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We have been developing phylogenetic methods based ornirpsitactures rather than se-
quence and fast enough to be applied to large families. A gaadhple of a large family are

kinases. Often, one believes in evolutionary relatiorshipsed on protein function, but one
cannot see the relationships because the sequences hexgedigo far. This is certainly the
case with protein kinases. They are found in most forms ef biut with a tremendous spread
of sequences and even differences in function. They areeal @ndidate for our approach
since there are hundreds of known structures. Phylogetneéis can be built automatically and
they even map rather well to the biochemical annotationshvivere determined manually.

1 Introduction

Historically, phylogeny of large protein families has bdxased on sequence information.
We have been developing methods, which are based on prateatuse, but are still fast
enough to be applied to large numbers of proteins. Here wsidenthe example of
kinases, which are able to alter the activity of enzymes bewinolecules by covalently
attaching phosphate groups. This strategy usually deaotesponse to chemical signals
with some persistence, depending on reversibility andatigion mechanisms.

Kinases are central components in signal transductionar&srand can be found in
nearly all regulatory and metabolic processes in eukasyaied also many prokaryotes
They play a major role in cell growth, division and contrdlleell death, as well as in
hormone response. Changes in human kinase activity car eawseous phosphorylation
and trigger severe ailments such as cancer, diabetes avdegeneratioh Thus, kinases
are suitable targets for the treatment of such diséases

Understanding their evolution could help to explain thec#igefunctions of individual
kinases. It could assist in decoding signalling events &edeimergence of pathologic
biochemical processes. This might contribute to a morelddtasight of drug selectivity
and drug cross reactivity and thus to the development of raffeetive drugs. It may also
aid the selection of kinases used for drug screenings.

There is almost no significant sequence similarity betwhenmrtore distant kinases, so
it is difficult to build reliable sequence alignments. Thigerfamily, however, has been
popular amongst crystallographers, so there is a wealtbleéd structures. This makes it
an ideal candidate for a structure-based phylogeny.

The only similar project in the literature was based on 3h&mstructures and required
human intervention to construct a phylogenetic treBlere, we show how one can use
many hundreds of structures to build a phylogeny completetgmatically.
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2 Methods

The list of kinase structures was assembled from successiveture searchis Subse-
quently, a multiple alignment of those structures was caegbusing HANSWURST.
The guide trees, superimposed structures, and derive@segalignments are analysed
below. A more detailed description of the methods used isrgby Margraf and LenZ.

3 Results and Discussion

In this section we present an excerpt of the results of thgiN&iur Joining clustering on
RMSD values of pairwise superpositions (fig. 1). The mudtigtructure alignment and
the implied multiple sequence alignment of the CMGC membhkosv that the conserved
features of kinases are appropriately superimposed. Tst sigmificant deviation from
functional classification relates to the AGC kinases andTtkegroup. Firstly, 1h1wA is
not clustered with any other member of the AGC group. Segptitgé G-protein coupled
receptor kinase 1omwaA is clustered with ImuoA from the "otlggoup. The superposi-
tion reveals that both structures share important feasuels asy-helix B®> and could be
structurally aligned. Thirdly, the AGC kinases 1cdkA andlkoare clustered with 1phkA.
The structural superpositions indicate that none of ttgnatients are unreasonable. Con-
cerning the TK group members, only three of five were groupgdther. However, they
are interspersed with a TKL group kinase (fig. 1). The renmgitivo kinases of this group
are clustered, but their distance to the CAMK group is cléisan the distance to the other
TK members. Another result of this work is the unusual plaeetof the TGIBR1 kinase
1b6cB. HANSWURST classifies this kinase as most closelyadlto 1m14A. Again, the
structural superposition explains the result. The twocstmes are very similar. Addition-
ally, HANSWURST clusters 1kwpA and 1csnA in one branch. Badttases share most of
the conserved structural features. Nevertheless, thetstal superposition and the corre-
sponding alignment of the sequences indicate that we alifreeproteins in a suboptimal
manner. The p21-activated kinase 1 (PAK1) 1f3mC is placeskdo the cluster of LlomwA
and 1muoA. The second "other” kinase 106yA appears to béeckgwith CAMK group
kinases. A detailed analysis of alignments is given by Eenz

To summarise, the tree is more than reasonable without afgusemisalignments.
Compared to the previous literature attefgtt classification, there are some differences,
especially with the AGC family, but they appear justified. Wheould only agree with
the literature classification of the CMGC and AK groups. Rertore, our methodology
handled an order of magnitude more structures and was fulbynaatic.

4 Conclusion

This work concentrated on kinases, since one can compairesalierature classifications
and biochemical data. Because it is fully automatic andescadell, it can be expanded
to even larger families. This means we are now considerieg evore distantly related
proteins and testing the approach on other large proteiiiésm
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Figure 1. HANSWURST proposed phylogeny for the literature list obgazed kinases; edges are
labeled with estimated RMSD values according to clustemieghod; edges are not drawn to scale;
atypical kinases (gold), typical kinases (cornflowerbJugC kinases(lightblue), tyrosine kinase
like kinases (yellowgreen) depicting the most diversemr@K1 kinases (seagreen), STE (lightpink),
CMGC (magenta), CAMK (orange), uncoloured leaves depichbses of the "other” group.
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