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Many protein families involved in protein-protein intetian (PPI) contain sub-families that in-
teract with different protein binding partners. We haveliggpthe Sequence Harmony method
(SH), which is able to detect specificity sites from a multiplgwence alignment (MSA) con-
taining sub-families. The input was a dataset of MSAs ofraaténg protein families, each
time containing a set of non-interacting paralogous secgen Exploiting the differences in
sequence conservation between the binding and non-birgtimgps bySH, we demonstrate
that predicted specificity residues turn out to reside orptiséein surface. We also show that
we can select interface residues with approximatel§; coverage (true-positive rate) 2t %
error (false-positive rate).

1 Introduction

Specificity is a critical ingredient in regulation and siting processes in cellular systems
and it is most often achieved by recognition between spquifiteins. Detection of speci-
ficity residues is most often used to pinpoint functionaldess in general,however, if
the functional difference is based on protein-proteinratéons (PPI), specificity sites can
actually correspond to the interface region.

We will attempt to identify PPl interface regions from prioteequence using the previ-
ously introducedsHmethod for detection of subtype specific sitesThe general scheme
of our approachis shownin Fig. 1, and is based on the avkitjadii data on interactingA-

B) and non-interacting4-B’) paralogs. The first step is the detection of a non-intemgcti
ortholog B') to one of the interacting protein8(in this case). Second is the addition of
orthologs to both the interacting and non-interacting @irst, and finally the selection of
specificity residues using this pair of paralogous groupsbfologs.

Figure 1. For a pair of interacting proteind-B) we find a non-interacting homolog{, no interaction withA),
and orthologs of the interactoB) and non-interactorg’). Specificity residues for these ortholog groupsvé
B’) are putative interface residuesf Analogously, we select putative interface residues&dusingA’ that
does not interact witl8), which can be matched up to form the interface betwéemdB.
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2 Methods

2.1 Homolog Detection

Experimental PPI evidence is based on the sum of sociogffnores from Gavin et &l.
and Krogan et at, as proposed by Van Noort et@lWe took a score above a threshold of
4 as interacting, and below as non-interacting.

For paralog detection, wdlast each interacting proteinB) against thenr
database wittentrez _query=Saccharomyces cerevisiae We find the first
non-interactingprotein @), ordered according to the blast score (most similar fir&.
filter the hits by sequence length of le&8% of the query. For the ortholog search, we
use the same rationale as for the paralog search but now thenigungi database, and
retain one hit for each of the firdt) organisms (so, at mosb different organisms). For
these hits, we require the length to be betwg@r and140% of the interacting protein, a
bit-score of> 50 and ane-value of< 1071°.

2.2 Protein-Protein Interaction Specificity

The basis of the interaction specificity residue detect®the selection of specificity
residues usin@gH. These selections are further filtered using simple rulsgdan group
and combined entropies.

For the SH method, sequences are taken from an input alignment andasega
into user-specified groups. Th8H score for two groupsA and B is calculated as
SH = % (Sa+s — Sa — Sg), using the group entropieS (= — > plog p) and combined
entropy over the columnS(y 1 = — > (pa + pg)log (pa + pr)), Where the sums are
over all residue typesSHvalues range from zero for completely non-overlappinghesi
compositions, to one for identical compositions. Furthetads on the method were de-
scribed previously:®’

Our dataset contains heterodimer complexes & cerevproteins of size0 or larger
for which pPDB files are available, and the analysis included all 2 chains. Interface and
surface residues were identified usMGMS

Interface  Surface  Criterion Description
69.6% 50.2% Sp < Spr more conserved in interactor
9.8% 30.7% Spr < Sp less conserved in interactor
10.1% 10.2% Sayp =0 conserved
34.3% 192% Spr—Sp >0.3 much more conserved in interactor
9.5% 7.4% Sp=0 and S =0 and SH =0 conserved in group but not between
48.9% 52.1% Say+p > 0.4 variable (non-conserved)
61.8% 67.0% Sayp > 0.4 within Sgr — Sp > 0.3  variable within conserved interactor
and Sp < 0.3
21.2% 129% Sa+p > 0.4 and S — Sp > 0.3 variable and conserved interactor
and Sp < 0.3
42.3% 33.8% SH <0.2 specific (low harmony)
28.9% 17.9% Sp < Sp, and SH < 0.2 conserved interactor and specific
17.8% 13.4% S —Sp>03 and SH <0.2 more conserved interactor and specific

Table 1. Behaviour of residues at the interface and at theféise surface (non-interacting part) in termsSH
and group 64, Sg) and overall § 4+ ) entropies.
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3 Results and Discussion

We have observed (data not shown) that our predictions aresensitive to a propor
selection of paralog and ortholog sequences. Particuldudgyprediction quality depends
on the distance between the interacting protein and itsim@nacting paralog.

3.1 (Non-)Interacting Paralogs

Our selection procedure was set up to identify non-intérggiaralogs based on specific
blast -searches. We observed, however, that less tbhgpercent of all paralogs found
were actually interacting. This opens the interesting ibdiy of applying our approach
without the support of (high-quality) data oon-interactionwhich in general is much less
reliable thaninteractiondata. This could be done on a much larger scale from available
genomic sequence data and high-throughput PPI screens.

3.2 Surface and Interface Properties

Previously, we had already observed that specificity resicare predominantly located
at the protein surfaée’. Since interface regions obviously are on the surface ak wel
we therefore analyzed the selection of surface residudseirctirrent dataset. We used
SH < 0.3, Sg < 0.3, andSp — S > 0.3 and find that betweeil % and95%, on
average36% =+ 8, are at the surface.

From the properties listed in Table 1, we can make a detaibedparison between
interface residues and other surface residues (non-acExfWe see an enrichment on the
interface of residues with entrog (interacting) lower tha'z, (non-interacting), which
is 70% over50%. This ratio becomes bigger if the entropy difference is biggi% over
19%. Also low-harmony sites are somewhat more prevalent omtieeface. Conservation
and variability seem to be equally distributed betweentitface and rest of the surface.

3.3 Selecting Interface Residues

From the observed statstics, we will now derive some rulegste selection of inter-
face residues. First of all. the entros\z (interactina) should be lower thasiz: (non-
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Figure 2. ROC curve (TPRs FPR) for selection of interface residues from differeréstion criteria.
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interacting). This is true fof0% of interface residues, and f84% the difference is even
bigger ¢ 0.3). In addition, theSHscore should not be high for a residue that is critical for
interaction with the partner, but it also is not necessamlgy low (42% with SH < 0.2).

In Fig. 2 we show a ROC plot for a set of different combinatiohselection parame-
ters,cf. Table 1, going from relaxed to more stringent. We can obtany high coverage
(90%), but at relatively high error60%). Lowering the error rate goes sharply at the cost
of coverage, and the lower half of the ROC curve even goeswbttle line expected for a
random selection (where FPRTPR).

4 Conclusion

We have shown that subtype specificity can be used as a towlgoipt interface residues.
However, care should be taken in selecting the paralog ahdlog proteins. Neverthe-
less, the trends we observed will be helpful in the furtheettgoment of protein interface
prediction. In addition, our analysis yields some insighfsossible evolutionary selection
mechanisms that have helped shape protein interfacespyaherfs our understanding of
specificity of protein-protein interactions.
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