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Abstract

The interaction of the hepatitis G synthetic peptide(#2118 with cell membrane phospholipids of different
characteristics such as dipalmitoylphosphatidylcholilRPPQ and dipalmitoylphosphatidylglycerdDPPGQ was
studied by Langmuir isotherms. Epifluorescence microscopy and Atomic force micro6aédg) was also used to
study interactions with DPPC. Compression isotherms of DER2(99-118 and DPPGE2(99-118 mixed monolay-
ers showed negative deviation from ideallity consistent with the existence of attractive interactions. The incorporation
of the peptide in DPPC monolayer was also confirmed in epifluorescence microscopy and AFM studies. The peptide
retarded the formation of DPPC domains and did not let the phospholipid get organized. No important differences in
the interactions with DPP@neutra) or DPPG(anionic were found, thus suggesting that electrostatics forces do not
have a predominant influence in these interactions.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction no acids within the envelop glycoprotein of HCV
has been proposed as the virus fusion pepile
GBV-C/HGV is a bloodborne virus, associated however, the mode of entry of GBV/EIGYV into
worldwide with non-ABCDE hepatitis. It is the target cells is at present unknown. An approach to
most closely-related human virus to the hepatitis get information about the potential antigenigity
C virus (HCV), a major worldwide pathogefl].  jmmunogenicity[3] of the peptides is the analysis
Recently, a stretch of conserved, hydrophobic ami- ¢ their physicochemical properties by using model
" +Coresponding author. Tel.+ 34-034024553; fax-+34-  membranes. The comprehension of the interaction
934035987, of peptides belonging to relevant protein domains
E-mail address: cmestresm@ub.ed(C. Mestres. with model phospholipid membranes is important
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to gain insight into the infection and proliferation DPPC, DPPG, peptide and lipideptide (with
mechanism of the virus. and without the fluorescence probmixed mon-

In this sense, the main aim of the present work olayers were formed by spreading chlorofgrm
is to study how an antigenic synthetic peptide methanol solutions. After 15 min period for
belonging to E2 structural protein, as is (@2- evaporation and equilibration, the monolayers were
118) peptide sequence interacts with a zwiterionic compressed at a rate of 60 rifmin. Changes in
and an anionic phospholipid. The fact that these the compression rate did not alter the shape of the
two lipids had different net charge should let us isotherms. Stability of the monolayers was
to detect possible electrostatic interactions and they assessed by compressing them and stopping the
will serve as an excellent model in addressing barrier at different pressures, and observing that
potential mechanisms of peptide—lipid interactions. no pressure decay occurred after 30 min. Each run

We employed different techniques, like surface

was repeated three times, and the accuracy of the

pressure—area, epifluorescence microscopy andmeasurements was 0.01 nnt/residue.

atomic force microscopy. All this should give us
more insights about the interaction events occur-
ring in biological situations between GBV/EIGV
and cell membranes in the infection process.

2. Materials and methods

The synthesis of the peptide, whose structure
follows, VSWFASTGGRDSKIDVWSLV (p/=
5.93) was described elsewhef4].

Crude peptide was purified by preparative high
performance liquid chromatography. Purified pep-
tide was characterized by analytical HPLC, amino
acid analysis and electrospray mass spectrometry.

DPPC (L-a-Dipalmitoyl phosphatidylcholine
and DPPG (Dipalmitoyl phosphatidylglycerol
were provided by Sigma. The fluorescent probe 1-
palmitoyl-2{ 12-[7-nitrobenz-2oxa-1,3-diazo-4yl
amind dodecanoyl-sn-glycerol-3phosphocholine
(NBD-PC) was obtained from Avanti Polar Lipids
Inc., AL, USA. Bidistilled water was deionised
with a MilliQ system (Millipore Corp.) having a
resistivity of 18.2 MQ.cm. Chloroform and meth-
anol were from Merck. Stock solutions of each
compound at 1.0 mgnl in chloroform:methanol
(3:1, v/v) were used to prepare the mixtures.
These were stored at 20 °C.

2.1. Compression isotherms

Compression isotherms were performed on a
Langmuir film balance KSV5000 equipped with a
Wilhelmy platinum plate, with a Teflon trough
(surface area 17.000 nfm , volume 1000 mi

All the experiments were carried out at a tem-
perature of 2941 K.

2.2. Epifluorescence microscopy

Fluorescence imaging of the adsorbed surface
monolayers containing 1% mol NBD-PC was
achieved by exciting the probe at 460 nm and
observing the fluorescence emission at 534 nm
(green. The Langmuir trough rests on a commer-
cial epifluorescence microscopAxiovert 10, Carl
Zeiss, Jena, Germahyequipped with a charge
coupled device(CCD) camera (Sony, Japan
attached to an intensifigfStardan I, Videoscope
International, Japan The light source used is
usually a mercury lamg100 W). The necessary
blue filters were used(in-built set up in the
microscopg selected for excitation and emission
wavelengths.

Monolayers were viewed with a 35 objective
lens with a numerical aperture of 0.4 and x 1
ocular lens of a Zeiss epifluorescence microscope
equipped with a 100 W mercury lamp. Images of
the monolayers were recorded with the Retiga
digital camera attached to a Stardancer 2 intensifier
and analysed using the Northern Eclipé€l)
imaging software.

2.3. Transfer of Langmuir Blodgett films onto mica

Films of DPPC: peptid€98:1, 96:3, 93:6, 89:10,
molar ratig containing 1 mol.% NBD-PC were
compressed to pressures at 7 and 10 mNm
Once the desired pressure was obtained, a waiting
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Fig. 1. Surface—pressure compression isotherms1foDPPC;2. DPPC 0.9E2 (99-118 0.1; 3. DPPC 0.gE2 (99-118 0.2; 4.
DPPC 0.7E2(99-118 0.3;5. DPPC 0.6E2 (99-118 0.4;6. DPPC 0.3E2 (99-118 0.5; 7. DPPC 0.4E2 (99-118 0.6; 8. DPPC
0.3/E2 (99-118 0.7; 9. DPPC 0,2E2 (99-118 0.8; 10. DPPC 0.¥E2 (99-118 0.9; 11. E2 (99-118 (Mean aregmolecule vs.
monolayer composition for DPPE2(99-118 mixtures at surface pressure #f 5 mN/m, O 10 mN/m, OO 20 mN/m).

period of 10 min was introduced before the freshly 3. Results

cleaved mica was raised vertically through the

monolayers and out of the trough at a rate of 10 3.1. Compression isotherms

mm min~'. Compressing the film at equal rate

compensated the transfer of material onto mica. 3.1.1. Mixed monolayers of E2(99-118) and DPPC
All deposited monolayers were then visualized  Pure peptide E®9-118 was spread at the gir
using contact mode atomic force microscopy in air water interface from a chloroform solution. The

within 2 h of deposition[5]. isotherm obtainedlsotherm 11 in Fig. 1is quite
expanded and the collapse was not reached through
2.4. Atomic force microscopy (AFM) compression. Spreading larger volumes of the pep-

tide solution did not produce important changes in
All Langmuir—Blodgett films were analyzed the shape of the isotherm and the collapse was
using contact mode AFM. Images were obtained neither reached. Value of argasidue at the lift
using a Nanoscope llla equipped with a multimode off was 0.19 nm and extrapolated areaat0
head and an oxide sharpened silicon nitride canti- mN/m was 0.12 nrh . These were slightly lower
lever with a length of 200um and a spring than those obtained for other peptides and proteins
constant of 0.06 Xm. The films were scanned at [7], however, our peptide was shorter that those
rates ranging from 0.1 to 2 Hz with the higher ones. Nevertheless, the results were very similar
scan rates used to scan smaller sids to the ones we had previously obtained when
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Table 1
AGE* values for DPPZE2(99-118 and DPP@E2(99-118 mixed monolayers
Lipid/E2(99-118 5 mN/m 10 mN/m 20 mN/m

AGEX (J/mol) AGEX (J/mol) AGEX (J/mol)

DPPC DPPG DPPC DPPG DPPC DPPG
0.8/0.2 —694,452 —762,873 —3302,531 —3810,390 —7585,245 —2983,432
0.6/0.4 —544,479 —471,721 —2680,476 —2982,469 —5318,068 —2983,433
0.4/0.6 — 260,796 —400,409 —1700,052 —2750,222 —3995,297 —3697,881
0.2/0.8 —132,506 —168,885 —996,083 —3697,881 —884,899 —1426,126

working with hepatitis A synthetic antigens of The excess free energy of mixifdG§*) was
similar length[8]. All these findings are compati- calculated from mixed monolayers applying Good-
ble with unstable monolayers, however, no pres- rich and Pagano approach, Ed), [14,15.

sure decay was observed when stopping the barrier

for 30 min during the compression. Some authors , ~ex_ [ v [ v [

have studied substances that even though that the O™ _J',H AT lex_) A XZJ Adm
isotherms did not have collapse formed stable

0 0 x—0

monolayers[9,10 and other authors have studied )
mixed monolayers where one of the components
did not for stable monolayend1,19. where A, , is the mean area per residue in the

Compression isotherms of E®-118/DPPC mixed film, A; andA, are the areas per residue in
mixed monolayers are plotted in Fig. 1. Collapse the pure films and# is the surface pressure in

pressures were approximately 50—60 sfniN in mN/m. Numerical data were transferred from the
mixed films with a low contain of peptidéX,< software of the Langmuir balance to another pro-
0.6), similar to that of pure DPP@60 mN/m). gram that calculates the area under the isotherm at

At higher peptide concentration mixed films had a a fixed pressure according to the method of Simp-
tendency to breakdown before collapsing as son. These results were transferred to a calculus
observed for other peptid¢$3]. The phase change page of Excel2000(Microsoft Corporation to
of DPPC, could be also observed in mixed mon- undertake the other calculations.
olayers till proportions ofx,<0.7, however, the In Table 1 are listed the values AfG5* calcu-
shape of this phase change underwent transfor-lated. As expected all the values are negative,
mations; varying the pressure where it takes place evidencing that mixed monolayers are thermody-
and becoming smoother. The shape of the iso- namically stable, although the majority of the
therms underwent a change and the increase in theAGE* values are not particularly high, being
proportion of peptide in the monolayer led to its RT. The stabilization of the mixed monolayers is
progressive reduction. due to associative interactions established between
The aregmolecule in the mixed films was the peptide and DPPC.
determined from the former curves at different
surface pressures and plotted against the lipid 3.1.2. Mixed monolayers of DPPG and E2(99-
molar fraction, being represented in the insert of 118)
Fig. 1. Whatever the given pressure, the area In order to find possible electrostatic interac-
values present negative deviations from additivity tions, in addition to hydrophobic ones, we studied
rule, suggesting associative interactions betweenthe miscibility of our peptide with DPPG mono-
the peptide and DPPC molecules. A slight break layers(at pH 7.4, DPPG has negative net charge
in the graphics can be observed betwegn0.8 Compression isotherms showed similar features
and 0.7 corresponding with the change in the that those of DPPC mixtures, as can be seen in
shape of the isotherms. Fig. 2. Collapse pressures are high and similar to
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Fig. 2. Surface—pressure compression isothermsfoDPPG;2. DPPG 0.9E2(99-118 0.1; 3. DPPG 0.8E2 (99-118 0.2; 4.
DPPG 0.7E2(99-118 0.3;5. DPPG 0.6E2 (99-118 0.4;6. DPPG 0.3E2 (99-118 0.5;7. DPPG 0,4E2 (99-118 0.6; 8. DPPG
0.3/E2 (99-118 0.7; 9. DPPG 0.2E2 (99-118 0.8; 10. DPPG 0.¥E2 (99-118 0.9; 11. E2 (99-118 (Mean aregmolecule vs.
monolayer composition for DPP&2(99-118 mixtures at surface pressure # 5 mN/m, 0 10 mN/m, OO 20 mN/m).

DPPG pure monolayers for mixtureX,<0.4. using epifluorescence microscopy. Pure peptide,
DPPG phase change disappears in the mixed mon-when mixed with the probe, did not produce any
olayers at lower concentration of peptide compared significant characteristics. The entire monolayer
with DPPC mixtures. BetweeX,=0.5-0.6, the = became homogeneous, i.e no change in the for-
shape of the isotherms changes dramatically from mation of organized regions or phase transition
one to another and collapse was not reached.was observed. However, pure DPPC showed some
However, forX,>0.6 all the isotherms seem to characteristic features. It is in accordance with the

collapse at approximately 27 mikh. _ earlier resultd16], where it was found that in the
_ Ir_1 the insert of Flg. 2 it can be appreciated that syrface pressure range 7—10 i\ the phospho-
similarly to DPPC mixed monolayers, E2-118 lipid underwent a phase transition from the liquid

is miscible with DPPG and showed negative devi- expandedLE) to the ||qu|d Condensed_C) state.
ations. These deviations have moderate to high pppC formed kidney bean shapétivo or three

similar to those found before for DPPC. surface pressure region as shown in Fig. 3. Such
LC regions were devoid of the fluorescent probe
3.2. Fluorescence image analysis for which they appeared black when observed

under the epifluorescence microscope. The relative

Monolayers of pure peptide, DPPC, DPPG both area of such domains got increased with the
in the pure and in the mixed form, doped with 1 increase in surface pressure up to 30 /mN

mol.% of the fluorescence probe, were visualized beyond which the relative area of the probe-
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by the peptide is not unwanted. One thing is also
to be noted about the advantage of the epifluoresc-
ence microscopy over the surface pressure—area
behavior. The effect of peptide on the phase
transition of DPPC monolayer could have been

Fig. 3. Fluorescence images of DPPC monolayer, doped with
1 mol.% NBDPC, at different surface pressures. Area of the
images 25& 250 um?. Surface pressures are indicated on the
left top corner of the images.

DPPC Peptide 9:1

excluded LC regions got decreased. The results
are in accordance with the earlier observed reports
[17]. The effect of the peptide on the fluorescence
behavior of DPPC, doped with the probe was
noteworthy. Upon addition of the peptide, the
formation of the organized probe-excluded
domains got retarded. When a 9:1 DPPC: peptide
mixture was compressed, it was found that the
domain formation started at higher surface pressure
(=10 m Nm*) compared to pure DPPC mono-
layer (shown in Fig. 4. Even at higher surface
pressures deformations in the shapes of the organ-
ized domains from pure DPPC were observed.
Such happenings clearly indicated the interaction

(.)f the peptide with DPPC monolayer. Some. Pep Fig. 4. Fluorescence images of DPREptide (9:1) mixed
_tldeS are known to have the property to diffuse monolayer, doped with 1 mol.% NBDPC, at different surface
into the DPPC monolay€ll8]. Therefore, change pressures. Area of the image 28@50 um?. Surface pressures
in the domain characteristics of DPPC monolayer are indicated on the left top corner of the images.
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25 mN/m surface pressure the domain character-
istic, which was present in pure DPPC, got abol-
ished. Therefore, it could be concluded that the
peptide completely diffused into the DPPC mon-
olayer beyond this surface pressure and
composition.

A better comparison on the effect of peptide on
DPPC monolayer is shown in Fig. 6 where it was
observed that the peptide retarded the formation
of DPPC LC domains, even the relative area of

-

DPPC Peptide 1:0

Fig. 5. Fluorescence images of DPREptide (6:4) mixed
monolayer, doped with 1 mol.% NBDPC, at different surface
pressures. Area of the image 26@50 um?. Surface pressures
are indicated on the left top corner of the images.

detected only after a significant amount of peptide
addition to DPPQ(approx.Xppps 0.7). But when
studied under fluorescence, effect of the peptide
could have been noticed even Apppc~0.9. i
Therefo_re, fluorescen_c_e technlque h_as been fc_)und DPPC Peptlde 4:6
to provide some additional information regarding
the interaction between lipid and peptide. Progres- .
sive addition of the peptide to DPPC followed the Fig- 6. Fluorescence images of pure DPR@p) and
L . . . . DPP(/peptide(4:6, bottom mixed monolayer, doped with 1
similar trend as in r_etardlng the dor_nam formatlo_n mol.% NBDPC, at different surface pressures. Area of the
as well as the blurring of the domains. As seen in image 250<250 wm?. Surface pressures are indicated on the
Fig. 5 for a DPPC: peptide 6:4 mixture, that after left top corner of the images.
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coverage of the domains was less in the mixture compression isotherms undergo a change due to
having peptide. the interactions between the two components, some
We also have tried to study the effect of the small peaks in the deviations from additivity are
peptide on the DPPG monolayer, but failed. This produced by the rearrangement of the two com-
might be due to the opposite charges of the probe ponents. Epifluorescence and AFM studies con-
NBD-PC and DPPG for which the probe could firmed these results. The presence of peptide
not partition separately in the organized LC and retarded the formation of DPPC domains and
LE regions. When studied under epifluorescence changed its shape, suggesting that(®2118
microscope, we could only observe a homogeneousdoes not let the lipid to get organized. The diffu-

monolayer. sion of the peptide into DPPC monolayer was also
observed, especially at high surface pressures.
3.3. Atomic force microscopy With progressive addition of peptide, the density

of the domains decreased and more irregular

The monolayers containing pure DPPC and a shapes were observed indicating that the peptide
mixture of DPPC and peptide, after transferring destroyed the structural organization of DPPC.
onto a freshly cleave mica by Langmuir—Blodgett This destruction can be the responsible of the
(LB) technique, were also studied under atomic abrupt changes observed in the shape of the
force microscope by contact mode. Representativeisotherms, especially at high peptide concen-
results of the AFM measurements in height mode trations.
are shown in Fig. 7, where the AFM images of In previous DSO(differential scanning calorim-
the same monolayer, as seen by fluorescenceetry) studies with DPPC[19], the peptide also
microscope are reported. To the contrary of fluo- showed a decrease iXH and the widening in the
rescence images, here the probe excluded regiongeak of transition temperature, indicative that the
appear brighter. The LC regions are more organ- peptide penetrates into the bilayer at the level of
ized and the hydrocarbon tails of DPPC molecules the hydrocarbon chains of the phospholipids. Sim-
are more straightened towards air, therefore they ilar studies conducted for DPP[20], showed the
have higher profiles than the LE regions. Hence same behavior. Therefore considering all the obser-
the LC regions appeared brightgs]. The AFM vations, it can be deduced that @9®-118 is able
measurements re-established the fluorescence studto incorporate both in mono and bilayers of DPPC
ies, where the DPPC molecules at low surface or DPPG.
pressure(approx. 8 mN'm) showed kidney bean Even though, epifluorescence and AFM studies
shaped LC regiongFig. 7 top. On addition of could not be carried out for DPPG, the similar
the peptide, the organization got interfered; a more results obtained for both lipids with the other
diffuse region was observed. Therefore more dis- techniques suggest that a similar behavior could

ordered structures were observed. be expected.
E2(99-118 has no net charge at pH 7.4 and
4, Discussion has a high ratio polg@apolar amino acid$0.25).

What is more, observing the sequence of this
Different techniques were used to study the peptide we can see that the charged amino acids
interaction of synthetic Hepatitis G virus antigen are concentrated in two regions of the peptide, and
E2(99-118 with DPPC and DPPG monolayers. grouped in pairs of different charge. For this
Compression isotherms of mixed films of each reason, it is quite possible that the electrostatic
lipid with the peptide showed a high degree of interactions between them difficult the interactions
miscibility. Negative deviations were found in both with outsider molecules. The preponderance of
cases indicative that associative interactions were hydrophobic interactions over electrostatic ones,
established antbr that the peptide was able to even in the presence of potential electrostatic
incorporate into the lipid monolayer. As the quan- interactions, has been observed by other authors
tity of peptide in the monolayers increases, the [7]. Therefore, is it not surprising that the peptide
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Fig. 7. AFM images of pure DPPQop) and DPP¢peptide(9:1, bottom) mixed monolayer, doped with 1 mol.% NBDPC in the
height mode. Pure DPPC was deposited at 8 mAm  while the mixture was deposited at 16 Nm
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is able to incorporate in mono and bilayers in the
same extent, which also is independent of the net
charge on the lipid. The interactions established
are mainly hydrophobic at the level of the hydro-
carbon chains of the phospholipids and electro-
static interactions seem to have a very small role.
In other studies carried out in our group we have
found that above the gel-to-liquid crystalline tran-
sition of DPPC it can be clearly observed that the
E2(99-118 peptide permeabilized vesicles effi-
ciently [21], thus possibly playing a role in the
intermolecular interaction of the E2 structural pro-
tein of GB virus C with the lipids of the target
membrane.

The observed interaction of E29-118 peptide
with DPPC vesicles by means of DSC and fluo-
rescence measurements does not induce a signifi-
cantly more ordered conformation in the peptide.
The results obtained by CI[19], indicate that the
binding of this structural GBV-ZHGV peptide to
lipid membranes occurs without any restructura-
tion. Even though, recent studies have shown that
structural amphiphilicity rather than specific struc-
tural element is a dominating factor in the fusion
process[22).

Therefore, if the peptide is able to adopt a
suitable three-dimensional orientation exposing an
hydrophobic region, it could participate in
membrane destabilizing processes mainly through
hydrophobic interactions.

Acknowledgments

We acknowledge the technical support of Profs.
Nils. O. Petersen and Fred Possmayer of the
University of Western Ontario, London ON, Can-
ada. This work was supported by a BOYCAST
fellowship of the Department of Science and Tech-
nology, Govt.of India awarded to A.K. Panda and
grants BQU2000-0793-C02-0402 from CICYT
(Spain.

References

[1] B. Robertson, G. Myers, C. Howard, T. Brettin, J. Bukh,
et al., Arch. Virol. 143 Classification, nomenclature,
and database development for hepatitis C viidEV)
and related viruses: proposals for standardization. Inter-

M. Dastis et al. / Biophysical Chemistry 109 (2004) 375-385

national Committee on Virus Taxonomy, 143999
2493-2503.

2] M. Flint, J.M. Thomas, C.M. Maidens, C. Shotton, S.

(3]

(4]

(5]

(6]

—

(8]

(9]

10]

(11

(12

[13]

Levy, W.S. Barclay, et al., Functional analysis of cell
surface-expressed hepatitis C virus E2 glycoprotein, J.
Virol. 73 (1999 6782.

N. Rojo, C. Mestres, J.M. Cruzado, G. Ercilla, I. Haro,
in. E. Benedetti, C. PedonéEds), Peptides 2002.
Synthetic peptide based biosensors in immunodiagnosis
of hepatitis G infection, Edizioni Ziino, Napoli, Italy,
2002, pp. 958-959.

N. Rojo, G. Ercilla, I. Haro, GB virus QGBV-C)/
Hepatitis G virus(HGV): towards the design of syn-
thetic peptides based biosensors for immunodiagnosis
of GBV-C/HGYV infection, Current Peptide Protein Sci.

4 (2003 291-298.

K. Nag, J.G. Munro, S.A. Hearn, J. Rasmusson, N.O.
Petersen, F. Possmayer, Correlated atomic force and
transmission electron microscopy of nanotubular struc-
tures in pulmonary surfactant, J. Struct. Biol. ¥2899
1-15.

J. Ding, D.Y. Takamoto, A. von Nahmen, M.M. Lipp,
K.Y.C. Lee, A.J. Waring, et al., Effects of lung surfactant
proteins, SP-B and SP-C, and palmitic acid on mono-
layers stability, Biophys. J. 82001 2262-2272.

7] S. Taneva, M.W. Keough, Pulmonary surfactant proteins

SP-B and SP-C in spread monolayers at the air—water
interface: I. Monolayers of pulmonary surfactant protein
SP-B and phospholipids, Biophys. J. 661994
1137-1148.

P. Sospedra, M. Espina, M.A. Alsina, |. Haro, C.
Mestres, Miscibility of hepatitis A synthetic antigen
peptides with lipid monolayers: effect of the amino acid
sequence change, J. Phys. Chem. B 1(@003
203-208.

M.T. Montero, J. Hernandez-Borrell, K.M.W. Keough,
Fluoroquinolone—biomembrane interactions: monolayer
and calorimetric studies, Langmuir 149) (1998
2451-2454,

H. Hasmonay, A. Hoclpafel, Hadj-Sahraoui, M. Jaffan,
P. Peretti, Drugs in biomimetic models: a monolayers
study of two antibiotics, Thin Solid Films 210-211
(1992 747-749.

D. Trommeshauser, H. Galla, Interaction of a basic
amphipatic peptide from the carboxyterminal part of the
HIV envelope protein gp4l with negatively charged
lipid surfaces, Chem. Phys. Lipids 94998 81-96.

S. Yu, F. McCormack, D. Voelker, F. Possmayer, Inter-
action of pulmonary surfactant protein SP-A with mon-
olayers of dipalmitoylphosphatidylcholine  and
cholesterol: roles of SP-A domains, J. Lipids Res. 40
(1999 920-929.

R. Maget-Dana, D. Lelievre, Comparative interaction of
alfa-helical and beta-sheet amphipatic isopeptides with
phospholipid monolayers, Biopolymers 62001 1-10.



(14]

[15]

[16]

[17]

(18

M. Dastis et al. / Biophysical Chemistry 109 (2004) 375-385

F.C. Goodrich, Proceedings of the 11th International
Congress on Surface Activity, Bultorworths, London,
1957.

R.E. Pagano, N.L. Gershfeld, A millidyne film balance
for measuring intermolecular energies in lipid films, J.
Colloid Interface Sci. 412) (1972 311-317.

K. Nag, R. Harbottle, A.K.J. Panda, Molecular archi-
trecture of a self—-assembled bio-interface: lung surfac-
tant, Surf. Sci. Technol. 162000 156.

L.-A.D. Wortham, K. Nag, P.J. Davis, K.M.W. Keough,
Cholesterol in condensed and fluid phosphatidylcholine
monolayers studied by epifluorescence microscopy, Bio-
phys. J. 72(1997) 2569-2580.

H.E. Warriner, J. Ding, A.J. Waring, J.A. Zasadzinski,
Concentration-dependent mechanism by which serum
albumin inactivates replacement lung surfactants, Bio-
phys. J. 8XFebruary 2002 835-842.

[19]

[20]

[21]

[22)

385

N. Rojo, M.J. Gomara, M.A. Alsina, I. Haro, Lipophilic
derivatization of synthetic peptides belonging to NS3
and E2 proteins of GB virus-Chepatitis G virug and

its effect on the interaction with model lipid membranes,
J. Peptide Res. 642003 318-330.

M.A. Alsina, M. Dastis, N. Rojo, |. Haro, C. Mestres,
Miscibilité d’'un antigene synthetique de I'Hepatite G
avec dipalmitoylphosphatidylcholine et dipalmitoyl-
phosphatidylglycerol. XXIX Journees d’Etudes des
Equilibres entre Phases. Villeurbanne, LyGfrance,
2003, pp. 55-56.

N. Rojo, M.J. Gomara, M.A. Busquets, M.A. Alsina, .
Haro, Interaction of E2 ad NS3 synthetic peptides of
GB virus C/Hepatitis G virus with model lipid mem-
branes, Talanta 62003 395-404.

G. Fuijii, To fuse or not to fuse: the effects of electro-
static interactions, hydrophobic forces, and structural
amphiphilicity on protein-mediated membrane destabi-
lization, Adv. Drug Delivery Rev. 3§1999 257-277.



	Study in mono and bilayers of the interaction of hepatitis G virus (GBV-C/HGV) synthetic antigen E2(99-118) with cell membr ...
	Introduction
	Materials and methods
	Compression isotherms
	Epifluorescence microscopy
	Transfer of Langmuir Blodgett films onto mica
	Atomic force microscopy (AFM)

	Results
	Compression isotherms
	Mixed monolayers of E2(99-118) and DPPC
	Mixed monolayers of DPPG and E2(99-118)

	Fluorescence image analysis
	Atomic force microscopy

	Discussion
	Acknowledgements
	References


