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Abstract

Background: Inhibitors of acetylcholinesterase (AChE) are used to treat many disorders,
among which are neurodegenerative upsets, like Alzheimer's disease (AD). One of the
limited licensed AChE inhibitors (AChEls) used as drugs is the natural compound
galantamine (Gal).

Objective: As Gal is a toxic compound, here we expose data about its four derivatives in
hybrid peptide-norgalantamine molecules, which have shown 100 times lower toxicity.

Methods: Four newly synthesized galantamine derivatives have been involved in
docking analysis made by Molegro Virtual Docker. Biological assessments were
performed on ICR male mice. The change in short and long-term memory performance
was evaluated by passive avoidance test. AChE activity and levels of main oxidative
stress parameters: lipid peroxidation, total glutathione (GSH), enzyme activities of
catalase (CAT), superoxide dismutase, and glutathione peroxidase were measured in
brain homogenates.

Results: Our experimental data revealed that the new hybrid molecules did not impair
memory performance in healthy mice. Two of the compounds demonstrated better than
Gal AChE inhibitory activity in the brain. None of them changed the level of lipid
peroxidation products, one of the compounds increased GSH levels, and all of them
increased CAT enzyme activity.

Conclusion: The new galantamine-peptide hybrids demonstrated a potential for
inhibition of AChE and antioxidant activity and deserve further attention.

BbBepeHue: NHxnbutopuTe Ha auetunxonuHectepasata (AChE) ce nsnonseat 3a
neyeHne Ha pasnuyHu 3abonsBaHugd, cpen KoUTO ca U HeBpoaereHepaTUBHU
pascTpouncTBa kaTo 6onectta Ha Anuxanmep (AD). EAMH OT MankoTo NUuUeH3npaHu
nHxmbutopu Ha AChE, npunaraHu kaTto nekapcTBo, € eCTECTBEHOTO CbeaMHEHME
ranaHtamuH (Gal).



Llen: Mopaan TokcnyHocTTa Ha Gal Tyk npeacTaBsAMe AaHHW 3a YeTUPU HETOBM
XMbpuaHu Npon3BoaHu (NenTua-HopranaHTaMMHOBM MOJIEKYM), KOUTO noka3saT 100
MbTU NO-HNUCKA TOKCUYHOCT.

MeToau: YeTrpn HOBOCUMHTE3NPAHN NPOM3BOAHWN HA ranaHTamuH 6sxa NognoXeHn Ha
MOJIEKYSTHO JOKMHI npoyyBaHe ¢ Molegro Virtual Docker. BuonornyHute nscnegsaHus
ce npoBefoxa Bbpxy MbXku MyLKK oT wam ICR. NMpomeHuTe B kpaTKOCpO4HaTa U
AbnrocpovHata nameT 6sxa oueHeHW Ypes3 TeCT 3a NacuBHO U3bsarsaHe. B xomoreHaTn
OT MO3bK ce uamepuxa akTmHoctta Ha AChE 1 OCHOBHM nokasaTtenu 3a oKCMaaTMBeEH
CTpec: nunungHa nepokcmnaaums, obuy rnytatmod (GSH) n eHauMHUTE akTUBHOCTU Ha
katanasa (CAT), cynepokcngamcmyTasa 1 rinytaTuoHnepokcmaasa.

Pe3ynTtatu: EkcnepymeHTanHuTe gaHHM nokasaxa, Ye HoBUTe XMBpUAHM MOMEKYnu He
BMnoLiaBaT nameTTa Npu 34paBu MULLKW. [1Be OT CbeanHeHMsTa NposiBUXa no-cunHa
MHXMBUTOopHa akTMBHOCT kbM AChE B M0o3bka B cpaBHeHne ¢ Gal. HUTo eaHo oT Tax He
NPOMEHN HUBOTO Ha NPOAYKTUTE Ha NUNUAHaTa NepokcMaauns; eaHo CbeanHeHne
nosuwmn HMBata Ha GSH, a BCu4YkM yBenuumxa aktmHocTtta Ha CAT.

3akntoyeHue: HoBuTe ranaHTaMMHOBO-NENTUAHM XMOPMAN OEMOHCTPMPAT NoTeHUman
3a nHxubupaHe Ha AChE n aHTMokcugaHTHa akTUBHOCT M 3acnyaBaT Mo-HaTaTbLHO
n3cnensaHe.
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INTRODUCTION From a historical point of view, natural products (NPs) have a crucial
role in promoting modern drug discovery, serving as an ‘inexhaustible’ source of new
ideas for drug design and as inspi- ration for the development of a large number of the
currently pre- scribed drugs. Over the last decade, the NPs-based drugs have led to a
significant improvement in the treatment of several human diseases, especially
infectious (e.g. diverse antibiotics) and car- diovascular diseases (e.g. statins), but also
cancer (e.g. NPs-based antibody—drug conjugates) and multiple sclerosis (e.g.
fingolimod) [1, 2]. Due to the increasing challenges related to an ascending fo- cus on
complex diseases with not fully understood pathophysiol- ogy (for example,
neurodegenerative diseases) or ‘chimeric’ causal biology (e.g. infections like COVID-
19), many pharmaceutical com- panies have chosen to partially shift their R&D
investment from ‘classical’ synthetic chemistry approaches towards novel biotech-
nological methodologies in order to quickly develop the needed medicines [3]. Despite
these new aspects in the drug discovery and develop- ment process, especially in the
past few years, scientists must identify and select one (single-targeting concept) or
more than one (multi-targeting concept) biological target of relevance to a human
disease and further find ‘the only’ therapeutic molecule that is able effectively and safely
to modulate the respective target(s) of interest [3, 4]. The use of target-oriented drug de-
sign and discovery in combination with several computer-assisted methods to guide
synthetic chemistry, including biocatalytic, bio- orthogonal and combinatorial chemistry,
and high-throughput screening is nowadays an indispensable technology platform in
modern bio-pharmaceutical industry. Although the development and further
implementation of novel technologies for drug discov- ery can be advantageous, the
generation of novel chemical enti- ties that are unique from a structural point of view still
remains a great challenge. Therefore, NPs-based drug design and develop- ment still
appears to be a very useful and successful approach for (i) searching for NPs-based
bioactive pure compounds, (ii) explor- ing the chemical space via modifications of NPs
(semisynthetic drugs) and (iii) improving the biochemical stability and physico- chemical
profile of NPs (for example, prodrugs), usually via intro- duction of one functional group
that can be easily cleaved in vivo into the desired bioactive molecule. The combination
of both, the NPs-based drug discovery and synthetic chemistry methods, represent a
powerful approach in drug design and development process, leading to very significant
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advances in the treatment of several human diseases when con- sidering the specific
advantages of these methodologies in terms of costs and time. It should be mentioned
that many medicines that are actually used are not only NPs or only synthetic drugs
(SDs), there are also semisynthetic compounds, as well as synthet- ically created
molecules using structural motifs originated from NPs. In all these cases, the NPs
structures continue to play an essential role in the drug discovery and development
process, be- ing the richest source of biologically active compounds and hav- ing
enormous structural diversity. Thus, many of today’s clini- cally used drugs are either
isolated directly from NPs, including plants and microbial secondary metabolites as well
as complex molecules from marine sources, or were developed from a natu- rally
occurring lead compound.

YBop

OT ncropuyecka rnegHa Tovka npupogHute npoayktu (NPs) nmat pelwasatila pons 3a
CTUMYNUPAHETO Ha CbBPEMEHHOTO OTKPMBAHE Ha fleKapCcTBa, CNYXXENKn Kato
,2Hemsdyeprnaem” M3TOYHMK HA HOBW MAEN 3a NeKapCTBEH AM3aMH U KaTo BAbXHOBEHMWE 3a
pa3paboTBaHETO Ha rofisima 4YacT OT NOHACTOALLEM NPeanUcBaHNTE MeOUKAMEHTH.
lMpe3 nocnenHOTO AeceTuneTne nekapcrearta, 6asmpaHn Ha NPUPOLHM NPOAYKTH,
AoBeaoxa 4o 3HaYMTenHo nogobpeHne B NIEYEHNETO Ha peauLa YoBeLLKM 3abonsaBaHus
— 0COBEHO NHMEKLUMNO3HN (Hanp. pa3dHOObpasHu aHTMBMOTULN) N CbPAEYHO-CbO0BU
(Hanp. cTaTUHK), HO CbLLO Taka pak (Hanp. KOHraTu aHTUTANO-NIEKapPCTBO, NOMyYEHN OT
NPs) n MHOXecTBeHa ckneposa (Hanp. puHronnmon) [1, 2].

lMopagu HapacTBawmTe NpeansBuKaTerncTea, NopoaeHn oT BCe NO-CUMHUSA UHTEePEC KbM
KOMMneKcHU 3abonsaBaHus ¢ HedcHa naTtouanosnorms (HanpumMmep HeBpodereHepaTUBHN
3abongaBaHus) Unn XxnmMmepHa“ npuymMHHO-cneacTeeHa buonorus (Hanp. MHAEKUUM Kato
COVID-19), MHOro chapmaLeBTUYHN KOMMaHMM YaCTUYHO NpeHaco4Ynxa MHBeCTULMnTE
cn B HUP[L ot ,knacuyeckmnte“ noaxoam Ha CUHTETMYHATa XMMUSA KbM HOBU
OMOTEXHONOMMYHN METOA0SNOIMM, 3a Aa pa3paboTaT no-6bp30 HeobxogummnTe
nekapctsa [3].

Bbnpekn Te3m HOBM acnekTu B Npoueca Ha OTKpMBaHe U paspaboTBaHe Ha nekapcTea —
0ocobeHo npes nocrnegHUTe HAKOMKO roguHN — ydeHuTe Tpabea ga ngeHtuduumpart un
n3bepart efHa (KoHUenuusa 3a eqHoLIENeBo TapreTMpaHe) unm noseve (KoHuenuus 3a
MHOroueneBo TapreTupaHe) 6MonorMyHN MULLEHN, peneBaHTHN 32 AaJeHO YOBELLKO
3abonsiBaHe, 1 crep ToBa fa HAaMepAT ,eQUHCTBEHaTa“ TepanesTUYHa MoreKyrna, KOsiTo
MOXe edpekTMBHO 1 Be3onacHo Aa mogynupa cboTBeTHaTa(uTe) muweHa(m) [3, 4]. Hec
N3MNON3BaHETO Ha OPUEHTUPAH KbM MULLIEHaTa NekapCTBEH An3ariH, B KOMOMHaLUMs ¢
peavua KOMNIOTbPHO NoanoMaraHy MeToau 3a Haco4YBaHe Ha CUHTETMYHATa XMMus —
BKMIOYUTENHO BrokaTanuTuyHa, GuoopToroHanHa n KOMGMHaTOpHa XMMUS, KakTo v
BMCOKOMPOAYKTUBEH CKPUHWUHT — NPEeACTaBrsiBa He3aMeHMMa TEXHOIOorM4yHa nnargopma
B CbBpeMeHHaTa buodapmavreBTuyHa nHayctpus. Makap paspaboTBaHeTo U
BHELPSABAHETO Ha HOBM TEXHOMOMN 3a OTKPUBAHE Ha fekapcTeBa Ja HOCAT NpeanmcTBa,



Cb3aaBaHETO Ha HOBU XUMUYHU CbeUHEHNA C YHUKAlTHa CTPYKTYpa BCe OLle OCTaBa
CEPUNO3HO Npean3BmnKaTericTBo.

3atoBa An3anHbT 1 pa3paboTBaHETO Ha nekapcTea, 6asMpaHn Ha NPUPOOHU NPOLYKTH,
BCeE OLLle Ca MHOrO Mosie3eH 1 ycneweH noaxon, 3a

(i) TbpceHe Ha BMOAKTUBHM YNCTU CbeOMHEHNS OT NMPUPOAHN NPOOYKTMH,

(ii) nacnegBaHe Ha XMMUYHOTO NPOCTPAHCTBO Ype3 MoandUKaL MM Ha NPUPOSHU
NPoayKTh (NOSTYCUHTETUYHM NeKapcTBa) u

(iii) nopobpsaBaHe Ha BUOXMMUYHATA CTAOMNHOCT U (PUBNKOXUMNYHUS NPOcmn Ha
npUpoaHUTE NPOAYKTU (Hanp. NponekapcTea), 06MKHOBEHO Ype3 BbBEXaHE Ha
dyHKUMOHanNHa rpyna, KOsiTo JIeCHO ce oTuenBsa in vivo 40 XenaHaTta 6noakTMeHa
Morekyna.

KomburHaumsaTa oT oTKkpuBaHe Ha nekapcTea, 6asmpaHu Ha NPUPOAHM NPOAYKTH, U
METOAMTE Ha CUHTETMYHAaTa XMMUS NPEACTaBNsiBa MOLWEH NOAXoA B NeKapCTBEHUS
An3aliH 1 pa3paboTka, KOMTO BOAM [0 3HAYMTENHM NOCTUXKEHNS B NIEYEHNETO Ha
MHOXECTBO YOBELLKM 3a60nsBaHus, OTYATANKN CneumdpryHnTe NpeammcTBa Ha Tesu
METOA0MorM No OTHOLEHNE Ha pa3xoaun 1 Bpeme. Crnieasa Aa ce nogyeprae, Ye MHOro
OT U3Non3BaHMTe OHEC MeaMKAMEHTM He ca caMo NPUPOAHM MPOAYKTU UMK camo
CUHTETUYHM NnekapcTea (SDs); cbllecTByBaT M NONYCUHTETUYHU CbeOMHEHUS, KAKTO U
CUHTETUYHO Cb3aadeHy MOSEKymnn, YUMTO CTPYKTYPHM MOTUBM MPOU3XOXKAAT OT
NPUPOAHM NPOAYKTU. BbB BCUYKM TE3M Cryyan CTPYKTYPUTE Ha NPUPOAHUTE NPOOYKTU
NpoAbIHkaBaT ga UrpasiT CbLUECTBEHA POns B NpoLieca Ha OTKpUBaHe 1 paspaboTBaHe
Ha NnekapcTBa, Tbil KaTo NpeacTaBnsaBaT Har-6oraTus U3TOYHWUK Ha GUOMOrMYHO aKTUBHMU
CbeauHEHMS! U ce OTNMYaBaT C OFPOMHO CTPYKTYpPHO pasHoobpasve. 3aToBa MHOIO OT
KMMHUYHO M3MON3BaHNTE OHEC NekapCcTBa UMK ce U3onmpaTt AMPEKTHO OT NPUPOOHM
N3TOYHULM — PacCTEHUS!, MUKPOOHN BTOPUYHN METaBONUTM U CIIOXHM MOMNEKYSN OT
MOPCKM OpraHM3mMmn — Unu ca paspaboTeHn Bb3 OCHOBa Ha €CTECTBEHO cpeLlalll ce
BOAELL, KOMMOHEHT.
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ABSTRACT

The duplication of genetic information (DNA replication) is central to life. Numerous
control

mechanisms ensure the exact course of the process during each cell division.
Disturbances of

DNA replication have severe consequences for the affected cell, and current models link
them

to cancer development. One of the most accurate methods for studying DNA replication
is

labelling newly synthesised DNA molecules with halogenated nucleotides, followed by
immunofluorescence and microscopy detection, known as DNA fibre labelling. The
method

allows the registration of the activity of single replication complexes by measuring the
length

of the “trace” left by each of them. The major difficulty of the method is the labor-
intensive

analysis, which requires measuring the lengths of a large number of labelled fragments.
Recently,

the interest in this kind of image analysis has grown rapidly. In this project we have
developed

an algorithm and a lightweight Java application to automatically analyse single DNA
molecule

images that we have named “DNA size finder”. DNA size finder significantly simplified
the analysis

of the experimental data while increasing reliability by the standardised measurement of
a

greater number of DNA molecules. It is freely available and does not require any paid
platforms

or services to be used. We hope that the application will facilitate both the study of DNA
replication control and the effects of various compounds used in human activity on the
process

of DNA replication.

Pesiome

AybnupaHeTo Ha reHeTMYHaTa uHopmauus (pennukaums Ha [1HK) e B ocHoBaTa Ha
XunBota. MHOXECTBO MEXaHU3MM 3a KOHTPON rapaHTMpaT TOYHUSA X0 Ha TO3u npouec
Nnpuv BCAKO KNETbYHO AeneHe. HapyweHuaTa B pennukauyuaTta Ha JHK nmat cepnosHm
nocrneguum 3a 3acerHarara KrneTtka, a CbBpeMeHHUTE MOAESNN MM CBbp3BaT C



pas3BUTUETO Ha pak. EQMH OT Har-npeunsHNTe MeToam 3a uscnegsaHe Ha pennuvkauusaTa
Ha [JHK e mapkmpaHeTo Ha Hackopo cuHTeaupaHu JHK-monekynu ¢ xanoreHmpaHu
HyKneoTuaun, nocnegsaHo oT UMyHOQITyopecLEeHUNA N MUKPOCKOMNCKO OTKpUBaHe,
N3BECTHO KaTo MapkupaHe Ha [JHK-dunbpu. To3n meToq no3BonsaBa permcTpMpaHeTo Ha
aKTUBHOCTTA Ha OTAENHU penIMKaLUMOHHN KOMMNITEKCU Ype3 n3mepBaHe ObIhKnHaTa Ha
,crnegara“, octaBeH OT Bceku OT Tsax. OCHOBHaTa TPYAHOCT Npu TO3W MeTof €
TPYAOEMKUAT aHanmsa, KOMTO N3NCKBA M3MEPBAHE HA ObJPKMHUTE Ha ronsim 6pon
MapkuMpaHu pparmeHTU. Hackopo nHTepecshT KbM TO3M BUA 06pa3eH aHanms3 ps3ko
HapacHa. B To3n npoekT paspaboTmxme anroputbMm U neka Java nporpama 3a
aBTOMaTUYeH aHanu3 Ha nsobpaxeHusaTta Ha otaenym JHK-monekynu, kosato
Hapekoxme ,DNA size finder®. ,DNA size finder aHauntenHo onpoctu aHanuaa Ha
eKCcnepuMeHTanHNTe gaHHKW, KaTto NOBULLN HAAEXAHOCTTa Ype3 cTaHaAapTU3NPaHo
namepBaHe Ha no-ronam 6pon HK-monekynn. CoptyepsbT e 6e3nnaTeH n He U3McKBa
N3NON3BaHETO Ha NnaTteHn nnatopmn unu ycnyrn. Hagasame ce, 4e NPUNOXEHNETO
LLIe YNeCHWN KaKTo n3creaBaHeTo Ha KOHTpora Bbpxy pennvkaumsta Ha [HK, Taka n
N3yyaBaHETO Ha ePeKTUTE OT pPasnNUYHN CbeQUHEHMS, NMpUNaraHn B YoBeLlKkaTta
AEeNHOCT, BbpXy npoueca Ha pennukaums Ha OHK.
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The modulatory interactions between neurotensin (NT) and the dopaminergic
neurotransmitter system in the brain suggest that NT may be associated with the
progression of Parkinson’s disease (PD). NT exerts its neurophysiological effects by
interactions with the human NT receptors type 1 (hNTS1) and 2 (hNTS2). Therefore, both
receptor subtypes are promising targets for the development of novel NT-based analogs
for the treatment of PD. In this study, we used a virtually guided molecular modeling
approach to predict the activity of NT(8—13) analogs by investigating the docking models
of ligands designed for binding to the human NTS1 and NTS2 receptors. The importance
of the residues at positions 8 and/or 9 for ANTS1 and hNTS2 receptor binding affinity was
experimentally confirmed by radioligand binding assays. Further in vitro ADME profiling
and in vivo studies revealed that, compared to the parent peptide NT(8—13), compound
10 exhibited improved stability and BBB permeability combined with a significant
enhancement of the motor function and memory in a mouse model of PD. The herein
reported NTS1/NTS2 dual-specific NT(8—13) analogs represent an attractive tool for the
development of therapeutic strategies against PD and potentially other CNS disorders.

MogynupawmTe B3aumogencTeus mexay HenpoteHsmHa (NT) u gonamuHepruyHata
HeBpOTpaHCMUTEPHA cucTema B Mo3bka npegnonarat, 4e NT moxe fa 6bae CBbp3aH C
nporpecudata Ha 6onectTta Ha NapkuHcoH (BIM). NT ynpaxHsiBa HeMHUTE OU3NONOrNYHU
edektn ype3 B3ammogencteme c¢ yvosewwkute NT-peuentopu tmn 1 (hNTS1) n tvn 2
(hNTS2). lNopagn TOBa M AgBata cybTuna peuenTopu npeacraensisaT obelaBalim
MULLEHM 3a pa3paboTBaHeTo Ha HOBM NT-6a3npaHn aHanosu 3a nedeHuve Ha bll.

B ToBa n3cneasaHe u3nonasaxme BUPTYariHO HACOYEH MOMeKyrneH Mogenupaly noaxoq
3a NPOrHo3MpaHe Ha aKkTMBHOCTTA Ha aHano3n Ha NT(8—13), kato nscneaBaxme OOKUHT
MOAENUTE Ha NUraHguTe, NPOeKTUpaHu 3a CBbp3BaHe ¢ YoBelukuTe peuentopn NTS1 un
NTS2. 3Ha4yeHneTo Ha ocTaTbuMTE Ha no3uumn 8 n/mnu 9 3a adpuHUTETaA Ha CBBLP3BAHE C
hNTS1 1 hNTS2 peuenTtopute 6e ekcnepMmeHTanHO NOTBbPAEHO Ype3 paanonuraHgHu
CBAMBaLLW aHanum3au.

HdonbnHuteneH ,in vitro® ADME—-npocun u ,in vivo“ npoyyBaHus paskpuxa, 4e B
cpaBHeHne ¢ poagutenckusa nentug NT(8-13), cbeanHenne 10 nputexasa nogobpeHa
CTabunHOCT M MNpOHMKBAHE nNpe3 KpbBHO—MO3byHaTa Oapuepa, CbYeTaHU CbC
3HauMTENHO nogobpsBaHe Ha MOTOpHUTE (DYHKLMM M nameTTa B Muwn mogen Ha Brll.
HoknagsaHunte Tyk ABOMHO cneundmyHn 3a NTS1/NTS2 aHanosm Ha NT(8-13)
npeacTaBnsBaTt aTpakTUBEH MHCTPYMEHT 3a pa3paboTBaHe Ha TepaneBTUYHN cTpaTernm
cpewy Bl v noTeHuManHo apyry UeHTpanHu HepBHU pa3CTPOUCTBA.
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Abstract.

Breast cancer (BC) has the highest rate of cancer in women and causes the highest
number of deaths, approximately 15% of all female cancer deaths. High incidence and
mortality make it a leading socially significant disease. In practice, different specialists in
different clinics carry out the different stages - screening, diagnosis, treatment and
rehabilitation. With advances in medicine and the emergence of innovative precision
medicine technologies, digital technology is gaining momentum. We propose conceptual
model of integrated approach for combining and analyzing digital data from all stages
using modern methods based on Knowledge Data Discovery. Collecting the data from all
stages will facilitate early and accurate diagnosis, complex risk assessment, and will allow
analysis of the significance of the various diagnostic and prognostic factors. The
perspective is to design and implement scientific analytics workflow system for in silico
knowledge data discovery and intelligent decision making based on the suggested
integrated approach for breast cancer diagnostics and precision therapy
recommendation.

Peslome

PakbT Ha repaaTta (PlN) e ¢ Han-BMCOKa YecToTa Cpea XXEeHUTe U NpUYMHSBa Han-ronsam
O6por CMBPTHU cnyYam — nNpubnumanTenHo 15 % OT BCUYKM OHKOSNTOMMYHU CMBPTHU Criyvau
npu xeHwn. Bucokata 4yectota M CMBPTHOCT o npeBpbliaT B Bogewlo obuiecTBeHo
3HauMMo 3abonsiBaHe. Ha npakTuka pasnuMyHuM cneuyuannctu B PasfiuyHU  KIUHUKK
N3BbpLUBAT OTAENHUTE eTanu OT rpwkata — CKPUHWHL, OUarHocTuka, neveHne u
pexabunutaums.

C Hanpegbka Ha MeguuMHaTa U nosiBata Ha WHOBATMBHWM TEXHOMOMMW 3a npeuusHa
MeauunHa, gurnTanHute TexHornormm gobmear Bce no-ronsaMo 3HadeHue. [Npeanarame
KOHUEeNTyaneH Mogen Ha MHTerpMpaH nogxod 3a KoMOrMHMpaHe U aHanu3 Ha AUrnTanHu
AaHHN OT BCUYKM €Tanu, M3nonsBanikm CbBpeMEHHN metoan, 6asmpaHm Ha Knowledge
Data Discovery. CbbupaHeTo Ha gaHHM OT BCUYKM dhasn e YNEeCHW paHHaTa M TOYHa
AnarHocTuKa, KoMnfnekcHaTa oueHKa Ha pycka U1 Wwe No3Bosiv aHanua Ha 3Ha4nMmocTTa Ha
pasnu4yHnTe ANarHOCTUYHU 1 NPOrHOCTUYHU (baKTopMW.

[NepcnektuBata e da ce npoekTupa W peanuanpa Hay4Ho-aHanuMTM4yHa cuctema 3a
pabotHn notoun (workflow) 3a in silico Knowledge Data Discovery n WHTENUreHTHO
B3eMaHe Ha peleHus, 6a3npaHo Ha nNpPensIoOKeHOTO WHTerpupaHo pelleHve 3a
AnarHocTuKa Ha pak Ha rbpaarta 1 npenopbka Ha npeLmsHa Tepanus.



I.7.1. Q1Scopus, 25T.

Elitsa Boteva, Konstantin Doycheyv, Kiril Kirilov, Yordan Handzhiyski, Rositsa Tsekovska,
Evan Gatev, Roumyana Mironova, Deglycation activity of the Escherichia coli glycolytic
enzyme phosphoglucose isomerase, International Journal of Biological Macromolecules,
Volume 257, Part 1, 2024, 128541, ISSN 0141-8130,
https://doi.org/10.1016/j.ijbiomac.2023.128541.

ABSTRACT

Glycation is a spontaneous chemical reaction, which affects the structure and function of
proteins under normal physiological conditions. Therefore, organisms have evolved
diverse mechanisms to combat glycation. In this study, we show that the Escherichia coli
glycolytic enzyme phosphoglucose isomerase (Pgi) exhibits deglycation activity. We
found that E. coli Pgi catalyzes the breakdown of glucose 6-phosphate (G6P)-derived
Amadori products (APs) in chicken lysozyme. The affinity of Pgi to the glycated lysozyme
(Km, 1.1 mM) was ten times lower than the affinity to its native substrate, fructose 6-
phosphate (Km, 0.1 mM). However, the high kinetic constants of the enzyme with the
glycated lysozyme (kcat, 396 s—1 and kcat/Km, 3.6 x 105 M—1 s—1) indicated that the
Pgi amadoriase activity may have physiological implications. Indeed, when using total E.
coli protein (20 mg/ mL) as a substrate in the deglycation reaction, we observed a release
of G6P from the bacterial protein at a Pgi specific activity of 33 pmol/min/mg. Further, we
detected 11.4 % lower APs concentration in protein extracts from Pgi-proficient vs.
deficient cells (p = 0.0006) under conditions where the G6P concentration in Pgi-
proficient cells was four times higher than in Pgi-deficient cells (p = 0.0001). Altogether,
these data point to physiological relevance of the Pgi deglycation activity.

Pesome

[MIOKO3NNNPaHETO € CMNOHTaHHa XWUMUYHA peakuusi, KOATO 3acsra CTpykTypaTta u
dyHKUMATa Ha 6enTtbuMTe Npyu HOpManHu duanonornyHu ycnosusa. CrnegoBaTenHo
opraHMaMmuTe ca pasBunn pasHoobpasHn mexaHu3amu 3a 6opba c rmukauusTa. B ToBa
npoyyBaHe nokassBame, Ye IMUKONMUTUYHUAT eH3uM doocorntoko3onsomepasa (Pgi) ot
Escherichia coli nposiBaBa ENHOCT Ha Aernukaums.

YctaHoBuxme, 4e Pgi ot E. coli katanutuyHo pasrpaxga Amadori npogyktn (APs),
npounaxoxgaLum ot rnoko3o-6-ocdat (G6P), B nunewkms nm3o3mm. AQuHNTETHT Ha Pgi
KbM rnukosnpaxus nnsosumm (Km = 1,1 mM) e gecet nbTu NO-HUCHK OT apuHUTETA KbM
HeroBus HatypaneH cybcTtpat ¢pykTo3o-6-cpocdar (Km = 0,1 mM). Bwnpekn TOBa
BMCOKUTE KMHETUYHU KOHCTaHTM Ha eH3nma C rmukosupaHus nusosum (kcat = 396 s™ u
kcat/Km = 3,6 x 10° M™" s™") nokaseaT, Ye amagopuasHata akTMBHOCT Ha Pgi moxe fa
nmMa U3NONOrM4YHO 3Ha4YEHME.

HenctsutenHo, npu nsnonasaHe Ha o6y npotenH oT E. coli (20 mg/mL) kato cybecTpaTt B
peakumsaTta Ha gernvkauus Habniogasaxme ocsoboxaaBaHe Ha G6P ot 6akTrepuanHus



npotenH ¢ Pgi-cneundpunyHa aktmHocT 33 pmol/min/mg. OcBeH ToBa B NPOTENHOBU
eKCTPaKTN OT KIeTKW, CbabpXawm dyHkumoHaneH Pgi, ce yctaHoBn 11,4 % no-Hucka
KOHUeHTpauma Ha APs cnipamo knetku ¢ gecomunt Ha Pgi (p = 0,0006), npn ycnosus, npu
KOUTO KOHUeHTpaumsaTa Ha G6P B Pgi-npodmumeHTHuTe Knetkn bewe 4etmpun nbTu no-
BUCOKa B cpaBHeHue ¢ aeduumtHute (p = 0,0001).

Bcunukn Tesn gaHHM codaT 3a (PM3MOSIONTMYHO 3HAYMMO AerfiMKauuoHHO AeUCcTBue Ha
eH3nma Pgi.
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Nikolay T. Tzvetkov, Martina |. Peeva, Maya G. Georgieva, Vera Deneva, Aneliya A.
Balacheva, lvan P. Bogdanov, Maria Ponticelli, Luigi Milella, Kiril Kirilov, Maima Matin,
Hans-Georg Stammler, Atanas G. Atanasov, Liudmil Antonov,Favipiravir vs. Deferiprone:
Tautomeric, photophysical, in vitro biological studies, and binding interactions with SARS-
Cov-2-MPro/ACE2,Current Research in Biotechnology, Volume 7, 2024, 100176, ISSN
2590-2628, https://doi.org/10.1016/j.crbiot.2024.100176.

AB S TRACT Coronavirus disease 2019 (COVID-19) still remains the most disastrous
infection continuously affecting millions of people worldwide. Herein, we performed a
comparative study between the anti-influenza drug favipiravir (FAV) and the anti-
thalassemia drug deferiprone (DFP) in order to examine their potential as basic scaffolds
for the generation of most effective and structurally novel antivirals. To conduct the initial
molecular modelling and virtual screening steps, our recently proposed single crystal X-
ray diffraction (SCXRD)/HYdrogen DEssolvation (HYDE) technology platform has been
used. This platform allows molecular design, interactive prioritization and virtual
evaluation of newly designed molecules, simultaneously affecting two COVID-related
targets, including angiotensin-converting enzyme 2 (ACE2) as a host-cellular receptor
(host-based approach) and the main protease (Mpro) enzyme of the spike glycoprotein
of SARS-Cov-2 (virus-based approach). Based on the molecular docking results, DFP
has shown higher binding affinity (Ki HYDE values) over FAV towards both biological
targets. The tautomeric, physicochemical, and biological properties of FAV and DFP have
been studied both experimentally and theoretically using molecular spectroscopy (UV-
VIS absorption), parallel artificial membrane permeability assay, and cell biology (PAMPA
and MTT assay), as well as DFT quantum chemical calculations. According to the
obtained results, the enol tautomers of both compounds are considerably more stable in
different organic solvents. However, the keto tautomer of FAV was estimated to be most
preferable under physiological conditions, which is in good agreement with the molecular
docking studies. The isolated crystal structure of DFP is in an excellent agreement with
the computation in respect of the most stable tautomer. Combined single X-ray/molecular
modeling studies including HYDE analyses provided not only insights into the protein—
ligand interactions within the binding site of SARS-Cov-2-ACE2 and SARS-Cov-2-Mpro,
but also a valuable information regarding the most stable enol tautomeric form of DFP
that contributes to its estimated higher potency against these targets.

Pestome

KopoHaBupycHata 6onect 2019 (COVID-19) Bce owe octaBa Hamn-katactpodanHata
NMH(PEKLMS, KOATO HEMPEKbCHATO 3acsira MUMMOHM Xopa Mo uenusa cBAT. B HacToawoTo
npoy4BaHe NpoBefOXME CPaBHUTESHO NPOyYBaHE MeXay NPOTUBOIPUMHOTO JNIEKapCTBO
dasunupasup (FAV) n npotmeBoTanacemMmyHoTo nekapctso gedepunpoH (DFP), 3a ga
nscriegBame TEXHWS MNOTEHUMan KaTo OCHOBHWM CKeneTa 3a reHepupaHe Ha Haun-
eeKTUBHUTE U CTPYKTYPHO HOBM aHTMBUPYCHM cpeacTBa. 3a MpoBexgaHe Ha
MbpBOHAYaNHUTE CTbLMNKA Ha MOMEKYNSAPHO MogenupaHe Wu BUPTYaneH CKPUHWUHT e


https://doi.org/10.1016/j.crbiot.2024.100176

N3non3BaHa Hallata HacKopo MpeasnoXxeHa TexHonornyHa nnargopma 3a peHTreHoBa
andpakumsa Ha MoHokpuctanu (SCXRD)/BogopogHa peconsatauus (HYDE). Taswu
nnatopma no3BonsiBa MOMEKYNApeH Au3anH, WHTEepPakTUBHO MpPUOPUTUIUPaHE WU
BMpTYarsiHa oueHKa Ha HoBopa3paboTeHN MONeKynn, eqHOBPEMEHHO 3acsarallm ABe Lenu,
cBbp3aHn ¢ COVID, BKNOYMTENHO aHIMOTEH3MH-KOHBepTUpawumsa eHsum 2 (ACE2) kaTo
peuenTtop Ha KrneTtkata roctonpueMHuk (noaxod, ©asupaH Ha roCcTonpueMHuKa) u
OCHOBHUSA npoTeaseH (Mpro) eH3um Ha wmnoBus rmmnkonpotenH Ha SARS-Cov-2 (nogxoa,
0asupaH Ha Bupyca). Bb3 ocHoBa Ha pesyntatute OT MOMEKYnApHUs AokuHr, DFP
nokassa no-BUCOK adpMHUTET Ha cBbp3BaHe (cTonHocTn Ha Ki HYDE) B cpaBHeHune ¢ FAV
N KbM ABeTe BMONOorMyHn MuweHn. TaBToMepHUTe, PUINKOXUMUYHUTE U BMONOrMYHUTE
ceonctBa Ha FAV n DFP ca uscnenBaHn KakTto eKCnepuMMeHTanHo, Taka n TeopeTUyHo,
nanonasankmn monekynsapHa cnektpockonua (UV-VIS abcopbuus), napaneneH aHanus Ha
NPONYCKNNBOCTTA Ha WM3KYCTBEHW MeMbpaHu u knetbuHa 6Guonorms (PAMPA u MTT
aHanmMs3), KakTo M KBAHTOBOXMMWYHM u3umncneHna Ha DFT. Cnopeg nony4vyeHuTte
pes3yntartu, eHONMHUTE TaBTOMEPU Ha OBETE CbeANHEHUS Ca 3HAYUTENHO NO-CTabunHn B
pasnn4yHn opraHN4HN pasTeopuTenn. Bunpekun ToBa, KeTO TaBTOMepbT Ha FAV e oueHeH
KaTo Han-npeanoynTaH npu U3nosiorMyHu yCrioBusi, KOETo € B A0OpO CbOTBETCTBUE C
n3cnegBaHudaTa Ha MONeKynsapHUs OOKUHL M3onunpaHaTta kpuctanHa cTpyktypa Ha DFP
€ B OT/INYHO CbOTBETCTBUE C N3YMCIEHUATA NO OTHOLLUEHNE Ha Han-CTabunHusa TaBToMep.
KoMbuHupaHn wuscneaBaHuMsi C €OMHUYHO PEHTreHOBO/MOMEKYNAPHO MogenvpaHe,
BkntountenHo HYDE aHanusu, npegocraBmxa He camo Npo3peHns 3a B3aMModencTeumsiTa
NPOTENH-NNraHg B MSCTOTO Ha cBbp3BaHe Ha SARS-Cov-2-ACE2 n SARS-Cov-2-Mpro,
HO W LeHHa MHopMaLmMst OTHOCHO Han-CcTabunHaTa eHonHa TaBTomepHa popma Ha DFP,
KOATO JONpuHAacA 3a o4akBaHaTa My No-BMCOKa ePMKaCHOCT CpeLly Te3n MULLEHW.
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Popov M., Petrov S., Kirilov K., Nacheva G., lvanov |.. Segregational instability in E. coli
of expression plasmids carrying human interferon gamma gene and its 3’-end truncated
variants. Biotechnology and Biotechnological Equipment, 23, 2, Taylor & Francis, 2009,
ISSN:1310-2818 (Print), 1314-3530 (Online), 840-843. ISI

Resume

Segregation of the expression plasmids under non-selective conditions is due to the
irregular distribution of the plasmid molecules between the daughter cells during cell
division. Thus a heterogeneous population of cells appears in which the non- productive
plasmid-free cells overgrow the plasmid-bearing once. The main factors that influence
plasmid segregational instability are: plasmid structure, plasmid copy number, host cell
genotype, level of protein expression, fermentation conditions, etc. The aim of this work
is to investigate the effect of recombinant gene structure and level of expression on the
segregation of expression plasmids based on pBR322. To this end the wild type human
interferon gamma (hIFNy) gene and a series of seven derivative genes obtained by
systemic 3’-end deletion were inserted into an expression plasmid under a strong
constitutive promoter. The segregational instability was studied under batch fermentation
conditions in non-selective Luria Bertani medium, where the cell cultures were maintained
at an exponential growth phase. To describe the population dynamics, a mathematical
model proposed by Stewart & Levin was used and the parameters A (difference in specific
growth rate between plasmid-free and plasmid-harbouring cells) and 0 (relative plasmid
loss rate) were determined for each plasmid. The obtained results showed that any
variation in the 3’-end of the hIFNy-gene strongly affected plasmid instability. We also
found that the relative plasmid loss rate 8 was proportional to the hIFNy-mRNA content
in the cell. Based on these results, we conclude that the structure of the constitutively
expressed gene is of great importance for the segregational plasmid instability.

Pesiome

Cerperauusita Ha €EKCNPECUOHHNTE NNa3MmUan Npu HECENEKTMBHM YCIOBUS CE AbIMKN Ha
HEepaBHOMEPHOTO pasnpeferneHne Ha nnasMugHUTE MOSEKYNU Mexay AbliepHuTe
KMEeTKM NO BpeME Ha KNeTbYyHOTO AeneHe. Mo To3n HauyMH ce nosiBsiBa XETepOreHHa
nonynaumsa OT KMeTKW, B KOATO HEMNPOAYKTUBHUTE KNeTkn 6e3 nnasmuan HagsuwiasaT
kKnetkmte, Hocewm nnasmuan. OCHOBHUTE  (PaKTOpW, KOUTO BIUSAAT  BbpXY
cerperaunmoHHaTa HecTabunHOCT Ha nnasmuanuTe, ca: CTPyKTypa Ha nnasmuga, 6pon
KOnusi Ha nnasmuga, reHoTUn Ha KreTkata roCTONMpUEMHUK, HMBO Ha eKcrnpecus Ha
NPOTENHN, YCroBus Ha bepmeHTaums n gp. Llenta Ha Ta3sm paboTta e aa ce nscneasa
edekTbT OT CTPyKTypaTta Ha PEKOMOWHAHTHUS TEeH M HUBOTO Ha EKCrnpecus BbpXy
cerperaumsaTa Ha ekCnpecnoHHn nnasmmnaun, 6asnpaxHn Ha pBR322. 3a Ta3u uen reHbT 3a



YyoBeLlkM nHTepdepoH rama ot ame Tun (hIFNy) n cepus ot cegem npousBoOLHU reHa,
nony4eHun 4pes cuctemHa 3'-kpanHa geneums, 6sxa BMbKHaATU B EKCNPECUOHEH NnasMmmg
Noa CuneH KOHCTUTYyTMBEH npomoTtop. CerperaunmoHHata HectabunHocT ©Gele
n3crnenBaHa npu ycrioBusa Ha nepuogudHa bepMeHTaumst B HecenekTMBHa cpea Luria
Bertani, kboeto knerbyHUTE KYyNTYpMn 6sxa nogabpkaHu B eKCroHeHumanHa ¢asa Ha
pactex. 3a ga ce onvuwe gMHaMMKaTa Ha nonynauusaTa, € U3nonsBaH MateMaTu4ecku
moaen, npeanoxeH ot Stewart & Levin, u 3a Bcekun nnasmug ca onpegeneHv
napametpute A (pasnuka B cneunduyHata CKOPOCT Ha pacTex Mexay Knetku 6es
nnasMman 1 KNetky, cbabpxawm nnasmuvan) n 8 (oTHocuTenHa CKOpOCT Ha 3aryba Ha
nnasmuan). NMonyyeHnTe pesyntatu nokasear, Ye Bcsika Bapuaums B 3'-kpasd Ha hIFNy-
reHa CWMHO Bnusie BbpXy HecTaburHocTTa Ha nnasMmuga. YCTaHOBMXME CblUO, 4Ye
OTHOCUTENHaTa CKOpPOCT Ha 3aryba Ha nnasmuan 6 e nponopumoHanHa Ha CbabpPXXaHNETO
Ha hIFNy-mRNA B knertkata. Bb3 OCHOBa Ha Te3u pesyntatu 3akrnoyaBame, 4e
CTPYKTYypaTa Ha KOHCTUTYTMBHO e€eKCnpecupaHus reH e OT [oNsAMO 3HayeHune 3a
cerperaynoHHarta HecTabunHOCT Ha nnasMmuaa.
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B. Bachvarov, K. Kirilov, |. Ivanov. Codon usage in prokaryotes. Biotechnology
Biotechnological Equipment, Taylor Francis, 2008, DOl:
10.1080/13102818.2008.10817533.

ABSTRACT

Advances in DNA sequencing led to accumulation of genomic data of a great number of
prokaryotes belonging to different taxons. In this study we have analyzed 158
prokaryotic genomes for codon usage specificity. The latter is studied not only on the
level of the whole genome (all genes) but also for three gene subsets: highly expressed
genes, ribosomal protein genes and low expressed genes, using our own programs
written in Visual Basic Studio (VBS), Visual Basic for Applications (VBA) and Perl. The
local databases thus created were explored to compare the codon usage specificity of:
a) different strains of one bacterial species; b) different subsets of genes in one species
c) different bacterial genomes and d) to identify missing and atypical initiation codons.
Finally, using correlation analysis we have also checked the correspondence between
the formal bacterial taxonomy and Genome Theory, which is based on the codon usage
pattern in bacteria. Our results revealed a great deviation in codon usage pattern
between bacteria belonging to different taxons. They demonstrated also that this
deviation was not randomly spread over the different codon groups (20 groups of
synonymous codons). Comparing different subset of genes we show that the codon
usage pattern of the low expressed genes is very similar to that of the all genes,
whereas the patterns of the highly expressed, and particularly of the ribosomal protein
genes, are highly distinguished. All these data are available at www.bio21.bas.bg/
imb/codonusage and they can be used for optimization of codon composition of genes
designed for heterologous expression in bacteria. The correlation analysis
demonstrates that in many cases the formal bacterial taxonomy does not correspond to
the Genome Theory.

PE3IOME

HanpegbkbT B IHK cekBeHMpaHeTo goBeae 00 HAaTpynBaHe Ha reHOMHW JaHHWN Ha
ronsim 6pon NpoKkaproTK, NMpUHaZNeXalm KbM pasfMyHn TakCoHW. B ToBa npoyyBaHe
aHanuaupaxme 158 npokapnoTHM reHomMa 3a cneum@UYHOCT Ha N3NON3BaHe Ha KO4OHM.
lMocnegHoTo € M3cneaBaHo He CaMO Ha HMBOTO Ha LIeNnS FreHOM (BCUYKM FeHK), HO 1 3a
TPUW reHHN NOAMHOXECTBA: CUITHO EKCNPECUPAHN FreHU, reHN Ha pubO30MHM NPOTENHU U
HWUCKO eKCnpecupaHun reHu, n3nonaeanky Hawm co6CTBEHN Nporpamum, HanmcaHun Ha
Visual Basic Studio (VBS), Visual Basic for Applications (VBA) u Perl. Cb3gageHuTe no
TO3M Ha4uH NokanHu 6a3un gaHHM 6saxa nacnegeaHu, 3a ga ce cpaBHM cneumduyHocTTa
Ha M3Non3BaHe Ha KOQOHM Ha: a) pa3fuyHn WamoBe OT eanH baktepuaneH sug; 6)
pasnnyHM NOAMHOXECTBA OT reHU B e4uH BUA; B) pasnnyHn GakTepuanHy reHomu u ) 3a
Aa ce ngeHtudunuymnpart nMnceawm n aTMnMYHN MHULUMALVMOHHN KogoHW. Hakpas,
N3MNon3Bankn KopenawumMoHeH aHanua, NpoBepPUXMe 1 CbOTBETCTBMETO MeXAy



dopmanHaTa 6akTepuanHa TakcoHoMuUsA 1 TeopusiTa Ha reHoMa, KOATO Ce OCHOBaBa Ha
Mofena Ha n3nonsBaHe Ha KOAoHM npu GakTepuuTe. HawuTte pesyntatu paskpuxa
ronsiMo OTKITOHEHME B MoAena Ha M3nona3BaHe Ha KOQoHM Mexay 6akTtepun,
npuHagnexawy KbM pasnnyHM TakCoHU. Te AeMOHCTpupaxa CbLuUo, Ye ToBa
OTKINOHEHME HE € NPOU3BOSHO pa3npeaeneHo B pasnuyHuTe rpynu KogoHu (20 rpynu
CYHOHMMHM KOfoHK). CpaBHABAMKN pasnnyHM NOAMHOXECTBa reHu, nokassame, ve
MOOENbT Ha M3Mon3BaHe Ha KOOOHU Ha HUCKO eKCnpecupaHnTe reHn e MHoro nogobeH
Ha TO3M Ha BCUYKM reHn, OKaTO MOAENUTE Ha CUIHO eKCrnpecnpaH1Te, U no-cneumnanHo
Ha reHuTe 3a pubO30MHN NPOTEUHKN, Ca CUMHO pasrpaHnyeHn. Beuuku Te3n gaHHM ca
AOCTbMHM Ha www.bio21.bas.bg/imb/codonusage 1 morat ga 6baaT n3non3saHn 3a
ONTUMM3NPaHEe Ha KOLOHHUS CbCTaB Ha reHu, NpeaHa3Ha4YeHn 3a XETepPOosoXHa
ekcnpecus B 6aktepun. KopenaunoHHUAT aHanma rnokassa, Ye B MHOro cryyam
dopmanHaTa 6akTepmanHa TakCOHOMUSI He CbOTBETCTBa Ha [eHOMHaTa Teopus.
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Tsekovska R, Kirilov K, Gatev E, Mironova R, Handzhyiski Y. Investigation of purine
compounds for anti-glycation activity in vitro. Journal of Chemical Technology and
Metallurgy, 57, 1, 2022, ISSN:1314-7471 (print), 1314-7978 (on line), 19-24.

Resume

Non-enzymatic glycosylation (glycation) is a common process for all living organisms. It
is associated with the accumulation of glycation products in proteins, amino lipids and
DNA, potentially leading to disruption of their biological functions. Therefore, different
substances have been interrogated for any anti-glycation activity. Some of these
substances, like aminoguanidine, were found to be potent glycation inhibitors in vitro/ex
vivo and in animal models. However, due to side effects of aminoguanidine, phase Il
clinical trials of this drug have been canceled. In this study, we investigated the impact of
six purine compounds (theobromine, theophylline, caffeine, xanthine, hypoxanthine and
uric acid) on the formation of fluorescent glyation products, as well as on the covalent
aggregation of bovine serum albumin (BSA) glycated with D-ribose in vitro. Maximum
inhibitory activity (ca. 50% inhibition) was achieved with theophylline and xanthine,
followed by theobromine and hypoxanthine. Caffeine had neutral effect on glycation,
whereas uric acid exhibited clear pro-glycation activity. It enhanced the formation of
fluorescent adducts in BSA up to 125 % of baseline control and enhanced the covalent
aggregation of that protein.

Non-enzymatic glycosylation (glycation) is a common process for all living organisms. It
is associated with the accumulation of glycation products in proteins, amino lipids and
DNA, potentially leading to disruption of their biological functions. Therefore, different
substances have been interrogated for any anti-glycation activity. Some of these
substances, like aminoguanidine, were found to be potent glycation inhibitors in vitro/ex
vivo and in animal models. However, due to side effects of aminoguanidine, phase I
clinical trials of this drug have been canceled. In this study, we investigated the impact of
six purine compounds (theobromine, theophylline, caffeine, xanthine, hypoxanthine and
uric acid) on the formation of fluorescent glyation products, as well as on the covalent
aggregation of bovine serum albumin (BSA) glycated with D-ribose in vitro. Maximum
inhibitory activity (ca. 50% inhibition) was achieved with theophylline and xanthine,
followed by theobromine and hypoxanthine. Caffeine had neutral effect on glycation,
whereas uric acid exhibited clear pro-glycation activity. It enhanced the formation of
fluorescent adducts in BSA up to 125 % of baseline control and enhanced the covalent
aggregation of that protein.
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Engibarov S, Tsekovska R, Kirilov K, Gatev E, Ivanov |, Mironova R, Handzhyiski Y.
Deoxyribonuclease activity of allenic acids. Journal of chemical technology and
Metallurgy, 2021, ISSN:1314-7471 (print), 1314-7978 (on line),

Resume Non-enzymatic cleavage of nucleic acids (DNA or RNA) is essential for
developing novel antibiotics and chemo- therapeutics, as well as new gene manipulation
techniques. In this study, we investigated for deoxyribonuclease activity the allenic acids
2-methyl-4-phenylhexa-2,3-dienoic acid (racemic mixture, AK-1), S-2-methyl-4-
phenylbuta-2,3-dienoic acid (AK-2) and R-2-methyl-4-phenylbuta-2,3-dienoic acid (AK-3)
using supercoiled plasmid pUC18 DNA as a substrate. All three allenic acids
demonstrated single strand deoxyribonuclease activity in the order AK2 = AK3 > AK1.
Increasing concentrations of potassium-phosphate buffer (pH 7.5) in the reaction mixture
completely inhibited the relaxation of the supercoiled pUC18 DNA, thus implying that the
phosphodiester bond in DNA is the vulnerable site of attack by the al- lenic acids. When
plasmid pUC18 DNA nicked with allenic acids was treated with T4 DNA ligase, it failed to
regain its covalently closed circular form. This indicates that the allenic acids act as either
hydrolytic agents producing 3’-PO, and 5-OH termini, or oxidizers, damaging DNA by
free radical mechanism.

Pesiome

HeeH3anmMHOTO paskbcBaHe Ha HykneuHoBu kucenuuu (OHK wnn PHK) urpae knioyoBa
ponsa KakTo 3a paspaboTkaTta Ha HOBM aHTUOMOTULM U XMMUOTEpPaNeBTUYHU CPeacTBa,
Taka M 32 YCbBbPLIEHCTBAHE Ha rEeHHUTE TexXHONorMn. B HacTOAWOTO u3cneaBaHe
OLEHUXMe [e30KCMpPUOOHYyKNneasHaTa aKTMBHOCT Ha CregHUTe anuHOBW KUCESUHW,
n3nona3eamkm cynepcnupanuampaHa nnasmuga pUC18 kaTto cybetpar: ABymMepeH
pauemmudeH 2-metun-4-dpeHunxekca-2,3-gueHonyHa  kucenmHa (AK-1), Kakto u
eHaHTMomepute S-2-meTtun-4-cpeHnndyrta-2,3-gueHonyHa kucennHa (AK-2) n R-2-
mMeTun-4-cpeHnnbyTa-2,3-ameHonyHa  kucenuHa (AK-3). Bcuukm Tpu  cbeguHeHus
nposiBuxa eanHNYHOBEPWKHA Ae30KCUPUBOoHyKneasHa akTMBHOCT B pega AK-2 = AK-3 >
AK-1.

YBenuyaBaHeTO Ha KOHUeHTpauusTa Ha docdateH 6ydep (pH 7,5) HanbnHO NoTMCHa
penakcaumaTa Ha cynepcnupanumanpaHa pUC18 [HK, koeto HacoyBa KbM TOBa, 4e
docoamectepHaTa Bpb3ka B [JHK e yasBumarta muieHa Ha atakata oT aruMHOBUTE
kncenuHu. lNpu nocneapalla obpaboTka Ha ,HagynyeHa“ ¢ anmMHOBK KMCENWHM Nnasmmnaa
¢ T4 OHK nnasa He 6e HabnogaBaHO Bb3CTaHOBSABAHE Ha 3aTBOpeHaTa Kpbroea opma.
ToBa noTBbpXAaBa, Ye annMHOBUTE KUCENUHU AEeNCTBaT UMy KaTto XUAPONUTUYHN areHTw,
reHepupawm 3'-PO, n 5'-OH TtepmuHanu, unu kato okmcnutenu, yepexgawm OHK upes
cBobogHOpaMKanHU MeEXaHNU3MN.

B nepcnektuBa Tesu pe3yntaTM OTKPUBAT HOBU Bb3MOXHOCTM 33 CENEKTUMBHO
MoaMduLMpaHe U paskbCBaHe Ha HYKNEUHOBU KUCENUHM Ge3 yyacTue Ha eHsumu. [MNo-
HaTaTbLHM CTPYKTYPHO—OMOMHOPMATMYHM aHanu3n 1 OnNTMMM3auMsi Ha anuMHoBUTE



paMKn Morat ga gosegart Ao AN3aH Ha MOLLHU XUMUYECKUN ,HOXMLM® 3a NnpuiioXXeHne B
MoneKkyrdpHarta Guonoruna n TepaneBTn4HaTa CMHTE3Ha Guonorus.
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Yeung, A.W.K., Choudhary, N., Tewari, D., Horbahczuk, J.O.,Kirilov. K.,Atanasov, A.G...
Lycopene: total-scale literature landscape analysis of a valuable nutraceutical with
numerous potential applications in the promotion of human and animal health, Animal
Science Papers and Reportsthis, 2022, 40(2), pp. 119-134

Resume

Lycopene intake from tomatoes and other food sources has multiple potential health
benefits. This report aimed to evaluate the current research literature on lycopene
concerning human and animal health. The electronic Web of Science Core Collection
database was searched with (lycopene*) AND (health* OR illness* OR disease* OR
medic* OR pharma* OR drug* OR therap*). The resulted 3972 papers were analyzed with
the aid of bibliometric software. Besides the United States, the lycopene papers received
global contributions, particularly from China, Italy, India, and Spain. Examples of
frequently mentioned chemicals/chemical classes were carotenoid, beta carotene, alpha
carotene, beta cryptoxanthin, and alpha tocopherol. Examples of frequently mentioned
medical conditions were prostate cancer, cardiovascular disease, and obesity. Published
scientific articles reveal the diverse potential of lycopene in prompting human and animal
health, and the knowledge on the bioactivities of this phytochemical is expected to further
grow in the future.

Pesiome

[MprMeMbT Ha NIMKONEH OT AOMAaTU U APYrN XPaHUTENHU U3TOYHULM MMA MHOXECTBO
noTeHumanH1 nonaun 3a sgpaseTo. To3u Joknag MMmalle 3a uen Aa oueHn HacTosLwara
n3cregosaresficka nurtepaTypa 3a NIMKoneHa, CBbp3aHa CbC 30paBeTo Ha xopara U
XuBoTHUTe. EnektpoHHaTta 6a3a gaHHu Web of Science Core Collection 6elue
npetbpceHa c (nukoneH*) U (3gpase* UJTN 6onect* UJITN 6onect™ UJTN meguumHa™
UIN papmauesTtuka* UIN nekapcteo® U Tepanusa®). MNonyyenute 3972 ctatnm 6saxa
aHanuanpaHu ¢ nomolTa Ha bubnnomeTpudeH codptyep. OceseH CbegmMHeHnUTe Watu,
cTatuuTe 3a NUKONeH nonyyuxa rnobaneH npmHoc, ocobeHo ot Kutan, Utanna, Mhgus
n UcnaHwus. Npumepmn 3a 4ECTO CNOMEHaBaHW XMMUKaNU/XMMn4eckn knacose 6sixa
KapoTeHounaun, 6eTa-kapoTuH, anda-kapoTuH, 6eTa-KpMNTOKCAaHTUH U and)a-Tokodeporn.
Mprmepwn 3a 4ecTo cCoMeHaBaHN MeaULMHCKN CbCTOAHUA Bsixa pak Ha npocTaTtaTa,
CbpaeYyHo-CbaoBM 3abonsiBaHUA 1 3atnbeTaBaHe. [ybnnkyBaHUTe Hay4YHU CTaTuUm
paskpuBaT pasHoobpasHMsl NOTeHUMan Ha nuMkoneHa 3a nogobpsiBaHe Ha 3apaBeTo Ha
XopaTa U XXUBOTHUTE N Ce OYaKkBa 3HaHMATa 3a BMOAKTMBHOCTTA Ha TO3M (PUTOXMMMKAN
Aa HapacHaT AoNbIIHUTENHO B Obaele.



8.1 Book Chapter, Scopus, 15T.

Handzhiyski Y, Tsekovska R, Kirilov K, Niwa T, Ivanov |, Mironova R. Enhancing effect of
L-lysine on glycation of histone H1 and bovine serum albumin in vitro. A Closer Look at
Glycation: A Potential Hotspot for Age-related Complications and Diseases, Nova Science
Publishers., Inc, NY, USA, 2021, ISBN:978-1-53619-176-9, 19, 79-98

ABSTRACT

Glycation is a non-enzymatic post-translational reaction between primary amino groups
in proteins and reducing sugars resulting in the formation of advanced glycation end
products (AGEs). This reaction contributes to many complications in diabetic patients
and to other pathophysiological processes in humans. Therefore, a number of low
molecular weight amino and carbonyl compounds have been tested thus far for
inhibitory effect on glycation. Data obtained with L-lysine are controversial and it is not
yet clear whether L-lysine is an inhibitor or enhancer of glycation. Glycation is a
multistage reaction and therefore L-lysine may exert various effects on the different
stages of the glycation reaction. With this in mind, we focused particularly on the effect
of L-lysine on the advanced stage of glycation. We found that L-lysine enhances the
formation of fluorescent AGEs in rat histone H1 and bovine serum albumin glycated with
glucose 6-phosphate and D-ribose, respectively. Histone H1 also underwent
accelerated covalent aggregation and proteolysis in the presence of L-lysine.
Resveratrol was further found to suppress the enhancing effect of L-lysine on AGEs-
formation in BSA, which implies that this effect is oxidation-dependent. In conclusion, L-
lysine appears inappropriate for inhibition of glycation in vivo, where over-dosages
might accelerate glycation associated pathophysiological processes.

Pesiome.

HeeH3MMHOTO NOCTTpaHCNaLMOHHO MKUpaHe NpeacTaBnsaBa peakumns Mexay NbpBUYHM
aMUHKU B NPOTEUHM M pedyumpalum 3axapw, Bogella 4o 00pa3yBaHETO Ha HanpeaHanm
npoaykth Ha rmukaums (AGEs). Tosu npouec gonpmrHacs 3a MHOXECTBO YCITOXXHEHUS NPU
Anabetmum n y4actBa B pasfvMyHM Natou3MONOrMYyHU CbCTOSHUSA Npu xopata. B
TbpceHe Ha edeKTUBHM UHXMOMTOPM Ha [nuKkauuMsTa ca TecTBaHM peguua
HUCKOMOJIEKYTHU aMUHO- U KapOOHMMHM CbeaMHEeHUs, HO 3a L-nn3nHa gaHHWTe ocTtaBat
NPOTMBOPEYMNBU: HE € ICHO Aanu TOW NOTUCKA MUK, HAaNPOTMB, YCUNBa rMuKaumnaTa.

3a Ja M3ACHUM BMSHMETO Ha L-nuM3mMHa BbpXy KbCHUSA €Tan Ha rnukaumara,
aHanm3anpaxme obpasyBaHeTo Ha donyopecueHTHn AGEs Bbpxy patvH XuctoH H1 n
6ukoboB cepymeH anbymuH (BSA), noanoxeHn Ha rmykaums ¢ rmnoko3o-6-gpocdat m D-
pubo3a. YcTaHOBMXME, Y€ NPUCHLCTBUETO Ha L-NN3NH 3HAYNTENHO NOBMLIABA HMBOTO Ha
dnyopecueHTHN AGES, yckopsiBa kOBaneHTHaTa arperauusi u npoteonmaara Ha XUCTOH
H1. JonbnHUTENHM ekcnepuMeHTu nokasaxa, Ye pecsepatpos NoTucka To3u ,ycmneawy,”



edekt Ha L-nu3anHa Bbpxy BSA, KoeTo HacodBa KbM MexaHW3bM, 3aBucell OoT
OKUCITUTENHU peakuuu.

B 3akntouyeHune, L-nn3nH He narnexga noaxoasiy 3a MHXMbupaHe Ha rnukaumsaTa in vivo,
TbI KaTo Npeao3npaHeTo My MOXeE Aa YyCKOpM NaToun3nNonormyHuTe NpoLecn, CBbp3aHun
c AGEs. B nepcnektnBa cnegBa ga ce npoBeaT no-3agbfiboyeHn mscneaBaHust Ha
MOMEKYNAPHUTE MEXaHU3MU, Ype3 KoUTo L-nn3nH B3anmogencTea ¢ pasnuyHnTe etanu
Ha [MUKAUMOHHMA Kackaj, KakTO W OLEeHKa Ha noTeHumana Ha KomOuHauum c
aHTMOKCNOAHTM KaTo pecBepaTpos 3a paspaboTBaHe Ha LierleHaco4YeHu cTpartermm 3a
3awmTa cpewy AGEs-acoununpanm 3abonasaHus.



8.2, Book Chapter, Scopus, 15T.

Rositsa Tsekovska, Yordan Handzhiyski, Elitsa Boteva, Kiril Kirilov, Toshimitsu Niwa,
Ivan Ivanov, Roumyana Mironova. Advanced Glycation End Products in Escherichia coli
KR12 — a Sign of Aging. In: Advanced Glycation End Products (AGEs): Regulation,
Function and Role in Health and Disease. Nova Publishers, Inc. NY, USA, 2017

ABSTRACT

Recent studies have challenged the paradigm that bacteria do not age and are
immortal. Stewart et al. (PLoS Biology, 2005, 3(2), €45) provided an intriguing evidence
that during division Escherichia coli K-12 exhibits functional asymmetry, leaving behind
a mother cell with delayed growth and survival rate and a younger daughter cell,
empowered to successfully perpetuate the species over time. In view of this new
finding, bacteria, and in particular E. coli, emerged as a promising model for exploration
of basic mechanisms of aging. It is not yet clear to what extent pro- and eukaryotic cells
age similarly but at least some features of aging, especially at the molecular level,
should be common. Spontaneous chemical reactions including hydrolysis, oxidation and
glycation (the Maillard reaction) are well known to deteriorate macromolecular structure
and function. The Maillard reaction, yielding the so-called Advanced Glycation End
Products (AGEs) on proteins, DNA and amino- lipids, has been long associated with
diseases (diabetes, Alzheimer’s and Parkinson’s diseases) and aging in humans. We
have demonstrated that despite the short life span of E. coli of tens of minutes to hours,
its chromosomal DNA accumulates AGEs under normal growth conditions (Mironova et
al., Mol. Microbiol., 2005, 55(6), p1801). Such progressive modification of a key
biological molecule provides an independent line of evidence for E. coli aging. This
article reviews data on the Maillard reaction as a cause of stochastic damage in E. coli,
and subsequently, of E. coli aging.

Pesiome.

[lo HeoTpaBHa ce cumTawe, ve baktepumte ca ,6e3cMbpTHM® — 6e3 npusHaum Ha
ocTapsiBaHe — HO paboTarta Ha CTtioapT n konern (PLoS Biology, 2005) nokasa, 4e npu
neneHeto Ha Escherichia coli K-12 Bb3HMKBa (pyHKUMOHANHa acCMMETpUA: ,ManymHckaTa“
KneTka, noena octapenuvs nontc, pacte u ouenasa no-6aBHO, JoKaToO ,AbllepHaTa“ — C
,Mrnagms“ nonc — 3anassBa BMCOKA XXM3HECMNOCOOHOCT U pa3MHOXUTENEH KanauuTer.
Tosa npeBpbLua E. coli B aTpakTuBeH mofen 3a uscnensaHe Ha OCHOBHUTE MOSIEKYIISIPHN
MexaHn3Mu Ha cTtapeeHeTo. B eykapuotute npouecute Ha Xuapornmsa, OKUCNEHue U
rmukauma (MannapgoBa peakuns) BOASAT A0 HaTpynBaHe Ha HeobpaTumm yBpexaaHus B
MaKpOMOSIEKYnMTe, CBbpP3aHN C Bb3pacTOBU U3MEHEHUS U 3abonsiBaHna kato guaber,
Anuxanmep un lNapknuHCOH. Hne u konerute HM OeMOHCTpUpaxme, Ye BbMPeKn KpaTkus
XWU3HEH UMKbI Ha E. coli (0T geceTtkn MUHYTN OO0 HAKOSMKO Yaca), Npy HOpMarHu yCroBus
Ha pacTtex B HenHata xpomo3omHa [HK ce HatpynBaT HanpegHanu npoayktn Ha
rmukaums  (AGEs) (Mironova et al.,, Mol. Microbiol., 2005). ToBa nocTeneHHO



MoguduumpaHe Ha Knw4oB  GMOMoOneKkyn npegnara HesaBuUcMMa  fIMHUS OT
AokasaTerncTea 3a npouec Ha ctapeeHe 1 npu npokapmotute. OB30pbT B HacTosiwara
ctatna obobuwaBa gaHHUTE 3a ponaTa Ha MannapgoBaTta peakumsi Kato M3TOYHUK Ha
CTOXaCTU4HU yBpexaaHusa B E. coli n npocneassa HEMHOTO 3Ha4YeHMe 3a ,6aKTepmanHoTo
cTapeeHe”.



I.8.3., Book Chapter, Scopus, 15T..

Bachvarov, K. Kirilov, I. lvanov “Codon and codon pairs usage in bacteria”. In:
Bacterial DNA, Chapter 1 (Knudsen, W.D. and Bruns, S.S., eds.), Nova Science
Publishers, NY, USA (2010), pp. 3R49. ISBN 978R1R60741R094R2.

ABSTRACT

The new generation of fast and low-cost DNA sequencing methods led to a rapid
accumulation of genomic data in the DNA databases after the year 2000. Hundreds of
bacterial genomes have been sequenced during the last decade, however, in rare cases
they were profoundly analyzed. Apparently it is much easier today to generate raw DNA
sequencing data rather than to decipher their biological meaning. This study aims to
shed light on the relationship between codon usage and gene expression in 158
prokaryotes belonging to the two major classes: Archaea and Bacteria. Archaea
includes 2 families (Crenarchaeota and Euryarchaeota) and Bacteria 13 families
(Actinobacteria, Aquificae, Bacteroidetes, Chlamydiae, Chlorobi, Cyanobacteria,
Deinococcus-Thermus, Firmicutes, Fusobacteria, Planctomycetes, Proteobacteria,
Spirochaetes and Thermotogae) and the total number of genera was 9 for Archaea and
22 for Bacteria. In order to study the link between codon usage and gene expression
four local DNA databases were created containing respectively: a) all protein coding
sequences of each organism; b) highly expressed genes; c) ribosomal proteins genes
and d) low expressed genes. These databases were used to compare codon usage
patterns of: a) different strains of one bacterial species; b) different subsets of genes in
one species and c) different bacterial genomes. They were also employed to identify
missing and atypical codons as well as to search for correlation between codon usage
and the formal prokaryotic taxonomy. The obtained results indicate that the formal
taxonomy of many bacterial species does not fit their codon usage pattern (as predicted
by the “Genome Theory”). On the other hand there are obvious similarities in the codon
usage pattern of distant (according to the formal taxonomy) organisms. The latter
suggests that either the Genome Theory or the official taxonomy of microorganisms
need revisions. Taking into consideration that at least two tRNAs occupy the two (A and
P) functional ribosomal sites during the translation elongation step, we have also
studied the effect of neighbor codons (codon pairs) on gene expression. Aiming to
identify preferential and rare codon pairs, we have developed own criteria for
determining their frequency of occurrence and for evaluation of their possible effect on
translation. This approach was applied to analyze the distribution of all (3904) codon
pairs in the Escherichia coli genome and we found that their frequency of occurrence
varied from zero to 4913 times. The predicted effect of some (particularly 3’-terminal)
codon pairs on gene expression is confirmed experimentally.

Pe3tome

HoBoTto nokoneHue 6bp3n n eBTMHU mMeToan 3a [HK-cekBeHupaHe gosege oo 6bp3o
HaTtpynBaHe Ha reHoMHu paHHm B [OHK-6asute cneg 2000 r. lMpe3 nocnegHoTO



AeceTuneTme ca CEKBEHMPaHU CToTMUM BakTepuanHu reHomu, HO B Marsnko criydam Te ca
6unn 3agbnboveHo aHanuaupaHu. FBHO OHEC € MHOro Mno-fieCHoO fa ce reHepupar
cypoBu faHHu ot [JHK-cekBeHpaHe, OTKONKOTO Aa ce gewmndpupa TAXHOTO BMONOrMyHo
3HaveHue. Llenta Ha ToBa mM3cneaBaHe e Aa XBbpAW CBETNMHA BbpXY Bpb3Kata Mexay
ynoTtpebarta Ha KOOOHU 1 ekcnpecusita Ha reHnTe npu 158 npokaproTn OT ABaTa OCHOBHM
knaca: Archaea wn Bacteria. Archaea BknouyBa 2 damunuu (Crenarchaeota u
Euryarchaeota), a Bacteria — 13 damunumu (Actinobacteria, Aquificae, Bacteroidetes,
Chlamydiae, Chlorobi, Cyanobacteria, Deinococcus-Thermus, Firmicutes, Fusobacteria,
Planctomycetes, Proteobacteria, Spirochaetes n Thermotogae); obwmat 6pon pogose e
9 3a Archaea 1 22 3a Bacteria. 3a ga ce npoyuu Bpb3kaTta Mmexay ynorpebara Ha KogoHu
N ekcrnpecusiTa Ha reHuTte, Osxa cb3gageHn yetupu nokanHu [OHK-6a3n gaHHwm,
CbAbpXXally CbLOTBETHO: a) BCUYKM MNPOTEUMHOBO-KOAMPALLM MNOCNeaoBaTeNnHOCTU Ha
BCEKW OpraHu3bMm; b) reHn ¢ BUCOKa eKcnpecus; c) reHn 3a pubo3omMHuM NpoTenHn; n d)
reHu ¢ Hucka ekcrnpecus. Tean 6a3n gaHHM B6axa M3NoN3BaHM 3a CpaBHEHWE Ha Moadenu
Ha ynoTpeba Ha KOAOHW MpW: a) pas3nuMyHM WamMoBe Ha enuH OaktepuaneH Bua; b)
pasnnyHM NOAMHOXEeCTBa OT FeHU B €AWH BUA; U C) pas3nuyHu BaktepuanHu reHoMu.
CbLo Taka Te 6axa n3non3eaHn 3a naeHTUULMpPaHe Ha NMNCBALLM U aTUMUYHN KOOOHW,
KaKTO M 3a TbpPCeHe Ha Kopenaumsi mexagy ynotpebarta Ha KOAOHM U dopmarnHata
npokapuoTHa TakcoHomusl. [lonyvyeHuTe pesynTtatu nokaseaTt, 4Ye dopmanHata
TakCOHOMUSI Ha MHOro 6akTepuanHm BUAOBE He CbBMNada C TeXHUA Moaen Ha ynotpeba
Ha KoOoHM (KakTo e npegckasaHo oT ,feHomHata Teopua®). OT gpyra cTpaHa, nma
OYeBUOHM CXOACTBa B Moaenute Ha ynotpeba Ha KO4OHM Npu oThganedeHun (cnopea
dopmanHaTa TakCOHOMMS) opraHu3mu. [locnegHoTo noackasea, Ye wnu [eHomHaTa
Teopus, wnn oduumanHata TaKCOHOMWUS Ha MWUKPOOPraHU3MuTe Cce HyXOaaT oT
npepasmexgaHe. Vimankn npegsua, Ye MO BPeEME Ha CTbhkata MO efoHrauus Ha
TpaHcnaumata B pubosomara eaHOBPEMEHHO 3aeMAT MACTOTO A n msictoto P noHe aBa
TPHK, Hne uscnegsaxme n edekta Ha CbCeHUTE KOAOHWU (KOOOHHW OBOMKM) BbPXY
ekcnpecusTa Ha reHute. C uen ngeHTuguumnpaHe Ha npeobnagasalim U peakn KogoHHU
ABOVKN pa3paboTvxme CoOBCTBEHM KpUTEpUW 3a onpefdensiHe Ha TaxHaTa 4ecTtota Ha
cpellaHe M 3a OLeHKa Ha eBeHTyanHusa UM edekT BbpXy TpaHcnaumsaTta. To3n noaxon
Oelle NpUNoXeH 3a aHanu3 Ha pasnpegeneHmeTo Ha Bcudkn (3904) KOQOHHWM OBOWKK B
reHoma Ha Escherichia coli n yctaHoBMXMe, Ye TsXHaTa YecToTa Ha cpellaHe Bapupa oT
Hyna go 4913 nbTu. MNpenckasanHnat epekT Ha HAKOM (0COBEHO 3’-TePMMHANHN) KOQOHHM
ABOVKN BbPXY EKCNpecusaTa Ha reHnTe € eKkCnepuMeHTanHo NoTBbPAEH.



7.9.1. NateHT 25T

K. Kirilov and I. Ivanov “A set of practical training in chemistry and environmental
protection (VIII and IX course)” Patent No. BG 2017/2560 (25.07.2017). Y4eGHu
nomarana n nocobus nNo XxMmMus 3a cpegHuTe yannuuia

Abstract

The utility model relates to a practical training kit for chemistry and environmental
protection, specifically designed for hands-on instruction in chemistry and environmental
protection in the eighth and ninth grades of Bulgarian schools. Its purpose is to streamline
the teaching process, enhance instructional quality, and spark students’ interest in this
discipline, which is vital for technological progress. The kit comprises a set of chemical
reagents, a set of laboratory apparatus, and an operations manual. It is available in
versions tailored both to basic experiments, which are mandatory for all students, and to
advanced experiments intended for students with a pronounced interest in chemistry and
environmental protection.

Pechepar

MonesHMAT Moaen ce oTHacs 40 Habop 3a NpakTUYecko 0BGyYeHne No XMMUsl 1 ornassaHe
Ha oKofHaTa cpefa, No- creLmnanHo 3a NPakTUYeckoTo 0bydYeHne No XMMUS U onasBaHe
Ha oKorHaTa cpefa B OCMU U AEBETU Knac Ha GbrrapckuTe yunnuiia, Konto aa obnekym
y4ebHus npouec, aa nogobpun Ka4yecTBOTO Ha obyyeHneTo M Aa cbbyau MHTepeca Ha
YyYEHMUUTE KbM Tasu BaXkHa 3a TEXHUYECKUs nporpec yyebHa aucumnnuHa. HaGopbT
BKMOYBA KOMMMEKT OT XUMWYECKU peakTUBM, KOMMMeKT OoT nabopaTopHu
NPVUHaONeXXHOCTU W PbKOBOACTBO 3a pabora M e paspaboTeH BbB BapuaHTw,
npegHasHa4yeHn 3a 6a30BU EKCNEPUMEHTM, KOUTO Ca 3a4bIMKUTENHUN 38 BCUYKN YYEHULIM,
KaKTO M 3a YY4eHMUM C NoAYepTaH MHTEpec KbM XUMUSI U ONa3BaHe Ha OKonHaTa cpeda



[7.9.2. NateHT 25T

K. Kirilov and |. Ivanov A set of practical training in chemistry and environmental
protection (X and Xl course)” Patent No. BG 2017/2566 (25.07.2017). Y4yebHu nomarana
1 Nnocobusa No XMMus 3a cpegHUTe yyunuua

Abstract

The utility model relates to a practical training kit for chemistry and environmental
protection, specifically designed for hands-on instruction in chemistry and environmental
protection in the tenth and eleventh grades of Bulgarian schools. Its purpose is to
streamline the teaching process, enhance the quality of education, and ignite students’
interest in this discipline, which is crucial for technological progress. The kit comprises a
set of chemical reagents, a set of laboratory apparatus, and a user’s manual. It is offered
in versions tailored both to the basic experiments mandatory for all students and to
advanced experiments for those with a pronounced interest in chemistry and
environmental protection.

Pecpepar

MonesHMAT Moaen ce oTHacs 40 Habop 3a NpakTUYecko 0BGyYeHne No XMMUsl 1 ornassaHe
Ha okonHaTa cpefa, nocrneumanHo 3a NpakTMYeckoTo 00y4YeHNe Mo XMMUS 1 Ona3BaHe Ha
oKonHaTa cpefa B OECEeTU M eQuMHafeceTV Krnac Ha Gbnrapckute yyunuuia, Komto aa
obnekun y4yebHus npouec, Aa nogobpu KayecTBOTO Ha OOyyeHWeTOo U Aa cboyau
MHTEpeca Ha yY4eHMUUTe KbM Tasn BaXkHa 3a TEXHUYECKNS nporpec y4ebHa aucumnnmnHa.
HaGopbT BKMOYBaA KOMMMEKT OT XUMUYECKU peakTUBM, KOMMMEKT OT nabopaTopHu
NPVUHaONeXHOCTU W PbKOBOACTBO 3a pabota M e paspaboTeH BbB BapuaHTw,
npegHasHa4yeHn 3a 6a30BU EKCNEPUMEHTM, KOUTO Ca 3a4bIMKUTENHUN 38 BCUYKN YYEHULIM,
KaKTO M 3a YY4eHMUM C NoAYepTaH MHTEpec KbM XUMUSI U ONa3BaHe Ha OKonHaTa cpeda



