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PHOTOACOUSTIC SPECTRA OF ORIENTED SYSTEMS

Photoacoustic spsctroscopy permits for 8 direct measu~
rement of thermal desctivation of oriented excited molecu~
les, This wethod has been spplied for studies of a mixture
of phycoerithrin, chlorophilin and phycocyanin and of
chlorophyll a end chlorophyll b. Analysis of the obtai-
ned spectra suggests that a part of energy ebsorbed by
chlorophyll a at the Soret band migratee to chlorophyll b,
The migration probably takes place in mixed aggregates of
these pigments, apparently contsining LC,

Mast of accessory pigments of photosynthetic organisms is
in some extend oqionted.Thooo pigments can be excited directly,
by light absorption or by excitation energy trensfer from ote
her molecules sbsorbing in ehorter wavelengths region, Every
one pigment molecules can emit fluorascence, transfer its ex~
citation to other pigment or dissipate it on heat,

In orgenisme in result of efficient energy tranefer only
the fluorescence of pigment absorbing at long wavelengthe re-
gion is usually observed, Three procceses: emission of fluo~
rescence, thermal deactivation and energy transfer compete with
each other, The efficisncy of energy transfer depends strongly
on mutual orientation of donor and acceptor transition moments,
This effect is specially important in oriented systems, From a-
nalysis of fluorescence spectra [1] 1t 48 not casy to esteblish

the fate:of: excitstion energy-in-a chain of excitation = donors.
and aécoptor'océufing in photosyntetic orgnnlsno; Even in mo-

del system containing only part of pigmente such analysis in

not univocal [1]. ' : : '
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The photoacoustic spectroscopy (PAS) [2] provides the op-
portunity of direct measurement of thermal desctivation of ex-
citation in pigments, Photoacoustic spectra were measured on
single beam photoacoustic spectrometer constructed in Centre de
Recherche en Photobiophysique in Trois Rividres [3]. As eniso-
tropic matrix simulating the anisotropy of lamellar system stre-
tched polyvinyl alcohol (PVA) films or nematic liquid crystals
were used, The mixture of phycosrythrin snd chlorophyllin [4],
phycoerythrin and phycocyanin (5], end chlorophyll a end chlo-
rophyll b [6] were investigated,

Phycobiliproteins occur in blue green and red alges, They
sre transfering their excitstion energy to chlorophyll predomi-
nently in e sequence: phyceerythrin (PE) —= phycocyanin (PC) —
allophycocyanin (AC) == chlorophyll, but slso some branching of
‘these scheme Fig.1 4s not excluded, becasuse of strong overlep-
ping of bands, System is even more cosplex, then pressnted
in Fig. 1, because every one of biliproteins posseses more than
one type of chromophores, Figure 2 presents the scheme of inves~
tigated system in PVA [4, S, : : :
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Fig. 1. Scheme of excitation energy migrstion in blue-green algase

PE = Phycoerythrin, PC = Phycocyanin, Chl - chlorophyll ;~APC - 8l= .

lophycocysnin, PSI = photosystem I, PCh = photochemical reaction,
ET -~ energy transfer, TD = thermal desctivation :

Schemst migracji energii wzbudzenia w blekitnozielonych algach

PE = fikoerytryns, PC = fikocyjenina, Chl = chlorofil, APC = al-

lofikocyjanina, PSI = fotosystem I, PCh - reakcjes fotochemiczne,
ET = przeniesionie energii, TO = deaktywacja termiczna
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Fig. 2. Schere of excitation energy -1gr.tton in tnvocttgatod no=
del systenm :

Schenat migracji energii wzbudzenia w badenym systemie modelowym

Chlorophyllin (chlin) 1s & water-soluble chlorophyll deriva-
tive which can be uniforaly distributed together with biliproto-
ins in the same PVA matrix. : ;

_ Figure. 3a shows the PAS of PE (curve 1), Chllin (curvo 2)
and their mixture (curve 3) in PVA film, In Fig, 3b the sum of
PAS of PE snd chllin measured in separate films (curve 4) 1s
compsred with PAS of pigment mixture (curve 3).

- The difference between spectrum 3 snd 4 (Fig. 3b) in a re-
gion of chllin sbsorption is emall and can be explained by the
chenges in chllin aggregetion in proooncc of PE, Similar changes
have also been observed in nburpuon spectra, The increese of
photoacoustic otgual in the region of PE oblorptzon in honovar
very high, It is known that PE fluoroeconco ylold. 11. i8 ra=
ther high, :

. For R=PE 1n buffer oolutlon. n1 ‘4e 0,56 [7]. Pluoroactnco
quantuam ytold for chlorophyll in sther solution is 0 S LPY for
Chllin is lowsr than thet the chlorophyll. From tho couplrtoon
of the fluorescence intensities of PE ond Chllin in PVA cxci-
ted in the region of sieilar .bsorpg;on.i ‘the ratio 02/ L
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Fig. 3. Photoacoustic opoetro of pigments in PVA

8) 1 - PEc, = 3,2 » 10°M, 2 = Chllin c, = 15,7 * 1075 M, 3-mi~
xture of PE ¢, and Chllih ¢ in the same film; b) 4 = Sum of
curves 1 and 2 from ?ag. 3a compared to spectrum 3’

" Widma foto:kuotyczno barwnikéw w PVA " ‘
8) 1~ PE cy » 3,2 .10 %nole, 2 = chllin ¢ -157-105-01.,:
-~ niooznnina PE c4 4 chllin c, w tamtym fiinto. b) 4 - ouna krzy-
~wych 14 2 z rys, poréwnano do widme 3

= 0.21 is found. Therefore the quintu- ytold of Chllin fluore=
scence (nz) in PVA is about 0.12 ouppoaing that 'ﬁz in PVA I8 '
similar to that in buffer. ;
Photoacoustic ozgnal q of PE alono ccn be oxprcoood ap«~
proximately by the followtng fornuln: '

'1—7" .
qy = Se,P (1 “By + 0y — f_,) (1)
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where S 48 a constant depending on spparatus sensitivity: oi,tho
fraction of the light absorbed from the incident light intensity
P; Qz. the yleld of PE fluorescence; y, the frequency of inci-
dent light, Y,. _thc mean frequency of PE fluorescence band., In
case of PE, <I>1———1 & 4 therefore:

9y = s.xPﬂ -®,) (2)

For PE Chllin mixture, the photoacoustic signal 4is spproxi=
mately given by:

q, = Sa,P [1 - {@2 der + Py (2 -@E.,)}] (3

where o, is the fraction of the light sbsorbed by the mixture
from the incident light intensity P} Peys the yield of excite-
tion energy transfer from PE to chllin; Pos  the yield of Chllin
fluorescence. '

At °z_ < §‘c

9 = S.zP(j, - @‘ 0‘¢1 QET) (3*)

and qy > ﬁz' is oxpoctod es it is found (Fiq. 1).
From equetions (2) and (3):

G, 8 1 "51 ‘¢1¢E1' “F e

is obteined, : ‘ ‘

From equation (4 ), using experimental values and previously
evelusted fluorescence yields, the yileld of excitation energy
transfer ®gy for two absorption bands $..(500) = 0.14 and
$ (560) = 0,33 1e obtsined, Figure 4 ‘shows sbsorption and pho=
toscoustic epectrs of PE in 1totroptc and stretched PVA, It {s
‘known from linesr dichroism spoctro 8  thet 500 nm ubaorbtng PE
chromophores have tendency to be oriented parsllel to tho dtroc-
tion of film stretching, wheress long wavelength absorbing chro=
lophoroa'ard oriented rather pcrpondlculor,to this direction. From
Fig. 4, 4t is seen, that after normslizstion of all spectra at
500 nm, the 560 na aboorptton tn much higher than PSA (curves 1
end 2), i.8. PAS to absorption ratio is emall,

This ratio is otronqu 1ncroa01ng 28 & result of ftln stret=-
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Fig. 4, Absorption (curve 1l and 2) and PAS (2 and 4) of PE in i~
sotropic (1 and 2) and deformed (3 and 4) PVA filme

Absorpcja (krzyws 1 4 2) 4 PAS (2 1 4) fikoerytryny w dizotropo-
wych (1 4 2) 1 znieksztatconych (3 4 4) PVA filmach

ching (curves 3 and 4), It means that thermal  desctivation in
chromophores differently oriented with respect to the anisotro-
pic matrix is different, There sre two possible explsnations of
this effect. The film stretching ceuses not only the chromopho-
res reorientetion but also some deformestions of protein part of
PE, Therefore, the chromophores surroundings sre modified  and
; pigment-protein interaction cen be changed., The PE reorientation
cen slso influence the interaction between chromophores and o=
riented polymer moleculss, \ :
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The result presented show that two types (sbsorbing at 500 nm
and at 560 nm) PE chromophores are to some extent energeticelly
separsted -« because they have different thermal deactivations of
excitation. It is in agreement with the previous observetions on
their different seneitivities on fluorescence quenchsre [7] and
officiencies of excitaticn energy trensfer to other pigments [9],
ET from these two typee of chromophores 18 slso changed as @ re~
sult of polymer deformation [1].

This exemple (4] shows, that from photoacoustic spectra
yield of excitetion anbrgy transfer between chromophores of stro=-
ngly different yields of fluorescencs caen be obtained. Similar
method was independently proposed by S c hne 4t der and
Caufal [20].

Photoacoustic spectra of PE and PC in PVA ware also measu~
red [5]. In the film containing the mixture of both biliprote-
ins, the photoacoustic spectra suggest the formation of mixed
sggregates for which the thermal deactivetion of excitation has
besen found to be more efficient conparod to thet for PE and PC
alone,

The presence of such aggregates wes supposed previously [11]
in order to explain the yield of energy transfer betwsen those
pigmente, Fluorescence yield of PC in PVA was found to be
equal 0.45, it means lower, then in solution (0.56),

Figure 5 shows normelized at 670 nm measured and ‘calculated
photoacoustic spectra of chl a, chl b and their mixture dissolv~
ed in nemstic liquid crystal (MBBA + EBBA), Calculations were
done supposing that in mixture excitation cdorgy is not transfer~
ed between chl 8 end chl b wolecules, In calculetion 1s wes tak=
en into sccount that contribution to PAS of mixture of every one
pigment 1s proportionel to

e c(2 =P)

where s
¢ = wmolar extinction coofftctont:
C ™ lolor concentration of ptgnon: in mixture;
O - yzold of flucrescence of pigment caleulatod fron neasur-
ed lifetime of fluorescence. : ‘
As it follows from Fig, 4 measured PAS oxca.d cllculatod 1n a
region of prodolinont chl b sbsorption (470 nm and 660 nm), Chl b
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gives higher contribution to PAS, then chl a, becsuse of its lo=
wer yield of fluorescence, Both spectra are normelized ot red
maximum of chl a PAS and absorption spectra, Results obtained
suggest efficient excitation energy trensfer from chl a to chl b
("back trensfer”), From the difference betwsen both curves at
470 nm divided by “"calculsted” value of signal at the same  wa~
velength the yield of excitation energy transfer from chl & to
chl b is obtained

Pohl a - chi b =026

From the comparison of PAS obteined with illumination of sam=
ple with two polarized components of light it follows that this
ET offect 48 more pronocuced for perpendicular component, It is
an svidence, that ET is differently efficient in differently o=~
riented fractions of molecules.

Strong back transfer (from chl a to chl b) 1s unexpected re~
sult, But from fluorescence spectra of very high concentration
of chl 8 sand chl b 4in LC 4t follows that a new maximum appears
loceted between chl a and chl b emission bands.

PAS spectra, a® well as the snelysis of fluorescence lifeti-
mes of the seme samples suggest that part of energy absorbed by
chl & Soret bend 1s migrating to chl b, From fluoreacence spec~
tra follows, that this migration occurs in mixture aggregate fo-
rmed from both pigment probsbly with LC participation,

The usage of polerized light to generation of photoacoustic
eignal provides the opportunity to show, that these aggregates
have to be differenty located in anisotropic matrix, then sepa-
rated pigments. It seems that the polarized PAS can be very use-
ful in sepparate investigation of differently oriented grbups of
chromophores in vivo. ' :
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WIDMA FOTOAKUSTYCZNE UKLADOW ORIENTOWANYCH

Spektroskopia fotoskustyczna pozwala na bezpodéredni ponmisr
deaktywacji termiczne) pobudzonych czasteczek berwnikéw, Metode
te zs8stosoweno do badania mieszaniny ftkoorztrynz, chlorofiliny
i fikocyjeniny orez chlorofilu & 1 chlorofilu b. Analiza o-
trzymanych widm wskazuje, 28 czgéc enargii nbsorboweanel przez
chlorofil, @ w pasmie Sorete migruje do chlorofilu b, Migracje ta
zachodzi prawdopodobnie w mieszanych egregetach tych barwnikdw,
zawierajgcych prewdopodobnie LC,



