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Abstract

Langmuir monolayer (surface pressurg-area (A), surface potential (AV)—area (A), and dipole momen}-{area (A) isotherms) and
fluorescence microscopy techniques were used to investigate a new-designed 18-mer amgtiphdal peptide (Hel 13-5) which consists
of 13 hydrophobic and 5 hydrophilic amino acid residues. We present here a study of the surface behavior of Hel 13-5 against dipalmi-
toylphosphatidylcholine (DPPC) and/or Egg-phosphatidylcholine (Egg-PC), which are major components in artificial pulmonary surfactant.
A temperature dependence of pure DPPC and Hel 13-5 was examined using Langmuir isotherm techniques over the temperature ran
of 298.2-310.2 K. Basic interfacial behavior of Hel 13-5 was investigated by adding Hel 13-5 to pure DPPC and the DPPC/Egg-PC (1:1,
mol:mol) mixture on a substrate solution of 0.02 M Tris buffer (pH 7.4) with 0.13 M NacCl at 298.2 K. The cyclic compression—expansion
isotherms of these systems were obtained to confirm the spreading and respreading abilities of Hel 13-5. In addition, fluorescence microscoy
measurements were carried out to understand the interactions of Hel 13-5 with pure DPPC or the DPPC/Egg-PC mixture. From the fluorescel
images, the distinct differences between these systems were observed. Adding a small amount of Hel 13-5 to DPPC induced the “moth-eatel
disaggregation of liquid-condensed (LC) domains made of DPPC. On the other hand, the phenomenon that the LC domains were shrunk i
size by adding a small amount of Hel 13-5 occurred for the there-component system (DPPC/Egg-PC/Hel 13-5).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction PS consists of multiple lipids (~90wt.%) and four
surfactant proteins (SP-A-SP-B;10wt.%). Although the
Pulmonary surfactant (PS) secreted by the alveolar type compositions of PS are quite different among diverse species
Il cell is complex mixture of lipids and proteins. PS lining at [2-5], it contains practically phospholipids (80—90 wt.%).
the air/alveolar interface of the mammalian lung mainly con- Furthermore, the phospholipids largely include phos-
tributes to maintaining the structural stability of the alveolus phatidylcholines (main component is dipalmitoylphos-
during respiration. This function in vivo reduces the surface phatidylcholine, DPPC 0f50%) in human PS. Pulmonary
tension down to almost zero on expiration, facilitating the surfactant proteins play a decisive role as well, even though
work of breathing and preventing alveolar collapse at low their content is less than 10 wt.% of the surfactant mass.
volumes|1]. Deficiency of PS causes neonatal respiratory A single monolayer of the most abundant molecular
distress syndrome (NRDS) in premature infants, resulting in species, DPPC, can reduce the surface tension down to almost
extremely high mortality rates. zero under the excess compression beyond the collapse of the
monolayer states. However, pure DPPC film does not suffi-
'+ Corresponding author. Tel.: +81 92 642 6669; fax: +81 92 642 6669, CIeNtly keep the surface tension low due tothe space caused by
E-mail address: shibata@phar kyushu-u.ac.jp (O. Shibata). a bulky head group of DPPC and is also sensible to mechan-
URL: http://kaimen.phar.kyushu-u.ac.jp/. ical disturbance and collapses irreversibly when compressed
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beyond the minimum surface tensi@ In addition, itis very the temperature dependence of pure DPPC and Hel 13-5
slow to adsorb from the aqueous suspension and to respreath order to understand the monolayer stability, the solubil-
when compression is relieved. Hydrophobic proteins (SP-B ity into aqueous subphase, and the structure change over
and SP-C) concerned with interfacial functions can resolve the temperature range of 298.2-310.2K. In addition, the
these defects in native H3,7,8]. While, hydrophilic pro- cyclic compression—expansion isotherms, known as a hys-
teins (SP-A and SP-D) play an important role in the first teresis curve, of these two- or three-component systems were
line defense against inhaled pathogd@f Furthermore, carried out to examine the spreading and respreading abilities
SP-A regulates surfactant homeostgdi8—12]. Although of Hel 13-5.
hydrophobic proteins may collapse at relatively high surface
tensions where the ejection of materials from the mono-
layer occurs, they facilitate the adsorption and spreading 2. Experimental
of surfactant moleculefl3,14]. This specific phenomenon
has been known as “squeeze-out” thefit§]. The theory 2.1. Materials
describes that the fluidizing lipids are selectively removed
from the interface on compression, leaving behind the mono-  Hel 13-5 (MW 2203 Da) was synthesized by Fmoc strat-
layer enriched in lipids that possess abilities of lowering egy based on the solid phase technique starting from Fmoc-
surface tensiofil6—18]. The “squeeze-out” theory includes Leu-PEG-PS resin (0.1 mmol scale) with Perseptive 9050
an idealized immiscible interaction between the LC phase automatic peptide synthesizer and purified by HPLC with
(rigid) and LE phase (fluid) of lipid components. reversed-phase column (20 mo250 mm, YMC C8) as
Pulmonary surfactant (PS) works in three-dimensional described previouslf22]. Dipalmitoyl phosphatidylcholine
alveoli. However, Langmuir monolayer system characterized (DPPC, purity >99%) and egg-phosphatidylcholine (Egg-
by two-dimensional surface films serves as a good model for PC, purity >99%) were obtained from Avanti Polar Lipids
biophysical studies of PS. At the air-liquid interface, direct Inc. (Birmingham, Alabama, USA). 3,6-bis(diethylamino)-
visualization of lipid or lipid—protein monolayers doped with  9-(2-octadecyloxycarbonyl) phenyl chloride (R18) was
fluorescent probes and fluorescence microscopy (FM) mea-obtained from Molecular Probes as a fluorescent probe. They
surement now provide the powerful information about struc- were used without further purification or characterization.
tural transitions on dynamic compressidd,19-21]. n-Hexane and ethanol (specially prepared reagent) used as
Recently, we synthesized a de novo-designed 18-merspreading solvents were from Merck (Uvasol) and Nacalai
amphiphilic a-helical peptide (Hel 13-5), consisting of 13 Tesque, respectively. Tris (hydroxymethyl) aminomethane
hydrophobic and 5 hydrophilic amino acid residjeg]. (Tris) and acetic acid (HAc) of guaranteed reagent grade for
In addition, we have already reported that Hel 13-5 could the preparation of a subphase were purchased from Nacalai
induce neutral liposomes to adopt long nanotubular struc- Tesque. Sodium chloride (Nacalai Tesque) was roasted at
tures and that the interaction of specific peptides with specific 1023 K for 24 h to remove any surface-active organic impuri-
phospholipid mixtures could induce the membrane struc- ties. We used two model surfactantlipids; pure DRE&Tand
tures to resemble cellular organelles, such as Goldi apparatuPPC:Egg-P(23] (DPPC:Egg-PC =1:1 by molar ratio).
[23-27]. Furthermore, we found that the size and shape of
such nanotubes depend on lipid compositif#§. Inciden- 2.2. Methods
tally, Hel 13-5 (MW~2200) is considerably similar to SP-B
(79 amino acid residues, MW8700) and SP-C (35 amino  2.2.1. Surface pressure—area isotherms
acid residues, MW-4200) in terms of-helical structure that The surface pressure Y7of the monolayer was mea-
is important for lipid—protein interactions in the monolayer sured by using an automated home-made Wilhelmy balance,
state. These confirmations suggest that synthesized Hel 13-&vhich was the same as that used in the previous studies
substitutes for native SP-B and SP-C to fulfill the pulmonary [29]. The surface pressure balance (Mettler Toledo, AG-64)
function at the alveolar liquid—protein interface. has a resolution of 0.01 mNT. The pressure-measuring
In this study, the behavior of spread monolayers for multi- system was equipped with a filter paper (Whatman 541,
component systems of new synthesized Hel 13-5 and pureperiphery 4 cm). The trough was made from a Teflon-coated
DPPC or DPPC/Egg-PC (1:1, mol:mol) was investigated brass (area of 15cm50cm). Then—A isotherms were
by surface pressure )&, surface potential (AV)—, surface recorded over the temperature range from 298.2 to 310.2 K.
dipole moment (y )—area (A) isotherms, and fluorescence The subphase and the ambient air temperature were precisely
microscopy (FM). DPPC is the main phospholipid in mam- controlled by the thermostat and the clean room-grade rib-
malian PS and the main surface-active constituent, too. Inbon heater, respectively. Solutions of DPPC (1.35 mM) and
addition, two-component system (DPPC/Egg-PC) is applied Egg-PC (1.35 mM) were preparedsarhexane/ethanol (9/1,
to mimic the phosphatidylcholine components of the alveo- v/v), and that of Hel 13-5 was made irthexane/ethanol
lar membraneR-5]. Monolayers mainly spread ona0.02M (4.5/5.5 v/v). The spreading solvent was allowed to evap-
Tris buffer (pH 7.4) with 0.13 M NaCl at 298.2 K were inves- orate for 15 min prior to compression. The monolayer was
tigated at the air/water interface. The study was made oncompressed at a speed of <0.4%molecule®min1.
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In cyclic experiments, the proper films were compressed
and expanded alternately through five cycles at a rate of
0.1-0.2 nMd molecule ! min—1. The standard deviations for
area and surface pressure measurements wer@1 nn?
and~0.1 mN nT1, respectively. The subphase pH was con-
trolled to be pH 7.4 with a 0.02M Tris (hydroxymethyl)
aminomethane (Tris) buffer and with adequate acetic acid
(HAc). All monolayers were studied on the buffer subphase
(0.02M Tris, pH 7.4) with 0.13 M NaCl. Throughout these
studies, the water used was thrice-distilled (surface ten-
sion of 72.7mNm? at 293K and electrical resistivity of
18 MQcm).

2.2.2. Surface potential measurements

The surface potential (AV) was simultaneously recorded,
while the monolayer was compressed. It was monitored by
using an ionizing**Am electrode at 1-2 mm above the inter-
face, while a reference electrode was dipped in the subphase
The ionizing2*1Am electrode is warmed by the clean room-
grade ribbon heater at 303.2—310.2K in order to prevent it
from forming dew drops on the surface of the electrode. The
standard deviation for surface potential measurements was
~5mV. The other experimental conditions were the same as
described in previous papdZ9-32].

Fig. 1. Helical wheel representation of Hel 13-5.

Lys). The hydrophobic—hydrophilic balance (HHB) was
estimated both theoretically from the calculated hydropho-
2.2.3. Fluorescence microscopy bicity value (or the magnitude of hydrophobic faces) and

Fluorescence microscopy (US| System BM_]_OOO) eXperimenta"y from the retention times in reverse phase
observation and the compression isotherm measurement werdigh-performance liquid chromatography (RP-HPLC). For
carried out simultaneously. The spreading solution was pre-this modulation (hydrophobicity of Hel 13-5 is 0.07), it
pared as the mixed solution doped with 1 mol% fluorescenceis supposed that Hel 13-5 structurally mimics SP-B and
probe. A 300W Xenon lamp (XL 300, Pneum) was used SP-C at the alveolar air/liquid interface. Furthermore,
for excitation of the probe. Excitation and emission wave- Hel 13-5 forms the amphiphilic structure with a 260
lengths were selected as 560 and 581 nm, respectively, byhydrophobic sector region as shown in the helical wheel
an appropriate beam splitter/filter combination (Mitutoyo representation (Fig. 1), indicating that the hydrophobic
band path filter, 546 nm; cut filter Olympus, 590 nm). The part and the hydrophilic one are completely separated. Our
monolayer was observed by using a 20-hold magnification 9eneral objective being to investigate the potential benefits
of long-distance objective lens (Mitutoye 200/focal length  of Hel 13-5 to facilitate DPPC respreading, buffer solution
(20 mm)). Fluorescent micrographs were recorded with a (0.02M Tris, pH 7.4) with 0.13M NaCl was chosen as the
video camera (757 JAI ICCD camera, Denmark) connected to Subphase in order to mimic a biomembrane-like environ-
the microscopy and stored directly into computer memory via ment. This condition is very popular to many researchers
an online image processor (Vaio PCV-R53 Sony: Video Cap- [33-36].
ture Soft). The entire optical set-up was placed on an active  Fig. 2A and B shows some—A, AV-A, and p —-A
vibration isolation unit (Model-AY-1812, Visolator, Japan). isotherms of monolayers at298.2,303.2, and 310.2 K for pure
The image processing and analysis were carried out by usingPPPC and Hel 13-5, respectively. The vertical component of
the software, Scion Image Beta 4.02 for Windows (Scion the surface dipole moment,; , was obtained by calculation

Corporation). by the Helmholtz equation:
N (1)
gocA

3. Results and discussion
wheregy is the permittivity of a vacuum anelis the mean

3.1. Temperature dependence of pure DPPC and Hel
13-5

The amphiphilic «-helical peptide KLLKLLLKL-
WLKLLKLLL (Hel 13-5) consists of 13 hydrophobic
residues (12 Leu and 1 Trp) and 5 hydrophilic residues (5

permittivity of the monolayer (which is assumed to be 1).
Although the transition pressure§% might be determined
only from ther—A isotherms 789 could be more precisely
determined by using\V-A and u | —A isotherms, sincé\V

is more sensitive tham. This can be also applied to the
collapse pressure £ becauseAV-A isotherms become
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Fig. 2. (a) Surface pressure)@area (A) isotherms, (b) surface potential (AV)sdtherms, and (c) surface dipole moment §#A isotherms of pure DPPC
monolayer on 0.15M NaCl and Hel 13-5 monolayer on a 0.02 M Tris buffer solution (pH 7.4) with 0.13 M NaCl at different temperatures (indicated). (A) Pure
DPPC and (B) Hel 13-5 monolayers. The inserted figure shows the transition pres§éefaperature isotherm.

the flat lines above the collapse pressureFig. 2A, pure with increasing temperature. The phase transition surface
DPPC at 298.2 K on 0.15 M NacCl had the transition pressure pressure (%9 at given temperature is a characteristic quan-
(7®9=11.3mNnr! at 0.65nmM) and the collapse pressure tity for a given lipid in a monolayer on a given subphase. For
(n°=55.4mNnt! at 0.34nm), showing the good agree- DPPC on pure water;29is ~4 mN n1 at 293.2 K and shifts
ment with those in previous papef29,32]. The present by d7®¥97=1.5mN nT 1K~ until a critical point is reached
parameter values of DPPC at 303.2-310.2K are in goodat T;=316.2K [40]. On 0.02M Tris buffer (pH7.4) with
agreement with those by many research@&®%-39]. The 0.13 M NaCl,z®% of DPPC was~11.5mNnt?! at 298.2K.
inserted figure ifFig. 2A represents the®dchange withtem-  For DPPC above subphase conditiafi%is ~11.5 mNnt?!
perature. For the transition pressur€ linearly increased  at 298.2K and shifts bym®¥9T=1.75mNnT1K~1 until
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Table 1 monary surfactant protein analog. For the above purposes,
Temperature dependence of Langmuir isotherm data for pure DPPC and Heliha 7—4 A V—A andu | —A isotherms of the DPPC/Hel 13-5

135 and PCs/Hel 13-5 multi-component systems were measured

Temperature’C) Ag (nrP) 7° (MmNt AVmax (MV) for various Hel 13-5 mole fractions (% 13.5) on 0.02 M Tris

DPPC buffer (pH 7.4) with 0.13 M NaCl at 298.2 K. These results

gg 8-50 53? 552-4 are shown irFig. 3. Because the pulmonary surfactant con-

33 0:23 20:4 235:2 tains only~10wt.% surfactant proteins, the attention was

35 0.64 48.8 482.9 focused on the smaller molar contents of Hel 13-5 as seenin

37 0.86 44.9 410.5 Fig. 3A and B.

Hel 13-5 For DPPC/Hel 13-5 mixture (Fig. 3A), at-A isotherms

25 2.54 422 369.3 (except for pure DPPC) had two clear kink points at

30 2.54 39.4 350.9 11.5-19.0 mN m?! and at~42 mN n11; the kink points are

33 2.54 38.7 3411 indicated by the arrows iKe| 13.5= 0.3. The first kink point

g? g'gg gg'g gﬁg at lower surface pressure and the second one at higher surface
— : : ' pressure indicate the first-order LE/LC transition pressure

in:ufr‘ﬁ'vng (extrapolated) area’, collapse pressuréVmax, AVAtMax- 514 the collapse pressure of Hel 13-5, respectively. The tran-

sition points of all ther—A isotherms increased from 11.5 to
. o 19.0 mN nt1 and became less clear with increasifg, 13-,
the temperature is 310.2K. So ionic strength, the subphas€ysying that Hel 13-5 attractively interacted with DPPC at
and ambient air temperature control have an effect®h low surface pressure in the two-component monolayer. The
On the other hand;® shifted to lower values with increas- second kink points appeared-a42 mN nr L. ¢ of pure Hel
ing temperature, indicating that DPPC monolayer becomes 3 5 monolayer, and the second plateaus are broadened with
more fluidized as temperature rises. In other words, rising increasing(uel 13.5 Itis quite interesting that the second kink

temperature facilitates DPPC molecules to form a liquid- points appeared at the same surface pressure (~42 N m
expanded (LE) phase. The isotherm data of DPPC, the lim-j,qenendent of their compositions. This observation implies

iting area (4), the collapse pressureQjyand the maximum 54 He| 13-5 repulsively interacts with DPPC at high sur-
of surface potential (Aax), confirm this phenomenon (see  ¢ace pressure with the two components immiscible. Only

Table 1). the Hel 13-5 molecules begin to be squeezed out of the

In the case of pure Hel 13-5 (Fig. 2B), Hel 13-5 dose not pppc/Hel 13-5 two-component systemat2 mN 1t and
possess the first-order phase transition from aliquid expandedap, the squeezing-out is gradually facilitated upon further

(LE) to a liquid condensed (LC) phase at examined temper- oo hression. Finally most components would be DPPC at
atures contrary to thg case of pure DPPable 1shows that the air—water interface around 55 mNn 7€ of pure DPPC
Hel 13-5 monolayer is not much influenced by temperature monolayer.
changes in. comparison t_o DPPC. Namely, Hel 13-5 mono- In the PCs/Hel 13-5 mixture (Fig. 3B), all-A isotherms
Igyer is qg|te stable against the temperat.u.re _change at the(except for PCs) had only the second plateau correspond-
air—water interface and. has the low solubility into aQqUeOUS g 15 7¢ of Hel 13-5 monolayer. Only PCs possessed a
subphase. However, th's does not mean that the OlesorptlorLE/LC coexistence state which is indicated by an arrow.
of Hel 13-5 monolayer into the subphase does not occur. We| jye the DPPC/Hel 13-5 system above, the second plateaus
will discuss about this later. were widened aXnel 13.5 increased and the second kink

points (~42mNm!) were independent of their composi-
3.2. m-A, AV-A, and | —A isotherms of two- or tions. By the way, the PCs monolayer and PCs/Hel 13-5
three-component systems mixed monolayer (0 < e 13-5< 0.3) formed stable films up

to ~43 and~48 mN nt 1, respectively. Egg-PC is a mixture

After the examination of one component system, we move of PC composed of various acyl chain lengths with the same

to the two- or three-component systems especially at 298.2 K,PC head group. So, it is expected that Hel 13-5 together with
because the LE/LC coexistence region in the one-componenffluid (unsaturated) components in Egg-PC is squeezed out
systems comes to disappear at high temperatures. So, thef the PCs/Hel 13-5 monolayers a2 mN nt 1, and more
present experimental condition was designed to understandigid (saturated) components in Egg-PC are refined at the
the interfacial behavior of two-component systems by observ- air—water interface. Sor® of PCs/Hel 13-5 mixed mono-
ing and analyzing their immiscibility phenomenon; the coex- layer (X4el 13-5=0.1~ 0.3) became larger than that of only
istence of both fluid compositions (LE phase) and non-fluid PCs without Hel 13-5. These specialties, the squeezing-out
ones (LC phase) and their interaction. Typical isotherms of phenomenon and the collapse pressure increase of the sec-
Hel 13-5 containing pure DPPC or two phosphatidylcholines ond kink points, were also observed in the systems of SP-B
(PCs: DPPC:Egg-PC =1:1, mol:mol) were studied in orderto and SP-(41,42]. These similarities with native SP-B and
assess the effect of Hel 13-5 as a component for pulmonarySP-C support the possibility of Hel 13-5 as the substitute for
surfactant lipid and the potential use of Hel 13-5 as a pul- them.
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Fig. 3. Surface pressure Ymarea (A) isotherms, surface potential (AV)satherms, and surface dipole moment, A isotherms of the DPPC/Hel 13-5
and PCs (DPPC:Egg-PC/1:1/mol:mol)/Hel 13-5 mixtures on a 0.02 M Tris buffer solution (pH 7.4) with 0.13 M NaCl at 298.2 K. (A) DPPC/Hel 13-5 and (B)
PCs/Hel 13-5 systems.

3.3. Fluorescence microscopy be observed in the LE/LC coexistence region. The fluores-
cent images confirmed the coexistence of two phases in pure
Fig. 4 and Fig. 5 show FM images of two systems DPPC films (Fig. 4a), where the bright regions and dark
(DPPC/Hel 13-5 and PCs/Hel 13-5) at surface pressures atdomains indicated the LE and the LC phase, respectively.
15 and 30 mN m?, respectively. An upper right monochrome  LC domains grew more with increasing surface pressure and
domain in each FM image corresponds to the domain indi- finally FM images became homogenous black (or the com-
cated by a white arrow. Generally, it is widely accepted that plete LC phase) up to the collapse pressj2@32]. The
the fluorescent probe is selectively dissolved in the LE phase,FM images inFig. 4b and c also showed the LE/LC coex-
not dissolving in the LC phase. Therefore, FM images can istence states; that is, dark domains reflect the LC domains
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Fig. 4. FM images of the DPPC/Hel 13-5 system at 15 mN nThe domain indicated by a white arrow is converted into the monochrome domain, which is
inserted in an upper right. The monolayers contain 1 mol% fluorescent probe (R18). The scale bar in the lower right represent@jlpQre DPPC, (b)
XHel 13-5=0.005, and (CXpel 13-5=0.025.

Fig. 5. FMimages of the PC’s (DPPC:Egg-PC/0.75:0.25/mol:mol)/Hel 13-5 mixture at 30 MNTie domain indicated by a white arrow is converted into the
monochrome domain, which is inserted in an upper right. The monolayers contain 1 mol% fluorescent probe (R18). The scale bar in the lower right represent
100um; (a) PC’s, (b)XHel 13.5=0.005, and (CXpel 13-5=0.025.

of DPPC and bright regions do the LE phases of DPPC and coexistence states continued from 30 mNlrap to the col-

Hel 13-5. Each LC domain of all molar fractions grew in  |apse pressures (the data are not shown). It is notable that
area with adding Hel 13-5 to DPPC. When the films were the addition of a small amount of Hel 13-5 to PCs’ induced
compressed further, they became homogeneous black imagesuch interaction as LC domains shrank in size contrary to the
consisting mostly of the LC phase up to the collapse pressurepppC/Hel 13-5 system. Considering these resulf&ign 5,

(the data are not shown). It is interesting that the addition the similar behavior might be also observed for the PCs/Hel
of a small amount of Hel 13-5 to DPPC induces the “moth- 13-5 system. These FM imagesHiys. 4 and Suggest that
eaten” disaggregation of LC domains made of pure DPPC. the various interactions between phosphatidylcholines and
This “moth-eaten” disaggregation was observed, only when He| 13-5 result from the different effects of Hel 13-5 on fluid

a small amount of Hel 13-5 was added to DPPC. Consider- (LE) components or on non-fluid (LC) ones of phosphatidyl-
ing the isotherm data and FM images, it is suggested that thecholine groups.

miscible interaction between Hel 13-5 and DPPC at the low
surface pressure induces the penetration of Hel 13-5into LC
domains derived from DPPC (Fig. 4b and c). 3.4. Cyclic compression—expansion isotherms

Inthe FM image of only PCs, quite a small LC domain was
observed (the data are not shown). For better understanding Hysteresis curves in the two systems of DPPC/Hel 13-
of the LE/LC phase transition of the PCs/Hel 13-5 system, 5 (Xnei13-5=0.1) and PCs/Hel 13-5 (¥/13.5=0.2) are
more DPPC was added to PCs. Now, we define the new phosshown inFig. 6. These two mixtures were compressed up
phatidylcholine mixture (PCs’: DPPC:Egg-PC =0.75:0.25, to the surface pressures of 55 mN*h(DPPC/Hel 13-5) and
mol:mol). Fig. 5a indicates the LE/LC coexistence state of 46 mNnT! (PCs/Hel 13-5) and then expanded to the corre-
only PCs’ at 30 mN m. This coexistence phases were simi- sponding starting area. This process was repeated five times.
larly observed beyond 30 mNTh up to the collapse pressure  During the cycling, any loss materials from the surface were
(the data is not shown). FM images of the PCs’/Hel 13-5 sys- not observed. For the DPPC/Hel 13-5 system (Fig. 6a), the
tem at 30 mN ! are shown irFig. 5b and ¢. The PCs’/Hel  second kink point where Hel 13-5 was desorbed from the
13-5 systems indicated the LE/LC coexistence states. LE/LCinterface clearly appeared in spite of repeated cycling pro-
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