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Abstract

ORF®6 is responsible for suppressing the immune response of cells infected by the SARS-CoV-
2 virus. It is also the most toxic protein of SARS-CoV-2, and its actions are associated with the
viral pathogenicity. Here, we study in silico and in vitro the structure of the protein, its
interaction with RAEL and the mechanism of action behind its high toxicity. We show both
computationally and experimentally that SARS-CoV-2 ORF6, embedded in the cytoplasmic
membranes, binds to RAE1 and sequesters it in the cytoplasm, thus depleting its availability in
the nucleus and impairing nucleocytoplasmic mRNA transport. This negatively affects the
cellular genome stability by compromising the cell cycle progression into the S-phase and by
promoting the accumulation of RNA-DNA hybrids. Understanding the multiple ways in which
ORF6 affects DNA replication may also have important implications for elucidating the
pathogenicity of SARS-CoV-2 and developing therapeutic strategies to mitigate its deleterious
effects on host cells.

E. Kpbumapoga, Il. Ilerkos, E. JInakosa, H. UnuneBa, M. Panresos, H. Tonoposa, K.
Manunosa, P. XpucrtoBa, I. HaueBa, I'. HaueBa, A. l'ocnonuunos, JI. JIutoB, Ananus Ha
MexaHM3Ma Ha JeiicTBue Ha OenThKka Ha Bupyca SARS-CoV-2 ORF6

Pe3rome

ORF6 e oTroBopeH 3a NOTHUCKAHETO Ha MMYHHHs OTIOBOp Ha KJIETKHM, 3apa3eHu C BHpyca
SARS-CoV-2. Toii e cbiio Taka Hail-TOkCHYHUAT O6enTbk Ha SARS-CoV-2, a neiictBusita My
ca CBbp3aHU C BUPYJIEHTHOCTTa Ha BUpyca. Hue uscneasame in silico u in vitro cTpykTypara
Ha 6enThKa, HeroBoTo B3aumoeicTere ¢ RAE] 1 MmexaHu3Ma Ha ielicTBUE Ha HEroBara BUCOKa
TOKCMYHOCT. [loka3Bame, KakTO 4Ype3 MOJEKYIHO JUHAMMYHU CHUMYJIALMM, Taka |
excriepuMeHTanHo, 4e O0enTbkbT Ha SARS-CoV-2, ORF6, BrpageH B UUTOMIA3MEHUTE
MeMmOpaHnu, ce cBbp3Ba ¢ RAEL u ro 3axbpxka B LUTOIUIa3MaTa, KaTo 10 TO3U HaYWH U34epIiBa
HEerosaTa HaJM4YHOCT B AIpOTO M HapyllaBa sApeHO-LuToIIazmMeHus tpaHcnopt Ha nPHK.
ToBa HeraTuBHO BiMsi€ BbpPXy CTAOMJIIHOCTTA Ha KJIEThYHHUS T'€HOM, KaTo KOMIIPOMETHpa
HamnpebKa Ha KJIEThbUHUS IUKBJ B S-¢aza u HackpuaBa HatpynBaHeTo Ha PHK-JITHK xubpuau.
Pa3bupanero Ha MHOro6poitHutre HaunmHH, Mo kouto ORF6 Biuse BbpXy peniukanusta Ha
JIHK, moxe na mma BaKHU TOCJIEIHITY 3a M3sICHsABaHEe Ha maroreHHocTTa HAa SARS-CoV-2 n
pa3paboTBaHETO Ha TEPANEBTUUHU CTPATETUH 3a CMEKYaBaHE HAa BPEIHUTE MY €(EKTH BbPXY
KJIETKUTE Ha TOCTONPUEMHUKA.
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Ilvoaukanus B4.2

Krachmarova, E.; Petkov, P.; Lilkova, E.; Ilieva, N.; Rangelov, M.; Todorova, N.;
Malinova, K.; Hristova, R.; Nacheva, G.; Gospodinov, A., Litov, L. Insights into the SARS-
CoV-2 ORF6 Mechanism of Action. Int. J. Mol. Sci. 2023, 24, 11589.
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Abstract

The ORF6 protein of the SARS-CoV-2 virus plays a crucial role in blocking the innate immune
response of the infected cells by inhibiting interferon pathways. Additionally, it binds to and
immobilises the RAEL protein on the cytoplasmic membranes, thereby blocking mRNA
transport from the nucleus to the cytoplasm. In all these cases, the host cell proteins are tethered
by the flexible C-terminus of ORF6. A possible strategy to inhibit the biological activity of
ORF®6 is to bind its C-terminus with suitable ligands. Our in silico experiments suggest that
hIFNy binds the ORF6 protein with high affinity, thus impairing its interactions with RAE1
and, consequently, its activity in viral invasion. The in vitro studies reported here reveal a shift
of the localisation of RAE1 in ORF6 overexpressing cells upon treatment with hIFNy from
predominantly cytoplasmic to mainly nuclear, resulting in the restoration of the export of
MRNA from the nucleus. We also explored the expression of GFP in transfected-with-ORF6
cells by means of fluorescence microscopy and gRT-PCR, finding that treatment with
hIFNy unblocks the mRNA trafficking and reinstates the GFP expression level. The ability of
the cytokine to block ORF6 is also reflected in minimising its negative effects on DNA
replication by reducing accumulated RNA-DNA hybrids. Our results, therefore, suggest hIFNy
as a promising inhibitor of the most toxic SARS-CoV-2 protein.

E. Kpbumapoga, I1. [lerkos, E. JInakosa, /I. CrosanoBa, K. MaauunoBa, P. Xpucrona, A.
TI'ocmonunoB, H. WnueBa, I. HaueBa, JI. JlutoB UHTepdepoH-y Karo MmoTeHIHAIEH
nHxuoOuTop Ha akcecopHus 0entpk ORF6 Ha SARS-CoV-2

Pe3rome

CrpuiecTByBalUTe HayYHU U3Cie/IBaHus oKa3Bat, ye 0entbkbT ORF6 Ha Bupyca SARS-CoV-
2 urpae KJro4oBa poJis B OJJOKMPaHETO Ha BPOJICHUSI HMYHEH OTIOBOP Ha 3apa3eHUTE KIIETKH,
KaTo MHXUOMpa mHTepdepoHoBuTe MbTHINATa. OCBEH TOBa TOW C€ CBHP3Ba U MMOOMIM3MpA
o6entbka RAE] Ha nuTonnazmenute MeMOpanu, Thil kKaro Oimokupa tpancnopra Ha uPHK ot
SJIPOTO KbM IIUTOIUIa3MaTa. BbB BCUUKH Te3u cilydau, OEAThLIUTE Ha KJIETKaTa ca CBbP3aHU OT
noaBrxkHUS C-kpait Ha ORF6. Bb3MokHa cTparerus 3a MHXuOMpaHe Ha OMOJIOrMYHATa
aktuBHOCT Ha ORF6 e cBbp3Banero My ¢ nmoaxozsmu juraiau Ha C-kpas. Hamure in silico
eKcrepuMeHTH nojckassat, ye hIFNy ce cepp3Ba ¢ 6enTbkbT ORF6 ¢ Bucok adunutet, koeto
BOIM 10 HapyluaBaHe Ha B3ammogeictBueto My ¢ RAE] wu, cnenosarenHo, Ha Herosara
aKTMBHOCT MpHM BUpPyCHaTa MHBa3Ms. In vitro u3cienBaHUsTa, JTOKJIAJBaHU TYK, MOKa3Bar
n3MecTBaHe Ha Jokanu3auusta Ha RAEID B kmerkure, cBpbxekcnpecupaum ORF6, cien
tpetupane ¢ hlIFNy, oT mpeaumHo nuromia3MeHa KbM IJABHO SApEHAa, KOETO BOAM J0
Bb3CTaHOBsIBaHE Ha TpaHcnopra Ha UPHK ot sapoto. Ceiio Taka n3cineaBaxme eKcrpecusiTa
Ha GFP B knetkute, Tpanchexrupanu ¢ ORF6, upe3 duyopecuentna mukpockonus u qRT-
PCR, kato orkpuxme, uye Tperupanero c¢ hIFNy pas6nokupa Tpancnopra Ha uPHK nu
Bb3CTaHOBsIBA HUBOTO Ha ekcnpecust Ha GFP. CnocoO6HOocTTa Ha HUTOKMHHUTE Aa OJIOKUpAT
ORF6 cpi10 ce oTpas3siBa B HaMaJIsIBAHETO Ha HETaTUBHUTE My €(PEKTH BbPXY peIUIMKalUsITa
Ha JIHK upe3 namanssane Ha Hatpymanute xubpumu mexay PHK u JIHK. Cnegosarenno
HaIluTe pe3ynraTu nojckasnar, ue hIFNy e oOemaBain nHXUOUTOp Ha HAl-TOKCUYHUS OEITHK
Ha SARS-CoV-2.
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Ilyoaukamusa B4.3

Miladinova, E., Lilkova, E., Krachmarova, E., Malinova, K.,Petkov, P., Ilieva, N.,
Nacheva, G., Litov, L. Heparan sulfate facilitates binding of hIFNYy to its cell-surface receptor
hIFNGRI, Int. J. Mol. Sci. 2022, 23, 9415, doi: 10.3390/ijms23169415

Abstract

Human interferon-gamma (hIFNy) is a crucial signaling molecule with an important role in the
initialization and development of the immune response of the host. However, its aberrant
activity is also associated with the progression of a multitude of autoimmune and other
diseases, which determines the need for effective inhibitors of its activity. The development of
such treatments requires proper understanding of the interaction of hIFNyyto its cell-surface
receptor hIFNGR1. Currently, there is no comprehensive model of the mechanism of this
binding process. Here, we employ molecular dynamics simulations to study on a microscopic
level the process of hIFNy—hIFNGR1 complex formation in different scenarios. We find that
the two molecules alone fail to form a stable complex, but the presence of heparan-sulfate-like
oligosaccharides largely facilitates the process by both demobilizing the highly flexible C-
termini of the cytokine and assisting in the proper positioning of its globule between the
receptor subunits. An antiproliferative-activity assay on cells depleted from cell-surface
heparan sulfate (HS) sulfation together with the phosphorylation levels of the signal transducer
and activator of transcription STATL1 confirms qualitatively the simulation-based multistage
complex-formation model. Our results reveal the key role of HS and its proteoglycans in all
processes involving hIFNy signalling.

E. MuaagunoBa, E. JInakoBa, E. Kppumaposa, K. Maannosa, I1. Ilerkos, H. UnueBa, I'.
HaueBa, JI. JlutoB Xemapan cyndarsT moamomara cbp3Banero Ha hIFNy ¢ HeroBus
kierbyeH peuentop hIFNGRI.

Pe3rome

Yogewkuar untepdepon-rama (hIFNy) e xirouoBa curHaigHa MoJeKyjda C BaKHa pojs B
MHULMANA3alMITa U Pa3BUTHETO HAa MMYHHUS OTIOBOp Ha opraHusMma. Bbhnpeku ToBa,
Heropara HeoOWYaliHa aKTHBHOCT CBIIO € CBbp3aHa C MPOTrpecusra Ha MHOXKECTBO
aBTOMMYHHHU U JIpYTH 3a00JIsIBaHUs, KOETO ONpeAess HyKJaTa OT epeKTUBHU MHXUOUTOPHU Ha
HeroBaTa akTUBHOCT. Pa3pa0oTBaHeTo Ha TakoBa JE€UEHMs M3MCKBA MPABWIHO pa3dupaHe Ha
B3aumoeiicteuero Ha hIFNy ¢ nerous knervuen peuentop hIFNGR1. B momenrta Hsima
U3ueprnareaceH MOZEN] Ha MEXaHM3Ma Ha TO3M IpOLEeC Ha cBbp3BaHe. Tyk wu3snosi3Bame
MOJIEKYJIHa IMHAMUKa, 32 J1a U3Ccje/IBaMe Ha MUKPOCKOIICKO HHBO Ipolieca Ha oOpa3yBaHe Ha
komruiekca hIFNy-hIFNGRI1 B pa3znuunu ycioBus. Y cTaHOBSIBaMe, 4e JBETE MOJIEKYJIM CaMU
1o cebe cu He MoraT Jia 00pa3yBaT CTa0MIIEH KOMIUIEKC, HO IPUCHCTBUETO HA OJIMTO3aXapy/iu,
noJJOOHM Ha XemapaH cyidar, 3HAYUTENHO YJECHsSBa IMpolieca, KaTo CTaOWiIM3upa CHIIHO
rbBKaBuTe C-Kpauilla Ha IMTOKHWHA, Taka M IOJANOMAara MpaBHJIHOTO MO3UIIMOHUPAHE Ha
HeroBara TIJIo0ysa MeXJy pelenTOpHuTe CyOeauHHLU. AHTUIpoiudepaTuBeH TecT Ha
KJICTKH, JIMIICHH OT KJIEThYHO TOBBPXHOCTHA CysdaTuzanus Ha xenapas cyndat (HS), 3aeqHo
C HUBaTa Ha (ocdopuiupane Ha CUTHAJIHUS TPAHCAYKTOP M aKTUBAaTOp Ha TPAHCKPUIIIHUITA
STATI, kadecTBeHO TOTBBP)K/IaBa MoOjena Ha oOpasyBaHe Ha KOMIUIEKCa, Oa3upaH Ha
cumynanuu. Hammre pesyntatu paskpuBar KiaroyoBara pois Ha HS u  HeroBute
MPOTEOTIMKAHU BbB BCUUKH MPOLIECH, CBbP3aHU ChC curHanu3amnusaTa Ha hIFNy.
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IIvoaukanus B 4.4

Litov, L., Petkov, P., Rangelov, M., Ilieva, N., Lilkova, E., Todorova, N., Krachmarova E,
Malinova, K., Gospodinov, A., Hristova, R., Ivanov, 1., Nacheva G. Molecular Mechanism
of the Anti-Inflammatory Action of Heparin. Int. J. Mol. Sci. 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-6Ra, 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. JIutos, II. IlerkoB, M. PanrenoB, H. Hauea, E. JInnkosa, H. Tomoposa, E.
KpbumapoBa, K. MaaunoBa, A. I'ocnmonunos, P. Xpucrosa, . UBanos, I. Hauesa,
MosnexkyneH MEXaHU3bM Ha IPOTUBOBB3NAJIUTEIHOTO IEWCTBUE HA XEIIapUHA

Pe3rome

Hamara nein e 1a paskpyueM MOJEKYJIHUsS MEXaHU3bM Ha MPOTUBOBB3IAIUTEIHOTO IECHCTBUE
Ha HuckomonekynHuss xemapuH (LMWH) Bb3 ocHOBa Ha HEroBOTO BIUSHHUE BbPXY
aKTUBHOCTTa Ha JBa kito4oBH muTokMHA, IFNy m IL-6. MexaHusmbT Ha CBbp3BaHE Ha
xenapuHa ¢ IFNy u IL-6 m mocnenBamoro HMHXMOMpaHe Ha TAXHATa AKTHUBHOCT Osxa
n3cneaBaHy ype3 oomupau cumynanuu. EQextst Ha LMWH Bbpxy curnanuzanusara Ha [FNy
BbTpe B cTuMmynupanu WISH kierku Oemie u3cienBaH upe3 H3MEpBaHE Ha HEroBara
aHTumnponudepaTiBHa aKTUBHOCT M TpaHciokamusaTa Ha docdopunupan STAT1 B siapoTo.
VYeranosuxme, e LMWH ce cBbp3Ba ¢ Bucok adunuter ¢ IFNy u e cnocobeH HambJIHO Ja
MHXHOMpa B3aUMOJICHCTBHETO C HEroBUsl KieThbueH penentop. Toil chbIIO BiIHAE BBPXY
OouonornuHata akTuBHOCT Ha IL-6, kato ce cBbp3Ba kakTo ¢ IL-6, Taka u ¢ IL-6/IL-6Ra, kato
0 TO3M HauMH MpenoTsBparsiBa ¢opmupanero Ha komriuiekca IL-6/IL-6Ra/gpl30. Tesu
OTKPUTHS XBBPJIAT CBETIMHA BBPXY MOJICKYJIHHMS MEXAaHU3BM Ha IPOTHUBOBB3IAIUTEIHOTO
neiicreue Ha LMWH u nopuepraBar HeroBara CocOOHOCT Ja BiHsie ONaronpHsITHO BbPXY
CBbCTOSIHUS, XapaKTEPU3UPAHU CHC CBPBXEKCIIPECUs HA TE3U JBA IUTOKUHA. TakuBa CbCTOSHUS
ca CBbp3aHM HE CaMO C aBTOMMYHHU 3a00JIIBaHuUs, HO CHIUIO U C Bb3MAJIUTEIHU MPOLIECH, 110-
cneupanHo ¢ COVID-19. Hammute pesyiraTtd NpencTaBsIT XemapuHa KaTo oOeriaBario
CPEICTBO 3a MPEBEHIUS U MOTHCKaHEe Ha TeXKU CIydyail Ha CHHAPOM Ha OCBOOOKIaBaHE HA
LUTOKMHHA M HAChpPUaBaT I10-HATATBIIHU W3CIIECABAHMS BbPXY HEroBara IPWJIOKMMOCT KaTro
MIPOTUBOBB3NAIUTEIICH areHT.
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Hyoaukamusa B 7.1

P. Ossowicz —Rupniewska, J. Klebeko, E. Swiqtek, J. Szachnowska, E. Janus, M.
Rangelov, N. Todorova, S. G. Taneva, E. Krachmarova, M. Guncheva Binding behavior
of ibuprofen-based ionic liquids with bovine serum albumin: Thermodynamic and molecular
modeling studies, J. Mol. Liq. 2022, 360, 119367, doi:10.1016/j.molliq.2022.119367°

Abstract

Ionic liquids based on active-pharmaceutical ingredients are an attractive alternative to
classical drugs because they are able to overcome problems with drug solubility and
polymorphism, hence bioavailability and as well as to propose different routes of
administration and/or improve the pharmacokinetics of the drug.

In this manuscript, we report the synthesis of nine amino acid alkyl esters of ibuprofen
[AAOR][Ibu]. The estimated half-maximum inhibitory constants toward murine embryotic
fibroblasts and human dermal keratinocytes are in the millimolar range, which makes them
practically not toxic. The conversion of ibuprofen into ionic liquids does not affect the binding
affinity of ibuprofen to bovine serum albumin (BSA). Molecular modeling studies have shown
that bulky cations such as L-PheOEt and L-PheOPr are able to bind effectively in three different
BSA binding sites. On the other hand, smaller cations preferably bind to Sudhow’s site I, the
same that binds ibuprofen.

P. Ossowicz —Rupniewska, J. Klebeko, E. Swiqtek, J. Szachnowska, E. Janus, M.
PanresioB, H Tonoposa, C. I. TaneBa, E. KppumapoBa, M. I'ynueBa [Ipoduin Ha cBbp3BaHe
Ha WOHHM TEYHOCTH, OazupaHu Ha wuOonpydeHa, C TOBEKIU CEpyMEH alOyMHH:
TepmonMHaMUYHU U MOJIEKYJISIPHO OMOJIOTUYHO U3CJICIBAHUS

Pe3rome

MonnuTe TeyHOCTH, GAa3MPaHM HA AKTHBHHM (DapMAlCBTHUHHM CHCTABKM Ca MPHBIIEKATENHA
aliTepHaTHBA Ha KIIACUYECKUTE JIEKapCTBa, Thil KaTO ca CIIOCOOHU J1a MPEOA0JIEAT IpodIeMuTe
ChC PA3TBOPUMOCTTAa M MOMMMOpPHU3Ma Ha JeKapcTBaTa, a CJIEIOBaTeIHO U C TAXHATa
OMOHAIMYHOCT, KaKTO U J1a MPEUI0KAT Pa3InYHU HAUMHU Ha MIPUIIOKEHNE W/WIIK J1a TOJ00PST
(hapMakOKUHETHKATa HA JIEKapPCTBOTO.

B Ta3u craTus nokasBame CUHTE3a Ha I€BET aMUHOKHUCEJIMHHH AJIKUITHU €CTepu Ha HOynpodeH
[AAOR][Ibu]. OueHeHnute MONTyMaKCUMaTHH HWHXUOUTOPHH KOHCTAHTU CIPSIMO MHUIIU
eMOpuoHanHu (uOPOOIACTH M YOBELIKH JI€pMalIHU KEPAaTUHOLUTU Ca B MIJIMMOJIAPHUS
JMarna3oH, KOETO T'M MpaBU MPAKTUYECKU HeTOKCHYHU. [IpeBpbiianeTo Ha uOymnpodeH B HOHHU
TEYHOCTU HE BIIMsIE BbpXY aMHUTETA Ha CBbp3BaHE Ha MOyNpodeH KbM TOBEXIHU CEpyMEH
anoymun (BSA). MonekynHOTO MojenupaHe IOKa3Ba, 4ye MO-TOJIEMUTE KaTHMOHM KaTto L-
PheOEt u L-PheOPr Morar ga ce cBbp3BaT €(heKTUBHO B TPHU PA3IMYHU CBBHP3BAIIU CaiiTa Ha
BSA. Ot apyra ctpaHa, mo-MaJIKUTE KATHOHH MPEANOYUTAT JIa € CBbP3BaT KbM caiiT Sudhow
| - chIIUAT, KOWTO CBBpP3Ba HOYTIPOGEH.
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IIvoaukanus B 7.2

J. Klebeko, P. Ossowicz -Rupniewska, E. Swiqtek, J. Szachnowska, E. Janus, S. G.
Taneva, E. Krachmarova, M. Guncheva, Salicylic acid as ionic liquid-formulation may
have enhanced potency to treat some chronic skin diseases, Molecules, Molecules 2022,
27(1), 216; doi: 10.3390/molecules27010216;

Abstract

In recent years, numerous studies have shown that conversion of conventional drugs in ionic
liquid (IL) formulation could be a successful strategy to improve their physicochemical
properties or suggest a new route of administration. We report the synthesis and detailed
characterization of eight salicylic acid-based ILs (SA-ILs) containing cation non-polar or
aromatic amino acid esters. Using in vitro assays, we preliminary evaluated the therapeutic
potency of the novel SA-ILs. We observed that conversion of the SA into ionic liquids led to a
decrease in its cytotoxicity toward NIH/3T3 murine embryo fibroblasts and human HaCaT
keratinocytes. It should be mentioned is that all amino acid alkyl ester salicylates [AAOR][SA]
inhibit the production of the proinflammatory cytokine IL-6 in LPS-stimulated keratinocytes.
Moreover, keratinocytes, pretreated with [PheOMe][SA] and [PheOPr][SA] seem to be
protected from LPS-induced inflammation. Finally, the novel compounds exhibit a similar
binding affinity to bovine serum albumin (BSA) as the parent SA, suggesting a similar
pharmacokinetic profile. These preliminary results indicate that SA-ILs, especially those with
[PheOMe], [PheOPr], and [ValOiPr] cation, have the potential to be further investigated as
novel topical agents for chronic skin diseases such as psoriasis and acne vulgaris.

J. Klebeko, P. Ossowicz -Rupniewska, E. Swiqtek, J. Szachnowska, E. Janus, C. I.
TaneBa, E. KpprumapoBa, M. I'yHueBa CanuiuioBara KucennHa, moj (GopMara Ha HOHHA
TEYHOCT, MOXKE J]a MMa TOBHIIEHA €(PEKTHBHOCT 3a JICUEHUE HA HAKOM XPOHUYHU KOKHU
3a001sIBaHUsA

Pe3rome

IIpe3 mocneaHuTe TOIMHM MHOXKECTBO H3CIIEIBAHUS IOKa3zaxa, ye IMpeoOpa3yBaHETO Ha
KOHBEHIIMOHAJTHUTE JieKapcTBa B HoHHa TeuHoCT (IL) moxke na Obae ycmemrHa crparerus 3a
noJi00psiBaHEe Ha TEXHUTE (PU3UKOXMMHUYHHU CBOMCTBA WJIM HOB HA4YMH 3a mpuioxeHue. Tyk
MOKa3BaMe€ CHHTE3a M JeTaljHaTa XapakTepUCTHKa Ha OCeM WOHHM TEYHOCTH Ha 0asa
canmuioBa kucenuHa (SA-ILs), chabpKalld HEMONSAPHU WM apOMAaTHU aMUHOKHCEITUHHU
ecTepu KaTo KaTHOHU. M3mom3Baiiku in  Vitro aHaiu3W, NpPEeIBapUTEIHO OLIEHUXME
TepaneBTUYHUS NoTeHnuan Ha HoBute SA-ILs. HabmronaBaxme, ye mpeoOpa3yBaHeTo Ha SA B
HOHHU TEYHOCTH BOJM JIO0 HaMajsBaHE Ha IUTOTOKCHYHOCTTA M KBbM MHIIU €MOPHUOHAIHH
¢ubpodnactu NIH/3T3 u yosemku keparuHouut HaCaT. Tpsi6Ba 1a ce criomeHe, 4e BCUUKU
AMUHOKHCEIIMHHN alnKuiaHu ectep caymmmiatd [AAOR][SA] uaxuOupar mpoayKiusTa Ha
npoBb3nanuTenHust 1UTokuH IL-6 B LPS-ctumynupanu keparuHorutu. OcCBeH TOBa,
KepaTUHOIUTHTE, peaBaputenHo Tpetupanu ¢ [PheOMe][SA] u [PheOPr][SA], uzrnexna ca
3anmmTeHd oT LPS-unaynupano Bb3manenue. HoBuTe ChEIUHEHHs MPOSBSIBAT CXOJCH
aUHUTET Ha CBbpP3BaHE KbM IOBEXKIN CEpyMeH alOyMHUH, CpaBHUM ¢ SA, KOETO Mpearnonara
cxozieH (apMakoKuHeTH4YeH mpodui. Te3u mpeaBapuTenHu pe3yinTaTH nokassar, ue SA-ILs,
ocobeno te3u ¢ karuoHu [PheOMe], [PheOPr] u [ValOiPr], umar nmorenmman na Obaar
JOM'BJIHUTEITHO U3CTIeIBAHM KaTO HOBHM areHTH 3a JICYEHUE Ha XPOHUYHU KOKHU 3a00JIsIBaHUS
KaTo MCOpPUA3NC U aKHE ByJIrapuc.
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P. Ossowicz, E. Janus, J. Klebeko, E. Swiatek, P. Kardaleva, S. Taneva, E. Krachmarova,
M. Rangelov, N. Todorova, M. Guncheva, Modulation of the binding affinity of naproxen to
bovine serum albumin by conversion of the drug into amino acid ester salts. J. Mol. Liq. 319
2020, 114283, doi: 10.1016/j.mollig.2020.114283

Abstract

Naproxen (NAP) is one of the most widely prescribed non-steroidal anti-inflammatory drugs.
Novel formulations of NAP aiming at better water-solubility, dosage, and the onset of action
or new routes of application in order to minimize or prevent side effects of NAP are in the
current interest of the pharmaceutical industry. Here, we report the synthesis, chemical, spectral
and physicochemical characterization of a series of salts containing cations amino acid alkyl
esters (AAE) and NAP anion, which potentially can be used as novel drug formulation. The [L-
AAE][NAP] were obtained in three steps: preparation of the AAE hydrochlorides,
neutralization of the hydrochlorides to the corresponding AAE, and formation of the target
organic salts. All NAP derivatives, tested at a concentration as high as 100 uM, exhibited no
toxicity against murine macrophage cell line (RAW 264.7). The binding parameters and
stoichiometry of [AAE][NAP]s to bovine serum albumin (BSA) are in the range of that
estimated for the parent NAP. Only L-valine isopropyl ester naproxenate characterizes with
about one order of magnitude lower binding affinity for BSA, which suggests a faster diffusion
rate in the circulatory system than the parent NAP and other derivatives, and therefore faster
reach to the target system. Using molecular modeling seven binding pockets of BSA were
probed for their suitability to binds the cation and the anion and results are discussed in
correlation with the obtained thermodynamic parameters for the binding of NAP derivatives to
BSA.

P. Ossowicz, E. Janus, J. Klebeko, E. Swiatek, II. Kappnanesa, C. TaneBa, E. Kppbumaposa,
M. PanresnioB, H. TogopoBa, M. I'ynueBa, Moxaymnanus Ha aduHUTETAa HA CBHP3BaHE Ha
HanpoOKCEeH KbM TOBEXKIU CEpyMeH anOyMHH dYpe3 mpeoOpa3dyBaHe Ha JEKapCTBOTO B
AMUHOKHUCEIIMHHUA €CTEPHU COJIU

Hanpokcen (NAP) e eaHo oOT  Hal-IIMPOKO  OPEANHUCBAHUTE  HECTEPOUIHU
MIPOTUBOBB3NANMTENHHU JiekapcTBa. HoBute popmu Ha NAP ca pazpaborenu c men mo-godpa
BOZIOPA3TBOPUMOCT, IO3UPOBKA, HAYaJI0 Ha JIEHCTBUE. UM HOBU HAYMHU Ha MPUIIOKEHHUE C LIET
MUHUMU3HUpAHE WU MpeAoTBparsBaHe Ha cTpaHuuHuTe edexktu Ha NAP u mpencrasissar
TEKyIll HHTepec 3a (papmaiieBTUYHaTa HHAYCTpHs. TyK JOKIIagBamMe 3a CHHTE3a, XUMHUECKara,
CIEKTpajiHaTa U (PU3MKOXMMHYHATA XapaKTePUCTHKA HA CEpUsl COJM, ChIBPXKALIUM KAaTHOHU
amMuHOKUcenuHHu ankuiaHu ectep (AAE) u NAP aHnoH, KOUTO MOTEHIIMATIHO MOTar J1a Obaat
U3MOJI3BaHU Karo HOBU JekapcTBeHu (opmynanuu. [L-AAE][NAP] 6sxa nomydeHu B Tpu
CTBIKU: MOAroToBKa Ha AAE XuJIpoxiopuau, HEyTpaldu3aluus Ha XHUAPOXJIOPUIUTE IO
crorBeTHUTE AAE 1 hopmupane Ha neneBute oprannyHu conu. Beuuku mpousBomaan Ha NAP,
TeCTBaHU MpH KoHIeHTpatus 10 100 uM, He mokazaxa TOKCHYHOCT Cpellly MUIITH Makpodarosa
kierbuHa TuHusg (RAW 264.7). Cebp3Baniute mapametpu u crexuomerpusta Ha [AAE][NAP]
c ToBexau cepymeH anOymuH (BSA) ca B auamazoHa Ha olleHeHUTE 3a pomutenckus NAP.
CaMo0 M30MpONWIOBUAT €CTEpP Ha BAJIMH HAIPOKCEHAT C€ XapaKTepu3upa ¢ MPHOIU3UTETHO
€IMH TOPSIBK MO-HUCKA CBhp3Bala apuHUTETHOCT KbM BSA, xoeto mpenmonara mo-0mp3a
nudy3us B KpbBOHOCHaTa cuctema oT NAP u pyru mpou3BOIHU, U CIIEIOBATEIIHO MO-0bP30
JOCTUTaHe J0 LieneBata cucrema. Upe3 MOJIEKYJIHO MoJenupaHe Osxa HM3CIIEABAHU CEleM
cBBbp3BamM Mxko0a Ha BSA 3a TaxHara crmocoOHOCT jJa CBbp3BaT KaTHOHA W aHWOHA, a
pesyaTarute 0sxa OOCH/IEHU B KOpeialus C MOJyYCHHUTE TePMOJUHAMHUYHU TMapameTpu 3a
cBbp3BaHeTo Ha NAP npousBoanu kbM BSA.
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E. Krachmarova, 1. Ivanov, G. Nacheva, Nucleic acids in inclusion bodies obtained from E.
coli cells expressing human interferon-gamma. Microbial Cell Factories, 2020, 19:139. doi:
10.1186/s12934-020-01400-6

Background

Inclusion bodies (IBs) are protein aggregates in recombinant bacterial cells containing mainly
the target recombinant protein. Although it has been shown that IBs contain functional
proteins along with protein aggregates, their direct application as pharmaceuticals is hindered
by their heterogeneity and hazardous contaminants with bacterial origin. Therefore, together
with the production of soluble species, 1Bs remain the main source for manufacture of
recombinant proteins with medical application. The quality and composition of the IBs affect
the refolding yield and further purification of the recombinant protein. The knowledge
whether nucleic acids are genuine components or concomitant impurities of the IBs is a
prerequisite for the understanding of the IBs formation and for development of optimized
protocols for recombinant protein refolding and purification. IBs isolated from Escherichia
coli overexpressing human interferon-gamma (hIFNy), a protein with therapeutic application,
were used as a model.

Results

IBs were isolated from E. coli LE392 cells transformed with a hIFNy expressing plasmid
under standard conditions and further purified by centrifugation on a sucrose cushion,
followed by several steps of sonication and washings with non-denaturing concentrations of
urea. The efficiency of the purification was estimated by SDS-PAGE gel electrophoresis and
parallel microbiological testing for the presence of residual intact bacteria. Phenol/chloroform
extraction showed that the highly purified IBs contain both DNA and RNA. The latter were
studied by UV spectroscopy and agarose gel electrophoresis combined with enzymatic
treatment and hybridization. DNA was observed as a diffuse fraction mainly in the range of
250 to 1000 bp. RNA isolated by TRIzol® also demonstrated a substantial molecular
heterogeneity. Hybridization with 32P-labelled oligonucleotides showed that the 1Bs contain
rRNA and are enriched of hIFNy mRNA.

Conclusions

The results presented in this study indicate that the nucleic acids might be intrinsic
components rather than co-precipitated impurities in the 1Bs. We assume that the nucleic
acids are active participants in the aggregation of recombinant proteins and formation of the
IBs that originate from the transcription and translation machinery of the microbial cell
factory. Further studies are needed to ascertain this notion.

E. Kpbumaposa, U. UBanos, I'. Hauesa l3011pane Ha HyKJIEMHOBH KHCEJIMHU OT BKIIFOYEHU
Tenua ot kietku Ha E. Coli, ekcripecupaliiy YoBeIKU HHTeppepoH-TraMma

KoHnTekcT Ha M3C/IeABAHUATA

Bxutouenute tenua (IBs) ca GenTbuHM arperati B peKOMOMHAHTHUTE OAKTEpPHATIHH KIIETKH,
ChJIbPIKaIIM MPEIUMHO LEJNEeBHUsI peKOMOMHAHTEH OenThK. Bbhopeku ye e nokaszaHo, ye 1Bs
ChIbpPXKAT KaKTO (YHKIMOHATHM OeNThIM, Taka M OENThUHM arperatd, NPSKOTO UM
MPUIIOKEHUE KaTo (papMaleBTHYHH MTPETIapaTy € Bh3MPEMITCTBAHO OT TSXHATA XETEPOTeHHOCT
u OakrepuaaHu oHeuncTBaHUs. [lopaau Tasu mpUYMHA, 3a€AHO C Pa3TBOPHMATA €KCIIPECHs,
IBs ocTtaBar OCHOBHUST WM3TOYHHUK 3a IPOW3BOJICTBO HAa PEKOMOMHAHTHH OENTBHIHM C
MEIUIUHCKO MpuiiokeHue. KayecTBoTo u cbeTaBbT Ha IBs BIUsAAT BbpXy 100MBa, MPaBHUIIHOTO
HarbBaHe M MO-HATATHITHOTO NIPEYNCTBAHE Ha peKOMOWHAHTHUS OenThK. MH]opMarms 3a Toa
Jlay HYyKJICMHOBUTE KHCEJIHHU Ca ChbCTaBHU KOMIIOHEHTH WJIM CHITBTCTBALIM NpuMecH Ha IBs
e TpenmocraBKa 3a pa3OmpaHero Ha oOpasyBaHero Ha IBs m 3a paspaGorBaHeTro Ha


http://dx.doi.org/10.1186/s12934-020-01400-6

ONTUMU3HPAHU TPOTOKOJIM 3a TIOBTOPHO HArbBaHE M MPEYUCTBAHE HA PEKOMOMHAHTHHUS
oentpk. Karo wmomen Osixa wusnomsBanm [Bs, w3omupanu ot Escherichia  coli,
cBpbXekcnpecupan voBemku uHTepdepon-rama (hIFNy), Oenrbk ¢ TepaneBTUYHO
MPUIIOKEHUE.

Pe3yararu

IBs Osixa M30MMpaHd NpH CTaHJAPTHH YCJIOBUS OT KieTkute Ha Escherichia coli LE392
Tpanchopmupanu ¢ miaazmua excrpecupani hIFNy, u 6gxa JOMBIHUTETHO NPEUUCTEHU Ype3
HeHTpo(yrupane BBPXY 3axapo3Ha BB3IVIABHMIA, IOCIEIBAHO OT HSKOJIKO CTBIKU Ha
o3ByuaBaHe ¢ ynTpa3Byk. CienBamiara cTblika Oeme npomuBaHe Ha IBs ¢ Hegenarypupaina
KOHLIeHTpaIus Ha ypes. E¢exruBHocTTa Ha npeunctBaneTo Oeme oneneHa upe3 SDS-PAGE
ren ejekTpodopesa u napajieTHo MUKPOOHOIOTHYHO TECTBAHE 32 HATMYKME Ha OCTAThYHU LIETTU
Oakrepuanau kietku. Oenon/xmopodopmMHara eKCTpakuusATa MoKas3a, 4e npeunctenure 1Bs
ceabpxkar kakto JIHK, taka m PHK. Ilomyuenara PHK OGeme wuscnensana upes UV
CIIEKTPOCKOIIHSA, arapo3Ha rel-eJeKTpodope3a, KOMOMHHMpaHa C EH3MMHO TpETHpaHe, W
xuopunuzanus. JIHK Oemre HaOmronaBana karo audys3Ha (pakius OCHOBHO B JHalia3oHa OT
250 no 1000 bp. PHK, uzonupana upe3 TRIzol®, cpuio geMoHCTpHpa 3HAYUTEITHA MOJIEKYJTHA
XeTepOreHHOCT. XUOpUAM3auuaTa ¢ Oels3aHu ¢ 2P ONMrOHyKIeoTHAM ToKasa, ue IBs
cpappxkar kakro pPHK, taka u 3nauntennn konmmdecrsa ”PHK na hIFN .

3akii0ueHue

Pesynrarure, nmpeacraBeHu B TOBa U3CieBaHEe, MOKA3BaT, Y€ HYKJICMHOBUTE KUCEIWHU MOTAT
na ObJaT ChbCTAaBHU KOMIIOHEHTH, a HE KO-IIPELUIUTATH B cheTaBa Ha IBs. [Ipenmnonarame, ue
HYKJICMHOBUTE KHCEIMHH Ca aKTUBHU YYaCTHUIIM B arperausaTa Ha PEKOMOWHAHTHUTE
O6enTblM U 00pazyBaHeTo Ha IBs, KOUTO BOAST HAYAJIOTO CH OT MEXAHU3MUTE 32 TPAHCKPHUIIIIIS
U TpaHcHanus Ha OakTepHaaHuTe KIeTKu. HeoOXonuMu ca TOMbIHUTEIHN H3CIIeIBaHus, 32 J1a
ce MOTBbPIH Ta3H TEOPUs.
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M. Tileva, E. Krachmarova, S.G. Taneva, S. Todinova, K. Maskos, 1. Ivanov, and G. Nacheva,
Buffer and Additive Thermofluor Screening of Wild Type Human Interferon Gamma and Mutant
Proteins, Thermochimica Acta, 2017, Vol. 654, 1-7. doi: 10.1016/1.tca.2017.05.003

Abstract

Human interferon gamma (hIFNy) plays a key role in the immune system and therefore this
cytokine has many current and future therapeutic applications. hIFNy is well known with its
aggregation propensity and despite its clinical use, there is not much data about the stabilization
of hIFNy preparations. Nowadays, substantial evidence indicates that the pathogenesis of many
autoimmune diseases is related to overproduction of hIFNy. In this regard we have developed
inactive hIFNy analogues to act as receptor antagonists of the endogenous hIFNy. Since they
show even higher tendency for aggregation than the wild type protein, we designed two-step
thermofluor screen of 61 buffer conditions to identify the best storage solution for all
investigated proteins to be used in the form of research samples or biopharmaceuticals. Tris
buffer pH 8.0 supplemented with NaCl and trehalose/betaine/glycerol as additives showed to
be the most appropriate choice ensuring high solubility and thermal stability of both hIFNy and
its mutants.

M. Tuaea, E. Kppumapona, C. I. TaneBa, C. ToaunoBa, K. Mackoc, U. UBanoB u I.
HaueBa, [IpoyuBane Ha Oydepu u mo0aBku KbM Oydepute 3a ChXpaHCHHE HA UYOBCIIKHS
uHTep(dEpOH-raMa U HETOBU MyTaHTHU aHAJIO3H

Pe3rome

Yogeurkusar unrepdepon rama (hIFNy) urpae kirodoBa poiiss B UMyHHaTa cucTeMa U Mopajau
Ta3u NpUYMHA TO3U LIUTOKUH C€ XapaKTepus3a C MHOTO HACTOAILIM U ObJEIIN TeparneBTUYHU
npunoxkeHusi. hIFNy e noOpe u3BecTeH ChC CBOSITa CKIOHHOCT KBM arperanusi U BBIPEKH
KJIMHUYHATa My ynorpe0a, HsiMa MHOTO JIaHHM 32 CTa0WUIM3upaHeTo Ha npenaparu Ha hIFNy.
B Hamm nHM 3HAUMTENHM JOKA3aTeJCTBAa COYAT, Y€ MATOreHe3ara Ha MHOTO0 aBTOMMYHHH
3a00/siBaHUs € CBbp3aHa CbC CBpbXxmpou3BoacTBoro Ha hIFNy. B Ta3su Bpb3ka HHE
pazpaboTtuxme HeakTUBHU hIFNY anano3u, KOUTo /1a AelcTBaT KaTto PelenTOpHU aHTarOHUCTU
Ha engorenHus hIFNy. Toit kaTo Te moka3Bar JOpU MO-BUCOKA TEHICHIINS KbM arperupaHe oT
TUBUS THI OENTHK, HUE CH3/Ia0XME JIByCTENeHEH mpoyuBaHe Ha 61 OydepHu ycrnoBus upes
TepMOo(IIyop TECT, 3a Ja UJIeHTUUIMpaMe Hail-100puTe yCIOBUS 3a ChbXpAaHEHHE HA BCUUKU
W3cNeIBAHU OENThIM, KOUTO Ja ce U3Moii3Ba moi dopmara Ha MpoOU 3a aHAIMU3 WU
o6uodapmanesrunu. Tris OydepsT s pH 8.0, nonbinen ¢ NaCl u Tpexanosa/OeTanH/muiueposn
KaTo J00aBKH, C€ OKa3za Hal-MOAXOIAIIMAT M300p, OCUTypsBalll BHCOKAa pPa3TBOPUMOCT U
TepMHuyHa crabmiHocT kakto Ha hIFNy, Taka u Ha HErOBUTE MYTaHTH.
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E. Krachmarova and G. Nacheva. Production of functional recombinant human interferon-
gamma by RTX CPD-fusion technology. Comptes Rendus de L'Academie Bulgare des
Sciences, 2020,10.7546/crabs.2022.07.09

Human interferon-gamma (hIFNy) is an important pleiotropic cytokine with therapeutic
application. Recombinant hIFNy has been shown to be an effective pharmaceutical against a
wide range of viral, immuno-suppressive diseases with promising prospects in cancer
immunotherapy resulting in a strong increase in demand and price. The aim of this study was
to develop an efficient method for production of soluble and active hIFNy. To this end a fusion
gene encoding hIFNy and a C-terminally located Hisjo-tagged RTX CPD was constructed by
two-step PCR. The fusion gene was cloned in an expression vector under inducible promoter
and expressed in different E. coli strains such as Rosetta (appropriate for expression of
eukaryotic genes containing rare codons), and two chaperone containing strains —
BL21(DE3)/pG-KJE8 and BL21(DE3)/pG-Tf2. The transformed bacteria were cultivated at
24°C to favour proper folding of the recombinant protein. Under these conditions the strain
BL21(DE3)/pG-KJES8 was chosen as more suitable for production of soluble hIFNy. The latter
was purified by Ni**- based affinity chromatography, the peak fractions were subjected to
affinity chromatography combined with a direct on-column digestion to release hIFNy, which
was further purified by ion exchange chromatography. It is worth mentioning that this strategy,
employing auto-cleaving and solubility-enhancing CPD tag, combined with on-column tag
digestion was applied for the first time for production of hIFNy.

E. KpbumapoBa u [I. HauyeBa, Merononoruss 3a mnojydaBaHe Ha (QYHKIMOHAICH
pPEKOMOMHAHTEH YOBEUIKM HHTepdepoH-rama upe3 cnuBaHeTo My ¢ RTX CPD

Pe3rome

Yogemkuar untephepon-rama (hIFNy) e BaxeH miaeloTponeH MUTOKWH C TEParneBTUYHO
npunoxenue. Jlokazano e, ye pekomOuHaHTHUAT hIFNYy e eexTtuBHO nexkapcTBeH mpemnapar
Cpelly IMIUPOK CHEeKThpP OT BHUPYCHHM, HWMYHOCYNPECHBHHU 3a0ossBaHus, ¢ oOelaBalna
MEPCIIEKTUBA B UMYHOTEpaNusATa Ha paKa, KO€TO BOAM JI0 CHJIHO YBEJIMYEHHE HAa ThPCEHETO U
neHara. Llenta Ha ToBa mpoyuBaHe € J1a ce pa3paboTH ePEeKTUBEH METO]l 3a MPOU3BOJICTBO Ha
paszrBopuM u aktuBeH hIFNy. 3a ta3u uen, upe3 neycrbpnanen PCR e koHCTpyupaH cisiT TeH,
komupaiy hIFNy ¢ C-kpaiino paznosnoxen Hisjo- RTX CPD. Cetusr ren Oemie KJIOHUpaH B
€KCIPECUOHEH BEKTOP MO/ HHAYLUPYEM IMPOMOTOP U Oellle eKCIIpecHpaH B Pa3IMYHU 111aMOBE
Ha E. coli xato Rosetta (moaxoAsiy 3a eKCpecust Ha €yKapruOTHHU T'€HH, ChIbpPXKAILU PEIKU
KOJOHM) M JBa miarnepoHoBu mama - BL21 (DE3)/pG-KJE8 u BL21 (DE3)/pG-Tf2. Cnen
TpaHchopMarys, KIeTbYHUTE KyATypH O0sxa KynTuBupanu npu 24 °C, 3a 1a ce 61aronpusTcTBa
MPaBWJIHOTO HarbBaHe Ha pekoMOMHaHTHUS OenTbk. [Ipum Te3m ycnoBusa, mambT BL21
(DE3)/pG-KJES8 6Gemie n306pan kKaTo mo-MoAXOAAI 32 IPOU3BOACTBOTO HA pa3TBopuM hIFNYy.
Llenepus Oentbk Oerme mnpeuncred upe3 Ni*'-aguHuTerHa Xpomarorpadus, MHKOBUTE
¢pakuun Osixa oOeAMHEHH M MOJIOKEHW Ha auHUTETHa Xpomartorpadusi, KOMOMHUpaHA C
nupekTHa nporeonu3a Ha Hisio- RTX CPD na komonara, 3a na ce renepupa hIFNy ¢ natusen
C-xpaii. hIFNy Gemie TOMbIHATENHO IPEUUCEH Upe3 HOHOOOMeHHa Xpomarorpadus. BaxHo e
Jla ce OTOENIeKH, Ue Ta3u CTpaTerws, u3noi3pama apronporeonns3a Ha CPD Tara, koitTo Boau
710 IOBUIIIABaHE Ha Pa3TBOPUMOCTTA, KOMOMHHpPAHA C MIPOTEOIN3a Ha CIETHs TaPTHBOP BbPXY
KOJIOHA, Oelle MpuiIokKeHa 3a IbPBH BT 3a Tpou3BoAcTBO Ha hIFNYy.
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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. ] Mol Model, 2019, 25:127. 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. JInakosa, I1. Ilerkos, H. UnueBa, E. Kpbumaposa, I'. HaueBa, JI. JIutoB, MoekynHo
MoOJIeTUpaHe Ha €PEKTUTE OT IIMKO3WIMPAHE BbPXY CTPYKTypara U TMHAMHUKATa Ha YOBEIIKHUS
nHTEep(hepoH-rama

Pe3rome

EcrectBenusat hIFNy e mnkonpoTenH ¢ 1Be MecTa 3a N-INIMKO3HJIMpPaHe BbB BCSIKAa MOHOMEPHA
BEpHUTa, KOUTO IMOJJIEKAT Ha HE3aBUCUMO U AM(epeHIUaTHO DIHKO3WINpaHe. Bonpeku ue
[IMKO3WJIMPAHETO He € HeOOXOIUMO 3a aKTUBHOCTTa Ha IUTOKMHA, C€ Mpearnosara, ue To
IpeAna3Ba MUTOKWHA OT MPOTEOJUTUYHO pa3rpakJaHe U IO TO3M HAYUH yABJKAaBA HETOBHS
LUPKYJAllMOHEH MONYKUBOT. B Ta3u pabora mpencraBsimMe pa3pabOTBAaHETO Ha MOJEITHU
CTPYKTYPH Ha IJIMKO3WIMpaH HatuBeH xomoaumep Ha hIFNy ¢ mbinna nemkuna. Lenra vu e na
U35ICHUM MEXaHU3Ma, 4Ype3 KONTO NIMKO3UIMPAHETO 3alas3Ba LEJIO0CTTa Ha IUTOKUHOBAaTa
MOJIEKYJIa. 3a Ta3M LieJ M3M0JI3BaMe MOJIEKYIHO JIMHAMHYHHM CHMYJAllMH, 3a J1a U3CJIeABaMe
B3aUMOJICUCTBUETO Ha BBIVIEXUAPATHUTE BEPUTH C PELIENITOP-CBBP3BAILUTE MECTA B IIUTOKUHA
U C HErOBUTE€ TI'bBKAaBU U CUJHO TOJIOKUTENHO 3apeaeHu C-kpauma. [nukanure
B3aMMOJIEMCTBAT NMpeIuMHO ¢ TIoOylapHaTa 4acT Ha OenTbka, HO ChINO Taka IMOHIKOra
o0Opa3yBaT KOHTAaKTH C W3JIO)KEHUTE HA pPa3TBOPUTENS W UyBCTBUTENIHU KbM mporeasu C-
KpaiiHu onamku. Hue nokasBame, ye NIMKaHWTE OrpaHUYaBaT JIBWKeHHETO Ha C-kpas B
pa3TBOpUTENs, OrpaHWYaBaT TAXHAaTa I'bBKABOCT M T'M IbpKaT MO-0JM30 A0 O-CHHMpaHara
mobyna Ha hIFNy, kato mo TO3M HauyMH BEPOSATHO T'M MpEANa3BaT OT MPOTEOJUTHYHO
pasrpaxzaase.
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Lilkova E., Petkov P., Krachmarova E., Ilieva N., Litov L. Modelling the Interaction of the
hIFNy C-terminal Peptide and HS-derived Octasaccharides, Studies in Computational
Intelligence, 2022, Springer, Cham., Accepted

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. Jlnakosa, II. IlerkoB, E. KpbumapoBa, H. UameBa, JI. JlutoB, Monenupane Ha
B3anMopeiictBueTo Ha C-kpaitaus nentuy Ha hIFNy u npousBogau Ha HS okrazaxapuau

Pe3rome

Yogemwkusar uarepdepod v (hIFNy) e BaxkeH mieiioTponeH HUTOKHH, KOWTO CE€ CBhP3Ba C BUCOK
adUHUTET ChC CHelU(PUUCH KIETHhYHO-MOBBPXHOCTEH PELEITOPEH KOMILIEKC, 3a 1a MeIuupa
kieThbuHuTe cu eextn. B nombiaHerne e m3BectHo, ye hIFNy cbhimo ce cBbp3Ba ¢ BHCOK
abUHUTET KbM XEMapUH U XemapaH cyiadar u 4e CBbpP3BaHETO cTaBa IaBHO mpe3 Ckpas Ha
nporenHa. ToBa B3aMMOJIEHCTBUE 3acAra BCUUKU (PU3UKO-XMMHUYHH CBOMCTBA HA ITUTOKWHA,
BKJIFOUYUTENTHO aQUHUTETHT MYy KbM HETOBHUS PELENTOp, KOETO MOXE /1a C€ U3IO0JI3Ba Karo
CTpaTerus 3a pa3BUTUETO Ha noTeHuanHu uaxuouropu Ha hIFNy. Tyk noknaaBame HamuTe
ycuius 3a pazpaboTBaHe Ha in silico MPOTOKOI 3a U3BIMYAHE HA ONTUMAIIHU XENapHuH/XemapaH
cyndaT-moaydeHn OJIMTr0o3aXapyuIHU MOCIEI0BATETHOCTH IO OTHOIICHUE HA HETHUS 3apsii U
pasmpenereHreTo Ha cyiadaTHUTe TPYNH, KOUTO BOISAT 0 Hail-ONarompusITHOTO U CTaOUITHO
cBBbp3BaHe ¢ nentu, ooxsamiang C-kpas Ha hIFNy. PazpaboTenust nzuncinureneH mpoToko €
TECTBaH BBHPXY B3auMojeicTBuero Ha CTepMHUHATHUS MENTHA Ha IIUTOKWHA U crienuduyHa
OKTa3axapuaHa MOCIEA0BATETHOCT.
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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
His6-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. JIuaxkosa, H. MiueBa, II. [leTtkoB, E. Kpbumaposa, I. HaueBa, JI. JlutoB, MosekyinHo-
JMHAMUYHU CUMyJanuy Ha cietus rukonporenH His6-FLAG-hIFNy

Pe3rome

Yosemkusar wuHTepdepon-rama (hIFNy) e KIIOYOB HMyHOMOIYJIUpAI] CEKPETOPEH
[JIMKONPOTEUH. BbIpekn ue MIMKO3UIMPAaHETO He € HeoOXOAMMO 3a HeroBara akTUBHOCT, TO
3acara (pU3MKO-XMMHUYHUTE CBOMCTBA Ha IIUTOKKMHA. Hackopo Oemie pa3paboTeHa TEXHOIOT s
3a cekperupyema ekcnpecuss Ha miuko3uiaupaH hIFNy v HEroBusT CHIHO CKJIOHEH KbM
arperauusa MyTanT K88Q B kieTku Ha Hacekomu. B nonbiiHeHue, nporenHute Osxa Oensg3aHu
CbC cHenM(pUUHM  MapKUpamyd MNenTUaM, Jo0aBeHM KbM TexHUTe  N-Kpauiia.
ExcriepumenTanHo Oere HaOIIOMABaHO, Y€ MOJYYCHHUTE CIETH MPOTEHHU UMAT 3HAYNTEITHO
HamajieHa OWOJIOTMYHA AaKTHBHOCT M KOTaTo ca DIMKO3WJIMpPaHH, T€ ca YCTOWYMBHM Ha
S€HTEPOKMHA3HO JICHCTBHE M MapKephT HE MOXKE J1a Ob/ie oTcTpaHeH. Tyk HUe JOKJIaaBame 3a
pa3paboTBaHeTo Ha in silico Mojenu Ha muko3wupanu ciaetu nporennu His6-FLAGhIFNy u
W3IIONI3BaMe IBJITH  MOJIEKYJIHO-IMHAMUYHN cumyndamud (MJI), 3a 1ma oOscHUM Te3n
HEOYaKBAHU €KCIIEPUMEHTAIIHU PE3yJTaTu U Jia MPOyYUM NOAPOOHO e(eKTa Ha MapKepuTe U
[IMKO3WJIMPAHETO BbPXY CTPYKTypara U IWHAMHKA Ha CIETHTE TIIMKOIPOTSHHHU.


https://doi.org/10.1007/978-3-030-71616-5_23
https://doi.org/10.1007/978-3-030-71616-5_23

IIvoaukanus 1'7.9
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Abstract

It is recognized that the SARS-CoV-2 virus adeptly evades the host-cell immune defense.
Nspl3, the SARS-CoV-2 helicase, plays a crucial role in this evasion process. Targeting this
protein is a central component in developing strategies to counteract viral invasion, especially
as the extremely high similarity between SARSCov and SARS-CoV-2 Nsp13 (difference by
only one amino acid residue) implies that potential inhibitors of the helicase could be effective
against future strains. In this study, we present the outcomes of an extensive in silico screening
for potential inhibitors of this viral protein among known natural and synthetic substances.
Despite revealing an unknown antiviral mechanism of action for Ritonavir (Norvir), the
evaluated scores, even for approved medications, suggest designing Nsp13 inhibitors in the
class of peptide-based pharmaceuticals as a promising strategy.

M. Pawnrenos, H. Tomoposa, II. Ilerkos, T. Henesa, H. Himea, E. Jluiakosa, E

Kpbumaposa, JI. JIutoB. In silico CKpuiiHUHT HA IOTEHIIMATHA HHXHOUTOPH Ha XeJMKa3ara
Ha SARS-CoV-2 Nspl3

Pe3rome

3nae ce, e BUpychT SARS-CoV-2 ymeno u30srBa MMyHHAaTa 3aliuTa Ha KICTKUTE Ha
rocronpuemMHuka. Nspl3, xenukazara Ha SARS-CoV-2, urpae kiirouoBa posisi B TO3U MPOLEC.
Taprerupanero Ha TO3U OENTHK € OCHOBEH KOMIIOHEHT B pa3paOOTBAaHETO Ha CTPATETuu 3a
MIPOTUBOJICHCTBUE HAa BUPYCHATAa MHBA3US, 0COOCHO 3apajid U3KIIIOYUTEITHO BUCOKATa MPHUIINKA
Mexay Nspl3 na SARSCov u SARS-CoV-2 (pa3nuka caMo B €1HAa aMUHOKHCEIIMHA) KOSITO
Mpernosnara, ue MOTeHIMaTHUTe MHXUOUTOPH Ha XeJuKazaTta MoraTr Ja ObAarT epeKTUBHU
cpemty Obaenyu mamoBe. B ToBa m3ciienBane npeacTaBsiMe pe3ysTaTuTe OT o0ImupeH in silico
CKPUHHHT 32 IOTEHIIMAIHA UHXUOUTOPH Ha TO3U BUPYCEH OENTHK Cpell U3BECTHU MPUPOAHU U
CUHTETUYHU BelllecTBa. BbIpeku ye pazkpuBaMe HEM3BECTEH aHTUBHPYCEH MEXaHU3bM Ha
neiicteue Ha PutonaBup (Norvir), OolleHEHUTE pPe3yNTaTH, IOPU 32 OA0OpEHU MEIMKAMEHTH,
MpeJIosarar, 4e nIpoeKTUpaHeTo Ha mHxuOuTopu Ha Nspl3 B kitaca Ha mentua-6a3upanHu
(hapmalieBTUYHH MIPOAYKTHU € OOeIIaBalia cTparerusl.



