IHO, CHHTETHYHATa OWOJOrUsS BeUe urpac CbIICCTBEHA POJIA BbHB

(dapmaieBTHUHATa OMOTEXHOJIOTHS, KOSITO € OCHOBHUSAT (POKYC Ha TO3H 0030p.

Abstract

Although synthetic biology is an emerging research field, which has come to
prominence within the last decade, it already has many practical applications. Its applications
cover the areas of pharmaceutical biotechnology and drug discovery, bringing essential novel
methods and strategies such as metabolic engineering, reprogramming the cell fate, drug
production in genetically modified organisms, molecular glues, functional nucleic acids and
genome editing. This review discusses the main avenues for synthetic biology application in
pharmaceutical biotechnology. The authors believe that synthetic biology will reshape drug
development and drug production to a similar extent as the advances in organic chemical
synthesis in the 20th century. Therefore, synthetic biology already plays an essential role in

pharmaceutical, biotechnology, which is the main focus of this review.

12. Martina Traykovska, Katya B. Popova, Robert Penchovsky, Targeting gimS
Ribozyme with Chimeric Antisense Oligonucleotides for Antibacterial Drug
Development, ACS Synthetic Biology, 2021, Ref, Web of Science, Quartile: Q1 (2020), IF
5.5, SCOPUS, Quartile: Q1 (2020), SIR=1.241

Pe3rome

Hopajm MOCTOAHHUA PACTCIK HA MYJITUPC3UCTCHTHUTEC NATOICHHU 6aKT€pI/II/I B CBETOBCH
Maiad, € OT pernraBaiio 3HaueHue Ja ce pa3paboTAT HOBU aHTHUOAKTEpUATTHU JieKapcTBa. Ta3u
CTaTus MpeJICTaBsi XMMEPHU AHTUCEHC OJIMIOHYKJIEOTHUIHM, KOUTO MHXMOMUpAT OaKTepHUaTHUs
pactex Ha Staphylococcus aureus, envH OT Haii-uecTHTE MPHYMHUTENN HAa BHTPEOOTHHYHU
I/IH(i)eKHI/II/I. XI/IMCpHI/ITC AHTUCCHC OJIMM'OHYKJICOTUAN HUMAT KOM6I/IHaIII/I$I OT XHUMHYECKa
MoOU(UKAIHS OT TBPBO M BTOPO MOKOJIEHHUE. 3a Ja IOCTAaBUM aHTHUCEHC OJIMTOHYKIICOTHUINTE
B KJIETKaTa, HHE NpHiIaramMe NMPOHUKBAI] B KJIETKUTE OJIMTOMENTHM, NMPUKPENEH KbM THX.
W3pbpmiuxMe MbiIHU OMOMH(OPMATHUHU aHaIM3M Ha glmS pubo3uma, MpHChCTBAll B S.
aurcusS, u1 HErosaTa CbIICCTBCHA POJId B OMOXMMHYHKS ITET Ha CHHTE3a Ha TIIFOKO3aMUH-6-
¢docdar. OcBeH TOBa, aHAIM3UpaXMe OaKTEpUUTE 3a AJTEPHATUBHU METAOOJIMTHHU IMBTHILA,
KaTo HarpuMep reHa nagA. [IbpBUAT aHTHCEHC OJMTOHYKJIEOTH/] € HACOUEH U3PHUYHO KbM glmS
pUOONPEBKIIIOUBATENS, JOKATO BTOPHAT € HacoueH u3pudyHo KbM nagA mRNA. Ouenuxme, ye
KOMOWHUpPAHHU, aHTHCEHC OJIMTOHYKJICOTHANUTE OJOKMPAT M3IUIO CHHTE3a Ha TIIFOKO3aMUH-6-
dbochar wu uHxuOupar OakTepualHus pacTex Ha S. aureus. Bbhopeku ToBa,

pI/I6OHpCBKHIOLIBaTCJI$IT glmS, HAaCOYCH KbM aHTUCCHC OJIMTOHYKJICOTUA, € JOCTATHYUCH, 3a J1ad



nHXUOUpa pacrexa Ha S. aureus ¢ MIC80 ot 5 pg/mL. Pu6o3umbTt glmS e MHOTO moaxosiia
11eN1 3a pa3paboTBaHe Ha AaHTUOAKTEPHUATTHY JIEKAPCTBA C AaHTUCCHC OJIMTOHYKIICOTHTH.
Abstract

Due to the steady rise of multidrug-resistant pathogenic bacteria worldwide, it is critical
to develop novel antibacterial drugs. This article presents chimeric antisense oligonucleotides
that inhibit the bacterial growth of Staphylococcus aureus, one of the most frequent causes of
hospital-acquired infections. The chimeric antisense oligonucleotides have a combination of
first- and second-generation chemical modification. To deliver the antisense oligonucleotides
into a cell, we apply a cell-penetrating oligopeptide attached to them. We have performed
complete bioinformatics analyses of the gImS ribozyme present in S. aureus and its essential
role in the biochemical pathway of glucosamine-6-phosphate synthesis. Besides, we have
analyzed the bacteria for alternative metabolic pathways, such as the nagA gene. The first
antisense oligonucleotide explicitly targets the glmS riboswitch, while the second explicitly
targets the nagA mRNA. We have evaluated that combined, the antisense oligonucleotides
block the synthesis of glucosamine-6-phosphate entirely and inhibit the bacterial growth of S.
aureus. However, the gImsS riboswitch targeting the antisense oligonucleotide is sufficient to
inhibit the growth of S. aureus with a MIC80 of 5 pg/mL. The glmS ribozyme is a very suitable
target for antibacterial drug development with antisense oligonucleotides.

13. Martina Traykovska, Sjoerd Miedema, Robert Penchovsky, Clinical Trials of
Functional Nucleic Acids: Antisense Oligonucleotides and Aptamers, International
Journal of Biomedical and Clinical Engineering (IJBCI), 2018, ISSN: 2161-1610, doi:
10.4018/1JBCE.2018070104, 2018

Pe3rome

Ta3u ctatus onmmcBa Kak (YHKIMOHAIHUTE HYKJIEMHOBU KHCEIMHHU, KaTO amnTaMepH,
aHTHCceHC onuronykiaeotuau (ASO), manku unrepdepupamu (si) PHK u pubo3umu, ce cunrar
OT HSIKOM M3CJEI0BATelNN 3a [IEHHU MHCTPYMEHTH 3a pa3padoTBaHE HA TEPANeBTUYHM areHTH.
Te He ca qocTurHamu 0cobeHo ObP30 /10 Mazapa KaTo JiekapcTBa Mopaiu €HAOTeHHUTE Oapuepu
npe] M3BBHKIETBYHHMS TpaduK M KIEThYHOTO YCBOSIBAHE HA HYKJICMHOBU KHCEITUHH U
IpUChIlaTa UM HECTaOWJIIHOCT TpH MpHiara€e in vivo. Bbhopeku ToBa, u3cCieqBaHMA,
MIPOBE/ICHN OT OOIIHOCTTa HAa WH)KCHEPUTE HA HYKIEWHOBH KUCEIWHH M (apMaleBTHUYHHUTE
KOMITaHUH 3a 3200UKaJIIHE Ha T€3U MIPEUKH, T0BEI0Xa 10 0JOOPSIBAHETO HA HAKOJIKO anTaMepu
n ASO kato nekapcTBa. TepaneBTUUHUTE NpeNapaTi ¢ HyKJICHHOBU KUCEIMHU OOMKHOBEHO C€
npujaraT JIOKajJHO B OOJIHA ThKaH. JIekapcTBEHUTE KaHIMJATH, KOUTO TMOHACTOSIIEM ca B

KIIMHUYHHU HU3IIUTBAHUWA, OOMKHOBEHO H3II0JI3BAT ChbIIUTC MCTOAHN Ha MPHUIIOKCHHUEC KATO BCYUC



JUIEH3UPAHUTE TEPaNeBTUYHU Tpernapard ¢ HYKJIEHMHOBU KHCENUMHHU. Te3u TEeXHUKH Ha
MPUIIOKEHNE HOCST CBOM COOCTBEHH PUCKOBE U MPEANMCTBA 3a Oe3omacHocTTa. B Ta3u cratus
ce 00CHXKIa HACTOALUIOTO CBHCTOSHHE M ca HM30pPOEHH IMOTCHUUAIHUTE BB3MOXKHOCTH 32

ynotpeba Ha ASO u antamepu Karo JieKapcTaa.

Abstract

This chapter describes how functional nucleic acids, such as aptamers, antisense
oligonucleotides (ASOs), small interfering (si) RNAs, and ribozymes are considered by some
researchers as valuable tools to develop therapeutic agents. They have not been particularly fast
in reaching the market as medicines, due to endogenous barriers to extracellular trafficking and
cellular uptake of nucleic acids and their inherent instability when applied in vivo. However,
research carried out by the nucleic acid engineering community and pharmaceutical companies
to circumvent these obstacles has led to the approval of a few aptamers and ASOs as drugs.
Nucleic acid therapeutics are usually administered locally to diseased tissue. The drug
candidates currently in clinical trials commonly use the same administration methods as
previously licensed nucleic acid therapeutics. These administration techniques carry their own
safety risks and advantages. In this article, the present state is discussed and prospective options

for the use ASOs and aptamers as drugs are listed.

14. Aikaterini Valsamatzi-Panagiotou, Martina Traykovska, Robert Penchovsky,
Chapter 2 - Mechanisms of antibacterial drug resistance and approaches to overcome,
Drug Discovery Targeting Drug-Resistant Bacteria, 2020, Pages 9-37, Elsevier,
https://doi.org/10.1016/B978-0-12-818480-6.00002-3

Pesrome

Hobpe ycranoBeno e, ye PHK e ocobeno momxomsima cpena 3a pa3zpaboTBaHe Ha
MoJieKyisipHu ceH3opu, kato PHK antamepu u anocrepuunu pudozumu. Te morat na 6bpaat
W3MOJI3BaHU 32 Pa3InuyHU OMOCEH30PHH MPHIIOKEHHU S, KaTO HApUMEp CUHTETUYEH KOHTPOJI Ha
reHHaTa eKCIIPEeCcHs, OTKpUBaHE Ha MOJIEKYJIH, OTKpuBaHe Ha yiekapctBa U PHK u3uuncnenus.
Ocsen ToBa, PHK cen3opure ce mpemyaraT 3a HM3MOJI3BAHE B Pa3IMYHU TEPANECBTUYHH
npuiiokeHus. B Ta3u riasa npeacraBsiMe OCHOBHUTE MHKeHepHH MeToaun Ha PHK antamepu n
aIIOCTepUYHH PHOO3UMH, KOUTO ca 1o0pe ycTaHoBeHU. Te3u MeTou BKirouBaT CucTeMaTuyHa
€BOJIIOLIMS Ha JIMTaH/IM Ype3 eKCcroHeHnuanHo odoratsBane (SELEX) u uzuncnurenen qu3ainH
Ha JIOCTepUYHH puOO3UMH U antamepu. OOChIUXME ChIIO TaKa pa3jIMuHU MPUIIOKEHUS Ha
aJIIOCTEpUYHH pUOO3MMH 3a CUHTETUYHA peryianus Ha reHHara excripecus, PHK u3zuucnenus,

6I/IOCCH30pI/I U OTKpHUBAHC Ha JICKApPCTBA. O6C’B)K,I[8.Me ChbIIO MPUIOKCHUATA Ha BBHIIHO



HAaCOYBAHM IIOCIENOBAaTETHOCTH M AHTUCEHC OJMIOHYKJICOTUAM 3a HUHXUOMpaHEe Ha
cneunpuyan PHK in vivo, KOWTO IPOMEHAT TeHHaTa eKCIPECHsI U MOTaT J1a UMaT 3HAYUTEITHU

TCPAINICBTUYHU ITPUITOKCHUA.

Abstract

It is well established that RNA is a particularly suitable medium for engineering
molecular sensors such as RNA aptamers and allosteric ribozymes. They can be employed for
various biosensing applications such as synthetic control of gene expression, molecule
detection, drug discovery, and RNA computing. Besides, RNA sensors are proposed to be used
in different therapeutic applications. In this chapter, we present the main engineering methods
of RNA aptamers and allosteric ribozymes that are well established. These methods include
Systematic Evolution of Ligands by EXponential Enrichment (SELEX) and computation
design of allosteric ribozymes and aptamers. We also discussed various applications of
allosteric ribozymes for synthetic regulation of gene expression, RNA computing, biosensing,
and drug discovery. We also discuss the applications of external-guided sequences and
antisense oligonucleotides for the inhibition of specific RNAs in vivo that alters gene

expression and can have significant therapeutic applications.
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WHXeHEepCTBOTO HAa HYKEWHOBUTE KUCEIIMHU C€ € JIOKA3ajlo KaTo euKaceH HauWH 32
Ch37aBaHe Ha MOJICKYJSIPHU MPEBKIIOYBATEIM, KOWTO MOTraT Ja ycemaT W pearupar Ha
pa3IMYHU MOJIEKYJISIPHU CUTHAJIM KaKTo in vitro, Taka u in vivo (Breaker, 1997a). Kakto PHK
(Koizumi et al., 1999), taka u JIHK (Breaker, 1997b) monexkynu Morat na 0b1aT U3MOI3BAHU
3a U3rpaXKIaHe Ha MOJICKYISPHH OMOCEH30pH, M3IOJI3BAWKHU Pa3IMYHU HWHKEHEPHH METOIN
(Carmiet al., 1996; Tang and Breaker, 1997; Penchovsky and Breaker, 2005). TakuBa meToau
BKiouBaT CHUCTeMaTHYHA €BOJIONMS Ha JIMTaHAW Ype3 eKCIIOHEHIMAIHO o0oraTsBaHe
(SELEX) (Breaker, 1997a; Carmi et al., 1996), kakTo u pannonanex qu3aiit (Tang and Breaker,
1997) u n3uncnurenna cenexkuus (Penchovsky and Breaker, 2005; Penchovsky and Kostova,
2013; Penchovsky, 2012b, 2013a). Cen3zopute Ha 6azara Ha HykienHOBU kucenunu ca JJHK

i PHK afTaMCpu U pI/I6031/IMI/I. Pubo3umure MPUTECI)KABAT KaTAJIMTUYHA AKTUBHOCT, JOKATO



anTaMepuTe CEJIEKTUBHO CE CBBbP3BAT C II€JIEBU JIMTaHA. ATITaMepeH J0MeiH 1 pubo3uM MoraT
na ObJaT CIETH, U3MOI3BAMKHN U TPUTE METO/Ia, 33 J1a CE MOJIyYH aJIOCTEpUUYCH PHOO3UM.

B Ta3u rnasa onucBaMe BCHYKM OCHOBHM MHKEHEPHU METOAM U npwiiokeHus Ha PHK
anTamMepu M aloCTepUYHU pHOO3UMHU. AJIOCTepUYHHTE pPUOO3UMU MoraT Ja Obaar
MIPOEKTUPAHU J1a U3II'BJIHABAT CJIIOKHU JIOTHYECKH OMepaluu M0 MpeBAPUTEIHO ONpeaeseHU
HaunHH. AsoctepudynnTte pubo3umu u PHK anrtamepurte morar ga ce M3moni3Bar in vitro u in
vivo, nokaro nezokcupubozumute u JIHK anramepute ce wusmomsBar camo in  Vvitro
npuiokeHus. Tyk omucBaMe OCHOBHUTE IIOAXOAM 32 HWHKEHEPCTBO Ha aJOCTEPUYHU
prubo3uMH, KaTto Hampumep KommioTbpeH au3aiiH u SELEX, kakTo WM TeXHHUTE HACTOSIIH
npuioxenus B Hanoonorexuonoruute 1 PHK cunternunara 6uonorus. CpaBHsBaMe in Vvitro
1 in silico MeTou 3a CeNeKINs 3a MHKEHEPCTBO Ha pUOO3UMH, KaTto ce (poKycupaMme BHPXY
TEXHUTE TMpeIuMCTBA H Obp3u MbTHINA. PasrinexaaMe OCHOBHUTE TPUIIOKEHUS Ha
MPOEKTUPAHUTE PUOO3UMHU U MOJIEKYIIPHUTE OMOCEH30PH.

[Ipe3 nocnennute 10 roguHu MPOEKTUPAHUTE PUOO3UMU Ca YCIIEIIHO U3I0I3BAaHU KaToO
MOJICKYJISIPHU OHMOCEH30pH, HW3YHMCIMTEIHH YCTPOHCTBA W EIIEMEHTH 3a TE€HEH KOHTPOI.
AnocrepuuHuTe puOO3UMHU MOTaT Ja ce Mpujarat 3a Ha0roAeHne Ha Maiku Mmosiekynu u JJTHK
u PHK onuromepu B cnoxxuu cmecu. Te ce u3mon3BaT 3a KOHTPOJIMPaHe Ha TeHHATa eKCIPecust
KakTO B €yKapuOTH, Taka W B NPOKapuoTH. Hali-HOBOTO INpHIOKEHHE HA IHU3aNHEPCKUTE
pub0O3UMH MOKE€ J1a KOHCTpyHMpa MOJIEKYJISIPHU H3YHCIUTEIHU YCTPONCTBA, BKIIIOUUTEIHO
TaKMBa CJIOXXHU Jorudyecku ¢yHkuuu. OOCHKIAaMe ChIIO0 Taka pPa3IU4YHU MEXaHU3MH Ha
JieicTBUE Ha aHTHUCEHC OJIMTOoHYKIeoTUIN (ASO) M BBHIIHO HACOYEHHU MOCIEI0BATEITHOCTH
(EGS) 3a cnenuduyno 3a nocnenosarenHoctra HacouBaHe Ha PHK in vivo, koeTo Moxe na
M3KJTI0UM ekcrpecusita Ha rnenesute reHu (Penchovsky and Traykovska, 2015; Penchovsky and

Traykovska, 2016).

Abstract

Nucleic acid engineering has proven to be an efficient way to produce molecular
switches that can sense and react to various molecular signals both in vitro and in vivo (Breaker,
1997a). Both RNA (Koizumi et al., 1999) and DNA (Breaker, 1997b) molecules can be used to
build molecular biosensors using different engineering methods (Carmiet al., 1996; Tang and
Breaker, 1997; Penchovsky and Breaker, 2005). Such methods involve Systematic Evolution
of Ligands by EXponential Enrichment (SELEX) (Breaker, 1997a; Carmi et al., 1996), as well
as a rational design (Tang and Breaker, 1997) and computational selection (Penchovsky and
Breaker, 2005; Penchovsky and Kostova, 2013; Penchovsky, 2012b, 2013a). Nucleic acid-



based sensors are DNA or RNA aptamers and ribozymes. Ribozymes possess catalytic activity
while aptamers selectively bind a target ligand. An aptamer domain and a ribozyme can be
fused using all three methods to obtain an allosteric ribozyme.

In this chapter, we describe all primary engineering methods and applications of RNA
aptamers and allosteric ribozymes. Allosteric ribozymes can be engineered to execute complex
logical operations in predefined ways. The allosteric ribozymes and the RNA aptamers can be
employed in vitro and in vivo, while the deoxyribozymes and the DNA aptamers are used in
vitro applications only. Herein, we describe the major approaches for engineering allosteric
ribozymes, such as computational design and SELEX, and their current nanobiotechnology and
RNA synthetic biology applications. We compare in vitro and in silico selection methods for
engineering ribozymes focusing on their advantages and shortcuts. We review the main
applications of designer ribozymes molecular biosensors.

In the last 10 years, designer ribozymes have been successfully employed as molecular
biosensors, computing devices, and gene control elements. Allosteric ribozymes can be applied
to sense small molecules and DNA and RNA oligomers in complex mixtures. They are
employed for controlling gene expression in both eukaryotes and prokaryotes. The latest
application of designer ribozymes can construct molecular computing devices, including such
complex logical functions. We also discuss various mechanisms of action of antisense
oligonucleotides (ASOs) and external-guided sequences (EGSs) for sequence-specific targeting
of RNAs in vivo that can switch off the expression of targeted genes (Penchovsky and
Traykovska, 2015; Penchovsky and Traykovska, 2016).

16. Mapruna TpaiikoBcka, PoGeprt IlenuoBcku, I'maa II: Mexanu3mu Ha
Bb3HMKBaHE U Pa3NPOCTPAHEHHE HA AHTHOMOTHYHA PEe3UCTEHTHOCT (0T cTp. 42 10 cTp.
62) ot ,,JJABAWH HA AHTUCEHC OJIMTOHYKJIEOTHU/IU U TPUJIOKEHUETO
UM KATO AHTUBAKTEPUAJIHU AT'EHTU: ITIPUHIOUIIN, MEXAHU3MHU HA
JEMCTBUE U NPEJU3BUKATEJCTBA“ ISBN 978-954-07-6132-9

Pe3rome

[Ipe3 mocnemHUTE HAKOJIKO JECETUIICTUS AHTUOMOTHYHATa pe3ucTeHTHOCT (AP;
antibiotic resistance — AR) ce ouepraBa Karo 3HAYUTEIHO TPEAU3BHKATEICTBO 32
ChBpEMEHHATa MEIUIIMHA TIOPAId HapaCTBAHETO Ha OPOsI HAa MATOTEHHH OAKTEPHATHH IIIaMOBE,
YCTOMYMBH KbM BCHYKH H3BECTHH aHTHOMOTHIM. CMBPTHOCTTa Ha XOpa, NMPUYMHEHA OT
PE3UCTCHTHH OaKTepHaHU IIAMOBE, B CBETOBCH Mallad HapacTBa, a YCIOPEIHO C TOBa CE

IIOBHIIIaBa HGO6XOI[I/IMOCTT3. OT Chb3JaBaHC HAa HOBHU aHTI/I6I/IOTI/II_II/I. B Ttasu MOHOl"pa(I)I/IH ca



OTHMCAaHU METOJIWUTE 3a Chb3JaBaHe Ha aHTHUceHC onuronykiaeoruau (ACO-u) Kato HOBH
aHTHOAKTepUAITHU areHTH, MEXaHW3MHUTE Ha TAXHOTO JCHCTBUE M NpPEAM3BUKATENCTBAaTa 32
texautre mnpuioxeHus. ACO-ute ca NOpPOEKTHpaHU CHenuUIHO J1a Cce CBBP3BAT C
pHOONpPEBKIOYBATENIN, KOUTO CE HAMUPAT B F€HOMA Ha MOYTH BCUYKHU MAaTOI€HHU OaKTepuu.
IToBeueto GakTepuanHu pUOOIPEBKIIIOYBATENIM Ca PA3MOJIO0KEHN B 5'-HETpAaHCIUPAaHUs paiioH
(5'-HTP; 5’ -untranslated region — 5'-UTR) Ha unpopManmoHHH pUOOHYKICUHOBU KHUCEITMHU
(uPHK; messenger RNAs — mRNAs). [ToBeueTo oT X (QyHKIHMOHHpAT KaTO aJOCTEPUUHU
LUC-JeCTBAIM eIEMEHTH, KOHTPOJIUPAIIY TeHHATa eKCIIPECHs Ha BaKHU 3a OAKTEpHsITa TeHH.
Jlo nHec HAMA JaHHU 3a OTKPUTU PUOONPEBKIIOYBATENN B YOBELIKUSA I€HOM, KOETO 'Y IIPaBU
MO/IXO0JIs1]a MUILIEHA 32 Ch3/l1aBaHE HA HOBU aHTUOAKTEpPHAJIHU areHTu. Te peryiaupar CUHTE3a
Ha )KU3HEHOBAXXHU KJIETHYHU META0O0JIUTU B pa3JIMYHU NATOTCHHU OaKTEpUU IO MEXaHU3Ma Ha
oOpaTHaTa HeraTMBHa Bpb3Ka — CBBP3BAT C€ JUPEKTHO C KpalHUS METaboIUT OT
OuocuHTeTMYHMS NbT. KOHTpPONBT Ha TreHHaTa eKCHPecUs Ce€ OCBILECTBsIBA Ha HHBO
TPAHCKPUILMS WK TpaHciaauus. YUpes u3nos3BaHe Ha pUOONPEBKIIIOUBATEIN KAaTO MUIIEHU
HUE pa3padoTBaMe WHOBATUBHU CTPATETHH 32 Ch3JAaBaHE Ha HOBU aHTHOAKTEPHAIHH arcHTH,
KOUTO OMXa MOIJIM J1a Ce U3IOJI3BAT U CPELy PE3UCTEHTHU KbM aHTHOMOTUIM OakTepuu. Tosa
JIONIPUHACS 3a Pa3BUTHETO HA MO-€PEKTUBHU METO/M 3a Ch3/1aBaHE HA HOBU aHTUOAKTEPHATIHU
arentu. IlpencraBeHusT B HacTosiiaTa MOHOrpadus MHOBATUBEH IIOAXOJl C€ OCHOBaBa Ha
paiyoHaneH Au3aiiH U npuiokeHue Ha xumepHu ACO-u Karo aHTHOAKTEpUAIHU areHTH.
JuzaitnbT Ha ACO-uTe ce 6a3upa Ha U3LII0 OMOMH(DOPMATHYEH aHATTU3, Ype3 KOMTO Mperu3Ho
ce ompeiensi HyKJICOTUAHATA UM MOCIIEJ0BATEHOCT € LEJ CIIEU(PUYHO CBBP3BaHE C TAPTeTHUS
pubonpeskiatouBaresn. ACO-ute ca XUMUYECKH MOAU(UIMPaHH, 3a Ja c€ MOBUIIM TAXHATa
€(eKTUBHOCT, KAKTO U YCTOMUMBOCT CIIPSIMO JI€MCTBUETO Ha HYKJI€a3HUTE EH3UMHU B KJIETKaTa.
Ocgen ToBa ACO-ute ce cBbp3BaT ¢ kierbuHo nponuksan] nentusa (KIIIT; cell penetrating
peptide — CPP), upe3 koHTO MPOHHMKBAT B KJeTKara — KakTo B [ 'pam-orpuiarentu u ['pam-
MOJIOXKUTETTHU OaKTepHH, Taka U B €yKapuOTHHU KJeTKU. OcBeH paunoHanHus auzaitH Ha ACO-
1 HUe n30rupame KOHKPETHU puOOIIPEBKII0YBATENN KATO MULIIEHH 32 TAX 110 YUCTO pAallMOHATIHU
OouonH(pOpMaTHUHU KpuUTepuu. Tazu MoHorpadus pasriexja BCHUKH OCHOBHH aCHEKTH Ha
MOTEHIMATHOTO Ch3/AaBaHE M H3IMOJI3BAHE HA aHTHOMOTHIM Tpe3 NMpuU3MaTa Ha AHTHUCEHC
OJIMTOHYKJIEOTH/IHATA TEXHOJIOTHSI KaTO HOBA IVIEJHA TOYKA.

Ta3zu nyOnukamust mpelcTaBisiBa HayyHa MOHorpagus, KakTo € oTOans3aHo B
MMCMEHUTE CTAaHOBHUIA HA TPUMaTa HAay4yHU peleH3eHTH. Ts e HamucaHa B CbOTBEHCTBHUE C

OBJIT APCKUTC HOPMATUBHUTC U3NCKBAHUS 3a MOHOPpa(I)I/IH.



Abstract

Over the past few decades, antibiotic resistance (AR) has emerged as a significant
challenge for modern medicine due to the spread of the many pathogenic bacterial strains
resistant to all known antibiotics. As a result, the human mortality rate caused by antibiotic-
resistant bacterial strains is growing worldwide. Thus, there is a need to develop new
antibiotics. This monograph describes methods for creating antisense oligonucleotides (ASOs)
as new antibacterial agents, the mechanisms of their action, and the challenges for their
applications. ASOs are explicitly designed to bind riboswitch RNAs, which are present in the
genome of almost all pathogenic bacteria. Most bacterial riboswitches are located in the 5'-
untranslated region (5'-UTR) of messenger ribonucleic acids (MRNAs; RNAs — mRNAS). Most
of them function as allosteric cis-acting elements controlling the gene expression of essential
bacterial genes. There is no evidence that riboswitches are found in the human genome, making
them suitable targets for developing new antibacterial agents. Riboswitches regulate the
synthesis of vital cellular metabolites in various pathogenic bacteria by negative feedback —
they bind directly to the final metabolite of the biosynthetic pathway.

The control of gene expression is carried out at a transcriptional or translational level.
Using riboswitches as targets, we develop innovative strategies for developing new
antibacterial agents that could be used against antibiotic-resistant bacteria. That contributes to
creating more efficient methods for developing new antibacterial agents. This monograph
presents an innovative approach based on the rational design and application of chimeric ASOs
as antibacterial agents. The design of the ASOs is based on entirely bioinformatic analyses,
through which their nucleotide sequence is precisely determined to bind to the target riboswitch
specifically. ASOs are chemically modified to increase their effectiveness and resistance to the
effects of nuclease enzymes in the cell. The ASOs are attached to cell-penetrating peptide
(CPP), through which they can penetrate the cell in Gram-negative and Gram-positive bacteria
and eukaryotic cells. In addition to the rational design of ASOs, we choose specific riboswitches
as targets based on purely rational bioinformatics criteria. This monograph examines all the
significant aspects of the potential creation and use of antibiotics through the prism of antisense
oligonucleotide technology.

This publication is a scientific monography, as noted in the written opinions of the three

scientific reviewers. It is written under the Bulgarian normative requirements for a monography.



17. Mapruna TpaiikoBcka, Pobepr IlenuoBcku, I'maBa 1V: Bakrepuajanure
pHuOONpeBK/IIOYBATEIM KAaTO HOBH MHIIEHHM 32 Cb3JaBaHe HAa AHTHOAKTEPHAJIHH
aekaperBa (ot crp. 70 o crp. 103) or ,JU3AMH HA AHTHUCEHC
OJIMI'OHYKJIEOTHU n INPHJIOKEHHUETO nm KATO
AHTUBAKTEPUAJIHU ATEHTH: IPUHIIATINA, MEXAHU3MHU HA IECTBHUE
N NPEJAN3BUKATEJICTBA“ ISBN 978-954-07-6132-9

Pe3rome

[Ipe3 moCIeaHUTE HIKOJIKO JECETHJICTUS AaHTHOMOTHYHATa pPe3ucTeHTHOCT (AP;
antibiotic resistance — AR) ce ouepraBa Karo 3HAYMUTECIHO MPEAU3BHKATEICTBO 3a
ChBpEeMeHHaTa MeJUIMHA TOpaJu HapacTBaHETO Ha OpOsl Ha MATOreHHU OAKTEpUAIHHU I1aMOBE,
YCTOWYMBU KbM BCHYKH HM3BECTHH aHTHOMOTHIM. CMBPTHOCTTA Ha XOpa, NMPHYMHEHA OT
pe3UCTEHTHU OaKTepHaHU 11aMOBE, B CBETOBEH Mallad HapacTBa, a YCIOPEAHO C TOBa Ce
MOBUIIIaBa HEOOXOIMMOCTTA OT Ch3/JaBaHE HA HOBU aHTHOWOTHIM. B Tazu moHorpadus ca
OMKMCAaHU METOJUTE 3a Ch3/aBaHe Ha aHTUceHC onuronykieotuan (ACO-u) KaTo HOBU
aHTHOAKTepUAIIHA areHTH, MEXaHW3MHTE Ha TAXHOTO JICWCTBHUE W TNPEAM3BUKATEIICTBATA 32
texautre mnpunoxkeHus. ACO-uTe ca TPOCKTUPAHU CcrenuPuuHO Ja Ce CBBP3BAT C
pUOOIPEBKIIOYBATENN, KOUTO C€ HAMHUPAT B TEHOMA HA MOYTH BCHUYKH MATOTCHHH OaKTEepHH.
[ToBeuero GakTepuamIHu pUOONPEBKIIIOYBATENN Ca PA3MIONIOKEHH B 5'-HETpaHCIHPAHUs pailoH
(5'-HTP; 5’ -untranslated region — 5'-UTR) Ha unpopManmoHHr pUOOHYKICUHOBU KHUCEIMHU
(MPHK; messenger RNAs — mRNAs). IloBeueTo oT TAx (QyHKIMOHHpAT KATO alOCTEPUUHU
1M C-IeUCTBAIIH €IeMEHTH, KOHTPOIUPAIIY FT'eHHATa eKCIIPeCcHs Ha Ba)KHU 3a OaKTepHsITa TeHU.
Jlo nmHec HsMa JaHHU 32 OTKPUTH PUOOMPEBKIIOUBATEIH B YOBEIIKHS T€HOM, KOETO TH MPaBU
MO/IXOJIA1]a MUILIEHA 32 Ch3/l1aBaHE HAa HOBHM aHTHOAKTEpHallHU areHTu. Te perynupaT cuHTe3a
Ha )KU3HEHOBAXKHU KJIETHYHU META0OIUTH B PA3JIMYHU MATOTEHHU OAKTEPUH 10 MEXaHU3Ma Ha
oOpaTHaTa HeraTMBHa BpB3Ka — CBBP3BAT C€ JUPEKTHO C KpaHUS METaboIHuT OT
OnocuHTeTHYHUS MHT. KOHTPONBT Ha TEeHHATa EKCIpPECUs Ce OCHIIEeCTBABA Ha HHUBO
TPAHCKPUILMS WIN TpaHcnanus. Ype3 u3nosi3BaHe Ha pUOONPEBKIIOUBATENN KATO MUIIEHU
HUE pa3paboTBaMe MHOBATUBHU CTPATETHH 3a CHh3J]aBaHE HA HOBU aHTHMOAKTEPHAIHH areHTH,
KOUTO OMXa MOTJIH JIa Ce U3MOI3BaT U CPEIly PE3UCTEHTHU KbM aHTUOHOTHIM OakTepuu. ToBa
JIOTIPUHACS 32 PA3BUTHETO HA MO-e(DEKTUBHU METO/HM 32 Ch3/laBaHe HAa HOBU aHTHOAKTEpUATHU
arentu. [IpencraBeHUAT B HacTosIiaTa MOHOTpadus WHOBATHBEH IOAXOJl C€ OCHOBaBa Ha
panMoHaNeH Au3aiH W npwioxkeHue Ha xumepHu ACO-u kato aHTHOAKTepUaHU areHTH.
Huzaitabt Ha ACO-HTe ce 6a3upa Ha U3III0 OMOMH(OPMATHYCH aHAIU3, YPe3 KOUTO MPEITU3HO

CC OIIpCALCIIA HYKJIICOTHAHATA UM ITOCIICAOBATCIHOCT € LCJI CHCLII/I(I)I/I‘-IHO CBBP3BAHC C TAPI'CTHUSA



pubonpepkatouBaren. ACO-ute ca XUMHUECKH MOAU(MUIIMPAHHU, 32 Ja CE MOBHUIIHU TIXHATA
€(EKTUBHOCT, KAKTO U YCTOWYMBOCT CIIPSIMO JICHCTBUETO Ha HYKJICA3HUTE EH3UMH B KJIETKATa.
Ocgen ToBa ACO-ute ce cBbp3BaT ¢ kierbuno nponuksan] nentua (KIIIT; cell penetrating
peptide — CPP), upe3 KOHWTO MPOHUKBAT B KJIETKAaTa — KakTo B I'paM-orpumarennu u I'pam-
MOJIOXKUTETHU OaKTEpHUH, TaKa U B €yKapUOTHU KiieTkr. OCBeH parmoHaHus qu3aiiH Ha ACO-
Y HUe n30upame KOHKPETHH pUOOIIPEBKIIIOYBATEIIN KATO MUIIICHH 32 TSAX 110 YUCTO PAIlMOHATTHU
ononH(popMaTHIHN KpuTepuu. Ta3zu MoHorpadusi pasriekaa BCHUYKH OCHOBHHM aCIEKTH HA
MOTEHIIMATHOTO Ch3/IaBaHE W U3IIOJI3BAaHE HA AaHTUOMOTUIM TMpe3 MpU3MaTa Ha aHTHUCEHC

OJIMTOHYKJICOTHIHATA TCXHOJIOIWA KAaTO HOBA I'JICAHA TOYKaA.

Ta3zu nyOnukanus mOpelcTaBisiBa HayyHa MoOHorpagus, KakTo € oTOais3aHo B
MMCMEHUTE CTAaHOBHUIA HA TPUMaTa HAayyHU pelieH3eHTH. Ts € HamucaHa B CbOTBEHCTBUE C

6’[>J'II‘apCKI/ITe HOPMATUBHUTC U3MCKBAHHA 3ad MOHOI‘pa(bI/IH.

Abstract

Over the past few decades, antibiotic resistance (AR) has emerged as a significant
challenge for modern medicine due to the spread of the many pathogenic bacterial strains
resistant to all known antibiotics. As a result, the human mortality rate caused by antibiotic-
resistant bacterial strains is growing worldwide. Thus, there is a need to develop new
antibiotics. This monograph describes methods for creating antisense oligonucleotides (ASOs)
as new antibacterial agents, the mechanisms of their action, and the challenges for their
applications. ASOs are explicitly designed to bind riboswitch RNAs, which are present in the
genome of almost all pathogenic bacteria. Most bacterial riboswitches are located in the 5'-
untranslated region (5’-UTR) of messenger ribonucleic acids (MRNAs; RNAs — mRNAs). Most
of them function as allosteric cis-acting elements controlling the gene expression of essential
bacterial genes. There is no evidence that riboswitches are found in the human genome, making
them suitable targets for developing new antibacterial agents. Riboswitches regulate the
synthesis of vital cellular metabolites in various pathogenic bacteria by negative feedback —
they bind directly to the final metabolite of the biosynthetic pathway.

The control of gene expression is carried out at a transcriptional or translational level.
Using riboswitches as targets, we develop innovative strategies for developing new
antibacterial agents that could be used against antibiotic-resistant bacteria. That contributes to
creating more efficient methods for developing new antibacterial agents. This monograph
presents an innovative approach based on the rational design and application of chimeric ASOs

as antibacterial agents. The design of the ASOs is based on entirely bioinformatic analyses,



through which their nucleotide sequence is precisely determined to bind to the target riboswitch
specifically. ASOs are chemically modified to increase their effectiveness and resistance to the
effects of nuclease enzymes in the cell. The ASOs are attached to cell-penetrating peptide
(CPP), through which they can penetrate the cell in Gram-negative and Gram-positive bacteria
and eukaryotic cells. In addition to the rational design of ASOs, we choose specific riboswitches
as targets based on purely rational bioinformatics criteria. This monograph examines all the
significant aspects of the potential creation and use of antibiotics through the prism of antisense
oligonucleotide technology.

This publication is a scientific monography, as noted in the written opinions of the three

scientific reviewers. Itis written under the Bulgarian normative requirements for a monography.

18. MapTuna TpaiikoBcka, Pooept IlenuoBcku, I'taBa V: BujoBe aHTHCeHC
OJIMTOHYKJICOTH/IH, MEXaHU3MHU HA el CTBHE, CTA0WIHOCT U npuJioxenue (ot crp. 104
mo crp. 111) or ,JU3AMH HA AHTHCEHC OJMIOHYKJEOTHIH W
MNPUJIOKEHUETO UM KATO AHTUBAKTEPUAJIHU ATEHTHW: ITIPUHIIUIINA,
MEXAHM3MHU HA JJEMCTBUE U IPEJU3BUKATEJICTBA“ ISBN 978-954-07-
6132-9
Pe3rome

[Ipe3 mnocneaHuTe HAKOJIKO JECETHIICTHS aHTUOMOTHYHATa pe3ucTeHTHOCT (AP;
antibiotic resistance — AR) ce ouepraBa Karo 3HAYMUTEIHO TPEAU3BHKATEICTBO 32
ChBpEMEHHaTa MeJUIHA TOPaJAX HapacTBaHETO Ha Oposl Ha MaTOre€HHU OAKTEpUAIHHU I11aMOBE,
YCTOMYMBU KBM BCHYKM H3BECTHM aHTHOMOTHUIM. CMBPTHOCTTA Ha XOpa, NMPUYMHEHA OT
PE3UCTEHTHH OaKTepHaJHHU LIaMOBE, B CBETOBEH Mallad HapacTBa, a YCIOPEIHO C TOBa Ce
MOBHUIIIABa HEOOXOIMMOCTTAa OT Ch3JaBaHe Ha HOBU aHTHOMOTHIIM. B Tasum monorpadus ca
ONMCAaHW METOJUTE 3a Ch3JlaBaHEe Ha aHTHUceHC onuronykieotuan (ACO-u) kaTo HOBU
aHTHOAKTepUAJIHU areHTH, MEXaHW3MHUTE Ha TAXHOTO JeHCTBUME M NpeAU3BUKATENCTBAaTa 3a
TexHute mnpuiokeHus. ACO-ute ca NpoeKTHpaHM CHEeHU(PUYHO Jla Ce CBBP3BAT C
pUOOIIPEBKIIOYBATENN, KOUTO C€ HAMUPAT B TEHOMA HA NOYTH BCUYKM MATOI€HHHU OaKTEepHH.
[ToBeuero GakTepuaaIHU pUOONPEBKIIIOYBATENN Ca PA3NONIOKEHH B 5'-HETpaHCIMpaHus pailon
(5'-HTP; 5’ -untranslated region — 5'-UTR) Ha uH(popManmoHHH pUOOHYKIEUHOBU KUCEITHMHU
(uPHK; messenger RNAs — mRNAs). [ToBeueTo oT TIX (pyHKIIMOHUpPAT KAaTO aJOCTEPUYHU
LUC-JIeMCTBAIIN eIEMEHTH, KOHTPOJIUPAIIM TeHHATa eKCIIpechs Ha BaKHU 3a OAKTEepHsITa TeHH.
Jlo nHec HsMa JaHHU 32 OTKPUTH PUOOMPEBKIIOUBATEIN B YOBEIIKHS T€HOM, KOETO 'Y MTPaBu
MOJIXO/IA1a MUILIEHA 32 Ch3/laBaHE HA HOBHM aHTHOAKTEpHUAHU areHTu. Te perynupar cuHTesa

Ha YKU3HEHOBAXKHHU KJICTHYHU METa0OIUTH B Ppa3JIndYHU NMAaTOTCHHU 6aKTepI/II/I IO ME€XaHHu3Ma Ha



oOpaTHaTa HeraTMBHa Bpb3Ka — CBBpP3BAT C€ JUPEKTHO C KpalHUS METaboIUT OT
OuocuHTeTHYHUS THT. KOHTPONBT Ha TeHHAaTa EeKCIOPeCHsl Ce OCHIIECTBSIBA Ha HHUBO
TPAHCKPHIILUS WIM TpaHciauus. Ype3 M3Mos3BaHe HA PUOONMPEBKIIOUBATENN KATO MHILIEHH
HUE pa3paboTBaMe MHOBATUBHU CTPATErHH 3a Ch3JaBaHe Ha HOBH aHTUOAKTEpUATHH areHTH,
KOUTO OMXa MOTJIM Jla Ce U3MOI3BaT U CPEIly Pe3UCTEHTHU KbM aHTUOHOTUIM OakTepuu. ToBa
JONIPUHACS 32 PAa3BUTHETO HA MO-(EKTHUBHU METO/IM 32 Ch3/1aBaHE HAa HOBU aHTUOAKTEPHAITHH
areHTH. [IpencraBeHusT B HacTosaTa MOHOTrpadusi WHOBATHUBEH IMOAXOJ Ce OCHOBaBa Ha
paioHaneH aAu3aiiH U npuiokeHue Ha xumepHu ACO-u karo aHTHOAKTEpUAIHU arcHTH.
Huzaitabt Ha ACO-HTe ce 6a3upa Ha U3III0 OMOMH(OPMATHYCH aHAIU3, YPe3 KOUTO MPEIU3HO
ce ompeenisi HyKJICOTHAHATA UM TIOCIIEI0BATEIHOCT C LEJ CIIEIU(PHUIHO CBBP3BAHE C TAPTETHHUS
pubonpeskirouBaren. ACO-ute ca XMMHYECKH MOTU(PHUIMPAHU, 32 Ja Ce MOBHIIM TSAXHATA
€(eKTUBHOCT, KAKTO U YCTOMUMBOCT CIIPSIMO JCHCTBUETO HAa HYKJI€a3HUTE EH3UMHU B KJIETKATA.
Ocsen ToBa ACO-ute ce cBbp3Bat ¢ kiaerbuHo nponuksan] nentun (KIII; cell penetrating
peptide — CPP), upe3 KOWTO MPOHUKBAT B KJETKaTa — KakTo B I'paM-orpuiaresnu u I'pam-
MOJIOXKUTEITHU OaKTEepHHU, TaKa U B €yKapuOTHHU KiIeTkU. OcBeH paunoHaiHus au3aiid Ha ACO-
Y HUe u30upame KOHKPETHU pUOOIIPEBKIIOYBATENN KATO MUIIICHH 32 TSAX M0 YUCTO PAllMOHATTHU
ououHpopMaTnyHu Kputepuu. Taszu mMoHorpadus pasriexja BCHUKH OCHOBHHU ACHEKTH Ha
MOTEHIIMATHOTO Ch3JAaBaHE M H3IOJI3BAHE HA AHTHOMOTHIM Tpe3 TpU3MaTa Ha AHTUCEHC

OJIMT'OHYKJICOTHAHATA TEXHOJIOTHA KAaTO HOBA I'JICAHA TOYKaA.

Ta3um mnyOnukanus MpeacTaBisiBa HaydHa MOHOrpadus, KakTo € oTOans3aHo B
MUCMEHUTE CTAaHOBMILA Ha TpUMaTa HAyYHMU pEIeH3eHTU. 15 € HamucaHa B ChOTBEHCTBHE C

OBJATrapcKUTEe HOPMATUBHUTE U3UCKBAaHUS 32 MOHOTrpadus.

Abstract

Over the past few decades, antibiotic resistance (AR) has emerged as a significant
challenge for modern medicine due to the spread of the many pathogenic bacterial strains
resistant to all known antibiotics. As a result, the human mortality rate caused by antibiotic-
resistant bacterial strains is growing worldwide. Thus, there is a need to develop new
antibiotics. This monograph describes methods for creating antisense oligonucleotides (ASOs)
as new antibacterial agents, the mechanisms of their action, and the challenges for their
applications. ASOs are explicitly designed to bind riboswitch RNAs, which are present in the
genome of almost all pathogenic bacteria. Most bacterial riboswitches are located in the 5'-
untranslated region (5’-UTR) of messenger ribonucleic acids (MRNAs; RNAs — mRNAS). Most

of them function as allosteric cis-acting elements controlling the gene expression of essential



bacterial genes. There is no evidence that riboswitches are found in the human genome, making
them suitable targets for developing new antibacterial agents. Riboswitches regulate the
synthesis of vital cellular metabolites in various pathogenic bacteria by negative feedback —
they bind directly to the final metabolite of the biosynthetic pathway.

The control of gene expression is carried out at a transcriptional or translational level.
Using riboswitches as targets, we develop innovative strategies for developing new
antibacterial agents that could be used against antibiotic-resistant bacteria. That contributes to
creating more efficient methods for developing new antibacterial agents. This monograph
presents an innovative approach based on the rational design and application of chimeric ASOs
as antibacterial agents. The design of the ASOs is based on entirely bioinformatic analyses,
through which their nucleotide sequence is precisely determined to bind to the target riboswitch
specifically. ASOs are chemically modified to increase their effectiveness and resistance to the
effects of nuclease enzymes in the cell. The ASOs are attached to cell-penetrating peptide
(CPP), through which they can penetrate the cell in Gram-negative and Gram-positive bacteria
and eukaryotic cells. In addition to the rational design of ASOs, we choose specific riboswitches
as targets based on purely rational bioinformatics criteria. This monograph examines all the
significant aspects of the potential creation and use of antibiotics through the prism of antisense
oligonucleotide technology.

This publication is a scientific monography, as noted in the written opinions of the three

scientific reviewers. It is written under the Bulgarian normative requirements for a monography

19. Maprtuna TpaiikoBcka, PoGept [lenuoBcku, I'maBa VI: ®@akropu, Biausiemu
BbPXY TepaNeBTUYHATA AKTHBHOCT HA AaHTHCEHC OJIMTOHYKJIeoTHu (ot cTp. 112 10 cTp.
120, or ,JU3AMH HA AHTHCEHC OJIMTOHYKJEOTHIU W
IMPHJIOXKEHUETO UM KATO AHTUBAKTEPUAJIHU ATEHTHU: ITPUHIIUIIN,
MEXAHHU3MHU HA JEACTBUE U NMPEJIU3BUKATEJCTBA“ ISBN 978-954-07-
6132-9

Pe3rome

[Ipe3s mocnegHUTE HIKOJIKO JECeTHJIETUSI aHTUOMOTHYHATa pe3ucTteHTHocT (AP;
antibiotic resistance — AR) ce ouepraBa Karo 3HAYUTEIHO TPEAU3BHKATEICTBO 32
ChBpEeMEHHaTa MeJUIMHA TOpaJ HapacTBaHETO Ha OpOsl HA MATOreHHU OAKTEpUATHHU IIIaMOBE,
YCTOMYMBH KBM BCHYKM W3BECTHH aHTUOMOTUIM. CMBPTHOCTTa Ha XOpa, NMPUYHMHEHA OT
pEe3UCTEHTHH OaKkTepHaliHU IIaMOBE, B CBETOBEH Mam[ad HapacTBa, a YCHOPEAHO C TOBa ce
MOBUIIIaBa HEOOXOIMMOCTTAa OT Ch3JaBaHe Ha HOBW aHTHOMOTHIIM. B Tasm monorpadwus ca

ONMMCaHU METOJUTE 3a Ch3JaBaHEe Ha aHTUCeHC onuronykieotuau (ACO-u) Kato HOBHU



aHTUOAKTEpUAJIHU areHTH, MEXAaHW3MHUTE Ha TAXHOTO JEHCTBHE M IpEeIU3BUKATEIICTBATA 32
texautre mnpuioxeHus. ACO-ute ca NPOEKTHpaHU CHenUUIHO J1a Cce CBBP3BAT C
pUOONIPEBKIIIOYBATENN, KOUTO CE HAMHUPAT B T€HOMA HA MOYTH BCUYKH MATOTCHHU OaKTEpUU.
IToBeueto GakTepuanHu puOOIPEBKIIIOYBATEIM Ca PA3MOJIO0KEHH B 5'-HETPAHCIUPAHUS PalioH
(5'-HTP; 5’ -untranslated region — 5’-UTR) na nHpopMarMoOHHA pUOOHYKICHHOBU KHUCETHHH
(uPHK; messenger RNAs — mRNAs). [ToBeueTo oT TIX (pyHKIHOHUpPAT KAaTO aJOCTEPUUHU
[IUC-TEICTBAIIN eIEMEHTH, KOHTPOJIUPAIIH TeHHATa eKCIIpecHs Ha BaXKHU 3a OaKTepusiTa TeHU.
Jlo nHec HAMA JaHHU 3a OTKPUTU PUOONPEBKIIOYBATENN B YOBELIKUSA I€HOM, KOETO 'Y IIPaBU
MOJIXOASIa MULIIEHA 33 Ch3/JaBaHE HA HOBU aHTUOAKTEpUAIHU areHTH. Te peryaupaTr cuHTe3a
Ha )KU3HEHOBAXXHU KJIETHYHU META0O0JIUTU B pa3JIMUYHU NATOT€HHU OaKTEpUU 10 MEXaHU3Ma Ha
oOpaTHaTa HeEraTMBHa BpB3Ka — CBBP3BAT C€ JAUPEKTHO C KpaWHUS METabOoIHUT OT
OuocuHTeTMYHUS NbT. KOHTPONBT Ha reHHaTa eKCHPecUsl C€ OCBIIECTBsIBA Ha HHBO
TPAHCKPUMLKS UM TpaHchaauus. Upe3 u3nos3BaHe Ha pUOONPEBKIIOYBATENN KATO MHILEHH
HUE pa3paboTBaMe MHOBATUBHU CTPATErHM 3a Ch3JaBAaHE HA HOBU aHTUOAKTEpUAIHU areHTH,
KOUTO OMXa MOTJIM /1a Ce U3IOJI3BAT M CPEIy PE3UCTEHTHN KbM aHTHOMOTUIN OakTepuu. ToBa
JIONIPUHACS 3a Pa3BUTHETO HA MO-€(PEKTUBHU METO/M 3a Ch3/1aBaHE HA HOBU aHTUOAKTEPHATIHU
areHTH. [IpencraBeHusAT B HacTosaTa MOHOrpadus MHOBATHUBEH IOJIXOJl CE€ OCHOBaBa Ha
painuoHaneH aAu3aiiH U npuiokeHue Ha xumepHu ACO-u Karo aHTHOAKTEpUAIHU AareHTH.
HNuzaitabt Ha ACO-uTe ce 6a3upa Ha U3IUI0 OMOMH(OPMATHYCH aHAJIU3, Ype3 KOWTO MPEIIU3HO
ce omnpeiensi HyKJICOTHAHATA UM TOCJIE0BATEHOCT C LeJT CIIELU(PUYHO CBbP3BaHE C TAPTreTHUS
pubonpeskiatouBaren. ACO-ute ca XUMHYECKH MOTUGUIMPAHM, 32 J]a Ce MOBMIIM TAXHATa
€(eKTUBHOCT, KAKTO U YCTOMUMBOCT CIIPSIMO JEHCTBUETO HA HYKJI€a3HUTE €H3UMHU B KJIETKaTa.
Ocsen ToBa ACO-ute ce cBbp3Bar ¢ kiaerbuHo nponukBau] nentusa (KIII; cell penetrating
peptide — CPP), upe3 koiTO MPOHHMKBAT B KJeTKara — KakTo B ['pam-orpuiarentu u ['pam-
MOJIOKUTEITHU OAKTEPHH, TaKa U B €yKapHOTHH KJeTkH. OcBeH paroHanHus qu3aitH Ha ACO-
U HUe n30rupame KOHKPETHU pUOOIIPEBKIIIOYBATENN KATO MULIIEHH 32 TSIX 10 YUCTO PALlMOHAIIHU
OouonHpopMaTnyHu KpuTepuu. Ta3zu MoHorpadusi pasriexja BCUUKHM OCHOBHM acCHEKTH Ha
MOTEHIMATHOTO Ch37aBaHE M H3IMOJI3BAHE HA AHTUOMOTUIM Tpe3 MpU3MaTa Ha AHTUCEHC

OJIMT'OHYKJICOTHUAHATA TCXHOJIOTHA KaTO HOBA I'ICAHA TOYKaA.

Ta3um mnyOnukanus MpencTaBisBa HaydHa MOHOTpadus, KakTo € oTOans3aHo B
MMCMEHUTE CTAaHOBHUIA HA TPUMaTa HAay4yHU peleH3eHTH. Ts e HamucaHa B CbOTBEHCTBHUE C

6T)HFapCKI/ITe HOPMAaTUBHUTEC U3NCKBAHUA 3a MOHOFpa(bI/IH.

Abstract



Over the past few decades, antibiotic resistance (AR) has emerged as a significant
challenge for modern medicine due to the spread of the many pathogenic bacterial strains
resistant to all known antibiotics. As a result, the human mortality rate caused by antibiotic-
resistant bacterial strains is growing worldwide. Thus, there is a need to develop new
antibiotics. This monograph describes methods for creating antisense oligonucleotides (ASOs)
as new antibacterial agents, the mechanisms of their action, and the challenges for their
applications. ASOs are explicitly designed to bind riboswitch RNAs, which are present in the
genome of almost all pathogenic bacteria. Most bacterial riboswitches are located in the 5'-
untranslated region (5’-UTR) of messenger ribonucleic acids (MRNAs; RNAs —mRNAs). Most
of them function as allosteric cis-acting elements controlling the gene expression of essential
bacterial genes. There is no evidence that riboswitches are found in the human genome, making
them suitable targets for developing new antibacterial agents. Riboswitches regulate the
synthesis of vital cellular metabolites in various pathogenic bacteria by negative feedback —
they bind directly to the final metabolite of the biosynthetic pathway.

The control of gene expression is carried out at a transcriptional or translational level.
Using riboswitches as targets, we develop innovative strategies for developing new
antibacterial agents that could be used against antibiotic-resistant bacteria. That contributes to
creating more efficient methods for developing new antibacterial agents. This monograph
presents an innovative approach based on the rational design and application of chimeric ASOs
as antibacterial agents. The design of the ASOs is based on entirely bioinformatic analyses,
through which their nucleotide sequence is precisely determined to bind to the target riboswitch
specifically. ASOs are chemically modified to increase their effectiveness and resistance to the
effects of nuclease enzymes in the cell. The ASOs are attached to cell-penetrating peptide
(CPP), through which they can penetrate the cell in Gram-negative and Gram-positive bacteria
and eukaryotic cells. In addition to the rational design of ASOs, we choose specific riboswitches
as targets based on purely rational bioinformatics criteria. This monograph examines all the
significant aspects of the potential creation and use of antibiotics through the prism of antisense
oligonucleotide technology.

This publication is a scientific monography, as noted in the written opinions of the three

scientific reviewers. It is written under the Bulgarian normative requirements for a monography



20. Mapruna TpaiikoBcka, PoGepr IlenuoBcku, I'maBa VIII: AHTHCeHC
OJIMTOHYKJIEOTHIAM HWHXUOMpAIM (YHKUMATA HA PHOONPEBKJIIOYBATEJIUTE KATO
aHTHGAKTepHAIHH arenTH (oT cTp. 125 10 crp. 133), ot ,,JU3AVH HA AHTUCEHC
OJIMI'OHYKJIEOTHUU n IMPUJIOKEHHUETO nm KATO
AHTUBAKTEPUAJIHU AT'EHTH: HIPUHIOUIIM, MEXAHHM3MHU HA
JIENCTBUE U IPEIU3BUKATEJICTBA“ ISBN 978-954-07-6132-9
Pe3ome

[Ipe3 mocneaHUTE HIKOJIKO JECeTHJIETUS aHTUOMOTHMYHATa pe3ucTeHTHOCT (AP;
antibiotic resistance — AR) ce ouepraBa Karo 3HAYMTEIHO MPEAU3BHKATEICTBO 3a
ChBPEMEHHATa MEIMIIMHA TIOPaI HApaCTBAHETO Ha OPOs Ha MATOreHHHU OAKTEPHATIHH IIaMOBe,
YCTOWYMBH KBM BCHYKM HW3BECTHM aHTHOMOTHIM. CMBPTHOCTTA HAa XOpa, MPUYMHEHA OT
pPE3UCTEHTHN OaKTepHalHU IIaMOBE, B CBETOBEH Malad HapacTBa, a YCIOpPEIHO C TOBa Ce
MOBUIIIaBa HEOOXOJIMMOCTTA OT Ch3/JaBaHE HA HOBU aHTHOWOTHIM. B Tazu moHorpadus ca
OMHMCaHU METOJUTE 3a Ch3JaBaHe Ha aHTUceHC osmronykieotuan (ACO-u) Kato HOBHU
aHTHOAKTepUAIHU areHTH, MEXaHW3MUTE Ha TSIXHOTO JCHCTBHE M MpPEIU3BUKATEICTBATa 3a
texuutre mnpuioxkeHus. ACO-ute ca NOpPOEKTUpAHU crneuuPuuHO Ja Cce CBBpP3BAT C
pUOOIIPEBKIIOYBATENN, KOUTO C€ HAMHUPAT B TEHOMA Ha MOYTH BCHUYKH MAaTOTEHHU OAKTEPHH.
[ToBeuero OGakTepramHu prOONPEBKIIIOUBATENN Ca PA3NIONIOKEHH B 5'-HETPaHCIMpPaHUs pailoH
(5'-HTP; 5’ -untranslated region — 5'-UTR) Ha unpopManmoHHr pUOOHYKICUHOBU KHUCEIHMHU
(uPHK; messenger RNAs — mRNAs). [ToBeueTo oT TIX (pyHKIIMOHUpPAT KAaTO aJOCTEPUUHU
LUC-JIeMCTBAIIM eIEMEHTH, KOHTPOJIHUPAIIM TeHHAaTa eKCIIPeCcHs Ha BaKHU 3a OAKTEepHsITa TeHH.
Jlo nHec HsMa JaHHU 3a OTKPUTU PUOONPEBKIIOUBATENN B YOBEIIKHS T€HOM, KOETO 'l ITpaBU
MO/IXOJIA1Ia MUILIEHA 32 Ch3/laBaHE HAa HOBHM aHTHOAKTEpHallHU areHTu. Te perynupaT cuHTe3a
Ha KU3HEHOBAXXHU KJIETHUHU METa0O0JIMTH B Pa3JIMUHU NTaTOTeHHU OAKTEpPUU 110 MEXaHW3Ma Ha
oOpaTHaTa HeraTMBHa Bpb3Ka — CBBP3BAT C€ JUPEKTHO C KpalHUS METaboIUT OT
OnocuHTeTHUHUS MBT. KOHTPONIBT Ha TeHHAaTa EKCIpPEecUus Ce OCHIIECTBABA Ha HHUBO
TPAHCKPUILMS WK TpaHchaanus. Ypes usnon3BaHe Ha pUOONPEBKIIIOUBATENIN KAaTO MUIIEHU
HUE pa3paboTBaMe MHOBATHUBHH CTPATETHH 3a Ch3/aBaHE HA HOBU aHTHOAKTEpHAHU areHTH,
KOUTO OMXa MOTJIM J1a Ce U3IOJI3BAT U CPEIy PE3UCTEHTHU KbM aHTHOMOTUIN OakTepuu. ToBa
JIOTIpUHACS 32 PA3BUTHETO HA MO-€(PEKTUBHU METO/M 3a Ch3/laBaHE Ha HOBU aHTHOAKTEpHaIIHU
arentu. [IpencraBeHusAT B HacTosiiaTa MOHOTpadus MHOBATUBEH IOAXOJ CE OCHOBaBa Ha
panMoHaNieH Au3aiiH W npwioxeHue Ha xuMmepHu ACO-u kato aHTHOAKTepUaHW areHTH.
JuzaitnbT Ha ACO-uTe ce 6a3upa Ha U3LII0 OMOMH(DOPMATHYEH aHATIN3, Ype3 KOMTO MPeIu3HO
ce ompeiensi HyKJICOTUAHATA UM TOCIIE0BATEHOCT C LeJT CIEU(PUIHO CBBP3BaHE C TAPTreTHUS

pubomnpeskitouBaren. ACO-ute ca XUMUYECKH MOAU(UIIMPAHH, 32 Ja C€ TIOBHUIINM TAXHATA



€(eKTUBHOCT, KAKTO U YCTOMUMBOCT CIIPSIMO JCHCTBUETO Ha HYKJI€a3HUTE €H3UMHU B KJIETKaTa.
Ocgen ToBa ACO-ute ce cBbp3BaT ¢ kierbuno nponuksan] nentuna (KIIIT; cell penetrating
peptide — CPP), upe3 KOHTO MPOHUKBAT B KJETKaTa — KakTo B ['paM-orpuiaresinud u I'pam-
MOJIOXKUTETHU OaKTEpHUH, TaKa U B €yKapUOTHU KJieTkr. OCBeH parmoHaHus qu3aiiH Ha ACO-
Y HUe n30upame KOHKPETHU pUOOIIPEBKIIOYBATENN KATO MUIIIEHH 32 TSAX [0 YUCTO PAllMOHATIHU
onouH(popMaTuyHu Kputepun. Ta3zu MoHorpadusi pas3riekaa BCHYKH OCHOBHHM ACIEKTH HA
MOTEHIIMATHOTO Ch3JAaBaHE M H3IMOJI3BAHE HA AaHTUOMOTUIM Tpe3 NpU3MaTa Ha AHTUCEHC

OJIMM'OHYKJICOTHAHATA TEXHOJIOTHA KaTO HOBA I'IEAHA TOYKaA.

Ta3zu nyOnukanusi MpelacTaBiIsiBa HayyHa MoOHOrpadus, KakTo € OoTOais3aHo B
MMUCMEHHUTE CTAaHOBUIIA HA TPUMAaTa HAYYHH PEICH3eHTU. s € HalucaHa B ChOTBEHCTBUE C

6’I)JIFapCKI/ITC HOPMAaTUBHUTC U3UCKBAHUA 34 MOHOFpa(i)I/ISI.

Abstract

Over the past few decades, antibiotic resistance (AR) has emerged as a significant
challenge for modern medicine due to the spread of the many pathogenic bacterial strains
resistant to all known antibiotics. As a result, the human mortality rate caused by antibiotic-
resistant bacterial strains is growing worldwide. Thus, there is a need to develop new
antibiotics. This monograph describes methods for creating antisense oligonucleotides (ASQOs)
as new antibacterial agents, the mechanisms of their action, and the challenges for their
applications. ASOs are explicitly designed to bind riboswitch RNAs, which are present in the
genome of almost all pathogenic bacteria. Most bacterial riboswitches are located in the 5'-
untranslated region (5’-UTR) of messenger ribonucleic acids (MRNAs; RNAs — mRNAs). Most
of them function as allosteric cis-acting elements controlling the gene expression of essential
bacterial genes. There is no evidence that riboswitches are found in the human genome, making
them suitable targets for developing new antibacterial agents. Riboswitches regulate the
synthesis of vital cellular metabolites in various pathogenic bacteria by negative feedback —
they bind directly to the final metabolite of the biosynthetic pathway.

The control of gene expression is carried out at a transcriptional or translational level.
Using riboswitches as targets, we develop innovative strategies for developing new
antibacterial agents that could be used against antibiotic-resistant bacteria. That contributes to
creating more efficient methods for developing new antibacterial agents. This monograph
presents an innovative approach based on the rational design and application of chimeric ASOs
as antibacterial agents. The design of the ASOs is based on entirely bioinformatic analyses,

through which their nucleotide sequence is precisely determined to bind to the target riboswitch



specifically. ASOs are chemically modified to increase their effectiveness and resistance to the
effects of nuclease enzymes in the cell. The ASOs are attached to cell-penetrating peptide
(CPP), through which they can penetrate the cell in Gram-negative and Gram-positive bacteria
and eukaryotic cells. In addition to the rational design of ASOs, we choose specific riboswitches
as targets based on purely rational bioinformatics criteria. This monograph examines all the
significant aspects of the potential creation and use of antibiotics through the prism of antisense
oligonucleotide technology.

This publication is a scientific monography, as noted in the written opinions of the three

scientific reviewers. It is written under the Bulgarian normative requirements for a monography

21.  Maptuna TpaiikoBcka, Pooept IlenuoBcku, I'maBa IX: IlepcnekTuBu
3a ch31aBaHe W MNPWJAraHe HA HOBHM JeKapcTBa 0a3MpaHH HAa CHHTETUYHHUTE
AHTHCEHC OJHMIOHYKJeoTHAH, (oT crp. 134 1o crp. 139), or ,,JJU3AMH HA
AHTUCEHC OJIMIT'OHYKJIEOTUAW U MNPUJIOXEHHUETO UM KATO
AHTUBAKTEPUAJIHU ATEHTU: [OPUHLOUIIN, MEXAHU3MU HA
JEMCTBUE U ITPEJU3BUKATEJICTBA“ ISBN 978-954-07-6132-9
Pe3ome

[Ipe3 mnocneaHuUTE HAKOJIKO JECETHIICTHS AaHTUOMOTHYHATa pe3ucTeHTHOCT (AP;
antibiotic resistance — AR) ce ouepraBa Karo 3HAYMTEIHO IPEAU3BHKATEICTBO 3a
ChbBpEMEHHATa MEIMIIMHA TIOPaI HApaCTBAHETO Ha OPOS Ha MATOT€HHH OAKTEPHATIHH IIIaMOBeE,
YCTOMYMBU KBM BCHYKH H3BECTHH AHTHOMOTHIH. CMBPTHOCTTa Ha XOpa, NMPUYMHEHA OT
PE3UCTEHTHH OaKTepHaJHHU LIaMOBE, B CBETOBEH Mallad HapacTBa, a YCIOPEIHO C TOBa Ce
MOBMIIIaBa HEOOXOAMMOCTTa OT Ch3/aBaHE HAa HOBM aHTHOMOTHLM. B Tazm MoHorpadus ca
ONMCAaHW METOJUTE 3a Ch3JlaBaHEe Ha aHTHUceHC onuronykineotuan (ACO-u) kaTo HOBU
aHTHOAKTepUATHU areHTH, MEXaHW3MHUTE Ha TAXHOTO JEHCTBHE M TpPEIM3BUKATENCTBATa 32
TexHute mnpuiokeHus. ACO-ute ca NpOEKTHpPaHM CHEeHU(PUYHO Jla C€ CBBP3BAT C
pUOONPEBKIIOYBATENN, KOUTO CE HAMUPAT B F€HOMA Ha MOYTH BCUYKH MATOI€HHU OaKTepUu.
[ToBeuero GakTepraaIHu prOONPEBKIIIOYBATENN Ca PA3NONIOKEHH B 5'-HETpaHCIMpaHUs pailoH
(5'-HTP; 5’ -untranslated region — 5'-UTR) na uH(pOpMaMOHHN PUOOHYKICHHOBH KHUCEITHHU
(uPHK; messenger RNAs — mRNAs). [ToBeueTo oT TIX (pyHKIIMOHUpPAT KAaTO aJOCTEPUYHU
LIUC-JICMCTBAIIM eIEMEHTH, KOHTPOJIUPAIIM TeHHATa eKCIIPecHs Ha BaKHU 3a OAKTEepHsITa TeHH.
Jlo nHec HAMa JaHHU 32 OTKPUTU PHUOONPEBKIIOYBATENN B YOBELIKUS T€HOM, KOETO T IIPaBU
MOJIXO/ISIIIa MHIIICHA 33 Ch3/[aBaHe HA HOBU aHTHOAKTEPUAITHU areHTH. Te peryaupaT CHHTe3a
Ha KU3HEHOBAXHU KJIETHYHU META0O0JIMTH B PA3JIUYHU ITATOTEHHN OaKTEPHHU 110 MEXaHU3Ma Ha

06paTHaTa HCraTUBHA BpPb3Ka — CBBP3BAT CC€ JUPCKTHO C KpaﬁHHH MeTa0OJIUT OT



OonocuHTeTHYHUS MHT. KOHTPONBT Ha TeHHATa EKCIPECHs Ce OChHIIEeCTBABA Ha HUBO
TPAHCKPHIILUS WIM TpaHciauus. Ype3 M3Mos3BaHe HAa PUOONMPEBKIIOUBATENN KATO MHILIEHH
HUE pa3padoTBaMe WHOBATUBHU CTPATETHH 32 Ch3JAaBaHE HA HOBU aHTUOAKTEPHAIHH areHTH,
KOUTO OMXa MOTJIM Jla Ce U3MOI3BaT U CPEIly Pe3UCTEHTHU KbM aHTUOHOTUIM OakTepuu. ToBa
JIOTIpUHACS 32 PA3BUTHETO HA MO-e(PEKTUBHU METO/HM 32 Ch3/laBaHE HAa HOBU aHTHOAKTEpUAIHU
areHTH. [IpencraBeHusT B HacTosaTa MOHOTrpadusi WHOBATHUBEH IMOAXOJ] CE OCHOBaBa Ha
painyoHaneH aAu3aiiH U npuiokeHue Ha xumepHu ACO-u kKaro aHTHMOAKTEpUAIHU areHTH.
Huzaitabt Ha ACO-HTe ce 6a3upa Ha U3II0 OMOMH(OPMATHYCH aHAIU3, YPe3 KOUTO MPEIU3HO
ce oIpeieNisi HyKJICOTUAHATA UM ITOCJIEIOBATEHOCT C 1]l Ceu(UYHO CBBP3BaHE C TAPreTHUS
pubonpeskirouBaren. ACO-ute ca XMMHYECKH MOTU(PHUIMPAHU, 32 Ja Ce MOBHIIHM TSAXHATA
e(EeKTUBHOCT, KAKTO U YCTOWYMBOCT CIIPSIMO JICHCTBUETO HA HYKJICA3HUTE EH3UMH B KJIETKATA.
Ocsen ToBa ACO-ute ce cBbp3Bar ¢ kiaerbuHo nponuksan] nentun (KIIII; cell penetrating
peptide — CPP), ype3 KOHWTO MPOHUKBAT B KJIETKAaTa — KAakTo B I'paM-orpuuarennu u I'pam-
MIOJIOXKUTETTHU OaKTEepHH, TaKa U B €yKapuOTHHU KieTku. OcBeH paunoHaiHus au3aiid Ha ACO-
1 HUE N30MpaMe KOHKPETHU PHOOTIPEBKITIOUBATENN KaTO MUIIICHH 32 TAX MO YUCTO PALMOHATHA
ououHpopMaTnyHu Kputepuu. Ta3zu mMoHorpadusi pasriexga BCHUKH OCHOBHMU ACIEKTH Ha
MOTEHIIMATHOTO Ch3/IaBaHEe W U3IOJI3BAaHE HA AHTUOMOTUIM Tpe3 MpU3MaTa Ha aHTHUCEHC

OJIMT'OHYKJICOTHAHATA TCXHOJIOTHA KaTO HOBA I'JICAHA TOYKaA.

Ta3zu nyOnukanus mHpelcTaBiIsiBa HayyHa MoOHorpagus, KakTo € oTOans3aHo B
MIMCMEHUTE CTAHOBHIA HA TPUMAaTa HAay4yHU PELEH3EHTH. s € HamucaHa B CbOTBEHCTBUE C

6T>J'II‘apCKI/ITe HOPMAaTUBHUTC U3UCKBAHUA 3a MOHOFpa(bHH.

Abstract

Over the past few decades, antibiotic resistance (AR) has emerged as a significant
challenge for modern medicine due to the spread of the many pathogenic bacterial strains
resistant to all known antibiotics. As a result, the human mortality rate caused by antibiotic-
resistant bacterial strains is growing worldwide. Thus, there is a need to develop new
antibiotics. This monograph describes methods for creating antisense oligonucleotides (ASOs)
as new antibacterial agents, the mechanisms of their action, and the challenges for their
applications. ASOs are explicitly designed to bind riboswitch RNAs, which are present in the
genome of almost all pathogenic bacteria. Most bacterial riboswitches are located in the 5'-
untranslated region (5’-UTR) of messenger ribonucleic acids (MRNAs; RNAs — mRNAS). Most
of them function as allosteric cis-acting elements controlling the gene expression of essential

bacterial genes. There is no evidence that riboswitches are found in the human genome, making



them suitable targets for developing new antibacterial agents. Riboswitches regulate the
synthesis of vital cellular metabolites in various pathogenic bacteria by negative feedback —
they bind directly to the final metabolite of the biosynthetic pathway.

The control of gene expression is carried out at a transcriptional or translational level.
Using riboswitches as targets, we develop innovative strategies for developing new
antibacterial agents that could be used against antibiotic-resistant bacteria. That contributes to
creating more efficient methods for developing new antibacterial agents. This monograph
presents an innovative approach based on the rational design and application of chimeric ASOs
as antibacterial agents. The design of the ASOs is based on entirely bioinformatic analyses,
through which their nucleotide sequence is precisely determined to bind to the target riboswitch
specifically. ASOs are chemically modified to increase their effectiveness and resistance to the
effects of nuclease enzymes in the cell. The ASOs are attached to cell-penetrating peptide
(CPP), through which they can penetrate the cell in Gram-negative and Gram-positive bacteria
and eukaryotic cells. In addition to the rational design of ASOs, we choose specific riboswitches
as targets based on purely rational bioinformatics criteria. This monograph examines all the
significant aspects of the potential creation and use of antibiotics through the prism of antisense
oligonucleotide technology.

This publication is a scientific monography, as noted in the written opinions of the three

scientific reviewers. Itis written under the Bulgarian normative requirements for a monography.

23. Dimitrios Kaloudas, Martina Traykovska, Nikolet Pavlova, Robert
Penchovsky, Design and Applications of riboregulators, Handbook of Synthetic
Biology, Springer Nature, 2025 (in press)

Pesrome

Pu6operynaropute ca manku PHK, otkputu B GakTepuu, apxeu, pacTeHus u reou. Te
UTPAsT KJIKOYOBA pOJIsi B TOCTTPAHCKPUIIIIMOHHATA pETylalus Ha TEHHATa EKCIPECHs.
PuGoperymnaropure nznonsar kouTpod Ha HUBO PHK, 3acsraiiku mporecu KaTo MHUIIMUPAHE
Ha TpaHCIAIUATA, TEPMUHUPAHE Ha TpaHchanusara, craiicuar Ha PHK u ctabunnoct na MPHK
B LIMC- WK TpaHCc-cheTosHuE. Te ce casosiar ¢ neneBa MPHK, 3a 1a 6iiokupaT uim npeicTaBst
MSICTOTO Ha CBbp3BaHe Ha prubo30MaTa Wi Ja MHUIMKUpAT pasuenBane Ha nenesure PHK. Tlpu
eyKapuoTUTe ce HabmromaBaT aHaoOrM4yHM cuctemMu ¢ Hekomupamm PHK, xomTo Hacousar
naaynupanure ot PHK  3arnmymaBamm  kommiekcu kbM  KoMiuiemMeHTapHu MPHK

MOCJICAOBATCIIHOCTH, 3a [Ja IIOTHCHAT TpaHCIaluATa WKW Oa HWHAYOUPAT pasrpaKaaHce.



CunTreTHyHaTa OGMOJIOTHS M3I0JI3BAa pUOOPETYIATOPH 32 MPOSKTHPAHE HAa TeHHU BEPUTH, KOUTO
pearupaT Ha CUTHAJIHM OT OKOJIHATa Cpesia WK KIETKUTE. Te3u MpoeKTupanu pubdoperyaaTopu
YecTO M3MON3BaT pubonpeBkiIouBarenyd win toehold mpeBkmoyBaTeny, KOUTO MPOMEHST
KoH(opManusaTa Ipu CBBp3BaHe Ha JTUraHHa Mojekyna uin apyra PHK, karo mo To3u HaunH
BKJIIOUBAT WJIM M3KIIOYBAT TEHHaTa eKkcnpecus. PubonpeskirouBarenute u  toehold
MPEBKIIIOYBATEIIUTE MOTAaT Ja ObJaT NpOorpaMUpaHd Ja H3MBIHSABAT Ppa3InyHU OylieBU
noruueckd GyHKIMU. TsXHATa BUCOKA MPOrPaMHUPYEMOCT U CHEIM(PUYHOCT TU MPABST LEHHH
MHCTPYMEHTH 3a TEHHa peryjanus M OWOoceH30pH3alusi KakTO B E€CTECTBEHM, Taka M B
MH)KCHEPHU CHCTEMH, ABIKEHKN Harperbka B ONOTEXHOIOTUHTE, QYHKIIMOHATHATa TCHOMHUKA,

OTKPUBAHCTO HA JICKAPCTBA U CUHTCTUYHATA OHoJIoTHA.

Abstract

Riboregulators are small RNAs found in bacteria, archaea, plants, and fungi. They have
a key part in the post-transcriptional regulation of gene expression. Riboregulators employ
control at the RNA level, affecting processes such as initiation of translation, termination of
translation, RNA splicing, and mRNAstability in either a cis- or trans-action state. They base-
pair with a target mRNA to block or present the ribosome’s binding site or to initiate cleavage
of the target RNAs. In eukaryotes, analogous systems are seen with noncoding RNAs that
guide RNA-induced silencing complexes to complementary mRNA sequences to repress
translation or induce degradation. Synthetic biology utilizes riboregulators to engineer gene
circuits that respond to environmental or cellular signals. These engineered riboregulators often
utilize riboswitches or toehold switches that change conformation upon binding a ligand
molecule or another RNA, thereby turning gene expression on or off. Riboswitches andtoehold
switches can be programmed to execute various Boolean logic functions. Their high
programmability and specificity make them valuable tools for gene regulation and biosensoring
in both natural and engineered systems, driving progress in biotechnology, functional

genomics, drug discovery, and synthetic biology.

. Digitally signed by
Ma rtina Martina Traykovska

Date: 2025.10.01
. Tl’akaVS ka 15:00:59 +03'00'

01.10.2025 r. IMommuc:.....0............ 0>

/rin.ac.i-p Mapruna TpaiikoBcka/



		2025-10-01T15:00:59+0300
	Martina Traykovska




