The Tool Prosite
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Prosite — a tool for searching motifs of functional or structural importance in a given amino
acid sequence, and predicting its activity and function. A motif is a set of amino acids with
an essential and conserved sequence or a typical structural element in the protein folding,
that is conveyed in a protein sequence and accounts for a biochemical function, structural
domain or activity of the protein. In both cases, either when the motif refers to a particular
amino acid sequence or a set of contiguous secondary structure elements, it originates
in a conserved amino acid sequence. Thus, motifs can be predicted based on the protein
sequence only, namely it primary structure. The tool Prosite includes a search engine that
compares the amino acid sequence of a studied protein (input or query sequence) with
sequences in a motif designated database, sequences which structure or function were
formerly experimentally defined and characterized. Based on similarities between regions in
the query sequence and motif sequences as deposited in the database, it thereby enables
the prediction of motifs that may occur in the studied protein, and defines the protein family it
may belongs to. This is based a basic assumption in bioinformatics that similarities between
sequences (conserved sequences) usually suggest similarities in structure and function.
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Prosite — the tool can be accessed via the URL:
http://prosite.expasy.org/




Welcome to the guided tour of the bioinformatics search tool Prosite,

Recently, due to development of novel technologies for sequencing, many sequenced of
new proteins are revealed. However, it is not always clear in what processes a new protein
is involved in, and which function it possesses. Before investing any resources in exploring
such and other issues experimentally in the laboratory, one can learn about its estimated
structure, function and activity using the bioinformatics tool Prosite.

Prosite predicts the motifs that may occur in the studied protein sequence. These motifs
may dictate both the protein structure and functions.

A query (input) sequence
IMIKSVKCRAYHCRLMLHCSVDQHEGKHSVLSEKFILKVRPAFKACVPVVCSVSK
ASYLLREHGEHFHTVTCTIKDVSSSVYSTWKCRENSCQTKLQEKYNSWHHGDFH

Prosite predicts which motifs may occur in the query sequence
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The motifs may dictate both the protein structure and functions
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A motif is a set of amino acids with an essential and conserved sequence or a typical
structural element in the protein folding. In both cases, either when the motif refers to a
particular amino acid sequence or a set of contiguous secondary structure elements, motifs
can be predicted based on the protein sequence only, without actually determining the protein
structure. Determining the three- dimensional structure of a protein is a time consuming,
expensive and complicated process.

A motif is a set of essential and conserved sequence or
a typical structural element in the protein folding

A typical structural element in the protein folding
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The sequence of each motif within the whole protein sequence
MERPYACPVESCDRRFSRSDELTRHIRIHTGQKPFQCRICMRNES
RSDHLTTHIRTHTGEKPFACDICGRKFARSDERKRHTKIHLRQKD

A motif can consist of a few amino acids that hold a certain role, such as an active site of an

enzyme, a metal ion-binding site etc. It can also consist of tens or even hundreds of amino
acids folded in a characteristic structure.

A motif is a set of essential and conserved sequence or
a typical structural element in the protein folding

Metal ion

A structural motif
typical of antibodies

The motif sequence within the protein sequence The motif sequence within the protein sequence
IMIKSVKRAYHRLCLHCSVDQEGKSVLSEKFILKVRPA DETKHPGFQDFAEQYYWDVFGLSSALLKGYALAL
FKAVPVVSVSKASYLLREGEEFTVTCTIKDVSSSVYST GKEENFFARHFKPDDTLASVVLIRYPYLDPYPEA
WKRENSQTKLQEKYNSWHHGDFNYERQATLTISSARVN AIKTAADGTKLSFEWHEDVSLITVLYQSNVONLQ
DSGVFMCYANNTFGSANVTTTLEVVDKGFINIFPMINT VETAAGYQDIEADDTGYLINCGSYMAHLTNNYYK
TVFVNDGENVDLIVEYEAFPKPEHQQWIYMNRTFTDKW APIHRVKWVNAERQSLPFFVNLGYDSVIDPFDPR
EDYPKSENESNIRYVSELHLTRLKGTEGGTY EPNGKSDREPLSYGDYLONGLVSL
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The basic principle behind Prosite

Prosite is a searching engine that assists in analyzing an amino acid sequence of a protein
with an unknown structure or function. The tool compares the query sequence to sequences
of motifs which structures and functions were already investigated in previous researches
and submitted to an appointed database. If the query sequence harbors regions that are
similar to the amino acid sequence of known motifs, we can assume with high certainty that
the studied protein conveys these motif. This relies on a basic assumption in bioinformatics
that claims that similarities among protein sequences and sequence conservation correlates,
in most cases, to functional and structural similarities between the proteins.

Prosite — the interface

We have an amino acid sequence of a protein which activity and function we wish to study
using Prosite. This is the interface of the Prosite tool. The interface allows the user to perform
different searching actions that relate to protein motifs, and we will focus on the part that
allows screening for motifs in a query sequence. We will paste in the amino acid sequence,
in a FASTA format, into the designated window, and click “Scan”. The tool will now scan the

protein sequence, testing, using the motifs database, which motifs are similar to segments
in the query protein sequence.
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Reading the results page

On the first section of the results page, we are presented with general data the tool found
for the query sequence: the sequence, its name and length and the motifs that were found
in the sequence.
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VDEDAY TV YRLOVES TNV EVNAVOTVVROGEN ITLHC IV IGHNEVVNFEWTYPREES GELVEFVTDF
LLDMPYHIRSILHIPSAELEDSGTY TCNV TESVIDHODEKAINITVVESGYVELLGEVGTLOF AEL
HRESRTLOVVFEAYPPPTVLWFEDNETLGDS S AGEIALS TRNVSETREYVIELTLVEVEVAEAGHYTH
RAFHEDAEVOLSFQLOINVPVEVLELSESHFDSGEQTVRCRGRGHF QPN I IWS ACEDLERCFRELF
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HLIVWHLLGACTEGGP ITIITEYCRYGDLYVD YLHRNEHTF LOHHSDERRPPSAEL YSNALFVGLEL
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RLPGFHGLESPLDTSSVLY TAVOPNEGDND Y IIFLFPDPEPEVADEGPLEGEPSLASSTLNEVNTSS
TIZCDEPLEPQDEFPEFEPCLELOVEFEPELEQLFDIGCPAPRAELEDSFL J
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Next in the results page, the motifs themselves are listed. The long motifs (also called
“profiles”) are presented first, and then the short motifs (also called “patterns”). We will focus
only on the long motifs.

In the graphic description that presents the motifs identified within the protein sequence,
three segments of the query sequence were identify as similar to motifs of different types.
The first two segments are similar to the motif “IG_LIKE”, and the last one to the motif
“PROTEIN_KINASE”. Next on the results page, the sequences of these segments are
described. In addition, for every segment, the tool reports the positions in the sequence
where the motif starts and ends. Next to each segment appears a score that indicates the
level of similarity between the sequences as appeared in the segment of the query protein
and the motif as defined in the database. A high score means that the segment in the protein
is more similar to the motif sequence. Sometimes, amino acids within the motif that convey
an essential activity are marked in the segment sequence. Their exact location and the
function they play role in are reported under “Predicted Feature®, presented immediately
after the motif sequence.

hits by profiles: [3 hits (by 2 distinct profiles) on 1 sequence] I«The number of motifs (profiles) identified in the sequence)

Segments in the query sequence that are A segment in the query sequence that is
similar to the motif IG_Like similar to the motif PROTEIN_KINASE
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Predicted feature:
DISULFID 235 29 By similarity [condition: C-x™C]

FS50011 PROTEIN_KINASE_DOM Frotein kinase domain profile

600 - 962: score = 41,107
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gPHLNVVNLLGACTKGGP IYIITEYCRYGDLVDYLHRNKHTE Lghhsdkrrppaas lysn the query sequence that is similar
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The name of
the feature

The role of
the feature

The position of
the feature in the
query sequence

Essential amino
acids in the feature

eatures:
MNP_BIND B06 614 ATF (By similarity) E- [condition: x*] [group: 1]
BIMDING 634 ATF (By similarity) - [condition: K] [group: 1]
ACT_SITE 826 Proton acceptor (By similarity) [condition: D and <grp:1=]

hits by patterns: [3 hits (by 3 distinct patterns) on 1 sequence] I«'he number of motifs (patterns) identified in the sequence)

PROTEIMN — i — (1106 aa)

Graphic representation of the
FS00107 PROTEIN_KINASE_ATP Protein kinases ATP-binding region sighature ] identified motifs (patterns)
606 - 634: LG3GAFGOVVeAtahglshsgatmk. . . .. VAVE

FS00240 RECEPTOR_TYR_KIN_IIl Receptor trosine kinase class Il signature e e e

(patterns), their symbols, hames, roles,

) o (i GPHINVVNLLGACT positions, and amino acid sequences

FS00102 PROTEIN_KINASE_TYR Tywrosine protein kinases specific active-site signature
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What are these motifs and what are they involved in? We can click on one of the symbols of
the motif in the graphic description, or on the name of the motif, and a datasheet will open.
From the first lines of the datasheet we learn that the motif IG_LIKE is common in many

proteins and many tissues, and that proteins that have this motif (such as antibodies) are
involved in binding.

Information page for the Ig-like motif
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Ig-like domain profile

Dascription:

The Ig-like domain is probably the most widespread domain, at least in_animals. This domain can be considered as an heterogensous

group buillt on a commaon fold. Proteins containing an Ig-like domain differ in their tissue distribution, amino acid composition, and biological
role [1,2,3].

All lg-like domains appear to be involved in binding functions. The ligands range from small molecules (antigens, chromophores), to
hormones {growth hormone, interferons, prolacting, up to giant molecules {muscle proteins) [3]. Binding sites are localized either in the loop
regions (the most variable parts of the immunoglobulins) or in strands. For instance, distinct areas of the sheets are used to bind the ligands
of the MHCZ, CD&, CD4, and PapD molecules or of the growth hormone receptor (GHR). These binding sites may be formed by a single
chain (CD2, CD4), by homodimers (GHR, CD3), or by heterodimers [3].

Classical lg-like domains are composed of 7 to 10 B strands, distributed between two sheets with typical topology and connectivity
described as a Greek key R-barrel (see =FDE:3HLA=). The general shape of Ig-like domains is well conserved, but they can differ
significantly in their size, owing to high warnability of the loops. While a classical domain contains about 100 residues, smaller ones (74-20
residues) have been observed in several lg-related molecules (CD2, CO4). Large decorations within loops, sometimes including extra
domains, are found in hemocyanin (238 amino acids) [4] and transcription factor MFkappaB (201 amino acids) [5]. The schematic
representation of the structure of a typical Ig-like domain is shown below:

The other motif that was identified in the query sequence is Protein Kinase. We can thus
conclude that the sequence we study is of a protein that belongs to the kinases protein
family. The latter is a large and diverse family of proteins that share an enzymatic activity
of transferring a phosphate group to other proteins. The kinase proteins carry an important

role in activation and inhibition of cellular processes, and we can read more about it in the
datasheet.

Information page for the protein kinases motif
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Protein kinases signatures and profile

Descriplion:

Eukaryotic protein kinases [1,2,3 4 5] are enzymes that belong to a wvery extensive family of proteins which share a conserved catalytic core
commaon to both serinefthreonine and tyrosine protein kinases. There are a number of conserved regions in the catalyic domain of protein
kinases. WWe hawve selected twio of these regions to build signature patterns. The first region, which is located in the MN-terminal extremity of
the cataltic domain, is a dlycine-rich stretch of residues in the wicinity of a lysine residue, which has been shown to be invalved in ATF
binding. The second region, which is located in the central part of the catalytic domain, contains a conserved aspartic acid residues which is
important for the cataktic activity of the enzyme [B], we have derved two signature patterns for that region: one specific for serinef threonine
kinases and the other for tyrosine kinases. We also developed a profile which is based on the alignment in [1] and covers the entire catakytic
domain.

Mobe:

If & protein analyzed includes the two protein kinase signatures, the probability of it being a protein kinase is close to 100%




Summary

The tool Prosite relies on the basic assumption that similarities between protein sequences
reflect, in most cases, similarities in protein structure and function. The tool analyzes protein
sequences the user submits in order to predict its function. It compares the query amino
acid sequence to amino acid sequences of motifs which structures and functions were
characterized in previous studies. The tool predicts the motifs the query sequence conveys,
and the protein families it might belong to. Based on this information, the structure and
functions of the protein can be estimated with high certainty.
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Predicting the possible structure and
function of the studied protein

We invite you to experiment with the tool and hope you have fun. Good luck!
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