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Abstract: 
 
When mutated, the Transient Receptor Potential Channels 3 (TRPML3) ion channel causes deafness and 
pigmentation defects.  Due to the lack of available compounds known to act as selective TRPML3 agonists, the 
identification of selective probes for TRPML3 are useful to investigate the function of TRPML3 in inner ear 
mechanotransduction and hearing biology.  The two probes reported here, CID 776924 (ML268) and CID 
53239838 (ML269), emerged from an HTS-based effort to identify small molecule activators of TRPML3.  
They exhibit submicromolar EC50 values against TRPML3 in intracellular calcium functional assays. Further, 
their selectivity & mechanism-of-action has been confirmed in various in patch clamp and functional assays. 
Interestingly, testing these probes and other TRPML3 activators on TRPML3-expressing sensory hair cells 
revealed the absence of activator-responsive channels. Similarly, epidermal melanocytes showed only weak or 
no responses when exposed to the compounds. These studies validate the biological relevance of these probes, 
as they have now been used to demonstrate that TRPML3 might be absent from the plasma membrane or that 
the protein is a subunit of heteromeric channels in native cells.  A comprehensive summary of their activity has 
been published (reference [1]). 
 
ML268 and ML269 are first-in-class tools for elucidating the functions of the TRPML3 ion channel. The 
significance of their impact was the subject of a special review article (reference [2])  
 
 
  

mailto:hodderp@scripps.edu
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Probe Structures & Characteristics: 
 
 
 
 
 
 
 
 
   

Table 1.  Selective TRPML3 Agonist Results Summary 

CID/ ML# 
Target 
Name EC50 (nM) [SID, AID] 

Anti-
Target 
Name 

EC50* (μM) [SID, AID] 
Fold 

Selectivea 

Secondary 
Assay EC50 

(nM) [SID, AID] 

Probe 1 
CID 

776924/ 
ML268 

TRPML3 

LIQUID: 
1030 nM 

[SID 14722627, AID 1562] 
 

POWDER: 
950 nM 

[SID 87692368, AID 2510] 

TRPN1 

LIQUID: 
>29.9 

[SID 14722627, AID 1682] 
 

POWDER: 
>29.9 

SID 87692368, AID 2583] 
>32-fold selectivity over TPRN1 in 

Fluo-8 screening assays. 

LIQUID 
>29-fold 

 
POWDER 
>31-fold 

Both probes 
were inactive 

against all TRP 
channels tested 
as determined 
using whole 

cell patch 
clamp assays. 
(AID 2116): 
hTRPML1 
hTRPM2 
mTRPV2 
hTRPC3 
drTRPN1 

and hTRPA1 

TRPML2 POWDER: Inactive 
[SID 87692368, AID 2770] 

Probe 2 
CID 

53239838/ 
ML269 

TRPML3 

LIQUID: 
325nM 

[SID 26731169, AID 1562 DRUN] 
 

POWDER: 
253 nM 

SID 87692372, AID 2510] 
 

290 nM 
 [SID 124349367, AID 602128] 

TRPN1 

LIQUID:    
>29.9 

[SID 26731169, AID 1682] 
 

POWDER: 
>29.9 

[SID 124349367, AID 2583] 

LIQUID 
>92-fold 

 
POWDER 
>118-fold 

TRPML2 
POWDER: Inactive 

[SID 87692372, AID 2770] 

TRPML2 23.5% ACT 

aFold-selectivity was calculated as IC50 for anti-target/IC50 for target, using an approximate value for the anti-target due to its flat agonist curve (low maximal 
activation at the highest dose tested, 30µM).   

Figure 1. Selective TRPML3 Agonist Probes 
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Recommendations for the scientific use of this probe:  
 
These novel selective probes are useful for assays aiming to increase TRPML3 channel activities, without 
activating hTRPML1, hTRPML2, hTRPML1 NC (plasma membrane variant), hTRPM2, mTRPV2, hTRPC3, 
drTRPN1, and hTRPA1 ion channels. The selectivity and potency of these compounds will enable further 
investigations into the biological and biochemical roles of TRPML3.  The Heller Lab at Stanford University is 
utilizing these probe molecules to study possible mechanisms of regulation for TRPML3. In particular, the 
involvement of other TRPML family members can be better understood with small molecule modulators with 
differential selectivity. Towards this end TRPML3-targeted agonists such as the probes reported here provide a 
unique tool for determining the role of these family members in functional hetero-multimerization. Tests with 
TRPML family-expressing sensory hair cells and epidermal melanocytes are already revealing that activator-
responsive TRPML3 channels are tightly controlled in the plasma membrane of cells natively expressing the 
channel [1].  As suggested by the Assay Provider, selective TRPML3 modulators represent potential starting 
points for the development of therapies for vertigo or tinnitus. The HTS assays, chemistry effort, and biological 
experiments detailing the identification and characterization of these selective probes, related analogs, and our 
previously reported non-selective probes have been described together in [1] (see Appendix). 

1 Introduction 

Cell signaling pathways that mediate osmosensation, photosensation, and thermosensation depend on a family 
of diverse transient receptor potential (TRP) cation channels, which are activated by agonist-receptor coupling 
[3-9]. A role for these channels in inner ear hair cell mechanotransduction was gleaned from TRP channel 
mutations identified in flies, worms, and lower vertebrates with defective balance and impaired sensitivity to 
touch [3-7]. TRPML3 (mucolipin 3; MCOLN3) is a TRP channel expressed in inner ear hair cells and 
stereocilia [7-9], suggesting it may play a role in hearing and mechanotransduction. Reports that mice with 
mutation in TRPML3 (known as varitint-waddler mutants) exhibit early-onset hearing loss accompanied by 
head-bobbing and circling behaviors [10-12], provided further support for a role of TRPML3 in hearing and 
vestibular function. The varitant-waddler defect is the result of a A419P  substitution mutation in TRPML3, 
which causes the channel to be constitutively active, resulting in calcium overload and apoptosis in cells that 
express the channel, particularly melanocytes and sensory hair cells[13].  Unfortunately, although efforts into 
the roles of the wildtype and mutant TRPMLS channels have characterized the response of TRPML3 to luminal 
pH changes and extracellular ions such as H+ and Na2+, little is known about its physiological role, cellular 
localization, and heteromer formation under normal and diseased states.  As a result, the identification of 
selective probes for TRPML3 would be useful to investigate the function of TRPML3 in inner ear 
mechanotransduction and hearing biology.     
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2 Materials and Methods 
 

Chemistry: All chemical reagents and solvents were acquired from commercial vendors.  
Biology: All protocols are reported in the relevant PubChem AIDs provided in Table 2 and in Grimm et al [1].  
Compound Properties: Solubility, stability, and glutathione reactivity analyses were conducted in accordance 
with NIH guidelines. CYP inhibition and microsome stability analyses were performed as previously described 
[14]. 
 

2.1 Assays 
Table 2 lists all of the PubChem AIDs for the TRPML3 agonist project.  Descriptions of the assay protocols 
follow the tables.  

 
  

Table 2.  PubChem BioAssay Table (Summary can be found at AID 1809) 
Project 
Stage 

AID Assay Name 
Samples 
Tested 

Samples 
Active 

Compound 
Concentration 

HTS 
(Liquids) 

1448  TRPML3 Primary Agonist Assay (Fluo-8; 1X%ACT) 218,117 632 

3 µM 
1424 

Full-deck Counterscreen to identify agonists of TRPN1 (Fluo-
8; 1X%ACT) 

218,117 390 

1526 TRPML3 Confirmation Assay (Fluo-8; 3X %ACT) 306 244 
1525 TRPN1 Counterscreen (Fluo-8; 3X%ACT) 306 40 
1562 TRPML3 Dose Response Assay (Fluo-8; 3X EC50) 188 136 10-point, 1:3 

dilution starting 
at 30 µM 1682 TRPN1 Dose Response Counterscreen (Fluo-8; 3X EC50) 188 6 

SAR 
(Powders) 

Run by 
Scripps 

2116 
TRPML3 Profiling and Counterscreening Assays;  TRPML3 
Patch clamp;  TRPML3 Fura-2 Imaging; TRPML2 Fura-2 
Counterscreening; Ion Channel Profiling (Fura-2) 

6 6 10 µM 

2510 TRPML3 Dose Response Assay (Fluo-8: 3X EC50) 6 6 
10-point, 1:3 

dilution starting 
at 30 µM 

2583 TRPN1 Dose Response Counterscreen (Fluo-8; 3X EC50) 6 0 
602128 TRPML3 Dose Response Assay (3X EC50): Round 2 3 1 
602129 TRPML3 Dose Response Assay (3X EC50): Round 3 34 12 

SAR 
(Powders) 

Run by 
Assay 

Provider 

2692 TRPN1 Patch Clamp Counterscreen (Whole-cell currents 
recorded at 10 µM) 

3 0 10 µM 

2694 
TRPML3  Patch Clamp Assay (Whole-cell currents recorded 
at 10 µM) 

3 3 10 µM 

2719 TRPML3 Fura-2 Profiling Assay 3 3 10 µM 

2770 
Ion Channel Fura-2 Counterscreen (HEK cells, mTRPML2, 
hTRPML1, hTRPML1 (NC), hTRPM2, mTRPV2, hTRPC3, 
drTRPN1, hTRPA1). 

3 0 10 µM 

http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1809
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1448
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1424
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1526
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1525
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1562
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1682
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2116
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2510
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2583
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=602128
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=602129
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2692
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2694
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2719
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2770
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Assay Descriptions 
 
TRPML3 Agonist Assays (AID 1448, AID 1526, AID 1562, AID 2510, AID 602128, and AID 602129) 
The purpose of these assays is to identify test compounds that act as agonists of the TRPML3 cation channel. 
This assay employs a HEK293 cell line that stably expresses the human TRPML3-YFP cation channel. The 
cells are treated with test compounds followed by measurement of intracellular calcium as monitored by a 
fluorescent, cell permeable calcium indicator dye. As designed, compounds that act as TRPML3 agonists will 
increase calcium mobilization, resulting in increased relative fluorescence of the indicator dye, and thus 
increase well fluorescence.  Compounds were tested in singlicate (AID 1448) or triplicate (AID 1526) at a 
nominal dose of 3 µM, and in a 10-point, 1:3 dilution series starting at a nominal concentration of 30 µM (AID 
1562, AID 2510, AID 602128, and AID 602129). 
 
The TRPML3 HEK293 cell line was routinely cultured in T-175 sq cm flasks at 37 degrees C and 95% relative 
humidity (RH). The growth media consisted of Minimum Essential Medium with GlutaMAX and supplemented 
with 10% v/v heat-inactivated qualified fetal bovine serum, 800 micrograms/mL Geneticin, and 1X antibiotic 
mix (penicillin, streptomycin, and neomycin). The day before the assay 1500 cells in 3 µl of growth media were 
seeded into each well of 1536 well microtiter plates and allowed to incubate at 37 degrees C, 5% CO2, and 95 
% RH for 23 hours. Next, 2 µl of the fluorogenic Fluo-8 intracellular calcium indicator mixture with 1 mM 
trypan red plus (prepared according to the manufacturer's protocol) was added to each well. After a 1 hour 
incubation at 37 degrees C, 5% CO2, and 95 % RH followed by a 30 minute incubation at room temperature, 
the assay was started by performing a basal read of plate fluorescence (470-495 nm excitation and 515-575 nm 
emission) for 5 seconds on the FLIPR Tetra (Molecular Devices). Next, 15 nL of test compound (3 µM final 
nominal concentration) in DMSO, DMSO alone (0.3% final concentration), or the cholinergic agonist carbachol 
(87 µM final concentration) in DMSO were dispensed to the appropriate wells. Then a real time fluorescence 
measurement was immediately performed for the remaining 120 seconds of the assay.  A ratio for each well was 
calculated to normalize assay data, according to the following mathematical expression:  Ratio = I_Max / 
I_Min. Where I_Max represents the maximum measured fluorescence emission intensity over the 125 second 
read and I_Min represents the minimum (basal) measured fluorescence emission intensity before compound 
was added.  The percent activation was calculated from the median ratio as follows: 
%Activation = ((Ratio_Test_Compound- Median_Ratio_Low_Control) / (Median_Ratio_High_Control - 
Median_Ratio_ Low_Control)) *100 
 
Where:  
Test_Compound is defined as wells containing test compound. 
High_Control is defined as wells with carbachol. 
Low_Control is defined as wells with DMSO. 

 
TRPN1 Counterscreen Assays (AID 1424, AID 1525, AID 1682, and AID 2583) 
The purpose of this assay is to identify test compounds that act as agonists of the TRPN1 cation channel. This 
assay serves as a counterscreen to determine whether compounds are non-selective TRP agonists.  This assay 
employs a HEK293 cell line that stably expresses the zebrafish TRPN1-YFP cation channel. The cells are 
treated with test compounds followed by measurement of intracellular calcium as monitored by a fluorescent, 
cell permeable calcium indicator dye. As designed, compounds that act as TRPN1 agonists will increase 
calcium mobilization, resulting in increased relative fluorescence of the indicator dye, and thus increase well 

http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1448
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1526
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1562
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2510
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=602128
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=602129
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1424
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1525
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1682
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2583
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fluorescence.  Compounds were tested in singlicate (AID 1424) or triplicate (AID 1525) at a nominal dose of 3 
µM, and in a 10-point, 1:3 dilution series starting at a nominal concentration of 30 µM (AID 1682, and AID 
2583). 
 
The TRPN1 HEK293 cell line was routinely cultured in T-175 sq cm flasks at 37 degrees C and 95% relative 
humidity (RH). The growth media consisted of Minimum Essential Medium with GlutaMAX and supplemented 
with 10% v/v heat-inactivated qualified fetal bovine serum, 800 micrograms/mL Geneticin, and 1X antibiotic 
mix (penicillin, streptomycin, and neomycin). The day before the assay 1500 cells in 3 µl of growth media were 
seeded into each well of 1536 well microtiter plates and allowed to incubate at 37 degrees C, 5% CO2, and 95 
% RH for 23 hours. Next, 2 µl of the fluorogenic Fluo-8 intracellular calcium indicator mixture with 1 mM 
trypan red plus (prepared according to the manufacturer's protocol) was added to each well. After a 1 hour 
incubation at 37 degrees C, 5% CO2, and 95 % RH followed by a 30 minute incubation at room temperature, 
the assay was started by performing a basal read of plate fluorescence (470-495 nm excitation and 515-575 nm 
emission) for 5 seconds on the FLIPR Tetra (Molecular Devices). Next, 15 nL of test compound (3 µM final 
nominal concentration) in DMSO, DMSO alone (0.3% final concentration), or the cholinergic agonist carbachol 
(87 µM final concentration) in DMSO were dispensed to the appropriate wells. Then a real time fluorescence 
measurement was immediately performed for the remaining 120 seconds of the assay.  A ratio for each well was 
calculated to normalize assay data, according to the following mathematical expression:  Ratio = I_Max / 
I_Min. Where I_Max represents the maximum measured fluorescence emission intensity over the 125 second 
read and I_Min represents the minimum (basal) measured fluorescence emission intensity before compound was 
added.  The percent activation was calculated from the median ratio as follows: 
%Activation = ((Ratio_Test_Compound- Median_Ratio_Low_Control) / (Median_Ratio_High_Control - 
Median_Ratio_ Low_Control)) *100 
 
Where:  
Test_Compound is defined as wells containing test compound. 
High_Control is defined as wells with carbachol. 
Low_Control is defined as wells with DMSO. 

 
Patch Clamp Assays (AID 2116, AID 2694, and AID 2692) 
The purpose of these assays is to determine if test compounds can increase current recordings in TRPML3 ion 
channels (AID 2116 and AID 2694) or TRPN1 (AID 2692), along with controls employing the YFP-HEK 
parental background. Whole-cell currents were recorded with an Alembic Instruments VE-2 amplifier with 
100% series resistance compensation, and acquired with JClamp software. The standard bath solution contained 
(in mM) 138 NaCl, 5.4 KCl, 2 MgCl2, 2 CaCl2, 10 HEPES, and 10 d-glucose, adjusted to pH 7.4 with NaOH. 
The standard pipette solution contained (in mM) 140 CsCl, 10 HEPES, 3 ATP-Na, 1 BAPTA, and 2 MgCl2, 
adjusted to pH 7.2. 100 µM 2-Aminoethyl-diphenyl borate was included in the bath solution to block gap 
junctions and had no effect on the expressed channels. Channel responses were plotted to 10 ms voltage steps 
(holding potential = +10 mV) between -200 mV and +100 mV in 20 mV incremental steps, normalized by cell 
capacitance (pF). Compounds were tested at 10 micromolar. 

 
Fura-2 Calcium Influx Assays (AID 2116, AID 2719, and AID 2770) 
The purpose of these assays is to determine whether compounds identified as probe candidates are able to 
increase whole cell Ca2+ influx in HEK293 cells transfected with human TRPML3, other human, or murine (m) 

http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2116
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2694
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2692
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2116
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2719
http://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=2770
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TRP channels, or zebrafish TRPN1. In this assay cells transiently expressing channels or YFP control plasmid 
are perfused with test compound, followed by measurement of intracellular [Ca2+] for 2 minutes with the 
fluorescent indicator fura-2-AM. Compounds are added to cells 20-25 hours after transfection. Values are 
reported as mean values +/- SEM (n >= 3 independent experiments with 20-30 cells). The % activation values 
for TRPML2 in the SAR tables were calculated by normalizing the TRPML2 response ratios to TRPML3 
response ratios. Compounds were tested at 10 micromolar. 
 

2.2 Probe Chemical Characterization 

Solubility 
As shown in Table 3 the solubility of probes 1 and 2 in PBS was determined to be 0.28 µM and 0.02µM, 
respectively (solution used: 137 mM NaCl, 2.7 mM KCl, 10 mM sodium phosphate dibasic, 2 mM potassium 
phosphate monobasic, pH 7.4, room temperature).  Owing to these poor solubilities, ML269 was tested in PBS 
supplemented with 6% fetal bovine serum (FBS), under conditions that are more relevant to the conditions used 
in the TRPML3 assay.  Under these conditions, ML269 (specifically the re-assigned compound identified here 
as 6a) has a solubility of 12 µM.  Therefore, probe solubilities are fully adequate to provide the high potency 
seen in multiple cell-based assays (< 1 µM) and are also adequate for broad use as a biological probe to be used 
in a variety of media.    

 
Stability and Reactivity 
The probes have a half-life of >48 hours in PBS at room temperature (Figures 2 and 3), when tested at 10 µM 
concentration. No erosion of LCMS peak intensity was seen in the 2 day duration of the study.  The probes were 
found to be unreactive with excess glutathione, indicating that they are not a Michael acceptor under 
physiologically-relevant conditions. The compounds were tested at 10 µM concentration in the presence of 100 
µM GSH (10-fold excess) and no erosion of LCMS peak intensity for the probe was seen for duration of the 
study. 
 
 
 
 

Table 3. Probe Solubility and Stability 

Compound SR Number MLS CID SID 
Solubility 

in PBS 
(µM)a 

Solubility in 
PBS-6%FBS 

(µM) 

Michael 
Acceptor  
100 µM  

GSH trap 

Stability in 
PBS 

(t1/2 (hr) 

Probe #1: 
 ML268 

SR-03000002102-1  
MLS00387

5009 
776924 113584822 0.28 ND No > 48 hr 

Probe #2 (6a): 
ML269    

SR-03000002360-1 
MLS00367

5345 
53239838 124349367 0.02 12.0 No 

> 48 hr 
(57hr) 

Original  
Probe #2 (6b) 

SR-01000768170-3 
MLS00111

1122 
2745583 26731169 0.10 5.9 No > 48 hr 

aSolubility measurements demonstrated that Probe 2 has very low kinetic solubility in PBS buffer (20 nM).  However, solubility for this 
compound is 12 µM in PBS buffer with 5% fetal bovine serum (FBS)—which is used in the TRPML3 assays.  Similarly, solubility for the 
structure of the originally assumed probe 2 structure (6b) similarly was markedly enhanced in PBS-6% FBS compared to PBS alone (5.9 µM 
vs. 100 nM, respectively).  ND, Not determined. 
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Figure 2. Probe 1 Stability. 

Figure 3. Probe 2 Stability 
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2.3 Probe Preparation 
(1) Synthesis of Probe 1 (CID 776924, compound 3) 

 
Synthesis of 1. 
 
1-Naphthol (577 mg, 4 mmol, 1 equiv.) and potassium carbonate (1 g, 2 mmol) were ground together in a in a 
10-mL round-bottomed flask until a fine powder was obtained. This mixture was then heated at 60 °C, and then 
diethyl sulfate (524 µL, 1 equiv.) was added under vigorous stirring. The mixture was heated at 60 °C until the 
reaction was complete as judged by TLC analysis. Water (10 mL) was added to the mixture and the aqueous 
layer was extracted three times with diethyl ether (10 mL). The combined organic layers were washed with 1N 
HCl, water and brine, and then dried over sodium sulfate. Solvent was removed under reduce pressure and 
compound 1 was obtained as a colorless oil (535 mg, 78 %) after purification by flash chromatography (silica 
gel, 100 % hexanes, Rf = 0.32). 
 
1H NMR (400 MHz, CDCl3) δ 8.40-8.36 (1H, m), 7.87-7.84 (1H, m), 7.57-7.51 (2H, m), 7.49-7.40 (2H, m), 
6.84 (1H, dd, J = 0.8 Hz, J = 7.6 Hz), 4.25 (2H, q, J = 7.1 Hz), 1.60 (3H, t, J = 7.0 Hz). 13C NMR (100 MHz, 
CDCl3) δ 154.7, 134.5, 127.4, 126.3, 125.9, 125.7, 125.0, 122.1, 120.0, 104.6, 63.6, 14.8. 
 
Synthesis of 2. 
 
A solution of 1 (535 mg, 3.11 mmol, 1 equiv.) in chloroform (3.1 mL) in a 10-mL round-bottomed flask was 
cooled to -5 °C under an inert atmosphere. Chlorosulfonic acid (410 µL, 2 equiv.) was added dropwise to this 
solution. The stirred mixture was allowed to warm to room temperature and stirred for an additional 20 min. 
The mixture was then poured onto ice (13 g); chloroform (20 mL) was added along with a small amount of 
brine (5 mL). The heterogeneous solution was filtered through a short pad of Celite, the layers were separated 
and the organic layer was washed twice with water and once with brine. The organic phase was dried over 
sodium sulfate, filtered, and solvent was removed under reduce pressure to yield compound 2 as an off-white 
solid (511 mg, 61 %). This material was used in the next step without purification. 
 
1H NMR (400 MHz, CDCl3) δ 8.71 (1H, ddd, J = 0.8 Hz, J = 0.8 Hz, J = 8.6 Hz), 8.41 (1H, ddd, J = 0.6 Hz, J 
= 1.2 Hz, J = 8.6 Hz), 8.28 (1H, d, J = 8.6 Hz), 7.78 (1H, ddd, J = 1.3 Hz, J = 6.9 Hz, J = 8.4 Hz), 7.62 (1H, 
ddd, J = 1.1 Hz, J = 6.9 Hz, J = 8.3 Hz), 6.77 (1H, d, J = 8.6 Hz), 4.28 (2H, q, J = 7.0 Hz), 1.59 (3H, t, J = 7.0 
Hz). 13C NMR (100 MHz, CDCl3) δ 161.3, 132.0, 130.8, 129.7, 128.7, 126.7, 126.0, 123.7, 123.3, 102.2, 64.9, 
14.4. 
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Synthesis of 3 (Probe 1, CID776924) 
 
To a room temperature solution of sulfonyl chloride 2 (510 mg, 1.88 mmol, 1 equiv.) in dichloromethane (20 
mL) were added triethylamine (525 µL, 2 equiv.) and azepane (318 µL, 1.5 equiv.). This mixture was stirred for 
2 h. The mixture was poured into water (20 mL) and aqueous layer was extracted three times with 
dichloromethane. The combined organic layers were washed with 1N HCl, water and brine, and then dried over 
sodium sulfate. The mixture was filtered, solvent was removed under reduce pressure and compound 3 (493 mg, 
79 %, white solid— mp = 103-104 °C) was obtained after purification by flash chromatography (silica gel, ethyl 
acetate-hexanes 20/80, Rf = 0.66). 
 
Compound 3 (Probe 1, CID 776924): 1H NMR (400 MHz, CDCl3) δ 8.60 (1H, ddd, J = 0.9 Hz, J = 0.9 Hz, J 
= 8.5 Hz), 8.37 (1H, ddd, J = 0.8 Hz, J = 1.2 Hz, J = 8.4 Hz), 8.12 (1H, d, J = 8.3 Hz), 7.63 (1H, ddd, J = 1.4 
Hz, J = 6.9 Hz, J = 8.4 Hz), 7.54 (1H, ddd, J = 1.1 Hz, J = 6.9 Hz, J = 8.3 Hz), 6.77 (1H, d, J = 8.4 Hz), 4.25 
(2H, q, J = 7.0 Hz), 3.36 (4H, dd, J = 5.8 Hz, J = 6.0 Hz), 1.68-1.64 (4H, m), 1.59-1.55 (7H, m). 13C NMR (100 
MHz, CDCl3) δ 158.7, 131.5, 129.9, 128.1, 126.2, 126.1, 125.8, 124.9, 122.8, 102.3, 64.2, 47.7, 29.1, 26.9, 
14.6. HRMS ([M+Na]+) expected: 356.1291, observed: 356.1307. IR (cm-1): 2932, 2859, 1590, 1574, 1509, 
1376, 1314, 1148, 1229, 1086, 1041, 961, 775, 709. 
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(2) Synthesis of Probe 2 (CID 532239838, compound 6a) 
 

 
 
 

Synthesis of 4 
 
3-(4-Chlorophenyl)-5-methylisoxazole-4-carboxaldehyde (1 g, 4.52 mmol, 1 equiv, purchased from Sigma-
Aldrich, # 703281-1G) was dissolved in freshly distilled tetrahydrofuran (45 mL) under inert atmosphere in a 
flame-dried flask. The solution was cooled to -15 °C and then methylmagnesium bromide (3 M in diethyl ether, 
2.26 mL, 1.5 equiv.) was slowly added. The mixture was allowed to warm up room temperature and was stirred 
for 1 h. The mixture was then poured into ice-water and 1N HCl was slowly added until the pH = 1. The 
aqueous layer was extracted with diethyl ether (3 x 100 mL) and the combined organic layers were washed with 
water (100 mL), brine (100 mL) and then dried over sodium sulfate. The solution was filtered, solvent was 
removed under reduced pressure to yield the corresponding secondary alcohol as a colorless oil (1.07 g, quant.) 
which was used in the following step without purification. 
 
Chromic acid (904 mg, 9.04 mmol, 2 equiv.) and acetic anhydride (50 mL) were mixed with stirring in a 100-
mL round-bottomed flask until homogeneous. A solution of secondary alcohol from the previous step (1.07 g, 
4.52 mmol, 1 equiv.) in acetic anhydride (20 mL) was then added dropwise via syringe pump (10 min). The 
resulting mixture was stirred for 30 min, then was extracted with diethyl ether (4×50 mL). The combined 
organic layers were washed several times with saturated aqueous ammonium chloride solution. The organic 
layer was dried over sodium sulfate, filtered and then solvent was removed under reduced pressure. The crude 
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methyl ketone was purified by flash chromatography over silica gel (ethyl acetate-hexanes 20/80, Rf = 0.28) to 
yield 4 (1.07 g, 99 % over two steps) as a colorless oil. 
 
1H NMR (400 MHz, CDCl3) δ 7.45 (4H, s), 2.70 (3H, s), 2.13 (3H, s). 13C NMR (100 MHz, CDCl3) δ 192.7, 
174.7, 161.0, 136.3, 130.4, 128.9, 127.3, 117.2, 30.6, 13.7. 
 
Synthesis of 5 
 
A solution of 4 (530 mg, 2.25 mmol, 1 equiv.) in dry toluene (7.5 mL) in a flame-dried sealed tube was treated 
with tert-butoxy bis(dimethylamino)methane (511 µL, 1.1 equiv.) under an inert atmosphere. The tube was 
sealed and the mixture was heated at 110 °C overnight. Toluene was then removed under reduce pressure to 
give the crude enamino-ketone intermediate as a pale yellow oil (641 mg, 98%) which was used in the next step 
without further purification. 
 
The enamino-ketone from the preceding experiment (360 mg, 1.24 mmol, 1 equiv.) was dissolved in acetic acid 
(2 mL) in a 5-mL microwave-vial, and anhydrous hydrazine (43 µL, 1.1 equiv.) was added. The mixture was 
submitted to microwave irradiations for 1 h at 120 °C. Water (5 mL) and dichloromethane (5 mL) were added 
and then the resulting mixture was transferred to a separatory funnel. Saturated aqueous sodium 
hydrogenocarbonate solution was added until pH = 4-5, then the aqueous layer was extracted with 
dichloromethane (3 x 15 mL). The combined organic layers were washed with saturated aqueous ammonium 
chloride solution (30 mL), brine (30 mL) and dried over sodium sulfate. The solution was filtered and solvent 
was removed under reduce pressure. Pyrazole 5 was obtained as a pale yellow solid (300 mg, 91 %, 2 steps) 
after purification by flash chromatography (silica gel, ethyl acetate-hexanes 40/60, Rf = 0.65). 
 
1H NMR (400 MHz, CDCl3) δ 10.31 (1H, br s), 7.51 (1H, d, J = 2.2 Hz), 7.46 (2H, d, J = 8.5 Hz), 7.30 (2H, d, 
J = 8.5 Hz), 6.16 (1H, d, J = 2.1 Hz), 2.50 (3H, s). 13C NMR (100 MHz, CDCl3) δ 168.4, 160.3, 139.7, 135.8, 
131.5, 129.7, 128.8, 127.5, 108.1, 106.0, 12.0. 
 
 
 
Synthesis of Probe 2 (6a, CID 53239838) and Its Regioisomer 6b 
 
Method A: Pyrazole 5 (115 mg, 0.44 mmol, 1 equiv.) and p-tosyl chloride (84 mg, 1 equiv.) were dissolved in 
dry dichloromethane (4.4 mL) under inert atmosphere. Freshly distilled triethylamine (124 µL, 2 equiv.) was 
added and the mixture was stirred at room temperature for 24 h. At this time water (10 mL) and aqueous 1N 
HCl solution (10 mL) were added. The aqueous layer was extracted with dichloromethane (3 x 15 mL) The 
combined organic layers were washed with water (15 mL) and brine (15 mL) and dried over sodium sulfate. 
The solution was filtered, then solvent was removed under reduce pressure to give a 3:1 mixture of regioisomers 
6a and 6b. The major regioisomer 6a (104 mg, white solid—mp = 133-134 °C) and the minor isomer 6b (34 
mg, pale yellow solid) were separated by flash chromatography over silica gel (ethyl acetate/hexanes 20/80, Rf6a 

= 0.26, Rf 6b= 0.14) with an overall yield of 76 %. The minor regioisomer 6b has the structure originally listed 
for Probe 2 the commercial supplier.  
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Method B: Pyrazole 5 (20 mg, 0.08 mmol, 1 equiv.), p-tosyl chloride (14.7 mg, 1 equiv.) and 97 % sodium 
hydride (3.8 mg, 2 equiv.) were weighed into a flame-dried 10-mL round-bottomed flask inside an inert 
atmosphere glovebox. The flask was sealed under inert atmosphere and the solids were dissolved in freshly 
distilled tetrahydrofuran (0.8 mL). The mixture was stirred at room temperature for 24 h. At this time water (5 
mL) and aqueous 1N HCl solution (5 mL) were added with precaution. The aqueous layer was separated and 
extracted with dichloromethane (3 x 10 mL) The combined organic layers were washed with water (10 mL) and 
brine (10 mL) and dried over sodium sulfate. The solution was filtered, and solvent was removed under reduce 
pressure yielding regioisomers 6a (minor regioisomer 6b was not observed by 1H NMR analysis of the crude 
product). The major regioisomer 6a (26 mg, 82 %, white solid— mp = 133-134 °C) was purified by flash 
chromatography over silica gel (ethyl acetate/hexanes 20/80, Rf 6a= 0.26). 
 
Major regioisomer 6a (Probe 2, CID 53239838): 1H NMR (400 MHz, CDCl3) δ 8.08 (1H, d, J = 2.8 Hz), 
7.87 (2H, d, J = 8.4 Hz), 7.37-7.33 (4H, m), 7.24 (2H, d, J = 8.7 Hz), 6.12 (1H, d, J = 2.7 Hz), 2.50 (3H, s), 2.46 
(3H, s). 13C NMR (100 MHz, CDCl3) δ 169.3, 160.3, 147.7, 146.1, 135.6, 133.7, 131.8, 130.0, 129.9, 128.6, 
128.2, 127.2, 108.8, 107.7, 21.7, 12.2. MS ([M+H]+): 414.1. IR (cm-1): 3142, 3126, 2921, 1641, 1475, 1370, 
1178, 1157, 1093, 1048, 929, 778, 669. 
 
Minor regioisomer 6b (with the structure listed for CID 2745583): 1H NMR (400 MHz, CDCl3) δ 7.83 (1H, 
d, J = 1.6 Hz), 7.48 (2H, d, J = 8.4 Hz), 7.15-7.14 (4H, m), 7.10 (2H, d, J = 8.1 Hz), 6. 04 (1H, d, J = 1.6 Hz), 
2.34 (3H, s), 2.29 (3H, s). 13C NMR (100 MHz, CDCl3) δ 170.3, 159.6, 146.0, 143.5, 135.8, 134.8, 133.9, 
129.7, 128.7, 128.4, 128.0, 127.1, 113.2, 103.9, 21.6, 11.7. MS ([M+H]+): 414.1. IR (cm-1): 3128, 2924, 2853, 
1640, 1596, 1452, 1418, 1389, 1269, 1194, 1172, 1124, 1089, 914, 844, 809, 678, 661. 
 
 
Determination of the Structures of Regioisomers 6a and 6b 
 
It is expected that sulfonylation of pyrazole 5 should lead selectively to regioisomer 6a. Indeed, isomer 6a was 
obtained exclusively when the sulfonylation was performed according to Method B. Fortunately, regioisomer 
6b was obtained as the minor component of a 3 : 1 mixture from the sulfonylation performed as described in 
method A. Therefore, samples of both compounds were subjected to testing in the TRPML3 assay, from which 
it was determined that regioisomer 6a was the active probe compound. 
 
Further evidence that regioisomer 6a is the correct structure of Probe 2 was provided as follows. TLC analysis 
demonstrated conclusively that the synthetic compound 6a is the same as a sample of Probe 2 obtained from a 
commercial supplier. However, compound 6b—which is inactive in the TRPML3 assay and which is different 
from commercial samples of Probe 2 by TLC analysis—has the structure as originally listed for Probe 2 in 
PubChem (CID 2745583) and in the commercial vendor’s catalogs. Therefore, we suspected that the structure 
of the compound is incorrect in the vendor catalogs, and that this error has been duplicated in the PubChem 
database. 
 
We have performed NMR analysis of a commercial sample of the probe compound, obtained from Maybridge 
Ltd (the supplier ID is SPB04991), and have verified that synthetic probe 6a is IDENTICAL to the material—
written with the wrong structure—in the vendor catalog.  
 



SRIMSC Selective TRPML3 AG Probe Report 2011: ML268 & ML269  Page 14 of 31 

Therefore, the following NMR experiments were performed in order to clarify the structures of regioisomers 6a 
and 6b. The 1H nOe summarized in the following figures are highly instructive. The nOe data in Figure 1, 
obtained by irradiation of the ortho hydrogen atoms of the toluenesulfonyl group, resulted in a strong 
enhancement of the indicated ortho pyrazoles ring hydrogen in structure 6a, but only a weak enhancement in 
6b. Conversely, this nOe study (Figure 4) led to a stronger enhancement of the oxazoles methyl group in 6b 
than in 6a. These data are fully consistent with the assigned structures. This conclusion is enhanced by the 1H 
nOe study summarized in Figure 5, in which the ortho pyrazole hydrogen was irradiated in the two 
regioisomers. This resulted in a strong enhancement of the ortho hydrogen atoms of the toluenesulfonyl group 
in regioisomer 6a but only a weak enhancement in 6b. 
 

 
 
Figure 4: 1H nOe enhancements from irradiation of 6a at 7.87 ppm and 6b at 7.48 ppm. 
 

 
 
Figure 5: 1H nOe enhancements from irradiation of 6a at 8.08 ppm and 6b at 7.83 ppm. 
 
Therefore, based on these studies, the structure of Probe 2 must be reassigned from the original structure (listed 
in PubChem as CID 2745583, as in isomer 6b) to that of compound 6a (CID 53239838). 
 

 
 

 
 
 

  



SRIMSC Selective TRPML3 AG Probe Report 2011: ML268 & ML269  Page 15 of 31 

3 Results 

Summary. Following primary HTS in singlicate to identify TRPML3 agonists (AID 1448), counterscreening 
against TRPN1 to identify nonselective agonists in singlicate (AID 1424) and triplicate (1525), confirmation 
of TRPML3 activity in triplicate (AID 1526), titration assays in triplicate to determine potency (AID 1562) 
and selectivity (AID 1682), certain compounds were identified as possible candidates for probe 
development.  Compounds were ordered as powders samples for testing by the SRIMSC and assay provider 
labs.  The results of powder dose response assays (Rounds 0 and 1: AID 2510; Round 2: 602128; Round 3: 
AID 602129), and selectivity dose response assays against TRPN1 (AID 2583), patch clamp assays against 
TRPML3 (AID 2694) and TRPN1 (AID 2692), and Fura-2 ion channel profiling (AID 2719 and AID 2770), 
resulted in the identification of two selective TRPML3 agonist probes ML268 and ML269.  
 

3.1 Summary of Screening Results 

The purpose of the HTS assays was to identify compounds that can increase calcium flux selectively 
through the TRPML3 channel, as measured using the Fluo-8 calcium reporter dye.  These assays are cell-
based, and employ HEK293 cells that stably express the human TRPML3-YFP cation or TRPN1 (anti-
target) channel. The HTS assays were run in 1536-well plate format and were conducted at the SRISMC 
facility in Jupiter, Florida.  Two HTS lead compounds belonging to the tertiary arylsulfonamides and 
Pyrazol-5-yl-isoxazole scaffolds (SID 14722627 and SID 26731169), exhibited EC50 values in HTS assays 
of 1.03 µM and 0.33 µM, respectively.  These compounds and related analogs were ordered as powders 
(SID 87692368 and SID 87692372) for retesting by the SRIMSC in TRPML3 dose response assays.  The 
powder samples exhibited EC50 values consistent with the liquid samples: 0.95 µM and 0.25 µM, 
respectively. Next, the assay provider tested these two probe candidates and select analogs in TRPML3 
patch clamp, TRPN1 patch clamp counterscreening, and Fura-2 imaging assays.  Results of the assay 
provider Fura-2 assays revealed that the two probes have selective activity against TRPML3, being inactive 
against all other ion channels tested, including the prior anti-targetsTRPN1 and TRPML2.  See the SAR 
tables for additional data. 
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The flow chart (Figure 6) outlines the results of the ultra high throughput screening (uHTS) campaign. 
Briefly, 306 available hits were initially identified, 215 were confirmed as TRPML3-specific, and dose 
response potency and selectivity screens reduced the number of actives under consideration to 56.   
 

 
 

  
 

Figure 6. TRPML3 Selective Agonist Screening Campaign Funnel 
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3.2 Dose Response Curves for Probe  
 
The dose response curves for the TRPML3 selective agonist probes as determined using Fluo-8 calcium dye 
cell-based fluorescence assays are shown in Figure 7.  Please refer to the indicated PubChem AIDs for details. 
 

 
 

3.3 Scaffold/Moiety Chemical Liabilities 

There are no known chemical liabilities with the two probes described in this probe report. 
 

3.4 SAR Tables 

Please see next page for SAR tables.

Figure 7. Dose Response Curves for TRPML3 selective probes. Left panel, probe 1 (ML268). Right panel. Probe 
2(ML269). TRPML3 curves are shown in red. TRPN1 curves are shown in blue. Note lack of activity for probes on the 
TRPN1 channel (AID 1682). See indicated PubChem AIDs for details.  
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SAR Table 1. Tertiary arylsulfonamides Scaffold 
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SAR Table 1. Tertiary arylsulfonamides Scaffold(Continued) 
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 SAR Table 1. Tertiary arylsulfonamides Scaffold(Continued) 

 
SAR Table 2. Pyrazol-5-yl-isoxazole Scaffold 
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 SAR Table 2. Pyrazol-5-yl-isoxazole Scaffold (Continued) 
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SAR Table 2. Pyrazol-5-yl-isoxazole Scaffold (Continued) 
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 SAR Table 2. Pyrazol-5-yl-isoxazole Scaffold (Continued) 
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3.5 Cellular Activity  

Fura-2-AM Assays (AID 2719 and AID 2770) Reveal Cellular Activity of Probes. The SRIMSC next 
pursued cell-based assays to determine whether the powders samples of probes could increase whole cell Ca2+ 
influx in HEK293 cells transfected with human TRPML3. These assays were run in a manner similar to the 
HTS assays (Figure 8).  Cells transiently expressing human TRPML3 channel or the YFP control plasmid were 
perfused with test compound (10 µM), followed by measurement of intracellular Ca2+ for 2 minutes with the 
fluorescent indicator fura-2-AM (the membrane-permeable derivative of Fura-2). Compounds were added to 
cells 20-25 hours after transfection. Values are reported as mean values +/- SEM (n ≥ 3 independent 
experiments with 20-30 cells). Note that these probes do not increase Ca2+ influx in cells expressing the YFP 
control plasmid (black bar). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lack of Effect of Probes on Native Cells provides insight into TRPML3 function. Because varitant-waddler 
epidermal melanocytes express mutant TRPML3 in the plasma membrane, leading to calcium loading, cell 
death, and variegated coat color [10], we next explored the effect of these TRPML3 probes in a relevant cell 
type: primary human epidermal skin melanocytes (HEMs). Melanocytes also express all three TRPML 
channels.  Measurements of [Ca2+]i with the fluorescent indicators fura-2-AM (Invitrogen) were performed 
using a monochromator-based imaging system (iMIC platform and Polychrome V monochromator, TILL 
Photonics). HEK293 cells, plated onto glass coverslips, were loaded with 4 mM fura-2-AM (Invitrogen) in a 
standard bath solution (SBS) containing 138 mM NaCl, 6 mM KCl, 2 mM MgCl2, 2 mM CaCl2, 10 mM 
HEPES, and 5.5 mM D-glucose (adjusted to pH 7.4 with NaOH). 
 
Confirmation of the ability of native HEM TRPML3 to respond was provided by studies using compound SN-2, 
a cell impermeable compound thought to act at an unknown extracellular site (Figure 9, far right bars).  
However, in contrast to the results with TRPML3-transfected HEK cells, no significant increase in intracellular 
Ca2+ was observed in untransfected HEMs treated with 100 µM of the probe compounds (Figure 9).  HEMs 
transfected with TRPML3 do show a calcium response, similar to that of transfected HEK cells.Together these 
results showing a lack of effect of our probes in non-recombinant HEMs provide three novel insights into native 
TRPML3 physiology and structure.  First, that TRPML3 might be absent from the plasma membrane in native 

Figure 8.  Probes ML268 and ML269 increase TRPML3-mediated 
intracellular Ca2+ flux. Cell-based Fura-2-AM assays using HEK293 
cells transfected with human TRPML3 or YFP control plasmid. 
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cells (in contrast to its plasma membrane localization in the varitant waddler mutant).  Second, that plasma 
membrane localization of TRPML3 channels is tightly regulated.  Third, that the TRPML3 protein is a subunit 
of heteromeric channels [15, 16] that are nonresponsive to the probes.  Future studies using mouse models alone 
and in combination with these new probes will allow us and other TRP biologists to explore these questions 
further. 

 
 
 
 
  

Figure 9. Lack of effect of probes on human primary skin melanocytes (100 µM). Probe 1 (SF-31) and Probe 2 
(SF-11) shown along with other compounds tested. See (1) for details. SN-2 is non-cell permeable compound 
that exhibits TRPML3- activating activity at 30 µM and 100 µM (gray and black bars, respectively) and is 
hypothesized to act on an extracellular site is not yet identified. See (1) for details.  
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3.6 Profiling Assays 

 
Fura-2 Assays (AID 2719 and AID 2770) Reveal Cellular Activity and TRPML3 Selectivity. We next 
pursued additional cell-based TRP channel profiling studies to determine whether compounds identified as 
selective TRPML3 agonist probe candidates also increase whole cell Ca2+ influx in cells transfected with human 
(h) TRPML3, other human, or murine (m) TRP channels, or zebrafish (dr) TRPN1.  In these assays HEK293 
cells transiently expressing channels or YFP control plasmid are perfused with test compound, followed by 
measurement of intracellular [Ca2+] for 2 minutes with the fluorescent indicator fura-2-AM.  Compounds were 
added to cells 20-25 hours after transfection (Figure 10). The bar diagrams represent average [Ca2+]i levels 2 
min after 10 µM compound application relative to the respective calcium level before application (mean values 
± SEM, n ≥3 independent experiments with 20-30 cells).  In contrast to our two previously reported TRPML3/2 
dual agonist probes, the current probes exhibit no activity on TRPML2. As a result these new probes are a 
significant improvement over the prior art. Furthermore, because these probes do not increase Ca2+ flux in non-
transfected (NT) HEK293 cells nor in HEK293 cells expressing the YFP control plasmid, it is highly unlikely 
that these probes activate non-TRPML3-dependent calcium pathways. 
 
These probes exhibit no detectable activity against the TRPN1 channel or the YFP-HEK parental cell line, and 
are inactive against hTRPML1, hTRPM2, mTRPV2, hTRPC3, drTRPN1, and hTRPA1 ion channels. The 
MLSMR liquid sample of probe 1 (SID 14722627) was tested in 521 PubChem BioAssays and active in only 4 
(3 TRPML3 agonist assays, and one ER stress assay).  The liquid sample of probe 2 (SID 26731169) obtained 
from a commercial supplier was tested in 371 PubChem Bioassays and active only in 8 assays (3 of these are 
TRPML3 agonist assays).  These TRPML3 agonist probes were inactive in other ion channel assays including 
TRPN1 (AID 1682), TRPML2 (AID 2770 the X11L calcium channel (AID 2073), and the ROM K+ channel 
(AID 1918).   
 
  

Figure 10.  TRP profiling 
studies.  [Ca2+]i increases 
of HEK293 cells 
transiently expressing 
human (h) TRPML3, or 
control TRP channels in 
response to application of 
10 μM probes. Note lack 
of activity of probes for 
other TRP channels and 
YFP control. TRPML1 
(NC) is a TRPML1 variant 
that is localized to the 
plasma membrane.  See (1) 
for details.  
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4 Discussion 

4.1 Comparison to existing art and how the new probe is an improvement 

 As shown in Table 4 , the new probes ML268 and ML269 demonstrate selective activity against TRPML3.  
Our prior probes ML122 and ML123 were active against both TRPML2 and TRPML3. In addition, our prior art 
probe ML123 exhibited activity against TRPN1.  As a result, these new selective probes will allow 
investigations into the specific biology of the TRPML3 channel.  This is significant as selective ligands such as 
ML268 and ML269 can be used to characterize the specific function and interactions of TRPML3.  Further, 
there are currently no known agonists for this channel and the physiologic roles of this TRP ion channel are 
unknown.  
 
Table 4. Comparison of probes to prior art. 

 
  

CID/ ML# TRPML3 EC50 (nM) [SID, AID] 
Anti-

Target 
Name 

EC50* (μM) [SID, AID] Fold Selective 

Probe 1 
CID 776924/ 

ML268 

POWDER: 
950 nM 

[SID 87692368, AID 2510] 

TRPN1 

LIQUID: 
>29.9 

[SID 14722627, AID 1682] 
POWDER: 

>29.9 
SID 87692368, AID 2583] 

>32-fold selectivity over TPRN1 in 
Fluo-8 screening assays. 

TRPML3 
Selective: 

 
LIQUID  
>29-fold 

 
POWDER 
>31-fold 

 TRPML2 POWDER: Inactive 
[SID 87692368, AID 2770] 

Probe 2 
CID 53239838/ 

ML269 

290 nM  
(synthesis confirms structure) 

 [SID 124349367, AID 602128] 

TRPN1 

LIQUID:   >29.9 
[SID 26731169, AID 1682] 

 
POWDER:>29.9 

[SID 124349367, AID 2583] 
>120-fold selectivity over TPRN1 in 

Fluo-8 screening assays. 

TRPML3 
Selective: 

 
LIQUID  
>92-fold 

 
POWDER 
>118-fold 

 TRPML2 POWDER: Inactive 
 [SID 87692372, AID 2770] 

Prior Art 
CID 2911646/ 

ML123 

451 nM [SID 85786753, AID 
1809] 

873 nM[SID 24801657,AID 1562] 

TRPN1 14.0 μM [SID 85786753, AID 1809] 
> 29.9 μM [SID 24801657, AID 1682] 

Not selective: 
Dual TRPML3-

TRPML2 
Agonist 

TRPML2 54.5%ACT 

Prior Art 
CID 701237/ 

ML122 

1430 nM [SID 24787221,AID 
1562] 

2000 nM [powder 
SID 85786752, AID 1809] 

TRPN1 

> 29.9 μM 
[SID 24787221, AID 1682] 

> 29.9 μM [powder 
SID 85786752, AID 1809] 

Not selective: 
Dual TRPML3-

TRPML2 
Agonist TRPML2 23.5% ACT 
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4.2 Mechanism of Action Studies  

Probes ML268 and ML269 increase TRPML3 ion channel currents. We next pursued whole cell patch 
clamp studies to determine whether probe compounds could increase current recordings in TRPML3 ion 
channels.  Whole-cell currents were recorded with an Alembic Instruments VE-2 amplifier with 100% series 
resistance compensation, and acquired with JClamp software. The standard bath solution contained (in mM) 
138 NaCl, 5.4 KCl, 2 MgCl2, 2 CaCl2, 10 HEPES, and 10 d-glucose, adjusted to pH 7.4 with NaOH. The 
standard pipette solution contained (in mM) 140 CsCl, 10 HEPES, 3 ATP-Na, 1 BAPTA, and 2 MgCl2, 
adjusted to pH 7.2. 100 μM 2-Aminoethyl-diphenyl borate was included in the bath solution to block gap 
junctions and had no effect on the expressed channels. Channel responses were plotted to 10 ms voltage steps 
(holding potential = +10 mV) between –200 mV and +100 mV in 20 mV incremental steps, normalized by cell 
capacitance (pF). Compounds were tested at 10 micromolar (Figure 11). These assays showed that the probes 
increase TRPML3 channel activity as measured by the current density.  No effect was seen in YFP-transfected 
cells. See PubChem AIDs 2694 (TRPML3), and AID 2692 (TRPN1) for details. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11.  Patch clamp results.  A, Steady-state current-voltage plots of whole-cell currents in HEK293 cells 
transiently transfected with human TRPML3 (triangles) or YFP control plasmid (squares) after perfusion with Probe 1 
(left panel: ML268, SF-31) or Probe 2 (right panel: ML269, SF-11) (10 μM in standard bath solution) (1). B, Bar 
diagram shows average inward current densities at −80 mV of TRPML3-expressing HEK293 cells before (no 
compound) and after compound application (+ compound). Cells transfected with the constitutively active human 
TRPML3(A419P) isoform (green) were used as positive controls, and cells transfected with YFP were used as negative 
controls. In general, three bars are shown for each test series (no compound and with compound on TRPML3-expressing 
cells and with compound on YFP-expressing control cells). SF-31 (Probe 1) and SF-11 (Probe 2) induced current 
recording values of -0.14 and -0.19 nA/pF, respectively.  For compounds SF-11 (Probe 2), SF-22, and SN-2, we tested 
intracellular application (infusion), resulting in a fourth bar, shown in amber. Compound SF-11 (Probe 2) elicited 
responses when applied intracellularly, which indicates that this molecule is either cell membrane permeant or that it is 
able to act on distinct intra- and extracellular activation sites. Compounds SF-22 and SN2 did not elicit a response when 
infused into the cells, indicating that the compounds act exclusively extracellularly, and suggesting that the compounds 
are not cell membrane permeable. The control compound probenicid did not activate TRPML3. Statistical comparisons 
of means were made using one-way ANOVA followed by Tukey's post test (mean values ± SEM, number in parentheses 
are the number of cells analyzed). ∗∗∗p < 0.0001, ∗∗p < 0.001, and ∗p < 0.01.  Note lack of activity on YFP.  
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RNA Interference Assays (RNAi) to Investigate TRPML3 Heteromers 
Heteromerization of TRPML channels has been postulated [15-17]. Previous reports by other groups have 
suggested that TRPML3 may interact with TRPML1, and that TRPML1 may regulate the plasma membrane 
concentrations of TRPML3 [16]. Figure 8 showed that our probes increased calcium flux in TRPML3-
transfected HEK cells, with no effect on other TRP channels nor the YFP control plasmid.  We next repeated 
these studies in the relevant native HEM cell line (Figure 12, black bars) and found that these same probes had 
no effect on calcium flux (see Figure 9). We hypothesized that the proposed heteromeric channels may have 
very distinct features from the homomeric channels, thereby altering the calcium response in native cell types. 
To determine whether the effect in our HEK cells was dependent upon formation of a heteromer between 
TRPML3 and TRPML1 (since HEK cells express all three TRPML3 channels) we tested the effect of 
compounds in the presence of shRNA 1208 to block TRPML1 (Figure 12, red bars).  Specific and efficient 
RNAi-mediated knock down of endogenous human TRPML1 expression has been recently reported [18, 19]. 
Oligonucleotide 50-GCTACCTGACCTTCTTCCACA-30 [19] was cloned into the shRNA expression vector 
U6 RNA Pol III (Invitrogen). HEK293 cells were cotransfected with 3 mg of shRNA to human TRPML1 and 1 
mg human TRPML1-YFP plasmid using Genejammer reagent. Human epidermal melanocytes were 
cotransfected with 5 mg TRPML1 shRNA (1208) using Amaxa Nucleofector technology, followed by treatment 
with probe compounds and measurement of Fura-2-AM fluorescence ratios.  These assays revealed no change 
in calcium flux upon loss of TRPML1, suggesting that the compounds activate TRPML3 via a mechanism 
independent of TRPML1. We also tested several other compounds in these assays, in particular the cell-
impermeable SN-2, which has no activity on other TRP channels.  SN-2 was found to dramatically increase 
Ca2+ flux in native HEMs (Figure 12) an effect that was also independent of TRPML1, confirming that this 
compound may act on an extracellular channel activation site and that heteromer formation between TRPML3 
and TRPML1 is not likely in this in vitro system.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. Ca2+-imaging results showing [Ca2+]i increases in primary human epidermal melanocytes 
(HEM) Black bars, non-transfected cells. Red bars, HEMs cotransfected with shRNA to TRPML1. Cells 
were treated with selected TRPML3 activating compounds from 5 different scaffolds (SF-11 (Probe 2), 
-21, -22(not cell permeable), -31 (Probe 1), -41, and -51) and singleton SN-2 at 30 µM (mean values ± 
SEM, n ≥ 3 independent experiments with 5-10 cells). An expression vector for YFP was cotransfected 
with the shRNA for identification of the transfected cells. See (1) for details.  
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4.3 Planned Future Studies 

Due to the lack of available compounds known to act as selective TRPML3 agonists (there is no prior art), the 
identification of these selective probes for TRPML3 will be useful to investigate the function of TRPML3 in 
inner ear mechanotransduction and hearing biology. Likewise, because the other two related mucolipins 
TRPML1 and TRPML2 are involved in regulation of lysosomal function as well as intracellular trafficking of 
membrane proteins, there is a potential role for TRPML3 in these processes as well. Nevertheless, two 
laboratories recently reported targeted knock outs of the murine Trpml3 gene and have not detected strong inner 
ear or other overt phenotypes [20, 21], which suggests that TRPML3’s role in cellular physiology and disease 
remains obscure. It is obvious that these mice have not been characterized thoroughly because functional tests 
have focused on the inner ear. More experiments are certainly needed to elucidate TRPML3’s function. The 
identified selective probes reported herein will be very useful in this process because the probes enable 
researchers to characterize the gating of this elusive ion channel as well as structure-function relationships with 
respect to interactions between probe activators and extracytosolic sodium ions.   
 
The probes generated in this report are first in class, and thus best in class, selective agonists for TRPML3. The 
leads have excellent selectivity against all other TRP receptors and ion channels tested. SAR studies suggest 
that additional analogs may exhibit greater potency and may be superior probes than the leads selected. Analog 
6 of probe #1 (which was generated after the Fura-2 assays described in Section 3.5 were performed with Probe 
1 ML268) is particularly interesting in this regard, as it is the most potent of the TRPML3 agonists identified in 
this work. Such analogs are likely to be increasingly useful compounds for elucidating the biology of TRPML3. 
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