EAAHNIKH AHMOKPATIA

EQvikov kot Kanodictprokov

[Mavemetquiov Adnvov
IAPY®EN TO 1837

Tunpa Xnueiag

Epyaotnplo Opyavikng Xnpeiag

A6nva, 06/07/2026

ANAKOINQ2H

Tnv Napackeun 10/07/2026 kat wpa 14.00 6a paypatomnoindei otnv aibovoa ddackaAiag
tou Epyaoctnpiou Opyavikng Xnueiag n dnupocia uttootnptén tng dIdAKTOPLKAG dlatpng tng
vtodnolag diddaktopa Acomowvacg Kiovpn pe B€pa:

«Discovery of new pharmaceutical approaches using Protein Interaction Networks,
Molecular Modeling and Organic Spectroscopy»

EnttapeAng e€ETAOTIKN ETUTPOT:

1.

2.

3.

4.

5.

6.

Xpnotog Xaoanng, Emtikoupog Kabnyntng, Tunua Xnueiag EKMA (KOplog ETtBAETTWV)
Owpag Maupopouvotakog, Kabnyntng, Tunua Xnueiag EKMA

ABavaciog Nkwunong, Kabnyntng, Tunua Xnueiag EKMA

ARuntpa TZéAn, Kabnyntng, Tunua Xnueiag EKMA

Fewpyia MeAaypakn, AvamAnpwtpla Kadnyntpla, ZTpatiwTikni ZXoAn EveArtidwy

NwoAaog MamavikoAdouv, Kabnyntng, Department of Biochemistry & Medical

Genetics, Touro College of Osteopathic Medicine, New York, USA

7.

lwavvng ZouykAdakog, Kabnyntng, latpikn ZxoAn MNavemotnuiov Kpntng

Oa utdpxel Kat n duvarotnta €& amMooTAcEWC TapakoAolBnong HEcw NG TAATPOpuag
Webex.

Christos Chasapis's Personal Room

https://uoa.webex.com/meet/cchasapis | 27942829451



Join by video system

Dial cchasapis@uoa.webex.com and enter your host PIN .

You can also dial 62.109.219.4 and enter your meeting humber.
Join by phone

+30-21-1990-2394 Greece Toll

+30-21-1198-1029 Greece Toll 2

Access code: 2794 282 9451

Abstact:

This thesis leverages advanced computational methodologies to predict and characterize
the host-gut microbiome interplay through a structural lens, thereby addressing the inherent
limitations of experimental interactomics and the scarcity of high-resolution structural data.
The research is organized around three primary pillars: the development of predictive
models, the biological characterization of the predicted interactome, and the translation of
these findings into therapeutic insights.

The first phase of this work focuses on deciphering the molecular interplay between the
microbial and host proteomes. Initial efforts involved the construction of a protein—protein
interaction network (PPIN) using machine learning (ML) to extract statistically significant
associations between Pfam domains. This model was trained on a large-scale,
heterogeneous dataset comprising over one million experimentally validated interactions
across multiple taxa. To enhance predictive fidelity, a novel hybrid deep learning (DL)
architecture was subsequently developed. This framework integrates graph-based protein
representations with Variational Autoencoders (VAEs) to generate latent structural
embeddings, which are then processed by a bi-directional cross-attention module to predict
interactions. To ensure robustness against class imbalance, the model employs a focal loss
that prioritizes hard-to-classify samples.

The second objective involves the systematic biological and topological analysis of the
predicted PPIN in order to identify disease associations. Through multi-parametric
topological evaluations—including degree distributions, assortativity, and mean degree—
abundance correlations—the study characterizes the resilience and organizational logic of
the host-microbe interactome. This analysis identified critical protein hubs implicated in
inflammation, cancer, mitochondrial dysfunction, and cardiometabolic disorders.



The final phase translates these computational findings into pharmacological insights.
Focusing on the identified hubs, the study employed an orthological design strategy to
develop small organic molecules targeting pathological interactions in obesity- and
cardiometabolic-related pathways. Given the strong association uncovered between the
interactome and colorectal cancer (CRC), the DL model was further applied to clinical
metagenomic data to distinguish the molecular signatures of healthy individuals from those
of CRC patients. Centrality analysis identified key host proteins, which were then targeted
for the rational repurposing of natural products. Achillea millefolium was identified as a
primary candidate, and molecular docking together with nuclear magnetic resonance (NMR)
spectroscopy were subsequently employed to validate the binding affinity of its synthetic
compounds against the identified host targets.

Overall, this thesis integrates computational modeling, structural biology, and clinical
systems data to advance the understanding of the gut microbiome's influence on human
health. By establishing a multi-scale pipeline—spanning from deep learning—based
prediction to experimental validation—this work provides a foundational framework for
discovering therapeutic targets and for elucidating the molecular mechanisms that underlie
host-microbe cross-talk in both physiological and pathological states.



