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1. Abstract

Nav1.5 is a voltage-gated sodium channel, which, upon stimulation, induces a rapid depolarization of
the action potential in the cardiomyocytes and in the His-Purkinje system. TRPM4 is a calcium-
activated, non-selective ion channel. The exact function and location of TRPM4 in the cardiac
conduction system is still unclear, but it has been discovered that mutations of TRPM4 are involved
in a variety of pathologies, including heart diseases. Recent studies have shown that TRPM4 and
Nav1.5 interact. The exact mechanisms of this interaction are not yet known. It is known that the
protein 14-3-3 interacts with Nav1.5 ion channels and plays an important role in their dimerization.
14-3-3 has seven human isoforms. Studies have indicated an interaction between the isoform 14-3-3
γ and TRPM4 in neurons. However, the role of 14-3-3 in the regulation of TRPM4 in the heart has
not yet been identified. The aim of this research is to investigate if 14-3-3 plays a role in the
interaction between TRPM4 and Nav1.5. In order to determine which 14-3-3 isoforms interact with
TRPM4 or Nav1.5, tsA201 cells were transfected with FLAG-tagged TRPM4 or FLAG-tagged Nav1.5
and co-transfected with different 14-3-3 isoforms. Afterwards, co-immunoprecipitation assays with
Anti-FLAG beads and western blots were performed. The results showed that there may be an
interaction between TRPM4 and 14-3-3 γ or 14-3-3 β and between Nav1.5 and 14-3-3 γ or 14-3-3 β,
yet they were not significant, and more tests need to be performed. Further research should also be
done in the form of co-immunoprecipitation assays with TRPM4-FLAG and Nav1.5 (or with FLAG-
Nav1.5 and TRPM4) in the presence or absence of 14-3-3 isoforms, to investigate if the interaction
between TRPM4 and Nav1.5 is dependent of 14-3-3. In addition, cell surface biotinylation assays
should be conducted, to determine the interactions on the cell surface.
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3. Aim and Leading Questions

The aim of this thesis is to investigate the role of 14-3-3 in the interaction of TRPM4 and Nav1.5.
Leading questions:

- Does TRPM4 interact with a specific isoform of 14-3-3?
- Does Nav1.5 interact with a specific isoform of 14-3-3?
- Does the interaction between TRPM4 and Nav1.5 depend on 14-3-3?

2. Introduction

Nav1.5
Nav1.5 is a voltage-gated sodium channel, encoded by the gene SCN5A (sodium channel type V alpha
subunit). In the heart, there is a high expression of SCN5A in working myocardium and conductive
tissue, where this channel is responsible for generating the main inward sodium current (INa),
resulting in the fast upstroke of the ventricular cardiac action potential. Mutations in the gene
SCN5A are associated with various cardiac diseases. [1] Nav1.5 consists of an α-subunit, which is the
main unit and is responsible for the ion channel’s function. However, it can also interact with four
different β-subunits. Interestingly, the α-subunits also interact with each other and have the ability
to assemble and gate as dimers. [2]

TRPM4 (Transient Receptor Potential Subfamily M Member 4 Cation Channel)
The cation channel TRPM4 is expressed in a large number of tissues and organs. It enables the flow
of monovalent cations, mainly sodium and potassium ions, across the cell membrane into the
cytoplasm. Despite the fact that the exact role of TRPM4 function in the electrical activity of the
heart is still under debate, mutations of the TRPM4 gene have been reported to be linked to
different cardiac disorders. [3]

Protein 14-3-3
The 14-3-3 protein family is a group of regulatory proteins, which are expressed in all eukaryotic
cells. [4] There are seven mammalian 14-3-3 isoforms: β, γ, ε, ζ, η, σ and θ. Each isoform is encoded
by a different gene and is expressed in different levels in the heart. 14-3-3 is able to regulate
proteins by binding to them and interacting with them and thus plays an important role in many
biological processes. By binding to two separate phosphoproteins, 14-3-3 can function as an adapter
protein, enabling protein complexes to assemble. The study of 14-3-3 and its interactions with
important binding partners proposes an interesting starting point for the development of new
therapeutic approaches in drug discovery. [5] [6]

Interactions with 14-3-3
14-3-3 binds to a specific region of its binding partners. This binding region contains serine or
threonine residues that can be phosphorylated. [5] Protein kinases are responsible for the
phosphorylation, whereas phosphatases can inhibit binding of 14-3-3. [7]
14-3-3 acts as a mediator for the coupled gating of Nav1.5 and interacts with its α-subunits. The
amino acid 460, a phosphorylated serine, is important for the binding of 14-3-3 to Nav1.5. When the
serine 460 is mutated to an alanine (S460A), binding is reduced significantly. [2] So far only the
interactions between Nav1.5 and isoforms η, ζ and τ have been confirmed. [8]
The isoform 14-3-3 γ has been suggested to interact with TRPM4 in neurons. 14-3-3 γ acts as a
trafficking molecule and therefore increases the surface-expression of TRPM4 on the plasma
membrane. The serine 88 residue is crucial for the binding of 14-3-3 to TRPM4. When mutated to
alanine (S88A), the interaction between 14-3-3 and TRPM4 is significantly reduced. [9] Cho et al.
(2014) also mention a weak interaction between TRPM4 and 14-3-3 σ, but they did not detect any
interaction with the remaining five 14-3-3 isoforms. An interaction between 14-3-3 and TRPM4 in
the heart has not been examined yet.

Current situation
Recently, the ion channel research group at the Institute of Biochemistry and Molecular Medicine
discovered a significant reduction of the sodium current mediated by the Nav1.5 channel in cardiac
cells of knockout TRPM4 mice. This discovery suggests a potential link between the two ion channels
TRPM4 and Nav1.5. Furthermore, co-immunoprecipitation in a heterologous expression system
showed that TRPM4 and Nav1.5 interact. Since 14-3-3 is known to interact with both ion channels, it
is possible that it functions as an adapter protein and mediates their interaction with each other.

4. Methods and Material

TsA201 cells were transfected with FLAG-tagged TRPM4 or FLAG-tagged Nav1.5 and then co-
transfected with 14-3-3 isoforms. Negative controls with untagged TRPM4 or Nav1.5, co-transfected
with 14-3-3, were also carried out. The cells were incubated at 37°C for 48 h. Before harvesting,
isoprenaline was added to the cells. Isoprenaline functions as a β-adrenoceptor agonist and leads to
increased protein kinase A (PKA) activity through β-adrenoceptor stimulation. PKA plays an
important role in phosphorylation of different proteins, and was used in the experiments conducted
in this thesis to achieve better co-immunoprecipitation assay (Co-IP) results. [10] Then the cells were
harvested and the proteins extracted. After harvesting the cells, a phosphatase inhibitor cocktail was
added to each sample. The phosphatase inhibitor inhibits serine-threonine phosphatases, which
could interfere with the protein-protein interactions. [11] In order to detect possible interactions
between 14-3-3 an TRPM4 or Nav1.5, Co-IPs were performed using Anti-FLAG® M2 Magnetic Beads,
which target FLAG-tagged TRPM4 or Nav1.5. After the Co-IP, the samples were loaded onto a 5-15%
gradient gel and sodium dodecyl sulfate polyacrylamide gel electrophoresis was performed, enabling
separation of the proteins according to their masses. Afterwards, the proteins were transferred onto
a nitrocellulose membrane and stained with specific antibodies (western blotting). In order to detect
the FLAG-tagged TRPM4 or Nav1.5 proteins, the membrane was incubated with an anti-FLAG
antibody. To detect 14-3-3 an anti-HA antibody was used, as the 14-3-3 proteins were tagged with
an HA-tag. After incubation with the primary antibodies, a secondary green fluorescent antibody
was added, which marks the primary antibodies. The results were analyzed using a fluorescence
scanner.

6. Discussion
In Figure 5.1 the total expression of TRPM4 and 14-3-3 γ shows that the proteins are expressed
highly in the transfected cells. The negative control shows that TRPM4 does not bind to the beads
without the FLAG-tag. However, there is a thin band visible for 14-3-3 γ, which means some 14-3-3 γ
proteins do bind to the beads unspecifically. The Co-IP of TRPM4-FLAG and 14-3-3 γ shows that
TRPM4-FLAG was able to bind to the anti-FLAG beads, and the band for 14-3-3 γ also has a slightly
higher intensity than in the negative control. This suggests a possible interaction between TRPM4
and 14-3-3 γ. The samples treated with phosphatase inhibitor (+PI) show slightly stronger bands for
14-3-3 γ. The graph in Figure 5.2 shows that the highest band intensity compared to the background
(14-3-3 with untagged TRPM4) was achieved when samples were treated with isoprenaline and
phosphatase inhibitor. For TRPM4 and 14-3-3 γ it can be concluded that an interaction is likely,
however more experiments need to be conducted in order to confirm this interaction, as the t-test
was not significant.
Due to COVID-19, not all planned experiments for this project could be conducted. In future
experiments, all of the 14-3-3 isoforms should be tested to see if they interact with TRPM4 and
Nav1.5. In order to prove that 14-3-3 plays a role in the interaction of TRPM4 and Nav1.5, Co-IPs with
co-transfection of all three proteins and cell surface biotinylation assays should also be performed.
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5. Results

The best results were achieved with the Co-IPs of TRPM4-FLAG and the 14-3-3 isoform γ, as shown
below. Co-IPs with TRPM4-FLAG or FLAG-Nav1.5 and other 14-3-3 isoforms were also performed, yet
the results were not as clear and thus they are not featured here.
Figure 5.1 shows the total expression (input) and the Co-IP of FLAG-tagged TRPM4 with 14-3-3 γ.
The bands at 130 kilodaltons (kDa) show the expression of TRPM4 proteins. The bands at 28 kDa
show the expression of 14-3-3 γ proteins and the bands between 36 and 55 kDa show the
expression of actin, which serves as a loading control. Co-expression of TRPM4 wildtype (wt)
without the FLAG-tag and 14-3-3 γ serves as a negative control for the Co-IP. All samples were
treated with isoprenaline. The samples marked with +PI were treated with phosphatase inhibitor.
Figure 5.2 summarizes the results of the Co-IPs performed with 14-3-3 γ, showing the expression
intensities of the 14-3-3 γ bands. The red line represents the threshold of binding between the two
binding partners. Results at one or below one do not suggest an interaction, whereas results above
one suggest that binding occurs. A t-test was performed for the first two rows. However, it was not
significant. The other results could not be analyzed statistically, since n=1.

Fig. 5.1: Co-IP of TRPM4-FLAG and 14-3-3 γ Fig. 5.2: Graphic depiction of
the results


