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1. CuHTeTn4YHa ouonorusa

ABTOMaTMU3UpaH TpaHcdep Ha xubpuamnsauma Ha OJHK ¢ nogBuxHK
cynepnapamarHMTHU MUKpoTon4yeTa B Mukpodnoy peakrop. Automated DNA
hybridization transfer with movable super-paramagnetic microbeads in a
microflow reactor — Robert Penchovsky, 2019, Biosensors and Bioelectronics,

0956-5663, Q1, IF - 8,17

ABTOMaTM3MpaH TpaHcdep Ha xubpuamnsaumsa Ha AHK B peaktop B MUKpodnoy
peakTop e nokasaH 4Ype3 NpemMecTBaHe Ha NapaMarHUTHU Ton4yeTa Mexay ABa
NPOCTPAHCTBEHO OTAENEHN pa3TBOpa C pasfiIMyHN CTOMHOCTM Ha pH.
MukpodnymnaHaTa nnatgopma, 6asnpaHa Ha MMKpoTonyeTaTa, € HambiHO
aBTOMaTM3npaHa u nporpammpyema. Ta nsnonassa ctabunHa xmmmyecka npouenypa
3a cneundmnyHa xmbpuamnsauma Ha OHK

TpaHcdep B MUKPOMynaHN YCTPONCTBA NPU U30TEPMUYHM YCIoBUS Ha 6a3aTa Ha
obpaTtummn nameHeHus Ha pH. MetToabT ce Bb3nonseBa oT BUcokockopocTHaTa OHK
Xnbpuamnsauusa n geHatypupaHe Ha TonyeTta npu noTo4YHM YCroBUs, BUCOKA BAPHOCT
Ha OHK xubpuaunsaums n mankm obemm Ha npobara. MNpencraseHarta MukpodnyngHa
nnatgopma e npogaBaema 1 NpuroXxuma B MHOro obnactm Ha CbBpemMeHHaTa

OnoTexHonorus, Kato MUKpPpOYUnoBe 3a OHK XI/I6pVI,D,I/13aL|,MFI, MOInEeKyInAapHO
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n3yncnsieaHe, Nogodop BbPXy YMNoBeTe Ha PYHKLMOHAMNHMN HYKIEMHOBU KUCESUHN,
CKPVMHUHI Ha XMMUYeckuTe GMGNNMoTekM 3a OTKpMBaHe Ha nekapcTea 1 amnnudmkaums

n cekBeHupaHe Ha OHK.

An automated DNA hybridization transfer in a microflow reactor is demonstrated by
moving paramagnetic beadsbetween two spatially separate solutions with different pH
values. The microbeads-based microfluidic platformis fully automated and
programmable. It employs a robust chemical procedure for specific DNA
hybridizationtransfer in microfluidic devices under isothermal conditions based on
reversible pH alterations. The method takes advantage of high-speed DNA
hybridization and denaturation on beads underflow conditions, highfidelityof DNA
hybridization, and small sample volumes. The microfluidic platform presented is
saleable and applicableto many areas of modern biotechnology such as DNA
hybridization chip microarrays, molecular computation,on-chip selection of functional
nucleic acids, high-throughput screening of chemical libraries for drug discovery,and

DNA amplification and sequencing.

KnuHnyHm TecTtBaHmMA Ha (pyHKLMOHANHN HYKNENHOBU KUCEJIMHU: aHTUCEHC
onuroHykneotuam n antamepum. Clinical Trials of Functional Nucleic Acids:
Antisense Oligonucleotides and Aptamers — Martina Traykovska, Sjoerd
Miedema and Robert Penchovsky, 2018, International Journal of Biomedical and

Clinical Engineering (IJBCI), 2161-1610

Tasu rmaBa onucea kak PYHKLUMOHAITHUTE HYKIEMHOBU KMCENNMHM KaTo anTamepw,
aHTuceHc onuronykneotngn (ACOw), manku nutepdepupaiwum (si) PHK n pnboammn ce
cynTaT OT HSKOW U3cnegoBaTenm 3a LleHHU MHCTPYMEHTHU 3a pa3paboTBaHe Ha
TepaneBTUYHN cpeAcTBa. Te He ca ocobeHo B6bpan 3a JOCTUraHe Ha nasapa KaTo
nekapcTBa, nopagu enaoreHHn 6apmnepun 3a U3BbHKNETbYEH TpaduK N KNETbYHO
YCBOsIBaHEe Ha HyKNENHOBUTE KUCENWNHU U NpucbLiaTa UM HeCTabunHOCT, KoraTo ce

npunarat in vivo. 3cnegBaHuaTa, npoBeaeHn ot obLHOCTTa Ha NHXXeHnpawnuTte
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HYKMEMHOBW KUCENUHN N hapMaLeBTUYHUTE KOMMaHUN 3a 3aobukansHe Ha Tesun
npenaTcTBUS, AoBeaoxa Ao ogobpeHne Ha Hakonko antamepun n ACOun kato
nekapcTsa. TepaneBTuunte Ha 6asata Ha HYKNEMHOBU KMCENUHN OOMKHOBEHO ce
npunaraT NnokanHo npu 6onHa TekaH. KaHgmaaTute 3a nekapcrea, KoMTo
MOHACTOSLLEM Ca B KNMHWUYHM TeCTBaHUS, OOMKHOBEHO U3MON3BaT ChLUNTE METOAM 3a
agMUHUCTPUPaHE, KakTo MNO-paHo NMLEH3MPaHN TEPaANeBTULN C HyKNenHOBa
KncenuHa. Te3n TEXHWKN 3a aAMUHUCTPMPaHe HOCAT CBOMTE PUCKOBE M NpeauMcTBa
3a 6e3onacHocTTa. B Ta3u ctatns ce ob6Ccbxaa HACTOSALLOTO CbCTOSHME U Cca
N3BpoeHN NepCneKTUBHN BapnaHTK 3a nanonssaHe Ha ACOu n antamepu kato
nekapcTBa.

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 appliedinvivo.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.

MHXXeHnpaHe Ha aHTUCEHC ONIUFOHYKNeoTUAM KaTo aHTUGaKTep1arnHu areHTu.
Engineering antisense oligonucleotides as antibacterial agents — Robert
Penchovsky and Aikaterini Valsamatzi, 2019, Arch Clin Microbiol, 1989-8436, Q4,
IF-0,16
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lMpe3 nocnegHoTO AeceTuneTue aHTnbakTepmanHata pe3McTeHTHOCT KbM flekapcTea
ce NnposiBM KaTo rofiiMo Npeav3BUKaTencTBo B MoAepHaTa MeauuuHa, nopaam
yBenuYeHneTo Ha MHOro 6akTepmanHu NaToreHHN WamoBe, KOUTO Ca PE3NUCTEHTHM
KbM MHOro aHTnémnotuumn. Tyk HMe npeacraBsmMe HOBa cTpaTerus 3a u3anH u
NPUNoXeHne Ha aHTUceHc onuroHykrneotTnan (ACOun) kaTo HOBU aHTMDaKTepmanHu
areHTu, KOMTOo ce Lenar B cneundundHn 6akrepmanim nPHK. ACOwu ca cBbp3aHu ¢
NPOHMKBALLW B KreTkaTta onuronenTuaun, KouTo rm NnpeHacaT B kneTkata. Hue
nanonsame HAKonko pas3nuyHn MPHKu kato monekynHu muwenn. Tesm nPHK ca
OTrOBOPHM 3a PYHKUUATA HA pasnnyHnM BMOCUHTETUYHN MbTULLA, KOUTO CUHTE3MpaT
eceHuunanHn metabonutu B 6aktepumTte. Hue geMoHcTpupame nHxmbupaHe Ha
pacTexa B MHOXeCTBO naTtoreHHu 6aktepuu, BkntodntenHo Staphylococcus aureus,
Listeria monocytogenes u Escherichia coli ype3 Hawute ACOo. HawuaT nogxon e
MHoro obeuwlaBall, Tbin kKato cme nocturHann 100% edunkacTHOCT B NOTUCKAHETO Ha
BakTepuanHusa pactex vpes Hawm ACOun. Hue BsapBame, 4e Halumsi Nnoaxoc 3a
WHXXEHMpPAHE Ha HOBW CUMHTETUYHM aHTUBaKkTepunanHm areHTn, 6asmpaH Ha ACOu, e

NPUNOXNM Ha 6GbP30TO pasBUTUE HA HOBW KacoBe aHTUBMOTULN.

In the last decade, antibacterial drug resistance has emerged as a major challenge to
modern medicine due to the rise of many bacterial pathogenic strains that are resistant
to many antibiotics. Here, we present a novel strategy for the design and applications
of antisense oligonucleotides (ASOs) as novel antibacterial agents that target specific
bacterial mMRNAs. The ASOs are coupled with cell penetrating oligopeptides that
deliver them into the cell. We use several different mRNAs as molecular targets.
These mRNAs are responsible for the function of different biosynthetic pathways in
bacteria that synthesize essential metabolites. We demonstrate a growth inhibition of
various pathogenic bacteria, including Staphylococcus aureus, Listeria
monocytogenes, and Escherichia coli by our ASOs. Our approach is very promising
since we have achieved 100% efficiency of the bacteria growth inhibition by our

designer ASOs. We believe that our approach for engineering novel synthetic
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antibacterial agents based on ASOs is applicable to the rapid development of novel

classes of antibiotics.

ExBWS: paswupeHn 6MomHdopmMaTUyYHM yeb ycrnyru 3a aHanums Ha
nocnepoBartenHocTn. EXBWS: Extended Bioinformatics Web Services for

Sequence Analyses — Robert Penchovsky, Nikolet Pavlova, Dimitrios Kaloudas,

2019, International Journal of Bioinformatics Research and Applications, 1744-
5485, Q4, IF - 0,7

PaswupenuTe buonHdopmaTtnyHm yeb ycnyrn (ExBWS) npeacraenasat 3HaunTenHo
paswupeHue Ha nybnukysaHms EBWS PHP-6a3snpaH cbpBbp, Ocurypsisall, nonesHu
WHCTPYMeHTU 3a aHanuan Ha [JHK, PHK n npotenHoBu nocnegosatenHocTu. Lect
HoBwW yeb 6a3npaHu annetn ca cBobogHO AOCTbNHU Ype3 EXBWS 3a notpebutenure.
Te skntouBat JHK/PHK TpaHcnupane, AminoCODE tpaHcdopmaTtop, BupTyaneH PCR
aHanmsaTop, XMapodobHOCT Ha NPOTEMHOBU CEKBEHLIMN, OBpaTeH TpaHcnaTop Ha
NPOTENHU U eyKapuoTeH Tbpcay Ha OTBOPEHU paMKKU Ha YeTeHe. Bcekn annet
BKNtoYBa HeakakBa HoBa pyHKUmMs. AminoCODE TpaHcdopmaTopbT npeobpasysa
NPOTEMHOBU NOCNeLOoBaTENHOCTM OT eAHOBOYKBEHO KOAMPaHEe Ha TPUBYKBEHO U
obpaTtHoTo, BupTyanHuat PCR aHanusatop reHepupa pparmeHT cbe unm 6e3 HK
CTbpyalm kpamwa, xngpoobHOCT Ha NPOTENHOBU CEKBEHLMM NpaBun rpadvki Ha
xngponatus ot 10 pamku OT BbBegeHaTa OT noTpebutens nocnegoBaTenHocCT,
obpaTHMAT TpaHcnaTop npeobpasysa npotenHn B [1HK B cbOTBETCTBME C HAM-BMCOKO
npegpasnonoXeHue 3a KOAOHWU, NPUCHCTBALLO B n3bpaHus opraHuabM. EykapnoTHnaT
Tbpcay Ha OTBOPEHN paMKK Ha YeTeHe TbPCU MHTPOHU cpef BbBeaeHaTa oT
noTpedbuTensa nocrneaoBaTesIHOCT U TpaHCNUpa paMKNTe Ha YeTeHe Ha
npouecupaHaTa nocnegoBaTenHOCT B NpoTenMHHa. Beuykun nporpamum ca cBo60gHO

JocTbnHM Ha http://penchovsky.atwebpages.com/applications.php.

The extended bioinformatics web services (ExBWS) represent a significant extension

of the published EBWS PHP-based server providing useful tools for analyses of DNA,
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RNA, and protein sequences. Six new web-based applets are freely available via the
ExXBWS to the user. They include a DNA/RNA translator, an AminoCODE transformer,
a virtual PCR analyser, a protein hydropathy plotter, protein reverse translator, and a
Eukaryotic ORF finder. Each applet includes some novel feature. The AminoCODE
transformer takes a protein sequence from one letter code to three and vice versa, the
virtual PCR analyser generates fragments with or without overhangs, the protein
hydropathy plotter makes hydropathy plots of 10 frames of the input sequence, the
reverse translator converts proteins to DNA according to the highest codons bias
present in the selected organism. The Eukaryotic ORF finder searches for introns in
the query sequence and translates ORFs of the processed sequence into proteins. All

programs are freely available at http://penchovsky.atwebpages.com/applications.php

KomMmnioTbpeH An3anMH Ha anocTtepuyHu pubo3mmMm KaTo MONEKyApPHU
6uoceH3sopu. Computational Design of Allosteric Ribozymes as Molecular
Biosensors — Robert Penchovsky, 2014, Biotechnology Advances, Q1, IF -
11,866

[lokasaHo e, Ye HYKNEeNHOBUTE KNCENTMHM Ca MHOMO NOAXOASALM 3a NpoeKTUpaHe Ha
pasnuyHM HAHOCTPYKTYpU 1 yctponctea. [lokato cuHteTnyHmte JHKu obrnkHoBeEHO ce
N3MNon3BaT 3a CaMOCTOATESNTHO CBbP3BaHE Ha HAHOCTPYKTYPU M YCTPOKWCTBA in Vitro,
dyHkumoHanHute PHKuK, kato pnbo3nmu, ce nanonaeat KakTo in vitro, Taka u in vitro.
AnoctepuyHuTe pubo3MMmn uMaTt NPUNOXKEHNST B MOSTEKYNAPHUTE U3YNCTIEHNS,
OnoceH3opuTe, CKPUHUHIOBUTE MacuBKU C BMCOKa NponyckaTesniHa crnocobHoCT,
€K30reHHUs1 KOHTPOI Ha reHHaTa ekcnpecusa n apyru. Te BKMAYBaT U U3KMYBaT
CBOSITa KaTanuTU4Ha (PyHKUMSA B pe3ynTtaT Ha KoHOpMaunoHHa NPOMsiHa,
MHOyuupaHa oT cBbp3BaHe Ha nuraHga. [iusanHepckute pubosmmmn ca NpoeKTUpaHmn
Aa pearvpart Ha pasnuyHn ecbekTopm Ypes in vitro nogbop, paunoHanHu n
N3YNCANTENHM METOAM Ha NpoeKTUpaHe. TyK NpeacTtaBsaM pasfiuyHn U3YUCIUTENHN
MeTOAM 3a NPoEeKTUpaHe Ha anocTepuyHn pnubo3nmMm ¢ pasnmnyHn NOrMYeCcKn YyHKLUNN,

KOUTO onpenendr OJfiuroHykKneotTnan Uin Masrikm MOJiekyriu. Te3n metoan gasat
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xXenaHute pnbo3nMMHM nocrnegoBaTenHOCTU 3a MUHYTK, 3a pasfnivka oT MeToauTe 3a
cenekyms in vitro, kouto namnckeat cegmmum. ObcbKaaT ce CbLo MeToauTe 3a CUHTES3

N BMOXMMMYHO M3cneaBaHe Ha pubosmmuTe.

Nucleic acids have proven to be a very suitable medium for engineering various
nanostructures and devices.While synthetic DNAs are commonly used for self-
assembly of nanostructures and devicesin vitro, functionalRNAs, such as ribozymes,
are employed bothin vitroandin vivo. Allosteric ribozymes have applications in molec-
ular computing, biosensoring, high-throughput screening arrays, exogenous control of
gene expression, andothers. They switch on and off their catalytic function as a result
of a conformational change induced by ligandbinding. Designer ribozymes are
engineered to respond to different effectors byin vitroselection, rational
andcomputational design methods. Here, | present diverse computational methods for
designing allostericribozymes with various logic functions that sense oligonucleotides
or small molecules. These methods yieldthe desired ribozyme sequences within
minutes in contrast to thein vitroselection methods, which requireweeks. Methods for

synthesis and biochemical testing of ribozymes are also discussed.

Hactoawmn n 6baewm PHK 6asnpaHm nogxoam B MeguUMHCKaTa reHOMMKa.
Present and Future RNA-based Approaches to Medical Genomics — Robert
Penchovsky, 2013, Journal of Clinical & Medical Genomics, 2472-128X, Q4, IF —
0,58

TexHonorusTa, 6a3npaHa Ha HYKNEMHOBU KMCENTMHU Ce oYepTaBa kaTo LieHHa obnacr,
KOSITO BKNIOYBA HAyYHUTE U3CIeBaHNsA N TEXHONOIMNTE 3a Cb3aaBaHe Ha HOBU
HaHOYCTPOMCTBA U HAHOCTPYKTYPU C PasfnnyHN NPUNOXeHUs B CbBpeMeHHaTa
HaHoTexHonorus. B Hawu aHn npunoxenneTto Ha PHK TexHonornata e n3anonssaHeTo

" B BMoMeaMLMHCKN 1 dpapMaLeBTUYHM n3cnensaHus, bruoceHsopupate,
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HaHohapmaueBTukaTa u gpyru. ljokasaHo e, ye PHK e mHOro nogxoasuwia cpega 3a
CaMOCTOATENHO CBbP3BaHe Ha pasfnnyHN HAHOCTPYKTYPU, KaTannTuiHn
HaAHOYCTPOMCTBA MU CUCTEMU 3a BKapBaHe B KIeTku. B CcbLOTO BpeMe reHoMuKaTa
CTaBa BCe MNo-LeHHa 3a CbBpeMeHHaTa MeguumHa nopagu Hanpeabka, nocTurHaT ot
CekBeHaTopuTe OT BTOPO MokosieHne. B To3n nperneq obcwxaam pasnuyHun
NPUNOXEHNSA Ha OM3aNHEPCKN pubO3MMKM 1 pasnnyHu noaxoamn, 6asmpaHn Ha PHK B
MeaunumHckaTa reHomuka. O6ebxgaHuTe obnactu Bknousat PHK 6a3upanm nogxoam
3a MONeKyNApHO HabnogeHne n gMarHoctuka, oTKpMBaHe Ha aHTUbakTepuanHu
nekapcTBa, eK30reHeH KOHTPOS Ha reHHaTa eKkcrnpecus v 3arfnylwaBaHe Ha reHuTe.
Tesn nogxoamn ctaHaxa Bb3MOXHU MOpaamn YCbBbPLUEHCTBAHETO Ha pasnuyHu MeToam
3a MHXeHepHU dyHKumMoHanHu PHK, KakTo n oTkputnata, HanpaseHn B buonormnsata Ha
PHK. OcBeH ToBa ce pasrnexagat pasfiMyHu aHTUCEHC TexHonormm, 6asmpanm Ha PHK,
3aeHO C MeToanTe 3a CUHTE3 Ha HYKNEMHOBU KNCENMHU B KneTkaTta. M3cneaBaHusaTa,
KOUTO ca npaBeHu gocera B obnactra Ha PHK nHxeHepcTBOTO, MMaT oce3aemo
Bb34eNCTBME BbPXY MeanLUMHCKaTa reHOMMKa, KOeTo € OCHOBHUAT OOKYC Ha TO3n

nperneg.

Nucleic acids-based technology is emerging as a valuable field that integrates
research from science and technology to create novel nanodevices and
nanostructures with various applicationsin modern nanotechnology. Nowadays,
applicationsof RNA-based technologyare employed in biomedical and pharmaceutical
research, biosensoring, nanopharmaceutics and others. It has been proven that RNA
isa very suitable medium for selfassembly of diverse nanostructures, catalytic
nanodevices and cell delivery systems.At the same time, genomics is becoming
increasingly valuable for modern medicine due to the advancements made by second
generation sequencing technologies. In this review, | discuss various applications of
designer ribozymes and diverse RNAbased approaches to medical genomics. The
areas discussed include RNA-based approaches for molecular sensoring and

diagnostics, antibacterial drug discovery, exogenous control of gene expression, and
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gene silencing. These approaches havebecomepossible due to the advancement of
various methods for engineering functional RNAsas well asthe discoveries made in
RNA biology. Furthermore, different RNA-based antisense technologies are reviewed
together with methods for nucleic acid delivery to the cell. The research that has been
done so far in the field of RNA engineering hasa far-reaching impact on medical

genomics, which isthe main focus of this review.

WHXXeHupaHe Ha MpeXu 3a reHeTUYeH KOHTPOJ1, CUHTe3MpaHe U peaakuus Ha
reHomu. Synthetic Approaches to Biology: engineering gene control circuits,
synthesizing, and editing genomes, Emerging Research on Bioinspired
Materials Engineering (book chapter) — Robert Penchovsky and Martina
Traykovska, 2016, IGI Global, 9781466698116

HaHobuoTexHonormmte n cCMHTETUYHaTa B1onornsa ce nosBABaT KaTo HOBM obnacTy,
WHTerpupaLLym nscrnensaHms oT HaykaTa U TEXHOMNOrUsiTa 3a Cb3aaBaHe HOBU
opraHM3Mu C HOBM XXenaHu ceolcTBa. Hue npeacraessime Tyk HOBU PEBOSTIOLIMOHHN
MeToAMN OT CUHTETUYHATa OMONorusl, KOUTO HX NO3BONSABAT Aa UHXEHUPaMe MPEXH 3a
reHeTU4eH KOHTPOI, Aa peAakTupame reHoMun 1 aa cb3gasame de novo Lenu
opraHmamu. Cb3gaBaHeTo Ha HOBM reHOMM, KOUTO (PyHKLUMOHMpPAT B KreTkaTa
O3Ha4yaBa,ye HMe MOXeM [a Cb3haBaMe HOBM OpraHM3Mu, KOUTO ca pasfnyHn OT
HabnoaasaHuTe B npupoaaTa. CUHTETUYHUTE FEHOMU MoraT Aa CbAbpXKaT HOBU
KOMOMHAaLMKN OT reHKn, KOUTO NpeanaraTt Bb3MOXXHOCTM 3a Cb3[laBaHe Ha HOBU
OGMONOrMYHN BMOOBE, KOUTO NPUTEXKABAT 3anoXeHa npeaBapuTenHO KOMbHaLmMs oT
ceoncTBa. CnegoBaTenHo, CUHTETUYHUTE FreHOMU MoraT Aa 6baaT NpueTn KaTo HOB
Bua matepuan. MetoguTe 3a aceMbnpaHe Ha Lien reHoMm, npunaraHu oo cera,
KOMOMHMpPAT HAKOMNKO UH BUTPO U MH BUBO CTBIKU, KOUTO NpUTEXaBaT onpeaeneHn
TEXHUYECKU OrpaHMYeHUs U HegocTaTbUW. B Ta3n rmaBa Hue gucKyTupame BCUYKU
TEXHUYECKUN acrnekTn Ha Cb3gaBaHeTO Ha HOBM FEHOMW N TEXHUTE HaCTOSLLM

orpaHu4yeHus. TexHonornnte 3a peaakumsi Ha reHomu, 6asmpaHun Ha CRISPR- Cas
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cuctemarta, KouTo ce pasBuxa npea nocnegHuTe roanHK, CbLLo ca AUCKyTUpaHu. B
AoNblHeHWe, HMe npeactasame roniemmn PHK-6asvpaHn metoam 3a gusanH Ha Mpexm

3a reHeTMYeH KOHTPOI KakTo B MPOKapMOTK, Taka 1 B eyKapuoTu, BKIIIOYMTENHO Xopa.

Nanobiotechnology and synthetic biology are emerging as novel fields that integrate
research from science and technology to create novel organisms with new desired
properties. We present here the new revolutionary methods of synthetic biology that
enable us to engineer gene control circuits, edit genomes, and create de novo whole
genomes. The creation of new genomes that function in the cell means that we can
create new organisms that are different from those observed in nature. The synthetic
genomes can contain novel combinations of genes that offer the opportunities to
create novel biological species that possess predefined combination of properties.
Therefore, the synthetic genomes can be regarded as a new kind of materials. The
methods for whole genome assemble applied so far combined several in vitro and in
Vvivo steps that possess certain technical limitations and shortcomings. In this chapter,
we discuss all technical aspects of assembling novel genomes and their current
limitations. The genome editing technologies that have been developed over the last
several years based on the CRISPR-Cas system is also discussed. In addition, we
present major RNA-based methods for design of gene control circuits both in

prokaryotes and eukaryotes, including humans.

Xomono3u Ha Arabidopsis kbMm LRAT ca Bb3MoOXeH cybecTpart 3a pa3paboTBaHe
Ha HOBM pakoBu nekapctBa. Arabidopsis Homologues to the LRAT a Possible
Substrate for New Plant-Based Anti-Cancer Drug Development — Dimitrios
Kaloudas, Robert Penchovsky, 2018, International Journal of Biomedical and

Clinical Engineering (IJBCE), 2161-1610

Tasn ctatna onmcea kak cemencTBoTo Ha NC reHuTe ca naeHTMduunpaHn B reHoma
Ha Arabidopsis thaliana (Arabidopsis) Ype3 xomonorus Ha YyoBelukaTta JleunTuH-

peTuHanHaTta aumnHa TpaHcgepasa (LRAT) n npotemHa Ha nukopHasupyc 2A.
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lMpoTenHnTe Ha Arabidopsis cbabpxat aBa MOTUBa, OEHTUDULMPAHU B OTPOMHO
pasHoobpasne oT opraHnamu, T1.e. H-Box n NC. Cpea cpogHute npotenHu ca C.
elegans EGL-26, perynaTopeH NpoTeMH Ha KrneTbYyHaTta MopdgoreHesa BLB BynBaTa 1
YOBELLKM MPOTENHUN, KOUTO MoraTt Aa 6baaT CBbp3aHu C KreTbYyHa nponudepaumns nnu
passuTtue. Yoselukute xomonosu sknovsat HRAS-nogobHu TymopHM cynpecopu,
nHayuupanm ot Tazarotene reH 3 (TIG3) n agecymounupauwia nsonentuagasa (PNAS-4),
KOATO MHAYLUMpa anonTto3a B pakoBuTe KreTku Ha 6enusa gpob. 3anassaHe Ha aBaTa
HabngaBaHM MOTUBA B NPOTENHUTE Ha Arabidopsis B XOMOnormsi ¢ TYMOPHM
Cynpecopu 1 3anasBaHeTo Ha ocTaTbLMTe, BaXkHU 3a oyHKumnsTa Ha LRAT cpepn
xomono3ute Ha Arabidopsis, Moxe ga 6bae nokasaTenHO He CaMoO 3a 3HAYEHNETO Ha
Te3n JOMeNHU 3a PYHKUMATA Ha pacTUTENHUTE NPOTEMHU, HO CbLUO Taka Moxe Aa
pasKkpue HOBa rpyna 3a npoekTupaHe Ha paspaboTBaHe Ha nekapcTBa, HACOYEeHU KbM

pacTUTENHU TYMOPMW.

This article describes how an NC gene family has been identified in the genome of
the Arabidopsis thaliana (Arabidopsis) by homology to the human Lecithin Retinal
Acyl Transferase (LRAT) and the picornavirus 2A protein. The Arabidopsis proteins
contain two motifs identified in a vast variety of organisms, an H-Box and an NC.
Among related proteins are the C. elegans EGL-26, a regulator protein of cell
morphogenesis in the vulva region, and human proteins that might be related to
cell proliferation or development. Human homologues include HRAS-like
tumoursuppressors, the Tazarotene-induced gene 3 (TIG3), and a deSumoylating
Isopeptidase (PNAS-4) that induces apoptosis in lung cancer cells. Preservation of
the two motifs observed in the Arabidopsis proteins in homology to tumour
suppressors, and the conservation of residues important for the function of the
LRAT amongst the Arabidopsis homologues can be indicative not only of the
importance of these domains for the function of the plant proteins but can also
reveal a new candidate group for the design of plant-based tumour-targeting drug
development.
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KnuHnyHm TecTtBaHmMA Ha (pyHKLMOHANHWN HYKNENHOBU KUCESIMHU: aHTUCEHC
onuroHykneotuam n antamepu. Clinical Trials of Functional Nucleic Acids:
Antisense Oligonucleotides and Aptamers — Martina Traykovska, Sjoerd
Miedema and Robert Penchovsky, 2018, International Journal of Biomedical and

Clinical Engineering (IJBCI), 2161-1610

Taan rmaBa onvcea Kak OYHKLMOHANMHUTE HYKITEMHOBU KUCESTMHU KaTo anTamMepu,
aHTuceHc onuroHykneotuam (ASOs), manku uHtepdepupawm (si) PHK n pubosmumm ce
cyuTaT OT HSAKOW u3cregoBaTenv 3a LLeHHU MHCTPYMEHTH 3a pa3paboTBaHe Ha
TepaneBTUYHU cpeacTBa. Te He ca ocobeHo ObP3n 3a JoCTUraHe Ha nasapa KaTo
nekapcTtBa, nopagu eHgoreHHN 6aprnepn 3a U3BbHKNETbYHNUS TpadUK N KNETbYHOTO
yCBOsIBaHe Ha HyKNEeNHOBUTE KUCENWHU U NpucbLlaTa UM HecTabunHoOCT, KoraTo ce
npunarart in vivo. ®apMaueBTUYHUTE KOMNaHUM NPeoaonsaBaT Te3n NpensTCTBUS U
ToBa goBeae Ao ogobpsiBaHETO Ha HAKOMKo antamepn n ASOs KaTo nekapcTea.
TepaneBTMLMTE C HYKNENHOBU KMCEIMHM OOMKHOBEHO Ce npunarar fiokanHo Ha bonHa
TbkaH. KaHangaTtute 3a nekapcrea, KOUTO NMOHACTOSALLEM Ca B KIUHUYHWN N3MUTBaHUSA,
OOMKHOBEHO M3MN0S3BaT ChLUMTE METOAN 32 aAMUHUCTPUPAHE, KakTo No-paHo
NULEH3MpaHu NekapcTBa C HYKIEMHOBU KNCENUHU. Te3n TEXHUKN 3a agMUHUCTPUpaHe
HOCAT CBOUTE PUCKOBE U Npeau3BukaTtencrea. B Tasm ctatusa ce obebxaa
HACTOALLOTO CbCTOSAHME U Ca N3BpPOeHU NepcrnekTUBHU BapuaHTK 3a U3Mnon3sBaHe Ha

ACO n anTamepu KaTo nekapcrtaa.

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 appliedinvivo.However, research carried out by the nucleic acid

engineering community and pharmaceutical companies to circumvent these obstacles

12 ot 27



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.

CbenunHeHUs, NONy4YeHU OT pacTeHUs U TAXHaTa NOoTeHLMarnHa pons B
pa3BuTueTo Ha nekapctBa. Plant-Derived Compounds and Their Potential Role

in Drug Development — Dimitrios Kaloudas, Robert Penchovsky, 2018,

International Journal of Biomedical and Clinical Engineering (IJBCE), 2161-1610
Tasn ctaTna onucea Kak ¢ pa3BUTMETO Ha BUOTEXHOMOrMUTE pacTeHNATa OTHOBO
3aBOlOBAT BMAHO MSICTO KATO CPaBHUTENHO €BTMH U3TOYHMK 3a Cb3JaBaHETO Ha
pekoMBUHaHTHY bapMaueBTUYHN NPOAYKTU. PacTutenHuTe cbeguHeHUs 3anoyHaxa
Aa Urpasit OCHOBHa pons BbB hapmaLeBTUYHaTa NPOMULLNEHOCT, KATO MHOTO
NPOAYKTN Ha pacTUTENHa OCHOBA HaMepuxa MACTO B flekapcTBa WU XMMUKaru,
N3Mnon3BaHu 3a feYyeHne Ha pasnnyHn 3abonsaBaHns U TEXHUTE CUMNTOMM.
CbeavHeHusaTa, NonyyYeHn oT pacTeHusiTa, ca TeCTBaHU 3a NedYeHne Ha HAKOMKO Buaa
pak, 3abonsiBaHWs Ha LeHTpanHaTa HepBHa cuctema, kato nogobpurtenu no Bpeme Ha
XMMUOTepanus 1 Kato CboBe 3a LiefieHaco4YeHo Cb3faBaHe Ha nekapcTsa.
"eHeTMYHO MogndULUMpaHuTe pacTUTENHN KNETKU ce N3nons3saT 3a NPOM3BOACTBO Ha
TepaneBTUYHWU areHTU, KakTo 1 3a Cb3aBaHe Ha eKCNPeCUOHHU CUCTEMM 3a
BMpyconogobHu Yyactuum, Konto buxa Mornu aa ce n3nonssar kaTo BakcuHW. OcBeH
ToBa MUKPOPHKK, nmntupawm pactutenHute, umaT cnocobHocTTa aa nHxnbupart
Tymopwu npu 603anHuum. Tasu nybnvkaumsa-peBto onucea CbeAMHeHUATa, Nony4eHu ot
pacTeHusaTa, N TEXHUTE CBOMCTBA KaTo NOTeHUManHu TepaneBTUYHN areHTn n
npekypcopu 3a pa3paboTBaHeTO Ha HOBU NekapcTBa BbB (papmaueBTUKaTa

MHOYCTPUA.
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This article describes how with the development of biotechnology, plants have
gained again a prominent place as a relatively inexpensive source for the creation
of recombinant pharmaceuticals. Plant-derived compounds have started playing a
major role in the pharmaceutical industry with many plant-based products to have
found their way in drugs and chemicals used for the treatment of different diseases
and their symptoms. Plant-derived compounds have been tested for the treatment
of several types of cancer, Central Nervous System disorders, as enhancers during
chemotherapy and as vessels for targeted drug delivery. Genetically modified plant
cells have been recruited for the production of therapeutic agencies as well as in
the creation of expression systems for virus-like particles that could be used as
vaccines. Moreover, microRNAs mimicking the plant ones have the ability to inhibit
tumors in mammalian cells. This review describes plant-derived compounds and
their properties as potential therapeutic agents and precursors for the development

of novel drugs in the pharmaceutical industry.

UHTerpupaHa cenekumsa Ha [1HK B peakTopn ¢ MMKPONOTOK KaTo noaxon 3a
MOJIEKYJTHO nu3umncnsiBaHe n guarHoctuka. An Integrated DNA Selection in Micro-
flow Reactors as an Approach for Molecular Computation and Diagnostics

(book) - Robert Penchovsky, 2019, 978-619-91360-1

B pesyntaT Ha nbpBOHa4anHaTa paborta Ha AgnemaH npe3 1994 r., 6sxa nycHaTu
HoBoBbBeaeHusTa Ha [JHK naumncnexmsata. OTroraBa HAKOMKO NPOHMLATENHU
nscnegoBatenu paboTaT 3a NpeogonsaBaHe Ha NponacTTa Mexay MorekynspHaTa
Buonorua n TeopuaTa Ha U3YUCNEHMATA, 3a Aa Ce U3rpagu NPakTUYeH KOMMTHbP,
6a3upaH Ha OHK unu PHK. NpoBeaeHoOTO npoyyBaHe 3a OCbLECTBUMOCTTa Ha
komntoTpun, 6asumpanm Ha AHK n PHK, npegusBuka KpuTu4Ha oueHKa Ha Hann4yHuTe B
MOMEHTa MHCTPYMEHTWN Ha MorekynspHaTa buonorusa 3a TexXHUsa noTeHuman 3a
MOJSEKYITHO n34yucrnsBaHe. Taka ce nosiBu Bb3MOXHOCT 3a HOB rnorneq Bbpxy HAKOU OT
CbluecTBeHUTe BromornekynHm npouecu kato cenekumsa Ha AHK, nurupane,

amnnudurkaumnsa n camocrnobsasaHe. PaspaboTBaHeTo Ha GMOTEXHOMNOMMM Ha YMNOBE €
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cnogeneHo msacto mexay AHK n PHK 6asnpaHa gnarHoctuka u U34ncnmnTenHm
npouecu. ToBa e Taka, 3aLl0TO AbJ/PKMMOTO Ha ABETE NPUNOXEHNS N3UCKBAT BUCOKA
CTEMNEH Ha aBTOMAaTM3aLUMNsA U UHTErpMpaHe Ha ronsam 6pon MonekynHM npouecu
napanernHo.

B Tasu Te3a ce otuntart peaynratute oT pas3paboTBaHETO Ha HOB NOAXOA KbM
aBTOMaTM3NPaH N MHTEerpmpaH MHoOrocTbnasneH npouec Ha cenekuunsa Ha AHK,
n3nonaeaLy, MMKpo-crynaHu Moaynu 3a nsbop Ha tonyeTa. lNogxoabT ce ocHOBaBa
Ha npeanoXeH HOB MUKPO-cbrynaeH An3anH 1 Hoea obpaTuma xummsa 3a
MHorocTbnaneH TpaHcgep Ha OHK xmbpngunsaums npm n3aoTepmMmyHmn yCrioBusi.
MwukponyngHUST au3anH No3BonsiBa nNporpaMmmpaHo npukpensaHe ycnopeaHo ¢
pasnunynum AHK onvromepu (unu gpyrn Guomonekynu) 3a MbHUCTa, BrpageHn B
KackagHO CBbp3aHM MUKpOpeakTopu, Ypes oTaenHo nogasaHe Ha [JHK onvromepu n
oMpexaBaly, peareHT. 3non3BaHeTo Ha CTbMNKa Ha UHXMbupaHe (Ype3 NpoMsiHa Ha
pH) Ha obesasmxBaHeTo Ha [JHK npu cmecBaHe B KpbCTOCAHM MUKPOKaHanm
rapaHTupa BMCOKO HMBO Ha cneumguyHOCT Npu agpecupaHe Ha TonyeTa, NoCTaBEHU B
KackagHoO cBbp3aHu kamepu ¢ pasnundHn HK nocnegosatenHoctn. PH-o6patnm
noaxoA 3a cneumcuyeH 3a nocnegoBatenHocTTa TpaHcdep Ha [JHK nossonssa
MHOroeTanHa cenekumsa oT CroXeH nyn oT pa3nuyHu monekynu Ha AHK B peakTnsHum
KackagHO CBbP3aHM MUKPOMOTOLM, NOCTUTHATK UK Ype3 npomsiHa Ha pH Ha
N3NoMnBaHUTE PasTBOPU UMM NMPU YCOBUS Ha MOCTOSIHEH MOTOK Ype3 NnpemMecTBaHe
Ha MarHUTHW Ton4YeTa Npes pas3TBopu ¢ pasnuyHo pH. M3BbpLluBaHeTo Ha usnaTa
npoueaypa 3a noabop npu NOCTOAHHA TemMnepaTtypa No3BosisiBa NOTEHLMANHO
WHTerpupaHe Ha MHOro moaynu 3a n3bop B egHa 4Yact. MeToabT n3nonaea
KnHeTukaTa Ha 6bp3aTta AHK xmbpungmnsauma Ha Tonyetata Npy NOTOYHU YCIOBUA U
HeobxoanMmnTe Marnkm CTOMHOCTU Ha npobaTta. EdekTnBHOCTTa N BEpHOCTTa Ha
TpaHcdepa Ha AHK xmbpnamnsauma ca geMoHCTpUpaHn Mexay Asa MoAyna 3a MUKPO-
dnyngHa cenekums. NoaxoabT € NoAXOASLY 3a UHTErPUPaHn NPUoXeHus B
obnacTTa Ha unsuncnseaHeTo u anarHoctukata Ha [HK. [ABaHageceT-6utosa [JHK

onbnnoTeka, NnpoeKTnupaHa cnopen rfepMmoanHaMnM4yHNTE orpaHN4YEeHnd, e
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eKcrnepMMeHTarniHoO KOHCTpyMpaHa 1 TeCTBaHa C MOMOLLTA HA MHCTPYMEHTY 3a
MonekynsipHa 6uonorusi. Pesyntatute nokaseaTt BUCOKO HMBO Ha crneuunduryHa

xm6pm,qmsau,ms|, NocTUrHaTa ¢ BCUYKN BUTOBK BMTOBE npun naeHTN4YHM yCrioBuA.

As a result of Adleman's original work in 1994, the floodgates of DNA computing were
released. Since then, a few insightful researchers are working to bridge the gap
between molecular biology and computing theory in order to build a practical DNA or
RNA based computer. The research undertaken on the feasibility of DNA and RNA
based computers provoked a critical evaluation of the currently available tools of
molecular biology for their potential for molecular computation. Thus, an opportunity
arose for a new insight into some of the essential bio-molecular processes such as
DNA selection, ligation, amplification, and self-assembly. The developing of on-chip
biotechnology is a shared ground between DNA and RNA based diagnostics and
computing. This is because owing both applications require a high degree of
automation and integration of a great number of molecular processes in parallel.

In this thesis, the results are reported of the development of a novel approach to an
automated and integrated multi-step DNA selection employing micro-fluidic bead-
based selection modules. The approach is based on a proposed novel micro-fluidic
design, and a novel reversible chemistry for multi-step DNA hybridisation transfer
under isothermal conditions. The micro-fluidic design allows a programmed
attachment in parallel of different DNA oligomers (or other bio-molecules) to beads
incorporated in cascadably connected micro- reactors, by separated delivery of the
DNA oligomers and cross-linking reagent. The use of an inhibition step (by a pH
change) of the DNA immobilisation upon mixing in crossing micro- channels
guarantees a high level of specificity in addressing beads placed in cascadably
connected chambers with different DNA sequences. The pH-reversible approach to
sequence- specific DNA transfer allows a multi-step selection from a complex pool of
different DNA molecules in cascadably connected micro-flow reactors, achieved either

by a pH change of the pumped solutions or, in steady flow conditions, by moving
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magnetic beads through solutions with a different pH. Performing the whole selection
procedure under a constant temperature allows potentially the integration of many
selection modules on a single wafer. The method avails of the fast DNA hybridisation
kinetics on beads under flow conditions, and of the small sample values needed. The
efficiency and fidelity of the DNA hybridisation transfer are demonstrated between two
micro-fluidic selection modules. The approach is suitable for integrated applications in
the fields of DNA computation and diagnostics. A twelve-bit DNA library, designed
according to thermodynamic constraints, is experimentally constructed and tested
using molecular biology tools. The results demonstrate a high level of specific

hybridisation achieved with all library bits under identical conditions.

lNMpoekTupaHe Ha nekapcTBa, KOMTO NpeoAonsBaT aHTUGakTepuanHara
Pe3nUCTEeHTHOCT: KbAle CMe U KakBO TpsibBa Aa npaBum? Designing drugs that
overcome antibacterial resistance: where do we stand and what should we do?
— Robert Penchovsky and Martina Traykovska, 2015, Expert opinion on drug
discovery, 1746-0441, Q1, IF — 4,66

lMpe3 nocnegHuTe roanHn NHPEKUUNTE, NPUYNHEHN OT MHOTOPE3NCTEHTHU
BakTepuanHu naTtoreHun, ce nNpeBbpHaxa B OrpoMeH npobrnem 3a obLiecTBeHnTe
34paBHU cucTemu. BebLyHocT 3noynotpebaTta ¢ aHTMOMoTULM AoBede A0 noseaTta Ha
peavua yctonumsm 6aktepuanHm wamose, BknountenHo Staphylococcus aureus,
Neisseria gonorrhoeae, Escherichia coli u Mycobacterium tuberculosis. 3a
CbXXaneHue, ycunusita 3a Npon3BOACTBO Ha HOBM aHTUBMOTMLM He ca Bunu
AOCTaTbYHK, 3a Aa Ce CNpaBsaT C nosiBaTa Ha Te3N HOBWU PE3UCTEHTHM Ha aHTMBMOTULM

(AR) wamose.

In recent years, infections caused by multidrug-resistant bacterial pathogens have
become a huge issue to public healthcare systems. Indeed, the misuse of antibiotics
has led to, over the past 30 years, the emergence of a number of resistant bacterial

strains including Staphylococcus aureus, Neisseria gonorrhoeae, Escherichia coli and
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Mycobacterium tuberculosis. Unfortunately, efforts to produce new antibiotics have not
been sufficient to cope with the emergence of these new antibiotic-resistant (AR)

strains.

2. BuouHdopmaTMka u monekysrnHa eBosnoUuA

FeHoMHO-6MounHpopmaTnyeH aHanus Ha FMN, SAM-I, gimS, TPP, nu3uH, nypuH,
ko6anamuH n SAH pubonpeBknoYBaTenuTe 3a TAXHOTO NPUSIOXKEHUe KaTo
anocTepuy4HN aHTUGaKTepuarnHm NeKapcTBEHMU Lieyiu B YOBELLKU NaToreHHU
6aktepun. Genome-wide bioinformatics analysis of FMN, SAM-I, gimS, TPP,
Lysine, Purine, Cobalamin, and SAH riboswitches for their applications as
allosteric antibacterial drug targets in human pathogenic bacteria — Nikolet
Pavlova, Robert Penchovsky, 2019, Expert Opinion on Therapeutic Targets, Q1, IF
-45

Llenu: HenpekbcHaTo HapacTBawmaT 6pon pe3ncTeHTHU Ha aHTUBMOTMUM LWaMoBe Ha
naTtoreHHu BakTepun Npu YoBeka e cepuoseH npobnem. MNpoabmkuTenHUTE
3abonsBaHung 1 HapacTBallaTa CMbPTHOCT B CBETOBEH MaLLab o3HavyaBaT crneLlHa
Heobxo4MMOCT OT pa3paboTBaHe Ha HOBM aHTMBaKTepuanHu nekapcTea, 6asnpaHu Ha
HOBW Lenn n MexaHnamm Ha gencteume. lNpegcraessme in silico aHanmam Ha
OakTepuanHu pubonpeBkoYBaTENN, KOUTO MOraT Aa 6baaT NoAXoAsALLUM KaTo
aHTubakTepmanHu nekapcreeHun Lenu. Metoau: NoseyeTo GakTepmanHu
pubonpeBKoYBaTENN Ca anoCTEPUYHN LUC-0ENCTBALLN FEHHN KOHTPOJSTHN ENTEMEHTM,
pasnonoXxeHu B 5'-HeTpaHcnMpaHa obnact Ha nHgopmaumoHHata PHK.
PubonpeskntoyBatenute ycewaTt cneyndunyHm metabonutn n perynupaT cMHTe3aTa Ha
HAKOM OCHOBHU KNETbYHU MeTabonntu B MHOIro naToreHHu 6akrepun, HO He ce
HamupaT npu xoparTa. lNpeacraBsMme NbreH U n3depnarteneH GuomHpopmaTUyeH
aHanus B LieNnMsi reHOM 3a NOAXO0XAAHETO Ha 0OCeM pubonpeBKIoYBaTENN KaTo
aHTUbaKTepmanHn nekapCTBEHU Lienn B pa3nuyHyn natoreHHn 6akrepuun. PesyntaTtu:
Bb3 ocHoBa Ha HawwuTe in silico aHann3u knacudgrumpame pubonpeBkntoyYBaTennTe B
4YeTUpW PasnNYHU rPynn Bb3 OCHOBA Ha TAXHAaTa rogHoCT aa 6baaT n3nons3saHu KaTo

aHTMbakTepmanHu nekapcteeHu uenun. Hne cme nsuncnunu, ye FMN, SAM-I, gimS,
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TPP n nuamnHoB pmnbonpeBkntoyBaTenn ca obellasalum Lenu 3a OTKpMBaHe Ha
aHTMbakTepmanHu nekapcrtea. 3akntodeHne: ToBa nscnegsaHe HM NO3BosisiBa Aa
doKkycupame nscnenBaHnaTa 3a oTKpMBaHe Ha aHTubaKkTepuanHu nekapcTea camo
BbpPXy OHe3n pnbonpeBknioYBaTenu, YNeTo nHxnbunpaHe e goseae Ao NOTUCKaHe Ha

pacTexa Ha onpeaeneHn naToreHHU GakTepun.

Objectives: A constantly growing number of antibiotic-resistant strains of human
pathogenic bacteria is an acute problem. Prolonged ilinesses and increasing mortality
worldwide mean that there is an urgent need to develop novel antibacterial drugs based
on new targets and mechanisms of action. We present in silico analyses of bacterial
riboswitches that may be suitable as antibacterial drug targets. Methods: Most bacterial
riboswitches are allosteric cis-acting gene control elements located in the 5'untranslated
region of messenger RNAs. Riboswitches sense specific metabolites and regulate the
synthesis of some essential cellular metabolites in many pathogenic bacteria but are not
found in humans. We present a complete and comprehensive genome-wide
bioinformatics analyses of the suitability of eight riboswitches as antibacterial drug
targets in various pathogenic bacteria. Results: Based on our in silico analyses, we
classify the riboswitches in four different groups based on their suitability to be used as
antibacterial drug targets. We have estimated that FMN, SAM-I, gimS, TPP, and Lysine
riboswitches are promising targets for antibacterial drug discovery. Conclusion: This
research enables us to focus antibacterial drug discovery research only on those
riboswitches whose inhibition will result in suppression of the growth of certain

pathogenic bacteria.

EBWS: OcHOBHM GuonHpopMaTU4HM yeb ycnyru 3a aHanusm Ha
nocnepoBaTenHocTu. EBWS: Essential Bioinformatics Web Services for

Sequence Analyses — Dimitrios Kaloudas, Nikolet Pavlova, Robert Penchovsky,

2018, IEEE Transactions on Computational Biology and Bioinformatics, 1557-
9964, Q1,IF-24

OcHoBHUTE BrMonHpopmaTudHn yeb ycnyrn (EBWS) ca BHeagpeHn Ha HOB CbpBbBp,
6asupaH Ha PHP, koriTto npegoctassa nonesHn MHCTpymeHTa 3a aHanua Ha JHK, PHK n
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NPOTENHOBW NOCeAoBaTENHOCTY Ypes npunaraHe Ha yaobeH 3a notpebutens
nHTepdgenc. B momeHTa nma geset yeb 6asmpann annneTta 40CTbNHU Ha yeb cbpBbpa.
Te BknoyBat obpatHa komnnemeHtapHa AHK v npounssonun OHK/PHK/nentuaHm
ONMroMepHU reHepaTopu, Tbpcayka 3a MOTUBHU cekBeHUun, psasaHe ¢ [HK
pecTpukTasa, npokapmotHa ORF (0TBOpeHa pamka Ha YeTeHe) Tbpcadka 1 NPon3BosieH
OHK/PHK myTauunoHeH reHepaTtop. Ton CbLUO Taka BKMNOYBA Karnkynatopa Ha
Temnepatypa Ha ToneHe (Tm) Ha OHK /OHK, PHK/PHK n OHK/PHK xnbpuau, reHepatop
3a Bogewa PHK (gRNA) 3a CRISPR / Cas9 cuctemarta u kankynaTtop 3a
TemnepaTyparta Ha cBbp3BaHe 3a mynTtunnekcHa PCR. AnneTbT 3a TbpceHe Ha
MOZENnN HaMa orpaHuyeHnsa B 6posi Ha MOTUBHUTE BXOAOBE M NMpunara Kytus ¢
MHCTPpyMeHTU Regex, kouTo moraT ga 6baaTt n3nonseBaHu 3a geuHnpaHe Ha CNoXHU
3asBku 3a nocnegosatenHocT Ha PHK, IHK n npotenHoBu nocnegoBaTenHOCTM.
Mporpamarta 3a ycsosiBaHe Ha HK eH3nmnTe nanonsea ronama 6asa gaHHu ot 1502
PECTPUKLNOHHN eH3uMN. ['eHepaTopbT 3a Bogewa PHK nma 6a3a gaHHm ¢ 25
DakTepuanHu reHoma, Kouto morat aa ce Tbpcat 3a gRNA uenesu
nocrnegoBaTenHOCTU U MMa ONuus 3a TbPCeHe BbB BCsIKa NOCNefoBaTeNHOCT Ha
reHoma, 3agageHu ot notpebutens. Bcuykm nporpamm ca NOCTOSHHO JOCTbMNHU OHNANH

Ha http://penchovsky.atwebpages.com/ 6e3 orpaHnyeHus.

The Essential Bioinformatics Web Services (EBWS) are implemented on a new PHP-
based server that provides useful 5 tools for analyses of DNA, RNA, and protein
sequences applying a user-friendly interface. Nine Web-based applets are currently 6
available on the Web server. They include reverse complementary DNA and random
DNA/RNA/peptide oligomer generators, a pattern 7 sequence searcher, a DNA
restriction cutter, a prokaryotic ORF finder, and a random DNA/RNA mutation
generator. It also includes 8 calculators of melting temperature (TM) of DNA/DNA,
RNA/RNA, and DNA/RNA hybrids, a guide RNA (gRNA) generator for the 9
CRISPR/Cas9 system and an annealing temperature calculator for multiplex PCR. The
pattern-searching applet has no limitations in 10 the number of motif inputs and applies
a toolbox of Regex quantifiers that can be used for defining complex sequence queries
of RNA, 11 DNA, and protein sequences. The DNA enzyme digestion program utilizes a

large database of 1,502 restriction enzymes. The gRNA 12 generator has a database of
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25 bacterial genomes searchable for gRNA target sequences and has an option for
searching in any 13 genome sequence given by the user. All programs are permanently
available online at http://penchovsky.atwebpages.com/ 14 applications.php without any

restrictions.

RSwitch: HoBa 6a3a naHHU 3a 6MoOMHOpMaTUKa Ha pubonpeBKNOYBaTeNnuTe KaTo

aHTVI6aKTepVIaJ1HVI JNlIeKapCcTBeéHn MULLUEHMN.

RSwitch e MySQL 6a3a gaHHu, peanusnpaHa Ha 6a3mpaH Ha PHP cbpBbp, KOATO CbLLO
npegocTaBsa pasfnmnyHn NONe3Hn NMHCTPYMeEHTHU 3a aHanunau Ha [JHK, PHK n npotenHoBun
nocrnegoBaTenHOCTU, U3nonsearikm yagobeH 3a notpebutens nHrepdenc. B momeHTa
b6asarta gaHHu Ha RSwitch cbabprka nHdopmauusa n noscHeHna 3a 215 GakTepuanHm
pubonpesknoyBaTenu oT 16 pasnuyHu TMna, OTKPpUTK B 50 YOBELLKM NaTOreHHN
baktepun. Knacosete pubonpeskntousatenu sknovsat PMH, gimS, kobanamuH,
nn3unH, SAH, SAM, nypuH, TPP, c-di-GMPI, c-di-GMPII, Moco, PreQ1, dnyopug,
rnuumH, Mg2 + n Mn2 + Tun 6aktepuanHu pubonpeskntousatenu. basaTta gaHHM
npefocTaBsa MHopMauma 3a nocregoBaTesITHOCTUTE Ha anTaMepa Ha
pubonpeBknoyBaTens, TepMoANHAMUYHUTE NOCNeoBaTEeNHOCTH 3a (PYHKLUMS Ha
ctpyktypute Ha PHK, n 3a cdoyHKkuma 3a ceobogHa MnHumanHa eHeprusi. OcBeH ToBa
OasaTa gaHHM NpeacTaBsa LeHTpanHata CTpyKTypa v No3vUMOHHaTa eHTPOonus 3a Besika
no3unumMs Ha nocrnegoBaTenHocTUTe Ha antamepa. basaTta gaHHM NpegocTaBst ChLUO
OMOXMMUYHMTE NBTULLA, B KOUTO Ca BKITOYEHN prubONpeBKIOYBaTENUTE, KAKTO U
MHOXECTBO NoApaBHABAHUA Ha NocnefoBaTeNHOCTU, BakTepmanHu Wwamose 3a
YCTOMYMBOCT KbM fNleKapcTBa M KOHCEHCYCHM MOTUBW 3a BCEKU TUM NPEBKIOYBATESMN.
basarta gaHHn Ha RSwitch e nocTosiHHO gocTbnHa oHNanH 6e3 orpaHnyeHus. Tasum
BronHdopmaTudHa 6asa AaHHM NpefoCcTaBs 3a MbpPBU NbT Usnata uHopmaums,
Heobxo4MMa 3a OLEeHKa Ha rogHOCTTa Ha NpeacTaBeHnTe pnbonpeBkNioYBaTENM KaTo

aHTI/I6aKTepI/IaJ'IHI/1 JNieKapCTtBEHN MULLIEHMN.

The RSwitch is a MySQL database implemented on a PHP-based server, which also
provides various useful tools for analyses of DNA, RNA, and protein sequences

applying a user-friendly interface. The RSwitch database currently contains information
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and annotations of 215 bacterial riboswitches from 16 different types found in 50 human
pathogenic bacteria. The riboswitch classes include those sensing FMN, gimsS,
Cobalamin, Lysine, SAH, SAM, Purine, TPP, c-di-GMPI, c-di-GMPII, Moco, PreQ1,
Fluoride, Glycine, Mg2+, and Mn2+ type of bacterial riboswitches. The database
provides information about the riboswitch aptamer sequences, the thermodynamic
ensemble of the RNA structures on partition function and on free minimum energy
function. Additionally, the database presents the centroid structure and the positional
entropy for each position of the aptamer sequences. The database also provides the
biochemical pathways in which the riboswitches are involved in, as well as multiple
sequence alignments, multi-drug resistance bacterial strains and consensus motifs for
each type of the switches. The RSwitch database is permanently available online
without any restrictions. This bioinformatics database provides for the first time all
information needed for assessing the suitability of the presented riboswitches as

antibacterial drug targets.

3. MonekynsipHa reHeTUKa Ha 6akTepum

PubonpeBkniouyBaTenu - pasnpegeneHue, CTpyktypa n yHKUMOHMpaHe
6aktepuunte. Riboswitch distribution, structure, and function in bacteria — Nikolet
Pavlova, Dimitrios Kaloudas, Robert Penchovsky, 2019, Gene, 0378-1119, Q1, IF -
2,5

PubonpeBsknoyBaTeNnTe ca reHHN KOHTPOMHU eNeMeHTU, KOUTO AUPEKTHO ce CBbp3BaT
CbC crneunduyHM NuraHau, 3a aa perynupart reHHaTta ekcripecusi 6es3 HyxxaaTta oT
npoTeuHn. Te ce HaMMpaT BbB BCUYKUTE TPWU 06NacTy Ha UBOTA, BKIHOYUTEITHO

Baktepun, Apxeun n Eykapnotun. PubonpesknouBatenute ca pasnpocTpaHeHu
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npeaMMmHo B 6akTepumn 1 apxeun. B To3n 4oKyMeHT ob6cbxagame obLwoTo
pasnpefgeneHue, CTpykTypaTa u pyHKumMATa Ha 28 pasnuyHu knacose
pubonpeBkoYBaTenn, kKato okycMpame BHUMaHUETO CU BbPXY
pubonpesknoyBaTenute B 6baktepunte. baktepmnanHute pubonpeskrtoysaTenm
perynupaTt reHHaTa eKkcrpecus Yypes 4eTupu pasrnmyHn mexaHmama. B tasum nybnmkaums
Hue obcbxgame oOLLOTO pasnpeneneHne, CTpykKTypa n oyHKUMS Ha 28 pasnnyHmM knaca
pubonpeBkoYBaTenn KaTo oKycMpaMme BHUMaHUETO CU Ha pubonpeBknoBaTenuTe
npu 6aktepumTe. Te perynupar ekcnpecmupaHeTo Ha orpaHndeH 6pon reHn. Bunpeku
TOBa, NOBEYETO OT T€3M reHN ca OTFTOBOPHU 3a CMHTE3a Ha OCHOBHWM MeTabonuTu, 6e3
KOWUTO KreTkaTa He Moxe Aa dyHKunoHupa. CnegoBaTtenHo pasnpeaeneHmeTo Ha
pubonpeBknoYBaTENNTE ChLUO € BaXHO 3a pa3paboTBaHETO Ha aHTMbaKTepuanHm

nekapcTaa.

Riboswitches are gene control elements that directly bind to specific ligands to regulate
gene expression without the need for proteins. They are found in all three domains of
life, including Bacteria, Archaea, and Eukaryota. Riboswitches are mostly spread in
bacteria and archaea. In this paper, we discuss the general distribution, structure, and
function of 28 different riboswitch classes as we focus our attention on riboswitches in
bacteria. Bacterial riboswitches regulate gene expression by four distinct mechanisms.
They regulate the expression of a limited number of genes. However, most of these
genes are responsible for the synthesis of essential metabolites without which the cell
cannot function. Therefore, riboswitch distribution is also important for antibacterial drug

development.

PHK kaTo echukacHa uen 3a oTkpuBaHe Ha aHTUGakTepuanHm nekapcrtea. RNA as
A Potent Target for Antibacterial Drug Discovery — Katya B Popova, Lozena A
Otcheva, Martina Traykovska and Robert Penchovsky, 2018, Biomedical Journal

of Scientific and Technical Research, 2574-1241, Q4, IF — 0,548
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PaspaboTBaHeTo Ha HOBM aHTMOMOTULM Ce NPeBPbLLA B UCTUHCKM CreLlHa cuTyaums
nopagun HapacTealLms 6pon MHOrope3ncTeEHTHN NaToreHHn bakTepun. ToBa CbLLO €
rnobaneH npobrem nopaan MacoBOTO MPOM3BOACTBO U NPUNOXKEHNETO Ha PasnnyHu
aHTMBUOTULUM, KaKTO B XyMaHHaTa, Taka U BbB BeTepuHapHaTa MeavumHa.
CnepoBatenHo, HMe TpsibBa He caMo Aa cb3gageM HOBYM aHTUBMOTMUM, HO U a
YCKOpUM npouecuTe 3a pasBuTMeTo M. ToBa Moxe aa 6bae NoCcTUrHaTo ypes
n3non3BaHe Ha HOBW LIeNN 3a OTKpMBaHe Ha aHTUbakTepuarnHu nekapcrtea. B Tasu
nybrvkaumnsa-peBto HUe oKycmpaMme BHUMaHMETO CU BbPXY HAKOSKO pasfnnyHu Tmna
monekynu PHK, kouto ca 6unun nsnonssaHu kato aHTMbakTepuarHm nekapcTBeHn Luenu.
PHK e Han-HeeaHO3HaYHMAT Buononmmep B KneTkaTa, KOMTO HOCU MHOIO PasfinyHu
dyHkummn. Hanpumep, TPHK, pPHK n nPHK ca oT cbliectBeHO 3Ha4YeHne 3a reHHaTa
eKcnpecus KakTo B Npo-, Taka 1 B eykapuoTute. Bbnpeku ToBa, BCUYKM Te3W BULOBE
PHK nmat nocnegosatenHoct u 3D CTpyKTypu, KOUTO ca cneundunyHn camo 3a
BGakTepunTe 1 MoraTt Aa ce U3nonsear 3a CnMpaHe Ha OCHOBHUTE BUOXMMUYHK NpoLiecH
camo B baktepuuTe. Benukn Te3m xapaktepuctmkm npasat PHK MHoro molHa myweHa

3a pasBuTMe Ha aHTnbakTepuarnHu nekapcraa.

The development of novel antibiotics is becoming a real emergency due to the growing
number of multidrug-resistant pathogenic bacteria. This is also a global problem due to
mass production and application of various antibiotics both in human and veterinary
medicine. Therefore, we need not only to create novel antibiotics but also to speed up
the development pipeline. This may be achieved by using novel targets for antibacterial
drug discovery. In this review, we focus our attention on several different types of RNA
molecules that have been used as antibacterial drug targets. The RNA is the most
ambiguous biopolymer in the cell, which carries many different functions. For instance,
tRNAs, rRNAs, and mRNAs are essential for gene expression both in the pro-and
eukaryotes. However, all these types of RNAs have sequences and something 3D

structures that are specific for bacteria only and can be used to shut down essential
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biochemical processes in bacteria only. All these features make RNA very potent target

for antibacterial drug development.

MexaH1M3Mu Ha nekapcTBeHa yCTOMYMBOCT M NOAXOAM 3a NpeyAonsiBaHe.
Mechanisms of Drug resistance and Approaches to overcome it (book chapter) —
2019, Elsevier

B Tasn rmaBa gnckytnpame ceeToBHaTa 3annaxa, nopagu nossata Ha GakTtepuanHu
LLIaMOBE C MHOXECTBEHa YCTOMYMBOCT KbM aHTMOMOTMLM M KAKBO MOXEM [a HanpasuMm,
3a Ja cMeK4MM HapacTBalliaTa onacTHOCT. 3a Aa ce CnpaBuM C HapacTBallaT
ONacTHOCT OT LaMoBe C MHOXXeCTBEHa YCTONMYMBOCT, TpsibBa Aa Hamanum CBeTOBHaTa
ynotpeba Ha aHTMBMOTULM B YOBELLKATa U BETEpMHapHaTa meavumHa. B gonbnHeHue,
TpsAbBa ga yCKOpMM MexaHu3ma 3a pa3BMBaHe Ha HOBM aHTMOMOTMUM. 3a Aa NOCTUTHEM
TOBa MOXeE [a Ce HanoXxu ga nanon3same HOBM MEXaHNU3MM 3a LENCTBME Ha
nekapcTBaTa U TAxHaTa AOCTaBKa M Aa M3non3same HOBW aHTUBaKTepuanHm MULLEHN
3a nekapctBa. TyK CbL0 AUCKYTUPaMeE KINOYOBU MEXAHN3MWN Ha aHTMDOaKTepnanHoTo
AENCTBME Ha NekapcTBaTa, pa3BUTMETO M Pa3NPOCTPaHEHNETO Ha aHTUbakTepmnanHa
PE3NCTEHTHOCT, U Han-cneLwwHnTe 3a NnpebopBaHe GakTepmanHu WamoBe C

MHOXeCTBEHaA yCTOIZ‘-I MBOCT.

In this chapter,we discussthe globalthreatimposedby the emergenceof multidrug-
resistantbacterial strains and what we can do to mitigate this growing danger. To deal
with thegrowing threatofmultidrug-resistantstrainswe have to reduce the world-wide
misuse of antibiotics both in human and veterinary medicine. In addition, we have to
speedupthe pipeline for developing new antibiotics. To achieve that, we may need to
use novel mechanisms ofdrug action, drug delivery, and employ novel antibacterial drug
targets. Herein we also discuss the keymechanismsof antibacterial drug action,the
developingand spreading of antibacterial resistance, and the most urgent multidrug-

resistantbacterial strains, which have to be tackled in an urgent fashion.
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CtpaTeruu 3a npeBeHUMA U yAbpXKaHe Ha aHTUMUKPOOHa pe3nCTEeHTHOCT.
Migration of Antimicrobial resistance (book chapter — “Strategies for prevention
and containment of antimicrobial resistance”) - in press 2020

B Ta3u rmaBa guckytupame BCUYKM BaXKHW CTpaTernn 3a NpeBeHunst U yabp)KaHe Ha
aHTUMMKpOOHaTa Pe3NCTEHTHOCT, KOATO € HapacTBaly Npobnem 3a 3gpaBHaTa cuctema
no ceeTa. Tyk AUCKyTUpame pUCKOBUTE PaKkTOpy U MEXAHM3MUN 3a Pa3BUTME U HAYNHU
Ha pa3npocTpaHeHne Ha aHTUMUKPODOHa pe3nCcTEeHTHOCT. Hne ce dhokycnpame BbpXy
pa3Hoobpa3HM cTpaTerMm 3a NpeBeHUMs Ha nosiBunaTa ce aHTMMUKpPOoGHa
PE3VNCTEHTHOCT Ype3 peayKumus Ha CENEKTUBHUSA HATUCK Ha NaTOreHHNTe BakTepuu.
Tasu rmaea cbLo NpeacTaBsa pa3nMyHM cTpaTerMm 3a yabpkaHe Ha
LUIMPOKOPA3NPOCTPaHEHN MHpEKUUN C BaKTeEpUN, YCTOMUYUBM HA aHTMOMOTULN,
BKMOUMTENTHO MEeXAYHApPO4HO NPU3HATK yKasaHusa 3a npunaraHe Ha aHTMoMOTMLM.
MpeacTaBeHaTa WMPOKa Hay4yHa o6nacT OT NpeBEHLUMNA 3a OrpaHMYaBaHe Ha
aHTUMUKpPOBHaTa pe3nCTEHTHOCT 61 Buna B MHTEPEC 1 3a y4YEHU U 3a Nekapu,

paGoTeLlUm U1 NHTepecyBalll ce OT Te3n cepu.

In this book chapter, we discuss allimportant strategies for the preventionand
containment of antimicrobial resistance, which is a growing problem for health care
systems around the world. Here we discuss the risk factors and mechanisms of
development and ways of spreading of antimicrobial resistance. We focus our attention
to various strategies forprevention of emergence of antimicrobial resistance via
reduction of selective pressureto the pathogenic bacteria. The chapter also presents
different strategies for containment of wide-spread infection with antibacterial drug-
resistant bacteria, including internationally recognized guidelines of antibiotic
stewardship.The presentedbroad scientific area of preventionof containment of
antimicrobial resistance would be of interest to both researchers and physicians

working or interested in these fields.
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OTKpMBaHe Ha neKkapcTBa, HAaCoO4YeHU KbM GakTepumn, yCTOMYMBU Ha fieKapcTBa.
Drug discovery targeting drug-resistant bacteria. Migration of Antimicrobial
resistance (book chapter — “Drug discovery targeting drug-resistant bacteria”) - in
press 2020, Springer

B Ta3u rnaBa Ha kHurata npeacraBsaMe HOBM METOAM 3a OTKpMBaAHE Ha
aHTMbakTepmanHu nekapcTea cpeLly aHTUMUKPOBHN BakTepumn, 6asnpaHn Ha
anTepHaTMBHM CTpaTerMm 3a oTkpuBaHe Ha aHTUbakTepmanHu nekapcrea. Te BKIYBaT
NPUNOXEHNE Ha aHTUCEHC ONUIOHYKNEOTUAN KaTo aHTUbaKTepuanHu areHTn, gekanHa
MUKPOOMOTHA TpaHCNNaHTaumsa 1 aHTUMUKPOOHM NENTUAN U NPOHUKBALLM B KINETKU
nenTuaun ¢ aHTnbakTepuarnHa akTMBHOCT. Te3n anTepHaTMBHM NOAXOAM 3a OTKPUBaHe
Ha aHTUbaKTepuanHu nekapcTsa UMaT OrpPOMEH NoTeHuuan 3a pa3paboTBaHe Ha HOBM
AHTUBNOTUYHM areHTn, aHTUMUKPOOHN Pe3NCTEHTHM BakTepun, KOUTO ca MHOIO
Heobxo4MMu 3a cnpaBsHe C HEOTOXHMTE 3annaxu oT NatoreHH akTepun, ycTonunem

Ha MHOrIO JfieKkapcTBa.

In this book chapter, we present novel methods for antibacterial drug discovery against
antimicrobial resistant bacteria based on alternative strategies for antibacterial drug
discovery. They include the application antisense oligonucleotides as antibacterial
agents, fecal microbiota transplantation, and antimicrobial peptides and cell-penetrating
peptides with antibacterial activity. These alternative approaches for an antibacterial
drug discovery have a huge potential to develop novel antibiotics agents antimicrobial
resistant bacteria that are much needed to tackle the urgent threats of multi-drug

resistant human pathogenic bacteria.
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