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The method of parallel-beam spattering enables the preparation of well oriented
egg yolk phosphatidylcholine (EYPC) multilayers on the solid surface. The in-
creasing hydration of these multilayers induces a decrease in the order parameter
S. and an increase in the probability of gauche conformers in the EYPC acyl
chains as detected by DPPC molecules spin labeled on the 12th or 16th carbon
of the acyl chain. The dependences of S: on the number of incorporated water
molecules contain the information equivalent to the sorption isotherm. Using the
16-DPPC and 12-DPPC spin probe data, the nominal pressure P, and exponen-
tial decay factor v have been obtained for the hydration repulsion between the
bilayers.

1. Introduction

Considerable interest has focussed on the structure and physical properties of lipid
 bilayers following realization that they are a common component of biological mem-
branes. A range of bilayer preparations formed from both natural and synthetic lipids
have been widely used as simplest models of biological membranes. Phases of greatest
interest have been shown to be lyotropic liquid crystalline phases of amphiphilic lipids
wherein lipid layers are separated by layers of water [1]. Many physical studies of ly-
otropic phases require oriented samples, i.e. ones in which many lipid layers are stacked
parallel to one another. As a result, several techniques have been developed by which
oriented samples may be produced. Except micellar lyotropic liquid crystals which ori-
ent in applied magnetic field [2-5], all the other techniques make use of the orienting
effect of solid surfaces on the lipid layers. Probably the best oriented multilayers are
produced by Langmuir-Blodgett technique [6,7]: the layer by layer deposition onto a
solid surface is made by raising and lowering the solid through the lipid monolayer at
the air-water interface while keeping the surface pressure constant. Second technique
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mnvolves m.Eowl:m and/or pressing the lipid sample between two parallel surf;
10]: the :wi bilayers slide on each other practically without friction at hj he

concentration, so that the shearing forces and the contact with solid m:&pnmw,‘mm :
the bilayer domains in parallel layers on the supporting surfaces. A modifica
the m:x.wwl:m technique is a prolonged heating of the lipid sample compressed b
two mo_:._ surfaces [11,12]. This seems to be the most succesful technique ip .H,M
the maximum area and thickness of the obtained oriented sample. Oammzsnm eff
ﬁ.rm. solid surface is used also in the fourth technique - deposition from evapo
lipid mo_:Soz on the solid surface and subsequent hydration [13-17]. All four descy
nwor:E:om suffer from several drawbacks. For instance, the Langmuir-Blod mﬁ%
nique needs rather complicated apparatus, the smearing techniques work wel] mo_.,_
hydrated m.waw_om but not for samples with low level of hydration, where the Fomw
between bilayers is strong. The samples prepared by the compression techniques

roducible results. Cleaning of the plates involved several steps as suggested in [24]:
Mﬁ&%?@ and swabbing in benzene, 2. dipping and swabbing in acetone, 3. dipping in
; W&:sm aqua regia for 5 minutes, 4. washing with redistilled water, and 5. drying under
the stream of N2. After this procedure the surface was hydrophilic. Kuo and Wade [24]
- !_mmnmeom to treat the surface with p-xylene or to dip it several times in 1% solution

&.z-roxwmmn%?Zuzvz-nlgmg%_magoizg bromide in chloroform according to an US
tent [25] to make the surface hydrophobic. However, we obtained satisfactory results
ith hydrophilic surfaces, so that we did not hydrophobize them.

The EYPC + m-DPPC mixture to be applied to the solid surface was dissolved
ethanol or in methanol at the concentration of 125 mg/ml. The molar ratio of m-
'PPPC:EYPC was less than 1:100. The lipid deposition on the surface of the glass/quartz
plate was conducted as depicted in Fig.1. The EYPC+m-DPPC solution contained in
order upon increase of 4 oyt m needle of mw:::wo: microsyringe HS was atomized by a stream of nitrogen gas expired
strain cammed b prey oawowmwcmw ue to .::QEmnEm Em.ﬂg_;% - an mm,oon?o”.mm.. from a Pasteur pipette mv.. The angle between HS and P was wvo:n 45° as suggested
VPTGt & wamm .moanM.m o w:@%mn .i:o_gmmm_ deposition from evaporation, in [18], and the flow of nitrogen gas was kept mm._os as vwmm_Zm but strong enough
Roruritgrduring oys MMM% a _wamro :wo bilayers because of the rounded edges .of to secure efficient mnogwmmiwz. Hrm beam of atomized solution .&mz. passed n.rwo:mr a

Kacans oot m& X on M ~m solvent,. . . T dmm x 6mm rectangular orifice in the copper plate CP1. The mnoE.Emm particles were
beam spafteris .Quwmv m<m§mwm Mvmm a new E:.E.Emm. technique HQ.B& the pe deposited as a spot at the center of the %mmm\n:m:.S v_waw PL _wﬁcm.o: the copper
technique 5<o~mom i ane or %a.&vam;.Em __.m:& bilayers on solid surfaces plate CP2. The glass/quartz plate with the deposited lipid film was inserted into a
stomized miban, OQ:MEM.M e lipid moﬁcn_oz.s.ﬁr a stream .0m gas and passing ¢ylindrical glass tube GT (external diameter 5 mm) opened at both ends. A m.roi,. tube
aim that o roug orifices vﬂo& mmUOm;_o.: on the solid surface. The auth filled with P,O5 was connected to the lower end of the glas tube GT by a stick tape.

at the PBS method yields highly reproducible results. iz.- The sample was then evacuated at about 10~3 Pa for several hours at room temper-

ers MM_MHMEE Mmﬁb ovm o=~r S%M_m “mrﬁo_ reproduce the PBS ,Emﬁrwm preparing oriented ibila ature. After evacuation the glas/quartz plate was fixed in the centre of the m.ﬂmm tube GT
the spin mnw Wm 0~Mmo.mv a yvv.\_n oline AMD\WOV and no.::\om.:mmﬁo effects of hydrationg . by a teflon plug TP and the free end of glass tube GT was sealed tightly with Parafilm
EYPC i Mrm :mﬁcawmﬁm In. bilayers using mFoS.o: spin resonarnce mvmon.ao%ow% (ES , For 3\&‘550? P,05 under the sample was replaced with a saturated aqueous solu-
logically relonmn s :W&Oon:ﬂﬂ% B:M .Mommzv\ available phospholipid and is in the physio 4lon of the ionorganic salt with defined H&.&H:Wo water vapour pressure. The mmmzv_o tube
o o % quid crys alline bilayer wwu.pm.m over g.owm temperature and r%nnw. . mmﬂ was then positioned in a N° 24 GX goniometer (Radiopan, Poland), which allows

ges [19]. Effects of hydration on phospholipid properties has been studied earlie recise positioning of the sample within the microwave cavity of ESR spectrometer, so

mmmw(amﬂﬂ: probe method by Jost et ..“.L. [20] and by Na.:mam&m et al. [21]. i Wat the precise angle © of the PL plate normal in reference to the applied magnetic
oun at the o&.ﬁ. vmg.gmnma of spin probes located in the lipid bilayer r%mnovm& field could be achieved.

region decreases ,S,Z_ the increase of lipid hydration. The second aim of our work'l 18+ ESR spectra of spin probes in the oriented samples were measured by an ERS 230
study these effects in more detail using well oriented samples. "band ESR spectrometer (ZWG AdW DDR, Berlin, Germany) using the 100 kHz
Modulation technique. Typical instrumental settings were: 5 mW microwave power,
%ﬂoaimﬁo: amplitude less than one half of the peak-peak width of the central line in

i e 1 I

. wroﬁurws&;nvozzm from hen egg yolks (EYPC) was prepared and purified aceotd: EameMM“MwMszgo anm OM ﬁmmzmswwmﬂw»m.wmanﬂ wowmmu (s 005 e constant. Al
ing to Singleton et a]. [22]. Tts purity was checked by a thin-layer chromatographyl , e s icpena B .
content of peroxides determined spectrophotometrically according to paper [23]-was
ﬁrmm ﬁx‘r U:um_::noﬁvro%rmam%_orozzm labeled with the paramagnetic dim (H
mmora.:a; (doxyl) group on the m-th carbon atom of the sp-2 acyl chain (m= P
was kindly provided by Dr. K. Ondrias (Institute of Experimental Pharmacolog
vak Academy of Sciences, Bratislava). The other chemicals were of analytic
Arwnr.m_‘.:m Brno, The Czech Republic). The glass and quartz plates for the sal
mmUOme: had surfaces polished to the optical quality. We found that the plates
to be initially scrupulously clean and free of defects, cracks, and scratches to obt

2. Material and methods

3. Theory

2 The spin Hamiltonian required to describe unpaired electron of the oriented nitroxyl
#PIn probe in the external magnetic field B is

H = B8,BgS + SAT (1)

&MMS Be is the Bohr magneton, § is the electron spin operator, 7 is the nuclear spin
fator, g is the g-value tensor and A the electron-nuclear hyperfine interaction tensor.
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metrical about the axis of this orbital. The spin-orbital Interaction induces anisof]
in the g tensor. We can ascribe a cartesian coordinate system Z,¥y,z to the nit
fragment such that the  axis is parallel to the N—O bond direction, and the 5 g

A tensors are diagonalized. In the Z,Y, % coordinate system, the z axis is parallelt
to the long axis of the spin labeled palmitoyl chain of the m-DPPC molecule, whigd
the first approximation was found to be parallel to the bilayer director. It is suppi
that the palmitoyl chains of the m-DPPC molecule rotate fast (on the ESR time scald}e
around their long axes with the correlation time of << 1078, while the motioy
the perpendicular directions is much slower. Due to the trans-gauche isomerizat

ion
nitroxyl fragment fluctuates fast around the long molecular axis. o

crystal phase. me:mmo::mzm g and A into the X Y, Z system and taking into accoun

the molecular motion, the averaged tensors A’ and g’ are obtained which are invarigh

/ — 7
vy = A1, zzZ —

A(8) = (4] cos” © + A2 sin? @)1/?
Similar equation is obtained for 9(0)
9(0) = @_M_ cos? @ + g3 sin? )72

From the invariance of tensor traces against coordinate transformations, it follows 24 ;

A = 3a and 2¢g, + 9 = 3g where @ and g are the isotropic hyperfine splitting constah
and the g-factor value, respectively.

It is well known (see [26]) that the order barameters S; are defined as
Si = 3{cos?@;) — 1

where i = z,y 2 The expression (cos®©) determines the mean square deviation'!

the particular molecular frame related axis from the director. Dye to th
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perties of the cosines, it follows that
o
o MU S; =0 Amv

7 lecules with an axially symmetric shape, which is .nro case of fatty wn_.am mﬂm
For EMo:E% labeled at the chain, one order parameter is m:mmﬁmﬁ 6 describe M M
_vwo%olaimao: If the molecular z-axis is taken as the symmetry axis, it follows tha
mean '

Se=5,=-5./2 ®)

by

Usually, the order parameter S, is determined using values 4 and A; whose experi-
BM:?& uo_umgﬁw?o: is easier compared to g and g, . It can be shown that
A — AL

S = —— @
\PNN - 2 -

If g1 and gy are available, an independent evaluation of S, is possible using an analogical
L
2:@.90: — ©
.m..w = %ﬂﬂu_vhnn

922 — 5
Equations (7, 8) were derived under assumption of axialy symetrical motion of ﬁﬂo mMME
probe 5050:__0 around the director. As a consequence, S; = S, can be computed after

6). ‘
A VH: our paper we study the angular dependences of A(©) and g(©) (eqns. 2 and ww to
calculate isotropic hyperfine splitting constant a, g-factor value g and oaﬂ. wwnwaw Mﬂm
Si, which, according to definition, are measures of the mean angular deviations of the
. , iented bilayers.
spin probe molecular axes from the normal to orien . .

’ Hﬂa principal values of A and g tensors depend on the unpaired &oni.o: am:‘wﬂ%
at the nitrogen nucleus, which is influenced by the polarity of the m=<.:ouam=ﬁ. . e
Precise values of the A;; and g;; have been determined mwm several spin Eovmw mmﬁ
monocrystal measurements or by comparing of the experimental and m::.:_meom e
Spectra. These values are usually used in equations (7, 8) after corrections for the
polarity [27]. Correction factors are

I (9)
fa= M \:_ +24;

— 95 (10)

I = MU g1+ 291 ~

Where components Af; and gf; are those determined on monocrystals or using computer
: .

simulated ESR, mvoonww. The order parameters corrected for polarity effects are then

z = a\»n B >mnw>a
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g — 941
dext9S
2

S, = .\,..e
gz, — Lefthn
The principal values of the A and 8 tensors of m-DPPC spin probes used in the
paper were taken from the literature [28]: g¢, = 2.0088, 9yy = 2.0061, ¢¢, =
Az, = 0.65 mT, Ajy = 0.58 mT, AZ, = 3.35 mT. The S, values %8-.55& ]
two different position isomers of m-DPPC enable to extract information about:

bre

that the rotations around a single C-C bonds are interdependent and the first mmwmy u
is immovable, Seelig [9,29] derived for the order parameter of the n-th segment (S,

Arm._av: = .mﬂ.lu.md

where n is the number of C-C single bonds between the doxyl and carbonyl group of the
m-DPPC spin probe, S, is the order parameter for a single C-C bond and So the of
barameter of the labeled acyl chain of the m-DPPC molecule as a whole. Supposing th§
Sy is approximately constant between C;5 and Ci6 carbons, it can be calculated fr

the S, values obtained with 12-DPPC and 16-DPPC spin probes.
tramolecular, resp. intermolecular interactions disfavoure combinations g* g [29

gtg* [30], Marsh [30] derived the following equation for the temperature dependenét -

of S,
1-82=90/(1+8¢+ /1 +8a)
together with the equation for Po=P,+P,_

I

1
Fo=35(1-(1480)71?

The effective energy difference E4 between gauche and trans conformation at the
perature 7' is then given by

o = exp[—E,/RT)
where R is the molar gas constant.

4. Results and discussion

8-2 and is typical for all samples used

f(sin® ©) dependence is an evidence 0
well oriented samples.

EYPC multilayers hydrated in the atmosphere of relative vapour pressure p/pg
0.81 were investigated using Mn?+ standard which enables the determination of gy anl
g1 besides of A and A;. Results in Table I obtained by using the 12-DPP
probe show that the values of the order parameter i
(12) (using the g’ tensor components) are higher compared to the values of S, when

z
calculated according to equation (11) (using the A’ tensor components). Similar results
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Table 2. Nominal pressure Py and exponen-
tial decay factor v determined using the or-
der parameter S, of 16-DPPC m.z& mw-waO
spin probes or using the sorption isotherms

Table 1. The parameters 4, \».T a9 m:.m
s, for the 12-DPPC spin probe in .m<~.u0 bi-
Jayers at difterent time of hydration in the
onment with relative vapour pressure

s 81 of Jendrasiak and Hasty {38} and Elworthy
p/Po=0.81. o)

time of hydr. 5 20.3 24.5 P T _

A TH—.H,_ 1.932 1.932 1.928 %w o s

! T.:J..”_ 1.105 1.100 1.100 16-DPPC J . AAHWOQ

o 2.0072 | 2.0073 | 2.0075 12-DPPC 43+13 2. :

" M.cowu 2.0092 | 2.6095 Jendrasiak, 3.61+0.1 3.040.1

s ) Hasty [38]

(11 0.334 0.337 0.336
MN MM MSWW 0.389 | 0.404 | 0.418 Elworthy [39] | 5.04£0.1 | 2.56 +0.08

MTL# Fig.1: Schematic picture of the mﬁvwnﬁ.ﬁm for

i the preparation of oriented lipid Ez_Ew%m.nm
and the positioning of the oriented mev—.m in

0 the measuring glass tube. The abbreviations
in the figure are described in the text.

were achieved with the 16-DPPC spin probe. Observed &ﬁmwosoom .oOM:E be nw_mm.mm vm%
: i he spin probe is not axialy symme ric. 2.
at least three factors: 1. The motion of t rob . :
inci do not coincide. 3. The polarity correction
The principal axes of the A and g tensors . larity cetion
i i i 1sti h between these possibilities withou
Is not ”correct”. It is not possible to &mfam:_m. . .
SMMVEMM mwgc_mso: of the ESR spectra. According to most wmw_vma.m aoﬂﬂﬂm_ﬂc;r mmmmw
i 11) for the S, calculation. ollows from
order parameter we shall use the equation ( : .
the me__:m in Table I that a care must be taken by independent evaluation of the S,
! tensor).
(e.g. from A’ tensor) and S, (e.g. from g . §
mﬂrm influence of EYPC multilayer hydration on the order wmam::mwon memm 5<mm5&
i i . The sample was dried at first and than expose
Bated using the 16-DPPC spin probe ; vas . : )
m:.nommm?m% to the suroundings with increasing ~.:E.:%$> It Is seen from ﬁm Mm_m.wm_w”wm
the rise in relative vapour pressure p/po i.e. the :mm.E.E&Bso: of the EY ol Ww%ogma
accompanied by the decrease of S,. Qualitatively similar results were reported by ”
authors. Jost et al. [20] observed a decrease in order parameter S, for four position
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Fig.2: The dependence of A2 — f{sin? © for
the 16-DPPC spin probe in EYPQ bilayers.
Relative vapour pressures P/P, — 0.31 (full
symbols) and 0.81 (open symbols).
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Fig.4: The dependence o
ter S, on the relative va

for the 12-DPPC (full symbols) and 16-DPPC

{open symbols) spin probes. The experimen-
tal error is 40.004.

f the order parame-
pour pressure P/p,

isomers of spin labeled stea,
ative vapour pressure (p/pe=0
Paper are considerable lower
obtained by Jost et a]. [20] usi
with our results obtained
multilayers of dimyristoyl
&o_mowEvo%rmiminro:

ric acid in oriented EYPC multil
, 0.31, 0.81). However, the S,
compared to our results,

using 16-DPPC. Kornstanje
wro%vms.&;nro::m, palmit
ne using cholestane spin pro

0.24

0.18

0.16

Pe

0.10
0.2

Fig.5: The dependence of the probability; B,
of gauche conformers between the 12-th an
16-th carbons of the m-DPPC spin Eovm M.,
the relative vapour pressure P/ P, in orien m&
EYPC bilayers. The interpolated values of 5:
(see Fig.4) were used in the calculation:of

(eq.(15)).

o
ayers by Increasing the'ré
values determined in thei

For example, the valyes of':5;
he 12-th carbon are comparab]
et al. [21] studied the orient ,
ow_&aowEro%:ms.mioro::m and

€. They found that an increase
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1g.7: e correlation between the order pa-
”WMT‘HHMN of 12-DPPC Q_.E symbols) wﬂm
16-DPPC (open symbols) spin probes wbmmovm
area per one lipid molecule A, &m»m:ﬂ«zm M
Uhrikova [34] (full lines) and by White an
King [33] (dashed lines).

ce of the hydration pres-
mﬁ.mWMMMSMMMmM%WO bilayers on the number
u_m_ﬂm ater molecules nw. Full symbols - de-
. 2.:0& from the order parameter S, of 12-
S:WO open symbols - mmnmnamamm. from the
N.MQ mwmwamnmn S, of 16-DPPC spin probes.

1 ility of the
1 1 d increases the mobility o
i decrease in the ordering an ) he
e sﬂaon m.oamsmﬁ“%nc MMNM the Fig.3 that the value of S, .mw_Wm m:amMM_WUMM“MMm sm_&
i pgiie, B8 Sre idi d a small increase in S, can ed wi
i f the humidity an : prerved with
) n e .ﬁrm EmnWmMmeNoP While the sudden change E_mra. be w&mao% ﬂMﬁmnmao_oa:_om
D e ?M_m: a sample holder and to consequent diffusion o Mmm er molecules
B <mwo:M—H lipid bilayers within the sample itself, the m_wé vwoo i el e
e EEEM ing effects within the sample after ?: hydration, m_ an elimination
vmowma_w SA_UMMMMQM during such an annealing. According MM %5 MMMW
the BYPO i d on the history of the sa .
ilayer hydration may depen : . .
O oy f the S, on the degree of 5&530:. for the both Mvmwwﬂmwxvo%m
Hrm. amvmzmmwuwmm %m in armu Fig.3, the samples were dried at mnmmﬂ ﬂ: | than exposed
4. .3, le "
M”Muwwmw_”m”w Mo Mmm influence of w:owmgmcm.rcawﬂ;u\ mo,Two.WMWMm:M. e decrense in the
1 d for both spin probes. he the 12- order
i vwnwamamm_“cmmww NMMMMH than for the 16-DPPC spin probe which is in accorda
parameter are al e | F the o
e el known ety mnmm”w:w o Hom_wmv Hhm motion of the spin probes was
ible to investigate the dry sam es. TS
by s HMOmm_MMM Mrm spectra resembled a solid-state @oéama.mvmonwﬂwga\,\m .
Emvwﬂ_% .nomw ; OMMw was observed in the spectrum of wwy_u—umvo.m?:%cnw 5.059;% e
that 4 oty ked acyl chains exclude the HM-D.HUNO spin pr polecutes with
s g o dered lateral defects within the F_mv:w.n w : 2
g B aTon isenberg and dipolar spin-spin interaction ar
_— epin probe concentration lcads 1o mm_mm: wmowcmm the 16-DPPC spin probe has its
1 i ingle-line spectrum. el i
Mmmimm o, S_GEMM%MMJMMMMMMQMQ center of the bilayer, similar effect was not observe
oxyl group loca |
" ! i PC (Fig.4) were 1n-
pw,wrwﬂﬁmo M wces S, = f(p/po) for both 12-DPPC and 16-DPPC (Fig.4)
e depender L =
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mnterpolated values of S, w

-th
ctive energy difference m.u
P, (Fig.5) and a decrease in
A lative vapour pressure.

t the increasing amount of water molecules

16-th carbons of the m-DPPC molecule and of the effe
tween trans and gauche conformations. An increase in
(results not shown) are observed with Increasing the re

It follows from these results tha

region. Small [31], Torbet and Wilkins [32], White and King [33]
have shown that the increase in hydratio
molecule on the lipid-water interface.

and Uhrikovj, 4
n causes the increase in the area per one Evv

Ceve and Marsh [35] suppose that the rige’;
1p] se
the area per one lipid molecule leads to 2 weakening of inter- as well as intramole

amma:oﬁo:m in the acyl chain motion. This is in accordance with our results.

GE% and Watts (36, 37] studied the influence of dioleo
hydration on the quadrupolar splitting Avg and the relax
deuterated headgroup segments TO-OUN-OUN-ZAOUu:. They found that the genéts

: 2
1zed “H Z?Ew parameter f(nw ) represented by 1/T or Avg depends linearly on 4k
s.&;on .wo?\;% aw for all three deuterated segments. Mathematically, this linear rela
tionship is conveniently expressed by the generalized equation

\ASEV = .\.o + A.\..u - .\DVQS\

activity ap, which is equal to the relative vapour pressure (p

number of water molecules nw per one lipid molecule using published sorption isother:

for DOPC. \H.rm. mn.,.:;mos (17) enables the calculation of effective repulsive pressure
between the lipid bilayers according to the equation

/Po), was related to i

! al

P = ﬁlmwm..\«\s;_zmg
where Vi = 18 x 10~®°m? is the molar volume of water.
pressure P at any hydration level nw in terms of the NMR,
and Watts [37] substituted equation (17) into (18), giving

To express the hydrafion
parameter f(ny ), Ul

P lﬁgxﬂzil\ﬂo
«\S\ .\wf\.o

ydration pressure decays exponentially with the number of wal

It is known that the h
molecules ny,

parameters 1/7y and Avg for all three ;
with the results derived from the sorption isotherm.
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We applied the same procedure as Ulrich and Walts [37] s;:wq.m the generalized
3y NMR parameter was replaced by ESR order parameter S, = fp/po) = \AQSL..
pe EYPC sorption isotherm published by Jendrasiak and —..meE\ [38] was used for
The formation to S, = f(nw). f, resp. fo, the extrapolated intercepts with aw = 1
:.mzmooﬁmmwmoaé_% were determined from the Fig.4, and were used for the E\&wﬂ._o:
%mmmnm P calculation according to eq. Cmv The dependences InP = \A:s\.v in Fig.6
pree linear decay for both spin probes as could be expected from eq. (20). The
show @0m nominal pressure P, and exponential decay factor v determined using ESR
<vw:wm arameter are presented in Table II together with Py and v calculated from the
. mswc isotherms of Jendrasiak and Hasty [38] and Elworthy [39]. The agreement of
Mmmmvm values 1s surprisingly good. These results lead to an important ao:o._:m.ﬂo:. that
the dependence of ESR order parameter as a function of nw represents in .;mm: the
sorption isotherm of the EYPC. This conclusion could be applied for both spin probes
used in this work. o

We studied also the correlation between the area .A; per one lipid molecule on
the lipid-water interface and the order parameter S. for both 12-DPPC and 16-DPPC
spin probes (Fig.7). The linear course of the dependence MN.H .NA,\:\V at the same
nw implicates that Ap characterizing the polar ﬁ.@? of the lipid bilayer as S.m: as S,
reporting about the hydrophobic region are determined by the degree of hydration. ,Hsn.u
sources of the Ap values were used. Uhrikova [34] has applied a procedure of rcN.Nw:
{40] by extracting the Ay values from the X-ray small E.pm_m 93&25: data obtained
on non-oriented EYPC samples, while in the paper of White and King [33] the raw data
of Torbet and Wilkins [32] obtained with oriented EYPC bilayers were used. Both of
these results show good correlation with the order parameter.

In conclusion, we have confirmed that the method of Kawano et al. [18] enables
the preparation of well oriented lipid multilayers. The increasing Edgioz of ﬁ.ﬁmm
multilayers induces a decrease in the order parameter and an increase in the probability
of gauche conformers as detected by spin labeled DPPC molecules. The m.m@msmmdomm of
S on the number of incorporated water molecules contain the information equivalent
to sorption isotherm. o .
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