studia
biophysma. Volume 118 (1987) Number 3, p. 180 - 106

EFFECT OF SOLVENTS ON THE ABSORPTION SPECTRA OF MEROCYANINE 540

L. SIKUROVA, T. JANTKOVL
Comenius University, Department of Biophysiecs MFF, Bratislava

Electronic absorption spectira of merocysnine 540 molecules were
measured in the visible region for twenty one solvents or sol-
vent mixtures of differing polarity. A blue solvatochromic shift
of the measured spectra was observed with the increasing polari-
ty of the solvent and the quantitative dependence between the
position of the absorption peak and dielectric constant of the
solvent was established. This calibration of solvatochromic be-
haviour of merocyanine 540 was used for the probing of the local
polarity of phospholipid liposomes.

Introduction
Various fluorescent dyes have been largely used as a tool of
biophysical and biomedical research. Among them, a frequently

employed probe is merocyanine 540 (abbreviated as M-540). This
dye was previously applied widely for monitoring of action po-
tentials on some biological preparations /2,3,4,12,14/. Becsuse
of photodynamic damsge this application has recently been drop-
ped. Later on M-540 was zpplied for additional studies which ha-
ve shown that this dye is a sensitive probe of structural modi-
fications in 1lipid membranes /5/. POHL /10/ and LEILKES and
MILLER /5/ discussed the use of M-540 as an indicator of phase
transition in lecithin membranes. Studies published in /8/ have
shown that M-540 distinguishes discrete domains in the plasma
membranes of various cells and biological samples. WILLIAMSON

et al. /15/ have proved that M-540 is able to sense the degree
of lipid packing of bileyers. In /11/ the authors assessed the
ability of M-540 to monitor the charge separation in submito-
chondrial particles. MONTICH et 21. /7/ used M-540 to investi-
gate the particular 1ipid composition (the portion of glyco=
sphingolipids) in liposomes and to study a penetration of M-540
in monolayers of various lipids.

The above-mentioned measurements showed that the probe M-540
appears particularly sensitive in one membrane system, but it is
not necessarily sensitive in another membrane /6/. The reason of
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this behavicur is not yet explained. Probably, it is the reflec-
tion of the dye ability to interact with distinct membrane sys-
tems. This assumption is supported also by the fact that M-540
ranks among a large family of chain dyes - benzoxazol merocyani-
nes - with strongly solvent dependent optical characteristics
/1,9/. With the aim to calibrate the solvatochromic behaviour of
M-540 dye, we present here the systematic studies of the solvent
effects on M-540 electronic absorption spectra. We hope that our
results will help to improve the physical-chemical interpreta-
tion of M-540 spectra in various membranes.

Materials and methods
In our experiments merocyanine 540 (M-540) was used as a fluo-

rescent probe (see structure below). This dye we obtained from
Eastman Kodak, Co., and used it, without further purification.
" n¢ (CHalsCHy
=CH—CH=CH—CH N>=s
N “(CH,),CH;
(CH2}3503NG

For solvatochromic studies the following solvenis were used: bi-
distilled water (pH = 6.2 z 0.2), ethylene glycol, methanol,
ethancl, n-butanol, isobutanol, acetone, chloroform, benzene,
p-xylene, carbon tetrachloride, n-hexane, n-decane. Solvents of
spectroscopic quality were employsd ard were obtained from Lache-
ma, Brno, except for isobutanol (Reachim, USSR), n-hexane, n-de-
cane {Merk - Darmstadt, West Germeny) and ethylene glycol (Fluka,
Buchs, Switzerland). In order to cover the whole range of pola-
rity, homogenous solvent mixtures of methanol - water, benzene -
methanol, chloroform - methanol end caerbon tetrachloride - metha-
nol were used. Fresh M-540 solutions were prepared daily.
Phospholipids employed in our experiments were synthetic leci-
thins obtained from Fluka AG: L- /3, g -dimyristoyl- &-lecithin
(DML), 1~-A3, 7 -dipalmitoyl-a -lecithin (DPL), 1~/ oleoyl- 3 -
palmitoyl-g —lecithin (OPL). We also used egg lecithin (EL) pre-
pared at the Charkow State University. All these lecithins were
employed in the preparation of the "alcohol" liposcmes according
to the standard method of VLADIMIROV and DOBRETSOV /13/. The
M-540 concentrations in all solutions were in the range of
(5%x10"7 - 3x1077) mol/1. The spectra were recorded by spectro-
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Photometer SPECORD UV VIS (Zeiss, Jena) within the (14 - 30) %
1000 em™ i region.

Quartz cuvettes with 0.5 cm optical pathway were used for measu-
rements of M-540 absorption spectra in lecithin liposomes and
another pair of cuvettes 1 ecm thick for spectral measurements of
M-540 in pure solvents or solvent nixtures.

All sample preparations and measurements were carried out at the
temperature of (19 + 2)OC.

Results and discussion

The systematic investigation of electronic absorption spectira of
merocyanine 540 was made in various pure solvents of different
polarity, in solvent mixtures and also in model phoespholipid
membranes. It was found that M-540 is soluble in solvents with
sufficient polarity, such as water, ethylene glycol, methanol,
ethanol, isobutanol, n-butanol, acetone and chloroform. In orga-—
nic solvents with very low polarity, such as benzene, n-~hexane,
n-decane, p-xylene and carbon tetrachloride, it is practically
insoluble. If a2 small volume of the polar solvent such as metha-.
nol (TAB.) is added +to benzene, carbon tetrachloride or p-xyle-
ne facilitates the solubilization of the dye.

The visible electronic absorption specira of the dye M-540 ob-
tained in some pure solvents are shown in FIG. 1« In 8ll wvisible
absorption spectra of M-540 in solvents differing in their pola-
rity, two pesks were observed. The peak at longer wavelengths
was marked as A peak (monomer peak /5,12/) and the pesk at shor—
ter wavelengths as B peak (dimer peak /12/). In the range of the
concentrations used (5x107/ - 3x10'5) mol/l no shift of A peak
due to concentration changes was observed. But the B peak was
shifted by conceniration changesw. From FIG. 1 it is evident
that the shape and the position of the absorption peaks in M-540
visible spectra are strongly dependent on the polarity of the
solvent, this means that M-540 exhibits solvatochromic behaviour.
The absorption spectrum of the examined probe is blue shifted as
the solvent polarity is increased — hypsochromic solvatochromism.
M-540 molecules show an overall shift of 36.4 nm while passing
from benzene - methanol (100 : 1) mixture to water. This corres-

Tdetalled analysis in: SIKUROVA L., HABAN, I.: Dimers of Merc-
cyanine 540 (in preparation)
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ponds to the difference in transition energy of 0.14 eV. The ob-
served blue absorption shift corresponds to higher absorption
transition energies with increasing solvent polarity. This
spectral shift can be attributed to the changes in electronic
structure of the dye /6/. The observed blue shift in M-540
spectra confirms, according to Brooker®s ideas /1/, that

M-540 is a dye of intrinsically high polarity. The values of RA
are summarized in TAB., together with the solvent polarity para-
meter - dielectric constant €. (the dielectric constant has
been proved as the sufficient solvent polarity parameter in the-
se measurements). Our data for some of the pure solvents (ethy-
lene glycol, methanol, ethanol, n-butanol, chloroform) are in
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FIG. 1 Chemieal—structure—and sbsorption spgctira of M-540 in so-

me solvents a) water (bidestilled pH = 6.2 I 0.2),b) methanol,
¢) n-butanol, d) chloroform (concentration 1102 mol/1).
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TAB. 1 Absorption maxima of M~540 in solvents and lecithin

liposomes

1° | solvent Dielectric Absorption |Absorption

constent maximum of |energy of

at 25°C A peak (nm) |A peak (eV)
Er 7%. Ep
1| water (pH = 6.2) 80.3 537.6 2.318
2| ethylene glycol Aow 55T7.0 2:227
3 | methanol 336 556.7 2.228
4| ethanol 25.5 560.2 2.214
5| acetone 20.7 562.4 2.206
6| isobutanol 17.9 564.3 2.199
7| n-butanol 174} 565.0 2.19
8| chloroform 4.8 571 sl 2+172
| benzene - 100 : 1 2.6 574.0 2.161
10 | methanol 20 : 1 3.8 572.8 2.166
11 10 1 Hal 569.5 2.179
12 2 11 12.7 566.5 2.190

13| carbon tetrachloride -
methanol 1 : 4 273 559.9 2.210
14| chloroform - 1 5 3 19.2 563 .71 2.203
15| methanol 5 1 9.6 567.8 2.185
16 10 2 3 T4 568.2 2.184
17| water - 5 : 1 72.5 540.5 2.295
18| methanol 31 68.6 542.3 2.288
19 2 1 64.7 544.7 2.278
20 1 1 56.9 548, 2.263
21 1 ¢ 2 49,1 551.8 2.248
22 1 : 3 45.3 BhRT 2.243
23 1 15 41.5 555.0 2.235
Liposomes

24| OPL 569.5 2.178
25| EL 570.8 2.174
26| DML 571.0 2.173
27} DPL 572.1 2.169

good sgreement with those published in  /5,7,10/. But the value
of XA for M-540 in water, published in different literature,
exhibits slight differences: 532 * 2 nm /6,10/, 535 mm /7/,
537.6 nm /our result/. These deviations can be attributed to

i) the different value of the tempersture ii) the different
value of pH of water used. Experimental values of the M-540 wa-
velength )A (for A peak) are plotted as a function of dielectric
constant ¢ of the solvents used (FIG. 2). This plot exhibits
linearity with a negative slope above the range of &r values
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4.8 - 80,3 (FIG. 2). The line through the experimental points
was obtained by least-squares fit and the correlation coeffi-
cient is 0.99. In the range of cr 4.7 = 2.6 the deviations from
linearity to superlinearity are detected end this can be inter-
preted as some specific solventi-solute interactions /1/. Ascer-
tained linear dependence XA vs Cr in the range of Gr 4.8 -
€0.3 enhances the spplicability of M-540 as a polarity probe,
‘also in biological samples or models. In this work we present
visible electronic specira of M-540 in model phospholipid memb-
ranes - liposomes (FIG. 3). These spectral datas are summarized
in TAB. 1. As can be seen from FIG. 3 and TAB. 1, M-540 in dif-
ferent lecithins exhibits only slight spectral shifts of 2.6 mm
(0.009 eV) while passing from OPL to DPL liposomes. Our data of
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FIG. 2 Plot of the absorption maximum ké_of A pesk of M-540 vs
the solvent polarity parameter g... For "€, e £ 4.8, 80.3>
the linear correlation is given:

Ay = (571.7 £1.5) - (0.42 2 0.03) x Cr.
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A, of M-540 in EL snd DPL liposcmes can be compared with the
A

data of M-540 in phospholipid vesicles /10/. We observed a

slightly different RA shifted@ to longer wavelengths (3 - 5 nm)

which can be attributed to different sample preperation (diffe-

rent tempersture, different pH of water and presence of KC1l in

water). From the data in TAB. 1 =n

the ¢ e
FIG. 2, the effective values of the dielectric constent &, of
the dye binding environment in lecithin (EL, OPL, DAL, 1

—~3

)

posomes can be only roughly estimated within the interval 3 -6 .
The more precise value 1is not realistic as the values have
been taken from FIG. 2 between 569,5 nm and 572,1 nm where the
curve is no longer linear. Furthermore the wavelength differen-
ce of only 3 nm seems to be itself within the limits of error.
The obtained spectral characteristics of the M-540 probe will be
utilized for further investigetion of membrane structure and dy-
namics by the fluorescent probe M-540.
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FIG. 3 Absorption spectra of M-540 in liposomes of a) O%L, b)
EL, ¢) DML, d) DPL (concentrations of M-540 ¢ = 3 x 1077 mol/1).
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B paBoTe Guau moMepeHN CINEKTDH MOrJoueHus MepouuaHuna 540
(M-540) B pasiMYHERX PECTBODUTEJRX. IIpy 3ToM M HAGADIAJLH THIOCO-
XpOMEM# CABAI MAKCUMYMa NOTJNOMEHMS KPackTexs. LI KOIMYeCTBeHHOH
OUeHKM COAbBATOXpOMUSMA BOHZ& M-540 Md nMocTpOMAK KaauGpanuoHHYD
SABUCHMOCTL NOJOEEHME MAKCUMMYMa CTEeKTpa MNOrJOmMeHHs OT LHUaAeKTDH-
yecko#t MPOHMIAEMOCTH, XapaxTepusypmell NOAAPHOCTL PACTBOPHTEAd.
NozyueHENe CIEKTPAibHNE XADAKTEDPHCTMKM MOSBOJKIN CHEHUTbL MOXRp-
HOCTh OKDYXeHMS B0HAE B MCKycCTBeHHNX $ochorunuieux MeumGpaHaX.
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