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Ilyonukanus B.1.

E. Lilkova, P. Petkov, N. Ilieva, L. Litov, Towards molecular modeling of the impact of
heparin-derived oligosaccharides on hIFN-y binding, AIP Conference Proceedings (2015),
1684, 30008, DOI: 10.1063/1.4934292.

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 role of the cytokine C-
termini in the formation of a complex with the extracellular receptor is still controversial
due to the lack of structural information about this domain. Moreover, the C-termini are
also responsible for the high affinity interaction of hIFN-y with the glycosaminoglicans
heparan sulfate and heparin. This interaction can drastically change the properties and
behaviour of the protein.

We performed molecular dynamics simulations in order to model the structure of the hIFN-
y C-terminal part and the interaction of the cytokine with heparin-derived oligosaccharides.
For this purpose we reconstructed the missing C-terminal amino acid residues and
performed folding simulations to determine their conformation. In order to simulate the
interaction with heparin-like fragments, we developed CHARMM 36 compatible force
field for the sulfamate anion group that is present in the glucosamine sugar to complete the
heparin and heparan sulfate force field. The new topology and parameters reproduce the
available experimental structural properties of heparin-like fragments. The simulations
show that the oligosaccharides quickly bind the IFN-y C-termini and reduce their solvent
accessible surface area.

E. JInnkoea, I1. IletkoB, H. nueBa, J1. J/IutoB, KbM M0/IeKy/IHO MOZe/iMpaHe Ha BIUSHUETO
Ha, MO/IyYeH! OT XellapyHa 0JIMro3axapu/id BbpXy cBbp3BaHeTo Ha hIFN-y.

Pe3rome:

YopemkusiT uHTepdepon rama (hIFN-y) e BakHa curHasHa Mosekysa, KOSITO Wrpae
KJIFOUOBA poJisi BbB (DOPMHUpPaHeTO U MOJYy/IMpaHeTO Ha UMyHHUs oTroBop. Ponsita C-kpas
Ha LIUTOKWHA B 00pa3yBaHeTO Ha KOMILIEKC C M3BBHK/IEThUHUS PeLierTop BCe Ollle e CIIOpHa
TOpaJy JIMricaTa Ha CTPYKTypHa uH(popMarys 3a Ta3u obmact. OcBeH ToBa C-Kpawuirjara ca
OTTOBOPHM M 3a  BHMCOKOA(UHUTETHOTO  B3aumogeiictBue Ha  hIFN-y
[7ITMKO3aMUHOIVIMKAaHUTe XemnapaH cyadar M XermapuH. ToBa B3aWMOJeNCTBHE MOXKe
JIPaCTUUHO /a IPOMeHH CBOMCTBATA U MOBeJjleHNeTo Ha OesiThbKa.

ITpoBefioxMe MO/IEKY/THO-AVMHAMAYHU CHUMYJIAlMY, 3a Zia MoJendpame CTpykrypara Ha C-
kpariHata yact Ha hIFN-y 1 B3auMozelicTBMeTO Ha LIUTOKWHA C OJIMT03axapuiy, MOMy4YeHU
OT XeItapuH. 3a Tasu LjeJl peKOHCTpyupaxMe jirceamuTe C-TepMUHaAIHA aMUHOKUCETHHA
OCTaTbLiM M WU3BBPIIMXMe CHUMY/AalMM 3a HarbBaHe, 3a Jia OIlpeje/dM TsXHaTa
KOoHpopMarys. 3a Jja CUMy/IMpaMe B3auMOJIeHCTBHMETO C XerapuH-ofo0Hu (parmMeHTH,
paspaboruxme cbBMecTMOo ¢ CHARMM 36 cunoBo nosie 3a cyndamarHaTa aHWOHHA
rpymna, KosITO NIPUCBHCTBA B IVIFOKO3aMMHOBaTa 3axap, 3a Ja JONBJIHUM CHUJIOBOTO TOJIe 3a
XelapuH M XxerapaH cynadara. Hosara Tomonorus W napaMeTpu Bb3IPOM3BEX/AT
Ha/IMUYHUTE eKCIIepUMEHTATHU CTPYKTYPHH CBOWCTBA Ha XerapuH-TIOA00HM (parMeHTH.
CuMmynaiuuTe ToKa3BaT, ue ojuro3axapuaute 6bp3o ce cebp3Bar ¢ C-kpasi Ha IFN-y u
HaMassBaT NIOBbPXHOCTTA UM, JOCTBITHA 38 Pa3TBOPUTEJIS.
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Ilyonukanus B.2.

E. Krachmarova, M. Tileva, E. Lilkova, P. Petkov, K. Maskos, N. Ilieva, I. Ivanov, L.
Litov, G. Nacheva, His-FLAG Tag as a Fusion Partner of Glycosylated Human Interferon-
Gamma and Its Mutant: Gain or Loss?, BioMed Research International (2017), Veol. 2017,
3018608, DOI: 10.1155/2017/3018608.

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 Hise-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.

E. KpbumapoBa, M. Tunesa, E. J/Innkoea, I1. Ilerkos, K. Mackoc, H. UnueBa, . UBaHoB,
JI. JIutos, I'. HaueBa, His-FLAG Tag kaTo apTHbOp 3a C/IMBaHe Ha IVIMKO3WIXPaH YOBeLlKU
MHTepdepoH-raMa U HeroB MyTaHT: Tieyasiba uau 3aryba?

Pe3rome:

3a fa mosiyudM IIMKO3wiIvMpaH 4YoBellku uHTepdepoH-rama (hIFNy) u HeroBusit cuiHo
CKJIOHeH KbM arperatiust MyTanT K88Q, Geriie 13rnosi3BaHa CeKpeTOpHa eKCIpecHsi B K/IeTKH
Ha HACEeKOMM. 3a yJecHsBaHe Ha IPeUYrCTBAaHETO, [eTeKTHpaHet0 M CTaOMIHOCTTAa Ha
pekOMOMHAaHTHUTe  OenThbly, 0aKy/JOBUPYCHUTe  eKCIPeCHOHHH  BeKTopu  Osixa
KOHCTpyupaHu fa HocAT N-tepmuHaneH Hise-FLAG mapkep. Bbhpeku ue mosyyeHuUTe
MPOTerHU 0siXa IMTMKO3WIMPAHH, OTKPUXMe, ue OHoioruuHa MM akTUBHOCT e 100 mbTH To-
HHCKa OT ouakBaHara. ONMMTHTe HHU [la Bb3CTAHOBUM OMOJIOTMYHMTE CBOWCTBA Ha [iBara
OenThbKa upe3 OTCTpaHsiBaHe Ha MapKepa Ce MpOBa/iMxa Mopajii Pe3UCTeHTHOCT Ha MapKepa
KbM eHTepOKuHasa. VI3HeHa/Ballo, MapkepbT MOXKellle Ja Ce OTCTPaHU JIeCHO, akKo
TIPOTeMHUTe ce eKcrpecupaT B KieTKd Ha E. coli, kato 6enTbLuTe C rpeMaxHaT MapKep
T0Ka3axa Hallb/IHO Bb3CTaHOBEHA aKTWBHOCT. 3a [ja U3SICHUM TOBa SIBIEHHe, IPOBe/jOXMe
MOJIEKY/THO-AMHAMWYHU cuMysiatuu. [locnejHuTe nokasa, ye MapKepuTe B3aUMOZECTBaT C
peLienTop-CBbP3BaIlM IOMeHN U I'bBKaBUTe C-Kpauilja Ha cyieTuTe OenThly, KaTo Mo TO3U
HauMH TIOTHUCKAT obpa3yBaHeTo Ha KoMmriiekc ¢ pererrropa Ha hIFNy. IIpeamnosarame, e B
Clyuyal Ha [VIMKO3W/IMPAaHU MPOTEUHU B3auMogeucTBueTo tag/C-kpau nosunuonupa FLAG
MenThja B HeMoCpe/jCTBeHa OAM30CT [0 IVIMKaHUTe, KaTo IO TO3M HAuWMH CTePUYHO
BB3IPENATCTBA JOCThIIA HA eHTepOKMHAa3aTa /0 HeroBOTO MSICTO 3a pas3lo3HaBaHe.
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Ilyonukanus B.3.

E. Lilkova, P. Petkov, N. Ilieva, E. Krachmarova, G. Nacheva, L. Litov, Molecular modeling
of the effects of glycosylation on the structure and dynamics of human interferon-gamma,
Journal of Molecular Modeling (2019), 25(5), 127, DOI: 10.1007/s00894-019-4013-8.

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 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 hIFNy, thus possibly protecting them from proteolytic
processing.

E. JInnkosa, II. ITerkoB, H. nueBa, E. Kpbumaposa, I'. HaueBa, JI. /IutoB, MosneKkynHo
MojiesiipaHe Ha e(eKTUTe OT IIMKO3WIMpaHe BbPXY CTPYKTypaTa M JAWMHAaMHUKaTa Ha YOBELLKUs
uHTepdepoH-rama

Pesrome:

EcrectBenusar hIFNy e rmukonpoTeMH C JBe MecTa 3a N-IVIMKO3WIMpaHe BbB BCSIKa
MOHOMEpHa Bepura, KOMTO TOZJIeXXaT Ha He3aBUCUMO M W(epeHLMalHO [JIMKO3WUIMpaHe.
Bbrnpekyd ye IMMKO3WIMPAHETO He e HeoOXOAMMO 3a aKTMBHOCTTA Ha IJUTOKWHA, Ce
TpeArosara, ye To Ipejrassa JUTOKUHA OT IIPOTEOIMTUYHO pasrpak/aHe U 110 TO3U HaYUH
yAb/DKaBa HEroBUsl LIMPKY/Al[MOHEH TOAYKMBOT. B Tasu pabora mpejcTaBsime
pa3paboTBaHeTO Ha MO/IE/IHM CTPYKTYPU Ha IVIMKO3W/IMPaH HaTuBeH xoMogumep Ha hIFNy
C IbJIHA Ab/DKMHA. LlenTa HU e [ja M3CHUM MeXaHW3Ma, upe3 KOMTO ITIMKO3WIMPaHeTO
3arasBa LleJIOCTTa Ha LUTOKUHOBATa MOJIeKysa. 3a Tasu Lie/l U3I0/13BamMe MOJIeKY/THO-
JVHAMWUYHMA CUMY/JalyH{, 3a [a U3C/Ie[BamMe B3auMOZENCTBUETO Ha BbIVIEXWUJPATHUTE
BepUIr'M C peLienTop-CBbpP3BallUTe MeCTa B LUTOKWMHA U C HEroBUTe I'bBKABU U CU/IHO
MOJIOKUTENIHO  3apefieHn C-kpauija. [7MkaHWTe B3aMMOfeNCTBaT MPeAUMHO C
rnoOynapHata yacT Ha OenTbkKa, HO CBIO Taka IIOHAKOra oOpa3yBaT KOHTAaKTH C
W3J/I0KEHUTe Ha pa3TBOPUTE/IS] U UYBCTBUTETHM KbM IpoTeasu C-kpakiHu onawiku. Hue
roKa3BaMe, ue IVIMKaHWTe OrpaHuuyaBar [BwKeHHeTo Ha (C-Kpasg B PpasTBOpPUTeIH,
orpaHuyYaBaT TSXHaTa I'bBKAaBOCT U TH JbpXKaT M0-0/M30 A0 o-crivpasHara riolyna Ha
hIFNy, KaTo 1o To31 Ha4ylH BepOSITHO T'M Npe/jria3BaT OT POTeOUTUYHO pasrpaxzaHe.
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Ilyonukanus B.4.

E. Lilkova, N. Ilieva, P. Petkov, M. Rangelov, L. Litov, In silico indications for human
interferon gamma inhibition by heparin, AIP Conference Proceedings (2020), 2302, 20003,
DOI: 10.1063/5.0033537

Abstract:

Under acute inflammatory conditions, including COVID-19, elevated blood levels of
certain cytokines lead to a life-threatening condition — severe cytokine release syndrome
(CRS) also known as a cytokine storm, which can progress to a multiple organ failure and —
in the most severe cases — to death. The inhibition and elimination of one of the major
circulating over-expressed cytokines, hIFNy, is a prerequisite for gaining control over the
cytokine storm. As a possible means for achieving this goal we put forward heparin, in
particular its low-molecular-weight derivatives (LMWH), widely used in the clinical
practice as anticoagulants and known to limit hIFNy circulatory half-life.

Here we report the first results of a computational study of the interaction of hIFNy and
LMWH oligosaccharides based on 500ns long molecular dynamics simulations. The
interaction is very strong and binding occurs on a few tens of ns timescale. In addition, the
formed complexes are extremely stable. It is noteworthy that the interaction site is not just
limited to the flexible C-termini of hIFNy, but also includes the upstream nuclear
localization sequence (NLS) of the molecule, that is — the domains, which are associated
with the accomplishing of its biological function, ensuring the formation of the cytokine—
receptor complex and the subsequent initiation of the signal transduction into the nucleus.

E. JIunkosa, H. Uauea, II. IletkoB, M. Panrenon, JI. /IutoB, In silico mokasanus 3a
WHXUOMpaHe Ha UOBEIIKY MHTep(epOH raMa OT XerapuH

Pe3rome:

[Ipu ocTpu BB3MANIUTENHU CBCTOSAHUA, BKIouuTesHO COVID-19, nosullleHUTe KPBLBHU
HMBa Ha OMNpeJe/leHN LUTOKWHU BOJAT [0 >KMBOTO3acTpallaBall0 CbCTOSIHUE — TeXbK
CUH/IPOM Ha 0cBOoOOKaBaHe Ha IUTOKMHM (CRS), U3BeCTeH ChILO KaTo [IUTOKMHOBA Oyps,
KOATO MOJKe Jla Mporpecupa /10 NoAUopraHHa HeJJOCTaTbYHOCT, a B HAW-TEXXKUTE Cay4yau —
0 CMBpPT. VIHXMOWpaHeTO W eNMMUHUPAHeTO Ha eJWH OT OCHOBHHUTE IMPKY/IMpaIly
cBpbXxekcrnpecrpanu LutokuHu, hIFNy, e npeanocraBka 3a oBia/isiBaHe Ha LUTOKMHOBaTa
Oypst. KaTo BE3MO)KHO CpeZCTBO 3a TIOCTUTaHe Ha Tasu LieJl HUe TpejjiaraMe XerapHH, I10-
CreljMaJH0 HeroBUTe TMPOU3BOJHM C HUCKO MoseKynHo Terio (LMWH), mmpoko
W3M0/13BaHU B K/IMHUYHATA [pPAaKTUKa Karo aHTUKOAry/JaHTHU U M3BeCTHU C TOBa, ue
HaMassiBat 1oy>kuBota Ha hIFNy B kppBooOpaiiieH1eTo.

Tyk mokiazBame IMbPBUTE pPe3y/lTaTH OT W3UMC/IWTETHO M3C/e[BaHe Ha B3aUMO/EelCTBHUETO
Ha hIFNy u LMWH onuro3axapugu Ha 6a3ata Ha MOJIEKY/THO-AMHAMUYHNA CHUMYJIALAU C
npoab/pkuTenHocT 500ns. B3aumopeiicTBeTO € MHOrO CHIHO U CBbP3BaHETO Ce
OCBILECTBSIBA B PAMKHTE Ha HSKOJIKO /leCeTKM HaHoCeKyHAu. OcBeH TOoBa oOpa3yBaHUTE
KOMIUIEKCH Ca W3K/IouuTenHo cTabunuHu. TpsibBa fga ce orbenexxu, ue MSICTOTO Ha
B3aUMO/IeICTBYE He e OrpaHWYeHO caMo /10 I'bBKaBuTe C-Kpawuina Ha hIFNy, HO CbIIlo Taka
BKJIFOUBA rOpHaTa MOC/1e/10BaTe/THOCT 3a siipeHa jiokanu3anus (NLS) Ha Mosniekynara, Toect
— JIOMeliHUTe, KOWTO Ca CBbP3aHU C OCBHIIeCTBSBAHETO Ha HeliHaTa OMo/oruuHa (yHKIS,
ocurypsiBallja 00pa3yBaHeTO Ha LIMTOKUH-DELeNITOPeH KOMIUIeKC U  T0C/Ie/IBalioTo
VHULIMMpaHe Ha CUrHa/IHAaTa TPaHCAYKLUS B ApOTO.
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Iy6mmkanusa I'.1.

E. Lilkova, L. Litov, P. Petkov, P. Petkov, S. Markov, N. Ilieva, Computer simulations of
human interferon gamma mutated forms, AIP Conference Proceedings (2010), 1203, 914-919,
DOI: 10.1063/1.3322582

Abstract:

In the general framework of the computer-aided drug design, the method of molecular-
dynamics simulations is applied for investigation of the human interferon-gamma (hIFN-y)
binding to its two known ligands (its extracellular receptor and the heparin-derived
oligosaccharides). A study of 100 mutated hIFN-y forms is presented, the mutations
encompassing residues 86—88. The structural changes are investigated by comparing the
lengths of the a-helices, in which these residues are included, in the native hIFN-y molecule
and in the mutated forms. The most intriguing cases are examined in detail.

E. JInnkoBa, JI. Jlutos, II. IletkoB, II. ITetkoB, C. MapkoB, H. NnueBa, KoMmnoTspHU
CUMYJalliy Ha MyTaHTHU ()OPMU Ha YOBEIIKH MHTep(depoH rama

Pe3rome:

B ob1jara paMkKa Ha KOMITFOTBPHO TIOATIOMOTHATOTO TMPOEKTHPaHe Ha JIeKapCTBa, METOAbT
Ha MOJIEKYJIHO-JAVMHAMUUHWATE CUMYJ/IaliuM e TPUJIOXKEeH 3a M3CJle[jBaHe Ha CBbP3BaHeTO Ha
yoBelikuss  uHTepdepoH-raMa (hIFN-y) ¢ HeroBuTe [Ba W3BeCTHM JIWraHja
(U3BBHKJ/IETBUEHHUSAT MY DELIeNITOp Y OJIMr03axapu/y, MoydyeHy oT xenapyvH). IlpencraBeHo
e n3caenBade Ha 100 myTtantHu popmu Ha hIFN-y, KaTo MyTaruuTe 00XBaIl[aT OCTAThHIU
86-88. CTpyKTypHMTe NIpOMeHU Ce M3C/e/BaT upe3 CpaBHsABaHe Ha [Ab/DKUHUTE Ha O-
CnMpavTe, B KOUTO Ca BK/IFOUEHM Te3W OCTaTbLM, B HaTWBHaTa MosieKyna Ha hIFN-y u B
MyTaHTHUTe My ¢opmu. [TopobHO ca pasrviefiaHy Hali-UHTepeCHUTe CTyuyau.
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Iy6aukanus I'.2.

N. Ilieva, E. Lilkova, P. Petkov, L. Litov, Semi-rigidity vs. flexibility in collective variables
preselection for metadynamics studies of large proteins, AIP Conference Proceedings (2016),
1773, 110007, DOI: 10.1063/1.4965011

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.

H. WnueBa, E. JInnkosa, II. Ilerkos, JI. JIutoB, IlonyTBBPAOCT Cpellly I'bBKABOCT IIpU
npe/iBapuTesieH MoA0Op Ha KOJMEeKTUBHU TPOMEH/IMBH 3a MeTafIvHAMUYHU M3C/ie/IBaHUsT Ha
rojieMH [pOTeuHU

Pe3rome:

In silico u3cnenBaHusiTa Ha OUOMOTMUYHN MOJIEKY/IM pa3uuTaT Ha aZleKBaTHOTO OOXOXKIaHe
Ha KOH(OpMAalLMOHHOTO MPOCTPAaHCTBO Ha cucTemara. [lpu rosemu cucremMu TOBa e
V3K/IOUMTE/IHO ~ HeTpUBMA/MHA  3ajaya, KOATO  H3WCKBa  pa3paboTBaHeTO U
YCBBBPIIEHCTBAHETO Ha TEXHWKH 3a yCKOpeHO oOxokzaHe. MeTajguHamuKatra - ejHa OT
Te3W TeXHUKU - Ce OCHOBaBa Ha M3UMC/siBaHe Ha CBOOOJHATa eHeprusi Ha CUCTeMaTa KaTo
¢byHKIMs Ha MaTbK Habop ot konektuBHU ripomenyiBH (KI1), 3a kouTo ce mpesmnonara, ye
Morar Jia OIWIIAT aJeKBaTHO u3cjeABaHusl Iipouiec. He cwlgecTByBaT CraHAapTHU
TMIPOLIeAyPY WM KPUTEPHH 3a 1oA00p Ha OnTHManeH Habop OT KOJIeKTUBHU MPOMEH/UBH.
Ilenta Ha Hamara pabora e Ja paspaborum mportokon 3a cenekuus Ha KII, 6asupaH Ha
KOH(OpMallMOHHaTa TBBPAOCT Ha MpOTeMHAa B HaW-UyBCTBUTEJHWTE 3a W3C/Ie[BaHUs
npouec AomeinHU. VaeHTH(dULIMpaHeTO Ha CTPyKTypaTa ce M3BbpIIBa C MOMOLLTa Ha
MPOCTPaHCTBEHO-BPeMeBO MHOT0ETAITHO KOHCEeHCYCHO KiabcTepupane (SMCC) ¢ mogxoasi
1360p Ha NapamMeTpuTe Ha aAropUTbMa.
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Iy6amkanus I".3.

N. Ilieva, E. Lilkova, L. Litov, B. Pavlov, P. Petkov, On the Use of Large Intel Xeon Phi
Clusters for GEANT4-Based Simulations, Cybernetics and Information Technologies (2017),
17(5), 101-109, DOI: 10.1515/cait-2017-0059

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.

H. WnueBa, E. JInnkora, JI. JIutoB, b. I1aBnos, I1. IlerkoB, 3a u3Mo/3BaHeTO Ha roleMU
kabcrepu ¢ Intel Xeon Phi 3a cumynauyu, 6asupanu Ha GEANT4

Pe3rome:

GEANT4 e ocHoBHUSAT codTyep 3a 6bp3U U MpeLU3HU CUMY/IALUM Ha B3aUMOJEHCTBUETO
Ha 4acTuLY C MaTtepudTa. I1o mbTd KbM OCUT'ypsIBaHETO Ha Bb3MOXKHOCT 3a IIPOBeXKJaHe Ha
6asupanu Ha GEANT4 cumynauMd BbpXy XWUOpWZHU  BHCOKOIIPOW3BOAWUTENHU
m3uuciureniu (HPC) apxutekTypu c rosiemu KabcTepu oT kompoijecopu Intel Xeon Phi,
HUMe H3yyaBaMe [POM3BOJWTENIHOCTTa Ha TO3U  COPTyepeH  TakKeT  BbpPXY
CyrnepKoMITIOTbpHaTa cucteMa Avitohol@BAS, Hskosko rmosie3Hy CKpUITOBe ca ChbOpaHu
Karo JOIIb/IHUTeJIeH MaTepuall, Ipe/iCTaBeH B IIPUIO’KEHHUeTO.
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Iy6aukanus I'.4.

P. Petkov, E. Lilkova, N. Ilieva, G. Nacheva, 1. Ivanov, L. Litov, Computational Modelling of
the Full Length hIFN-y Homodimer, Lecture Notes in Computer Science (2018), 10665, 544-
551, DOI: 10.1007/978-3-319-73441-5_60

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.

I1. IletkoB, E. /IunkoBa, H. UnueBa, I'. HaueBa, 1. UBanoB, JI. JIutoB, 3unciure/nHo
Mo leTMpaHe Ha xomoauMepa Ha hIFN-y ¢ mbiHa Ab/HKUHA

Pe3rome:

YopemkusiT uHTepdepon rama (hIFN-y) e BakHa curHasHa Mosekysa, KOSITO Wrpae
K/IOUOBa ponsg BbB  (GOpMHpaHeTO W MOJY/JUPaHETO Ha HMYHHHUSI OTILOBOD.
[TpoTuBOpeurBUTe 3aK/tOueHHUss OTHOCHO (yHKiusTa Ha C-kpas Ha hIFN-y, kakTto 1
JUTcaTa Ha CTPYKTypHa MHQoOpManusi 3a TO3U [JOMelH HM MOTHBHpaxa Jia MpoBeJeM
MOJIEKY/THO-AMHAMAYHM CUMYyJaliiy, 3a Jla MoZie/iMpaMe CTpyKTypara Ha C-KpaiiHara 4acT
Ha hIFN-y. Cumynaipure 6sixa m3BbpiIeHH CbC cuioBoTo mome CHARMM?22, kato
3aro4yHaxa OT HaIlk/IHO pa3rbHaTa KoHpopmauus Ha C-kpas. Te rokasaxa He[jByCMHUC/IEHO,
ye C-Kpauijata ca CKJIOHHU [ja ce MpUO/KaBaT KbM II00Oy/apHaTa 4acT Ha TMPOTEWHa,
Taka 4ye 1gnara MosieKyna Ha hIFN-y npuema no-komnaktHa KoHgopmauus. Ilo-
KOMIIaKTHUTe KOH(OPMaIX Ha Lie/Usl IUTOKKWH Ca eHepreTUUYHO I0-0/1aronpHusTHH, KOeTO
cbl1lo Oellle MOTBbP/EHO Upe3 CUMYJIaliiy ¢ repTypbaiiii Ha cBOOOJHAaTa eHeprusl.
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Ily6aukanus I.5.

P. Petkov, R. Marinova, V. Kochev, N. Ilieva, E. Lilkova, L. Litov, Computational study of
solution behavior of magainin 2 monomers, Journal of Biomolecular Structure and Dynamics
(2019), 37(5), 1231-1240, DOI: 10.1080/07391102.2018.1454850

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, secondary-structure 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.

II. ITerkoB, P. MapunoBa, B. Koues, H. nueBa, E. /Innkoea, JI. JIutoB, V3uncivrenHo
W3CJie[|BaHe Ha MOBeJIeHUEeTO B pa3TBOpa HA MOHOMEPHY Ha MarauHWH 2

Pe3rome:

AutMukpoOHuTe mienTvauM (AMII) wrpasr pelnaBamja posisi KaTo MeJUaTOpH  Ha
MbpPBMYHATA 3all]UTa Ha TOCTONPHEMHHMKAa cpellly MUKpoOHa uHBa3us. Te ce cuuTar 3a
ofelrjaBaia ajaTepHaTHBa Ha AHTUOMOTHIUTE CpeIly MY/ITHPE3UCTeHTHU OaKTepuaniHu
1amoBe. 3a fla ObJie Harrb/IHO pa3bpaH MeXaHHW3MbT Ha aHTUMUKPOOHA 3alljuTa, e HY)KHO
Ja ce TO3HaBa B /leTalIM /MHAMUKaTa Ha B3aMMOJEHCTBUATA TMeNTHA-MeMOpaHa,
BKJ/IFOUUTEJIHO Ype3 aTOMUCTUYHU M3C/le[BaHusl Ha reometpusita Ha AMII u cTpykTypHuTe
MPOMEHM B TIeNTH/ja 1 MeMOpaHaTa 1o BpeMe Ha Lie/usi rporjec. LlenTa HY e /1a U3SICHUM
KOH(OopMallMOHHATa JIMHaMKKa Ha Masku JvHeliHu AMII B pa3TBOp Kato mbpBa CTHIKA OT
in silico mpoTokosn 3a ycTaHOBsiBaHe Ha CHOTBETCTBUE MEX[JY OIpefe/ieHd MOTHBU Ha
aMMHOKWCe/JIMHHA  [0C/Ie[JOBaTe/JIHOCT,  eJleMeHTW Ha  BTOpPUYHATa  CTPYKTYpa,
KOH(OpMallMOHHA JYHaMMKa B Pa3TBOP M MHTEH3UTeTa M HauMHa Ha B3aUMOJEeNCTBUE C
OakTepuanHata MeMOpaHa. 3a Tasu 1jeJl HMe MU3I0J3BaMe MOJIEKY/THO-JUHaMUUHU
CUMYy/aliy, JOMBIHEHH OT CHUMy/Jaluuu C Aobpe TemriepypaHa MeTaJMHaMHKa, 3a [a
n3cneBame rpoguna Ha cBoOofHaTa eHeprus Ha iBa AMII ¢ 6/iM3Ka MbpBUYHA CTPYKTYpa
Y pa3/MyHa aHTHOAKTepHa/Ha aKTUBHOCT — HaTUBeH MaranHuH 2 (MG2) 1 HeroB aHajor
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(MG2m, cbc 3amectBanusgs F5Y u F16W) BBbB BozieH pastBop. HabmrogaBame, ue mpu
coJiBaTalysi ITbPBOHAYa/THUTE O-CIUPaJHU CTPYKTYPU Ce IPOMEHSAT M0 pasjiiyeH HauuH.
HaruBHara ¢opma ocTaBa CTPyKTypHUpaHa, C TPH MO-KbCH O-CIIMpPasHA MOTHBA, CBbpP3aHU
ype3 C/AyyallHU HaMOTKH, [JOKaTO CHHTETHUUHHUAT aHa/JOr MMa TeHJeHLUs MpeJUMHO KbM
HerozipesieHa KoH(popMalys. Hammre pesynratv mokasBaT Ba)KHOCTTa Ha CTPaHUYHUTE
BEpUrY B MO3ULMH 5 U 16 3a nopgbpykaHe Ha KOH(opMaLUaTa Ha pa3TBOpeHus nentug. Te
CBIII0 TaKa OCUTyPsIBaT MOJe/Tpalija OCHOBA 3a CKOPOLIIHY eKCIIepUMeHTaIH| HabmoieHus,
CBbP3Balll M10-BUCOKOTO O-CIIMPAHO ChAbp)KaHWe B pa3TBopa (IIpeJBapUTeHO HarbBaHe
Ha MenTHAN) 1pu Masku JuHeiiHn AMIT ¢ mo-HrcKa aHTrOaKTepraniHa aKTHBHOCT.
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Ily6aukanusn I.6.

R. Marinova, P. Petkov, N. Ilieva, E. Lilkova, L. Litov, Molecular Dynamics Study of the
Solution Behaviour of Antimicrobial Peptide Indolicidin, Studies in Computational Intelligence
(2019), 793(5), 257-265, DOI: 10.1007/978-3-319-97277-0_21

Abstract:

Understanding the mechanism of action of antimicrobial peptides (AMPs) on bacterial cells
requires detailed knowledge of how AMPs interact with bacterial membranes. Our
hypothesis is that the peptides do not interact with the membrane as monomers, but rather
form clusters, that collectively approach the cell and attack the membrane. In this paper we
investigate the behavior of the antimicrobial peptide indolicidin in solution, prior to their
interaction with the bacterial membrane, by means of coarse grain molecular dynamics
simulations (CG-MD). We show that indolicidin in particular and, probably, charged linear
AMPs in general tend to aggregate in solution, forming globular amphipathic clusters with
a central hydrophobic core. The dependence of the clusters size on the peptide
concentration and on the temperature is studied, as well as the influence of the finite size of
the simulation box. Our results manifest the investigation of the AMPs behavior in solution
prior to membrane impact as an indispensable element in revealing the mechanism of their
antimicrobial activity.

P. Mapusnosa, II. IlerkoB, H. Unueea, E. /IunkoBa, JI. JIutoB, MojieKy/HO-JUHAMUUYHO
M3C/ie[jBaHe Ha IMOBe/IEHUeTO Ha AHTUMHUKPOOHUS TIENTH L, UHAO/IULUIUH B Pa3TBOP

Pe3rome:

Pa3bupaHeTo Ha MexXaHW3Ma Ha [leMCTBUe Ha aHTUMUKpPoOHWTe Tenrtugu (AMII) BBpXY
OakTepraHUTE KIeTKA MU3UCKBA MOJpOoOHY Mo3HaHus 3a ToBa Kak AMII B3aumozecTBar ¢
OakTepriamHuTe MemOpaHu. Hamara xumoTes3a e, ue MeNTUAWTe He B3aUMOJEMCTBAT C
MeMmbpaHaTa KaTo MOHOMepH, a IO0-CKOpOo 00pa3yBaT K/I'bCTepH, KOWUTO KOJIEKTHBHO Ce
npubmpKaBaT [0 KJeTKaTa M aTakyBaT MeMOpaHata. B Tasu cratvs Hue wu3ciegBaMe
MoBeJleHWeT0 Ha AaHTUMHUKPOOHHMS TMenTHj UHAOMULMAWH B  pas3TBOp, Mpeau
B3aMMO/IeliCTBHeT0 My C OakTepuanHara MemOpaHa, 4ype3 eJpO3bpPHECTH MOJIEKY/THO-
JuHamuyHd cumynauuu (CG-MD). Hue noka3Bame, ye WHAOMMLUAUHBT B YaCTHOCT U
BepOSITHO 3apefieHuTe jvHeriHW AMII Kato Ls/0 ca CKJIOHHM [Jla arpervpaTr B pas3TBOp,
obpa3yBaiiku T/100y/siapHi aMm(UMaTUYHU KITBCTEPU C LIeHTpaaHO XupodoOHO sifpo.
W3cnezBa ce 3aBUCMMOCTTa Ha pasMepa Ha KJIbCTepuTe OT KOHL|eHTpaLysATa Ha MenTujia u
OT TemrepaTypara, KakTO Y B/IWSHWETO Ha KpalHWs pasMep Ha CUMYyJaldOHHarTa KyTHS.
Hamre pesynraTy mokasBaT M3C/e/BaHeTO Ha nosezeHueTo Ha AMII B pa3TBop npenu
Bb3/IeHiCTBUEe BbpPXy MeMOpaHaTra KaTO He3aMeHUM eJieMeHT TpH pa3KpUBaHETO Ha
MexaHH3Ma Ha TsIXHaTa aHTUMHUKPOOHA aKTUBHOCT.
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Iy6aukanus I.7.

P. Petkov, E. Lilkova, N. Ilieva, L. Litov, Self-Association of Antimicrobial Peptides: A
Molecular Dynamics Simulation Study on Bombinin, International Journal of Molecular
Sciences (2019), 20(21), 5450, DOI: 10.3390/ijms20215450

Abstract:

Antimicrobial peptides (AMPs) are a diverse group of membrane-active peptides which
play a crucial role as mediators of the primary host defense against microbial invasion.
Many AMPs are found to be fully or partially disordered in solution and to acquire
secondary structure upon interaction with a lipid membrane. Here, we report molecular
dynamics simulations studies on the solution behaviour of a specific AMP, bombinin H2.
We show that in monomeric form in water solution the peptide is somewhat disordered and
preferably adopts a helix-loop-helix conformation. However, when more than a single
monomer is placed in the solution, the peptides self-associate in aggregates. Within the
aggregate, the peptides provide each other with an amphipathic environment that mimics
the water—membrane interface, which allows them to adopt a single-helix structure. We
hypothesise that this is the mechanism by which bombinin H2 and, possibly, other small
linear AMPs reach the target membrane in a functional folded state and are able to
effectively exert their antimicrobial action on it.

I1. IlerkoB, E. JIunkoa, H. Wamesa, JI. JIutoB, CamoacolipaHe Ha aHTUMHUKPOOHU
nenTuau: MoseKy/THO-AMHAMUYHO H3/ie/[BaHe Ha OOMOWHMH

Pe3rome:

AntMmukpo6HuTe mentuau (AMIT) ca pasHooOpa3Ha rpyma OT MeMOpaHHO-aKTUBHU
MeNTUAY, KOUTO WrpasT pellaBallja poJisl Karo MeAuaTopu Ha ITbpBMYHATa 3aljuTa Ha
rOCTOTIPUEMHMKA Cpelly MUKpOoOHa WHBa3Ws. YCTaHOBeHO e, ye MHOro AMII ca Harrb/iHO
WA YaCTUUYHO HeroJpelieHd B pa3TBOD M TMpUJOOMBAT BTOPHUYHA CTPYKTypa TIpU
B3aMMO/IeICTBHE C JMMYAHA MeMOpaHa. Tyk Hue JoKIaJBaMe M3C/e/[BaHUsl C MOJIEKY/THO-
JUHAMWYHUA CUMY/Ialliu Ha TIOBeZIeHHeTo B pa3TBop Ha creuyduyeH AMII, 6ombunuH H2.
Hue nokasBame, ue B MOHOMepHa (opma BbB BOZeH DPa3TBOp MENTHABT € [OHSKbe
HeHarbHaT U Mpe/InounTa Jia npyuemMa KoHdopMalusiTa cnupasa-npuMKa-cnvpana. Benpeku
TOBa, KOraro B pasTBOpa Ce IIOCTaBM IIOBeye OT eJuUH MOHOMep, IeNTHWTe Cce
caMmoaconuupar B arperatd. B paMkuTe Ha arperara Ienrujure CU OCUTypsiBaT eVH Ha
Ipyr am@uaThiyHa cpefa, KOATO WMHTHpa UHTepdeiica Boja-meMOpaHa, KOETO UM
[03BOJIABA Jla IIpUeMar CTpPyKTypa Ha efgHa crnupana. lIlpepmnonarame, uye TOBa e
MeXaHU3MBT, upe3 KOuTo 6oMOuHUH H2 1 BeposiTHO Ipyru Masiku uHeiiHn AMIT gocturar
Jlo LeneBata MeMOpaHa BbB (DYHKLMOHATHO HarbHAaTO CHCTOSIHWE W MOraT e(eKTHBHO Ja
YTIPa)KHAT aHTUMHUKPOOHO CH [IeiCTBHE BbPXY Hesl.
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Ily6mkanusn I'.8.

N. Ilieva, P. Petkov, E. Lilkova, T. Lazarova, A. Dolashki, L. Velkova, P. Dolashka, L.
Litov, In Silico Study on the Structure of Novel Natural Bioactive Peptides, Lecture Notes in
Computer Science (2020), 11958, 332-339, DOI: 10.1007/978-3-030-41032-2_38

Abstract:

Antimicrobial peptides (AMPs) are an abundant and diverse group of molecules produced
by many tissues and cell types in a variety of invertebrate, plant and animal species in
contact with infectious microorganisms. They play a crucial role as mediators of the
primary host defense against microbial invasion. The characteristics, the broad spectrum
and largely nonspecific activity of the antimicrobial peptides qualify them as possible
candidates for therapeutic alternatives against multi-resistant bacterial strains.

AMPs come in nature in the form of multicomponent secretory fluids that exhibit certain
biological activity. For development of biologicals with some predesignated properties
separation of the individual components, their purification and activity analysis are needed.
In silico experiments are designed to speedup the identification of the active components in
these substances, understanding of their structural specifics and biodynamics.

Here we present the first results of a pilot in silico study on the primary structure formation
of newly identified in the mucus of molluscs representatives peptides, as a prerequisite for
understanding the possible role of complexation for their biological activity.

H. Nnuea, II. IlerkoB, E. JIunkoBa, T. JlazapoBa, A. [osaamkwu, J/I. Benkosa, II.
Jonamka, JI. JIuroB, In Silico u3cnesBaHe BbpXy CTpPyKTypara Ha HOBU TPUPOJHHU
OMOaKTHBHU MENITUIN

Pe3rome:

AntrMmukpo6HuTe mentuau (AMIT) ca m3006miHa ¥ pa3HooOpa3Ha rpyma OT MOJIEKY/H,
MPOU3BEXK/JaHKM OT MHOTO ThKAaHM U K/IE€TbYHM TUIIOBE B Da3iMuHK Oe3rphOHauHH,
pPacTUTe/IHU W >KUBOTUHCKH BH/JOBE B KOHTAKT C WH(EKLMO3HM MHKpOOpraHusmu. Te
UTpasAT pellaBalia pojs KaTo MeJuaTopd Ha MbPBUYHATA 3all[UTa HAa TOCTOMPHEMHHKA
cpely MUKpoOHa MHBa3uWs. XapaKTepUCTHUKWTe, IIIMPOKUAT CIIEKThD U IO TO/isiMa CTeleH
HecrelUUHaTa aKTMBHOCT Ha aHTUMHUKPOOHWTE MeNTUAM TW KBa/IU(UIMPAT KaTo
Bb3MO)KHM KaH/AWJATH 3a TepaneBTUYHU a/lTePHAaTUBH CpeIly MY/ITHPe3HCTeHTHU
bakTepuaHH 11jaMOBe.

B mpupogara AMII ce otgensaTt 1of ¢dopMara Ha MHOTOKOMITIOHEHTHH CEKPeTOPHU
TEUHOCTH, KOWTO TPOSIBSBAT Orpe/ie/ieHa OWOJIOTMYHA aKTUBHOCT. 3a pa3paboTBaHe Ha
OUO/IOTMUHKM TIperiapaTd C  TIpeJBapUTeTHO OripeJie/ieH CBOMCTBA e Heo0X0oAuMO
pasziesisiHe Ha OT/e/IHUTe KOMIIOHEeHTH, TIXHOTO MPeurCTBaHe Y aHa/lu3 Ha aKTUBHOCTTA. In
silico ekcriepyMeHTHTe ca TIpe[Ha3HAUeH! Jla YCKOPST UJeHTU(DHUIIMPAHeTO Ha aKTUBHUTE
KOMITOHEHTH B Te3W BeIeCTBa, pa30MpPaHeTO Ha TEeXHWUTe CTPYKTYPHU Crerupuku u
OburoMHaAMUIKa.

Tyk mipefcTaBsiMe MbpPBUTE pe3yaTaTd OT NWIOTHO in silico wu3ciegBaHe BBPXY
oOpa3yBaHeTO Ha ITbPBUUYHA CTPYKTypa Ha HOBOWZEHTU(HUIMpaHW B C/Iy3Ta Ha MeKOTe/ln
Mpe/iICTaBUTE/IHU TeNTH/IM, KaTo TpeArocTaBka 3a pa30dupaHe Ha Bb3MO)KHATa poO/s Ha
KOMIIJIEKCOOOpa3yBaHeTO 3a TsIXHaTa OMOIOruYHa aKTUBHOCT.
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Ilyonukanus I'.9.

E. Lilkova, N. Ilieva, P. Petkov, E. Krachmarova, G. Nacheva, L. Litov, E. Lilkova, N.
Ilieva, P. Petkov, E. Krachmarova, G. Nacheva, L. Litov, Molecular Dynamics Simulations
of Hise-FLAG-hIFNy Fusion Glycoproteins, Studies in Computational Intelligence (2021),
961(SCI), 256-267, DOI: 10.1007/978-3-030-71616-5_23

Abstract:

Human interferon-gamma (hIFNy) is a key immunomodulating secretory glycoprotein.
Although glycosylation is not necessary for its activity, it does affect the physico-chemical
properties of the cytokine. Recently, a technology was developed for the secretory
expression of glycosylated hIFNy and its highly prone to aggregation mutant K88Q in
insect cells. In addition, the proteins were labeled with specific tag peptides added to their
N-termini. It was experimentally observed, that the obtained fusion proteins have
significantly reduced biological activity and when glycosylated, they were resistent to
enterokinase action and the tag could not be removed. Here we report the development of
in silico models of glycosylated Hiss-FLAG-hIFNy fusion proteins and employ long-scale
molecular dynamics (MD) simulations to explain these unexpected experimental results
and to study in detail the effect of the tags and glycosylation on the structure and dynamics
of the fusion glycoproteins.

E. JIunkoBa, H. nuesa, II. IletkoB, E. Kppumapoga, I'. Hauega, J1. /IuToB, E. JInnkosa,
H. Unuesa, II. IletkoB, E. Kpbumapoga, I'. HaueBa, JI. /IutoB, MosieKy/lHO-AUHAMUYHA
cumynauyu Ha cietusi ivkonpoterH Hise-FLAG-hIFNy

Pe3rome:

Yogewkusit uHTepepor-rama (hIFNy) e k/iiouoB uMyHOMOAy/IUpall CeKpeTopeH
[JTMKOTIPOTeNH. BbIpeky ye rMKO3U/IMpaHeTo He e HeoOX0JUMO 3a HeroBaTa akTUBHOCT, TO
3acsira (PU3MKO-XMMUYHWTE CBOWCTBA Ha IMTOKMHA. Hackopo Oemre paspaboTeHa
TeXHOJIOTHS 3a CeKpeTOopHa eKcrpecus Ha rmuko3unupad hIFNy v HeroBusiT CUiHO CK/IOHEeH
KbM arperaius MyTaHT K88Q B KjieTku Ha HacekoMu. B fombiHeHue, rpoTemHUTe Osixa
Gensi3aHU CbC CcrielUPUUHM MapKupally TenTuau, AobaBeHH KbM TexHUTe IN-Kpawuiia.
ExcriepumenTanHo Oerre Hab/r0aBaHO, Ye TOTyUYeHUTe C/IeTH TIPOTEMHH UMaT 3HAUMTe/THO
HamasieHa OHO/IOrMUHA aKTMBHOCT M KOTaTo Ca IVIMKO3W/IMPaHH, Te Ca YCTOMUMBU Ha
eHTePOKHMHA3HO /IeHiCTBHEe U MapKepbhT He MOXKe Ja Ob/ie oTcTpaHeH. TyK HUe JOK/IaJBaMe
3a pa3paboTBaHeTo Ha in silico Mozenu Ha rMKo3wIMpaHu cietu nporerHu Hise-FLAG-
hIFNy u u3non3Bame AbATH MOJEKY/JTHO-AMHAMUUHU cumynaimu (M), 3a ga obsicHUM
Te3d HeOouaKBaHW eKCTlepUMeHTa/lHW pe3yaTaTH W Jla MpOoyuyuM ToApoOHO edekTa Ha
MapkKepuTe W DJIMKO3WIMPaHETO BbpPXy CTPyKTypaTa W [WHaMMKa Ha CJIeTUTe
[JIMKOTIPOTEUHH.
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Iy6naukanusa I.10.

L. Litov, P. Petkov, M. Rangelov, N. Ilieva, E. Lilkova, N. Todorova, E. Krachmarova, K.
Malinova, A. Gospodinov, R. Hristova, I. Ivanov, G. Nacheva, Molecular Mechanism of the
Anti-Inflammatory Action of Heparin, International Journal of Molecular Sciences (2021),
22(19), 10730, DOI: 10.3390/ijms221910730

Abstract:

Our objective is to reveal the molecular mechanism of the anti-inflammatory action of low-
molecular-weight heparin (LMWH) based on its influence on the activity of two key
cytokines, IFNy and IL-6. The mechanism of heparin binding to IFNy and IL-6 and the
resulting inhibition of their activity were studied by means of extensive molecular-
dynamics simulations. The effect of LMWH on IFNy signalling inside stimulated WISH
cells was investigated by measuring its antiproliferative activity and the translocation of
phosphorylated STAT1 in the nucleus. We found that LMWH binds with high affinity to
IFNy and is able to fully inhibit the interaction with its cellular receptor. It also influences
the biological activity of IL-6 by binding to either IL-6 or IL-6/IL-6Rq, thus preventing the
formation of the IL-6/IL-6Ra/gp130 signalling complex. These findings shed light on the
molecular mechanism of the anti-inflammatory action of LMWH and underpin its ability to
influence favourably conditions characterised by overexpression of these two cytokines.
Such conditions are not only associated with autoimmune diseases, but also with
inflammatory processes, in particular with COVID-19. Our results put forward heparin as a
promising means for the prevention and suppression of severe CRS and encourage further
investigations on its applicability as an anti-inflammatory agent.

JI. JIutoB, II. IlerkoB, M. PanrenoB, H. Wnuea, E. J/IunkoBa, H. Topoposa, E.
KpbumapoBa, K. ManuHoBa, A. I'ocnoguHoB, P. XpucroBa, 1. VIBanoB, I. Hauesa,
MorsieKysieH MexaHU3bM 3a MPOTUBOBB3MAIMTE/HOTO [IeHCTBHEe Ha XerapyuHa

Pe3rome:

Hamara uen e pga paskpyeM MOJIeKY/IHUS MeXaHU3bM Ha IIPOTHMBOBBL3MA/IATETHOTO
JleiCTBMe Ha HUCKOMOoeKynHus xernapyd (HMX) Bb3 0CHOBa Ha HEroBOTO BIMSIHWE BBbPXY
aKTUBHOCTTAa Ha [Ba K/IOuoBUA LUTOKWHA, IFNy u IL-6. MexaHusMbT Ha CBbp3BaHe Ha
xerapyH c IFNy u IL-6 ¥ TpoW3THUAIoTO OT TOBa WHXWOWpaHe Ha TSAXHATa aKTUBHOCT
6sixa u3ceBaHU Uype3 OOIIMPHU MOJIEKYTHO-AUHAMUUHU cuMmynaiyu. EdekrsT Ha HMX
BbpXy curHamusupaHero Ha IFNy BbTpe B crumynupanu WISH knetku Gerie m3csiesBaH
ype3 u3MepBaHe Ha HeroBara aHTUIpo/M(epaTVBHa aKTUBHOCT U TpaHC/IOKaLMsTa Ha
¢docopunmmpan STAT1 B aipoto. OTkpuxme, ye HMX ce cBbp3Ba € BUCOK aMHUTET KbM
IFNy ¥ e B CbCTOsIHME HAITBJIHO /la MHXMOWpa B3aMMOeNCTBUETO C HEeroBUs KieTbueH
perieritop. Toif CBILO Taka Bvsie BbPXy OMOOrMYHaTa aKTUBHOCT Ha IL-6 upe3 cBbp3BaHe
¢ IL-6 wmu IL-6/IL-6Ra, KaTo 10 TO3W HauWH TpeJoTBpaTsIBa 00pa3yBaHeTO Ha CUTHATHUS
komrutekC IL-6/IL-6Ra/gp130. Te3u OTKPUTUSA XBBP/IAT CBETIMHA BbPXY MOJIEKY/IHUA
MeXaHW3bM Ha TMPOTUBOBB3MANUTENHOTO JAelictBie Ha HMX u moakpensT crocobHoCTTa
My fa Biusie O/1arompHUsTHO Ha YCJIOBUS, XapaKTepU3Wpallyd Ce CbC CBPBXEKCIpecHs Ha
Te3W [iBa LIUTOKMHA. TaKuBa CbCTOSIHUS Ca CBbP3aHH He CaMO C aBTOMMYHHH 3ab0JisiBaHuMs,
HO U C Bb3Ma/IMTe/IHU TIpoLiecy, no-crnenyanto ¢ COVID-19. Hawmwre pesynrary npejjrar
XerapyHa KaTOKaHAWZAT 3a obelljaBalllo CPeJCTBO 3a MpeBeHLUs U TIOTHCKaHe Ha TeXKHU
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Cllyda Ha CHUHAPOM Hd OCBO60)K,Z[aBaHe Ha LUTOKWHWM W HACHpPYaBAT I10-HATAaTBIIHU
H3cjieBaHNUsA 3d HEroBdTa IMPUIOKUMOCT KaTO ITPOTUBOBB3IIA/IMTE/IEH dal'€HT.
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Iy6nukanusa I'.11.

E. Lilkova, P. Petkov, N. Ilieva, L. Litov, Modelling the Interaction of the hIFNy C-terminal
Peptide and HS-derived Octasaccharides, accepted for publication in Studies in Computational
Intelligence.

Abstract:

Human interferon y (hIFNy) is an important pleiotropic cytokine that binds to a specific
high-affinity cell-surface receptor complex to mediate its cellular effects. In addition, it is
known, that hIFNy also binds with high affinity to heparin and heparan sulfate and that the
binding occurs mainly through the protein’s C-terminus. This interaction affects all
physico-chemical properties of the cytokine, including its affinity towards its receptor,
which could be exploited as a strategy for the development of potential hIFNy inhibitors.

Here we report our efforts at developing an in silico protocol for deriving optimal
heparin/heparan sulfate-derived oligosaccharide sequences in terms of net charge and
sulfate distribution, that lead to the most favourable and stable binding to a peptide,
encompassing the C-terminus of hIFNy. The developed computational protocol is tested on
the interaction of the cytokine’s C-terminal peptide and a specific octasaccharide sequence.

E. JIunkosa, II. IlerkoB, H. WnueBa, J1. JIutoB, MozenvpaHe Ha B3aumozencTBueTo Ha C-
TepmuHanHus nentu Ha hIFNy u HS-nipousBoaHM okTa3axapuv

Pe3rome:

YogemkusT unTepdepoH y (hIFNy) e BakeH 1mielOTponieH LIUTOKKH, KOWTO Ce CBbp3Ba C
BUCOK a(pyHUTET CbC crielii(rueH KIeTbYHO-IOBbPXHOCTEH peLieNTOpeH KOMILIEeKC, 3a Ja
Me/ivvpa KIeTbuHUTe cU eeKTH. B fombiaHeHue e u3BecTHo, ye hIFNy cbirlo ce cBbp3Ba €
BHUCOK a)MHUTET KbM XellapyH U XerapaH Cy/(aT 1 ue CBbp3BaHeTO CTaBa I7laBHO mpe3 C-
Kpasi Ha mpoTerHa. ToBa B3aMMO/|eMCTBME 3acsAra BCUUKU (PM3MKO-XMMHWYHM CBOWCTBA Ha
LUTOKMHA, BK/IIOUMTETHO a(UHUTETHT My KbM HErOBUsl peLlelTop, KOeTo MOXe Ja ce
M3110J13Ba KaTo CTpATerusi 3a pa3BUTHETO Ha MOoTeHLMaaHd UHxubutopu Ha hIFNy.

TyK [OoK/IaJBaMe HaIllMTe YCHIUS 3a pa3paboTBaHe Ha in silico mpoTokos 3a U3B/IMUaHe Ha
OTNTHUMAJIHU XeTapyH/XernapaH Cy/(aT-mosyyeHd O/IMro3axapyiHU MOC/IeI0BaTeHOCTH TI0
OTHOILIEHWE Ha HETHUS 3apsi/i U pa3npee/IeHHeTO Ha Cy/idaTHUTe TPYMU, KOUTO BOAST /0
Haii-0/1aronpusATHOTO W CTabM/IHO CBBP3BaHe C menTui, obxBamamy C-kpas Ha hIFNy.
Pa3paboTeHUST W3UMC/IUTENIeH TIPOTOKOJ € TecTBaH BBbPXY B3aumogekcTBueTo Ha C-
TepMUHA/IHUS TIeNTH/] Ha LUTOKWHA U CTIel{uUHa OKTa3axapHHa I0C/e/[0BaTeTHOCT.
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Iy6onukanusa .12,

P. Petkov, N. Ilieva, E. Lilkova, L. Litov, Partitioning of Putative Antimicrobial Peptides into
a Model Bacterial Membrane: a Metadynamics Approach, accepted for publication in Studies in
Computational Intelligence

Abstract:

Antimicrobial peptides (AMPs) are among the most promising candidates for solving the
global health threat of bacterial multi-drug resistance. Despite the widely accepted
understanding of their mechanism of action, prediction of AMP membrane penetration and
translocation propensity remains a challenge.

Here we employ a metadynamics approach to model the partitioning of ten recently
identified peptides with putative antimicrobial activity into a model bacterial membrane.
The peptides were isolated form the mucus of the garden snail Helix Aspersa which has
potent antibacterial, antiviral and anticancer properties. Our in silico experiments indicate
that for three of the ten investigated peptides, a membrane translocation is energetically
favorable. However, most peptides have deep and well-defined free energy minima within
the lipid bilayer, hinting at an ability to insert themselves into the membrane, possibly
through a gradual process.

II. IletrkoB, H. WnueBa, E. JIunkoea, JI. JIutoB, Pa3nensHe Ha rmpearnosaraeMu
AHTUMUKPOOHM TIeNTUU B MO/iesiHa OakTeprasHa MeMOpaHa: MeTaZlMHaMUY€eH TIOZIXO0/

Pe3rome:

AntrMukpo6HuTe nienrtuay (AMIT) ca cpep Hali-o6eljaBaiyUTe KaHAWM/IATH 3a PelllaBaHe Ha
rrnobasHara 3aryiaxa 3a 3[paBeTo OT OakTepvajsHaTa pPe3UCTEeHTHOCT KbM MHOKECTBO
JleKapCcTBa. BBIpeKy MIMPOKO MPUETOTO pa3dupaHe 3a TeXHUS MEXaHHW3bM Ha JIeHCTBHe,
MPOrHO3WpaHeTO Ha TNpPOHWKBaHeTo Ha AMII mpe3 MeMOpaHa ¥ CKIOHHOCTTa KbM
TPaHC/I0KaLMs 0CTaBa MpeJr3BHUKaTe/ICTBO.

Tyk wW3no/ns3Bame MeTafyHaMH4YeH IOJXOJ, 3a MOJe/lVpaHe Ha pasfie/iiHeTO Ha JeceT
HaCKopo WJeHTU(UIMpaHU TenTHa C TpeArosiaraeMa aHTUMUKPOOHA aKTWBHOCT Tipe3
MozienHa OakTepwanHa MemOpaHa. IlentuguTe ca W30/MpaHU OT C/y3Ta Ha TPafWHCKUS
oxmoB Helix Aspersa, KoATO ¥Ma MOIIHA aHTUOaKTepuaJH{, AQHTUBUPYCHU U
MPOTUBOPAKOBU CBoMcTBa. Haimre in silico ekcnepumeHTH MoKasBar, ue 3a TpU OT JieceTTe
W3CleBaHU TIeNTHZA, MeMOpaHHAaTa TPAHC/IOKALMSi € eHepreTMUHo OraromnpusiTHa.
Bbrpeku TOBa, TIOBeUeTO MENTHAW MMaT ABIOOKKA W A00pe AeduHUpaHW MUHUMYMU Ha
cBobosiHaTa eHeprus B JIMMU/HUS [BYC/IOH, KOETO e MHAWKALMs 3a CIoOCOOHOCTTa UM Jia ce
BKJTFOYBAT B MeMOpaHara, BepOSTHO Upe3 IoCTerieHeH Mporiec.
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Iy6onukanusa I'.13.

D. Grancharov, E. Lilkova, N. Ilieva, P. Petkov, S. Markov, L. Litov, Analysis of symplectic
integration algorithms with variable step size for petascale biomolecular simulations, PRACE
Whitepapers (2012), DOI:10.5281/zenodo.806923

Abstract:

Based on the analysis of the performance, scalability, work-load increase and distribution
of the MD simulation packages GROMACS and NAMD for very large systems and core
numbers, we evaluate the possibilities for overcoming the deterioration of the scalability
and performance of the existing MD packages by implementation of symplectic integration
algorithms with multiple step sizes.

A. I'pbHuapos, E. JIluakoea, H. Wanesa, II. IlerkoB, C. Mapkos, JI. JIutoB, AHanu3 Ha
aJITOPUTMU 33 CUMILIEKTUYHO MHTerpypaHe C MPOMEH/IMB pa3Mep Ha CThIIKATa 3a MeTacKaaHu
OUOMOIEKY/THU CUMY/IaluU

Pe3rome:

Bb3 ocHOBa Ha aHa/iM3a Ha IPOU3BOJUTE/HOCTTA, CKA/JIMPYyeMOCTTa, yBeJIMuYaBaHETO U
pasmpe/ie/ieHHeTo Ha pabOTHOTO HaTOoBapBaHe Ha maketuTe 3a M]I cumynanmu GROMACS
1 NAMD 3a mMHOro ronemMu cucrteMu U OpoMl sijpa, HUe OLleHsiBaMe Bh3MOXXHOCTHUTE 3a
Npeofio/isiBaHe Ha BJIOLIABAHETO HA CKaJUpyeMOCTTa W IPOW3BOAUTETHOCTTAa Ha
cbiecTByBaure M/l makeTd upe3 IipwiaraHe Ha arOPUTMHM 3a CHUMIUIEKTUYHO
HMHTerpupaHe C MHOXXeCTBO pa3MepHy Ha CThIIKAaTa.
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Iy6onukanus I.14.

P. Petkov, E. Lilkova, S. Markov, D. Grancharov, N. Ilieva, L. Litov, AGBNP2 Implicit
Solvent Library for Intel® MIC Architecture, PRACE  Whitepapers (2014),
10.5281/zenodo.822731

Abstract:

A library, implementing the AGBNP2 [1,2] implicit solvation model, was developed, which
calculates the nonbonded interactions of a solute with the solvent -- implicit water. The
library is to be used in Molecular Dynamics (MD) packages for estimation of solvation free
energies and studying of hydration effects.

The library was based on a prevoiusly developed Fortran code [3]. The presented in this
paper code was rewritten in C and parallelized with OpenMP. The main objective was to
parallelize the code in a way that allows it to run efficiently on Intel Xeon Phi in native
mode. However, no efficient utilization of the MIC was observed, as the obtained
performance on the coprocessor was an order of magnitute lower than on the CPU.

II. IletkoB, E. /IunkoBa, C. Mapkos, /[I. I'ppHuapoB, H. Wnuesa, JI. JIutoB, AGBNP2
6ubnoTeKa c HesiBeH pa3TBopuUTes 3a apxutektypa Intel® MIC

Pe3rome:

Pa3paboreHa e 6ub/mMoTeka, peany3upaiiia Mojesna Ha HessBHO pa3TBapsiHe AGBNP2 [1,2],
KOWTO W3UMC/IABAa HEKOBAJIEHTHUTE B3aMMOJEWCTBUsS Ha pPa3TBOPEHOTO BEIL[ECTBO C
pa3TBOpUTENsE — HesiBHA Boja. bubnvoTekara e rpeABueHa Jia Ce M3I0/I3Ba B TIAKETH 3a
MoseKynHa auHamMuKa (MJI) 3a oljeHKa Ha CBOOOAHM E€HEepPruM Ha pa3TBOPUMOCT M
M3C/ie[jBaHe Ha XH/IpaTal[iOHHU e(eKTH.

bubnvorekara e 6asupaHa Ha mpejBapuTenHo paspaboreH koj Ha Fortran [3].
[lpencTaBeHUAT B TO3W [JOKyMeHT Koj Oeile mpeHanvicaH Ha C ¥ Tapajiesiu3vpad C
OpenMP. OcHoBHarta Lies Gellle fia ce napasearsrpa KogbT 10 HAYKH, KOWTO My I103BOJIsIBA
na paboru edexruBHO Ha Intel Xeon Phi B native pexxum. Bbripeku ToBa, He ce Hab/moaBa
edekTBHO wu3non3BaHe Ha MIC, TbBH KaTo Tio/yyeHaTa TIIPOM3BOAUTETHOCT Ha
KOIIpoLiecopa e C MopsAbK Mo-HUCKA, OTKOJIKOTO Ha CPU.
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Iy6onaukanusa I.15.

P. Petkov, I. Todorov, D. Grancharov, N. Ilieva, E. Lilkova, L. Litov, S. Markov,
Development of a Grid-based Electrostatics Model in a Memory-Distributed Manner for
DL_POLY_4, PRACE Whitepapers (2014), DOI:10.5281/zenodo.822960

Abstract:

Electrostatic interactions in molecular simulations are usually evaluated by employing the
Ewald summation method, which splits the summation into a short-ranged part, treated in
real space and a long-range part treated in reciprocal space. For performance purposes in
molecular dynamics software the latter is usually handled by SPME or P*M grid based
methods both relying on 3D fast Fourier transform (FFT) as their central operation.
However, the Ewald summation method is derived for model systems that are subject to 3D
periodic boundary conditions (PBC) while there are many models of scientific as well as
commercial interest, where geometry implies a 1D or 2D structures. Thus for systems, such
as membranes, interfaces, linear protein complexes, thin layers, nanotubes, etc.; employing
Ewald summation based techniques is either very disadvantageous computationally or
impossible at all. Another approach to evaluate the electrostatics interactions is to solve the
Poisson equation of the model system charge distribution on a 3D special grid. The
formulation of the method allows an elegant way to switch on and off the dependence on
periodic boundary conditions in a simple manner. Furthermore, 3D FFT kernels are known
to scale poorly at large scale due to excessive memory and communication overheads,
which makes the Poisson solvers a viable alternative for DL._ POLY on the road to exascale.
This paper describes the work undertaken to integrate a Poisson solver library, developed in
PRACE-2IP [1], within the DL_POLY_4 domain decomposition framework. The library
relies on a unique combination of bi-conjugated gradient (BiCG) and conjugated gradient
(CG) methods to warrant both independence on initial conditions with a rapid convergence
of the solution on the one hand and stabilization of possible fluctuations of the iterative
solution on the other. The implementation involves the development of procedures for
generating charge density and electrostatic potential grids in real space over all domains in
a distributed manner as well as halo exchange routines and functions to calculate the
gradient of the potential in order to recover electrostatic forces on point charges.

I1. IlerkoB, U. Topopos, /1. I'ppHuapos, H. NnueBa, E. JIunkosa, JI. JlutoB, C. MapKos,
Pa3paboTBaHe Ha MPEXOB eJIeKTPOCTAaTHUEH MOjIeNT S pa3npeziesieHa mamerra 3a DL_POLY_4

Pe3rome:

EfeKTpocTaTHUHUTe B3aWMOJENCTBUS B MOJIEKYJHUTE CHUMY/IalUd OOMKHOBEHO ce
OLleHsBaT upe3 U3MO0/3BaHe Ha MeTo/la Ha cymupaHe Ha EBasnj, KOMTO pa3fesns CyMUpaHeTo
Ha yacT ¢ OnM3KM B3aMMOJIENCTBUS, TPeTMpaHa B PeajHOTO IMPOCTPAaHCTBO, M YaCT C
Jla7leyHn B3aMMOJIEMCTBUS, TpeTHMpaHa B PpELMIIPOYHO TMPOCTPAHCTBO. 3a LieJiMTe Ha
MIPOU3BOJUTETHOCTTA B co(Tyepa 3a MOJieKy/IHa AWHAMUKa, 1ocaegHaTa 0OMKHOBEHO ce
o6pabortea or SPME uimu P?M MpekoBU MeTOAM, KaTo M [BaTa pa3yuTaT Ha TPUMEPHO
6bp30 mpeobpasyBaHe Ha Pypue (FFT) karo TsixHa LjeHTpasHa oreparys. Beripeku ToBa,
MeTOJbT Ha cymupaHe Ha EBajj e u3BeJeH 3a MOJIe/IHA CUCTeMHU, Ha KOUTO Ca Ha/IOKeHU
TPUMEpHU MepuojuYHU rpaHuuHy ycnosus (PBC), 1okaTo MMa MHOTO MOZe/Id OT Hay4eH,
KaKTO U OT KOMepCuajleH WHTepec, KbJeTo reoMerpusara mnpegmnonara 1D wim 2D
cTpyktypu. Taka 3a cucTteMd Karto MeMOpaHH, WHTepQelCH, TWHeWHU TPOTeHHOBU
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KOMIUIEKCH, ThHKU CJI0eBe, HAaHOTPBOM W /Ip. W3I0/I3BaHETO Ha TeXHWKW, Oa3vpaHd Ha
cymupaHe Ha EBanj, e WM MHOTO HEW3rOHO W3UMC/IUTENHO, WX U300110 HEBB3MOXKHO.
Ilpyr nopxopm 3a OLleHKa Ha eJIeKTPOCTaTUYHUTe B3aUMOJEWCTBUS € Ja Ce pelu
ypaBHeHueTO Ha [loacoH 3a pasripesiesieHVeTO Ha 3apsjia Ha MOJle/iHaTa cucreMma Bbpxy 3D
crieljMajiHa pelietka. PopMy/iMpaHeTO Ha MeTOJa [I03BOJIsABA e€JIeraHTeH HauuH 3a
BKJ/IFOUBaHe Y U3K/II0UBaHe Ha 3aBUCHMMOCTTA OT MePUOAUYHU I'PaHUYHU YCI0BUS 110 MPOCT
HaurH. OcBeH ToBa e n3BecTHO, ue 3D FFT kbpHenuTe ce ckamupar cabo B rosm maijab
1opajy IpeKOMepHY I1aMeTOBM M KOMYHMKAlL[MOHHU pas3xofd, Koeto mnpasBu I[loacoH
CO/BBPHUTE >KM3HecriocobHa anrepHatyBa 3a DL_POLY mo mbeTs KbM eKcackasnara. Tasu
CTaTusi OTKCBa paboTara 1o UHTerprpaHe Ha 6ub/MoTeKa 3a pelllaBaHe Ha YpaBHEHHETO Ha
[MToacoH, pa3paboreHa B PRACE-2IP [1], B pamkara Ha pa3jaraHeTo Ha JOMEWHH B
DL_POLY_4. bubmoTekara pa3unTa Ha yHMKaJHa KOMOWHAI[Msl OT METOAU 3a JIBOMHO
criperHat rpagueHT (BiCG) u cnpernar rpagueHt (CG), 3a Ja rapaHTupa KakTo
HEe3aBHCUMOCT OT Haya/JHUTe YCI0BUsI ¢ OBbpP30 CXOXK/laHe Ha pelleHWeTo OT e/lHa CTpaHa,
Taka ¥ CTabuIM3vpaHe Ha Bb3MOXKHUTE (IYKTyal[ii Ha UTEPaTUBHOTO PeIleHHe OT Jpyra.
Peanu3arusita BK/ItOYBa pa3paboTBaHeTO Ha TpPOLieypH 3a reHepypaHe Ha TUTBTHOCT Ha
3apsAfa U pelLleTKU 3a eJIeKTPOCTaTUYHUSA IOTeHLUal B peaHO MPOCTPAHCTBO BbB BCUUKU
JIOMEeIHU T10 pasripeiesieH HauWH, KaKTO W PYTUHHU TpoleAypu U GyHKLMH 3a 00MeH Ha
XaJ0 3a W3UMC/IABaHe Ha TIpajyeHTa Ha IOTeHMasa C LeJl Bb3CTAaHOBSABaHE Ha
e/IeKTPOCTaTUUHUTE CU/IU BbPXY TOUKOBUTE 3apsiziu.
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Ily6onukanus I.16.

D. Grancharov, N. Ilieva, E. Lilkova, L. Litov, S. Markov, P. Petkov, 1. Todorov,
Development of an Advanced Implicit Solvent Model in DL_POLY, PRACE Whitepapers
(2014), DOI:10.5281/zenodo.823019

Abstract:

A library, implementing the AGBNP2 [1, 2] implicit solvent model that was developed
within PRACE-2IP [3] is integrated into the DL._POLY_4 [4] molecular dynamics package
in order to speed up the time to solution for protein solvation processes. Generally, implicit
solvent models lighten the computational loads by reducing the degrees of freedom of the
model, removing those of the solvent and thus only concentrating on the protein dynamics
that is facilitated by the absence of friction with solvent molecules. Furthermore, periodic
boundary conditions are no longer formally required, since long-range electrostatic
calculations cannot be applied to systems with variable dielectric permittivity. The
AGBNP2 implicit solvation model improves the conformational sampling of the protein
dynamics by including the influence of solvent accessible surface and water-protein
hydrogen bonding effects as interactive force corrections to the atoms of protein surface.
This requires the development of suitable bookkeeping data structures, in accordance with
the domain decomposition framework of DL_POLY, with dynamically adjustable inter-
connectivity to describe the protein surface. The work also requires the use of advanced b-
tree search libraries as part of the AGBNP library, in order to reduce the memory and
compute requirements, and the automatic derivation of the van der Waals radii of atoms
from the self-interaction potentials.

A. I'ppHuapos, H. NimeBa, E. J/Iunkosa, JI. JIutos, C. Mapkos, II. ITerkos, 1. Togopos,
Pa3paboTBaHe Ha YCHBBPILIEHCTBAH MO/ Ha HesiBeH pa3tBoputes B DL_POLY

Pe3rome:

bubnmvoTeka, WMIUIeMeHTHpAllla Mojiesia Ha HesiBHWsS pastBoputen AGBNP2 [1, 2],
pa3paboreHa B pamkute Ha PRACE-2IP [3], e uHTerpupaHa B MakeTa 3a MOJeKy/Ha
muHamuka DL_POLY_4 [4], 3a ga ce yckopud BpemeTO 3a pellleHWe 3a TIpoLiecuTe Ha
cornBaralys Ha TIpoTeMHHU. Karo 15710, MofieUTe 3a HesSIBHU pa3TBOPUTENM oOJieKuaBat
W3YMC/IMTeSTHOTO HAaTOBapBaHe KAaTO HaMassBaT CTeleHWTe Ha CBoOozja Ha Mogerna,
rpemMaxBaT Te3W Ha pa3TBOpUTeISI M [0 TO3M HauWH Ce KOHLIeHTpUpaT CaMO BbPXY
JIMHaMMKaTa Ha IIPOTeMHa, KOATO Ce y/jeCHsBa OT JIIICAaTa Ha TPUeHe C MOJIeKYJIUTe Ha
pastBopuTesis. OCBeH TOBa, IEPUOAUYHUTE TPAaHUYHU YC/IOBUSI Beye He Ce H3UCKBaT
(opmasHo, Thii KaTto efeKTpOCTaTUUHU W3UMC/IeHHs Ha JlaZledHyd pa3CTOsiHUSL He Morar Jia
ce TipwiaraT KbM CHUCTeMH C TIPOMEH/IMBA JUesleKTPUYHa IpPOHULIaeMOoCT. MozensT Ha
HesiBeH pa3tBopuTes1 AGBNP2 nozmo6psia KOHGOPMAaI[MOHHOTO 00XOXKIaHe TPU TUHAMUKA
Ha IPOTerHU KaTo BKJIOYBA B/IMSHMETO Ha IOBbPXHMHATA, JOCTHIIHA 3a pa3TBOpUTes, U
edeKTUTe Ha BOJOPOJHU BPB3KMU BOZa-NMPOTEMH KaTO MHTEPAaKTUBHU KOPEKLMU Ha CUIUTe
BbPXy aTOMWUTe Ha TIOBbPXHOCTTa Ha TMpoTerHa. ToBa M3MCKBa pa3paboTBaHeTO Ha
MO XOJALM CTPYKTYPH 3a OTUETHOCT Ha [JaHHH, B CbOTBETCTBHE C paMKara 3a pasjaraHe Ha
nomeiiHa Ha DL_POLY c auHamMu4HO peryivpyemMa B3aMMOCBbP3aHOCT 3a OIMCBaHe Ha
MpOTEeMHOBAaTa TMOBBPXHOCT. PaboTara ChHIIO0 Taka W3MCKBA H3MOM3BAHETO HA
YCBBBPIIIEHCTBAaHU OMO/MMOTeKH 3a ThpCeHe Ha b-AbPBO KaTo YacT oT OubsmmoTekara Ha
AGBNP, 3a ga ce HamMa/iAT WM3UCKBAaHUATA 3a TIAMET W U3UYHC/IEHWe, U aBTOMAaTUYHOTO
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v3BeXXJaHe Ha paauycuTe Ha Ban pgep Baasnc Ha aromuTre OT TOTeHIManWTe Ha
CaMOB3auMO/IENCTBHE.
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Iy6nmkanusa .17

P. Petkov, D. Grancharov, S. Markov, G. Georgiev, E. Lilkova, N. Ilieva, L. Litov,
Massively parallel Poisson Equation Solver for hybrid Intel Xeon — Xeon Phi HPC Systems,
PRACE Whitepapers (2017), DOI:10.5281/zenodo.822701

Abstract:

We have optimized an implementation of a massively parallel algorithm for solving the
Poisson equation using a 27-stencil discretization scheme based on the stabilized
biconjugate gradient method. The code is written in the C programming language with
OpenMP parallelization. The main objective of this whitepaper lies in the optimization of
the code for native Intel Xeon Phi execution, where we observe nearly linear scalability on
the MIC architecture for the bigger problem sizes.

II. ITerkos, . I'psHuapoB, C. Mapkos, I I'eoprues, E. Jlunkosa, H. Nnuesa, JI. JIuTtoB,

MacuBHO mapasnenHo peiieHue Ha [ToacoHoBo ypaBHeHMe 3a xubpugHu HPC cucremu Intel
Xeon — Xeon Phi

Pe3rome:

OntumusupaxMe peanu3aliss Ha MacCHBeH IapajieJleH alIrOpuTbM 3a pelllaBaHe Ha
ypaBHeHHeTO Ha [loacoH, W3ros3BaliKy AMCKpPeTHU3allMOHHA CXeMa C 27-TOUKOB I1a0JoH,
OasupaHa Ha MeToZia Ha CTaOMIM3UPAHUs IBOMHO CIIperHar rpaiveHt. KoabT e HamvcaH Ha
e3rka 3a nporpamupase C c napasnenusupade Ha OpenMP. OcHoBHara Lie1 Ha CTaTUs ce
KpHe B ONTHMH3UpaHeTO Ha Ko/la 3a U3Mb/IHeHUe B native pexkuM Ha Intel Xeon Phi, kbeTo
HaOsrozjaBaMe TOUTH JIMHeHa CKalvpyeMocCT Ha apxuTektypara Ha MIC 3a no-ronemure
pasMepu Ha 3a/jauara.

27127



