
FIGURE 3: On-nucleus single-channel recordings

Nucleiisolatedfrom HEK-natClytin/PxRyRwere 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 increasingCa2+ concentrations(0, 10, 100µM) in the
pipette solution ([Ca2+]pip). RyRάƻǇŜƴέandάŎƭƻǎŜŘέconfigurationare indicated by
άhέ(lower levels)andά/έ(upperlevels),respectively.
Single channel current traces do not show any RyR activity when calcium is
completelyomitted from the pipette solution(datanot shown).
Experimentscarried out using different concentrationsof calcium(10 and 100µM
[Ca2+]pip), suggesta dose-dependentincreasein the openingeventsof RyRchannels,
without affectingthe currentamplitudes.
The tracesclearly show that the higher the hyperpolarization,the higher: 1) open
channelprobability; 2) time spentin the openstate; 3) currentamplitude.
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ABSTRACT

Theryanodinereceptor Ca2+-releasechannels(RyRs)are central to cytoplasmicCa2+ signalingin particular in
the skeletalmuscleof both mammalsand insects. Regardingthe latter, severalinsecticidestarget RyRsbut
recent studieshaveshownthat specificRyRpoint mutations can confer insecticideresistance. Consequently,
researchfor new RyRmodulatorsremainscrucial for crop protection. Thefull-length codingsequenceof the
PlutellaxylostellaRyRwassynthesizedand clonedinto suitablemammalianexpressionvector. We engineered
HEK-293 expressingthe insecttarget and functionallyselectedstableclonesusingCa2+-sensitivefluorescence.
In order to excludeanyendogenousnon-specificresponse,a relatedmockclonewasalsogeneratedin parallel.
Stimulationof the cellsto activatethe RyRelicited a Ca2+ mobilization,which wasdetectedasa fluorescence
increaseusinga FLIPR-TETRAinstrument. ThisRyRcell-basedassaywasvalidatedwith RyRligandsandputative
blockersand further optimized to make it suitable for high throughput screening. Drug discoveryprograms,
whichmayinvolvethe screeningof >105 compounds,requiresa high-fidelity methodof determiningthe effect
of putative hits on the function of the target protein. SinceRyRexpressionis targetedto internal membranes,
patch-clampof the nuclearmembranehaspreviouslybeenshownto be an effectivemethod of isolatingthem
for single-channelrecording. We therefore set up this very challengingtechniqueto measurethe RyRactivity
single-channelproperties (conductance,open probability -Po- and dwell-time distribution) and to show the
modulatory effect of Ca2+ on these above-mentioned parameters. From cell cloning to mode of action
determination,we developan assayfunnel,optimizedfor hit sensitivityandspecificitythat is easilyscalableto
largercompoundlibraries.

FIGURE 4: I/V relationship and open probability

Spontaneousopen channeleventswere usedto calculatethe current amplitudesat different voltages(averagevaluesbetween theάƻǇŜƴέand theάŎƭƻǎŜŘέchannel
configuration),usingsymmetricalK+ in the bath andpipette solutions.
I/V relationships(A)wereobtainedby the fitting of datapointsusinga linearregressionequation,yieldingthe followingchannelconductanceat -100mV: -29.32±1.83pA
(n=10-12); -30.55±1.54 pA(n=2), in the presenceof 10, and100µM [Ca2+]pip, respectively.
Theopenchannelprobability(P0) representsthe ratio betweenthe total time spentin the openstateandthe total time of recording. P0 wascalculatedduring500msof
recordingat different voltages(-60, -80, -100mV), in the presenceof increasingconcentrationsof Ca2+. Thegraphshowsthe higherhyperpolarizationstepsinducean
increasein the openchannelprobability.
The mean P0 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 10µM (n=10-12) and100µM (n=2) Ca2+]pip, respectively.
Thesampletracesin the insetcorrespondto the -100mVstep(C)andclearlyshowthe differencein the currentamplitudeandin the P0 at different Ca2+concentrations.

FIGURE 5: dwell-time analysis

Nucleiisolatedfrom HEK-natClytin/PxRyRcellswere analyzedin termsof kineticsproperties,calculatingthe ratio of countswith a specificdurationon the total number
of events(dwell-times); RyR-evokedsinglechanneleventsat different potentials(-80mV, -100mV)are reported in the dwell-time histogramsin the absenceand in the
presenceof two different Ca2+concentrations(10, and100µM [Ca2+]pip) on the patchsolution.
Similarbehaviorswereobservedusing10and100µM [Ca2+]pip, wheremostopeneventdurationsareincludedbetween1 and15ms.
In addition,we observedthat more negativevoltagesevokeeventswith longerduration; in the presenceof 10µM [Ca2+]pip the 25.0%of eventshavea duration longer
than 15msat -80 mV; this percentageis increasedwith more hyperpolarizingpotential (40.6%at -100mV). Similarresultswereobtainedwith 100µM [Ca2+]pip, wherethe
19.5, and31.9%of eventsarelongerthan 15msat -80, and-100mV,respectively.

MATERIAL AND METHODS

Nuclei isolation: HEK-natClytin/PxRyRwere detachedusing trypsin and
resuspended in the homogenization buffer. 1.5/2x106 cells were
transferred to an ice-cold homogenizerand subject to an appropriate
number of up-and-down strokes of the pestle. The homogenatewas
transferredto a 35mm petri dish ten minutesbefore starting the patch-
clamp experiment. The preparation was used within 90-120min.
Homogenizationbuffer (HB)contains(in mM); 250 sucrose,150 KCl,10
Tris-HCl, 1.4 -̡mercaptoethanol (after pH adjustment); pH 7.3. A
complete protease inhibitor table (Roche) was added after pH
adjustment. Patch-clamp: Experimentswere carried out in the άƻƴ-
ƴǳŎƭŜǳǎέconfiguration(analogousto theάƻƴ-ŎŜƭƭέconfigurationin plasma
membrane patching), at room temperature. Current-Voltage (I-V)
protocol consistsin 5 secondsstepsrecordedfrom -100mV to 0mV,with
20mV of delta, sampled at 20kHz and filtered at 5kHz, during the
perfusionof bath solution. Data analysis: Parametersanalyzedwere; 1)
currentamplitude,2) openprobability(P0), 3) dwell-time.

CONCLUSIONS

RyRmodulators play a crucial role in crop protection. Axxamdeveloped,validated,and optimized a RyRcell-basedassaysuitable for both high throughput
screeningandon-nucleuspatch-clampexperiments. Singlechannelproperties,in terms of conductance,openprobability,anddwell-time, were analyzedin order
to set the best performingconditionsto usein a further compoundprofiling phase. Datacollectedduring the on-nucleuspatch-clampexperimentsproducedthe
followingkeypoints:

ÅIn the absenceof calcium,no channelactivitywasevoked;
Ådifferent concentrationsof calciumadded(10and100µM) to the patchsolutions,induceda dose-dependentincreasein the openingeventsof RyRchannels;
ÅI-V relationshipsarecomparablebetween10and100µM, suggestingno differencein currentamplitudeandchannelconductance;
Å100µM of calciumincreasesthe channelactivity(i.e. the time that RyRchannelsspendin the openstate),if comparedto 10µM.
ÅDwell-time analysisshow similar behaviorsbetween 10 and 100 µM, where most open event durationsare includedbetween 1 and 15ms. In addition, the

numberof longereventsis increasedwhenmorehyperpolarizingvoltagestepsareapplied.
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FIGURE 1: PlutellaRyR cell line characterization

Thehumanizedversionof the full-lengthcodingsequenceof the PlutellaXylostella, diamondbackmoth, ryanodinereceptor
(PxRyR) wasclonedin the mammalianexpressionvector pcDNA3.1. Theconstructwas then stably transfectedinto HEK-
natClytincells. ThePxRyRstableclones,in parallelwith the mockone,wereselected.
Insecticidalryanodine modulators such as chlorantraniliprole,cyantraniliproleand flubendiamide(IRACGroup 28) are
potent on the HEK-natClytin/PxRyRcells with EC50Ωǎof 9.7nM, 53nM and 1µM, respectively,assayedby Ca2+-sensitive
fluorescence(Fluo-8, ScreenvǳŜǎǘϰNo-Wash CalciumAssaykit), figure 1A. Activation by chlorantraniliprolecan be
blockedby ryanodinewith IC50 in the µM range(figure1B).

FIGURE 2: In-vitro screen of small targeted library
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