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Abstract

Background: Protein kinases are involved in relevant physiological functions and a broad number of mutations in
this superfamily have been reported in the literature to affect protein function and stability. Unfortunately, the
exploration of the consequences on the phenotypes of each individual mutation remains a considerable challenge.

Results: The wKinMut web-server offers direct prediction of the potential pathogenicity of the mutations from a
number of methods, including our recently developed prediction method based on the combination of information
from a range of diverse sources, including physicochemical properties and functional annotations from FireDB and
Swissprot and kinase-specific characteristics such as the membership to specific kinase groups, the annotation with
disease-associated GO terms or the occurrence of the mutation in PFAM domains, and the relevance of the residues
in determining kinase subfamily specificity from S3Det. This predictor yields interesting results that compare
favourably with other methods in the field when applied to protein kinases.

Together with the predictions, wKinMut offers a number of integrated services for the analysis of mutations. These
include: the classification of the kinase, information about associations of the kinase with other proteins extracted
from iHop, the mapping of the mutations onto PDB structures, pathogenicity records from a number of databases
and the classification of mutations in large-scale cancer studies. Importantly, wKinMut is connected with the SNP2L
system that extracts mentions of mutations directly from the literature, and therefore increases the possibilities of

and several state-of-the-art databases.

publicly available at http://wkinmut.bioinfo.cnio.es.

finding interesting functional information associated to the studied mutations.

Conclusions: wKinMut facilitates the exploration of the information available about individual mutations by
integrating prediction approaches with the automatic extraction of information from the literature (text mining)

wKinMut has been used during the last year for the analysis of the consequences of mutations in the context of a
number of cancer genome projects, including the recent analysis of Chronic Lymphocytic Leukemia cases and is

Background

Current high-throughput resequencing screenings [1-3]
represent a powerful set of techniques to discover large
numbers of mutations. Of these, only a small fraction
are causally implicated in disease onset and therefore,
separating the wheat from the chaff is still a major chal-
lenge [4]. The interpretation of the overwhelming wealth
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of data also represents an issue in other fields, such as
protein function prediction [5]. For a small subset of the
new mutations discovered, experimental information re-
garding the relationship between the mutation and the
underlying biochemical mechanism is known. However,
there is no information for the remaining mutations.
The intensive requirement of resources makes it unfeas-
ible to experimentally test the association of all these
mutations to disease, and to characterize their functional
effects. Nevertheless, this problem is very amenable to in
silico predictors [4,6,7]. Different approaches are cur-
rently available to predict the probability of a newly
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discovered mutation being implicated in disease. Some
methods identify crucial positions in a given protein and
derive generalized rules to predict the pathogenicity of
mutations. Other methods assume that evolutionarily
conserved protein residues are important for protein
structure, folding and function, whereby mutations in
these residues are considered deleterious [8]. Variations
on this principle lead to methods that predict deleterious
mutations by evaluating changes in evolutionarily
conserved PFAM motifs [9]. A number of systems use
protein structures to characterize substitutions that
significantly destabilize the folded state. There are also
methods that integrate prior knowledge in the form of
both sequence and structure-related features from a
set of experimentally characterized mutations to train
automatic machine-learning systems. These systems
can infer the pathogenicity of new mutations based on
the cases evaluated. Albeit similar in purpose, very dif-
ferent machine-learning methods can be implemented.
Among them, probably the most popular ones are:
rule-based systems [10-12], decision trees [13], random
forests [14,15], neural networks [16,17], Bayesian
methods [18] and SVMs [19-23]. Recently, some meta
approaches that combine different methodologies have
been implemented. For example, Condel [24] inte-
grates five of the most widely employed computational
tools for detecting pathogenic single nucleotide varia-
tions. Predictors can also be classified according to
their scope. Most of the predictors are generally
applicable to amino acid sequences from any protein
family, while a few of them include properties that
apply only to a given protein family of interest; i.e. pro-
tein kinase specific predictors [20,23]. These family-
related features bring discriminative information that
justifies the development of specialized predictors.

A broad number of mutations in the protein kinase
superfamily have been reported in the literature [25] and
a subset of them is known to disrupt protein structure
and function [26]. For some cases, since human protein
kinases are involved in a plethora of physiological func-
tions, this disruption can be causally associated to dis-
ease [27]. Still, the majority of protein kinase mutations
are tolerated without apparent significant effects [28,29].

In previous publications, we have discussed the prefer-
ential distribution of germline pathogenic deviations [30]
and driver somatic mutations [31] with respect to re-
gions of functional and structural importance. Here we
present, wKinMut, an integrated web-service for the
collection of information from multiple sources and for
the prediction of the pathogenicity of mutations by com-
bining several prediction approaches. The objective of
wKinMut is to provide a one-stop resource for the
analysis and interpretation of the consequences of
mutations in the protein kinase superfamily.
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Implementation

wKinMut represents the first resource to provide an in-
tegrated tool for the analysis and interpretation of the
consequences of mutations in the protein kinase
superfamily. The main objective of wKinMut is to
aid computational biologists and clinicians to prioritize
pathogenic mutations and to understand the mecha-
nisms by which some mutations lead to disease, and
particularly, to cancer.

The tool presented here, incorporates information
retrieval and prediction approaches and displays infor-
mation from diverse sources. First, it simplifies the
collection of information about the mutations, such as
the classification, domain architecture, functional anno-
tations and plausible interaction partners of the kinase.
Furthermore, kinase mutations are analyzed in their
structural context and mentions in dedicated databases,
genotyping studies and the literature that suggest an im-
plication in disease are also presented. Second, wKinMut
estimates the theoretical pathogenicity of kinase muta-
tions with three different approaches, including our
newly developed kinase-specific method, KinMut [23],
based on the evaluation of a wide set of sequence-
derived features that describe each independent muta-
tion. The affected domain and kinase group, diverse
functional annotations, residue physicochemical proper-
ties and relevance of the mutated residues in determin-
ing subfamily specificity are considered.

wKinMut has been implemented mostly in Ruby. The
functionality is implemented as a workflow accessible
through a REST interface that can render the results
either in JSON format or HTML. The later constitutes
the interface described in this document. Some of
data resources that support this system, such as gene
descriptions or iHOP interactions, are queried remotely
through the internet as demanded; but are then cached
to improve subsequent accesses. The server incorporates
some additional caching schemes to improve perform-
ance in the back-end, by persisting the job results, and
in the web interface, by caching the HTML.

Web interface

Step 1: submission of mutations for analysis

The input to wKinMut are non-synonymous mutations
in the protein kinase superfamily. The input format
should encode the Uniprot/Swissprot accession number,
the wild type residue, the position and the mutated resi-
due. Non-standard amino acids and truncating muta-
tions will be excluded from the analysis. An example of
this format would be a mutation from Glycine to
Alanine in position 719 of the human epidermal growth
factor receptor, which is encoded as P00533 G719A. In
the following sections, we will use this example to guide
the reader through the different result views (Figure 1).



Izarzugaza et al. BMIC Bioinformatics 2013, 14:345
http://www.biomedcentral.com/1471-2105/14/345

Page 3 of 7

KinMect

Job Name (optional)
i whinMut s an integrated framework for the analysis of kinase
mutations. The objective of this framework is to help in the
Interpretation of the consequences of mutations in the protein
puty on protei and function, and their
reationshp with disease and cancer.

Poos33 G71oA

533 1790
rorsia A It displays nformation from diverse sources, that incude:
P22607 P250R . Protein/Gene general information from Gene Ontology.
060674 DSBAE b. Domain nformation from PFAM

. Structuralnformation from PDB.

d. Predictions of mutation pathogenicity (KnMut, SIFT)

o. Information from mutation databases (Uniprot Varint
Pages, Kinmutbase, SAAPdb, COSMIC) and genotyping
projects.

. Mutation mentions from the teraturo (SNP2L)

- Protein Protein Interactions extracted from the toraturo

(HoP)

o submit a fle [samplo file]

Choose il o e chosen

Launch Analysis.

Kinase

d)

Figure 1 Summary of the different result pages in wKinMut: Example of a Gly-719-Ala mutation in the human epidermal growth factor
receptor. The figure shows an example of an input to the server (panel a) and the results summary table (panel b). The rest of panels display
show the different outputs from the server, including the gene/protein summary tab (panel c), the domain tab (panel d), the structure view
(panel e), the pathogenicity assessment (panel f). Information from the databases, the literature and iHop is exemplified in panels g, h and

i respectively.

Protein Description Mutation Prediction
! Group*
EGFRHUMAN | i ermal growth factor receptor a7iea | Tk | Demedim
P (KinMu)
INSR_HUMAN Damaging
insulin receptor R: r
ey sulin receptor 279C K| g
RET_HUMA? Damagi
ET-HUMAN | 1ot proto-oncogene. ABBIF K ik
Po7949 (KinMu)
Gene Name
EGFR

Protein Long Name
epidermal growth factor receptor
‘Summary

this geneis a
“This protein is a receptor for members of the epidermal growth factor family. EGFR is a cell surface protein that binds to

2 member of

epidermal growth factor. Binding of the protein to a igand induces receptor dimerization and tyrosine.
autophosphorylation and leads to cell prolferation. Mutations in tis gene are associated with lung cancer. Multple
alternatively spl it variants e for this gene. [provided by
RefSeq, Jul 2010)

Kinase Group
TK: tyrosine protein kinase

Gene Ontology - Molecular Function

G0:0000166 nucleotide binding
'50:0003650 ‘double-stranded DNA binding

GO:0004672 protein kinase activity

G0:0004674 protein serine/threonine kinase activity

600004710 MAP/ERK Kinase kinase activity

Gom071s protein tyrosine kinase actvity

GO:0004714 ransmembrane receptor protein tyrosine kinase activity
o071 receptor signaling protein tyrosine kinase activity
GO:0004871 signal transducer activity

GO:0004888 ransmembrane receptor actvity

GO:0005006 epidermal growth factor receptor actvity

G0:0008515 protein binding

GO:0005524 ATP binding

PFAM domain information for protein EGFR_HUMAN (P00533)
Mutaton located in the following domain:

Phinase_Tyr (PFO7714)
Protein tyrosine kinase

Fl Gk Suct Vi Fomat Gos okt o
o » o £l

csmparssso-0s  BQRG KT . . BGAGARGKWMCATAIG

y LGk EDAV LEYAY ks lrana
oirse catmiz0-371 MDRK K. EGSGAMGT VML Gr T KNNTKVAVEKL 57000 E . GNDE
Ik aneanyss> i VOB Eh . | LGRGTRTHINSGTIMDYKD. DEETSEEKKIKVILNVE 01T SHRD
T2 Wouse/z2-10% KK DYV . IGEENFGOVEKAR Ik KOGLRMOARINRN 'K 1€ IYASK
ossarz mmysor sso EQE en | LGRGTRININSGTLRVKS E 0eDAGY SSracvkuuLl svan
Tt taessoe779. UL RV IGEGARGRVELGTEAN QKNEFA T VAL K Seso
orioy caocaes st WILT LS. LGEGARGRVEX GSkiK GooooRTVVAIRTL (K DII0. 01500
T vy 1075.1557 MWEN £V IGRGHFGCUMHGTEL ‘ONDGKK I HCAVSE (N (R 1Tl
zziée.cam/in s VAN Kk || LGEGARGOVE I ACLD ‘aGgka VAl RIIIALIEATR
S omowtssze. 77 e €c . LGSGARGVVRREXNR Gs1 [IN
S ia/710-566 BXXD RV LGSGAFGT VX GLNNE OBERIR IPVAINVE (R 11EDIATSE
namezzis0 . LQUT KR LGNGQRGEVWIGTHY o KD lgTes
W powan/sis-sos  L1EN €5 LGOGTETKIEKGVRR £V GovEaineT eyl oraw
res0r IVEK RE. . LGLGARGRVELACEYN LCrcaDK | LAy KI1IpIIAsoN

L siantes oo VTR LGAGORGEVMGY RN onTkvA K. llgllgsus
ormsoantcuzst sz HXED Tk LGSGARGEVMKGLNN Gh7 EVA ROIIBI KM
Peims taxsuysoe-o3 UVEG AT LGSGARGRVMEATANE [EER KI1IAlITARR
‘oizdss pukc/sée ¢is UTEL RE. . LGOGQRGUX i ‘Gav EvAIRh k1T Igsus
w2y camysss 11 KUD KK EGAGARGTYI KRAKKVK IBVAI atoa
Ferkz aavyssi sz TEG KB LGEGCRGauS DKDKPKEAVTVA k11101 Ioate
oocor crck zie 57 VLG KT, EGCGEFGKWI AGYTTVA KI1lelINasa
Sancsiousis e UTRG A0 NGEGERGAVLQGLHL ax KlllCiovna

CUSPRBVAVKSL. €. b 5550

mtullale | L -

a1ph1.Cp. .. LGPCPFCPVACCRRD

Consenvaton IT.' IT

i g

5-oo-2s16

s

-

Corsess Rl '.“.LI.__ __—wj [}

C 2)
Sequence 12 10; FYVXIPHE Residue: GN (272)

g)

h)

seectapds

Jmol

puting Programme

et
Fire0B ves
Pathogenicity Predictions PhosphoELM No
Transmombrane No
Kintut Scoro Damaging (101) bepstonizs o
SIFT Prediction (Score) Neutral (0.0749) Post Trans. Modification No
No
Signa Poptide No
) . Cataytc Sito ves
Ko Famiy Subpeiily G0P)* Dietide Bond "o
o g Carbohyd No.
osar e Active Ste No
% ite. No.
Nuckeotde Bincing Yas
Gane Ontology Log-Odds Ratio 104563 HotaBining No
Kyte-Doolittle Hydrophobicity Change 220 Binding. No
Mutation Description Database
ar1ss Pathogenic Deviaon
ar1se Patnogenic Deviaion
ariss Patnogenic Deviaon
G190 Patnogenic Deviton
ariss Poymorptism
ar19A Poymorptism
G150 Polymorphism - (528
arieD Poymorptism unigret

Mutation PMID  Content Comments.

These mutatons nclude deltons n exon 19 seven patients, LESGR insic
TiA 15710047

s patients, G719A in three patients, and a novel AB59T in one

G718S 15837743  Inexon 18, one exampe of G7195 mutaton was found rom bih Nagoya and

G7195 15837743 Onthe other hand, one of our gefiinib-resistant patients had a 7195

Disclaimer: a

gather mutations,
required. Refer to Kralinger ot al 2009 for further dotais.

‘Synonyms: E1, EGF receptor, EGF-R, EGF-receptor, EGFR, EGFR gene, EGFr, ERBB1, Epidermal growth factor recepor,
HER1, epidermal growth factor receptor, epidermal growth factor-recepior

(PMID: 12297050) Epicermal growth factor (EGE) regulates cell prolferaton and diferentation by binding to the EGE
recepor (EGFR) extacelular region, comprising domains IV, With the resultant dimerization of the receplor tyrosie
Kinase.

[PMID: 3006920] Because EGE induces internalization and degradation of the Ala 654 EGE receptor, at least two
independent mechanisms can serve 1o signal lss of functional EGE receptors

62250) These signaling data suggest that ERK-medated (669)T ph
GER Kinase actiiy.

ryation negatively modulates.

(PMID: 18762250) In these cels, EGER was constiulively detected with the ERK consensus site phosphoryiation-specific

jownreguiation as modest, but was substantally enhanced by pretreaument with

MEKI/ERK Inhibior.

[PMID: 15256456) AEE788 demonstrated antprolferative actvty against a range of EGER and ErbB2-overexpressing coll
lines (including EGFRll-dependent lines) and inhibted the prolferation of epidermal growth facior- and VEGE-stmulated
human umbilcal veln endothelalcelk.

(PMID: 16919867 Further studies revealed that epidermal growth factor (EGF-nduced activaton of epidermal arowth
factor receptor (EGER) and MAPK could be potenty inhibited by LG-X in both NPG-TWO2 and Ad31cels in a dose:
‘Gependent manner.

[PMID: 21359852) Repression of the miog orotein Kinase (MAPK) signaling led o the inhibition of EGE-nduced

MMP-1 whereas the PI3-kinase/AKT signaling was not associated with EGER-mediated MMP-1 inducton.

Multiple mutations can be submitted at a time, either
as a plain text file or directly via the applications form,
the sample dataset provided as part of wKinMut’s
documentation can be used as a formatting guide.

Step 2: interpretation of the consequences of the mutations
The first output the user will get right after submitting
the mutations is a summary page with useful informa-
tion about the requested mutations (Figure 1, panel b).
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It includes a description of the proteins in Uniprot, the
membership to kinase groups in the classification in
KinBase [32,33] and the estimation of the pathogenicity
of mutations attending to our kinase-specific predictor
of pathogenicity, KinMut [23]. The prediction of the
pathogenicity will be discussed in detail in a forthcoming
section, nevertheless we decided to include this informa-
tion at this step as a guide to prioritize mutations. It
might be interesting to point out here that users inter-
ested only in the results from KinMut, can find a link to
the predictions in this summary page that can be
accessed programmatically. The scope of wKinMut goes
beyond providing raw prediction of pathogenicity from
KinMut, the web-service’s main goal is to aid computa-
tional biologists and clinicians to understand and to in-
terpret the consequences of kinase mutations. Hence,
information complementary to KinMut predictions, is
provided. In the summary table, the ‘View’ link in the
right-most ‘Details’ column (Figure 1, panel b) will redir-
ect the user to another page containing this complemen-
tary information, which includes: the values of the
features used for classification, PFAM domains affected
by the mutation, protein-protein interaction information
extracted from the literature with iHop [34], mentions
of the mutations in the literature automatically mined
with SNP2L [25,35], and existing records of the muta-
tions in other dedicated databases. This additional infor-
mation is intended to provide the basic background to
help to understand and interpret the consequences of
the mutations. Each individual piece of information will
be discussed thoroughly in the following sections.

General information about the protein/gene Informa-
tion under the ‘gene/protein’ tab (Figure 1, panel c) fo-
cuses on information shared by all mutations in the
same kinase. Background information such as the gene
name, the formal description in Uniprot and the classifi-
cation in KinBase [32,33] of the kinase is provided. In
addition, the system provides the Gene Ontology terms
with which the kinase has been annotated in each of the in-
dependent sub-ontologies (namely Molecular Function,
Cellular Compartment and Biological Process). This infor-
mation provides clues to unveil the function of the kinase
and it is used by KinMut to calculate the likeness of the
protein (and subsequently the mutation) to play a role in
disease.

PFAM domains In a previous publication [23] we dem-
onstrated that mutations occurring in certain domains
such as the Tyrosine kinase domain (PKinase Tyr, ac-
cording to PFAM) are more likely to cause disease. This
is coherent with the assumption that the function of
some domains is more important than the function of
others. In wKinMut, this information is contained in the
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‘PFAM domains’ tab (Figure 1, panel d), which displays
the domain (or domains, in some cases) where the
mutation is occurring and the alignment used by PFAM
as seed to generate the domain family. The alignment is
evaluated in terms of sequence conservation. Under the
assumption that conserved regions have been preserved
by evolution, this information can help the user to iden-
tify important regions in the structure of the domain.

Mapping the mutations onto structures To under-
stand the consequences of mutations might have in
protein stability and function it is sometimes useful to
study the mutations in their structural contexts. How-
ever, mapping mutations from sequences to structures is
not always trivial [36]. Under the ‘Structures’ tab, wKinMut
enables the visualization of the mutation mapped to all
available structures. (Figure 1, panel e). In addition, the ver-
satility of the Jmol applet implemented in wKinMut allows
advanced users to adapt the visualization to their specific
needs.

Prediction of the pathogenicity In wKinMut the theor-
etical pathogenicity of mutations is assessed by two in-
dependent methods, namely SIFT [8] and KinMut [23].
This information is displayed in the ‘Pathogenicity’ tab
(Figure 1, panel f). SIFT [8] predicts whether non-
synonymous mutations are prone to affect protein func-
tion. This prediction is based on the degree of conserva-
tion of the residues in sequence alignments derived from
closely related sequences. A threshold value of 0.05 is used
to determine that mutations are likely to be pathogenic.
KinMut [23] is a kinase-specific predictor of the pathogen-
icity of mutations. It relies in a machine-learning approach
(SVM) to evaluate a number of sequence-derived features
that describe kinase mutations from different perspec-
tives, including: a) at the gene level, the membership to
a Kinbase group and Gene Ontology terms. b) at the
domain level, the occurrence of the mutation inside a
PFAM domain, and c) at the residue level, several
properties including amino acid type, functional anno-
tations from Swissprot and FireDB [37], specificity-
determining positions, etc. SVM scores greater than -0.5
indicate that the mutation is very likely pathogenic. The
values of these features are also displayed in this section of
the web-service to aid to interpret the predictions. Please,
refer to the original publications for information on the in-
dividual characteristics, capabilities and validation of each
predictor.

Mutations in databases The wealth of knowledge pro-
vided by current research is usually stored in databases. A
number of them store information about mutations from
diverse perspectives. In wKinMut (Figure 1, panel g) we
collect information from four different sources (namely the
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Uniprot Variant Pages [38], KinMutBase [39], SAAPdb [26]
and COSMIC [40]) in an attempt to cover all aspects of
protein kinase mutation. The information displayed in-
cludes information about the structural consequences of
mutations, experiments associating mutations with a cer-
tain disease, or the proof that a mutation has been observed
in a cancer sample.

Automatic extraction of mutations from the litera-
ture Unfortunately, the databases referred in the previ-
ous section do not contain all current knowledge about
mutations. Even in the cases where a database record
exists, the knowledgebase cannot always store all con-
textual information. The context is sometimes very im-
portant for the correct interpretation of the predictions:
experimental conditions, patients’ habits and clinical his-
tories, etcetera. wKinMut provides pointers to mentions
of the mutations in the literature under the ‘Literature’
tab (Figure 1, panel h). We extract this information
automatically using our in-house text mining approach,
SNP2L [25]. In brief, SNP2L is a literature mining pipe-
line for the automatic extraction and disambiguation of
singlepoint mutation mentions from both abstracts as
well as full text articles, followed by a sequence valid-
ation check to link mutations to their corresponding
kinase protein sequences.

Automatic determination of interaction partners
wKinMut integrates Protein-Protein Interactions (PPI)
gathered from iHOP in the homonymous tab (Figure 1,
panel i). Briefly, iHOP is a powerful text mining system
to automatically extract protein protein interactions
from PubMed abstracts. To relate the interaction infor-
mation with its context, the sentences including the
interaction mentions are also provided.

Conclusion

wKinMut facilitates the exploration of the information
available about individual mutations by integrating pre-
diction approaches with the automatic extraction of in-
formation from the literature (text mining) and several
currently available databases. wKinMut works as an
open accessible web server.

The system offers direct prediction of the potential
pathogenicity of the mutations from a number of
methods, including our recently developed prediction
method based on the combination of information from
a range of diverse sources with a machine learning sys-
tem [23]. The features used by our new prediction
system include: general physicochemical properties,
annotations of known functional sites from FireDB and
Swissprot and kinase-specific characteristics such as
membership to a specific group of kinases, annotations
of disease associations extracted from GO terms and
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mapping of PFAM domains, and relevance of the resi-
dues for the differences between groups of kinases. In
addition to the predictions, wKinMut offers a number
of integrated complementary services that help to
understand the consequences and the mechanism of
the mutations. These services include the classification
of the kinase, information about associations of the
kinase with other proteins extracted directly extracted
from the Medline abstracts, the mutations on the
corresponding protein structures, and possible rela-
tions with pathogenicity recorded in disease-variation
databases and from large-scale cancer studies. An im-
portant component of wKinMut is the access to infor-
mation about the mutations extracted directly from
the literature. This information is important for the
contextualization of the consequences of the muta-
tions. wKinMut uses our previously developed SNP2L
[25], that has been shown to provide a substantial
addition to the information provided by public data-
bases and repositories.

In summary, we think that wKinMut constitutes a
powerful one-stop shop for the study of the potential
pathogenic potential of mutations in protein kinases. As
such, wKinMut will be of interest for bioinformaticians
and computational biologists that can use the informa-
tion provided by the server programmatically as part of
their own analysis pipelines, and it can be also useful to
biologists and clinicians who can browse and explore
punctual information easily from the provided interface.
We have used wKinMut during the past year for the
analysis of the consequences of mutations in the context
of a number of personalized cancer genome projects
(see [41]), including the recent analysis of Chronic
Lymphocytic Leukemia cases [42,43].

A further development of the presented system would
consider the analysis of the downstream consequences
of mutations in relation to potential and known post-
translational modifications and their interelations (see
[44,45]). We are interested in extending wKinMut cap-
abilities to the analysis of the combined effect of muta-
tions in pathways and signalling networks in where
kinases are essential components wKinMut is publicly
available at http://wkinmut.bioinfo.cnio.es.
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