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Abstract

In this paper we present a survey on biological databases
and applications for proteomics domain. We also present an
ontology for proteins domain.

Introduction

Proteins are macromolecules coding biological functions
composed by a sequence of elementary components called
aminoacids. Chemical structure of a single aminoacid in-
cludes a carbon atomC bound to: a carboxylic group
COOH, an amminic groupNH2, an hydrogen atom (H)
and a residueR which characterizes the aminoacid (see
Figure 1). Two aminoacids are bound by a peptidic bind

Figure 1. Chemical structure of aminoacids

and they form a linear chain. Each aminoacid is coded
by three nucleotides. There exist four main kind of nu-
cleotides: Adenine, Timine, Citosine, Guanine. Conse-
quently43 = 64 possible combinations exist, but only 20
different aminoacid are known in nature. Process which
causes the protein formation is called protein synthesis and
it is mediated by nucleic acids. Protein synthesis has its
origin in the cellular nucleus, where division of the DNA
and the transcription of a single filament of m-RNA starts
the synthesis of proteins. The information contained in the
nucleotidic filament serves as grammar for the construction
of the protein sequence. Chemical reactions start after a
protein has been synthetized. Mainly the protein assumes a
unique spatial conformation, called protein folding.

Each Protein is completely defined by the definition of
four level of abstraction, called structures.Primary struc-
ture is the orderly sequence of the aminoacids that consti-

tutes the skeleton of the protein. The mapping between a
single protein and the primary structure is unambiguous.
Secondary structureis represented by the spatial conforma-
tion of the skeleton.Tertiary structureis the general spatial
conformation while the quaternary one is the structure de-
termined from more polipeptidics chains. Knowing protein
structures is useful for studying protein functions and their
roles in chemical reactions. Such studies are particularly
useful for instance for early detection of human disease [1].

Algorithms and methodologies can be designed to deal
with information encoded in proteins functionality. Pro-
teomics is the science that includes all these methodolo-
gies. It studies the function and the phylogenetic evolution
of the proteins analyzing proteins structures and their inter-
actions. Nevertheless, proteins functions are encoded in a
large number of data, often enriched by additional informa-
tions which complicate data manipulation. For instance, in
proteomics and in particular in managing biological data,
we might for instance cite two main interesting topics: (i)
efficient data management (data storing and retrieval), (ii)
designing and implementing efficient algorithms, (iii) cat-
egorization of data and software for proteins management.
Last topic is particularly interesting considering data het-
erogeneity and different protocol interfaces. Indeed, many
tools are available and a plethora of data are stored in dif-
ferent databanks accessible via the Internet.

This paper aims to proceed to first work of classifica-
tion and description of application domains and tools deal-
ing with proteins. We report a description of tools, applica-
tion domains and concepts useful for the definition of apro-
teomics ontology[25] [4], where the ontology is useful for
linking biological applications (i.e., domain) with available
computational methods and to biological databases storing
useful data or results. Such ontology, that we callPROTON

aims to realize a conceptualization of bioinformatics algo-
rithms and databases with focus on the proteomics domain
[21]. At the moment, no many initiative are done in this di-
rection, and no useful classifications are publicly available.
In our paper we describe and classify algorithms and meth-
ods for protein identification or comparisons. Moreover, a
classification of available proteins databases is presented.



Figure 2. Peptide/Protein Profile of a Biologi-
cal Sample

Both classes converge inPROTON, allowing ontology users
a user friendly interface for practical applications.

1 Algorithms for Proteins Analysis

In such section we report on algorithms dealing with for
protein structure detection and comparisons.

1.1 Protein Identification via MS

The mass spectrometer is an instrument designed to sep-
arate gas phase ions according to theirm/Z (mass to charge
ratio) value. The mass spectrometer analyzer generates a
spectrum signal (see Figure 2), starting from a biolgical
sample (e.g., serum sample).

Spectrum can be used for protein identification process
[14]. It consists firstly in producing an unordered sequence
of recognized peptides. Such sequences are used to query
protein primary structure databass to obtain possible protein
candidates. The second step uses proteins whose primary
structure matched with the first phase to determine the cor-
rect sequence of proteines contained in the analyzed spec-
tra. There are two methods to determine the sequence of
proteins. The first one correlates known proteins (from a se-
quence database) with the measured MS spectrum [11], by
using a scoring formulas. The second one is capable of se-
quencing unknown (novel) proteins and their modifications
[27]. E.g., PeptIdent, an avialable tool (www.expasy.org),
identifies proteins from spectrum data simulating the diges-
tion with enzymes of all the theoretical masses of the pro-
duced fragments.

1.2 Protein Data Analysis

We now report on methods used to define protein struc-
tures. Protein structure can be exactly identified only using
exact chemical methods such as crystallography. This is the
reason cause algorithms for structure identification are indi-
cated as ”predictors”.

Figure 3. Comparison Matrix

Pairwise Sequence Alignment Amminoacids can be rep-
resented with a letter of the latin alphabet, thus protein pri-
mary structure can be represented as a string. Formally,
given an alphabetA and two sequencesS1 andS2, three
operations can be defined: (i) replacement, (ii) insertion,
(iii) deletion. The most simple operation is replacement:
a characters[j] is replaced by another character of the al-
phabet, eg. ABBC ABGC. This operation does not change
the sequence length and it corresponds to a biological mu-
tation. Insertion is the addition of a set of character into a
string, e.g. ABBC ABFGHFBC. Deletion is the opposite
process.

Such operations are evaluated by a scoring function
which summarizes the biological interpretation of three op-
erations. A set of matrices can be used to evaluate the scor-
ing function as starting point. Two amminoacids can be
compared in many ways and each of these comparison can
be traslated in a particular distance matrix. We can define,
for example, hydrophobicity matrix and many other kind of
matrices. Each of these is used when a particular analysis
is performed. This analysis can be performed with dynamic
programming techniques. The basic idea is that an optimal
alignment of lenghtk can be determinated by an alignment
of lenghtk − 1.

Needleman-Wunsch algorithm [17] is an algorithm of
protein primary structure comparison based on the use of
matrices to represent and manipulate proteins. It finds the
global similarities between two peptides. Figure 3 is an ex-
ample of matrix structure for primary structure comparison.

To determine local similarities also known as partial
matching problem, some subsequences of proteins played
a specific role in biological interaction. Smith and Water-
man algorithm [24] finds local similarities with a modifi-
cation in the schema before discussed. The possibility to
determine local similarity is due to the formula of recur-
rence employed. The deletion of a prefix of a suffix it isn’t
charged of cost.

Heuristic methods for Sequence Alignment Heuristic
methods for sequences alignment are FASTA [20] and
BLAST [22]. Fasta (Fast-All) performs the sequence-
similarity research in a database. This method is based on

2



a division of sequences in substrings and on the definition
of indexes. Substring length is a parameter of the method
and is calledktup. At first FASTA program determines all
exact matching between substrings and after tryes to deter-
mine an alignment extending each matching region. All the
FASTA sequence comparison programs require similar in-
formation, the name of a query sequence file, a library file,
and the ktup parameter.

BLAST is the most famous heuristic method. It employs
some non exact techniques of alignment and followed by
a final verification. This has the purpose to statistically
appraise the alignment determined by discarding the ones
which have scarce biological importance. The BLAST al-
gorithm uses a word based heuristic to approximate a sim-
plification of the Smith-Waterman algorithm. This is known
as the Maximal Segment Pairs (MSP) algorithm. Maximal
segment pairs alignments do not allow gaps. Maximal seg-
ment pairs alignments have the property that their statis-
tics are well understood. Thus, we can readily compute a
significance probability for a maximal segment pair align-
ment. Recent advances in maximal segment pairs statistics
allow the use of several independent segment alignments
to be used in evaluating the significance probability. The
resulting Position-Specific Iterated BLAST (PSI-BLAST)
program runs at approximately the same speed per iteration
asgapped BLAST, but in many cases it is much more sensi-
tive to weak but biologically relevant sequence similarities.
PSI-BLAST is used to uncover several new and interesting
members of the BRCT superfamily.

Multiple Sequence Alignment The study of the primary
sequences can discover functional bonds not founds with
the techniques till now exposed. This task is called Multi-
ple Alignment, it is achieved with Dynamic Programming
Techniques and it is computationally more complex then
pairwise. In this task complexity goes up exponentially with
sequence number. A common method to perform multiples
alignments is theprogressive-alignment. It proceeds build-
ing couples of alignments. The basic idea employed is to
line up at first the sequences with a greater degree of simi-
larity established with evolutionary criterions. The way of
progress is justified from the consideration that the couples
of sequences mostly alike they have greater possibility to
be derived, more recently, from a common ancestor. Feng-
Doolittle [9] algorithm applies such idea and works as fol-
lows. In the first step all pairwise alignments are calculated
and scores are converted in distances; in the second step
an algorithm of incremental clustering builds a tree-guide,
finally the tree is visited until all the sequences have been
lined up. It is based on the progressive alignment. It takes
a series of sequences and calculates the alignments for each
couple. On the basis of these comparisons a distance-matrix
is built. It memorizes the distance of every couple of se-

quences. This matrix constitutes the base for the construc-
tion of a phylogenetic tree.

1.3 Secondary structure prediction

When two aminoacid are bound three angles (Ψ, Φ and
Ω), determines their planar conformation, also called sec-
ondary structure (see Figure 4).

Figure 4. Peptidic bind angles

Three possible conformations exist: (i) alpha helixes
(classified in left turned and right turned); (ii) beta sheets
(classified in parallel and antiparallel); (iii) random coils.

The first two were predicted from Linus Pauling with
considerations of energetic character. The installation of
one of the three structures depends on the value of bond
angles among various peptides. Methods that explain the
entire spatial conformation of proteins have a low through-
put. Anfinsen [8] demonstrated that the primary sequence
knowledge is necessary andsufficentto predict secondary
structure of bovin ribonucleasi.

Actually three classes of prediction methods exist: (i)
ab initio calculus of minimal energetic conformation; (ii)
statistical elaboration over known structures; (iii) employe-
ment of neural networks. First group is based on theoretical
consideration that the native folding is an energetic mini-
mum. It has been demonstrated that the determination of
the energy minimum is a NP-complete problem [13]. For
this reason algorithms belonging to this class tighten the re-
search space with biological considerations. An example of
second group is the method of Chou and Fasan [12]. The
idea is that each amminoacid has a particular tendency (i.e.
K) to participate in a particular secondary structure (i.e. to
random coil). It is given by the relationship among the frac-
tion of residual (K) which are found in that secondary struc-
ture and the fraction of residues (K) which is found in each
of the three structures (helix, sheet, coil). GOR method,
developed in 1976 by Garnier et al. [3], is based on the
consideration that the secondary conformation is the result
of an equilibrium. Each amminoacid is influenced by near-
est neighbors and the tendency to participate to a particular
structure is modified.

PHD (Profile from Heidelberg) method receives in input
a set of aligned sequences and not a single sequence. It is

3



based on three layer: (i) sequence to structure (ii) structure
to structure and (iii) jury decision. The first layer is a neural
network that classifies the central residue of entire multiple
alignment. The second formalizes the consideration that the
input sequences are correlated. The last layer improves the
performances by combining results from 12 different net-
works. JPRED is a method based on consensus. It is freely
available and it is implemented on a web server. It uses
a neural network called Jnet. It receives in input a multi-
ple alignment or a single sequence. In this case a multiple
alignment is preliminarily calculated.

1.4 Tertiary Structure Analysis

Tertiary structure is the spatial conformation of proteins.
Knowing structure helps in understanding protein function-
alities.

Alignment of tertiary structure. A classical formulation
of structure alignment problem is based on RSMD measure.
Given two sets P and Q, each one containing 3D points, we
need to find a rotation P and a translation Q to minimize the
RSMD of distances between corresponding residues. This
problem has been resolved with dynamic programming al-
gorithms. An example is SSAP developed by Taylor and
Orengo with a technique called double dynamic program-
ming. The steps are the following: (i) define a local invari-
ant structural environment for each residue; (ii) compute
the similarity/distance for each pair of residues; (iii) each
computed distance is an entry of a dynamic programming
matrix; (iv) find optimal path in the above matrix.

Flex-Prot [28] algorithm receives two protein molecules
A andB each represented by the sequence of the 3-D coor-
dinates of its carbon atoms. It finds largest flexible align-
ment by decomposing the two molecules into a minimal
number of rigid fragment pairs having similar 3-D structure.
An alternative approach is represented by the techniques of
Geometric Hashing [18], based on transformation invariant
representations. DALI (Distance mAtrix aLIgnment) [7] ap-
proach receives the coordinates of a protein in PDB format
and compare them with all the proteins stored in a database.
Finally, methods of structure comparison based on combi-
natorial approach [19], can be also found.

Fold Prediction It aims to predict protein folding by sim-
ulating with energetics considerations. Each protein has a
native conformation that minimizes the free energy. When
a perturbation modifies protein native conformation, a con-
trary process starts aiming to cancel modifications [15].

The direct approach to protein folding, based on modeled
atomic force and approximations from classical mechanics,
seeks to find the folded conformation having minimum free
energy. This is an exact methods but is computationally

hard. In this approach, estimation of the complete structure
requires assigning positions to the atoms not in back bone.
Threading [16] is a method based over a probabilistic model
and the consideration over structure similarity. In fact, it is
reasonable that proteins with high degree of sequence sim-
ilarity have a similar fold. In this model the native confor-
mation has the biggest value of probability.

Homology Modeling Homology modeling is a method
for prediction of tertiary structure, that uses protein
databases and it is based on consideration that two proteins
that have a similar evolution have a similar structure. Exper-
imental observations confirm such idea, but restrict these at
backbone atoms only. When a model by homology is re-
alised a template protein is chosen. This protein has a simi-
lar evolution with the unknown structure proteins. The sim-
ilarity between two structure is an apriori measurement of
reliability. It is evident that a bigger similarity produces
greater precision of modeling. The steps of this process
are the following: (i) choice of a known structure protein;
(ii) alignment between two sequences (target and template
protein); (iii) choice of preserved and changed regions; (iv)
building of side chains; (v) model refinement.

2 Biological Data

The biological molecules are modeled in form of digi-
tal symbol sequences. Proteins are modeled with their se-
quence of aminoacids (primary sequence).The amminoacid
are identified in two ways, belonging the IUPAC nomen-
clature:(i) with the first letter of amminoacid, (ii) with the
a triletteral code. The first one is assumed in Swiss Prot
Database and is useful in all the algorithms that operate over
primary sequence. The second is used in PDB, that stores
the structural data of proteins codified as sequences of 3-D
coordinates. Moreover, standard initiative are developing
XML as format of exchange of biological data. Databases
store a lot of data together with sequences and coordinates,
called annotations.

Sequence Databases: Swiss ProtSwiss-Prot[6] is a
database of annotated protein sequences. In Swiss Prot are
stored two classes of data: core data and annotations. Core
Data are the protein sequences.The annotation consists of
the description of the following items: (i) Function(s) of
the protein; (ii) Post-translational modification(s); (iii) Do-
mains and sites, (iv) Disease(s) associated with deficien-
ciesand (v) Secondary structure Each Swiss Prot entry is
composed by a set of line, identified by two letter code.
Swiss Prot is weekly updated and it is freely distributed as
flat file. Each researcher can submit his data that are in-
cluded after verification by a by Swiss Prot committee [6].
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Structural Databases: Protein Data Bank (PDB) The
Protein Data Bank [10] (PDB) is worldwide archive of
structural data of biological macromolecules. This data are
generated by Cristallography and NMR experiments. Al-
though it is distributed as flat file and it is based on relational
model. Each PDB entry is stored in an own flat file. There
is an underlying ontology of about 1700 terms that define
the macromolecular structure and the crystallographic ex-
periment. This ontology is called macromolecular Crystal-
lographic Information File (mmCIF) dictionary. There are
three distinct query interfaces: (i) Status Query, (ii) Search
Lite, (iii) Search Field. Search Lite, has a single text field
in which it is possible to write keywords. Search Field, is a
customizable query form allowing researches based on au-
thor citation, sequences (via FASTA algorithm), dates and
chemical formulas. Many interfaces present informations
relatives to the results. Query Result Browser Interface al-
lows to browse detailed information and to download set
of files that stores the structure found. PDB files in XML
format are currently tested . Data are acquired from the re-
search community by submission.

Databases of Structural Classifications: CATH and
SCOP SCOP [2] (Structural Classification of Proteins)
stores the information about structural similarity and evolu-
tionary relationships. Some of the methods used are: Hid-
den Markov Model [5], or 3d Search [23]. CATH stores
a hierarchical classification of PDB structures. It stores all
the structures obtained with NMR.

HSSP HSSP stores homologous sequences. It supports
homology modeling. Alignment of a protein with all se-
quences stored constitute the major step for database pop-
ulation. The alignment results are processed with biologi-
cal consideration. For each known structure HSSP contains
aligned sequences, secondary structure, variations and se-
quence profile. Tertiary structures are not stored expressly.
They are implied by other informations . Database growth
is considerable. It can be interpreted as example in which
results of alignment algorithms populate a database and this
data generate more knowledge with other algorithms.

Domain Databases: PROSITE Prosite is a database
which stores protein families and domains. It is based
upon the consideration that the enormous number of pro-
teins can be grouped in few groups. The classification cri-
terium is sequence similarity. The proteins, or protein do-
mains, classified in the same group share function and evo-
lution. Currently PROSITE contains patterns and profiles
of about thousand different families. Each of these contains
structural and functional informations.

Derived Databases: InterPRO InterPro is an archive of
documentations for protein families.This database aims to
integrate information stored in other biological databases.
Each of integrated database has a application domain dif-
ferent.

Interfaces to Databases: SRS and Entrez SRS
[26](Sequence Retrieval System) is a system based on in-
dices for many biological databases including the liter-
ary abstracts in MedLine. Each site in which SRS runs
has installed a different subset of various databases. Each
database which has a SRS indix can interact with this server.
Actually SRS provides to access to 500 different databases.
It has a interface form based and an advanced query lan-
guage. With this two methods it is possible to execute com-
plex queries.

Entrez is a text based search engine. It is used on NCBI
for many biological databases, including Pub Med, nucleo-
tidic sequences, protein structures and taxonomies. Unlike
SRS, Entrez is not publicly available.

3 PROTON: a Proteomics Ontology

We now describePROTON, a proteomic ontology used to
help users in retrieve and use applications and databases re-
lated to protein domains. A top-down development process
that starts with the definition of the most general concepts
in the domain and subsequent specialization of the concepts
has been adopted. In fact, we first defined classes for the
general proteomic concepts, and then we specialised them.
The rationale is that a fundamental distinction between bi-
ological concepts (as proteins) and non-biological concepts
(as software) exists. We will show at first all taxonomic re-
lations, after the non taxonomic relation between different
concepts.

Taxonomic relations between biological concepts. In
developing this ontology we assumed that a protein is a
tangible thing that has not temporal or spatial dynamic.
We summarize the post-translational modification as an at-
tribute. This concept has the evident limitation that we can-
not approach the biochemical pathways. The justification
of our choice is that all the algorithms operate over static
representation of proteins in their native forms. In our con-
ceptualization we introduce three primary entities: (i)Am-
minoacid, (ii) Protein, (iii) Structure. The structure con-
cept can be specialized in Primary, Secondary, Tertiary and
Quaternary, respecting the biological classification. It is im-
portant to precise that each protein has an unique identifier,
and a unique primary structure. These determine the spatial
conformation, that is secondary and tertiary structures, de-
spite of quaternary that identifies globular proteins. In this
way, for each protein we can assign its own structures.

5



Taxonomic relations between non biological concepts.
In this area we are starting from an intangible fact:Anal-
ysis. With this concept we model study, such as articles, pa-
pers, proceeding etc. In medical research the literature cita-
tions of a methods are a criterium of evaluation. This class
can be specialized in the following subclasses: (i)Mass-
Spectra Analysis, (ii) Primary Structure Analysis, (iii) Sec-
ondary Structure Analysis, (iv) Tertiary Structure Analysis,
(v) Quaternary Structure Analysis. It is evident that a sim-
ple relation exists between each kind of analysis.A Task
is a concrete case of study in proteomics. Specialization
of this concept in sub-classes belongs the principals area
of proteomic study: (i)Interpretation of MS datahas sev-
eral different aspects that will be underlined in sub-classes,
can be used to identify a protein [27], or to recognize a dis-
ease; (ii)Alignmentis a classical task in proteomic, it can
be specialized in Sequence Alignment and Structural Align-
ment; (iii) Predictioncomprises prediction of secondary or
tertiary structure of a protein starting by primary sequence.
A methodis a way to perform a task. Asoftwareis an im-
plementation of a method in a web-server, stand-alone ap-
plication or grid-node. Method Taxonomy is similar to Task
Classification. Figure 5 depicts a fragment ofPROTONon-
tology.

Figure 5. Proton fragment

We are also developing a taxonomy of mass-
spectrometry aiming to integrate it inPEDRo. In this
way a researcher can model its own experiment using
ontology. PEDRoallows to use ontology as a controlled
vocabulary and it can guide the user to select a term from
a list. It is able to show both the ontology concept as a

unorganized list and as a taxonomy tree.

Non-Taxonomic Relations. Once presented all taxo-
nomic relations we are able to show the non taxonomic re-
lations between two concept of different classes. We have
is Chain of explains that a protein is a sequence of ammi-
noacid;Has A links protein and its own structure;Studies
this relation links a particular analysis and a proteic struc-
ture explained;Implementsthis relation links a software and
a method implemented.

4 Conclusion and Future Works

We presented a survey of bioinformatics algorithms and
databases, particularly related to proteomics applications.
We classified databases and applications in order to build a
proteomic ontology. These cover the gap between biologi-
cal context and bioinformatics context.
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