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Introduction
The members of Heat Shock Protein (HSPs) family are ubiquitously expressed and essential for
the survival of all living organisms. The expression levels of HSPs are upregulated upon exposure to
either non-permissive temperature or other forms of stresses such as pathogenic infection, exposure to
harmful chemical, altered pH and oxygen deprivation. Hence, they are often called as "Stress Relief
Proteins." They dynamically associate with the exposed hydrophobic surfaces of the nascent or unfolded
polypeptides to prevent their aggregation and thereby, promote the folding process. Additionally, HSPs
are also involved in diverse physiological functions including protein trafficking, prion propagation and
degradation

process. HSPs are key determinants of quality control and play a critical role in

maintaining the overall cellular protein homeostasis. Their dysfunction is implicated in life-threatening
disorder that includes Parkinson, Alzheimer, cancer, neuropathies, and cardiovascular diseases.
Based on their molecular mass and function, HSPs are classified into six families namely; small
Heat Shock Proteins (sHsp/Hsp20), Hsp40 (J-class proteins), Hsp60 (GroEL/ES), Hsp70, Hsp90, Hsp100
proteins. Many of these classes of proteins have been identified very recently across different species.
Even so, in most of the organisms with their genome sequence data is available, HSP family members
have not been identified and classified under different families. The diversified nature of HSPs and their
vast repertoire of functions has generated considerable interest among researchers, and extensive research
is in progress to deduce an intricate cellular functional network among them. However, till present date,
collated databases available for all families of HSPs are not yet available. Here, we introduce a
comprehensive manually curated sequence database (HSPIR) encompassing all families of HSPs across
phylogenetic species. HSPIR is the single largest manually curated database for HSPs. It provides
comprehensive information about six major HSP families. The database has been created to cater for the
needs of wide range of biologists.
Currently, HSPIR harbors ~9,900 protein records encompassing 277 genomes ranging from
prokaryotes

to

eukaryotes,

which

include

most

of

the

model

organisms.

The

database will be growing further, as our curation team constantly collates the HSP records from
new genomes into the database. The records in the database will be checked for updates by automated
PHP scripts on a weekly basis to maintain the contents up-to-date. HSPIR has a dedicated curation team
who will review the updated records and upload them into the database.

HSPIR
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Data mining and Curation
The retrieval process starts with an extensive literature survey to retrieve names, nomenclature,
functions and structural information of Heat shock proteins using PubMed query system. With this
knowledge, we created a comprehensive list of standard names and alternative names for each HSP
family. Solved three-dimensional (3D) structures and the corresponding sequences of HSPs were
retrieved from PDB. Using these data as the keyword, we searched for various HSPs from SwissProt.
Post-retrieval, these well annotated sequences along with the sequences of solved structures were used as
the seed sequences to create PSSMs (Position-specific scoring matrices) of each individual HSP family.
Using this PSSM, organism specific PSI-BLAST was performed with an E-value cut-off of 0.0001
against the NCBI non-redundant (nr) database. Therefore, the population of HSPIR increased after
pooling the sequence information of HSPs from individual genomes. For the list of seed sequences used
for creating PSSM please refer to the manuscript.

Figure 1: Schematic representation of the data retrieval and curation process implemented in
HSPIR database creation

HSPIR
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Our curation team carefully evaluates these mined datasets to remove duplicated and highly
truncated sequences. Each sequence is then assigned to a particular sub-type based on their domain and
structural organization. These organized data sets are then manually curated using online tools to include
the taxonomy detail, sequence composition, protein domains and motifs and the gene ontologies. During
this process, curators record the accessions of reference database (taxonomy database, domain and motif
databases), and they are cross-referred with individual protein records from the ‘other links’ section.
After exhaustive search and collection of protein information, each protein record will be assigned with a
unique name and accession number specific to HSPIR; example (HSP40_ACMA1 & HSP40_0001).
Once a protein record is curated and assigned with a HSPIR name and accession number, it will be made
accessible to public through the HSPIR database. These records at any stage can be added or updated by
the curation team if new protein data has been characterized.

Web Interface
HSPIR is a user-friendly web resource created with many built-in search tools and features. The
home page provides a model which highlights the functional networks of six major HSP families required
for the maintenance of cellular protein quality control and a table which highlights the statistical
information about HSPIR (Figure 3). In addition to that, each family of HSP in the model is further
mapped with a dedicated web page explaining their structure, domain organization, classification and
physiological significance with diagrammatic illustrations. These web pages also enlist a statistical table
providing details about the total number of entries of particular HSP members in HSPIR database. These
pages can also be accessed from the appropriate links provided in the Expandable/Collapsible side menu.

Search option in HSPIR
The HSPIR database is equipped with very powerful search options, which is the key feature of
the database. Individual protein records can be accessed through four different search tools viz., Keyword
search tool, Genome wide search tool, Domain based search tool and a powerful advanced search tool.

Keyword Searches
Keyword searches can be performed using the search field present at the top-right corner of every
page in HSPIR. Users can also narrow down the search by selecting the protein family from the selection
box found next to the search field (Figure 2). Search terms can be a protein name (Both HSPIR &
common), Accession number (HSPIR & other accessions), organism name, organism identifier, etc. All
search arguments will match any occurrence of the pattern. E.g. Entering "Bac" will return all the
combinations of bacterial records.
HSPIR
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Figure 2. HSPIR keyword search field.

Figure 3. Screen shot of HSPIR home page, section showing the chaperone network and HSPIR
statistics.

Genome wide searches
The genome wide search interface can be accessed from the Expandable/Collapsible side menu
from the section search tools. Using this tool, one can identify the assignments of HSPs in a particular
HSPIR
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genome. There are three selection boxes namely; ‘Organism group’, ‘Genome’, and ‘HSP family’
included in this search tool. The first box (Organism group) is for the selection of the kingdom (ex: Algae,
Animals etc.). Based on this selection, the second selection box (Genome) will dynamically populate the
fields related to the first selection. For example, if user clicks on the 'Genome' box without selecting

any organism group, 277 species will be listed in the genome box (Figure 4). However, if a
specific organism group such as 'Algae' is selected, genome box will be filtered to show only the
algal species (which in this case is 4) (Figure 5). Similarly, selection of ‘Animals’ will filter the
genome field to 27 species. The third box is to select the class of chaperone that is to be searched, and
is independent of the first two boxes. For the Genome wide search to work the user has to select all the
three boxes. Otherwise, the query tool won’t return any results; instead, an alert box will be displayed.

Figure 4. Genome wide search form: The selection of Genome box directly results in listing of 277
species

HSPIR

7

[HSPIR USER GUIDE] June 25, 2012

Figure 5. Genome wide search form: The selection of organism group ‘Algae’ filters the Genome
box to 4 algal species.

Domain Based searches
Domain based search in the search tool's section of the Expandable/Collapsible side
menu retrieves the records based on the protein subfamily and combination of domains. First step
is to select the protein subfamily which will redirect to a new page from where the user can specify their
domain combination (Figure 6). The domain combinations are dynamically generated based on the user’s
selection of a subfamily. The domain based search works only when there is at least one domain
combination is specified, whereas the first domain selection box is mandatory and the remaining are
optional. Selection of domains without an order will result in an error message instead of results. The
domain selection boxes are dynamically displayed; the mandatory first domain selection box is shown by
default, while the others were hidden. To view the hidden selection box's user has to click the + sign at
the end of each selection box, clicking – sign will hide all the boxes below the selected box (Figure 7).
The last selection box won’t have + - signs, which indicate that there are no other domain combinations
available.

Figure 6. Step one in domain based search, selecting the HSP family. Here we are selecting
the Hsp40 family
HSPIR
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Figure 7. Final step, selecting the domain combinations of Hsp40 protein
family from the dropdown lists

Advanced Searches
Advanced searches allow users to narrow down their search by performing a

specific

query. The advanced search interface provides context-specific fields populated with possible database
fields searchable in HSPIR; and search keys will be populated with the available search terms if possible.
The search keys can be negated using terms such as 'like', 'not like', 'is' , 'is not’, 'include', 'don't
include' and also with comparison operators. The data-field along with the negation term and search field
constitutes a search clause. Likewise, HSPIR has six different search clause, which can be combined
together

using

boolean operators such as 'and', 'or' and 'and not'. Using this a large selection of

database fields can be searched, including all basic search fields and other features like biological activity,
literature reference, molecular weight etc. The figures below the show how an advanced search is being
constructed.

Select 'Protein Family' -> 'include' -> 'Hsp90', then click a search button. This returns 505 records as
mentioned in the Figure 8

HSPIR
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Figure 8. The advanced search interface to retrieve proteins belonging to Hsp90 family and the
paginated result table displaying 523 Hsp90 protein records.

HSPIR
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We can further limit the search by adding another search clause. This can be done by clicking the ‘Add’
button found below the search clause. Now select 'Kingdom' -> 'Is' ->'Bacteria. These two search
clauses can be combined using a Boolean operator, here it is connected with an ‘and’ operator. Hence,
this returns only 98 records as the search term is limited to Hsp90 records from Bacterial species alone
(Figure 9).

Figure 9. Adding an extra search clause limits the results to proteins belonging to Hsp90 family in
bacteria only.
HSPIR
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Results as Paginated Table
The results of all search tools are displayed as a paginated table with 25 results per page. The
table includes customized columns such as Entry Name, Accession ID, Uniprot ID, Protein family,
Sequence length, Organism name and ‘add to cart’ options. The accession id in the table is linked to
individual protein records in HSPIR. The Uniprot ID redirects the user to the corresponding protein in
the Uniprot database. Add to cart option adds the protein record to a cart, the use of this is explained in
the next section. User can also export all the FASTA sequences of returned results through the
‘Download all FASTA sequence’ option at the bottom (Figure 10).

Figure 10. Search results displayed as a paginated table and download option available for search
results

HSPIR Cart
HSPIR cart is an inventory, where the user can select and store protein records temporarily
(Figure 11). Records will be stored in the cart until the user’s session expires. Using this cart option,
user can download the FASTA sequence and do multiple sequence alignment of selected protein
records. Thus, it reduces the effort to laboriously download the sequences from the database for doing
in-vitro analysis. User can also add or remove records from the cart at any time. HSPIR cart can be
viewed from the view cart option available in the Expandable/Collapsible side menu. The protein
records will be cleared automatically when the session expires.
HSPIR
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Figure 11. HSPIR cart page showing five protein records added to the cart.

Protein Card
The final result page where the protein record displayed is called as the Protein card. Protein
cards can be accessed by any of the four search tools mentioned above. The protein card displays all
the available information for a protein record in a single page. The protein information has been
divided into several sub-categories, which include Names and Lineage, Protein classification, Sequence
information, Domains and Motifs, 3D Structure, Ontologies, Literature References, Accessions, Other
links and finally, the Record information. The result page has been designed in such a way that certain
subcategories can be collapsed, which will reduce the information clutter. As an example, we show the
protein card for Alpha-crystallin A chain (sHsp) of Bos taurus

Names and Lineage
Names and Lineage section is displayed at the top of each protein card. This section
includes various sub-sections such as Protein names- displays the protein name and all possible
synonymous names of the protein. Gene names – displays the gene name, gene locus tag and gene
identifier which is hyperlinked with the NCBI Gene database. Taxon Information – shows the organism
name, organism id and the taxonomic lineage (Figure 12).

HSPIR
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Figure 12. Names and Lineage section of the protein card

Protein Classification
This section displays the family to which the protein belongs and the detailed protein sub-type.
HSPs are classified into six major types based on their molecular weight and functions, and each family
has been further classified into several types based on their domain composition and subcellular localization. The classification section clearly indicates the family and the sub-type to which
the protein belongs, and also it is linked with a web page elaborating the protein family (Figure 13).

Figure 13. Protein classification section of the protein card

Sequence information
The protein sequence in raw format is displayed in this section. This section also has the links to
download sequence and a BLAST link to perform sequence similarity searches against the local HSPIR
HSPIR
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database. The secondary structure assignments (PSIPRED) and amino acid composition can as well be
viewed and downloaded from this section. The physiochemical properties of the protein like Molecular
weight, Absorption coefficient and Iso-electric Point are also displayed as a sub-section (Figure 14).

Figure 14. Sequence information section of the protein card.

Domains and Motifs
This section contains detailed information on domains and motifs of the protein record. The
domains and motif combinations were in both table and graphic format. The domain table is linked with
the feature identifier of respective domain, and the graphical view shows the domain architecture of the
whole protein (Figure 15).

3D Structure
The information on the solved protein structures of the protein record is shown in this section. To
assist in viewing the structures, an online molecular structure viewer named Jmol has been embedded in
HSPIR. PDB ids and link to RCSB PDB are also provided (Figure 16).

HSPIR
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Figure 15. Domains and Motifs section of the protein card.

Figure 16. Protein structure section of the protein card.

HSPIR
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Ontologies
This section reports all possible gene ontologies (Biological process, Molecular function and
cellular component) (Figure 17). All the Biological process and Molecular function are inferred from
UniprotKB and various literature sources. The sub-cellular localization of the protein is also shown here.
The localization has been identified using various bioinformatics tools such as targetP, SignalP, etc., and
also inferred from UniprotKB.

Figure 17. Ontologies section of the protein card.

Literature references

Figure 18. Literature references section of the protein card.

HSPIR
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The literature references section includes the original deposition references, and the references
inferred from UniprotKB. Wherever possible, each of the citations will link to the PubMed page for that
corresponding article (Figure 18).

Other Links and Accessions
HSPIR stores all cross-references to external databases and accessions for curated proteins in the
database. These apparent links to other databases can be accessed from the Accession and other links
section (Figure 19). These links were also hyperlinked with that particular database.

Figure 19. Other Links section of the protein card.

Record Information
Final part of the protein card is the record information, which contains meta-data information
about the protein card. Each protein card has been assigned with a unique name and Id specific to
HSPIR, which is displayed at the bottom as record information. This section also shows the date at
which the record has been added and updated (Figure 20).

HSPIR
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Figure 20. Record Information section of the protein card.

Clustal Alignment
Multiple sequence alignment of protein sequences can be done using the clustalW tool
embedded within HSPIR. Users can add their target protein records to their cart and from the ‘align’
option in the cart, they can do multiple sequence alignment. By clicking the ‘Align’ button in HSPIR
cart page the selected sequences will be taken to the clustal input page (Figure 21), where the users can
select their required parameters and start the alignment. The result page shows the clustal multiple
alignment and two links to download the tree file (dnd file) and view the phylogeny tree (Figure 22).
Visualization of tree file has been done with Archeopteryx, a java based visualization tool (Figure 23).

HSP identification
The HSP identification tool allows the user to identify and classify unknown sequences into a
particular HSP family. For this purpose, we defined a Hidden Markov Model (HMM) profile for each
HSP family created from a set of validated seed sequences. The user provided sequence is scanned
against these predefined HSP libraries of profiles using hmmscan function and returns the result in raw
format (Figure 24). For the initial dataset, we have retrieved all available 3D structures of HSPs from
PDB and extracted the conserved domains of each HSP family (example J-Domain for Hsp40, Alpha
crystallin domain (ACD) for sHsp). Proteins like Hsp60 and Hsp70 are known to be full length conserved
proteins, in that case we have taken the whole sequence. These delineated sequences were then aligned to
create the intial HMM profile for each family. To support the intial dataset, we have retrieved a set of
structurally well annotated sequence from uniprotKB and performed the same above procedure to extract
the conserved regions. These filtered sequences were then aligned with the initial profile to generate a
new profile. All the HMMER operations were done with default standard parameters. The list of seed
sequences and structures used in the profile creation is presented in the manuscript supplementary file.
The profiles created using HMMER is available for download from the downloads section.

HSPIR
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Figure 21. Clustal input page.
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Figure 22. Clustal result page.
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Figure 23. Tree visualisation using Archeopteryx
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Figure 24. hmmscan output page.

BLAST Searching
Sequence similarity searching is done using the stand-alone BLAST tool incorporated in our
database. This tool can be accessed from the other tools section in the Expandable and collapsible side
menu. Users can choose from two different BLAST methods (BLASTP and PSI-BLAST). They also have
options to change the Expect threshold, Word size and Maximum target sequences. Clicking on the
‘RUN’ button at the bottom of the page submits the query (Figure 25). The result page returns with the
statistically significant alignments. The most significant alignments are at the top. The accession ids
present in the alignments are hyperlinked, which provide the user direct access from BLAST results to
related entries in HSPIR (Figure 26). Below the descriptions pairwise alignments are present that show
the entire length of each hit sequence matched up with the entire query sequence (Figure 27).

HSPIR
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Figure 25. Blast input page.

HSPIR

24

[HSPIR USER GUIDE] June 25, 2012

Figure 26. Description of sequences producing significant alignments.

Figure 27. Pairwise sequence alignment of query sequence with the hit sequence.
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Update and Maintenance
The volume of the HSPIR database is expected to grow rapidly with the rising interests from researchers
working on this field. The future perspective is to incorporate HSP information for additional genomes
with a special emphasis on pathogenic species. We will include other specialized chaperones like
disulfide isomerases, accessory proteins such as nucleotide exchange factors, prefoldins and HSP90 cochaperones. Besides this, the data in our database will be updated as soon as there is an update available.
We have automated PHP and Perl scripts running, most of them are cron jobs, in order to get the updates
on a weekly basis. The updated data will be reviewed by the curation team before uploading them to
HSPIR database. Therefore, updated datasets on public domain will be accessible through HSPIR
database within one week. The last update date along with update history (hyperlinked to a new

window listing all the recent updates (Figure 28)) is mentioned in the website's footer section.

Figure 28. Screenshot showing the recent update history.
HSPIR
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