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Abstract: Myosins are one of the largest protein superfamilies with 24 classes. They have conserved structural features and catalytic 
domains yet show huge variation at different domains resulting in a variety of functions. Myosins are molecules driving various kinds 
of cellular processes and motility until the level of organisms. These are ATPases that utilize the chemical energy released by ATP 
hydrolysis to bring about conformational changes leading to a motor function. Myosins are important as they are involved in almost all 
cellular activities ranging from cell division to transcriptional regulation. They are crucial due to their involvement in many congenital 
diseases symptomatized by muscular malfunctions, cardiac diseases, deafness, neural and immunological dysfunction, and so on, many 
of which lead to death at an early age. We present Myosinome, a database of selected myosin classes (myosin II, V, and VI) from five 
model organisms. This knowledge base provides the sequences, phylogenetic clustering, domain architectures of myosins and molecular 
models, structural analyses, and relevant literature of their coiled-coil domains. In the current version of Myosinome, information about 
71myosin sequences belonging to three myosin classes (myosin II, V, and VI) in five model organisms (Homo Sapiens, Mus musculus, 
D. melanogaster, C. elegans and S. cereviseae) identified using bioinformatics surveys are presented, and several of them are yet to be 
functionally characterized. As these proteins are involved in congenital diseases, such a database would be useful in short-listing candi-
dates for gene therapy and drug development. The database can be accessed from http://caps.ncbs.res.in/myosinome.
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Introduction
Mobility in higher order organisms is known to 
be controlled by muscles. Muscles are made up of 
muscle fibrils, comprising thin and thick filaments, 
which, in turn, comprised actin and myosin oligomeric 
assemblies.1 Apart from the conventional fibre-forming 
myosins in muscles, there are numerous non-muscle 
myosins localized specifically in various compart-
ments and cytoplasmic or nuclear regions of the cell. 
Preliminary sequence-based phylogenetic analysis 
suggested myosins are subdivided into 24 different 
classes2 and are denoted from myosin I to XXIV.

Myosins are molecular motors that bring about a 
movement by converting chemical energy to kinetic 
energy through ATP hydrolysis and conformational 
changes. The resultant motion of the motor is utilized 
in numerous mobility-associated functions inside 
the cell through self-assembly as well as associa-
tion with various subcellular cargoes and molecules. 
For instance, myosin type II self-assembles into oli-
gomeric structures at the cell plate and participates 
in cleavage furrow formation during cell division.3,4 
Myosin type V forms dimers and participates in 
processes like melanosome and vesicle transport.5 
Myosin V proteins are also reported to take part in 
growth cone formation in neuronal cells.6 Yet another 
interesting myosin, myosin VI, is the only one known 
to have retrograde motility towards the minus end of 
actin filament. These myosins act as pressure sen-
sors at the cochlear hair cells of the inner ear. Indeed, 
a genetic mutation resulting in a non-functional myo-
sin VI gives rise to congenital hearing disability.

Myosins have the general structure of a head 
domain followed by a lever arm (neck region) and 
a C-terminal tail. The N-terminal head possesses the 
ATPase activity and also retains actin-binding sites.7–9 
In the actin-bound form of myosin, ATP hydrolysis 
effects a translation of conformational changes lead-
ing to a swinging motion of the lever arm. The head 
domain attached to the swinging lever arm finds the 
next binding site on the actin filament resulting in a 
stepping forward kind of motion.10 The molecular 
mechanism of head domain function is more or less 
conserved, whereas the tail regions differ consider-
ably in their sequence, fine structure, and function.11

Myosins are relatively large proteins of 1000 to 
2000 base pairs long. Sequence similarity-based 
phylogeny of the head domain sequences not only 

display different classes of myosins,12–14 the vari-
ous classes are hypothesised to be derived from an 
ancestral myosin, which, in turn, is evolved from 
the P-loop NTPases.10 The overall domain archi-
tecture of myosins in many cases differs consider-
ably at the tail region as in myosin types III, XII, 
XIV, and XVI, which do not possess an alpha helical 
region that can fold into a coiled coil. Instead, the 
head domain is directly connected to a globular tail 
domain.15 Myosinome database domain boundaries 
could be assigned using multiple approaches, and a 
consensus domain architecture is provided for each 
of the sequences.

The variations among myosins are not only due 
to differences in domain architectures. There have 
been incidences of insertions and deletions as well 
as amino acid substitution events resulting in func-
tional variety. The unique insert domain of myosin 
VI neck is one such example where the insertion has 
resulted in reverting the direction of motion of the 
protein. The tail regions in most of the myosin types 
possess an alpha helix that may dimerize into a coiled 
coil structure that precedes a globular cargo-binding 
domain. The coiled coil region with a characteristic 
heptad repeat pattern where the 1st and 4th residues 
of the heptad (the a and d positions) are expected to 
be hydrophobic. This arrangement of amino acids 
forms a hydrophobic seam and results in the forma-
tion of a coiled coil through the knobs-into-holes 
arrangement of side chain packing, forming the 
hallmark or structural signature of a coiled coil.16 
Many existing coiled coil prediction methods pre-
dict a continuous coiled coil and also are capable 
of reporting stutters and stammers. But experiments 
have proved that the predicted coiled coils in myo-
sins are not necessarily interacting strongly to form 
perfect coiled coils. Instead, they may interact in 
parallel or even fold on to form trimers.17–19 Hence, 
the three-dimensional structure was obtained by 
imposing a coiled coil structure through a homol-
ogy modeling tool (MODELLER)20 at the predicted 
coiled coil regions in all sequence entries in the data-
base and later analyzed for the hydrophobic content 
of the central seam. Thus, the Myosinome database 
was developed as a platform to integrate the knowl-
edge base and predictions on the myosin sequence, 
architecture, structure, and function information 
from various sources.
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Construction and Content
Data collection and integration
For sequence data collection, we employed a sensi-
tive sequence search tool, position-specific iterative 
blast (PSI-BLAST). We set up the searches using 
BLAST+ package21 against the proteomes of five 
model organisms: human, mouse, Drosophila, C. 
elegans, and yeast. Since the Myosinome database 
focuses on the domain architectures and specifically 
on the coiled coil, we restricted our searches to myo-
sin II, IV, V, and VI. Searches were performed using 
24 myosin sequences that were obtained from an ini-
tial text search at the National Center for Biotechnol-
ogy Information (NCBI). At least one sequence from 
each of the selected myosin classes were employed 
as a query in such sequence searches. We employed 
a relatively relaxed E-value cutoff of 1e-5 in order 
to increase the coverage. A list of unique hits was 
pooled derived from all the searches using 24 query 
sequences.

As a second step in data collection, we validated the 
sequences obtained from PSI-BLAST.22 We adopted 
a three-fold validation. At first, using a string-based 
annotation filter script (genepeptscript1), we sepa-
rated the annotated myosins from PSI-BLAST hits 
into myosin types II, IV, V, and VI using the GenePept 
data from NCBI as input. This filter also categorized 
the annotated myosin classes other than II, IV, V, and 
VI into a separate category. The sequences classified 
in this way were validated, in the second step, by 
assessing the evolutionary relationships of their head 
domains. For this, we used a phylogenetic clustering 
method, neighbor joining, in the PHYLIP package.23 
Head domains of PSI-BLAST hits were seeded into 
a set of sequences comprising other known myo-
sins of 19 different classes and a few non-myosin 
sequences, such as helicases, ATPases, and Kinesins. 
These non-myosins acted as outgroups and helped 
in ensuring the selection of myosins that grouped 
with other myosin sequences alone. This sequence 
similarity-based clustering was useful in assigning 
the myosin classes to each of the hits and cross vali-
dating before we organized them into a database. As 
a third step of validation, we employed an integrated 
domain architecture definition obtained from various 
databases to provide a more comprehensive and com-
plete definition of domains to the sequences obtained. 
The domain definitions were obtained from CDD,24 

PFAM,25 COILS,26 and so on. Boundary definitions 
were obtained from the SMART database. A detailed 
schema for sequence retrieval and validation protocol 
is provided in Figure 1.

Coiled coil regions—the dimerization motifs—
of each of the identified myosin sequences were 
modeled using tropomyosin as a template using 
MODELLER software. Whereas the length of coiled 
coil was much longer than the template in cases like 
myosin II and V, models were generated by a pro-
tocol that involves repeating the same template over 
and over again with an overlapping region spanning 
70 residues (Margaret et  al, oral communication; 
December, 2010). The models generated this way 
were analyzed for charged patches using an in-house 
script. Charged patches are defined based on the den-
sity of charged residues in every heptad. An empirical 
scoring scheme was applied to calculate the charge 
density by counting the number of charged residues 
within a distance cutoff of 12Å. The charge density 
positively correlated with the total number of charged 
residues. Hence, a gradient color scheme representa-
tion was adopted to demarcate dense charged patches 
from weak charged patches. Apart from our own 
models, available crystal structures, NMR structures, 
and cryo-electron microscopy structures were also 
collected from Protein Data Bank (PDB)27 through 
keyword searches and literature-based searches.

Sequence and structural level data should be use-
ful in the case of myosins whose functions are not 
yet experimentally characterized. However, numer-
ous experiments have been performed to understand 

Confirmed myosins

Phylogeny with a representative
myosin sequence set

Completely and 
partially annotated

Uniq non-redundant hits
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Figure 1. Schema of sequence retrieval and validation protocol.
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this class of motor protein, and a consolidation of this 
functional information will be enlightening for finding 
future directions. Function of a molecule is insepara-
ble from the pathways that it takes part in. Hence, we 
provide available KEGG pathway maps for different 
classes of myosins in this database.28 Finally, a list 
of related literature is also presented along with the 
PubMed links. Literature collection involved keyword 
searches in PubMed. IDs of the literature relevant to 
individual protein accession number were obtained 
using automated scripts from the GenePept file.

Database implementation
All the results are delivered to the user through a 
web application. The database was implemented in 
MySQL and the graphical user interface (GUI) was 
designed in HTML. The communication between the 
GUI and the back-end database in order to retrieve 
information from the stored myosin data upon user 
query was achieved using PHP codes. The back-
end BLAST parser scripts were written in Perl, and 
domain architecture drawings were done using HTML 
style sheets and mouse over functions. Phylogenetic 
trees, models of the coiled coils, and charge distribu-
tions are provided as images. Coiled coil models are 
displayed in more friendly and interactive fashion by 
using JMOL applets. The entire application is set up 
behind an Apache web server using LAMP (Linux-
Apache-MySQL-PHP/Perl) (See Fig. 2 for a schema 
of Myosinome web applications).

Utility and Discussion
Browsing
It is possible to browse through the Myosinome 
database in three ways: search using keyword, 
browse by organism and search using sequence.

In the keyword search box, users can provide 
different texts viz, myosin, myosin type II, or the 
accession number directly. This facilitates searching 
when a user knows a specific sequence accession 
number or when a user wants to search all the sequences 
of a particular myosin type in all the genomes in the 
Myosinome database.

The home page of the database provides a facil-
ity to submit partial or complete sequences in FASTA 
format by the user to search for similar sequences in 
the database. A background BLAST search would be 
performed and display the related sequences avail-
able in database.

Alternately, there is a panel with the list of organ-
isms provided, each of which, upon mouse click, will 
lead to the list of myosins within the whole genome 
along with their accession numbers. The bottom panel 
in the home page tabulates the general information on 
myosins in four columns as myosin types, organisms, 
PDB structures, and KEGG maps and also provides 
reference to representative classical articles to each 
type of myosin (Fig. 3).

Content
The accession numbers of individual myosins are 
linked to a page where detailed information associ-
ated with the sequence is provided in a tabular for-
mat (Fig. 4). Important information in this table is 
displayed in two main panels. The first panel cov-
ers sequence-, structure-, and function-related data 
in three fields, and the bottom panel contains the 
most relevant literature corresponding to the pro-
tein of interest. The foremost field of the first panel 
provides the sequence and a phylogenetic tree. 
The phylogeny includes classical myosins from 
different subtypes with the position of the query 
highlighted in red color font to recognize its evo-
lutionary position amid the other myosin subtypes. 
The domain architecture of sequence is shown as 
a block diagram and a mouseover option provides 
the domain boundaries for each of the domains. 
This is followed by a structure section where the 
three-dimensional model of the coiled coil domain 
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Figure 2. Schematic representation of the Myosinome web application.
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of the sequence is provided for download as well 
as for graphical display. Besides, a graphical rep-
resentation of charged patches is displayed (Fig. 5; 
please also see Section on Construction and Con-
tent) along with the hydrophobic residue distribu-
tion at the central region at the a and d positions 
of the heptads. These would give user clear under-

standing of the relative stability of protein–protein 
interaction sites and would be of predictive value 
in designing point mutations for functional analy-
sis. Links to context-dependent help pages are pro-
vided where the methodology is explained in detail 
allowing the user to analyze the coiled coils for 
designing experiments.

Figure 3. Screenshot of the Myosinome homepage indicating the browse options and links.
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Figure 4. Screenshot of data table for a single myosin.

Figure 5. Data content on individual myosins.
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Conclusions
Myosinome is a unique repository of sequence, struc-
tural, and function data of a limited number of myosin 
types from select model organisms. It provides down-
loadable files and in-depth information on sequence, 
structure, functions, pathways, and relevant literature. It 
focuses on aspects of variability such as sequence level 
differences as well as domain architectural level changes. 
Sequence level changes are examined through the analy-
sis of the coiled coil, which is a crucial domain facilitat-
ing self-assembly and interaction with other proteins. The 
community participation portal in the Myosinome web 
application is a feature that allows expansion of the data-
base. It is a fully integrated resource with external data 
sources for bridging maximum knowledge. The interface 
of Myosinome is navigation-friendly, efficient, and easy 
to use and, thereby, accelerates knowledge exploration 
and accumulation. Myosinome would be useful in per-
forming sequence similarity searches against a database 
of known myosins belonging to selected classes and also 
in designing mutational experiments that can further 
expand the functional knowledge base of myosins.
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