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ABSTRACT

Worldwide, the global demand of bioplastics is a growing necessity, due to a thriving awareness of the environmental impact and
the need to reduce the fossil resources dependency?. Pioneer biopolymers such as Polyhydroxyalkanoates (PHASs) show a great
commercial potential in the bioplastic sector with a high relative growth rate?. Biodegradability is the most intriguing property of
PHASs®**, The most common PHA is Poly-B-hydroxybutyrate (PHB) which is biocompatible, thermotolerant, nontoxic and it can be
easily degraded by PHB depolymerases, introducing an eco-friendly alternative in contrast to synthetic plastics>2. In the present
work, the ultimate goal of producing novel depolymerase variants with improved catalytic efficiency towards PHB recycling has
been achieved through two complementary approaches. In the first approach, a genome based computational mining has been
employed in order to reveal and characterize PHB depolymerases of various classes. The second approach focuses on the
construction and analysis of shotgun metagenomics libraries, which have been created from hot springs of the Greek island Lesvos?®,
aiming at the discovery of novel depolymerases from extremophilic microorganisms. Selected sequences from both approaches
have been cloned, expressed in E. coli and purified for structural and functional characterization. The results of the present work
led to the discovery of active and robust enzymes, raising hopes that enzymatic recycling of PHB via depolymerization could
provide a route for addressing plastic crisis.
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Natural products as human glutathione transferase inhibitors and
chemosensitisers of cancer cells
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ABSTRACT

Multidrug resistance (MDR) mechanisms in cancer cells are greatly influenced by glutathione transferase P1-1 (hnGSTP1-1). The
use of synthetic or natural compounds as hGSTP1-1 inhibitors is considered an effective approach to overcome MDR [1,2]. Eleven
curcuminoids derivatives and nine hybrid compounds consisting of coumarin-6-sulfonamide linked to chalcone were synthesized
and evaluated for their ability to inhibit hGSTP1-1. Monocarbonyl curcumin derivatives exhibited high inhibitory activity towards
hGSTP1-1with I1Cs values ranging between 5.45 + 1.08 and 37.72 £ 1.02 uM. Kinetic inhibition studies of the most potent
inhibitors demonstrated that they function as non-competitive/mixed-type inhibitors. An in vitro cytotoxicity assessment of the
most potent inhibitors against human prostate cancer cell lines (DU-145 and PC3), glioblastoma cell lines (U-251 MG and U-87
MG) and a breast cancer cell line (MCF-7) demonstrated that monocarbonyl curcumin derivatives exhibited the most profound
cytotoxicity on all tested cell lines [3,4]. Molecular docking studies were performed to predict the structural and molecular
determinants of inhibitors binding to hGSTP1-1. In agreement with the experimental data, the results revealed that monocarbonyl
curcumin exhibited the lowest docking score among all inhibitors as a consequence of shape complementarity, governed by van der
Waals, hydrogen bonds and a -7 stacking interaction. These findings suggest that monocarbonyl curcumin derivatives offer new
perspectives for the development of safe and efficient natural product-based sensitizers that can target hGSTP1-1 for anticancer
purposes.
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New ways to fight bacterial pathogens: Metagenomics analysis for the
discovery of a thermostable endolysin with high bactericidal activity
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ABSTRACT

The overuse and misuse of antibiotics have led to the advent of antibiotic — resistant bacterial pathogens [1]. This universal health
menace indicates the necessity for novel antimicrobial agents. The utilization of enzybiotics, a specific class of antibacterial
enzymes, constitutes a promising approach. A well-known group of enzybiotics is endolysins encoded by bacteriophages and/or
prophages in host cells at the end of the bacteriophage lytic cycle [2,3]. In the present study, metagenomics analysis was applied on
soil samples collected from thermal springs for the identification of new endolysins. The detected endolysin was cloned and
expressed in E. coli cells and its bactericidal and lytic activity was evaluated via turbidimetry, disk diffusion and broth dilution
methods and confocal microscopy [3,4,5]. Furthermore, its thermostability was examined through differential scanning fluorimetry.
Metagenomics analysis revealed a putative prophage-derived endolysin of the N-acetylmuramoyl-L-alanine amidase Type 2 family
with a LysM region, as a cell wall-binding domain. Further results demonstrate that this endolysin exerts significant bactericidal
activity against several bacterial pathogens, especially S. aureus and S. epidermidis cells. Thermostability analysis revealed a
melting temperature of 64.2 £ 0.6 °C. Overall, these findings suggest that the employed endolysin is a potent antimicrobial agent
that could be further examined against bacterial infections.
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nefddmv Paoetl Twv apydv g Proynueiog kot g dopkng Proroyiog. Znv cvykekpylévn epyacio dlEpeuvATOL O TPOTOG [LE TOV
omoio T€T010V €160V LOVOKAMVIKA OVTICMUOTO CAANAETIOPOVV LE TO OVTLYOVO GTOYO KOl O UNYAVIGLOG LLE TOV 0010 dpoLV Yol TN
Bepameio acbeveldv mov oyetilovTal e TO VEVPIKO GVOTNIA, EITE VEVPOAOYIKMV-VEVPOEKPVAIOTIKOV 00OEVEIDV, EITE AVTOAVOCMY
acBeveldv mov ennpedlovv to KNZ. Ewdwodtepa, avarlvovtar ot oAANAETIOPAcES HeETaED TOV apIvoEE®Y TOV VTEPUETOPANTOV
meploymv v MADS kot Tov apvoééwv Tov aviryovikav tepoydv. H avalimon tov cuykekpyévov mADbS apaypatonoeiton
uéom g Baong dedopsvov IMGT/MAbB-DB, evd n avalitnon tov dopdv tov coumlokov mAb-avtiyovou péow trng Protein Data
Bank (PDB). Meta&d tov apvoéénv tov CDRS Tov ovoKA@VIKOV GVTICOUATOV Kol TOV OUIVOEEDV TOV OVIIYOVIKOV TEPIOYOV
TOV AVTLYOVOL OVOTTOGGOVTOL SLOPAPOV EBMV OAANAETISPAGELS, KPig deGL0l VEPOYOVOV, dAAE KoL VIPOPOPES AN ETIOPATELS,
niektpootatikég aAAnAemdpaoels ko oAlniemdpdaoelg Van der Waals. Ot aAAniemdpdoelg avtég kabopilovv v e€eidikevon
TOV AVTIGAOWOTOC Y10 TO avTlydvo, Kobdg kot Ty toopporio petald gveMéiag kat otabepdTnTag Tov cLUTAOKOV. AvaAdovtal LECH
TOV TPOYPAUHOTOG poplakng ometkovions PYMOL, pe tedikd okomd v aviyvevor HoTifov Tov TpokHTTouV KoTd T cOvIEon
HLOVOKAMVIKOD OVTIGOHOTOG Kot avtiydvov. Télog, mpaypatonoteital oxedlacidg 600 CUUTAOK®V HOVOKAMVIKOD OVTICMULOTOG-
avtyévov, yio ta. omoia dev vIapyel Kotoyopnuévn doun oty PDB, péow vrépBeong war docking. Mehetdvtor ot mbovég
AAANAETIOPAGELG TOV EUPAVIfOVTOL GTO GOUTAOKO KOl GTT) GUVEYELN GVYKPIVOVTOL LE T LOTIBO OAANAETIOPACEDY TTOL TPOKVITTOVV
oT1G YVOOTEG dopéc MAD-avtydvov, mov tporhbav ard v PDB.
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ABSTRACT

The absolute precision and specificity of monoclonal antibodies against target antigens make them suitable for the treatment of a
wide range of diseases. For this reason, monoclonal antibodies (mAbs) are designed by biotechnological methods based on the
principles of biochemistry and structural biology. In this study, we investigate the way in which such monoclonal antibodies interact
with the target antigen and the mechanism by which they act to treat diseases related to the nervous system, either neurological-
neurodegenerative diseases or autoimmune diseases affecting the central nervous system (CNS). In particular, the interactions
between the amino acids of the hypervariable regions of mAbs and the amino acids of the antigenic regions are analysed. The
search for specific mAbs is performed through the IMGT/mAb-DB database, while the search for the structures of mAb-antigen
complexes is performed through the Protein Data Bank (PDB). Between the amino acids of the CDRs of monoclonal antibodies
and the amino acids of the antigenic regions of the antigen, various kinds of interactions develop, mainly hydrogen bonds, but also
hydrophobic interactions, electrostatic interactions and Van der Waals interactions. These interactions determine the specificity of
the antibody for the antigen, as well as the balance between flexibility and stability of the complex. They are analysed using the
PyMOL molecular imaging program, with the ultimate goal of detecting patterns that arise upon binding of monoclonal antibody
and antigen. Finally, two monoclonal antibody-antigen complexes, for which there is no registered structure in the PDB, are
designed by superposition and docking. The possible interactions occurring in the complexes are studied and then compared with
the interaction patterns arising in the known mAb-antigen structures derived from PDB.
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INEPIAHYH

H kavvafidoin (CBD), po pun wouxotpomog évmon mov Bpicketor otnv kavvapn, £xet peretndel exTtevadg Yo TIc SLVATOTNTES TNG
VoL avVOKOVPIGEL TO Gryyoc, TOV ¥pOVio Tovo, T eAeypovn kot v emdnyia [1]. H evBuldkmon tng CBD og kukhode&tpiveg (CDS)
EVIGYVEL GNUAVTIKA TN StoAvtdTa, T otafepdtnta Kot T Prodrafecytdtntd e AvTtd 001yl GE TTO GUVETN KOl OTOTELEGLLOTIKT|
xopnynon, evioybovtag £tol ) Bgpomevtikn G omotelecpatikdtnta. Emmiéov, to ovpmioka kukhodeETpiving pumopovv va
KaAOWyovuv TV Tkpn yevon g CBD, kabiotdvag v mo gdyeuotn yio KoTovAaA®mon ord to otopa [2].

H mopodoo perétn omookomel 6Ttov TPocdopiopd TG KPLUOTOAMKNG OOUNG TV cLUTAOKw@V gykAiewopov tg CBD og f-
Kukhode&tpivn (S-CD), 2,6-61-O-uebor-S-xkokrodeErpivny (DM-S-CD) ko 2,3,6-1p1-O-pebvr- Sf-xokhodeEtpivr (TM-4-CD). Ta
dedopéva mepiBiaong aktivov X and povokpvotaiio otovg 100 K cuidéybnkav otnv tpdn nepintoon oto wotitovto EMBL
(PETRA 1II, DESY, ApPobpyo, I'epuavia) pe ypnion axtvoPolriag cOyypotpov kKol 0Tl 000 TEAEVTOIES TEPMTMOCELS e
neplOracipetpo D8-Venture tng Bruker 6to gpyactipio ®voikng tov I'TIA. EARedncav chvora dedopévav pe peydin minpdmro
Kot e avdivon éog 0,81, 0,99 xar 0,89 A avtictorya, ta omoia avedvOnkav pe o Aoyiopkdé XDS 1 SAINT g Bruker. Ot
KPLOTOAAKEG Sopég mpoadiopiotray e to pdypoppo ShelxT kot BeAtiodnkav pe to Tpodypappa ShelxL oe telicég Tipég yo tov
deiktn a&lomotiog Ry 0,086, 0111 kot 0,06, avtiotorya. Ta apyeia CIF kotatédnkav ot kpvotodloypapikn Baon dedouévmv
Cambridge Crystallographic Data Centre (apiBpoi kotdBeong: 2287491, 2098419 war 2094890).

To ovumioxo CBD/S-CD kpuostorlidvetat ot opddo ydpov C2 pe otoyelopetpio Eeviot) mpog Eevilopevo popro ion pe 2:1, pe
éva popo CBD mov mepucheietar amd 600 popla S-CDs tomobetuéva €16t dote va oynuatilovv dipuepr| TOTOV «OVPAG-0VPACH
(Ewodva 1a). Avtog o Tpdmog eykAeIGoD dikatoloyel T YoUnAn oA TOTNTA TOV GLUTAOKOV TOV TOPUTNPEITOL GE TOAAEG LEAETEG,
KaOMG VTOdEKVOEL OTL TOALOTAOL SEGLOT VOPOYOVOL UTOPOVV VO GYNLOTIGTOVV UETAED TG gVpeiag oTePAVNS (KKEPUANG») TOV
Eeviomy F-CDs yerrovik@v Hovad®mv TOL GLUTAOKOV, 0ONYMVTOG GTO GYNUOTICUO CGLCCOUOTOUATOV Kol oTNV €moKOAovOn
kabilnon. To cvpmioko CBD/DM-S-CD, mov kpuoTaAA®VETOL 6TV Opdda xdpov P212121, éxel ototyeopetpia 1:1. H aAewpotikn
aAvcida g CBD eykl@filetal otnv vdpdeofn Koot T, VD 01 ORAdEG AMPoVEVIOD Kol BevioMSIOANG TG Eveong Tpoe&éyovv
amd To oTeEVO Yelhog Tov EgvioTh, YEUILOVTOG TO HEGOJAGTNLA HETOED TOV YEITOVIKOV HovAdmV cvuumAdkov. Ot televtaieg etvat
dwatetaypéveg e té1o10 Tpomo mov Ouuilel «yapokdkkolo» katd pAKog Tov kpvotarroypapikod dEovo b (Ewdva 1B). To
ovounioko CBD/TM-f-CD kpuotail@verol oty opudda ydpov P21, pe ototyetopetpia 2:1. Xg avti v nepintwon, n CBD sival
eyKAOPIoPEVN oe pio Suepn KOMAOTNTO TOTOL «KEPUANG-KEPUANG» Tov oynpartiletal omd 6vo popw TM-L-CD. Av ko o
GYNUOTIGUOG 0LTOL TOL €id0VG diepois givat TOAD cuVNOIGHEVOG O0Ta £YYEVH COUTAOKO EYKAEIGHOD TG euoikng B-CD, eivol n
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TPMTN POPA oL TapaTnpeital yio évo cOUmTAoKo gykieiopod TM-A-CD, vrodeikvbovtag v wavotnto g CBD va decpedet ta
pnopia Eeviot pe avtov tov 1pomo [2] (Ewdva 1v).

Ot dopiég mAnpogopieg oyxetikd pe Tov eykieiopd g CBD oe CDs mov mapéyovtal o avt TV epyacio pmopei vo givat xproiueg
Yo T OYESIAON TPOTOTOMUEVAOV HOPI®V POPEMV e PEATIGTOTOMUEVES PAPLAKOAOYIKES 1O10TNTES Kot TEAMKA Yl TN StapdpPmon
UEALOVTIKAV EVOALOKTIK®OV OEPUTEVTIKAOV GTPATIYIKDV.

(a) B (v)
Ewkova 1. Ta cupmhoka eykAeLopoU tng CBD otn (a) puoikn, (B) Si-peBuliwpévn kat (y) urtep-pebuiiwpévn S-CD, kal

ol avtiotolyeg KPUOTAAALKEG SleuBeTnoELC.
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MNEPIAHWH

O polog g f-kukhodeltpivng (S-CD) oty amopdkpuven Tng XoANoTepoAng amd ta kvttapa g pepPpdvng [1] ko oy
QTOLLAKPUVGT] O7T0 TO YOAUKTOKOUIKA TpoiovTo. [2] £xet peletnOel die&odikd ta teAevtaio xpdvia. O puoIKOoYNIIKOS YAPAKTNPIGHOG
mg £veong eYKAEIGHOD NG YoAnotepoing otnv F-CD €yt emtevyBel pe dudpopeg pebddovg [3] Tpokeévouv va VTOAOYIGTEL M)
otoyeopetpio Eeviom-Eevilopévou popiov, 0 TpoTog eyKAElopoy Kot 1 eAevBepn evépyelnr AGping 0OVOEGNC TOL Hopiov GTO
ooumloko [4]. Zmnv Tapodoo PEAETY, TPOYLATOTOUGULE TPOCOUOIDCELS Hoptakng dvvapikng (MDs) og vdatikd TeptBaAlov e
Baon T mPOGEUTH TPOCIIOPIGUEVES OTOUKEG OCUVIETOYUEVEG TOV GUUTAOKOV eyKAEGHoD yoAnotepoing/ f-CD  péow
kpvotaAroypapiog axtivev-X. Ta  kpuotaAroypaewd dedopéva  Tov  ovumhdkov Eyovv  katatebei oto  Kévtpo
Kpvotorroypapikdv Aegdopévov tov Cambridge pe tov apOpd avaeopdg CCDC: 1571522, Tio TG TPOGOUOIDCELS
xpnoyomomdnke to mpodypappo Amberl?2 [S], to omoio ypnoyomotei to nedio dvvapewv CLYCAM 06, mov givat KaT@AANAO Yo
pnopla yYAvkoldv 61mg ot dopké povadeg tng kukiode&tpivng. Ot mapdapetpor GAFF kot ta poptic AM1BCC gpappoctnray 6to
uoplo g yoAnotepoAng pe tm ypnon tov ANTECHAMBER. H Suvopikn cuumepupopd ToV GUUTAOKOL EYKAEIGHOD
napakorovOnOnke ce 600 dlapopeTikég Beppokpacies kKot ot oAnAenidpdoelg Eeviot) Eevilopévou popiov avorbOnkav katd ™
dudpketa Tov ypovikod TAasiov v 12 ns tov tpocopowwcemy (Euwdva 1). EmmAiéov, ) ehedBepn evépyela ohivoeong voloyiotnke
pe ) pébodo MM/GBSA [6] o kéBe o amd tig dvo mepumtmoelg (ITivakag 1.). Ta gupripato e Tpocopoimong deiyvouv 0Tt 10
GYNUOTIOUEVO TTPOiOV eYKAEGHOV YoAnoTepdAnc/f-CD eivar moAld otafepd oe vdoTkd dtddvpa. Emmiéov, ot adiniemdpdoetg
HeTAED TV aTOUOV VIPOYOVOL TV GTEPOAMKDOV dakTLVAI®V A kot B tng yoAnotepoing kot ekeivav g evpelag otepdvng g F-
CD mov nopoatnpionkoy 1660 and to *H NMR [7] 660 kot amd v kpuotoihoypopio axtivov X Statnpodvral kotd T Sidpketo
™G Tpocopoinong tov 12 ns.

ITivakag 1. Tég yia t1g ehevBepec evépyeteg mpdadeong (Keal/mol), 6rtmg mpoxvmtovy and v avélvon MM/GBSA

EleiBepn evépyara mposdesns (Tumki] axdxiion) |
T=2300 K T=340K
AGy, -61,11 3,44 -60,07 + 3,69
AGopy 18,64 + 3,32 18,77 + 3,32
AGcp -42.47 + 2,61 -41,30+2.79
I*AS -22,96 + 3,59 -22,00 £ 3,95
AGyina -19,51 £ 4,43 -19,30 £ 4,83
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Ewévo 1. AvImpocoTELTIKA OTIYIOTUTO TG TPOGOUOIMONG TOV GUUTAOKOV YoANotepdAns/f-CD ota 2 kot 8 ns Kot og
Beppoxpoaoia 300 K, 6nwg answwoviomnkay pe ™ xpnon tov VMD.
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INEPIAHYH

H acbéveln Deficiency of IL-36-Receptor Antagonist (DITRA) eivon éva omdvio cvvdpopo, to omoio
emnpedletar omd petoAAaéelg oto yovido IL36RN mov 0dnyovv ce avelédeyktn pAeylov LECH TNG
amoppvduiong tov IL-36 onuatodotikod povomatiov. O IL36Ra kwdikomoteitar omd to IL36RN Kot
otav vmdpyel ovemdpkel avtod, ot kvtrapokiveg 1L-36a, IL 36, o IL-36y, dev pvOuilovran
OTOTEAECULOTIKA, LE OMOTEAECUO v gvepyomolovv Tov vrodoyéa IL-36R kot va odnyodv otnv
GTPATOAOYNON KoL TIV EVEPYOTOINGT SLAPOP®YV GNUATOSOTIK®Y povomatidv, onwg to NF-kB kot to
MAPK [1]-[4]. T tnv avdAivon Tov eUTAEKOUEVOV SIKTO®MV HLOKPOUOPIIKOY GAANAETIOpACE®Y GTNY
acBévela, ypnoomomdniay Prorinpopopikés Pacelg dedopuévav kot epyoleia, yio Tnv eEepevvnon Tmv
RNA aAniemidpdoemv, kabdg Kot TNV OTTIKOTONoN Kol avaivon Tev Sktowv [5]. Avadsucvoetat 1
onpocio tav un kedikoromtik®v RNAs, ta oroia oyetiCovrat pe to IL36RN kot e€gtaleton o tpomog
pe tov omoio avtd ta ncRNAs enmnpedlovv v £kppaocn Tov Kot v puduion tov IL-36 onuatodotikod
povomatov, cvppdilovtag oty maboyévela g voocov [6] — [8]. H avdivon avt) mpoteivel véeg
TPOOTITIKEG Y10 TNV UEAETN OVATTUENG GTOXEVUEVDV DEPOTEIDY, EMKEVIPOUEVES GTNV KOTAGTOAN TNG
ave&éheyktng eAeypovig kat tnv Pedtioon g modtrtag {ong TV acbevav.
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ABSTRACT

Deficiency of IL-36-Receptor Antagonist (DITRA) is a rare autoinflammatory disorder affected by
mutations in the IL36RN gene, leading to uncontrolled inflammation through the deregulation of the
IL-36 signaling pathway. IL-36Ra, encoded by IL36RN, and when this is deficient, the cytokines
IL-364a, IL 36b, and IL-36c, are not efficiently regulated, resulting in the activation of the IL36R
receptor. This activation leads to the recruitment and activation of several signaling pathways, such
as NF-xB and MAPK [1]-[4]. To analyze the macromolecular interactions involved in the disease,
bioinformatics databases and tools were utilized to explore RNA interactions, as well as for network
visualization and analysis [5]. We highlight the importance of non-coding RNAs associated with
IL36RN and examine how these ncRNAs affect its expression and the regulation of the 1L-36
signaling pathway, contributing to the pathogenesis of the disease [6]-[8]. Our analysis suggests new
perspectives for studying the development of targeted therapies focused on suppressing uncontrolled
inflammation and improving the quality of life for patients.
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NEPIAHWH

Ewayoy: H yvopiaon arotelel pio xpovia, AEYHOVAIN deplatikn dtatapayn], LE YOPOKTNPLOTIKA
avtodvoong acbévelog, kot vroAoyiletor otL ennpedlel Taykooping 60 ekatoppdplo avOpdmovg (1).
Mmopel va eleovioTel 6€ GTopa 0Tol0cdNToTE NAKiag, eBvikoTnTag Kot OAOV.

Yrdpyovv dudpopor TOTOL Yompiaong Onmg eivor n elvar 1 kown yopiaon, n avadotpoen, 1
OTUYOVOEWNG, 1 QAVKTOWV®ONG Kol 1 epvBpodepuikr], Kot 6ot ot TOmOl gugavifovv mopodHoLe
PUVOTLTIKG YopakTNploTikd (2). H kown yopiaon, yvoot) ko og yopiocn katd tadkag (PV, psoriasis
vulgaris) amoterel Tov cuyvdtepo TOmo. H yapakmpiotiky popeoroyia g yopiaong mepropfdvet
KoAG «oploBetnpévesy epuBnuatddelg TAdKkes, o mowida peyén Kot oyNUOTE, EMIKOAVUUEVEG LLE
AvoLYTOYPOUES «POAIdES) déppatog. Ot TAAKEG SVVOTUL VO, ELPOVIGTOVV GE OTOL0ONTOTE OTLEID TOV
GOUATOG, OALG GLVHOWOE TOPATNPOVVTAL GE HOTIBO OVATOLUKNG GUUUETPIOG, KATL TOV Bempeitol KAVIKN
évdelgn mg vopiaons (3). H yopioon, av kot katd Bdaon deppatikn mwdbnon, ennpedlel Kot Tig
apBpooelc, kol éxel ovoyetiofel ko pe ddpopeg cuvvoonpdttes. Mepikd mapadeiypato givor M
pevpaToedng apbpitda, 1 voéocog tov Chron, o cvoTnuatikog epuONuUaT®dNG Adkog, 11 voéoog Graves,
0AAG KoL GAEG peTaBOAIKES, KapdlayyElakég Kol Yoyikés drotapayss (4, 5).

Eivatr d0okoro va vroloyiobei pe axpifelo n enintwon kol 0 eXTOANGHOG ™C Yopiaons (6), oAld
VIAPYOLY OPICUEVO KPLTPLOL TTOV TANPOPOPOVV CYETIKG LE TIS OUAdEG LYNAOD KVOUVOL Yo TNV
eneavion tg. And mhevpdc nikiag, Exetl Bpebel 011 N yopioon Tpomtosupavifetal cuyvotepa gite oTIg
nhieg 15 pe 20, gite 55 pe 60, YvooTég MG «ITPOUESH Kol «OWIues» NAikieg ekdAmong avtiotoya (7).
Ot Henseler kot Cristophers mpotevav évav GAA0 TpOTOC NAKLKOD Sl ®PIoHOY, OVORALovTag TV
acBévela «tomov I» otav eppaviotav mpwv ta 40 €, kot «tvmov II» petd ta 40 (8). Ocov agopd to
@OX0, 01 AVEPEG Kal 0L yuvaikes eivor To 1810 Thavo va v ekdNADOCOoVY, dALG, YEVIKOTEPQ, OTIC YOVOIKES
Eexva oe pkpdtepeg nAkies (5, 9). I'ewypapikd, o1 TEPLOYES HE TO VYNAOTEPO TOGOGTA EMTOAAGHOV
meptlapfavouv v Avotparia, ™ Avtikn kot Kevipwrn Evpdnn kot ™ Bopelo Apepikn — dimg tig
TEPOYES UE VYNAGL E1000MUOTO, EVED YOUNAOTEPO TOCOGTH CTUEI®VOVIOL GE YDPES TG NOTIOG Kot
AvatolMkng Aciag kot g Yrmooaydplog Appikng. Avtd 1o @awvopevo givar amotédeopo S10pdpwv
TOPAYOVIOV, Kol DTOYPOUUILEL TNV TOADTAOKOTNTO TV OAANAETOPAoE@V HETOED TEPIBAAAOVTOG, Kot
YEVETIKNG KOl EMYEVETIKNG fdong g wopiaong (9, 10).

Ot yevetwkoi mapdyovieg moilovv onuavtikd polo oty ekdAmorn Kot €£EMEN g wopiaong. ot
yeveTikol TOTol Tov £xel Ppebel 0T oyetiCovron pe v maboyéveon g ovopdlovior «PSORS» (psoriasis
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susceptibility loci)(11), kot gkgivot pe v 1oxvpdTEPN cOVdEoN aivetatl va givar ot PSORS1, PSORS2
kot PSORS4 (12, 13, 14, 15). O PSORSI1 6ewpeitor vaedBovog yio HeydAo PEPOG TOV TEPITTOCEDV
yopiaong Aoym kAnpovopkotntag, kabmg avEdavel tig mbovotnteg voonong €mg kot 50% (16, 17).
Emniong, exel evromifetor to HLA-Cw*0602, éva amd o onuavtikotepa oAANAOLop@a otny mafoyéveon
™m¢ yopioong (17), edwd 6cov apopd tov Tomo I (5). Axoun éva yovidio vyning onuaciog givat to
CARDI14, 10 omoio ¢uolohoyikd cuppetéyel ot puOUon TG PAEYLOVIG GTO dEPUA, Kot EGPEVEL GTOV
yevetikd tomo PSORS2 (13). Ta yovidwr mov gumAékovion otnv maboyéveon g yoploong £ovv
cLVNB®G PLOUIGTIKODG POLOVG GTO ALVOCOTOUTIKO GVUGTILO., KOl TOIPVOLY HEPOG G SLOBIKOGIEG OTTMS M
OVTLYOVOTAPOLGINGT, 1 SpPOPOTOiNceN Kol 0 TOAAOTAAGCIOUOS Tov T AEUPOKLTTAPOV KOl TEOV
KEPATIVOKVTTAP®V, KOl G GNUOTOSOTIKA HOVOTATIO, OTmG TV vtepAevkivadv kat ta JAK-STAT (17, 5,
19, 20, 21).

Ot mapoAilayéc oe yovidwn — KAewWd vroypappilovv v emppon mov pmopel vo €xet évag SNP
TOADHOPPIGHOG 0TV avamTuén ¢ aobévelng. 'Exyovv tavtomombel kot cvoyetichel pe mv yopioon
apketd SNPs, kot pepikd ex Tov omoimv givar povoadikd og Kamotovg TAnfvouovg (22, 23). Avtd ta
evpnpata £xovv £pBel 6To QWG Ybpn o€ PromAnpopopikd epyoireia, To onoia givat tkovd va cuvdvdiovv
KatdAAN Ao peydio oyko dedopévav, kat vo, tpoteivouy mhavig cuvdéoels peta&h SNPs kot achévetac.
O Maykoopog Opyovicpdg Yyeiog Kotatdooel TV yopiaon ®g (io, GNUAVTIKY, U LETOS0TIKY VOGO,
Kot emonpoivel Ty advvapio opHng kat £ykaipng diéyvmong, To TePLoPIGUEVO gVPOS Bepameldv, Kot TO
VYNAG KOWmViKd Kat otkovopikd kdotog (6). H katavonon g yevetikng Baong g vopioong givat
amopoitn) o ™ Pektioon tov emmédov NG Tov acbevav, kobmg avtipetonilovv pio xpovia
Swropoyn. Kat, akopo Kot av peydAo péPog Tov puNyavicp®v e yopiaons dev gival yvmotd, sivol
epctd Ko peilovog onpaciog va 60600V amovincels o€ PUcIKE EPOTALLOTO AVOPOPIKE LLE TOL OUTLOL, TIG
0padEG VYN0V KIVdHVOV, TN 6MGTN ddyvmon Kat Tig Katdiinieg Bepameiec.

M£00d0g: O PBooikog otdyog TG TAPOVGOS LEAETNGS NTav 1 PaddTEpN KOTOVONGOT TOV YEVETIKOD TPOQIA
™me vopiaong pécm g PromAnpoeopikns. I'a va exttevybel avtd, Nrav amopoitnm n Tovtonoinon
OPIOLEVOV DYNAAL GUGYETICUEVDV LE TNV acBévela yeveTikdv deuctdv (SNPs), Tpog ) dnpovpyio g
CYEVOMIKNG YPOUUOATIKNG TTOL 0KoAoVOel 1 cuykekpiuévn acBévela. 'Etot, cuAléynkav SNPs mov
cuvdéovtay pe Ty yopiact, ovaidbinkav mepiocdtepeg and 22.000 dNUOcIEVGELS, Kol GLVILACTNKOV
dedopéva amd avayvopioweg Paoeig dedopévov Kot BlomAnpogopikdv epyoleiov, émwg PubMed,
GWAS catalog,, dbSNP, LitVar, ClinVar, GenecCARDS, MalaCARDS ko1 STRING. Ta SNPs
outpapiotnray kot Babporoyndnkav g mpog opiopuéva extbountd yapaxmpiotikd. H Babpoidynon
TOVG OTOGKOTOVOE GTNY KOTNYOPLOTOiNGeT TOVG 6€ OUAdEs VYNAOTEPTG 1| YOUNAOTEPTG CLCYETIONG LE
mv yopioon. Ta arotedéopata oyt povo enifefaincav doa vrootnpifovrar and ) PipAoypapio, aAid
EMOTLOVAY KOl KATOL0 EVOIAPEPOVTO GNUELR OGOV QPOPE TOVG TTOAVUOPPLGHOVGS, TO, OVTIGTOLYO YOVidla,
KO KOTQ EMEKTOOT TO LOPLOKE [LOVOTIATLO EVOLOPEPOVTOC.

Anoteréopata: O TpdTog KOKAOG emelepyaciog HEIWTE TO GUVOAO TOV GYETIKMV Kataywpnoewv SNP
a6 1.190 o 186. Avtd ftav ekeiva mov evidydnkav oTig Tpelg Katnyopieg, vyming cvoyétions (A),
oyetKd VYNNG svoyétiong (B) kot xapning cvoyétiong (IN). 49 molvpopeiopol avtictoyndnkav oty
rkatnyopia A, kaAvmrtovtag 1o 23,6% tov cuvorov. H B kédAvye 10 peyorvtepo pépog, pe 85 SNPs, kot
pétpnoe mocootd 45,7%. Téhog, omv katnyopia I' katatdybnkav 52 SNPs emopéveg kdivye to
vrorouro 28% tov cuvorov. To SNP pe v vyniotepn abporoyio tav to rs148755083, pio tvrpovikn
mapoAiayn Tov yovidiov IL36RN. Emiong, yovidia pe oyvpn odvdeon Nrav, petad dAlmv, Kot to
TRAF3IP2, CARD14, IL23R kouw TNF. Evdiagépov bpnuo amotérece Kot to yeyovdg 0Tt SeVTEPOG
GLYVOTEPOG TOTOG TOAVLOPPIGHOD GTIV YOPILooT NTAV Ol IVTPOVIKEG TOPOAAAYES, KOADTTOVTOS TAV®
a6 1o 1/3 Tov cUVOAOV, PETE TOV TPAOTO TOTO, TNV TAPOANUYT YOPIG VOO, O 0TOI0¢ APOPOVCE TO
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49,2% TV GLGYETIOUEVOV TOpoAAaydV. Mio akdun a&toonpeiot Tapatipnon eivol 6t apketd SNPs
avikav ota dw yovidia, dnAdvovtag TV £viovn onpacio Tovg oty tpodidbeon 1 maboyéveon g
acBévelag.

Xopnepdopata: H yopioon arotelel moAlvmapayoviikd voonpa, Kot TapoTt Eival omd TG cuyvOTEPES
deppatomdfeteg, Alya etvar yvootd yia ta akpiBr] aitia Kot To pnyoviopd dpdong otov opyavicpd. H
Babvtepn KaTavONon TOV EGOTEPIKDOV TAPUYOVI®V, OTMG 1) YEVETIKN TNG PACT, EVOEYOUEVAOG ATOTELECEL
KAedil 1660 oty anocaenvion ¢ maboyéveong, 660 Kol oty avantuén axpiBéotepov pebddmv
Suyvoong kot ot Peitiotomoinon tov Oegpancudv. To medio g BromAnpopopikrg eivar mwoAld
vrooyouevo, kabhg vrepPaiver moAVmAoka eumddie. TIOU OVTLMETWI(EL N €peuva, OMWG Ta
npoavadepBevta, Kol €xeL TN duvaTOTNTA Vo TNV KATELBUVEL MPOC Ta TLO emBuuntad
anoteAéopara.

Keywords: yopioon, yevetikn Baon, yevetikég maparrayés, SNPs, yevouk

SNP - Psoriasis Association
Categories

45.7%

Ewova 01: I'paonua witog mov ancwoviler v mocootwaio avaioyic towv SNP og kdbe koatmyopia
ovoyétiong pe v yopioon A, B ko I
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SNP types

0, 0,
2,69% . o,slzm 1,08%

1,61%
2,69%
M Intron Variant B Missense Variant B Upstream Variant
Non Coding Transcript Variant B Synonymous Variant B Downstream Variant
B 5 Prime UTR Variant B Stop Gained B 3 Prime UTR Variant
H Initiator Codon Variant M Splice Donor Variant B Non Annotated

Ewova 02: I'paonua witog mov omeikovilel v mocootioio avoioyio Tov kabe tomov SNP, mov €yet
cvoyetiobel pe v yopioon.
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SUMMARY

Background:  Psoriasis is a chronic, inflammatory skin disease with autoimmune characteristics, that
is believed to affect more than 60 million people worldwide (1). It can manifest in individuals of any age
group and ethnicity, and occurs in both men and women at the same rate.

There are several subtypes of psoriasis, such as psoriasis vulgaris, inverse psoriasis, guttate, pustular and
erythrodermic psoriasis, and they all share similar characteristics (2). The most common type of psoriasis
is psoriasis vulgaris, also known as plaque psoriasis. The characteristic morphology of psoriasis involves
well-demarcated erythematous plaques of various size and thickness degrees, covered in scaley skin.
These plaques may appear anywhere on the body, but commonly follow a pattern of anatomical
symmetry, which is also an indicator of the disease (3). Even though it is primarily a skin disease,
psoriasis can affect the joints as well, and has been linked to other comorbidities, such as rheumatoid
arthritis, Crohn’s disease, systemic lupus erythematosus, Graves’ disease and other metabolic,
cardiovascular and psychological disorders (4, 5).

Although it is difficult to accurately measure the disease’s incidence and prevalence (6) there are some
common conclusions regarding its prevalence and susceptibility criteria, as some groups show greater
susceptibility rates than others. Age-wise, experts have observed a bimodal onset age range, meaning
that disease appears and gets diagnosed more often during one of two periods — “peaks”, of a person’s
life. The first peak, or early onset age, is 15 to 20 years of age, and the second peak, or late onset age, is
55 to 60 years of age (7). In 1985 Henseler and Cristophers suggested another way to differentiate
between “early” and “late” onset ages, and that is before and after age 40, called “type I’ and “type 11
respectively (8). Men and women seem to develop psoriasis at the same overall rate, with the mean onset
age being 33 years of age, yet in reality women tend to show the first symptoms relatively younger (5,
9). Geographically, regions with the highest prevalence of psoriasis include Australasia, Western and
Central Europe and high-income North America, while lower prevalence is reported in countries of South
and East Asia and sub-Saharan Africa. This variation results from a number of factors, and highlights
the complexity of interactions between the environment, the genetic, and even the epigenetic background
of the disorder (9, 10).

Genetic factors play a significant role in psoriasis manifestation and progress. Several genetic loci have
been associated with the disease, called psoriasis susceptibility loci, or PSORS (11). Of the known
psoriasis susceptibility loci, the most strongly validated ones to be involved in psoriasis pathogenesis are
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PSORS1, PSORS2 and PSORS4 (12, 13, 14, 15). PSORS1 is reportedly responsible for a large part of
the heritability cases, increasing the chances of developing nearly to 50% (16, 17), and is home to the
HLA-Cw*0602, a major player in psoriasis development (18), and a highly important risk factor for type
| psoriasis (5). Another important gene is CARD14, normally involved in regulating skin inflammation
and located in PSORS2 (13). The genes involved in psoriasis pathogenesis are related to the immune
system regulation and response, covering processes like antigen presentation, T cell and keratinocyte
differentiation and proliferation, and signaling pathways, such as the interleukin and JAK-STAT
pathways (17, 5, 19, 20, 21).

Variations in key genes highlight the significance of single nucleotide polymorphisms (SNPs) in
psoriasis pathogenesis. A number of common SNPs have been identified and linked to the disease, with
some being unique to specific populations (22, 23). These findings have emerged thanks to
bioinformatics tools, since they are able to combine big data from numerous studies and establish
connections between SNPs and psoriasis. WHO categorizes psoriasis as a major honcommunicable
disorder, and brings attention to the inability to correctly and timely diagnose it in patients, the limited
therapies, and the high socioeconomic cost (6). Understanding the genetic background of the disease is
essential for improving the patients’ quality of life, as they are dealing with a chronic disorder. And,
although a big part of psoriasis pathogenesis remains unknown, it is possible to address fundamental
questions, such as causes, high-risk groups and effective methods for accurate diagnosis and suitable
treatments.

Methods: This study’s main focus was to better understand the genetic background of psoriasis from a
bioinformatics point of view. In order to do so, it was essential to identify a set of genetic markers (SNPs)
highly associated with psoriasis, and build the genomic grammar of the disease. That was made possible
by filtering out SNPs associated with a plethora of other diseases — including psoriasis, based on a number
of characteristics. Building the genomic grammar of the disease was made possible by collecting,
filtering and utilizing data from more than 22,000 relevant publications, and using recognized and
reliable bioinformatics databases, such as PubMed and GWAS catalog, as well as dbSNP, LitVar,
ClinVar, GeneCARDS, MalaCARDS and STRING. The collected SNPs and their accompanying data
were carefully processed and analyzed. The polymorphisms were then categorized into three groups
according to their degree of association to psoriasis. The results gave important insight regarding not
only the highly associated polymorphisms, but also their corresponding genes and, by extension,
molecular pathways of interest.

Results: After filtering 1,190 polymorphism entries, further processing resulted in a total of 186 SNPs.
In the end, these SNPs were categorized into the three groups A, B and C, according to their higher or
lower association with psoriasis. Group A had 49 polymorphisms, which accounted to 26.3%, while
group B had 85, representing 45,7%. Lastly, group C consisted of 52 SNPs, and made up for 28% of the
total. The highest rated SNP was rs148755083, an intron variant of IL36RN. Other genes with the highest
association were, among others, TRAF3IP2, CARD14, IL23R and TNF. It is also interesting to see that
the second most common type of SNP is the intron variant, making up about 32% of all SNPs, right after
the missense variant, which was the most common at almost 50%. Another noteworthy observation is
the fact that a number of polymorphisms belonged to the same genes, indicating that change in those
genes increase disease susceptibility. These findings seem to be in accordance with the recent literature,
as a lot of genes of the higher rated SNP groups are implicated in molecular pathways that take part in
psoriasis pathogenesis.

Conclusions: Psoriasis, while one of the most prevalent skin diseases, seems to be a multifactorial
disorder and little is known about its exact causes and mechanism of action. Deeply understanding the
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intrinsic factors, as is the genetic background, is an urgent and of utmost importance matter, since it could
be the key to not only interpreting the disease’s pathogenesis, but to develop more accurate diagnostic
methods and optimal treatments. The field of Bioinformatics has proven to be invaluable in addressing
complex challenges like these, using all the available information to guide research towards the most
favorable results.

Keywords: psoriasis, genetic background, genetic variants, SNPs, genomics

SNP - Psoriasis Association
Categories

45.7%

Figure 01: Pie chart depicting the related SNP percentages belonging to each group A, B and C.
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Figure 02: Pie chart depicting the percental distribution of each polymorphism type of psoriasis
associated SNPs.
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MEPIAHWH

H ektetapévn yprion oviPotikdv yuo tn Oepomeic acbeveldv oty vyglovopuky mepibaiym, tnv
KTNVOTPOQia Kot T1 YempYyia £XEL 0N YNOEL OTIV TOYEIN EPLPAVIOT VEDV PaKTNPI®V e EKTETAUEVT OVTOYT
oe moAMG avtifotikd. Ta otehéyn avtd sivar eEarpetikd dHokolo vo eieyyBoldv Kot amotehodv
ONUOVTIKY OmeM) Yoo v avOpomwvn vyeia [1]. M @uokny Abon yoo TV OVIIHETOTICN TOV
molvavOekTik®V Paktnpimv givar n xpfon Boktnploedyov (1 eaywv), 1dV Tov LOADVOLV OTTOKAEIGTIKA
Baktipa [2]. H cvve&éMén PBaktnpiov kot Baxtnploedyov o€ Kowd pikpomeptBdiiovia pmopel vo
odnynoet otV ovamTvén emikNng avlektikodTnTag TV Poaktnpiov évavtt Baxtmpoedyov [3]. Eyet
pavel 6TL N petaforikn Tposapproyn Tav PBoaktnpiny /Kot Toyoieg HETOAMAEELS 001 YOHV GtV avdmTuén
emikTnTng avOeKTIKOTNTOG EVOVTL AVTIKOV Paktnploeoaywv. AVLTH 1 OTPOINYIKN UETOPOMKNG
TPOCAPUOYNG TEPIAAUPAVEL TN LElDOT TOV TPOTHNTOV EKQPOCTG KAAG YOPAKTNPICUEVOV LEUPPAVIKDOV
Kol SUEUPPAVIKOY TPOTEIVOV, GLUTEPIAUUPOVOUEVOY TOV TPOTEIVOV oL oyetilovial pe v
avtiotaon ota avTiPloTikd. Anpiovpydvrog in vitro oteléyn ovBektikd ota avTiplotikd Kot oteléym
avOeKTIKA GTOVG PAKTNPLOPAYOVS, UTOPECAUE VO OLEPEVVIICOVUE OV 1) ETWIKTNTN OvTOoyn &VOVTL
Baktnproedywv Bo propodoe vo Tpokarécet evatohnoia ota avtifrotikd oto Vibrio alginolyticus, éva
Kowo gvkalplokd maboyovo Bakthiplo tov yapidv [4]. Xpnowonomnkay otedéyn He avtoyn otV
KOMOTIVI] KOl OTEAEYT OVOEKTIKG £vavTl £vOG KOAG YOPOKTNPIOUEVOD ALTIKOVG Baktnplopayov. Ta
amoteAéopatd pog £dei&av Ot Ta avlekTikd oty KoAotivn otehéyn tov V. alginolyticus pndpecav va
aVOKTAGOLY KOOl gvaicinoio 6to avtiflotikd KOMoTiVY, HE HEI®ON TG EAGYIOTNG OVOGTOATIKNG
ovykévipoong (MIC) and 20 pg/ml o 10pg/ml petd v ahAnieniopaon pe Tov ATIKO BokTnplo@ayo.
Emumdéov, 10 avBextikd otov @ayo otédeyog, HeTd omd Oepameion [Le KOMOTIVN, OVEKTNGE KOO
evarctnoio otov Paktnprogdyo. Ta véa otedéyn Tapovciocay dapopéc oTovg puOoHs avanTuéng Tovg
KO 0TIV 1KavOTNTA ToVG Vo oynrotilovy Plopiip og cOYKpLon (e T0 6TéAe)0G Gyplov TOTOL, KaBMS Kot
aALOYEC 0TIV KIvNTIKOTNTO KOADUPNONG KOl GURVOLS. ZOUTEPAGHOTIKA, TOo Boktiplo V. alginolyticus
TOPOVCIOGE EVOV YEVIKO EMOVOTPOYPOUUATIONO TOV UETAPOMGUOD TOV UETA OO AAANAETIOpacn e
@ayovg katl avtiloTiKG, HE OmOTEAECHO. GpeceG OANUYEG OE POACIKA PAIVOTUTIKG YOPOKTNPIOTIKA.
ITBavég petaAldEelc oe peTaypa@Kovg Tapdyovieg 1 pYBOCOUIKES OUAOES LTOPEL VO EUTAEKOVTOL GTNV
ALOYT] TOV HETOYPOPIKOV TTPOTOTOV TOAADY YOVIdI®V Kot GTOV PaKTNPLoKd LETABOAMGHO, EnNPediovTog
£TO1 TIG PALVOTUTIKEG OTTOKPIGELG TV PoKTnpicv.
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SUMMARY
Introduction

The gut microbiome, a complex ecosystem of microorganisms, plays a pivotal role in human health and
disease. The gut microbiome’s influence extends beyond the digestive system to various organs, and its
imbalance is linked to a wide range of diseases [1,2]. Despite its significance, the interactions between
gut bacteria and human proteins remain understudied, with less than 20,000 experimentally validated
protein interactions between the host and any bacteria species. This study addresses this knowledge gap
by predicting a protein-protein interaction (PPI) network (PPIN) between gut bacterial and human
proteins using a novel structure-based deep neural network.

Methods

The developed model was trained with ~1M experimentally validated pan-bacterial-human PPIs, human
PPls, as well as inter- and intra- species PPIs from different organisms including viruses, plants, and
animals. To avoid model bias towards interacting pairs of proteins, a negative dataset that contained
proteins that do not interact was constructed, using only human proteins, that are solely present in
different organs of the human body and at the same time their domains (i.e., Pfam domains) do not
interact, based on data of experimentally supported Pfam-Pfam interactions.

The developed deep learning model was designed to predict PPIs using structure-based protein
representations extracted from AlphaFold2 database. The Human Proteome was filtered in the Human
Microbiome Atlas and only proteins that are found within the gut or the brain and whose protein structure
was available in the AlphaFold2 Database were kept. Correspondingly, the gut microbiome was filtered
and only the proteins of the bacterial strains that are labeled as “Healthy” in the Human Gut Microbiome
atlas and whose protein structure was available in the AlphaFold2 Database were kept. Next, every
possible protein pair with one human and one bacterial protein (~2.5B pairs) were used as input in the
Structure-based Deep Learning model.

Each protein of every pair is passed through the MAPE encoder that calculates its embedding, a
numerical representation of the structure and microenvironment information of each protein [3]. Next,
the two embeddings of every protein pair are fused into one using the Attention-based fusion module,
that combines the information of both structures giving emphasis to the parts of the embedding structures
(and essentially the protein) that are the most important for the protein interaction [4]. Finally, the protein
pair embedding is passed through a series of fully connected layers, that classify the protein pair as
interacting or not, generating a protein interaction probability.
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Results

The model achieved an Accuracy of 0.97, and an Area Under the Curve (AUC) score of 0.836, reflecting
high precision and recall for predicting positive interactions while maintaining strong discrimination
between classes (i.e., interaction and non-interaction). For highly confident results, the decision threshold
value was set to 0.7 (i.e., any possible interaction with a predicted interaction probability equal to or
greater than 0.7 is a PPI). The model was then deployed for the host-gut bacteria protein interaction
prediction task and only the protein pairs with an interaction probability score equal to or greater than
99% were kept, resulting in a PPIN of 15962 human and 1637 gut bacterial proteins. The proteoform
analysis of the proteins participating in this network revealed that there are different interacting partners
between proteoforms of the same protein.

Conclusions

This study presents a novel Deep Learning framework designed to predict PPIs between human and gut
bacterial proteins based on structural information. By leveraging graph representations of protein
structures and integrating them through attention-based fusion and VAE-generated embeddings, the
model achieves a high level of prediction accuracy. The proposed method successfully addresses the
challenges posed by data imbalance in PPI datasets and demonstrates robustness across diverse protein
pairs. Given the scarcity of experimental data concerning interactions between human and gut bacterial
proteins, this framework not only fills a critical gap in existing knowledge but also establishes a scalable
method for identifying novel interactions. The predictive network derived from this study presents a
valuable resource for further biological investigations and experimental validation, potentially
contributing to the understanding of gut microbiome-host interactions and their implications in human
health and disease.
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