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The present study was undertaken to evaluate the sensitivity of newly synthesized ICT dyes to the
changes in physicochemical properties of lipid bilayer. Partitioning of ICT4 into lipid phase of the model
membranes composed of zwitterionic lipid phosphatidylcholine (PC) and its mixtures with anionic lipid
cardiolipin and cholesterol was followed by the decrease of fluorescence quantum yield and short-
wavelength shift of emission maximum. On the contrary, ICT2 exhibited tenfold increase of the quantum
yield upon interaction with liposomes, without any shift of the emission maximum. Analysis of the
partition coefficients showed that inclusion of cardiolipin and choleterol into phosphatidylcholine bilayer
gives rise to increase of the ICT2 incorporation into lipid phase compared to the neat phosphatidylcholine

membrane.
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B3AMMOJIECTBUE HOBBIX ICT-KPACUTEJIEN C JJUITUJIHBIMHA MEMBPAHAMMU
0.A. Kurusixosckas', O.K. Kyuenxko', B.M. prcmaa], I'.IL. Top6enxo’, T. [Ieiureoprues’,
C. Kanosinosa’, H. Jleces’

"Xapvroscruii nayuonansuoii ynusepcumem umenu B.H. Kapasuna, ni.Céo600vi, 4, Xapvkos, 61077, Vipauna
’Kagpedpa npuxnadnoii opeanuueckoi xumuu, Xumuuecxuii paxyromem, Coduiickuii ynusepcumem, boneapus
B nannoii pabore Obuta mpoBeJeHa OLEHKAa YyBCTBUTENbHOCTH HOBBIX [CT-kpacuterneld k U3MEHEHHIO
(U3UKO-XMMUYECKUX CBOWCTB JMmuaHoro oucios. Pacnpenencuue kpacurens [CT4 B nunumayro dasy
MOJICTIBHBIX MEeMOpaH COCTOSIIIMX W3 LBUTTEPUOHHOrO JMnuaa (ocaTUAUIKOINHA M €ro CMeced ¢
AHUOHHBIM JIMMUAOM KapJUOJUIIMHOM U XOJIECTCPHHOM COMPOBOKIAIOCH YMEHBIICHHEM KBaHTOBOI'O
BbIX0/1a ()ITYOpECUEHIINK U KOPOTKOBOJIHOBBIM CIBHI'OM MaKCUMyMa aMuccud. Harpotus, mist kpacurens
ICT2 wnaGmomamoch JECATHKPATHOE BO3pacTaHUE KBAaHTOBOIO BBIXOJA IIPU B3aMMOJCHCTBHU C
JUIocoMamMy, 0e3 CIBUTa MaKCUMyMa IMHCCUHU. AHanu3 Ko3((UIMEHTOB pachpesielieHus oKa3all, 4To
BKIIIOUYEHHE KapAMOJMIIMHA W XoJjectepuHa B (ochaTHIUIXOIMHOBBIH OWCIIOW  yBEIHYHBAET
a¢¢exTrBHOCTh  BcTpamBanus ICT2 B yiumocoMarnbHble  MeMOpaHBl 10 CPaBHEHHIO C

(ochaTUINITXOTUHOBBIMH JTUIIOCOMAMH.
KEY WORDS: ICT- kpacurenu, TurocomMsl, GochaTHIUIXONNH, KapIUOIUIIHH, XO0JIECTEpUH

B3AEMOISI HOBUX ICT-BAPBHUKIB 3 JIINIJHUMHAW MEMBPAHAMUA
O.A. Kurusikiebka', 0.K. Kynenko', B.M. prconal, I'.IL. Top6enko’, T. /lemireopries’,
C. Kanosinosa’, H. Jlecen’
Xapriscoruii nayionansnui ynisepcumem imeni B.H. Kapasina, ni. Ceoboou, 4, Xapkie, 61077, Yipaina
’Kagpedpa npuxnadnoi opeaniunoi ximii, Xivivnuii paxynremem, Cogiticoxuii ynisepcumem, boneapia

B naniit pobori Oyna npoBeneHa orika 4yTauBocTi HOBUX [CT-0apBHUKIB 10 3MiHM (i3UKO-XIMIYHHX
BJIACTUBOCTEH JtinmigHoro Oimapy. Posmoxin 6apeuuka ICT4 B mimigHy ¢a3y MoACIbHUX MeMOpaH, o
CKJIalaIMCh 13 IBiTTepioHHOro Jjimiga (ocdaruamixonina i Horo cymimed i3 aHIOHHHM JIiITiJOM
KapIioJiMiHOM Ta XOJIECTEPUHOM CYIPOBOJDKYBABCSl 3MEHIIIEHHSIM KBaHTOBOTO BUXO.Y (hIIyopecieHIii Ta
KOPOTKOXBHWJIBOBHM 3CYBOM MakcuMmyMa ewmiccii. HaBmporn, ans Oapsaumka ICT2 cmocrepiranock
JIECSITUKPaTHE 3POCTaHHS KBaHTOBOI'O BUXOJY, Oe3 3CyBy MakchMMyMma eMiccii. AHaii3 KoeillieHTIB
pO3IIOAITY TOKa3aB, IO BKJIIOUEHHS KapIiOdiNiHy Ta XOJECTEPUHY B (oChaTUANIKONIHOBUMA Oimap
migBuiye edextuBHiCTH BOymoByBaHHs ICT2 B minocoManbHi MeMOpaHH Yy TIOPIBHSHHI 3
(dbochaTHIMITXOTIHOBUMH JIITIOCOMAaMHU.
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During the past decades fluorophores which can undergo photoinduced itramolecular
charge transfer (ICT dyes) find increasing application in biological sciences. Excitation of
these fluorophores induces the motion of electron from electron-donating group to an
electron-accepting group which are separated in space. In this state, which is called locally
excited state (LE), fluorophore dissolved in polar solution is not in an equilibrium with the
surrounding solvent molecules. It rotates during the lifetime of the excited state, thereby
reaching equilibrium with its environment. The resulting ICT state is characterized by the
higher emission wavelengths. Such fluorophore-solvent interactions explain the increase in
red-shift of the emission maximum with increasing the solvent polarity [1,2]. Fluorophores
which exhibit ICT state are widely used in different areas, including the development of solar
cells and chemosensing [3,4]. High sensitivity of these compounds to the environmental
polarity provokes their use as fluorescent microenvironmental sensors, particularly, in the
studies of membrane structure [5-7] and protein-lipid interactions [8,9]. For example, two
widely used membrane probes Prodan and Laurdan display high sensitivity to the
environmental polarity, exhibiting large red shift from 420 to 480 nm as the probe moves
from the nonpolar membrane region to the bilayer surface. Likewise, some ICT dyes
demonstrated sensitivity to the viscosity and rigidity of their surroundings [10]. Special class
of ICT dyes is represented by fluorescent molecular rotors, belonging to the group of twisted
intramolecular charge transfer complexes (TICT) whose photophysical characteristics depend
on their environment. Molecular rotors have been applied to monitor microviscosity changes
in polymerization processes [11], phospholipid bilayers [12,13], and cell membranes [14].
Advanced properties of ICT dyes stimulated interest in the development of additional
fluorophores for biological application.

The present study was undertaken to evaluate the sensitivity of newly synthesized ICT
dyes, whose structural formulas are presented in Fig. 1, to the changes in physicochemical
properties of lipid bilayer.
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Fig. 1. Structure of the dyes ICT2 (A), ICT4 (B), ICT3(C) and ICTS5 (D)

MATERIALS AND METHODS

Egg yolk phosphatidylcholine (PC) and beef heart cardiolipin (CL) were purchased from
Biolek (Kharkov, Ukraine), cholesterol was from Sigma. Unilamellar lipid vesicles composed
of pure PC and PC mixtures with 1) 5 or 10 mol% of CL; and i1) 30 mol% of Chol were
prepared by the extrusion method [15]. The phospholipid concentration was determined
according to the procedure of Bartlett [16]. The dye-liposome mixtures were prepared by
adding the proper amounts of the probe stock solution in ethanol to liposome suspension. The
probe concentration was determined spectrophotometrically, using extinction coefficients
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for ICT 2, ICT 3, ICT 4 and ICT 5, respectively. Steady-state fluorescence spectra were
recorded with LS-50B spectrofluorimeter (Perkin-Elmer Ltd., Beaconsfield, UK).
Fluorescence measurements were performed at 20 °C using 10 mm path-length quartz
cuvettes. Quantum yield of ICT dyes in aqueous and lipid phases was determined using 1,8-
anilino-naphtalene-sulfonic acid (ANS) as standard (ANS quantum yield in ethanol equals
0.37).

RESULTS AND DISCUSSION

At the first step of the study we compared the lipophilic properties of the ICT-dyes and
their sensitivity to the membrane environment. Fluorescence spectra of these dyes were
recorded in buffer solution (5 mM Na-phosphate, pH 7.4) and liposomal suspension. It
appeared that only ICT2 and ICT4 are capable of fluorescing, while ICT3 and ICT5 are non-
fluorescent. As seen in Fig. 2, ICT4 fluorescence decreases, while emission maximum (Amax)
is shifted from 435 nm in buffer to about 420 nm on the dye transfer from the aqueous to lipid
phase (Fig. 2, A). On the contrary, the binding of ICT2 to the model membranes was followed
by the fluorescence increase without any shift of the emission maximum (Fig.2, B).
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Fig. 2. Emission spectra of ICT4 in PC:CL (5 %) liposomes (A) and ICT2 in PC:CL (10 %)
liposomes (B). ICT2 concentration was 4.3 pM, ICT4 concentration was 9.9 pM

As seen in Table 1, fluorescence quantum yield of ICT2 exhibited tenfold increase in the
lipid bilayer compared to the buffer solution, while that of ICT4 decreased about twice. The
observed increase of ICT2 fluorescence can be explained by the fluorophore transfer into
membrane environment with reduced polarity and higher viscosity with the decreased rate of
non-radiative relaxation processes involving excited state dissipation via vibrations, hydrogen
bonding to the solvent cage and the probe rotation. The opposite fluorescence intensity
changes observed for ICT4 can be interpreted as arising from: i) internal rotation within the
fluorophore molecule (for instance, between the dimethylamino group and the phenyl ring)
[1]; 11) fluorescence self-quenching occurring upon the dye accumulation in the liposomal
membranes [2].

To characterize ICT2-lipid binding quantitatively, at the next step of the study we
determined the dye partition coefficient (K ,) for different lipid systems. The relationship

between K, and fluorescence intensity increase (Al') can be written as [17]
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— KpVL([max _IW)
1+KV,
where [ is the fluorescence intensity observed in the liposomal suspension at a certain lipid

concentration C;, I is the probe fluorescence intensity in the buffer, In.x 1s the limit
fluorescence in the lipidic environment.

A[:[L_IW (1)

Table 1. Fluorescence quantum yield . = PC
1404 e PC:CL(5%)
1 & PC:CL(10 %)
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PC/Chol (30%) 0.03 0.02 Fig. 3. Fluorescence intensity increase of ICT2 as a
function of lipid concentration

To derive the dye partition coefficients for different lipid systems the experimental
dependencies AI(Cy) presented in Fig. 3 were approximated by eq. (1). Analysis of the
recovered partition coefficients (Table 2) shows that inclusion of anionic CL into PC bilayer
gives rise to the increase of partition coefficient relative to the neat PC membrane. This can be
explained by electrostatic interactions between the oppositely charged CL and dye molecules.

Table 2. Partition coefficients and limit fluorescence intensity of ICT2 in different lipid systems

System Partition coefficient Limit fluorescence
intensity
PC (4.0+£0.9)x10° (1.7+0.6)x10°
PC/CL (5 %) (10.0+1.1)x10° (2.0£0.1)x10?
PC/CL (10 %) (10.5£1.3)x10° (1.6+0.1)x10
PC/Chol (30 %) (9.8+1.6)x10° (1.840.2)x10?

The conical shape of CL molecule induces a negative curvature strain, so that bilayer
polar region becomes more accessible to water. Chol is fully embedded between the acyl
chains of amphiphilic lipid. It has been assumed that it is more energetically favorable for
Chol to have only its hydrophobic moiety buried into the nonpolar membrane core [18]. In
such state Chol stretches over one membrane leaflet with its OH-group sticking out into the
polar headgroup region of the lipid bilayer. This may lead to appearance of additional packing
defects in the interfacial bilayer region on Chol addition, which, in turn, brings about the
increase of partition coefficient compared to the neat PC membrane.
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To summarize, a comparison of the fluorescence properties of the four newly synthesized
ICT compounds revealed that despite being structurally similar, these dyes display different
spectral and lipid-associating behavior. The absence of ICT3 and ICTS5 fluorescence can be
interpreted in terms of a nonemitting twisted state. ICT4 is capable of distributing between the
aqueous and lipid phases, but quantum yield of this dye significantly decreases in a membrane
environment. ICT2 was featured by the most effective partitioning into lipid phase coupled
with considerable increase of the fluorescence quantum yield. Partition coefficient of ICT2
was found to increase upon inclusion of anionic lipid cardiolipin and cholesterol into
phosphatidylcholine bilayer. The recovered properties of ICT2 allowed us to recommend this
dye for the further use in membrane studies.
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