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FLUORESCENT PROBE STUDY OF MODEL
PHOSPHATIDYLCHOLINE/CARDIOLIPIN MEMBRANES

E. S. Zhilkova, G.P. Gorbenko, Ye.A. Domanov
V.N.Karazin Kharkov National University, 4 Svobody Sq.. Kharkeow 61077
Received 27 October, 2004

The effect of negatively charged phospholipid cardiolipin (CL) on the structural stste of phesphatidyicholine (PC) model
membranes was studied using fluorescent probes 4-(n-dimethylaminostyryl)-1-methyiosmidmmem [ DSM) and 3-methoxy-
benzanthrone (MBA). Electrostatic and non-electrostatic contributions to stabilizstion of DSM-Sgid complexes were
evaluated. MBA bilayer distribution was found to change on increasing CL coment Suer € 5 10 mal % suggesting that
incorporation of small amounts of CL into PC bilayer is followed by pronounced modiSication of e membrane structure.
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Functional properties of biological membranes are known to be largely determsimed by ssucnural state of the
protein and lipid membrane components. The latter, in turn, strongly depends on chemsical sstwre and content of
the lipid membrane constituents. More specifically, variations in the bilayer kipsd compesition can bring about
the changes in membrane structure and physical properties, such as elecorostatic possssial polarity, phase
behavior, etc. To gain insight into the mechanisms underlying these changes mode! membeane systems whose
lipid composition can be widely varied are extensively studied with 2 number of powerSul physical techniques.
One of them is based on monitoring the changes in spectral characteristics of membrane-bound fluorescent
probes [1]. In the present study fluorescent probes 4-(n-dimethylaminostyryisi-methyiperidinium and 3-
methoxybenzanthrone have been employed to characterize physical properties of Se model membranes
composed of zwitterionic (PC) and negatively charged (CL) phospholipids. Carfiolipes = 2 stucturally unique
phospholipid, containing four fatty acyl chains and two phosphate groups [23] A g deal of evidence
suggests significant role of CL in the coupling of phosphorylation and clecwwm wmmsport regulation of
membrane enzyme activity, programmed cell death (apoptosis) [4-7]. It seems probuiie St ene mechanism by
which CL modulates membrane functional properties involves modification of S Silsper sructural state. In
view of this, our main goal was to elucidate how structural characteristics of PC Spad Silsper are influenced by
CL.

MATERIALS AND METHODS
Egg yolk phosphatidylcholine and beef heart cardiolipin were purchased S Stk Kharkov, Ukraine).
A stock suspension of unilamellar phospholipid vesicles was prepared by the method of St snd Kom [8]. The
ethanol lipid solution containing appropriate amounts of PC and CL was imjected mme 15 ml of 5 mM sodium-
phosphate buffer, pH 7.4, under continuous stirring. Ethanol was then remeowed 5 Salysis. Several types of
liposomes have been obtained, containing 0, 5, 10, 20 or 40 mol % of CL. Flusrsscmmes messarements were
performed with CM-2203 spectrofluorimeter using a 10 mm pathlength cuvese.

RESULTS AND DISCUSSION
Characterization of fluorescent probes. DSM is a pyridine derivative (Fig. 1) camymg & sewsral pH positive
charge. This probe resides preferentially in the polar membrane region being semsiine  slecwostatic surface
potential of a lipid bilayer. MBA (Fig. 2) is an uncharged probe of hydrophobic ssmrs lscsed & the region of
glycerol backbone and upper acyl chain carbons [9]. Its fluorescence parameters &o m¢ Sepemd on membrane
potential but may be sensitive to the bilayer structural rearrangement.
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Fig. 1. Structure of DSM Fig 1 S of MBA
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DSM studies. As a first step of the study, we examined DSM binding to PC/CL model membranes. To estimate
binding parameters (association constant ( K, ) and binding stoichiometry ( n, )), the results of DSM fluorimetric

titration with liposomes (Fig. 3) were analyzed quantitatively in terms of the Langmuir binding model [1]. It was
assumed that the increase of DSM fluorescence intensity observed at its association with lipids (A/,) is
proportional to the concentration of bound probe (8.):

Al, =a,B, (M
where a, is a coefficient of proportionality, corresponding to the molar fluorescence of bound probe. If the
probe binding site contains n, lipid molecules, association constant is given by:

Ko B, . 2 )
1 Fz(LO/"z-Bz) (ZG'BzXLO/"z“Bz)

where F, is concentration of free probe, Z; is total probe concentration. Given the eq.(2) fluorescence
intensity increase A/, can be represented as:

Al =a, o.s{z0 +Ly/n, +1/ K, =(Zy + Lo/n, + VK, ) =4L,Z, /n, } 3)

Least-squares approximation of the experimental A/, (L) dependencies by eq. (3) allowed us to estimate K, n.
and a, values. As seen in Table I, DSM association with model membranes enhances with increasing CL
content. Next, it was of interest to evaluate to what extent this effect is controlled by electrostatic phenomena.
For this purpose, association constant was represented as consisting of electrostatic (K,,) and non-electrostatic
(K,)terms [1]:

KRl =K -exp{_zpw} (4)
RT

where z is the probe charge (+1), ¥ is electrostatic surface potential which was calculated in terms of Gouy-
Chapman theory [10].

Table 1. Parameters of DSM binding to PC/CL liposomes

CL content, % n, Ko uM' | n Ko, mM™ y, mV a,, M’
5 11.0£24 | 0.15+0.08 30.8 4.8 -88 0.07 + 0.007
10 89104 | 027+0.06 108 9 -120 0.13 £ 0.002
40 87+02 3.0+09 1110 2.5 -180 0.13 £0.001

Comparison of the obtained K, values (Table 1) suggests that increase of CL content from 5 to 10 mol %

gives rise to the changes of both electrostatic and non-electrostatic binding component. This finding led us to
assume that incorporation of small amounts of CL into PC bilayer is followed by the changes in the
conformational state of lipid groups surrounding DSM in the lipid bilayer (phosphorylcholine group, glycerol

backbone and upper acy! chain carbons). Additional arguments in favor of this assumption come from the MBA
fluorescence studies.
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Fig. 3. Change of DSM fluorescence intensity as a Fig. 4. MBA fluorescence spectra in PC/CL liposomes
function of lipid concentration
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MBA studies. Fig. 4 shows MBA fluorescence spectra in liposomes of various composition. Approximation of
these spectra by Gaussian / = 4 -exp{—(/l - Am,,)’/zwz} revealed two (0, 5 mol % CL) or one (10, 20, 40 mol

% CL) spectral components (Table 2). This implies that in liposomes whose CL content does not exceed 5 mol
% there exist two spectral components corresponding to the two populations of MBA molecules differing in
polarity and relaxation characteristics of the probe microenvironment. In the meantime, increase of CL content to
10-40 mol % is followed by the bilayer structural changes resulting in the MBA location at homogeneous
binding sites.

Table 2. Parameters of MBA fluorescence spectra

Component 1 Component 2
CL content, % 1=nu . nm W) A 'ﬁn _om | w | A,
0 528.3 32.3 0.05 5773 | 486 0.20
5 528.9 31.2 0.39 5732 | 466 0.29
10 546.6 45.7 0.39 | -
20 546.1 44.1 0.52 1 T
40 546.9 40.5 0.12 |

Importantly, the results presented here are in accordance with the data obtained by other authors [4,6].
Particularly, IR spectroscopy studies revealed that incorporation of small amounts of CL = PC bilayer stabilizes
intermolecular hydrogen-bonded petwork including hydrational water molecules [6]. As CL concentration
increases, electrostatic repulsion between negatively charged phosphate groups is Fkely to decrease phospholipid
packing density thereby destabilizing hydrogen-bonded network. This, in tum. can facilitate redistribution of
MBA molecules within the bilayer.

CONCLUSIONS

Fluorescent probes DSM and MBA appeared to be sensitive to the CL-indnced changes in structural
properties of PC model membranes. Evaluation of electrostatic and non-elecrostatic components of the DSM
binding to lipid bilayer showed that CL incorporation can exert influence not om'y om electrostatic surface
potential, but also on the structural state of phospholipid molecules. Analysis of MBA flnorescence spectra is
suggestive of the different structure of the bilayers with CL content less than 5 mol %: and that exceeding 10 mol %.
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JOCNEHHA MOJAEJIbBHHX MEMBPAH I3 ®OCOPATHIHUIIXOMIHY TA KAPIIOJIIHY
METOJAOM ®JIYOPECLUEHTHUX 30HXIB

€. C. Knnxona, I'.IL. lNopbenxo, €.0. lomanor
Xapxiecokuti nayionanshui ynisepcumem im. B.H. Kapasina, nn. Ceoboou. £ Lgpwaa 61077

3 sukopucTanusM  GAyopecueHTHHX 30HIIB  4-(n—awMcruaminocTHpui)-1-mMeThamipmeeso  (JICM) T2 3-
merokeubensanTpony (MBA) nocnimkeno siims HeraTUBHO 3apsyokeHoro docdonininy xapmiomsisy (K1) sa crpykrypuuii
ctTan MoneasHuX MemOpan i3 docharunniaxoniny (@X). IMpoeencHa oniHka eNeXTPOCTATHYNOND T2 M ICKTPOCTATHIHOIO
Bknanie B crabinizamilo kommiekcis JICM 3 ninizamu. Buseneni sminm B posnoxini MBA » mmizsomy Gimapi mpu
miasmmenni - konuentpauil KJI sin 5 no 10 monmsprux %. Orpumani aani ceinvats npo sommdswso=wil sins KJI na
CTPYKTYPHHMI CTaH MOJCTLHIX McMOpaH.
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