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1 Introduction

Comparing tertiary (or 3D) structures of proteins is very important in bic-informatics [2, 3, 4, 5].
In most of previous studies, a tertiary structure has been represented by a sequence of points or
a list of types of fragments (for example, (a-helix, turn, a-helix, G-strand, - --)). However, either
is not adequate in some cases since the former representation is too detailed while the latter
representation is too rough. Thus, intermediate representation is sometimes required. In this
extended abstract, we propose a new method for such representation, in which a 3D structure
is represented by a sequence of line segments. Note that details are omitted here, and will he
presented elsewhere,

2 The method

We assume that each 3D protein structure is stored as a sequence of points (i.e., a sequence of
Ca atoms). Thus, we let P = (p,,--,p,) be a 3D structure, where each p, denotes a point in
the 3D Euclidean space. Then, we compute a sequence of line segments in the following way.

(i) Compute a sequence of lines approximating an outline of a protein structure P.
(ii) Compute a sequence of line segments from the sequence of lines obtained in step (i).

First we consider step (i). Let LS = (L;,Ls,---,Lx) be a sequence of lines, and I =
(12,-*,ix+1) be a sequence of integer numbers such that iy = 1, i) = n and @5 < ipyy. We
define the score FIT(P,LS,I) by

iy ia it
FIT(P,LS,I) = Zd[PjJLl}a + Zd{pj:Li}z L E d(PJ#LK)Es
j=i F=ia j=ig

where d(p;, L;) denotes the distance between a point p; and a line L. Given P and K, it
is possible to compute the pair (LS, I) which minimizes FIT(P, LS, I) in O(Kn?) time, using
the least-squares fitting technique and the dynamic programming technique (note that thisis a
variant of the K-link path problem [1]). Moreover, given P and a positive real §, it is possible
to compute the pair (LS, I) minimizing K such that FIT(P,LS,I) < § in O(n®) time. Thus,
we can obtain a sequence of lines LS such that K is the minimum and FIT(P, LS, ]) < 8. The
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Figure 1: An example of a sequence of segments computed from PDB data of pdb4hhb.

choice of § is important because § affects the quality of the obtained sequence. C,h:r-rently, we
use § = 2.24.

Next we consider step (ii). Step (ii) is very simple. For each pair of lines (Lg, Lgy1) (1 <
k < K), we compute a point s = + , where g € Ly and v € Lgyy are the points auch
that |§#| is the minimum. Moreover, we compute a point 85 € Ly (resp. sg41 € Lg) such
that |Spp,] (resp. |Fx11P,|) is the minimum. Finally, we obtain a sequence of line segments
§5(P) = (%p81,51%3,** ,SK-18K )-

It is expected that SS(P) is a good approximation of an outline shape of P. We have already
implemented this method, and an example is shown in Fig. 1.-

3 Application to the comparison of 3D structures

The above method can be applied to the comparison of 3D protein structures, Although several
variants can be considered, we describe a simple one here.

(From a sequence of segments SS(P) = (s1,---,5K), we construct a string ST R(SS(P)) as
follows, where each s; denotes a line segment. Let c(s;) be the centroid of s;. For segments s;
and s;, l;; denotes the length between c(s;) and ¢(s;), @; ; denotes the angle between s; and s,
B;.; denotes the angle between c(s;)c(s;) and s;, and 7;; denotes the angle between c{s;)c(s;)
and s; (see Fig. 2). For each s; such that 1 < K — D, let STR(s;) be

((Fe i1 @i g1y Biir1 s Vigrr )s (liites @iie2s Biisr Yiisa s - s id+ Dy @iga- 0y Big+ Dy Yii+D)) »

where D is an appropriate constant. Then, STR(SS(P)) is obtained by concatenating
STR(s1), STR(s2), -+, STR(sx—-p), where concatenation of (£;,+-,¢,) and (uy,-+,u;) is

“1:' TN ST -',t:.q}.
Next, we define a score between (l; j, @i j, Bij,vij) and (lp 3, @, Be 4,72 #) by

Cr = Collij ~lpj| — Calaij ~apy| — CalBiy — Byl — Csbvig —veals

where Ch,--,Cs are appropriate constants. Then, for two protein structures P and (), we com-
pute an optimal alignment between STR(SS(P)) and STR{S5(Q)) by means of a conventional
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Figure 2: Definitions of l; j,0; 7,0: 7 and v; ; used in STR{SS(P)).

alignment algorithm for two strings, where each quadruplet (& ;, o 4, i j,7:j) corresponds to a
character. Finally, we consider the score of an optimal alignment as one indicating the similarity
between P and (). It is expected that the score is high if P is similar to ¢}. Note that not only
local similarities but also global similarities are taken into account if large D is used.

Currently, we are examining this comparison method using PDB data. Details and results
will be reported elsewhere.

4 Concluding remarks

We have proposed a new method for representing 3D protein structures. Although we have
described one application only, we believe that it can be applied to other problems. For example,
it might be applied to clustering of protein structures. Thus, applying the method to other
problems is important future work.

The method might be modified for the case where line segments are replaced by special kinds
of curves, and better fitting might be obtained. Thus, it is also important to study such variants.
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