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TRPV6 structure
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TRPV6 ion-conducting pore
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TRPV ion-conducting pore states
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TRPV6 inhibitors

• Endogenous modulators

• Exogenous inhibitors
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TRPV6 inhibitors

• Endogenous modulators

• Exogenous inhibitors

• Pore blockers

• Allosteric modulators



Aim of the work
characterize in silico

conformational plasticity of
TRPV6 ion-conducting pore

domain
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Plan
1. TRPV6 Ca2+ conductivity in

π-open state

Plan
1. TRPV6 Ca2+ conductivity in

π-open state
2. Endogenous modulators:

• Spermine - π-open
• Mg2+ - α-closed



MD modeling of Ca2+ current through TRPV6
Model system box

Ca2+ current through
hTRPV6 pore

Ca2+-currents TRPV6Introduction 9

E (electric field)

I (Ca2+ current)

VTM



Number of Ca2+ permeation events, VTM = -400 mV hTRPV6 conductance obtained from MD

Ca2+ current TRPV6 of two haplotypes
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Ancestral
• more common in groups of African descent

(50-60%)
• more frequent and aggressive form of cancers

Derived
• Non-African groups (90-99%)
• 3 substitutions from Ancestral: C157R,

M378V, M681T

Neuberger et al. (2025), doi: 10.1016/j.str.2024.10.018

https://doi.org/10.1016/j.str.2024.10.018


Intracellular spermine (SPMin)

Open hTRPV6 pore blocked by SPMin
in the selectivity filter

Binding
site

[SPM]in = 10-100 μM

Ca2+-currents TRPV6 TRPV6 inhibitors: SPMIntroduction 11

Neuberger et al. (2026), doi: 10.1038/s41467-026-73653-5

Elucidate the mechanism
of hTRPV6 blockade

by SPMin

https://doi.org/10.1038/s41467-026-73653-5
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MD-simulation of SPMin pore blockade



D542

T539

D580

MD
density

cryo-EM density

I575

H-bonds between
SPM nitrogens and

TRPV6
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MD-simulation of SPMin pore blockade



Mechanism of TRPV6 inhibition by SPMin
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Intracellular Mg2+

Potential Mg2+ binding site
D489-D580

Binding
sites

D489

D580

Mg2+

[Mg2+ ]in ~ 1mM
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prove Mg2+ selectivity
of D489-D580 site

Neuberger et al. (2025),
doi: 10.1038/s41467-025-65919-1

https://doi.org/10.1038/s41467-025-65919-1


Methodology
● Model system: D489-D580 site with Mg2+ or Ca2+

Model system composition

Experiment SF=0.8 SF=0.85 SF=1
Mg2+ (-7.3) - (−3.4) -3.7 ± 0.1 - 6 ± 13
Ca2+ (-6.8) - (-2.5) 0.0 ± 0.4 -3.0 ± 0.2 -11.7 ± 0.1

Mg2+

Acetate ion

ΔG0 (kJ/mol) CH₃COO–-cation system with different ECC
scaling factors (SF)

● Electronic Continuum Correction + Amber-99sd-ildn FF
● Well-Tempered Metadynamics with CVs:

○ CNw - number of H2O oxygen atoms in the 1st
coordination shell of the cation;

○ L1, L2 - distances between the carbon atoms of COO-

groups and the cation.

Verification
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de Oliveira et al. (2020), doi: 10.1039/d0cp02987d

https://doi.org/10.1039/d0cp02987d


Modeling of Mg2+/ Ca2+ binding to D489-D580

~35-fold preference for Mg2+

ΔG0(Mg2+) = –12.9 ± 0.4 kJ/mol
ΔG0(Ca2+) = –3.7 ± 0.6 kJ/mol

Ca2+-currents TRPV6 TRPV6 inhibitors: MGIntroduction 17



Mechanism of TRPV6 inhibition by Mg2+in

Neuberger et al. (2025),
doi: 10.1038/s41467-025-65919-1
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Combining MD with cryo-EM and
electrophysiology opens new possibilities

for the rational design of selective
TRPV6 inhibitors

1. Ion-conducting pore of hTRPV6
reveals high conformational plasticity

2. MD – a powerful tool for studying
ligand-protein interactions

• Classical MD-trajectories:
atomic-level binding dynamics

• Enhanced sampling techniques:
↑ statistics, ΔG calculations

Conclusion
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