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Why predict protein structures?



Structure prediction methods

• Template-based methods: 

– Comparative modelling (or Homology modelling): 

• There exists a protein with clear homology. 

• Uses sequence-based techniques to identify a 
template. – Protein Threading/Fold recognition: 

• There exists a protein of similar fold (analogy). 

• Template-free methods: 

– Novel fold prediction
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How does it work?

• Energy function 

– Usually from a Bayesian treatment of residue distributions in known 
protein structures sometimes combined with physics based energy 
terms

– Pair potential terms, Solvation potentials terms, Steric terms, Long-
range hydrogen bonding, compactness term

– Predicted contacts from co-evolution methods 

• Use a Monte Carlo search procedure

– Move set based on fragments of protein structures

• Generate thousands of decoys

• Select a final answer
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Oliveira et al Plos One (2015)



Ways to improve Fragment assembly
• Consider secondary structure when assessing your fragment library

NNMAKE – Gront et al (2011)
FLIB – Oliveira et al (2015)
LRFragLib – Wang et al (2016)
Fragsion – Bhattacharya et al (2016)
Profrager – Santos et al (2015)
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Ways to improve Fragment assembly
• Use contact predictions

Oliveira et al Bioinformatics (2016)

Two residues that mutate in a correlated fashion (co-evolve) 
are inferred to share spatial proximity.



Improving co-evolution contact prediction

Correlation in amino acid substitution may arise from direct as 
well as indirect interactions. 

A

B

C

Mean Field Direct Coupling Analysis 

Estimate the inverse covariance matrix 
to assign a score to residue pairs

Learn the direct couplings as parameters 
of a Probabilistic Graphical Model 
(Markov random field) by maximizing 
its pseudo-likelihood. 

Need to use the information of all columns in the multiple sequence alignment when 
ascertaining the correlation between two individual columns



Methods

• Test set - 3458 proteins

• FreeContact Kajan,L. et al. (2014) 
• PSICOV Jones,D.T. et al. (2012) 
• CCMPred Seemayer,S. et al. (2014) 
• Bbcontacts Andreani and Soding (2015)
• metaPSICOV stage 1 Jones,D.T. et al. (2014) 
• metaPSICOV stage2 Jones,D.T. et al. (2014) 
• metaPSICOV HB Jones,D.T. et al. (2014)
• GREMLIN Kamisetty et al. (2013)

Oliveira et al (2016)



Contact definition

• Two protein residues are defined to be in contact 
if their C-bs (C-as for Glycine) are less than 8 A 
apart 

• Contacts between residues being less than five 
residues apart and are not considered

• A short-range contact between residues i and j is 
defined when 5 ≤ |i – j |≥23. 

• A long range contact is defined when |i –j| > 23

Jones et al (2012)
Marks et al (2011)



How many sequences do you need in 
the multiple sequence alignment?

Oliveira et al Bioinformatics (2016)



How accurate are the methods?

Oliveira et al Bioinformatics (2016)



Putting co-evolutionary contacts into 
protein structure prediction



How do they influence structure 
prediction?

Oliveira et al Bioinformatics (2016)



Using co-evolution contacts to identify 
good models

Oliveira et al Bioinformatics (2016)



Ways to improve Fragment assembly
• Improve your search strategy

Oliveira et al Bioinformatics (2017)



Improving the search: Cotranslational 
protein structure prediction

Co-translational, series of smaller 
optimisation problems
Therefore- faster

Oliveira et al Bioinformatics (2017)
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Number of decoys required

• Number decoys to get a 
correct answer ~10,000

• Number of decoys to get 
best answer ~20,000

• Not dependent on protein 
length (if length <250)

Oliveira et al Bioinformatics (2017)



SAINT2 Cotranslational in action

Oliveira et al Bioinformatics (2017)



Improving the search: Cotranslational 
protein structure prediction

• Most current de novo structure prediction methods randomly sample 
protein conformations
– Require large amounts of computational resource

• SAINT2 uses a sequential sampling strategy, suggested by biology
– SAINT2 requires ~10,000 decoys to produce a good answer fewer than most 

other methods suggest

• Sequential sampling improves speed
– 1.5 to 2.5 times faster than non-sequential prediction. 

• SAINT2 sequential produces better models

• SAINT2 sequential a pseudo-greedy search strategy that reduces 
computational time of de novo protein structure prediction and improves 
accuracy

Oliveira et al Bioinformatics (2017)
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