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INTRODUCTION

MATERIAL AND METHODS

Neurotrophins are growth factors required for survival, differentiation, growth
and maintenance of different cell populations. These growth factors elicit a broad
range of functions in the central and peripheral nervous system during the
embryonic development and also during the adult life. Their biological effects are
mediated by the activation of their corresponding receptors, which belong to the
tropomyosin-related kinase (Trk) family of receptor tyrosine kinases. An
impairment in neurotrophic signalling is related to several neurodegenerative
disorders, rare diseases as congenital insensitivity to pain and anhidrosis (CIPA),
other inflammatory diseases and cancer. Therefore, Trk receptors and
neurotrophins stand for potential targets to develop new pharmacological agents
that can be used in the clinical practice. In this work we aim to analyse the
molecular evolution of Trk receptors, Trk A (NTRK1) and Trk B (NTRK2), and
their ligands namely the nerve growth factor (NGF) and the brain derived
neurotrophic factor (BDNF). We have also determined the degree of homology
among vertebrates, which is closely related to the conservation of function.

Fig.1. Scheme of the methods followed to perform the alignment analysis.

We used MAFFT to perform alignments with the sequences for any different
species to each ligand and receptor. The results were used to create a
phylogenetic tree and we study co-evolution between the Trk receptors and their
ligands.

RESULTS
TRK A/NGF

TRK B/BDNF

Alignment of the less conserved region of the Trk protein, corresponding to the leucine-rich domain,
by using MAFFT.

Alignment of the less conserved region of the Trk protein, corresponding to the leucine-rich domain,
by using MAFFT.

Fig.2. Results of MAFFT alignment. Leucines (+) are highly conserved, or are substituted by other similar hydrophobic
aliphatic amino acids such as valine or isoleucine. The histogram indicates the degree of conservation for each amino acid in the
different species, from brown (poorly conserved) to yellow (highly conserved). We also show the consensus sequence and the
size of each amino acid in the logo represents the degree of conservation for each residue.

Fig.6. Results of MAFFT alignment. Leucines (+) are highly conserved, or are substituted by other similar hydrophobic
aliphatic amino acids such as valine or isoleucine. The histogram indicates the degree of conservation for each amino acid in the
different species, from brown (poorly conserved) to yellow (highly conserved). We also show the consensus sequence and the
size of each amino acid in the logo represents the degree of conservation for each residue.

Alignment of the Trk protein, corresponding to the tyrosine kinase domain, by using MAFFT.

Alignment of the Trk protein, corresponding to the tyrosine kinase domain, by using MAFFT.

Fig.3. Results of MAFFT alignment. The red asterisk (*) indicate the tyrosines that are transphosphorylated when the receptor
dimerizes after the ligand binds, which are conserved in all organisms. At the bottom, we show a conservation histogram and the
logo of the consensus sequence.

Fig.7. Results of MAFFT alignment. The red asterisk (*) indicate the tyrosines that are transphosphorylated when the receptor
dimerizes after the ligand binds, which are conserved in all organisms. At the bottom, we show a conservation histogram and the
logo of the consensus sequence.

Alignment of the NGF protein by using MAFFT.

Alignment of the BDNF protein by using MAFFT.

Fig.4. Results of MAFFT alignment. The cysteines that form the disulfide bridges that stabilize the structure of the protein
are indicated whith a green pad (#). At the bottom, we show a conservation histogram and the logo of the consensus sequence.
Fig.8. Results of MAFFT alignment. The cysteines that form the disulfide bridges that stabilize the structure of the protein
are indicated whith a green pad (#). At the bottom, we show a conservation histogram and the logo of the consensus sequence.

Co-evolution study of Trk A and NGF.

CONCLUSIONS
✓ Both the receptors (Trk A and Trk B) and their ligands (NGF and BDNF) are
highly conserved during the evolution of vertebrates, although the Trk region
involved in ligand binding presents more variability in its primary sequence.
✓ We show a high degree of co-evolution of the neurotrophin receptor Trk A and
its ligand NGF at the molecular level among the different taxonomic
categories, which is indicative of the conservation of this signal transduction
system in the vertebrate scale.
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Fig.5. Results of MSA study. (a) Múltiple sequence alignment of NGF and (b) Trk A. In both cases, the amino acids that
interact had been shaded in red (asterisk,*) and they are responsible for the formation ligand-receptor bonds.

Contact details: mariapalazuelo95@gmail.com, mjbuenom@usal.es, vgnunez@usal.es

