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ABSTRACT 

Inthelieldofbiology,compensationofmultipleHuorescenceisnecessaryfbrquantitativemeasurementofsamples 
Conventionalmethodsdependonalinearcombmationmodelirrespectiveofthemodel，sadequacy，Therefbre， 
propercompensationhasnotbeenperfbrmedinsomesituations．IbovercomethisprobIem，weproposea 
methodfbrpeTfbrmingnonIinearmappingwithemphasisonthedistributionofsamplesonapIaneofwhichthe 
basevectorsarerMb肥ncesofHuorescence・Thispaperdescribesanexperimentwithmeasurementofmultiple
fluorescenceandcompensationusingaconventionalmethodandourproposedmetbod・Resultsshowthat
multipleHuorescenceisnotalwaysabletoassumeaIinemcombinationmodel・Moreover,weconlirmedthatthe
presentedmethodisindependentoflinGarityofmultipleHuorescence、
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1．ＩＮＴＲＯＤＵＣＴＩＯＮ 

Ｉｎｔｈｅ６ｅｌｄｏｆｂｉｏｌｏｇｙ，HuoroplloresarewidelyusedfbrproteinlabeIing、AfluorophoreyieIdsHuorescence
withlongerwavelengthtllantheexcitmgUght，Therefbre,itiseasytoobserveonlytheIabeledproteinsusing 
opticaMUters・Moreover,ｔｏobservetwoormoretargetssimultaneouslyfbrpurposessuchasknowingthemutual
interaction,multipleHuorescentstamingcanbeused、UsingHuoroplloresthatyielddiflbrentHuorescenceenabIes
anobseweTtoviewanddistinguislDmultipletargetssimultaneousIy・

TheproblemofcrosstalkisnotavoidedwithopticalfiltersbecauseHuorescenceisbroadeningwidelyfbr 
thefrequencydomain、IngeneraI，tosolvethisprobIem，itiscompensatedwithametllodbasedonalinear
combinationmodelofIluorescencespectra、However1correctcompensationisnotlikelytobedoneusingthe
conventiona1method,whicllassumeslinearity,becausemultipleHuorescencehasnegIigiblenonlinearity･ 

WEdescribeanexamplewitllanactualmeasurementvaIue・WepreparedFITCandAlexaP488ascommonly
usedHuorochromeslbrthismeasurement，WemadeawntersolutionoftheseHuorochromesandm⑨asuredtheir 

lluorescencespectrausi､gaHuorescencespectrophotometer・Thelightwavelengthusedfbrexcitｅｍｅｎｔｗａｓ４８８
[nmlFigurelpresentstheresults・ThespectraofFITCandAIexa-488aredrawnrespectivelyasdottedUnes
anddashedlmes、Theidealcurveasthesummationoftwospectraisdrawnasachainline；thespectrumof
theactuallymixedsampleisdrawnasasolidline・Theobservedspectrumisexpectedto6ttheidealcurveif
thespectraofmuItipleHuorescencearebasedonalinearcombinationmodeLNevertheless，Huorescencewith 

strongerintensitythantlleidealcurvewasobservedateadIwavelengthlnsuchcases，ｉｔｉsnotcompensated 
correctlyusingtheconventionalmethod 

AIthoughthereissuchaproblem,Conventionalcompensationmethods,whicharebasedonaIinearcombi-

nationmodel,havebeenusedlbralongtime1-7・EvenifanmcreaseordecreaseiscausedbynonIinearityof
Huorescence,itisavailablelbrqualitativeobservationsuchasmeasurementofmarkerexistence 
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Figurel、DiscriminationmtiolbrtlLeratioofapproachtodestination

However,byvirtueofstudiesofgenomeanalysisandliveceUimaging,theinfbrmationthatcanbeobtamed 
frombiologicalsampleshasincreased、QuantitativemeasurementofmultipleHuomscencehasbeennecessary
toprocesstheinfbrmationusingcomputers・NevertlleleBs，notonlydataanalysis,simuIatingthebehaviorof
biologicalsystemsoncomputersusinganappropriatemodelcanbeconsideredifquantitativemeasurementsare 
used、

Quantitativemeasurementisnecessaryfbrsettingmodelparameters・Fbrthereasongnvenabove,weintendto
constructamethodthatcancaITyoutquantitativcmeasurementofstainedsampleswithmultipleHuorocllromes． 
Ｆi応t，weproducedawatersolutionofFITC，Alexa-488，A1exa-532andtheirmixtures，ａｎｄmeasuredtheir

HuorescencespectraThenweconfirmedlinearityofmultipleHuorescencerelatedtotheconcentrationofeach 

fluorochrome，Ｎext,weproposeametluodtoestimatetlleconcentrationofeachreagentu8ingnonlinearmappmg， 
Finally,toverifytheavailabUityofourmetho｡,wecomparetheresultstothoseobtainedusingtheconventional 
method． 

２．ＣＯＮＶＥＮＴＩＯＮＡＬＭＥＴＨＯＤ 

２．１LinearUnmixing 

Linearunmixingisamethodusedtoestimatethecontributionofeacllcomponentdyeftomspectra・Thescannmg
wavelengthistheilluminationwavelengthortheobservationwavdength;theotherislixed・唾tAbethescanning
wavelength,LbetIDenumberofthesevalues,ａｎｄ⑰ｂｅｔｈｅＬｄimensioncolumnvectorofobservationsateach 

wave1ength・Let8i(i＝１，…,Ⅳ)bethei-thdye，sfluorescencespectraasL-dimensioncolumnvectors､Asthe
Tefbrencespectra,thesevaluesaredeterminedbyHuorescenceofsingIystainedsamples・Therefbrencematrixis
representedastheIbllowing． 

Ｓ＝(8,,…,8,J、

IntheftameworkofthelmearunmiXing,⑰isassumedthatitisUnearcombinationofSandツー（U,,…,ル)T
asfbUows． 

⑰＝Ｓｍ.， 

Inthatequation，yiistherelativeintensityofthei-thdyetotherelbrencespectrum8iandTdenotesthe 
transposeofavectororamatrix、

Inaddition,ソisca1culatedas

U＝8-1⑰， （１） 

wllereS-1istheinversematrixorthegeneralinverseofS 

WhenLisequaltojV,Sisasquarematrix;itisea8ytosolvetheinversematrix・EvenwllenLisnotequal
tojV,S-1issolvedasthegeneralinversewithasingularvaluedecompositiｏｎ(SVD)β 

FbrcompensationwithalinearunmiXing,Bjneednotbemutuallyorthogonal,aslongasthevariablesare 
Iinearlyindependent・Ｔｈｉｓｍｅｔｈｏｄｉｓｂａｓｅｄｏｎａｌｉnearcombinationmodelofspectra、Ｉｎｏｔｈｅｒｗｏｒｄｓ１ｉｔｉｓ
ａｓｓｕｍｅｄｔｈａｔHuorescencespectraaremutuaUyindependent． 

Ｐｍｃ・ｏＩＳＰＩＥＶＯＬ７０７５７０７５ｑｊ･２



２．２Adequacyofalinearcombinationmodel 

Accordingtothemodeldescribedabove,samplepointsshoulddistributeonaplaneofwhichthebasevectors 
areBi，Figure2showsanexampleofthedistributionofsampIepointsonsuchaplane・Thellorizontalaxisand
theverticalaxisrespectivcIydenoteelementsoftllebasevector81and82;eachpomtrepresentsasamplepoint・
Thepointsaredistributedlikearectanglebecausetheelementsof81and82areindependentofeachotller、
Insuchasituation，eachelementexactIyrepresentstheintensityofeachdye，sHuorescence・Fbrthatreason，
compensationbasedonalmearcombinationmodelissuccessfmL 
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Figure2・Exampleofdistributionofsamplepointswllenthemodelbasedonalmearcombinationmodelisvalid

Ontheotherlland,Figure3sllowsanexampIeofthedistributionofsamplepointswhenthemodelbasedon 

alinearcombinationmodelisnotvalid，Astrongcorrelationexistsbetweeｎｅｌｅｍｅｎｔｓｏｆ８１ａｎｄ８２;eacl1element 
doesnotshowacorrectintensityofeachdye，sHuorescence、Linearunmiximgisnotavailableinsuduasituation

lnthenextsection,ｗｅｐｍｐｏｓｅａｍｅｔｈｏｄｔｏａｖｏｉｄｔｌｌｉｓｐｒｏblem． 
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Figure3・Ａｎｅｘａｍｐ】eofdistTibutionofsamplepointswhenthcmodelbascdonalinearcombinationmodelisnotvalid

３．ＰＲＯＰＯＳｎｎＭＥｒＨＯＤ 

３．１０verview 

ltcanbeconsideredthatthedistributionofsamplepoint81ikethatshowninFi9.3isastretchedoneresembling 
tluatｓｈｏｗｎｉｎＦｉｇ２・Then,totransfbrmittoarectanglefbrm,wccompensatethisturnofthedistributionof
samplepoints． 

ＰｍｃｐｆＳＰＩＥＶｏ1.70757075ｑｊ－３ 



FbrpurposesofiIIustration,ｗｅａｓｓｕｍｅｔｈａｔｔｌｌｅｎｕｍｂｅｒｏｆｕｓｅｄｄｙｅＷＶｉｓ２，ThesampIepointsareexpected 
tobedistributedontheedgeofrcctangleincludingtheoriginalpointwhentheconcentrationofadyeoranoｔｈｅｒ 
ｏｎｅｉｓＯ、Then，B1and82respectivelycorrespondtotheSeedges・Moreover，therectangleisstretchedfbr

theopposingcorneroftheorigmalpoint；thesamplepointsfbrwhicllbothdyes，Huorescencearestrongand 
distributednearthecomer・Weletm＝（ｍ1,,2)Tbethevectorindicatmgsuchapoint、ThisisdeIined
similarlytothede6nitionof81and82，fbrexampIe,apreliminarymeasurementandsoon、

Thetransfbrmationismotlinear、Therefbre1thetranslbrmationmustbeconside正ｄｆｂｒｅａｃｈｄｙｅ，Ｌｅｔ

ｐ＝(p,,煙)TbeasamplepointofarectanguIardistributiom・Wbcon8ideratranslbrmationfbrthelirstdyeas

ハ(p)＝一陣{ｐｌ(ｍ－ｓ２)＋s2-p1s,}＋plsL （２） 

Then,let/Ｔｌ(p')theilwersefUnctionofハ(p),thecompensatedelementsof81fbrasamplepoint⑰areacllieved
tocalculateノ｢'(⑪）Fbrtheseconddye,wecanachieveatransfbrmationtointerchangetllesu缶xoffbrmula
(??） 

3.2Calculationofpredictionerror 

Tbvalidatethemodeladequacyiwecalculatethepredictionerrorwithleaveone-outcrossvalidation､９Leave 
one-outcrossvalidationisonemethodfbrestimatinggeneralizationerrorbasedon"resampling，Crossvalidation 

isuseIillwhentrajningdataarefbｗ・

Ｌｅｔ７Ｌｂｅｔｈｅｎｕｍｂｅｒｏｆｓａｍｐｌｅｓ・Inleave-one-outcrossvalidation，几－１８ａｍｐｌｅｓａｒｅｕｓｅｄｌｂｒｒｅ廓ession
analysis,ａｎｄｔｈｅｒｅｍａｌｎｌｎｇｓａｍｐｌｅｉｓｕｓｅｄｔｏｅstimatethegeneralizationerror・ThePredictionErrorSumof
Squares(PRESS)iscalculatedas 

n 

PRESS＝Ｚ(jiA-6`鷹)，（３）
Ａ＝１ 

where山Aisthepredicted6ikwiththedataexcepttllek-thvalueLetQ2betheindexofpredictiveaccuracyう
cZJcuIatedas 

Q2薑1-壷窯竺7J，Ⅲ`）
where6iismeanof6iA． 

Iftheestimatedvaluesmatchtheactualmeasurementscompletely,PRESSisO,andQ2wiIlbeLTherelbre， 
tothedegreethatparametersarebetterestimated,theywiUbeclosertolQ2． 

４．ＥＸＰｎｎＴＭＥＮＴＡＬＲＥＳＵＬｒＳ 

Ｉｂｖｅｒｉｆｙｔｈｅusabilityoftheproposedmethod,weperfbrmedsomeexperimentsapplyingtllemethodwith 

compensationofspectraobservedhomawatersolutionofHuorescentdyes 

4.1ExperimentalSetup 

4･L1Equipment 

Weconstructedafill1yautomaticmeasurementsystemusi､gaHuorescencespectrophotometer(F-i500;Hitachi 
LtdJ,acustomizedautosampler(AS-3000;HitachiLtd.),andacustom-builtcomputerIbrcontrollingthe 
equipmentandlOrdataacquisition・Tbpreventbleadlingofdycs，ｔｈｅｓｔｏｒａｇｅｏｆｔｈｅａｕｔｏｓａｍｐｌｅｒｉｓｌｉght-
shie1ded・

ＴｈｅsystemstructureisdepictedmFig4・

Samplesareprepa｣｢edautomaticallyusingtlleautosampler、Eachsample,sspectralHuorescenceismeasured
usingthefbllowingprocedure． 

1．ＡｓａｍｐｌｅｉｓｒｕｎｉｎｔｏａｌｌｏｗｃｅＵｉｍｔｈｅｎuorescencespectrophotometer、

2．Theauto-samplertransmitsatriggersignaItotheHuorescencespectrophotometer． 

Ｐ⑪c,ｏｒＳＰＩＥＶｏ1.707570750J-４ 
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Figure4Systemstructure 

3．TlleHuorescencespectrophotometerreceivesthesignal,andthenstartsmeasurement， 

4．ThesystemHowpathofiswaBhedwith９９５％ethanolandrinsedwithpurewaterafterthemeasurement． 

Thisseriesofprocedureslsrepeatedfbreachpreparedsample、

4.1.2ReagentSolution 

WbusedA1exa488,Alexa532,andFIuorescein(FITC）Assolvent,weusedPBSbullbrfbrtheAlexaseries， 

andDMSOfbrFITOThesesolutionsweredilutedwithpurewatertotllespecificdensitydescribedinlhblel、
ｗｅusedtwocombmationsofsetwitlltllesethreedyes,andmeasuredlOOsamples,whicharecombinationsof 

lO1evelsofconcentrationfbreachdye，Changingthevolumeratioofthesolutions,weachieveddiHbrentpartial 
concentrationofsamples、ThespecilicvoIumeratioisalsopresentedinnbleL

mblｅＬＥａにｈｄｙｅ,sconcentration

Vb100m⑨ratio 

4.1.3Measurmgcondition 

ThemeasurmgconditionsoftheHuorescencespectrophotometerarepresentedinTnble２． 

WCinterpolatedtheobserveddatausingsplineinterpolation、Ｔｌｌｅｎｗｅｔｒｉｍｍｅｄｔｈｅｍｔｏｔｈｅｒａｎｇｅｐｒesented
mthenble2Wbconsiderthetｒｉｍｍｅｄｄａｔａａｓｔｈｅｓｐｅｃｔｒａｏｂｓｅｗｅｄｗitllasingle-wavelengthlightsource、

4.2Ｖerifyinglinearity 

lnthissection,weverifythespectrumlinearityobservedhomsing1esampIesandmixturesample5. 

4.2.1Singlesamples 

Figure5showstheobservedspectrumofeachdyeateverylevelofconcentrationParticular1y,thescaleofthe 
ordinateinthegraphofAlexa532islargerthanotlleromes・Because488nmoftllelightsourcewavelengthis
notappropriatefbrA1exa532,itsHuorescenceisweak，Wllenasingledycisused,HuorescenceislinearIyrelated 
tothedyeconcentration，buttheinHuenceofnoiseallbctstheresu1ts・EspeciaUy,fbrAlexa532，thenoiseis
comparativelystrongbecauseitsHuorescenceisweak、

Figure6showsresultoflinearrePession． 

ＰｍｃｏＩＳＰＩＥＶｏ1.70757075ｑｊ－５ 

AIexaP488 

Alexa戸532

ＦｌＴＣ 

20汎g/mｌ
20’9/ｍｌ 

l仰g/ｍｌ

O/20,1/20,2/20,3/20 

4/20,5/20,6/20,7/2０ 
8/20,9/2０ 



Table2Measuringconditions 

FｎＣ Ａ１②璽昼型AIOXa48B 
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4.2.2Ｍｉｘｅｄｓａｍｐｌｅｓ 

Ｆｉｇｕｒｅ７ｓｈｏｗｓｔｈｅｏｂｓervedspectrumofmixturesamplesanditsidea1cUrve、

TheidealcurveasthesummationoftwospectraisdrawnasacllainUne． TheidealcurveasthesummationofｔｗｏｓｐｅｃｔｒａｉｓｄｒａｗｎａｓａｃｌｌａｉｎＵｎｅＴheobservedspectrumisdrawn 

asasolidline・Fbrpurposesofrefbrence，eachsingledyB，sspectralHuorescenceisdrawnasadottedIineor
dashedUne，Theobservedspectrummustlittheidealcurveifthemixtureoff1uorescenceisbasedonalinear 
combinationmodeL 
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Lightsource l５０Ｗｘｅｎｏｎｌａｍｐ 

Bandpass Ex：５．０，ｍ,Ｅｍ：５．０，ｍ 

Measuredwavelength 

range 

Ｅｘ：３００ｔｏ６００ｎｍ， 

Ｅｍ：４００ｔ０７００，ｍ 

nimmedrange 

analysis 

fbr Ｅｘｇ４８８ｎｍ， 
Eｍ３５１０ｔｏ５６０ｎｍ 

Wavelengtllstepsize Ｅｘ：５.ＯｎｍｌＥｍ：５．０，ｍ 

WaveUengthscanspeed 30,000,ｍ/miｎ 

ThevoItageofthe 

photomultipliertube 

700Ｖ 

Response 0.01ｓ 
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FbrAlexa483Al唾a532,theobservedspectrumntswelLWbcanassumethatitisbasedonalinearcombina‐
tionmodeLTherelbre,theConventionalmethodwillworkproperly,Ontheotherhand,fbrAlexa483FITCand 
Alexa532-FrrC,theobservedspectradiIIbrvastlyfromtheidealcurve、A1thouゆthereasonremamsunclear，

apparcntlybtheFITClluorescenceisamplinedbytheAlexaseries、Ｗｂｃａｎｎｏｔａｓｓｕｍｅｔｈａｔｉｔｉｓｂａｓｅｄｏｎa
linearcombinationmodel，Therefbre,theconventionalmethodwillnotworkproperly,Theproposedmethodis 

requiredinsuchacase． 

４．３Estim副tionofconcentration

TbcomparetheconventionalmethodwiththeproposGdmetllodquaIitatively,weplottedtlleestimatedconcen‐ 
trationandcorrectconcentrationfbreachmethod 

Figure8-13showstl1eestimationresultwithLinearUnmixingasaconventionalmethodamdproposed 
met110.．Theordinateshowstllerelativedyeconcentration・Theabscissashowsthenumberofsamples・The

estimatedconcentrationofasampleisindicatedwithacircle、Thecorrectconcentrationofthesamplesisdrawn
asasolidIine． 

4.3.1ＣｎＲ②inwhichalinearcombinationmodeliBaBsumable 

WCveri6edthelinearityofthemixture6uorescenceofAlexa483Alexa532mSection4.2.2．Therefbre,ｗｅｃａｎ 

ｒｅｇａｒｄｔｈｉｓａｓａｎｅｇ[ampIeofthecaseinwhichthelinearcombinationmodelisassumable． 
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Figure8,EstimationresuItfbl｢A1exa488-Alexa532obtainedusiｎｇｔｈｅｃｏｎ”ntionalmethod 

Figure8showstheresultofcompensationobtainedusingtheconventionalmethodiFig・Osllowsthatobtained

usingtheproposedmetlDod 
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Figure9・EStimationresultibrAlexa488-A1CD[a532obtainedusingtheproposedInethod

Becausetheestimatedvaluesareroughlycoincidentwiththecorrectvalues,botllareavailableintllecase 
lbrwhichaliTMb麺combinatiommodeIisassumabIe．

4.3.2ＣａｓｃｉＩｎｗｈｒｈａｌｉｎｅａｒｃｏｍｂｉｎａｔｉｏInmodelisIlotassumable 

Aseg[ａｍｐＩｅｓｏｆｔｈｅｃａｓｅｉｎｗｈｉｃｈｔｈｅｌｉnearcombinationmodelisnotassumable，weconsidertheresultof 
estimntiOnlbrAlexa483FITCandAlexa532-FITC． 
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Figure1O,EstimationresultlbrAl②Ga488-FITCobtainedusingtheconventionalInethod 
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Ｆｉｇｕｒｃｌｌ、EstimatioIlrcsultfbrAlexa488-FITCobtaincdusingtllelDroposedmethod
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FigurelOshowstheestimationresultfbrAlexa488-FITCobtajnedusingtheconventionalmethod，The 
estimatedvaluehasaninclinationtobehigherthanthecorrectone、Additionally,higllerconcentrationsofdyes
produceawiderdiHbrencebetweenestimatedvaluesandcorrectonesfbreaclldye． 

FigurellpresentsresultsofestimationfbrAlexa488-FITCobtainedusingtheproposedmethod、Ａｓｉｎｔｈｅ
caseofAlexa488-AlegGa532Utheestimatedvaluesarerougmycoincidentwiththecorrectvalues・
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Figurel2・RcsultsofestimationfbrAlexa532-FITCobtainedusingthcconventionalmctlhod
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Figurel3,RcsuItsofestimationlbrAlexa532-FITCobtainedusingtheproposedmethod 

Figurel2showstlleresultofestimationfbrAlexa532･FITCobtainedusingtheconventionalmethod、Asin
thecaseofAIexa488-FITC,theestimatedvalueofFITChasaninclinationtobehiゆerthanthecorrectone
Ontheother】land,theestimatedvalueofAlexa532hasaninclinationtobelowerthanthecorrectoneHigher
concentrationsofdyesproduceawiderdillbrencebetweenestimatedvaIuesandcorrectonesfbreachdye 

Figurel3presentstheresultofestimationfbrAlexa532-FITCobtainedusmgtheproposedmethod・Asin
thepreviouscase,theestimatedvnluesareroughlycoincidentwiththecorrectvalues． 

4.4PrecisionofEstimntes 

TbcomparetheconventionaImethodwithtlleproposedmethodquantitatively,wecalculatedQ-valuefbreach 
metllod 

lEble3isacomparativetabIeofQ-values・TI1eIargertheQ-valueis,tllebettertheestimationTlleQ-value
isequaltolifitisestimatedwithnoerror， 

ＰbrAlexa488-Alexa532,tbeQ-valuesnearlyl;theestimationiscorrect,witlltheconventionalmethodOn 
theotherlIand,usingtheproposedmethod,bothQ-valuesarereduced:theestimationbecomesworse､However， 
comparedtoIbUowingresults,itisacceptabIeerrorrange． 

ＰｍＣｏＩＳＰＩＥＶＯ1.70757075ｑｊ･９ 



TtLble3ComparativetablesofQ･value 

ＦＩＴ ＦＩＴ AIB ，ＩＭｄｕａｌｄ 

0.950 0.987 

０．２９６ 0．７８５ 0．７７２ ０．２４６ 

FbrA1exa488-FITCandAlexa532-FITC1tlleresultsobtainedusingrespectivemethodsdi砿r・Withthe

conventionalmethod,theQ-valuesdilTbrgreatlylroml:theestimationisincorrect・Ontheotherhand,using
theproposedmethod,bothQ-valuesaregreaterthaniconsequently,tlleestimationisCorrect,asmthecaseof 
Alexa483Alexa532． 

4.5Ｄis症mRBiDTn

AIthoughweadlievedthreeresultsusingthTeedye-sets，wecandividethemintotwocases：thoseinwhich 
themixt11正Huorescenceisandisnotbasedonthelinearcombinationmodel・Fbrcasesbasedonthelinear

combinationmodel，bothmethodsareavaUable、However,theconventionalmethodisnotavailablefbrusein

caseswhicharenotbasedonit，Inbotllcases,theproposedmethodisavHilablefbrestimation､Itisindependent 
oftllelinearityofmixtureHuorescence、WCconsequentlyconcludethattheproposedmethodhasanadvantage
relatedtodependenceonlinearityofmixtureHuorescence． 

５．ＣＯＮＣＬＵＳＩＯＮ 

Ｗｂｐｏｉｎｔｅｄｏｕｔａｗｅａｋｎｅｓsoftheconventiona」methodofHuorescencecompensatiom8itdependsonlinearity
ofthemixturefluorescence，Altllouglltheconventionalmetllｏｄｉｓａﾊﾉailablefbrcasesinwhichthemixture 

HuorescenceisbasedonaUnearcombinationmodel,itcannotproperlycompensateinotllercases・WCproposed
amethodthatisindependentoftheIinearityoftlhemixtureHuorescence・Ｔｈｅconcentrationofeachdyewas

estimatedusingthemethodTbverifytheadvantageofthepresentedmethod,weperlbrmedsomeexperiments 
applyingthemethodtocaseswllicharebasedonandnotbasedonalinearcombinationmodel・Resultsconfirmed

thatthepresentedmethodisindependentofthelinearityofmixtureHuorescence． 
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Ｄｙｅｓｅｔ Alexa蛆8-Ａ1G口[a532 AleXa4B8-flIC ＡＵＰｒ麺53牙FＩＴＣ

IndMdualdye Alexa488 Alera488 FIＴＣ ＝工■甲云へ亘旦■■△三二口 ｒｌＩＣ 

Conventipnznl ０．９８７ 0.950 －４．５１ -3.70 ０．１１１ -2.63 

Proposed 0.760 0.762 0.772 0.246 0.785 0.296 


