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DYNAMICBIOSENSORS

switchSVNSVvisvthevfirstvandvonlyvchipkbasedvbiosensorvthatvemploysvelectrokswitchablev
biosurfacesvRVSCHvforvthevbiophysicalvanalysisvofvmolecularvinteractions2vTwovsignalsvarevanalyzedv
simultaneouslyvtovfollowvinteractionsvbetweenvproteinsvandvnucleicvacidsvandvtovmonitorv
polymerisationvorvnucleasevactivity5vSinglevstrandedvoligonucleotidesvarevmountedvonvgoldv
microelectrodesvandvarevmodifiedvwithvfluorescentvdyesvatvtheirvtopvends2vThevfluorophoresv
reportvthevheightvofvthevprobesvabovevthevsurfaceWvbecausevtheirvemissionvisvgraduallyv
quenchedvbyvthevmicroelectrodesvviavnonkradiativevenergyvtransfervwhenvthevdyesvapproachvthev
goldvsurface2
ThisvmolecularvrulervisvusedvtovgaugevthevextensionvofvGN°jRN°vprimersvinvrealktimevduringv
polymerisationvorvnucleasevactivity2vRepulsivevpotentialsvthatvarevappliedvtovthevelectrodesv
ensurevthatvthevnucleicvacidsvarevalignedvuprightvduringvenzymaticvactivityvandvquantitativev
signalsvarevobtained2v

Electro-switchable biochips for the characterization of polymerases: switchSENSE®

°vsecondWvdynamicvmeasurementvmodevisvusedvtovmonitorvthevbindingvofvproteinsvtovnucleicvacids2v8ighvfrequencyvalternatingvpotentialsvinducevanvoscillationvofv
thevnucleicvacidvnanoleversvbyvrepellingvthemvfromvandvattractingvthemvtovthevmicroelectrodesv;PvPPPvtimesvpervsecond2v°gainWvthevfluorescencevsignalvisv
analyzedWvbutvthisvtimevtovfollowvthevswitchingvdynamicsvofvthevnanoleversvonvavsubkmicrosecondvtimescale2vWhenvproteinsvbindvtovthevnucleicvacidvprobesWv
hydrodynamicvfrictionvincreasesvandvthevswitchingvspeedvslowsvdown2v8enceWvassociationvandvdissociationvkineticsWvaffinitiesWvthevnumbervofvboundvenzymesvandv
evenvthevlocationvofvthevenzymevalongvthevnucleicvacidvstrandvcanvbevanalyzedvbyvmonitoringvthevswitchingvspeedvinvrealktime2
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°ctivityvquantitationvinvavminute

8otkStartvproperties

[Left]vRealktimevelongationvassayvofvthev8otkStartvpolymerasev
°ptaTaq&astvRRocheHvusingvthev,molecularvruler,vmeasurementvmodevRcf2v
topvleftH2v[vsvbaselinevmeasurementvinvrunningvbufferWv[vsvairvbubblevRforv
liquidvplugvseparationHWvinjectionvofvenzymejdNTPvmixvatvt4;Pvs2vLinesvarev
exponentialvfitsvfromvwhichvthevenzymaticvactivityvisvanalyzed2v
switchSVNSVvchipvOLj[?Wv[dNTPs]43PPvµMWv[Mg30]432[vmMWvT4L[°I
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[°bove]vTemperaturekdependentvrealktimevelongationvmeasurementsvofv
Phirev8otStartv––vRThermoH2vThevchipvtemperaturevwasvadjustedvpriorvtov
thevenzymevinjectionvandvkeptvconstantvduringvthevmeasurement2v@rayv
linesvarevdataWvcoloredvlinesvarevexponentialvfitsvfromvwhichvthev
elongationvratevisvanalyzed2

[Right]vRelativevenzymaticvactivitiesvofvselectedvpolymerasesWvanalyzedv
fromvrealktimevelongationvmeasurementsvatvconstantvchipvtemperature2v
ValuesvarevnormalizedvtovactivitiesvatvL[°I2v

[Celow]vRealktimevactivationvmeasurementvinvavtemperaturevgradient2v
ThevenzymejdNTPvmixvR°ptaTaq&astWvRocheHvwasvinjectedvintovthevflowv
channelvatv3[°IWvafterwardvthevchipvtemperaturevwasvrampedvupvatv;P°Ij
min2vThevfluorescencevincreasevatvhighvtemperaturesvindicatesvthevonsetv
ofvelongation2vTotalvmeasurementvtimevwasv[vmin2
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[Right]vIomparisonvofvthevactivityvofvthreev8otkStartvpolymerasesWv
Yapav8i&ivRY°P°HWvPhirev––vRThermoHWv°ptaTaq&astvRRocheHvrelativev
tovTaqvRPeqlabjVWRH2vLargevopenvsymbolsvindicatevthevenzymev
concentrationsvrecommendedvbyvthevmanufacturersvforvPIRv
applications2vdNTPvandvMg30vconcentrationsvwerevusedvaccordingv
tovmanufacturervrecommendation2v
switchSVNSVvchipvOLj[?WvT4L[°I

RealktimevmeasurementvofvT[v
exonucleasevRNVCHvactivityvforv
differentvconcentrationsvofvMgkions2v
Redvlinesvarevsinglevexponentialvfitsv
fromvwhichvthevnucleotidevremovalv
timevisvanalyzed2v°vstandardv
switchSVNSVvchipvRS3Hvwithv?Fvbpv
GN°vwasvused2

[dNTPs]vRµMH

[Mg30]vRmMH

Taq °ptaTaq Phirev–– Yapav8i&i

FPP 3PP 3PP OPP

32P 32[ ;2[ 32P

Ionc2vasvrecommendedvbyvmanufacturer
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Read,more,on,the,characterization,of,polymerases,with,switchSENSEF
Scientific,Reports,GFI®O||,K®OIGAg,open,access,at,
wwwTnatureTcom\srep\®OIG\IGOUIG\srepI®O||\full\srepI®O||Thtml
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switchSENSE (i) radioactive solution assay (ii)

Association rate  Pol+DNA → P∙DNA

Dissociation rate  Pol∙DNA → P + DNA

Dissociation constant  Pol ↔ DNA

Primer elongation rate  DNAn → DNAn+1

Michaelis constant (primer extension)

Dissociation constant after primer ext.

1.8 ± 0.2 × 107 M-1s-1 1.2 × 107 M-1s-1

0.061 ± 0.005 s-1

3.2 ± 0.6 nM

11.2 ± 1.5 µM

0.58 ± 0.20 µM

2.0 s-1

0.06 s-1

5 - 8 nM

6 - 17 µM

0.41 ± 0.17 µM

2.4 s-1

kON 

kOFF 

KD 

KD 

KM 

kCAT 

(i) Sci. Rep. 5:12066 (2015)
(ii) Biochem. 26:8410 (1987), J. Biol. Chem. 267:8417 (1992), Nuc. Ac. Res. 37:3924 (2009) 

Comparison of interaction and enzymatic parameters analyzed with the switchSENSE biosensor and conventional 
chemical quench assays in solution using radioactive labels
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