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ABSTRACT. The HIV-1 gp41 envelope protein mediates entry of the virus into the target cell by promoting
membrane fusion. With a view toward possible new insights into viral fusion mechanisms, we have
investigated by infrared, fluorescence, and nuclear magnetic resonance spectroscopies and calorimetry a
fragment of 19 amino acids corresponding to the immunodominant region of the gp41 ectodomain, a
highly conserved sequence and major epitope. Information on the structure of the peptide both in solution
and in the presence of model membranes, its incorporation and location in the phospholipid bilayer, and
the modulation of the phase behavior of the membrane has been gathered. Here we demonstrate that the
peptide binds and interacts with negatively charged phospholipids, changes its conformation in the presence
of a membraneous medium, and induces leakage of vesicle contents as well as a new phospholipid phase.
These characteristics might be important for the formation of the fusion-active gp41 core structure,
promoting the close apposition of the two viral and target-cell membranes and therefore provoking fusion.

The human immunodeficiency virus (HIV)s the caus- of the target cell, there is a loss of the gp120 protein, enabling
ative agent of the acquired immunodeficiency syndrome a reorientation of gp41 which undergoes a conformational
(AIDS), which acts by infecting and destroying the CD4  transition, changing its nonfusogenic state to its fusion-active
lymphocytes of the host organisih) (Membrane attachment  one and leading to the insertion of the fusogenic peptide into
and fusion are the first steps in the cellular infection process, the cellular membrane and the ensuing membrane fu8jon (

but the molecular mechanisms of such processes have not although most of the therapeutical strategies against HIV
been satisfactorily elucidated. The HIV envelope glycopro- are focused to inhibit both the reverse transcriptase and
tein, formed by two noncovalently associated subunits, the protease enzymes, the inhibition of the membrane fusion by
surface subunit gp120 and the transmembrane subunit gp41girect action on the gp120/gp4l compled (s nowadays
plays a critical role in the life cycle and biology of the virus. increasing in importance as an additional approach. The gp41
For the fusion and miXing of the viral and cellular contents sequence is h|gh|y conserved and contains several charac-
to occur, gp4l must undergo a complex conformational teristic features within its sequence as shown in Figure 1. It
change apparently triggered by the attachment of gp120 toconsists of an N-terminal ectodomain containing the fuso-
the receptor on the cell surfacg)(It has been proposed genic peptide, a transmembrane domain, and a C-terminal
that, after gp120 binding to the CD4 and chemokine receptor jntraviral segment, besides a major immunodominant region
T This work has been supported by Grant PM98-0100 from DGESIC with several epitopes essentia_ll for its -ac-tiV@'(-The CrYStal
Spain (to JV). ' structure of a gp41 ectodomain core in its fusion-active state
* To whom correspondence should be addressed: Df.\ida&in, consists of a six-helix bundle in which a N-terminal trimeric
Centro de Biologa Molecular y Celular, Universidad “Miguel Her-  coiled-coil is surrounded by three C-terminal outer helices

nandez”, E-03206 Elche-Alicante, Spain. Telephoh@4-966658 762, i ; ; ; ;
Fax: +34-966658758, E-mail: boullon@umh.es. in an antiparallel orientation and the central part of it formed

* Centro de Biologa Molecular y Celular. by a leucine zipper-like repeat sequen6ge7). The helical-
$ Universidad de Murcia. _ bundle molecule should be required to break the energy
"Universidad Complutense de Madrid. barrier for the fusion of the two membranes, an energetically

1 Abbreviations: Ag, chemical shift anisotropy; 2D, two-dimensional; : . . : . .
AIDS, acquired immunodeficiency syndrome; ANTS, 8-aminonaph- unfavorable process, implying a direct interaction with the

thalene-1,3,6-trisulfonic acid; DMPA, 1,2-dimyristoylphosphatidic acid; iPid membranes§, 9).

DMPC, 1,2-dimyristoylphosphatidylcholine; DMPS, 1,2-dimyris- To study the mechanism by which different gp41 derived
toylphosphatidylserine; DPH, 1,6-diphenyl-1,3,5-hexatriene; DBX, . - - .
xylene-bis-pyridinium bromide; HIV, human immunodeficiency virus; peptides COUId. mOdU|atej Vlrt@:ell fu5|on_, d'ﬁer?nt struc- .
LUV, large unilamellar vesicles; MLV, multilamellar vesicles; NBD-  tural and functional studies with synthetic peptides, both in
PE,N-[7-nitro-2-1,3-benzoxadiazol-1-yl]-dipalmitoylphosphatidyetha-  solution and in the presence of phospholipid model mem-
nolamine;3'P NMR, 3'P nuclear magnetic resonance; RhBRgiss- branes, have been performd@®{14). Membrane-associated
amino rhodamine B sulfonyl)-dimyristoylphosphatidyethanolamine; . ) .
TMA-DPH1-(4-trimethylammoniumphenyl)-6-phenyl-1,3,5-hexa- peptides often show a remarkable structural behavior, and

triene. different experimental conditions can affect both their
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e got20 e T — GIn—GIn—Leu—Leu—Gly—Ille—Trp—Gly) corresponding to

o amino acids 579597 from strain HXB2R was synthesized
o R as a C-terminal amide on an automatic multiple synthesizer

N c v v oc [vicvevel § | COOH (AMS 422, Abimed, Lanfengeld, Germany) using a solid-

— phase procedure and standard Fmoc-chemisfy. (The

NH, 1 FP | MR | ™ . COOH peptide was purified by reverse-phase HPLC to better than
¢ \J 95% purity, and their composition and molecular mass were
RILAVERVLKDAOLLGIWG confirmed by amino acid analysis and mass spectroscopy.
Ficure 1. A schematic diagram of HIV-1 Env showing the Since trifluoroacetate has a strong infrared absorbance at

important functional regions in the upper diagram. Hypervariable ; PR : _
and conserved regions are indicated as V and C, respectively, anaapprommately 1673 cnt, which interferes with the char

the fusion peptide (FP), the immunodominant region (IMR) and acterization of the peptide Amide | ban@1j, residual
the transmembrane (TM) region are also indicated. In the lower trifluoroacetic acid used both in the peptide synthesis and
diagram, the gp4l sequence diagram is indicated, showing thein the HPLC mobile phase was removed by several lyo-
location of the sequence of the peptide studied in this work. philization-solubilization cycles in 10 mM HCRQ). Lyso-

) o . . phosphatidylcholine, cholesterol (Chol), 1,2-dimyristoylphos-
conformation and activity. For example, some fusion peptides phatidylcholine (DMPC), 1,2-dimyristoylphosphatidylserine
require amoi-helical conformation to be functional’), but ~ (DMPS), and 1,2-dimyristoylphosphatidic acid (DMPA) were
alsof-sheet structures have _been proposed to be the activgypiained from Avanti Polar Lipids (Birmingham, AL).
form_(16). Nevertheless, .fL_JSIon is _also dependent on the N-(lissamino rhodamine B sulfonyl)-dimyristoylphosphati-
specific type of .phosphohplld used in thg model me_mbrane dyethanolamine (RhB-PE)-[7-nitro-2-1,3-benzoxadiazol-
(16, 17). Intgrestlngly, the b_|olog|cally active fusogenic state 1-yl]-dipalmitoylphosphatidyethanolamine (NBD-PE), 8-ami-
appears to involve also oligomeric formkl( 15). _ __nonaphthalene-1,3,6-trisulfonic acid (ANT®)xylene-bis-

Here we investigate a peptide comprising a 19-amino acid pyriginjumbromide (DPX), 1,6-diphenyl-1,3,5-hexatriene
sequence of the_ conserved |mmun0(_jom|nant region of the(DpH), and 1-(4-trimethylammoniumphenyl)-6-phenyl-1,3,5-
gp4l ectodomain, analogous to residues-5597 of the hexatriene (TMA-DPH) were obtained from Molecular
HXB2R strain (Figure 1). Peptides of this highly conserved propes (Eugene, OR). Deuterium oxide (99.9% by atom),
region have a strong antiviral activit?)( and they are  Triton X-100, EGTA, Hepes, DCI, and KOD were purchased
recognized by antibodies from nearly all AIDS patier#8)(  from Sigma (St. Louis, MO). All other chemicals were
This peptide also includes the terminal sequence of ancommercial samples of the highest purity available. Water
extended amphipathie-helix containing a leucine zipper-  \as twice distilled and deionized in a Millipore system
like region, being suggested that this motif is responsible (Millipore, Madrid).
for the oligomerization of the transmembrane protein, = gample PreparationAliquots containing the appropriate
forming a coiled-coil structurel@). Moreover, it has been  amount of lipid in chloroform/methanol (1:1, viv) were
shown that different peptides corresponding to this region pjaced in a test tube, the solvents removed by evaporation
show membrane bindind§, 19), and therefore the interac-  nger a stream of Sfree nitrogen, and finally, traces of
tion of this domain with the target cell membrane may be g|yents were eliminated under vacuum in the dark for more
of key importance in the viral fusion mgchanlsm. Itis thg than 3 h. A preweighed amount of freeze-dried peptide was
purpose of the present work to study this gp41 ectodomain g,spended by addition of an appropriate volume of 20 mM
fragment both in aqueous solution and in the presence OfHepes, 50 mM NaCl, 0.1 mM EDTA, pH 7.4 buffer (either
different membrane model systems composed of a zwit- p,5 or H,0, see below) to give a final concentration of 66
terionic phosph_oI|p|d, d|mynstoylphosphgt!dylchollng (DMPC), mM. The peptide solution was then added to the tube
and the negatively charged phospholipids dimyristoylphos- ¢ontaining the dried lipid to obtain a final lipid/peptide mole
phatidic acid (DMPA) and dimyristoylphosphatidylserine  raiq of either 25:1 or 10:1, and the suspension was vortexed
(DMPS). Although usually a small amount of phosphatidic 4t ahout 5°C above the transition temperature of the
acid is present in blomembranes, this _pho_sphol_lpld is bel_'evedphospholipid to obtain multilamellar vesicles (MLV). The
to play a number of important roles in b|olog|c_al function. mixture was freezed/thawed twice to ensure complete
Infrared, fluorescence, and nuclear magnetic resonancey,mogenization of the sample and maximization of contacts
spectroscopies as well as calorimetry are particularly suited ponyeen the peptide and the phospholipid and then incubated
and have been used to obtain structural information on the s, 10 min at 55°C with occasional vortexing. The freeze/
gp41 fragment when bound to the membrane, to evaluateyhayy cycle was repeated again and the suspension was then
its incorporation and location in the membrane model centrifuged at 15000 rpm for 15 min to remove the peptide
systems, and to study its effect on the integrity and phaseat was not bound to the phospholipid in the membrane.
behavior of the membrane. Our results suggest that this gp4lrhe freeze/thaw, incubation at 36, and centrifugation steps
fragment interacts with negatively charged phospholipids, \yere repeated once more to remove the unbound peptide.

changes its conformation when bound to the membrane, andrp,q pellet was resuspended in eithe©Dor H,0 buffer and
induces leakage of vesicle contents and therefore might havg,seq for the measurements.

arole in the conformational change of the gp41 subunitand 4 fiyorescence polarization experiments using either
subsequent fusion activation. DPH or TMA-DPH, MLV containing both peptide and
phospholipid were used. A few microliters of a stock solution
MATERIALS AND METHODS of DPH or TMA-DPH at a concentration of & 104 M in
Materials The HIV envelope protein gp4l fragment N,N'-dimethylformamide were added to the mixture of the
(Arg—lle—Leu—Ala—Val—Glu—Arg—Tyr—Leu—Lys—Asp— MLV suspension and then incubated at 85 for 60 min.
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In all cases, the lipid/peptide molar ratio was 25:1 and the component bands in the amiderégion. Second-derivative

fluorescence probes/lipid molar ratio was 1:750. When small spectra were calculated over a 15-data point range. Fourier

unilamellar vesicles (SUV) were required for certain fluo- self-deconvolutionZ7) of the subtracted spectra was carried

rescence measurements, MLV were obtained as describeaut using a Lorentzian shape and a triangular apodization

above using KD buffer, except that no peptide was present. with a resolution enhancement paramekerpf 2.2, which

The lipid suspension was freeze/thawed five times to ensureis lower than log(signal/noise?®) and a full width at half-

complete hydration and mixing of the phospholipids, and height of 18 cm?. These parameters assumed that the spectra

the resulting multilamellar suspension was sonicated with a were not over-deconvolved as was evidenced by the absence

Branson 250 sonifier (40W) equipped with a microtip until of negative side lobes. The number and position of the

the suspension became completely transparent. Every 30 scomponent bands were obtained through both deconvolution

the samples were cooled for 90 s in ice to prevent overheatingand derivation, being the initial bandwidths estimated from

of the solution. The titanium particles released from the tip the derivative spectra. Protein secondary structure elements

were removed by centrifugation at 15000 rpm at room were quantified from curve-fitting analysis by band decom-

temperature for 15 min. A small aliquot from this suspension position of the original amide band after spectral smoothing

was added to a solution containing a known amount of using the same software stated abo28).(

peptide to give a final and constant peptide concentration To obtain two-dimensional infrared correlation spectra and

(about 1.25uM). Fluorescence data were obtained im- to detect dynamical spectral variations induced by temper-

mediately afterward as a function of the lipid/peptide molar ature on the secondary structure of the gp41 fragment and

ratio. on the phospholipid, we have obtained two-dimensional
Large unilamellar vesicles (LUV) liposomes were used synchronous®(vy,v;) and asynchronous (disrelatiotva,v,),

to study vesicle aggregation, lipid mixing, and leakage. LUV spectra, as defined by

were prepared by the extrusion meth@3)(using polycar-

bonate filters with a pore size of 0.Am (Nuclepore,

Pleasanton, California) using 10 mM HEPES, 200 mM NacCl,

pH 7.4, buffer. At high concentrations (i.e., inside LUV

liposomes), ANTS and DPX form a low fluorescence and

complex. Breakdown of the vesicle membrane leads to

contents leakage, complex decomposition, and high ANTS A(vy,v,) =

fluorescence. Thus, buffer used for preparing LUV liposomes

for assays of vesicle leakage contained in addition 25 mM 1 X3 2

{y(V ,t)y(V 1t) - y(’V ,t)y(V vt)}

ANTS and 90 mM DPX. Nonencapsulated fluorescent probes (N— 1);; A Lh/IAT 2

were separated from the vesicle suspension through a

Sephadex G-75 filtration column (Pharmacia, Uppsala, as it has been described befog€)( Correlation calculations

D(vy,v,y) =

N
(N— 1);Y(V11ti)y("2-ti)

Sweden) eluted with buffer. have been done over the 3050350 cn1?! spectral region.
The phospholipid and peptide concentrations were mea- Calculations were done with the use of Mathcad for Windows
sured by methods described previousy, (25). software.
Infrared Spectroscopyf-or the infrared measurements, Differential Scanning CalorimetrnyDifferential scanning
MLVs were resuspended in approximately B0 of D,O calorimetry was performed in a high-resolution Microcal

buffer. Pellets were placed between two gafindows MC-2 calorimeter (Microcal Inc., Northampton, MA),
separated by 5@m Teflon spacers and transferred to a equipped with a digital interface and data adquisition utility
Harrick Ossining demountable cell. Fourier transform infra- for automatic data collection. Differences in the heat capacity
red spectra were obtained in a Nicolet 520 Fourier transform between the sample and the reference cell were obtained by
infrared spectrometer equipped with a deuterated triglycine raising the temperature at a constant rate of & over a
sulfate detector. Each spectrum was obtained by collectingtemperature range of 80 °C. The excess heat capacity
250 interferograms with a nominal resolution of 2 ¢nand functions were obtained after baseline subtraction and
triangular apodization using a sample shuttle accessory tocorrection of the instrument time response. Unless otherwise
average background spectra between sample spectra over thetated, the second scan was used for transition and enthalpy
same time period. The spectrometer was continuously purgedcalculations.
with dry air at a dew point of-40 °C to remove atmospheric Fluorescence MeasurementSteady-state fluorescence
water vapor from the bands of interest. Samples containingmeasurements were carried out using a SLM 8000C spec-
DMPA were equilibrated at 2%C for at least 25 min before  trofluorometer with a 400 W Xe lamp, double emission
acquisition, whereas samples containing DMPC were equili- monochromator, and Glan-Thompson polarizers. Correction
brated at 10°C for the same length of time. An external of excitation and emission spectra was performed using a
bath circulator, connected to the infrared spectrometer, Rhodamine B quantum corner solution and a standard lamp.
controlled the sample temperature. Typical spectral bandwidths were 4 nm for excitation and 2
Subtraction of buffer spectra taken at the same temperaturenm for emission. All fluorescence studies were carried using
as the samples was performed interactively using either5 x 5 mm quartz cuvettes. The excitation and emission
GRAMS/32 or Spectra-Calc (Galactic Industries, Salem, wavelength was 290 and 354 nm when observing the peptide
MA) as described previoush26). Frequencies at the center fluorescence and 360/362 and 425/450 nm when observing
of gravity, when necessary, were measured by taking thethe DPH/TMA-DPH fluorescence. All the data were cor-
top 10 points of each specific band and fitted to a Gaussianrected for background intensities and progressive dilution.
band. Band-narrowing strategies were applied to resolve theEmission spectra were not corrected for the photomultiplier
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Ficure 2: Emission maximum (A) and fluorescence anisotropy (B) of the gp41 fragment in the presence of increasing concentrations of

small unilamellar vesicles composed of DMP@)( DMPC/DMPA/
connecting the experimental data are merely guides to the eye.
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Chol at a molar ratio of 50:35:1%), and DMPC Q). The lines

wavelength dependence. Fluorescence anisotropies weré36 nm, respectively, and a 515 cutoff filter was placed

determined according to the following equati&1),

r= lyy = Glyy
I + 2Gly

wherelyy andlyy are the fluorescence intensities and the

subscripts indicate the vertical (V) or horizontal (H) orienta-

tions of the excitation and emission Gtalhompson po-

larizers. The instrumental facto& (G = Ipy/lyy) was

between the sample and the photomultiplier.

31P-Nuclear Magnetic Resonancg&he samples foP'P
NMR were prepared as stated above for the infrared
measurements except thai®instead of RO was used. The
suspensions were placed into conventional 5 mm NMR tubes,
and®P NMR spectra were obtained in the Fourier transform
mode in a Varian Unity 300 spectrometer. All chemical shift
values are quoted in parts per million (ppm) with reference
to pure lysophosphatidylcholine micelles (0 ppm), positive

determined by measuring the polarized Components of values referring to low-field shifts. All Spectra were obtained
fluorescence of the peptide or probes with horizontally inthe presence of a gated-broad band decoupling (10 W input
polarized excitation. The partition coefficient between the Power during acquisition time), and accumulated free induc-

lipid and the agueous phasds;,, was determined by the

tion decays were obtained from up to 3000 scans. A spectral

change in the spectroscopic parameters of the peptide wheryvidth of 25000 Hz, a memory of 32 K data points 2 s

bound to the phospholipid as described previousB).(

interpulse time, and a 80adio frequency pulse were used.

Vesicle aggregation was followed as an increase in light Prior to Fourier transformation, an exponential multiplication

scattering at 90with both monochromators of the spectro-

was applied resulting in a 100 Hz line broadening. The

fluorometer at 520 nm. Leakage was assayed by treating the'esidual chemical shift anisotroppo, was measured as 3

probe-loaded liposomes (final lipid concentration, 0.1 mM)

times the chemical shift difference between the high-field

with the appropriate amounts of peptide in a fluorometer Peak and the position of isotropically moving lipid molecules

cuvette stabilized at different temperatures. Changes i

fluorescence intensity were recorded with excitation and
emission wavelengths set at 350 and 510 nm, respectively.R

nat 0 ppm 83).
ESULTS

One hundred percent release was achieved by adding to the Location and Emironment of the Peptide in Model

cuvette Triton X-100 to a final concentration of 0.1%

(w/ MembranesThe spectral characteristics of the peptide are

w). Leakage was quantified on a percentage basis accordin%ominated by the single Trp residue. In solution, the peptide

to the equation,

F,—F,
% release= x 100

f
I:100 - I:o

F: is the equilibrium value of fluorescence after peptide
addition, o is the initial fluorescence of the vesicle suspen-
sion, andFiqo is the fluorescence value after addition of
Triton X-100. Peptide induced vesicle lipid mixing was
measured as described in 8% using LUV liposomes. The

had an absorbance maximum at 290 nm and an emission
maximum at 352 nm when excited at the absorbance
maximum, indicating that the Trp residue of the peptide was
in an aqueous environment. It is known that the Trp
fluorescence emission increases with the increase in the
environment hydrophobicity, and a blue shift of the emission
maximum is observed3(). In the presence of increasing
concentrations of DMPC, the emission maximum of the Trp
did not change at all (Figure 2, panel A). However, increasing
concentrations of DMPA shifted the emission maximum to

concentration of each of the fluorescent probes, NBD-PE about 345 nm (Figure 2, panel A), a wavelength characteristic
and RhB-PE, was 0.6%. Labeled and unlabeled LUV vesiclesof Trp in an environment of low dielectric constant. The
in a proportion 1:4 were placed in a fluorometter cuvette at emission maximum of the Trp residue was found to shift to

a final lipid concentration of 0.1 mM and treated with the

about 348 nm using DMPC/DMPA/Chol liposomes (molar

appropriate amounts of peptide. Fluorescence was measuredatio of 50:35:15) as a model of a more complex membrane
with the excitation and emission wavelengths set at 460 and(Figure 2, panel A). The shift of about 7 nm for DMPA
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Ficure 3: Effect of the gp41 fragment on the release of LUV contents for different lipid compositions and different lipid to peptide molar
ratios. (A) Representative fluorescence data af@0for three different LUV compositions as indicated. The first arrow indicates the
addition of the peptide (final lipid to peptide molar ratio of 50:1, 5:1, and 5:1 for LUV containing DMPA, DMPC, and DMPC/DMPA/Col

at a molar ratio of 50:35:15, respectively), whereas the second arrow indicates the addition of Triton X-100. (B) Leakage data for LUV
composed of pure DMPAK, O), pure DMPS ¢, ¢), DMPC/DMPA/Chol at a molar ratio of 50:35:1®( O), DMPC/DMPS/Chol at a

molar ratio of 50:35:154, A), DMPC/DMPS/Col at a molar ratio of 45:45:10 (solid left triangle, open left triangle), and DMPC/DMPS

at a molar ratio of 2:1¥, v). Data were obtained at two different temperatures;@(closed symbols) and 6TC (open symbols).

liposomes and about 4 nm for DMPC/DMPA/Chol ones significant motional restriction of the Trp moiety of the
suggests that Trp enters a hydrophobic environment in thepeptide in the presence of DMPA membrang$)(

presence of liposomes containing DMPA but not in the  To investigate the effect of the peptide on the fluidity of
presence of DMPC liposomes. The peptide, having a the phospholipid model systems, the steady-state emission
theoretical isoelectric point of 8.99, has a charge of about anisotropy of DPH and TMA-DPH inserted in DMPA
+0.8 at pH 7.4, as used in this work. DMPA, in contrast to multibilayer suspensions in the presence of the gp41 fragment
the zwitterionic phospholipid DMPC, is a negatively charged have also been studied. It is generally accepted that DPH
phospholipid, so that the binding force of the peptide to has a distribution about a central position in the bilayer (inner
liposomes containing DMPA has an apparently electrostatic probe), whereas its charged derivative TMA-DPH is an-
origin. In these experiments, the phospholipid/peptide molar chored near the lipidwater interface (interface probe). The
ratio reaches a very high value (2300:1), and the spectralgp41 fragment did not change the anisotropy values for both
contribution of free peptide is negligible. The change in the probes inserted in the membrane neither below nor above
emission maximum wavelength of the Trp has allowed us the phase transition interval, indicating that its location must
to obtain the apparent partition coefficie#,, of the gp41 be at the surface of the membrane (not shown for briefness).
fragment. Considering-avalue of 0.519 M* (34), Kp.values Leakage, Aggregation, and Phospholipid Mixingo
of 9.3+ 3.8 x 10" and 3.9+ 0.6 x 10° were obtained for  fyrther explore the possible interaction of the gp41 fragment
liposomes containing DMPA and DMPC/DMPA/Chol (50:  with phospholipid model membranes, we studied the effect
35:15), respectively, indicating that the peptide binds to the of the peptide on the release of encapsulated fluorophores
membrane surface with high affinity. Small€gvalues have  ysing the experimental set up described in Materials and
been recently found for the membrane-interacting monomeric pethods. Figure 3, panel A, shows the results obtained with
form of a related gp41 peptide (residues 5B@1) in the  three different liposome compositions, namely, DMPA,
presence of phosphatidylglycerol containing model mem- pMpC, and DMPC/DMPA/Chol at a molar relationship of
branes 13). 50:35:15. It is clearly observed that whereas the peptide
Fluorescence anisotropy measurements can provide veryhardly exerted any effect on liposomes made of DMPC, it
useful insights into the dynamics of the peptide when bound readily interacted with liposomes containing DMPA. More-
to the membrane. We have obtained the anisotropy valuesover, leakage was dependent on lipid composition as
of the gp41l fragment at different lipid/peptide ratios, and observed in Figure 3, panel A, since leakage was greater for
the results are shown in Figure 2, panel B. In the presenceliposomes composed of pure DMPA at a lipid/peptide molar
of DMPC membranes and at all lipid/peptide ratios studied, ratio of 50:1 than for liposomes composed of DMPC/DMPA/
the anisotropy values for the Trp residue of the peptide Chol at a lipid/peptide molar ratio of 5:1, i.e., containing 10
remain virtually unchanged presenting a similar value to that times more peptide than the former one.
found in the aqueous environment. In contrast to the results  Figure 3, panel B, shows the dependence of leakage on
obtained in the presence of DMPC, we have found that therethe lipid to peptide molar ratio as well as on temperature
is an increase of the anisotropy values for the Trp residue for different liposome systems. For liposomes composed of
of the peptide in the presence of DMPA containing vesicles pure DMPA and pure DMPS and at 3@, i.e., below the
upon increasing the lipid/peptide ratio (Figure 2, panel B). gel-to-liquid crystalline transition, leakage increased as the
The limiting value seems to be near 0.10, indicating a lipid-to-peptide ratio decreased, until a ratio of 15:1 or lower
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Ficure 4: (A) Amide I' band region of the gp41 fragment at 25 and°@5as indicated; (B) band decomposition of the amidkand

region of the gp41 fragment at 2& showing the component bands, the fitted envelope, the deconvolved spectrum (- - -), the derivative
spectrum (-), and the difference between the fitted curve and the original spectren?);(and (C, D) the amid€ land C=0 region of the

mixture containing the gp41 fragment and either DMPA (C) or DMPC (D) at a phospholipid/peptide molar ratio of 25:1 at two temperatures
corresponding to git'P'® 4 10 °C.

was reached, were 100% leakage was obtained. Lowerwith liposomes containing DMPC/DMPA/Chol (not shown
leakage values were obtained at 8D, i.e., in the liquid for briefness).

crystalline phase, but higher for pure DMPS than for pure  Peptide Structure and Phospholipid Bindifithe infrared
DMPA (Figure 3, panel B). Leakage values for samples spectra of the amidé tegion of the fully hydrated peptide
containing either DMPC/DMPS/Chol or DMPC/DMPA/Chol  in D,O buffer at 25 and 76C and at pH 7.4 are shown in
at a molar ratio of 50:35:15 were significant but lower than Figure 4, panel A. The spectra are formed by different
for liposomes containing pure DMPS at 30 and %&b or underlying components that give place to a broad and
liposomes containing pure DMPA at 3G; they were similar  asymmetric band with a maximum at about 1639 and 1642
to the values found for pure DMPA containing liposomes at cm ! for the spectra at 25 and 7€, respectively. Protein
60°C (Figure 3, panel B). Interestingly, liposomes containing denaturation is characterized in@® medium by the appear-
significant amounts of DMPS, such as DMPC/DMPS/Chol ance of two sharp bands at approximately 1685 and 1620
liposomes at a molar ratio of 45:45:10 or DMPC/DMPS cm 2, due to extendeg-strands with strong intermolecular
liposomes at a molar ratio of 2:1, showed high leakage interactions 85) that are not observed in the temperature
values, i.e., a 100% leakage value was obtained at a |ipid-range studied (Figure 4, panel A). If aggregation occurred,
to-peptide ratio of 5:1 at 30C for both systems (Figure 3, it was only to a very low extent.

panel B). To observe the underlying components of the broad amide
We have also studied peptide-induced liposome aggrega-l' band, we have applied several enhancements methods such
tion and phospholipid mixing using liposomes containing as self-deconvolution and derivative methods to the original
either pure DMPA or DMPC/DMPA/Chol at a relationship envelope 27) identifying different component bands at
of 50:35:15. Liposome aggregation was evident by the frequencies of about 1671, 1654, 1637, 1609, and 1583,cm
increase in light scattering for liposomes containing pure being the 1637 cmt band the main one (Figure 4, panel B).
DMPA but only at very low ratios of lipid to peptide, i.e., To assign the component bands to specific structural features
5:1 (results not shown). Small values were found for higher and estimate the percentage of each component, we have
lipid-to-peptide ratios and also for DMPC/DMPC/Chol decomposed the amidé infrared band as described in
liposomes at all lipid-to-peptide ratios used. The same trend Material and Methods and the results are also shown in
was obtained for phospholipid mixing, since only liposomes Figure 4, panel B, whereas the values obtained from the
containing pure DMPA showed a definite but small increase fitting are listed in Table 1. Bands appearing at about 3637
in the fluorescence signal (less thar®%) at a lipid-to- 1634 cm are characteristic gf-sheet structure, whereas
peptide ratio of 5:1, with no effect either at higher ratios or component bands at about 1670 and 1690*cane assigned
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Table 1: Band Position (cnd) and Percentage Area (%) 2854 -
Corresponding to the Components Obtained after Curve Fitting the oo :O'OM‘O
Amide I' Band of the gp41 Fragment 2853 I RN
Ea T | v <
peptide in solution peptide plus DMPA E
~ band area - band area E 2852 v
band position 25°C band position 25°C  56°C  72°C % fl
L5
1682 1682 <1 g 2514 /
1671 16 672 T e
1656 21 1659 13 33 11 ags0 4 T N~
1637 64 1639 39 44 19 fo-os0s0 st 0 4 % @ % w0
1622 1622 48 23 69 ] , , | Tempenwe(0)
aThe values are rounded off to the nearest inte§@MPA/peptide 30 40 50 60 70 80
molar ratio of 25:1. Temperature (°C)

FIGURE 5: Temperature dependence of the Gyimmetric stretch-
to 5-turns. Bands located at about 1657 €nare usually ing band frequency of DMPA for pure DMP AR and for samples

observed for-helix in D,O solution, and bands appearing containing DMPA and the gp41 fragment at a phospholipid/peptide
at about 16441642 cni are assigned in D to unordered ~ Molar ratio of 25:1 ©) and 10:1 ¢). The insert shows the
: _ calorimetric traces for pure DMPA-¢) and DMPA plus the gp41

structur§s$5). The bands appearing at 1609 and 1585tm fragment at a phospholipid/peptide molar ratio of 25:9).(
are outside the range of frequencies usually observed for the
secondary structure elements of protei®s)(If we assume by the presence of the peptide (Figure 5). It is well
that the band at 1671 crhis due tofS-turns, the band at  established that a shift in the frequency of the,Gf#nmetric
1656 cn! to a-helix and the band at 1637 cto 3-sheet, stretching band is a reliable index of the phase behavior of
then the gp41 fragment in solution has about 1698-tirns, a phospholipid dispersion, since the £3tretching frequen-
21% of a-helix, and 64% of3-sheet. cies respond primarily to conformational disorder and

Since the COO band of DMPS is found around 1622 increase with the introduction of gauche bonds in the fatty
cm1, and therefore it might interfere with the amiddand acyl chains 87). The temperature dependence of the,CH
of the peptide 36), we have studied by infrared spectroscopy symmetric frequency of pure DMPA is shown in Figure 5,
the interaction of the peptide with DMPA containing where a highly cooperative change at approximately@8
liposomes. To study the peptide when it was effectively is observed, corresponding to the gel-to-liquid crystalline
bound to the phospholipid membrane, all samples containingphase transition of the phospholipid. In the presence of the
both phospholipid and peptide have been prepared by mixingpeptide, and in contrast to the pure phospholipid, a decrease
and washing the unbound peptide as described in Materialsin the frequency was observed at temperatures below the
and Methods. The infrared spectra in the amidend C=0 gel-to-liquid crystalline phase transition of DMPA (Figure
region of samples prepared in this way and containing the 5), indicating that the proportion of trans isomers was higher
peptide and either DMPA or DMPC are shown in Figure 4, in the DMPA/peptide sample than in pure DMPA, and
panels C and D, respectively. It can be clearly observed thattherefore the hydrocarbon chains of DMPA below the main
only the amide'lband corresponding to the bound peptide phase transition were more ordered in the presence of the
was present in model membranes composed of DMPA, peptide. At temperatures higher than the gel-to-liquid crystal-
whereas it was nearly absent in membranes formed byline transition of the phospholipid, a new transition, less
DMPC. When DMPC was used, the peptide was recovered cooperative than the main phase transition and characterized
almost completely in the supernatant (not shown), demon- by lower frequencies, was observed. This new transition was
strating therefore that the peptide only binds to negatively observed at approximately 62 and 8@ at phospholipid/
charged membranes. Significantly, the amidbeand enve- peptide molar ratios of 25:1 and 10:1, respectively (Figure
lope of the peptide bound to DMPA is different to that found 5). In the presence of the peptide it was also possible to
for the pure peptide in solution (compare the amidedjion observe a small increase in the frequency at aboutCl3
in Figure 4, panels A and C), and therefore, the secondarythat was absent in the pure phospholipid (Figure 5). We have
structure of the bound peptide must be different to that in also studied the peptide-induced membrane perturbations on
solution. It is also worth to note that, as shown in Figure 4, DMPA by differential scanning calorimetry (insert, Figure
panel C, the amide'Iregion of the peptide taken at 5). At a phospholipid/peptide ratio of 25:1, it is possible to
temperatures above and below the main phase transitionobserve a cooperative transition at approximately°@9
temperature of the phospholipid were different. These datawhich corresponds to the gel-to-liquid-crystalling (& L)
suggest that the gp41 fragment has a different and distinctphase transition in the lamellar phase, but, significantly, a
conformation when in different phospholipid phases. This new broad peak was apparent at temperatures aboi(€.62
is in contrast with the results found with the peptide in This new calorimetric peak coincides with the smaller
solution, where no significant differences were found at all transition observed by infrared spectroscopy (Figure 5).
temperatures studied, even at the highest tested (Figure 4, Itis now generally accepted that the-1andsn-2groups
panel A). of diacylphospholipids, including phosphatidic acid, may be

Modulation of Phospholipid Phase Behiar. We have found in lipid vesicles in hydrated and dehydrated states,
studied by infrared spectroscopy the effects of the gp41l the proportion of hydrated and dehydrated groups depending
fragment on the phase transition of DMPA (the binding to on the physical state of the phospholipid bilayg8)( Pure
DMPC membranes was negligible and no effect was DMPA showed a broad €0 carbonyl band that presented
observed on this phospholipid), which become clearly altered after deconvolution two components at 1742 and 1727*cm
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Ficure 6: (A) Stacked infrared spectra of the=© and amide’l
regions of the mixture DMPA plus gp41 peptide at a phospholipid/
peptide molar ratio of 25:1, recorded at regularly increasing
temperature intervals as indicated. (B) Temperature dependence of
the CH, symmetric stretchinglf) and C=0O maximum ¢) band
frequencies of DMPA and of the intensity of the 1622 érband

(O) of the peptide in the mixture DMPA plus gp41 peptide at a
phospholipid/peptide molar ratio of 25:1.

1660 1600 1540

(not shown) attributed to dehydrated and hydratedCC
groups, respectively3g). The frequencies of these two Figure 7: Amide I band decomposition of the gp41 fragment
components were not affected by temperature, but their spectra in the presence of DMPA at a phospholipid/peptide molar
relative intensities changed as reported for other phospho-ratio of 25:1 in DO media at (A) 25, (B) 56, and (C) 7Z. The
lipids (37). Whereas below the phase transition the 1742 componentbands, the envelope, the deconvolvexbind derivative

g t had a higher intensitv than the 1727 (---) spectra, and the difference between the fitted curve and the
cm! component had a higher intensity than the 7Cm  riginal spectrum are shown.
component, at temperatures above the phase transition just

the opposite was observed. For pure DMPA, the frequency of the 1622 cm! band with temperature, which coincides
at the maximum of the €0 vibration band presented one it the transitions observed at 49 and 6@ in the

transition at approximately 49C (not shown). In the phospholipid (Figure 6, panels A and B). These two
presence of the gp41 fragment, the two components of theansitions define the boundary for three different amide |
C=O carbonyl band did not change in frequency when pang envelopes, and therefore three different secondary
compared to pure DMPA, but the frequency at the maximum gty ctures of the gp41 peptide are found corresponding to
of the C=0O vibration band presented two fransitions at e different phase states of the phospholipid. Consequently,
approximately 49 and 63C, in agreement with the transi-  he secondary structure of the gp41 fragment depends on
tions previously described (Figure 6, panels A and B). the phase behavior of the phospholipid molecule, which is
We have studied other phospholipid bands such as the acyin turn modulated by the peptide. The results of the
chain CH scissoring and the PO double bond stretching  decomposition of the amidé of the gp41 fragment in the
bands appearing at 1468 and 1220 énThe presence of  three different conformations are shown in Figure 7, where
the gp41 fragment did not induce any significant differences it is possible to distinguish different component bands. By
on frequency and width of these bands when compared withgbserving the derivative and deconvolved spectra, it can be
the pure phospholipid, indicating that there were no differ- appreciated the existence of several bands displaying different
ences in packing and hydration between the pure phospho4ntensities with frequencies at approximately 1682, 1659,
lipid and the mixtures containing the peptide (not shown). 1639, 1622, 1606, 1585, 1564, and 1549 &nBands at
Secondary Structure of the gp41 Peptide in the Presencefrequencies lower than 1630 cinbut higher than ap-
of PhospholipidThe temperature dependence of the amide proximately 1618 cm® were first described for extended
I" band of the gp41 fragment when bound to DMPA is chains in polylysine39) and attributed to antiparallel-chain
presented in the stacked plot of the carbonyl and aniide | pleated sheet. They were also found in denatured proteins
regions shown in Figure 6, panel A. It is possible to in D,O buffer @0, 41). In native proteins, they have been
distinguish two transitions, i.e., the change in the intensity attributed to extended configurations with hydrogen-bonding
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to other molecular structured4?) or even forming3-hairpins
(43). Bands appearing at about 1622 dnhave been also
assigned to the existence of oligomeric structues. (The
band appearing at 1639 cfthas an unexpectedly high
frequency foiB-sheet structures, but in,D media unordered
structures, even flexible loops, appear at about 1648312
cm ! and most probably it can be assigned fiesheet
structures 35). Significantly, the intensity of the band at 1622 1671
cm tincreases when the peptide is bound to the phospholipid § 1623 1
membrane, and it is also dependent on the phase structure ;|
of the phospholipid (Table 1). It should be reminded that
this band was completely absent in the spectra of the pure
peptide in solution, i.e., in the absence of phospholipid (see
Figure 4, panel B).

To enhance the spectral resolution of the amidedion
of the gp4l fragment in the presence of DMPA model
membranes, we have used two-dimensional (2D) correlation
spectroscopy to obtain synchronous (synthermal) and asyn-
chronous (asynthermal) spectra, an experimental approachg
based on the detection of dynamical spectral variations 3 172
induced by an external perturbation, temperature in our case$£ 1711
(45). According to the generalized mathematical formalism, § 1e2s 4
synchronous spectra give autopeaks and cross-peaks, located 1575
at diagonal and off-diagonal positions. Cross-peaks represent
the coincidental changes of spectral signals at two different
wavenumbers and suggest the possible existence of a coupled Wavenumbers (o)
or related origin of the thermally induced spectral intensity FIGURE8: Two-dimensional synchronous spectra in the scissoring,
variation. Cross-peaks can be positive for bands increasingam'de I and CH/CHjs stretching regions for the sample containing

: - . MPA and the gp41 fragment at a phospholipid/peptide molar ratio
or decreasing simultaneously and negative for bands that var;)gf 251 taken o?/gr the r%nge from %5 top% (pA) ?Eng from 56 to

in opposite directions4s). However, asynchronous spectra 74 °C (B). Continuous and dashed lines represent positive and
contain only cross-peaks characteristic of out-of-phase vibra-negative peaks, respectively.

tions. We have used a simplified computational procedure
to obtain an approximation to the synchronous and asyn-bands, but the peptide senses the phospholipid phase transi-
chronous (disrelation) spectrad) and are shown in Figure  tion since, as we have shown above, it is bound at the surface
8. Since we observe simultaneous changes in both peptideof the membrane.
and phospholipid infrared bands in the same spectra at the The synchronous map obtained for spectra encompassing
same time, we can correlate coupled changes in specificthe temperature range between 56 and@4where the new
phospholipid or peptide infrared bands. 62 °C transition appears, is characterized by one intense and
The synchronous map obtained for the temperature rangenarrow auto-peak at 1620 ci(Figure 8, panel B). Several
between 25 and 56C, where the phospholipid main correlation peaks are observed for the phospholipid bands,
transition is found, is characterized by several correlation i.e., CH scissoring (1468 cnit), C=O carbonyl stretching
peaks (Figure 8, panel A). As the temperature range observed1727/1739 cm?), and CH symmetric and asymmetric
encompasses the phospholipid main transition, several cor-stretching bands (2852 and 2918 ¢prespectively), but they
relation peaks are observed for the phospholipid bands whichare not so intense as those found for the temperature range
belong to the Chiscissoring (1468 cnt), C=0 carbonyl where the main transition occurs. Contrary to what was found
stretching (1727/1739 cm), and CH symmetric and before, cross-peaks correlating peptide bands and appearing
asymmetric stretching bands (2852 and 2918 ¢mrespec- in the amide 'l region are very intense, significantly those
tively). These correlation cross-peaks are the main ones. Oncorrelating the peptide bands appearing at frequencies 1622/
the contrary, cross-peaks that appear in the aniidegion 1639 cm! and 1622/1669 cnt (both of them negative) and
correlating the peptide bands are very weak, those at 1622/1639/1669 cm! (positive) (Figure 8, panel B). Several
1582 cm! (positive) and 1660/1622 crh (negative), see  intense cross-peaks correlating phospholipid/peptide bands
Figure 8, panel A. These frequencies correspond to the mainare also observed, i.e., cross-peaks correlating frequencies
infrared bands observed in the infrared spectra of the peptideat 1622 and 1660 cm (weaker) with the scissoring and €H
in the presence of the phospholipid. Different cross-peaks stretching bands (Figure 8, panel B). The disrelation spectra
correlating phospholipid/peptide bands are also observed, bubbtained for the same temperature range shows an intense
their intensity is weak (i.e., cross-peaks correlating frequen- out-of-phase peak at 1622/1639 ¢nindicating that the 1622
cies at 1622 and 1660 crhwith the scissoring, carbonyl and 1639 cm! bands belong to different conformations.
and CH stretching bands; see Figure 8, panel A). These Effect of the gp4l Fragment on the Polymorphism of
results show that the main event which takes place at thisDMPA. It is well-known that dispersions of phospholipids,
temperature range is that produced on the phospholipid bandither of biological or synthetic origin, can adopt different
due the phospholipid main transition occurring at@9there structures (micelles, bilayers, hexagonal{phases, lipidic
is not an extensive change in conformation for the peptide particles); such lipid polymorphism can greatly affect the

1768
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DISCUSSION

Numerous studies have led to the proposal that viral
75°C membrane fusion proteins can exist in two major conforma-
tions, the native, metastable conformation and the stable,
fusogenic conformatiorbQ). Understanding the factors that
60°C may determine the specificity and stability of these different

conformations are therefore required for the understanding

of the mechanism of viral entry into cells. The native state

of the HIV-1 envelope protein complex is also thought to
s0°C be metastable, and recent findings suggest that the gp41

ectodomain gives place to different structural changes by a
complex series of protein/protein and protein/phospholipid
interactions resulting in the co-localization of the virus and
cell membranes 51). Little is known about how this
membrane apposition overcomes the energy barrier for
80 40 O -40 -80 membrane fusion and, moreover, biochemical evidence
p.p.m. suggests that more than the N-terminal fusion peptide of gp41

FicurReE 9: 3P NMR spectra of DMPA multilamellar vesicles in ,Can interact and bin,d, to membr"’,‘nes playing a critical role
the presence of the gp4l fragment at different temperatures asin membrane apposition and fusiob3( 14).

shown. The lipid/peptide ratio was 25:1 and the spectra have been The interaction of peptides with membrane surfaces
normalized. involves a number of steps, including the initial binding to

functional behavior of membraned6). To discern if the the surface, induction or stabilization of a specific secondary
gp41 fragment could affect the phase behavior of DMPA, structure upon the interaction of the peptide with the
we have carried out!P NMR measurements at different Phospholipid, modulation of the phospholipid biophysical
temperatures$!P NMR is sensitive to the motional properties Properties by the peptide binding, and finally insertion of
of membrane phospholipids such as local motion and the peptide in the membrane either partially or fully. The
orientation of the phosphate group. In addition, the macro- 19-amino acid-long peptide from the gp41l ectodomain,
scopic environment of the whole molecule determines the subject of this work, binds exclusively and with high affinity
line Shape of théP NMR resonance Spectrumm_ This to negatively Charged membranes, being the blndlng force
phase sensitivity make¥P NMR a very suitable tool to ~ apparently of electrostatic origin. This result was already
follow the structural transitions, if any, in biological and expected due to the positive net charge of the peptide. After
model membranes. Pure DMPA, when organized in bi|ayer binding, the Trp residue resides in an environment of low
structures, gives rise to an asymmetrf@ﬂ] NMR |ine_shape dielectric constant Showing a Significant motional restriction,
with a high-field peak and a low-field shoulder, presenting confirming that this portion of the peptide enters a hydro-
a residual chemical shift anisotropig, of approximately phobic environment but remains located at the surface of
36 ppm in the gel state and approximately 27 ppm in the the membrane, as indicated by the absence of any effect on
liquid-crystalline state (not shown for briefness) in agreement the fluorescence anisotropy of both inner and interface
with previously published datad®). The incorporation of ~ Probes. This motionally restricted environment is consistent
the gp41 fragment in DMPA vesicles ata||p|d/pept|de ratio with a location in a region near the membrane interface
of 25:1 did not induce any significant change in the line shape Possibly involved in charge interactions and hydrogen
of the 31 NMR spectra at temperatures below the gel-to- bonding (3). The binding of the peptide to negatively
liquid crystalline phase transition (Figure 9) when compared charged membranes but not to zwitterionic ones was
to pure DMPA (not shown for briefness). At 6C, it was confirmed also by infrared since only the amidebhnd
possible to observe the appearance of another low-field corresponding to the bound peptide was present in model
component, which, at higher temperatures increased inmembranes composed of DMPA, being absent in membranes
intensity so that the asymmetrical line-shape observed at lowformed by DMPC.

temperature had disappeared completely (Figure 9). The The infrared spectrum of the amiderégion of the fully
chemical shift anisotropy is lower than that found in the pure hydrated peptide in D buffer at 25 and 76C are very
lipid in the liquid-crystalline phase, indicating an increase similar, indicating the stability of its conformation in solution,
in motional freedom of either the glycerol backbone or the even at high temperatures. When the peptide is bound to
whole molecule49). The chemical shift of this component, the phospholipid, its conformation changes significantly. In
approximately 6 ppm, and the reverse symmetry that the line-the presence of DMPA, a phospholipid that increases
shape presents, i.e.,, a low-field peak and a high-field significantly the electrostatic component of the peptide
shoulder, similar to that found in membranes presenting the partition constant and therefore might stabilize a specific
hexagonal i phase, indicates quite likely that another phase, peptide structure upon membrane incorporati®?),(three
similar to a H, hexagonal-phase, is induced by the presence different secondary structures of the gp41 peptide are found
of the peptide. The appearance of another phase at highdepending on the phase state of the phospholipid, which on
temperatures is in agreement with the change in the CH the other hand presents two defined transitions in the
and G=0 stretching frequencies found by infrared and the presence of the peptide. The 2D-IR results clearly show that
small low-enthalpy transition found by calorimetry (Figures the main event that takes place between 25 and®G6

5 and 6). corresponds to the main phospholipid phase transition, while

w
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the observed changes between 56 and@4£orrespond to It has been shown that the peptide corresponding to the
both the phospholipid and the peptide, implying that the new hydrophobic NH-terminal fusion domain of gp41 is suf-
observed transition on the phospholipid involves both types ficient to cause leakage and phospholipid mixing in vesicles
of molecules, peptide and phospholipid. It has been shown(16); similar effects have been described in this work for
that complexes of divalent cations and phosphatidic acid the 579-597 peptide. It is then possible that the core
adopt a difference phase at intermediate temperatures thabligomeric complex formed by the zipper-like coiled-coil and
resembles the Hphase %3), being suggested to be equivalent COOH-terminal helices of the gp41 ectodomain acts as a
to the phase formed during fusion. It is also interesting to joint to hold the oligomeric structure, while the fusion domain
note that a transition have been described for phosphatidicbring the two opposing membranes into contact. The peptide
acid in the presence of calcium ions and at low pH between we have studied in this work is also capable of binding and
63 and 66°C (54). By using X-ray diffraction, these authors modifying the biophysical properties of phospholipid model
described the appearance of different transitions in this membranes, a property that could provide an additional
system, which have been ascribed to a rearrangement ofdriving force for the merging of the two viral and target cell
hydrocarbon chain packing of the phospholipids from an membranes. Tendency to oligomerize and membrane binding
onthorrombic to a hexagonal latticB4). can exert an additional force promoting membrane coales-
Membrane fusion is an energy costing event, since it cence. It should be recalled that the fusion peptide of the
involves destabilization of the bilayers and dehydration of gp4l ectodomain is not likely to be completely exposed to
the interface regions of merging membrané&)( Most the solvent because of its hydrophobicity and therefore must
ambiguity in fusion mechanisms concerns the exact naturebe guided to the target membrane by other components
of the intermediate state and the molecular arrangements thatluring the fusion process. Membrane fusion and the lamellar-
are involved in the process. The formation of stable oligo- to-hexagonal phase transition have been suggested to be
mers is apparently critical in merging the phospholipids of linked via common intermediating structurés9). Inverted
the two opposing membraneS6j. Recently, it has been hexagonal ki-phase forming lipids, such as diacylglycerols
shown that the monomeric form of the gp4l fragment or phosphatidylethanolamines, promote fusion when intro-
comprising residues 57%601 interacts with negatively duced into bilayers composed of lipids forming lamellar
charged vesicles, whereas the dimeric form did rid),( phases, but micelle-forming lipids, such as lysophosphati-
indicating that differences in the interaction with membranes dylcholines, inhibit fusion §0). Since the gp4l peptide
between monomers and dimers (oligomers) might be im- fragment we have studied here is capable of inducing-a H
portant for the viral fusion mechanism. The intensity of the like phase, it would be tempting to speculate that the region
1622 cm! band, which could be tentatively assigned to where the sequence resides in the native protein plays a
oligomeric structures4d), was very small when the peptide significant role in the fusion mechanism induced by gp41.
was in solution, but it increased in the presence of the In conclusion, the results shown here, i.e., the §f437
negatively charged phospholipid. However, the increase wassequence binds and interact with negatively charged phos-
only significant when the phospholipid changed to this new, pholipids, its conformation is significantly different in a
Hu-like, phase. The location of the peptide at the surface of membraneous environment, the propensity to change the
the membrane could effectively reduce the headgroup areaphase structure of the membrane, complement the structural
of the phospholipid and promote the formation of the investigations of the different domains of the gp41 protein,
hexagonal-ki-like phase. Although we have used model the zipper-like domain, the COOH-terminal helix and the
membranes composed of DMPA, which is not representative NH,-terminal fusion domains and our findings argue in favor
of the cellular plasma membrane, the structural changes thabf its direct role in the fusion reaction mediated by HIV.
take place when the peptide binds to the membrane, couldSimilar mechanisms might be used by other enveloped
be indicative of the conformational change that takes place viruses in mediating virus-target cell fusion.
during the native (metastable) to fusogenic (stable) confor-
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