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ABSTRACT FIGURE 2n-vitro screen of small targeted library

FIGURE PlutellaRyR cell line characterization

Theryanodinereceptor Ca*-releasechannels(RyRshre central to cytoplasmicCa* signalingin particularin
the skeletalmuscleof both mammalsand insects Regardinghe latter, severalinsecticidestarget RyRsbut
recent studieshave shownthat specificRyRpoint mutations can confer insecticideresistance Consequently,
researchfor new RyRmodulatorsremainscrucialfor crop protection. The full-length codingsequenceof the
PlutellaxylostellaRyRwas synthesizecand clonedinto suitablemammalianexpressionvector We engineered
HEK293 expressinghe insecttarget and functionally selectedstable clonesusing C&*-sensitivefluorescence EC.,

n order to excludeany endogenouson-specificresponsea related mockclonewasalsogeneratedin parallel Chlorantraniliprole = 9.7 nM
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Stimulationof the cellsto activatethe RyRelicited a C&* mobilization,which was detected as a fluorescence . = ab”;;z?grfi:joge::ffM”M ; =% initially at 1 rate
increaseusinga FLIPRTETRAnstrument ThisRyRcelkbasedassaywasvalidatedwith RyRligandsand putative o O et N | (10ppm), 2 reps in 384
blockersand further optimizedto make it suitable for high throughput screening Drug discoveryprograms, ;ﬁ_f:/;::if;::‘da” well plates

which mayinvolvethe screeningof >10° compoundsyequiresa highfidelity method of determiningthe effect Q@Y (EC: <10ppm) - .

of putative hits on the function of the target protein. SinceRyRexpressions targetedto internal membranes, Thehumanizedversionof the full-length codingsequenceof the PlutellaXylostelladiamondbackmoth, ryanodinereceptor Thc_)se el >30%
patch-clampof the nuclearmembranehaspreviouslybeenshownto be an effective method of isolatingthem (PxRyRwas clonedin the mammalianexpressionvector pcDNA.1. Theconstructwasthen stablytransfectedinto HEK iﬁ;si::uz:marv az:\ffggs?éj (;tpg rrgtes
for singlechannelrecording We therefore set up this very challengingechniqueto measurethe RyRactivity natClytincells ThePxRyRtableclones,in parallelwith the mockone, were selected RyR selectivity on the cell line
singlechannelproperties (conductance open probability -P.- and dwell-time distribution) and to show the Insecticidalryanodine modulators such as chlorantraniliprole, cyantraniliprole and flubendiamide (IRACGroup 28) are expressing th@lutella
modulatory effect of C&* on these abovementioned parameters From cell cloning to mode of action potent on the HEKnatClytin/PxRyReells with EG,Q af 9.7nM, 53nM and 1pM, respectively,assayedby C&*-sensitive OO RyR and a control
determination,we developan assayfunnel, optimizedfor hit sensitivityand specificitythat is easilyscalableto fluorescence(Fluo8, Screenv dzS aNb-Mash CalciumAssaykit), figure 1A. Activation by chlorantraniliprole can be 6 new hit-confirmation (vectoronly) line
largercompoundlibraries blockedby ryanodinewith 1G4 in the M range(figure 1B). projects initiated from

25 selective hits

FIGURE 4.V relationship and open probability

FIGURE 3nnucleus singlechannel recordings
A B

| (pA) 100 ' Spontaneoupen channeleventswere usedto calculatethe current amplitudesat different voltages(averagevaluesbetweenthe & 2 LJanyti¢he & Of 2 ch&hret
B 80 configuration),usingsymmetricalk" in the bath and pipette solutions

I/V relationshipsA) were obtainedby the fitting of datapointsusinga linearregressiorequation,yieldingthe following channelconductanceat -100mV: -29.32+1.83 pA
(n=10-12); -30.55+1.54 pA(n=2), inthe presenceof 10, and 100uM [Ce*] ,;,, respectively

Theopenchannelprobability (P,)) representsthe ratio betweenthe total time spentin the open state andthe total time of recording P, wascalculatedduring 500ms of
recordingat different voltages(-60, -80, -100mV), in the presenceof increasingconcentrationsof Ca*. Thegraphshowsthe higherhyperpolarizationstepsinducean
Increasean the openchannelprobability,

The mean P, values,reported in the graph as mean = SEM(B) are the following -60mV, 27.7+8.6 % vs. 62.4+28.4 % -80mV, 27.5+6.8 % vs 68.5+27.5 % -100mV,
53.0+6.8 %vs 89.5+6.8 %in the presenceof 10uM (n=10-12) and 100uM (n=2) C&*] ,;,, respectively

Thesampletracesin the insetcorrespondto the -100mV step (C)and clearlyshowthe differencein the currentamplitudeandin the P, at different C&*concentrations

== 10 UM [Ca**],;, (1=10-12)

m= 100 UM [Ca*],;, (1=2)

Nuclelisolatedfrom HEKnatClytin/PxRyRvere usedto recordthe spontaneousopen
channelactivitiesat different voltages,usingthe I/V protocol showedin materialand
methods Singlechannel current traces illustrated in figure 3 show the different
behaviorsin the presenceof increasingCa* concentrations(0, 10, 100uM) in the

FIGURE @lwell-time analysis

Nucleiisolatedfrom HEKnatClytin/PxRyRellswere analyzedn terms of kineticsproperties,calculatingthe ratio of countswith a specificduration on the total number
pipette solution ([C&*]). RyRa 2 LIGyddr Of 2 éoiguéationare indicated by of events(dwelktimes), RyRevokedsinglechanneleventsat different potentials (-80mV, -100mV) are reported in the dwelltime histogramsin the absenceandin the
a h (fowerlevels)anda / (apperlevels) respectively presenceof two different C&* concentrationg10, and 100uM [C&'] ;) on the patchsolution

Single channel current traces do not show any RyR activity when calcium is O 00 1000 o1 b 0o Similarbehaviorswere observedusing10 and 100uM [C&*];,, where most openeventdurationsare includedbetweenl and 15ms

completelyomitted from the pipette solution (datanot shown) In addition, we observedthat more negativevoltagesevokeeventswith longerduration; in the presenceof 10uM [C&'];, the 25.0% of eventshavea duration longer
Experimentscarried out using different concentrationsof calcium (10 and 100uM than 15msat -80 mV, this percentagas increasedwith more hyperpolarizingotential (40.6%at -100mV). Similarresultswere obtainedwith 100uM [Cé*]pip, wherethe

[C&],,i,), suggesta dosedependentincreasein the openingeventsof RyRchannels, 19.5, and 31.9%of eventsare longerthan 15msat -80, and-100mV, respectively
without affectingthe currentamplitudes .

The traces clearly show that the higher the hyperpolarization,the higher. 1) open 01 1 10 100 1000 . 10100 1000
channelprobability; 2) time spentin the openstate; 3) currentamplitude eon e puration (ms)

MATERIAL AND METHODS CONCLUSIONS

Nucleiisolation HEKnatClytin/PxRyRvere detached using trypsin and RyRmodulators play a crucial role in crop protection. Axxamdeveloped,validated, and optimized a RyRcellbased assaysuitable for both high throughput
NUCLEI ISOLATION PATCH-CLAMP resuspended in the homogenization buffer. 1.5/2x10° cells were screeningand on-nucleuspatch-clampexperiments Singlechannelproperties,in terms of conductanceppen probability,and dwelk-time, were analyzedn order
eI (= (M=o RO R M [e=xeo] (s MaTelanTele [l P4 = als B0 1 o) [l R Lo M= Ta M= s sl o 1i =1 =l | tO setthe bestperformingconditionsto usein a further compoundprofiling phase Datacollectedduring the on-nucleuspatch-clampexperimentsproducedthe

number of up-anddown strokes of the pestle The homogenatewas following keypoints:
transferredto a 35mm petri dish ten minutes before starting the patch

S IR R A I e e R CR e I e o % L0 a1l | A In the absenceof calcium,no channelactivity wasevoked
Homogenizatiorbuffer (HB)contains(in mM); 250 sucrose,150 KCI,10 A different concentrationsof calciumadded(10 and 100uM) to the patchsolutions,induceda dosedependentincreasen the openingeventsof RyRchannels

TrisHCI, 1.4 i -mercaptoethanol (after pH adjustment) pH 7.3. A A -V relationshipsare comparablebetween10 and 100uM, suggestingio differencein currentamplitudeand channelconductance
complete protease inhibitor table (Roche) was added after pH A 100uM of calciumincreaseghe channelactivity (i.e. the time that RyRchannelsspendin the openstate),if comparedto 10uM.
YO DI 0= e e T I O L S S e e Mo D IR R =Y | A Dwelltime analysisshow similar behaviorsbetween 10 and 100 pM, where most open event durations are included between 1 and 15ms. In addition, the

y dzO t »nfajueation(analogoudo the & 2-¢°'S tohfigurationin plasma numberof longereventsisincreasedvhen more hyperpolarizingsoltagestepsare applied
(2) Open [C"’S“WI%‘;;L?; 10EG membrane patching), at room temperature CurrentVoltage (I-V)

DATA ANALYSIS

probability (-V) 250 KClI

open > — LOHEPES o protocol consistsin 5 secondsstepsrecordedfrom -100mV to OmV, with
1ume0pen (3) Dwell-times 20mV of delta, sampled at 20kHz and filtered at 5kHz, during the REFERENCES

P, = Counts with a specific duration

time,ya - : - .
on the total number of events perfusmn of bath solution Data ana|y5|5 Parametersanalyzedwere, 1) Mak DO, Vais H, Cheung KH, Foskettsi{ating Nuclei from Cultured Cells for Pat€iamp Electrophysiology of Intracellular €&€hannels Cold Spring Harb Proto2013(9): 886884. doi:10.1101/pdb.prot073056
current amplitude,Z) open probability(PO), 3) dwelFime. Mak DO, Vais H, Cheung KH, FosketP3itchClamp Electrophysiology of Intracellular €&€hannels Cold Spring Harb Proto@013(9): 787797. doi:10.1101/pdb.top066217
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