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ABSTRACT: The HIV-1 gp41 envelope protein mediates the entry of the virus into the target cell by
promoting membrane fusion. With a view toward possible new insights into the protein membrane alteration
leading to the viral fusion mechanism, we have studied by infrared and fluorescence spectroscopies a
fragment of 21 amino acids corresponding to the N-heptad repeat region of the gp41l ectodomain.
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 to and interacts with phospholipid
model membranes, changing its conformation and inducing leakage of vesicle contents. These characteristics
suggest that different specific regions of gp41 are capable of modifying the biophysical properties of
phospholipid membranes and, therefore, might be essential for the assistance and enhancement of the
viral and cell fusion process.

The human immunodeficiency virus (HIVjs the caus- CD4 and chemokine receptors of the target cé)l (t is
ative agent of the acquired immunodeficiency syndrome, thought that gp41 catalyzes membrane fusion through the
which acts by killing CD4 T-cells of the host organistn( induction of transient nonlamellar structures at the point
3). Membrane fusion, i.e., the attachment and the consequenwhere both bilayers mergel,(2). The gp4l sequence is
fusion of viral and cellular membranes, is mediated by highly conserved and contains different functional regions
envelope glycoproteins located on the outer surface of thewithin its ectodomain that are critical for membrane fusion,
viral membrane: gp120, the surface protein that determinesi.e., the fusion peptide, two heptad repeat regions, the Trp-
the viral tropism, and gp41, the transmembrane protein which rich pre-transmembrane domain, and the loop dom&in (
is responsible for the membrane fusion process. gp41 must9). These regions of the gp4l glycoprotein have the
undergo a complex series of conformational changes so thatcapabilities of binding and partitioning into the surface of
fusion and mixing of the viral and cellular contents take phospholipid model membranes, change their conformation,
place, apparently triggered by the attachment of gp120 to and induce the formation of nonlamellar structures, indicating
that these segments could play an essential role in the viral
"This work was partly supported by Grants BMC2002-00158 fusjon processa—13). Although much information has been

(Ministerio de Ciencia y Tecnoléa) Spain) and LSHB-CT-2003- ; ;
503480 (European Union project “Targeting Replication and Integration gathered in recent years, we do not know yet the different

of HIV”, TRIoH) to J.V. R.P. is a recipient of a predoctoral fellowship ~ Processes and mechanism of membrane fusion.

fro,[“cthrer M'”'ﬁtdeig'o detl‘llzdruszl'a?ESElél(tSuGr%gg%eGgOge’Xf-g?‘.lg.GG 658 Recently, we have investigated the binding and interaction
758. g_n?:”p:c’ jvi||ag|a?#@8n'1h%'s. e of different segments of the gp41 glycoprotein with different
* Universidad “Miguel Herhadez”. types of model membranes, and the results obtained indicate
fSgiixgﬁg;ddgged_?;;;azféb&s boa that, depending on the specific phospholipid composition of
! Abbreviations: ANTS, 8-aminohaphthalene-1,3,6-trisulfonic acid; the r_nOdeI membranes, they change their conformation upon
CHR, C-terminal heptad repeat; DMPA, 1,2-dimyristeykglycero- binding to the membrane as well as they modulate the

phosphatidic acid; DMPC, 1,2-dimyristogh-glycerophosphatidylcho-  phospholipid behavior (ref8 and 10 and unpublished

line; DMPG, 1,2-dimyristoyléss-snglycero-3-phosphocholine; DMPG, ; innic lini ;
1,2-dimyristoylsn-glycerophosphatidylglycerol; DPH, 1,6-diphenyl- e.xperllments). Anionic lipids a.re Ir!tewal compqnents of
1,3,5-hexatriene; DPXp-xylenebis(pyridinium bromide); EPA, egg ~ Piological membranes and are invariably present in substan-
phosphatidic acid; EPC, egg phosphatidylcholine; EPG, egg phosphati-tial quantities, having specific functions in biological mem-
dylglycerol; FP, fusion peptide; HIV, human immunodeficiency virus; pranes 14, 15). Much circumstantial evidence has accumu-

LUV, large unilamellar vesicles; MLV, multilamellar vesicles; NBD- . . .
PE,  N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)-1,2-dihexadecansiyl- lated suggesting that the electrostatic interactions between

glycero-3-phosphoethanolamine; NHR, N-terminal heptad repeat; N-Rh- the anionic lipids headgroups and positively charged residues
PE, Lissamine rhodamine B 1,2-dihexadecarsoyjlycero-3-phospho-  of proteins and peptides are crucial in the association of

ethan_olgmine; PG, phpsphatidylgly_cero!; PTM, pre-transmembrane protein or peptides with membranes6). In view of the
domain; SUV, small unilamellar vesicles;, temperature of the gel- L .
to-liquid crystalline phase transition; TM, transmembrane domain; potential importance of the membrane negative character,

TMA-DPH, 1-[4-(trimethylammonio)phenyl]-6-phenyl-1,3,5-hexatriene. anionic phospholipids have been widely used as model
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LTVWGIKQLOARILAVERYLK peptide amide | bandL@), residual trifluoroacetic acid used
both in the peptide synthesis and in the HPLC mobile phase
e LOOP was removed by several lyophilization/solubilization cycles
Ot in 10 mM HCI (19). 1,2-Dimyristoylsn-glycerophosphatidyl-
= choline (DMPC), 1,2-dimyristoyfls.-sn-glycero-3-phospho-

choline (DMP@), 1,2-dimyristoylsn-glycerophosphatidyl-
glycerol (DMPG), 1,2-dimyristoyknglycerophosphatidic
acid (DMPA), egg phosphatidylcholine (EPC), egg phos-
phatidylglycerol (EPG), and egg phosphatidic acid (EPA)
were obtained from Avanti Polar Lipids (Birmingham, AL).
Deuterium oxide (99.9% by atom), HEPES, Triton X-100,
and EDTA were purchased from Sigma (St. Louis, MO),
whereas Lissamine rhodamine B 1,2-dihexadecasoyl-
glycero-3-phosphoethanolamine (N-Rh-PE)7-nitrobenz-
2-oxa-1,3-diazol-4-yl)-1,2-dihexadecanaytglycero-3-phos-
phoethanolamine (NBD-PE), 1,6-diphenyl-1,3,5-hexatriene
(DPH), 1-[4-(trimethylammonio)phenyl]-6-phenyl-1,3,5-
hexatriene (TMA-DPH), 8-aminonaphthalene-1,3,6-trisul-
fonic acid (ANTS), andp-xylenebis(pyridinium bromide)
(DPX) were obtained from Molecular Probes (Eugene, OR).
All other chemicals were commercial samples of the highest
purity available (Sigma-Aldrich, Madrid, Spain). Water was

endodomain twice distilled and deionized in a Millipore system (Millipore,
FiGURe 1: Updated model of the HIVg, gp4l ectodomain  Madrid, Spain).

showing the structural and functional regions as well as their relative  5ample PreparationFor IR spectroscopy, aliquots con-

lengths. The fusion peptide (FP), the loop, the NHR and CHR ,_. . - S
heptad repeats, the pre-transmembrane stretch (PTM), and thd@NiNg the appropriate amount of lipid in chloroform/

transmembrane (TM) domain have been drawn approximately to Methanol (2:1 v/v) were placed in a test tube, the solvents
scale. The residue numbers correspond to their positions in gpl60removed by evaporation under a stream eff@e nitrogen,
of the HIVixg strain, whereas the sequence and location of the and, finally, traces of solvents were eliminated under vacuum
gp41 fragment studied in this work are indicated. in the dark for more than 3 h. The lipid films were
L i i ) resuspended in 200L of 20 mM HEPES, 50 mM NacCl,
systems for anionic domains. Viral membrane fusion con- 54 0.1 mM EDTA pH 7.4, in either £ or H,O and
tinues to be an important topic of research since it Serves asineypated at 16C above thél, with intermittent vortexing
amodel for cellular fusion events and it is a very good target for 45 min to hydrate the samples and obtain multilamellar
for therapeutic |nte_rvent|0_n1(7). In this sense, _elu0|dat|ng vesicles (MLV). When required, peptide in buffer was added
the nature of the interactions between negatively chargedy the Jipid films to obtain a final lipid-to-peptide mole ratio
phospholipids and membrane proteins and peptides iSsf 30:1. The samples were frozen and thawed five times to
important for the understanding of the structure and function g\ re complete homogenization and maximization of pep-
of membrane proteins and to clarify the specific roles of these tjge/jipid contacts with occasional vortexing. Finally, the
sp_ecmc types of phqsphohplds in biological _membrane_s. In suspensions were centrifuged at 15000 rpm at@%or 10
this report we describe the effects of a peptide pertaining t0 min to remove the peptide that was not bound to the

the NHR region of the gp4l ectodomain, analogous 10 memprane. The pellet was incubated for 45 min a0
residues 568588 of the HXB2 strain (see Figure 1), onthe gpove theT, of the lipidic mixture and used for the

thermotropic phase behavior of phospholipid model mem- eaqyrements, except for metastability time-resolved experi-
branes. The structural changes which take place in both theents where some samples were incubated °a.4

peptide and phospholipid molecules induced by the binding, £, fluorescence anisotropy experiments, MLV samples

specific interaction process, and its relati.onship to the \ere prepared as above, and aliquots of stock solutions of
membrane perturbatlon. leading to gp41-mediated membran&,jther DPH or TMA-DPH inN,N'-dimethylformamide (2<
fusion between the viral and host cell membranes are ;-4 M) were directly added into the lipid dispersion to
presented. obtain a probe-to-lipid molar ratio of 1:750. To incorporate
the probes, the samples were incubated &tG%or 60 min
MATERIALS AND METHODS in the case of DPH and 15 min in the case of TMA-DPH. In
Materials. The HIV envelope protein gp4l fragment all cases the peptide-to-lipid ratio was 30:1. For binding
(LTVWGIKQLQARILAVERYLK) corresponding to amino fluorescence studies, small unilamellar vesicles (SUV) were
acids 568-588 from the HI\ixs, Strain was synthesized as used 20) in order to have lower scattering effects. First,
a C-terminal amide on an automatic multiple synthesizer MLV were obtained as described above usirgPHbuffer,
(Genemed Synthesis, San Francisco, CA). The peptide wasxcept that no peptide was present. The lipid suspension was
purified by reverse-phase HPLC to better than 95% purity, frozen and thawed five times to ensure complete hydration
and its composition and molecular mass were confirmed by and mixing of the phospholipid, and the resulting multi-
amino acid analysis and mass spectroscopy. Since trifluoro-lamellar suspension was sonicated with a Branson 250
acetate has a strong infrared absorbance at approximatelysonifier (40 W) equipped with a microtip until the suspension
1673 cml, which interferes with the characterization of the became completely transparent. Every 30 s, the samples were
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cooled for 90 s in ice to prevent overheating of the solution. parameters were considered: band position, band height, and
The titanium particles released from the tip were removed band width. The number and position of component bands
by centrifugation at 15000 rpm at room temperature for 15 were obtained through deconvolution, and in decomposing
min. The membrane incorporation studies were performed the amide 'l band, Gaussian components were used. The
by adding small volumes of this suspension to a solution curve-fitting procedure was accomplished in two steps: in
containing a known amount of peptide (2«:M), followed the first one, band position was fixed, allowing width and
by an incubation at 30C for 15 min before measurements. heights to approach final values, and in the second one, band
Large unilamellar vesicle (LUV) liposomes were used to positions were left to change. When necessary, these two
study vesicle aggregation, lipid mixing, and leakage, and they steps were repeated. Band decomposition was performed
were prepared by the extrusion methdd)(using poly- using SpectraCalc (Galactic Industries, Salem, MA). The
carbonate filters with a pore size of Ouin (Nuclepore, fitting result was evaluated visually by overlapping the
Pleasanton, CA). The buffer used for preparing LUV reconstituted overall curve on the original spectrum and by
liposomes for assays of vesicle leakage contained in additionexamining the residual obtained by subtracting the fitting
25 mM ANTS and 90 mM DPX. Nonencapsulated fluores- from the original curve. The procedure gave differences of
cent probes were separated from the vesicle suspensiodess than 2% in band areas after the artificial spectra were
through a Sephadex G-75 filtration column (Pharmacia, submitted to the curve-fitting procedure. The frequency
Uppsala, Sweden) eluted at room temperature with 10 mM positions of the band centers were independently evaluated
HEPES, 130 mM NacCl, and 0.1 mM EDTA, pH 7.4, buffer. by second derivative procedures, being always very close
For some experiments, unsaturated phospholipids instead ofo the positions found by deconvolution.

saturated ones were used because of the great variability in Fluorescence Spectroscopypteady-state fluorescence

the basal fluorescence using the last ones. measurements were carried out using a SLM 8000C spec-
The phospholipid and peptide concentrations were mea-trofluorometer with a 400 W Xe lamp, double emission
sured by methods described previous?, (23). monochromator, and Glan-Thompson polarizers. Correction

Infrared SpectroscopyApproximately 25:L of a pelleted of excitation spectra was performed using a rhodamine B
sample in either BD or H,O was placed between two CaF  solution and a standard lamp. Typical spectral bandwidths
windows separated by either %0n (D,O) or 6 um (H,0) were 4 nm for excitation and 2 nm for emission. All
thick Teflon spacers in a liquid demountable cell (Harrick, fluorescence studies were carried using 5 mH mm quartz
Ossining, NY). The spectra were obtained in a Bruker IFS55 cuvettes. The excitation and emission wavelengths were 360/
spectrometer using a deuterated triglycine sulfate detector.362 and 425/450 nm when observing the DPH and TMA-
Each spectrum was obtained by collecting 200 interferogramsDPH fluorescence, respectively. All of the data were
with a nominal resolution of 2 cm, transformed using  corrected for background intensities and progressive dilution.
triangular apodization, and to average background spectraEmission spectra were not corrected for the photomultiplier
between sample spectra over the same time period, a sampl#vavelength dependence, since no absolute quantum yield
shuttle accessory was used to obtain sample and backgrounstalues were needed. Fluorescence anisotropies and leakage
spectra. The spectrometer was continuously purged with drywere determined as described previoudl®)( To monitor
air at a dew point of~40°C in order to remove atmospheric membrane fusion, two types of SUVs were prepared: one
water vapor from the bands of interest. All samples were set contained 0.6 mol % of the fluorescent lipid NBD-PE
equilibrated at the lowest temperature for 20 min before and 0.6 mol % of the quenching lipid N-Rh-PE, whereas
acquisition. An external bath circulator, connected to the the other one contained unlabeled lipi@8); Fluorescently
infrared spectrometer, controlled the sample temperature. Forlabeled and unlabeled vesicles were mixed in a 1:9 ratio.
temperature studies, samples were scanned usif@ 2  After addition of peptides, lipid mixing between labeled and
intervals anl a 2 min delay between each consecutive scan. unlabeled vesicles caused dilution of the labeled lipids in
Subtraction of buffer spectra taken at the same temperaturethe membrane volume, with a resulting increase of fluores-
as the samples was performed interactively using eithercence. Partition constani were determined by using the
GRAMS/32 or Spectra-Calc (Galactic Industries, Salem, equation:

MA) as described previouslyl(Q, 24). Frequencies at the

center of gravity, when necessary, were measured by taking P = KpYTL + Dry 1)
the top 10 points of each specific band and fitted to a D+ KyY

Gaussian band. Band-narrowing strategies were applied in

order to resolve the component bands in the amiidegion. where r_. and ry are the anisotropies in the lipidic and

Second-derivative spectra were calculated over a 15 dataaqueous phases, respectivéfy: @ /Dy, D = (1/y.) — 1,
point range. Fourier self-deconvolutio?H] of the subtracted L is the lipid concentrationy is the lipid molar volume, and
spectra was carried out using a Lorentzian shape and a®, and ®y are the fluorescence quantum yields in both
triangular apodization with a resolution enhancement pa- phases.

rameterK, of 2.2, which is lower than log(signal/nois&gj The instrumentation for fluorescence decay measurements
and a full width at half-height of 18 cm. These parameters by the single photon-timing technique with pulsed laser
assume that the spectra were not over-deconvolved as wagxcitation was described previousi®9j. For excitation of
evidenced by the absence of negative side lobes. Proteirthe sample at a wavelength of 295 nm, a laser of rhodamine
secondary structure elements were quantified from curve-6G (Coherent 701-2), synchronously pumped by a mode-
fitting analysis by band decomposition of the original amide locked Art laser (514.5 nm; Coherent Innova 400-10), was
I" band after spectral smoothing using the same softwareused, and detection was carried out with a Hamamatsu
stated above2d, 27). Briefly, for each component, three R-2809 MCP photomultiplier. Emission at 350 nm was
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Ficure 2: (A) Fluorescence anisotropy of the gp41 fragment in the presence of increasing concentrations of SUV composedhf EPG (
EPA (v), and EPC #) and (B) effect of the gp41 fragment on leakage data &Qfor LUV contents -, filled symbols) and phospholipid
mixing (--+, open symbols) for different lipid compositions and different lipid-to-peptide molar ratios: BPG)( EPA (v, v), and EPC

(&, <). See text for details.

detected at the magic angle relative to the vertically polarized further corroborated by the change in the emission frequency
excitation beam. The number of counts on the peak channelmaximum of Trp. In solution the peptide had an absorbance
was 20000, and the number of channels per curve used formaximum at 295 nm and an emission maximum at 353 nm
the analysis was 1024, with a time scale of 20 or 22 ps perwhen excited at the absorbance maximum, indicating that
channel at 15C and room temperature and 15 or 11 ps per the Trp residue of the peptide is located in a hydrophilic
channel at 50°C. Data analysis was carried out using a environment. In the presence of increasing concentrations
nonlinear, least-squares iterative convolution method basedof either EPC, EPA, or EPG, the emission maximum of the
on the Marquardt algorithm. Fitting goodness was judged Trp did change from 353 to 335 nm, implying that Trp sensed
from the global chi-square valug?j, weighted residuals, a low-polarity environment upon interaction with the mem-
and autocorrelation plot. The average lifetime of a fluoro- brane. From the fitting procedure of eq 1 used &y

phore,7, is determination, the anisotropies ) of the peptide in the
5 presence of EPA, EPC, and EPG, respectively, were 0.135,
7= Zairi /Z T (2) 0.127, and 0.150, pointing out to a significant peptide
[ I immobilization when in the membrane.
wherez; is the fluorescence lifetime of componérand o To further explore the interaction of the g#1°% peptide

is the respective normalized preexponential factor, which is With phospholipid model membranes, we studied the effect
proportional to the concentration of the component. To obtain Of the peptide on the release of encapsulated fluorophores.
partition coefficients, the lifetime-weighted quantum yield Figure 2B shows the results obtained with different liposome

0is in turn defined by compositions, namely, EPC, EPA, and EPG. In the presence
of EPG there were significant leakage values, since at a lipid-
= zaifi (3) to-peptide ratio of 100:1 a leakage of about 75% was
I

observed, but lower values were found in the presence of
EPC and EPA. We also studied phospholipid mixing, where
RESULTS we found significant values for EPG- and EPA-containing

Peptide Membrane Binding and Interacticfihe ability Iipo;omes at low Iipidjtq-peptide ratios b.ut no phospholip!d
of the gp4$98-588 peptide to interact with membranes was Mixing for EPC-containing liposomes (Figure 2B). In a}dd|—
determined from fluorescence anisotropy values of its Trp tion to a lower value oK, for EPC, curvature degree, i.e.,
residue in the presence of phospholipid model membranesc@pability to obtain nonlamellar phases, is greater for EPG
at different lipid-to-peptide ratios (Figure 2A). The anisotropy and EPA than for EPC, and this might also explain why we
values of the gp488-588 peptide increased upon increasing have observed lipid mixing in EPG- a}nd EPA-containing
the lipid-to-peptide ratio, indicating a significant motional liposomes. The peptide also induced liposome aggregation
restriction of the Trp moiety of the peptiddQ). The change  (results not shown), as observed by the increase in light
in the anisotropy values of the Trp fluorescence of the peptide Scattering for liposomes composed of either EPG or EPA
allowed us to obtain its partition coefficiert,. Considering ~ and also EPC, but only at very low ratios of lipid to peptide,
ay value of 0.519 M (31), K, values of (4+ 1) x 10 for le., 5:1.

EPC, (7.9+ 3.9) x 10* for EPA, and (1.25+ 0.6) x 10 The effect of the gp4l peptide on the structural and
for EPG were obtained, indicating that the peptide was boundthermotropic properties of phospholipid membranes was
to the membrane surface with high affinity. Similgsvalues further investigated by measuring the steady-state fluores-
have been found for other peptides pertaining to the gp41 cence anisotropy of the fluorescent probes DPH and TMA-
protein in the presence of negatively charged phospholipid- DPH incorporated into DMPC, DMPG, and DMPA mem-
containing model membraneg, (L0, 31). These results were  branes as a function of temperature. The gp41%8 peptide
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did not affect significantly the anisotropy of both probes for broad bands located at approximately 1676 and 1617.cm
DMPC and DMPA both below and above tfig, of the Protein denaturation is characterized isgCDmedium by the
phospholipids, indicating that the peptide was localized at appearance of two sharp bands at approximately 1685 and
the membrane surface (not shown). However, it decreased1620 cm?, due to extendeg-strands with strong inter-
the cooperativity of the transition in the case of DMPG, molecular interactions3@). These bands were not visible in
increasing slightly the anisotropy above the gel-to-liquid the whole range of temperatures studied so that if aggregation
crystalline phase transition of the phospholipid for both occurred, it was only to a low extent. The spectra showed a
probes (not shown for briefness), indicating that the &j§4%8 small change in the maximum of the bands as the temperature
peptide fragment was inserted, although slightly, into the was increased. An increase in the bandwidth at half-height
DMPG membrane palisad8)( It should be stressed that no  of the bands at high temperatures compared to those at low
guenching of the probes by the peptide was observed in thistemperatures was also visible (Figures 3A), indicating that,
concentration range. In this way, this variation of anisotropy in solution, the peptide possesses a high degree of confor-
cannot be ascribed to a shorter probe lifetime. mational stability.

Secondary Structure of the gp41 Peptide in the Presence The infrared spectra in the amidé tegion of the
of Phospholipid Model Membraneshe infrared spectra of p41P58-588 peptide in the presence of DMPG, DMPA,
the amide Iregion of the fully hydrated gp£%® 588 peptide DMPCy/DMPG, and DMP@DMPA at molar ratios of 2:1
in D,O buffer at different temperatures and at pH 7.4 are and at a phospholipid-to-peptide molar ratio of 30:1 are
shown in Figure 3A. The spectra were formed by different shown in panels BE of Figure 3, respectively. The broad
underlying components that gave place to a broad andband which appeared at approximately 1676 tiim the
asymmetric amide’ Iband with a frequency maximum of amide [ region of the peptide in solution decreased in
about 1643 and 1647 crhat 20 and 77°C, respectively. intensity in the presence of all phospholipid model membrane
The amide 'l envelope was also characterized by two smaller systems studied; i.e., the proportion Gfturn structure

(o]
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Ficure 4: Amide I' band decomposition of the gp%%588 peptide spectra in solution and in the presence of DMPG and DMPA (from left

to right). The spectra were taken at 40 below (A) and 10°C above (B) the phospholipid,, except for the peptide in solution where

the temperature values were 15 and°60 respectively. The component bands, the original envelope, and the difference between the fitted
curve and the original spectrum are shown. See text for details.

decreased3?); therefore, the secondary structure of the Taple 1: Secondary Structure Content of the gp41 Peptide
bound peptide is different from that found in solution. What Fragment As Determined by Infrared Spectroscopy

is indeed significant is that, as shown in Figure 3C, the amide % o-helix/
I" region of the gp4%8-588 peptide in the presence of DMPA % random % f-sheet 3ichelix % f-turn
taken at temperatures above and below the main phase (1641~ (1625~ (~1650-  (1670-
transition temperature of the phospholipid was different: peptide 1649 cnt) 1640 cn1) 1670 cnt) 1690 cnt)
whereas at low temperatures the maximum of the anfide | 15°C in solution 28 26 22 24
envelope appeared at about 1621 ¢nat high temperatures ~ Tm — 10°C +DMPG 38 27 20 15
the maximum of the band was 1643 chin this last case  coc 1o o 34 18 7
L . . in solution 27 24 23 26
similarly to the one in solution (compare panels A and C of 1 10°c +DMPG 40 22 20 19
Figure 3). Outstandingly, the change in frequency took place +DMPA 34 30 21 14
at the same temperature as the phase transifiaf DMPA aThe values are rounded off to the nearest integer.

took place as well as it was observed at different lipid-to-
peptide ratios (not shown for briefness). These data suggestre usually observed for the-helix in DO solution, and
that the gp4%%8-588 peptide has a different and distinct bands appearing at about 1648641 cn! are assigned in
conformation in the presence of different phospholipid phasesD,O to both unordered structures amdhelices. Bands
(vide infra). This is in contrast with the results found for the appearing at about 1622 cfhave also been assigned to
peptide in solution, where no significant differences were extendeds-strands with strong intermolecular interactions,
found at all temperatures studied, even at the highest onei.e., aggregated structures. Bands below 1620 'care
tested (Figure 3A). outside the range of frequencies usually observed for the
To observe the underlying components of the broad amide secondary structure elements of proteins. The most significant
I’ band, we have applied self-deconvolution and derivative difference between the peptide amitibdnd in solution and
methods to the original envelop24, 32). For the peptide  in the presence of DMPG is the increase in the relative
in solution we have identified different component bands at intensity of the band appearing at 1645 ¢mas well as the
frequencies of about 1687, 1672, 1657, 1645, 1632, and 1617decrease in the relative intensity of the bands assigned to
cmt at 15 and 60°C (panels A and B of Figure 4, [-turns, both at low and high temperatures (Table 1).
respectively). The results of the decomposition of the amide However, it should be noted that it might be possible that
I" of the gp41 fragment in the presence of two different model the component band pertaining feturn structures might
membrane systems, DMPG and DMPA, are also shown in be altered by the change in the intensity of the bands
Figure 4; it is also possible to distinguish different component pertaining to aggregated structures (Figure 4). Most interest-
bands having similar frequencies as those found for the ing and significant is the change in the relative intensities
peptide in solution, i.e., bands at about 1686, 1672, 1658, for the component bands of the peptide in the presence of
1645, 1632, and 1617 crh To assign the component bands DMPA-containing vesicles. At low temperatures, i.e., below
to specific structural features and estimate the percentage othe phase transition of DMPA, the bands relate@tsheet
each component, we have decomposed the arhid&adred structures were of higher intensity than those related to
band as described in Materials and Methods and comparedrandom structures; however, at high temperatures the contrary
them to literature values3p). Bands appearing at about was true; i.e., the relative intensity of the bands related to
1637-1630 cm! are characteristic of-sheet structures, S-sheet structures was of lower intensity than those related
whereas component bands at about 1670 and 1690 ara to random structures (compare panels A and B of Figure 4).
assigned t@-turns. Bands located at about 165655 cnrt Moreover, if we compare the relative intensity of the band
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Table 2: Lifetimest;, Normalized Amplitudesy, and Fluorescence sites of the bilayer molecules can be discerr@i Although

Mean Lifetimes (Eqs 2 and 3) of the Trp Residue of the §p1is8 it has been shown that the incorporation of transmembrane
Peptide in the Presence of All Phospholipid Model Membranes peptides in the phospholipid palisade of the membrane can
Assayed in This Work affect not only the phospholipid chain order but also
temp interchain coupling33), a shift in the frequency of the GH
(C) au m o T oz T3 @O y? symmetric stretching band is a reliable index of the phase

gp4Fees8 15 032 1.08 0.50 3.72 0.19 6.57 3.42 1.53 behavior of phospholipid dispersion34j. The temperature
peptide 5205 00-2289 005353 006411 12-5122 00-1310 45;0’143 125-5501 116276 dependence of the GKdymmetric frequency of pure DMPG
LDMPC 15 026 040 039 246 035 580 308 135 SShownin Flgur?‘SA, l\/vhcelreahlghly I<I:.oopehrat|ve change,
50 0.32 048 056 1.83 0.12 5.84 1.88 1.13 Correspondlng tot Q.ge.—to- |qU|d crysta |nep.asetran3|t|0n,
+DMPG 15 0.28 0.61 0.49 2.65 0.23 6.47 2.96 1.27 Tm, of the phospholipid, is observed at approximately’@3
50 0.35 051 0.52 194 013 5.62 191 117 |nthe presence of the gpZ% 58 peptide, the cooperativity
4 030 0.63 050 259 021 6.53 2.85 118 ofthe gel-to-liquid crystalline phase transition of DMPG was

+DMPA 15 056 029 0.32 124 0.12 4.67 110 127 _ .. . o -
50 041 030 045 124 013 378 119 134 Significantly reduced, the phospholipid transition beginning

+EPC 25 0.34 051 0.52 2.90 0.14 825 2.84 1.14 at approximately 19C and finishing at approximately 35
+EPG 25 0.33 044 046 228 0.20 6.26 248 1.30 °C. Significantly, the broad phase transition seems to be
+EPA 25 0.39 0.62 051 2.72 0.10 8.97 254 1.30

composed of two overlapped transitions occurring at about
21—-23 and 32-34 °C (Figure 5A). However, no changes in
appearing at approximately 1617 chin the presence of the CH symmetric frequency were observed below and
DMPA, its intensity is much higher than in the presence of above thel, when compared with the pure phospholipid. It
the other phospholipid membranes studied and comparableshould be recalled that the amidebland envelope of the
to the relative intensity this band has in solution (Table 1). peptide, although different from that found for the peptide
It should also be noted that the relative intensity of the band in solution, did not present any change at all temperatures
pertaining to random structures for the peptide in the presencein the presence of DMPG.
of DMPG had always higher intensity than in the presence The temperature dependence of the ,Céymmetric
of DMPA and the contrary was found for the component frequency of pure DMPA is shown in Figure 5B, where a
band of the peptide pertaining f®sheet structures. Even highly cooperative change at approximately 47 corre-
more remarkable is the change on the amiderivelope sponding to the gel-to-liquid crystalline phase transiting,
which takes place at the phase transition of DMPA, implying of the phospholipid is observed. In the presence of the
a change in conformation occurring at the same time the gp41°68-58 peptide there was no change in the cooperativity
phospholipid changes from the gel lamellar phase to the of the phospholipid transition, but differing from what was
liquid crystalline phase. observed previously for DMPG, the frequency of the ,CH
We have also analyzed the fluorescence decay of the Trpsymmetric frequency in the presence of the peptide was
residue of the peptide both in solution and in the presencedecreased at all temperatures, indicating that the proportion
of model membranes, and this was better described by threeof transisomers was higher in the presence of the peptide
exponentials. As observed in Table 2, in the presence ofthan in the pure phospholipid. The amidehvelope of the
unsaturated phospholipids and in the presence of DMPC andpeptide in the presence of DMPA was different above and
DMPG there is not a significant variation in the lifetimes below theT,, of the phospholipid (Figure 5B), indicating,
with respect to the values found for the peptide in solution. as noted above, a change in the conformation of the peptide
It should be stressed that these values are not biased by theoncomitant with the phase transition of DMPA.
fraction of peptide in solution. Since the partition coefficients ~ We have also studied the effect of the peptide in phos-
are known, this eventual effect can be taken into account pholipid binary mixtures where the acyl chains of one
such as described in a previous work (eq 6 in3&f. No phospholipid were perdeuterated (DMfP@nd the other, the
significant variation of the corrected values, as compared to negatively charged one, was not, so that it is possible to
the experimental ones, was obtained. However, a significantdetect independent changes in each phospholipid type. The
decrease in the values was found for the peptide in the CH, and CD} stretching frequencies of DMPG and DMPC
presence of DMPA. This decrease might be due to a dynamicin the binary mixture, DMPEDMPG, are shown in panels
self-quenching as a consequence of the peptide aggregatiolt and D of Figure 5, respectively. A single cooperative
which takes place in the presence of DMPA and in the gel transition was observed for the pure binary mixture with
state (as found by infrared spectroscopy, vide supra). ThemeanT,, values of 23-24 °C, similarly to what has been
fact that this decrease was not found in the presence of EPAfound previously 10). The presence of the gp%#% 588
might be due to the fact that this unsaturated phospholipid peptide induced a small change in the cooperativity of the
does not present a phase transition in the temperature rangéransition for both types of lipids but no significant change
studied; i.e., itis not in the gel state. In this way and assuming in either the CI3 stretching frequency of DMPr the CH
a similarK, for this lipid, the peptide in EPA would be more  stretching frequency of DMPG (Figure 5C,D). The £ihd
randomly distributed, and not segregated, e.g., to gel line CD, stretching frequencies of DMPA and DMR@ the
defects. binary mixture, DMPGDMPA, are shown in panels E and
Modulation of Phospholipid Phase Behar. Infrared F of Figure 5, respectively, where a single transition at about
spectroscopy has proved to be well suited to detect changes34—35 °C was observedL(). The presence of the gp%#1 588
in both the structure and conformation of proteins and peptide induced a slight increase in thgvalues of DMPA
phospholipids in membranes, and in addition, variations in and a decrease in the frequency below fhe of the
hydration, hydrogen bonding been and polarity at specific phospholipid (Figure 5E). In the case of DMRGhe
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FicurRe 5: Temperature dependence of the &yimmetric stretching band frequency of DMPG (A) and DMPA (B) in the absengar{d

in the presencel) of the gp4£58-588 peptide at a phospholipid-to-peptide ratio of 30:1. The dotted line in (B) represents the 1646/1620

cm~! band intensity ratio of the amidé band of the peptide in the presence of DMPA. Temperature dependence of they@hkbetric
stretching (C, E) and Cpsymmetric stretching (D, F) band frequency of equimolar mixtures of DMIPI@PG (C, D) and DMP@DMPA
(E, F) in the absenceéd) and in the presencdj of the gp4258-588 peptide at a phospholipid-to-peptide ratio of 30:1.

presence of the peptide induced a slight increase imthe  just the opposite was observed. TheQ stretching region
values of the phospholipid, concomitantly with a decrease of DMPA in the presence of the gp#% 58 peptide is shown
in the CD, stretching frequency above tfig, (Figure 5F). in Figure 6B. The behavior of the=€0 stretching band of
To better characterize the phases of both DMPA and DMPA in the presence of the peptide was similar to that
DMPG, we have also examined the temperature dependencdound for the pure phospholipid, although an increase in half-
of the stretching vibration bands arising from the=QG ester bandwidth could be observed (the half-bandwidth of the
of the phospholipids. It is generally accepted that $hel C=0 band of DMPA was about 35 and 38 chbelow and
andsn-2 groups of diacylphospholipids may be found in lipid above theT,, of the phospholipid whereas in the presence
vesicles in hydrated and dehydrated states, the proportionof the peptide the half-bandwidth was 46 and 43 &m
of hydrated and dehydrated groups depending on the physicatespectively). The frequency at the maximum of the@
state of the phospholipid bilaye8%). Pure DMPA showed  vibration band for both pure DMPA and DMPA in the
a broad GO carbonyl band (see Figure 6A) which presence of the gp4% 588 peptide displayed a large
presented, after deconvolution, two components at 1742 andcooperative transition corresponding to the gel-to-liquid
1727 cm* (not shown for briefness) attributed to dehydrated crystalline phase transition of the phospholipid (Figure 6E),
and hydrated €0 groups, respectively; the frequencies of presenting a similar behavior to what was found for the, CH
these two components were not affected by temperature, busstretching frequencies (see Figures 5B and 6E).
their relative intensities changed as reported for other In the case of DMPG, the pure phospholipid showed a
phospholipids 34). Whereas below the phase transition the broad G=0 carbonyl band (see Figure 6C) which presented,
1742 cm* component had a higher intensity than the 1727 after deconvolution, two components at 1742 and 1727cm
cm! component, at temperatures above the phase transitionnot shown for briefness). Similarly to what was found for



Effect of NHR gp41 Peptide on Biomembranes Biochemistry, Vol. 44, No. 43, 20094283

77 77
e 62
47 47
34
34
22
22
11
11
T T T T T T T 1 T T T T T T T 1
1780 1740 1700 1660 1780 1740 1700 1660
Wavenumbers (cm™) Wavenumbers (cm™)
77
62
47
34
22
11
T T T T T T T 1 T T T T T T T T
1780 1740 1700 1660 1780 1740 1700 1660
Wavenumbers (cm™) Wavenumbers (cm™)
1740 4 E E ol 1740
R e "aatpci
\ oot RO L 1738
1738 " -
\gm ™\
L 1736
1736 |
o 1734
- L
1734 | O,
Oy
L 1732
\ " POy
1732 4 ‘:‘n& s "R —
e nnnnnmnn; 1730
aaiallal el ]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 90
Temperature (°C) Temperature (°C)

Ficure 6: Stacked infrared spectra of the=O stretching band of DMPA (A, B) and DMPG (C, D) in the absence (A, C) and in the
presence (B, D) of the gpa%-588 peptide at a phospholipid-to-peptide molar ratio of 30:1, recorded at regular intervals of temperature as
indicated. The temperature dependence of tsCnaximum band frequency of DMPA and DMPG is indicated in (E) and (F), respectively,
both in the absenceéd) and in the presencdlj of the gp4$6%-588 peptide at a phospholipid-to-peptide molar ratio of 30:1.

DMPA (vide supra), the 1742 crhcomponent had a higher  approximately 13C and a decrease of the frequency at about
intensity than the 1727 cm component below the phase 23°C, which corresponds to the main gel-to-liquid crystalline
transition, whereas the opposite was observed above thephase transition of the pure phospholipid. The@ stretch-
phase transition. The frequency at the maximum of t&e&C ing region of DMPG at different temperatures and in the
vibration band for pure DMPG can be observed in Figure presence of the gp4% 588 peptide is shown in Figure 6D.
6F, where a slight increase in frequency corresponding to In this case, the behavior of the=<© stretching band of
the pretransition of the pure phospholipid is observed at DMPG in the presence of the peptide is significantly different



14284 Biochemistry, Vol. 44, No. 43, 2005 Pascual et al.

2854 - -
£
L 2853 : :
2 | :
3 : :
£ 2852 g :
= H H
c H :
g - :
3 2851 . :
= ;
2850
1476 ]
~ 1474 4
£ i ;
S 1472 ; :
2 i :
2 o 5 E
[ T :
> : :
& 1468 . :
> B H
o : :
E Y
1464 ] :
1736 o2 &zm«@mo b .
—~ “‘&T\) : . e
e 7] - ﬁ ; \ S
§ ol 7 1 h
® 1 2 | [ \ Pe
@ Q| : I
Q i | : o : i
E 1735 ,\ K
] 7 : e L
T 1733 L] Y L
= : . ‘e
- : : S T T T T T T
1731 - : 1700 1600 1500 1400 1300 1200
: . . ; . T : r T
3 39 56 72 13 320 500 33 62

Wavenumbers (cm™)

9 2 13
«
Temperature Time Temperature

(°C) (min) (°C)

Ficure 7: Temperature dependence of the maximum of the §khmetric stretching (A), €0 stretching (B), and CHscissoring (C)
vibration bands in the absendg, (A, O) and in the presencdi( A, ®) of the gp468-588 peptide at a phospholipid-to-peptide molar ratio
of 30:1. Scans were recorded at a regular interval of temperature from 9°©, &terward allowed to cool until 10/, maintained at
this temperature for 12 h, and heated again t¢®5Infrared spectra of the=€0, CH, scissoring, and P stretching band regions of
DMPG (--+) and DMPG in the presence of the gp#1588 peptide ) at 15°C (D), 27°C (E), and 46°C (F) and incubated at 10/T&

(G).
from what was observed for the pure phospholipid. At low DMPCy/DMPG (not shown for briefness). A single broad
temperatures, the=€0 stretching band was similar to the transition was observed for both types of samples, which
C=0 stretching band of the pure phospholipid. At increasing were coincidental with the broad transitions observed for the
temperatures, the half-bandwidth of the=O stretching band  CH, and CD stretching frequencies of DMPG, DMPA, and
decreased, and two narrow bands were apparent; increasindpMPCy in the corresponding binary mixtures DMPOMPA
the temperature, the two narrow bands combined and aand DMPG/DMPG (Figure 5C-F). No significant changes
similar broad GO band to the pure phospholipid was were observed either above or below Theof the mixtures.
apparent (Figure 6D). For the pure phospholipid, the half- A detailed study of the frequencies and envelopes of the
bandwidth was about 33 and 38 chbelow and above the  CH, stretching, CH scissoring,and €0 stretching vibration
Tm; however, in the presence of the peptide the half- regions of DMPG at different incubation conditions both in
bandwidth of the &0 band was 36, 34, and 36 chbelow, the absence and in the presence of the &4t peptide is
between, and above the transitions, respectively. The fre-presented in Figure 7. Upon increasing the temperature, it
quency at the maximum of the=€D vibration band of is possible to observe through the maximum of the,CH
DMPG in the presence of the gp#3 58 peptide presented  symmetric stretching vibration band the gel-to-liquid crystal-
two well-defined transitions which corresponded to the three line phase transition of the pure phospholipid at ap-
different G=0 band envelopes observed previously in Figure proximately 23°C (Figure 7A). If the temperature is further
6D. This behavior is in accordance with the two overlapped increased, the frequency of the band increases progressively;
transitions observed in the GhHstretching frequency of  if the system is allowed to cool, the liquid crystalline-to-gel
DMPG (Figure 5A). Therefore, the gp2t 8 peptide phase transition takes place at approximately°@3 The
induces the appearance of a new transition in DMPG, besidescharacteristic gel state frequency is maintained even after
the gel and liquid crystalline phase transitions found in the incubation for several hours at low temperatures (Figure 7A).
pure phospholipid. In the presence of the gp#% 5% peptide and upon increasing
We have also studied the behavior of the broadCC the temperature, the maximum of the £lymmetric
carbonyl band in the binary mixtures DMPFOMPA and stretching vibration band presents two transitions instead of
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one as observed for the pure phospholipid (Figure 7A). The all-trans chains and partially dehydrated and moderately
decrease in the GHsymmetric stretching band frequency immobile interfacial groups37). The new DMPG phase
upon incubation at low temperature indicates a further which is found at low temperatures and in the presence of
increase in thetrans isomers of DMPG which was not the peptide (see Figure 7) is characterized by =&CC
observed for the pure phospholipid (Figure 7A). The behavior stretching frequency maximum at 1732 ¢hwith compo-
of the CH scissoring band is similar to that found for the nents after deconvolution at 1732 and 1723 &nas well
CH, stretching frequency, since the frequency maximum as a CH scissoring band doublet with maxima at 1475 and
decreases slightly at the gel-to-liquid crystalline phase 1464 cnt!, whereas the sharp and equidistant methylene
transition, decreases steadily as the temperature is increasegyrogression bands demonstrate that the acyl chains are in
increases at the liquid crystalline-to-gel phase transition, andtheall-trans conformation 89). These data are characteristic
maintains after incubation for some hours at low temperature of the L;1b phase 7). As observed in Figure 7E, this new
(Figure 7B). Significantly, and in the presence of the phase presents a GHcissoring and P9 band envelopes
gp4Ps8-58 peptide, the Chiscissoring band splits in two  similar to those found in thegPLz/L, phases of the pure
bands upon incubation at low temperature (Figure 7B); phospholipid, so that the phospholipid probably presents
however, and upon increasing the temperature, the splittedorientationally and conformationally disordered chains along
bands coalesce (Figure 7B). The maximum of theCC with hydrated mobile headgroups intermediate to those
stretching band of pure DMPG increases slightly at the presentin the L and L, phases. Incubation of DMPG at
pretransition, decreases at the gel-to-liquid crystalline phaselow temperatures in the presence of the peptide, so that the
transition, increases again as the temperature is lowered, andbw-temperature metastable phase was induced, did not
does not change upon incubation at low temperatures (Figureproduce any change in the lifetimes of the peptide (see Table
7C). The most significant change of the maximum of the 2), which is in accordance with the infrared results which
C=0 vibration band in the presence of the gp41%8 reflect that the peptide did not undergo any alteration in
peptide is the presence upon increasing the temperature otonformation when this metastable phase was induced.
two transitions at about 2122 and 33-36 °C as commented
above (see Figure 7C). The new DMPG phase which appear?'scussml\I
between the PILg and the |, phases in the presence of the ~ Membrane fusion reactions are involved in many important
peptide has not been, to our knowledge, described until now.biological processes, but strong hydration, steric and elec-
The spectra shown in Figure 785 rationalize the trostatic, repulsion forces represent large energetic barriers
behavior found for DMPG in the different conditions tested. (40). These obstacles are overcome in biological systems by
At 15 °C and in the well-hydrated state, the different infrared specific fusion proteins, and the simplest membrane fusion
regions corresponding to DPMG, both in the absence and inbiological process is the one produced by the entry of
the presence of the gp41 peptide, present a typical envelopeenveloped viruses into cell§{3, 41). However, very little
(Figure 7D). At 27°C, the most important difference is found is known about how the complex series of protein/protein
in the G=0 stretching band of DMPG in the presence of and protein/phospholipid interactions drive membrane ap-
the peptide, since two peaks are clearly resolved in contrastposition and how they overcome the energy barriers for
to the broad €0 band observed for the pure phospholipid membrane fusion. Moreover, it is already known that
(Figure 7E). Above 33C, both in the absence and in the different regions of fusion proteins, including the HIV gp41
presence of the peptide, the different regions of DMPG do ectodomain, are essential for membrane fusion to o&ur (
not present any significant differences (Figure 7F). However, 11, 42). Therefore, destabilization of the lipid bilayer and
upon incubation at low temperatures, a narrow@ band membrane fusion appears to be the result of the binding and
and a splitting in the CHiscissoring bands are found in the interaction of different segments of fusion proteins with the
presence of the peptide (Figure 7G). biological membrane. Understanding the characteristic fea-
It is already known that, above 1, well-hydrated pure  tures that determine the specificity and stability of the native,
DMPG at high ionic strength presents three different phases,metastable, and the fusogenic stable conformations is re-
i.e., the B, Ly, and L, phases with corresponding transitions quired for the understanding of the mechanism of viral
at 13-14 and 23-24 °C (36, 37). The By and Ly phases membrane fusior4(l). Many studies have been carried out
are characterized by orientationally disorderalittrans on the interactions of synthetic peptides mimicking the
chains and less mobile interfacial groups whereas the L N-terminal fusion peptide and the Trp-rich proximal mem-
phase is characterized by conformationally disordered chainsbrane regions of gp41, but fewer ones have been done on
and mobile well-hydrated interfacial group®7j. It is also the interaction of other segments of the gp41 protein with
known that DMPG, either at low ionic strength or in the phospholipid model membranes. However, new targets for
presence of divalent cations, presents a complex polymorphicgp4l-mediated membrane fusion may be uncovered by
phase behavior which is dependent on acyl chain length andobtaining detailed structural information on both the native
temperature36—38). Apart from the B, Lg, and L, phases, and fusion-intermediate conformations of gp41. In this study
two more phases have been described for PGs containingve have focused on the possible roles of a region pertaining
saturated even-numbered acyl chains, th2 and Llb to the NHR region in the membrane fusion process, since
phases36—38). The L2 phase is a stable quasi-crystalline we have previously shown that different segments originating
polymorph which appears upon long-term low-temperature from this region have membrane-active properties {rand
incubation characterized by orientationally disordeadd unpublished experiments).
trans chains and dehydrated and immobilized interfacial ~ The gp4$¢-588 peptide we have studied in this work binds
groups, whereas the:lb phase is a metastable quasi- with high affinity to phospholipid model membranes, and
crystalline phase characterized by orthorhombically packed upon binding, the peptide resides in an environment of low
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dielectric constant showing a remarkable motional restriction peptide we have studied here, after binding to DMPG, is
as concluded from its anisotropy values. The peptide enterscapable of easily inducing thelb phase at low temperatures

a hydrophobic environment but remains located at the surfaceand, more significantly, a new phase at intermediate ones.
of the membrane, as indicated by the effects observed onTherefore, it can be supposed that these interactions might
the frequency of the CHand CD stretching bands of the  have large implications for different biological processes and
hydrocarbon chains of the phospholipids. The infrared spectraparticularly to membrane perturbation.

of the amide | region of the fully hydrated peptide in-D It has been previously suggested that gp41 hairpin folding
buffer indicate a high stability of its conformation in solution, drives the fusion reaction by initiating pore formation, but

even at high temperatures. However, When the peptide WaSt has been also recently shown that fusion pore formation
bound to phOSph.OI'P'.d model membranes, its cor:formahon might occur prior to hairpin formation and that hairpin
changed. More significant, the envelope of the amidahd formation might be required for pore stabilizatiod7).

of the peptide in the presence of DMPA changed its Folding to a hairpin would bring the apposing membranes

conforma_tic_)n depending on the phase transition of t.he together, align the target membrane fusion domains with the
phospholipid. The binding to the surface and the modulation ' ) . )
transmembrane region of the viral envelope, and would imply

of the phospholipid biophysical properties which take place a direct interaction of the two membrane proximal regions
when the peptide is bound to the membrane, i.e., partitioning . : . P reg
with their respective membrane targetg, (11). Since

into the membrane surface, aggregation and perturbation of b fusi be d ibed b . Fst
the bilayer architecture, could be related to the conforma- membrane fusion can be described by a succession of steps,
i.e., apposition of membranes, hemifusion of the outer

tional changes which occur upon binding of the HIV-1 gp41 loafl f . d | d
glycoprotein to the host cell plasma membrane. Moreover, ea_ets, pore ormatpn,_ and pore en argement, expose
regions of the prehairpin intermediates should be those

this peptide has the capacity of inducing membrane leakage . . . - O
and membrane hemifusion as well as is capable of auto-esponsible for the first steps of fusion until pore initiation

aggregation as seen by time-resolved fluorescence. Thes@Ccurs. It should be borne in mind that it has been suggested
data could suggest a tendency of the peptide to self-assembldNat, in the case of the formation of circular pores, there is
and probably these changes might be part of the structural® critical pore _rad|us, bglow which |nd|V|d_uaI pores reseal
transition that transforms gp41 from the inactive to the active @nd above which there is a coalescence into a single large
state, the dominant form during membrane fus@®m). The hole; instability arises from fluctuations of hole siz0).
gp41 peptide fragment we have studied here binds, interacts Moreover, the opening of aqueous pores and/or disruption
and perturbs phospholipid model membranes and at the samé&ffects might be of biological relevance, and this phenom-
time changes its conformation in a membranous environment.€non might be characteristic not only for PG-containing
These conformational changes are reversible, suggesting thafnembranes but also for negative phospholipid- containing
the peptide conformation is significantly altered by the membranes in general. Indeed, a high local concentration of
phospholipid phase transition. specific phospholipid types could help the formation and
Membrane ||p|ds undergo a Cooperative me|t|ng reaction, stabilization of transient disruption effects which could be
which is linked to the loss of conformational order of the €ssential for biological processes such as membrane fusion.
lipid chains, and it has been known for a long time that the The reversible formation of high-viscosity extended three-
melting process of membrane lipids is influenced by many dimensional phases might be a rather general phenomenon
types of molecules including proteins and peptides. Phos-Which might be triggered by, for example, external factors
phatidylglycerol (PG), one of the most studied naturally such as protein binding in conditions which favor positive
occurring anionic phospholipids, is more sensitive to factors membrane curvature. These processes might be essential for
such as pH, ionic strength, and divalent cations than membrane fusion in biological membranes. HIV-induced
zwitterionic phospholipids. Also, DMPG, which under well- membrane fusion is considered as an attractive target for
hydrated conditions presents a gel-to-liquid crystalline phase chemotherapeutic intervention, as blocking virus entry leads
transition at 23C, is commonly used in biophysical studies to suppression of viral infectivity, replication, and the
of negatively charged model membrane syste8¥% 43— cytotoxicity induced by virus cell contacts. The inhibition
45). Even under physiologically relevant conditions, PGs can of membrane fusion by direct action on gp120 and/or gp41
exhibit a more complex pattern of thermotropic phase is increasing in importance as an additional approach either
behavior than the corresponding PCs, which could include to combat directly against HIV infection or to prevent its
the formation of one or more high-melting crystalline or spread, and an understanding of the structural features of
quasi-crystalline lamellar phases and the formation of their intermediates is essential because it appears to be an
extended three-dimensional bilayer networks where curvatureattractive drug target. The results reported in this work sustain
elasticity is of primary relevance36, 46). The pattern of  the notion that different specific regions of gp41 are capable
thermotropic phase behavior exhibited by freshly dispersed of modifying the biophysical properties of phospholipid
samples of these PGs is remarkably similar to that of the membranes, a property which might provide an additional
corresponding 1,2-diacyl-PC87%). However, incubation of  driving force for the merging of the viral and host cell
PGs at low temperatures results in the formation of one or membranes and, therefore, might be essential for the as-

more quasi-crystalline structures at rates dependent on thesistance and enhancement of the viral and cell fusion process.
hydrocarbon chain length. For example, DMPG incubated

at low temperatures for extended periods of time forms a ACKNOWLEDGMENT

metastable quasi-crystalline phase designated as dtie L

phase, while longer time incubation gives place to a stable We thank Mam T. GarZm and Maica Garta for
high-melting polymorph designated agl(38, 46). The gp41 excellent technical assistance.
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