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Panagiotis Vlamos is a Full Professor, Chairman of the University Research Center of the Ionian University and Director of the
Laboratory of Bioinformatics and Human Electrophysiology (BiHELab) of the Ionian University.
He completed his undergraduate studies in Mathematics at the University of Athens and obtained his Doctorate in Applied
Mathematics from the National Technical University of Athens. He has received many awards and has authored more than 250 papers
in scientific journals and conference proceedings, as well as 16 educational books. His research goal is to help bridge the translation
gap from data to models and from models to drug discovery and personalized therapy, developing novel approaches to biological and
clinical problems, using high-performance computational methods.
Professor Vlamos is a pioneer in the field of Computational Biomarkers and he was the first to introduce the notion of Meta-
biomarkers. In addition, Professor Vlamos is president of the Hellenic Initiative against Alzheimer's (HIAAD), a joint collaboration
between researchers from Johns Hopkins University in the USA and scientists from BiHELab who combine their knowledge and
expertise in order to tackle the "epidemic" of Alzheimer's Disease and related disorders in Greece. He is the founder and Head of the
Program Committee of the biannual World Congress on "Genetics, Geriatrics and Research in Neurodegenerative Diseases" (GeNeDis).
Professor Vlamos is one of the three editors of the Handbook of Computational Neurodegeneration to be published by Springer
International Publishing and the founder of the MSc Program “Bioinformatics & Neuroinformatics”.



BiHeLab’s Main Interests:

• BiHELab’s goal is to help bridge the translational gap from data to models and 
from models to drug discovery and personalized therapy by fostering 
collaborations and developing original quantitative approaches to biological and 
clinical problems.

• The Bioinformatics and Human Electrophysiology Lab (BiHELab) focuses on 
recent advances in geriatrics and neurodegeneration, ranging from basic 
science to clinical and pharmaceutical developments. 

• The main objective of the laboratory is the creation of new and effective 
protocols for the diagnosis of various types of dementia and neurological 
disorders through identification, mapping, biological analysis as well as 
mathematical modelling and simulation of all factors associated with these 
diseases, in order to improve existing techniques and to design new targeted 
treatments.  



Nature Reviews Genetics 2005;6:678-687

Human diseases caused by defects in protein folding, stability and aggregation

Protein Misfolding Diseases 



protein tangles that grow and connections between nerve cells shrivel



Precision 
medicine

• Precision medicine (PM) is a medical 
model that proposes the customization of 
healthcare, with medical decisions, 
treatments, practices, or products being 
tailored to the individual patient, instead of 
a one‐drug‐fits‐all model.

• Findings from basic, clinical, 
and social/behavioral research, data 
from digital health, 'omic 
technologies, imaging, and computational 
health sciences and ethical and 
legal guidelines are integrated into 
a knowledge network, which informs both 
science and care for individuals and 
populations.



Proteins 
structures 

and 
precision 
medicine



Protein Structure - Overview

primary structure

Secondary  structure

Tertiary  structure

Quaternary structure



How primary and 
tertiary differs

• Schematic representation of the 
sequence alignment (A) versus structural 
alignment (B) of chain A versus chain D 
from PDB ID 1vr4. The two chains are 
100% identical in sequence. The aligned 
parts are colored green (chain A) and 
cyan (chain D), while the unaligned parts 
are colored orange and magenta, 
respectively.

Kosloff, M., & Kolodny, R. (2008). Sequence‐similar, structure‐dissimilar 

protein pairs in the PDB. Proteins: Structure, Function, and 

Bioinformatics, 71(2), 891-902.



How we use databases and 
online tools in building 
analytical pipelines



The NAR online Molecular Biology Database 
Collection has been substantially updated, 
revisiting nearly 1000 entries, adding 90 new 
resources and eliminating 86 obsolete databases, 
bringing the current total to 1641 databases. It is 
available at 
https://www.oxfordjournals.org/nar/database/c/.



Why to archive research data

Accessibility
• One-stop shop
• Uniform data representation/annotation

Persistence
• Typical websites have a half-life of 2 years
• Professional management

Context
• Comparisons against all other entries
• Validation
• Integration with other resources

Facilitate further analysis
• Database-wide studies and data-mining

The archive cost is ~1% of the
cost of generating the data
Immeasurable scientific value



Ensembl
Ensembl is a genome browser for vertebrate genomes that supports research in comparative genomics, evolution, 
sequence variation and transcriptional regulation.

Components:
• genome browser
• tools
• databases
• APIs

Ensembl to 

provides a 

centralized 

resource for 

geneticists,

molecular 

biologists and 

other 

researchers 

studying the

genomes



UniProt
The Universal Protein Resource (UniProt) is a comprehensive resource for protein sequence and annotation data. The UniProt databases are 
the UniProt Knowledgebase (UniProtKB), the UniProt Reference Clusters (UniRef), and the UniProt Archive (UniParc). 

https://www.uniprot.org/help/uniprotkb
https://www.uniprot.org/help/uniref
https://www.uniprot.org/help/uniparc


UniProt



UniProt



UniProt



PDB – PROTEIN DATA BANK



PDB – PROTEIN DATA BANK

https://www.rcsb.org/ https://www.ebi.ac.uk/pdbe/node/1

https://www.rcsb.org/
https://www.ebi.ac.uk/pdbe/node/1


pdbe.org/2yi7

Some FAQs:
• Where is the structure published?
• Is it any good?
• How do I find out who has cited the 

structure?
• What is the assembly?
• What sequence / structural domains are 

present?
• Where is the ligand binding?

















Validation issues detailed on sequence



UniProt coverage viewer



Protein Folds and Families, CATH, SCOP and 
Pfam

Proteins are generally 
composed of one or 
more functional 
regions, commonly 
termed domains. 
Different 
combinations of 
domains give rise to 
the diverse range of 
proteins found in 
nature. The 
identification of 
domains that occur 
within proteins can 
therefore provide 
insights into their 
function.



cath



CATH: Protein Structure Classification



Cath architectures



Domain Structure 
Classification

Structure based methods
for recognising fold similarities



Pfam database 

The Pfam database is a large collection of 
protein families, each represented 
by multiple sequence 
alignments and hidden Markov models 
(HMMs).

Pfam also generates higher-level groupings 
of related entries, known as clans. A clan is 
a collection of Pfam entries which are related 
by similarity of sequence, structure or 
profile-HMM.

The data presented for each entry is based 
on the UniProt Reference Proteomes but 
information on individual UniProtKB
sequences can still be found by entering the 
protein accession. Pfam full alignments are 
available from searching a variety of 
databases, either to provide different 
accessions (e.g. all UniProt and NCBI GI) or 
different levels of redundancy.

http://www.uniprot.org/help/reference_proteome


Sequence based methods for detecting protein 
homologues



Blast 

https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYP
E=BlastHome

https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastHome


HMMER: biosequence analysis using profile 
hidden Markov models

HMMER is used for searching sequence databases for 

sequence homologs, and for making sequence alignments. 

It implements methods using probabilistic models called 

profile hidden Markov models (profile HMMs).

HMMER is often used together with a profile database, 

such as Pfam. But HMMER can also work with 

query sequences, not just profiles, just like BLAST. For 

example, you can search a protein query sequence against 

a database with phmmer, or do an iterative search 

with jackhmmer.

HMMER is designed to detect remote homologs as 

sensitively as possible, relying on the strength of its 

underlying probability models. In the past, this strength 

came at significant computational expense, but as of the 

new HMMER3 project, HMMER is now essentially as fast 

as BLAST.

http://pfam.xfam.org/


VALIDATION OF STRUCTURAL SIMILARITY

Based on CATH (Protein Structure Classification database) to Validate homologues at 
least 2 out of 3 of the following conditions should be met: 

Significant 
structural 
similarity

Significant 
sequence 
similarity

Functional 
similarity



Structure alignment

Structure alignment 
may be defined as 
identification of 
residues occupying 
“equivalent” 
geometrical positions

❑ Unlike in sequence alignment, residue type 
is neglected

❑ Used for
• measuring the structural similarity

• protein classification and functional analysis

• database searches



Multiple structure alignment

❑ More than 2 structures are aligned 

simultaneously

❑ Multiple alignment is not equal to the 

set of all-to-all pairwise alignments

❑ Helps to identify common structure 

motifs for a whole family of 

structures



PDBeFold is an interactive 
service that allows you to 
identify structures that are 
similar to that of your reference 
protein. It is a very powerful 
structure alignment tool which 
can perform both pairwise and 
multiple three-dimensional 
alignment. In addition, 
PDBeFold gives you various 
options to sort the results of 
your structural alignment query.



PDBeFold output

❑ Table of matched Secondary Structure Elements

❑ Table of matched backbone Ca-atoms with distances between them at best structure 

superposition

❑ Rotation-translation matrix of best structure superposition

❑ Visualisation in Jmol and Rasmol

❑ r.m.s.d. of Ca-alignment

❑ Length of  Ca-alignment Nalign

❑ Number of gaps in Ca-alignment

❑ Quality score Q

❑ Statistical significance scores P(S), Z

❑ Sequence identity



The Results Page For Pairwise Alignment



Analyzing the result from a particular pairwise alignment



Analyzing the result from a particular pairwise alignment



Residue-by-Residue Structure alignment result

• Structure alignment 

includes both secondary 

structure assignment and 

residue identity:

• For aligned residues:

• Exact match

• No match



Multiple 3D alignment using PDBefold



Results from multiple 3D alignment



PolyPhen-2 prediction of functional effects of human SNPs

PolyPhen-2 (Polymorphism Phenotyping v2) is a tool which predicts possible impact of an amino acid 

substitution on the structure and function of a human protein using straightforward physical and 

comparative considerations.



Διαδικασία 

πρόβλεψης μία νέας 

δομής



3D structure prediction tools

Tertiary (or 3-D) structure prediction tools fall into two main methods: Ab initio, and comparative protein modeling.

Ab initio (or de novo) protein structure prediction methods attempt to predict tertiary structures from sequences 
based on general principles that govern protein folding energetics and/or statistical tendencies of conformational 
features that native structures acquire, without the use of explicit templates.
Ab initio protein structure prediction thus requires vast amount of computational power and time to solve the native 
conformation of a protein, and remains one of the top challenges for modern science.

Most popular servers include Robetta (using the Rosetta software package), SWISS-MODEL, PEPstr, QUARK. 

If a protein of known tertiary structure shares at least 30% of its sequence with a potential homolog of 
undetermined structure, comparative methods that overlay the putative unknown structure with the known can be 
utilized to predict the likely structure of the unknown. Homology modeling and protein threading are two main 
strategies that use prior information on other similar protein to propose a prediction of an unknown protein, based 
on its sequence.

Homology modeling and protein threading software include RaptorX, FoldX, HHpred, I-TASSER, and more.

https://omictools.com/robetta-tool
https://omictools.com/swiss-model-repository-tool
https://omictools.com/pepstrmod-tool
https://omictools.com/quark-tool
https://omictools.com/raptorx-tool
https://omictools.com/foldx-tool
https://omictools.com/hhpred-tool
https://omictools.com/i-tasser-tool


ALPHA FOLD (https://deepmind.com/blog/article/AlphaFold-Using-AI-for-scientific-discovery)

Improved protein structure prediction using potentials from deep learning. https://www.nature.com/articles/s41586-019-1923-
7.epdf?author_access_token=Z_KaZKDqtKzbE7Wd5HtwI9RgN0jAjWel9jnR3ZoTv0MCcgAwHMgRx9mvLjNQdB2TlQQaa7l420UCtGo8vYQ39gg8lFWR9mAZtvsN_1Pr
ccXfIbc6e-tGSgazNL_XdtQzn1PHfy21qdcxV7Pw-k3htw%3D%3D

https://github.com/deepmind/deepmind-research/tree/master/alphafold_casp13

AlphaFold placed first in the overall rankings of the 13th CASP
In November 2020, DeepMind's new version, AlphaFold 2, won CASP14

https://www.nature.com/articles/s41586-019-1923-7.epdf?author_access_token=Z_KaZKDqtKzbE7Wd5HtwI9RgN0jAjWel9jnR3ZoTv0MCcgAwHMgRx9mvLjNQdB2TlQQaa7l420UCtGo8vYQ39gg8lFWR9mAZtvsN_1PrccXfIbc6e-tGSgazNL_XdtQzn1PHfy21qdcxV7Pw-k3htw==












•TMScore: TM-score is intended as a more accurate 
measure of the quality of full-length protein 
structures than the often used RMSD measure
•RMSD — a different structure comparison 
measure
•GDT — a different structure comparison measure
•Longest continuous segment (LCS) 
•Global distance calculation (GDC_sc, GDC_all) —
Structure comparison measures that use full-model 
information (not just α-carbon) to assess similarity
•Local global alignment (LGA) — Protein structure 
alignment program and structure comparison 
measure



USE CASES



Chronic Lymphocytic 
Leukemia CLL



Somatic hypermutation (SHM) analysis

• 19,635 IGHV-IGHD-IGHJ gene rearrangement sequences from CLL patients were examined. 
Based on IGHV gene usage, all cases were subgrouped into 3 phylogenetic clans namely 
• Clan I | IGHV1/5/7), n=5439; 
• Clan II | IGHV2/4/6, n=5092 and 
• Clan III | IGHV3, n=9104. 

• A region weight factor was set based on the physicochemical properties of the amino acids 
and the entropy of the SHMs in the complementarity determining regions (CDRs) and the 
framework regions (FRs). 

• The Euclidean distance between the sequences was defined as a combination of the Blosum
Matrix and the region weight factor, 

• DBSCAN clustering algorithm

• A force-directed graph drawing visualization the associations between SHMs and CLL groups 
was underlined using the VH CDR3 patterns as similarity metric. 



Somatic hypermutation (SHM) analysis

Distance between sequences:

• Position Entropy

• the Blosum Matrix 

• The physicochemical similarity was defined according to the 11 “IMGT Physicochemical” classes, for the 20 amino 
acids” 



Somatic hypermutation (SHM) analysis

• Region weight factor was set based on the physicochemical properties of the amino acids and the 
entropy of the SHMs in the complementarity determining regions (CDRs) and the framework regions 
(FRs). 

• The SHM variance of each position was calculated through the position Shannon entropy 

The points a,b,c underline the maximum entropy in CDRs while d,e,f in FRs for ClanI, Clan II, ClanIII respectively.

𝐻2 𝑋 = −෍

𝑖=1

𝑛
𝑚𝑖

𝑁
log2

𝑚𝑖

𝑁

where 𝑚𝑖 / 𝑁 is the frequency of the SHM 𝑖 in every 

codon of the IGHV genes sequence. 



Somatic hypermutation (SHM) analysis

Cluster 1 Cluster 2 Cluster 3 Outliers

Gr. clan I 4496 766 n/a 218

Gr. clan II 3992 824 171 107

Gr. clan III 7671 1092 n/a 342

DBScan Clusters:



Somatic hypermutation (SHM) analysis



Somatic hypermutation (SHM) analysis



results

• Clan based patterns in terms of both quantity and quality of mutations.

• Some frequent SHMs were linked to specific subsets. And are now considered subset specific.

• Next level analysis will include associations between more than two SHMs. 

• SHM patterns in the VH region will then be associated with CDR3 patterns leading to the identification 
of yet uncharacterized group of patients.



STRUCTURAL SIMILARITY



STRUCTURAL SIMILARITY



STRUCTURAL SIMILARITY

Dataset Patients
Predefined 

Subsets

D1 106 6 (D1.A ~ D1.F)

D2 894 N/A

C-PIGS structural prediction protocol

Marcatili, P., Rosi, A., & 
Tramontano, A. (2008). PIGS: 
automatic prediction of 
antibody 
structures. Bioinformatics, 24(
17), 1953-1954.



STRUCTURAL SIMILARITY



STRUCTURAL SIMILARITY

1st Approach : Clustering D1 using Single descriptors



STRUCTURAL SIMILARITY

Based on CATH (Protein Structure Classification database) to Validate homologues at 
least 2 out of 3 of the following conditions should be met: 

Significant 
structural 
similarity

Significant 
sequence 
similarity

Functional 
similarity

To examine sequence similarity two new descriptors: Dayhoff & Physicochmical Similarity were 
examined



STRUCTURAL SIMILARITY

2nd Approach : Clustering based on 3D descriptors and Sequence 
Similarity



STRUCTURAL SIMILARITY

2nd Approach : Clustering based on 3D descriptors and Sequence 
Similarity
Clustering D1 using Descriptors Combination



STRUCTURAL SIMILARITY

2nd Approach : Clustering based on 3D descriptors and Sequence 
Similarity



RESULTS

 Clusters were distinct ang highly homogeneous.

 This finding could be interpreted as important evidence that this novel approach enables robust 
clustering of patients with CLL.

 IG 3D models from cases with stereotyped subsets were clustered together strengthening the 
relevance of our findings.

 Altogether, clustering of CLL patients into discrete subgroups based on feature extraction from IG 
3D models may have highly relevant implications for refined patient sub-classification.



Polychronidou E, et. al.Automated shape-based clustering of 3D immunoglobulin protein structures in chronic 
lymphocytic leukemia. BMC Bioinformatics. 2018 Nov 20;19(Suppl 14):414. doi: 10.1186/s12859-018-2381-1. 
PMID: 30453883; PMCID: PMC6245605.



Alzheimer’s Disease



Alzheimer’s Disease is a folding disorder

• Irreversible progressive dementia with long prodromal stages and up to now 
there is a lack of effective pharmacotherapy options evaluation of the prediction 
algorithms

• While the clinical symptoms of the disease are defined by cognitive impairment, 
the causes leading to memory decline are strongly tied to deposits of misfolded 
protein aggregates.

81
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Apolipoprotein 
E (ApoE) and 
the aggregation 
processes of the 
amyloid β (Aβ) 
peptide

83



Apolipoprotein 
E (ApoE) and 
the aggregation 
processes of the 
amyloid β (Aβ) 
peptide

Nat Rev Neurol. 2013 Feb; 9(2): 106–118.



Hypothesis

What is the connection between the different isoforms of 

well known proteins implicated in the pathogenesis and 

progression of Alzheimer’s Disease?

Could we find a correlation between their misfolded forms 

and the events occurring at the molecular level?

EDBM103] Support for researchers with an emphasis on young
researchers-cycle B '



• Computational simulation of 
the effect of an increasing 
electric field strength on the 
protein structure

86
J Proteomics. 2012 Oct 22; 75(18-2): 5533–5543.



• Computational simulation of 
the effect of an increasing 
electric field strength on the 
protein structure

87J Proteomics. 2012 Oct 22; 75(18-2): 5533–5543.



Methodology

• study of the experimentally determined protein structures,

• evaluation of the prediction algorithms

• prediction of the AD related proteins with unknown structures

• evaluation of the mutation footprint of the established mutations in the tertiary 
structure. 



Innovation  

• ability to highlight broad ensembles of genes that drive key disease mechanisms 

• These genes may hold strong potential for the identification of promising 
therapeutic targets. 
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Mutation 

Footprint 



Methodology

Data 

Consolidation 

Protein 
structure 

prediction and 
methodologies 

evaluation 

Structural

Classification 

Structural 

Alignment 

Clustering and 

Classification 

Mutation 

Footprint 



Methodology

Protein 
structure 

prediction and 
methodologies 

evaluation 

Structural

Classification 

Structural 

Alignment 

Clustering and 

Classification 

Mutation 

Footprint 

Data 

Consolidation 



Software Method Description Category

MODELLER Satisfaction of spatial restraints
Standalone program mainly in 

Fortran and Python
homology

SWISS-MODEL Local similarity/fragment assembly
Automated webserver (based on 

ProModII)
homology

HHpred
Template detection, alignment, 3D 

modeling

Interactive webserver with help 

facility
threading

I-TASSER
Combination of ab initio folding and 

threading methods

Structural and function 

predictions
Combination

ROBETTA

Rosetta homology modeling and ab 

initio fragment assembly with Ginzu 

domain prediction

Webserver Ab initio

QUARK Monte Carlo fragment assembly

On-line server for protein 

modeling (best for ab initio folding 

in CASP9)

Ab initio
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STRUCTURAL SIMILARITY and MUTATION 
analysis IN Alzheimer’s disease

Presenilin 1 is a large multi-pass transmembrane protein which participates in 

the formation of γ-secretase complex and has a strong impact in the clinical 

course of the disease.

Mutations that are reported in PSEN1 protein. The mutations are

grouped into three categories.



STRUCTURAL SIMILARITY and MUTATION 
analysis IN Alzheimer’s disease



STRUCTURAL SIMILARITY and MUTATION 
analysis IN Alzheimer’s disease

Mapping Mutation Pathogenicity

V17 G378V AD : Pathogenic

V23 S390N AD : Pathogenic

V4 I83_M84del AD : Pathogenic

Higher Percentage of structure alteration due to mutation

Mapping Mutation Pathogenicity

V8 E120K AD : Pathogenic

V2 R35Q AD : Unclear Pathogenicity

V3 I83T AD : Pathogenic

V18 F386I AD : Pathogenic

Insights for the pathogenicity of the R35Q mutation



Summary

• Risk prediction standpoint, 

• networks exhibiting coexistent genetic variation and biological 
perturbation would represent prime targets in the development of 
personalized, burden-based genetic susceptibility tests. 

• Therapeutic strategies development

• pathways and networks displaying multi-omics relationships in AD 
would reduce the search space for rational drug design and may highlight 
“hub” genes for therapeutic cocktail approaches, such as in the 
polypharmacy strategies successfully employed for AIDS and various 
cancers.



Polychronidou E, Avramouli A, Vlamos P. Alzheimer's Disease: 
The Role of Mutations in Protein Folding. Adv Exp Med Biol. 
2020;1195:227-236. doi: 10.1007/978-3-030-32633-3_31. 
PMID: 32468481.



5. Experimental design for studying protein 
misfolding

103

JPK Force Robot

• Atomic force microscope is a very sensitive tool for quantitatively 
measuring forces on a single molecule level

• Molecular stretching experiments 



JPK Force Robot
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Thank you!

Computer Science is no more about computers as astronomy is about 
telescopes. 

There should be no such thing as boring Mathematics!

Edsger Dijkstra
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