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The present study was undertaken to evaluate the sensitivity of a newly synthesized benzanthrone dye to
the changes in physicochemical properties of lipid bilayer. It was shown that the dye under study is non-
emissive in buffer but exhibites strong fluorescence in lipid phase. Partitioning of AM15 into model
membranes composed of zwitterionic lipid phosphatidylcholine (PC) and its mixtures with anionic lipid
cardiolipin and cholesterol was followed by significant increase of fluorescence quantum yield. Analysis
of the partition coefficients showed that inclusion of cardiolipin and choleterol into phosphatidylcholine
bilayer gives rise to the decrease of AM15 incorporation into lipid phase compared to the neat
phosphatidylcholine membrane. It is assumed that AM15 resides in the hydrophobic bilater region, being
oriented parallel to the lipid acyl chains.
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B nawiii poboti Oyna mpoBeleHA OIliHKA YYTJIMBOCTI HOBOTO OCH3aHTPOHOBOrO OapBHHKA O 3MiHU
(i3uKo-XiMIUHMX BJacTHBOCTEH JimigHoro Oimapy. Ilokazano, mo 30HHK AMIS5 mposiBisie sickpaBo
BUpaXXeHY (IIyOpecIeHIIIfo B IiAHIN (a3i y mopiBHAHHI 3 Oydepom, a Horo 3B’ si3yBaHHS 3 MOJICIEHUMH
MeMOpaHaMU, IO CKJIAJAIICH 13 IBITTEPIOHHOTO Jimiay (pochaTHAMIXONMIHY 1 HOTO cyMmilIei i3 aHiIOHHUM
JMiZOM KapIiOJiMiHOM Ta XOJECTEPHHOM CYIPOBODKYBABCS 3POCTaHHSIM KBAaHTOBOTO BHXOMAY
(hyopecueHii. BkirtoueHHsT KapaiomimiHy Ta XolecTeprHy B (HochaTHAMIXOMIHOBUH OilIap BHKIUKAIO
3MEHIICHHS e(QEeKTHBHOCTI BOyAoByBaHHS AMI1S5 B mimocoManpHi MeMOpaHHM y TOPIBHAHHI 3
docharnamxoniHoBuMHU Tinocomamu. [Ipumyckaetscs, mo AMI1S5 mnokamizyerscs B rigpodoOHii
o0sacTi Oirrapy, OpiEHTYIOYHCH MapaieabHO 0 allMIbHUX JIAHIIFOTIB JIiIIiIiB.

KJIIOUYOBI CJIOBA: 0cH3aHTpOHOBI OapBHHKH, JIIIOCOMH, KapIioiimiH, (ochaTHIMIXOMTiH,
XOJIECTEPHH, JTi301[HM.
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B nannoii pabore Obla MpoBe/ieHa OIIEHKa YYBCTBUTEIHHOCTH HOBOTO OEH3aHTPOHOBOTO KPAaCHUTEINs K
M3MEHEHHIO (PU3NKO-XUMHYECKHUX CBOMCTB JIMIHUIHOTO Oucios. [lokazaHo, 4To HcciieyeMblii KpacuTeb
MIPOSIBIIAET SIPKO BBIPAXKEHHYIO (IIyOPECICHINIO B JHMIUAHON (haze mo cpaBHeHHIO ¢ Oydepom, a ero
CBSI3BIBAHKE C MOJAETHHBIMH MEMOpaHAMHU COCTOSIIMMH U3 IIBUTTEPHOHHOTO JTUNHAA (ochaTHIIIIKOINHA
U €r0 CMECEH C AaHMOHHBIM JIMIIUJOM KapAHOIMIIMHOM U XOJECTEPUHOM COIIPOBOXKAAJIOCH YBEINYEHUEM
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JUIIOCOMAJIbHBIE ~ MeMOpaHbl 10 CpaBHeHHMIO C  (hocaTHAMIXONMHOBBIMH  JIMIIOCOMaMHU.
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[Mpennonaraetbes, uyto AMI1S nokamusyercs B ruapodoOHONH 00JacTH JNUOMIHOTO  OHCIOS,
OPUEHTUPYSCH NapaJUICNbHO ALMIIBHBIM IETIIM JIUIUA0B.

KJIIOUYEBBIE CJIOBA: GeH3aHTPOHOBBIE KpacUTENH, JMIOCOMBI, (hOChaTUAMIKOINH, KapIHOJIUIINH,
XOJIECTEPHH, JTU30LIUM.

Membrane physical properties are known to control a variety of biological processes such
as partitioning of proteins and peptides into lipid bilayer, membrane fusion, modulating the
enzyme activity, just to name a few [1]. One powerful physical technique for detecting
physical and chemical properties of model and biological membranes is based on the use of a
wide variety of fluorescent probes [2-4]. The newly synthesized probes must meet several
requirements: (i) several orders of magnitude higher quantum vyield in the media under
investigation compared to the dye fluorescence on buffer; (i) small perturbing influence on
biological systems, (iii) high sensitivity to the physicochemical changes of membrane
environment.

The structure and dynamics of the membrane-bound probe molecule are of great interest
because of the usefulness of their fluorescence properties in a wide variety of biological
applications [5, 6]. A number of fluorescence properties (emission maximum, quantum yield,
anisotropy, etc.) are sensitive to the variation in the membrane structure and/or dynamics
Moreover, the exact molecular mechanisms behind the change in fluorescence property in
many applications are not fully understood [7]. Identification of the dye location within the
membrane is essential for understanding the molecular mechanisms underlying the changes in
fluorescence properties.

In many complex biological systems fluorescence probe may be situated both in aqueous
and membrane phases where in turn the probe tends to distribute between various locations,
such as surface and interior regions [8]. In the lipid membrane an organic molecule can be
located in three distinct regions: (i) The surface region where the dye is exposed to the
external aqueous phase, (ii) the interfacial region where the dye exposure to the aqueous
phase is limited, and (iii) the core region where the dye is entirely in a hydrophobic
environment.

The present study was undertaken to evaluate the spectral properties of a newly
synthesized benzanthrone dye (referred here as AM15). The structure of this compound is
given in Fig.1. The spectral characteristics of AM15 have been examined using model
membranes composed of egg yolk phosphatidylcholine (PC) and its mixtures with cholesterol
(Chol) and anionic phospholipid cardiolipin (CL).

Fig. 1. Structure of the benzanthrone dye AM15.

MATERIALS AND METHODS
Egg yolk phosphatidylcholine and beef heart cardiolipin were purchased from Biolek
(Kharkov, Ukraine). Both phospholipids gave single spots by thin layer chromatography in
the solvent system chloroform:methanol:acetic acid:water, 25:15:4:2, v/v. Chol esterol was
from Sigma. Benzanthrone dye AM15 was synthesized at the Faculty of Natural Sciences and
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Mathematics of Daugavpils University. All other chemicals were of analytical grade and used
without further purification.

Unilamellar lipid vesicles composed of pure PC and PC mixtures with a) 5 or 10 mol% of
CL; b) 30 mol% of Chol; were prepared by the extrusion method [9]. The thin lipid films
were obtained by evaporation of lipids’ ethanol solutions and then hydrated with 1.2 ml of 5
mM Na-phosphate buffer (pH 7.4). Lipid suspension was extruded through a 100 nm pore
size polycarbonate filter. The phospholipid concentration was determined according to the
procedure of Bartlett [10]. The dye-liposome mixtures were prepared by adding the proper
amounts of the probe stock solutions in buffer to liposome suspension.

Steady-state fluorescence spectra were recorded with LS-55 spectrofluorimeter (Perkin
Elmer, Great Britain) equipped with magnetically stirred, thermostated cuvettes. Fluorescence
measurements were performed at 20°C using 10 mm path-length quartz cuvettes. Excitation
wavelengths for benzanthrone dye AM15 was 480 nm. Excitation and emission slit widths
were set at 10 nm.

Quantum yields of AM15 was calculated according to the formula (1):

Q.1 - 10)S
Q= e 1)
(L -10")S,

Where Q is the dye quantum yield of standard, S and S, are the areas under fluorescence

spectra of the dye and standard, respectively, A, and A are absorbances of the dye and

standard at excitation wavelength, respectively. For correct quantum yield evaluation it was
mandatory for the dye and standard to have close absorbance values, not exceeding 0.1.
Absorption measurements were performed with SF-46 spectrophotometer using 2 mm path-
length cuvettes.

RESULTS AND DISCUSSION
At the first step of the study we compared the sensitivity of AM15 to the membrane
environment. Fluorescence spectra of this dye were recorded in buffer solution (5 mM Na-
phosphate, pH 7.4) and liposomal suspensions.
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Fig. 2. Emission spectra of AM15 in PC liposomes (A) and ethanol (B). Extinction coefficient is
£440 =14491 M*cm™?

The typical fluorescence spectra of probe AM15 in liposomal suspension are presented
in Fig. 2, A. The dye under study is an asymmetrical benzanthrone derivative, which was
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found to be nearly non-emissive in buffer but exhibited strong fluorescence in ethanol
solution (Fig. 2, B).

The observed enhancement of AM15 fluorescence in lipid phase can be explained by
the fluorophore transfer into membrane environment with reduced polarity and higher
viscosity, decreased rate of non-radiative relaxation processes involving excited state
dissipation via vibrations, hydrogen bonding to the solvent cage and the probe rotation [11,
12].

In the study of interaction of any compound with model membranes, the determination
of the partition coefficient should be the basic step. To characterize AM15-lipid binding
quantitatively, we determined the dye partition coefficient (K ) for different lipid systems.

The fluorescence spectroscopy methodology was employed to quantify the dye partitioning
into a lipid phase.

When the probe binds to the lipid vesicles its total concentration in the sample (Z,,,)
can be represented as:

Z.=2,+2 )
where Z, stands for the probe concentration free in bulk solution, Z, is concentration of the
dye, incorporated into the model membranes.

The coefficient of dye partitioning into the lipid phase ( K, ) can be written as [13]:

K, = St 3)
ZfVL
or
V
ZL zszPV—\; (4)

here V,,, V, are the volumes of the aqueous and lipid phases, respectively. Given that under
the employed experimental conditions the volume of lipid phase is much less than the total
volume of the system V,, we assume that V,, ~V, dm?.

It is easy to show that:

z, =L ©
1+ K.V,

The dye fluorescence intensity measured at a certain lipid concentration can be derived

from the following expression:
l=aZ,+aZ =2 (a;+aKy\V) (6)
where a,, a, represent molar fluorescence of the dye free in solution, and in the lipid

environment, respectively.
From Egs. (5) and (6) we have:

_ Ztot(af + aLKPVL)
1+ Ky,
The volume of lipid phase can be determined from:

| (7)

VL = NACLZVi fi (8)
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where C, is the molar lipid concentration, f, is mole fraction of the i-th bilayer constituent,
v is its molecular volume taken as 1.58 nm?® and 3 nm® for PC and CL, respectively [14].

The relationship between K and fluorescence intensity increase (Al') can be written
as [14]:

p
Al =1, -1, 15KV, 9)
where 1 is the fluorescence intensity observed in the liposome suspension at a certain lipid
concentration Ci, ly is the probe fluorescence intensity in buffer, Inax is the limit fluorescence
in the lipidic environment.

To derive the dye partition coefficients for different lipid systems the experimental
dependencies AI(C.) presented in Fig. 3 were approximated by eqg. (9). Analysis of the
recovered partition coefficients (Table 1) shows that inclusion of anionic CL or sterol lipid
Chol into PC bilayer gives rise to the decrease of partition coefficient relative to the neat PC
membrane.

Table.l. Quantum vyields and partition
coefficients of AM15 in various systems r PC
S Fluorescence  Partition ®07e PCECL(S%) \ }
ystem . - s PCCL(10%)
guantum yield coefficient 3004w PC:Chol(30
buffer 0.018 250,
ethanol 0.19 < 200
PC g (61202)x10° s,
: 100 !
PC/CL (5%) 0.47 (2.7+0.2) *10* 5:-
0 2 4 6 8 100
PC/CL (10%) 0.36 (1.6+0.5) *10* Lipid concentration, uM
PC/Chol (30%) (4.9+0.4) x10* Fig.3. Fluorescence intensity increase as a
3 function of lipid concentration.

To interpret the decrease of AM15 partition coefficients we should consider the
mechanisms that may underlie the effect of CL and Chol on the physicochemical properties of
lipid bilayer.

The charged backbone of cardiolipin, as well as the ester carbonyl group, contribute to
the stability of an intra-and intermolecular hydrogen bonded network that includes water
molecules of the hydration layer [15, 16]. It was shown that CL is capable to reduce liposome
water permeability due to bilayer stabilization [17]. CL incorporation into lipid bilayer can
lead to the changes in the lipid head group conformation [17]. Perturbation of the
antisymmetric stretching vibrations of PC polar groups caused by CL confirms the above
mechanism of CL influence on the molecular organization of a lipid bilayer [17].

Among the factors that may be responsible for the observed decrease of AM15
partitioning in Chol-containing membranes, the most essential seems to be cholesterol-
induced structural reorganization of lipid—water interface. To date, the consequences of
cholesterol inclusion in phospholipid bilayer are rather well characterized. For the liquid-
crystalline lipid phase, the main chol effects include: (i) an increase in the separation of the
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phospholipid headgroups [18, 19]; (ii) increased freedom of motion of the phosphocholine
moiety [19]; (iii) enhanced headgroup hydration [19-24]; (iv) reduced content of the acyl
chain gauche conformations [25, 26]; and (v) tighter lateral packing of the lipid molecules
(condensing effect) [27]. In the lipid bilayer the amphiphilic cholesterol molecule is thought
to adopt a quasiperpendicular orientation to the membrane surface, with the 3b-hydroxy group
being located in the interfacial region and an apolar moiety composed of the tetracyclic ring
and the isooctyl side chain embedded in the hydrophobic core. Modification of the physical
properties of the lipid bilayer is considered as a predominant mechanism underlying
cholesterol influence on the dye-lipid interactions. The change in the lipid packing density
caused by Chol inclusion allows a greater number of water molecules to penetrate in the
headgroup bilayer region. Probably Chol OH-group, which protrudes into carbonyl region of
the bilayer, moves the neighbouring lipid molecules apart thereby increasing membrane
hydration.

Taking into account the above effects, we can supposed that newly synthesized dye AM
15 is most probably located in the hydrophobic bilayer region being oriented parallel to the
lipid acyl chains.

The next step of the work was directed towards the estimation of fluorescence anisotropy
of AM15 in lysozyme-lipid systems (Table 2). It is known that fluorescence anisotropy of
membrane-bound probe is determinedby an average angular shift of fluorophore occurring
between absorption and subsequent emission of a photon, which depends on the lifetime of
the probe excited state and the rate of its rotational diffusion. As seen from Table 2,
anisotropy value increases in CL- and Chol-containing liposomes, compared to PC bilayer.

Table 2. Fluorescence anisotropy of AM15 in different lysozyme-lipid systems. Native lysozyme
concentration was 4.5 pM.

System anisotropy
PC 0.197
PC/CL(5%) 0.214
PC/CL(10%) 0.232
PC/Chol(30%) 0.215

Since the diffusive motions depend on free volume of the dye microenvironment, the
angular shift reflects the ordering of lipid acyl chains. As a result, any variations in membrane
free volume, available for probe motions, will lead to the changes in fluorophore anisotropy.
What factors may cause the membrane free volume change? The free volume of lipid bilayer
depends on its composition, degree of acyl chain saturation, extent of hydration, temperature,
etc. [28]. The free volume model considers diffusion of membrane constituents or guest
molecules as a three-step process: 1) opening of a gap in a lipid monolayer due to formation
of kinks in the hydrocarbon chains; 2) jump of the diffusing molecule into a gap leading to the
creation of a void; 3) filling the void by another solvent molecule.

According to the data of Shibata et al., indicating that CL is capable to reduce liposome
water permeability because of the bilayer stabilization, which in turn brings about reduction
of the lipid bilayer free volume [17]. Bilayer free volume can be influenced by lysozyme
inclusion into dye-lipid system. These changes most probably result from the restrictions of
the probe rotation induced by the reduction of the membrane free volume upon the protein
penetration into bilayer hydrophobic region. Likewise, protein binding may give rise to
bilayer dehydration. Removal of water enhances the interactions between lipid molecules and
increases ordering of lipid headgroups [29]. Restrictions imposed by the increased packing
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density of lipid headgroups inhibit the probe photoisomerization and also may hinder its
rotation [30]. Importantly, AM15 anisotropy increases with protein concentration and CL
content. This finding implies that enhancement of electrostatic component of protein—lipid
binding strengthens the hydrophobic interactions of the proteins with the acyl chains of lipid
molecules.

CONCLUSIONS

In conclusion, the present study represents the first report about the behavior of a newly
synthesized benzantrone dye AM15 in lipid membranes. The dye was found to be nearly non-
emissive in buffer but exhibited strong fluorescence in liposomal suspensions. The results
obtained indicate that benzanthrone probe readily binds to the liposomes and displays high
sensitivity to the changes in physical and chemical properties of model membranes. AM15
partitioning into the lipid phases is followed by the increase of its fluorescence intensity
without any shift of emission maximum. Based on partition coefficients and anisotropy values
we supposed that newly synthesized dye AM15 is located in the hydrophobic bilayer region,
being oriented parallel to the lipid acyl chains. The recovered properties of AM15 allowed us
to recommend this dye for further use in membrane studies.
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