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Theabsorptionspectraof light-harvestingcomplexes(LH2) puri�ed from Rhodobactersphaeroidesin 60%glycerolmea-
suredin the4–300K temperaturerangehave beenanalysedin termsof linearcombinationof symmetricGaussiansubbands.
All absorptionspectraof LH2 arewell �tted with sixteenGaussiansubbands.To attributethemto theB800andB850bands,
theratioof theintegral intensityof thosebandsis considered,assumingthatit shouldbecloseto 2 andindependentof temper-
ature.Fromtheanalysisof theB850absorptionspectrumit is concludedthat themaximalvalueof theresonanceinteraction
betweenthepigmentsin theB850ring shouldbe300and310cm¡ 1 at roomtemperatureand4 K, respectively.
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1. Intr oduction

The primary processesof photosynthesisoccur in
membranepigment-proteincomplexes. Most of these
complexes,calledthe light-harvestingcomplexes,ab-
sorbthesolarenergy, convert it into theelectronicex-
citation of pigmentmolecules,and transferthe exci-
tation to a reactioncentre, where the stablecharge
separationtakes place with a subsequentgeneration
of theprotongradientacrossthephotosyntheticmem-
brane[1,2] and ATP synthesis. The descriptionof
thehigh-resolutionstructuralorganizationof thelight-
harvestingcomplexesof purplebacteriaof Rhodopseu-
domonasacidophila (now Rhodoblastusacidophilus)
[3,4] hasled to signi�cant progressin describingthese
processesboth experimentallyand theoretically. In
theperipheralantennacomplexesof thephotosynthetic
bacteria,themainpigmentmolecules– bacteriochloro-
phylls (BChl) – areorganisedin highly symmetriccir-
cular oligomers[1]. Usually, the exciton conceptis
appliedto describethe absorptionpropertiesof these

symmetricmoleculararrangements[1]. Thesecom-
plexesthusoffer a uniqueopportunityfor direct com-
parisonbetweenexperimentalspectroscopicobserva-
tionsandtheoreticalpredictions.

Light-harvestingantennacomplexesof purplepho-
tosyntheticbacteriacomprisecircular aggregates of
dimersof transmembranepolypeptides[3,4]. Eachof
thesedimers binds three BChl moleculesin the hy-
drophobicphaseof membrane,two of them closely
packed together. The stronglycoupledBChls are re-
sponsiblefor theabsorptionof thecomplex at 850nm
(the so-calledB850 band), while the absorptionat
800 nm (the B800 band)arisesfrom the weakly cou-
pledBChl molecules.

All main spectroscopicfeaturesof the absorption
spectrain a wide temperaturerange(from 4 K to room
temperature)and for different conditions of sample
preparationcanbe understoodin termsof the exciton
model [5–7]. In order to explain thesespectroscopic
data,the staticdisorderof pigmentsite energies,and
the couplingof the electronicexcitationsto intra- and
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intermolecularvibrations/ phononsoriginating in the
so-calleddynamicdisorderhave to be taken into ac-
count [1, 8]. Accordingto the linear responsetheory,
which is widely usedfor thedescriptionof theabsorp-
tion line shapeof molecularaggregates,the integral
effect of the exciton coupling with molecularvibra-
tions/ phononsis de�ned by thespectraldensityfunc-
tion (SDF) [9]. The parametricform of the SDF of
the BChl moleculescanbe well determinedsemiem-
pirically by �tting the seriesof experimentaldataof
the absorptionspectraobtainedover a wide tempera-
ture range[5–7,10,11]. However, valuesof thesepa-
rametersinterferewith theparametersdeterminingthe
pureexciton spectrum,i. e., thechangeof oneof them
necessitatesthechangesof theothers.This is probably
thereasonwhy thereis asigni�cant variationin theex-
citon modelparametersdeterminedfrom differentex-
perimentalobservations. Indeed,the resonanceinter-
molecularinteractionbetweenthe nearestB850 pig-
mentsin theLH2 from Rhodobacter(Rb.) sphaeroides
have beenreportedasequalto » 375–420cm¡ 1 from
theanalysisof thetemperaturedependent�uorescence
spectra[12,13], to » 360 cm¡ 1 whende�ned by esti-
matingtheexcitonbandwidth[14], to » 320cm¡ 1 from
theanalysisof thehole-burningexperiments[15], and
to » 300cm¡ 1 from theCD spectra[16,17]. Thus,the
precisedeterminationof thevalueof theresonancein-
teraction(as well as the exciton bandwidth)requires
further analysisto overcomethe uncertaintydue to
variability of theensembleof parametersof thesystem.

Herewe proposeanotherapproachfor determining
theexciton bandwidth.This approachis basedon cal-
culationsof the ratio of the integral dipole strengths
for B850andB800bandsin awide temperaturerange.
Evidently, this ratio shouldbecloseto the ratio of the
amountof thepigmentmoleculesandhasto betemper-
atureindependent.The possibleeffect of the disorder
onthecharacterisationof thevalueof theresonancein-
teractionsis alsodiscussed.

2. Materials and methods

2.1.Preparationof samples

TheLH2 complexesof Rb. sphaeroides2.4.1were
isolatedaccordingto theproceduredescribedin [5,18].
For usein the absorptionstudies,LH2 sampleswere
preparedin 20mM Tris[hydroxymethyl]aminomethane
(Tris.Cl) (pH 8.5)buffer containing0.1%LDAO (N,N-
Dimethyldodecylamine-N-oxide,w=v) and60% glyc-
erol concentration.As suchglycerol/ buffer solutions

Fig.1. Absorptionspectraof puri�ed LH2 from Rb. sphaeroidesin
60%buffer / glycerolsolutionfor the4–250K temperaturerange.

exhibit a phasetransitionaround200 K, the complete
temperaturecycle couldbeonly measuredby progres-
sively decreasingtemperature.The4–200K rangewas
alsoachievedby slowly raisingthetemperature.In or-
der to ensurethe equilibrium betweenthe sampleand
theheliumbath,thesamplewasstabilizedateachmea-
suredtemperaturefor at least15minutes.

2.2.Spectroscopicanalysis

Electronic absorptionspectrawere collected us-
ing a Varian Cary E5 double beam scanningspec-
trophotometer. Temperatureof the sampleswas pre-
ciselymaintainedby theHelium bathcryostat(Maico
Metriks,Tartu,Estonia).

2.3.Curve�tting

The recordedspectrawere correctedfor the back-
groundabsorptionof the sample. The latter was de-
terminedateachtemperatureby measuringtheabsorp-
tion of thecuvettewithouta sample,but �lled with the
Tris.Cl / glycerol solvent. All spectraldatawereanal-
ysedusingtheOrigin 6.0package.Spectraldecompo-
sitionwasperformedusingtheMathcad11package.

3. Results

The absorptionspectraof puri�ed LH2 complexes
from Rb. sphaeroidescontainthe typical two bands,
B800 andB850,correspondingto the two BChl rings
presentin the structure.The temperaturedependence
of the absorptionspectra in the visible and near-
infrared(630–900nm) region obtainedin the4–250K
temperaturerangeis shown in Fig. 1. Both B800 and
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B850bandsbecomenarrower with a slight redshift of
theB850bandanda blueshift of theB800bandwhen
decreasingthetemperature.

The exciton bandwidthof the BChl moleculesof
the B850 ring is quite wide as estimatedfrom the
resonanceintermolecularinteractions. It is actually
overlappingwith theabsorptionspectrumof theBChl
moleculesabsorbingat 800 nm. To discriminatebe-
tween the optical transitionscorrespondingto B800
andB850bandstheabsorptionspectrumshouldbede-
composedinto its constituents.Suchspectraldecom-
positionof theabsorptionspectraof theLH2 obtained
at 4 K and250 K temperatureis shown in Fig. 2. It
is worthwhile to mentionthat the �tting procedureis
appliedto the spectrumon the frequency scale,while
thespectrashown in Fig. 2 arepresentedon thewave-
lengthscaleasusually the experimentaldataarepre-
sented.Thespectraat all temperaturescanbewell �t-
ted with a linear combinationof 16 Gaussianbands.
A smallernumberof Gaussiansresultsin a worse�t
of theabsorptionspectra,while further increaseof the
numberof Gaussiansdoesnotcontributeto any notice-
ableimprovement.This amountof thecomponentsof
thespectrumcanberelatedto thecombinedexcitonic
and/ or vibronic transitionsof the pigmentmolecules
from theB800andB850rings[1].

Fromsuchdecomposition,it is possibleto attribute
different transitionsto different constituents,i. e., to
the B800 andB850 transitions. The long wavelength
transitionsin the vicinity of 850 nm should be evi-
dentlyattributedto theB850band.However, thetran-
sitionsin thevicinity of 800nm canberelatedto both
B800andB850bands,asthehigh-energy statesof the
exciton band from the pigment moleculesbelonging
to B850 ring are expectedin the vicinity of 800 nm
[16]. Sincethe amountof pigmentmoleculesin the
B850 ring is twice asmuchastheamountof pigment
moleculesin the B800 ring, the ratio of the integral
transitiondipolestrengthsof thesetransitionsshouldbe
closeto 2. Moreover, this ratio shouldbetemperature-
independent.Dependingon theattribution of different
componentsto B850and/ or B800,a differenttemper-
aturedependenceof this ratio is observed (Fig. 3 and
Table1). Erroneousattribution of thesubbandsto the
constituentsof the spectrainducesa temperaturede-
pendenceof thisratio. Asdemonstratedin Fig.3(c),the
ratioof theintegraldipolestrengthsB850=B800canbe
obtainedalmosttemperature-independentandcloseto
2 for onespeci�c attribution of theGaussiansubbands
in thevicinity of 800nm. In this casethecomponents
labelledasp1, p2, p3, p4, p5, p6, p11,p12,p14,p15,

Fig. 2. Absorptionspectraof puri�ed LH2 from Rb. sphaeroides
in 60% buffer / glycerol solutionandtheir spectraldecomposition
into Gaussainsubbandsat (a) 4 K, (b) 250 K temperatures.The
bandswith maximumlabelledU (the upperexcitonic transitions)
representtheintegralbandof thesubbandsp11,p12,p14,p15,and
p16. The amplitudeof this integral bandis increasedthreetimes
for bettervisibility. Themaximumof theB850is alsolabelledL to
indicatethestrongesttransitionsof thelowerexcitonicsubband.

p16areattributedto theB850bandandtherestof the
componentsarerelatedto theB800band.

Parametersof the Gaussianssubbandswhile �tting
theabsorptionspectrawerekeptasfree �tting values.
Valuesobtainedfor two temperaturelimits aregivenin
Table2.

4. Discussion

Although the transitionsat 800and850nm mainly
correspondto the two differentringsof BChls in LH2
complexes,theoverlapof theexcitonstatesof theB850
bandwith the B800 bandmakes the preciseattribu-
tion of all the spectralfeaturescomplicated. To re-
solve this problem,we analysethe absorptionspectra
of the LH2 complexes isolatedfrom Rb. sphaeroides
obtainedat differenttemperatures(from 4 to 300K) in
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Table1. Attributionof thesubbandsto theB800andB850transitions.

Setof subbands Bandsattributedto B850 Bandsattributedto B800

1 Integralarea,range900–815nm Integralarea,range815–775nm
2 p1,p2,p3,p4,p5,p6,p11,p12,p13,p14,p15,p16 p7,p8,p9,p10
3 p1,p2,p3,p4,p5,p6,p11,p12,p14,p15,p16 p7,p8,p9,p10,p13

Table2. Gaussiansubbandsobtainedfrom decompositionof the absorptionspectraof
puri�ed LH2 from Rb. sphaeroidesin 60%buffer / glycerolsolutionat the4 and250K
temperature.̧ indicatesthe maximaof the subbands,FWHM denotestheir full band-

widthsathalf of maxima,andS de�nestheirarea.

Temperature 4 K 250K
Parameters ¸ , nm FWHM, cm¡ 1 S, rel. u. ¸ , nm FWHM, cm¡ 1 S, rel. u.

p1 876.0 41 4 879.7 134 142
p2 865.9 73 361 870.7 93 204
p3 851.8 98 4241 850.5 149 4527
p4 850.9 41 324 849.1 73 407
p5 838.0 112 931 830.8 140 861

B850 p6 820.7 135 313 817.0 79 168
p11 776.0 140 296 776.5 109 302
p12 758.1 818 1486 758.4 630 1113
p14 728.2 75 47 729.3 81 15
p15 714.6 149 62 718.2 246 126
p16 664.4 448 44 681.4 390 78

p7 799.2 799 358 806.6 76 568
p8 798.6 799 2026 801.1 52 408

B800 p9 792.4 792 1451 798.2 78 1604
p10 792.2 792 73 789.4 104 1097
p13 752.4 752 138 757.1 180 194

termsof a linear combinationof symmetricGaussian
bands.Suchdeconvolution of thespectrawasalready
appliedto the analysisof the weakly coupledchloro-
phyll moleculesin themajorphotosyntheticcomplexes
of plants[19,20]. Here we apply this methodto the
analysisof thestronglycoupledpigmentsarrangingthe
collective exciton states.Evidently, theamountof the
Gaussiansubbandsfor the excitonically coupledsys-
temshouldnotbeequalto theamountof theabsorbing
molecules.Therefore,the parametersof the Gaussian
subbandsaswell astheir amountwerechosenasfree
�tting parametersof theabsorptionspectraat different
temperatures.Themostaccurate�t of thespectrais ob-
tainedwith 16 Gaussiansubbandsat all temperatures.
To gettheratioof theintegraldipolestrengthsof B850
to B800bandscloseto 2 atall temperaturessomecom-
ponentson the blue side of the spectrumdetermined
by �tting, namely, p11,p12,p14,p15,p16,have to be
attributedto theB850excitonband.Any differentattri-
butionof thesubbandsonthebluesideof thespectrum
demonstratesstrongtemperaturedependenceof thein-
tegral transitionratio (seeFig. 3 andTable1). Sum-
ming themup (seethebandslabelledU in Fig. 2) the
bandshapeandthe maximumof the blue edgeof the

absorptioncorrespondingto theB850excitonbandcan
bede�ned.

The exciton spectrumof the molecularaggregate
mustobey thering symmetrywith thetransitiondipole
momentof themoleculeorientedpredominantlyin the
planeof the ring. The strongesttransitionthencorre-
spondsto thetwo states(k = § 1) next to thelowestex-
citon state[1]. For theaggregateswith two molecules
perunit cell thesamefeatureisalsocharacteristicof the
statesnext to thehighestexcitonicstate(k = § 8 in the
caseof the aggregatecontaining9 dimers). However,
the transitionintensitiesof the latter statesareweaker
by two ordersof magnitude. Evidently, any type of
disorderpartially destroys the selectionrules and the
degeneracy of thestatescorrespondingto theidealring
symmetry. As a result,thedipolestrengthsof thetran-
sitionsinto all excitonstatesareredistributedwith gain
in dipole strengthsfor weakandeven forbiddenexci-
ton states.Accordingto the structuraldata,BChls in
the B850 ring areorganizedin a ring of dimerswith
the ratio of the resonanceinteractionwithin thedimer
andbetweenthe dimersof 1.32 [4]. Thus,by taking
into accountthis ratio and attributing the maximaof
theopticaltransitions(U for upperandL for lower, see
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Fig. 3) to k = § 8 and k = § 1 statesof the B850
exciton band,theenergy gapbetweenthesetransitions
shouldcorrespondto 3.7 V , whereV is the valueof
theresonanceinteractionwithin thedimer. According
to theseestimationsthelattershouldgiveV = 310and
300cm¡ 1 for 4 and250K, respectively. Suchestima-
tion is relatedto theidealring-typearrangementof the
moleculesin theaggregate.However, thisphenomenon
statisticallypersistsfor the ensembleof the randomly
disorderedring-typeaggregateswith theadditionalin-
putof thevalueof disorder. Thus,thegivenestimations
shouldbeconsideredasupperlimits for theresonance
interaction.

Theobtainedvaluesof theresonanceinteractionare
closeto the lowest resonanceinteractionsdetermined
by othersemiempiricalapproaches(seeIntroduction).
The slight temperaturedependenceof the resonance
interactiondeterminedby our estimationsmostprob-
ably re�ects thetemperaturedependenceof thedielec-
tric constantof thesolventashasalreadybeenoutlined
recently[7]. Accordingto the subbandattribution the
absorptionabove the U-maximum(seeFig. 2) should
berelatedto thevibronic transitionsaccompanying the
excitonic transitionsof theB850band.
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Santrauka

Periferini�u švies�asurenkan�ci �u kompleks�u LH2, išskirt �u iš Rho-
dobacter sphaeroides fotosintetinan�ci �u bakterij�u, esan�ci �u 60%
Tris[hidrometil]aminometano(Tris.Cl) / gliceroliobuferyje,suger-
tiesspektr�u kontūrai išskaidytiGausosandais.Visi sugertiesspekt-
rai buvo aproksimuotišešiolikos Gausosand�u sumosfunkcija.
Gausosandaibuvo priskirti B800 ir B850sugertiesjuostoms,pa-

dariusprielaid�a, kad ši �u juost�u integralinio intensyvumosantykis
turi būti ma�daug2 ir nepriklausytinuotemperat̄uros.

Gausosandai,priskirti B850sugertiesjuostoms,leido �ivertinti
tankiauišd�estyt�u bakteriochloro�lopigment�u rezonansin�es�aveik �a,
kurios dydis 300 cm¡ 1 kambariotemperat̄uroje ir 310 cm¡ 1 4 K
temperat̄uroje. Ši �a ne�ymi �a rezonansin�ess�aveikospriklausomyb�e
nuo temperat̄urosgalima aiškinti tirpiklio dielektrin�eskonstantos
priklausomybenuotemperat̄uros.


