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Abstract— Protein Structure Prediction (PSP) is one of the 

most studied topics in the field of bioinformatics. Regarding the 
intrinsic hardness of the problem, during last decades several 
computational methods mainly based on artificial intelligence 
have been proposed to approach the problem. In this paper we 
broke the main process of PSP into two steps. The first step is 
making a bias in the sequence, i.e. providing a very fast yet 
considerably better energy of conformation compared to the 
primary sequence with zero energy. The second step, which is 
studied in the other essay, is feeding this biased sequence to 
another algorithm to find the best possible conformation. For the 
first step, we developed a new heuristic method to find a low-
energy structure of a protein. The main concept of this method is 
based on rule extraction from previously determined 
conformations. We'll call this method  Fast-Bias-Algorithm 
(FBA) mainly because it provides a modified structure with 
better energy from a primary (linear) structure of a protein in a 
remarkably short time, comparing to the time needed for the 
whole process. This method was implemented in Netlogo. We 
have tested this algorithm on several benchmark sequences 
ranging from 20 to 50-mers in two dimensional Hydrophobic 
Hydrophilic lattice models. Comparing with the result of the 
other algorithms, our method in less than 2% of their time 
reached up to 62% of the energy of their best conformation. 
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I.  INTRODUCTION  
Proteins are the building block and functional molecules in 
human body that play a key role in almost every biological 
process. Almost all cellular processes on earth are governed or 
guided by proteins [1]. Progress in handling PSP problem will 
also improve our understanding of proteins involved in vital 
processes, including diseases such as cancer [16]. About 39 
million non-redundant protein sequences are extracted from 
DNA sequences and are available at GenBank [14]. Protein 3-
D structures which are approximately about 100000, in turn, 
may be obtained from the Protein Data Bank or PDB [15]. 
Consequently, there is a huge gap between our capacities to 
produce protein sequences and to determine 3-D structures of 
new proteins with yet unknown folds. 

In this work we concentrate on ab-initio modeling. Ab-
initio methods are based on the Anfinsen thermodynamic 
hypothesis [2]: the (native) conformation adopted by a protein 
is the most stable one, i.e. the one with minimum free energy. 
In its native conformation, protein structure is 
thermodynamically stable, which shows that it complies with 
Gibbs second law of lowest free energy (second law of 
thermodynamic) [4].  

All-atom computer simulations are typically unpractical, 
because of the huge amounts of computations that is needed by 
this process. Even simple abstractions are NP-complete [5]. To 
overcome the restrictions imposed by computational 
complexity, several simplified models such as: AB, HP, BLN 
and Tube model have been proposed.  

Algorithm effectiveness is evaluated by the measure of 
final energy of the predicted structure.  Regarding the fact that 
there are several different models, unfortunately, there is no 
general agreement on the potential function that should be 
used with these models, and several different energy functions 
can be found in literature. 

 

II. BACKGROUND 

A. Proteins  
Proteins are polymers made up of chains of amino acids. 

There are only 20 different types of amino acids used in protein 
structure, so proteins could be represented by a string of 
characters for computational purposes.  The Primary or Linear 
structure of a protein is a sequence consisting of amino 
acids . The secondary structure is local folding of a 
sequence which is usually in the form of -helix, -sheet or 
coil. The tertiary structure is then, the composition of these 
secondary structures which shapes a protein in 3-dimentional 
space. Quaternary structure is the composition of tertiary 
structures. The 3-dimensional shape is called as Functional, 
Native or biological fold/ Conformation [2], [3]. Based on 
Anfinsen theory [2] Protein in its native conformation is at the 
most stable state, and has the least free energy. A review of 
various forces and potentials can be found in [17]. The PSP 
Problem is about predicting the native conformation of a 
protein, when its sequence of amino acids is known [18] [19].
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B. HP Model 
This model which was introduced by Lau and Dill in 

1989[20] [21], reduces twenty types of amino acids into two 
main groups, namely H(hydrophobic) and P(hydrophilic).  

In this model the primary structure of a protein P could be 
defined as a sequence of n amino acids: 

  where            (1-1) 

A conformation of the protein P is a function C that maps 
the protein sequence S to the points of a 2D/3D dimensional 
Cartesian lattice: C: [1…n]   

    {( ),( , ),…,( )}               (1-2) 
 
Where ( , ) represents the position in the 2D/3D lattice of 
the amino acid  such that:  
      1. 1 i, j  n, with i  j  c(i)  c(j) (self-avoiding).  (1-3)  
      2. 1 i, j  n, with |i – j| = 1  | –  | + |  –  | = 1   
(connected neighbors).                                                       (1-4)     
 

C. Enrgy in HP Model 
Given a sequence  the energy of a 

conformation c of s is defined as follows: 

                                (1-5) 

Where  is equal to 1 whenever both  and  are H 
amino acids, 0 otherwise, and  is 1 if  and  are 
topological neighbors, 0 otherwise [18] [20] [22]. 

III. RELATED WORKS 
Protein structure can be determined experimentally by 

the use of X-ray crystallography [22] and the less popular 
NMR imaging [23]. These processes are very expensive and 
time consuming; additionally direct observation of a protein’s 
structure does not give any information about the process of 
folding itself. Another approach is comparative modeling in 
which the known structure of one protein is used to predict the 
structure of another regarding the similarity of amino acid 
sequences [24]. More information about this method could be 
found here [25]. Regarding the inherent difficulty of the 
problem we can cite the Levinthal’s paradox [28] which 
states that for a 100-length chain there will be at least 

 possible conformations (considering three degrees of 
freedom), characterizes it as an intractable problem [29].  

Shmygelska et al (2005) [30] modified a technique 
called An Colony Optimization (ACO) under lattice HP-
Model. An advantage of this method to its prior ones was its 
high range of movements and consequently better achieved 
conformations.  In 2006, Chu et al. [31] proposed MACO which 
works on the same base and yet earned better results comparing 
to previous versions of ACO. In 1993, stillinger et al. [7] 
published an essay about using Artificial Neural Network 
(ANN) in AB-model for the PSP problem. In 1992 Unger and 
Moult [8] published their impressive result of research about 
using Genetic Algorithm (GA) combined with Monte Carlo 
method. Another try to approach the PSP problem was made 
by Ghosh and Paray [32] in 2008 by the use of some machine 

learning techniques such as K-NN, Fuzzy K-NN, and 
Minimum Distance. There were also other tries for 
implementing heuristic algorithms such as Mann and Backofen 
in 2014[33] by using Constraint Based Programming (CBP). 
Also, Hart and Istrail in 1996 [34] suggested a method in which 
the algorithm was guarantied to find a solution with at least 3/8 
of best energy, in a linear time. Some other methods were 
proposed by the use of taboo search algorithm [10] [11] which 
claimed to find the best free energy in long sequences. One of 
the approaches that recently have got more attention is Multi 
Agent Systems (MAS). Sample works could be found in [12] 
by Bortulossi et al. in 2007, and Gonzalez Perez et al. in 
2009[13].    

 

IV. FAST BIAS ALGORITHM 
Before introducing a new heuristic method, which will be 

called Fast Bias Algorithm (FBA), it is needed to introduce 
some basic concepts. 

A. H and P Moving Tendency 
In HP model, all of the amino acids are divided into two 
categories: H(Hydrophobic), P(Hydrophilic). Regarding the 
fact that environment is filled with water molecules, it is 
expected that H-type is forced into center of the structure 
while P-type is forced into outer surface. This is shown in fig. 
4-1. 

 
Fig. 4-1: H-P placement in space 

This theory is supported by comparing conformations obtained 
from other methods .As displayed in fig. 4-2, in all situations 
H has a tendency to stay in the center of the conformation 
while P is likely to be placed in outer surface. It could also be 
conclude that there is a tendency for H-type residues to get as 
close as possible together, even if they can't join the core, the 
same as shown in fig. 4-3. After adding some more residues 
the formation will change as shown in fig. 4-3. As shown in 
fig. 4-3, free energy for the primary sequence is equal to zero, 
while in the final conformation the energy has reached to -2.   

 
Fig. 4-2: The tendency of H and P for placement. These pictures are taken 

from A)[34]  B)[11]  C)[36]  D)[20] 
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Fig. 4-3: The tendency of H-type to get close  

 

B. Sectioning Primary Sequence 
The result from previous section, for new H placement, 

implies that input sequence ought to be divided into several 
substrings. The logic behind this sectioning process is: 

1. Each subunit starts with P and ends to H 
2. If the sequence starts with H, then first subunit starts 

with H and ends to H 
3. Consecutive H residues with be allocated to previous 

subunit 
4. Each subunit should include at least one H, and one P 

Some sample divisions are shown in fig. 4-4. 

 
Fig.4-4: sample divisions 

C. Connection Potential (CP) 

From all of the points in lattice board that could be used 
for placing last H ,only some of them are actually useful for 
energy improvement. These points are the neighborhoods of 
all Hs in the structure. We call this points "Connection 
Potential" or CP, because they're potantially a H-H connection 
which promotes energy of the structure. Look at picture 4-5 , 
each H has some graysacled neighbors which represent  a CP. 

 

 
Fig.4-5: CPs around each H 

D. H-Center 
Regarding section A, there is a tendency in the structure 

about forming a hydrophobic core. In addition to CPs, it is 
important that all H stay as close as possible. The most 
important thing for the last H is to be placed on a CP which is 
closest to the location that other H residues are located. So a 
new coordination H-Center(x,y) is defined to represent this 
point. If   is a sequence with length n, then: 

   (1-
6) 

Then coordination of that point is: 

                                         (1-7) 

                                       (1-8) 

 This point (H_Center) is used for navigating new H into the 
coordination where previous Hs are located. 

 
Fig.4-6: H_Center for this structure 

 
Fig.4-7: Heading last H into H_Center 

 

E. P quantity: Even or odd? 
An important item that consents new H to be placed in a 

candidate CP is to determine if both number of Ps (Ps 
between last H and new H) and candidate CP are even or odd. 
Fig. 4-8 shows how evenness and oddness of Ps, affects 
accessible places for new H. 

F. Placing Ps 
After placing new H to its new location, all the Ps between 

last H and new H must be relocated so that the link length 
between these H and P is equal to unit value (1 in models, and 
3.8 angstrom in real world). There is a simple pseudo code for 
it that which states: 

I. Set i(=index) the index of last H + 1 
II. Find vacant neighbor of i which is closer to new H   

III. Place P with index of i in that location 
IV. Increase i 
V. Go to II until you reach to new H  

V. ORGANIZING AND USING EXTRACTED RULES 
After rule extraction in section V, we need to exploit them 

to establish a framework. There are several items that should 
be built, considered or updated at any iteration of the 
algorithm. These items help the algorithm to manipulate the 
process of protein folding correctly. In this section these items 
will be introduced.   

A. HP_List 
In our model the world is a 2D lattice. As a result we may 

allocate a pair of (x,y) to each patch as shown in fig. 5-1. 
Consequently, each residue could be represented by four items 
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consisting: index number, residue type (H/P), X coordination, 
Y coordination. This is displayed in table 5-1. 

 

 
Fig.4-8: Accessible places for new H, for even/odd number of Ps 

 

 
Fig. 5-1: coordination of each location 

 
Table 5-1: All important data about residues in HP_List 

Index Type 
H=1 / P=0 X-pos Y-pos 

0    
1    

… … … … 
I    

 

B. CP_List 
Another important table is called CP_List which stores 

every CP location and determines if they are useable or not. It 
is shown in table 5-2. 

An important benefit of this table is that at the time of 
selecting a CP, it shows which is accessible or not. A CP 
could be inaccessible by three reasons: 

- CP is out of reach 
- Using that CP makes an dead-end 
- Inequality in being even/odd for CP and number of Ps 

 
Table 5-1: All CPs in structure and their accessibility 

Index Possibility: Yes=1/No=0 X-pos Y-pos 
0 Y/N   
1 Y/N   

… … … … 
I Y/N   

C. Algorithm Description 
The first step in algorithm is creating HP_List and CP_List 

based on the number of residues in input sequence. Then the 
algorithm searches for the first H. Here the act of sectioning 
commences. If the next residue is H, the best available CP will 
be selected for this new H and it will be moved to that place, 

and if it's P, the algorithm looks at the next residue until it 
reaches to next H, at the same time, it counts the number of Ps 
in order to 1) find out if the number of Ps is even or odd and 
determine available places to go 2)find out the farthest range 
that the last H may go. After reaching next H, it will be placed 
on best available CP and then Ps will be placed between Last 
H and new H. In each step HP_List and CP_List is updated in 
order to access the actual data of the structure. This will 
continue until the algorithm reaches to the end of the 
sequence. 
 

D. Algorithm 
The algorithm of the whole process is presented in fig. 5-2. 

 
Fig. 5-2: Algorithm of the folding process 

VI. EXPERIMENTAL RESUTLTS  
In this section the results of implementing FBA algorithm 

in NETLOGO software will be discussed. In order to evaluate 
FBA, we will test it with four benchmark sequences that are 
presented in table 6-1. In table 6-2, the energy of structure for 
each sequence after implementing FBA is mentioned and 
compared to the energies acquired by other algorithms.  
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In table 6-3, the time spent to reach these structures for 
each sequence is displayed and is compared with other 
algorithms. It should be considered that FBA were run on a  
core i3 (2.4GHz with 3G RAM) laptop, while rest of them 
were run on different computers. For instance, ACO were run 
on a 1GHz Pentium III processor with 1G RAM. 

 
Table 6-1: Benchmark sequences 

Seq.  
No. 

Seq. 
length Sequence 

1 20 HPHPPHHPHPPHPHHPPHPH 

2 25 PPHPPHHPPPPHHPPPPHHPPPPHH 

3 36 PPPHHPPHHPPPPPHHHHHHHPPHHPPPPHHP
PHPP 

4 50 HHPHPHPHPHHHHPHPPPHPPPHPPPPHPPPHP
PPHPHHHHPHPHPHPHH 

 
Table 6-2: Energy comparison 

Seq.  
No. 

Seq. 
length 

f a b c d e 

1 20 -5  9 -  9 -  9 -  9 -  9 -  
2 25 -5 8 -  8 -  8 -  8 -  8 -  
3 36 -5  -14 -13 -14 -14 -14 
4 50 -9   -21 -21 -21 -21 -21 

a. The result is mentioned from unger and moult [8] with 200 structures for 
300 generations.  
 b. The result is mentioned from unger and moult [8]  
 c. The result is mentioned from Dill and Beutler [37] by using chain growth 
algorithm 
 d. The result is mentioned from Shmygelska [30]  
 e. The result is mentioned from Thang [38]   
 f. The shape of each conformation is shown in fig. 6-2 
 

The main idea for using FBA is decreasing the size of 
conformation space and giving bias to the primary sequence so 
that in a very short time it is expected to have a remarkable 
modification in structure energy. By looking at table 6-3, 
which is taken from Unger and Moult work [8], and based on 
table 6-2 and 6-1 it is obvious that by using FBA in less than 
30ms more than 83 million structures were eliminated. As a 
result in next step the algorithm will have to search in a 
remarkably smaller conformation space to find the best 
conformation .This result illustrates that one of the assigned 
tasks for FBA, about conformation space decrement, is done. 
Based on these tables, using FBA shows several advantages 
such as:  

- Removing a large number of worse energy conformation, 
in a very short time (miliseconds) 

- Reaching a better energy level which ranges between 
42.8% - 62.5% of the best possible known conformation, 
in that short time. 

Table 6-3: Time comparison for different algorithms 
Seq.  
No. 

Seq. 
length  a    a b   b 

1 20 0.029 5.16 2.16 23.90 3.33   
2 25 0.033 6 6.6 35.32 10.62 
3 36 0.054 54.6 132 4746.12 11.81 
4 50 0.110 3180 18600 3000.28 4952.92  

  a. From Dill and Beutler [37] 
 b. From Shmygelska [30]    

Table 6-4: Time comparison for different algorithms 
Energy Level Distribution 

Energy 
Level

Possible 
Structures 

0 36,098,079 
1 31,656,934 
2 12,473,446 
3 2,943,974 
4 517,984 
5 77,080 
6 10,364 
7 1,194 
8 96 
9 4 

 

 
Fig. 6-2: Result of running FBA on benchmark sequences 

   
Table 6-5: Energy time comparison for FBA and other algorithm 

 for 20-mer sequence 
Sequence length 20 

%    *a  *b  *c 
Time 0.029 0.56%  %1.34  0.87%  

Energy 5-  55.55%  55.55%  55.55%  
 

Table 6-6: Energy time comparison for FBA and other algorithm 
 for 25-mer sequence 
Sequence length 25 

%    *a  *b  *c 
Time 0.033 0.55%  0.50%  0.31%  

Energy 5-  62.5%  62.5%  62.5%  
 

Table 6-7: Energy time comparison for FBA and other algorithm 
 for 50-mer sequence 
Sequence length 50 

%    *a  *b  *c 
Time 0.11 << 1%  << 1%  << 1%  

Energy -9 42.8%  42.8%  42.8%  

VII. COMPARISON 
 Regarding the fact that this method i.e. dividing the 
whole procces of PSP into two sections and biasing primary 
sequence in the first section was implemented for the first 
time, there couldn't be direct comparison with similar works, 
yet in section VI the result of our work was compared with 
similar ones.  
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VIII. COLCLUSION 
In this work we suggested to break the whole process of 

PSP into two steps.  In the first step which is in the scope of 
this essay, by using HP square lattice model, we introduced a 
novel heuristic algorithm that makes the conformation space 
as small as possible and biases the primary sequence (with 
zero energy) to a better energy level, as a result in the next 
step (which is out of scope of this essay) another algorithm 
will have to search through a smaller conformation space and 
find the best conformation in a remarkably shorter time. 

To assess the quality of FBA, it was tested with 
benchmark sequences. The result shows that using FBA would 
make a big decrease in the size of conformation space, so that 
the search process for the best conformation would be held in 
smaller conformation space and thus much faster. This will 
help next step of the algorithm which finds the best 
conformation to run in much shorter time comparing other 
algorithms. 
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