Interlock structural motif istypical
for beta sandwich domains
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The goal of this work is to define common structural and
sequence festures in a large group of sandwich-like
proteins. This type of architecture unites 96 different

protein superfamilies, which have no detectable sequence
homology. We hypothesize here that proteins grouped
together on the basis of common architecture have some
commondity on the level of supersecondary and primary
structure as well. Recently, our preliminary analysis has
revealed a certain arrangement of four strands — interlock
[1] (fig. 1) which can serve as the invariant characteristics
of the sandwich proteins and distinguish this group of

proteins. The delineation of an invariant supersecondary
substructure made it possible to identify and align strands
from very diverse proteins with a dissimilar arrangement
of strands and variable numbers of the strands. The resut
of the multialignment of the sandwich proteins gives 8

hydrophobic positions with fixed structural roles. These
positions lie at the center of the interface between the beta-
sheets and form the common geometrical core of sandwich
proteins. Earlier it wa shown for certain protein groups
that just interlocked strands play an important role in
human fibronectin folding [2]; aslo interlocked strands are
the most spatid conserved  srands  among
immunoglobulines[3].

Fig. 1. The scheme of theinterlock.

To check our hypothesis about the invariant core, in the current work we perform the systematic
screening of the interlocks in al known protein structures. To this purpose we developed FINE
(Finder of Interlocked Elements) computer program. In a given protein structure, FINE either detects
an interlock (or several interlocks) or reports an interlock absents. The algorithm includes three steps:
(1) Detect all sets of four beta strands with an appropriate interlock topology; (2) Select two residues
in each of four strands in such way that the mutual positions of eight C, atoms satisfy the certain
geometrical characterigtics; (3) Calculate the score of similarity of spatial arrangement of eight G
aoms by compare them with the “canonical” interlock in the training set of 74 |glike domain

structures.
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To create scoring system, the distances between al pairs of C, atoms from 8 key amino acid residues were
computed for each structure. The score for an analyzed set of 8 C, atomsis defined as S=-Slogp;;, where
p; isthefrequency in the training set of the observed distance between ith and jth C, aoms. Thelessis
score S, the more similar to G, of interlock key residues is the analyzed set of 8 C, atoms. Thethreshold
value 20 were used for interlock detection. Parameters of FINE program were adjusted to avoid false hits of
interlocks.

Analysed | Interlocks All PDB databank [4] was screened with a FINE
found program. The results were compared with a SCOP
classification. Interlocks were found in 5431 SCOP
. domains roximately 10% of all 54745 domains
PDBfiles 2194 2105 in 1.65 S(Cagrl)3 release X see table 1). In SCOP 50
SCOP 54745 5431 folds are annotated as ‘sandwich-like'. Interlocks
domains were detected in 23 of them. Among other 12 folds,
SCOP 2460 153 containing a least one domain with interlock
families detected by FINE program, 5 folds could be also
SCOP 1408 30 considered also as ‘sandwich-like'. In the rest 7
superfamilies folds interlocks were detected in only 28 domains.
SCOP folds 905 35 All these domains were analyzed and in a number
of cases detected interlocks were considered as

Tablel. Distribution of interlocks in protein fal se-positive mistakes of the algorithm.

structures.

It should be noted that inside many SCOP folds interlocks were detected in some domains and were
not detected in other domains. Partidly, it is caused by the peculiarities of the algorithm of FINE
program. On the other hand, we found a few SCOP families, in which some domains contain an

interlock and the other do not contain.

The obtained results show that interlocks are present almost exclusively in sandwich-like domains,
but not in al of them.
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