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Abstract

Piperine, the principle pungent compound in black peppers, is known to activate the capsaicin
receptor TRPV1 ion channel. How piperine interacts with the channel protein, however, remains
unclear. Here we show that piperine binds to the same ligand-binding pocket as capsaicin but in
different poses. There was no detectable detrimental effect when T551 and E571, two major sites
known to form hydrogen bond with capsaicin, were mutated to a hydrophobic amino acid.
Computational structural modeling suggested that piperine makes interactions with multiple amino
acids within the ligand binding pocket, including T671 on the pore-forming S6 segment.
Mutations of this residue could substantially reduce or even eliminate piperine-induced activation,
confirming that T671 is an important site. Our results suggest that the bound piperine may directly
interact with the pore-forming S6 segment to induce channel opening. These findings help to
explain why piperine is a weak agonist, and may guide future efforts to develop novel
pharmaceutical reagents targeting TRPV1.
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INTRODUCTION

Black peppercorns are one of the oldest ingredients of food spices in both eastern and
western cultures; they remain a rudimental ingredient in old- and new-world cuisines[1].
Piperine (Figure 1a), as the main pungent compound of black peppercorns Piper nigrum, is
an alkaloid with a stable and simple chemical structure that shows potentials for the
development of new drugs. Like capsaicin in chili peppers, piperine is the principle natural
compound that makes black peppers spicy. The pungent and irritating properties add
attractive flavors to food. Piperine has been appreciated for medicinal usages for
centuries[2]. Understanding the molecular mechanisms underlying the interactions of
piperine with biological processes therefore has important implications.

Piperine has long been known to activate sensory neurons isolated from trigeminal ganglion
of rats[3]. Subsequent studies have confirmed that piperine and capsaicin act on the same
receptor[4], the capsaicin receptor TRPV1 ion channel[5]. TRPV1 is a non-selective cation
channel mainly expressed in the peripheral nervous system[6]. Noxious stimuli including
heat[5, 7], protons[8], animal toxins[9-11], vanilloids[5] and a variety of endogenous
ligands[12] can all strongly activate TRPV1 to initiate an excitatory current in sensory
neurons. TRPV1 activation is associated with various biological responses[5, 13, 14], such
as: i) regulation of pain and body temperature[8]; ii) regulation of tumor formation and
apoptosis[15]; iii) control of metabolism and glucose homeostasis[16]; iv) regulation of
bladder function[17]; v) regulation of the respiratory system[18]. Though piperine is known
to activate TRPV1, the underlying molecular mechanism remains poorly understood.

Studies in recent years have started to clarify the structural mechanism underlying capsaicin
activation of TRPV1 (summarized in[19]). Capsaicin has three functional parts: the vanillyl
head group and the amide neck are hydrophilic, whereas the fatty acid chain tail is
hydrophobic (Figure 1a). Capsaicin binds in the TRPV1 ligand-binding pocket formed by
the S3 and S4 transmembrane segments, the S5 and S6 segments from a neighboring
subunit, and the S4-S5 linker. The bound capsaicin takes a “head-down tail-up” orientation
stabilized by two hydrogen bonds—between the amide group in the capsaicin neck and the
hydroxyl group of T551 on the S4 segment of mouse TRPV1, and between the hydroxyl
group in the capsaicin head and the carboxyl group of E571 on the S4-S5 linker—as well as
extensive hydrophobic interactions[20]. Although piperine can also activate TRPV1, its
molecular structure is substantially different from that of capsaicin. It is challenging to
predict based on chemical structure how piperine binds inside TRPV1.

Here in this study, we used computational structural modeling to explore potential piperine-
TRPV1 interactions, and combined live-cell calcium imaging and patch-clamp
electrophysiological recording to investigate piperine activation with key TRPV1 residues.
We conclude that piperine activates TRPV1 by directly interacting with the pore-forming S6
segment, in a manner distinct from that of capsaicin.
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MATERIALS AND METHODS

Molecular biology and Cell transfection

The mouse TRPV1 (a gift from Dr. Michael X. Zhu, University of Texas Health Science
Center at Houston) was used in this study. WT cDNA as well as all the mutant cDNAs were
fused with the eYFP cDNA to assist identification of expressed cells. The fluorescent tag did
not affect the functional properties of the channel[21]. Mutants were constructed with
overlapping PCR as previously described; all constructs were confirmed by sequencing.
HEK?293 cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) with 10%
fetal bovine serum, penicillin (100 U/ml), and streptomycin (100 mg/ml) at 37°C with 5%
COo». Cells were plated on glass coverslips before transfection. Transient transfection was
conducted with Lipofectamine 2000 (Invitrogen) following the manufacturer’s protocol.
Experiments were performed 1-to-2 days after transfection.

Calcium fluorescence imaging

HEK?293 cells expressing mTRPV1 channels seeded on 25 mm coverslips were washed
twice with an extracellular solution (ECS) that contained 140 mM NaCl, 5 mM KCI, 1 mM
MgCly, 10 mM glucose 1.8 mM CacCly, and 15 mM HEPES (pH 7.4), then incubated at
room temperature for 45 minutes in 2 ml of ECS supplemented with 2 uM Fluo-4/AM and 2
UM Pluronic F-127. Pluronic F-127 (2 pM) was included in all solutions to prevent Fluo-4
leakage from cells. At the end of incubation, cells were washed three times with ECS.
Coverslip with dye-loaded cells in a 35-mm chamber was placed on the stage of an
OLYMPUS 1X73 microscope equipped with an OLYMPUS DP80 CCD camera. A blue
filter (460-t0-495 nm) and a long-pass filter (510 nm) were used as the excitation and
emission filters, respectively, in conjunction with a dichroic mirror at 505 nm. The duration
of light exposure was controlled by a computer-driven mechanical shutter. Cells were
challenged sequentially with piperine of various concentrations, capsaicin (10 uM) and
ionomycin (10 uM). Fluorescence video were acquired at an exposure time of 222 ms.
Change in fluorescence intensity, AF, was calculated as the difference between the
equilibrium level before and after stimulation (AF = F — Fg), and was normalized to the
response of 10 UM capsaicin, Fcap.

Electrophysiological recording

Patch-clamp recordings were performed with a HEKA EPC10 amplifier driven by
PatchMaster software (HEKA). Single-channel recordings were performed under inside-out
configuration. Cell membrane potential was held at 0 mV for 50 ms, from which the voltage
was stepped to +80 mV for 1 s. Both the pipette solution and the bath solution contained 130
mM NaCl, 0.2 mM EDTA and 3 mM HEPES (pH 7.2). Current signals were filtered at 2.25
kHz and sampled at 10 kHz. To apply piperine or capsaicin during patch-clamp recording,
we used a gravity-driven perfusion system (RSC-200, Biological Science Instruments) to
achieve rapid solution switching. Each drug solution was delivered through a separate tube
so that there was no cross contamination between solutions. Pipette tip was placed right in
front of the perfusion tube outlet during recording to ensure that solution exchange was
complete. All recordings were performed at room temperature (25°C).
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Piperine, capsaicin and capsazepine at > 98% purity were purchased from MedChem
Express (China). Stock solutions of piperine, capsaicin and capsazepine were prepared in
dimethylsulphoxide (DMSQ) at 100 mM concentration and were diluted to working
concentrations as needed. The maximum DMSO concentration used in working solutions
was 0.1% which was shown in control experiments to have negligible effects (data not
shown).

Molecular docking

Docking of piperine onto TRPV1 was performed using the Rosettal.igand application within
the Rosetta molecular modeling software suite, version 3.7[22, 23], using an XML-style
script in RosettaScripts[24]. The rat TRPV1 capsaicin-bound cryo-EM structure (PDB ID:
3J5R) was first relaxed in a membrane environment using RosettaMembrane[25]. Piperine
was initially placed at the center of the ligand binding pocket, and was constrained within a
10 A diameter sphere in which it was allowed to move freely. A total of 200 conformers
were generated using the Open Eye OMEGA software[26, 27]. A total of 30,000 models
were generated and ranked by total energy. The top 3,000 lowest energy models were then
ranked by binding energy between the ligand and the channel. To quantify the docking
results for structural convergence, the binding energy value for the top 3,000 lowest energy
models were plotted against its unsuperimposed ligand root-mean-squared deviation
(R.M.S.D). The lowest binding energy model was used as a reference. The top 30 models
were identified as candidates. All molecular graphics were rendered by UCSF Chimera
software version 1.13.

To define potential atomic interactions, the hydrogen bond and van der Waals (VDW)
energies (calculated by the sum of attractive and repulsive energies) for each model were
determined. These energy values were mapped on a per residue basis using Rosetta’s
residue_energy_breakdown function.

Data analysis

Analysis of electrophysiological data was done with Igor Pro (WaveMatrics). The 50 Hz
noise in current recordings was subtracted from the data before analyses by fitting the noise
to a sine wave. We constructed all-point histograms of the single-channel recordings at each
concentration of agonist. The histograms were fitted to a combination of Gaussian functions
to obtain estimates of the area under the peak for the open (So) and closed state (Sc). The
channel open probability was calculated as Po = So/(So + Sc). When there were two
channels in the recording, the open probability was calculated as Po = 1 - SQRT(Sc/(Sc +
So; + S0y)), in which Spq and Sp; are area under the Gaussian peak for one and two
channel openings, respectively. Recordings with more than two channels were discarded.

Concentration-response relationships were fitted to a Hill function to estimate the ECsg and
slope factor values; all data are shown as mean + SEM. Functional differences caused by
changes in each concentrations of piperine or point mutations were tested using repeated
measures two-way ANOVA followed by Tukey’s or Sidak’s multiple comparisons test.
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Student’s #test was applied to examine the statistical significance of results from calcium
imaging and patch clamp recordings. *, £< 0.05; **, < 0.01; ***, £<0.001.

Calcium imaging verified direct activation of TRPV1 by piperine

Calcium imaging was used to record fluorescence changes in HEK293 cells expressing
mMTRPV1 in the presence of different concentrations of piperine; 10 UM capsaicin was also
administered and used for normalization (Fig. 1c). Parallel recordings were made from
untransfected cells that confirmed no detectable non-specific effects of piperine (Fig. 1b).
Fitting the piperine concentration-response relationship to a Hill function yielded an
estimate of the ECsp value as 3.3 £ 0.7 uM (n = 5), in comparison to an ECsg value of 0.1
+ 0.002 uM for capsaicin (Fig. 1d, Table 1). The maximum activation induced by piperine
was about 88% of that of capsaicin, which is known to activate mTRPV1 to a maximum
open probability of above 90%[20]. We also observed that the fluorescence intensity of the
cells decreased with 30 uM piperine, consistent with the occurrence of channel
desensitization as previously reported[5]. Therefore, calcium imaging results indicate that
piperine directly activates TRPV1, though with a lower efficacy than capsaicin.

Does piperine activate TRPV1 by binding to the same ligand-binding pocket as capsaicin?
To address this question, we used a competitive antagonist of capsaicin, capsazepine (CZP).
A previous cryo-EM study has confirmed capsazepine’s overlapping binding site with
capsaicin[28]. Calcium imaging results showed that the fluorescence intensity increase
induced by 10 uM piperine could be almost completely inhibited in the presence of 10 pM
CZP (Fig. 1e), indicating that piperine, though structurally distinct from capsaicin, binds to
the same ligand-binding pocket.

Effect of TRPV1 mutations on the activation of piperine

In order to investigate the molecular mechanism underlying piperine activation of TRPV1,
we individually mutated T551 and E571 from a hydrophilic residue to a hydrophobic
residue, yielding T551V and E571A. These two amino acids were chosen because the
specificity for capsaicin binding is bestowed by hydrogen bonds formed by its vanillyl head
and amide neck with E571 and T551, respectively (Figure 1a, bottom)[20]. Functional
verification by calcium imaging experiments (Fig. 2a) showed that mutating E571 had no
significant effect on the ECgq value (3.5 = 0.5 yM, n =5, £> 0.05) or efficacy (77.1 = 7.3%,
n =5, P> 0.05) of piperine compared to wild-type (3.3 £ 0.7 uM , 82.7 £ 5.7%, n = 5) (Fig.
2b). Similarly, changing T551 also had no obvious effect on the ECsg value (5.1 £ 0.7 uM, n
=5, P>0.05). As was true for wild-type TRPV1, the fluorescence signal from T551V or
E571A expressing cells decreased substantially when 30 uM piperine was used (Fig. 2b). In
conclusion, our observations do not support the existence of a hydrogen bond between
piperine and TRPV1 at these sites.

Patch-clamp recording showed that piperine weakly activates TRPV1

Calcium imaging results described above showed that piperine had a lower activation
capacity for TRPV1 than capsaicin. Single-channel recording results confirmed this
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observation, demonstrating that the channel open probability arose with increasing
concentrations of piperine but reached quite low levels (Fig. 3b&d). Even in the presence of
30 UM piperine, the Po was only 10% (Fig. 3b&d), with the maximal Po being about 36%
predicted by extrapolation. In contrast to the calcium imaging results, the open probability at
30 UM piperine was not lower than that at 10 uM piperine. Note that for patch-clamp
experiments, Ca2* was removed from the recording solutions; Ca2* is known to mediate
rapid channel desensitization[29, 30]. The estimated ECsgq value, at 252.3 = 38.1 uM (n = 4),
was much higher than the estimated ECgq value from calcium imaging. Similar observations
were previously reported and attributed to differences in the two detection methods[31].

Effect of TRPV1 mutations on the channel open probability induced by piperine

We recorded piperine responses of the T551V and E571A mutant channels by single-
channel recordings, from which channel open probabilities at various concentrations were
determined (Fig. 3c&d). It can be seen that the E571A mutation had no detectable effect on
the ECgg value (EC50 = 276.8 £ 36.5 uM, n = 4, P> 0.05). The maximum activation open
probability was estimated to be only 22%. Interestingly, the T551V mutant has an estimated
ECsq value of 93.5 £ 15.1 uM (n = 4), which is significantly smaller than that of the wild-
type (P< 0.01). The open probabilities at both 10 uM (12.3 + 2.2%, n = 4) and 30 uM (25.8
+ 5.1%, n = 4) were significantly higher than that of the wild-type (3.3 £ 0.5%, n = 4)
(concentration, A5, 15) = 141.5, £< 0.001; mutation, /1, 3y = 35.7, < 0.001; concentration
x mutation interaction, A5 15) = 24.9, < 0.01; repeated measures two-way ANOVA
followed by Tukey’s multiple comparisons test; Figure 3d). These observations suggest that
piperine does not interact directly with E571 but it does interact with T551, though likely not
via a hydrogen bond.

Molecular docking indicated multiple binding poses of piperine

In order to explore potential piperine-TRPV1 interactions, we conducted computational
structural modeling. Using an updated version of the Rosettal igand application[22, 23, 32,
33], we generated 30,000 binding models, from which the top 3,000 models were put
forward for the determination of the binding energy between the ligand and the channel. The
lowest binding energy models were identified and compared. It was noticed that among
these lowest binding energy models piperine took quite different poses (Fig. 4a, left panel).
Many residues within the ligand-binding pocket were indicated to make contact with
piperine (Fig. 4a, right panel); yet, most of the piperine poses do not resemble a bound
capsaicin molecule as previously reported, having specific interactions with T551 and
E571[20]. This can be seen in Figure 4a, where there is little indication that stable hydrogen
bonds could be formed with either T551 or E571. These observations are in close agreement
with our experimental data.

Among those residues that were indicated to interact with the bound piperine, one particular
residue stood out from the structural analysis. This is T671, residing in the middle of the S6
segment: the residue was seen to have the highest average hydrogen bond energy and also
contribute substantially the VDW energy (Fig. 4a, right panel). If the bound piperine indeed
interacts with T671, this interaction would allow piperine to directly affect the S6 activation
gate. This prediction was tested by functional analysis.

Biochem Biophys Res Commun. Author manuscript; available in PMC 2020 August 20.
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T671S mutation strongly disrupts piperine activation of TRPV1

To test whether T671 has direct interaction with piperine, we conducted functional
recordings of mutant channels at this position. We found that piperine was able to induce
single-channel activities from T671S channels in a concentration-dependent manner (Fig.
4c). However, whereas we have previously shown that channels with the conserved T671S
mutation exhibited wildtype-like activities when stimulated with capsaicin[20], the level of
activity induced by piperine was much reduced from these channels compared to the
wildtype channels (Fig. 4d). The open probability of T671S was significantly lower than that
of the wildtype channels at most of piperine concentrations we have tested (concentration,
Fs, 15) = 141.5, P< 0.001; mutation, £, 3) = 35.7, £<0.001; concentration x mutation
interaction, £, 15) = 24.9, P< 0.01; repeated measures two-way ANOVA followed by
Sidak’s multiple comparisons test; Figure 4d). To further confirm these observations, we
tested a more dramatic mutation at this position, T671V. We observed no channel activity
even when 30 pM of piperine was used, though capsaicin induced robust currents from the
same patches (n = 4). These results support the observations from structural modeling,
suggesting that piperine may directly interact with T671 to induce channel activation.

DISCUSSION

The molecular structure of piperine is distinct from that of capsaicin in several aspects (Fig.
1a). Although piperine has an aromatic heterocyclic ring and a fatty chain that mirror
capsaicin’s structural components, there are a number of structural deviations that would be
detrimental for activity according to the knowledge of capsaicin-TRPV1 interactions. The
hydroxyl group in capsaicin known to participate in hydrogen bond formation with TRPV1
is missing, and the equivalent dioxol group is further away from the neck carbonyl which in
capsaicin participates in another hydrogen bond. In addition, the long aliphatic tail of
capsaicin known to have a substantial contribution to hydrophobic interactions is replaced by
a piperidine ring. Furthermore, two C=C double bonds constitute a strong conjugate system
linking the head and tail, limiting the structural flexibility of piperine. These molecular
characteristics directly determine the structural stability of piperine. Interactions between
TRPV1 and piperine have been studied by modifications of the piperine molecule before the
TRPV1 structures were known[34]. Our present study provides the missing information on
how different channel residues may interact with piperine, allowing interpretation of the
molecular mechanism underlying piperine-TRPV1 interactions.

Psychophysical tests show that piperine has a perceived pungency level 10-to-100 times
lower than capsaicin (its relative pungency-taste threshold being 10.5 uM vis-a-vis 0.6 pM
for capsaicin)[35]. Our results from calcium imaging and patch-clamp recording consistently
showed that the ECsq value for piperine activation of TRPV1 was significantly higher than
that of capsaicin. Extrapolation from the experimentally accessible concentration range
indicated that the maximal level of channel activation induced by piperine is substantially
lower than the level reached by saturating concentrations of capsaicin. As piperine binds to
the same ligand-binding pocket, its low potency and distinct chemical structure imply that
piperine may interact with TRPV1 in a way substantially different from capsaicin.

Biochem Biophys Res Commun. Author manuscript; available in PMC 2020 August 20.
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Capsaicin is a potent agonist of TRPV1 partially because of its specific binding to TRPV1
via two hydrogen bonds and substantial van der Waals interactions[19]. In piperine, both
types of atomic interactions are altered. No stable hydrogen bond could be detected at T551
or E571. The carbonyl in piperine is seen to interact with T551 but the nature of this
interaction appears different from that of the carbonyl in capsaicin. Piperine also lacks an
extended hydrophobic structure like the capsaicin tail to exploit the heavily hydrophobic
environment of the upper ligand-binding pocket. Compared with capsaicin, piperine has a
conjugated system throughout the molecule. This rigid structure greatly reduces the
mutually induced rearrangement between piperine and the channel; however, the structural
rigidity may allow piperine to perturb local channel structures in unique ways. Indeed, our
combined computational and functional results suggest that piperine can directly interact
with the pore-forming S6 segment via T671. T671 and its adjacent residue Y672 are rare
polar residues in the S6 segment that have been previously suggested to contribute to
activation gating by capsaicin[36, 37]. In our previous studies these two residues were not
found to directly interact with capsaicin[20]. Instead, the region participates in activation
conformational changes that follow capsaicin-induced S4-S5 linker movement[38]. Data
from the present study revealed that piperine does not interact with E571 on the S4-S5
linker, but may directly interact with T671. In this way, piperine skips the S4-S5 linker and
uses a “shortcut pathway” to induce TRPV1 activation. All factors discussed above may
contribute to the less stable binding of piperine in the ligand-binding pocket of TRPV1,
resulting in its low potency. Indeed, it has been proposed that some of piperine’s biological
effects may be due to its interaction with the TRPA1 channel[39] and the GABA-A
receptor[40, 41].

The unstable binding and the associated weaker activation of TRPV1 by piperine likely
contribute to the unique perception from eating black pepper-flavored food. As a weak
agonist of TRPV1, piperine may offer certain advantages as a starting compound for
developing novel drugs. Indeed, capsaicin has been explored for its anti-obesity
property[42], for which its strong pungency is an unfavorable trait. Capsiate, a much less
potent capsaicin analog produced by the sweet peppers, is a popular choice that has been
intensively studied in recent years[43, 44]. It can be envisioned that piperine might be a
potential alternative for anti-obesity and other purposes.

In summary, multiple lines of evidence support the view that piperine binds weakly to
TRPV1 in orientations distinct from that of capsaicin, yielding a new way of activating the
channel but a much reduced level of channel activity. These findings should be useful to
better understand black peppers as food spices and offer a starting point for developing new
pharmaceutical applications.
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The abbreviations used are:

CPz capsazepine

ECS extracellular solution

mTRPV1 mouse transient receptor potential cation channel, subfamily V,
member 1

TRPA1 transient receptor potential cation channel, subfamily A, member 1

VDW van der Waals
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Highlights

. Piperine does not form hydrogen bonds with T551 on S4 and E571 on the S4-
S5 linker like capsaicin

. Piperine interacts with T671 on the pore-forming S6

. Piperine may activate TRPV1 by directly interacting with the pore
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Figure 1.

Piperine directly activates TRPV1 by binding to the capsaicin-binding pocket. (a) The
chemical structures of piperine and capsaicin. (b) Representative live-cell calcium signal
images responding to bath solution (control), piperine and ionomycin in non-transfected
HEK?293 cells. (c) Representative live-cell calcium signal images responding to bath solution
(control) , piperine (3 uM, 10 uM) and capsaicin (10 pM). (d) Concentration-response curve
of WT mTRPV1 normalized to 10 UM capsaicin response. Superimposed is a fit of Hill
function; the data point at 30 UM was omitted during fitting. (¢) Calcium fluorescence signal
in response to 10 uM piperine with or without 10 uM capsazepine (CZP), respectively,
normalized to the response of 10 uM capsaicin (n = 4). ***  Student t-test, p < 0.001.
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Figure 2.
Calcium imaging indicates that T551 and E571 do not interact with piperine. (a)

Representative calcium imaging data of mMTRPV1 WT and mutant channels responding to
bath solution, piperine and capsacin. (b) Concentration-dependent activation of WT and
mutant channels fitted to a Hill function; data points at 30 uM were omitted during fitting.
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Figure 3.
Preventing hydrogen bond formation at T551 and E571 does not reduce piperine’s potency

and efficacy. Representative single-channel traces recorded from (a) non-transfected
HEK?293, (b) WT TRPV1, and (c) T551V and E571A mutant TRPV1 expressing cells in the
presence of piperine or capsaicin (left panel) with the corresponding all-point histograms
(right panel). Superimposed is a fit of a double- or triple-Gaussian function. Blue dash lines
correspond to the inset of the open state peaks. Upward deflection indicates channel
opening. (d) Concentration-dependent activation of WT and mutant channels fitted to a Hill
function. Repeated measures two-way ANOVA followed by Tukey's multiple comparison
test was used, where asterisks indicate statistical differences between the WT and T551V
mutant channels. n = 4, *** p < 0.001.
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Figure 4.

Molecular modeling reveals T671 as a potential residue for mediating piperine-induced
TRPV1 activation. (a) Representative binding pose observed within the top 0.1% lowest
energy models (left panel, top), clusters of top binding poses (left panel, middle), and the
capsaicin binding pose (left panel, bottom); hydrogen bond and VDW interaction energies
mapped on a per residue basis (top 0.1% lowest energy models) between the channel and
piperine (right panel). Unit of energy is Rosetta Energy Unit (R.E.U.). (b) Binding energy
plotted versus root-mean-squared deviation over the top 10% lowest energy models. The
lowest energy model was used as the reference. Red dots represent the top 0.1% lowest
energy models. (c) Representative single-channel traces recorded from T671S in the
presence of 10 uM and 30 UM piperine (top left panel) and the corresponding all-point
histograms (top right panel). Representative single-channel traces recorded from T671V in
the presence of 30 uM piperine and 10 pM capsaicin (bottom left panel) and the
corresponding all-point histograms (bottom right panel). (d) Concentration-dependent
activation of WT and mutant channels fitted to a Hill function. Repeated measures two-way
ANOVA followed by Tukey's multiple comparison test was used; asterisks indicate statistical
differences between the WT and mutant channels. n =4, *, p < 0.05, **, p < 0.01, ***, p<
0.001.
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Table 1.
Summary of calcium imaging results
Channel wa\DTUG capsaicin piperine
ECsq (UM) | Hill slope ECsq (UM) | Hill slope
factor factor

WT 0.1+£0.002 | 1.9 33+07 2.2
T551V 1.0+0.02 3.3 51+07 13
E571A 1.0+0.04 3.0 35+05 2.2
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Table 2.
Summary of electrophysiological measurements
Channel wa\DTUG capsaicin piperine
ECsq (UM) | Hill slope ECsq (UM) Hill slope
factor factor
WT 0.1+0.003 | 1.9 252.3+38.1 | 2.2
T551V 14+003 | 33 935+151 | 09
E571A 1.3+003 | 3.0 27684365 | 0.7

Biochem Biophys Res Commun. Author manuscript; available in PMC 2020 August 20.

Page 18



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Molecular biology and Cell transfection
	Calcium fluorescence imaging
	Electrophysiological recording
	Reagents
	Molecular docking
	Data analysis

	RESULTS
	Calcium imaging verified direct activation of TRPV1 by piperine
	Effect of TRPV1 mutations on the activation of piperine
	Patch-clamp recording showed that piperine weakly activates TRPV1
	Effect of TRPV1 mutations on the channel open probability induced by piperine
	Molecular docking indicated multiple binding poses of piperine
	T671S mutation strongly disrupts piperine activation of TRPV1

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Table 1.
	Table 2.



