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Abstract

The inverse protein folding problem is that of designing
an amino acid sequence which has a particular native pro-
tein fold. This problem arises in drug design where a partic-
ular structure is necessary to ensure proper protein-protein
interactions. In this paper we show that in the 2D HP model
of Dill it is possible to solve this problem for a broad class of
structures. These structures can be used to closely approx-
imate any given structure. One of the most important prop-
erties of a good protein is its stability — the aptitude not to
fold simultanously into other structures. We show that for
a number of basic structures, our sequences have a unique
fold.

Keywords: inverse protein folding, HP model, protein
stability, protein design.

1. Introduction

It has long been known that protein interactions depend
on their native three-dimensional fold and understanding
the processes and determining these folds is a long stand-
ing problem in molecular biology. Naturally occurring pro-
teins fold so as to minimize total free energy. However, it
is not known how a protein can choose the minimum en-
ergy fold amongst all possible folds [7].

Many forces act on the protein which contribute to
changes in free energy including hydrogen bonding, van
der Waals interactions, intrinsic propensities, ion pair-
ing, and hydrophobic interaction. Of these, the most
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significant is hydrophobic interaction (see [6] for de-
tails). This led Dill to introduce the Hydrophobic-Polar
Model [5]. Here the 20 amino acids from which pro-
teins are formed are replaced by two monomers: hydropho-
bic (H) or polar (P) depending on their affinity to water.
To simply the problem, the protein is laid out on a 2D spa-
tial lattice with each monomer occupying exactly one
square and neighboring monomers occupy neighbor-
ing squares. The free energy is minimized when the max-
imum number of non-neighbor hydrophobic monomers
are adjacent in the lattice. Therefore, the “native” confor-
mations are those with the maximum number of such HH
contacts, also called bonds.

Even though the hydrophobic-polar model is the sim-
plest model of the protein folding process, computationally
it is NP-hard, cf. [4] for two- and [3] for three-dimensional
square lattices. Interestingly, in the first case the result is
deduced from the NP-completeness of the Hamilton cycle
problem for special planar graphs, while in the second case
the result follows from the NP-completeness of the modi-
fied bin packing problem. The problem is still open for other
types of lattices, namely triangular and diamond lattices.
Research has focused on approximations for this model. A
linear time algorithm with approximation factor 3/8 for 3D
square lattice can be found in [9], and linear time algorithms
with approximation factors 6/11 and 3/5 for 2D and 3D tri-
angular lattices, respectively, have been developed in [1].

In many applications such as drug design, we are actually
interested in the complement problem to protein folding:
protein design. Current protein designs often focus on lo-
cal interactions such as intrinsic propensities of amino acids
to form helices and turns [11, 2]. However, major forces of
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