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Presentation outline

1. Proper protein folding

2. Computational methods for protein fold recognition

3. In silico study of the tertiary structure of well-

established mutations in Alzheimer’s Disease



Nature Reviews Genetics 2005;6:678-687

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









Forces that stabilize protein structure 
• Interactions between atoms within the protein chain 
• Interactions between the protein and the solvent







Proc Natl Acad Sci U S A. 2017 Aug 1;114(31):8253-8258.



Mechanisms involved in protein misfolding & therapeutic targets 



However, 50 y after C. B. Anfinsen showed that proteins can fold

spontaneously without outside help, and despite the intensive

work of thousands of researchers leading to more than five

publications per day in the current literature, there is still no

general agreement on the most primary questions.

How do proteins fold?

Why do they fold in that way?

How is the course of folding encoded in a 1D amino acid

sequence?



X-ray 
crystallography 

nuclear magnetic resonance 
spectroscopy



COMPUTATIONAL METHODS FOR 
PROTEIN FOLD RECOGNITION 



Computational methods for protein fold recognition can be 

generally categorized into three classes: 

(1)de novo modeling methods; 

(2) template-based methods; and 

(3) template-free methods. 



it requires long computational 

time and numerous sources, 

and it can only be successfully 

applied in small proteins.

Computational methods for protein fold recognition can be 

generally categorized into three classes: 

(1)de novo modeling methods; 

(2) template-based methods; and 

(3) template-free methods. 



2. Template-based methods used to determine protein structures 

are based on the evolutionary relationships of proteins. 



1. First, proteins of known structures retrieved from public protein 

structure databases (e.g., Protein Data Bank (PDB)) are used as 

template proteins for a query protein sequence. 

2. Distant evolutionary relationships between a target sequence and 

proteins of known structure are detected. 

3. To determine the optimal alignments, scoring functions are usually 

used as measures to evaluate the similarity between the profiles 

derived from a query protein and those of template proteins with 

known structures. Z-score and E-value are the two commonly used 

scoring functions. 



4. 3D structure models based on template atom coordinates and 

optimal query-template alignments are built. 

5. The optimal structure models are determined from the model 

candidates through further structure optimization. The commonly 

used structural optimization methods include energy minimization 

and loop modeling. 



Template-based methods
1. Fold and Function Assignment System (FFAS)
uses a profile-profile alignment strategy. Query and template
profiles are obtained by PSI-BLAST searching against the NR85
database; these profiles are then aligned by a dot-product
scoring function. The significance of alignment scores is
calculated by comparing the protein with the distribution
scores from pairs of unrelated protein

2. FFAS-3D, wherein is introduced structural information,
such as secondary structure, solvent accessibility, and residue
depth.



template-based methods
1. FUGUE
2. Raptor
3. I-TASSER (Iterative Threading ASSEmbly Refinement),
4. ORION,
5. MODELLER
6. TMFR

Currently, CASP (Critical Assessment of protein Structure
Prediction) is a mainstream platform used to establish an
independent mechanism to assess the current methods
employed in protein structure modeling.
( http://predictioncenter.org/)



Template-based methods & problems

1. we need to determine the structures of template proteins. The three-

dimensional structures of many proteins remain to be determined.

2. template-based modelling largely relies on the homology between target and

template proteins. When the target and template proteins display a sequence

similarity of >30%, the use of sequence alignment methods (e.g., BLAST and

SSEARCH) can reveal their evolutionary relationships. However, this approach is

not available for non-obvious relationships between targets and templates with

a sequence identity of lower than 20%–30%.

3. template-based structure modeling is time consuming. This approach always

requires homology detection by searching target proteins against a template

database to detect distant evolutionary relationships.



Template-free methods

seek to build models and accurately predict protein structures solely based
on amino acid sequences rather than on known structural proteins as
templates.

1. Machine learning algorithms
2. Hidden Markov Model (HMM)
3. genetic algorithm
4. Artificial Neural Network
5. Support Vector Machines (SVMs), and
6. ensemble classifiers.



Template-free methods

• the number of protein fold classes is limited.

• Machine learning aims to build a prediction model by learning the differences

between different protein fold categories and use the learned model to

automatically assign a query protein to a specific protein fold class.

• This approach is thus more efficient for large-scale predictions and can

examine a large number of promising candidates for further experimental

validation.



Biochemistry 2013, 52, 8601−8624 

Databases and Resources for Protein Folding 



Biochemistry 2013, 52, 
8601−8624 

Methods 
and Tools 
for 
Protein 
Folding 



Biochemistry 2013, 52, 8601−8624 

Tools for Protein Aggregation Available on the Web 



WORK IN PROGRESS

IN SILICO STUDY OF THE 
TERTIARY STRUCTURE OF WELL-

ESTABLISHED MUTATIONS IN 
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.



•Nature Cell Biology 6, 1054–
1061 (2004)





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

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



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

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



Computer simulations have been used to investigate the
process of Aβ interaction with the N-terminal domain of the
human ApoE isoforms (ApoE2, ApoE3 and ApoE4). Molecular
docking combined with molecular dynamics simulations have
been undertaken to determine the Aβ peptide binding sites
and the relative stability of binding to each of the ApoE
isoforms.

PLoS Comput Biol. 2010 Feb; 6(2): e1000663.



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



The model presented has implications 

for therapeutic drug design for AD, as 

it defines on a molecular level the 

ApoE-Aβ complex as a potential drug 

target

PLoS Comput Biol. 2010 Feb; 6(2): e1000663.



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?



Aim 

• Structural algorithm evaluation on experimentally

determined structures  

• Algorithm implementation to unknown structures  

• Structural alignment between the proteins  

• Classify protein tertiary structures based on their

similarity

• Underline the mutation footprint on the 3d structures



Inovation

• 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. 



Methodology in summary

• 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. 
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The evaluation method is included in the following steps:

1. Experimentally-determined structures of proteins from PDB will

be utilized as guides.

2. Prediction of the tertiary structure for all the guide-proteins,  by deploying only the primary

structure.  

3. Similarity metrics are then applied in the predicted structures in order to compare the

predicted  models with the experimentally-determined.

The similarity metrics that are utilized are RMSD and TM-score. Consequently,

methods beyond classic bioinformatics (for example structure similarity following

computer-vision based algorithms) is utilized for more detailed feature extraction.



The evaluation method is included in the following steps:
1. Experimentally-determined structures of proteins from PDB will be utilized as guides.

2. Prediction of the tertiary structure for all the guide-proteins,

 by deploying only the primary structure.  

3. Similarity metrics are then applied in the predicted structures in order to compare the

predicted  models with the experimentally-determined.

The similarity metrics that are utilized are RMSD and TM-score. Consequently,

methods beyond classic bioinformatics (for example structure similarity following

computer-vision based algorithms) is utilized for more detailed feature extraction.



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



The evaluation method is included in the following step:
1. Experimentally-determined structures of proteins from PDB will be utilized as guides.

2. Prediction of the tertiary structure for all the guide-proteins,  by deploying only the primary

structure.  

3. Similarity metrics are then applied in the predicted structures in order to

compare the predicted  models with the experimentally-determined.

The similarity metrics that are utilized are RMSD and TM-score.

Consequently, methods beyond classic bioinformatics (for example

structure similarity following computer-vision based algorithms) is

utilized for more detailed feature extraction.
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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.



Foldit is a revolutionary crowdsourcing

computer game enabling you to contribute

to important scientific research.

Protein structure prediction

Protein design

https://fold.it/portal/


