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Abstract
Peptides have attracted attention during the last decades due to their extraordinary therapeutic properties. Different computational tools have
been developed to take advantage of existing information, compiling knowledge and making available the information for common users. Nev-
ertheless, most related tools available are not user-friendly, present redundant information, do not clearly display the data, and usually are
specific for particular biological activities, not existing so far, an integrated database with consolidated information to help research peptide
sequences. To solve these necessities, we developed Peptipedia, a user-friendly web application and comprehensive database to search, char-
acterize and analyse peptide sequences. Our tool integrates the information from 30 previously reported databases with a total of 92 055 amino
acid sequences, making it the biggest repository of peptides with recorded activities to date. Furthermore, we make available a variety of bioin-
formatics services and statistical modules to increase our tool’s usability. Moreover, we incorporated a robust assembled binary classification
system to predict putative biological activities for peptide sequences. Our tools’ significant differences with other existing alternatives become a
substantial contribution for developing biotechnological and bioengineering applications for peptides. Peptipedia is available for non-commercial
use as an open-access software, licensed under the GNU General Public License, version GPL 3.0. The web platform is publicly available at
peptipedia.cl.

Database URL: Both the source code and sample data sets are available in the GitHub repository https://github.com/ProteinEngineering-
PESB2/peptipedia

Introduction
Peptides play a crucial role as signalling molecules and there-
fore can be used for a diverse array of therapeutics, including
antimicrobials, antitumourals, hormonal replacements, anti-
inflammatories and anti-hypertensives (13, 14). Peptides are
polymers that can be sought in natural sources or synthet-
ically obtained; they are constituted of at least two amino
acids, and their maximum length is usually about 50 amino
acids (5), although there continues to be no consensus about
the length delineating a peptide from a protein; therefore,
sequences to 150 amino acids were considered for Peptipedia
(12, 14, 18, 29).

As therapeutic agents, peptides are especially attractive
because they exhibit high biological activity and specificity,
alongside reduced side effects and low toxicity. Neverthe-
less, peptides have some disadvantages compared to other

molecules. They can have relatively high synthesis costs
compared to small molecule treatments or lower stability than
larger proteins due of the lack of tertiary structure, mak-
ing them particularly susceptible to enzymatic degradation
(6, 13, 24). They can also have difficulties crossing biologi-
cal membranes due to their high polarity, molecular weight
and hydrophilicity (29, 32).

Despite the disadvantages mentioned, peptide researching
interest has increased, resulting in a significant accumulation
of new peptide sequences in conjunction with their related
activities and properties. This has brought to the market over
70 peptides approved in the USA, Europe and Japan as thera-
peutics, more than 200 in clinical trials and more than 600 in
pre-clinical tests (13, 27, 30).

One of the most significant trends in drug discovery over
the last decade has been using peptides to identify new drugs
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or new functionalities for specific targets. In this context, com-
putational approaches are continually developed as support
tools for biological fields, where methodologies based on
machine learning and data mining become relevant tools
(1, 37). However, these techniques require prior knowledge,
which can be obtained from biological databases that accumu-
late information on molecules and their characteristics. These
data of interest can be collected and processed to develop a
tool for solving a specific problem.

Several dedicated databases have emerged for pep-
tide grouping, mostly, according to their activities (e.g.
antimicrobial: APD3 (33), antituberculosis: AntiTBdb
(31) and AntiTbPdb and antihypertensive: AHTPDB (11))
or origin source (e.g. plant: PlantPepDB (4), bacterial:
BACTIBASE (7) and anuran: DADP (20)). The first web-
based databases including peptides were reported in 1998
by Tossi and Sandri, 2002 (28) followed by SYFPEITHI,
JenPep, FIMM and Human immunodeficiency virus (HIV)
databases (2, 10, 23, 25). Then in 2003, the Antimicrobial
Peptide Database (APD) appeared and has been continuously
updated, but currently the link is down (33, 35), and since
then, around 40 peptide databases have arisen.

Each database is useful in their specific context, but a
comprehensive and integrated database focused on peptide
sequences is not available so far. Besides, many of the
databases present some issues which hinder their usabil-
ity. Most of them do not indicate their last update, and
most have not been updated since their launch, except for
DRAMP, AllergenOnline, BactPepDB, DBAASP, ConoServer
and APD. Other sites, including PenBase and ANTIMIC, can-
not be found. Almost all databases have redundancy in their
sequences (see section 1 of Supplementary Information). Oth-
ers require a background in bioinformatics techniques, being
unfriendly for users with no advanced computational skills.
Many others do not provide a download tool: YADAMP,
Quorumpeps database, DADP, BIOPEP, BioDADpep and
Péptaibol; for others, the download tool is not working: Pep-
Bank, StraPep, PeptideDB, BactPepDB,MHCBN, ForPep and
CancerPPD.

In this work, we present Peptipedia, a user-friendly web
application and a comprehensive database to search and anal-
yse peptide sequences, supported by machine learning appli-
cations. Peptipedia was developed to fulfil the necessities that
each database cannot solve separately. We have implemented
this application with a new database that encompasses the
highest number of peptide sequences with reported biological
activity, curated from 30 existing peptide databases. Pepti-
pedia classifies reported biological activity for each peptide in
categories and subcategories defined according to our analy-
sis and literature (9). Our application is more than a database
compilation: it is the most extensive integrated peptide persis-
tent storage system to date. This user-friendly platform also
includes a useful physicochemical and statistical properties
estimator for peptides, amino acid sequences characteriza-
tion, bioinformatics services and a robust binary assembled
classification model support by machine learning methods
for biological activity classification by a unknown peptide
sequence. Both the usability and the different services enabled
in our computational tool, considering the database with the
highest amount of peptides with biological activity reported
to date, show the significant advantages of Peptipedia and

its enormous contribution to different fields of biotechnology
and protein engineering.

Methods
Collection, pre-processing, characterization and
database generation
We consolidate the information for Peptipedia by integrat-
ing the data from different computational tools and peptide
sequences databases previously reported, such as APD (33),
LAMP (41) and Uniprot (3), among others (see section 1
in Supplementary Information for more details). Firstly, we
manually downloaded the sequences from each tool and pro-
cessed them independently, generating different CSV files to
facilitate their manipulation. We filtered the sequences accord-
ing to their length, considering a minimum of 5 residues
and a maximum of 150. Secondly, we generated a single file
with all sequences, eliminating redundancy between them. For
each sequence, we searched its activities, using the previous
information in all databases employed to develop our web
information system. It is important to note that taxonomic,
structural information and specific information for partic-
ular biological activities, such as half-maximal inhibitory
concentration (IC50) measurements and experiments, among
others, were also included in Peptipedia. Furthermore, the
sequences are categorized depending on whether they present
modifications or non-canonical residues. Then, we used the
ModLamp library (19) to characterize the peptides based
on physicochemical and thermodynamic properties. Statis-
tical properties were obtained for each sequence using the
DMAKit-Lib library (16). Finally, the amino acid frequency
for each sequence was obtained through scripts implemented
in Python v3.6. Finally, we store the processed information
in a NoSQL database, using MongoDB as a handler due to
its manipulation characteristics, information extraction speed
and scaling.

Strategies for classification systems
Most sequences report a specific biological activity in terms
of their biochemical roles and/or biological effects, especially
in humans. We noted that a significant number of peptides
are used or were designed for therapeutic purposes, but there
were other seven types of peptide activity which cannot be
classified as therapeutic. Consequently, we propose a classi-
fication of all peptides in eight categories, according to the
information reported on all databases used to consolidate the
information in Peptipedia: (i) therapeutic, (ii) immunological,
(iii) cell sensing, (iv) neurological, (v) drug delivery vehicle,
(vi) transit, (vii) propeptide and (viii) signal. Each category has
sub-classifications within it. However, there is a small number
of peptides with a variety of other activities, so we categorize
them in the category (ix) ‘other activity’. All peptides with no
biological activity reported are in the category (x) ‘no activ-
ity reported’. A more detailed description of each category
is summarized in Table 1. Besides, the full list of categories
and subcategories is available in Supplementary Figure S1 of
Supplementary Information.

One of the essential services of Peptipedia is the biologi-
cal activity classification system for peptide sequences based
on machine learning strategies. The training of models was
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Table 1. Summary of main categories for biological activities

Biological activity Brief description

Propeptide Precursor with no biological activity. This molecule can be activated after a post-translational modification, such as
the cleavage of a region or the addition of another molecule. Some of the molecules in this group could be in the
‘therapeutic category’ in their active form.

Signal Used as a post-translational modification or translocation, because these peptides are useful for marking the protein
secretion pathway and target location. These molecules are commonly used for the recombinant protein production,
diagnosis and vaccination.

Transit Involved in the transport of a protein encoded by a nuclear gene to a particular organelle, such as mitochondrion,
chloroplast and peroxisome, among others.

Cell sensing Activities related to cell detection mechanisms, such as quorum sensing, chemotactic movement, cell-to-cell
communication and defence mechanisms, among others.

Drug delivery vehicle Substance that helps a drug to be safely delivered to its therapeutic target, reducing toxic effects or degradation. Some
examples are emulsions, polymers, semi-solid products, nanoparticles and encapsulations, among others.

Therapeutic Able to be used for sickness treatments. The specific activity of this peptide will depend on the therapeutic target. This
category includes antimicrobial, anticancer, toxic, metabolic and bioactive peptides.

Neurological Activity related to the neurons or the nervous system. This group includes neuropeptides, brain peptides and
antinociceptive activities.

Immunological Activities related to the immune response against foreign substances. It could be related to defence mechanisms,
immunomodulatory activities and wound healing, allergenic reactions and cell degranulation mechanism, among
others.

Other The activities of this group are not directly related to the other main categories. Includes four main subdivisions:
mammalian and cancer cell peptides, protein peptides and surface-immobilized peptides.

based on the application of supervised learning algorithms
combined with sequence encoding approaches, using physico-
chemical properties and digital signal processing, according to
the strategies proposed by Medina-Ortiz et al., 2020 (15). In
this way, we generated assembled binary models to recognize
activities for peptide sequences employing our categories pro-
posed in this work. The training process was based on devel-
oping binary data sets to evaluate two categories: presence
or absence of activity. Additionally, we generated each data
set using the one vs rest strategy, keeping class imbalance
minimum. Finally, in those models with low performance,
we used the recursive binary partition strategies, according
to the method proposed by Medina-Ortiz et al., 2020 (17)
to improve the performance of the classification assembled
models.

Implementation and Availability
Peptipedia was designed using a Model View Controller
(MVC) design pattern. The view component and the
controllers were implemented using JavaScript programming
language through the Express framework. Display compo-
nents were optimized using Bootstrap 4. All the model mem-
bers, including all service disposed in this work’s proposed
tool, were developed using Python v3 programming language,
supported by the libraries DMAKit-Lib (16) and Scikit-Learn
(21). Both the proposed software architecture and implemen-
tation features are detailed in section 2 of Supplementary
Information.

Results and Discussion
Peptipedia is a user-friendly web application system to search,
analyse, evaluate and characterize peptide sequences using
different strategies, including machine learning and data min-
ing techniques. This web tool has a NoSQL database sys-
tem with 92 055 peptides registered and described, being

the most extensive database of peptide sequences with activ-
ities reported to date. This tool reports different types of
information for each sequence, considering structural, physic-
ochemical and phylogenetic properties. Additionally, various
activities previously identified for each peptide are reported
and so are the databases or repositories from which they
were extracted. Besides, Peptipedia has enabled the infor-
mation of published patents related to previously published
peptides. Finally, statistical properties related to the percent-
age of residues for each sequence and the average per category
are included in the database, providing interesting, useful and
easy-to-understand information for scientists and researchers
(see Figure 1).

Relevant tools and services available in Peptipedia
Searches, visualization and downloads
Different types of searches can be generated in Peptipedia,
either with the sequence or through information related to
its activity, physicochemical properties and frequency of
residues, among other relevant information. Besides, it is
possible to apply different filters to generate a personalized
exploration for the user’s interest.

We develop a general summary for each search, showing
statistical descriptions and various visualizations to display
the information. Furthermore, we present specific details for
each peptide, including thermodynamic properties, taxon-
omy, phylogeny, biological activity and sequence descriptors;
we also show the databases where the peptide sequence was
previously reported. Remarkably, Peptipedia offers specific
information like IC50, assay information, organism evalua-
tion and other relevant characteristics for particular activities
such as antihypertensive, anti-HIV and antiviral subcate-
gories.

Peptipedia has general and specific modules for down-
loading data, making it easier to obtain information and
facilitate the download in CSV, FASTA and JSON formats.
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Figure 1. Representative scheme of building and characteristics of Peptipedia. Peptipedia is a computational tool for peptide sequence analysis. The
information presented by our tool was consolidated from 30 databases, considering information on the sequence, taxonomy and different properties of
stored peptides. Searching for sequences and relevant information in our web application is easy, personalized and intuitive, allowing download of the
information in multiple formats. Peptipedia has enabled different tools that will help characterize and analyse sequences, as well as functionalities
supported by machine learning methods that facilitate the development of predictive models and a biological activity predictor system.

The complete database can even be downloaded in easily
manipulatable forms that include both the sequence and its
reported information.

Updating information
To keep the information in the persistent storage system
updated, the data download service is periodically executed
from different databases that make up Peptipedia, comparing
the existing sequences in the current collection with the down-
loaded sequences, updating the information in the case that
corresponds. Besides, a systematic search is done for new
tools, libraries or databases reported since the last update
date, inserting the appropriate records. Although it is under-
stood that this type of maintenance is not the most suitable for
a platform of this style, this type of strategy is preferred due to
the curation of the information and the control of the records
that are inserted into the web tool. Nevertheless, for future
updates of Peptipedia, work is being done on a system for
capturing new records in real time based on data mining and

semantic web strategies to optimise and automate the process
of updating records.

Services
Different services were implemented in Peptipedia to facili-
tate analysis and characterization of peptide sequences. We
propose various services that allow characterization through
physicochemical and thermodynamic properties, using the
ModLamp (19) library. We also provide modules that enable
the estimation of statistical properties for peptide sequences.

Bioinformatics tools such as sequence alignments are avail-
able in our web tool: using the Edlib library (26), it is possible
to align any sequence against those registered in our database.

Another relevant service is the peptide biological activity
classification system supported by assembled predictive mod-
els: the user can upload a list of amino acid sequences, and our
tool classifies them by the categories proposed in this work,
evaluating each of them. Furthermore, a peptide-encoding
service is implemented using common strategies such as a
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Figure 2. Visualization of registered peptides on Peptipedia.
Representation of the information contained in Peptipedia. A: distribution
of peptides according to the categories proposed in this work. B: analysis
of the relationship of simultaneous activities for the same type of
peptide; the most significant trends are seen between therapeutics and
cell sensing peptides, and between propeptides and signal.

One Hot Encoder and more sophisticated ones such as a
Embedding through the Tape library.

Finally, Peptipedia allows the generation of predictive
models for sets of peptides with specific user requirements
through supervised learning algorithms and cross-validation
techniques. Configuration of hyperparameters as well as cod-
ing strategy and validation method are selectable. The tool
reports the performance of the generated model by the user,
allowing the download to use it locally. Besides, this service
enables the interpretation of the results giving different rec-
ommendations about them.

Relevant information in Peptipedia
Using 10 previously proposed categories, we analysed the
peptide sequences, identifying therapeutic peptides, signal
peptides and sensory activity, as representing the highest
prevalence in our records. Peptides with immunological, tran-
sit or neurological activity were least common in our database
(see Figure 2A).

It is important to highlight the moonlighting characteris-
tics of peptides. This feature is the feasibility of a peptide to
present different activities at the same time (8). The mainly
found tendencies of moonlighting are between the thera-
peutic and cell sensing peptides, and between propeptides
and signal peptides. This last overlapping of activities makes
sense because propeptides generally contain a signal peptide
in their sequence (34), which they lose once processed (see
Figure 2B). This type of property reflects the potential fea-
tures of a peptide when acting as a drug or presenting different
biotechnological uses. Residue frequency analysis allows eval-
uating amino acid trends for particular activities. We compare
trends for the main reported categories, with a clear prefer-
ence for arginine residues for drug delivery peptides, which
can be explained because these kinds of peptides are usu-
ally designed to cross membranes, so they need a chemical
affinity for negatively charged membranes, which is given
by the positive charge of arginine. In contrast, signal, tran-
sit and propeptides generally show similar trends. However,
no major visible patterns were identified (see Section 4 in
Supplementary Information).

The Peptipedia web interface
Peptipedia presents a user-friendly web application tool to
increase usability and generate a good user experience for
researchers who wish to work with the computational tool
proposed in this work. Figure 3 shows different visualizations
available in the web interface. Upon entering the platform, a
summary of the characteristics presented by Peptipedia and
the availability of the information is observed (Figure 3A).
Remarkably, the information extraction is made transpar-
ent, and the different links of the tools used to integrate
the database collection represented by Peptipedia (3B) are
enabled. The search for information in the system requires
the biological activity to be analysed. Besides, it is possible
to apply different filters to personalized the queries based on
different user’s requirements. It is important to note that the
results are shown in a summary table. It is easy to download
them to be able to work on them locally (3C and 3D). The
different services enabled in Peptipedia present a simple execu-
tion. They are based on entering sequences in FASTA format
and generating their execution. Depending on the selected ser-
vice, a table of characteristics could be displayed, as is the
case of the property characterization service (3E), a summary
graph of amino acid trends, in the case of the statistical char-
acterization of sequences (3F), as well as the generation of
more complex graphs such as the hydrophobicity profiles and
helical wheel (3G). Finally, the tool has glossaries and mes-
sages that facilitate both the interpretation of the results and
the understanding of the different concepts, properties and
characteristics worked on in the application (3H).

Binary classification of biological activities
supported by assembled models
We designed and implemented 44 assembled binary classi-
fication models for biological activity of peptide sequences,
considering the categories and subcategories proposed in this
work. First, we encode the sequences using amino acid encod-
ing of physicochemical properties and their representation in
frequency space based on the strategies presented by Medina-
Ortiz et al., 2020 (15). Next, we trained predictive models
based on supervised learning algorithms and assembled learn-
ing strategies (15). Besides, we employing recursive binary
division strategies to optimize performance measures (17).
As a validation strategy, we used k-fold cross-validation to
avoid model overfitting. Remarkably, all the models gener-
ated presented an accuracy of over 83% (see Table 2 and
section 5 of Supplementary Information for details). We pre-
viously compared the results obtained by applying this type of
strategies against classical sequence coding methods, demon-
strating better results (15). Furthermore, we compare our
results with previously developed classification models for
peptide sequences. Xiao et al., 2013 (39) proposed a classifica-
tion system for antimicrobial peptides with 86% accuracy; for
the same task, our model achieves a performance of 88.7%.
Similarly, Yi et al., 2019 (40) proposed a classification system
for anticancer peptides using deep learning long short-term
memory model strategies, achieving an accuracy of 81.48%,
while our model achieves 83.54%. Another relevant example
is identifying quorum sensing peptides (QSPs): Rajput et al.,
2015 (22) proposed an identification system for QSPs based
on sequence features in combination with support vector
machine algorithms, obtaining 93% accuracy; our accuracy
is slightly lower for these peptides, reaching an accuracy of
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Figure 3. Different visualizations of the Peptipedia web interface. Home Page of Peptipedia (A). Different web tools and previously reported database
used to generate the integrated collection of peptides in the proposed tool on this work (B). The search in Peptipedia is easy, you can filter by activity
and add more specific filters to personalize the search. The results are disposed in a summary table (C and D). Peptipedia has different services or tools
to increase the usability of the web platform; to use any tool, you need to insert a sequence in FASTA format and execute the tool. The results will be
displayed depending on the selected service, which could be a summary table, graphic summary and specialized graphic (E, F and G). Finally a glossary
with different terms is available on Peptipedia to help the understanding of results generated by the application tool (H).

86.4%. However, we present a lower performance in par-
ticular situations than previously developed methods. Nev-
ertheless, the proposed strategy is generic, could be applied
in biological activity classification of peptide sequences prob-
lems, prediction of properties and multiple issues in protein
engineering (15). Notably, we validated all our models using
statistical methods. Each data set was created by selecting
random samples and repeating this process 100 times, pro-
viding statistical support and demonstrating the robustness
of the biological activity classification models implemented in
Peptipedia.

Case of study: How to use Peptipedia to develop
predictive models

The study of anti-HIV peptides is relevant due to their poten-
tial therapeutic applications. They interact with a specific
domain of the glycoprotein 41, which is their pharmaco-
logical target for inhibiting the virus fusion and entry to
the host cell. Different efforts have focused on designing
new sequences, either through traditional techniques such as
directed evolution or rational design strategies. Both strate-
gies currently benefit from the application of machine learning
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Table 2. Weighted performance for binary classification models for the
nine main categories proposed in this work.

Number Category Size data set
Weighted
performance

1. Cell sensing peptides 19 982 85.27
2. Drug delivery 4912 86.02
3. Therapeutic 50 000 87.32
4. Neurological 2712 89.33
5. Immunological 2178 86.12
6. Other activities 490 82.98
7. Transit peptide 1350 88.48
8. Signal peptide 26 794 86.41
9. Propeptide 17 768 88.63

Table 3. Summary of transformations applied to standardize IC50 values to
nM units of measure.

Number Unity measurement actual Change to nM

1. mg/ml value × 109/mw
2. ng/ml value × 103/mw
3. µM value × 103

4. µg/ml value × 106/mw

since it facilitates the simulation of the effects of new variants
(36, 38).

To demonstrate the usability of different services of Pepti-
pedia, we implemented a theoretic IC50 predictive model for
anti-HIV peptides. First, we identify all the anti-HIV peptides
using the search tool available on the web platform, with all
the information provided by the downloaded tool. We then
filter all sequences with a quantitative IC50 measure and with
a defined unit of measurement, discarding the cases in which
this unit was expressed using qualitative effects (low, medium
or high). Finally, we prepared the data set for the training
process by selecting only the peptide sequences, and the IC50
values were standardized so that all the records had the same
unit of measurement, in this case, nM (See Table 3 for a
summary of the conversions applied depending on the initial
unit of measure). Based on the imposed conditions, a data set
with 428 examples were generated, whose length of sequences
varies between 5 and 150 residues, and the IC50 values are
distributed between 0.01 µM and 500 nM.

Using the generated data set and the predictive model
training service enabled in Peptipedia, predictive models of
IC50 values for anti-HIV peptide sequences were trained.
We select coding by phylogenetic properties for the service
configuration and apply post-processing using the alpha-
structure property as a strategy for the pre-processing data
set. Besides, we choose random forest as a supervised
learning algorithm and we select validation strategy k-fold
with k=10.

The tool reported the model’s performance, achieving a
Pearson coefficient of 0.8 (see Figure 4A). Furthermore, Pep-
tipedia allows us to analyse the prediction error’s randomness
to determine if there are biases in the generated predictions
(see Figure 4B). In this way, we demonstrated the usability
of available services on Peptipedia in a specific case of study
concerning developing predictive models for anti-HIV pep-
tides. Despite the high-performance value achieved by the

Figure 4. Predictive modelling of IC50 for anti-HIV peptides using
Peptipedia. A: scatter plot prediction vs reality, denoting the performance
of the predictive model. In general, there is no tendency to over-adjust or
under-adjust in any particular range, which shows that the
cross-validation strategies were correctly applied. B: histogram of the
error distribution. The probability of error analysis indicates no tendency
for significant errors that adversely alter the model predictions. The
errors are mainly concentrated between -5 and 5, which is quite
acceptable considering the nature of the entered values, where the
largest reach 100 and the smallest are close to zero.

predictive model generated using Peptipedia, it is necessary
to design more elaborate validations, compare with differ-
ent coding strategies and combine with various supervised
learning algorithms, explore different deep learning archi-
tectures, as well as the application of assembled learning
strategies, not being the objective of this work to design and
implement predictive models for the IC50 of anti-HIV peptide
sequences.
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Conclusions
We designed and implemented Peptipedia, a web application
supported by machine learning algorithms and data mining
strategies to characterize and analyse peptide sequences. Addi-
tionally, our tool has the most extensive database of peptides
with biological activity reported so far, with a total of 92 055
amino acid sequences integrated from 30 databases or reposi-
tories of previously reported peptides, Peptipedia has enabled
different tools that will help in characterizing and obtaining
statistical properties and bioinformatics analysis supported
by sequence alignments, as well as services that facilitate the
development of predictive models.

Additionally, the sequence and the reported biological
activity information of the registered peptides are inte-
grated into a robust binary classification system, implemented
through machine learning strategies, allowing to predict puta-
tive peptide activities. Moreover, as a previous approach to
wet-lab experimental work, it is possible to use these services
for performing an activity screening of novel peptides with
unknown biological activity. Besides, Peptipedia’s tools could
improve the design of peptides since it helps to find residues
patterns based on their activity.

Both the usability and the wide range of services available
on Peptipedia, as well as the robustness of the predictive sys-
tems implemented, considerably improve the current state of
the art, becoming an attractive alternative to existing tradi-
tional applications and a good support for research in peptide
engineering and its biotechnological applications.

Supplementary data
Supplementary data are available at Database Online.
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