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Hou. n-p HeBena UiineBa

PE3IOMETA HA IPEJACTABEHUTE 3A KOHKYPCA CTATUHA

3a ydacThe B KOHKypca npenactassm 23 cratuu ot nepuoga 2009 — 2019 rr, pasnpenenenu
B OTACTHHUTE KBapTWiIM 1o kiacudpukamusara Journal Citation Reports Ha Hayuynata 0a3za naHHH
Clarivate Analytics winM ¢ uMIakT-panr no kiacupukamusata Scimago Journal Ranking kakto
cleBa:

bpoit  Touku [F SJR

Q1 5 250 15.156

Q2 ) 200 10.980

Q3 ) 150 10.289

Q4 2 18 1.453
SJR 5 100 0.995

HUKOE OT TOPHUTE 1 0

23 748 37.878 0.995

Te3u cratum ca rpynuvupaiHu B 4YCTUPU TEMATUYHU HUKbBJIA:

(A) Memoou 3a modenupane, uzciedeane u U3yanuU3aAuUA HaA CIMPYKMypama u OUHAMUKama
Ha npomeunu. cratuu P4, P7, P10, P12, P13, P15, P19, P20, P22, T.c. 06mo 9 cratuu, ot Kouto 3
cratuu B kBapTui Q1, 3 cratuu B kBaptun Q2, o exana cratus B kBaptunu Q3 u Q4 u eqHa cratus
¢ SJR;

(B) Insilico uscneosanus na umynoaxmuenu monexynu u komnaexcu: P2, P3, P8, P9, P11, P14,
P16, P18, P21, P23, 1.e. o6mio 10 craTuu, oT kouto 2 ctatuu B kBapTiwit Q1, eHa cTatusi B KBapTHIT
Q2, 4 cratuu B xBapTIul Q3, eqHa cratus B kBapTwi Q4 u nBe cratnu ¢ SJIR;

(B) Mooenupane na gpuzuunu npouecu: P1, PS5, 1.e. 2 cratum, Kato eHaTa CTATUS € B KBAPTHUIT
Q2, a npyrata e ¢ SJR;

(I') Hucmpymenmu u mexnuku 3a eucoxkonpouseooumennu npecmamanusn. P6, P17, t.e. 2
CTaTUH, OT KOUTO ellHa CTaTus B cnrcanue ¢ SJR u eqHa enekTpoHHa MyOJIMKaIUs ¢ XapakTep Ha
PBKOBOJICTBO/y4eOHO NTOCOOME, MIUPOKO IUTUPAHA B AUCEPTALIMH U AUIJIOMHU pabOTH OT BOJAELIU
€BPOIENCKN YHUBEPCUTETH.

ToBa nenenue e B 3HAUUTETHA CTENIEH YCIOBHO, ThI KaTO OTACITHUTE IIUKIIA U3CIICIBAHUS U
peraBaHuTe HAyIHH MPoOJIeMU B3aUMHO C€ JIOITBIBAT U JIOPH 00YCIaBAT B U/IEEH U METOI0JIOTHICH
IIJIaH ¥ ca TSICHO CBbP3aHM MO OTHOILIEHUE HA JBJITOCPOYHUTE 1IEJIU U MEPCIEKTUBH.

OpI/IFI/IHaJIHI/ITC HAay4YHU IPHUHOCH B TC3U HYGHI/IKaI_II/II/I Cca IpcACTaBCHU B Asmopcxa cnpaeka
3a HaAydYHuUme u HayuHo-npujiloHcHu npuHocu, NIpUJI0KE€Ha KbM JOKYMCHTUTC 110 KOHKYpPCa.
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1. N. llieva, V. Kozhuharov, 1. Lessigiarska, L. Litov, B. Pavlov, P. Petkov,

Development of a Novel PET Imaging System, Based on Resistive-Plate Chambers (RPC)

in: CP1203, 7th Int. Conf. of the Balkan Phys. Union, A. Angelopoulos and T. Fildisis (eds.) (AIP,
2009; Melville, New York), pp. 820-825 (SJR=0.16)

Abstract

The Resistive Plate Chambers (RPC) are charged-particle detectors with excellent spatial and time resolution.
Transforming them into gamma-quanta detectors opens the way towards their application as a basic element
of a hybrid imaging system, which combines Positron Emission Tomography (PET) with Magnetic
Resonance Imaging (MRI). We present results from the optimization of the RPC construction by means of
GEANT4 simulations. Several different detector designs and converter materials are investigated to meet the
objectives for a prospective RPCPET detector: maximal electron yield for 511 KeV photons and reduced
efficiency for registration of lower-energy scattered photons. The efficiency of a multi-gap RPC detector is
studied.

Peswome

Kamepure cnc cwmporusurensa miockocT (RPC) ca nerexrtopu 3a 3apefeHM YacTHIM C OTJIUYHA
MIPOCTPAHCTBEHA U BpeMeBa pa3eiuTenHa crnocooHocT. IlpeobpazyBaneTo uM B raMa-KBaHTOBU JETEKTOPH
OTKpPHBa IBTA KbM TAXHOTO NPHIOXKEHHE KaTO OCHOBEH €JIEMEHT Ha XHOpHIHa cucreMa 3a oOpasHa
JTUArHOCTHKA, KOSTO KOMOMHUpA MO3UTpOHHO-eMucrnorHata Tomorpadus (PET) ¢ sapen marauteH pe3oHaHc
(MRI). IlpencraBsime pe3yATaTUTe OT ONTUMH3AIUATa Ha KOHCTpyknmsta Ha RPC kamepure upes
cumyinamuu ¢ makera GEANT4. M3cnenBaHu ca HSAKOJKO Ppa3iIMYHU KOHCTPYKIMM M KOHBEPTOPHHU
MaTepHaiy, 3a Ja ce MOCTUTHAT HeoOxomumuTe nokazarenu 3a Obpaenr RPCPET perexTop: makcumaneH
no0uB Ha eJeKTpoHU 3a oTtonu ¢ eneprust 511 KeV 1 HamaneHa eeKTUBHOCT 3a pETUCTPUPAHE Ha pa3CcesHU
¢doronu c mo-Hucka eHeprus. Uzcnensana e epexruBHOCTTa Ha MHOTOonpouenHen RPC merexTop.

2. E. Lilkova, G. Nacheva, P. Petkov, P.St. Petkov, S. Markov, N. llieva, and L. Litov,
Metadynamics study of mutant human interferon gamma forms
Computers and Mathematics with Applications (CAMWA) 64 (2012) 272-277 (IF=2.069; Q1)

Abstract

Human interferon-gamma (hIFN-y) is an important antiviral and immunomodulating signaling molecule. The
upregulation of its production, however, is related to the etiology of certain autoimmune diseases. In the
search for a mechanism for suppressing the hIFNy biological activity, we investigated the possibility to obtain
mutant derivatives of the protein, capable to bind to hIFN-y cellular receptors, but lacking the ability to trigger
the biological response inside the cell. In order to preserve the affinity to the receptor, the introduced
mutations should not induce conformational changes in the secondary structure of the mutants. Molecular
dynamics simulations were performed to study the secondary structure of 100 randomly chosen hlIFN-y
derivatives with substitutions in amino acids 86-88. The stability of the local structure of all hIFN-y forms
was investigated by means of metadynamics. It was found that some of the mutated forms preserve the local
secondary structure and show similar or higher stability of the mutated helix, compared to the native form.
The 12 most promising mutants were suggested for experimental investigation.

Pesziome

Yoremkusat uareppepor-rama (hIFN-y) e BaxkHa aHTHBUPYCHA © IMYHOMOJTyJTUpAIlla CUTHAITHA MOJIEKYJIA.
YBennueHOTO My IPOU3BOICTBO 00ade € CBhP3aHO C eTHOJIOTHITA Ha HAKOW aBTOMMYHHHU 3a0oisBanus. B
ThpCEHE Ha MEXaHU3bM 32 MMOTUCKaHe Ha OnosiornuHara akTuBHOCT Ha hIFN-y, uscnensaxme Bb3MOKHOCTTA
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3a TOJlydyaBaHe HAa MYTAHTHH MPOW3BOJHU Ha MPOTEUHA, CIIOCOOHUW Ja ce CBBP3BAT C KICTHYHHTE MY
perentopu, HO 6€3 CITOCOOHOCTTA 11a 3aIeCTBAT OMOIOTHYHISI OTTOBOP BHTPE B KIIETKATa. 3a Ja Ce 3arma3u
aUHUTETA KBM pElenTOpa, BbBEICHUTE MyTalluK He TPs0Ba Jla MHIyIUpaT KOHPOPMAIIMOHHH POMEHH BHB
BTOPUYHATA CTPYKTYpa HAa MyTaHTHUTE. bsixa MpoBeCHN MOJICKYJTHO- TUHAMUYHU CUMYJIAIIUH 32 U3CJICIBAHE
Ha BTOopuyHata cTpykrypa Ha 100 mpomsBomHo wu30panu hIFN-y mpou3BojgHH CbC 3aMeCTBaHUS B
aMuHOKHCceIHH 86-88. CTa0MIHOCTTA Ha JIOKATHATA CTPYKTYpa Ha Bcuuku Gpopmu Ha hIFN-y e u3cnensana
C MOMOIITa Ha METaJMHaMUKaTa. bele ycTaHOBEHO, Y€ HSIKOU OT MyTaHTHHUTE (POPMH 3ala3Bar JIOKAJIHATA
BTOpPHYHA CTPYKTYpa ¥ MOKa3BaT CXOJIHA HJIH MO-BHCOKA CTETIICH Ha YCTOWYMBOCT HA MyTHPaHATa CIUpalia B
CpaBHEHHE ¢ JIMBHA TUI. J[BaHaleceTTe Hai-oOemaBaniy MyTaHTa 0sixa PeIIoKEeH! 32 eKCIIEPUMEHTAITHO
M3CleBaHe.

3. G. Nacheva, E. Lilkova, P. Petkov, P.St. Petkov, N. llieva, S. Markov, S. Petrov,
I. Ivanov, and L. Litov,

In silico studies on the stability of human interferon-gamma mutants

Biotechnol. and Biotechnol. Eqg. 26 (2012) 200-204 (1F=0.662; Q4)

Abstract

Human interferon-gamma (hIFN v) is a key cytokine in the realisation of cellular immunity. It accomplishes
its biological activity upon binding to a specific cell receptor thus inducing the JAK/STATL signal
transduction pathway. Two putative NLS sequences were pointed out to assist in the translocation of STAT1
into the nucleus. In order to employ mutational analysis for study the biological significance of the polybasic
sequence Lys86-Lys87-Lys88 belonging to the upstream putative NLS, hIFNy mutants with preserved
structure and intact binding affinity to cell receptor need to be selected. To this end in silico studies of
molecular stability of hIFNy mutants was performed. The potential conformational changes in the structure
of the mutant proteins were investigated employing molecular dynamics simulations. The free energy surface
of Lys86 backbone torsion angles space in hIFN y wild type and mutants was analyzed using metadynamic
model. The obtained in silico results were verified by construction of selected mutant recombinant hIFN y
proteins, which were analysed for biological activity. To judge for the secondary structure of the mutants the
affinity to the cell receptor was investigated. High correlation between results of the molecular dynamics
simulations and biological data was obtained.

Pesiome

Yogewkusar uareppepon-rama (hIFN y) e KII090B UTOKHUH 32 OCHILECTBABAHE HA KIETHUHHUS HUMYHUTET.
Toli m3BJIHSBA CBOATA OMOJIOTHYHA (QYHKIIUS [TPH CBBP3BaHE ChC CIENU(pHUECH KIEThUSH PEeNnTop, KaTo 1Mo
to3u HauuH uHaynupa JAK/STATI1 curnanen mpenoc. e mpeamonaraemu NLS mocnemoBareqHOCTH
noanomarat TpanciokanuaTa Ha STAT1 B simporo. 3a mpoBexaaHe Ha MyTallMOHEH aHAJIU3 3a U3CJIeIBaHe
Ha OMOJIOrMYHATa 3HAYMMOCT Ha Tojrba3uyHara nocienoBaTenHocT Lys86-Lys87-Lys88, npunasiexaiia
KBbM Bb3Xoasmara npeamnonaraema NLS, tpsa6Ba ga ce nzdepar hIFNy MyTranTu cbhe 3ama3eHa cTpyKTypa
auHHATET Ha CBBP3BaHE KbM KICTHYHHUS peLenTop. 3a ta3u uei Osxa mposeaeHu in Silico u3cnenBanus Ha
MoOJIeKyJIHaTa ctabuiaHocT Ha MyTaHTHH Gopmu Ha hIFNy. Be3mokHuTe KOH()OpMANMOHHM NPOMEHH B
CTpYKTypaTa Ha MYyTaHTHHTE INPOTEHMHM OsXxa H3CIEeIBaHM C MOMOIITa Ha MOJIEKYJIHO-IWHAMUYHU
cumyianud. [loBbpXHUHATa Ha CBOOOAHATA €HEPTHS B MPOCTPAHCTBOTO HA BIVINTE Ha yCyKBaHe Ha Lys86 B
JUBUS THII ¥ IPU MyTaHTHU (opMU Osfxa aHAIM3UPAHH C TIOMOIITA Ha MeTaanHaMudeH mojen. [lomydennre
in silico pe3ynTatu 0sixa BaTUAMPaHH Ype3 KOHCTPYHpaHe Ha M30paHH MyTaHTHH PEKOMOWHAHTHHU [TPOTEHHU
Y M3CJIeIBaHe Ha OMOJIOTHYHATA MM aKTHBHOCT. 3a MpeIeHKa Ha BTOPUYHATA CTPYKTypa Ha MyTaHTHUTE Oeriie
u3cnenBad aQUHUTETHT KbM KIEThYHMS peLenTop. bele ycTaHOBeHa BUCOKA CTEIIEH HAa KOPEIaLus MEKIY
pe3yATaTUTE OT MOJIEKYJIHO-TMHAMUYHUTE CUMYJIAalUi U OUOJIOTHYHHUTE JTAaHHH.
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4. W. Schreiner, R. Karch, B. Knapp and N. llieva,
Relaxation Estimation of RMSD in Molecular Dynamics Immunosimulations
Comp. and Math. Methods in Medicine, VVol. 2012, Article ID 173521, 9 p. (IF=0.791; Q4)

Abstract

Molecular dynamics simulations have to be sufficiently long to draw reliable conclusions. However, no
method exists to prove that a simulation has converged. We suggest the method of “lagged RMSD-analysis”
as a tool to judge if an MD simulation has not yet run long enough. The analysis is based on RMSD values
between pairs of configurations separated by variable time intervals At. Unless RMSD(At) has reached a
stationary shape, the simulation has not yet converged.

Peswome

MonekynHO-AMHAMUYHHUTE CUMYJIalliU TPAOBa Aa ca TOCTaThYHO ABITH, 32 Ja MOXKE J1a ObJaT HalpaBeHU
HaJEXKIHU 3aKIIOUCHHA. BbIpeku ToBa, HE CHILECTBYBa METOJl, KOMTO a AOKa)ke, 4e CHUMyJalusiTa €
cxomsma. [lpemmarame meroma Ha wHTepBaimHO-cenekTuBHUS RMSD anmamms (lagged RMSD) karo
WHCTPYMEHT 3a MpeueHKa nanu nageHa MJl cumynamust Bce olie He € JOCTaThb4HO MPOABJDKHTENHA.
AHanMM3bT ce OCHOBaBa Ha ctoiiHOcTUTe HA RMSD Mexny aBoriku KoH(DHUTYpalyn, pa3faelieH! C TIPOMEHINBU
HMHTEpBaIH OT BpeMe At. Cumyrnanusara e cxosia, ako pyHkiuuiara RMSD (At) e qocTurHana craiioHapHa

dopma.

5. G. Georgiev, N. llieva, V. Kozhuharov, I. Lessigiarska, L. Litov, B. Pavlov, P. Petkov,
Multigap RPC for PET: development and optimisation of the detector design
Journal of Instrumentation (JINST) 8 (2013) P01011 (IF=1.526; Q2)

Abstract

Transforming the resistive plate chambers from charged-particle into gamma-quanta detectors opens the way
towards their application as a basic element of a hybrid imaging system, which combines positron emission
tomography (PET) with magnetic resonance imaging (MRI) in a single device and provides non- and
minimally- invasive guantitative methods for diagnostics. To this end, we performed detailed investigations
encompassing the whole chain from the annihilation of the positron in the body, through the conversion of
the created photons into electrons and to the optimization of the electron yield in the gas. GEANT4 based
simulations of the efficiency of the RPC photon detectors with different converter materials and geometry
were conducted for optimization of the detector design. The results justify the selection of a sandwich-type
gas-insulator-converter design, with Bi or Pb as converter materials.

Pesome

[IpeBpblLIaHeTO Ha KaMEpUTE ChC CHIOPOTUBUTENHA IIOCKOCT OT JETEKTOPH 3a 3apel]eHH YacTULH B
JETEKTOPH 3a raMa-KBaHTU OTKPUBA IBTS KbM TAXHOTO IPWIOKEHHE KATO OCHOBEH €JIEMEHT Ha XUOpHIHA
cuctemMa 3a oOpa3Ha AMArHOCTHKA, KOATO KOMOWHHpA B €JHO YCTPOWCTBO MO3UTPOHHO-€MHCHOHHATa
tomorpaduss (PET) ¢ wmarautHO-pe3onancHa Ttomorpadus (MRI), mpemmaraiikn HeWHBa3HMBHU WIIN
MUHUMAJIHO-WHBA3WBHY KOJMYECTBEHM METOAM 32 JAMArHOCTHKA. 3a Ta3W IeJ HampaBUXME IMOAPOOHU
M3CIlIeIBaHMs, OOXBAIIAIIN IsIaTa IOCIEIOBATEIHOCT OT AHUXWIANMATA Ha MO3MTPOHA B TSUIOTO, TIpE3
KOHBEpCHsITA HAa TeHepUpaHuTe (POTOHU B €NIEKTPOHU U JI0 ONTUMU3UPAHETO HA JOOMBA HA EJIEKTPOHU B Ta3a.
3a onTuMH3MpaHe Ha AW3aliHa Ha IeTeKTopa 0sXa MpOBEJCHN CUMYJIallui Ha eeKTUBHOCTTA Ha (POTOHHHTE
RPC nerexropn c pa3nuuHM KOHBEPTOpHM Marepuanu u reomeTpus ¢ naketa GEANT4. Pesynrature
orpapJaBaT M300pa Ha KOHCTPYKLMS THI ,,CaHABMY (ra3-u3ojarop-koHseprop) ¢ Bi mmm Pb kato
KOHBEPTOPHH MaTEepHAIIH.



Oou. a-p HeseHa Nnunesa KoHKypc 3a 3aemaHe Ha akademu4Ha 0avicHocm ,npogecop”
lpogpecuoHanHo HanpasneHue 4.5 Mamemamuka

6. M. Barth, M. Byckling, N. llieva, S. Saarinen, M. Schliephake, and V. Weinberg
(Editor)

Best Practice Guide Intel Xeon Phi, v1.1, 14-02-2014

PRACE-RI-BPG http://www.prace-ri.eu/IMG/pdf/Best-Practice-Guide-Intel-Xeon-Phi.pdf

Abstract

This best practice guide provides information about Intel's MIC architecture and programming models for the
Intel Xeon Phi coprocessor in order to enable programmers to achieve good performance of their applications.
The guide covers a wide range of topics from the description of the hardware of the Intel Xeon Phi coprocessor
through information about the basic programming models as well as information about porting programs up
to tools and strategies how to analyze and improve the performance of applications.

Peswome

ToBa ppKOBOICTBO MpenocTass nHpopmanus 3a apxurekrypara MIC Ha Intel u MozmenuTe 3a mporpamupane
3a ko-mporiecopa Intel Xeon Phi, 3a ma ce mage BB3MOXKHOCT Ha MPOTPaAMHUCTUTE Aa MOCTHTHAT J00Opa
MPOM3BOIUTEIIHOCT HAa CBOUTE INPWIOKEHHSA. PBHKOBOACTBOTO 0OXBalla IIMPOK CIEKTHP OT TEMH OT
OIHMCaHUETO Ha xapjayepa Ha Ko-mporecopa Intel Xeon Phi mpe3 nabopMalus 3a oCHOBHHTE MOJAETH Ha
nporpamMHupaHe, KakTo U 3a MOPTUPaHe Ha MPOTPaMH 10 MHCTPYMEHTH U CTPATETUH 3a aHAIN3 U OJ00psBaHe
Ha paboTaTa Ha MPUIIOKCHUSITA.

7. Michael Kenn, Reiner Ribarics, Nevena llieva, Wolfgang Schreiner,

Finding Semi-Rigid Domains in Biomolecules by Clustering of Pair-Distance Variations
BioMed Res. Internat. (Computational and Bioinformatics Techniques for Immunology) Vol. 2014
(2014), Art. ID 731325 (IF=1.579; Q3)

Abstract

Dynamic variations in the distances between pairs of atoms are used for clustering subdomains of
biomolecules. We draw on a well-known target function for clustering and first show mathematically that the
assignment of atoms to clusters has to be crisp, not fuzzy, as hitherto assumed. This reduces the
computational load of clustering drastically, and we demonstrate results for several biomolecules relevant in
immunoinformatics. Results are evaluated regarding the number of clusters, cluster size, cluster stability, and
the evolution of clusters over time. Crisp clustering lends itself as an efficient tool to locate semi-rigid
domains in the simulation of biomolecules. Such domains seem crucial for an optimum performance of
subsequent statistical analyses, aiming at detecting minute motional patterns related to antigen recognition
and signal transduction.

Pe3zrome

JluHaMHYHUTE BapualMi B Pa3CTOSHUATA MEXIy JBOHKM aTOMHM c¢a W3M0J3Bani 3a TrpylnupaHe
(xmpcTepu3npane) Ha moaaoMeitHn (T101001acTo) B broMoexyi. Hue nsmon3Bame 100pe mo3Hata 1ejeBa
(yHKIMS 332 KIIBCTEpUPAHE W IBPBO TOKa3BaMe MATEMAaTHYECKH, Y€ pasIpeJIeICHeTO Ha aTOMUTE KbM
KI'bCTEpUTE TpsAOBa N1a ObJie pasTpaHUYMTEIHO, & HE Pa3MHUTO, KAaKTO Ce IpenroJarame jaocera. Tosa
HaMalsiBa JIPACTUYHO H3YUCIMTEIHOTO HATOBAapBaHE NPU KIbCTEPU3UPAHETO, KATO HUE JEMOHCTpUpame
pe3yNTaTH 3a HIKOJIKO OMOMOJIEKYJIH, CBhpP3aHu ¢ UMyHOMH(pOpMaTHKaTa. Pe3ynraTtuTe ca OlleHeHU CIopen
Opost, pa3smepa W CTaOWITHOCTTa Ha KIBCTEPUTE, KAKTO W Ha EBOJIONHUATAa UM BBB BPEMETO.
PasrpaHMuuTEeIHOTO KIBCTEpPU3MpPAHE C€ MPEACTaBs KaTo e(EeKTHBEH HMHCTPYMEHT 3a JIOKAaJU3UpaHE Ha
MIOJTYTBBPAN OOJIACTH TPHU CHUMYyJaIuATa Ha OnomoiieKynu. TakwBa o00JacTH W3TJISKIAT OT PEIIaBaIlo
3HAYCHME 33 ONTHMAJIHO M3IIBbJIHCHHE Ha TOCJICABAIIM CTATUCTUUSCKN aHAJIM3H, C Ie)I OTKpUBaHe Ha (QUHHU
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JIBUTATETHH MOJIH, CBBP3aHU C PA3MO3HABAHETO HAa aHTHTEHW M MPEHOCAa Ha CHOTBETHHUTE CHUTHAIH KHM
BBHTPEIIHOCTTA Ha KJIETKaTa (CUTHATHA TPAHCTYKIIHA).

8. Reiner Ribarics, Rudolf Karch, Nevena llieva, Wolfgang Schreiner,

Geometric Analysis of Allo-reactive HLA a-Helices

BioMed Res. Internat. (Computational and Bioinformatics Techniques for Immunology) Vol. 2014
(2014), Art. ID 943186 (IF=1.579; Q3)

Abstract

Molecular dynamics (MD) is a valuable tool for the investigation of functional elements in biomolecules,
providing information on dynamic properties and processes. Previous work by our group has characterized
static geometric properties of the two MHC a-helices comprising the peptide binding region recognized by
T cells. We build upon this work and used several spline models to approximate the overall shape of MHC
a-helices. We applied this technique to a series of MD simulations of alloreactive MHC molecules that
allowed us to capture the dynamics of MHC a-helices’ steric configurations. Here, we discuss the variability
of spline models underlying the geometric analysis with varying polynomial degrees of the splines.

Pesiome

Monexynnata nuHamuka (MD) e BakeH HMHCTPYMEHT 3a H3CiieiBaHE Ha (YHKLMOHAIHU EJIEMEHTH B
OuoMoNIeKynuTe, OCcUrypsBaml HH(poOpManMs 3a IWHAMAYHMATE CBOMcTBA M mpouecd. B mpeaxomnu
W3CIeIBAaHNAS Ha Tpymnara HU 0sXxa XapaKTepu3wpa CTaTUYHW TeOMETpPHYHHU cBoiicTBa Ha asere MHC a-
crupai, oQopMSIIK CBBP3BAIIHA TENTHIA KOO, paznoszHaBad oT T kieTkute. Ha Ta3un ocHOBa, C TOMOIITa
Ha HSAKOJIKO CIDIaiH MOJela, TOCTUTHaXMe MPUOIIKEHo onucanue Ha oomara ¢popma Ha MHC a-cnimpanure.
[Ipunoxuxme Ta3u TexHuka KbpM cepust M/ cumynauuu Ha anopeaktuBHu MHC Monekynu, KoeTo HU
MO3BOJIH JIa YJIIOBUM JIMHAMHKATA HA MpocTpaHcTBeHnTe KoHpurypauun Ha MHC-cnimpanute. B taszu pabora
00CHXK/IaMe BapUallMUTe B CIUTAH-MOJICNIUTE, HA KOUTO C€ OCHOBaBa T€OMETPUYHUS aHAJIH3, IPH BapHpaHe
Ha CTENEeHTa HAa MHTEPHOINPAIIUTE (HYHKIIIH.

9. Reiner Ribarics, Michael Kenn, Rudolf Karch, Nevena llieva, Wolfgang Schreiner,
Geometry Dynamics of a-Helices in Different Class | Major Histocompatibility Complexes
Journal of Immunology Research, Vol. 2015 (2015), Article ID 173593, 20 pp. (IF=2.812; Q3)

Abstract

MHC a-helices form the antigen-binding cleft and are of particular interest for immunological reactions. To
monitor these helices in molecular dynamics simulations, we applied a parsimonious fragment-fitting method
to trace the axes of the a-helices. Each resulting axis was fitted by polynomials in a least-squares sense and
the curvature integral was computed. To find the appropriate polynomial degree, the method was tested on
two artificially modelled helices, one performing a bending movement and another a hinge movement. We
found that second-order polynomials retrieve predefined parameters of helical motion with minimal relative
error. From MD simulations we selected those parts of a-helices that were stable and also close to the
TCR/MHC interface. We monitored the curvature integral, generated a ruled surface between the two MHC
a-helices, and computed interhelical area and surface torsion, as they changed over time. We found that MHC
a-helices undergo rapid but small changes in conformation. The curvature integral of helices proved to be a
sensitive measure, which was closely related to changes in shape over time as confirmed by RMSD analysis.
We speculate that small changes in the conformation of individual MHC a-helices are part of the intrinsic
dynamics induced by engagement with the TCR.



Oou. a-p HeseHa Nnunesa KoHKkypc 3a 3aemaHe Ha aKademu4Ha OabxcHocm ,ripogecop”
lpogpecuoHanHo HanpasneHue 4.5 Mamemamuka

Pesiome

MHC-cnimpanure o0pa3yBaT aHTUTEH-CBBP3BAIIUSA HKOO M ca OT OCOOCH MHTEpEC 3a UMYHOIOTUYHHTE
peaknuu. 3a MOHUTOPHHT Ha T€3W CIIAPAIN B MOJIEKYITHO-IWHAMUYHU CHMYJAUU TMPUIOKUXME METOJ 32
(parmMenTapHO QuUTHpaHe, MAPKUPAI O.-CITUPATHUTE OCH. Taka IMONydeHUTe OCH OsiXxa ampOKCUMHUpPaHU C
MIOJIMHOMH B CMHUCHJI Ha Hal-MaJKuTe KBaJpaTd W Oelle MmpecMeTHaTa KpMBWHATA WM. 3a Jia ce HaMepu
MTOIXO/IATIIATA CTETICH Ha MTOIMHOMA, METObT Oellle TeCTBaH BbPXY JABE U3KYCTBEHO MOJACTHPAHU CIHPAIIH,
M3BBPIIBAIM CHOTBETHO OI'BBAI0 M IIAPHUPHO ABIDKEHUS. Y CTAaHOBHXME, Y€ MOJIMHOMH OT BTOPU DeI
BB3MPOMU3BEKIAT MPEIBAPUTEIHO 3aJaICHUTe MapaMeTpy Ha JBKEHHETO Ha CIHpANINTE ¢ MHHUMAJTHA
otHOcuTenHa rpemika. Ot MD cumynanunTe mogdpaxme OHE3H YacTH OT C-CIIHPANIH, KOUTO 0gXa CTaOMITHU
u cpo Taka B Omuzoct mo unHTepdetica TCR/MHC. TlpocnensBaiiku KpuBHHAaTa Ha CIHUPATHUTE OCH,
MOCTPOMXME HAmpaBlisiBaHa TPOBBPXHOCT MEXKAY [JBETE MHC o-ciupann u mpecMeTHaxXMe
MHTEPXENNKCHUTE TIOBbPXHUHA W YCYKBaHE B MpoIleca Ha M3MEHEHHETO UM C BPEMETO. Y CTaHOBHXME, Ue
MHC o-cnimpanute mpeTbprsBaT Obp3W, HO HE3HAYHTETHH MPOMEHH B KoHpopmarwmsTa. [locmeaBamust
RMSD ananu3 noTBspay, 4e UHTETpATBT Ha KPUBUHATA HAa CIIMPAIUTE CE 0OKa3Ba UyBCTBUTENIHA MAPKA, TSCHO
CBBp3aHA C AWHAMAYHHUTE TpOMEHH BBB (opmata um. Ilpenmmomarame, de ManKuTe NTPOMEHH B
KoHpopManusiTa Ha naBete o-cnmpann oT MHC kommiekca ca yacT oT cneudpuyHaTa JUHAMHUKA,
WHIyLHpaHa OT B3aUMOJEHUCTBUETO Ha KOMILIEKCA C T-KIEThbUHUS PELENTOP.

10. Nevena llieva, Jin Dai, Adam Sieradzan, and Antti Niemi,
Solitons and Protein Folding: An In Silico Experiment
AIP Conf. Proc. 1684, 030006 (2015) (SJR=0.18)

Abstract

Protein folding is the process of formation of a functional 3D structure from a random coil — the shape in
which amino-acid chains leave the ribosome. Anfinsen’s dogma states that the native 3D shape of a protein
is completely determined by protein’s amino acid sequence. Despite the progress in understanding the process
rate and the success in folding prediction for some small proteins, with presently available physics-based
methods it is not yet possible to reliably deduce the shape of a biologically active protein from its amino acid
sequence. The protein-folding problem endures as one of the most important unresolved problems in science;
it addresses the origin of life itself. Furthermore, a wrong fold is a common cause for a protein to lose its
function or even endanger the living organism. Soliton solutions of a generalized discrete non-linear
Schrddinger equation (GDNLSE) obtained from the energy function in terms of bond and torsion angles «
and 1 provide a constructive theoretical framework for describing protein folds and folding patterns [2]. Here
we study the dynamics of this process by means of molecular-dynamics simulations. The soliton
manifestation is the pattern helix—loop-helix in the secondary structure of the protein, which explains the
importance of understanding loop formation in helical proteins. We performed in silico experiments for
unfolding one subunit of the core structure of gp41 from the HIV envelope glycoprotein (PDB ID: 1AIK [3])
by molecular-dynamics simulations with the MD package GROMACS. We analyzed 80 ns trajectories,
obtained with one united-atom and two different all-atom force fields, to justify the side-chain orientation
quantification scheme adopted in the studies and to eliminate force-field based artifacts. Our results are
compatible with the soliton model of protein folding and provide first insight into soliton-formation dynamics.

Pesrome

HarbBaHeTo Ha mpoTenHU € nporechT Ha (hopMupane Ha pyHkmonanHa 3D cTpyKTypa OT HECTPYKTypHpaHa
MOCIIEZI0BATEITHOCT — (pOopMaTa, B KOSTO aMHHOKHCEIIMHHUTE BEPUTH HarmyckaT pubo3omara. Criopes gormara
Ha AH]uHCeH, ecrecTBeHara 3D ¢dopma Ha TpOTEeHHA € HAMBIHO OINpe/AelieHa OT aMHUHOKHCEIHMHHATA
MIOCJIEIOBATETHOCT Ha MpOTEeHWHA. BBIpeku Hampeapka B pa3OMpaHETO Ha IMpoleca W ycmexa IpH
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MIPOTHO3HWpaHe Ha CTPYKTypaTa 3a HIKOM MAaJKH MPOTEHHH, C HATMYHUTE TIOHACTOSIIEM MOJEIH U METOIU
BCE OIlle HE € BB3MOXKHO HaJeXIHO Ja ce u3Bene (opMara Ha OMOJIIOTHYHO aKTHBEH MPOTEHH OT HEroBaTa
AMUHOKHCEJIIHHA ITOCIIeI0BaTeTHOCT. [[po0aemMbT 3a HarpBaHETO Ha MPOTEHMHHTE ITPOBIKaBa 1a ObIe eTuH
OT Hali-BaKHHUTE HEpa3pelIeHN MPOOIEeMH B HayKaTa; TOH 3acAra U Mpou3xo/ia Ha camus )KkuBoT. OCBEH TOBa,
MOTPEIIHOTO HAarbBaHE € YecTa MpUYMHA MPOTEHHBT Ja M3TyOM CBOsATa (QYHKUMS WIH JOPH Ja 3acTpallu
XuBHA OpraHu3bM. COJUTOHHMTE pelIeHUs] Ha OO0OOLICHOTO AMCKPETHO HEJIMHEHHO ypaBHEHHE Ha
pboaunrep, MOTYUEHO OT eHepruiiHaTa (yHKIHUS B TEPMUHM Ha 000OIICHU BITIM Ha KPUBUHA U YCYKBaHE
K U T, IpejiaraT KOHCTPYKTHBHA TEOPETHYHA paMKa 3a ONMMCAHUE Ha HArbHATH IMPOTEUHOBH CTPYKTYpH [2].
Tyk m3ydaBame AMHAMUKAaTa Ha TO3M IPOIEC Ype3 MOJIEKYITHO-IWHAMHYHU cuUMyianud. CONUTOHBT ce
MPOsIBSIBA Ype3 MOCIEIOBATEIHOCT CIHpaia-OprMKa-cliMpaiia BB BTOpPUYHATA CTPYKTypa Ha MPOTEHHA,
KOeTO OOsICHSBa 3HAYEHUETO Ha pa3dupaHeTo Ha 00pa3yBaHETO Ha OpPUMKH B CHHpATHHUTE mMpoTenHu. Hue
npoBenoxme in Silico ekcriepuMeHTH 3a pa3rbBaHe Ha €HA CyOeIMHMIIA HA OCHOBHATA CTPYKTypa Ha gp4l
OT TJIMKONpoTerHa Ha oOBuBKata Ha Bupyca Ha CIIMH (PDB ID: 1AIK [3]) upe3 MOJEKYITHO-TUHAMHUYHA
cumynanuu ¢ MD naker GROMACS. Anamuzupaxme 80 ns TpaeKTOpUH, TIOTYyUYEHU C TPU CHIIOBH ITOJIETa —
€IHO Cc OOCQMHEHW aTOMH M JIBE Pa3UYHU aTOMUCTHYHH IOJIETA — 3a Jla BIMAMpPAME cXeMaTa 3a
KOJIMYECTBEHA OIlEHKAa Ha OpHEHTAlMATa Ha CTPAaHWYHHUTE BEPHUTH, NpHeTa B MPOyYBAHUATA HH WU Ja
eMMMUHUpaMe apTedakTuTe, OCHOBaHU Ha IOJIETO. Pe3yiaTatuTe HU ce ChIiacyBaT ChC COMMTOHHUS MOJET
Ha HarbBaHe Ha MIPOTEHHUTE U MTOKA3BaT IbPBU JIETAHIN OT AWHAMUKATa Ha (HOPMUPAHETO HA COJTUTOHH.

11.  W. Schreiner, R. Karch, R. Ribarics, M. Cibena, and N. llieva,
Relative Movements of Domains in Large Molecules of the Immune System
Journal of Immunology Research, Volume 2015 (2015), Article ID 210675 (1F=2.812; Q3)

Abstract

Molecular dynamics was used to simulate large molecules of the immune system (major histocompatibility
complex class I, presented epitope, T-cell receptor, and a CD8 coreceptor.) To characterize the relative
orientation and movements of domains local coordinate systems (based on principal component analysis)
were generated and directional cosines and Euler angles were computed. As a most interesting result, we
found that the presence of the coreceptor seems to influence the dynamics within the protein complex, in
particular the relative movements of the two a-helices, Gal and Ga2.

Pesome

MeToabT Ha MOJIEKyJTHaTa AMHAMHKa Oellle M3I0JI3BaHa 3a CUMYJIMPaHEe Ha TOJIEMH MOJIEKYJIM Ha UIMyHHATa
cucreMa (IJIaBeH KOMIUIEKC 3a ThKaHHa CbBMECTUMOCT OT | KJ1ac, mpeacTaBeH enuToll, T-KJIeTh4YeH penenTop
n CD8 xopenenTop). 3a XxapakTepu3upaHe Ha OTHOCUTEIHATA OPUEHTALMS U IBIDKEHUSITA HA JOMEHHM Os1xa
TeHEPHUPAHU JIOKATHU KOOPJMHATHU CHCTEMH (Ha OCHOBATa Ha aHANW3 Ha TJIaBHUTE KOMIIOHEHTH) U Osxa
oIpe/ieNieHH HalpaBisiBaluTe Kocunycu u OiinepoBute briin. KaTo Hall-MHTEpECEH pe3yiTaT, yCTAHOBHXME,
4Ye MPUCHCTBUETO HA KOPEUENTOp BIIMSiE BHPXY JWHAMUKATA HA MPOTEHMHOBHS KOMIUIEKC, MO-CIEIIHATHO
BBPXY OTHOCUTEITHUTE JIBMKEHUS Ha JiBeTe a-cnimpanu, Gal u Ga?2.

12. J. Dai, A.J. Niemi, J. He, A. Sieradzan, N. llieva,

Bloch spin waves and emergent structure in protein folding with HIV envelope glycoprotein as
an example

Phys. Rev. E 93, 032409 (2016); (IF=2.366; Q1)

Abstract
We inquire how structure emerges during the process of protein folding. For this we scrutinize collective
many-atom motions during all-atom molecular dynamics simulations. We introduce, develop, and employ
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various topological technigues, in combination with analytic tools that we deduce from the concept of
integrable models and structure of discrete nonlinear Schrodinger equation. The example we consider is an
a-helical subunit of the HIV envelope glycoprotein gp41. The helical structure is stable when the subunit is
part of the biological oligomer. But in isolation, the helix becomes unstable, and the monomer starts
deforming. We follow the process computationally. We interpret the evolving structure both in terms of a
backbone based Heisenberg spin chain and in terms of a side chain based XY spin chain. We find that in both
cases the formation of protein supersecondary structure is akin the formation of a topological Bloch domain
wall along a spin chain. During the process we identify three individual Bloch walls and we show that each
of them can be modelled with a precision of tenths to several angstroms in terms of a soliton solution to a
discrete nonlinear Schrédinger equation.

Pesiome

WHuTepecyBa HUM BB3HMKBAHETO Ha CTPYKTypa B Ipollieca Ha HarbBaHe HAa MPOTEMHUTE. 3a LIeATa HUE
pasriexaaMe Ha aTOMHO HHMBO KOJEKTMBHM MHOTOYAaCTMYHHU JBWKEHHS IO BpeME Ha aTOMHCTUYHH
MOJICKYJIHO-AUHAMWYHU CHUMYJIAllUH. BT)BC)KI[&MC, pasBUBaM€ MU HU3IOJ3BaMC pPAa3JIMYHU TOIOJOTUYHU
TCXHHUKHU, B KOM6I/IHaHI/I5[ C aHAJIMTUYHU IIOAXO01AH, 6a3l/lpaHI/I Ha KOHICIIIHUATA 3a HHTCTPUPYEMU MOJCIIN U
CTPYKTypaTa Ha AUCKPETHOTO HeIuHEHO ypaBHeHHe Ha [Ipsonunrep. IlpumepsT, KOHWTO pasriexgame, €
o-CIipaliHa CyOennWHWIlA Ha TiHKompoTenHa gp4l ot oOBuBkara Ha Bupyca Ha CIIMH. Crompamnara
CTPYKTypa € cTabuiiHa, Korato cyoequHuIarTa € 4acT ot Ouojaoruyuus onuromep. Ho B nzonanus cnupanara
cTaBa HecTabWIHAa M MOHOMEPBT 3amouBa na ce aedopmupa. Hue cmeaum mpoueca upe3 YHCIECHO
MOJISJIUPaHE U THIKyBaMe pa3BUBalllaTa ce CTPYKTypa KakToO B TEPMHUHH Ha Xali3eHOeprosa CIIMHOBA BEPHTa,
0a3upana Ha rpbOHaKa Ha MPOTEWHA, Taka M B TepMUHH Ha XY CHHHOBA BepHra, OazupaHa Ha CTPAHUYHUTE
BEepHTH. Y CTaHOBSIBAME, Y€ M B JIBaTa CiIydasi o0pa3yBaHETO HAa BTOPUYHATA CTPYKTypa Ha OeNThKa € CXOIHO
¢ o0pa3yBaHETO Ha TOIOJIOTMYHA 0JI0X0BA JOMEHHA CTe€Ha 0 cIIMHOBaTa Bepura. Ilo Bpeme Ha nporeca Hue
UACHTU(QHULUpPaMe TP OTACTHH OJIOXOBU CTEHH U MIOKA3BaMe, Y€ BCSIKA OT TAX MOKE J1a ObJie MOAEIHUpaHa C
TOYHOCT OT AECETH JO HSAKOJKO aHI'CTPbOMa B TEPMHHHU Ha COJIMTOHHO PELICHUE HAa AUCKPETHO HEJINHEHHO
ypaBHeHue Ha Lpbonunrep.

13. M. Kenn, R. Ribarics, N. llieva, M. Cibena, R. Karch, W. Schreiner,
Spatiotemporal multistage consensus clustering in molecular dynamics studies of large proteins
Molecular BioSystems, 2016, DOI: 10.1039/C5MB00879D (1F=2.781; Q1)

Abstract

The aim of this work is to find semi-rigid domains within large proteins as reference structures for fitting
molecular dynamics trajectories. We propose an algorithm, multistage consensus clustering, MCC, based on
minimum variation of distances between pairs of Ca-atoms as target function. The whole dataset (trajectory)
is split into sub-segments. For a given sub-segment, spatial clustering is repeatedly started from different
random seeds, and we adopt the specific spatial clustering with minimum target function: the process
described so far is stage 1 of MCC. Then, in stage 2, the results of spatial clustering are consolidated, to arrive
at domains stable over the whole dataset. We found that MCC is robust regarding the choice of parameters
and vyields relevant information on functional domains of the major histocompatibility complex (MHC)
studied in this paper: the a-helices and b-floor of the protein (MHC) proved to be most flexible and did not
contribute to clusters of significant size. Three alleles of the MHC, each in complex with ABCD3 peptide
and LC13 T-cell receptor (TCR), yielded different patterns of motion. Those alleles causing immunological
allo-reactions showed distinct correlations of motion between parts of the peptide, the binding cleft and the
complementary determining regions (CDR)-loops of the TCR. Multistage consensus clustering reflected
functional differences between MHC alleles and yields a methodological basis to increase sensitivity of
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functional analyses of bio-molecules. Due to the generality of approach, MCC is prone to lend itself as a
potent tool also for the analysis of other kinds of big data.

Pesiome

Lenrta Ha Tasu paboTa € na ce HaMepAT MOJIYTBBPAU OONAacTH B TOJEMH NMPOTEHHH KaTo pedepeHTHH
CTPYKTypH 3a (QuTHpaHEe Ha MOJEKYJIHO-IMHAMUYHUTE Tpaekropuu. I[lpeamarame aiaropursbm,
MHOT'OCTETIEHHO KOHCEHCYCHO KirbeTepusupane, MKK, 6a3upan Ha MUHUMAaTHO U3MEHEHHE Ha Pa3CTOSHUATA
Mexay ABoiiku Ca-atromu kato meneBa ¢yHkuus. Llenusat Habop oT naHHM (TpaeKTOpHsITa) ce pa3aess Ha
MTOJICETMEHTH. 3a NaZeH TMOJICETMEHT MPOCTPAHCTBEHOTO KIIBCTEPU3HMPAHE CE€ MPOBEXKIA MHOTOKPATHO, C
Pa3IMYHU CTOMHOCTH Ha CIyYaiHUS TE€HEPaTop U IIpHeMaMe pe3ylTaTta ¢ MUHIMallHa CTOWHOCT Ha IieieBara
(yHKIMS: omMCaHUAT Tporec mpeacrasisBa mepBusaT etan Ha MKK. Ha Bropms eram pesymratute OT
MIPOCTPAHCTBEHOTO KIILCTEPU3UPAHE C€ KOHCOIHIUPAT, 32 J1a C€ CTHTHE /10 IOMEWHH, CTAOWMIIHU 3a IeNus
Habop oT manHH. YcTtanoBuxme, ue MeToabT MKK e crabuien mo oTHomieHue Ha n300pa Ha mapaMeTpH U
JaBa JOCTOBepHa HHGpopManus 3a (QYHKUHMOHATHUTE OOJIACTH Ha TIJIaBHUS KOMIUIEKC Ha THKaHHA
ceBMecTuMocT (MHC), nscnensan B Ta3u CTaTHA: OL-CIIHpANATE U B-mucTHOTO 1pHO Ha ipoTenHa (MHC) ce
OKa3axa Hal-rbBKABM U HE YYaCTBAaT B KIIbCTEPH ChC 3HaUUM pasmep. Tpu anena Ha MHC, Bceku B KOMILIIEKC
¢ ABCD3 nentun u LC13 T-knersuen penenrop (TCR), reHepupaxa Tpu pa3IndHU MOJIENa Ha JBUKCHHE.
AJ'ICJ'H/ITC, KOHMTO IMPECAN3BUKBAT UMYHOJIOTMYHU aJIO-pCAKIUMH, ITOKA3BaT SACHU KOpEjlaluu Ha ABUKCHHUCTO
MCXKAY 4aCTU Ha nenTuga, CBbpP3Balllnd IL)KO6 Ha KOMIUJIEKCAa U KOMIUICMCHTAPHO OMPEACTIAINUTE PCTUOHU
(CDR-npumkute) Ha TCR. MHOrOCTENMEHHOTO KOHCEHCYCHO KIBCTEPHU3MpPaHEe OTpa3siBa (DYHKIIMOHATHU
pazmuuus Mexxny MHC anenute n naBa MeToaMyecka OCHOBA 3a MOBHUIIIABAHE HA YyBCTBUTEIHOCTTA Ha
(YHKIMOHANHUTE aHAIM3K Ha Omomonekynu. [lopamu obmus xapakrep Ha noaxona, MKK metogst uma
MMOTEHIIHAIa Ha MOIIIEH HHCTPYMEHT 3a aHaJN3 Ha JPYTH BUAOBE TOJIEMH JaHHU.

14.  Nevena llieva, Elena Lilkova, Peicho Petkov, and Leandar Litov,

Semi-rigidity vs. flexibility in collective variables preselection for metadynamics studies of large
proteins

AIP Conf. Proc. 1773, 110007 (2016) (SJR=0.16)

Abstract

In silico investigations of biological molecules rely on the adequate sampling of the systems’ conformation
space. In the case of large systems, this is a highly non trivial task, which requires the development and
refinement of enhanced sampling techniques. Metadynamics — one of these techniques — is based on
computation of the free energy of the system as a function of a small set of collective variables (CVs) that are
assumed to be able to adequately describe the investigated process. No standard procedures or selection
criteria exist for the selection of the optimal set of collective variables. The purpose of our work is to develop
a CV selection protocol based on the conformational rigidity of the protein in the most sensitive for the
investigated process domains. The structure identification is performed using the spatiotemporal multistage
consensus clustering (SMCC), with an appropriate selection of the algorithm parameters.

Pesome

In silico u3cnenBanusiTa Ha OMOJOTMYHN MOJICKYJIM 3aBHCAT CHIECTBCHO OT aJIEKBATHOTO OOXOXKIaHE Ha
KOH(OPMAIIMOHHOTO MPOCTPAHCTBO HA CUCTEMHTE. B cilydas Ha rojieMd CHCTEMH TOBA € M3KIIFOUHUTEIHO
HETpHUBHAIHA 3aAdada, KOATO HN3HUCKBa pa3pa60TBaHe U YCBbBBPUHICHCTBAHC Ha TEXHHUKHU 3a YCKOPEHO
ceMIutMpane. MeTaarHaMuKaTa — €Ha OT Te3M TEXHUKU — Ce OCHOBaBa Ha M3YMCIIsIBaHE Ha CBOOOIHATA
SHeprus Ha cucTeMara Kato (QyHKIHMS Ha MalbK HaObop oT KojiekTuBHH npomenymBu (CV), 3a KOUTO ce
npejrnosara, 4e MoraT Ja OIMIIAT aJeKBaTHO H3CIeABaHUs mpouec. He chliecTByBar CTaHAapTHH
NpOLEAypH WM KpUTEpUH 3a M300p HAa ONTHUMaleH HaOOp OT KOJEKTUBHM NpoMeHiuBu. llenra Ha
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M3CIICIBAHUATA HU € Ja pa3pabdoThM NIpOTOKON 3a cenekius Ha CV, ocHOBaH Ha KOH(oOpMaIrmoHHATa
TBBPOCT Ha MPOTEHHA B HA-4yBCTBUTEIHHUTE 3a M3CIEIBaHUS mHporec obmactu. VneHTnukanusra Ha
CTPYKTypaTa ce H3BBPIIBA, KaTO CE€ H3MOJI3BA METO/JA Ha MPOCTPAHCTBEHO-BPEMEBO MHOTOCTEHEHHO
KoHCeHCycHO KirbcTepusupane (SMCC), ¢ noaxosi n300p Ha MapaMeTPUTE HA alTOpPUTHMA,

15.  Jiaojiao Liu, Jin Dai, Jianfeng He, Antti J. Niemi, and Nevena llieva,
Multistage modeling of protein dynamics with monomeric Myc oncoprotein as an example
Phys. Rev. E 95, 032406 (2017) (1F=2.284; Q1)

Abstract

We propose to combine a mean-field approach with all-atom molecular dynamics (MD) into a multistage
algorithm that can model protein folding and dynamics over very long time periods yet with atomic-level
precision. As an example, we investigate an isolated monomeric Myc oncoprotein that has been implicated in
carcinomas including those in colon, breast, and lungs. Under physiological conditions a monomeric Myc is
presumed to be an example of intrinsically disordered proteins that pose a serious challenge to existing
modeling techniques. We argue that a room-temperature monomeric Myc is in a dynamical state, it oscillates
between different conformations that we identify. For this we adopt the Ca backbone of Myc in a
crystallographic heteromer as an initial ansatz for the monomeric structure. We construct a multisoliton of
the pertinent Landau free energy to describe the Ca profile with ultrahigh precision. We use Glauber dynamics
to resolve how the multisoliton responds to repeated increases and decreases in ambient temperature. We
confirm that the initial structure is unstable in isolation. We reveal a highly degenerate ground-state landscape,
an attractive set towards which Glauber dynamics converges in the limit of vanishing ambient temperature.
We analyze the thermal stability of this Glauber attractor using room-temperature molecular dynamics. We
identify and scrutinize a particularly stable subset in which the two helical segments of the original
multisoliton align in parallel next to each other. During the MD time evolution of a representative structure
from this subset, we observe intermittent quasiparticle oscillations along the C-terminal o helix, some of
which resemble a translating Davydov’s Amide-1 soliton. We propose that the presence of oscillatory motion
is in line with the expected intrinsically disordered character of Myc.

Pesiome

[Ipenyarame na ce koMOMHHMpa MOAXOA Ha CPEIOHO IOJIE ¢ aTOMHUCTHYHA MoJeKyinHa nuHamuka (M) B
MHOT'OCTETIEHEH AJITOPUTHM, KOWTO MO3BOJISIBA MOZIETIMPaHe HAa HAI'bBAHETO U IMHAMUKATA HAa IPOTEHHUTE B
MHOTO JIBJITH BPEMEBU HMHTEPBAIM, HO C TPEIM3HOCT Ha aTOMHO HHBO. Karo mpumep, HHE H3clenBame
n3onupaH MoHoMepeH MYC OHKONIpOTerH, CBbP3aH C Bb3HUKBAHETO HA KapPIIMHOMM, BKJIIOUMTEIIHO TE3U Ha
neberoTo 4epBo, repaaTa u Oenute apodose. [Ipeanonara ce, ye npu GU3HOIOTUYHH YCIOBUSI MOHOMEPHUST
Myc e cpen mpuMepHTe 3a IPUCHIIO HECTPYKTYPHPAHU POTEHHHU, YHETO MOJICITHPAHE € IPETU3BUKATEIICTBO
32 ChBPEMEHHHMTE MOJENIHM NOAXOIM M TexHUKH. Hamero TBbpaeHHe e, ye mpu craiiHa Temmeparypa
MOHOMEPHHAT MYC ce HamMpa B AWMHAMHYHO CHCTOSHHE, OCLMIIMPAHKU MEXAY Pa3IMuHU KOH(pOpMauuy,
KOUTO HU c€ yhajne na uiaeHTupunupame. 3a Ja IJOCTHTHEM A0 TO3M pe3yiraTa, HHE H3IOJI3BaMe
koHpopmarusaTa Ha Co aTomMuTe OT rppOHaka Ha Myc B kpuctanorpadcku xerepomMep KaTto MbpBOHAYaJICH
aH3aIl 32 MOHOMepHaTa CTpyKTypa. 3a onucanne Ha Co mpoduiia ¢ yITpaBUCOKAa TOYHOCT KOHCTpyHpame
MYJTHCOIUTOH Ha ChOTBeTHaTa cBOOOJHA eHeprus Ha Jlanmay. Msmon3Bame riaybepoBa JWHAMHKa, 3a
OIpPEACIAHE HAa MMOBEACHUETO HA MYJITUCOJIMTOHA IIPW MHOTOKPAaTHU HUKJIM Ha IMIOBUINABAHE W ITOHM>KAaBaHE
Ha OKOJIHATa TeMreparypa. HabOroieHusra HU IOTBBPIK/IaBaT HECTAOMITHOCTTA HA HAaYaIHATa CTPYKTYpa B
W30JIUPAaHO CBHCTOSIHUE W PAa3KpUBAT CHJIHO H3POAEH EHEeprueH JjaHAmadT Ha OCHOBHOTO CHCTOSIHUE,
aTpakTop, KbM KOHTO TjayOepoBaTa IMHAMWKa KOHBEpPTHpa B TpaHUIaTa Ha H34e3Balla OKOJHA
TeMmreparypa. 3a aHalM3 Ha TeMIepaTypHaTa CTaOMIIHOCT Ha TO3HM IJIayOepoB aTpakTop, H3I0JI3BaMe
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MOJIEKYJTHa JUHaMUKa. MneHTudunmpame u u3cieaBaMe B JETAiIN 0COOEHO CTaOWMITHO TOJMHOXECTBO, B
KOETO JIBaTa CHUPAITHA CETMEHTa Ha OPUTHHATHHS MYJITUCOIUTOH C€ OPUEHTHPAHH YCIIOPEIHO €IUH Ha JPYT.
MonekyTHO-IMHAMAYHATA CUMYJIAIHs Ha €BOJIOIMATA BB BPEMETO Ha MPEACTABUTENHA CTPYKTYpPa OT Ta3u
MOATPYTa, YCTAHOBSBA MPEXOHN KBa3UYaCTUYHU ociiianuu 1mo C-kpaifHata o-criupana, HIKOH OT KOUTO
HaIoA00sBaT TpaHCIMpan] AaBUAOBCKH Awmwun-I comutoH. Hammpame, de HaamumeTo Ha KoJeOaTEITHO
IBIKEHHE € B ChOTBETCTBUE C OYaKBAHMS MIPHUCHIIO HECTPYKTYpHUpaH xapakrep Ha MyC.

16. E. Krachmarova, M. Tileva, E. Lilkova, P. Petkov, K. Maskos, N. llieva, I. lvanov, L.
Litov and G. Nacheva,

His-FLAG Tag as a Fusion Partner of Glycosylated Human Interferon-Gamma and its Mutant:
Gain or Loss?

BioMed Research International, VVol. 2017, Art ID 3018608, 12 p. (IF=2.583; Q2)

Abstract

In order to obtain glycosylated human interferon-gamma (hIFNy) and its highly prone to aggregation mutant
K88Q, a secretory expression in insect cells was employed. To facilitate recombinant proteins purification,
detection, and stability the baculovirus expression vectors were constructed to bear N-terminal His6-FLAG
tag. Although the obtained proteins were glycosylated, we found that their biological activity was 100 times
lower than expected. Our attempts to recover the biological properties of both proteins by tag removal failed
due to enterokinase resistance of the tag. Surprisingly, the tag was easily cleaved when the proteins were
expressed in E. coli cells and the tag-free proteins showed fully restored activity. To shed light on this
phenomenon we performed molecular dynamics simulations. The latter showed that the tags interact with the
receptor binding domains and the flexible C-termini of the fusion proteins thus suppressing their complex
formation with the hIFNy receptor. We hypothesize that in the case of glycosylated proteins the tag/C-
terminal interaction positions the FLAG peptide in close proximity to the glycans thus sterically impeding
the enterokinase access to its recognition site.

Peswome

3a mony4yaBaHe Ha TIMKO3MWIUpaH yoBemkn naTepdepon-rama (hIFNy) u Herous CHITHO TpeApasnoIoKeH
KbM arperanus MyTanT K88Q e u3mon3Bana cekpeTopHa eKCIIPECHUS B KJIETKH OT HACEKOMHU. 3a J1a C€ YICCHU
MPEYHCTBAHETO, ICTEKINATA U CTAOMIHOCTTA HA PEKOMOMHAHTHUTE IPOTEWHH, BEKTOPUTE HA EKCIIPecupaHe
Ha 0aKyJIOBHPYC c€ KOHCTpyUpaT Taka, 4e na HocsT N-tepmunaneH His6-FLAG mapkep. Bompeku ue
MOJTy4YE€HUTE TIPOTEHHHU Ca TIMKO3WINPAHH, OTKPUXME, Y€ TsAXHaTa OuonorumdHa aktuBHOCT € 100 mbTH mo-
HHUCKa OT 09akBaHOTO. ONIUTHTE HU 32 BH3CTAHOBSIBAHE HAa OMOJIOTHYHHUTE CBOWCTBA HA JIBaTa MPOTEHUHA Upe3
OTCTpaHsBaHE HAa MapKepa Ce OKa3axa HEYCIIEIIHH TMOopaJd PE3UCTEHTHOCTTa My KbM EHTEPOKHHA3aTa.
W3HenasBaino, MapkepbT Oelie Oe3MpoOIEMHO OTCTPAHEH, KOTraTO MPOTEHMHHTE OsXxa CEKCIpPECUpaHu B
kietku Ha E. Coli u ocBoOomeHnTE OT Mapkepa OeNThIMTe MToKa3axa HAIbJIHO Bh3CTAHOBEHA aKTUBHOCT. 3a
Ja cu O0sICHUM TO3W (heHOMeH, MpuOerHaxMe KbM KOMIIOTHPHO MOJICIMPaHe ¢ TIOMOIITa Ha MOJIEKYJTHO-
JUHAMUYHU cUMynanuu. Te Tokazaxa, ye MapKepHTe B3aWMOJEHcTBAT ¢ OOJacTUTE Ha CBBP3BaHE Ha
uHTEpEepOHa KbM PELENTOPHUTE MY M € T'bBKaBUTe C-Kpauila Ha PeKOMOWHAHTHHUTE MPOTEHHHU, KaTo IO
TO3W HAYMH TOATHCKAT oOpasyBaHeTo Ha komiiekc ¢ hIFNy perenrropa. Tlpemmnonarame, ue B ciaydas Ha
[JIMKO3WIMPAaHU TPOTEHHU B3auMojieiicTBueTo Mapkep — C-kpall MO3MIMOHMpAa MapKUpallus NEenTUa B
HETNOCpeACTBeHa OJIM30CT A0 TJIMKAHWTE, KaTo MO TO3M HAYMH CTEPUYHO BB3MPEMATCTBA JOCThIIA Ha
SHTEpPOKMHA3aTa JI0 HEroBOTO MSCTO Ha pa3llO3HaBaHE.

12



Oou. a-p HeseHa Nnunesa KoHKkypc 3a 3aemaHe Ha aKademu4Ha OabxcHocm ,ripogecop”
lpogpecuoHanHo HanpasneHue 4.5 Mamemamuka

17. Nevena llieva, Elena Lilkova, Leandar Litov, Borislav Pavlov, Peicho Petkov,
On the Use of Large Intel Xeon Phi Clusters for GEANT4-based Simulations
Cybernetics and Information Technologies, VVol. 17, Nr. 5 (2017) 101-109 (SJR=0.2)

Abstract

GEANT4 is the basic software for fast and precise simulation of particle interactions with matter. Along the
way towards enabling the execution of GEANT4 based simulations on hybrid High Performance Computing
(HPC) architectures with large clusters of Intel Xeon Phi co-processors, we study the performance of this
software suit on the supercomputer system Avitohol@BAS. Some practical scripts are collected in the
supplementary material shown in the appendix.

Peswome

GEANT4 e ocHoBeH codTyep 3a Obp3a W MpeUU3Ha CUMYyJalus Ha B3aUMOJCHCTBHUS Ha YaCTHULUTE C
BemiectBoto. C 1men ObJIENIO NpOBeKIaHe Ha cumyiaruu, Oasupann Ha GEANT4, Ha BuHCOKO-
npousBoautesiiu (HPC) xubpuaHu apxXuTeKTypH € TOJIEMH KIbcTepd OT Ko-mporecopu Intel Xeon Phi,
n3ydaBaMme paboTara Ha TO3H COPTyepeH MaKkeT Ha cyrnepkoMmioTepa Avitohol@BAS. B mpunoxenueTo ca
MIPUBEACHU HSKOU IOJIE3HU CKPHUIITOBE.

18. Peicho Petkov, Elena Lilkova, Nevena llieva, Genoveva Nacheva, lvan lvanov, and
Leandar Litov,

Computational modelling of the full length hIFN-y homodimer

In: Lirkov 1., Margenov S. (eds) Large-Scale Scientific Computing. LSSC 2017. Lecture Notes in
Computer Science, vol 10665, pp 544-551. (Springer, Cham, 2018) (SJR=0.252)

Abstract

Human interferon gamma (hIFN-y) is an important signalling molecule, which plays a key role in the
formation and modulation of immune response. The controversial conclusions concerning the function of
hIFN-y C-termini as well as the lack of structural information about this domain motivated us to perform
molecular dynamics simulations in order to model the structure of the hIFN-y C-terminal part. The
simulations were carried out with the CHARMM?22 force field, starting from a fully extended conformation
of the C-termini. They showed unambiguously that the C-termini tend to approach the globular part of the
protein, so that the whole hIFN-y molecule adopts a more compact conformation. The energetic favourability
of the more compact conformations of the whole cytokine was also confirmed by means of free energy
perturbation simulations.

Pesiome

Yogemkusar uaTepdepon rama (hIFN-y) e BaxkHa curHamHa MOJIEKYJa, KOATO WTpae KIH0YOBa POJs 3a
(dhopMHpaHEeTO U MOJIYJIMPAHETO HA UMYHHHUS OTKIUK. [[pOTUBOpEUNBHTE 3aKIFOUEHHUSI OTHOCHO (DYHKIIUSTA
Ha C-kpauriarta Ha Mmosiekyara Ha hIFN-y, kakTo u nurcara Ha CTpyKTypHa HH(GOPMAIHS 33 TO3H TOMEHH, HHI
MOTHBHpaxa Jla MPOBEIEM MOJEKYJTHO-IWHAMUYHMA CHMYJAIMH, 32 Ja MojelupaMe cTpykrypata Ha C-
TepMuHaTHaTa 9acT. CumymnanuuTte 0sxa M3BBPIICHH ChC criIoBOTO moje CHARMM22, 3anouBaiiku OT
HambJIHO pa3rbHaTa KoHpopmamus Ha C-kpaumiara. Te HenBycMucleHO mokaszaxa, ye C-kpauimarta ca
CKJIOHHHM Jia IpuOmKasar riio0yara Ha MpoTenHa, Taka de usuiata hIFN-y Monexysa npueMa rmo-KkoMnakTHa
koHpopmarus. Upe3 mepTypOaTHBHM CHUMYJIAIMM Ha CBOOOAHATa €HEprus Oelle MOTBBPIACHO, 4e II0-
KOMITAaKTHUTE KOH(OpMaIMy Ha Leusl HUTOKKUH ca M0-0J1aronprsTHH B eHEPreTHYHO OTHOIICHHE.
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19. P. Petkov, R. Marinova, V. Kochev, N. llieva, E. Lilkova, and L. Litov,
Computational Study of Solution Behavior of Magainin 2 Monomers
Journal of Biomol. Struct. and Dynamics, Vol.37(5) (2019) 1231-1240 (1F=3.107; Q2)

Abstract

Antimicrobial peptides (AMPs) play crucial role as mediators of the primary host defense against microbial
invasion. They are considered a promising alternative to antibiotics for multidrug resistant bacterial strains.
For complete understanding of the antimicrobial defense mechanism, a detailed knowledge of the dynamics
of peptide-membrane interactions, including atomistic studies on AMPs geometry and both peptide and
membrane structural changes during the whole process is a prerequisite. We aim at clarifying the
conformation dynamics of small linear AMPs in solution as a first step of in silico protocol for establishing a
correspondence between certain amino-acid sequence motifs, secondarystructure elements, conformational
dynamics in solution and the intensity and mode of interaction with the bacterial membrane. To this end, we
use molecular dynamics simulations augmented by well-tempered metadynamics to study the free-energy
landscape of two AMPs with close primary structure and different antibacterial activity — the native magainin
2 (MG2) and an analog (MG2m, with substitutions F5Y and F16W) in aqueous solution. We observe that
upon solvation, the initial a-helical structures change differently. The native form remains structured, with
three shorter a-helical motifs, connected by random coils, while the synthetic analog tends predominantly to
a disordered conformation. Our results indicate the importance of the side-chains at positions 5 and 16 for
maintaining the solvated peptide conformation. They also provide a modeling background for recent
experimental observations, relating the higher a-helical content in solution (peptide pre-folding) in the case
of small linear AMPs to a lower antibacterial activity.

Pesiome

AntumukpobruTe nentunn (AMII) urpasrt pemasama pois KaTo MEIUaTOPH Ha ITFPBUYHATA 3aIlWTa Ha
TOCTONPUEMHHUKA CPelly MUKpOOHa WHBa3usl. Te ce cunTar 3a o0eanaiia alTepHaTHBA Ha aHTUOHOTHIIUTE
NpU MYITU-PE3UCTCHTHH OaKTEepUANHW IAMOBE. 3a MBJIHO pa3OMpaHe Ha AHTUMUKPOOHHS 3alIUTEH
MEXaHU3bM € Heo0XO0JMMO 3aJBIO0YCHO II03HaBaHE HA JWHAMUKATA HA MENTHIHO-MEMOpaHHHUTE
B3aMMOJEHCTBYS, BKIIOYNTEIHO aTOMUCTUYHU M3CTIeIBaHUs BbpXy reomerpuiara Ha AMII u nentuanurte u
MeMOpaHHUTE CTPYKTYPHH IIPOMEHH II0 BpeMe Ha menus npouec. CTpeMeXbT HU € Ja HU3ACHUM
KOH(pOpMAIMOHHATA AWHAMHMKA Ha Majkute JuHeiinn AMII B pa3tBop Kkato mbpBa cThika ot in Silico
MPOTOKOJIa 32 YCTAaHOBSIBAHE HAa CBHOTBETCTBHUE MEXKIY HAKOM AMHHOKHCEIMHHH MOTHBH, BTOPHYHH
CTPYKTYpHH €JIEMEHTH, KOH(OpMAalMOHHA [WHAMUKA B pa3TBOpa M HWHTEH3UBHOCT M HAyuH Ha
B3anMo/ieiicTBUE ¢ OakTepuamHuTe MeMOpaHa. 3a Ta3u LeN U3M0JI3BaMe MOJIEKYJIHO-IMHAMHYHH CUMYJIallny,
JOITBITHEHU OT TeMIIepupaHa MeTaIMHaMUKa, 3a Jla u3cienBame JanamadTa Ha cBoOOIHATA SHEPTUs HA JBa
AHTUMHUKPOOHHU IenTHja ¢ ONW3Ka IMbPBUYHA CTPYKTYpa W pa3idyHa aHTUOAKTEpUaIHA aKTUBHOCT —
HatuBHUA MarauH 2 (MG2) u HeroB ananor (MG2m, csc 3amectBanus F5Y u F16W) BbB BozieH pa3TBop.
OtGens3Bame, Ue Ipy COIBATALMS ITBPBOHAYAIHUTE O-CIIUPATHU CTPYKTYPH CE€ IPOMEHSIT pa3ingHo. JJuBust
THUII OCTaBa CTPYKTYpPHpaH, C TPU MO-KbCH O.-CIIMPAJTHU MOTHBA, CBBP3aHU ChC CIyYaillHU W3BHUBKH, JOKATO
CHUHTETHYHMAT aHAJIOT MMa TEHACHUMS HpeAMMHO KbM HemonpeneHa koHdopmauusi. Hammte pesynraru
[IOKa3BaT BAXHOCTTA HA CTPAaHUYHUTE BEPUTH B MO3MIMHM 5 M 16 3a moaabpkaHe Ha MENTUAHATA
KoH(popMarsi B pa3TBOp. Te ChINO Taka MPENOCTaBIAT apryMEHTH B IMOJKpeNna Ha HEOTIaBHAIIHU
EKCTICPUMEHTAITHN HAOJIO/ICHUsI, CBBP3BAllld II0-BUCOKOTO (-CIIMPATHO ChHIbp)KaHUE B pa3TBOpA
(mpeaBapuTEIHO HarbBaHE Ha MENTHIA) B cilydas Ha Mayiku jJuHeiHu AMII ¢ no-HuCcKa aHTHOAKTepUaIHa
AKTUBHOCT.
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20.  Yanzhen Hou, Jin Dai, Jianfeng He, Antti J, Niemi, Xubiao Peng, Nevena llieva,
Intrinsic protein geometry with application to non-proline cis peptide planes
J. Mathematical Chemistry, Vol 57(1) (2019) 263-279 (1F=1.882; Q2)

Abstract

The shape of a protein can be modeled by the Ca atoms of its backbone, the mathematical description
employing the notion of extrinsic geometry of a discrete piecewise linear chain. We advance differential
geometry of a natively framed discrete chain to argue the existence of two additional, independent and
intrinsic geometric structures, provided by the peptide planes and side chains, respectively. We develop our
general methodology within a case study: analysis of the intrinsic geometry of atoms that are located around
a non-proline cis peptide plane. We show that the native peptide plane framing allows for revealing of atomic
positions anomalies. That way, we identify a number of entries that display such anomalies around their non-
proline cis peptide planes within the ultrahigh-resolution structures in PDB. We propose that our approach
can be extended into a visual analysis and refinement tool that is applicable even when resolution is limited
or data is incomplete, for example when there are atoms missing in an experimental construct.

Pe3srome

dopmara Ha mnpoTeMHa MOXe Ja Objae MoxaenaupaHa oT Co aTOMHTE Ha HETOBUS TpbOHAK, KaTo
MaTeMaTUYECKOTO OMKUCAHUE U3IOJ3Ba MOHATUETO 3@ BhHILHA T€OMETPUS HAa IUCKPETHA YACTUYHO-JIMHETHA
kpuBa. Hue m3non3same mudepeHIMaIHATa TEOMETPUs Ha JMCKPETHA KPUBA C €CTECTBEHA KOOPIMHATHA
CUCTEMa, 3a ]a 00OCHOBEM CBIIIECTBYBAHETO Ha JIBE JOIIBIHUTEIIHUA, HE3aBUCUMH M MPUCHIIY T'€OMETPHUUHU
CTPYKTYPH, OCUTYPEHH CHOTBETHO OT NENTHUIAHWTE PAaBHWHU W CTpaHWYHUTE Bepuru. Hue paspabGorBame
Hamata oOIa METOMOJIOTHS Ha KOHKPETeH MpHMEp: aHalu3 Ha BBTPEIIHATA T€OMETPUS Ha aTOMHTE,
Pa3MoOKEHH OKOJIO MENTHIHUTE PAaBHUHU B CIS KOH(OpMaius, KOUTO HE ChAbpKAT MpoiuH. Hue
MOKa3BaMe, Y€ €CTECTBEHAaTa KOOPAWHATHA CHCTEMa, CBbp3aHa C NENTHAHATA PaBHUHA, [IO3BOJSBA 1A CE
Pa3KpUAT aHOMAJIMK B aTOMHUTE MO3ULKH. 110 To3u HauMH uaeHTH(DHUIIIPaMe peIniia CTPYKTYPH, TOKa3BaIllH
TaKHWBa AaHOMAJTHHU OKOJIO TEXHUTE TIENITHIHN PABHUHH B CiS KOH(OpMAIIHs, KOUTO HE ChABPKAT IPOJIHUH, CPET
CTPYKTYPHUTE ChC CBPBXBUCOKa pe3oiroius B PDB. Cunrame, ye B Objecie MOIXOAbT HU MOXE Jia ObJe
pa3umIMpeH A0 HMHCTPYMEHT 3a BU3yaJi€H aHalu3 W Mpeuu3upaHe, KOWTO € MPUIOXKHUM JOpU KOrato
pe3oJIouuATa € OrpaHMYeHa WIM JaHHUTE ca HEObJIHHM, HAmpUMEp KOraro JMICBAT aTOMU B
€KCIIEpUMEHTaIHATa KOHCTPYKIIUSL.

21. E. Lilkova, P. Petkov, N. llieva, E. Krachmarova, G. Nacheva and L. Litov,
Molecular modeling of the effects of glycosylation on the structure and dynamics of human
interferon-gamma

J. Molecular Modeling, Vol 25(5) (2019) Art. 127 (IF=1.507; Q3)

Abstract

Natural hIFNy is a glycoprotein with two N-glycosylation sites in each monomer chain, which are
independently and differentially glycosylated. Although glycosylation is not necessary for the activity of the
cytokine, it was proposed that it protects the cytokine from proteolytic degradation and thus extends its
circulatory half-life. Here, we report the development of model structures of glycosylated full-length native
hIFNy homodimers. Our aim is to shed light on the mechanism through which glycosylation preserves the
integrity of the cytokine molecule. To this end, we employ molecular dynamics simulations to study the
interaction of the carbohydrate chains with the receptor-binding sites in the cytokine and with its flexible
highly positively charged C-termini. The glycans interact primarily with the globular part of the protein, but
also occasionally form contacts with the solvent-exposed and sensitive to proteases C-terminal tails. We show
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that the glycans restrict the C-termini wagging motion into the solvent, limit their flexibility and keep them
closer to the a-helical globule of hIFNYy, thus possibly protecting them from proteolytic processing.

Pesiome

EcrectBenusat hIFNy e TIuKonpoTenH ¢ ABe Mo3uLIUH 3a N-TIMKO3MINpaHe BB BCSIKa MOHOMEpHA BEpHTra,
KOHUTO ca HE3aBUCUMO H AU()EPEHIINATHO TIUKO3WINPaHH. BhIpeKku ye ruKo3WINpaHeTo He € He0OX0ANMO
3a aKTUBHOCTTA HAa IUTOKMHA, UMa MTPEII0KEHHS], e TOM 3al[UTaBa MIUTOKMHA OT XUJIPOJIKU3a U 10 TO3U HAYHUH
yIbIKaBa KHBOTa My B KPBBHHSI TOK. B Hacrosmara paboTa mpeacraBsMe pa3pabOTBaHETO Ha MOJCITHH
CTPYKTYPH Ha IJIUKO3WIMpaHu xoMmoaumepu Ha ausus Tun hIFNy B menHata uMm nemkusa. Lenta Hu e na
MIOCTUTHEM MO0-100po pa3OupaHe Ha MeXaHU3Ma, upe3 KOWTO IIIMKO3WIMPAHETO 3ala3Ba LENoCTTa Ha
LUTOKMHOBATa MOJIEKyJa. 3a U3cielBaHe Ha B3aUMOACHCTBUATA Ha BBIJIEXUIPATHUTE BEPUTH C PELIETITOP-
CBBP3BAIIUTE MECTa B LIUTOKMHA M C HErOBaTa I'bBKABa CHJIHO IOJIOXKHTENHO 3apeneHa C-kpaiiHa 4acT
U3I0I3BaMe MOJIEKYJTHO-TMHAMUYHN CUMYJaluu. | THKaHUTe B3auMOZCHCTBAT NPEeAUMHO C TIo0ynaTa Ha
MpOTEerHa, HO CHIIO TaKa MOHSKOTa 00pa3yBaT KOHTAKTH C M3JI0KEHHUTE Ha Pa3TBOPHUTEN W YyBCTBUTEIHH
KbM npoteazu C-kpaiinu onamku. Hue nokasBame, e riMKaHUTE OrpaHUYaBaT IBKeHHETo Ha C-Kpauiara
B Pa3TBOPUTEINSI, OrpaHUYaBaT TSAXHATA T'bBKABOCT M TH JbpKaT MO-OJHM30 10 o-CiMpaiHara rioldyna Ha
hIFNy, kaTo 1Mo To3u HaYWH MOTAT J1a TH MPE/Ia3BaT OT XUIPOITH3HPAHE.

22. Yanzhen Hou, Antti J. Niemi, Xubiao Peng, Nevena llieva,
Myoglobin Ligand Gate Mechanism Analysis by a Novel 3D Visualization Technique
J. Mathematical Chemistry, Vol 57(6) (2019) 15861597 (IF=1.882; Q2)

Abstract

A protein is commonly visualized as a discrete piecewise linear curve, conventionally characterized in terms
of the extrinsically determined Ramachandran angles. However, in addition to the extrinsic geometry, the
protein has also two independent intrinsic geometric structures, determined by the peptide planes and the side
chains respectively. Here we develop a novel 3D visualization method that instead of the extrinsic geometry
utilizes the intrinsic geometry of side chains. We base our approach on a series of orthonormal coordinate
frames along the protein side chains in combination with a mapping of the atoms positions onto a unit sphere,
for visualization purposes. We develop our methodology in terms of an example, by analyzing the acidity
dependence of the presumed myoglobin ligand gate. In the literature, the ligand gate is often asserted to be
highly localized at the distal histidine, its functioning being regulated by environmental changes. Thus, we
investigate whether any pH dependence can be detected in the orientation of the distal and proximal histidine
residues, using existing crystallographic data. We observe no pH dependence, in support of the alternative
proposals that the ligand gate is more complex and might even be located elsewhere. Our methodology should
help the planning of future myoglobin structure experiments, to identify the ligand gate position and its
mechanism. More generally, our methodology is designed to visually depict the spatial orientation of side
chain covalent bonds in a protein. As such, it can be eventually advanced into a general visual 3D tool for
protein structure analysis for purposes of prediction, validation and refinement. It can serve as a complement
to widely used visualization suites such as VMD, Jmol, PyMOL and others.

Pe3zrome

[IpoTenHrTe OOMKHOBEHO CE BU3yaTH3UPAT KATO IUCKPETHH YaCTUIHO-TMHEHHN KPUBH, XapaKTePU3UPAHU B
TEpPMUHU Ha BBHIIHO ONpENEICHUTE BINM Ha PamMauanapadn. B gombiHeHHE KbM BBHIIHATA FEOMETPUS,
o0adye, MPOTEUHBT MMa W JIBE HE3aBUCHMHU BHTPEIIHU T€OMETPUYHH CTPYKTYPH, OTPEACICHH ChOTBETHO OT
MIENTUIHUTE PAaBHUHHU U CTPAaHWYHUTE Bepuru. Tyk paspaboTBaMe HOB METOJ 32 TPUMEPHA BU3YyaJIM3aIlUs,
KOWTO BMECTO BHHIIHATA TEOMETPHS M3I0JI3BAa BHTPEIIHATA TEOMETPHUS HA CTpaHWIHUTE Bepurd. Harmmst
MIOAXO0/ CE OCHOBaBa Ha CEpHsl OPTOHOPMHUPAHU KOOPAWHATHU CHCTEMH TI0 MPOTESIKCHHUE HA CTPAHUIHUTE
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BEPUI'H B KOMOMHAIMS C MPOEKTHPAaHE Ha MO3UIMUTE HAa aTOMHUTE BbPXY eAMHHYHA cepa, 3a LeauTe Ha
BU3yanu3anusaTa. PazpaboTBamMe METOIOIOTHATA CH HA KOHKPETEH IIPUMEp, KaTO aHAJIM3UpaMe KUCEIMHHATA
3aBUCHMOCT Ha MpeaojaraeMusi JUraH[JeH MOpTajl B MOJIEKyJaTa Ha MuorioOuHa. B smuteparypata e
pa3npocTpaHeHO MHEHHETO, Y€ TO3M MOPTaji € JIOKATU3UPAH OKOJIO AWCTANHHMS (JAJICYHHUS) XUCTHIUH U
(GyHKLIUSATa My Ce Peryimpa oT U3MEHEHHs B yCJIOBUATA Ha cpefara. 3aToBa M3cieIBaMe Aald MOXeE Jia ce
OTKpHE 3aBUCUMOCT OT pH B opueHTauusTa Ha OUCTANHUS (JaleyHHs) W MPOKCHUMAaTHUS (OJIU3KHUS)
XHCTUIWHOBU OCTaThLM Ha 0a3aTa Ha ChHIIECTBYBAIIUTE KpHcTanorpad)CcKd AaHHH. Pesynrature HU He
TOBOPAT 3a CBIIECTBYBAHETO HA TaKaBa 3aBHCHMOCT, B MOJKPENA Ha aITCPHATUBHU NPEATIONOKCHHS, Ue
MIOPTANIBT € C MO-KOMIUIEKCHA MPUPOAA U JOPU MOXKE J1a ce HaMHpa Ha aApyro Msacro. Hamara Metomomorus
MOJKE J]a HACOYH IUIAHUPAHETO Ha OBbJCLIN CTPYKTYpHH €KCIIEPUMEHTH 33 HACHTU(QHIMPAHE HA TO3ULUATA U
MexaHU3Ma Ha JieiicTBue Ha To3u noprtai. [10-o0110, HammaTa MEeTOA0IOrus € IpeAHa3HauYeHa 1a u300passiBa
BU3YaJIHO IPOCTPAHCTBEHATA OPUEHTALIMS HA KOBAJICHTHUTE BPB3KU HA CTPAaHUYHUTE BEPUTH B IIPOTEUHA.
Kato TakaBa, T MOXe B KpaiiHa cMeTKa Ja ObJe HaarpajaeHa Jo ooy BusyaieH 3D uHCTpyMeHT 3a aHanu3
Ha IIPOTEUHOBA CTPYKTYypa C L)l IPOrHO3UPAHE, BAIUAUPAHE U Npenu3upade. Ts Moxke [1a IOCIy>KH KaTo
JOITBITHEHNE KBbM IIMPOKO U3MOI3BAaHH BU3yaIH3allMOHHU nakeTH kato VMD, Jmol, PyMOL u npyru.

23.  Claudia Stocsits, Rudolf Karch, Nevena llieva, Wolfgang Schreiner,

Intramolecular domain movements of free and bound pMHC and TCR proteins: A molecular
dynamics simulation study

Cells, 8 (2019) 720 (1F=5.656; Q1)

Abstract

The interaction of antigenic peptides (p) and major histocompatibility complexes (pMHC) with T-cell
receptors (TCR) is one of the most important steps during the immune response. Here we present a molecular
dynamics simulation study of bound and unbound TCR and pMHC proteins of the LC13-HLA-B*44:05-
pPEEYLQAFTY complex to monitor differences in relative orientations and movements of domains between
bound and unbound states of TCR-pMHC. We generated local coordinate systems for MHC al- and MHC
a2-helices and the variable T-cell receptor regions TCR Va and TCR V[ and monitored changes in the
distances and mutual orientations of these domains. In comparison to unbound states, we found decreased
inter-domain movements in the simulations of bound states. Moreover, increased conformational flexibility
was observed for the MHC 02-helix, the peptide, and for the complementary determining regions of the TCR
in TCR-unbound states as compared to TCR-bound states.

Pesiome

B3aumoseiicTBueTo Ha aHTUTeHHM NMENTHAX (p) ¥ TJIaBHU KOMIUIEKCH Ha ThkaHHa chBMecTMOocT (pMHC) ¢
T-xnervunu perentopu (TCR) e equn ot Hali-Ba)KHUTE €TaIH 10 BpeMe Ha UMYHHUS oTroBop. [Ipencrassime
pe3yiATaTUTe OT MOJIEKYJTHO-TUHAMUYHO H3cie/iBaHe Ha cBbp3aHu u cBobonau TCR u pMHC nporennu ot
kommiekca LC13-HLA-B*44:05-pEEYLQAFTY 3a HaOnromeHne Ha pa3IMKUTe B OTHOCHTEIHUTE
OpPHEHTAllMU W ABMXKCHMATA HA JIOMEHH MEXIy CBbp3aHWTE M HecBbp3aHuTe cheTosiHua Ha TCR-pMHC.
I'enepupaxme nokanuu koopauHatau cuctemu 3a MHC al- 1 MHC o2-cniupanure u 32 IpOMEHIUBUTE
obnactu Ha T-knerpunus peuentop — TCR Va u TCR VP n HabnongaBaxMe MPOMEHUTE B PAa3CTOSHUATA U
B3aMHHUTE OpHEHTAllMM Ha Te3n JaoMeHH. OTKpHXMe HaMalleHH [BW)XKEHHS MEXIYy AOMEHHUTE IpHU
CHUMYJIAIIMHTE HA CBBP3aHNUTE CHCTOSHUS B CPABHEHNE CHC CUMYJIAIIMUTE HA HECBBP3aHHUTE ChCTOAHUSA. OCBEH
ToBa Oelle HaOIOaBaHa TOBUINEHA KOoH(popManmonHa nojsmkHocT Ha MHC a2-crimpanara, nentuna u
TOTBITHATETHUTE onpeaestsy oomacty Ha TCR B HecBbp3aHUTE CheTOSIHUA B cpaBHeHHUE ¢ TCR-cBBp3anuTe
CHCTOSTHHUSL.
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