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Outline of the presentation

• 1. Protein structure determination problem.

• 2. Simplified protein models.
• 2.1 hydrophobic-polar (HP) model.
• 2.2 Functional model protein.

• 3. Previous approaches.

• 4. Estimation of distribution algorithms (EDAs).

• 5. Probabilistic modeling for simplified protein models.

• 6. Experimental results.

• 7. Conclusions and future work.
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1. Protein structure determination problem

• Proteins are formed by sequences of
aminoacids.

• Problem: Finding the 3-d structure of the
protein given its sequence.

• All atom vs simplified protein models.
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2. HP and functional model protein

• Comprise residues of only two types:
hydrophobic and hydrophilic or polar.

• Residues are located in regular lattice
models.

• In the lattice, residues form self-avoided
paths.

• The energy interaction is defined from H-H
and H-P contacts.
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2. HP and functional model protein
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Figure 1: Best solution found for sequence
HPHPPHHPHPPHPHHPPHPH
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2. HP and functional model protein

H P
H −1 0

EHP =
P 0 0

H P
H −2 1

Efun =
P 1 1
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3. Some previous approaches

• Genetic algorithms
(Unger-and-Moult:1993,Cotta:2003).

• Memetic algorithms
(Krasnogor-et-al:2002,Pelta-and-Krasnogor:2004).

• Inmune algorithms
(Cutello-et-al:2004,Cutello-et-al:2005).

• MCMC methods (Bastolla-et-al:1998,Frauenkron-et-
al:1998,Grassberger:2004)

• Ant colony optimization method
(Shmygelska-et-al:2002,Shmygelska-and-Hoos:2003).
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4. EDAs

Algorithm 1: Main scheme of the EDA approach

1 D0 ← Generate M individuals randomly
2 l = 1
3 do {
4 Ds

l−1 ← Select N ≤ M individuals from Dl−1 ac-
cording to a selection method

5 pl(x) = p(x | Ds
l−1)← Estimate the joint probabil-

ity of selected individuals
6 Dl ← Sample M individuals (the new population)

from pl(x)

7 } until A stop criterion is met
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4. EDAs: probabilistic model used

Let p(x) be the probability distribution of random
variable X.

p(x) = p(x1, . . . , xk+1)
n∏

i=k+2

p(xi | xi−1, xi−2, . . . , xi−k)

• Xi depends on the configuration of the
previous k variables.
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4. EDAs

• Markov model to estimate and sample the
distribution.

• To enforce the validity of the solutions, a
backtracking method (Cotta:2003) is used.

• Truncation selection is employed.
• Best elitism.
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5. Experiments: problem benchmark

inst. size sequence

s1 20 HPHPPHHPHHPHPHHPPHPH

s2 24 HHPPHPPHPPHPPHPPHPPHPPHH

s3 25 PPHPPHHP 4HHP 4HHP 4HH

s4 36 P 3HHPPHHP 5H7PPHHP 4HHPPHPP

s5 48 PPHPPHHPPHHP 5H10P 6

HHPPHHPPHPPH5

s6 50 HHPHPHPHPH4PHP 3HP 3HP 4

HP 3HP 3HPH4{PH}4H
s7 60 PPH3PH8P 3H10PHP 3

H12P 4H6PHHPHP

s8 64 H12PHPH{PPHH}2PPH{PPHH}2

PPH{PPHH}2PPHPHPH12
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5. Experiments: problem benchmark

name opt. sequence

s9 −20 PHPPHPPHHHHPPHPPHPHPPHH

s10 −17 PHPPHPPHHHHHPPPPHPPHPPH

s11 −16 HPHPHPHHHPPHPPPHPHHPPHH

s12 −20 HHHPHHHPPHHPPPHPHPPHHHH

s13 −17 PHPPPPPPHPHHPHPHHHHPHPH

s14 −13 HHPHPPHPPPPHPPPPHPPPHHH

s15 −26 PHPHHPHHHHHHPPHHHPHHHHH

s16 −16 HPHPPPHHHHPHPPPPHPHPHHH

s17 −15 PHPHHPHHPHHPHPHPHPPPPPH

s18 −14 HPHPHPPPPPHHPPPHPHPHPHH

s19 −15 PHPPHHHPHPPHPHHPHPPPPPH
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5. Experiments: numerical results

hybrid GA MK-EDA1 MK-EDA2

H(x∗) mean± σ H(x∗) mean± σ H(x∗) mean± σ
s1 −11 −10.52± 0.54 −11 −10.80± 0.40 −11 −10.82± 0.38

s2 −13 −11.28± 0.90 −13 −12.56± 0.75 −13 −12.02± 0.94

s3 −9 −8.54± 0.64 −9 −8.90± 0.30 −9 −8.96± 0.19

s4 −18 −15.76± 1.05 −18 −16.34± 0.79 −18 −16.40± 0.80

s5 −28 −24.60± 1.57 −29 −27.10± 1.00 −29 −27.24± 0.92

s6 −26 −23.02± 1.48 −28 −25.68± 1.24 −29 −25.70± 1.26

s7 −49 −41.18± 2.75 −49 −46.52± 1.25 −49 −46.30± 2.04

s8 −46 −40.40± 2.50 −50 −46.16± 2.16 −52 −46.78± 2.28

Table 1: Results of the EDAs and the hybrid GA in the 3-d lattice
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5. Experiments: numerical results

EDA MMA

inst. k S M e e

s9 1 4 500 12650 15170

s10 1 5 500 2750 61940

s11 1 1 1000 35900 132898

s12 1 3 1000 15900 66774

s13 1 4 500 20950 53600

s14 1 5 500 5420 32619

s15 1 1 500 19450 114930

s16 1 1 1500 10350 28425

s17 1 1 500 4950 25545

s18 1 2 500 8950 111046

s19 1 5 500 2950 52005

Table 2: Results for the 2-d functional model protein instances
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6. Conclusions and further work

• The EDA approach is effective for the HP
model and the functional model protein.

• The EDA approach can be extended by:

1. Learning the structure of the probability
model from the data.

2. Adding problem information by
incorporating structural and parametric
priors.

3. Combining the algorithm with local
optimizers.
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6. Further work: side chain placement

Figure 2: From left to right, side chain configura-
tions of pdb1dpe protein: native, found by SCWRL,
max-product belief propagation algorithm, and
UMDA.
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