ACTA UNIVERSITATIS8 LODZIENSIS
FOLIA BIOCHIMICA ET BIOPHYSICA 5, 1986

3. Szurkoweki, S, Hotchendeni, R. M. Leblanc
D, Fraeckowiak

EXCITATION ENERGY TRANSFER BETWEEN CHLOROPHYLL A
AND CHLOROPHYLL B OBTAINED
FROM FLUORESCENCE MEASURMENTS

In this study, the fluorescence lifetime of chlorophyll a,
chlorophyll b and their mixtures, and the possibility of
migration of energy absorbed by chlorophyll a to chlorophyll
b was examined,

With sn aim to evaluate the yield of excitation energy tran=-
sfer between ordered chlorophyll a and chlorophyll b molecules
the fluid oriented mediumenematic liguid orystel (LC) mixture
MB2A ( pemethoxybenzylidene p-butylaniline) snd EBBA (pe~ethoxy-
benzylidene p~butylaniline) is used, LC is oriented by deposi~
tion of thin layer of sample between stretched polyvinyl slcohel
films [1] or between silicon oxide orienting layers: pigment \mo=
lecules are oriented similarly by strong interaction with LC mo-
lecules [2]). Chlorophylls in LC sre monomeric except the highast
concentration used (10™2M/1).
| The results of photoacoustic spectra suggest the excitation
energy transfer from chl & to chl b in investigated system
[3]. In order to check this unexpscted result the mean lifeti~
mes of chl a, chl b end their mixture were measured, Lifetimes
were messured for chl a and chl b solutions and for their mi-
Xture in the seme solvent. Table 1 gathers the results of life-
times measurements for chl a chl b and their mixture in the sa-
me LC, Evorvtqho results from Tab, 1 is obtained by everaging
of three or four independent messurements, As can be seen from
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Table 1

Fluorescence lifetime of chl a, chl b
and chl & + chlzb mixture in MBBA + EBBA

(C, » 1.7 1072M/1, C, = 3.6 * 1077 M/1)

Czes zycia fluorescencji chl a, chl b
i mieszoq}n!chl a+chl bw WMBBA + EBBA
(€, = 1,710 mole/), Cy = 3,6 + 1073 mola/l)

Warelength
Sample of of '.L‘E;:%'°
excitation fluorescence
[nm] Lnm]
Chl a 405 > 620 5.5620.03
405 > 695 5.530.02
436 > 620 5.5920.,02
466 > 620 - 5.35%0.02
491 > 620 , 5.1720.02
Chl b 405 ; > 620 8.61%0.03
405 > 695 8.9120.03
436 > 620 8.8120.03
466 > 620 ; 8,75%0.03
491 > 620 6.4620.03
Chl e + chl b 405 > 620  7.82%0,03
: 405 > 695 8.0120.02
435 > 620 7.99%0,03
436 > 695 8.13%0.02
466 > 620 7.6540,03
466 > 695 7.72%0.02
491 > 620 7.4950.05
491 > 695 7.70%0.04

Tab. 1 for chl a + chl b mixture is much closer to that of chl b
alone, then for the chl a solution in LC, even at higher chl a
then chl b concentration. Moaaureuont were dono u-tng two roglona
cf fluorescence spectra:

1) using filter transmitting uavol-nghtn A > 620 nm e.g. in-
cluding whole chl 8 and chl b emission bands;
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2) trough the filter transmiveing A > 635 nam which give mno~
re chl a, thea chl b fluorescence, »

Comparing all results gatherad Lo Tab. 3 ane has (o cunclu=
de, thatr bocauee of atrong overispping of emlssion spactras of
chl e chl b and chair aggregates i¢ L2 not pPouseidble to weasurs

belanning to every one of the pignents lecated in pigment wie
xXtura, The resulr of T for pigment mixturs cer be related with
two effects

1) the independcnt excitation of svery one pighent  followsd
by the ov-rlappiug of thoir emigsions charsctarized by different
y > A :

2) the change in the fractions of emitting pigments by the
excitation energy trensfer, =9

Firet effect is trivial, To check if second offect pays im~
portant role in our system we enelysed first lifetimes of pigment
mixture using Pearlstein, Tumermsn and Sordrin formuls [a]

(1 + tan®s 1,8, tan 8y + (2 + tan 51) £,0, ten 3,

it Bl - C
L]
R (1 + ;:;Esz)fth + (1 4+ taﬂﬁbi)szz ke
where: 3 = observad phese shift for pagnont nixturex
. ,bz. 62 phese shifts for the pigments in oeparutad sam=
NG ples;:
fys fy = fractloﬂo of ltqht oboorbod by ¢chl ¢ and chl b
il ro-pocttvnlyz

Gy Qz’ the yields of fluorescence of chl a and chl b

Cton & w - wTit W = 7.36 - 107 T

w is 2lUv frequency of 1ight modulation used in phoso ~ fluorome=,
ter, It was found that 3 obtained from experiment is dszeront
froo these o lculated from formule (1), For example at Xgne ¥

w481 ar S¢ &, ) w =0,41; whersas the experimental vslue ie

S T ) §

’ t.ﬂ a.w . -0'56: Z ‘
It 38 an evidence chat in our sa-plo tho onission ts . catho laoaste
psrtiably excited by ET, - ~ i -

In purpos: to calculets the yield ond rha Jif.ﬂtt‘ﬂ of exci=.

!
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tation energy transfer between investigated pigments the formuls
proposed by Kn o x [4] is used;

A
(fz 07\1 fi)u
¢ = 8rc ten 2 - (2)

2 A
. K+ 1K “K:"z‘z

8
fae

-~ 8re nn(’%z) - arc tan (—'-q—-‘f—z-)

where: A,, A, sre natural radietive rate of chl b .nd chl . (A
'{%ix Ay = 7{1—):
Kyo Ky = totnl docay constants for uncoupled systems;
F - rate excitation energy transfer,. It is supposed
in celculation that energy is transfered from
chl b to chl a:

atz,fz ~ phase shift predicted when absorbed fraction
are f1 and fz.
Data used is '1' fz calculation for two wavelengths of exci-
tating ligth are gathered in Tab, 2, '
Ay and A, are obtained from red absorption w- of chl b and
chl a respectively using formulat

A= -:—— = 3,202 ¥ A7 Emax
; (+]

where: Y b position of band maximum in cm 1

AV « half band width (4n cm "%y

Boax ™ oxcitauon at maximum of abcorpuon d"c-

Ky ?E%I b and K, = E‘EFI s 2re obtained fros measured lifeti-
mes of separated pigments, f,, ’2 snd w are defined s in fo=
romula (1), v

Dats used in calculations and results are gathered in Tob. 2. -
It wes found thet in 2ll ceses K ., p _opn) o = TOt® of ET from
chl b to chl a is negative, It means that rete of ET from chl a
to chl b predominates in investigsted system. Therefore the yield
of ET from chl 8 to chl b is eolwhnd B Qébl s — chlb -
& “Konl b oesichl 8. .. Cehl & ‘The eccurscy of calculetion  is
better for not very low every one fl and f,, therefore such re-
sulte are shown in Tab., 2,
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550".7010‘ 750 A [nm]

7ig. 1. Flugrescenca spactre of chl a (C3 » 2.3 10'2n)
Aaxew 47C np (curve 205 A, . = 430 nn (curve 2); ¢chl b (e, =
= 5.2 r2072M) X, 470 no- (curye 5)i  chl a'+ chl b mixture
(C, w 1.7 + 2072M7 Cp = 3,6 - 107°M) 2,,, = 430 ne (curve
3): ,‘Lexc- 480 nm (curve io) ¥

Widms fluorsacencii chl a (C, = 2,3 - 1072 mola)

o™ 470 nn Thrzyws L1, Lgzom 430 ne (krzywe 2); ¢hl b (Cb -

5,2 » 40 3mola)haxe= 470 nm (krzyws 5); chl & + og}b A

mieszening (Cz; = §,7 - 10" %mola, C = 3,6 - 10 mols)
Taxe® 430 nm (krzyws 3)1 de,, = 450 nm  (krzywa 4) -
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All used excitation wavelengths are located in & region of
chlorophylls Soret bands, The difference °oh1 B gl B ob=
tained for verious A, . 6ore related with different fractions
of monomers and aggregates of pigment absorbing at verious exci~
tations,

One cen conclude, thet similarly s from PAS results, analy~
sis of lifetimes of fluorescence of pigmeant mixture suggests some
way of migretion of energy observed by chl & molecules to chl b,
The lifetime of aggregate has to be longer than that of chl a,
closer te T of chl b,

The thermal deactivetion of excitation energy in  aggregate
has to be higher then thet of chl a.

In fluorescence spectrum of pigment mixture additional maxi~
mum located mat 695 nm was found Fig, 1. This meximun is not oo~
curing in spectra of separate pigments, therefore it is probably
connected with mixed aggregates of both end LC molscules,
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PRZEKAZYWANIE ENERGII POBUDZENIA
POMIEDZY CHLOROFILEM A I CHLOROFILEM B
W ETLE POMIAROW FLUORESCENCII

Baedania czasu tyc;u‘fluorateanbjl chlorofily & 1 chlorofilu b
oraz mnieszanin chlorofild ougaru e mozliwoéc migracji ener=
gii absorbowanej przez chlorofil e chlorofily b,



