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Theabsorptiorspectraof light-hanestingcomplexes(LH2) puri ed from Rhodobactesphaeoidesin 60%glycerolmea-
suredin the4—-300K temperaturgangehave beenanalysedn termsof linear combinationof symmetricGaussiarsubbands.
All absorptiorspectraof LH2 arewell tted with sixteenGaussiarsubbandsTo attribute themto the B800andB850bands,
theratio of theintegralintensityof thosebandss consideredassuminghatit shouldbecloseto 2 andindependenof temper
ature.Fromthe analysisof the B850 absorptionspectrumit is concludedhatthe maximalvalueof the resonancénteraction
betweerthe pigmentsin the B850ring shouldbe 300and310cm’ * atroomtemperatur@nd4 K, respectiely.
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1. Intr oduction

The primary processe®f photosynthesi®ccurin
membrangigment-proteircomplees. Most of these
complees, calledthe light-hanestingcomplees, ab-
sorbthe solarenegy, convertit into the electronicex-
citation of pigmentmolecules,and transferthe exci-
tation to a reaction centre, where the stable chage
separationtakes place with a subsequengeneration
of the protongradientacrosshe photosynthetianem-
brane[1, 2] and ATP synthesis. The descriptionof
the high-resolutiorstructuralorganizationof the light-
hanestingcompleesof purplebacteriaof Rhodopseu-
domonasacidophila (now Rhodoblastusacidophilug
[3,4] hasledto signi cant progressn describinghese
processesoth experimentally and theoretically In
the peripherabntennaompleesof thephotosynthetic
bacteriathe mainpigmentmolecules- bacteriochloro-
phylls (BChl) — areorganisedn highly symmetriccir-
cular oligomers[1]. Usually the exciton conceptis
appliedto describethe absorptionpropertiesof these
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symmetricmoleculararrangement§l]. Thesecom-
plexesthusoffer a uniqueopportunityfor directcom-
parisonbetweenexperimentalspectroscopiobsena-
tionsandtheoreticabredictions.

Light-hanestingantennacomplees of purple pho-
tosynthetic bacteriacomprise circular aggreates of
dimersof transmembranpolypeptideq3, 4]. Eachof
thesedimers binds three BChl moleculesin the hy-
drophobicphaseof membranetwo of them closely
pacled together The strongly coupledBChls arere-
sponsiblefor the absorptionof the complex at 850 nm
(the so-called B850 band), while the absorptionat
800 nm (the B800 band)arisesfrom the weakly cou-
pledBChl molecules.

All main spectroscopideaturesof the absorption
spectran awide temperatureange(from 4 K to room
temperature)and for different conditions of sample
preparatiorcan be understoodn termsof the exciton
model[5-7]. In orderto explain thesespectroscopic
data, the static disorderof pigmentsite enepies, 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 responseheory
whichis widely usedfor the descriptionof the absorp-
tion line shapeof molecularaggr@ates,the integral
effect of the exciton coupling with molecularvibra-
tions/ phononss de ned by the spectraldensityfunc-
tion (SDF)[9]. The parametricform of the SDF of
the BChl moleculescan be well determinedsemiem-
pirically by tting the seriesof experimentaldata of
the absorptionspectraobtainedover a wide tempera-
turerange[5-7,10,11]. However, valuesof thesepa-
rametersnterferewith the parametergleterminingthe
pureexciton spectrumj. e.,the changeof oneof them
necessitatethe change®f theothers.Thisis probably
thereasorwhy thereis asigni cant variationin theex-
citon modelparametersleterminedrom differentex-
perimentalobsenations. Indeed,the resonanceénter-
molecularinteractionbetweenthe nearestB850 pig-
mentsin the LH2 from RhodobactefRh) sphaeoides
have beenreportedas equalto » 375-420cmi * from
theanalysisof thetemperaturelependentuorescence
spectrg[12,13], to » 360cmi 1 whende ned by esti-
matingtheexcitonbandwidth{14], to » 320cmi * from
the analysisof the hole-lurning experimentg15], and
to » 300cm' ! from the CD spectrg16,17]. Thus,the
precisedeterminatiorof the valueof theresonancén-
teraction(as well asthe exciton bandwidth)requires
further analysisto overcomethe uncertaintydue to
variability of theensemblef parametersf thesystem.

Herewe proposeanotherapproachfor determining
the exciton bandwidth. This approachs basedon cal-
culationsof the ratio of the integral dipole strengths
for B850andB800bandsin awide temperatureange.
Evidently, this ratio shouldbe closeto the ratio of the
amountof thepigmentmoleculesandhasto betemper
atureindependent.The possibleeffect of the disorder
onthecharacterisatioof thevalueof theresonancn-
teractionds alsodiscussed.

2. Materials and methods
2.1.Preparation of samples

The LH2 complexesof Rh sphaeoides2.4.1were
isolatedaccordingo theproceduralescribedn [5, 18].
For usein the absorptionstudies,LH2 sampleswere
preparedn 20mM Tris[hydroxymetlyllaminomethane
(Tris.Cl) (pH 8.5) buffer containingd.1%LDAO (N,N-
Dimethyldodeglamine-N-oxide w=v) and 60% glyc-
erol concentration As suchglycerol/ buffer solutions
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Fig. 1. Absorptionspectraof puri ed LH2 from Rh sphaeoidesin
60%buffer/ glycerolsolutionfor the4—250K temperatureange.

exhibit a phasetransitionaround200 K, the complete
temperatureycle could be only measuredy progres-
sively decreasingemperatureThe4—200K rangewas
alsoachieved by slowly raisingthetemperatureln or-
derto ensurethe equilibrium betweenthe sampleand
theheliumbath,thesamplewvasstabilizedateachmea-
suredtemperaturdor atleastl5 minutes.

2.2.Spectoscopicanalysis

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

2.3.Curve tting

The recordedspectrawere correctedfor the back-
groundabsorptionof the sample. The latter was de-
terminedat eachtemperaturédy measuringheabsorp-
tion of the cuvettewithouta samplebut lled with the
Tris.Cl/ glycerol solvent. All spectraldatawereanal-
ysedusingthe Origin 6.0 package Spectraldecompo-
sition wasperformedusingthe Mathcadl1 package.

3. Results

The absorptionspectraof puried LH2 complees
from Rh sphaeoidescontainthe typical two bands,
B800 and B850, correspondindo the two BChl rings
presentin the structure. The temperaturalependence
of the absorptionspectrain the visible and near
infrared (630—900nm) region obtainedn the 4—250K
temperaturgangeis shavn in Fig. 1. Both B800and
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B850 bandsbecomenarraver with a slight red shift of
the B850 bandanda blue shift of the B800bandwhen
decreasinghetemperature.

The exciton bandwidthof the BChl moleculesof
the B850 ring is quite wide as estimatedfrom the
resonancantermolecularinteractions. It is actually
overlappingwith the absorptionspectrumof the BChl
moleculesabsorbingat 800 nm. To discriminatebe-
tween the optical transitionscorrespondingo B800
andB850bandgheabsorptiorspectrunshouldbe de-
composednto its constituents.Suchspectraldecom-
positionof the absorptiorspectreof the LH2 obtained
at4 K and 250 K temperaturas shavn in Fig. 2. It
is worthwhile to mentionthat the tting procedures
appliedto the spectrumon the frequeng scale,while
the spectrashavn in Fig. 2 are presenteen the wave-
length scaleas usually the experimentaldataare pre-
sented.The spectraat all temperaturesanbewell t-
ted with a linear combinationof 16 Gaussiarbands.
A smallernumberof Gaussiangesultsin a worse t
of the absorptiorspectrawhile furtherincreaseof the
numberof Gaussiangoesnot contrituteto any notice-
ableimprovement. This amountof the component®f
the spectrumcanbe relatedto the combinedexcitonic
and/ or vibronic transitionsof the pigmentmolecules
from theB800andB850rings|[1].

From suchdecompositionit is possibleto attribute
different transitionsto different constituents|. e., to
the B800 and B850 transitions. The long wavelength
transitionsin the vicinity of 850 nm should be evi-
dently attributedto the B850 band. However, the tran-
sitionsin thevicinity of 800 nm canberelatedto both
B800andB850bandsasthe high-enegy statesof the
exciton band from the pigment moleculesbelonging
to B850 ring are expectedin the vicinity of 800 nm
[16]. Sincethe amountof pigmentmoleculesin the
B850ring is twice asmuchasthe amountof pigment
moleculesin the B800 ring, the ratio of the integral
transitiondipolestrength®f thesdransitionsshouldbe
closeto 2. Moreover, this ratio shouldbe temperature-
independentDependingon the attribution of different
componentso B850and/ or B800, a differenttemper
aturedependencef this ratio is obsered (Fig. 3 and
Tablel). Erroneousattribution of the subbandgo the
constituentsof the spectrainducesa temperaturede-
pendencef thisratio. As demonstrateah Fig. 3(c),the
ratio of theintegral dipolestrength8850-B800canbe
obtainedalmosttemperature-independeand closeto
2 for onespeci c attribution of the Gaussiarsubbands
in thevicinity of 800nm. In this casethe components
labelledaspl, p2, p3, p4, p5, p6, p11,pl2,pl4,pl5,
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Fig. 2. Absorptionspectraof puri ed LH2 from Rh sphaeoides
in 60% buffer/ glycerol solutionandtheir spectraldecomposition
into Gaussairsubbandst (a) 4 K, (b) 250K temperaturesThe
bandswith maximumlabelledU (the upperexcitonic transitions)
representheintegral bandof thesubbandp11,p12,p14,p15,and
pl6. The amplitudeof this integral bandis increasedhreetimes
for bettervisibility. Themaximumof theB850is alsolabelledL to
indicatethe strongestransitionsof the lower excitonic subband.

pl6areattributedto the B850 bandandthe restof the
componentarerelatedto the B800band.

Parameterof the Gaussiansubbandsvhile tting
the absorptionspectrawerekeptasfree tting values.
Valuesobtainedfor two temperaturdimits aregivenin
Table2.

4. Discussion

Althoughthe transitionsat 800 and 850 nm mainly
correspondo thetwo differentrings of BChlsin LH2
complees,theoverlapof theexciton statef the B850
band with the B800 band makes the preciseattribu-
tion of all the spectralfeaturescomplicated. To re-
solwve this problem,we analysethe absorptionspectra
of the LH2 compleesisolatedfrom Rh sphaeoides
obtainedat differenttemperature§from 4 to 300K) in
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Tablel. Attribution of the subbandso the BB00OandB850transitions.

Setof subbands Bandsattributedto B850 Bandsattributedto B800
1 Integral arearange900-8151m Integral arearange815—7751m
2 pl,p2,p3,p4,p5,p6,pll,pl2,p13,p14,p15,p16 p7,p8,p9,pl0
3 pl,p2,p3,p4,p5,p6,pll,pl2,pl4,pls5,pl6 p7,p8,p9,pl0,p13

Table2. Gaussiarsubbandsbtainedfrom decompositiorof the absorptionspectraof
puri ed LH2 from Rh sphaeoidesin 60% buffer/glycerol solutionat the 4 and250K
temperature., indicatesthe maximaof the subbandsFWHM denotegheir full band-

widthsat half of maxima,andS de nestheirarea.

Temperature 4K 250K

Parameters ,,nm FWHM,cm' ' S,relu. ,,nm FWHM,cm' * S, rel.u.
pl 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
pl1 776.0 140 296 776.5 109 302
pl2 758.1 818 1486 758.4 630 1113
pl4 728.2 75 47 729.3 81 15
pl5 714.6 149 62 718.2 246 126
pl6 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 7924 792 1451 798.2 78 1604
pl10 792.2 792 73 789.4 104 1097
pl3 752.4 752 138 757.1 180 194

termsof a linear combinationof symmetricGaussian
bands.Suchdecowolution of the spectrawasalready
appliedto the analysisof the weakly coupledchloro-
phyll moleculesn themajorphotosyntheticomplees
of plants[19,20]. Herewe apply this methodto the
analysisof thestronglycoupledpigmentsarranginghe
collective exciton states.Evidently the amountof the
Gaussiarsubbanddor the excitonically coupledsys-
temshouldnotbe equalto theamountof theabsorbing
molecules.Therefore the parameter®f the Gaussian
subbandsaswell astheir amountwere chosenasfree
tting parametersf the absorptiorspectraat different
temperaturesThemostaccuratet of thespectras ob-

tainedwith 16 Gaussiarsubbandst all temperatures.

To gettheratio of theintegral dipole strengthsf B850
to B800Obandscloseto 2 atall temperaturesomecom-
ponentson the blue side of the spectrumdetermined
by tting, namely p11,p12,p14,p15,p16,have to be
attributedto the B850exciton band.Any differentattri-
bution of the subbandenthebluesideof thespectrum
demonstratestrongtemperaturgependencef thein-
tegral transitionratio (seeFig. 3 and Table1). Sum-
ming themup (seethe bandslabelledU in Fig. 2) the
bandshapeandthe maximumof the blue edgeof the

absorptiorcorrespondingo the B850exciton bandcan
bede ned.

The exciton spectrumof the molecularaggreate
mustobey thering symmetrywith thetransitiondipole
momentof the moleculeorientedpredominantlyin the
planeof thering. The strongestransitionthencorre-
spondgo thetwo stategk = § 1) next to thelowestex-
citon state[1]. For the aggreateswith two molecules
perunit cellthesamédeatures alsocharacteristiof the
stateqext to the highestexcitonic state(k = 8 8in the
caseof the aggregate containing9 dimers). However,
the transitionintensitiesof the latter statesare wealer
by two ordersof magnitude. Evidently, ary type of
disorderpatrtially destrgs the selectionrules andthe
degenerayg of the stateorrespondingo theidealring
symmetry As aresult,thedipole strengthof thetran-
sitionsinto all exciton statesareredistrikutedwith gain
in dipole strengthgor weakand even forbiddenexci-
ton states. Accordingto the structuraldata,BChlsin
the B850 ring are organizedin a ring of dimerswith
theratio of the resonancénteractionwithin the dimer
andbetweenthe dimersof 1.32[4]. Thus, by taking
into accountthis ratio and attributing the maxima of
theopticaltransitiongU for upperandL for lower, see



V. Urboniere etal. / LithuanianJ. Phys.47, 103—108(2007) 107

Fig. 3)tok = 8§88 andk = §1 statesof the B850
exciton band,the enegy gap betweerthesetransitions
shouldcorrespondo 3.7V, whereV is the value of
the resonancénteractionwithin the dimer. According
to theseestimationghelattershouldgive V = 310and
300cmi ! for 4 and250K, respectiely. Suchestima-
tion is relatedto theidealring-typearrangemensdf the
moleculesn theaggregate.However, thisphenomenon
statisticallypersistsfor the ensembleof the randomly
disordereding-typeaggregateswith the additionalin-
putof thevalueof disorder Thus,thegivenestimations
shouldbe consideredisupperlimits for theresonance
interaction.

Theobtainedvaluesof theresonancénteractionare
closeto the lowestresonancenteractionsdetermined
by othersemiempiricalapproacheg¢seelntroduction).
The slight temperaturedependenc®f the resonance
interactiondeterminedby our estimationsmost prob-
ably re ects thetemperaturelependencef thedielec-
tric constanbf thesolventashasalreadybeenoutlined
recently[7]. Accordingto the subbandattribution the
absorptionabove the U-maximum(seeFig. 2) should
berelatedto thevibronic transitionsaccompaying the
excitonic transitionsof the B850 band.
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Santrauka

Periferinu Svies surenkaniu kompleksi LH2, iSskirtu i§ Rho-
dobacter sphaeoides fotosintetinagiu bakteriy, esamiu 60%
Tris[hidrometillaminometan@Tris. Cl) / glicerolio buferyje,suger
tiesspektu konturaiiSskaidytiGausosandaisVisi sugertiespekt-
rai buvo aproksimuotiSesiolilos Gausosandi sumosfunkcija.
Gausosandaibuvo priskirti B800 ir B850 sugertieguostoms pa-

dariusprielaida, kad Siu juosu integralinio intensyvumosantykis
turi buti ma daug? ir nepriklausytinuotemperatros.
Gausosandai priskirti B850 sugertieguostoms leido ivertinti
tankiauiSdestytu bakteriochloro lopigmenti rezonansia saweika,
kurios dydis 300cmi ! kambariotemperairojeir 310cm' * 4 K
temperairoje. Sia ne ymia rezonansiassaweikos priklausomyte
nuo temperatros galima aiskinti tirpiklio dielektrines konstantos
priklausomybenuotemperatiros.



