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The correlation between neurodegenerative diseases (Parkinson’s, Alzheimer’s diseases), type II diabetes,
systemic amyloidosis, etc. and deposition of protein aggregates in brain and other tissues has long been
established. A growing body of evidence has demonstrated that binding of amyloid proteins to the
membrane may underlie their cytotoxic effect. It was shown that amyloid toxicity arises primarily from a
soluble oligomeric form (pre-fibrillar aggregates) of the peptide rather than amyloid monomers or mature
fibrils. The molecular basis of the amyloid protein toxicity is not sufficiently clear and requires further
investigation. In view of this, the present study has been undertaken to ascertain the effect of fibrillar
aggregates of lysozyme on the structural and physical properties of model membranes (liposomes)
composed of zwitterionic lipid phosphatidylcholine and its mixture with cholesterol (30 mol%). To this
end, two fluorescent probes with different properties and bilayer location, pyrene and Laurdan, have been
employed. Pyrene spectra have characteristic vibronic structure in the region of 370-400 nm. Relative
intensities of vibronic transitions exhibit dependence on solvent polarity. Excited species of pyrene can
interact with non-excited ones thus forming excited state dimers — excimers. Excimer-to-monomer
fluorescence intensity ratio reflects the extent of pyrene excimerization, which depends mainly on the rate
of monomer lateral diffusion in lipid bilayer, being a function of the density of lipid molecular packing.
Analysis of pyrene emission spectra revealed the absence of any influence of fibrillar lysozyme on the
structural state of bilayer acyl chain region. Laurdan is an amphiphilic fluorescent probe, whose emission
spectra are sensitive to the environmental polarity (hydration level). In the solvents of high polarity,
Laurdan shows a considerable shift of its emission spectrum to longer wavelengths due to the dipolar
relaxation processes. The changes in the emission spectrum of Laurdan were characterized by the
generalized polarization value (GP). In all types of liposomes increasing concentration of fibrillar
lysozyme resulted in the increment of GP, suggesting that amyloid fibrils cause the decrease in the lipid
bilayer polarity.
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W3YYEHUE MOJUPUKAIIMUA JIUTIUTHOT O BUCJIOS MO AEHCTBUEM ®UBPULISIPHOTO
JNU30ILIUMA METOJIOM ®JTYOPECIHEHTHOM CIEKTPOCKOIINA
A.INL. KacTopunas, B.M. Tpycoa, I'.Il. 'op6enko
Xaporosckuii nayuonanvhwiii ynusepcumem umenu B.H. Kapasuna, nn. Ceobooul, 4, Xapwros, 61077
CBs3p MEXIY HEHpoAereHepaTUBHBIMU 3a0oineBaHusAMH (Oome3nsimu [lapkuHCOHa, AJbIreiiMepa),
nuaberoM Il Thna, CHCTEMHBIM aMHJIONIO30M U OTJIOKEHUSIMH OEIKOBBIX arperaToB B TKaHIX OpraHU3Ma
yXKe JaBHO YCTaHOBIJIeHa. bBoibllloe KOMMYecTBO paboT CBUAETEIBCTBYIOT O TOM, YTO B OCHOBE
LUTOTOKCUYECKOr0 JCHCTBUSI aMWIIOWIHBIX OEJKOB JIeKaT WX B3aUMOJCUCTBHS C KIETOYHBIMHU
MeMmOpaHaMu. BbIIo moka3zaHo, 4To HauOOJbIIeH TOKCHYHOCTHIO 00JIaIal0T PACTBOPUMEBIE OJUTOMEPHBIE
(opMBI MOJHIENTUIOB (MPEANIECTBEHHUKH (GUOPHILISIPHBIX arperaToB), O CPABHEHHIO C MOHOMEpPaMHU
WK 3penbiMy GuOpHLTaMu. MomneKysipHble MEXaHU3MBbI, JIeXKAaIHe B OCHOBE TOKCUYHOCTH aMUJIOUTHBIX
0EJIKOB, HETOCTATOYHO M3yUYCHBI M TPEOYIOT JaJbHEHIIINX UCCICIOBaHUN. BBy 3TOr0, B JaHHOU paboTe
OBUIO HCCIIEOBAaHO BIHMSHUEC (QUOPWUIAPHBIX arperatoB JIM30LUMMa Ha CTPYKTYpy W (U3UUEcKHe
CBOMCTBa MOJENBHBIX MEMOpaH (JIMIIOCOM), COCTOSIIMX W3 (OCHATUIUIXOIUHA M €ro CMECH C
xonectepuHoM (30 Mo %). JIns moctmkeHust 3TOH 1eny ObLIM MCIONB30BaHbI ABa ()IyOpECUEHTHBIX
30HJa C Pa3JIMYHBIMHU CBOIMCTBAMH M JIOKanu3auued B Oucioe — nupeH u Jlaypaan. CrexTpsl nupeHa
HUMEIOT BHOPOHHYIO CTPYKTYpY B auamna3oHe JnH BoimH 370-400 HM. OTHOIIEHHE WHTEHCHBHOCTEH
BUOPOHHBIX TIOJIOC 3TOTO 30H/1a 3aBUCHT OT TOJISIPHOCTH OKpY)XKeHHs. Bo30ykIeHHbIE MOJIEKYJIb TUPEHA
MOT'YT B3aMMOJCHCTBOBATh C HEBO30YXKIEHHBIMH, 00pa3ys IMMEpPhl B BO30YXKIEHHOM COCTOSHHU —
sKcuMepbl. OTHOILIEHUE HHTEHCUBHOCTH (DIIyOpECIEHIIMY SKCUMEPOB K MHTEHCUBHOCTH (DIIyOpECICHIMN
MOHOMEpOB (CTENeHb SKCUMEpH3alMH IHUpEHa) 3aBUCUT OT CKOPOCTH JaTepaibHOW muddy3un
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MOHOMEpOB B OHCIIOE, KOTOpas sBJSIETCS (PYHKIHMEH IUIOTHOCTH MOJIEKYJISIPHOH YIAKOBKH JIMITHIOB.
AHanu3 CIeKTPOB M3JTy4eHHs MMPEeHa IToKa3al, 4YTo (pUOPHUIAPHBINA JTH30IMM HE OKa3bIBA€T BIIMSHHS Ha
CTPYKTYPHOE COCTOsSIHUE THAPOQPOOHON obOnactu jumumaHoro Oucnos. Jlaypman — 3To am@uduiIbHbIH
(ryopecueHTHBIN 30H], CIIEKTPHI (IIyOpECIEHINH KOTOPOr0 YyBCTBUTEIbHBI K MOJISIPHOCTH OKPY>KEHHS
(ypoBHIO THapatanuu). B pacTBopaX ¢ BBICOKOW TOJISIPHOCTHIO HAOJIONAETCS 3HAYUTEIBHBIN
JUIMHHOBOJTHOBBIA ~ CIBUT cnekTpa (uryopecuenimu Jlaypnana. OTo  00ycJOBJIEHO NpolEeccamMu
JIUIONIBHOM peJlaKcali MOJIEKYNl pacTBopuTens. VM3meHeHus B crnekTpax QuyopecueHuun Jlaypaana
ObUTH OXapaKTepU30BaHbl BEIMYMHOW 0000mieHHON mnossipu3aimu (GP). B oboux Ttumax mumocom
yBEIWYEHHE KOHIEHTpauuu (GuOpwusipHOro nm3onmma npuBeno k Bospacranuto GP. IloxydeHnsie
JIAaHHBIE CBUJETENBCTBYIOT O TOM, YTO aMHJIOH/IHbIE (PUOPHILIBI BHI3BIBAIOT YMEHBIICHUE MOISIPHOCTH Ha
TpaHHUIe pasJiesnia JUITUIHBIA OUCIIONH-BOAa, TIe PAcIIooKeHbl MOIeKyIbl JlaypraHa.

KJFOUEBBIE CJIOBA: amwuiouaHbie Oeiakd, (GUOPWILIBI JIM30IMMa, THpPeH, JlaypnaH, MOIEIbHBIC
MEMOpaHsI.

BUBUYEHHS MOJIUPIKAIII JIMIIHOI'O BIIIAPY HIJI AIEFO ®IEPUJISIPHOIO JI30LUMY
METO/OM ®.JIYOPECHEHTHOI CHEKTPOCKOIII
A.IlL. Kactopua, B.M. TpycoBa, I'.Il. 'op6enko
Xapxiscokuii nayionanvhuil ynisepcumem imeni B.H. Kapasina, ni. Ceoboou, 4, Xapxis, 61077

3B'S130Kk MiXK HeHpoAereHepaTUBHUMH 3aXBOpIOBaHHSAMH (XBopoOamu IlapkiHcoHa, Anblreiimepa),
niaderoM tuny II, cHCTEMHUM aMiIOIT030M 1 BiAKJIAICHHAMHE OIIKOBHX arperariB y TKAHMHAX OpraHi3My
B)KE JIaBHO BCTAaHOBJIEHMH. Bennka KiJIbKiCTh POOIT CBiAYAaTh MO T€, IO B OCHOBI HUTOTOKCHYHOI Aii
aMioiqHuX OINKIB Jexarh 1X B3aeMopii 3 KIITHHHUMHU MeMOpaHamu. Byio mokaszaHo, 10 HaiOiIbITy
TOKCHUYHICTb Yy TIOPiBHSHHI 3 MOHOMEpaMu a0o 3pinumu GidpriiaMu MaloTh PO3YHHHI OiroMepHi GpopMu
MOJINeNnTUIIB (TOMepeIHUKH (iOPUIAPHUX arperartiB). MoJCKyIIpHI MeXaHi3MH, IO JIKAaTh B OCHOBI
TOKCHYHOCTI aMUIOITHUX OiJIKiB, HEIOCTATHHO BHUBYCHI 1 MOTPEOYIOTH MOMANBIIMX JOCHIKeHb. JaHa
pobota Oyna poBeseHa 3 METOI0 BU3HAUEHHS BIUIMBY (hiOPUIISIPHUX arperatis JIi30IUMY Ha CTPYKTYpY i
¢i3u4HI BIIACTMBOCTI MOJENBHHX MeMOpaH (iimocoM), 3 ¢ocdaruamixoniny Ta Horo cymimi 3
xonectepuHoM (30 Mo %). [t JoCcSITHeHHS 1€l MeTH OyJTM BUKOPHCTaHi JBa (QIyOpECIeHTHUX 30HA 3
PI3HAMH BJIACTHBOCTSAMHU 1 JIOKamizaiiero B Oimapi — mipeH i1 Jlaypman. CHekTpu mMipeHy MarOTh
XapaKTepHy BIOpOHHY CTPYKTYpY B 00iacti 370-400 M. BigHOomIEeHHS IHTCHCUBHOCTEH BIOPOHHUX CMYT
LILOTO 30HY 3aJISKUTH BiJ| IOJSIPHOCTI PO3UMHHUKA. 30YIDKEHI MOJIEKYIIH MIPEHY MOXKYTh B3a€EMOJIISTH 3
He30y/PKEHHMH, YTBOPIOIOYH JMMEpH y 30y/DKEHOMY CTaHi — eKCHMMepH. BiTHOIIeHHS iHTEeHCHBHOCTEN
¢ryopecueHuii ekcuMepiB Ta MOHOMEpIB (CTYIiHb eKCHMepu3allil HipeHy) 3aJeKUTh BiJl HIBHIKOCTI
naTepaybHOi Audy3ii MOHOMEpIiB y Oimapi, 10 € (YHKII€0 HIUIBHOCTI MOJEKYJISIPHOTO MaKyBaHHS
JmniaiB. AHaii3 crekTpiB QuyopecleHnii mipeHy nmokasas, mo (iOpHISpPHUA JII300UM HE BIUIMBA€E Ha
CTPYKTYpHHUIl cTaH riapododHoi obnacti Oimapy. Jlaypaan — ne amdidineauil diryopeclieHTHHI 30H,
cnekTpu (IIyOpecHEeHIIii sIKOro YyTTEBI 10 MOSIPHOCTI OTOUEHHs (PiBHS TigpaTarii). Y BUCOKOMOJISIPHUX
pO3YHMHAX CIOCTEpIraeThcsl 3HAYHHWN JOBrOXBHJILOBHI 3CYB crekTpiB ¢uryopecueHnii Jlayppana. Ile
00yMOBJIEHO MPOIIECAMU JUITONIFHOI pellakcanii MOJeKy pO3UMHHUKA. 3MIHHU Yy CrieKTpaX (uryopecueHIii
Jlaypmany Oynu oxapakTepu3oBaHi y3arajabHeHowo moispusamietro (GP). B o00ox Tumax mimocom
30inbIIeHHsT KOHIEHTpalii QiOpwisipHOro nizonumy npusBeno a0 3pocranHs GP. Otpumani nani
CBiYaTh MPO Te, 0 aMiJIoiAHI (iOpPHIM BUKINKAIOTH 3MEHIICHHS MTOJIIPHOCTI HA MEX1 PO3IIOILTY JIiITi -
BOJIa, JIe po3TalIoBaHi MoneKkynu Jlaypaany.

KJIFOUYOBI CJIOBA: aminoinni 6inku, ¢hiOpunu gizonumy, mipeH, JlaypaaH, MoaeabHI MEMOpaHH.

The correlation between neurodegenerative diseases (Parkinson’s, Alzheimer’s and
Huntigton’s diseases), type Il diabetes, systemic amyloidosis, etc. and deposition of protein
aggregates in brain and other tissues has long been established [1-3]. A vast number of recent
studies were devoted to the protein misfolding and aggregation and to elucidating the
molecular mechanisms of amyloid toxicity. A growing body of evidence has demonstrated
that amyloid protein-membrane interactions may underlie the cytotoxic effects elicited by
amyloid proteins [3-7]. The process of amyloid formation includes the misfolding of partially
folded soluble proteins into oligomeric P-sheet structures, which further aggregate into
protofibrils and form mature amyloid fibrils [4,8]. Such factors as specific mutations,
environmental changes or chemical modifications reduce the conformational stability of the
protein and may cause aggregation [2]. Numerous data from the recent studies indicate that
fibril formation can be membrane-induced [4,9].



49
Lipid bilayer modification induced by fibrillar lysozyme...

It was shown that amyloid toxicity arises primarily from a soluble oligomeric form (pre-
fibrillar aggregates) of the protein rather than amyloid monomers or mature fibrils [1-7].
Several hypotheses, explaining the mechanisms of amyloid toxicity, have been suggested. It
was demonstrated that the toxic aggregated species form non-specific pore-like channels in
the membranes [2,4]. Another processes leading to membrane permeabilization under the
influence of oligomeric proteins include decrease in membrane dipole potential between the
highly hydrated lipid groups at the bilayer surface and polar exterior of a membrane [5],
reduction of the hydrocarbon core packing density resulting in the increase of bilayer
conductivity [6]. A number of studies revealed large increment of intracellular free calcium
level and modification of the cell redox status upon oligomer addition [3,7]. Recent evidence
demonstrated complete membrane degradation by lipid extraction and uptake into growing
fibrils [4]. All the mechanisms mentioned here lead to the cell dysfunction and death. In spite
of considerable progress achieved in understanding of amyloid protein-membrane
interactions, molecular basis of this process is poorly understood and requires further
investigation.

The present study has been undertaken to ascertain the effect of fibrillar aggregates of
lysozyme, a protein possessing bactericidal and immunomodulatory functions, on the
structural and physical properties of model membranes (liposomes) composed of zwitterionic
lipid phosphatidylcholine (PC) and its mixtures with sterol cholesterol (Chol) (30 mol%).
Using fluorescence spectroscopy, one of the most accurate and powerful methods for
investigating the biological macromolecules, we made an effort to answer the question: what
kind of modifications can fibrillar protein species produce in the lipid bilayer ? To this end,
two fluorescent probes with different properties and bilayer location, pyrene (distributing in
the region of acyl chains) and Laurdan (locating at lipid-water interface), have been
employed.

MATERIALS AND METHODS

Egg yolk phosphatidylcholine (PC) and cholesterol (Chol) were purchased from Avanti
Polar Lipids (Alabaster, AL). Chicken egg white lysozyme and pyrene were obtained from
Sigma (St. Louis, MO, USA). Laurdan (6-Lauroyl-2-dimethylaminonaphthalene) was from
Invitrogen Molecular Probes, (Eugene, OR, USA). The reaction of lysozyme fibrillization
was realized in accordance with the method developed by Holley and coworkers [10]. These
authors revealed the ability of this protein to form amyloid fibrils in higly concentrated
ethanol solution, suggesting that peptide backbone interactions play a basic role in fibril
formation [10,11]. The essence of their approach lies in obtaining amyloid fibers of lysozyme
by protein incubation in 80% ethanol under continuous agitation during 30 days. Large
unilamellar lipid vesicles were prepared by extrusion from PC and its mixtures with Chol (30
mol %). The thin lipid film was obtained by evaporation of lipids’ ethanol solutions and then
hydrated with 1.2 ml of 5 mM Na-phosphate buffer (pH 7.4) to yield final lipid concentration
2 mM. Lipid suspension was extruded through a 100 nm pore size polycarbonate filter.
Fluorescence measurements were performed with LS-55 spectrofluorimeter (Perkin Elmer,
Great Britain) equipped with magnetically stirred, thermostated cuvette holder. Fluorescence
measurements were performed at 20°C using 10 mm path-length quartz cuvettes. Emission
spectra were recorded with excitation wavelengths of 340 nm (pyrene), 364 nm (Laurdan).

RESULTS AND DISCUSSION
Membrane modifications probed by pyrene
Pyrene is a classical nonpolar fluorescence probe localized in the region of acyl chains
(Fig. 1). In excited state pyrene can form a complex with an identical unexcited probe
molecule. Such a complex is called an excimer and is recognized by the appearance of a new
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monomer intensity ratio (E/M) reflects the rate of excimer formation and is determined by the

fluorescent band at a longer wavelength than the monomer fluorescence [12,13]. Excimer-to-
frequency of collisions between pyrene moieties.
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Fig. 1. Schematic representation of the location of Fig. 2. Pyrene fluorescence spectra in PC liposomes

Laurdan and pyrene in a lipid bilayer.

/////////////////

//

/////////////////

//

Generally, the results of pyrene excimerization studies are interpreted within the framework
of free volume model. Membrane free volume is determined as a difference between effective

and Van der Waals volumes of lipid molecules [14].

ntration, uM

Lysozyme conce

ntration, uM

Lysozyme concel

Fig. 3. Dependence of excimer-to-monomer fluorescence intensity ratio in liposomes on lysozyme concentration:

A —PC, B—PC/Chol (30%).
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Fig. 2 shows typical emission spectra of pyrene in the model membranes at varying
concentrations of fibrillar lysozyme. Fluorescence intensities of monomers and excimers were
measured at 391 nm and 466 nm, respectively. As seen in Fig. 3, excimer-to-monomer
intensity ratio in both PC and PC/Chol lipid systems was not markedly influenced by fibrillar
aggregates of lysozyme, suggesting that bilayer free volume remained practically unchanged.
Another significant parameter of pyrene fluorescence specrtum is the ratio of intensity of the
first (I; at 371 nm) and third peaks (Iy; at 382 nm), characterizing the polarity of the probe
microenvironment. For example, I;/I;;; in hydrocarbon solvents has the value of about 0.6, in
ethanol is ~ 1.1, and in water is ~ 1.96 [15]. Similarly to E/M value, the magnitude of Iy/Iix
ratio was not affected by amyloid fibrils (Fig. 5), suggesting that lysozyme aggregates have
no effect on hydration level in the acyl group region of the membranes.

A B

1.00- 1.004

0.951m7 0.954

~ 0.90+

II/IIII
I,

0.9047

0.85+ 0.854

0.80- 0.80+

Fig. 4. Effect of lysozyme aggregates on vibronic structure of pyrene fluorescence spectra:
A —-PC, B —PC/Chol (30%).

Bilayer perturbations detected by Laurdan

Laurdan is an amphiphilic fluorescence probe, synthesized by GregorioWeber to study

the processes of dipolar relaxation. In a lipid bilayer this probe is localized at lipid-water

interface with the lauric acid tail anchored in the phospholipid acyl chain region (Fig. 1).

Laurdan association with the lipid membranes is accompanied by the increase in fluorescence

intensity. For quantitative description of Laurdan binding to liposomes of varying

composition the results of fluorimetric titration were treated in terms of partition model. The
partition coefficient, Kp, is defined as

K, =, /V,)(ny, V), (1)

where n; and ny are the molar concentrations of the probe in lipid and water phases

respectively, V; and Vy are the volumes of these phases. Based on fluorescence data, Kp can

be calculated as:
A[:IL_IW:(KpVL([max_[W))/(1+KPVL)’ (2)

where Al — fluorescence intensity change , /;, Iy — fluorescence intensities in lipid and in
water phases, respectively, I, — limit fluorescence intensity of the probe in a lipid
environment [17]. The volume of lipid phase was calculated as:

V,=N,C, zvifi
3)
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where C, is the molar lipid concentration, f; is mole fraction of the i-#4 bilayer constituent, v;

is its molecular volume taken as 1.58 nm’ (PC) and 0.74 nm’ (Chol). The experimental
dependencies AI(Cy) (Fig. 5) were approximated by eq. 2. The recovered in such a manner
partition coefficients are presented in Table 1. The results obtained are indicative of high
Laurdan affinity for lipid bilayers. Addition of cholesterol to PC membranes resulted in Kp
decrease of about 60%. This fact indicates that cholesterol prevents Laurdan partitioning into
the phospholipid membranes. This observation can be explained by the condensing effect of
cholesterol on the lipid bilayer, i.e. ordering of lipid molecules and tighter packing of
hydrocarbon tails.

Laurdan is one of fluorescence probes widely used in the studies of biological and model
membranes. It belongs to the group of so-called environmentally-sensitive probes that
respond to the changes in their environment by the shift of emission spectra [18].

Table 1. Partition coefficients of Laurdan in lipid vesicles

Liposome
. Kp
composition
PC (1.4+£0.54)*10°
PC/Chol (30%) | (5.6£0.32)*10°

The fluorescent naphthalene moiety of this probe has a dipole moment caused by a partial
charge separation between the 2-dimethylamino and the 6-carbonyl residues. This dipole
moment increases upon excitation and in polar solvents may induce reorientation of the
surrounding dipoles. The probe excited state energy is partially consumed on this
reorientation that results in a continuous red shift of the probe steady-state emission spectrum.
When the local environment of Laurdan is a phospholipid phase, the emission maximum
depends strongly on the packing of the lipid chains. In the gel state emission maximum is near
440 nm and in the liquid crystalline state it is near 490 nm. With increasing temperature
foregoing red shift of the emission maximum is observed only in the liquid—crystalline phase,
originated from the increased concentration of water molecules in the bilayer at the level of
the glycerol backbone and from their increased mobility.

600 -

= PC
5004 v PC/Chol (30%)
400- i
< 300 ]
200: - ¥
1004 .

v

0

0 10 20 30 40 50 60
Lipid concentration, uM

Fig. 5. Isotherms of Laurdan binding to PC and PC/Chol model
membranes. Laurdan concentration was 0.17 pM.
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The changes in the emission spectrum of Laurdan can be characterized by the generalized
polarization value (GP). The generalized polarization was calculated according to the
equation:

GP=(Iy—I) (s +1y), Q)]
where Iz and Iz are the maximum fluorescence intensities of the blue and red spectral
components, respectively. The GP function also contains information on the dipolar
relaxation process, which takes place while Laurdan is in an excited state, and, consequently,
reflects the extent of bilayer hydration [16,18,19].

To calculate the value of this parameter, fluorescence intensities at 440 (/z) and 490 (/z)
nm were used. The GP of Laurdan in two types of lipid vesicles as a function of amyloid
protein concentration is shown in Fig. 6. As evident from this figure, the GP was negative
(about -0.10) in PC liposomes, while it turned out to attain positive values in the Chol-
containing vesicles (about 0.16). This finding may be explained by the fact, that in PC/Chol
liposomes Laurdan located in a less polar environment than in PC membranes. Addition of
fibrillar lysozyme resulted in the increase of the GP value. This effect may indicate that
amyloid fibrils cause the decrease in bilayer polarity and increase of lipid packing density
However, the magnitude of the effect was less pronounced in PC/Chol vesicles (18 %) than in
PC vesicles (37 %). Thus, the ability of fibrillar aggregates to alter physical properties of the
interfacial membrane region is prevented by cholesterol.

A B

-0,06
0,191

-0,07 1 0,184 l/

-0,08 / 047 l/
-0.091 0,16 ]/

-0,104 } 0,15+

GP
GP

0 0,19 0,38 133 0 0.19 0,38 1,33
Lysozyme concentration, uM Lysozyme concentration, uM

Fig. 6. Generalized fluorescence polarization (GP) of Laurdan in vesicles of different composition as a function
of amyloid lysozyme concentration. A — PC, B — PC/Chol (30%).

CONCLUSIONS

To summarize, the present study provides evidence for modifying effect of fibrillar
lysozyme on the physical properties of model membranes. Analysis of pyrene fluorescence
spectra revealed that structure of hydrocarbon chains region of a lipid bilayer is not affected
by lysozyme fibrils. In contrast, analysis of Laurdan spectra in terms of generalized
polarization model showed that fibrillar aggregates of lysozyme brought about the reduction
of bilayer polarity at the lipid-water interface originated, presumably, from the increased lipid
packing.
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