Comprehensive Analysis of Protein Kinase Domains
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Introduction

Eukaryotic protein kinase (ePKs) constitute one of the largest recognized protein families represented in the human
genome and are important players in virtually every signaling pathway involved in normal development and disease.
The key feature that distinguishes ePKs superfamily members from other proteins is the sequence of contiguous stretch
of approximately 250 aminoacids that constitutes the catalytic domain [1-2] . Around half the human kinases contain
other domains in addition to the catalytic domain, which often are involved in kinases regulation, interactions with other
partners or subcellular localization [3]. Domains present one of the most useful levels at which to understand protein
function and domain family-based analysis, so we developed an automated analysis system for studying domain statistic
distribution of kinase superfamily.

Materials and Methods

Human kinase dataset: The complete set of human kinase was obtained from KinBase, the kinase database at
SUGEN (http://198.202.68.14/kinbase). A specific program module has been developed to gain all 624 human protein
kinase records into the mySQL relational database ‘MyKinDB’. Throught a SQL query, then we identified and recorded
into the Kinase pseudogenes table all 106 pseudogenes.

Domains analysis: We used InterProScan package, version 3.1 from EBI on a Red Hat 8.0 Linux platform in order
to use the following softwares: ScanRegExp, ProfileScan, FprintScan, HMMPfam, HMMPIR PIR, Superfamily. By
using a program module, we extracted each individual kinase protein sequence in FASTA format from the MyKinDB
database and inputed the result into InterProScan. The output, in XML format, has been parsed and the extracted
information has been recorded into ‘Domains’ table. On the other hand, information about the start and end domain
position, have been recorded in seven different tables, each of these refer to each individual member database (i.c.:
‘int_smart’). This automated analysis has demanded 56 hours to be complete on an Intel Pentium 4 CPU 1.80GHz,
RAM 522Mb. In figure 1 the main steps of our analysis system are shown.

Results and Discussion

The high degree of functional diversification among the protein kinases is made possible by their ability to interact with
large numbers of cellular proteins. These interactions are mediated through additional subunits or domains of the kinase
that are regulatory or act as protein-interaction modules. The presence of these non-catalytic domains explains the high
functional diversification among kinases and suggests alternative strategies of cellular processes regulation. Our goal
has been the development of an InterProScan automated analysis to study domain statistic distribution of kinase
superfamily. The analysis of the 518 protein kinase sequences recorded in MyKinDB database have lead us to the
identification of 91 domains, 12 Repeats, 1 Binding site and 20 families according to the following Interpro cascade
classification schema: Family, Domain, Repeat and Site. A majority (about 80%) of the human protein kinases contain
at least one domain other than the catalytic kinase domain. TEC, SRC, CSK and ABL, for example, are TK families that
contain Src Homology 2 (SH2) and Src Homology 3 (SH3) domains before the catalytic domain. Both are adaptor
domains and are involved in the recruitment of proteins to their specific target. SH3 domain precedes and it is
contiguous to the SH2 domain. We have also studied the peptide that binds together SH2 and catalytic domain.
The length of this linker peptide is in average 20 amino-acids long. Gonfloni et al. revealed that SH2-CatalyticDomain
linker is a critical player in the regulation activity of these tyrosine kinases families. They found that mutation of
Tryptophan to Alanine clearly impairs kinases regulation and suggest that this Tryptophan residue may also have a
structural role in agreement with its high degree of conservation among protein tyrosine kinases (fig 2) [4]. TIE, AXL,
ROS and InsR families, instead, are TK families that contain Fibronectin type Il domain. From 2 to 8 modules precede
catalytic domain. Each module is approximately 100 amino acid long and contain different tandem repeats which are
binding sites for DNA, heparin and the cell surface. Nearly all kinases belonging to AGC group contain protein kinase
C-terminal domain. It is an accessory domain often found associated with catalytic domain. It is a calcium-activated and
phospholipid-dependent domain. The remaining domains are grouped according to their substrate specificity: 53 kinases
present domains linked to lipid signalling, 37 kinases with domains linked to GTPase signalling, 12 kinases present
domains involved in calcium signalling, 8 kinases present domains able to target the protein to the cytoskeleton and 60
kinases present domain that interact with nucleic acids. In general, we have observed that members of the same kinase



family have the same domain composition, even if some domain shuffling is seen. This imply a coevolution of catalytic
domain and associated domains and suggest that the cross-talk amog different signaling pathways, although
complicated, is achieved using a limited number of modules. The occurrence of combinations of these modules would
narrow the range of functional diversity.
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Fig 1. Step by step schema of our analysis system . Fig 2. T-coffee multiple alignment of SH2-CD linker of
ABL, TEC, SRC and CSK families.

Conclusions

The development of an InterProScan automated analysis has allowed us to study domain statistic distribution of kinase
superfamily. This system is very versatile and will make a significant contribution in the demanding task of automatic
classification approach of predicted proteins from genome sequencing projects.
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