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Abstract — Chemometrics is the field of science covering the development
and application of mathematical and statistical methods to identify important
chemical information. It is indispensable in the evaluation of experimental
results and suitable for exploration of large data sets. Within the Trans2Care
project we intend to apply chemometrics methods in several areas related to
the problems explored by the Project partners. In particular we shall investigate
transmembrane protein transport mechanism with data-driven modelling
approach and also applying biomolecular simulations. We'll combine our
theoretical approach with experimental data provided by the Project partners,
which will contribute to a better exploration of the available information in
biomolecular systems studied, in the research of neurodegenerative diseases,
in cardiovascular and pathohistological research. It will also intensify the
collaboration, mobility of researchers and exchange of knowledge between
partners.

IndexTerms —chemometrics,datamining, predictive modelling, transmembrane
proteins

1 THE NATIONAL INSTITUTE OF CHEMISTRY

he National Institute of Chemistry (NIC) was established in 1946 by the Slovenian

Academy of Arts and Sciences (SAZU) as the Chemistry Laboratory of the SAZU,
later it was renamed to the Chemistry Institute of the SAZU. Following Slovenian
independence in 1992 the National Institute of Chemistry (NIC) became a public
research institution. The NIC has 290 employees and they carry out research work
in 15 laboratories and two infrastructure centers. More than 25% of the Institute's
staff members represent young researchers, making NIC one of the leading Slovenian
organizations for education of graduate students. Research activities of the Institute
are oriented towards the development of new expertise, technologies and products,
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which will help to ensure the long-term development of Slovenia. The Institute
offers high-level research equipment including a Karl Zeiss Supra 35 VP Electronic
Microscope with EDX analysis, a high resolution powder x-ray diffractometer, and an
800 MHz NMR spectrometer, allowing researchers to engage in advanced research
challenges at the world level. Industry is also an important partner to the Institute;
several Slovenian as well as foreign companies has established a close long-term
cooperation with the Institute.

2 LABORATORY OF CHEMOMETRICS

n the early seventies the beginning of the chemometrics research started in

Slovenia which was completely new field also in the world. At the National Institute
of Chemistry prof. Dusan Hadzi implemented chemometrics in his group in 1973 and
in 1993 the group became an independent Laboratory of Chemometrics, first dealing
with systems for identification of compounds based on infrared spectra, the study of
algorithms, expert systems and modelling.

Today the Laboratory of Chemometrics has 14 associates, seven researchers, three
PhD students, two post-doctoral students, one visiting professor and one professor
emeritus. We are developing and applying chemometrics and statistical methods
for solving problems in chemistry and related sciences, from visualization of many-
dimensional data to analysis of biologically relevant information in proteomics and
genomics. The research work is financed through national research programme
schemes and several European projects. In 2010, the Laboratory of Chemometrics was
involved in three EU projects (TRACE, CAESAR, IBAAC), bilateral projects with Turkey,
Argentina and USA and made a strong collaboration with industry of asphalts (IMS-
ADITOL). The laboratory has already established a strong long-term collaboration with
University of Trieste and from 2010 we are partners in an international strategic project
Trans2Care.

2.1 Research Areas

he researchers of the Laboratory of Chemometrics are engaged in various research

activities, such as (i) introduction of chemometrics to the research and development,
(ii) modelling of chemical properties and processes - QSAR and mechanistic models,
(iii) development and application of artificial neural network methods in chemistry, (iv)
application of discrete mathematics in structural chemistry, QSAR studies, proteomics,
and in genomics, (v) development of methodologies and programme packages for
mechanistic and empirical models, and (vi) development of 3D representations of
chemicals structures for applications in QSAR.
We have successfully applied chemometrics methods in the field of traceability of food
[1], in the prediction of toxic properties of various toxic data (developmental toxicity,
mutagenicity, carcinogenicity, bio-concentration factor and skin sensitation) [2], in the
optimization of pigment dyeing of polybenzimidazol fibres[3],in the optimization of bio-
organic catalysts for stereo-selective reduction of prochiral ketones [4], in the research



of anti-tuberculosis drugs [5,6], in the optimization of gradient profiles in ion-exchange
chromatography [7], in the investigation of a transport mechanism of a membrane
protein, bilitranslocase [89], and in the research of structural characterization of
transmembrane proteins [10]. In the field of proteomics we have recently published a
review paper of Graphical representation of proteins [11].

2.2 Structural Elucidation of Transmembrane Protein, Bilitranslocase

n the collaboration with University of Trieste, Department of Life Science we

have started the research project in which we address the problem of structural
elucidation of transmembrane proteins. The experimental work performed at the
Department of Life Science was the basis for the application of computational
methodsinthe Laboratory of Chemometrics. In-silico methods are strongly dependent
on experimental data available and a combination of experimental and theoretical
approach can lead to a successful resolution of the specific problem. Experimental
data are treated with computer algorithms, whose output are theoretical predictions
of biological properties, and the predictions can be directly validated in additional
experimental work. Below is a schematic presentation of a QSAR model for prediction

of biological properties from structural data (Fig.1).

STRUCTURAL DATA  ———= NEURALNETWORK MODEL ——= INFORMATION

Neural X . .
Network Biological activity

o

Fig.1. Schematic presentation of a QSAR model for prediction of biological property from structural data.

In the latest publication [12] we have presented an approach towards structure
elucidation of bilitranslocase, the membrane protein which transports bilirubin from
blood to liver cells. In this research we combined two approaches: first, the prediction
of transmembrane segments of the protein based on the mathematical descriptors
obtained from the information of membrane proteins of known 3D structure, and
second, the information about the transport mechanism from experimentally tested
set of small molecules for their competitive inhibition of bilitranslocase.

In the first approach the sequence and secondary structure information of
transmembrane segments of proteins with known 3D structure available from
public databases (PDB and PDBTP) was exploited to build a model for prediction of
transmembrane segments of structurally unresolved target protein. The prediction
error of the model for prediction of alpha transmembrane segments for the external
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validation set was below 10%. The model was challenged with bilitranslocase and it
proposed four transmembrane alpha helices, each containing around 20 amino acids,
which is partially confirmed with experimental studies using particular antibodies
corresponding to parts of amino acid sequences of bilitranslocase.

In the second approach we have tested a set of 89 non-congeneric compounds for
their competitive inhibition constants in the investigated protein-substrate system.
The information about 3D chemical structure of small molecules (represented by
molecular descriptors) and the experimental data assessed by evaluating the kinetics
of inhibition of bilitranslocase transport activity was used for development of a data-
driven model using artificial neural networks.

QSAR models showed good predictive ability for bilitranslocase binding affinity.
From the mechanistic interpretation of selected molecular descriptors, obtained
with genetic algorithm, it was found that interactions between bilitranslocase and
small molecules rely on the ability to establish hydrogen bonds, diminishing the
involvement of charge interactions. The results of this work show that, contrary to
dietary anthocyanins, most of dietary flavonols do not interact with bilitranslocase,
whereas, some flavonol aglycones act as poor ligands of that carrier. In case of
nucleobases and their derivatives the phosphate group in principle improved the
transport ability by bilitranslocase.

3 CHEMOMETRICS IN TRANS2CARE

3.1 Competences or what can we offer to T2C

he long term collaboration with the University of Trieste in the field of

transmembrane proteins is the basis for the research work within the T2C project.
As described in the paragraph above, we have recently studied transmembrane
protein, bilitranslocase, its transport activity and transmembrane segments. We
will continue with the development of the prediction models, either for inhibition
constants or for transmembrane alpha helices of beta sheets. We will also study the
3D structural model and the molecular dynamics simulations of bilitranslocase. A
complementary study and characterization of the sequence of bilitranslocase isolated
from plants will be another interesting research topic and will offer an interesting
comparison with the bilitranslocase homologue obtained from rat liver. Furthermore,
structure elucidation studies will be extended to other transmembrane transporters,
such as SbmA transporter (protein present in the membrane of bacteria).

Chemometrics methods are suitable for exploration of large data sets, especially
in the case when the information contained in the data is not obvious and the
knowledge is not easily extracted. For this reason we intend to collaborate with
the T2C partners whose role is a compilation of large amounts of data, not only in
the research laboratories, but also in the hospitals, where a lot of data are collected
during their everyday practise.



4 CONCLUSION

n Trans2Care project our priority will be to explore experimental data collected by

several partners, from biochemical data on membrane transporters to various
studies of the neurodegenerative disease on one side, and statistical analysis of
different data-bases and registers on the other side. The interdisciplinary approach
of our research work will offer a good opportunity for young researchers starting
their research career. It will also straighten already established collaborations and
connect the research institutes, universities and hospitals within the Project, having
in mind a common goal, a network of participants for exchange of ideas, knowledge
dissemination and technology transfer.
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