
 

TRPV1 targeted for long-lasting pain relief
by allosteric modulator
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Rational design and identification of s-RhTx as a positive allosteric modulator of
TRPV1. a Top panel, the amino acid sequence of RhTx and s-RhTx (highlighted
in cyan); bottom panel, structure comparison of RhTx (PDB ID: 2MVA, colored
in gray; the extra three residues in N terminus highlighted in blue) and s-RhTx
(colored in cyan and disulfide bonds were labeled in orange). b Structural model
of s-RhTx with the electrostatic potential (kcal/mol/e) distribution shown in
color (red and blue for negative and positive charge, respectively). c Purification
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of s-RhTx by reverse phase chromatography with the eluted concentration of
31% for acetonitrile at the peak. d Mass spectrometry analysis showed the
molecular weight of linear (left) and oxidative (right) s-RhTx. e s-RhTx cannot
activate TRPV1 channel. f s-RhTx potentiates the effect of 10 nM capsaicin on
TRPV1 in a concentration-dependent manner. g Concentration–response
relationships of s-RhTx in the presence of 10 nM capsaicin fitted to a Hill
equation (data were represented as mean ± S.E.M., n = 4 biologically
independent cells). h Calcium imaging in TRPV1-expressing HEK293T cells
responded to 10 nM capsaicin, the mixture of 10 nM capsaicin and 30 μM s-
RhTx, 10 μM capsaicin and 10 μM ionomycin, respectively, scale bar = 100 μm. 
i The normalized fluorescence intensity of left panel (mean ± S.E.M.; n = 6
biologically independent cells). j s-RhTx concentration dependently potentiates
the effect of proton on TRPV1. k Concentration-response relationships of s-
RhTx in the presence of proton fitted to a Hill equation (mean ± S.E.M.; n = 4
biologically independent cells). l Representative heat activation of TRPV1
channels respond to RhTx or s-RhTx. m Box and whisker plot of heat activation
thresholds of TRPV1 channels in the presence of RhTx and s-RhTx (Data in box
and whisker plot were given from the minima to maxima, the bounds of box
represent the 25th percentile and 75th percentile and the middle line of box is
the median. Data were represented as mean ± S.E.M. from biologically
independent cells; n = 11 for bath, n = 10 for s-RhTx, and n = 4 for RhTx; one-
way ANOVA, F (2, 21) = 3.733, the exact P values were labeled in the panel).
Credit: Nature Communications (2023). DOI: 10.1038/s41467-022-34817-1

The transient receptor potential vanilloid (TRPV1) ion channel is a
polymodal nociceptor broadly expressed in sensory neurons involved in
pain sensation, thereby playing an essential role in analgesia. The outer
pore domain of TRPV1 is essential for regulation of this channel by
temperature, protons and other toxin peptides, so rationally engineering
modulators targeting the outer pore of TRPV1 is a potential strategy for
regulating pain responses.

On January 3, Yang Fan at the Zhejiang University School of Basic
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Medical Sciences, Xu Zhenzhong at the Zhejiang University School of
Brain Science and Brain Medicine, and Qi Yunkun at the Qingdao
University School of Pharmacy co-published a research article titled
"Structure-guided peptide engineering of a positive allosteric modulator
targeting the outer pore of TRPV1 for long-lasting analgesia" in the
journal Nature Communications.

In this study, the researchers rationally engineered a positive allosteric
modulator (PAM) s-RhTx targeting the outer pore of TRPV1,
discovered the molecular mechanism for the binding of sRhTx and
TRPV1, and observed the long-lasting analgesic effect of s-RhTx in pain
model mice.

To develop a modulator targeting the outer pore of TRPV1, the
researchers engineered a peptidic PAM s-RhTx based on RhTx, a potent
TRPV1 agonist from the venom of the Chinese red-head centipede. In
contrast to RhTx, s-RhTx can no longer activate TRPV1 as designed.
However, it can selectively enhance the currents of TRPV1 evoked by 
capsaicin and protons in a concentration-dependent manner without
altering the heat activation threshold of TRPV1, indicating that s-RhTx
is a PAM of TRPV1.

At the molecular level, the researchers calculated the interactions
between s-RhTx and TRPV1 and revealed the critical role of E649 and
E652 in the outer pore domain for the activity of s-RhTx via molecular
docking, electrophysiology and calcium imaging. Moreover, the
researchers performed the thermodynamic mutant cycle to show that
E652 in the outer pore of TRPV1 specifically interacted with R12 and
K22.

In the presence of calcium ions, TRPV1 was desensitized rapidly when
activated by capsaicin, while s-RhTx significantly slowed down the
capsaicin-induced desensitization of TRPV1, thereby resulting in the
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death of TRPV1-expressing cells due to calcium overload. This
suggested that the combination of low doses of capsaicin and s-RhTx
could induce the degeneration of intra-epidermal nerve fiber (IENF)
expressing TRPV1 channels and therefore play a crucial role in pain
relief.

To test this hypothesis, the researchers assessed the analgesic effect of s-
RhTx in naive and inflammatory-pain model mice by administering both
s-RhTx and low-doses of capsaicin. The results showed that this strategy
could produce a long-lasting analgesic effect by promoting the reversible
degeneration of IENF.

The analgesic effects of a single injection of s-RhTx could last for more
than three weeks. Remarkably, the local delivery of s-RhTx did not
cause any change in the body temperature of the mice, thus overcoming
the side effect of commonly used TRPV1 inhibitors in affecting the
body temperature.

This study identified the development of a positive allosteric modulator
targeting the outer pore of TRPV1 as an immensely promising analgesic
strategy. Not only did it report s-RhTx as an analgesic agent, but it also
proposed two critical residues in the TRPV1 channel for interactions
with s-RhTx, thereby laying a foundation for future development of
modulators targeting TRPV1.

  More information: Heng Zhang et al, Structure-guided peptide
engineering of a positive allosteric modulator targeting the outer pore of
TRPV1 for long-lasting analgesia, Nature Communications (2023). DOI:
10.1038/s41467-022-34817-1
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