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Introduction

Reducedflavinsandflavoproteinsarepotentiallyfluorescent
(1).Thefluorescencequantumefficiencyandspectraldistribu­
tionstronglydepend·onaninterplayoffactors,varyingfrom
viscosityandpolarityofthesolventtothenatureandposition
ofsubstituents.Therearetwotypesofreducedflavincom­
pounds:the1,S-dihydroflavinsandthe4a,S-dihydroflavins.The
excitedflavinswithoxygenaddedtotheC4a-position(peroxide­
andhydroxy-substituted)playanimportantroleasfluorescent
transientsinthebacterialluciferasereaction(2-4).Protein­
boundreducedflavinsexhibit,insomecases,relativelyintense
fluorescence,whichisratherlong-livedascomparedtotheflu­
orescenceoftheflavinintheoxidizedstate(3-5).Onthe
otherhand,theemissionofreducedflavincompoundsin,fluid
solventsisveryweak(1),withfluorescencelifetimesinthe
subnanosecondtimedomain(5).Theseobservationsstrongly
suggestthatrigidityofbothsolventenvironmentandmolecular
structuredeterminestheappearanceoffluorescence,thusalso
determiningthebalancebetweenradiativeandradiationless
decayprocesses~

Theprogressthathasbeenmadeduringthelastdecadeinob­
taininqfluorescencedecayprofiles,withpicosecondresolution
andhighsensitivity,haspromptedustoreinvestiqatethe
dynamicfluorescencepropertiesofreducedflavincompounds.
Insteadofananalysisindiscretefluorescencelifetimes,the
resultswereanalysedusinglifetimedistributions.Theresults
oftheexperimentsandtheimplicationsinrelationtoa
physicalmodelwillbeb~ieflydescribed.

FlavinsandAavoproteins1990
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Structureofreducedflavins.
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MaterialsandMethods

TheflavincompoundsusedarelistedinFigdre1.Theirsyn­
thesisandnomenclaturehavebeendescribedpreviously(1,6).
Compounds1-111are4a,5-dihydrolumiflavins,derivativesIVand
vare1,5-dihydrolumiflavins.Thereducedflavinsweredissolved
inethanol.Thetime-correlatedsinglephotoncountingsystem
withthefrequency-doubledicavity-dumpeddyelaser,pumpedbya
mode-lockedNd-YAGlaser,assourceofexeitation,hasbeen
describedelsewhere(7).Theexcitationwavelengthwas375nm,
andmonochromaticemissionwasdetectedthroughapolarizerat.
magieangleat520nm(I),550nm(11),510nm(111),465nm
(IV)and450nm(V).Thetemperaturewasalways20oC.Decay
curveswerecollectedupto105countsinthepeakchannel.The
analysisinfluoreseeneelifetimedistributionshasbeenaccom­
plishedwiththeexponentialseriesmethodprovidedbythe
programCONTIN(8).Upto50pointsequal1yspaeedin10g1
intervalsbetween0.010and10.0nswereusedforthe
reconstructionofthelifetimedistributionpattern.

ResultsandDiscussion

Correetedfluoreseencespeetraofflavins1andIV,normali~ed

totheemissionmaximum,arepresentedinFigure2inorderto
emphasizethedifferentemissionsofthetwoclassesofdihydro­
flavins.ThefluorescenceyieldofcompoundIi9byfarthe1ar·
gest,ascanbeconeludedfromthecollecteddatainTable1
(thefluoreseenceefficiencyofI18setequalto1.0).Theeom·
parlsonbetweenthe4a,S-bridgedcompounds1and1119quite
intere9ting.Itmustbeconcludedthatadditionofoxygenat
C4a,ineombinationwiththemorerigidstructureasimposedby
thebridge,leadstothestrongestf~uore~cenceofthesereduced
flavins.Thisempiriefindingi9inagreementwiththesi9ni­
ficantfluorescenceinC4a-oxygenadductsinluciferasereaction
intermediates.

Table1.Fluoresceneeparameters?freducedflavinsinethanol.

CompoundAmaxFluorescenceLifetimeWidthRelative
(nm)efficieney(ps)(ps)amplitude

I5321.02202001.00
530014000.33

115600.0061461.00
1115300.12360401.00

570014000.01
IV4670.11117.121.00

16230.04
V4690.25628201.00

~9003000.01

,.
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Exampleofanalysisoffluorescencedecayof
compoundIwithlifetimedistributions.
Top:experimentalandfittedfluorescence
withstatistics.Bottom:reconstructionof
distribution.
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Anexampleof8fluorescencedecayanalysisusing8lifetlme
distributionispresentedinFigure3forcompoundI.The
analysisrevealsabimodaldistributionwithonepeakcentered
at220psandabroaddistribution,centeredat5.3ns.Th@ares
underthecurvesreflectsthesteady-statefluorescenceinten­
sity,whichmeansthatthebroadbandat5.3nsrepresentsa
considerableamountoffluorescenceinagreementwiththefact
thatcompoundIisbyfarthestrongestemitter.InTable1,the
resultsofthelifetimedistributionshavebeencollected.
CompoundsII-Varecharacterizedbynarrowpicoseconddistri­
butions,andforflavins111,IVandV,thereis,inaddition,8
weakdistributionoflongerlifetim@s(Table1).Compound11ha~
theshortestfluorescence(14ps),inagreementwiththevery
weakemission,whilethereisasinglelifetimedistribution.
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Thecentralringofreducedflavinsisessential1ynonplanar.
Thepresenceofmultiple,nonplanarconformationsöftheflavin,
alreadyinthegroundstate,hasimportantconsequencestorthe
photophysicalpropertieswhenthetimescaleofthemolecular
dynamicsisconsidered.Collectivemolecularvibrationsarebe­
lievedtooccurinthefrequencyrangeoftensofGHt(9),which
correspondstoasubpicosecond"lifetime"ofaparticularconfi­
guration.Forreducedflavins,asimplemodelcanbeproposed,
whichmayexplainthefluorescenceresults.LetusaS9umethat
theflavincanadopttwoconformations,whichcaninterconvert.
Oneconformationismoreplanar,andgive~risetorelatively
strong,nanosecondfluorescence.Theotherconformation18bent
(distorted)andwillleadtoweakfluorescenceofpicoseconddu­
ration.Thissituationcorrespondswithaninterconvertingtwo­
statesystem,whereeachstateischaracterizedbyitsownfluo­
rescencedecayrate(10).Whentheratesofinterconver~ionare
muchlargerthanthefluorescencedecayrates,thefluorescence
decayisasingleexponential,andthedecayrate19akindof
harmoniemeanoftheindividualfluore9cencerateconstants.On
theotherhand,whentheinterconversioni9much~lowerthanthe
fluorescence,abiexponentialfluorescencedecaywouldbeob­
servedwithfluorescencelifetimescharacteristicofthetwo
states.Afluorescencelifetimedistributionwouldaccountfor
adistributionofinterconversionrates.Suchasituationim­
pliesthepresenceofvarioussubstatessuperimp0gedonthet~~<
states,sndconsequently~8bimodaldistributionwouldresultin
twoaveragelifetimes.Thefluorescencekineticsofanintercon­
vertingtwo-statesyatemhasbeentreatedindetailveryre­
cently(11).Withinthelimitsofthemodelallrateconstants
involvedcanbedeterminedfromthetwoaveragelifetimes.The
quantificationforreducedflavinswillbereportedelsewhere.

Conclusions

Thefluorescencedecayofreducedflavinmodelcompoundsin
ethanolicsolutioni9dominatedbylifetimecomponent9ofpico­
secondduration~Itmustthereforebeconcludedthatultrafast
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collectivevibrationsareresponsibleforthefactthatreduced
flavinpossessesrnultipl'e-,interconvertingconformational
states.Uponexcitation,moststateswillreturntotheground
stateviaradiationlesspathways,whichexplainstheveryshort
fluorescencelifetirnesobservedinthemajorityofreduced
flavins.Thepresenceofmultipleconforrners,alreadyinthe
groundstate,rationalizestheanalysisintolifetimedistribu­
tions.
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