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DIMERS OF MEROCYANINE 540 III. IN DIMYRISTOYL LECITHIN LIPOSOMES

L. SIKUROVA, R. FRANKOVK, D. CHORVAT
Comenius University, Department of Biophysics MFF, Brstislsve

Electronic sbsorption spectroscopy was spplied to study the
cceurrence and equilibrium of different coloured species of me-
rccyenine 540 (M-540) in dimyristoyl lecithin (DML) liposomes.
The ¥-540 sbsorption specirs show two iscsbestic points (537 nm,
595 nm) which confirm the existence of two coloured species -
renomers end dimers. The molar extiqction ccefficients of the

pure moncmer &£, = 151100 mcl” 1 em' and pure dimer &, = 5400

mol” 1 em’ were'determined at abscrption maximum 568 nfi. Distri-

bution of M=540 monomers and dimers bound to DML liposomes wes
quentitatively determined snd the monomer == dimer equilibrium
constent K = 234,06 ymol/1 was celculated,

Introduction

Merocyenine 540 (M-540) is e fluorescent anionic dye which
sppears to incorporete itself into membresnes /14/, where it cean
serve 8s a reporter molecule for the state of the membrene po-
tentiel in nerve cells /1/, mitochondris /4/ end cerdiesc cells
/6/. 1t wes shown to bind preferentislly to fluid, cholesterol-
-free domeins of the outer leaflet of the cell membrene /3, 15/.
Binding of M-540 to cell membranes under certsin conditions is
cell type-specific. High-sffinity binding sites for this dye
ebound on electrically excitsble cells, leucemic cells snd some
classes of immeture blood cells /2,7,8,11/. The changes of phy-
sicael state of membrane give rise to dimerizetion of E-540. The
dye shows a potentisl-dependent equilibrium between monomers end
dimers /9/. WAGGONER and GRINVALD /13/ published cslculsted sb-
sorption spectres of the pure monomer end pure dimer for M-540
bound in egg phosphatidylcholine vesicles.

In our preceding paper /10/ monomer-dimer distribution =nd the
equilibrium constant for large concentration renge of E-540 in
egg lecithin liposomes were steted. In this peper we hsve the
aim to esteblish monomer-dimer distribution for M-540 in dimy-
ristoyl lecithin (DML) liposomes. Absorption specire of M-540
in DML have not yet been published and the pure monomer or pure
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dimer spectrum is not known either.

Materiels end methods

In our experiments

540 (¥-540) wes used ss & fluores-
)

cent probe cbteined from
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& phospholipid employed in our experiments was synthetic leci-
thin obtained from Fluke AG: L—(3,f%dimyristoyldcx-lecithin
(DML). This lecithin wes employed in the preparation of the "sl-
cchol" liposomes sccerding to the standard method /12/. The
¥~540 concentrations in these lecithin dispersions were in the
range of (1.5x10"6-99.5x10"6) wol/l. The samples were protected
frem light. All sample prepsrations snd measurements were cerried
cut et the temperature of (25% 1)%.
The absorption spectre were recorded by spectrofotometer SPECORD
M 40 {Cerl Zeiss, Jena, GDR} within the 350-750 nm region.

Results and discussion

FIG. 1 illustrates the visible absorption spectra of M-540 in
DML liposomes for M-540 concentretions renging within the extent
of (1-5—99.5}x10'6 mol/1 snd constant DML concentration (2.87x
10"3 mol/1). The spectre show two sbsorption peaks at 568 X1 nm
end a8t 531-534 nm. With increasing M~540 concentration, the follo=-
wing changes of the spéctre were detected: i/ The peek at shor—
ter wavelengths wes blue-shifted from 534 nm to 531 nm with in-
creasing dye concentration. i1/ With increesing concentration
the meler extinction coefficient € a8t 534 nm enhanced compared
to =2 slight decresse at 568 nm. These concentration dependent :
changes charscterize the M-540 sggregation process. The presence
of two isosbestic points (537 nm, 595 nm) in ebsorption spectra
(FIG. 1) reflects the existence of two verious dye species (mo-
ncmers end dimers). Higher eggregetes were nct observed in the

concentration renge used. No absorption peak corresponding to
gbsorpticn of M-540 molecules in water was cbserved. The longer
wayeiength bend cen be stiributed to dye monomers and the shor-
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FIG. 1 Visible ebsorption spectrs cf M~-540 in suspension of DML
liposomes. Suspension contsined constent DML concentration {2.87
mmol/1) end verying M-540 concentration: 1/ 99.50 /1 2f
53.00 o5 3/ 31.02/,01101/1: 4/ 10.50 umol/1; 5/ 1.85 umol/1;
6/ I-ﬁmolfl
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FIG. 2 Plot of log [0 vs. log (M| for M-540 in EL liposomes.
The concentrations are teken in gmol/l. The line is least squeare
fitted with the correlation coefficient 0.998 end its equation
is: log [D] = 2.01 log [M] - 2.38

ter wavelength bend to dimers. Absorption spectra of M=540 in
DML have not yet been published. A decrease of the dye concent-
ration below 1.5x107° mol/l does not alter the M-540 spectrum,
in the case of freshly prepered ssmples. So the absorption
spectrum of freshly prepared M-540 solutions at infinite dilu-
tion cen be considered to be & mcnomeric spectrum.

When the whole esmount of M-=540 dye is bound to lecithin, the
following equation for mocler concentration is velid:

[M-540] = [u] + 2(D) A (1)

where [M-540] is total dye concentration, [H] and [_D] are con=-
centrations of monomers snd dimers, respectively. The values of
[M) and |D] cen be celculated /15/ from the data of opticael den-
sities OD in cese we know the sbsorption ccefficients of mono-
mers E’H end dimers .{—“,D:

b= E (M + &[] (2)
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TAB. 1 Titrstion of DML {2.87:10’3 mol/1) liposom$s with M-540,
[H-54@ - total molsr concentration of the dye, [HJ end [ -
the computsg concentretion of ¥-540 monomers snd dimers, respec-
tively, OD - the meesured opticsl density st the monomeric me-
ximum 568 nm, K - the computed monomer —= dimer eguilibrium con-
stent

[-540) 0p?%8 (] (p] K
16° mo1/1 en™! 10 mo1/1 10%m01/1 10° mo1/
1.50 0.227 1.500 0.000 =
1.85 0.275 1.819 0.015  220.68
7.20 1.029 6.803 0.198  233.74
10.50 1.440 9.850 0.325  298.53
31.02 3.726 24.544 3.238  186.04
53400 6.030 39.670 6.665 236.12
99.50 9.750 63.890 17.804  229.27

Av.K = 234.061:10"6 mol/1
SD 36.52x10'6 mol/1

We have determined the moler extinction coefficient of the pure
monomer £y = 151100 mo1™'1 em™! end pure dimer £ = 5400 mo1”!
1 ca”! et 568 nm according to the method of WEST and PEARCE /15/
from the pure monomer spectrum and from the femily of absorption
curves. The concentrstions of EM] and Dﬂ celculated in such a
way ere stated in TAB. 1| together with the velue of monomer =—
dimer equilibrium constant K, defined by the following equation:

n] 2
(o]

In cese the (M| end [D] velues fulfil the mass lew for monomer
+— dimer equilibrium, according to equation (3) the dependence
log Dﬂ vs. log [Hﬂ should be lineer with a slope of two. Using
our date we heve plotted the stated dependence (FIG. 2). The
equation of the streight line with the slope of two is fulfilled
by the data for all M-540 concentrations used and so these va=
lues conform to the mass lsw for monomer z#dimer equilibrium end
the values of K = 234.06x10"6 mol/1 are constant within a stan-
derd deviation of 36.52x107° mol/1.

(3)
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