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Abstract

We defined the protein inverse folding problem with an object oriented database and an empirical
hydrophobic penalty function, which was derived from the number of residues around each residue
m a protewn three dimensional structure. Under the database management system, we compiled the
known structures of proteins and the evaluation function into one functional database. In order
to compare our approach with the methods proposed by other groups, the functional database was
applied to the problem of globin family recognition. Although the penalty function itself is simple
and non-optimized, 1t gave considerably good results.

1 Introduction

The function of predicting protein 3D structures from amino acid sequences is one of the most im-
portant requirements of the genome-informatics system. Although there have been much efforts in
the field over 30 years, no practical method has been found. One of the emerging methods is the
inverse-folding approach(1). We would like to present a novel way to implement the problem on an
integrated database of genome-related information.

2 Methods

Protein 3D structures were taken from the Protein Data Bank(2). The choice of protein structures
followed the study by Sippl and Weitckus(3).

We used the RIS penalty function(4) as the evaluation function for the inverse-folding approach.
The RIS of a sphere size was calculated as the number of residues in the sphere of a defined radius
around a given residue. Radii from 6 to 14 A, with a 1 A increment, were used to generate the RIS
values for each sphere size. The penalty value for each radius size is defined by the following formula.

N
PenaltyV alue = Z{|RIS(cal,i) — RIS(stand,aa)|/sd(aa)}
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where RIS(cal,i) denotes the calculated RIS value of the i-th position on a given structure,
RI1S(stand,aa) does the standard RIS value defined as the average over real values of the data set
proteins, and sd(aa) does the standard deviation of the RIS value for each amino acid.

We constructed the database using the ONTOS object-oriented database management system on
a Sun Sparc Station 10/51. Protein amino acid sequences were chopped into residue units, and stored
with coordinates and residue numbers. Also, all penalty values corresponding to 20 amino acids in each
position was pre-calculated and stored into the database as the information linked to each residue data.
In the evaluation, only structures which had larger residue number than the amino acid sequence were
considered, and we fitted the amino acid sequence on each structure without any gaps. The starting
point was shifted one by one until the C terminal of the sequence met that of the structure.

3 Results and Discussion

We applied our method to the problem of the globin structure identification, whether seven globin
sequences can identify their own structures or not. We threaded globin sequences through all protein
structures in the database. RIS of large radii generally gave better results. While RIS of radius 6 A
has weak discriminatory power, three globin was scored at the top by 13 and 14 A. All of the seven
sequences found their own structures in the top 1% at radii more than 11 A.

The fact that RIS of 6 A has little ability to detect native structure indicates that local interactions
can not determine the global structure of a protein. The performance over 7 A shows that such contacts
explain most of the important interactions within a protein.

We can propose several reasons why some of the globin sequences could not identify their native
structures by the top score. One of the important defects of the present implementation is the
treatment of gaps in the sequence vs. structure alignment. Another important defect is the treatment
of oligomers.

However, it is noteworthy that this simple non-optimized method showed considerable discrimina-
tion. We think this type of database approach can be extended toward dealing with other heuristic
problems related with biological data starting from genome sequence up to biological functions.
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